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Society for Conservation of Domestic Animal Biodiversity (SOCDAB)

India is the pride possessor of the world's most varied forms of fauna and flora. The presence of more than 140

breeds of various livestock species is unparalleled worldwide. These farm animal genetic resources have

remained the backbone of Indian agrarian economy through the production of milk, meat, eggs, fibers and

manure. More recently, modern breeders have applied the science of genetics and breeding to produce more

efficient, high producing farm animals mainly through crossbreeding with exotic germplasm. In the process,

the populations and genetic base of several valuable indigenous breeds and strains of animals are shrinking

rapidly. We need to consider the conservation of farm animal genetic resources as insurance that our

generation and future generations have a healthy and adequate food supply. The animal genetic resources are

regarded today as being important to efforts that are designed to maintain and enhance the competitiveness of

Indian agriculture on domestic and international markets. Realising the growing concern that urgent action is

needed on the issue of conservation of farm animal genetic resources, a group of concerned professionals met,

discussed and resolved to provide a platform to dedicated and enthusiastic conservationists. The

establishment of the Society for Conservation of Domestic Animal Biodiversity (SOCDAB) with its

headquarters at National Bureau of Animal Genetic Resources in June, 1998 is the culmination of dedicated

efforts of such professionals.

The chief motto behind the establishment of SOCDAB has been,

“Let’s not take our future food needs for granted. Let’s bank on our native farm animal genetic resources”
OBJECTIVES

1.  To create awareness in all sections of society about Domestic Animal Diversity and need for
conservation.

2. Toundertake such activities which foster sustainable management of domestic animals.
3.  Toemphasize the importance of judicious use of animal wealth.

4. To generate programmes and suggest measures to various agencies for conserving the endangered
speciesand breedsof  the animals.

5. To provide a forum for the amateurs and professionals to undertake activities directed towards
conservation.

6.  To promote research, education and development of domestic animals which would result in their
profitable utilization.

7. Toundertake programmes for monitoring the loss of domestic animal biodiversity and forecasting
their status.

ACTIVITIES

Organization of National / International Seminars / Symposia / Workshops/ group meetings on
characterization and conservation of indigenous animal genetic resources.

< Creation of mass awareness about the domestic animal biodiversity in the scientific community as
well as in general public through activities of the society.

< Creation of awareness among the general public about torture and abuses to the indigenous animal
genetic resources which they roam about after completing their useful and productive life span.

< Dissemination of knowledge and technologies about sustainable management and economics of
animals through published literature or other mss media.

< Listing of endangered / threatened indigenous animal genetic resources and forecasting their status
for their conservation.
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INVITED PAPERS

1. PRESENT STATUS AND FUTURE PROSPECTS OF INDIAN CATTLE AND
BUFFALOES IN BRAZIL AND THEIR CONTRIBUTION TO
LIVELIHOOD SECURITY IN DEVELOPING COUNTRIES

“Situacado atual e perspectivas futuras de bovinos e bufalos indianos no Brasil e sua contribuicdo para a
¢ persp ¢ao p
seguranga da subsisténcia nos paises em desenvolvimento.”

José Otavio Lemos
Technical Adviser, ABCZ - Brazilian Association of Zebu Breeders, Brazil

Humans, in ancient times, and well before the written word, felt protected inside a cave, and sat around a
campfire. Each would tell his deeds to the others.

Storytelling has always been one of the main pastimes of men and women. Even today, films and computer games
are reflections of these practices. A symposium is that same thing, with the proper dressing of contemporaneity of
today.

And the stories of the Indian people are, probably, the oldest in the world. They date back, perhaps, 8,000 years,
and were born in a region which now belongs to Pakistan, the Indus Valley.

And among the many things that were said at that time, religion was one of them. The belief in something
greater.

Despite the undeniable multiplicity, Hinduism is not as polytheistic as it looks. Many westerners think about
it that way, and this is as frivolous as implying, looking at the Christian saints, that Christianity is a religion with
many gods.

Adhinatha, a maximum divinity, is manifested in the trinity Brahma, Vishnu and Shiva, unity in diversity.

The faith of the Hindus; has a philosophical basis divided into dharshanas (points of view), and the
determination of where the logic ends and the imaginary begins is difficult.

But when we leave our eyes open to every opportunity that the universe opens up for us, we find very beautiful
coincidences and truths.

Within the theme, a first evocation to the Kamadhenu, also known as Surabhi. Described in the Hindu religion
as the mother of all cows. She is the miraculous “cow of abundance”, which provides its owner everything he
wants, and is often portrayed as the mother of other bovines. In iconography, a white cow with a head, a torso and
arms of a woman on the trunk and legs of a bovine; or as a white cow containing various deities within its body.
All cows are revered in Hinduism as the earthly incarnation of it.

Science has made amazing discoveries, and Richard Dawkins makes a very significant question: “What
historian could have dared to hope for a world in which every individual of each species brings in his/her body, a
long and detailed text - a written document passed from generation to generation through the ages?”

Dressed with significant armor today, the best technology, scientists of our recent time made discoveries that
simply with eyes and a group of fossils cannot be determined. They’ve entered the innermost of the beings, the
DNA, at the beginning of the 90’s, with the use of molecular biology. Based on the analysis of the sequences of the
mitochondrial DNA of six European, three Indian and four African cattle breeds, scientists annexed the African
and European in the same group, separating the Indian. Thus, they’ve described the possibility of two different
domestication processes occurring. Yes, because the three groups (Indian, European and African) descend from a
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common ancestor, the Uro or Aurochs. Aside from the Bali and Mithan cattle, all Bos have the Bos primigenius, the
Uro, as initial ascendant.

And the origin of the Bos primigenius is in Asia, the continent of India.

Studies indicate that the evolution center of the Bos primigenius was in Asia, but the first group to be
domesticated was from Europe, approximately 10 thousand years ago.

The estimated time of separation between the Bos primigenius primigenius (taurus) and the Bos primigenius
namandicus (indicus) was 210 thousand years.

Another group of scientists, D. G. Bradley, D.E. MacHugh and P. Cunningham, in 1996, also analyzing
mitochondrial DNA sequences from 13 cattle breeds, confirmed that there are differences between Indian-origin
animals with European/African-origin ones, and the time estimated for it was between 117 and 275 years; and 22
to 26 thousand years between European and African breeds.

By religion or mythology, or by science, the first cow, the mother of all others, is Indian.

Questions arise about the origin of the African cattle. It features phenotypic characteristics of zebu breeds
from India and classic taurus haplotypes. But the association of mitochondrial DNA analysis and polymorphisms
on the Y chromosome indicate that the initial distribution of African cattle was of European origin (indicated by
mitochondrial DNA analysis). However, over time, there were some uses of Zebu male (found in the studies of
polymorphism of the Y chromosome), probably because they are animals which are more resistant to parasites.

And resistance to parasites and diseases is one of the characteristics that led the Bos primigenius namandicus
(Bos taurus indicus or Bos indicus) to take the post of most important bovine species, and their crossings, in food
production in tropical and even subtropical areas of the planet. And this portion of the continents is considered,
more each day, the barn to the world. Also an area where developing countries have been declaring their importance
for humanity.

There are several characteristics of zebu that, together, make it a successful tropical ecotype. And two more
are very strong: the melanin protecting the skin from the sun’s strong rays, and the blood system working at the
refraction of the sunlight, which taurus do not possess.

The rising of the environmental temperature and consequently the animal’s temperature, triggers a cascade of
physiological changes in order to minimize the effects caused by thermal stress. This can be proven by a lower feed
efficiency, decreased milk production, a worse reproductive performance, a lower reproductive output and in the
secretion of important hormones for the homeostasis in taurus compared to the Zebu, when under stress. Above
the comfort zone, the major heat losses are through evaporation from the skin, followed by the increase in the
sweating rate and respiratory movements. When the ambient temperature exceeds 30° C, the skin evaporation is
responsible for 85% of the heat loss to the environment, whereas the remaining 15% are due to losses by respiratory
evaporation.

And another species, Bubalus bubalis, with Indian breeds scattered by many countries is another of enormous
contribution to the world’s livestock.

Made the way to Kamadhenu, we found buffaloes connected to the deities of Hinduism. Pashupati (“Lord of
the Animals”, from pashu, animals, and pati, “lord”) is one of the first representations of Shiva. Emerged in the
neolithic, around 6,000 years ago. It is represented with three faces, looking over time (past-present-future). The
crown shaped like buffalo horns shows Shiva’s proximity to this animal which represents the strengths of earth
and virility.
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All bovines and buffaloes are very important for humanity in their various functions; but the Indian breed ones
are impregnated with an adhesive glue between them and humans around them. And as most of the world where
you can produce food is of adverse climate, soil, vegetation, hydrography and rainfall conditions (difficult for the
taurus, first domesticated Bos), they have become irreplaceable, with their genetic built in the thousands of years
of their establishment as a participant being of a whole ecosystem of very demanding biomass for food-producing
organisms on a commercial scale - the tropical.

India has the largest cattle and buffalo herd in the world. It is the country of the highest milk production in the
world. For religious reasons, cattle meat production is not within their objectives. However, a large portion of what
is produced of red protein in the world today is with Bos indicus genetics.

The world’s largest exporter of beef, and owner of the largest commercial herd, with 200 million heads, Brazil,
has over 80% of its cattle effective composed of zebu or its crossbreds. And the buffaloes, with blood of Murrah and
Jaffarabadi breeds, are also representative in production of beef and other products of interest in food, medicine
and clothing, among others.

Also Australia, one of the world’s three largest meat exporters, has in its herd basis the largest share of Zebu
genetics, and is the country that gets paid more for the quality of this product.

Completing the trio of most exporters, the United States, which also has in the zebu, crossbred or pure, a great
builder of this result. And Mexico is a supplier of steers that are slaughtered in the United States, and the Bos
indicus is indispensable there.

The British, during the time they dominated India, were the great responsible for the world to know the cattle
descendent from Kamadhenu and Indian buffalo. They’ve sent specimens of the two species to zoos and farmers in
various parts of the world. And these animals showed they were not purely curious species, but highly productive.

But we need to keep the racial groups that nature evolved in India.

In September 2014, a workshop in SGVP, Ahmedabad (Gujarat), with a theme also on the conservation of
native Zebu breeds discussed the matter and indicated approaches to maintain and increase the genuine Indian
breeds. A number of crossings, especially in the last 40 years, extinguished some excellent Indian native breeds,
and others are practically on the verge of extinction. Today, animal scientists that research cattle in India are in
agreement that the cattle crossbred with the taurus has not rendered much to the country.

In 1910, the Holstein cows had lactations of 1,320 kg. Currently, this cattle has reached 10,000 kg. On the other
hand, if the Zebu cow yields between 2,000 — 3,000 kg, a lot more than the Dutch back then, we are able to increase,
through selective breeding of our buffalo and zebu species, the milk production from 3,000 kg to 10,000 kg for our
cattle.

Brazil has been successfully managing to have a livestock of higher productivity per area and, each time,
with fewer animals. Each individual, buffalo or zebu, with higher yield in the production of meat and milk, with
increased fertility, number one feature to be selected in any species sorted by man. Buffalo and zebu need to be
fertile, well conformed to the function we want for them, stiffer so we can have uniformity in production and with
good angulation, base that helps a lot in longevity. Under these optics, the results will be better every day.

The first Indian zebu cattle and buffalo arrived in Brazil just over 100 years ago, and made the country the
owner of the largest commercial herd in the world, without having any native breed of cattle or buffalo. Everything
was imported and multiplied.

Records in weight gain and milk production are repeatedly beat in Brazil, and a steady growth in product
quality, features for which the market pays better. Cows that produce lactation for several months, with a milk of
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high percentage of total solids and characteristics the Bos taurus cattle cannot produce. Beef cattle quick at building
a volume carcass, with tender meat and correct amount of fat.

And such genetics did not only stay in Brazil, which has become a breeding and irradiation center of Indian
zebu breeds (Ongole, Gyr, Kankrej, Red Sindhi, Kangayan), and others made with them (Indubrasil, Polled Red
Sindhi, Polled Gyr, Polled Ongole, Tabapua and Brahman - produced by the Americans, and whose main initial
breeders of the breed were Brazilian bulls), also the Murrah and Jaffarabadi buffalo. It expanded to other countries,
and became a treasure for them, with considerable percentage of the GDP of each of them. Today, for example,
Bolivia has 90% of their herd with pure or crossbred Zebu breeds. Colombia, Mexico, Paraguay, Panama, South
Africa... So many countries that, fortunately, increase the production thanks to the Indian-origin cattle.

An example of how the native cattle of India can be effective in its multiplication. In 1962, an import to Brazil
took several specimens of many breeds. From the Jaffarabadi breed, Palitana variety, two females and one male.
Today there are thousands of heads with the blood of those imported in Brazil and in many other countries. Much
is due to the correct reproduction biotechnologies, but without the fertility of the species, such thing would not
have happened.

Although still more timid, the buffalo raising is developing in the country as a profitable and healthy alternative.
This is because the Buffalo adapts easily to any environment. The production and consumption of buffalo milk
has been increasing due to the demand for food such as cheese and butter. The high level of fat and total solids
in buffalo milk increase the yield in the manufacture of the derivatives compared to cow milk. The meat of such
animals is also appreciated, for it contains lower levels of fat, cholesterol, calories and more protein and minerals
than that of the bovines.

The Brazilian buffalo herd is estimated at around 1.15 million buffaloes, and the North, having 720,000 animals,
the largest producer in the country, especially in Para, which accounts for 39% of the national herd. Then come the
Northeast and the Southeast, with 135 and 104 thousand heads, respectively.

Nandi, the mount of Shiva in his travels by the Earth. Another reference to Hinduism, and a good symbolism
that, through the livestock with Indian genetic, peoples are blessed, and developing countries will reach better
levels so that the wealth reaches the populations of each of the several that use Indian breeds, which are more
efficient since the utilization of food, with less requirements. They digest more roughage, and don’t have their
rumination disturbed in high temperature environments, as occurs with the European cattle, that has their
rumination paralyzed when the temperature exceeds 32,2° C. It appears that the Indian cattle require 25% less
protein and about 20% fewer calories to maintain themselves. This is very significant when you do the math of the
production cost versus the value determined by the animal kilo produced per area.

Itis quite possible that this extraordinary plasticity of the buffalo and zebu breeds in such different environments
is connected to the variety of conditions in which they formed their hereditary assets, in the succession of millennia.

This was only possible thanks to two types of selection that the breed had on it: the natural and the artificial.

Charles Darwin, regarding the evolution of species, did not talk, in his time, about adaptive value as it is used
today, but his whole theory is based on the same concept: maximum adaptation to a particular environment and
preservation of the population.

Adaptive value, also called fitness or aptitude, is the ability of the animal to survive and reproduce. It is
manifested through the phenotype. The phenotype is the result of the genotype, the environment and the genotype-
environment interaction on the individual.

Soitisimportant that all the countries that are users of such genetic have their eyes on the continued preservation
and enhancement of the best individuals of each breed for the continued progression, animal improvement, which
will enable humanity to benefit well from the species, with the respect they deserve for being part of the whole of
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life, continued in each and every being, as tiny as it may be, simple truth: there is nothing permanent in a mutant
Universe, a strong teaching of Buddha, with which he began his way of preaching to the good people he met on

his way.

* José Otavio Lemos is a Brazilian animal scientist, graduated from Faculdade de Zootecnia de Uberaba, and has several
specializations, through courses at major universities. He has a professional career with performances in animal improvement
and production, recognized by organizations and governments, which have awarded him medals and titles. Participatory in
many breeders’ associations, having held various positions at boards and councils, and currently occupying the position of
technical adviser at ABCZ - Brazilian Association of Zebu Breeders. He is the author of books on Indian cattle breeds. Judge in
hundreds of exhibitions with zebu and buffalo breeds in his country of birth and in so many others (effective Judge for ABCZ
and ACBB - Brazilian Association of Buffalo Breeders). He has also presented many lectures on buffalo and zebu cattle in
symposia, seminars and international conferences in Brazil and countries of America and Africa. He lives with his family in
the city of Uberaba/MG - Brazil.
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2. DEFINING THE UNDEFINED ANIMAL GENETIC RESOURCES TO COMPLETE THE
NATIONAL INVENTORY OF INDIA

Arjava Sharma and P.K.Vij
National Bureau of Animal Genetic Resources, Karnal — 132 001, Haryana, India
directornbagr@gmail.com

Proper management of animal genetic resource (AnGR) is vital for food security, sustainable development
and in providing livelihood security to ever growing human population. The diversity of AnGR in form of
domesticated livestock and poultry breeds is developed through evolution within specific ecological niche during
last thousands of years. Several complex and interactive factors like human needs, adaptability of a species, agro-
climatic conditions, animal husbandry practices along with combined results of both natural selection and directed
selections by the livestock keepers ultimately culminated in the emergence of such animal diversity. Each animal
population is specific combinations of alleles forming specific genepool, which serves a particular purpose in its
native tract. Importance of existing animal diversity can be appreciated by the following statement by Food and
Agriculture Organization of the United Nations (FAO). “Understanding the diversity, distribution, basic characteristics,
comparative performance and the current status of each country’s animal genetic resources is essential for their efficient
and sustainable use, development and conservation. Complete national inventories, supported by periodic monitoring of
trends and associated risks, are a basic requirement for the effective management of animal genetic resources. Without such
information, some breed population and unique characteristics they contain may decline significantly, or be lost, before their
value is recognized and measures taken to conserve them”.

India is a globally acknowledged as one of the largest livestock diversity center. India possesses huge as well
as diverse livestock population distributed over a large range of geographical, ecological and climatic regions.
Farm animal population comprises of 512 million of livestock and 729 million of poultry (Livestock Census, 2012).
Only 20 percent of this population belongs to well defined 151 registered indigenous breeds in the country and
remaining 80 percent belong to many animal populations that are not assigned to any recognized breed. The
populations which have not been characterized and accredited so far, are commonly referred to as “non-descript”
or “traditional”. Even though parts of these “non-descript” populations are known to be multiple crosses of
recognized breeds, some animals may belong to homogenous groups distinguishable from other populations on
the basis of identifiable and stable phenotypic characteristics that warrant their being distinguished as separate
breeds.

“A domestic animal population may be regarded as a breed, if the animals fulfil the criteria of (i) being subjected to a
common utilization pattern, (ii) sharing a common habitat/distribution area, (iii) representing largely a closed gene pool, and
(iv) being regarded as distinct by their keepers/breeders”. A particular community may claim to maintain a distinct AnGR
population in a specific environment and subject to a common pattern of breeding and utilization. Characterization
studies of these populations are needed which will serve as a mean to identify and register the distinct breeds
possessing unique niche products. The process will facilitate in developing the inventory of farm animal breeds.

Characterization also aims at enhancing sustainable utilization while describing the broad set of breed’s
unique attributes beyond simple production traits, including aspects such as the quality of products, efficiency
of resource utilization, adaptation to local agro-climatic conditions, and resistance to parasites and diseases.
Characterization of a population should be done both at the phenotypic (phenotypic characterization) as well
as molecular level (genetic characterization). Both are complementary to each other. To give population a breed
status, phenotypic characterization is essential. However, genetic characterization can supplement or validate the
phenotypic characterization.

Phenotypic Characterization

Phenotypic characterization of AnGR generally refers to the process of identifying distinct populations and
describing their external and production characteristics within a given production environment.
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The first step of identification and characterization of a population is the primary assessment or baseline survey,
which should include identification of distinct populations using information on their geographic and ecological
isolation, traditional nomenclatures (traditionally recognized populations), etc. and generating information on their
qualitative and quantitative description, geographic and demographic distribution, native habitats and production
systems including management practices and socio-economic profile, indigenous traditional knowledge etc. The
process also includes studying its historical development, status, trends and the associated risks that a population
is exposed to.

Preliminary information for a population can be gathered from different sources, like livestock census, literature,
reports and direct interaction with individuals, community etc. Before, starting the phenotypic characterization,
it should be sufficiently clear that population have homogenous features and seems to be distinct and found in
sufficiently larger geographical area. Phenotypic resemblance; morphological, physiological and behavioral may
be fundamental step to delineate a population for characterization.

Objectives of phenotypic characterization

%  Toidentify new breeds

%  To know the geographical distributions of the breeds

R To know status of breeds in terms of population, characteristics, etc. in native environments

% To document unique characteristics of the breed

%  Toidentify elite animals to be used in improvement programmes

%  To develop monitoring mechanism for conservation and sustainable use of the genetic resources.
% To create public awareness regarding the importance of AnGR

R To document animal genetic resources.
Constituents of phenotypic characterization

A phenotypic characterization excercise will involve collecting a number of different kinds of data, which
includes:

%  Demographical and geographical distribution of the population.
R Native environment
» Socio-economic status of the communities rearing those animals.

% Qualitative and quantitative characterization w.r.t. morphological traits, production potential and
reproductive status etc.

% Management practices and utility

% Images of typical adult males and females, as well as herds or flocks in their typical production
environments.

% Relevant indigenous knowledge (including gender-specific knowledge) of management strategies
used by communities to utilize the genetic diversity in their livestock.

While most of these data elements can be collected directly during field work, valuable information may also
be obtained from secondary sources in the published and unpublished literature. Most of the elements listed
can be collected during primary characterization studies (single visits to field sites); others require advanced
characterization studies (repeated measurements and observations). The latter group includes variables that
describe economic performance traits (e.g. growth, milk production, egg production, wool production), adaptation
(levels of resistance and tolerance to stressors) and trends (e.g. in population size and structure, and phenotypic
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performance). The data collected in a single visit can only provide indicative information on economically important
quantitative traits. Repeated and more structured data collection is required for systematic characterization of such
traits. Indicative data on average performance levels can be collected through one-time measurements, interviews
with livestock keepers or from available records.

Survey for phenotypic characterization

Survey is a systematic exercise in data collection, processing and dissemination. It includes any structured
activities used to obtain data and information on AnGR, their production environments, uses, management and
the traits affecting them.

Rapid appraisal may be conducted before surveying for the breed, which involves interaction with livestock
keepers and other stakeholders a little bit in informal way. Then household surveys should be conducted formally
for collecting data from random sample of households chosen from among all households. The larger the samples,
the more accurate the survey will be as estimator of the target population.

Survey should target key informants, who are an important source of information. They may be community
leaders, personnel involved in veterinary services, NGOs, breeders organizations, breed societies, researchers
working on animal production system.

Questionnaires for interviews: Structured questionnaires can be developed to capture data systematically through
interviews. Interviews can be conducted with individuals or selected groups of individuals. Apart from livestock
keepers, individual interviews may be conducted with government officials, service providers, livestock traders,
community leaders or development/extension agents. Focus-group discussions can be held with livestock keepers,
community representatives or other stakeholders.

Survey Plan: On the assumption that the breeding tract of a breed is spread over adjoining/contiguous districts
in one or more states, stratified two stage sampling design would be adopted. Different zones within a district
would be identified which would constitute the different strata. Villages within the stratum would constitute the
first unit and houses within the village, the second unit. Totally, 3 districts and within each district 4 strata would
be randomly selected. From each stratum, 5 villages would be randomly selected. First quarter, would be devoted
to determining demographical and geographical distribution of the breeds. Subsequently, recording information
on morphological characteristics, performance and utility traits would continue.

Demographical and Geographical Distribution

Complete enumeration of selected villages would be done for the purpose of deriving demographic distribution
of the breed. This study would cover the following information:

e Agewise and sexwise distribution
¢ Group-wise enumeration

* Geographical distribution of the breed.

When the complete information is obtained by stratified survey, the groupwise, sexwise and breedwise total
population in the breeding tract would be estimatedted by superimposing the proportion obtained through survey
on the livestock census data.

Native Environments

The field work phase of a phenotypic characterization study is an opportunity both to directly collect data
on the production environments of the targeted AnGR populations and to collect data on socio-economic profile
of livestock keepers. This information can be related to datasets obtained from other sources like geographical
distribution.
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Breed Characterisation and Management Practices

Cattle and Buffalo: Information would be recorded on 3000 animals covering 3 districts of the breeding tract. In
each district, 200 animals under each of the following group would be studied for aspects given against the group.
Thus, there would be 1000 animals in a district, which would be randomly selected from 4 randomly selected
zones. The group classification is given below:

Group Study coverage
a. Calves (up to 1 year) Physical traits, feeding, management practices and growth traits
Stock (1 - 3 years) Physical traits, feeding, management practices and growth traits

c. Milking females Physical traits and feeding and management practices, produc-
tion, reproduction and growth traits.

d. Working males Physical traits, and feeding and management practices, utility.

e. Breeding bulls Physical and reproductive traits, and feeding and management
practices.

Goat: Information would be recorded on 3000 animals covering 3 districts of the breeding tract. In each district,
200 animals under each of the following groups would be studied for aspects given against the group. Thus, there
would be 1000 animals in a district, which would be randomly selected from 4 randomly selected zones. The group
classification is given below:

Group Study coverage
a. Kids (1-3 months) Physical traits, feeding, management practices & growth traits.
Young Stock (6-12 months) Physical traits, feeding, management practices, and growth traits

c. Yearlings Physical and reproductive traits, and feeding management prac-
tices and growth traits.

d. Milking Does Physical, productive and reproductive traits, feeding and manage-
ment practices.

e. Stud Bucks Physical and reproductive traits, and feeding and management
practices.

Sheep: Information would be recorded on 3000 animals covering 3 districts of the breeding tract. In each district,
250 animals under each of the following groups would be studied for aspects given against the group. Thus, there
would be 1000 animals in a district which would be randomly selected from 4 randomly selected zones. The group
classification is given below:

Group Study coverage
a. Lamb (1-3 months) Physical traits, feeding, management practices & growth traits.
Young Stock (6-12 months) Physical traits, feeding, management practices, and growth traits
c. Milking ewes Physical, productive and reproductive traits, feeding and manage-
ment practices.
d. Stud rams Physical and reproductive traits, and feeding and management
practices.

Equines: Information would be recorded on 1200 animals covering 3 districts of the breeding tract. In each
district, 100 animals under each of the following group would be studied for aspects given against the group. Thus,
there would be 400 animals in a district, which would be randomly selected from 4 randomly selected zones. The
group classification is given below:

Group Study coverage
a. Foal (up to 1 year) Physical traits, feeding, management practices and growth traits.
b. Young stock (1 - 3 years) Physical traits, feeding, management practices and growth traits.
c. Adult female (>3Year) Physical traits and feeding and management practices, produc-

tion, reproduction and growth traits.
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d. Adult male (>3Year) Physical traits, reproductive traits, and feeding and management
practices, utility.

Camel: Information would be recorded on 1200 animals covering 3 districts of the breeding tract. In each district,
100 animals under each of the following group would be studied for aspects given against the group. Thus, there
would be 400 animals in a district, which would be randomly selected from 4 randomly selected zones. The group
classification is given below:

Group Study coverage
a. Camel calves (up to 1 year) Physical traits, feeding, management practices and growth traits.
Young stock (1 - 4 years) Physical traits, feeding, management practices and growth traits.
c. Milking females Physical traits, feeding and management practices, production, re-
production and growth traits.
d. Adult males Physical traits, reproductive traits, and feeding and management

practices, utility.

Pig: Information would be recorded on 3000 animals covering 3 districts of the breeding tract. In each district,
250 animals under each of the following groups would be studied for aspects given against the group. Thus, there
would be 1000 animals in a district which would be randomly selected from 4 randomly selected zones. The group
classification is given below:

Group Study coverage
a. Piglets (0-2 months) Physical traits, feeding, management practices & growth traits.
b. Young Stock (2-8 months) Physical traits, feeding, management practices, and growth traits
c. Sows Physical, productive and reproductive traits, feeding and manage-
ment practices.
d. Boars Physical and reproductive traits, and feeding and management
practices.

Chicken: Information would be recorded on 3000 birds covering 3 districts of the breeding tract. In each district,
250 birds under each of the following group would be studied for aspects given against the group. Thus, there
would be 1000 birds in a district, which would be randomly selected from 4 randomly selected zones. The group
classification is given below:

Group Study coverage
a. Cockerels (upto 5 months) Physical traits, feeding, management practices and growth traits
Pullets (upto 5 months) Physical traits, feeding, management practices and growth traits
c. Cock (above 5 months) Physical and reproductive traits, feeding and management prac-
tices, growth traits
d. Hen (above 5 months) Physical traits and feeding and management practices, utility, egg

production traits, growth traits.

Genetic Characterisation

In the absence of information about the genetic attributes, development of local populations is often ignored
in favour of the introduction of germplasm from exotic breeds, about which more information is generally
available.Therefore, characterization of populations both at the level of phenotypes including their interaction
with production systems and at the genetic level is most essential. Genetic characterization assesses the genetic
constitution of a breed. It assesses the genetic uniformity, admixture or subdivisions, inbreeding, or introgression
in the population. It is also helpful in providing insight into breed formation, informing about closest wild ancestral
species and localization of the site of domestication. Further, these can be used in parentage testing.

So far, most molecular work was based on the use of neutral genetic marker data, which served as a proxy
or estimate of the likelihood of important functional genetic variation within breeds or breed groups. The most

12 International Symposium on Sustainable Management of Animal Genetic Resources
for Livelihood Security in Developing Countries &
XII Annual Convention of Society for Conservation of Domestic Animal Biodiversity (SOCDAB)



frequently used markers in genetic diversity studies are the microsatellite markers. Dense marker panels of single
nucleotide polymorphisms (SNP) are becoming available for most livestock species. In addition, whole genome
sequencing has been completed or is under way for most major livestock species. These new tools are likely to
substitute microsatellites in many applications. Models to link existing information on genetic diversity largely
based on microsatellite markers to new information about to be generated with SNP markers may be needed.

Registration of Breeds

India is signatory to several international treaties like CBD, WTO, TRIPS, Interlaken Declaration on AnGR, etc.
and is committed to

% protect the local animal genetic diversity
% provide recognition to the developers/breeders of animal breeds
%  implement the Global Plan of Action on AnGR

R ensure that the livestock biodiversity is utilized to promote food security and remains available to
future generations.

This can be achieved through a national documentation system of valuable sovereign genetic resources with
well defined characteristics. Registration is nothing but a documentation of the knowledge, skills and techniques
(KST) and, biological resources of local communities.

Recognising the need for an authentic national documentation system of valuable sovereign genetic resource
with known characteristics, Indian Council of Agricultural Research (ICAR) initiated a mechanism for “Registration
of Animal Germplasm” at National Bureau of Animal Genetic Resources (NBAGR), Karnal. This would empower
India to

establish national sovereignty over genetic resources
control bio-piracy

claim ownership

conserve biodiversity

enhance value of AnGR

create a greater sense of pride among local communities over the knowledge they possess.

The registration of Indian livestock and poultry revolves around the concept of a breed. Populations of
livestock and poultry, which are unique, stable and uniform, and has potential attributes of academic, scientific or
commercial value can be registered as breeds. Any citizen of India / breed society registered as per constitution of
India / NGO / Govt. agency can apply for registration of livestock and poultry breeds. All claims for registration
should accompany scientific evidence for uniqueness, reproducibility and value of the material.

The applicant should submit 3 copies of the application to Director, ICAR-NBAGR, Karnal along with relevant
documents, literature and photographs for the proper evaluation of the breed (for details, please refer to guidelines for
breed registration). The application must be signed by the applicant and countersigned by Director, Department of
Animal Husbandry of the concerned state or his representative.

All breeds approved for registration are officially notified and published along with brief description in
Indian Journal of Animal Sciences, NBAGR Newsletter, ICAR News, NBAGR Website and ICAR Website. Appeal
for counter claim, if any, should reach the Breed Registration Committee within a period of three months of the
publication of Notification.
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3. INDIAN CATTLE -SOURCE OF SUSTAINABLE LIVELIHOOD SECURITY FOR
SMALLHOLDERS

R.S. Gandhi
Assistant Director General, Animal Production & Breeding
Indian Council of Agricultural Research, KrishiBhawan, New Delhi - 110 012, India

Our countryhas its identity as rural India having about 70%itspopulation in villages and about 34% rural
population is living below poverty line. Cattle rearing being supplementary to agriculture has been a part of social
and cultural heritage of Indian civilization. Cattle have been the source of livelihood for landless and resource
poor farmers, majority of them living below poverty line. Indigenous cattle have been instrumental in providing
milk, milk products, draft power, bio-fertilizer and bio-fuel besides producing bio-molecules and other products
beneficial for human health. The distribution of cattle amongst various categories of animal keepers revealed that
marginal, small and semi-medium farmers on an average have about 89% of cattle. Majority of these smallholder
farmers are below poverty line and livestock rearing including cattle has been the source of their livelihood, social
and nutritional security. However,the innate production potential of cattle is not exploited to the fullest extent by
these farmers due to lack of awareness about the improved resources, technologies and other inputs attributed to
lower literacy of this stratum of the rural people.

Cattle Genetic Resources-Population Scenario and Dynamics

India possesses vast population of cattle (190.9 million), out of which 151.17 million are indigenous and 39.73
million crossbred/exotic cattle. Among the indigenous cattle, only 22.21 million heads (11.64%) have been described
and categorized into 44different populations including 37 distinct/registered breeds.Majority of the Indian cattle
breeds were initially developed for draft animal power. Indigenous cattle breeds are generally classified on the
basis of their utility like milch breeds (Sahiwal, Red Sindhi, Gir and Rathi), draft breeds (Hallikar, Khillar, Nagauri,
Kangayam, Red Kandhari etc.) and dual purpose breeds (Tharparkar, Hariana, Kankrej, Deoni, Ongole, Dangi,
Kenkatha etc.). These unique breeds have been developed over a period of thousands of years through dedicated
efforts of livestock keepers/pastoralists and other stake holders in different agro-climatic regions of the country
(Table 1). Indian cattle appear to have many unique genes for higher thermo-tolerance, higher resistance to tropical
diseases and better feed conversion efficiency under low or zero input system.However, majority of indigenous
cattle are non-descript and low producers mainly attributed to the poor genetic make-up for milk production and
inadequate availability of feed and fodder.

Itis a matter of concern that the population of indigenous cattle over the years has declined, while the population
of crossbred cattle has increased. The share of indigenous cattle to total cattle population has declined from 93%
during 1992 to 79% during 2012. On the contrary the share of crossbred cattle has increased from meager 7% to 21%
during the corresponding periods. The comparison of cattle population as per 19" Livestock Census (2012) with
18" Census (2007) revealed a decline of 4.1% in total cattle population. The decline in indigenous cattle population
was -8.94%, while the exotic/crossbred cattle population increased by 20.2%. This is a matter of satisfaction that
there was only slight decline (-0.01%) in indigenous female cattle population. The decline in indigenous males
was -19.32% as compared to -12.75% decline in crossbred males (2007 versus 2012). As per 2012 census, out of
61.95 million males of indigenous cattle, 39.85 millions are used for draft work, 2.98 million used for both draft &
breeding purpose and 2.08 million use for breeding only. This indicates that 44.91 million males (79.25%) have been
used every year and about 17 indigenous males are still surplus in our country. Hence, the declining trend in male
population of indigenous cattle should not be the matter of concern. Rather, efforts should be made to increase
the population of female cattle by using sexed semen of indigenous bulls after perfecting the technique of semen
sexing.

The distribution of indigenous female cattle under various categories of age revealed an increase of 7.83% in
under one year of age category during 2012 versus 2007However, the decline in number of in milk indigenous cattle
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by 3.51% during the corresponding periods is a matter of concern and needs immediate necessary corrections. The
number of dry cows during the corresponding periods has increased by 6.39%. Further, the significantly higher
number of not calved once cows (6.03 million)constituting 10.88% of breedable population and 6.76% of total
female population is a matter of worry, needs to be solved to enhance the milk production from indigenous cattle.

The distribution of indigenous cattle population over different states in India varies from 13948 heads in Sikkim
to 18.76 million in Madya Pradesh. The second state having highest number of indigenous cattle (15.98 million) is
UP followed by West Bengal, Maharashtra, Rajasthan, Odisha, Assam, Chattisgarh, Bihar and Jharkhand. Top 10
states having highest number of indigenous cattle possess 78.7% of total population of indigenous cattle (Table 2).
As per 18" Livestock Census, there are about 22.2 million population of recognized indigenous breeds. Rajasthan
tops all the states with a population of 5.29 million indigenous cattle, followed by Gujarat (4.29 million) and
other states. First 10 states contribute 95.77% of total indigenous cattle population (Table 3). First three states of
Rajasthan, Gujarat and Karnataka possess 13.48 million cattle, which constitutes 60.72% of total indigenous cattle
population. The UP and MP has highest number of breeds (8 each), followed by Rajasthan and Bihar (7 each),
Karnataka and TN (6 each), Odisha (5), Maharashtra (4), Gujarat and Haryana (3 each).

The comparison of breed-wise population in India reveals that Kankrej has highest population (38.8 lac)
followed by Hariana (26.0 lac), Gir (21.3 lac), Rathi (9.2 lac), Tharparkar (5.6 lac), Red Sindhi (5.5 lac) and Sahiwal
(4.6 lac). These 7 breeds constitute 50% of total recognized 37 indigenous breeds. Hariana breed has its spread in
11 states and 1 UT, followed by Sahiwal (8 states, 2 UT), Gir (6 states, 2 UT), Tharparkar and Red Sindhi (6 states
each). On the contrary, Rathi was prominent only in Rajasthan.

Cattle Genetic Resources — Potential for Productivity

The distinct biodiversity of our cattle breeds have been diluted during last few decades due to use of only few
improver breeds and neglect of the low producers. Besides this, crossbreeding of local cattle with exotic breeds
has also contributed to the dilution of well-defined indigenous cattle breeds resulting in reduced herd sizes of
these breeds at organized farms. Further, adoption of crossbreeding of native cattle with exotic breeds by farmers
have also reduced the number of indigenous cattle under field conditions. It is obvious from the declining trend of
indigenous cattle and ascending trend of crossbred cattle over the last two decades. This has attributed to lower
milk production of only 2.37 kg/day of Indian cattle at the national level with a range of 0.76 kg/day (Meghalaya)
to 6.52 kg/day (Panjab). Panjab is followed by Haryana (4.91 kg/day). This is due to availability of good breeds
like Sahiwal and Hariana in these states and better management of indigenous cows. The indigenous cattle of
Rajasthan and Gujarat are also having better milk production (3.54 & 3.85 kg/day) due to availability of good
breeds like Gir, Kankrej, Rathi, Sahiwal and Tharparkar in these states. Other 4 states namely Bihar, J&K, TN and
UP has per cow per day productivity higher than the national average (Table 4). Panjab and Haryana has only 0.24
and 0.54% of total cattle population as indigenous breeds.

The milk production scenario of the country from indigenous cattle indicates that UP was top producer
followed by Rajasthan, MP, West Bengal, Bihar, Gujarat, Karnataka, Maharashtra, AP and Jharkhand (Table 5).
Top 10 states contributed 22.49 million tonesof milkfrom indigenous cattle, which is 84.24% of total milk from
indigenous cattle. First top 3 states contribution to indigenous cow milk pool was 41.82%. However, the ranking
of top 10 milk producing states on the basis of milk yield/cow/day ranged from 3™ (Gujarat) to 18" (Maharashtra).

Though in majority of the states, Indian cattle breeds are draft in nature, yet a slight improvement in their
productivity will considerably increase the total milk production of the country.Considering the importance
of indigenous cattle, some of the breed improvement programs have been initiated to conserve and multiply
these breeds. The associated herd progeny testing program has been going on at NDRI Karnal for the genetic
improvement of Sahiwal cattle. All India Coordinated Research Project on Hariana and Ongole cattle has been
undertaken at different centres by Project Directorate on Cattle, Meerut. Lately, three more breeds namely Sahiwal,
Gir and Kankarej have been included in the indigenous breed improvement program (IBP) and different centres
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have been identified as germplasm units and data recording units for different breeds under the program.The
conservation and genetic improvement of indigenous cattle has been undertaken partially under the National
Project on Cattle and Buffalo Breeding by Ministry of Agriculture, Govt. of India. The National Project on Bovine
Breeding and Dairy Development has been formulated with an integrated, holistic and scientific approach to
improve and upgrade bovines for enhancing their production and productivity. A total of 31 cattle breeds and
7 buffalo breeds will be conserved and developed under this program. National Dairy Plan I (NDP-I) has been
launched focusing on production of high genetic merit cattle through progeny testing and pedigree selection.
Preservation and conservation of 6 indigenous breeds namely Gir, Sahiwal, Kankrej, Rathi, Tharparkar and
Hariana is being undertaken under NDP-I. Recently, Govt. has taken initiative for the conservation and genetic
improvement of the indigenous cattle under ‘National Gokul Mission’. Under this Mission provision of rupees
500 crores has been made for improvement of indigenous cattle and dairy development. It is proposed to establish
Gokul Grams in the outskirts of metropolitan cities under the program.

Indigenous Cattle -Production Performance

The breeding policy for improving the indigenous cattle is selective breeding in well-defined breeds and grading
up of non-descript cattle with the indigenous breeds prevalent in the area or adjoining area. The performance
of some important indigenous cattle breeds is given(Table 6).The perusal of the table indicated that the milk
production of Indian cattle breeds ranged from low to medium and there is an ample scope to improve upon
these breeds through selective breeding. However, some of the indigenous breeds like Sahiwal, Red Sindhi and
Tharparkar in organized herds were almost as good as crossbred cattle under field conditions. The overall average
305-day lactation milk yield of elite Sahiwal cows was 2574 kg during 2010-11 at NDRI Karnal. Further, indigenous
cattle are more economical in terms of cost of maintenance. This was attributed to lower feeding, management and
veterinary costs in local breeds. However, the cost of milk production was lower in crossbred cattle as compared to
indigenous cattle under intensive production system. Higher milk production in crossbred cattle was responsible
for lower cost of milk production.

Fitness of Indigenous Cattle - An Edge over Crossbred Cattle

Indigenous cows have an edge over the crossbreds in terms of comparatively higher milk constituents, disease
resistance and overall fitness. The incidences of reproductive disorders are generally higher in crossbred cows
(Gandhi, 2014). Similarly, comparatively more young crossbred bulls are culled due to poor semen quality than
Sahiwal young males (Gandhi, 2014). Rearing and maintaining crossbred cattle has been a costlier affair and needs
lots of rich input resources. Further, there are many constraints of adopting crossbreeding under field conditions.
The major constraints reported were repeat breeding, higher mortality in young calves, lower milk fat content,
lower price of milk, higher cost of critical inputs and higher cost of veterinary services. Sustaining higher milk
production due to non-availability of superior semen and higher incidence of health disorders in general and
reproductive disorders in particular in crossbred cattle are other constraints for famers.

Chattels for Cattle Production:

% Vastindigenous cattle population with higher biodiversity (37 breeds) having innate potential to adapt
to diverse changing climatic conditions of hot arid, humid tropical and temperate climates and better
resistance to internal and external parasites and diseases.

% Diversified draft, milch and dual purpose cattle breeds contributing to milk and draft power besides
providing bio-fuel and bio-fertilizer

% Massive rural population rearing cattle for livelihood security
% Higher demand and consumption of milk, milk products and other cattle by-products

% Higher innate potential to survive and produce on coarse, poor quality feed and fodder resources
under zero input system (Acharya, 2011).
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Gigantic network of Research Institutes, State Agricultural/Animal Science/Veterinary Universities,
State Animal Husbandry Departments, Livestock Development Boards and NGOs engaged in cattle
development.

Vast infrastructure in terms of 161 cattle farms, 4355 gaushalas, 54 semen production centres, 191 frozen
semen banks, 77765 Al centres, 10217 veterinary hospitals/polyclinics, 22713 veterinary dispensaries
and 24794 veterinary aid centres

Availability of large amount of ITKs with cattle keepers/pastoralists for rearing and management of
different species of livestock

Seasonal migration of nomadic pastoralists to overcome adverse climatic conditions during summer,
winter and rainy seasons to sustain and multiply the breed population of their choice.

Pragmatic Approach:

Keeping in view the reduction in number of animals of indigenous breeds due to crossbreeding at organized
farms and under field conditions, there is need to increase the population size of well-defined breeds of cattle along
with enhancing their productivity by generating and utilizing superior germplasm. Further, non-descript cattle
has to be upgraded with these breeds to increase their milk production. The following action plan is suggested:

o,
o

Focus more on genetic up-gradation of indigenous/native cattle using superior semen from progeny
tested/pedigree selected bulls and by expanding Al and natural service network to provide services
at the farmers’ doorstep. If 10% of non-descript indigenous cattle are graded up with milch breeds in
a period of 5 years and assuming 4kg/cow/day milk production in next generation, additional 27.2
million kg milk/day would be produced adding about 10 million tons milk/annum to national average.

National priority should be given to conservation of cattle to maintain genetic diversity of breeds and
preserve those showing decline in numbers or facing extinction. Breeding policy for different breeds
should be revised looking to their importance in present context of economic important traits. Breed
association should be developed and strengthened for conservation of breeds.

Creation/provision of national fund for conservation of cattle genetic resources.
Allocate more funds for infrastructure development, cattle policy reforms and IPR issues.

Provide economic advantage to cattle keepers for conservation and multiplication of endangered cattle
breeds.

Conduct breed-wise livestock census.

Establish and/or strengthen nucleus farms in the breeding tract for each breed to produce genetically
superior germplasm for genetic improvement and conservation. Declare all the cattle breeding farms
as in-situ conservation and breeding centres.

Effective use of more than 20 lac cows maintained in 4355 gaushalas.
Registration of cattle keepers and identification of farmers having elite cattle of indigenous breeds
Recognition of role model breeders for their contribution.

Unravel the unique genes and bio-prospecting the special utility traits, biomolecules, products etc. of
indigenous cattle for enhanced productivity using emerging biotechnological tools.

Pasture development program with dual purpose of grass and seed production may be taken up to
address the scarcity of fodder. Provision should be made for purchase of seed of pasture grasses at
remunerative price by the farmers to establish pasture in dry areas on degraded land.
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Fodder depot in fodder deficient zones needs to be established along with infrastructure development
for making compact feed blocks for effective storage for longer period ensuring fodder to livestock
during scarcity. Production of hydroponic fodder needs to be encouraged for smallholder farmers.

Effect of climate change on bovines has to be addressed judiciously. Suitable strategies and mitigation
approaches should be developed by strengthening shelter, feed resources and disease surveillance and
monitoring.

Develop branded products from indigenous cattle and creation of niche markets for these products.
Selection and use of bulls with A A, type beta-casein genes in cattle breeding programs.

Producing more number of semen doses from bulls of indigenous breeds. According to an estimate
to cover 40% population of 57 million breedable indigenous cows through Al, about 41 million semen
doses per annum are required from indigenous bulls. For production of these semen doses about 6000
indigenous bulls of well-recognized breeds would be required. To cover remaining 60% population by
natural service about 30000 superior bulls would be required.

Enhance coverage of cattle population of the country through AI from 25 to 40% by 2030.

Effective use of reproductive biotechnologies like ET, ONBS, Ovum Pick-up and IVF under farm and
field conditions for multiplication of superior germplasm.

Develop infrastructure for semen sexing of indigenous cattle breeds to save male wastage amounting
to about rupees10000 crores annually.

The disease diagnostic facilities needs to be further strengthened in various regions of the country.
Besides this, cheap pen side diagnostic kits needs to be developed and vaccination schedule for various
diseases needs to be followed religiously. Research on designing thermo-stable vaccines is an important
key area and will help in effective delivery under field conditions.

Food safety and quality enhancement of milk, milk products and other biomolecules has to be ensured.

Evaluate the genetic potential of the animals and economic status of the livestock keepers for providing
the necessary inputs for a sustainable program for higher milk production. The zero input production
system (ZIP) for landless and small holders is suggested for rearing local non-descript cattle. The
medium farmers having limited resources may follow the low input production system (LIP) rearing
mostly cows of indigenous breeds/graded up cattle with indigenous breeds available in the area/
adjoining area. The intensive dairy production system i.e. high input production system (HIP) is
advocated for the animal keepers having adequate input resources. Under this system rearing of high
producing cattle is suggested (Acharya, 2011).

Impart training and increase the number of awareness programs for smallholders especially women to
ensure adoption of new technologies for enhancing productivity of cattle.

Import elite semen of indigenous breeds from other countries having superior germplasm of indigenous
breeds.

Explore inter-country collaboration for breed improvement programs for indigenous cattle with
neighboring countries.

Conclusions

India is endowed with large cattle population and cattle rearing has been source of livelihood security to
farmers in the face of natural calamities. Smallholders have played a vital role in contribution to national
economy as majority of cattle population is reared by them. The milk productivity of indigenous cattle needs
to be enhanced using breeding, feeding and health management interventions. Further, mining of unique genes
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and bio-prospecting of special utility traits, biomolecules, products etc. of indigenous cattle would enhance the
net economic worth of Indian cattle. Improving indigenous cattle and developing branded cow milk and other
products using ITKs available with pastoralists & smallholders and creation of niche markets for these products
would empower these stakeholders in general and rural women in particular to ensure livelihood security. Food
safety and quality enhancement of milk and milk products has go a long way to narrow the gap between achieved
and achievable. Conducting breed-wise livestock census, developing a roadmap for breeding & conservation of
indigenous cattle and creation of national fund for conservation of cattle genetic resources should be given priority.
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Table 1 : Indigenous cattle breeds of various agro-climatic regions

Region Agro-climatic Region States Breeds
I Western Himalayan Himachal Pradesh, Jammu & Tarai, Kumauni
region Kashmir, Uttarakhand
1I Eastern Himalayan Arunachal Pradesh, Assam, Siri, Tho-Tho
region Manipur, Meghalaya, Mizoram,
Nagaland, Sikkim, Tripura, West
Bengal
III Lower Gangetic plain West Bengal -
region
v Middle Gangetic plain Uttar Pradesh, Bihar Bachaur, Purnea,
region Gangatiri
\% Upper Gangetic plain Uttar Pradesh Ponwar, Kherigarh,
region Mewati
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VI Trans Gangetic plain Chandigarh, Delhi, Haryana, Sahiwal, Hariana, Rathi
region Punjab, Rajasthan
VII Eastern plateau and hills | Chhattisgarh, Jharkhand, Madhya | Gaolao, Motu,
region Pradesh, Maharashtra, Orissa, Ghumusari, Khariar,
West Bengal Binjharpuri, Kosali
VIII Central plateau and hills | Madhya Pradesh, Rajasthan, Uttar | Mewati, Kenkatha,
region Pradesh Gaolao
IX Western plateau and hills | Madhya Pradesh, Maharashtra Malvi, Deoni, Dangi,
region Nimari, Red Kandhari,
Krishna Valley, Khillari
X Southern plateau and Andhra Pradesh, Karnataka, Krishna Valley, Deoni,
hills region Tamil Nadu Khillari, Amritmahal,
Hallikar, Ongole,
Bargur, Kangayam,
Punganur, Pulikulam
XI East coast plains and hills | Andhra Pradesh, Orissa, Ongole, Umbalachery,
region Puducherry, Tamil Nadu Motu
XII West coast plains and Goa, Karnataka, Kerala, Amritmahal, Vechur,
ghat region Maharashtra, Tamil Nadu MalnadGidda, Khillari
XHI Gujarat plains and hills Gujarat, Dadra & Nagar Haveli, Kankrej, Gir, Tharparkar
region Daman & Diu
XIV Western dry region Rajasthan Rathi, Nagori,
Tharparkar, Kankrej
XV Island region Andaman & Nicobar Islands, -
Lakshdweep

(Source: NBAGR, Karnal)

Table 2 : Top ten States having higher cattle population (million)

SL Exotic/crossbred Indigenous Total cattle
No | gtate Num- | % age | State Num- % age | State Num- % age
ber ber ber

1. Tamil Nadu | 6.35 1598 [ M.P. 18.76 1241 [ M.P. 19.60 10.27

2. Maharashtra | 3.65 9.19 U.P. 15.98 10.57 | U.P. 19.56 10.25

3. U.P. 3.58 9.01 W.B. 13.72 9.08 W.B. 16.51 8.65

4. Bihar 3.48 8.76 Maharashtra | 11.83 7.83 Maharashtra | 15.48 8.11

5. Karnataka 291 7.32 Rajasthan 11.59 7.67 Rajasthan 13.32 6.98
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6. W.B. 2.80 7.05 Odisha 10.31 6.82 Bihar 12.23 6.41
7. AP 2.40 6.04 Assam 9.91 6.56 Odisha 11.62 6.09
8. Punjab 2.06 5.18 9.64 6.38 Assam 10.31 5.40
0. Gujarat 1.93 4.86 Bihar 8.76 5.79 Gujarat 9.98 5.23
10. | Rajasthan 1.74 4.37 Jharkhand 8.47 5.60 9.81 5.14
Total 30.90 77.77 118.97 78.70 138.42 7251
Table 3 : Top 10 States having highest number of recognized indigenous cattle breeds
State Population | Ranking Breeds
(million)
Rajasthan 5.29 1 Gir, Hariana, Kankrej, Malvi, Nagori, Rathi, Tharparkar
Gujarat 4.29 2 Dangi, Gir, Kankrej
Karnataka 3.90 3 Amritmahal, Deoni, Hallikar, Khilari, Krishna Valley,
MalnadGidda
Uttar Pradesh 1.62 4 Gangahri, Hariana, Kenkatha, Kherigarh, Mewati,
Ponwar, Sahiwal, Tharparkar
Odisha 1.34 5 Binjharpuri, Ghumusari, Hariana, Mottu, Red Sindhi
Madhya 1.24 6 Gaolao, Gir, Hariana, Kenkatha, Malvi, Nimari, Sahiwal,
Pradesh Tarai
Maharashtra 1.23 7 Dangi, Gir, Khillari, Red Kandhari
Bihar 0.96 8 Bachaur, Gaolao, Hariana, Purnea, Red Sindhi, Sahiwal,
Tharparkar
Tamil Nadu 0.72 9 Alambadi, Bargur, Jellicut, Kangayam, Manapari,
Umbla Cherry
Haryana 0.67 10 Hariana, Sahiwal, Tharparkar
Total 21.26
Table 4 : Top 10 States having highest milk yield/day from indigenous cattle (2011-12)
State Milk Yield/cow/ Rank Number of indigenous | % of State cattle
day (kg) cattle (million) population
Punjab 6.52 1 0.363 0.24
Haryana 491 2 0.812 0.54
Gujarat 3.85 3 8.06 5.33
Rajasthan 3.54 4 11.59 7.67
Bihar 2.86 5 8.76 5.79
Jammu & 2.60 6 1.33 0.88
Kashmir
Tamil Nadu 2.58 2.46 1.63
Uttar Pradesh 2.57 15.98 10.57
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Karnataka 2.30 9 6.60 4.37
Madhya 2.15 10 18.76 12.41
Pradesh

Table 5: Top 10 milk producing States from indigenous cattle during 2011-12
State Rank Milk In milk population Milk Yield/cow/
Production (mt) (million) day (kg)
Uttar Pradesh 1 4.104 4.369 2.57
Rajasthan 2 3.983 3.070 3.54
Madhya Pradesh 3 3.077 3.920 2.15
West Bengal 4 2.282 3.300 1.89
Bihar 5 2.246 2.143 2.86
Gujarat 6 2.059 1.463 3.85
Karnataka 7 1.369 1.625 2.30
Maharashtra 8 1.277 1.980 1.76
Andhra Pradesh 9 1.196 1.690 1.93
Jharkhand 10 0.894 1.376 1.77
Total 22.487 24.936
Table 6. Average performance of indigenous cattle under organized herds
Breeds\ Age at First | First Lactation | First Lactation | First Calving Reference
Traits Calving Total Milk Length (days) Interval
(Mo) Yield (kg) (days)

Sahiwal 36.6 1942 295 430 Raja (2010)
Red Sindhi 441 1864 306 422 Gupta (1992)
Gir 51.0 1414 336 506 Joshi et al (2005)
Kankrej 53.2 1731 301 488 Shamlal (1989)
Rathi 47.0 1494 388 567 Joshi et al (2005)
Tharparkar 38.8 1823 321 437 Pirzada (2012)
Hariana 52.2 839 277 528 Joshi et al (2005)
Ongole 50.2 584 220 543 Joshi et al (2005)
Deoni 46.4 940 299 466 Joshi et al (2005)
Malvi 49.2 910 270 465 Joshi et al (2005)
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4. GENETIC IMPROVEMENT OF CATTLE GENETIC RESOURCES OF
INDIA: ISSUES AND CHALLENGES

B Prakash, Umesh Singh, Sushil Kumar, T.V. Raja and Rani Alex
Central Institute for Research on Cattle, Grass Farm Road, P. B. No. 17, Meerut Cantt - 250 001, UP, India
e-mail : birhamp@gmail.com

Introduction

India is bestowed with a rich cattle genetic diversity composed of 37 recognized breeds classified according
to their utility as milch (4), dual (8) and draft (25).Majority of these cattle breeds have been evolved through
natural selection and were mainly used for agricultural and draft purposes. So they have low genetic potential
for milk production but are known for heat tolerance, disease resistance, hardiness, ability to survive under harsh
climatic conditions and utilization of low quality roughages. These breeds constitute only 20-25 per cent of the
total indigenouscattle population while the rest are classified as non-descript. The crossbreeding programme
implemented in the past have resulted in dilution of the distinct biodiversity of our indigenous cattle breeds and
majority are in the verge of extinction.

Cattle breeds of India: The cattle breeds classified based on their utility are listed in table -1. The best breeds are
generally found in the drier parts of India, such as in Punjab, Haryana, Rajasthan, Gujarat and parts of Maharashtra
and Karnataka while in most of the warmer and humid parts, such as in Assam, West Bengal, Orissa, Bihar, Tamil
Nadu and Kerala, the animals are non-descript, of inferior quality and poor milk producers (Chakravarti, 1985).
It is also reported that the cattle from drier regions are well built and those from heavy rainfall areas, coastal and
hilly regions are of smaller build. The highest number of draught breeds (25) clearly indicates that the primary
thrust in cattle had been on draught and might be the reason for the very few dairy breeds (4) with comparatively
lower milk yield. But due to the changes in the agricultural and food pattern of the country, the utility of cattle has
changed from non-food functions such as draught and dung to food functions especially milk production which
led to the implementation of crossbreeding of indigenous cattle with high yielding exotic cattle.

Table-1 Classification of cattle breeds of India

. Dual purpose
Dairy breeds Draught Breeds brze dIs)
1. Gir 1. AmritMahal 13. Kosali 1. Deoni
2. Rathi 2. Bachur 14. Krishna Valley 2. Gaolao
3. Red Sindhi 3. Bargur 15. Malanadgidda 3. Hariana
4. Sahiwal 4. Binjharpuri 16. Motu 4. Kankrej
5. Dangi 17. Nagori 5. Malvi
6. Ghumusari 18. Nimari 6. Mewati
7. Hallikar 19. Ponwar 7. Ongole
8. Kangayam 20. Pulikulam 8. Tharparkar
9. Kenkatha 21. Punganur
10 Khariar 22. Red Kandhari
11. Kherigarh 23. Siri
12. Khillar 24. Umblachery
13. Kosali 25. Vechur

Cattle production system in India:The cattle rearing in India is rural based small holding mixed farming
system. Cattle have been maintained mainly for three purposes viz., draught power in agricultural operations, milk
production for household consumption and dung as manure and fuel in that sequence. Generally dairying was
considered as subsidiary to agriculture and not as a core enterprise. Due to no organized breeding and selection,
the indigenous cattle were smaller in size, very low in milk production but resistant to various tropical diseases
and well-adjusted to the adverse tropical climatic conditions (Mathur, 2000). The average herd size is very small
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with one or two cows per household which are mainly fed on grazing in the available agricultural/ barren land or
the agricultural by-products. The male animals were mainly used for draft purposes in the agricultural field and
selectively for breeding. Since the females were raised for multipurpose and not for milk production alone, most
of the Indian cattle are poor milk producers, but efficient convertors of the low quality feed into milk and manure.

Cattle population: According to the 19" livestock census, India owns the largest cattle population of 190.904
million which contributes 37.28 per cent of the national livestock population and 13 per cent of world cattle
population. The overall cattle population of the country increased from 185.18 million to 199.08 million (7.5%)
during 2002 to 2007 but decreased by 4.10% during 2007-2012 (from 199.08 million to 190.90 million). This entire
decrease in cattle population was due to decrease in the male population by 15.70 million (0.87 crossbred and 14.83
million indigenous cattle). In fact there was a net gain of 7.54 million heads in the female cattle population. An
overall significant increase (24.69 million to 33.06 million) of 33.9 per cent was observed in the exotic/ crossbred
population during 2002-2007 and 20.18% (33.06 million to 39.73 million) during 2007-2012 (Table-2).

Table-2.Population status of cattle during the year 2012

Category Female
Male In Milch animals
milk Dry (In milk + Dry) Total females | Total
Crossbred 5972 14304 5115 19420 33759 39731
I“d‘%e“"‘%S/ non- 61949 | 29650 | 18475 48124 89224 151173
escript
Total 67921 | 43954 | 23590 67544 122983 190904

Milk production:India is the largest producer of milk and in 2012-13 the national milk production was
estimated as 132.43 MT which accounted for 17 per cent of the world production. The national average annual
growth rate of milk is 3.54 per cent against the world average of 2.2 per cent which shows the sustained growth
in availability of milk and milk products for the growing population. India rank second in cow milk production
next to USA and contributes around 45 per cent of the total milk production of the country. The overall average
milk production of cattle (3.87 kg/day) is lower than buffaloes (4.80 kg/day) because of the larger population of
low producing non-descript cattle (2.36 kg/day) and the lower number of high producing crossbred cattle (7.02
kg/day). The increasing human population demands to increase the milk productivity of the country at the rate
of four per cent per year and is expected to produce 186.20 (Per capita availability 309gm/day) / 400 (Per capita
676.5gm/day) million tonnes of milk to meet the demand of an expected population of 1.62 billion in 2050. The
cattle can contribute significantly to meet this demand as the scope for genetic improvement is more due to the
availability of wide unexplored genetic variation among the cattle breeds, large population of non-descript cattle
for up gradation and possibility of introduction of new superior germplasm.

National cattle breeding policy
The cattle breeding policy of the country can be summarized in nutshell as follows:

1. Genetic improvement of important indigenous breeds of cattle, for milk, draught and dual purposed
through selective breeding in their home tract.

2. Upgrading of low producing non-descript cattle with acknowledged milch breeds of the country.

3. Crossing or upgrading of low producing non-descript cattle with exotic dairy breeds viz., Jersey and
Holstein Friesian in areas having better feed and health facilities.

4. Jersey breed can be used in hilly region and Holstein Friesian breed should be used in plain region
5. The level of exotic inheritance should be restricted to 50 per cent

6. Inter se breeding among crossbred cattle using pedigreed or proven bulls.
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Major issues and challenges in implementing the genetic improvement programmes
1. Genetic up-gradation of large population of non-descript cattle to recognized breeds

According to the 19" national livestock census, the indigenous/non-descript cattle constitute nearly 79.19 per
cent of the total cattle population (190.904 million) of the country. Majority of the cattle are genetically inferior
low producing non-descript animals with an average daily milk yield of 2.36 kg. The average annual milk yield
of Indian cattle (including crossbreds) is 1172 kg which is only about 50 per cent of the global average.Nearly
97.17 per cent indigenous/non-descript cattle are maintained by the rural farmers. The genetic improvement of
these non-descript cattle will be a difficult task as up gradation with tropical cattle breeds may be irrelevant under
the small holding system of rural farmers having limited resources to maintain a high yielding crossbred cattle.
Hence steps are needed to be taken to upgrade them with the indigenous cattle breeds relevant to the region and
utility. The availability of Indigenous male germplasm is also another limiting factor which needs to be addressed
seriously.

2. Establishment and strengthening of bull mother units for major breeds

The cattle genetic resource of the country is vast and divergent but majority of the breeds are under the threat
of extinction. It is well-known that the distinct biodiversity of our indigenous cattle breeds has been diluted due
to changing breeding policies, adoption of a fewer improved imported breeds and indiscriminate use of exotic
semen even in violation of State breeding policies.Presently, the availability of genetically proven bulls of these
indigenous breeds is limited which hinder the implementation of genetic improvement programmes for increasing
the milk production. As per the 19" national livestock census, the indigenous/ non-descript female population is
89.224 million. The number of breedable males required to breed the female cattle population is calculated with
the following assumptions: In Indigenous cattle during this decade 30 percent females will be covered under Al
and the rest will be bred by natural breeding and the Al coverage will be increased by 10 per cent per decade; non-
descript population will be reduced at the rate of 10 per cent per decade;the rest of the assumptions are similar to
that of the crossbred cattle. The number of bulls required for Al and natural service are given in Table-. Based on
this strategy by 2050, 820 and 50177 bulls may be required to carry out the required Al (70%) and natural service
(30%), respectively (Table=3).

In order to cater the demand of superior indigenous male germplasm, it is necessary to establish the network
of the farmers and organized herds maintaining the indigenous animals. To breed the larger population of the non-
descript / indigenous or crossbred cattle, the male calves born to elite female and proven bulls of different breeds of
indigenous or exotic origin need to be reared and progeny tested using the farmers herds along with the organized
herds.The bull mother farms and bull rearing units or MOET Nucleus herds of elite cows of different breeds need
to be established and strengthened to cater the future need of the country. The existing bull mother units are to be
strengthened by procuring the male calves born to high yielding females.

Table-3 Number of bulls required to breed the indigenous/ non-descript female population

o,
*o of Frozen Bull Bull No. of
breedable . .
Breedable Number | semen doses | requirement | requirement sperm/
Year female .
female of Al per required for semen for natural dose
covered (Million) roduction service (Million)
with Al P
Indigenous cattle
Present 89.224 30 2.5 66.92 669 178500 20
2020 80.3016 40 2.0 64.24 642 137660 15
2030 72.27144 50 2.0 72.27 723 103245 10
2040 65.044296 60 2.0 78.05 781 74336 10
2050 58.539866 70 2.0 81.95 820 50177 10
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3 Increasing the Al coverage

Even though, the country has the largest A.L infrastructure facility, it covers only 25-27 per cent of the
national bovine population and the rest are bred by natural mating which leads to indiscriminate breeding. The
unavailability of proven male germplasm, lack of expertized technical man power, poor conception rate following
Al, improper implementation of the recommended breeding policies, etc. are some of the reasons attributed for
the poor coverage. Semen Production in the country has increased from 22 million straws (1999-2000) to 63 million
straws (2010-2011) and the number of inseminations has increased from 20 million to 50.08 million. In order to
increase the Al coverage from the present level of 25-27 per cent to 70 per cent the National Programme for Cattle
and Buffalo Breeding (NPCBB) need to be strengthened and all the farmer herds are to be included under the
genetic improvement programmes. The production of proven breeding bulls needs to be accelerated so as to
provide the expected required number of nearly 51000 indigenous bulls by 2050.

4. Early evaluation of sires using MOET and full sib information as an alternative to field progeny testing
programme

In traditional breed improvement programme the bulls are evaluated based on average performance of their
daughters raised under field conditions. The small herd size, unavailability of required number of daughters,
increased generation interval, poor performance recording, non-cooperation of farmers etc., are some of the
major constraints in the field progeny testing (FPT) programme. The rate of genetic improvement obtained in FPT
programme is also very low (0.5 to 1 per cent). To overcome these difficulties the MOET and full sib information
model can be used as an alternative to the FPT programme. Here the MOET technique is used to produce full sib
males and females and the males are selected based on the performance of full sib sisters as shown below:

Early evaluation of sires using MOET & Full sib information - an
alternative to traditional FPT programme
The selection of bull calf based on the

Proven Elite performance of female full sibs
bull COW

Early selection of bull calves is possible

Faster genetic improvement

Full sib Female calves born through MOET Bull calves

Using ET Produce F5 families

Full Sib Families- Genetic merit of Bulls determined from Performance of its Full sib females,
ranking of bulls from different full sib families and selection of superior sires

5. Genetic improvement of indigenous breeds employing phenomics (precise performance recording),
Genomics (Assessing genomic values for economic traits) and bioinformatics

The term phenomics is an area of biology which deals with the measurement of phenotypes namely the
physical and functional traits of an individual or living organism. The term genomics refers to the study of gene
and their functions with an aim to understand the structure of genome, and functions of genes and their role in the
expression of a character and the genomic selection refers to selection decisions based on genomic breeding values
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(GEBV) which are calculated as the sum of the effects of dense genetic markers, or haplotypes of these markers,
across the entire genome, there by potentially capturing all the quantitative trait loci (QTL) that contribute to
variation in a trait. The bioinformatics is the interdisciplinary field that develops methods and software tools for
understanding the biological data. The advances in these genetic technologies will help to associate the genotype
of an animal with the phenotype or trait of interest which will help in improving the cattle production to cope
up with the current and future challenges. If we can able to integrate the phenomics with genomic approaches
successfully and apply the appropriate bioinformatics tools to explore the significant association, we can able to
improve the cattle milk production to a great extent.

6. Progressive increase of high producing indigenous cattle at the cost of crossbreds

The famous indigenous milch cattle breeds of our country viz., Gir, Sahiwal, Red Sindhi, Rathi are well adopted
to the tropical climatic conditions and can thrive under the harsh climatic conditions, convert low quality feed and
fodder into milk efficiently, resistant to various tropical diseases and are also known for their milk production and
are to be propagated to a larger extent through selective breeding and up gradation of non-descript cattle using
these defined indigenous breeds. The indigenous cattle available with the farmers, Government farms, NGOs and
Gaushalas will be registered and the superior male and females will be selected based on their pedigree and bull
calves will be produced to increase their population and milk production. As the indigenous cattle breeds may
be economical than crossbreds under small holding systems, the indigenous cattle population may be increased
by replacing the crossbred population at the rate of 25 per cent per decade as per the following model proposed.
Embryos will be produced from the indigenous cattle and also imported from other countries and implanted in the
crossbred cattle so as to produce indigenous calves and also to get higher milk yield from crossbred cattle.

7. Multiplication of high producing animals using emerging reproductive biotechnologies (MOET, IVM, IVE,
cloning, commercial embryo production & transfer)

Genetic improvement of cattle requires the application of modern reproductive biotechnologies viz., multiple
ovulation and embryo transfer MOET, IVF, IVM, cloning, commercial embryo production and transfer etc. These
techniques will help for the faster multiplication of the superior female cattle germplasm. The cloning, a novel
technique will also help to produce more number of genetically identical individuals. The practical application of
these techniques on economically viable basis will definitely improve the reproductive efficiency of the cattle there
by increase the milk production. These techniques can also be useful to conserve and propagate the endangered
cattle breeds of our country.

Model proposed for improvement of indigenous cattle and reducing
population of crossbred and non-descript cattle

Embryes of genetically improved indigenous
breeds (Gir, Kaknre], Ongole, Sahiwal, Red
Sindhi can be imported from Brazil, Pakistan,
Kenya, Australia)

Superior
Indigenous
cattle

Produce embryos

Transfer in CB/ Non-descript cows Crosshred cow/non
descript cow (Recipient)
{&ct as recipient)

Embryos

In this Way We can produce superior

indigenous germplasm and
simultaneously reduce crossbred and

Milk
production
(&s usual)

non-descript cattle population in the
country and also increase genetic
variability
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8. Development of Sexed semen technology and its application for producing desired sex

In dairy farming female calves are more attractive than the male calves and this will help in production of
replacement daughters from genetically superior bulls and also to get more daughters performance record for
progeny testing. It will also increase the number of female cattle in milking which will in turn increase the milk
production. Producing male calves is also required in bull mother farms to get the required number of proven bulls
for breeding. Van Vleck (1981) estimated that the rate of genetic progress could increase by 15 per cent if sexed
semen is widely available.

Morruzi in 1979 established that in most mammals, the Y chromosome contained slightly lower percentage
of DNA than the X chromosome, thus, DNA might be a factor for separating X- and Y- sperm. During the same
decade cell sorting equipment was developed and with limited success the sperm cells were separated. Later the
technique was refined and the flow cytometry method helped to a larger extent and since then more than 20,000
calves have been born successfully with this technology. By this method the sperm cells can be separated in to
male and female populations and according to the need of the stakeholders the sexed semen can be supplied.
Internationally sexed semen is used more in cattle species than any other species. However, the technique is not
common in our country due to the lack of expertise and cost involved. Hence research has to be undertaken to
develop an accurate, effective, easy, non-invasive and cost effective method of sexing of cattle sperm for large scale
production at lower price.

9. Genetic alteration of animals for obtaining tailor made milk of therapeutic use

The milk of indigenous animals has certain medicinal properties which can be exploited by genetic engineering
so that more quantity can be produced from the cattle. It is reported that the milk containing beta casein A, genetic
variant is associated with lower incidence of cardiovascular diseases and type-1 diabetes and also reduces the
symptoms of autism and schizophrenia. As the frequency of A, is more in indigenous cattle, the production of
more A, milk can also be explored. Alpha-lactalbumin, fibrinogen collagen I & II, lactoferrin and human serum
albumin are some of the ‘drug/proteins which are under development for extraction from cattle. The genomic
techniques can also be used to identify genetic markers associated with the production of functional milk which
will help to develop non-transgenic herd for functional milk.

10. Management of fertility, reproduction and health of cattle for higher productivity

The reproductive efficiency of cattle in our country is suboptimal. The increased age at puberty, first calving,
service period, calving interval, dry period etc. causes decrease in the efficiency which in turn decreases the milk
production. It is estimated that if dry period is increased by one month the total milk production in the country
will be declined by 11.25 Million Tonnes (As 75 million animals are in milk). It is also estimated that the problems
in breeding and reproduction causes 21 per cent loss in milk production of the country. The higher incidence of
reproductive problems viz., repeats breeding, anestrus, infertility etc., affects the efficiency and many intrinsic and
extrinsic factors are associated with it. Hence efforts are needed to increase the reproductive efficiency of cattle
through optimizing the health, nutritional and genetic selection.

11. Meeting the nutritional requirement of high producing indigenous cattle population

The large livestock population of our country demands higher quantity of feed and fodder for animal feeding
and thisrequirement is ever increasing contrary to the decrease in their production. The major constraints are
the reduced availability of crop residue as fodder, shrinkage of land area under fodder cultivation (only 4 per
cent area), competition with the increasing human population forgrains, poor nutritive value of the feed and
fodder etc. Presently the country is short of 35 per cent green fodder, 10 per cent dry fodder and 28 per cent
concentrate. Understanding the nutritional requirement of high yielding dairy cows at various stages of lactation
and feeding them with the various available feed ingredients at a cost effective manner will improve the production
performance of the cattle. Increasing the feed efficiency, reducing the feed cost, formulation of balanced feed

28 International Symposium on Sustainable Management of Animal Genetic Resources
for Livelihood Security in Developing Countries &
XII Annual Convention of Society for Conservation of Domestic Animal Biodiversity (SOCDAB)



with locally available quality feed and fodder, development of total mixed ration, understanding the causes and
variation of milk protein and fat in dairy cattle, role of rumen in increasing the feed efficiency, mineral and vitamin
supplementation etc. are some of the points require immediate attention. Breed specific feeding standards are to
be developed for increasing the feed efficiency of the cattle.

12. Genetic improvement of draught animal power

Cattle have been used in Indian agriculture for thousands of years supplying energy for crop production in
terms of draught power and organic manure. Animal draught power was the first supplement to human energy
inputs in agriculture. The use of animal power is unavoidable in slushy and water logged, hilly and narrow terraced
fields where tractors and tillers are not suitable. Animal drawn vehicle are suitable for rural areas under certain
circumstances viz, uneven terrain, small loads for small distances where travel time is not important. Inspite of
high urge for mechanization among farmers, the energy for ploughing two-thirds of the cultivated area and two-
thirds of rural transport are coming from animals in India (GOI, 2008). So the role of animal traction is still proved
to be vital for food security and economy of small holder farming systems in India. Due to the changes in the
agricultural and food pattern of the country, the utility of cattle has changed from non-food functions such as
draught and dung to food functions especially milk production the draught cattle breeds lost their importance.

A sharp decline in the population of work animals happened between 1972 and 1980, even though there was
an increasing tendency between 1982 and 1992. But the trend again reversed in the following years and during the
last 10 years, the trend is only declining but at a lower rate (Table-4).

Table-4.Population trend of working cattle bullocks from 1972 to 2007

1972

1982

1987

1992

1997

2003

2007

Cattle

73.2

61.1

63.6

70.3

55.8

54.3

53.3

Source: Livestock census 1972, 1982, 1987, 1992, 1997, 2003 and 2007

The contribution of animal power to the total power availability to the agriculture in 1971,1981 and 1991
were compared presented in Table=5. From the table, it is clear that per cent contribution by draught animals is
significantly reduced from 61 to 23 between 1971 and 1991. But it is also to be noted that absolute contribution
almost remained unchanged through these years, indicating the continued role of draught animals in Indian
agriculture.

Table 5.Contribution of draught animal power to the Agriculture in
comparison to human and machines

Source of power 1971 1981 1991
Power % in Power % in Power % in
(mw) total (mw) total (mw) total
Human 8385 18.7 10951 124 12906 10.1
Draught animals 30426 60.5 31556 35.8 29840 23.3
Machines 10487 20.8 45699 51.8 85226 66.6

Source: Adapted from the Report of the Steering Group on National Livestock Policy perspective, 1996, Department
of Animal Husbandry, Ministry of Agriculture, Govt. of India

The draught performance of the cattle can be increased by undertaking research in areas such as studies
on physiological, hematological and biochemical parameters, genetic improvement of draught performance,
improvement in design of equipment, instrumentation for draught animal power research etc.
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Conclusion

The dairy cattle production in India is rural based mixed farming system and majority of the cattle are
genetically inferior non-descript cattle. The non-descript cattle can be upgraded by using the famous indigenous
cattle breeds for their genetic improvement depending on the regional and economical interest and selective
breeding is recommended for defined indigenous cattle. The availability of a larger population of non-descript
cattle, unavailability of breeding bulls, poor coverage of A.L to the cattle population of the country, erosion of the
indigenous breeds due to indiscriminate crossbreeding, shrinkage of agricultural land, shortage of feed and fodder
resources, unavailability of sexed semen technology, application of modern biotechnological techniques, effective
utilization of draught animal power etc. are some of the issues and challenges need to be addressed for the genetic
improvement of indigenous cattle. It is also recommended to use the MOET based full sib information for selection
of bulls as an alternative to the FPT programme. It is also proposed to increase the indigenous cattle population at
the cost of crossbred cattle.
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5. STATUS OF CAMEL GENETIC RESOURCES OF INDIA, CONSERVATION AND
BREEDING POLICY FOR THEIR IMPROVEMENT

S. C. Mehta' and S.S.Dahiya*
Principal Scientist, *Scientist, National Research Centre on Camel, Post Box-07, Bikaner-334 001, Rajasthan, India
e-mail: scmehta@scientist.com

The dwindling camel population in the country is a matter of major concern for the conservation biologist,
policy makers and the state governments. The population of camel in India is 4 lakhs and it has gone down by
22.55% during the year 2007 to 2012 (Livestock Census 2012). India has four major breeds viz. Bikaneri, Jaisalmeri,
Kachchhi and Mewari. The camels of Bikaneri breed are heavily built and are attractive with a noble look. It is a
multipurpose breed. Jaisalmeri camels are gracious, lightly built and well known for riding and race potential. The
Kachchhi breed is a multipurpose breed and the females are good milk producers.Mewari camels are stouter and
well adapted to travel and carry loads across hills. They are exclusively used for milk production.The population
of Bikaneri, Jaisalmeri, Kachchhi and Mewari camels in the respective breeding tract has been estimated to be
236367, 85512, 23338 and 6820 heads (Livestock Census 2012). The population of double humped camel has been
reported to be 146 (Livestock Census 2007). The breed-wise population will settle at even smaller number if the
camels breeds in the country are considered as eight viz. Bikaneri, Jaisalmeri, Kachchhi, Mewari, Jalori, Malvi,
Marwadi and Mewatias per National Bureau of Animal Genetic Resources (NBAGR), Karnal or Bikaneri, Jaisalmeri,
Kachchhi, Marwari / Sanchori, Mewadi/ Mewati, Sindhi, Shekhawati and Riverine as per the recommendations
of National Commission of Agriculture (1976). Recently, Kharai (Sindhi) breed has been registered by NBAGR,
Karnal as the ninth breed of camel in India.

Population Dynamics

Irrespective of the breeds of the camel, the population of the camel in the country is declining at a very fast
rate(Table 1). The livestock census figures reveals that the camel population in the country was 0.61 m in the year
1951 and it continued growing till it reached it’s ever time highest figure of 1.10 m in year 1972. However, the
camel population in the country remained close to 1 million during for a period of about 25 years during 1966 to
1992. Since then the population has reduced by about 61% and the current population is 0.40 m (Livestock Census
20012).

Table 1. Camel population and growth trend in India

Year Population ((in million) Growth (%)
1951 0.60 29.6
1956 0.80 11.9
1961 0.90 10.65
1966 1.00 9.60
1972 1.10 0.00
1977 1.10 0.00
1982 1.08 -1.85
1987 1.00 -7.65
1992 1.03 2.95
1997 0.91 -11.65
2003 0.64 -29.65
2007 0.51 -18.25
2012 0.40 -22.55

The analysis of state-wise population of camels during the year 2007 and 2012 is very interesting and it reflects
the current trend in camel husbandry that is prevailing in the country (Table 2). There are eleven states showing
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a decline in camel population during the year 2007 to 2012 but there are sixteen states showing an increase in
the camel population during the same period i.e. 2007 to 2012 (Table 3). Similarly in the year 2007, there were 17
states in which the camel population was zero, the same has now reduced to 11. Reduced utility, mechanization
and lifestyle are the chief reasons for the decline of camel population but increase in the population of camel and
spread of camel population from 18 to 24 states and union territories of the country is intriguing. The increase in
the number of camels in single digit such as in Goa, Jharkhand, Kerala and Meghalaya may be due to tourism or
any other transient activity but the increase in two, three and four digits signifies alternate utility of the species.
States viz. Nagaland, West Bengal, Chhattisgarh, Assam, Odisha, Delhi, Tamil Nadu, Arunachal Pradesh and
Himachal Pradesh were having less than 128 camels in the state in the year 2007 but they now (2012) have camels
in the range of 19-835. The increase in the number camels in the state of Bihar is highly significant. The number
has increased from 215 to 8859 during this period.

Table 2: Livestock Census 2007 VS. 2012: States and Union Territories showing reduction
in camel population

S. No. States 2007 2012 Reduction (%)
1. Rajasthan 421836 325713 -22.79
2. Haryana 38608 18845 -51.19
3. Gujarat 38454 30415 -20.91
4. Punjab 2183 693 -68.25
5. Madhya Pradesh 4456 3422 -23.2
6. Uttar Pradesh 8959 7935 -11.43
7. Jammu & Kashmir 1583 925 -41.57
8. Karnataka 201 151 -24.88
9. Chandigarh 5 0 -100
10. Daman & Diu 1 0 -100
11. Uttarakhand 1 0 -100

India 516828 400274 -22.55

Table 3: Livestock Census 2007 VS. 2012: States and Union Territories showing increase
in camel population
S. No. States 2007 2012 Increase (%)
1 Goa 0 1 100
2. Jharkhand 0 3 100
3. Kerala 0 6 100
4 Meghalaya 0 7 100
9. Nagaland 0 92 100
12. West Bengal 0 267 100
13. Chhattisgarh 0 645 100
14. Assam 0 726 100
15. Odisha 0 835 100
11. NCT of Delhi 3 157 5133
5. Tamil Nadu 7 19 171
7. Arunachal Pradesh 11 45 309
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10. Himachal Pradesh 56 177 216
6. Andhra Pradesh 121 154 27
8. Maharashtra 128 182 42
16. Bihar 215 8859 4020

The increase in the number of camels in the un-natural habitat indicates shift in the utility of the camels and
transport / shift of camels from the breeding tract to the place of utilization. It is speculated that apart from tourism,
the slaughter of camels for human consumption is picking up in this country either for domestic utilization or for
export may be in its" own name or in the name of other species. Being very huge in size (adult weight ~550-600
Kg) it is being used as a source of cheap protein in the African countries and it is expected that the same trend is
coming up in this country.

Assessment and Impact

The male to female ratio in the year 2007 was 1:1.3 and in the year 2012 was 1:1.1. Surprisingly the sex ratio has
not changed significantly despite of 22.55% reduction in the population and change in the spread of the species
across the states in the country. However, it was observed that in majority of the states which are not the part of
natural habitat as well some states which encompass natural habitat of camel, the males were proportionately very
high. The same can be evidenced by the following figures (Table 4).

Table 4: States having distorted Sex Ratio

S. No. States Male Female Ratio (M:F)
Bihar 8540 319 1:0.04
Uttar Pradesh 6372 1563 1:0.25
Odisha 820 15 1:0.02
Jammu & Kashmir 803 122 1:0.15
Chhattisgarh 625 20 1:0.03
Assam 507 219 1:0.43
West Bengal 248 19 1:0.08
Himachal Pradesh 157 20 1:0.13
Himachal Pradesh 157 20 1:0.13
Karnataka 127 24 1:0.19
Maharashtra 122 60 1:0.49
NCT of Delhi 99 58 1:0.59

It is clear from above figures that despite of distorted sex ratio in several states, the overall sex ratio of camel
in the country has not changed because of shifting of camel populations, predominantly comprising of males, to
un-natural habitat for specified purpose. This trend indicates that the camel breeders are selling surplus males
and defective females to the traders, which in turn are probably going for slaughter. Under such circumstances the
structure and composition of the populations get distorted due to the disproportionate reduction in the animals of
two the sexes, loss of elite animals, irrational breeding and associated factors. Such a situation results in increasein
the rate of inbreeding, loss of genetic variation and fixation of mildly deleterious alleles, and thereby reduce
adaptive potential and increase the probability of extension.

Camel :Declared as the State Animal of Rajasthan

The camel has so far been used as a pride animal. It has been used as an iconic animal to symbolise Rajasthan
by Govt. of Rajasthan, Rajasthan Tourism, Rajasthan Bank, BSF- Camel corps and several other organisation.
This pride animal still constitutes the glamorous part of republic day parade. Looking at the close association
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of camel in the art and culture of the society in the state and the current population status, the present Rajasthan
Government under the leadership of Mrs. VasundharaRajeSindhia, honorable Chief Minister of Rajasthan, has
declared camel as State Animal of Rajasthan on June 30, 2014 and for this declaration Bikaner city was choose
probably because of the concentration of camel population around this place. Thus “The Camel” became the first
domestic animal to be declared as “State Animal”in this country. In order to declare the camel as state animal of
Rajasthan, appropriate preparation for drafting the document was done under the Chairmanship of Secretary,
Animal Husbandry Department, Government of Rajasthan. The first draft was prepared under his chairmanship
by Animal Husbandry Department and National Research Centre on Camel, Bikaner. Subsequently, the inputs
were taken from other departments such as Rajasthan Cooperative Dairy Federation (RCDF), Forest, Rajasthan
Livestock Development Board (RLDB), Insurance companies, NGOs, Rajasthan University of Veterinary and
Animal Science (RAJUVAS), Health Department, Ayurved Department etc. and the draft “Camel Development
Policy” was prepared. In brief, the actionable points of Camel Development Policy were: -

I. Policy Support

> Act (i) Ban on Camel Slaughter (Complete Ban or Females complete ban and Males after selection)(ii)
Restriction on camel export /migration

w» Breeding Policy : New breeding policy with emphasis on camel milk production
» Sale of Camel Milk : Collection, processing and marketing of camel milk by organized sector (RCDF)
o Inclusion of camel in famine code

<> Pasture Development: (i) Forest Area —Rational entry of camels for grazing, (ii) Pasture Land: Re-
seeding and Plantation.

IL. Incentives for Camel Breeding

R Support to camel breeders on birth of a camel calf —cash incentive for calf born, feed and mineral
mixture for dams, treatment and other services.

w» Loans, Subsidy and Insurance Support : Loan for new purchase, subsidy on sale of camel milk and
insurance cover to all camels.

ITI. Breed Registration and Camel Breeders Association
For their own welfare and to address the smaller and localized issues
IV. Camel Development Cell

To look after all camel development activities

Steps Forward

The state government took appropriate action for giving legal framework to the decision taken and “ABill”
for the formulation of act on above lines was prepared by the Animal Husbandry Department of the Rajasthan
Government and it was named “The Rajasthan Camel (Prohibition of Slaughter and Regulation of Temporary
Migration or Export) Bill, 2014”. Again the state government, under the leadership of honorable Chief Minister of
Rajasthan Smt. VasundharaRajeSindhia, gave appreciable weightage to this species and the Bill was prepared on
the lines of Rajasthan Bovine Animal (Prohibition of Slaughter and Regulation of Temporary Migration or Export)
Act,1995.

The Rajasthan University Veterinary and Animal Science, Bikaner and Ayurved Department of Government of
Rajasthan along with the National Research Centre on Camel have been asked to explore the therapeutic utility of
camel milk for human health.
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THE RAJASTHAN CAMEL (PROHIBITION OF SLAUGHTER AND REGULATION
OF TEMPORARY MIGRATION OR EXPORT) BILL, 2014

“A Bill” to provide for prohibition of slaughter of camel and also to regulate temporary migration or export
thereof from Rajasthan.Be it enacted by the Rajasthan State Legislature in the Sixty-fifth Year of the Republic of
India. The Bill was given legal frame by the subject matter experts and covered under following 15 headings:-

S

o ® N

10.
11.
12.
13.
14.
15.

Short title, extent and commencement.

Definitions

Prohibition of slaughter of camel

Prohibition of possession, sale or transport of camel meat and camel meat products

Prohibition of export of camel for the purpose of slaughter and regulation of temporary migration or export
for other purposes

Transporter to be abettor

Custody and disposal of camel seized

Penalty

Punishment for causing hurt

Punishment for intentionally injuring any camel

Burden of proof

Power to enter and inspect places

Person exercising powers under this Act deemed to be public servant
Protection of persons acting in good faith

Power to make rules

The Bill was introduced and passed by the Rajasthan legislative assembly. It was sent to the President. The
Bill was reserved and a template for examination by the line ministries was developed and sent for feedback. The
points for feedback were:-

TEMPLATE FOR FEEDBACK

1. Whether the proposed legislation is Constitutionally valid : Yes/No

Whether the subject matter of the Bill is ex-facie beyond the legislative competence of the State
Legislature or not - Yes/NO

If yes, how?

Whether its provisions derogate from the scheme and framework of the Constitution so as to endanger
the sovereignty, unity and integrity of the Nation or not: Yes/No

If yes, how?

Whether the provisions of the Bill clearly violate The Fundamental Rights or transgress into other
Constitutional limitations and any other provision relating to its basic structure: Yes/No

If yes, how?
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2. Whether there is any conflict with an existing Central Law? Yes/No

» If yes, whether the conflict may be consciously permitted? Yes/No

% Which provision / provisions of the Bill is/are in conflict with an existing Central Law, and to what
extent?

<> Whether such Central Law has been enacted or is under consideration for enactment?

% Reasons due to which this conflict cannot be permitted consciously.

3. Whether the proposed State enactment involvesanydeviationfrom an existing National or Central policy to its
detriment, or would be hindrance to enactment of uniform laws for the country: Yes/ No

% If Yes, Which provision(s) of the Bill involve(s) any deviation fromany existing National or Central
policy, and to what extent?

% Whether this National or Central Policy has been notified or is still under consideration: Yes/No
% Reasons due to which this deviation cannot be-permitted consciously.
Progress So Far

The Bill was circulated and the feedback was received by the state government. A suggestion on custom
clearance has been given. The same has been incorporated and the Bill will most likely be put up in the next session
of Rajasthan assembly i.e. in February 2015 and after clearance from assembly it will be sent to the President for
final approval.

The state government is all set to constitute a Committee under the chairmanship of Additional Chief Secretary
of Rajasthan. The members of the committee would be Secretary, AnimalHusbandry Department; Director, Animal
Husbandry Department andRepresentative of National Research Centre on Camel, RAJUVAS, Health Department,
Ayurved Department, three camel farmers. Other probable members may be from Forest Department, Rajasthan
Cooperative Dairy Federation, NGOs, Bank and Insurance Company representatives.

The Other Side

On one side the conservation biologist and a segment of society is very happy on this act of the government
for the conservation of this pride animal of Rajasthan but on the other side few unorganized farmers/trader and
the NGO LokhitPashupalkSanghtan, Pali, Rajasthan is opposing it. As per this NGO The draft “Rajasthan Camel
(Prohibition of Slaughter and Regulation of Temporary Migration or Export), Bill, 2014” will increase camel suffering and
quicken the decline of the camel population in Rajasthan, as it removes all currently existing economic incentives for camel
breeders. They have prepared a Petition against the planned “Rajasthan Camel Bill, 2014" and have started a drive
against it. They have launched a website http://www.change.org/p/vasundhra-raje-save-the-camels-of-rajasthan-
stop-the-bill-that-will-undermine-pastoralist-livelihoods to see and sign the petition prepared against it.There are
other small issues in the petition but some of the important points raised in this petitionare :-

% The proposed bill is in violation of Article 21 of the Constitution which provides for the right to life and
liberty which includes within its ambit the right to livelihood.

% This right of livelihood when read with the fundamental right provided in Article 19 (1) (g) which
provides from the freedom to practice any profession, or to carry on any occupation, trade or business.

<> The provisions of the Rajasthan Camel Bill, 2014 are in violation of Article 19(1)(d) of the Constitution
of India as it restricts free movement within the territory of India

It is felt that the darker areas of the Camel Development Policy have come in the public domain because
of the movement of this Bill from Legislative Assembly to the President and its’ circulation to line departments
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for feedback but the brighter areas regarding camel milk production, marketing, processing, subsidy, forest and
pasture development, loan and insurance etc. have not came in the public domain to a desired extent. Hope, the
complete knowledge of Camel Development Policy will minimize the resistance and with the kind of commitment
of the present Rajasthan Government, it is all set to be protected by law.

The Dark Corner

In 1978 a case was registered regarding selling of camel milk and it was finally decided by the honorable
Supreme Court of India in the year 2000 that:-

R For all the above reasons we are unable to agree with the finding of the High Court that camel milk is
not fit for human consumption.

R This is an area where the attention of the Central Government must be focused for considering whether
there should be re-fixation of  the components as for the standard in respect of camels milk.

Unfortunately, even after the lapse of 15 years’ time, appropriate notification for including camel milk in the
list of edible items for human consumption has not been issued and standards in respect of camel milk have not be
notified by the Food Safety and Standard’s Authority of India (FSSAI).

National Livestock Policy:Camel Breeding Policy

It will aim at improving their desert specific draft power,milk production, disease resistance and sports traits.
Breeding of Double hump camelin high altitude areas would be supported with import of semen to minimize
otherwisehigh chances of inbreeding.

State Camel Breeding Policy

It has been dealt in detail in this document and the focus remains on milk production, processing, value
addition, marketing and research on exploitation of the therapeutic utility of camel milk for human health.
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6. ANIMAL GENETIC RESOURCES OF UTTARAKHAND, MANAGEMENT AND
BREEDING POLICY FOR IMPROVRMENT OF AnGR IN
HIMALAYAN REGION

C.V. Singh, R.S. Barwal and B.N. Shahi
Department of Animal Genetics and Breeding, College of Veterinary and Animal Sciences
G.B. Pant University of Agriculture and Technology, Pantnagar- 263 145, Uttarakhand, India

Introduction

Himalayan region of India have a mix of almost domesticated species of livestock, very large in number and
very low in productivity across the board. In economic terms they are a wealth indeed, low productivity not
withstanding as the sector supports livelihoods of nearly 80 percent of the rural households in the state, at least in
part in the majority of cases and in full in some (tribal and nomads exclusively living off livestock).

Livestock production in Himalayan regions endeavor of the small holder (marginal, small and land less) and
takes place in millions of small and tiny holdings scattered across the region. The predominant farming system is
mixed crop livestock farming, both in the plains as well as in the hills, irrigated in the plains and rain fed in the
hills.

Livestock provide gainful employment to a large section of population round the year. If we look at the various
livestock species found in the region, cattle are most prominent (47.5 percent), followed by buffaloes (12.3 percent),
goats (15.9 percent) and sheep (10.4 percent). Generally, cattle, goats and sheep constitute an important livestock
wealth in Western and Central Himalaya, pig and poultry in Eastern Himalaya and ovine in alpine zones, yaks are
also reared in alpine areas. Equines are essential for transportation as other means of transportation are meager
and also beyond the reach of resource- poor farmers.

Individual livestock holdings are small (2 or 3 animals) after made up of a mix of different species, the
combination made up invariably of cattle and or buffalo and goats. Cattle are the most popular species and are
farmed for milk production in the plains (commercial) and in the hills for work animal production as well as for
milk for home consumption. Sheep are held in larger flock of 10-15 animals along with a few goats in some cases
except by tribal and nomads, where flocks are much larger (100-1000 of sheep, goats or both) migratory (summer
grazing) in the alpine pastures in the upper reaches. The goats are kept as sources of additional in come and as an
insurance against disaster. Goats are also used in ceremonial feasting and for the payment of social dues.

In spite of the substantial contribution of livestock towards the rural economy, these are still many populations
of livestock at isolated locations which may be very important genetic resources and not enough seems to have
been done to document his genetic diversity and production potential in their breeding tract.

Animal Husbandry have a very good prospect in this region due to availability of large proportion of indigenous
animals and birds in pure form, though these are still non descript. Among livestock, meat producting animals and
birds became integral part of an average family because meat is one of the important components of their food and
small meaty animals/birds can be sold at any time to meat their emergency requirements.

Over the past four decades considerable efforts have gone into livestock research and development in the
Himalayan regions of India. Policy approaches have cent red on the problems of animal breed, animal feed and
animal health. Innovations, until now, have been designed to address technical/scientific problems and have
neglected many interrelated socioeconomic and biophysical characteristics: more specially, they have failed to
address the very particular characteristics of the mountains. Development effects have been geared towards
improving animal breeds to increase incomes and improve the living standards of mountain farmers.
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Livestock Population

Uttarakhand has a livestock population of 96.67 lacs as per 2012 animal census. The cow population stands
at 20.61 lacs, which comprises of 5.78 lacs crossbred and 15.08 lacs of indigenous animals. Likewise the state has
9.88 lacs buffaloes. Sheep population stands at 3.69 lacs although its wool constitutes the most important raw
material for the large carpet industry in the state and its population is showing a declining trend. Similarly, the
goat population is 13.67lacs which is raised mainly for the production of chevon. The population of equine species
is only 0.18 lacs used for transportation purpose in hilly areas. The population of equine in the recent past has
been observed to show declining trend. Then, there are only 0.199 lacs pigs, the most proliferating species, low
input and high output animal and its population is also decreasing over the years. The crossbred cattle population
during 2007 -2012 showed 70.35% increase, while indigenous cattle in the same period showed -20.43 % decrease,
the buffalo population also showed decline trend by 1.90 percent. The sheep population has been increased by
26.98 percent. There has been a increase (2.40%) in the population of goats during 2007-2012. The population of
horses/ponies has reduced over the period. Within the indigenous stock, decline was drastic for horses/ponies.
The main reasons for decline in horses/ponies are increasing substitution of these animals with mechanical power.

Individual livestock holdings are small (3 or 4 animals) after made up of a mix of different species, the
combination made up invariably of cattle and or buffalo and goats. Cattle are the most popular species and are
farmed for milk production in the plains (commercial) and in the hills for work animal production as well as for
milk for home consumption. Milk at a large scale produced from buffalo and cow, which is sold at the service
centers of the nearby villages and is the partial source of income of the people. Bullocks are mainly used for
plowing the fields in hilly area..

Sheep are held in larger flock of 10-15 animals along with a few goats in some cases except by tribal and
nomads, where flocks are much larger (100-1000 of sheep, goats or both) migratory (summer grazing) in the alpine
pastures in the upper reaches. The goats are kept as sources of additional income and as an insurance against
disaster. Goats are also used in ceremonial feasting and for the payment of social dues.

In spite of the substantial contribution of livestock towards the rural economy, these are still many populations
of livestock at isolated locations which may be very important genetic resources and not enough seems to have
been done to document his genetic diversity and production potential in their breeding tract.

Table 1. Species wise livestock population of Uttarakhand (Livestock census 2007)

S. No. Species Population (Lacs)
2007 2012
1 Cattle 22.35 20.061
2 Buffalo 12.19 9.88
3 Sheep 2.90 3.69
4 Goat 13.35 13.67
5 Horse/Pony/Mule/Donkey 0.39 0.18
6 Pig 0.20 0.199
7 Others (Yak/Dog/rabbit) 2.56 227
8 Poultry 26.01 46.72
Total 79.95 96.70

Source: Deptt. of AH Uttarakhand
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Table 2. Comparision Of Livestock Census 2012 With Livestock Census 2007 Of Uttarakhand

Species 2003 2007 2012 % Change
Crossbred 227614 339427 | 578210 70.35
Indigenous 1960568 1895689 | 1508461 -20.43
Total 2188182 2235116 | 2006053 -10.25
Buffalo 1228194 1219518 | 987775 -1.90
Sheep 295845 290411 | 368756 26.98
Goat 1158197 1335306 | 1367415 2.40

Pigs 32712 19822 19907 0.43
Poultry 1983983 2601852 | 4671937 79.56

Source: Deptt. of AH Uttarakhand

Livestock Production

Milk production is continuously increasing since the application of improved technological of animal raising
and creation of market linkages between rural producers and urban consumers through the network of dairy co-
operatives. Yet, the productivity in the state is low as compared to many other states of the country. Buffalo and
cow are important milk species in the state. Goats in the hilly reason are mainly reared for meat purpose while in
plain is used for meat and milk purpose. The milk production grew at a rate of 1.68% per annum during the period
of 2001-2012, while growth in total milk production at national level was observed at a rate of 4.5% per annum.
Livestock produced 14.78 million tones milk,3078.17lacs eggs and around 399937 kg of wool during 2012-13.

The growth in egg production has been faster as compared to milk production. The egg production grew at a
rate of 112.53% per annum during the period of 2001-2012. Growth in total wool production, however, declined by
6.19% per annum form 2002 to 2012.

Animal Genetic Resources in The State

There is a large genetic diversity in livestock as reflected in important domesticated species and a large number
of known breeds and non-descript populations. Species wise breeds, their breeding policies and priority attention
for conservation, are as follows-

Cattle

Cattle breeds such as Sahiwal, RedSindhi and Haryana are available with a few institutional herds and private
owners. These animals are mostly available in Haridwar, U.S. Nagar, Dehradun and Nainital districts. A new
germplasm Jwalapuri also recognized. These animals are mostly available in Haridwar district. Crossbreeds of
Jersey, Holstein Friesian and Red Dane also available in the whole state but maximum numbers of these animals
were recorded mainly in U.S. Nagar, Dehradun, Haridwar and Nainital districts. The majority of cattle found in
hilly areas of the state are non-descript and known as hill cattle. The breed is reared for milk, bullock power and
manure. The hill cattle have three types of colour i.e black, redand white.The Red coloured animals are popularly
recognized as Badri breed in Garhwal region. The milk yield of these animals is low and ranges between 1.0-3.0
kg per day.

Buffalo

Murrah, Murrah grade and Tarai are two most important breeds of buffalo found in the state. The Murrah
buffaloes mainly found in plain areasi.e. U.S. Nagar, Haridwar and Dehradun districts and Tarai buffaloes (native
to Uttarakhand) are found in Tarai and Bhabar areas of Nainital, U.S. Nagar and Champawat districts. In the hilly
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regions of the state, non-descript type of buffaloes are found and a large chunk belongs to Murrah and Tarai
graded animals.

Sheep

The majority of sheep populations are non-descript type in the state sheep breeds such as Gaddi, Rampur
Bushair etc which have their breeding tracts in Himachal Pradesh are available in high reaches of Dehradun,
Nainital, Tehri Garhwal, Chamoli and UttarKashi districts of the state. The animals of Muzzafarnagari breed are
also found in the Haridwar,U.S.Nagar and plains of Dehradun districts. The black coloured sheep are very popular
in the Garhwal region. Fleece is of these sheep is medium quality and dense, and their legs, belly and face are
devoid of wool.

Goat

The goats in villages of Uttarakhand are non-descript type. There is paucity of information on all the breeds
regarding their description, native breeding tracts and demographical/geographical distribution patterns etc.
Various morphological and production attributes of the native animal population still remain to be enumerated
and quantified. Some of them are given below

Chaugarkha: -A breed in Almora district and adjoining area in Central Himalayas has been identified and
characterized by Singh and Barwal (2007). This breed is small in size and reared for meat purpose. The animals of
this breed are small with a lean body and black, fawn and white in colour. They kid once a in year with one or two
kids. Meat of this breed is coarse and devoid of fat. The does do not yield any appreciable quantity of milk except
for nourishing the kids.

Udaipuri:- This breed is found in Pauri district and adjoining areas in Western Himalayas has been identified and
characterized by Singh and Barwal (2009). This breed is small in size and reared for meat purpose. The coat colour
of this breed is tan. They kid once in a year with one or two kids.

Tarai:- The goat in villages of Tarai area of the state are non-descript. They constitute a mixture of different types
of goats like Black Bengal, Barbari Jamunapari etc. Since there is no controlled breeding among these populations,
the colour pattern of these goats is not specific and is black, tan, fawn, white and spotted. These goats are small
to medium in size and reared for meat and milk purpose. These populations are existent since long in the area
and are, therefore, well adapted to high rainfall and hot humid climatic conditions that prevail in the tarai region
during raining season which is the most inhospitable season during the year. They kid once in a year with 2-3 kids.
The udder of these goats is well set with small and large teats. The she goats yield 1-1.5 kg milk.

Gaddi (Also known as white Himalaya):- The animals of this breed found in Dehradun, Nainital, Tehri Garhwal
and Chamoli districts of Uttarakhand. The animal of this breeds are medium sized, coat colour is mostly white,
but black and brown and combination of these are also seen. Both sexes have large horns, directed upward and
backward and occasionally twisted. Ears are medium long and dropping. The nose line is convex. The udder is
small and rounded, with small teats. The hair are white lustrous and long. Flock size ranges from 20-500. They kid
mostly single, twinning occurs in only 15-20% of births. She goats yield only 300-500 gm milk. Mostly farmers used
pure breeding. There is little selection. Average fleece yield per clip 300 gm.

Chigu (Pashmina):- Animal of this breed found in high reaches of Uttarkashi, Chamoli and Pithoragarh district of
Uttarakhand. The animal are of medium sized coat colour is usually white, mixed with grayish red. Both sexes have
horn, directed upward, backward and outward. These goats are not different in conformation from Changthangi.
Age at first kidding was observed as 615 days. They kid mostly single. Pashmina production observed 120 gm
annually.
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Horses/Ponies

Little is known about the genetic variation in horses/ponies in spite of their variation in phenotypic
characteristics. The populations of horses/ponies mostly are non-descript type. These populations need to be
surveyed for description and evaluation.

Pigs:There is a large variation in pigs as reflected in size, colour and performance in the state. The populations of
pigs mostly found in U.S. Nagar and Haridwar districts of state are non-descript type, however, some belong to
the improved breeds. There is a need to evaluate these populations for their unique traits and steps to be taken for
their conservation and improvement.

Yak: Yak is a unique bovine species of economical and cultural importance to the tribal populations living in the
difficult terrains in the hills of Himalayas. In Uttarakhand, there are only 351 yaks (17" livestock census, 2003) found
in Pithoragarh (Kumaon) and Uttarkashi (Garhwal) districts. Yaks are used for milk, meat and draft purpose.

Poultry:A number of species of poultry viz. chicken, ducks, guinea fowl and quail make important contribution
to human food chain and supplement family income. There is large genetic variation in these species which need
to be identified for improvement and their conservation. The populations of these birds differ in their body size,
conformation and colour patterns. These differences should be adequately described and evaluated using both
phenotypic traits and their DNA profiles. Further, these populations must be studied for different unique traits
associated with disease resistance and surviving ability under harsh climatic conditions.

Breeding strategies for hill livestock germplasm

Institutional programmes in livestock sector development have so far focused on improving animal breeds.
The main purpose of improving animal breeds was to bring about the “white revolution” through livestock sector
development for increased family incomes and employment for mountain farmers. Technical innovations were
geared to meeting this objective and did succeed in some pockets of the foot hills and in the mid hill regions that
were well connected with market towns through roads. In fact, the white revolution programmes mostly benefited
comparatively well to do livestock farmers. Who happened to be located in dairy areas in the plains and had access
to modern technology. The majority of mountain households- rural and inaccessible with a marginal and fragile
resource base remained unaffected.

In the Uttarakhand hills, where the white revolution/programme has been going on for about three decades the
number of crossbred cattle as per the 2012 livestock census was only 541921 out of a total breeding stock of 464319,
furthermore, the number of crossbred cows was not evenly distributed. The reason for such poor performance
was because improved breeds of cows were supplied to the weaker sections without providing poor farmers with
the means of maintaining them. A large number of artificial insemination centres was opened, but these centre
handily touched the rural areas. The state of Himachal Pradesh introduced programmes for up grading cattle in
the 1950,s and again in the early 1970,s. The focus was on producing Jersey crossbreds. This succeeded to same
extent in areas with access to milk markets through a well developed road net work. However, according to rough
estimates crossbred animals constitute only six percent of total cattle population in Himachal Pradesh despite
three decades of planned developments in improving cattle breeds. The number of crossbred cattle as per the 2012
livestock census was only 1129135 out of a total breeding stock of 971733.

On the other hand, the buffalo improvement programmes in Himachal Pradesh were a considerable success.
Buffalo breeding, until the 1980s, was introduced in only a few areas. Now artificial insemination facilities for
buffaloes are provided in 190 extension stations in the state. The technique has become so popular that demand for
Murrah semen strains for exceeds the production. A study has revealed that in the total milk pool of the mountain
villages, contribution of buffalo milk was as large as 98%. The number of buffaloes in the herds of H.P. increased
significantly, while the number of cattle decreased or remained stagnant.
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Management Practices

Livestock rearing in central Himalayan ecosystem is an unorganized, semi feral system of husbandry . They
are taken out for grazing/browsing up to a distance of 1 to 2 kilometers for a period of seven to eight hours daily
along road sides or on community land, on the denuded cliffs where other agricultural activities are barely, and
harvested fields. The main sources of fodder are local weeds, shrubs, leaves from harvested crops and lopped
tree leaves. During all the seasons the livestock remain dependent on grazing/browsing and farmers hardly
offer concentrate to them. The calfsof cattle or buffalo are maintained at home up to completion of lactation and
provided local weeds, grasses, tree leaves and harvested crops or milk of mother up to six months of age. Kids/
Lambs are maintained at home on local weeds, grasses, tree leaves and harvested crops or milk of mother up to
three month of age, after which time they are allowed to browse. All livestock are housed during the night. The
goats are housed before and after browsing of 7-8 hours. The small size herds of goats are mostly housed with
cattle and buffaloes while herd size of more than 5 goats housed separately in closed type pens, which are not well
ventilated. The kids are also housed with the goats. Leaf litter from the forest floors is collected during one or two
months in fall and stored in heaps near each animal shed. A basketful or two of this leaf litter is scattered under
the animals in the animal shed every day. This acts as bedding material sponge and absorbs the dung and urine of
the animals. After 2 or 3 days, the soaked leaf litter is removed and put either in a pit or in a heap. This is done day

after day for a long period and decomposed material is used for agriculture field as manure.

Improvement of non descript cattle by grading up

The non descript cattle constituting more than 75-80% of total cattle population under this production system
can be genetically improved by grading up using high genetic merit pedigreed and preferably progeny tested
proven bulls of well known indigenous cattle breeds. So far the impact of breed improvement through grading
up of local non descript cattle has not been very encouraging. This may be non availability of adequate number
of high genetic merit pedigreed or progeny tested bulls of indigenous breed, low production levels of indigenous
breeds, irregular and short term basis breeding plan which could not wean away the farmers/breeders from using
scrub bulls for breeding their herds. Therefore, for successful implementation of grading up programme, the
adequate number of superior breeding bulls needs to be out sourced for production of quality frozen semen and

Al infrastructure networking be strengthened.

Livestock production in the state presents two scenarios considering topographical and socio-economic
conditions of the livestock keepers. In the tarai, Bhabar and other plain areas, the better basic support facilities exist
and the farmers are resource rich, therefore, they feed the animals adequately and exploit the genetic potential to

largest extent.

Animal raising in the hilly areas is, however, very challenging. The livestock keepers mostly belong to marginal
farmers’ category and their economic condition is also not very sound. The feeding of livestock which constitutes
about 75-80 per cent of the total expenditure incurred on them is the limiting factor. The availability of green fodder
remains only for three four months during the raining seasons and for rest of the period, it is the dry crop residue
and low graded dried hay of pastures that forms bulk of the animal feeding. Concentrates are offered mostly to the
productive animals. Thus, malnutrition and under-feeding lead to many problems most prominent among them
the reproductive ones which reduce the productive life of the animals. Cattle which are rendered unproductive are
disowned by their owners which are posing a threat to the field crops and the problem is unmanageable as there

are no proper means of their disposal.

February 13 - 14, 2015, Madras Veterinary College, Chennai 43

TANUVAS & SOCDAB



The state and central governments have been implementing many livestock improvement programmes in
the state. There is a well defined livestock breeding policy in place implemented through ULDB and Animal

Husbandry department. The GBPUA&T Pantnagar has been providing technical support by imparting training to
the field functionaries and livestock keepers on various aspects of livestock production.

Breeding strategies for livestock improvement in Uttarakhand

1. Zone A: Upto 1000 m altitude Tropical Zone: Plains, Tarai, Bhabar, Shivalik & Vallies

Breeding policy Remark

Cattle: Jersey and crossbred Jersey semen will
1. Crossbreeding of local cattle with pure HF be available to those who prefer Jersey
2. Inter se mating of half bred with F, Holstein x Sahiwal

Buffalo: Policy universal for buffalo state wide.
1. Grading up with pure Murrah semen.

Sheep:

1. Non-descript population may be improved by
crossbreeding/ grading up with Muzaffarnagari.

2. Inter-se mating of half- bred with F, Muzaffarnagari
x local.

Goat: For milk and meat production
1. Non-descript / local goat may be improved through
crossing/ grading up with Beetal and Barbari goat.

2. Inter-se mating of half bred with F, Beetal/Barbari x
Local.

1. Non-descript breed may be improved either by
grading up or crossbreeding with exotic breed large
white Yorkshire/ Hampshire

2. Zone B: 1000-1500 m altitude Subtropical zone

Breeding policy Remark

Cattle: Holstein and crossbred, Holstein semen
1. Crossbreeding of local cattle with pure Jersey. will be available to those who prefer
2. Inter-se mating of half bred with F, Jersey x Sahiwal | Holstein

Buffalo: Policy universal for buffalo state wide.
1. Grading up with pure Murrah semen.

Sheep:

1. Non-descript population may be improved by
crossbreeding/ grading up of Muzaffarnagari.

2. Inter-se mating of half bred with F, Muzaffarnagari
x local.

Goat:
1.  Non-descript/local goat may be improved through
crossing/ grading up by Beetal and Barbari goat.
2. Inter-se mating of half bred with F, Beetal/Barbari
x Local.

44 International Symposium on Sustainable Management of Animal Genetic Resources
for Livelihood Security in Developing Countries &
XII Annual Convention of Society for Conservation of Domestic Animal Biodiversity (SOCDAB)



Pigs:
1. Non-descript breed may be improved either by
grading up or crossbreeding with exotic breed large
white Yorkshire/ Hampshire

3. Zone C: 1500-2400 m altitude Cool temperate zone

1. Breedsavailablein this zone for the wool production
may be crossed with Rambouillet/ Russian Merino.
2. Selective breeding among the local breeds available.

Breeding policy Remark

Cattle: Policy universal for draught animal
1. Selective breeding among the local non-descript | production zone wide
cattle.

Buffalo: Policy universal for buffalo state wide.
1. Grading up with pure Murrah semen.

Sheep: Policy for temperate zone

Goat:
1. Selective breeding within the breed for Pashmina
production (Chegu and Chanthangi).
2. Selective breeding in local non-descript goat.

Pigs:
1. Non-descript breed may be improved by grading up
or crossbreeding by Large White Yorkshire.

Policy universal for pig state wide

4. Zone D: Above 2400 m altitude Sub alpine zone

1. Breeds available in this zone for the wool production
may be crossed with Rambouillet/ Russian Merino.
2. Selective breeding among the local breeds available.

Breeding policy Remark

Cattle: Policy universal for draught animal
1. Selective breeding among the local non-descript | production zone wide
cattle.

Buffalo: Policy universal for buffalo state wide.
1. Grading up with pure Murrah semen.

Sheep: Policy for temperate zone

Goat:
1. Selective breeding within the breed for Pashmina
production (Chegu and Chanthangi).
2. Selective breeding in local non-descript goat.

Yak:
1. Selective breeding is to be adopted to improve local
yaks.

Policy universal for Yak zone wide

Horse/Ponies:
1. Horse true of the breed and unrelated may be mated
by adopting selective breeding.
2. For Mule production quality Jacks should be mated
to selected Mares.

Universal policy for state wide
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Breeding policy for livestock of Himanchal Pradesh

The new breeding policy has been framed inconsonance with National Livestock Breeding Policy by making
amendments to the previous policy keeping in view the resources and marketing facilities available with the
livestock breeders, biodiversity preservation to prevent local germplasm from extinction, people’s preference to
rear the kind of breed of theirchoice, topography and agro-climatic conditions. A broad frame work of the policy
includes the following:

1.

According tolivestock census report for the year 2012, 55% of total cattle in Himachal Pradesh are indigenous.
Hill cattle plays crucial role in the economy of poor livestock breeders through supply of draught animal
power, cow dung(organic manure) and milk to meet family requirement. Since resources deficient farmers
with no marketing facilities prefers to rear these animals only for meeting family requirement of milk,
manure and draught power, therefore, rearing of hilly cattle will be encouraged by providing option for
breeding with semen selected from local hilly cattle having better milk yield and excellent draft abilities.
Selective breeding in turn will help in conservation, proliferation and enhanced production of native hill
cattle.

For small farmers of the State having limited resources and desirous of upgrading their hilly cattle for better
milk production with higher fat content option of up gradation of nondescript hilly cattle with defined
indigenous dairy breeds like Sahiwal and Red - Sindhi. These indigenous dairy breeds have potential for
development as viable milch cattle if managed scientifically.

For farmers having feed, fodder, and marketing facilities to a certain extent, option of cross-breeding of
hilly cattle with high yielding exotic breeds like Jersey and Holstein Friesian will be provided.

The farmers who want to adopt dairy activities on commercial basis and desirous of maintaining pure
exotic breeds/indigenous breeds will be provided semen straws of pure exotic Jersey and Holstein Friesian
or semen straws of ingenious dairy breeds like Sahiwal and Red -Sindhi.

To avoid the incidence of inbreeding, the Department will import/purchase the bulls or semen straws of
Exotic/Indigenous breeds as per MSP fixed by Government of India from time to time. Guiding Principles
for Livestock Breeders:-

Category of farmers Breeding Policy Marginal resource deficient Farmers

(i)
(i)

Selective breeding with pure hilly bull/semen straws. Small Farmer having limited resources

Cross breeding of local hilly cows with recognized indigenous breeds like Sahiwal &Red Sindhi (bulls
having dam yield 2000 litres or above) thus producing Flgeneration with50% indigenous and 50% Hilly
traits.Subsequent A L of graded progeny will be done with pure indigenous semen.

Farmers with good resources

(i)
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Upgrading of local hilly cows with Jersey semen(bulls having dam yield 3750 litres or above ) as per existing
policy to be continued thus producingFlgeneration with 50% Jersey and 50% Hilly traits. Subsequent A.L
of graded progeny will be done with50% Hilly X 50% Jersey semen. As production of bulls with this type
of inheritance shall take at least5 years, hence till then, present policy of use of 50% Jersey X 50% Hilly
semen may be continued.

Cross breeding of local non-descript cows if available to be done with jersey or H.F. pure bred semen (bulls
having dam yield 3750 litres or above in Jersey & 5600 Its or above for HF) (as per farmer’s preference)
up to 50% level and further grading up of Cross bred to be done with 50% RS /Sahiwal X 50% Jersey/ H.F.
semen. Same pattern is to be continued in subsequent generations. For crossing F1 generation, crossbred
bulls having dam yield (3000-3500 liters ) are to be used and for subsequent generations, the bulls having
20% higher dam yield will be used.
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Commercial Farmers having ample resources and marketing facilities. Apart from above mentioned options,
facility of germplasm to rear pure Jersey/Holstein or pure Indigenous breeds like Sahiwal & Red Sindhi will be
provided as per choice of the farmer.

Existing Policy for Buffalo which envisages upgradation of non descript buffaloes with Murrah Buffalo semen
will be continued as such.

Guiding Principles for Livestock Breeders
Category of farmers Breeding Policy Marginal resource deficient Farmers

(i)  Selective breeding with pure hilly bull/semen straws. Small Farmer having limited resources

(i) Cross breeding of local hilly cows with recognized indigenous breeds like Sahiwal &Red Sindhi (bulls
having dam yield 2000 litres or above) thus producing Flgeneration with 50% indigenous and 50% Hilly
traits. Subsequent A L. of graded progeny will be done with pure indigenous semen. Farmers with good
resources

(i) Upgrading of local hilly cows with Jersey semen(bulls having dam yield 3750 litres or above ) as per existing
policy to be continued thus producingFlgeneration with 50% Jersey and 50% Hilly traits. Subsequent A.IL
of graded progeny will be done with50% Hilly X 50% Jersey semen. As production of bulls with this type
of inheritance shall take at least 5 years, hence till then, present policy of use of 50% Jersey X 50% Hilly
semen may be continued.

(if) Cross breeding of local non-descript cows if available to be done with jersey or H.F. pure bred semen (bulls
having dam yield 3750 litres or above in Jersey & 5600 Its or above for HF) (as per farmer’s preference) up to
50% level and further grading up of Cross bred to be done with 50% RS /Sahiwal X 50% Jersey/ H.F. semen.
Same pattern is to be continued in subsequent generations. For crossing F1 generation, crossbred bulls
having dam yield (3000-3500 liters ) are to be used and for subsequent generations, the bulls having 20%
higher dam yield will be used. Commercial Farmers having ample resources and marketing facilities. A
part from above mentioned options, facility of germplasm to rear pure Jersey/Holstein or pure Indigenous
breeds like Sahiwal & Red Sindhi will be provided as per choice of the farmer. Threat to Bio diversity:
- The indiscriminate use of crossbreeding programme prescribed in existing policy has posed a threat
to biodiversity preservation specially for the native hill cattle .The native hill cattle are well suited to the
climate and environment of our state, performs better on low inputs and are robust, resilient, disease
resistant and have ability to thrive under extreme climatic stress and less than optimal nutrition. If the
existing breeding policy is continued then the pure germplasm of native hilly cattle will become extinct in
near future.

Impact of Genetic Improvement
Positive environmental impact

Reduction of animal pressure (since the animals are more productive, the production system can be intensified
and thus one can have fewer animals to maintain for the same level of production).

Negative environmental impact

7

s Reduction of animal biodiversity.

RY

7

x4 Introduction of new pathology.

Y

%

4 Increase in grain field areas.
Impact on livestock productivity (milk, reproduction, meat, health, etc.)
w» Meat: increase by 1 to 2 % per annum.

Y

<> Milk: increase of 0,5 to 1 % per annum (these increases are cumulative).
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% Meat quality: this may improve, but the quality of meat from older varieties of livestock is often
considered to be better (and may therefore obtain higher prices, e.g. rare breeds).

®,
0.0

Reproduction: increase obtained by cross-breeding, (but not cumulative).

®,
0.0

Health: animal more productive but often more fragile (requiring more expensive  veterinary and
other external inputs).
% Feed: animals may require higher quality fodder and external feed inputs.

Recommendations

KD

%  Indigenous cattle and buffalo breed conservation programmes should be integrated with breed
improvement and development programmes.

<> Superior breeding bulls should be identified and evaluated through large scale collaborative progeny
testing programmes.

<> Herd registration and Animal performance recording system at farmer herds should be developed and
linked with P T Programmes.

% Nucleus herds/Bull mother stations & germplasm centre for different cattle & buffalo breeds should be
established for production and dissemination of superior germplasm.

%  To make available the superior germplasm and breeding facilities at the door steps of small holders,
infrastructure facilities such as Al centers, animal health centers, Milk procurement and Extension
centers fully equipped with trained man power should be developed.
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7. THE VECHUR MODEL FOR CONSERVATION

K. Anilkumar* and FEA. Lali**
*Associate Dean ** Senior Research Fellow
College of Veterinary and Animal Sciences, Mannuthy, Thrissur - 680 651, Kerala, India
e-mail: anilkum2001@yahoo.com

Introduction

Animal husbandry is one of the major occupations of villages in the country. Kerala was no exception to this,
The cattle of the state were predominantly, used as work animals with a very low milk production capacity. As the
demand for milk increased keeping cows with better milk production also became a practice. The high humidity
of the state due to nearness to sea and backwaters , increased stress on the animal. As a natural size of the cows
reduced. This can be the reason for the smaller size of indigenous cows in the state.

Evolution of Vechur breed must have been through these sequences. Vechur is a village in Kerala, situated in the
Kottayam district. Vechur and nearby places are having natural barriers like rivers, rivulets and backwaters which
made free movement of animals restricted, This geographic isolation must have contributed for development
of a group of homogenous animals in the area. These animals were with comparatively better milk production
capacity. They were small in size and came to be known as Vechur cattle

As for other indigenous groups of cattle of the country, Vechur was also threatened with the prospect of
extinction. This paper is an effort to document the chronological events and efforts for conservation of the valuable
germplasm., Effort is also made to consolidate and present the research done on Vechur germplasm of the state.

HISTORY

Travancore was a princely state before independence of India and had a long history. The rulers of the state
were mostly progressive and wealthy. They had immense wealth through merchanting of spices and other
valuable goods with overseas customers even in ancient days. The mention of the breed is available in Travancore
state manual (1940). The relatively higher production of Vechur cows is mentioned in the manual.

Kerala was the first state to accept crossbreeding as the breeding policy for cattle of the state. Semen of exotic
breeds Brownswiss and Jersey were used on indigenous cows to produce the better milk producing crossbreds.
To undertake this mission, a law was made named as Kerala Livestock Improvement Act 1961. This law bans the
keeping of endogenous bulls for breeding purpose, The veterinary doctors of the state were entrusted to castrate
all the indigenous bulls , which was done through well planned and state supported campaigns. This resulted
in endangering the population of indigenous cattle of the state. Only very few of these animals were allowed to
survive in nook and corner of the state because of unacessablilty of the region or through adamant stand of some
of the keepers. By 1990s most of these indigenous animals were converted as crossbreds. The crossbred population
of the state was steadily increasing and at that stage reached a proportion of 80%.

The efforts to identify and conserve the breed was tried in 1980s by Kerala Agriculture University. But it was
not successful. Students of College of Veterinary and Animal Sciences were instrumental in reviving the efforts.
Through one of the projects for student’s magazine they were able to locate some of the cows of the Vechur breed,
which was till then thought to be extinct.

The next significant event was the work of Dr Sosamma Iype , Professor, Animal Breeding and Genetics,
College of Veterinary and Animal Sciences Mannuthy. Through her concerted efforts she was able to get sanction
from Kerala Agricultural University to start the Vechur conservation project. With meager funds provided by the
University she purchased seven cows and one bull. Subsequently the herd strength was increased to more than 20
through purchases. Indian Council of Agricultural Research then sanctioned a research project on conservation of
Vechur cows with a total outlay of around 47 lakhs (1993-98).
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Since then University is funding the project with its own resources. Currently a nucleus herd of more than
120cows with 10-15 bulls is maintained at Centre for Advanced Studies in Animal Genetics and Breeding,
Mannuthy. Farmers were supplied with the surplus animals and currently there are more than 160 herds linked
with the nucleus herd. The breeding of these farmers animals are mostly through the semen supplied from the
nucleus herd.

Some farmer organisatins, NGOs, and other groups are also maintaining Vechur animals . All these efforts had
contributed their part to save his valuable germplasm from the clutches of extinction.

Extensive research work were undertaken to study the special traits of the breed. Studies on its thermal
tolerance, adaptive attributes, milk composition, unique genetic makeup and also he growth and reproductive
traits were undertaken and results were published. Currently three post graduate research projects are under
way.
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ABSTRACTS

TS-1-01

PRODUCTION AND REPRODUCTION PERFORMANCE AND MILK PRODUCTION
EFFICIENCY OF RED SINDHI COWS

R.P.Jadhavand S.S.Kamble
Department of Animal Husbandry and Dairy Science
Mahatma Phule Krishi Vidyapeeth, Rahuri- 413 722, India
e-mail: skamble09@gmail.com

Red Sindhi, also known as Sindhi and Red Karachi is one of the most popular zebu dairy breeds. The breed
originated in the Sindh province of Pakistan and is widely kept for milk production across India, Pakistan,
Bangladesh, Sri Lanka and other countries. They have been used for crossbreeding with temperate (European)
dairy breeds in many countries to combine their tropical adaptations (heat tolerance, tick resistance, disease
resistance, fertility at higher temperatures, etc.) with the higher milk production found in temperate regions. To
assess the production and reproduction performance at Dairy Farm, College of Agriculture, Dhule, the data spread
over a period of 20 years (1991 - 2010) were used. The overall least-squares means for lactation length (LL), dry
period (DP), calving interval (CI), lactation milk yield (LMY) and 300-day milk yield (300 DMY) in Red Sindhi
cows were 310.876 + 6.07 days, 81.99 + 4.78 days, 392.86 + 7.92 days, 1816.66 + 38.95 kg and 1820.56 + 34.18 kg
respectively. The lactation length had a significant effect over lactation milk yield, whereas, period of calving
had significant effect over lactation milk yield and 300-day milk yield. The effect of age at first calving, season of
calving, period of calving and lactation order over all the other traits under study was non-significant. The overall
least-squares means obtained for daily milk yield per day of lactation length (DMY/LL), daily milk yield per day of
300-day lactation (DMY/300 D), daily milk yield per day of calving interval (DMY/CI), milk production efficiency
per kg body weight at first calving (MPEK) and milk production efficiency per kg body weight and per day of first
lactation length (MPEKD) were 5.96 + 0.11, 6.06 + 0.11, 4.72 + 0.10, 6.75 + 0.23 kg and 20.82 + 0.92 gm respectively.
Period of calving had highly significant effect over DMY/LL, DMY/300D and DMY/CI. Age at first calving, season
of calving and lactation order exerted non-significant effect over all the traits.

TS-1-02

GENETIC AND PHENOTYPIC PARAMETERS OF FIRST LACTATION AND LIFE TIME
TRAITS IN SAHIWAL CATTLE

Jashwant Singh, C.V.Singh , R.S.Barwal , D.Kumar and B.N.Shahi
Department of Animal Genetics and Breeding, College of Veterinary and Animal Sciences
G.B. Pant University of Agriculture and Technology, Pantnagar — 263 145, Uttarakhand, India
e-mail:cusingh2010@gmail.com

The present study was conducted on first lactation and life time performance traits of Sahiwal cattle from
Government Livestock Farm, Chakgangaria, Lucknow. First lactation and life time performance records of 1367
Sahiwal cows born to 75 sires spread over a period of 71 years from 1944 — 2014 were utilized for the present
study. The overall least-squares mean of first lactation traits viz. AFC, FLMY, FLL, FDP, ESP, FCI, LTMY, LTLL
and ADMY were estimated to be 1287.12+6.81 days, 1941.16+27.66 kg, 321.60+2.80, 195.57+4.07 days, 231.34+4.88
days and 514.86+4.82 days, 9262.50 + 272.92 kg, 1534.28+36.84 days and 5.94 + 0.10, 0.14 + 0.07 kg respectively. The
overall least-squares means for the pooled data over the 7% lactation viz. LMY, LL, DP, SP and CI were 1815.192
kg, 300.77 days, 163.74 days, 192.60 days and 475.64 days respectively. Season effect was significant on most of
the first lactation and life time production traits except first lactation milk yield. In contrast different periods of
calving were found to have not significant influence on all the traits except life time milk yield. Similarly, sire effect
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was found significant on all the traits except first service period and first calving period. The heritability for AFC,
FLMY, FLL, FDP, FSP, ECI, LTMY, LTLL and ADMY were estimated to be 0.39+0.16, 0.25+0.08, 0.27+0.08, 0.06+0.10,
0.15+0.10, 0.10+0.10, 0.17 + 0.07 and 0.49 + 0.09 respectively. The genetic and phenotypic correlations among all
the traits were observed to be very low to high. The results of present study pointed out that most of variations in
the traits were due to non-additive genetic variance. Therefore, improvement in these traits can be brought by the
better management practices at the farm.

TS-1-03

LACTATIONAL PERFORMANCE EVALUATION OF FRIESWAL COWS IN NORTHERN
ZONE OF INDIA

Sushil Kumar, Rani Alex, Umesh Singh, Rajib Deb, Birham Prakash and Jagjit Baswana
Animal Genetics and Breeding Section
ICAR-Central Institute for Research on Cattle, Meerut Cantt.-250 001, Uttar Pradesh, India
e-mail:chaturvedisk@gmail.com

Frieswal is a national milch crossbred evolved through a collaborative research project with ICAR and Military
Dairy Farms in India with 5/8 Holstein Friesian and 3/8 Sahiwal blood. The present study was conducted to
evaluate the non-genetic factors affecting the lactational traits in Frieswal cows in Northern zone of India. Data
pertaining to 9148 lactational records of Frieswal cows sired by 97 bulls from 1991 to 2012 maintained at Military
Farms at Meerut and Ambala were used in the study. The overall total lactation milk yield, peak yield and lactation
length were 3409.04+16.62kg, 15.69+0.08 kg and 322.84+0.87 days respectively. The factors such as farm, parity,
season and period of calving had significant effect on the lactation traits like total lactation milk yield, peak yield
and lactation length (p<0.001), except farm for peak yield. Military farm Meerut had higher total lactation milk
yield and lactation length (3461.11+17.08kg and 327.24+0.89 days) than Military Farm, Ambala (3356.97+ 23.91 kg
and 318.44+1.25 days). Animals calved in winter had significantly higher total lactation milk yield (3495.00+21.23
kg) and peak yield (16.91+0.83 kg) in comparison to other two seasons, whereas summer calved animals had an
extended lactation (333.00+1.33 days). Animals calved during the period 1997-2001 had significantly higher milk
yield and peak yield (3634.15+26.56 and 16.57+0.10 kg) followed by period 2002-07 (3353.64+18.78 and 15.87+0.07
kg). The total lactation milk yield is less in first lactation (2885.71+19.99 kg), and it showed an increasing trend in
subsequent parities up to 4" parity. A similar trend was observed in the case of peak yield and lactation length.
Results of the study clearly indicated that all the effects taken in the study were highly significant sources of
variation on the lactation traits and adjustments has to be done for accurate estimation of genetic parameters and
breeding values.

TS-1-04

STUDIES ON SOME PERFORMANCE TRAITS IN SAHIWAL
AND JERSEY X SAHIWAL CATTLE

B.N.Shahi, D.Kumar, C.V.Singh, R.S.Barwal and A.K.Ghosh
Department of Animal Genetics and Breeding, College of Veterinary and Animal Sciences
G.B.Pant University of Agriculture and Technology, Pantnagar — 263 145, Uttarakhand, India
e-mail:dkd90@rediffmail.com

An investigation was carried out utilizing the records on 719 Sahiwal cattle and 147 Jersey X Sahiwal cattle
maintained at Government Livestock Farm, Chak Ganjaria, for studying the replacement rate and its components.
The study comprised a total of 3583 calving records spread over a period of 35 years. The data were classified
according to date of birth into four seasons and six periods. The data were analyzed using least-squares analysis
and mixed model. The average values for abnormal births, sex ratio (per cent male birth), mortality and culling of
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female calf up to AFC and replacement rate (female calf basis and total calf basis) were estimated as 4.86, 49.52,
15.92 and 19.52, 64.56 and 31.01 per cent, respectively. This indicated that about 3-4 (3.23) pregnancies are required
for one heifer entering the milking herd. One third of the total pregnancies resulted in the successful heifers to
reach the milking herd and two third were failed either due to abnormal birth, male birth and death or culling of
the female calves. The effect of period on abnormal birth, mortality, culling and replacement rate was found to be
significant, while for sex ratio it was non-significant. The sex ratio, mortality, culling and replacement rate did not
vary according to genetic groups, however, abnormal birth was affected by genetic group. The season of birth did
not influence any of the above traits.

TS-1-05

GENETIC ANALYSIS OF PRODUCTIVE AND REPRODUCTIVE PERFORMANCE OF
FRIESWAL CATTLE AT MILITARY FARM, AMBALA

Jagdeep Kumar, Y. P. Singh, Sushil Kumar, Rajbir Singh, Rajkumar and Ravinder Kumar
Department of Animal Husbandry
Sardar Vallabhbhai Patel University of Agriculture and Technology, Meerut-250 110,UP, India
e-mail: jagdeepkumar.kumarl@gmail.com

A total number of 3005 lactation records of 1147 Frieswal cows born and reared at Military Dairy Farm,
Ambala, sired by 64 sires over a period of 15 years extending from 1993 to 2007 were analysed to assess the
production and reproduction performance, to study the effect of genetic and non-genetic factors on production
and reproduction traits and to estimate genetic and phenotypic parameters of production and reproduction traits.
The least- squares means of age at first calving, total lactation milk yield, 300-day milk yield, peak yield, lactation
length, dry period, calving interval and service period were 980.41+8.22 days, 3299.35+136.21kg, 3285.23+92.50kg,
15.83+0.55kg, 309.91+5.82 days,115.29+8.83 days, 423.05+12.24 days, and 148.24+12.66 days, respectively. The age at
first calving differed significantly across the periods of calving. The effect of season and period of calving, lactation
order and regression of age at first calving on TLMY, 300-day milk yield, peak yield, lactation length, dry period,
calving interval and service period was highly significant. The sires were found to have no significant effect
on any trait under study. TLMY was highest in cows calved during summer season (3340.75+139.59kg), second
period (3622.52+145.41kg) and in fourth lactation (3442.80+143.42kg). The average 300-day milk yield was highest
in the cows calved in winter season (3359.16+96.76kg), second period (3589.14+110.04kg) and in sixth lactation
(3579.26+214.40). The heritability estimates for age at first calving, TLMY, 300-day milk yield, peak yield, lactation
length, dry period, calving interval and service period were 0.15+0.06, 0.14+0.03, 0.13+0.04, 0.13+0.03, 0.07+0.02,
0.009+0.028, 0.04+0.03 and 0.03+0.03 respectively. TLMY had high genetic correlation with peak yield (0.93+0.045)
and low (0.359+0.199) with lactation length. The phenotypic correlation of TLMY was high (0.726) with peak yield
and low (0.425) with lactation length

TS-1-06

DIFFERENCE BETWEEN VARIOUS PRODUCTION AND REPRODUCTION TRAITS OF
SAHIWAL AND CROSSBRED CATTLE

Jagdeep Kumar, Y.P.Singh, Rajbir Singh, Rajkumar, Pradeep Kumar and Somnath
Department of Animal Husbandry

Sardar Vallabhbhai Patel University of Agriculture and Technology, Meerut-250 110, UP, India
e-mail: jagdeepkumar.kumarll@gmail.com

The present study was undertaken on 752 lactation records of 190 Sahiwal cows maintained at Government
Sahiwal Cattle Breeding Farm, Chakganjaria, Lucknow, over 17 years (1983-1999) to evaluate the performance of
lifetime traits. The traits considered for the study were herd life (longevity), productive herd life, life time calf
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production, life time milk yield, total lactation length, age at first service and age at first calving. The season and
period of birth had no effect on TLL and LTMY. However significant effects were reported on AFS and AFC. The
effect of genetic group was significant on AFC, FLMY, MY/PL and MY/TL while the effect of parity was significant
for all the traits. For data set II, the effect of year of first calving was significant only for AFC, FLMY and PL while
the first calving was significant for FLMY and PL; but the effect of genetic group was significant only for MY/HL.
Results indicated that milk yield, length of dry period, service per conception and post-partum heat period were
significantly affected (P<0.01) by different crossbreds. However, lactation length and service per conception were
significantly affected (P<0.01) by parity and interaction of breed x parity. The average number of lactation as life
time productivity of crossbreds are nearly three lactations whereas in native (Bos indicus) it was 6 to 7 lactations.
The crossbred perform better at 5 to 25°C whereas production decline of indigenous cows is not alarming even
at 38°C. When crossbred / exotic cows pant, indigenous cows are quite comfortable and the basic reason is that
indigenous cattle population has emerged out by natural relation through generations that are adopted to stressful
environment.

TS-1-07

BODY MEASUREMENTS AND MORPHOLOGICAL CHARACTERISTICS OF
KANGAYAM BULLOCKS IN HOMETRACT AND ADJOINING PALAKKAD, KERALA

N.Kumaravelu, D.Divyalakshmi and Thanga.Thamil Vanan
Department of Livestock Production Management
Madras Veterinary College, TANUVAS, Chennai-600 007
e-mail: natakumarvet@gmail

A study was conducted to analyse the farming systems involving Kangayam breed of cattle in two different
locations, in their home tract in Tamilnadu and adjoining Palakkad region of Kerala, where the Kangayam cattle
forms inseparable component of the integrated crop-livestock production system. As a part of the study, body
measurements and morphological characteristics of Kangayam bullocks were documented. Horn length, horn
circumference, face length, ear length, height at withers, body length, chest girth, fore limb, tail length and switch
length were measured in cm in different age groups of Kangayam bullocks in both the regions. Some differences in
the size and morphological characteristics were found. Differences were also noted in the relative speed of growth
of certain appendages like horns. Horn length in the Palakkad region was higher in the early stages. However as
the bullocks matured, the trend was reversed with the bullocks in the Kangayam region possessing longer horns.
The horn circumference at the base was more in the Palakkad region in the early life. But as the age advanced, the
difference between the two groups became less and less with respect to this character and in the above 5 years
group it became similar in both the groups. In the 1-2 year group there was no significant difference in the face
length between the two regions. However, as the animals grew, a significant difference became apparent with
the Palakkad strain having a longer face. The height at withers of the bullocks from the Palakkad region showed
a trend of higher values compared to that of Kangayam tract. The body length showed a trend of higher values
in Palakkad region from young age up to 4 to 5 years of age. However, as the age advanced, Kangayam tract
bollocks measured longer than that from Palakkad region. In above 5 years of age, chest girth had practically little
difference between the two groups.
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PRODUCTIVE AND REPRODUCTIVE PERFORMANCE OF PROGENIES OF FRIESWAL
BULLS IN HOT, HUMID TROPICAL CLIMATE

K.S.Pragathi’! and K.Anilkumar?
Department of Animal Breeding, Genetics and Biostatistics
College of Veterinary and Animal Sciences, Mannuthy — 680 651, Kerala, India
e-mail: pragatiksvet114@gmail.com

A study was conducted to evaluate the performance of progenies of Frieswalbulls based on 1st lactation
performance for production and reproduction traits in field condition.Data on 143 first lactation yields of daughters
of different sets (3rd to 11th) of Frieswalbulls of ICAR Field progeny testing scheme for the period 1997 to 2011
were analysed by F-test and univariate analysis of variance using SPSS (Statistical Packages for Social Sciences) for
this study. The average values from 3rd to 11th set for age at first calving(days), peak yield(kg), 305-day milk yield
(kg) were 1021.8+91.52to 747+113.16, 10.34+0.96 to 12.43+1.46 and 1969.8+193.86 to 2675.6+129.11 respectively. The
morning and evening per cents of milk fat ranged from 3.62+0.21 to 3.09+0.18 and 4.14+0.27 to 3.56+0.24 for early
lactation, 4.18+0.22 to 3.73+0.39 and 4.56+0.21 to 4.00+0.25 mid lactation and 4.34+0.27 to 3.87+0.50 and 4.82+0.56
to 4.52+0.53 for late lactation respectively.The result showed that the effect to sets of bulls for age at first calving
(P<0.01), peak yield (P<0.05) and milk fat (P<0.01) were significant.

TS-1-09

PERFORMANCE OF MINIATURE PUNGANUR CATTLE
UNDER CONSERVATION

B.Ekambaram, M.M. Rajesh and Y. Pavani
Livestock Research Station, Palamaner - 517 408, AP, India
e-mail: dr_ekambaram@rediffmail.com

Punganur is one of the shortest humped cattle (Bos indicus) with a long tail and black switch touching the
ground and originated in the surrounding areas of Punganur, Madanapalli, Palamaner places of Chittoor district in
Andhra Pradesh. Punganur breed of cattle is under the threat of extinction as the population is dwindling. A small
herd of Punganur animals being maintained at Livestock Research Station, Palamaner under Sri Venkateswara
Veterinary University as a part of in situ conservation of the miniature Bos indicus Punganur breed is needed for
future use for a low input system, environmental considerations etc. All breedable female animals were bred to
Punganur bulls available by natural service. A total of 26 Punganur calves were born during 2013-14. The data were
collected on birth weight, biometrical measurements and production performances. The average birth weights of
male and female calves were 12.56 + 0.39 kg and 11.58 + 0.53 kg, respectively. The mean height at withers, body
length, chest girth, paunch girth, poll length, pin bone width, tail length and ear length in male calves in the
present study were 49.60 + 1.25, 44.40 + 1.51, 50.9 + 1.14, 50.50 + 1.06, 18.4 + 0.27, 9.30 + 0.45, 28.80 = 1.86 and 9.90
+ 0.43 cm, respectively while in females the corresponding values were 50.00 + 1.84, 42.4 + 1.24, 50.9 + 1.15, 50.3
+1.38, 18.8 £ 0.52, 10.40 £ .35, 29.90 + 0.90 and 10.0 + 0.30 cm respectively. The average body weights of punganur
male calves at1, 2, 3,4,5,6,7,8,9 and 10 months age were 20.35, 26.72, 33.25, 41.40, 48.10, 55.20, 60.30, 63.83, 73.50
and 75.75 kg respectively, while in females the corresponding age body weights were 19.37, 26.25, 32.86, 39.60,
44.78, 50.43, 57.50, 61.50, 65.67 and 63.25 kg respectively Majority of the calves were born with a mixture of white
and brown coat colour, but 93.10 % of calves were born with black colour muzzle, 3.44% pink colour muzzle and
3.44% white color muzzle. In punganur calves 96.55% of black color tail switch and 3.44% was mixed colour. While
majority of animals were (96.55%) having black colour hoof. The average lactation milk yield was 281.30 + 61.91
liters with a lactation length of 106.77 + 22.75 days. The daily average milk yield and peak yield were 2.53 + 0.34
and 3.01 + 0.38 liters, respectively. The average age at first calving, service period, gestation period, dry period and
calving intervals were 1385.1 (10) days, 166.6 (14) days, 284.9 (24) , 311.1 (13) and 522.9(18) days respectively.
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MORPHOLOGICAL CHARACTERIZATION OF NON-DESCRIPT CATTLE BREED IN
RAIGAD DISTRICT OF MAHARASHTRA

D.J.Bhagat, Vishal Kedaree and M.G.Thalkar
Department of Animal Husbandry and Dairy Science
Dr.Balasaheb Sawant Konkan Krishi Vidyapeeth, Dapoli— 415712, Maharashtra, India
e-mail: kedari.vishal@gmail.com

India has large amount of biodiversity of cattle and various domesticated animals. As per the NSSO observation,
the stock of working cattle in rural area declined by 25 per cent between 1991-92 and 2002-03. The stock of milk
cattle in rural area also showed a fall about 2 million in 2002-03 from 1991-92 level of 30 million. It necessitates to
improve upon local non-descript cattle population for dual purpose. The data of 200 cattle on various characters of
the non-descript cattle of five tahsil in Raigad district in Maharashtra were collected. The characteristics features of
the non-descript cattle are small in size having body length, chest girth, height at wither and body weight as 95.69
+0.41 cm, 139.55 £ 0.69 cm, 85.01 +0.12 cm and 228.3 + 1.94 kg, respectively. The coat colours observed were brown,
black, white, grey and mixed colour in proportions of 32.72, 25.83, 17.22, 3.89 and 13.33 per cent, respectively. The
average length of hair on body coat was 9.06 mm, ear length of 18.16 + 0.22 cm, head length of 39.96 + 0.24 and horn
length of 18.35 + 0.50 cm. The horns were medium in size, curved with backward orientation. The animal possesses
black colour hooves and horizontal ear with lack of prominent poll and poorly developed udder with small teats.
The average lactation milk yield, daily milk yield, lactation length and dry period were 256.84 +1.88 kg, 1.47 +0.21
kg, 202.108 + 1.88 days and 165.75 + 2.49 days respectively. The average age at first calving was 47.85 + 0.40 months.

TS-1-11

PHENOTYPIC CHARACTERIZATION OF NON-DESCRIPTCATTLE BREED IN
RATNAGIRI DISTRICT OF MAHARASHTRA

V.C.Kedaree, P.B.Khirari D.J.Bhagat and R.G.Burte
Department of Animal Husbandry and Dairy Science
Dr.Balasaheb Sawant Konkan Krishi Vidyapeeth, Dapoli, Ratnagiri District, Maharashtra, India
e-mail: kedari.vishal@gmail.com

Indigenous breeds of livestock possess special allelic combinations which enable them to survive the vagaries
of climate, biotic and abiotic stresses and also produce and reproduce efficiently in their own environment. In
order to meet the current and future challenges of food security with reference to climate change and rapidly
expanding human population with sustainable management of animal genetic resources for livelihood security
in developing countries, the present investigation was undertaken to study the phenotypic characteristics of
non-descript cattle of Konkan region of Maharashtra. The data pertained to 360 non-descript cattle. The physical
characteristics included were colour pattern of body coat, muzzle, tail switch, hoof and horn, body length, height
at wither, heart girth and length of head. The main body coat colour of non-descript cattle was brown (44.44 per
cent) followed by black (21.67 per cent), grey (23.89 per cent) and mixed (10 per cent). Most of the animals had
black muzzle (90 per cent) and black hooves. The data on phenotypic characteristics were classified according to
location, age group and sex of the animals. The means for body length, height at wither, heart girth, head length,
ear length, horn length and circumference of horn at base were 97.28+0.51, 84.63+0.37, 126.97+0.49, 40.48+0.18,
18.06+0.21, 18.06+0.63 and 11.43+0.11 cm, respectively. The characteristics features of the non-descript cows are
small in size having variation in colour pattern. The data generated for non-descript cattle of Ratnagiri district
would be useful to characterize them.
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PRODUCTIVE AND REPRODUCTIVE PERFORMANCE CHARACTERISTICS OF
DIFFERENT TYPES OF BUFFALOES: A REVIEW

C.V.Singh and R.S.Barwal
Department of Animal Genetics and Breeding, College of Veterinary and Animal Sciences
G.B. Pant University of Agriculture and Technology, Pantnagar — 263145, Uttarakhand, India
e-mail:cvsingh2010@gmail.com

The birth weight in various buffalo breeds varies between 26-41 kg. As per the reports available in literature
on body weights across the breeds revealed that Nili-Ravi had higher body weights at different ages followed by
Murrah; while, Surti had the lowest weight at all the ages . The weight at first calving is found to range between
335-542 kg, being highest in Nili-Ravi and lowest in medium-sized buffaloes. Growth in general was linear from
birth to 36 months. The average daily gain ranges from 548g (3-6 months) to 404g (birth to 36 months). Buffaloes
continue to come to heat regularly in all months, highest being in October and lowest in April. However, around
75 per cent of total calving took place during July to January (the most calving season) and 25 per cent during
February to June (the least calving season) suggesting that buffaloes are seasonal breeder. Buffaloes come to oestrus
in cold month and are sub-fertile during hot month. A large variation in age at first calving among different breeds
of buffaloes was observed with the highest value of 54.6 months in village buffaloes. The averages based on large
numbers in Murrah and Nili-Ravi were between 40 and 45 months. In Surti and Bhadawari buffaloes, the age at
first calving was slightly higher (46-54 months) while Pandharpuri buffaloes had an average age at first calving
between 38.4 and 39.8 months. The first calving interval in Murrah and Nili-Ravi buffaloes varies between 480-
573 days. In Bhadawari buffaloes it was 525 days. Average calving interval in Surti buffaloes was 462 days. The
overall dry period ranged from 90-126 days in different buffalo breeds.A large variation in service period across
the breeds has been observed. The overall service period in different buffalo breeds ranged from 115 days to 202
days. Lactation length is an important trait influencing the lactation milk yield in buffaloes. The overall lactation
length in Murrah buffaloes ranged from 245 days to 355.39 days. However, in Nili-Ravi and Surti buffaloes, average
lactation length ranged from 300 days to 356 days. In Bhadawari, Marathwada and Nagpuri buffaloes, the overall
lactation length was 376, 310 and 200 days respectively. The use of part lactation records is made to reduce testing
period to rank the bulls for their merit at an early age. Several workers reported that selection for milk yield could
more effectively be done on part lactation because of its high heritability than the complete lactation yield. Around
10.75% of total milk yield was produced in first month of lactation while around 12.5% and 11.25% of total milk
were produced in second and third months of lactation respectively. About 34.40% of total milk was produced in
first three months of lactation.

The average first lactation milk yield in Murrah buffaloes varied between 1540 to 1867 kg. The first lactation
averages for Bhadawari, Nagpuri and Marathwada were between 693 and 926 kg. Pandarpuri buffaloes gave a first
lactation milk yield of 1375 and 1226 kg respectively in urban and rural areas. Comparison of performance details
of Nili-Ravi breed of Pakistan, Murrah of India and Egyptian buffaloes revealed that 38% of all lactations in Nili-
Ravi had more than 2700 kg of milk as against 14% of all lactations in Murrah and 6 % in Egyptian buffaloes. Milk
yield increased over the lactations with peak yield in fourth lactation. More than 50% of the buffaloes left the herd
by the end of fourth lactation and between 1 and 3% completed 10 lactations. Percentage of lactation terminated
due to health and reproductive problems and death were around 30% each in lactation 1 and 2. Nili-Ravi and
Murrah breeds on an average completed three lactations; some studies reported the average number of lactations
completed in Murrah to vary from 4.4 to 5.8 with life time yield 8914-9994 kg and 4.5 to 5.6 lactations in Nili-Ravi
buffaloes. The average number of lactations completed and life time milk yield in Surti were 3.72 and 4960 kg
respectively. The average productive life in Murrah and Nili Ravi buffaloes ranged between 72.0 and 83.29 months.

Buffalo has not been exploited fully as a meat animal in India though there is little religious taboo to their
slaughter. About 86% of the world buffalo meat production is in Asia and mostly from old and culled animals.
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This meat is dark and less tender, has a strong odour and thus is generally unacceptable. However, when young
buffaloes are raised under intensive feeding, their meat is lean, tender and highly palatable and comparable with
beef from cattle of similar age and weight. The dressing percentage in buffaloes is slightly lower than in cattle. In
India, 60% of the total farm power is derived from draught animals of which about 10% is from buffaloes. A buffalo
can pull loads more than six times of its own body weight, but its usual load carrying capacity is 1-5 to 2.0 tonnes
i.e. 3 to 4 times of its body weight. It can pull the loads for 2-3 hours continuously and for 6-8 hours in a day during
winter and 5-6 hours in a day during summer with rest in between.

TS-1-13

GENETIC EVALUATION FOR FERTILITY TRAITS OF MURRAH BUFFALOES UNDER
THREE DIFFERENT ZONES

Soumya Dash, A.K.Chakravarty, A.Upadhyay, A.Sakthivel Selvan, A.Panmei,
M.Singh and S.K.Sahoo
Dairy Cattle Breeding Division,
ICAR-National Dairy Research Institute (NDRI), Karnal-132 001, Haryana, India
e-mail: dr.soumyalO@gmail.com

The aim of the present study was to assess the influence of temperature and humidity prevalent under
subtropical climate on breeding values for fertility traits viz. service period (SP), pregnancy rate (PR) and
conception rate (CR) of Murrah buffaloes in NDRI herd. Fertility data on 1379 records of 581 Murrah buffaloes
spread over four lactations and climatic parameters viz. dry bulb temperature and relative humidity spanned over
twenty years (1993-2012) were collected from NDRI and CSSRI, Karnal. A fixed least-squares model was applied
to identify threshold temperature humidity index (THI) value for fertility traits. Three zones like non-heat stress,
heat stress and critical heat stress zones were developed in a year. Genetic evaluation of Murrah buffaloes was
performed in each zone with respect to their expected breeding values for fertility traits. Effect of THI was found
significant (p< 0.001) on all fertility traits with threshold THI identified as 75. Based on THI values, a year was
classified into three zones: non- heat stress zone (THI 56.71 - 73.21), heat stress zone (THI 75.39 - 81.60) and critical
heat stress zone (THI 80.27 - 81.60). The expected breeding value (EBV) for SP, PR and CR were estimated as 138.57
days, 0.362 and 69.02 % in non-heat stress zone while in heat stress zone EBV were found as 139.62 days, 0.358 and
68.81 %, respectively. EBV for SP was increased to 140.92 days and for PR and CR, it declined to 0.357 and 68.71
% under critical heat stress zone. The study concluded that THI had negative influence on EBV for fertility traits
under critical heat stress zone.

TS-1-14
EX SITU CONSERVATION OF BHADAWARI BUFFALOES

B.P.Kushwaha, Sultan Singh, S.B.Maity, K.K. Singh and A.K.Misra
Network Project on Bhadawari Buffaloes
ICAR-Indian Grassland and Fodder Research Institute, [hansi — 284003, UP, India
e-mail:bp_kush@yahoo.com

Bhadawari is one of the recognized buffalo breeds of India and is famous for high fat content in their milk.
These buffaloes are found in the ravines of Yamuna and Chambal rivers spread over in Uttar Pradesh and Madhya
Pradesh. The buffaloes have adapted to the harsh conditions of the ravines with undulating topography, thorny
and scanty bushes, climatic stress and draught conditions. The buffaloes are of medium size with moderate milk
yield but the fat content in their milk. There has been a steep decline in the population of Bhadawari buffaloes
from 0.1139 million to 30-40 thousand over 30 years, mainly due to the growing popularity of Murrah buffaloes
in the breeding tract and non-availability of the purebred Bhadawari bulls. Indiscriminate breeding with Murrah
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bulls is further diluting the purity of the breed. Looking into the reducing population of the breed, Indian Council
of Agricultural Research has initiated efforts on conservation and improvement of Bhadawari buffaloes at Indian
Grassland and Fodder Research Institute, Jhansi (IGFRI) under Network program since year 2001. Asmall herd of 50
breedable females is maintained under the project. Efforts are being made to increase the Bhadawari population in
the field. Superior breeding bulls/frozen semen are being made available to different government/non government
organization/farmers for Al in the Bhadawari breeding tract. More than 3 lakh doses of semen have been frozen
by different agencies. Artificial insemination in the field is continuing and more than 5000 calvings have been
recorded so far. A farmer has established a new herd of Bhadawari buffaloes and presently there are 30 purebred
Bhadawari animals in his herd.

TS-1-15
JOWARI BUFFALO OF NORTH WEST KARNATAKA

B.Athani, SherSinh!, Ramesh Bhatti', S.Das? and D.K.Sadana?
Sahjeevan Trust, Bhuj — 370 001, Gujarat, *Watershed Support Services and Activities Netwok (WASSAN),
Secunderabad — 500 017, Telangana, 3Indigenous Livestock Society, Karnal — 132 001, Haryana, Karnal, India
e-mail: sadana.dk@gmail.com

Jowari buffaloes are phenotypically unique and spread across the areas of Bagalkot, Belagavi and parts of
Bijapur districts, the core tract being the terrains of Badami and Ramadurga blocks in Maharashtra. The tract
further progresses into irrigated tracts in the periphery of Jamkhandi, Athani and Gokak areas. The area is largely
rain dependent, generally dry and drought prone. The animals are reared in groups of 2-6, typically in integrated
farming systems consisting of crop-livestock combinations. This population has earlier been referred as “Jowari”
by Robert Wallace in a book published way back in 1888. He described the breed as local breed of the Southern
Maratha country. The horns are moderately long, which go backwards, curving up, so as to form almost half circle.
Though black is the prevailing colour of skin, in some cases it is brown or chestnut, and the hair is usually of a dun
or dirty-whitish colour. The shanks, tip of tail, eyes, and patches on the head are generally white. The breeders,
primarily the communities like Kurubas and Lingayats, attach lots of economic and nutritional value for the milk
and milk products made from this breed. They prefer “Jowari” buffalo for the household milk consumption. They
have expressed that the milk from Jowari buffalo is excellent for the children for their growth as it is good in
taste and has many therapeutically acknowledged properties. The quality and taste of products like curd and
buttermilk of Jowari buffalos also typical and preferred by the people. They also acknowledge that these buffalo
are cheaper to maintain as they go for open grazing on their own and there is no dependency on stall feeding. The
communities own the breed and see it a significant part of their livelihoods and culture. Majority of Jowari buffalo
have medium and compact body. The animals yield an average of 4 litre per day with a fat content of 6.8% and the
lactation is of around 210 days. The buffalo keepers and the local veterinarians say the animals exhibit fairly good
breeding habits, first oestrus within 40-50 days, and the intercalving period of 14-16 months. The breed is locally
well adapted and there is a need to conduct a detailed survey and characterisation of Jowari buffaloes.

TS-1-16

CHARACTERIZATION OF INDIGENOUS BUFFALOES OF BIRBHUM DISTRICT OF
WEST BENGAL

Aruna Pal’, P.N.Chatterjee’, VikashVohra? Purnendu Biswas' and Arjava Sharma?
"West Bengal University of Animal and Fishery Sciences, Kolkata-700 037, West Bengal, India
2JCAR-National Bureau of Animal Genetic Resources, Karnal — 132 001, Haryana, India
e-mail: arunachatterjee@gmail.com

In the present era of extreme energy crisis, draught buffaloes act as blessings for rural poor farmers. The
present study was conducted for characterization of indigenous buffaloes in Birbhum district of West Bengal (dry
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arid region with water scarcity and average temperature between 40°C and 15°C and average rainfall about 1430
mm) and to find out its genetic uniqueness or identity from other Buffalo breeds. Buffaloes were reared for draught
purpose for pulling cart and ploughing the paddy field. They are popularly named as ‘Kara’ in this region. The
breed is known for more than 80 years. Mostly the Muslim farmers rear these buffaloes. The buffalo is utilized for
pulling cart with coal, which can travel longer distance for the whole night around 10-12 hrs with rest period of 1-2
hrs. It forms the basis of livelihood for the rural people. The average weight carrying capacity for a pair of bullock
is 1820 + 0.65 kg, distance travelled per day 72.0 + 0.57 km, speed of travelling 9.00 + 0.04 km/hr, working period
during agriculture (approx 4 months in a year) was 8.0 = 0.05 hr, at other time 9.5 + 0.06 hr, working 12 months
during the year, working area ploughed 1805.976 +15.483sq m), speed of ploughing 5.2 + 0.02 km/hr. The basic
temperament for these buffalo is docile. Coat colour is black with copper coloured, black muzzle, white or black
tail switch, and hooves are black. Horn is grey coloured, curved, in upward direction. Horn length is 33.34+2.45
cm. Buffaloes were measured for body weight, chest girth, body length and height at withers, paunch girth, head
length, ear length and ear width. The body is characterized by small hump, small naval flap, small dew lap.
Forehead is straight. Fatigue score has been calculated based on increased rectal temperature respiration rate, pulse
rate, frothing, leg incordination, excitement, inhibition of progressive movement and tongue protrusion. Drought
tolerance is excellent but heat tolerance is average. These buffaloes are observed to be most resistant to diseases;
specifically systemic infectious diseases (only 13.39%) compared to other livestock species in this region. Molecular
characterization with mitochondrial DNA marker for these buffalo is under progress. Molecular characterization
of Kara buffalo of Birbhum with functional genes as growth hormone gene and CD14 gene has been characterized,
revealing distinct identity of the breed.

TS-1-17

PRODUCTION AND REPRODUCTION PERFORMANCE OF ASSAMESE BUFFALO
UNDER KHUTI MANAGEMENT IN ITS BREEDING TRACT

Shafiqul Islam, SafeerAlam, Gurjeet Kaur and A.Gogai
Directorate of Extension Education
SKUAST-Kashmir, Shalimar, Srinagar — 190 001, Jammu & Kashmir, India
e-mail: safeeralam1@gmail.com / gurjeet83_sidhu@yahoo.co.in

The Assamese buffaloes are being reared by the farmers for milk, meat as well as for draught purposes. These
buffaloes are known for higher fat content in their milk (8.5 per cent on an average) and isin great demand in the
market and it is also known as “Khuti milk”. About 17-18 per cent of milk produced by this breed is converted to
curd and ghee, being a good source of livelihood for breeders. The present study was organized by considering
the data on total 324 Assamese buffaloes distributed over three districts namely Kamrup, Nagaon and Darrang
in Assam covering 35 khutis in a period of one year and six months. The lactation milk yield of Assamese buffalo
was observed as 448.38+1.67 kg with a lactation length of 237.06+0.74 days and the peak yield and days to
attain the peak yield were measured as 3.41+0.02 kg and 54.16+0.19 days respectively. The reproduction traits
like age at first calving, gestation period, service period and inter-calving period were estimated based on pre-
structuredinterview schedule. The age at first calving was recorded as 52.28+0.81 months, the gestation period
was observed as 323.10+0.68 days with an inter-calving period of 465.70+1.67 days. The service period and dry
period for Assamese buffalo were estimated as 171.34+0.82 and 252.84+1.47 days respectively. The production and
reproduction performance of Assamese buffaloes are poor and need special attention for further improvement to
help the livestock keepers, whose livelihood is depending on these valuable AnGR (buffaloes) of Assam.
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BIOMETRICAL MULTIVARIATE STUDY OF MUNJAL SHEEP

S.P.Dahiya, Z.S.Malik, B.L.Pander and A.K.Vinayak
Department of Animal Genetics and Breeding
LLR University of Veterinary and Animal Sciences, Hisar- 125 001, Haryana, India
e-mail:dahiya642000@yahoo.com

The Munjal, a mutton-type sheep, is popular among the farmers of Haryana for their heavy body weight. Munjal
animals have massive body with a dark brown face. The present study was undertaken to have an assessment of
type characteristics of Munjal sheep and their association with body weight. Measurements were recorded on
nine morphological characteristics and adult body weight on 91 ewes and 36 rams of Munjal breed maintained
at sheep farm of LUVAS, Hisar. The adult body weight in females and males were estimated as 35.28+0.61 and
45.00+0.82 kg, respectively. The height, length, heart girth and paunch girth in females were estimated as 71.07+0.34,
70.43+0.41, 80.29+0.43 and 81.93+0.55 cm, respectively. The corresponding estimates in males were obtained as
73.97+0.62, 74.08+0.73, 86.92+0.70 and 89.22+0.72 cm, respectively. The face length and head circumference in ewes
were 20.81+0.12 and 44.67+0.20 cm while the corresponding estimates in rams were 23.36+0.23 and 48.50+0.41
cm, respectively. Ear length and width in Munjal ewes were estimated as 18.97+0.32 and 9.77+0.12 cm while in
males these estimates were 17.81+0.43 and 8.69+0.15 cm, respectively. The tail length in females and males were
estimated as 36.60+0.42 and 40.72+0.73 cm, respectively. It was observed that Munjal males had higher body linear
measurements than females except for ear length and width. The association of linear body measurements with
body weight indicated the highest phenotypic correlation with heart girth (r,=0.90) followed by paunch girth
and head circumference (r,=0.83). The body index in ewes and rams were 87.80 and 85.27 per cent, respectively
pointing towards the rectangular shape of Munjal sheep. Multivariate regression analysis indicated that body
weight can be predicted with higher accuracy (R*=0.85) by incorporating body length and heart girth of the animal.

TS-1-19
EVALUATION OF PRODUCTION TRAITS OF MUZAFFARNAGARI SHEEP

Gopal Dass, P.K. Rout, Y. K. Kushwah and M. S. Dige
ICAR-Central Institute for Research on Goats, Makhdoom, Farah — 281 122, Mathura, UP, India
e-mail:gopaldass67@gmail.com

Muzaffarnagari, the heaviest sheep breed of India, is distributed in and around Muzaffarnagar district of
western Uttar Pradesh and also in some parts of Rajasthan, Haryana and Delhi states. The wool production of
this breed is low with course quality, not suitable for carpet manufacture; hence it is mainly reared for mutton
production. For evaluating production traits i.e. body weights at birth, 3, 6, 9 and 12 month age, average daily
weight gains (ADG) during 0-3, 3-6, 6-9, 9-12 and 3-12 months and greasy fleece yields in lambs at first and
second clip and adults (annual), the data on 690 Muzaffarnagari lambs born under ICAR-Network Project on
Sheep Improvement during years 2011-13 at Central Institute for Research on Goats, Makhdoom, Farah, Mathura
(UP) were recorded for various production traits. The overall least-squares means for body weights at birth, 3, 6,
9 and 12 months age were 3.75+0.02, 16.77+0.15, 24.57+0.21, 28.98+0.20 and 33.32+0.22 kg, respectively and average
daily gains (ADGs) during 0-3, 3-6, 6-9, 9-12 and 3-12 months age groups were 144.50+1.61, 84.25+1.28, 53.71+1.27,
51.90+1.23 and 60.08+0.75g, respectively. The overall least-squares means for lambs 1* and 2™ six monthly and
adult annual clips were 531.51+6.35, 540.01+6.52 and 1248.04+17.89g, respectively. The effect of sex and year of
lambing had highly significant (P<0.01) influence on all production traits except non-significant effect of sex and
year of lambing on birth weight, year of lambing on 9-12 month ADG and sex on first lamb clip. On comparison,
male lambs were found superior than female lambs for all body weights, ADGs and greasy fleece yields. During
the year 2013, all the body weights, ADGs and greasy fleece yields were recorded to be the highest. The maximum
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growth recorded during 0-3 month (pre-weaning period) age was followed by 3-6, 6-9 and 9-12 age groups. This
study indicated pre-weaning (0-3 month) growth period as most crucial with regard to lambs growth, hence it is
essential to ensure proper management, feeding and health care of lambs during 0-3 month age for higher mutton
production in Muzaffarnagari sheep.

TS-1-20

EVALUATION OF REPRODUCTION TRAITS OF
MUZAFFARNAGARI SHEEP

Gopal Dass and P. K. Rout
ICAR-Central Institute for Research on Goats, Makhdoom, Farah-281 122, UP, India
e-mail: gopaldass67@gmail.com

Mugzaffarnagari, known for its heaviest body weight among 42 defined sheep breeds of India, is mainly
distributed in Muzaffarnagar and its adjoining districts of Western Uttar Pradesh. In addition to its true breeding
tract, some animals of true to breed are also found in Rajasthan, Haryana and Delhi states. Being large-sized, this
breed has comparatively low reproductive efficiency as compared to small sized sheep breeds. But in this project
tremendous improvement in the twinning rate has been achieved through proper screening of breeding stock
using selective breeding. For this study, the data were recorded on weight at first service, date of birth of ewe,
date of successful conception, date of lambing, dam’s weight at lambing, number of ewes available for breeding,
number of ewes bred, number of ewes lambed and number of ewes gave birth to twins/triplets from years 2011
to 2013 (3 years) maintained under Network Project on Sheep Improvement at Central Institute for Research on
Goats, Makhdoom, Farah, Mathura (UP). The data were generated for age at first service, age at first lambing and
gestation period from recorded data. Muzaffarnagari sheep is a mutton type breed, hence reproduction is one
of the important aspect in this breed for better profitability of sheep keepers. Lower age at first service, higher
conception and lambing rate with multiple births gives the number of more lambs per ewe for sale which improves
return of the sheep breeders. The overall means of age at first service, weight at first service, age at first lambing,
dam’s weight at lambing and first gestation period were 442 days, 31.5 kg, 605 days, 36.6 kg and 153.5 days,
respectively. Lambing on available and bred basis and twinning rate recorded to be 99.0, 88.2 and 11.8%; 74.3, 86.7
and 20.3%; and 76.9, 83.2 and 14.9%, respectively for the years 2011, 2012 and 2013. Results revealed significant
improvement in the twinning rate over the years indicating suitability of selective breeding for improving multiple
births in this breed. Findings of this study also indicated that age at first service and age at first lambing were on
higher side which needs to be reduced through proper breeding management of ewes and culling of ewes with
poor reproduction efficiency.

TS-1-21

SURVIVAL RATE OF MUZAFFARNAGARI SHEEP UNDER
ORGANIZED FARM

Gopal Dass, Souvik Paul, Vinay Chaturvedi and Nitika Sharma
ICAR-Central Institute for Research on Goats, Makhdoom, Farah—281 122, UP, India
e-mail: gopaldass67@gmail.com

Muzaffarnagari, a heaviest mutton type sheep breed of the country, is distributed in Muzaffarnagar and its
adjoining districts of Western Uttar Pradesh viz. Meerut, Bulandshahar, Saharanpur and Bijnor. However, the
animals are also found in good number in some of the parts of Delhi and Haryana and Rajasthan states. For
this study, the data were recorded from the research project entitled “Genetic evaluation and improvement of
Muzaffarnagari sheep for body weights” for a period of four years (2010-11 to 2013-14) maintained under Network
Project on Sheep Improvement at Central Institute for Research on Goats, Makhdoom, Farah, Mathura (UP). For a
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mutton breed, survival rate is the single most important factor which directly determines the profitability of sheep
breeders. In this project, the lambs were weaned at 2 months of age due to poor milk production and short lactation
period of their dams. After weaning, the lambs were maintained under semi intensive feeding system, in which
they were provided 100- 400g growth ration (concentrate) during various growth stages with some dry and green
fodder and 5-6 hours grazing daily. Breeding rams were selected based on their 6 month body weights. To study
survival rate, the data were recorded on number of animals survived in various age groups viz. suckling males,
suckling females, weaner males, weaner females, hogget males, hogget females, rams and ewes. The survival per
cent were 95.9, 97.2, 93.4, 98.8, 100.0, 100.0, 96.7 and 97.2 (2010-11); 98.4, 99.5, 98.1, 99.3, 99.2, 99.1, 97.6 and 98.4
(2011-12), 96.3, 96.1, 93.5, 97.1, 100.0, 99.29, 98.7 and 97.7 (2012-13) and 98.7, 98.0, 99.4, 98.0, 96.3, 95.6, 100.0 and
96.7 (2013-14), respectively. The overall survivability in Muzaffarnagari sheep was recorded to be 97.5, 97.3, 98.5,
97.8 and 96.01%, respectively in 0-3, 3-6, 6-12, adults and in total. The results of this study indicated the hardiness
of the breed which may further be improved by providing effective health and other environmental conditions to
the animals.

TS-1-22

A STUDY ON PHYSICAL CHARACTERISTICS OF MANDYA
SHEEP UNDER FIELD CONDITIONS

S.Naveen Kumar!, Nagaraja Ramakrishanppa'! and R.M.Sreesujatha?
'Department of Animal Genetics and Breeding, Veterinary College, Hebbal, Bengaluru — 560 024, Karnataka
2LRIC(S), KVAFSU, Nagamangala — 571 432, Karnataka, India
e-mail: navingen@gmail.com

A study was conducted to characterize the physical/ conformation characters of Mandya sheep under field
conditions. The location of the study included villages of Malavalli taluk, Mandya district, Karnataka (home tract).
A typical Mandya sheep is relatively small, having white to cream coat colour, long and droopy ears, possessing
squarely placed short legs and typical reversed U shape conformation from rear indicative of high fleshiness. The
birth weight of lambs is around 2 kg and an adult female and male animal weigh about 25 and 35 kg, respectively.
The flock strength was found to be in the range of 04 to 81 animals with average flock strength of 19 animals per
family. In the present study physical characteristics of 939 Mandya sheep belonging to different age groups were
recorded. The least-squares means for body weight, face length, tail length, chest girth, body length, wither height,
shoulder width, fore leg length, chest depth, distance between hip bones and distance between withers to pin bone
were 27.64+1.08 kg, 15.12+0.31, 13.35+0.33, 67.96+0.59, 63.96+1.03, 49.73+0.83, 50.39+1.26, 23.92+0.48, 39.54+0.70,
15.73+0.55 and 57.46+0.70cm, respectively in adult rams (n=26); 23.84+0.15 kg, 13.64+0.07, 12.70+0.07, 66.25+0.20,
61.47+0.21, 46.24+0.16, 48.20+0.19, 23.15+0.10, 37.63+0.16, 16.69+0.17 and 54.18+0.20 cm, respectively in adult ewes
(n=608); 13.45+0.78 kg, 12.45+0.42, 11.75+0.38, 58.95+1.26,55.45+1.13, 45.30+1.07, 44.90+2.12, 22.00+0.64, 37.15+1.44,
14.80£1.69 and 49.50+2.21 cm, respectively in 6 months old ram lambs (n=20); 12.68+0.20 kg, 11.98+0.11, 11.62+0.14,
56.90+0.59, 55.19+0.59, 42.31+0.30, 43.61+0.51, 21.44+0.23, 33.96+0.34, 13.41+0.16 and 48.56+0.38 cm, respectively in
6 months old ewe lambs (n=124); 7.23+0.34 kg, 10.54+0.10, 10.61+0.28, 48.95+0.72, 48.39+0.70, 37.05+0.72, 39.61+0.73,
20.39+0.93, 31.54+0.81, 11.58+0.23 and 43.49+0.68cm, respectively in 3 months old ram lambs (n=41); and 7.38+0.23
kg, 10.94+0.13, 10.67+0.14, 49.43+0.57, 47.85+0.57, 38.11+0.36, 38.19+0.53, 19.56+0.18, 30.03+0.35, 13.36+0.94 and
43.57+0.40 cm, respectively in three months old ewe lambs (n=120). These body measurements are helpful in
describing breed characteristics, evaluation of meat production potential and prediction of body weight under
field condition.
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STUDY ON PRE-WEANING MORTALITY PATTERN OF NELLORE LAMBS
IN AN ORGANIZED FARM

B.Ekambaram, M.M.Rajesh and C.Vijay Kumar
Livestock Research Station, Palamaner - 517 408, Andhra Pradesh, India
e-mail: dr_ekambaram@rediffmail.com

A study was conducted to ascertain the information on different causes of lamb mortality before weaning at
3 months of age and also to guide the farmers to undertake suitable measures for controlling mortality. Data on
pre-weaning mortality of lambs of both sexes were collected from the records of the farm dispensary from April,
2007 to March, 2014. The present investigation had revealed that the winter and rainy seasons have crucial role in
lamb survivability. During the study period, a total of 1753 lambs were born and 110 lambs died and constituted
an overall mortality of 6.27 per cent. Out of the total deaths, high mortality was noticed in the month of February
(23.64%) followed by December (16.36%) and January (13.64%). There was a high mortality (59.1%) during winter
season and less mortality was recorded in rainy season. Among the total mortality majority (37.27%) of lambs died
with respiratory diseases especially pneumonia followed by digestive system disorders (31.82%).

TS-1-24

GROWTH PERFORMANCE OF MADGYAL:
AN UNEXPLORED SHEEP BREED

S.D. Mandakmale, V.S.Pandhare and D.R.Birari
Department of Animal Science and Dairy Science,
Mahatma Phule Krishi Vidyapeeth, Rahuri — 413 722, Maharashtra, India
e-mail: mandakmale@gmail.com

The records on body weight of Madgyal Sheep available at Madgyal Sheep Farm of Punyashlok Ahiladevi Sheep
and Goat Development Corporation, A/p. Ranjhani, Sangali, Maharashtra were used for present investigation.The
overall least-squares means were 2.94 + 0.031, 19.39 + 0.098, 32.94 + 0.159, 37.42 + 0.423 and 41.65 * 0.465 kg for body
weight at birth, three, six, nine and twelve months of age respectively. While the means for daily gain in weights
at corresponding ages were 0.182 + 0.001, 0.151 + 0.001, 0.054 + 0.003 and 0.046 + 0.003 kg respectively.The effects
of year and season of birth were significant (P < 0.01) on body weights at all the ages, except effect of year of birth
on birth weight where it was non-significant. The effect of sex on body weights at all ages was non-significant.
The year of birth showed significant effect on daily gain in weight at all the growth stages. Similarly, season of
birth also exerted significant influence on daily gain in weight from birth to three months, three to six months,
six to nine months.However, it was non-significant during daily gain from nine to twelve months age group. Sex
had significant influence (P< 0.01) on daily gain in weight from birth to three months and nine to twelve months,
while it was non-significant in daily gain weight from three months to six months and six months to nine months
of age groups.The type of birth had significant influence (P < 0.01) on birth, three, six and nine months weight
and daily gain in weight at birth to three months and nine to twelve months. Whereas, it was non-significant on
twelve months weight, daily gain in weight at three to six months and six to nine month weight.The significant
influence of year and season of birth indicated that the environment and management plays the vital role in
growth performance of Madgyal Sheep.
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DUMA SHEEP OF GUJARAT: A POTENTIAL NEW RESOURCE

Shersinh Chauhan', Ramesh Bhatti!, S.Das? P.H.Tank’ D.N.Rank?, D.K.Sadana®and .J.Kachhiapatel®
Sahjeevan Trust, Bhuj — 370 001, Gujarat,
2Watershed Support Services and Activities Netwok (WASSAN), Secunderabad — 500 017, Telangana
SJunagadh Agricultural Universirty, Junagadh — 362 001, Gujarat
*Anand Agricultural University, Anand — 388 110, Gujarat, *Indigenous Livestock Society, Karnal — 132 001, Haryana
*Department of Animal Husbandry, Government of Gujarat, Gandhinagar — 382 010, India
e-mail: sadana.dk@gmail.com

Duma (Dumma) is a breed of sheep native to Gujarat not yet recognized as distinct breed. Its home tract
is Saylataluka of Surendranagar district. The breed is very popular among the breeders and has spread to
Bhavnagar, Kutch, Anand, Kheda and Ahmedabad districts. The breed is also known as Dumba or Baraiya.
Mainly Rabari&Bharwad communities rear this breed. Government of Gujarat recently initiated the project on
“Characterization and Registration of Lesser Known Livestock Breeds of Gujarat”. Sahjeevan Trust has been
entrusted with the survey and characterization of such local breeds in the State. Sahjeevan trust conducted
preliminary survey in the breeding tract. Its population is estimated to be 1,62,996 as per the recent census. The
animals have blackish to light brown face; colour extending upto ventral part of neck, body, covering both fore
& hind quarters. Animals are majestic in appearance, large in size having long legs and long tail. The sheep have
excellent migratory ability. Animals migrate for around 8-10 months soon after the lambing season, September/
October. They gain 18-20 kg weight at the age of four months showing its excellent suitability to be developed
as a mutton breed. It is interesting to note that Duma sheep also have well developed udder and teats and the
animals show good milk yield. Ears are long and pendulous. Annual wool production of the sheep is nearly one
kg. In some cases, tactile hairs have been found on wattles. Duma sheep breeders live nomadic lifestyle, and follow
extensive grazing system. Duma sheep owners usually keep only one breedable ram in the flock. They follow
selective breeding, and prefer rams with high milk yield of dam. They also follow controlled breeding. Ram is
always kept with the flock, but the owners allow breeding only during April/May so that lambing occurs during
September/October (around Navratri/Diwali) and hence there is only one lambing per year.The animals have good
walking ability and meat characters, have wool quality better than Marwadi and good milk capacity hence very
popular among the breeders. The breed has potential to be developed as meat and milk breed. There is need to
conserve this valuable genetic resource.

TS-1-26

CHARACTERIZATION OF INDIGENOUS SHEEP OF BIRBHUM
DISTRICT OF WEST BENGAL

Aruna Pal’, P.N.Chatterjee’!, ShuvenduDas’, SurojitDas', Gour Ch.Das’, BidhanCh Das’,
A.K.Samanta’, Prabir Karmakar'!, Somraj Chattaraj', Utpal Karmakar', Purnendu Biswas’
and Arjava Sharma?

"West Bengal University of Animal and Fishery Sciences, Kolkata-700 037, West Bengal, India
’National Bureau of Animal Genetic Resource, Karnal-132 001, Haryana, India
e-mail: arunachatterjee@gmail.com

West Bengal has varied agroclimatic regions, like hilly mountain, dry arid, alluvial and coastal regions. The
present study was conducted for characterization of indigenous sheep in Birbhum district of West Bengal (dry
aid region, with water scarcity, average temperature between 40°C and 15°C and average rainfall about 1430 mm)
to find out its genetic uniqueness or identity from other sheep breeds of West Bengal. The sheep maintained by
farmers at village were interrogated, samples collected and measurements taken. The sheep were characterized
based on phenotypic characters such as body colour, shape, growth (body weight and body measurement),
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reproductive traits (litter size, age at first kidding/ lambing, age at first service, weight at first service, gestation
period and post-partum estrus), wool characteristics (greasy fleece weight, clean fleece weight, staple length,
fibre diameter, medullation percentage), disease resistance(incidences of infectious diseases and nematode count
through faecal egg count) and blood biochemical characteristics (haemoglobin percentage, total erythrocytic count,
total leucocytic count, differential leucocytic count and packed cell volume). Multivariate cluster analysis revealed
that Birbhum sheep were clustered separately in the phylogenetic tree, indicating a new breed distinct from other
previously reported breeds of West Bengal, namely Garole, Bonpala and Chotanagpuri. These Birbhum sheep
were originated in the Birbhum district of West Bengal and they are known for more than 80 years, reared mostly
for meat purpose. Body colour ranges from white, grey to deep brown, either intact or patchy. They have slightly
convex head, with horizontal ears, two horns (black or grey-coloured) present only in rams not in ewes. Wattles
were absent. The head, face and legs were devoid of wool, whereas rest of the body is covered by wool of medium
staple length, non-lustrous, straight or low crimp. Beard is absent and tail is drooping downwards. The peculiarity
of these Birbhum sheep is that 30.6% of sheep had rudimentary ear, high disease resistance and better litter size.
Hence, rudimentary ear may be one of the breed characteristics of these Birbhum sheep. The wool obtained as by-
product may be utilized for carpet wool production.

TS-1-27

STUDIES ON REPRODUCTIVE TRAITS OF LOCAL
GOATS OF KARNATAKA

R.Jayashree, M.R.Jayashankar, C.S.Nagaraja, K.Satyanarayana and Shrikrishna Isloor
Department of Animal Genetics and Breeding,
Veterinary College, KVAFSU, Hebbal, Bangalore-560 024, Karnataka, India
e-mail:jayavet@gmail.com

A study was conducted to assess the reproductive status of local goats of southern Karnataka. Two hundred
and fifteen flocks were randomly identified and were followed for a period of three years to assess the different
reproductive traits under field conditions. The approximate mating ratio of 20 females: 1 male was maintained and
the males were replaced from local shandy or neighbouring villages after two to three years. None of the rearers
were maintaining breeding records except that some of the older males and females were retained without culling
in few of the flocks. The age at maturity in males was 10 months onwards but was allowed to mate only at one
and a half years of age. The males which were not used for breeding were castrated and allowed to fatten and sold
off. The age at maturity ranged from 7.5 to 8.25 months (approximately 225 to 250 days). The average gestation
period was 151.53 + 0.27 days. The average litter size was 1.67 = 5.08 with more frequent occurrence of twins. The
percentage of multiple births was 46.97 per cent. The average age at weaning was 4.44 + 0.09 months and that of
age at first kidding was 16.94 + 0.24 months. The mean lactation period was 5.08 + 0.08 and the average kidding
interval was 9.53 + 1.04 months.

TS-1-28

CHARACTERIZATION AND PERFORMANCE OF SIKKIM
GOATS IN ITS NATIVE TRACT

N.K.Verma?, R.A.K.Aggarwal’, Rekha Sharma', P.S.Dangi', Pushp Raj Shivahre!
and N.T.Bhutia®
"ICAR-National Bureau of Animal Genetic Resources, Karnal — 132 001, Haryana, India
Dept. of Animal Husbandry Livestock, Fisheries and Veterinary Services, Krishi Bhawan, Tadong
e-mail:nkverma.497@gmail.com

Nestled in the lap of the Himalayas, bounded by some of the highest mountain peaks, amidst spectacular
terrains, pristine lakes, luxuriant forests, Sikkim is one of the 26 biodiversity hot spots. Coming to the type of
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species, mammals found are 150, birds 552 and fishes 48. Among the livestock species cattle, sheep, goat and yak
are the important resources supporting the livelihood of poor and marginal farmers. The goat population of Sikkim
state of NEH region of India has increased from 110120 (18" Livestock Census, 2007) to 113364 (19" Livestock
Census, 2012) spread in all the four districts i.e. East Sikkim (18046), West Sikkim (45232), North Sikkim (15018)
and South Sikkim (31824). The males and females are almost in equal proportion (53103 and 60261 respectively.
The study was planned to know the phenotype and biometry of Sikkim goats. The visits were made to all the four
(East, West, North and South) districts of Sikkim to record information on phenotypic and biometric traits of its
native goats. The flocks seen consisted of Jet black, white, and brown coats. Animals with mixture of these colours
were also seen. The goats having stripes on face extending from base of horn to the muzzle mainly constituted the
flocks. These goats are called as Singharey by the local people. These goats have been surviving in the Himalayan
terrain of Sikkim since ancient times. The goats are maintained on semi-extensive management by small and
marginal farmers mainly for meat purpose. They are small to medium-sized. In Singharey breeding males, black
ring is present around the neck but not in castrated males. The horns are strong orienting upward and backward.
The under belly is generally light brown or white. Ears are medium and semi- pendulous. Legs are short and stout.
Black top line was seen in Singharey goats. The flock size with a farmer varied from 2 to 15. Body measurements
were recorded for height at withers, body length, chest girth, paunch girth, face length, horn length, ear length
and tail length of 239 male and female adult goats belonging to different districts. Body weights were also taken
with the help of spring balance. Analysis of data revealed the mean body measurements for height at withers,
body length, chest girth, paunch girth, face length, horn length, ear length and tail length of adult females (131)
as 51.39+0.56, 59.47+0.47, 69.41+0.48, 77.76+0.83, 16.71+0.14, 9.56+0.30, 12.92+0.16 and 10.55+0.16 cm, respectively.
The corresponding estimates in adult males (108) were 55.86+0.69, 61.94+0.69, 72.96+0.70, 78.29+0.91, 17.48+0.16,
14.55+0.44, 13.12+0.18, and 11.83+0.19 cm, respectively. The adult body weights in female and male goats were
28.07+0.45 and 32.31+0.76 kg respectively. District-wise body weights (kg) of adult females were 26.31+1.11 (East),
29.38+0.87 (North), 27.84+ 0.65 (South) and 27.51+0.80 (West) and of males were 28.80+0.79 (East), 36.06+2.4 (North),
30.43+1.40 (South) and 33.86+1.28 (West) respectively. Natural service is preferred for breeding. Goat shelters are
made temporarily of bamboos and wooden logs. Most of the houses were made 3 to 4 feet above the ground level
with wooden floor. This type of raised housing keeps the houses free from accumulation of urine and feaces and
thus prevents the animals from infections. Stall-fed goats are kept on local grass, crushed maize and tree leaves.

TS-1-29

A REPORT ON THE MILK PRODUCTION PERFORMANCE OF INDIGENOUS GOAT
BREEDS UNDER INTENSIVE FARMING SYSTEM IN KARNATAKA

R.Jayashree!, M.R.Jayashankar?, Jayashri Hiremath? B.P. Pushpa’* and Manmatha Raj?
'Department of Animal Genetics and Breeding, Veterinary College
*Department of Dairy Chemistry, College of Dairy Science, KVAFSU, Hebbal, Bangalore-560 024, Karnataka, India
e-mail:jayavet@gmail.com

Four indigenous goat breeds maintained in a private dairy goat farm (Yashodavana goat farm, Yadehalli,
Nanjagud Taluk, Mysore dist.) were considered for this study. The goat breeds viz., Beetal, Zalawadi, Sirohi and
Parbhatsari procured by the farmer from different parts of Rajasthan are manitained in the farm since 2011. Intensive
system of management is practised in the farm wherein the goats are maintained in the sheds constructed on a
raised platform with a pen and run. Ad libitum chaffed green and dry fodder is fed to the goats that are culitvated
in the farm along with pelleted concentrates and azolla grown in the farm. The birth weight of the kids was in the
range of 3.28 to 4.28 kg. The goats at maturity were weighing from 20 to 22 kg and the fully grown adult males
were in the range of 40 to 60 kg. The milk production per day from lactating goats ranged from 0.7 to 1.225 litres.
The fat content in the milk samples of Beetal, Zalawadi, Sirohi and Parbhatsari were observed to be 4.9, 6.1, 5.2
and 5.1 percentages respectively, while SNF was 8.2, 7.85, 8.39 and 8.49 percentages respectively. The total protein
and casein content were highest in Parbhatsari breed (3.4% and 2.8%), followed by Sirohi (3.23% and 2.66%),
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Zalawadi (3.2% and 2.63) and Beetal (2.66% and 2.38%) breeds of goats. Based on these observations and other
information pertaining to breeding and kidding performance, it is found that the four indigenous goat breeds can
adapt well to the intensive system of rearing for milk production in Karnataka.

TS-1-30

REPRODUCTIVE PERFORMANCE OF SIROHI GOAT IN
AN ORGANIZED FARM IN RAJASTHAN

S.S.Misra, I.S.Chauhan, Arun Kumar, G.R. Gowane and C.Paswan
Division of Animal Genetics and Breeding
ICAR-Central Sheep and Wool Research Institute, Avikanagar, Rajasthan-304 501
e-mail:ssmisra0l@gmail.com

Sirohi is a very popular medium-sized dual purpose goat breed widely distributed in Sirohi, Ajmer, Tonk, Nagaur,
Bhilwara, Udaipur, Jaipur and other districts of Rajasthan, and adjoining areas of its neighbouring states. Reproductive
traits are important indicators of the doe’s production and productivity. The data pertaining to the period of kidding from
2009 to 2014 related to different parameters of reproductive traits of Sirohi does maintained in semi-arid condition under
All India Coordinated Research Project on Goat Improvement (AICRP) at ICAR - Central Sheep & Wool Research Institute
(CSWRYI)), Avikanagar, Rajasthan, were analyzed. The does were maintained separately from the bucks under controlled
breeding condition and only bred during the specific breeding season. The overall least-squares (LS) means of age at 1*
service, age at 1% successful service, age at 1* kidding and 1% gestation period were 593.931£5.86, 600.58+5.93, 749.13£5.85
and 147.76x0.15 days, respectively. The overall LS means of weight at 1% service, weight at 1* successful service, weight at
1** kidding and no. of services per conception were 30.92+0.23, 32.18+0.29 and 32.81+0.22 kg, and 1.21£0.04, respectively.
The overall tupping percentage was 88.39. The breeding efficiency on does available and tupped basis were 69.0 and 78.28 per
cent, respectively. The kidding percentage on does available and tupped basis were 76.29 and 86.55, respectively. The overall
litter size was 1:1.13.

TS-1-31

KATHEWADI GOAT: A BOON TO HILLY AREAS OF KHANDESH
REGION OF MAHARASTRA

S.H.Mane, S.D.Mandakmale, D.H.Kankhare and S.A.Dhage
Department of Animal Husbandry and Dairy Science, College of Agriculture, Pune —411 001, India
e-mail: asdsmpkv@gmail.com

The migratory nomadic shepherds / cattle grazers from Kathewad region of Gujarat used to migrate to Dhulia
district for grazing their animals being it an assured rain fall area with some goats as a leader. They donate some
males while returning to their native place which were used as a buck for breeding of local does. This practice
was followed for a long time, resulted into development of a new phenotypically stabilized breed, locally called
Kathewadi goat breed. The survey was carried out to characterise the breed by using the proforma developed by
the NBAGR, Karnal. The breed is having predominant black colour, white spot on body and some brownish black
colour with long hair, strong compact body, long ear, short tail, well developed udder, long twisted horns, black
hooves. Wattle and beard is present in males. It produces an average of 2.5 to 3 L milk per day. It thrives well by
grazing on agricultural residues after harvest. In first kidding, single kid is common; however, twining and triplet
percentage (about 45 %) increases in subsequent kiddings. In Kathewadi goats coat colours were black, black
with white patches, brownish black and brown in the proportion of 88.37, 4.75, 3.42 and 3.46 per cent respectively.
All goats had black coloured muzzle, eyelid and hooves. The skin colour observed in surveyed population of all
Kathewadi goats was gray. About 94.55% of Kathewadi goats had horns while lesser proportion of animals were
polled (5.45%). The horn pattern revealed spiral and curved (100%) shapes. Horns were oriented upward and
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backward (86.38%) and downward (13.62%). In most of horned goats average length of horn was 19.42 + 0.18
cm. All goats had pendulous ear with average ear length of 23.18 + 0.34 cm. Fore head of Kathewadi goat was
overall convex type (93.33%) followed by straight and flat head type (6.67%). The overall percentage of wattles in
goats was 98.70 per cent and only 1.30 per cent goats did not have wattles. The overall percentage of the goats not
having beard was 90.29 per cent and only 9.30 per cent (male and female) goats had beard. The shape of tail was
medium in all goats with average length of 19.18 + 0.17 cm. The tail types were slender type (86.33%) and bunchy
type (13.67%). The tail shapes were recorded as straight tail (98.33%) and curved (1.67%). All does had bowl shape
udder with cylindrical teats having pointed tip. The average weight at birth, 3 month, 6 month, 9 month, and 12
month was 2.91+ 0.17, 11.45+0.36, 17.12+0.93, 21.51+0.42 and 26.21+ 0.97 kg, respectively. Average body length of
73-75 cm, chest girth of 75-80 cm, height of 80-85 cm, horn length of 15-17 cm, ear length of 24-26 cm, tail length of
16-19 cm and teat length of 12-14 cm were observed in Kathewadi goat.

TS-1-32
EVALUATION OF PRODUCTION TRAITS OF JAMUNAPARI GOATS

P.K.Rout, Gopal Dass and H.A.Tiwari
ICAR-Central Institute for Research on Goats, Makhdoom, Farah —281 122, UP, India
e-mail: prashmirout@gmail.com

Jamunapari, known for highest milk yield and body growth, is native of Chakarnagar area of Etawah district
in western Uttar Pradesh. The breed is highly adapted to the ravines of Yamuna, Chambal and Kwari rivers, which
have dense vegetation for browsing. For evaluating production traits i.e. body weights at birth, 3, 6, 9 and 12 month
age and milk yields in 90 and 140 days, the body weight data on 1583 Jamunapari kids and 1025 lactation records
of does maintained under All India Coordinated Research Project (AICRP) on Jamunapari goats during years
2010-14 at Central Institute for Research on Goats, Makhdoom, Farah, Mathura (UP) were recorded. The overall
least-squares means for body weights at birth, 3, 6, 9 and 12 months age were 3.20+0.03, 11.29+0.10, 16.00+0.22,
19.61+0.23 and 25.04+0.29 kg, respectively and 90 and 140 days milk yield were 77.670+1.998 and 109.783+3.066 L,
respectively. The effect of sex, year of kidding, season of kidding, type of birth and parity had highly significant
(P<0.01) influence on all the body weights and milk yields except non-significant effect of season of kidding on
birth weight, season of kidding and type of birth on 90 and 140 days milk yield. Comparison of body weight in
two sexes indicated that male lambs gained significantly higher weights than female lambs at all stages which
might be due to quantitative differences in the secretion of growth and sex hormones in two sexes. The body
weights were also found significantly higher in the kids born in season two as compared to season first born kids
due to availability of better environmental conditions to kids born during season second. As compared to twins
and triplets, the kids born as singles, gained heavier body weight might be due to availability of better nutrition
during pregnancy and availability of more milk after birth through suckling. The body weights of kids in different
years did not show any definite trend. However, the kids born in year 2014 were found to be superior in growth
as compared to previous years. The difference in the weights in different years may be attributed to variation in
availability of foraging material in pasture during different years and variation in the genetic composition of the
flock over different years. Results indicated that around 59% body weight gain was only during pre-weaning (0-3
month) growth period and hence it is essential to ensure proper management, feeding and health care to kids
during 0-3 month of age for achieving higher body weight gain in Jamunapari goats.
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TS-1-33

ROLE OF BARBARI GOAT NUCLEUS FARM FOR ITS FIELD
IMPROVEMENT AND CONSERVATION

M.K.Singh, S.K.Singh, P.K.Rout and M.S.Dige
ICAR-Central Institute for Research on Goats, Makhdoom, Farah - 281 122, UP, India
e-mail: manojnaip@gmail.com

Barbari is one of the dual purpose goat breed with greater recognition as a meat breed due to higher body
weight gain per unit of time, prolificacy, reproductive efficiency and sufficient milk to nourish high litter size.
The Barbari goats are maintained under All India Coordinated Research project from 1993 with the objectives of
enhancing genetic potential of these goats through selection, supply of superior germplasm to the goat keepers
for field improvement, conservation and livelihood improvement of stakeholders. Data on production and
reproduction performance of these goats were analysed for the period from 2009 to 2013. Population growth of
Barbari goats varies from 1.43 (2009) to 1.60 (2013). The overall means of body weight of kids at birth, 3, 6, 9 and
12 month of ages were 1.77+0.01, 7.63+0.06, 11.21+0.10, 15.71+0.17 and 19.16+0.20 kg, respectively. Year, season,
sex of kid, type of birth and parity had significant effects on body weight at different stages of growth. Kids born
during autumn season attained significantly higher body weight at 6, 9 and 12 months of ages. Single born kids
were significantly heavier than those born as multiple. Similarly males were heavier than their counterpart right
from birth to 12 months of ages. The estimates of heritability (h?) for body weight of kids at birth, 3, 6, 9, and 12
months of age were 0.189+0.043, 0.231+0.048, 0.260+0.051, 0.494+0.074 and 0.655+0.088. The overall means for 90-
day milk yield, 140-day milk yield, total lactation yield and lactation length for the does kidded in 2013-14 were
58.10, 81.78 and 69.67 liters, and 132 days, respectively. Does kidded during spring season produced significantly
higher milk production for 90-day, 140-day milk yield, lactation yield, and lactation length than those kidded in
autumn season. Ninety days milk yield increases up to 3*lactation then remained highest in 4" and 5" parity
thereafter declined with the advancement of parity order. The estimates of h* for MY90, MY140, LMY and LL
were 0.465+0.131, 0.483+0.133, 0.445+0.129 and 0.309+0.115 respectively. Overall means for age and weight first
mating, age and weight after first kidding, kidding interval and gestation period were 354.7+6.4 days, 15.01+2.3 kg,
422.3+5.2 days, 16.01+2.3 kg, 221.04+7.2 days and 145.4+1.4 days, respectively. During the period from 2009 to 2013,
about 1255 superior Barbari were distributed to the farmers and goat development agencies. More than 5000 doses
of semen of superior bucks preserved for field improvement through artificial Insemination.

TS-1-34

EVALUATION OF SECOND GENERATION (S,) OF INDIGENOUS CHICKEN
PERTAINING TO TWO DIVISIONS OF KARNATAKA

T.R.Mohan Kumar
AICRP on Poultry Breeding for Meat, Bengaluru — 560 024, Karnataka, India
e-mail: trmohankumar81@gmail.com

A study was undertaken to evaluate the S, generation of indigenous chicken pertaining to Bengaluru and
Mysore divisions of Karnataka, being maintained at AICRP on Poultry Breeding for Meat, Bengaluru centre and
to compare with S, generation for morphological and production traits. The chicks were wing-banded and reared
under deep litter system between zero and fifty two weeks. The feather distribution, plumage colour, primary and
secondary plumage patterns, comb types, ear lobe colour, shank colour, eye colour, presence or absence of wattles,
egg shell colour and skin colour were visually examined. The shank length, keel length, albumen index, shape
index were measured by vernier callipers. The body weights, albumen weight, yolk weight and egg weight were
measured by weigh balance. Breast angle and shell thickness were measured by Anglo meter and Screw gauge.
Percentage hatchability on TES and FES were also measured. The morphological features recorded revealed 100%
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normal feather morphology indicating no structural variations in feather such as frizzle, silky and crested. The
most prevalent plumage colour observed was brown followed by mixed. Other coloured plumages recorded were
black, red, blue and white in small percentages. The most prevalent primary plumage pattern observed was solid
and dull colour. Other primary plumage patterns recorded were patchy, mottled, striped, spotted and barred. The
major secondary plumage pattern observed was self-red and self-black colour. Other secondary plumage patterns
recorded were self-white, self-blue, mottled, barred and lacing. All the birds evaluated had red ear lobes. Major
eye colour observed was brown and grey. Majority of birds had yellow shank. The predominant egg shell colour
recorded was brown followed by light brown and creamy. The average egg weight and shape index of indigenous
chicken ranged from 45.22 to 46.53g. The shape index was between 74 and 75. The average values for albumen
weight, albumen index, yolk weight, yolk index, Haugh unit score and shell thickness of the eggs ranged from
23 to 24g, 0.061 to 0.068, 14 to 16g, 0.42 to 0.44, 65 to 70 and 0.35mm. The present study indicated no significant
difference between the two generations with respect to morphological and performance parameters.

TS-1-35
STUDY ON PRODUCTIVE PERFORMANCE OF UTTARA FOWL

Anil Kumar, Shive Kumar, Brijesh Singh, AtulPuskar, Sushil Kumar Singh,
Sundeep Kaushal and WasimAkaram
Department of Livestock Production Management,
College of Veterinary and Animal Sciences, GBPUAT, Pantnagar - 263145, Uttarakhand, India
e-mail: yaduanil@gmail.com

Present study was conducted to evaluate the productive performance of Uttara fowl under farm conditions
which was carried out at Instructional Poultry Farm of University. The experimental Uttara fowl were divided into
two groups, viz. comb and crown type ecotypes consisting of fifty five birds under each ecotypes. The mean values
of egg and body weight at day old. 4, 8 and 12 weeks of age were 48.16+0.83, 33.61+0.47, 181.24+5.55, 476.32+6.06
and 832.72+9.17g in comb type and 49.66+0.58, 32.42+0.54, 173.92+7.79, 435.10+12.30 and 812.48+5.85g in crown
type of Uttara fowl. Results revealed that the egg and body weights observed in these two ecotypes had significant
difference and these two ecotypes have great potential to develop as dual purpose bird for hill backyard poultry
which can be achieved through intensive selection and breeding programme.

TS-1-36
PERFORMANCE OF NANDANAM B, CHICKEN UNDER FIELD CONDITIONS

P.Kanagaraju, A.V.Omprakash, S.Ezhilvalavan and K.Premavalli
Poultry Research Station, TANUVAS, Chennai — 600 051, Tamilnadu, India
e-mail:kanagaraju.p@tanuvas.org.in

A total of 2333 Nandanam B, (synthetic multi-coloured broiler strain developed for meat purpose by Poultry
Research Station, TANUVAS) chicks were distributed to rural poultry farmers during 2014. The performance data
were collected from six progressive farmers in and around Chennai and Kanchipuram district of Tamilnadu who
have adopted scientific management practices and the birds were fed with commercial broiler diets as prescribed
by BIS 2007 i.e. pre-starter diet up to 7 days, starter up to 3 weeks and finisher up to marketing age (8 weeks). The
analysis of data revealed that the Nandanam B, attained a body weight of 1.368 kg with a feed efficiency of 2.80
and livability of 91 per cent at 8 weeks of age. The average dressing yield was 71 per cent. The sensory attributes
such as taste and flavour of the meat were well relished by the consumers when compared to commercial broiler
meat. This variety has got very good demand among rural poultry farmers because of its multi-coloured plumage,
higher body weight and meat with desirable flavour.
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TS-1-37
INHERITANCE OF GROWTH AND CONFORMATIONAL TRAITS IN PB-2 LINE

K.S.Rajaravindra, U.Rajkumar and B.L.N.Reddy
ICAR-Directorate of Poultry Research, Rajendra Nagar, Hyderabad — 500 030, Telangana, India
email: ksrravindra@gmail.com

PB-2 is a synthetic coloured broiler female parent line with multi-coloured plumage and developed by independent culling
level method of selection with 5 week body weight and 40 week part period egg production as the traits for selection. This
line has been used as a female parent line for the production of KrishiBro, a coloured commercial broiler developed by the
Directorate for the niche market. In the present study, the juvenile growth and conformational traits were evaluated from
the data collected from 4791 chicks during the S-24 generation. These chicks were obtained from 60 sires and 300 dams in
four hatches. The pedigreed data were analyzed using the least-squares technique and the hatch corrected data were used for
estimation of heritability by variance component analysis. The genetic and phenotypic correlations were estimated from the
variance-covariance component analysis. The per cent fertility was 88.14 while the hatchability on TES and FES were 78.84 and
89.45%, respectively. The least-squares means for day-old, two and four week’s body weight were 40.15+0.06, 229.47+0.52 and
681.43+1.81 g, respectively. The body weight, shank length and breast angle at five weeks was 987.41+£2.17g, 82.03+£0.08mm
and 86.44+0.08°, respectively. The heritability estimates (sire+dam) for the body weight, shank length and breast angle at five
weeks were 0.16+0.02, 0.13+£0.02 and 0.004+0.001, respectively. The sire and dam component of heritability for the primary
selection trait i.e., 5 week body weight was 0.124+0.04 and 0.21+0.04, respectively. The genetic and phenotypic correlation for
the five week body weight and shank length was 0.77+0.07 and 0.39+0.06, respectively. The body weight and breast angle and
the breast angle and shank length also were positively correlated. The study indicated that the heritability estimates were low
to moderate for the growth and conformational traits. The lower heritability of the sire component for the 5 week body weight
in the present study shows reduced additive genetic variance indicating the decreased variability in the population which might
have been due to continuous selection for body weight for past twenty three generations.

TS-1-38
GROWTH STUDIES ON BLACK, BROWN AND CARI STRAINS OF JAPANESE QUAILS

S.Sai Reddy and B.Ramesh Gupta
Department of Animal Genetics and Breeding
College of Veterinary Science, Rajendranagar, Hyderabad-500 030, Telangana, India
e-mail:saireddy.samalal@gmail.com

The Black (203), Brown (204) and CARI (427) strains of Japanese quails obtained in eleven hatches and maintained
at the College of Veterinary Science, Rajendranagar, Hyderabad were utilized for the present investigation. The
data on body weights at day-old, 2, 4, 6, 8, 10 and 14 weeks were recorded. The ADG from day-old to 14 weeks
of age at bi-weekly intervals and cumulative body weight gains from day-old to 6 weeks age were obtained. The
effects of strain, hatch and sex of the birds on body weights, average daily gain and cumulative growth rates were
obtained by least-squares analysis. The effect of strain was significant on body weights at all the ages studied
except at 2" week, while it has significantly affected the ADGs during 2-4, 6-8, 8-10 and 10-14 weeks of age. The
black birds were significantly heavier than the brown and CARI strain throughout the period of study. The ADG
also followed a similar trend. The body weights at hatch, 2, 4, 6, 8 and 14 weeks of age were significantly influenced
by hatch and it was also having significant influence on average daily gain at all the age’s studied except at 10-14
weeks of age without showing any predictable trend. The females weighed significantly heavier than the males.
The cumulative growth rates at 6" week was significantly influenced by strain, hatch and sex of the bird and black
quails recorded highest cumulative growth rate of 4.93 g, while lowest of 4.57 g was recorded by brown strain.
The overall least-squares means for body weight at hatch, 2, 4, 6, 8, 10 and 14 weeks of age were 8.26, 66.04, 156.99,
208.78, 243.58, 267.02 and 294.76 g, respectively while the overall average daily gains from day-old to 2, 2-4, 4-6,
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6-8, 8-10 and 10-14 weeks of age was 4.13, 6.50, 3.78, 2.83, 1.73, 1.05 and 1.13 g respectively. The average daily gain
increased from birth to 4™ week and decreased gradually thereafter. The overall performance of Black strain of
Japanese quails was the best followed by the brown and CARI strains.

TS-1-39
A STUDY ON THE GROWTH PERFORMANCE OF NEW ZEALAND WHITE RABBITS
K.Uday, P.Amareswari, M.Gnanaprakash, S.Sai Reddy and S.T.Viroji Rao

Department of Animal Genetics and Breeding
College of Veterinary Science, Sri Venkateshwara Veterinary University, Hyderabad — 500 030, Telanagana, India
e-mail:ukannegundla@gmail.com

Data on growth traits of 610 New Zealand White bunnies born out of 89 litters sired by 25 bucks mated to 46
does maintained at Rabbit Research Centre, College of Veterinary Science, Hyderabad were utilized for the present
study. Mean litter size was 5.91 + 1.73 at birth and 3.64 + 1.72 at weaning. Litter size at birth had a significant
influence on all the body weights studied with bunnies from smaller litters recording higher weights than those
from larger litters. The overall mean body weights at birth, 1, 2, 3, 4, 6, 8, 10, 12, 14 and 16 weeks of age were
49.39 £ 0.50, 108.60 + 1.77, 149.18 + 1.81, 189.57 + 4.96, 397.27 + 14.15, 546.00 + 16.65, 733.91 + 21.05, 951.37 + 21.84,
1,168.79 + 22.96, 1,361.20 + 26.55 and 1,636.48 + 40.39 g, respectively. Heritabilities for body weight at birth, 1, 8,
10, 12, 14 and 16 weeks were estimated to be 0.52 + 0.22, 0.75 + 0.24, 0.67 + 0.23, 0.49 + 0.22, 0.59 + 0.23, 0.51 + 0.22
and 0.61 + 0.23, respectively while the heritabilites for body weights at 3, 4, 5 and 6 weeks were outside the normal
range. The phenotypic correlations among pre-weaning body weights ranged from 0.29 to 0.67 while that among
post-weaning body weights ranged from 0.21 to 0.85. Substantial phenotypic association among body weights
and medium heritability recorded by body weights hint at the possibility of improving the performance of New
Zealand White rabbits.

TS-1-40
KACHCHHI HORSE OF GUJARAT: A VALUABLE RESOURCE

Shersinh Chauhan', Ramesh Bhatti!, S.Das?, P.H.Tank? D.N.Rank? D.K.Sadana’
and A.J.Kachhiapatel®
Sahjeevan Trust, Bhuj — 370 001, Gujarat
*Watershed Support Services and Activities Netwok (WASSAN), Secunderabad — 500 017, Telangana
3Junagadh Agricultural Universirty, Junagadh — 362 001, Guarat
tAnand Agricultural University, Anand — 388 110, Gujarat, *Indigenous Livestock Society, Karnal — 132 001, Haryana
Department of Animal Husbandry, Government of Gujarat, Gandhinagar — 382 010, India
e-mail: sadana.dk@gmail.com

Kachchhi is a lesser known breed of horse native to Kachchh district of Gujarat and is distinctly different from
other two native recognized horse breeds of Gujarat, Kathiawadi and Marwadi. Rearing of this breed is known
since more than a century. Rulers of Kachchh province are known to have kept Kachchhi horses in their stables. The
breed is preferred locally for multiple purposes, including mainly the load carriage and transportation. However,
they are also in demand outside the Kachchh district mainly for its ‘Rewalchal’ - a special type of gait with speed
and stamina. Kachchhi horses can perform ‘Rewal’ gait with great speed covering much longer distance than
Kathiawari or Marwari horses. According to Kachchhi horse breeders, “rider can carry buttermilk (liquid) on the
back of Kachchhi horse in open vessel to a long distance without any drop spilling out”. Earlier, these horses were
used especially in police, irrigation and revenue departments for various services notably during the pre-partition
time. This breed has also been promoted for local horse races and regularly used in traditional mela. This trend has
declined in the last few decades. As a result, the Kachchhi horse lovers have moved to other professions leaving
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this breed to its own fate. Hence, the population and purity of this breed has declined and the breed is under
threat. Considering its status, Gujarat Government has initiated a project on “characterization and registration
of lesser known livestock breeds of Gujarat” including this breed. Preliminary survey conducted in the tract by
Sahjeevan Trust with the help of Ram Rahim Kachchhi Sindhi Aswhapalak Sahkari Mandali, Anjar has revealed that
its population has declined considerably. In the 10 taluks of Kachchh district, the population of Kachchhi horse
was recorded to be 3,136 only. Kachchhi horses have distinct physical features. Coat color is bay (Kumedh), dun,
grey and chestnut. Height at wither ranges from 56 to 60 inches, forehead and nasal bone are convex. Ears are
curved at tips, but not touching each other. The keepers maintain breed purity by following selective breeding and
avoiding crossbreeding with other breeds. Majority of breeders maintain horses under intensive system of rearing
in most taluks of Kachchh. Some follow semi intensive pattern specifically in Khavda and Banni areas of Bhujtaluk,
which according to the breeders is native tract of origin of Kachchhi horse. However, the survey revealed that the
originality and uniqueness of Kachchhi horse is under dilution. As such, there is an urgent need to characterize
and conserve Kachchhi breed of horse.

TS-1-41
CHARACTERIZATION OF DONKEYS OF ANDHRA PRADESH

Rahul Behl, M.V.Dharma Rao’, S.K.Niranjan, R.K.Vijh and D.K.Sadana

ICAR-National Bureau of Animal Genetics Resources, Karnal-132 001, Haryana, India

'Livestock Research Station, Sri Venkateswara Veterinary University, Guntur, AP, India
e-mail:behl1969@rediffmail.com

Majority of the donkeys in Andhra Pradesh are predominantly of light brown to brown coat colour. The
bellies of these animals are lighter than the dorsal aspect of the body. Some animals have white markings around
muzzle and eyes. The animals of light brown or brown coat colour were found admixed with some percentage of
animals with grey coat colour. The donkeys in Andhra Pradesh are mainly reared by washermen, Chenchu and SC
communities. The housing is mainly thatched type with some households having either pucca or open housing.
They are raised both on grazing and stall feeding. They are also provided with some green fodder and concentrate
which is mainly sorghum and rice polish. Water is provided twice a day. Open mating is practiced. No vaccination
or deworming is practiced. The means for height at wither of brown type donkeys in males and females are 94.12
+ 4.8 and 89.82 + 3.36 cm, respectively. The mean body length of the male and female animals is 91.21 + 5.27 and
88.36 +3.36 cm. The heart girths in the male and female animals are 101.21 +5.92 and 99.46 + 5.24 cm. The estimated
mean body weight of the male and female animals is 79.02 + 13.05 and 73.69 + 9.87 kg. The tail extends slightly
beyond hocks with a mean length of 57.12 + 4.94 and 56.11 + 3.52 cm in male and female animals, respectively. The
animals with grey coat colour, which are significantly larger and heavier, have a mean height at wither of 103.67
+1.86 cm and 97.0 £ 6.83 cm, in male and female animals, respectively. The estimated mean body weight of male
and female animals is 105.51 + 11.88 and 94.77 + 16.02 kg, respectively. They are mainly used as pack animals for
carrying clothes for washing and transportation of bamboos from the forest area. They are also used for carrying
construction material like soil and sand etc. Some income is also generated by selling milk of these animals which
is supposed to have medicinal value and is used for treatment of asthma. They are able to carry up to 100 kg load
for 20-25 km. Young animals are sold for about Rs. 3000/- per animal whereas adults are priced around Rs.10000/-.
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TS-1-42

PHENOTYPIC CHARACTERIZATION OF LOCAL DONKEYS IN
AKOLA DISTRICT OF MAHARASHTRA

P.S.Bankar, Snehal Patil, S.Sajid Ali, A.S.Joshi and V.B.Jawane
Department of Animal Genetics and Breeding
Post-graduate Institute of Veterinary and Animal Sciences, Akola — 444 104, Maharashtra, India
e-mail: drpravinbankar@gmail.com

The presentstudy was conducted to assess the phenotypiccharactersi.e. bothmorphological and morphometrical
indices of local donkeys in Akola with special reference to drastically declining donkey population in Western
Vidarbha region. The donkeys in this region are well known as medium-sized pack animals with magical tolerance
ability to work under harsh climatic conditions. In view of this, a pilot survey using preformed questionnaire was
conducted in and around Akola city during 2012-2014. A data of various phenotypic characters observed in 101
donkeys (Female-54 and Male-47) belonging to 20 donkey owner families was collected by personal interviews at
their doorstep. The prominent coat colour of donkeys was grey (68%) followed by dark brown or black (13%), roan
i.e. mixture of black and brown (11%) and white or light grey (8%). Typical white band around muzzle, a strip of
dark shade across the shoulder and back are observed in almost all donkeys. The ears were long (19.38 cm), erect
and alert with slightly lateral and backward orientation (79%). Peripheral area of ear was marked with dark hairs.
Eyes were black. Neck and back were straight. Thin hair coat all over the body except mane and around ears and
face in some cases was observed. Forehead was concave (93%) with length 44.06 cm and width 40.73cm. Eyes were
black and spaced about 9.52 cm from each other. Back was straight (81%) or curved (19%). Mean values for various
morphometric traits viz. Body length (scapula to pin bone), whole body length (forehead to base of tail), chest
girth, forearm length, hind arm length, height at wither, height at croup, height at knee, height at hock and tail
length were 67.38 cm, 137.97 cm, 93.22 cm, 81.56 cm, 86.42 cm, 88.11 cm, 94.78 cm, 30.83 cm, 36.97 cm and 51.64 cm,
respectively were noticed, which did not differed in male and female, significantly. Phenotypic characterization of
local donkeys provides baseline information for strategic planning of its conservation against declining population.
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CHARACTERIZATION OF CHIPPIPARAI DOG BREED- AN UNEXPLORED CANINE
GENETIC RESOURCE OF INDIA
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'ICAR-National Bureau of Animal Genetic Resources, Karnal-132 001, India
?Department of Animal Genetics and Breeding, Veterinary College and Research Institute,
Namakkal-637 002, Tamilnadu, India
e-mail:drknraja@yahoo.co.in

Dog (Canis lupus familiaris) is the first animal domesticated by human being and has been most widely kept
as guarding, hunting and pet animal. It belongs to sub-species of gray wolf (Canis lupus), a member of the Canidae
family of the mammalian order Carnivora. Dog, particularly the exotic breeds are companion animals in recent days
but the Indian breeds are mainly utilized for guarding the farm and farm house and for shepherding the livestock
during grazing, migration and hunting. So far, adequate attention has not been given to characterization of Indian
dog breeds and registering them at national level. Keeping this in view, the present investigation was carried out
for phenotypic characterization of Chippiparai dog population of Tamilnadu state. A survey on Chippiparai dogs
was conducted in Madurai, Virudhunagar, Tirunelveli and Thoothukudi districts of Tamilnadu. Chippiparai dogs
are medium in size with coat colors varying from fawn to dark brown, brownish black and black. The animals with
dorsal black coat have white markings on both sides above inner canthus of the eyes whereas the animals with
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other coat color had black circle around the eyes particularly lower eyelids, sometimes extending up to head. The
phenotypic data on twenty six morphometric traits were collected on 90 animals belonging to different age and sex
groups (dogs and bitches). The mean height at withers, height at base of the tail, body length, chest girth, punch
girth, head width, snout length, face length, neck length, tail length (in cm) and body weight (kg) were 64.61+0.46,
57.70+0.45, 57.38+0.43, 63.21+0.56, 42.24+0.51, 5.16+0.07, 11.82+0.15, 20.88+0.15, 19.79+0.18, 43.08+0.44 and 20.27+0.42
respectively. The bitches attain sexual maturity at an age of about 12-14 months and usually mating is not preferred
at first heat. The age at first whelping is about 20 months. The age at sexual maturity in dogs ranges from 12-16
months. Most of the breeders are not selling puppies instead it is being given as gift to friends and other close
relatives who can rear the puppies properly. Most of the breeders maintain their dogs with non-vegetarian food.
Few breeders used to sell their puppies at a rate ranging from Rs. 4000 to 10,000/- according to the demand. The
utility of animals is mostly guarding and hunting, kept as hobby and pride of their owners. Chromosome analysis
of Chippiparai dog revealed common fundamental number (2n=78), with 38 pairs of acrocentric autosomes, one
large sub-metacentric X-chromosome and a small sub-metacentric Y-chromosome. This unique canine germplasm
needs to be documented and registered at national level, which will also be beneficial for the dog owners, dog
breeders and Kennel clubs for breeding and sale of native pups.
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COAT COLOUR VARIATION IN KANNI DOG THE INDIGENOUS
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nstitutional Livestock Farm Complex, ?Department of Animal Genetics and Breeding Veterinary College
and Research Institute, Tirunelveli- 627 358, Tamilnadu, India
3Department of Livestock Production Management, MVC, Chennai- 600 007, Tamilnadu, India
e-mail: rskmrps@gmail.com

‘Kanni’ a hound dog variety found in the southern district of Tamilnadu state particularly Tirunelveli, Tuticorin
and Virudhunagar districts. In the past, this breed of dogs were maintained for hunting and now this breed gets
popularized among the pet owners for its elegant appearance, speed and watchfulness. The coat colour variation
in Kanni dog makes confusion among pet lovers while selecting this breed. Keeping this fact in mind, a study was
carried out on coat colour variation in Kanni dog breed. A total number of 485 Kanni dogs with distinguished
breed characteristics from 225 Kanni dog owners were included for this study. The common coat colour of the
Kanni dogs were black, brown, fawn, tan and light grey colours. The fawn and light grey coat colours are major
coat colours (75.26 %) and the dog owners called this colour as “Pillai” colour. The brown and tan colour are
known as “Sevalai” (Sevalai denotes red colour) and this coat colour contribute about 16.91 per cent. The dog with
black coloured coat has brown or white patch above the eyes and the extremities of four legs and the owners use
the word “Kanni” for this coloured dogs and the percentage contribution of black coloured coat is about 7.84.
From the discussion with the knowledgeable dog owners, they do not prefer the black coat coloured dog due to
the incapability to tolerate severe heat while hunting. So, they select the light coloured dog for breeding. This sort
of preference and selective breeding may be the reason for the availability of low percentage of this black coat
coloured dogs.
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Abstract

Global livestock production has increased substantially during the last decades, in both number of animals and
productivity. Meanwhile, the human population is projected to reach 9.6 billions by 2050 and most of the increase
in the projection takes place in developing countries. Rapid population growth will increase the demand for food
as well as animal products,particularly in emerging economic giants like India. Moreover, the urbanizationhas
considerable impact on patterns of food consumption in general and on demand for livestock products, in particular
and the increased income growth led to more expenditure on livestock products. Since livestock production in
developed countries haswell adopted livestock genomic selectiontools to improve both productivity and quality of
animal products, opportunities to increase productivity in developing countriesvia genomic tools/selection have
not been fullyexplored. The future of livestock breeding focuses on both product quality and productivity, animal
welfare, disease resistance and reducing environmental pollution. Among the breeding tools, molecular genetics
and genomics and modern reproductive techniques such ovum-pick up and in vitro production (OPU-IVP) of
embryos will have a considerable impact in the future. This paper attempts to provide basic concepts of using
genomic tools for livestock production with the focus on genomic prediction and selection methods and discuss
about the potential application of genomic selection to increase livestock productivity, to enhance the disease
resistance, fertility, resource use and the ability to adapt to climate changes.The paper also highlights the potential
of genomic selection to overcome these challenges in Indiaand other developing countries.

Introduction to genomic tool and genomic selection
Application of molecular genetics in livestock before genomic prediction

The application of molecular genetics to animal breeding started in the 1970’s, scientists used the DNA
markers to detect genes or genomic regions that control traits of interest. Then, these identified genes or markers
allowed breeders to make improvements using marker-assisted selection as part of their overall improvement
programme(Kadarmideen et al. 2006). Many genes have been identified for different production traits in livestock
species, for instance Halothane (HAL), estrogen receptor (ESR)and Melanocortin 4 receptor (MC4R) in the pig;
DGATT1 diacylglycerol O-acyltransferase 1 (DGAT1), Growth hormone receptor (GHR), Melanocortin 1 receptor
(MC1R), and calpastatin (CAST) in cattle(Rothschild and Plastow 2014). To identify causal genes/markers for traits
of interest, many quantitative trait loci(QTL) have been detected. To date (January, 2015), more than 12,000 QTL
have been identified in cattle and pigs and around 4,000 QTL for chicken (http://www.animalgenome.org/cgi-bin/
QTLdb/index). However, the implementation of QTL information in breeding programshas beenrarely successful
because of several reasons. Many QTL have not been functionally validated, so it is difficult to use them in
practice. Moreover, these QTL have explained very small proportion of the variation in the traits, often the highest
phenotypic variation explained by a single QTL is only a few percentage of total variance. Since many complex
traits (especially the production traits) are controlled by a large number of QTL, it has not only madeit difficult to
identify the causative variants for a given trait, but also limited use of these causal variants or QTL in the breeding
program. The use of significant markers of a marker assisted selection method is unlikely to improve genetic gain
(Goddard and Hayes 2009).
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Principle of Genomic prediction

High-throughput genomic technologies, especially high-throughput SNP genotyping methods were commercially
available for several years (commercial SNP chips exist for cattle (750,000SNPs), pigs (60,000SNPs), dogs (250,000SNPs),
sheep (56,000SNPs), horses (55,000SNPs) and chickens (600,000SNPs). This has led to increased adaptation of genomic/
sequencing technologies in the livestock sector, particularly in the area of animal genetics and breeding. In the context of
animal breeding, perhaps a genomic prediction / selection was the biggest change that resulted as a consequence of adaptation
of high-throughput genotyping technologies in the livestock sector. Genomic selection refers to making breeding decisions
based on genomic estimated breeding values (GEBVs) that are computed by estimating SNP effects from prediction equations
(Meuwissen et al. 2001). These SNP effects are normally estimated from a reference population consisting of a subset of
animals with both SNP genotypes and phenotypes for traits of interest. Estimated SNP effects are then used to determine the
merit of other genotyped animals that are not yet phenotyped. Two major advantages of genomic selection compared with
traditional selection based on pedigree and phenotype alone are (i) it can select animals accurately early in life using their
GEBVsfrom genomic predictions, (ii) it can also predict phenotypes that are very difficult or expensive to measure, including
but not limited to fertility, meat quality, disease resistance, methane emissions, and feed conversion (Hayes et al. 2013). In
dairy cattle, for example, dairy bulls are traditionally selected following progeny testing, because genetic merit for milk
production of a bull can only be accurately evaluated through the milk production of his daughters. From the time dairy bulls’
daughters are born, reach puberty, get inseminated, get pregnant, give birth to a calf and complete a full lactation (first lactation
heifers), it can take anywhere between 5-7 years depending on the country (in tropics it takes more time) (Figure 1).It comes
with enormous costs as well as time for each bull to be progeny tested. Although progeny testing results in accurate selection,
genomic selection can reduce the generation interval by atleast two years as we can pre-select the young bulls to be either
progeny tested for the milk production or used directly in the breeding programmes without ever progeny testing.

DNA SELECTED - 4 years

YEAR o YEAR 2 YEAR 3

Thousands Semen from Elita bulls
Cows of bull catves 160 elite bulls available for
Thousands of selected DNA despatched widespread 3 years advanced genetic gain
bull calves far contract screenad. into Sire use
mating Best bulls Proving
selected Scheme herds

DAUGHTER PROVEN - 7 years

YEAR -1 YEAR 0 YEAR 1 YEAR 2 YEAR 3 YEAR 4 YEAR 5

Cows 3“: Ihug.‘ pmz;jn:lgzl!s
Hundreds of selected Bull calves LR I T Daughters Daughtars Daughter available for

bull calves far contract purchased ;T;:::% barn mated calves Wiliﬂ::;mﬂd

mating ok

Figur 1: Generation inverval using genomic prediction compared to traditional methods (daughter proven) )
(Adapted fom http://www.licnz.com/genomic_selection_dna_.cfm).

The first option can save costs and increase accuracy and the second option dramtically increases costs, time and increase
accuracy of selection. It is stated increase in genetic gain or income is 60%-120% compared to traditional methods of progeny
testing (Schaeffer 2006; Pryce and Daetwyler 2012).

Methods of Genomic prediction

Genomic prediction models vary based on several assumptions regarding the variance of traits of interest. Genomics
best linear unbiased prediction (GBLUP) is a prediction method that assumes that all markers contribute to the additive
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genomic variance. This method is similar to the traditional BLUP method applied for in animal breeding for over 20 years,
except that a genomic relationship matrix replaces the numerator relationship matrix computed from the pedigree information.
Another method called Random regression BLUP (Meuwissen et al. 2001) assumes SNP effects are randomly distributed,
and is considered equivalent to GBLUP (Goddard et al. 2011). Single-step BLUP (ssBLUP) jointly analyzes phenotypes and
genotypes of all animals in one step(Aguilar et al. 2010). Inclusion of all animals (with and without genotypes) results in the
better correction of genomic preselection effects; and consequently provides more accurate estimation of GEBVs. Several
Bayesian approaches have been used for genomic prediction, and these methods assume a prior knowledge about distribution
of SNP effects influencing a trait. BayesA assumes that all SNPs have an effect, but each SNP has a different variance that is
assumed to be equivalent to a scaled inverse-y? prior (Meuwissen et al. 2001). The BayesB and BayesCn assume that each SNP
has either an effect of zero or non-zero with probabilities 7 and 1-7t, respectively (Habier et al. 2011). Gianola et al. (Gianola
et al. 2006) introduced semi-parametric methods (reproducing kernel Hilbert spaces (RKHS) regression) for whole-genome
analysis of quantitative traits. Genomic prediction accuracy gets better as the trait heritability and the reference population
used for calculating GEBVs increases. Overall, genomic prediction methods are improving, especially with advent of whole
genome sequence data from next generation sequencing. At present, the difference between performances of different methods
is marginal for most traits because they are controlled by many QTLs with small effect sizes. Genomic BLUP and its single
step extension that includes non-genotyped animals (ssBLUP), remain the most commonly used methods.

Genomic selection to improve livestock in developing countries with a focus on India

Genomic toolsin general and genomic prediction or genomic selection, in particular significally improve livestock
productionand the theorical background in animal science (Kadarmideen 2014), however, its application to developing
countries have been limited. The constraining factorsare lack of nation-wide or state-wide phenotype and pedigree recording/
keeping schemes across all dairy farms (or sheep or pig farms), the type of livestock production systems (often small holder
systems in India with a few exceptions), co-ordinated use of breeding animals, formal genetic evaluation centers for entire state
or nation in addition to many other factors such as the funding for livestock keepers,infrastruture, human resources and so on.
The livestock production system in developing countries varies by the geographic and climate conditions. Genomic prediction
can focus small holder farmers to reduce hunger and poverty or to medium size farm to quickly improve the productions.
Livestock is an important subsector of agricultural production system in India. It plays major role in the national economy as
well as in socioeconomic development of millions of rural households spread across more than 600,000 villages(Pattnaik et
al. 2012). The overall contribution of livestock sector to the agricultural growth domestic product (GDP) is 24-32% and to
national GDP is 4-6%(Pattnaik et al. 2012).

Potential of Genomic selectionto improve production/reproduction traits

Perhaps, improving production/reproduction and health traits are among the most important task for livestock production
in developing countries since the productivity of livestock is far below potential. With genomic prediction in cattle, the sire
with higher genomic breeding values can be selectedfor use in Artificial insemination (AI) or to produce the embryos for
transfer (via either conventional embryo transfer (ET) or via OPU-IVP ET programs.However, it is necessary to consider
the physical infrastruture such as devices to store sperm, embryos, Al tools andtransportation services. In pigs, Akanno et
al. (Akanno et al. 2014) showed accuracies of GEBVs in the range of 0.30 for number born alive to 0.86 for backfat in the
validation population which is better than pedigree-based approach in a simulation to mimic pig populations in develiping
countries. In another study, the authors also suggest that the high density SNP chip can help improve the indigenous pig
populations with low linkage disequilibrium and combination of genomic selection with repeated backcrossing of crossbreds
to exotic pigs in developing countries promises to rapidly improve the genetic merit of the commercial population (Akanno et
al. 2013). The authors showed that clear opportunities to improve production traits in pig breeds. The potential of improving
genetic merit by genomic selection for beef cattle in Latin America is also highlighted by (Montaldo et al. 2012). We developed
the GIFT project (Genomic Improvement of Fertilization traits in Danish and Brazilian Cattle) to help improve fertilization
traits in Brazil cattle (http:/gift.ku.dk) as an example to implement the genomic prediction in developing countries. The GIFT
project conducts quantitative genetics and animal breeding research on important attributes or traits related to OPU and in vitro
production (IVP) of embryos. These embryos undergo “genomic selection” thus an animal is already pre-selected using an
embryo stage based on their genotypes! Thus contributing dramatically to reducing generation interval and to profitability of

February 13 - 14, 2015, Madras Veterinary College, Chennai 81

TANUVAS & SOCDAB



OPU-IVP operations in the Brazilian and Danish cattle industry. The GIFT project operates in the state of Sdo Paulo to identify
high genetic merit donor cows and recipient heifers with higher pregnancy rates via Genome-Wide Association Studies and
genomic selection for OPU-IVP and pregnancy traits in several thousands of Brazilian cattle.In Denmark, transcriptomics
experiments using RNAsequence profiles of OPU-IVP recipient cows are conducted to identify differentially expressed genes
and gene regulatory networks in maternal-conceptus tissues in recipient cows that do and do not maintain pregnancy.

Regarding to the situation in India, the milk production (both in cattle and buffaloes) have significant impact on the
economy, the genomic improvement for these traits needs to be highly prioritized. India has the highest number of live cattle in
the world with around 214,350,000 stocks in 2012 (http://faostat.fao.org). Genomic prediction can be used to identify best bulls
and cows for milk production (milk, fat, protein yield) and milk quality (milk self-life extending lactoperoxidase thiocyanate
systems, healthy Solids Not Fat etc.), reproduction (insemination success, calving rates etc.) in each community. This bull or
cow can be used for mating and/or to produce semen for Al. The distribution of semen to small holders across many many
villages is encouraging therefore there is a high posibility that genomic selection can be achieved successfully even within
villages.

Potential of Genomic selectionto improve disease resistance/tolerance

Livestock disease is one of the major concerns for livestock breeders because of its impact on economics, its transmition
to other species, potential to affect human and its cause to animal welware concern. Genomics of disease resistance has
been reviewed in many studies across different species (Yafiez et al. 2014; Lunney 2007; Bishop and Morris 2007). Bishop
and Woolliams (Bishop and Woolliams 2014) indicated focus on major endemic diseases included bovine tuberculosis and
paratuberculosis in pigs and nematode infections in sheep. Kadarmideen et al.(Kadarmideen et al. 2011)andAli et al. (Ali et
al. 2013) have shown that bovine tuberculosis in African Zebu cattle have genetic basis and that certain SNPs, microsatellite
markers and candidate genes such as NRAMP1 gene polymorphisms can be used in marker assisted selection schemes to
reduce the incidence or increase resistance to bovine tuberculosis, particularly in Zebu cattle. This in combination with
existing genetic diversity in disease resistance in developing countries in Africa that we have reported earlier (e.g. (Flury et
al. 2009) it can certainly help genetic improvement of disease reistance. Many studies have shown that the animal species
in developing countries are less susceptible to common disease than exotic animals. For instance, Zanga et al.(Zanga et al.
2003) showed that indigenous pigs are better adapted to local production conditions and environments and less susceptible to
common disease exotic pigs in Zimbabwe. Selection for disease resistance based on DNA technologies is possible and can be
done by either marker assisted selectionor genomic prediction. Genomic prediction have been showed ist potential application
for Tuberculosis resistance in dairy cattle (Tsairidou et al. 2014), for porcine reproductive and respiratory syndrome virus
infection in pigs (Boddicker et al. 2014) or for newcatles disease in chicken (Liu et al. 2014). In India, Sekar et al.(Sekar et
al. 2011) interviewed that experts and showed that controlling Tuberculosis dieasesamong the highest prioties among other
zoonotic disease. In India, higher incidence of tuberculosis in buffaloes as compared tocattle has been estimated on the basis
of tuberculin (Shukla and Singh 1972). A report have shown that 60 per cent of the total 520,000 cattle in the Kerala State
were partially or fully affected by the tuberculosis disease and almost all crossbred cattle were suffering with tuberculosis
(http://en.engormix.com/MA-dairy-cattle/news/india-bovine-alarms-health-t539/p0.htm). Scince estimated a heritability for
TB resistance of 0.18 + 0.04 (Brotherstone et al. 2010), it can be removed by a breeding program. Genomic selection for
TB resistance therefore is important task to substainable development of livestock production in India.Tick infestation is
another common ecto-parasitic infection in Indian cattle. In tropical part of Northern Australia,we (O’Neill et al., (2010)
demonstrated greater genetic variation (high heritability) exists in tick resistance in Indian derived tropical composite breeds
such as Brahman cattle. There are also many other cattle diseases such as infectious bovine keratoconjunctivitis for which
we reported substantial genetic variation(Ali et al. 2012)and hence a potential for genomic selectionAnother disease can be
important is Foot-and-mouth disease, which remains a serious threat to the livestock populations. Especially in India, with
528 million foot-and-mouth disease (FMD) susceptible animals, primarily cattle and buffaloes of India, where the disease is
endemic.However, there have been no report how genetically determined FMD is and hence it may be worthwhile to make a
population genetic study on FMD.
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Potential of Genomic prediction to improve heat stress, climate resilence and methan emission

Around 55% of India population directly or indirectly depends on the climate sensitive agriculturesector(Ahmad
et al. 2011). Livestock production is the driving force to climate change (green house gas) but also very sensitive to
climate change. Climate change is not only affectingfeed supply, increased drought, changes in disease prevalence
and increased incidence of heat stress (Rothschild and Plastow 2014)but also brings many new diease germs for
livestock (Singh et al. 2011). Rothschild and Plastow (Rothschild and Plastow 2014) indicated that long-term genetic
solutions are needed to identify genomic signatures of selection related to heat stress.In tropical part of Northern
Australia, we (O’Neill et al., (2010) demonstrated greater genetic variation (high heritability) exists in heat stress or
tolerance in Indian derived tropical composite breeds such as Brahman cattle. Therefore, it offers an opportunity
to study the level of genetic variation in heat tolerance and drought tolerance among Indian breeds and use the
better animals in genomic selection. In practice, several studies have found individual genes or genomic regions
associated with mechanisms to combat climate issues(Liao et al. 2013). The reviewe by (Hayes et al. 2013) indicate
the possibility of genomic selection for resistance to heat stress. Hayes et al. (Hayes et al. 2009) report the accuracy
of genomic prediction fortolerance to heat stress was moderate at 0.37, which much higher than accuracy based
on pedigree information (0.16). Breeding for methane emission migh be difficult because it is more expensive to
measure (compared to other production traits) although the traits is moderately heritable. However, selection
for for improved feed efficiency can lead to reductions in methane emissions (Hegarty et al. 2007). Selection for
improved feed efficiency can also help to reduce the nitrogen/phosphorous emission in pigs (Saintilan et al. 2013)
and enhance sow performance to tropical climate condition(Renaudeau et al. 2014). In our study on pigs, we
reported substantial genetic variation in feed efficiency in pigs(Do et al. 2013). However, the problem will be to
design an effective breeding programs for climate change or resource use efficiency. As mentioned by (Naskar et al.
2012) breeding for climate change adaptation or mitigation will not be necessarily different from existing breeding
programs but success depends on measuring the phenotypes at individual animal level and traits relevant for
adaptation or efficiency. Care must be taken to ensure that right balance between breeding objectives for all the
traits (heat resilience, fertility, feed conversion efficiency, disease tolerance and longevity in addition to higher
productivity etc.) are implemented. It is important to consider genotype by environment interactions to identify
animals most adapted to specific conditions and natural stratification of breeds and species by climatic zones.Since
India has seven climatic zones, the selection of genomic merit can be tailored to each climatic zone and that could
benefit the farmers in different regions of India.

Concluding remarks

The demand for livestock products is increasing and application of genomic selection in livestock species
has been significantly contributing to meet that deamnd in several developed countries, already for over 7 years.
Employing genomic selection to increase livestock production and its efficiency to meet these modern demands
for food of animal origin in the developing world will be critical and required. Faster genetic gains for these traits
can be achieved with new technologies, including genomic selection and advanced reproductive technologies such
as OPU-IVP (www.gift ku.dk).Adoption of genomic tools, especially genomic prediction will be very necessary to
accelerate enough genetic gain for production traits as well as to improve the genetic merit of disease resistance
and adaptation ability, in developing world. Certainly, many other facilities and concerted efforts are required to
overcome the challenges, includingimproved policies, and development of human and institutional capacities.
Forcertain, livestock production to contribute significantly to Indian economy, adoption of genomic solutions to
livestock production is very critical and important. India and other developing countries will have to focus on the
production, but efforts must be made to balance the productivity with conservation of genetic resources or genetic
diversity, reduceing environmental impact and improve animal welfare. This will facilitate sustainable animal
agriculture.
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2. APPLICATION OF MOLECULAR TOOLS IN LIVESTOCK PRODUCTION SYSTEMS
IN DEVELOPING COUNTRIES

B.P. Mishra and G.V.P.P.S. Ravi Kumar
ICAR-Indian Veterinary Research Institute, Izatnagar, Bareilly-243 122, UP, India
e-mail: bpmishra_l@hotmail.com

Exponential increase in the global human population (estimated 9.6 billion by 2050; UN 2013) would increase
the demand for food which is expected to be doubled in the next 40 years. While the agricultural productivity
is declining, largely due to shrinking of resources particularly cultivable land, the role of livestock sector has
increased to fulfill the growing food demand. Livestock production is growing faster than any other sector and by
2020, in terms of added value the livestock sector is predicted to become the most important agricultural sector.
However the production environments, and the intensities and purposes of production, vary greatly within and
across countries. The livestock production systems are generally shaped by prevailing biophysical and socio-
cultural environments. The livestock element in these systems is more often interwoven with crop production, as
in the rice/buffalo or cereal/cattle systems of Asia. Animal manure is often essential for maintaining soil fertility,
and the role of animals in nutrient cycling is often an important motivation for keeping animals. Many of these
systems that are the result of a long evolution are currently under pressure to adjust to rapidly evolving socio-
economic conditions and intensive livestock production systems.

The livestock sector has emerged as one of the key drivers of agriculture growth, especially in the developing
countries. In a predominant agrarian economy like India, livestock owners and farmers own the animals as
their natural capital, and an insurance against income shocks of crop failure and natural calamities. Small and
marginal farmers, landless labourers and women are more dependent on livestock for supplementing incomes
and generating gainful employment in rural areas. It is projected that by the year 2025 over 60% of meat and
50% of milk will be produced in the developing countries. The livestock sector in India in recent times has been
growing faster than crop sector. The contribution of livestock output to the total output of the agriculture sector
has significantly increased from 15 per cent in 1981-82 to 26% in 2010-11.

Animal diseases are a major and increasingly important factor reducing livestock productivity in developing
countries in particular. The most promising applications of biotechnology to livestock systems is the improvement
of animal health and production, in areas such as assisted reproduction, increased disease resistance, nano-based
point of acre and refined diagnostic techniques, and increasingly improved vaccines with effective delivery
systems. Use of biotechnology tools in animal health may contribute significantly to improved animal disease
control, thereby stimulating both food production and livestock trade. The modern biotechnology tools are likely
to have significant impact to answer most if not all the questions related to better utilization of livestock genetic
resources in developing countries.

Molecular tools/approaches applied to livestock systems

Reproductive technologies : Some tools that are applied to livestock to develop genetically valuable stock are:

Artificial insemination (Al) is the first method developed and underpins the application of other reproductive
technologies applied to livestock. This procedure involves the collection of semen from males which is then used
to impregnate females and has been applied in dairy cattle for over 65 years.

Multiple Ovulation and embryo transfer (MOET) is the hormonal manipulation of females is undertaken to induce
multiple ovulation prior to insemination which is then combined with the transfer of embryos into hormonally
primed surrogates. This also allows offspring and milk to be produced outside usual seasons and has been shown
to increase the rate of genetic improvement.
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Cloning is the production of offspring by embryo splitting (naturally or artificially induced to form 2 or more
genetically identical animals) or nuclear transfer (creation of an animal from a reconstructed embryo made by
transferring the nucleus of a donor cell into an oocyte from which the genetic material has been removed.

National Dairy Research Institute, Karnal, India has earned a worldwide repute for cloning and in vitro
fertilization (IVF). The major achievements/chronology of events at NDRI are (source ICAR/NDRI):

Pratham, was the first IVF (in vitro fertilization) buffalo in the world was produced at NDRI in 1990.

First cloned Calf was born on Feb 6, 2009. However, it survived for only six days and died on February 11. The
Scientists of NDRI had developed a landmark “Hand guided Cloning Technique”.

Garima, the world’s second cloned buffalo calf through the Advanced Hand-guided Cloning Technique was
born at NDRI, Karnal on June 6, 2009. It survived for more than two years but she died of heart failure on August
18, 2011.

Gamini a cloned calf of female buffalo from embryonic stem cell was born on Aug 22, 2010. Later, she gave
birth to a calf named ‘Mahima’ on 25th January 2013.

Shrestha: a cloned calf of a male buffalo from somatic cell of an ear from an elite bull was born on Aug 26, 2010.

Purnima: a clone of female buffalo from high milk-yielding animal was born on On Sept 6, 2013. However, it
survived only for 21 days.

Lalima born on May 2, 2014 was the 7th buffalo calf cloned
Rajat a clone of a Progeny Tested Bull with superiority of >22% was born on July 23, 2014
Deepasha clone of an endangered Wild-Buffalo of Chhattisgarh was born on 4th January, 2015,

Apart from cloning buffalo, Noori, the world’s first pashmina goat was cloned at the Centre of Animal
Biotechnology at Sher-i-Kashmir Agriculture University for Science and Technology (SKAUST), in Kashmir, India
as a joint venture of SKAUST and National Dairy Research Institute (NDRI), Karnal.

Interventions through Animal Breeding
Marker Assisted Selection

Selective breeding has produced enormous improvement in farm livestock in the latter part of the twentieth
century. Such progress has largely been achieved through selection on phenotype: the identification of genetically
elite animals through their own performance and physical characteristics and those of their relatives. However,
the explosion in our understanding of the genome and accompanying technological innovations are opening up
possibilities for direct identification and selection of animals carrying the best genes: selection on genotype. A
majority of the traits of economic importance in farm animals are polygenic in nature and are influenced by a
variety of environmental and developmental factors, which makes them difficult to isolate and identify at the
genome level. Although, screening and identification of some of the quantitative trait loci (QTL) using molecular
markers has been successfully carried out in cattle, pigs and other livestock species, most of the genes affecting
polygenic traits are still unknown and identification of major genes/alleles underlying these QTL effects remains
a challenging task.

The past decade has witnessed an increasing interest in gene mapping efforts in several farm animal species.
These efforts for the development of dense genetic maps to facilitate the identification of genes of economic
importance became the major objective of livestock genomic research. Physical and the genetic linkage maps
developed in recent years have started to play significant role in developing broader understanding of complex
livestock genomes. Attention has now shifted towards further improving the resolution of these maps and their
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utilization in finding QTLs through whole genome scans and performing fine mapping, marker-assisted selection
(MAS) and marker-assisted introgression (MAI).

Once associations between genetic markers and performance have been detected, they can be harnessed in
a breeding programme. Selection for a marker allele known to be associated with a beneficial Quantitative Trait
Loci (QTL) allele will increase the frequency of that allele and hence enhance performance. One of the potential
major benefits of selection based upon marker information is that marker genotypes can be determined based on
easily collected samples (e.g. hair, blood etc.) that can be taken from an animal as soon as it is born. Thus, marker
information can be used to predict an animal’s genotype before the animal has records for the trait or even for
animals which will never express the trait. For example, we might be able to predict whether males carry genes for
good female reproductive performance, or predict meat quality in an animal without its slaughter. Such marker
assisted selection (MAS), may not only make current breeding more efficient, but may also open up possibilities
for selecting for new traits.

Most reproduction traits are complex traits with low heritability, which means that they are regulated by
many genes and, to a great extent, by environmental factors. The underlying genes or chromosome segments
affecting such complex traits are called quantitative trait loci (QTL). By using traditional methods of selection it
has been difficult to improve reproduction traits due to their low heritability. If one can identify QTL responsible
for a significant proportion of the genetic variation in these low heritability traits, or detect closely linked genetic
markers that are co-inherited with the QTL, the genetic progress could be enhanced by using marker-assisted
selection.

Identification of gene(s) of economic importance/unique gene(s)

Another thrust area is identification of genes of economicimportance to further categories functional differences
amongst indigenous animal genetic resources. Much of the cutting-edge research in animal sciences will be based
on functional genomics. Emphasis must be placed on identifying the technologies, resources and information
needed to support the gene discovery, gene expression and gene function research in farm animals.

Gene expression profiling and functional annotation of gene

To drive QTL research in farm animals and isolate tissue specific and regulated genes, a greater effort should be
made to construct tissue specific high quality libraries of cDNA. This would help to generate numerous expressed
sequence tags (ESTs) for various tissues and these libraries will represent the repertoire of expressed genes. Such
an effort would be expected to bring a speedy change in the strategies used to identify and clone novel genes of
biological interest.

Gene Introgression

Gene introgression can be used as a tool for genetic improvement by the introduction of new alleles into
a population to address challenges facing current breeding goals. In animal science the striking example of
introgression is the introgression of fecundity Booroola (FecB) gene in sheep. The Booroola (FecB) phenotype is
associated with a mutation in the bone morphogenetic protein (BMP) receptor 1B. and is shown to be associated
with increased ovulation rate in ewes. In India, the Nimbkar Agricultural Research Institute (NARI) introduced
the FecB mutation, which increases prolificacy, into the Deccani breed from the Garole breed of West Bengal to
increase lamb production and incomes of smallholder shepherds. Two fecund strains were developed - the NARI
Suwarna, with contributions from only Garole and Deccani breeds, and the NARI Composite, with additional
contributions from Awassi and/or Bannur breeds. One copy of FecB led to an increase in ovulation rate from 1.0
to 2.0 eggs, and an increase in live litter size (LS) at birth from 1.0 to 1.6 in the NARI flock and from 1.0 to 1.4 in
smallholder flocks. This introduction of the FecB mutation in Deccani sheep proved to be successful in increasing
both lamb production and incomes(ACIAR, 2013 Proc.)
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Genomic selection

To overcome difficulties associated with QTL-MAS, a variant of MAS called Genomic selection(GS) was
proposed by Meuwissen et al. (2001). The advantage of this approach is that DNA markers covering the whole
genome are used so that potentially all the genetic variance is explained by the markers. Traditional marker-
assisted selection (MAS) focuses only on those regions which are relatively certain to influence the trait of interest
and leaves most of the genome and much of the genetic variation unaccounted. Conversely genomic selection puts
the greatest emphasis on those regions with the largest effects, while still accounting appropriately for the more
ambiguous genetic variation in the remainder of the genome. This approach holds importance as in livestock genes
affecting most economically important traits are distributed throughout the genome and there are relatively few
that have large effects with many more genes with progressively smaller effects (Shrimpton and Robertson, 1988;
Hayes and Goddard, 2001; Sanna et al. 2008, VanRaden et al. 2009).

Next-generation sequencing (NGS) technologies are widely used for detection of millions of Single Nucleotide
Polymorphisms (SNPs) and also provide a means of assessing their variation. This information is useful for
composing subsets of highly informative SNPs for region-specific or genome-wide analysis and to identify
mutations regulating phenotypic differences within or between populations. SNP identification through NGS led
to the development of Genome-wide panels of SNPs. The genetic merit of animals can be estimated by genomic
selection, which uses genome-wide SNP panels as markers and statistical methods that capture the effects of large
numbers of SNPs simultaneously. This approach is expected to double the rate of genetic improvement per year in
many livestock systems. The availability of large panels of SNP markers created an interest in genomic selection
(Meuwissen et al., 2001) as a tool to increase the accuracy of prediction for young animals. These tools were first
used in selection of dairy cattle (Hayes et al., 2009; VanRaden et al 2009)

Potential of genomic selection

One of the most economically important aspects of GS is the possibility to use it for improving selective breeding.
The DNA marker data as well as phenotypes and pedigrees on potential selection candidates could be combined
to estimate improved EBV. EBV obtained from this ‘genome-wide” selection is of comparable robustness to a
conventional EBV based on analysis of pedigree and phenotype data. Once the associations between chromosome
segments and phenotypes are established, it should be possible to make selection without phenotypic information.
Genomic selection approach is particularly attractive for expensive-to-measure traits. It also can be more easily
applied to traits where the heritability is low and genetic change is slow, and traits that are difficult to measure.
The most likely application of this approach will be in dairy cattle where, in principle, bulls could be selected on
the basis of genomic information alone and used for mating long before their progeny test results would be known
— considerably reducing generation interval and accelerating progress.

Genomic selection and accelerated genetic progress

There are three practical ways of increasing genetic progress: (1) increase the accuracy of selection; (2) increase
selection intensity; and (3) decrease the generation interval, which also results in more selection steps per unit
time. Whole-genome selection is one of the few tools that can affect all three of these components affecting genetic
progress. Accuracy is clearly increased with genomic selection using SNPs. Generation interval can be lowered
easily because SNP evaluations of embryos are equally valid as evaluations for young or old animals. Because the
technology can be applied broadly at relatively low cost (screening hundreds of samples), practical opportunities
are provided for increasing selection intensity as well. The combination of these advantages, when added to
pedigree and phenotypic information on each respective individual, becomes the most powerful, practical
approach available for making genetic changes.

Molecular tools for exploring the genome

The transcriptome is the complete set of transcripts in a cell, both in terms of type and quantity. Transcriptome
analysis is a powerful strategy in dissecting the relationship between genotype and phenotype of a cell. The complete
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transcriptome profiling of cells is crucial for the characterization of gene expression signatures that contribute
in defining biological and physiological processes in the cells. Various technologies have been developed to
characterize the transcriptome of a population of cells, including Real time PCR, hybridization-based microarrays
and Sanger sequencing based methods (Yamada et al., 2003; Bertone et al., 2004; David et al., 2006). The advent of
high-throughput sequencing based methods has changed the way in which transcriptomes are studied.

Microarray analysis can be used to screen the entire genome for differences in gene expression with a single
experiment, producing thousands of data points. It is ideal for screening the expression levels of thousands of
genes in a limited number of samples. RT-PCR is a faster and less expensive method for gene expression (mRNA)
profiling than array analysis. However, these two methods are complementary techniques—array analysis is often
used to identify candidate genes for further detailed study by real-time RT-PCR.

Deep RNA Sequencing (RNA-Seq)is a recently developed technique that uses massively parallel sequencing to
allow transcriptome analyses of genomes at a far higher resolution than is available with Sanger sequencing- and/
or microarray-based methods.RNA sequencing (RNA-Seq) involves direct sequencing of complementary DNAs
(cDNAs) using high-throughput DNA sequencing technologies followed by the mapping of the sequencing reads
to the genome. It provides a more comprehensive understanding than has hitherto been possible of the complexity
of eukaryotic transcriptomes. The intrinsic experimental limitations of microarrays seem to make RNA-seq the
method of choice. Recently, Canovas et al.(2010) confirmed that analyzing the transcriptome using RNA-Seq
technology is an efficient and cost-effective method to identify SNPs in transcribed regions on analysing milk
transcriptome using RNA-Seq.

The cost of the technologies mentioned above is significant and its time in India for the institutes to collaborate
to develop tools for properly exploiting farm animal genomics. World over all the sequencing projects for farm
animals are funded through collaborations. Key targets now include the development of more sequence data, SNP
panels and, with care, phenotype databases (the “phenome”). The phenotype databases necessarily need to be
based on large populations and this, together with massive phenotypic diversity, means that they are expensive
and will need careful planning to maximise their utility.

Animal health

Successful control of a disease requires accurate diagnosis. This has been greatly improved in recent years
through developments in biotechnology. Possibility to immortalise individual antibody-producing cells by
hybridisation to produce antibodies of a given class, specificity and affinity (i.e. monoclonal antibodies) has
provided a tool that permits the analysis of virtually any antigenic molecule. The use of monoclonal antibodies has
revealed that the failure of vaccines (e.g. of rabies) to provide protection in all parts of the world was due to the
diversity in the antigenic composition of the causative virus. The (monoclonal antibody) technology is relatively
simple and can readily be applied in developing countries.

The ability to generate highly specific antigens by recombinant DNA techniques has made it possible for an
increasing number of enzyme-linked immunosorbent assays (ELISA) to have the capacity to differentiate between
immune responses generated by vaccination from those due to infection. This has made it possible to overcome
one of the major drawbacks of antibody detection tests: the fact that, because antibodies can persist in animals for
long periods, their presence may not indicate current infection. ILRAD has developed a technique to overcome this
problem in diagnosis of trypanosomiasis. The parasite antigen detection test uses monoclonal antibodies raised
in laboratory mice to capture the parasite antigens which are then revealed by their reaction with a second layer
antibody to which is conjugated an easily detectable enzyme. This test reveals current infections and facilitates
differentiation between the major trypanosome species. This has important implications for disease control,
especially because of the association of different parasite species with different epidemiological and disease
circumstances.
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Conventional means of controlling major livestock diseases include vector control, vaccination, slaughter of
infected stock, and other management practices (including grazing management and controlled movements).
Vector control requires continuous application of pesticides. These are often unaffordable to farmers in developing
country. Moreover, where these drugs or pesticides are used, resistance by parasites is often encountered and
reinfection following administration of drugs against parasitic diseases usually occurs.

Immunisation remains one of the most economical means of preventing specific diseases. An effective vaccine
can produce long-lasting immunity. In some cases, vaccination can provide lifetime immunity. Moreover a small
number of doses is usually required for protection. Level of infrastructure and logistical support required for a
large-scale vaccination programme is such that a successful vaccination campaign can be implemented in remote
rural areas. In general, vaccines offer a substantial benefit for comparatively low cost, a primary consideration for
developing countries.
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3. STATUS OF ANIMAL GENETIC RESOURCES OF RAJASTHAN, CONSERVATION
STRATEGIES AND BREEDING POLICY FOR THEIR IMPROVEMENT

G.C.Gahlot
Professor and Head, Department of Animal Breeding and Genetics
College of Veterinary and Animal Sciences, Rajasthan University of Veterinary and Animal Sciences
Bikaner - 334 001, Rajasthan, India
e-mail: gahlotgcbkn@rediffmail.com

Rajasthan, the largest state of India (3,42,239 Sq.km.) situated in the northwestern part of the Indian Union
(23°30" and 3012’ North latitude and 69°30" and 78°17’ East longitude) is largely an arid state for most of its part.
One of it district, Jaisalmer is almost equal to Kerala State (38401 sq. kms). More than 60% of the state’s total land
area is desert, characterized by extreme temperature, low rainfall, and sparse habitation. Temperature in most
other parts of the state reaches the 40C mark during the summer months. Winters are mild in Rajasthan with
the temperatures ranging between 22C and 8C. In Rajasthan, Animal Husbandry is not merely a subsidiary to
Agriculture but it is a major economic activity specially in arid and semi-arid areas, thus providing the much
needed insurance against prominently occurring scarcity conditions. Income from live stock accounts for 30 to 50%
of the rural households’ income, with wide variation in region and households.

Livestock in Rajasthan have been developed over hundreds of years through selection and thus have born
various traits of economic and environmental importance. However, to meet the needs of growing population,
exotic breeds have been used in crossbreeding that result on gradual decline in genetic variability. Hence, livestock
production system may become unpredictable with environmental changes, adverse nutritional conditions,
disease and parasites. Though there is high potentiality of indigenous livestock for the sustainable production,
many important livestock species are in the verge of extinct. So, there is a need to facilitate effective management
of livestock bio-diversity, and sustainable use of indigenous genetic resources and endangered breeds of livestock
in Rajasthan.

The state of Rajasthan has a vast animal genetic resource with a wide variety of indigenous breeds. Representing
a hub of domestic animal diversity, Rajasthan has proud possession of 8 cattle breeds, 8 sheep breeds, 3-4 goat
breeds, 4 camel breed and also endowed with thorough bred horses. The important breeds of cattle traded in the
State are Rathi, Kankrej, Nagouri, Tharparkar, Haryana, Malvi, Gir and Mewati. Regarding buffalo breed, Murrah
buffalo is the only preferred breed found in Rajasthan. Sheep also occupy an important place in animal husbandry
sector of the State. The important breeds of sheep are, Nali, Magra, Chokla or Shekkavati, Marwari, Jaisalmeri,
Malpura, Sonadi and Pugal. The important goat breeds in the State are Marwari, Jakhrana, Sirohi and Jamnapari
breeds, which are reared for milk and meat.

Table 1: Status of Different Livestock in the different district of Rajasthan

Region/zone District covered Species/breeds available
1 | Bikaner Division [ Bikaner, churu, Ganganagar, | Cattle: Rathi, Tharparpar, Nagouri,
Hanumangarh Hariana

Buffalo: Murrah

Sheep: Chokla, Magra
Goat: Marwari

2 | Jodhpur Division | Jodhpur, Pali, Jaisalmer, Jalore | Cattle: Tharparlar, Kankrej
and Barmer Buffalo : Murrah

Sheep: Magra, Jaisalmeri
Goat : Sirohi, Marwari

3 | Jaipur Division Jaipur, Bharatpur, Alwar, Cattle : Gir, Hariana, Mewati
Dholpur, Sikar, Jhunjhunu and | Buffalo : Murrah
Dausa Sheep : Chokla, Malpura

Goat: Jakrana
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4 | Ajmer Division

Ajmer, Bhilwara, Nagour and | Cattle: Gir, Nagauri, Malvi, Hariana

Banswara and Rajsamand

Tonk Buffalo: Murrah
Sheep : Chokla, Magra, Malpura
Goat: Sirohi
5 | Udaipur Division | Udaipur, Chittorgarh, Cattle : Gir,
Dungarpur Buffalo : Surti

Goat : Sirohi

6 Kota Division

Bundi, Jhalawar, Kota, Baran, | Cattle : Gir, Malvi
Sawaimadhopur and Karauli

Buffalo : Murrah, Magra
Goat: Sirohi

The livestock population in the state is very large in numbers but its productivity is very low as compared
to other parts of the country. As per the livestock census 2012, there are 512.05 million lacs livestock (which
include Cattle, buffalo, Sheep, Goat, Pig, Camel, Horse and donkey) and more than 50.12 lacs. poultry in the
State. Rajasthan has about 7% of cattle, 11.94 % buffalo, 13.95 % sheep, 16.03 % goat, 81.37 % camel and 2.31 % pig

country’s population and contributes over 10% of total milk production, 30% of mutton and 40% wool produced in

the country. Rajasthan is first in Wool production while third in milk production. Animal Husbandry contributes
about 13% in the G.D.P. of the State (Livestock cense, 2007). The Sheep and Camel population showed a decreasing

trend over last decade, whereas the cattle and buffalo population showed an increasing trend, Goat population
showed a fluctuating trend and mule population showed abrupt increasing trend. The total livestock population

increased simultaneously similar to the increase of buffalo and cattle population, whereas the sheep and Camel
population decreased. There are slight downward variations in goat population in comparison with other animals.
This sector has a great potential for rural self employment at lowest possible investment per unit.

Table 1: Status of Livestock population during various years in Rajasthan (In lacs).

Livestock 1977 1983 1988 1992 1997 2003 2007 2012 % of % share
change in 2012 of
over 2007 |  country
population
Cattle 128.96 135.04 109.21 | 116.66 | 121.41 | 108.54 | 121.20 | 133.24 12.05 6.98
(31.18%) | (27.20%) | (26.69%) |(24.08%) (21.38%)|(23.08%)| (9.94%)
Buffalo 50.72 60.43 63.44 7775 | 97.70 | 104.14 | 110.92 | 129.76 18.84 11.94
(12.26%) | (12.17%) | (15.50%) [(15.98%) (19.58%) [ (22.48%)| (16.99)
Sheep 99.38 134.31 99.32 124.91 | 145.85 | 100.54 | 111.90 | 90.80 -21.10 13.94
(24.03%) | (27.05%) | (24.24%) |(25.78%) (19.75%) | (15.73%) | (-18.86%)
Goats 123.07 154.8 125.78 | 152.85 | 169.71 | 168.09 | 215.03 | 216.66 1.63 16.03
(29.76%) | (31.18%) | (30.79%) |(31.55%) (37.95%) [ (37.53%) | (0.76%)
Camel 7.52 7.56 7.19 7.46 6.69 4.98 4.22 3.26 -0.96 81.37
(1.82%) | (1.52%) | (1.76%) | (1.53%) | (1.22%) | (1.01%) | (0.75%) | (0.56%) | (-22.79)
Pigs 1.30 1.79 2.07 2.53 3.03 3.37 2.09 2.38 0.29 2.31
- - - (0.52%) |(0.55 %) |(0.68 %) | (0.37%) | (0.41%) | (13.96%)
Others 2.64 2.57 2.16 2.29 2.16 1.70 1.27 1.23 -0.04 0.21
(0.95%) | (0.88%) | (1.02%) | (0.47%) |(0.39 %) | (0.39%) | (0.22%) | (0.21%) | (-3.15%)
Total 413.59 496.50 409.17 | 484.45 | 546.55 | 491.36 | 566.63 | 577.32 | 1.89 % 100
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A. CATTLE POPULATION

Cattle population of Rajasthan is estimated at 13.32 million contributing 6.98 % of Country cattle population
and ranks fifth amongst the states of the India. As against thirty two well defined breeds of cattle in the country,
the state is endowed with eight breeds with finest drought hardy milch breeds (Rathi, Gir and Tharparkar), dual
purpose breeds (Kankrej and Hariana) and the famous draught breeds of Nagouri and Malvi.

1. Rathi

Rathi cattle are named after a pastoral tribe of Rajasthan called Raths who lead a nomadic life. The home
tract of this breed lies in the heart of Thar desert i.e. Bikaner, Jaisalmer and Ganganagar district of Rajasthan. The
population of Rathi cattle is estimated as 9.24 lac as per livestock census, 2007. The animals are of medium size
with a symmetrical body and a short and smooth body coat. The animals have brown colour with white patches
and some animals with complete brown or black coat colour with white patches are also found. Horns are short to
medium curving outwards, upwards and inwards, ears are of medium size, voluminous dewlap and large naval
flap. Their udder and teat are well developed with a prominent milk vein. The females are docile and good milkers
(1325 to 2593 kg per lactation). Calving interval ranges between 445 and 617 days. The average age at first calving
(AFC) ranges from 1388.44 (Singh, 1996) t01601.4 days (Nehra, 2004) and inter calving period ranges from 450 to
620 days.

2. Tharparkar

It is an important cattle breed raised primarily for its milking potential .The original habitat of this breed is
Tharparkar district in the Province of Sind, Pakistan. The breed is also found in the adjoining tracts in Rajasthan
State in India, particularly around Jodhpur and Jaisalmer where excellent milch specimens are found. The
population is estimated as 5.58 lac as per Livestock census, 2007. This is a medium-sized compact breed. The males
are also good draught animals. The milk yield in cows ranges from 1800 to 2600 kg per lactation, age at first calving
is from 38 to 42 months and the inter calving period is from 430 to 460 days. Lactation length is 285 days and dry
period 140 days. Milk fat is about 4.88 % and SNF 9.2 %

3. Kankrej

The home of this breed is Gujarat and found in adjoining part Rajasthan (Barmer and Jodhpur district). It is
one of the heaviest breed in India. The colour of the female is silver gray, iron or black. The males are darker than
the females. The forehead is broad slightly dished in the center. The horns are thick, strong and curved. The base
of the hornsare covered with skin. The body is powerful, with broad chest. Straight back, well developed hump,
pendulous sheath in males, and tail is of moderate length with black switch extending below the hock. Dewlap is
thin and pendulous and hump is large and prominent. In cows udder is well shaped and slightly developed and
carried more forward than behind. The average weightof the male is 455 to 682 kg. and of the female is 409 to 455
kg. The average milk yield is 1750 kg. and milk fat is around 4.8 %. The lactation length averages 295 days and the
calving interval

4, Hariana

The breeding tract of this breed encompasses large parts of Rohtak, Hisar and Gurgaon district of Haryana
State and is found in Alwar, Bhartpur district of Rajasthan. The colour of the breed is white or light grey. Hariana
cattle are characterised by a long and narrow face, flat forehead and well marked bony prominence at the centre
of the poll. The muzzle is usually black. This eyes are large and bright expressive but not prominent in mature
bulls. The horns are short and fine or moderately long, and they are generally 4 t0 9 inches, long thinner in females
than in males. Dewlap is small without flashy folds and large in males. The chest is well developed. The udder is
capacious and extends well forward with a well-developed milk vein. The teats are well developed, proportionate
and medium sized. Good specimens of cows yield up to 1500 kg of milk per lactation. The age at first calving is 40
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to 60 months depending on management and feeding conditions. The inter calving period varies from 480 to 630
days is around 490 days. The age at first calving is 36 to 42 months.

5. Gir

Although, the breed is native of Gujarat, it is also found in Maharashtra and Rajasthan States in India. The
peculiar features of the breed are a protruding-broad and long forehead, and pendulous forward turned ears. The
popular colour is white with dark red or chocolate-brown patches distributed all over the body. Entire red animals
are also encountered although it is usually mottled with yellowish-red to almost black patches. The animals are
medium sized with proportionate body. The head is moderately long, massive and the forehead bulging. The face
is narrow and clean. The muzzle is square and black. The eyes are placed higher up in line with root of ears. Ears
are large and pendulous. The horns are black, medium sized, shapely round medium heard, well set apart, and
peculiarly curved. They take a down ward and backward curve and inline a little upwards and forwards taking a
spiral inward sweep, finally ending in a fine taper. Dewlap is thin and hanging not pendulous. Chest is deep, full
and well developed. Legs are well proportionate and muscular. The hump is medium sized. The barrel is deep,
long and proportionate. The back is long, strong and wide. The tail is long touching the ground. The udder is of
medium size. Average weight of the male and female is 545 kg. and 386 kg., respectively. Gir cows are good milkers
and milk yield ranges from 1200 to 1800 kg per lactation. The age at first calving varies from 45 to 54 months and
the inter-calving period from 515 to 600 days.

6. Nagouri

The Nagouri cattle from the “Swalak” area in Nagaur district (250 mm mean annual rainfall) is very famous
as a draught breed and used to be exported to Multan, Sind and other regions. It was developed by Jat farmers
to resemble a horse rather than a cow with a very light body and has no superfluous fleshy hangings at dewlap,
prepuce, or testicles (Akhil Bharat Krishi Goseva Sangh 1981). This particular phenotype was achieved by both
selective breeding and specific management practices. The young calf is starved from milk so that it will never
develop fat cells and always remain lean. Later its access to roughage is also restricted to prevent the rumen from
expanding. A normal diet is started only after the rumen has been stunted. (Akhil Bharat Krishi Goseva Sangh
1981). A pairs of Nagauri bullocks for draught were still very popular and purchased by customers from Punjab
and Uttar Pradesh for top prices (more than Rs.20.000/-). Currently this breed is very much in decline because the
demand for fast bullocks has decreased.

7. Malvi

The breed is found in Malwa tract in Madhya Pradesh and Rajasthan. The bullocks are known for their draft
qualities and the cows are poor milkers. The colour of the animals is white to light grey, with black markings on
neck, shoulders, hump and quarters. The colour changes with age. The head is small and the face dished. The body
is deep, short arid compact with short legs and the tail touching the fetlocks. Ears are short and alert. The sheath in
the male and navel flap in the female are short. The horns are massively built. Black, upright and pointed at tips.

8. Mewati

Mewati cattle are reared for milk production as well as for agricultural operations but due to fast growing farm
mechanization in the area, the draft utility of the breed is reducing. The animals of this breed possess white coat
and skin colour , black muzzle, eyelids, tail, hoof and horns. The orientation of horns was outwards, upwards,
inwards and pointed tips or outwards and upward with pointed tips and comparatively smaller in size whereas
ears had horizontal orientation. The forehead was straight, broader and slightly concave; Hump and dewlap was
medium, naval flap was small and basic temperament was moderate. The fore and rear udders were bowl shaped
and shape of teats was cylindrical with rounded teat tips and medium milk vein. The average milk production was
found as 6.2 liters per day but in some elite animals it may go up to 12 kg per day with a lactation length of 150-210
days. The age at first calving varied from 3.5 to 4.0 years and inter calving period varied between 14 months to 2
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years. The breed is declining in population and needs immediate attention for conservation and improvement. (P
K Singh and Pundir)

9. Nari Cattle

One breed that has been overlooked is the Nari cattle. It is another strain of cattle estimated to be around 10
thousand in number and located in Sirohi and surrounding areas towards south of Rajasthan state This breed is
kept by the Raika in Sirohi district in migratory production systems. This breed is extremely hardy, gives good
milk yields, and is also suitable for draught. The cows give small amount of milk and are maintained mainly for
cow-dung which is sold for livelihood. Young calves for sale is another source of income. The herd grazes on open
common land in the nearby jungle. This system — organic by default — continues without much intervention from
outside. Dung collected is largely used as Bio-fertilizer. Fertilizers or pesticides or even veterinary medicines are
unheard of by the community members maintaining Nari cattle.

B. Buffalo

Rajasthan buffalo’s population was 89-9 million in 1997. This is about half the buffaloe population of the world
and about 19 per cent of the total livestock of India. Buffaloes thrive best in areas of warm and humid climate.
Buffaloes are reared mainly for milk but some buffaloes are used as draught animals in certain parts of the country.

1. Murrah

The breeding tract of Murrah breed is Rohtak, Hisar and Jind districts of Haryana and Nabha and Patiala
districts of Punjab but the animals are distributed throughout Rajasthan. The animals are noted for milk and fat
production. The breed has a massive body; neck and head are comparatively long, horns short and tightly curved.
The hips are broad, and fore — and hindquarters drooping. The tail is long reaching up to the fetlocks. The colour is
usually jet black with white markings sometimes found on tail, face and extremities. The skin is soft and smooth.
Ears are small, thin and pendulous. The udder is well developed with prominent veins and good sized teats. The
average milk yield per lactation is 1500 to 2500 and the milk fat percentage is about 7-9 %. On an average the daily
milk yield is found to be 8-10 Kg. The age at first calving is 45-50 months in villages but in well managed herds it
is 36 to 40 months. The inter calving period is 450-500 days. The bodyweight of an adult female ranges from 430 to
500 kg and that of a male 530-575 kg.

2. Surti

The breeding tract of this breed is Kaira and Baroda districts of Gujarat and the animals are distributed to
Udaipur division of Rajasthan. The body is well shaped and medium sized; the barrel is wedge shaped. Because of
their medium size, Surthi buffaloes are economical producers. The head is long and eyes are round and bulging.
The back is straight. The horns are sickle shaped, moderately long and flat. The tail is fairly long. The colour is
black or brown. The peculiarity of the breed is that there are two white collars, one round the jaw and the other
at the brisket. The milk yield ranges from 900 to 1300 Kg. The peculiarity of this breed is very high fat percentage
in milk (8-12per cent). The average fat percentage of milk is about 7.5%. The age at first calving is 40 to 50 months
with an inter calving period of 400 to 500 days. The breed is famous for early maturity and efficiency of milk
production. The bullocks are good for light work. Also used for the grading up of inferior local buffaloes.

SHEEP

With 90.07 million sheep (2012), Rajasthan stands 3™ in sheep population in the country after Andhra Pradesh
and Karnataka. More than 13.95 per cent of the India’s sheep are reared in Rajasthan. The sheep population has
been a small increase in population between 2003 and 2007. However there has been a decrease (18.86 %) in the
population from 2007 to 2012. About 36% of total sheep population is slaughtered annually for meat purposes. The
wool production has also remained constant at about 45 million kgs out of which around 4 million kgs is of fine
quality while the remaining of medium and coarse quality. The requirement of industry is estimated at around 35
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to 40 million kgs of fine wool, which is met mainly through imports. Most of the sheep are raised in regions which
are too dry, too stony or too mountainous to be too good for agriculture or for cattle rearing.

The important sheep breeds of north western semiarid and arid regions are Chokla, Magra, Nali, Pugal,
Marwari, Malpura, Sonadi, Jaisahneri, Patanwadi and Muzzaffamagri. Further, in the major sheep rearing areas,
specially in North-Western districts of Rajasthan, grazing and stock watering resources are available only for few
months in a year compelling shepards to lead a nomadic life. Migration and grazing practices have an impact on
the present status of sheep husbandry in the state.

1. Magra

Magra is an important sheep breed of north-western arid and semi-arid region of the country. It is distributed
in Bikaner, Jaisalmer and Chru district of Rajasthan and produces most lustrous wool suitable for carpet
manufacturing. They are medium to large size animals, with a white face with light brown patches around the
eyes, which is characteristic feature of this breed. The skin colour is pink, ears are small to medium and tubular.
Age at first breeding is 18 months for ewes and 20 months for Ram. Lambing percentage is about 45 and the litter
size is mostly single. The average annual fleece weight is 2.18 kg with an average fibre diameter of 32 micron and
a medullation percentage of 48. According to 18" Livestock Census of 2007 there are 313004 Magra sheep in the
country.

2. Malpura

Malpura sheep are found in Jaipur, Tonk, Sawaimadhopur and adjacent areas of Ajmer, Bhilwara and Bundi
districts in Rajasthan. The animals are fairly well-built, with long legs. Face is light brown. Ears are short and
tubular, with a small cartilaginous appendage on the upper side. Both sexes are polled. Tail is medium to long and
thin. The fleece is white, extremely coarse and hairy. Belly and legs are devoid of wool. The overall least square
means for 1st six monthly and adult annual GFY were 551 and 810g respectively and least square means of birth,
3, 6 and 12 month’s weight of lambs were 3.02, 15.41, 20.80 and 25.60 kg, respectively under farm conditions. The
average fibre diameter was 41.67u with medullation of 75.9 %. Staple length was 4.9cm.

3. Marwari

Marwari sheep, one of the important breed distributed in Jodhpur, Jalore, Nagaur, Pali and Barmer districts
extending up to Ajmer and Udaipur districts of Rajasthan. The animals are medium size with black face, the colour
extending to the lower part of neck. Ears are extremely small and tubular. Both sexes are polled. Tail is short to
medium and thin. The fleece is white and not very dense. The wool produced by Marwari is approximately 7.2
million kg per annum and is very good for carpet manufacture. The overall least square means for 1st six monthly,
adult six monthly and adult annual were 607.16, 631.25 and 1260.50g, respectively and least square means of
birth, 3, 6, 9 and 12 month’s weight of lambs were 3.05, 14.74, 19.33, 22.85 and 25.90 kg, respectively under farm
conditions. Average fibre diameter, medullation and staple length were 31.9u, 50.8 % and 5.35cm respectively
(Gohil, 2010).

4. Nali

The Nali sheep is found in Ganganagar, Churu and Jhunjhunu districts of Rajasthan, southern part of Hissar
and Rotak districts of Haryana. The animals are medium-sized. Face colour is light brown and skin colour is pink.
Both sexes are polled. Ears are large and leafy. Tail is short to medium and thin. Fleece is white, coarse, dense and
long-stapled. Forehead, belly and legs are covered with wool. The overall means for 1st six monthly and adult
annual were 1.01 and 2.84 Kg, respectively and means of birth, 3, 6, 9 and 12 month’s weight of lambs were 2.43,
10.74, 14.93, 17.13 and 19.64 kg, respectively under farm conditions. Average fibre diameter, medullation and
staple length were 29.89, 41.14 % and 6.79cm respectively.
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5. Pugal

Pugal sheep is found in Bikaner and Jaisalmer district of Rajasthan. The breed produces wool is suitable for
carpets and has long migratory capability. The population of this breed is declining continuously. The flock size
and number of pure Pugal animals varied from farmer to farmer and village to village. The animals are fairly
well built. Face is black with small light brown stripes on either side above the eyes; the lower jaw is typically
light brown. The black colour may extend to neck. Ears are short and tubular. Both sexes are polled. Tail is short to
medium and thin. The fleece is white.

6. Chokla

Chokla is one of the famous carpet type wool-producing sheep of Rajasthan and well suited for the regions
where migration is a common practice. The wool produced from Chokla sheep is suitable for carpet manufacturing
and have good lustre quality. Chokla sheep prevails in a limited area at the junction of Churu, Nagaur, and Sikar
districts of Rajasthan. The purity with respect to purebred Chokla type sheep in the flock ranged between 40-
70%, which is further dwindling. The Chokla sheep distribution area is characterized by high temperature and
long periods of severe droughts accompanied by high wind velocity and low humidity. Migration is a common
practice. The Chokla flocks start migration to the neighboring state of Haryana in February/March and return to
their homestead in July with the onset of monsoon.

7. Sonadi

Sonadi sheep are found in Udaipur, Chittorgarh, Rajsamand, Bhilwara and Dungarpur districts of Rajasthan
and part of north Gujarat. The breeding tract of Sonadi sheep has land area of 42360 sq. km, which is 12.38 per cent
of the total geographical area of the state and contains 17.05 per cent livestock population of the state. The animals
of Sonadi breed have well built body, long legs, prominent nose, large dropping ears, long tail and white or light
brown face. The average body weight of the animals at 12-months and 18-months was reported as 23.31 +0.12 and
28.01+0.10 kg, respectively. The shearing of wool is practiced thrice a year and the wool production ranged from
200-400 g per head per shearing (Talior at al., 2006).

8. Kheri

Bohra et al. (1993b) identified a new breed of sheep viz. Kheri evolved under the field conditions in the
migratory flocks of using black faced (Marwari/Jaiselmeri) rams on local sheep breed. Kheri sheep are reared for
meat and wool production. This breed was evolved and developed directly in the farmers’ flocks due to the need
felt by the migratory sheep breeders for sturdy and more tolerant of heat and drought conditions. The breed is
believed to have originated from a crossbred base with unknown levels of inheritance of Marwari, Malpura and
Jaisalmeri sheep of Rajasthan. The animals are medium to large with light-brown face and pink skin. Both sexes
are polled. Ears are medium (11-13 cm) and tubular, tail is short to medium (21-23 cm) and thin. Forehead, belly
and legs are covered with wool. Average flock size is 70. Most of the farmers kept one or two breeding rams. The
average body weight, body-length, height at wither, chest girth and paunch girth of rams and ewes were 38.85+1.49
and 31.38+0.30 kg; 68.95+0.91 and 64.17+0.25 cm; 69.16+0.82 and 64.39+0.24 cm; 80.03+0.99 and 78.03+0.99 cm, and
81.14+1.20 and 78.02+0.38 cm in that order. Lambing is about 80 to 100% with lambing interval of 12-18 months.
Age at first lambing varied between 18-24 months. Litter size is mostly single with twinning of about 2%. An ewe
produced 4-8 lambs in its lifetime. Daily milk yield varies from 300-500 ml. Lactation length varies from 120-180
days. Age at first breeding in males varies from 12-18 months with a breeding life of 5-6 years. Average greasy wool
production ranges between 1.5-3.0 kg per annum. (Gurmej Singh and Anand Jain, 2005).

GOAT

Goat is called the poor man’s cow because it can be cheaply reared on meagre grass of poor quality. It is the
major supplier of mutton along with milk, hair and skins. The goat population of Rajasthan is around 216.66
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million (Livestock Census 2012), which is almost 16.03 % of India’s total goat population and the highest among
all the states of the country. Goat population in Rajasthan during the last four decades has increased at the fastest
rate amongst various livestock species, in spite of the fact that nearly 41% of goats are slaughtered annually The
increase in goat population from 47.2 million in 1951-52 to the current level of 216.66 million show that it offers
great potential in terms of population growth making it most important species of animal for meat production.
Rajasthan is having 3 well known breeds of goats viz.: Jakharana, Sirohi, and Marwari breeds. Goat rearing was a
traditional activity and a way of life for most farmers, and was adopted as a subsidiary or main enterprise to utilize
the family labour and ensure livelihood for the family. Family of goat the keeper earned a net annual income of Rs.
1302 to Rs. 1873 per goat in different categories. The goat rearing was a major source of income for women of the
household, especially in small size category.

1. Marwari

Marwari is a desert goat breed of India and is found in Marwar region of Rajasthan, comprising Jodhpur, Palj,
Nagaur, Bikaner, Jalore, Jaisalmer and Barmer districts. It is well known for its tolerance of hot and cold climates,
disease resistance and thriving in very harsh nutritional conditions. It is a hairy black coloured goat. The means of
the body length, body weight and ear length were estimated as 54 cm, 83 cm and 20 cm in males and 49 cm, 72 cm
and 16 cm in females. Males have larger and stronger horns than females. The average adult body weight in males
and females is 46 and 30 kg, respectively. The overall milk yield at 200 days is 98 kg. The kidding percentage in field
conditions is 79.3 percent and multiple birth is about 19 percent. The Marwari is an early maturing breed as the
average age of puberty is 306 days. The mortality in kid is 3.3 percent and in adults 3.5 percent in field conditions.

2. Jakrana

The goats are distributed in Jhakrana and a few surrounding villages near Behror, in the Alwar district of
Rajasthan. Jakhrana is a valuable milch breed and also used for meat due to its compact and large size body. Black
coat colours with white patches on ears are typical characteristics of Jakhrana goats. It is a medium size, dairy
breed of goat with good potential for milk production and prolificacy. The average body weight at birth, 3, 6 and 12
months were 2.54+0.11, 12.28+1.50, 16.47+1.89 and 25.30+3.01 kg respectively. The average milk yield and lactation
length were 152.87+0.19 kg and 143.0+3.2 days in semi intensive system and 107.39+0.11 kg and 118.0+2.3 days in
extensive system of management, respectively. The average age at first kidding, kidding interval and twinning rate
were 561.24+8.23 days, 287.78+6.89 days and 1.54+0.16 in semi-intensive and 632.35+5.83 days, 332.86+6.34 days
and 1.32+0.12 in extensive management system respectively.

3. Sirohi

Sirohi goat found in the Sirohi, Ajmer and Udaipur districts of Rajasthan. The animals are of medium body size
and weight and are reared for milk and mutton purpose. Three types of colour variants viz. light brown spots with
dark background and dark brown spots with light background, large spots on body but with white face of animal
and uniform light brown colour, are observed. Ears are flat and leaf like, medium sized and drooping. Both sexes
have small horns, curved upward and backward.The flock size varies from 10 to 80. Animals are kept on pasture
grazing. Stall fed animals are rarely seen. The females show maturity at about 12 to 18 months of age. The breeding
seasons are March— April and September- October. Goats kid once in a year. Twining is only in well fed goats (10-
20%). Milk yield varies from 0.5 to 2.0 kgs. On average, birth weight is ranged from 2.14 + 0.02 kg (Pathodiya et al.,
2004) to 3.12 £ 0.05 kg (Gowane et al., 2011). The age at first kidding is 19-20 months and the litter size is one kid per
birth. The breed is well suited for stall feeding.

4. Jamnunapari

Usually found in the Etawah district of UP, and in the tracts lying between Jamuna & Chambal rivers. The bucks
of Jamunapari breed of goat are being reared at Cattle Breeding farm, Kumher, in Bharatpur District. These bucks
are distributed in Bharatpur, Dholpur, Karauli, Alwar and Sawai Madhopur districts under the goat development
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program. Animals are large sized, tall, leggy with large folded pendulous ears and prominent Roman nose. They
carry long and thick hair on their hind quarters and has a glossy goat. Horns are short flat. The body weight of
adult bucks and does varies from 65 to 86 kg and 45-61 respectively. The average daily milk yield in 2.25 to 2.7 kg.
The milk yield in a lactation period of, 250 days varies from 250 - 300 kg with 3.5 percent fat content.

.Camel

India has the third largest camel population in the world and the camel has long represented an important
component of Rajasthan’s agro-biodiversity and cultural heritage. The state is having the 81.37 percent of camel
population of the country. The people most closely associated with the camel in Rajasthan are the Raika, who
earlier took care of the camel breeding-herds of the Maharajas. Originally the Raika acted as guardians of the
camels and never sold female camels outside the community, as well as abhorring the idea of selling camels for
meat. But due to ever increasing pressure, these social mechanisms and cultural beliefs are now breaking down.
Camel numbers in the state are plummeting. As per the Livestock Census data, 668000 camels were recorded in
1997 which has gone down to 498024 in 2003. This means 25 percent decrease in a period of five years. By 2007, the
number of camels had further decreased to 430426, a further 13.5% decrease. In the Livestock census 2012 data,
the population of camel remain 23 percent to 325713. To save India’s dwindling camel population, the government
of Rajasthan has declared the camel an official State Animal and has drafted legislation, the Rajasthan Camel Bill
2014, to protect it.

The country has four major breeds of camel; the Bikaneri, Jaisalmeri, Kachchhi and Mewari. (Kaura, 1961;
Rathore, 1986 and Report of the Camel Development Committee, 1988). Bikanneri, Jaisalmeri and Marwari are
the common breed of camel found in the state. The Mewari breed of camel is adapted to the hilly terrain of the
Aravali hills of Mewar in south Rajasthan which is considered to be the major breeding tract of the breed (Rathore,
1986;Kohler-Rollefson, 1992 and Khanna, 2004). Jaisalmeri camels are predominantly bred in Jaisalmer, Barmer
and part of the Jodhpur district of Rajasthan state and are well known for their riding and race potential (Rathore,
1986 and Rai et al., 1992). Bikaneri breed of camel is one of the major camel breeds found in India. The breed derives
its name from the city Bikaner which was established by Rao Bika in the 15th century and is known for better
draught potential.

Conservation Strategies

There are thirty seven recognized breeds of cattle, 12 breeds of buffalos, 42 breeds of sheep and 20 breeds of
goats in India, in addition to large number of non-descript livestock. In recent times, several of the indigenous
breeds suffered decline mainly due to their becoming uneconomical. Draught breeds utility has decreased because
of mechanization in agriculture. Most of the wool produced in the region is 0f36 to 48s quality suitable for carpet
manufacturing. The conservation has been recognized as an increasing national concern. Genetic characterization
is the first step in prioritization of breeds for conservation.

The local breeds have following merits over exotic breeds viz:
1.  Better disease resistance than exotic breeds
2. More suitable for low input management system
3. Survive better in local environment
4. Suitable for draught work

In addition, existence of superior indigenous breeds can provide valuable research inputs for developing
superior breeds. Itis therefore important that Indigenous breeds of cattle are conserved, developed and proliferated.
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Conservation Strategies
(A) Breeding Policy

The existing breeding policy of the State emphasised the conservation and genetic improvement of defined
indigenous livestock breeds through selective breeding, upgrading and improvement of non-descritive stock
through crossbreeding

(i) Indigenous Breed Improvement Programme

To preserve and develop the well recognized indigenous breeds of cattle of the state, the indigenous breed
improvement programme is being operated in the native tract of cattle breeds viz. Gir (Ajmer), Tharparkar
(Barmer), Rathi (Bikaner), Kankrej (Jalore) and Nagauri (Nagaur district). The frozen semen of the selected bulls
of these breeds is provided for artificial insemination in animals of the respective breeds and genetic improvement
is achieved by selective breeding / upgradation of the animals in the respective breed tract.

The state breeding policy envisages upgrading of indigenous germ plasm on priority through selective
breeding within indigenous breeds, whereas non-descript cattle will be up graded with high yielding indigenous
native breeds. Selective breeding of indigenous breeds of Gir, Haryana, Malvi, Rathi, Kankrej, Nagauri, Sahiwal
and Tharparkar cattle will be carried out in native tracts where these animals are found in their true forms. Under
the breed improvement programme scrub bulls and calves which are not considered suitable for breeding purpose
shall be castrated.

(ii) Sheep Breeding Programme: - To improve the sheep population of the state genetically by providing superior
breeding males (rams) to the sheep breeders, State is running a Sheep Breeding Farm at Fatehpur (Sikar). According
to the sheep breeding policy, the crossbred animals of the farm has been sold and replaced by indigenous breed i.e.
Nali and Marwari. The indigenous rams will be distributed to the Sheep breeders at the subsidized rates. The farm
also has 84 exotic sheep (49 ewes, 5 rams and 30 lambs) of Rambouillete breed.

(iii) Goat Breeding Program: The programme for goat development is mainly aimed to help in improving the
weaker sections of society. There are goat farms of the department working at Ramsar in Ajmer district, Cattle
Breeding Farm, Nagaur and Kumher at Bharatpur District. Goat development programme is aimed to develop
Sirohi goats in ten districts of South-Western regions of the State viz.: Ajmer, Pali, Sirohi, Bhilwara, Rajasmand,
Chittorgarh, Dungarpur, Banswara, Nagaur and Udaipur. Sirohi breed kids of about 4-6 months age are selected
from the home tract and are reared at Ramsar farm Ajmer and Cattle Breeding farm, Nagaur. The bucks of
Jamunapari breed of goat are being reared at Cattle Breeding farm, Kumher, in Bharatpur District. These bucks are
distributed in Bharatpur, Dholpur, Karauli, Alwar and Sawai Madhopur Districts.

(iv) Pig Breeding Programme: - The pig is one of the most efficient animal having a great food conversion efficiency
among domesticated livestock, and can play an important role in improving the socio-economic status of the
weaker sections of the society. The state has established one Piggery Development Training Center at Alwar where
5 days training programme is being conducted free of cost. With an idea to provide breedable exotic Pigs to local
pig breeders and to encourage the Scientific pig breeding in the state a Pig Breeding Farm is functioning at Alwar.
Unit of pig (3 male + 1 female) is being supplied in the Alwar and Bharatpur districts specially to the Schedule
Caste, Tribes and marginal farmers. This Pig unit (3+1) is being distributed to the Socially Backward Classes on
subsidized rates i.e. @ Rs. 5000 per Unit.

(B) Implementation of the Breeding Programme

1. The State developed region specific and breed specific breeding strategies, programmes and plans to
implement the conservation programme.

2. In the districts of Jaipur, Jodhpur, Bikaner, Kota, Ajmer and Bharatpur division, Murrah breed shall be the
breed of choice for buffalo breeding. In the districts of southern belt of the Udaipur division, breeding
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by Surti breed shall be the breed of choice for buffalo breeding. Use of Murrah bull / semen in this part of
the division shall be done only on specific demand of the livestock owner / animal breeder. Non-descript
buffalo shall be required to be improved/upgraded by using Murrah / Surti bulls or it’s semen specified for
that area.

3. Region wise policy for breeding Cows

SN| Name of District | Breeding Policy | Breeds proposed for propagation
Jaipur division
1 | JAIPUR SB/UG/CB Gir / Haryana / Exotic / Crossbred
2 | ALWAR SB/UG/CB Haryana / Gir / Exotic / Crossbred
3 | DAUSA SB/UG/CB Haryana / Gir / Exotic / Crossbred
4 | SIKAR SB/UG/CB Gir / Haryana / Exotic / Crossbred
5 | JHUNJHUNU SB/UG/CB Gir / Haryana / Exotic / Crossbred
AJMER DIVISION
6 | AJIMER SB/UG/CB Gir / Exotic / Crossbred
7 | BHILWARA SB/UG/CB Gir / Exotic / Crossbred
8 | TONK SB/UG/CB  |Gir// Exotic / Crossbred
9 | NAGAUR SB/UG/CB Nagauri/ Tharparkar / Exotic / Crossbred
10 | JODHPUR SB/UG/CB  [Tharparkar/ Exotic/ Crossbred
11 | PALI SB/UG/CB Kankrej /Gir/Tharparkar / Exotic/Crossbred
12 | SIROHI SB/UG/CB Kankrej / Exotic/Crossbred
13 | JAISALMER SB/UG/CB Tharparkar / Exotic/Crossbred
14 | JALORE SB/UG/CB Kankrej / Exotic /Crossbred
15 | BARMER SB/UG/CB Kankrej/Tharparkar/ Exotic /Crossbred
UDAIPUR DIVISION
16 | UDAIPUR SB/UG/CB Gir / Exotic/Crossbred
17 | CHITTORGARH SB/UG/CB Gir / Exotic/Crossbred
18 | DUNGARPUR SB/UG/CB Gir / Exotic /Crossbred
19 | BANSWARA SB/UG/CB Gir / Exotic /Crossbred
20 | RAJSAMAND SB/UG/CB Gir / Exotic /Crossbred
21 | PRATAPGARH SB/UG/CB Gir / Exotic /Crossbred
BIKANER DIVISION
22 | BIKANER SB/UG/CB Rathi / Tharparkar / Exotic / Crossbred
23 | CHURU SB/UG/CB Rathi/ Tharparkar / Exotic/Crossbred
24 | GANGANAGAR SB/UG/CB Rathi / Sahiwal / Tharparkar /Exotic /
25 | HANUMAN- SB/UG/CB Rathi / Tharparkar / Sahiwal / Exotic / CB

Note: SB: Selective Breeding; UG: Up Grading; CB: Cross breeding
(C) Promotion of Breeders organization
1. Breeding Farms

The existing State/University breeding farms of indigenous breeds should be declared as germplasm
repositories and used for production of bulls. Only pure breeding should be practiced at these farms
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2. Gaushala

Conservation efforts have mostly limited to institutional farms with small herd sizes, leaving larger parts of the
breeding tract totally neglected. There are large number of Gaushala have quite sizable populations of purebred
animal of Indigenous breeds but do not have the resources for maintaining and improving these animals. Such
Gaushala may be supported to maintain indigenous breeds so that they can supply improved quality of germplasm
for breeding. They should be provided with scientific and technical inputs and training for genetic evaluation

Out of about 4000 Gaushalas in the country, 677 Gaushalas are registered in the Rajasthan State. A few of these
Gaushalas maintain herds of pure indigenous breeds and are providing quality indigenous / crossbreds heifers
and bulls. These can be rich source of identifying superior germplasm and their multiplication. In order to plan and
assign a grater role to Gaushalas and using them for cattle development, there is a need to conduct a nationwide
survey to have baseline information about the total number of Gaushalas available in each State/UTs. The survey
should generate required information about the number and breeds of the cow and her progeny maintained in
the available Gaushalas, size of agriculture farm land, capacity and number of biogas plants, facilities for research
and development on value added products from cow dung and urine and man power available to manage
the Gaushalas scientifically. Based on this information, a criterion needs to be evolved for declaring a Gaushala
as a conservation unit for a particular breed. The selected Gaushalas thus identified should be encouraged to
maintain purebred superior germplasm of indigenous breeds and strengthened to have state of the art facilities for
animal maintenance and germplasm production and multiplication. A long term breeding programme could be
developed for selected indigenous breeds, which may be undertaken by individual (large) or group (medium size)
of Gaushalas in associated manner to act as “bull mother farms”.

(D) Role of voluntary organization

1. Breeder Association — without involvement and participation of farmer’s it is not possible to conserve the
breed. Improvement of Indigenous breeds can be taken up in collaboration with Breeders’ association
through selection of outstanding animals true to their breed types.

2. These Breeders’ association can be encouraged to form a Federation at the State/District level to take up
issues relating to conservation and development of respective indigenous breeds.

3. States may consider having State level awards for Breeders’ associations and for progressive farmers who
have contributed to conservation and development of recognized indigenous breeds.

(E) Use of Science and Technology

Since the introduction of cross breeding programme, most of the techniques and methodologies for breed
improvement have been used to produce cross bred cattle. The application of such technologies for propagation
and improvement of indigenous breeds is a relatively rare phenomenon, one of the reasons for which may be the
reluctance of the farmers, owning these breeds to accept new and established techniques for reproduction.

1. Technologies such as artificial insemination, Frozen semen production, progeny testing, embryo transfer
technology should be used, after proper evaluation where ever required

2. National gene bank should maintain the germplasm in the form of semen & embryo. Regional gene banks
should meet the requirements of National gene bank

(F) Data Base

1. A reliable data base should be developed with regard to all the details of Indigenous breeds, including
their breeding tracts, numbers, characterization, gene make up, the institutional farm where they are being
preserved and /conserved.

2. The national level data base for cattle and buffalo developed by NDDB may be utilized for this purpose.
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3. A breeding network should be set up by computerizing and net working all Al outlets, semen stations,
breeding farm and Gaushala

(G) Creation of Public Awareness

1. Available information on different breeds should be published in the form of pamphlets, books, calendar
etc. This will create awareness and motivate farmers to conserve the important breeds.

2. Some farmers are the proud owner of the popular breeds of their area. Such farmers, if encouraged through
financial & veterinary help will help in preservation of breeds

3. Breeds shows should be arranged for local breeds and owners should be rewarded for maintaining pure
local breeds. Publish success stories on local breed conservation and innovative utilization.
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4. CRYOBANKING OF ANIMAL GENETIC RESOURCES -
OPTIONS AND CHALLENGES

M. John Edwin
Professor (Retd), Department of Animal Genetics and Breeding, Madras Veterinary College, Chennai-600 007
(Res: VGN Minerva (B1F1), Gurusamy Road, Nolambur, Chennai-600 095, India
e-mail: johnedwinl943@yahoo.com

Extinction of mammalian species is part of natural process of evolution and is irreversible, but now it is taking
place at a much higher rate. In the last few decades ex-situ in-vitro conservation strategies were developed by
cryopreservation of gametes, embryos, testis, ovarian tissues, somatic cells etc. This is an overview of current
status of the technology and the challenges for the future.

Need for Cryobanking

The goal of cryoconservation are (i) to keep genetic variation as gene combinations in a reversible form and
keep specific genes of interest (Printice and Anzar, 2010) (ii) to minimize inbreeding and genetic drift in small
populations (iii) to quickly redirect the genetic trend of a selected population (iv) to store foundation stock with
rare/extreme breeding value (v) as an Insurance against climate change, disease, selection errors, unforeseen
catastrophic events etc. (Meltdown of Nuclear reactor at Chernobye in 1986, Foot and Mouth Disease epidemic UK
in 2001, Civil war in Rwanda in 1990 etc) and (vi) to provide multi generations samples for scientists performing
DNA research (Mara et al. 2013).

Sample Collection

The standard recommendation is that a conserved population (including a newly reconstituted breed) should
have an effective population size (Ne) of 50 individuals, so that the rate of inbreeding can be held at 1% per
generation (FAO 1998). This could be met by 25 unrelated sires with frozen semen or by 25 unrelated parental pairs
with frozen embryos. These may be increased in practice for a margin of safety depending on reproductive success
(FAO 2011). For DNA, it is recommended that if fewer than 25 individuals are available in one sex extra individuals
from the other sex should be sampled to make the total no. of DNA samples stored up to 50.

Stopping the Biological Time

Cells can endure storage at low temperatures such as -196° C for centuries (Mazur, 1984). No thermally driven
reactions occur in aqueous systems at liquid nitrogen (LN,) temperature (-196°C). One reason is that liquid water
does not exist below -130 © C. The physical states that do exist are ‘crystalline” or ‘glassy’. In both states, the
viscosity is so high (10 * poises) that diffusion is insignificant. Moreover at -196°C there is insufficient thermal
energy for chemical reactions. The only possible reaction in frozen aqueous system at -196°C is formation of free
radicals and breaks in macromolecules as a direct result of ‘hits’ by background ionizing radiation or cosmic rays.

The dose ionizing radiation that kills 63% of cultured mammalian cells and room temperature is 200-400 rads.
Because of terrestrial background radiation in some is 0.1 rad/year, it ought to require some 2000-4000 years at
-196° C to kill that fraction of mammalian cells (Mazur, 1984). Therefore stability of stored biological material for
centuries requires a constant temperature below -130° C.

Freezing Rates
Slow Freezing (Controlled Rate Freezing)

i)  Diluents containing cryoprotectants are used to minimize ice crystal formation and to increase solute
concentration during freezing. In slow freezing lower levels of cryoprotectants are used. Spermatozoa
can tolerate a wide range of freezing rate 0.5 -100° C/min. On the contrary, oocyte and embryo are highly
sensitive to drastic reduction in temperature. Hence, a very slow rate of fall in temperature (0.3 — 0.5
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°C/min) is employed by using a computerized programmable freezer. Semen and embryo are routinely
frozen using slow freezing rates.

Ultra Rapid Freezing (Vitrification)

ii)  In vitrification, both ice crystal formation and chilling injury are avoided. It is a physical process by which
aqueous solution forms in to an amorphous ‘glass like’ state rather than crystalline. This phenomenon is
achieved by adopting a cooling rate of 2500° C/min or even higher by directly plunging the vial in to LN,
A very small volume of freezing media (0.6-02 ul) is used. Only problem is use of very high concentration
of cryoprotective agent (40-50%), which is toxic if exposed for longer time. This method is becoming more
popular for its advantages like simple and rapid procedures, no requirement of costly equipment and
user friendly for on-farm procedures. Apart from oocytes and embryos, vitrification has been successfully
used in cryobanking of organs like kidney, liver, heart, organ slices, tissues blood vessels, cartilages, skin,
cornea etc. Attempts to vitrify spermatozoa have not been successful.

Cryobanking of Semen

Semen is stored as a method for reviving a breed through back crossing. With four back cross generations it is
possible to reconstitute over 90% (4 generations ~94%, 5 generations ~97%) of the conserved breed or population
genome. However the mitochondrial genome of original breed is lost, where only semen is used. Semen is one of
the most practical means of storing germplasm due to its abundant availability and ease of collection. Variability
between bulls for cryoresistance is a major concern. Though this technique is in vogue for more than 60 years
still there is need to improve fertility of frozen semen. Cryoinjury affects several structures of the spermatozoa
resulting in compromised fertility. Therefore, only the best samples to be taken up for long term storage.

Ram and Buck semen freezing protocol is more or less similar. In sheep very low level of fertility (10-30%) is
obtained when frozen semen is used for cervical insemination (Curry, 2000). However, with laparoscopic deposition,
70-80% lambing rate is reported (Paulenz, et.al. 2004). This technique needs well experienced technicians and
costly equipment. In goats, fertility ranges between 50-60%, since anatomical structure is different and deposition
of semen is easy. However, in some cases, mixing of seminal plasma and diluents containing milk or egg yolk has
detrimental effect on spermatozoa lowering the fertility of frozen semen.

Swine has complicated cryotechnology because of large volume of fractioned ejaculate. Cryosurvival is
consistently low in comparison to other species. The procedure is time consuming, costly and yields few doses per
ejaculate (Rodriguez and Wallgren, 2010). Individual variation among boars for cryosurvival is significant.

In Stallions, processing the semen for cryopreservation is complex as the gelatinous portion of semen has
to be removed by filtration. Individual variation for freezability between stallions is significant. The success of
cryopreservation is lower than other farm animals and the motility/fertility ranges between 35-40% (Blottner et al,
2001).

Sperm Sexing on the basis of differences in DNA content between X and Y sperm has become a reality with
the flow cytometer with an accuracy of 90%. Sexed semen will have more application in in-vitro production of
embryos. Unbalanced sex ratio, especially excessive male birth can play havoc with small population in wild life.

Cryobanking of Embryo

Embryos are the best choice, if complete genotype of a breed is to be conserved for later regenerations. Storing
embryos enables conservation of mitochondrial genome. The main advantage is the speed with which breed could
be reconstructed (in less than 5 years). However embryos are significantly more expensive to collect and require
greater technical competence (Mara et al. 2013). Sufficient no. of embryos has to be stored to generate at least 10-20
females to reconstruct mitochondrial DNA. The calving rate in cattle under ideal circumstances is 45-50%.
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In several species, the most convenient stage for embryo freezing is the expanded blastocyst (6-7 days)
(Sommerfld and Niemann, 1999). The success rate for embryo freezing is 40%, 35%, 40% and 10 to 20% in sheep,
goat, horse and pig respectively. Cryopreservation of pig embryo has long been a problem due to extreme chilling
sensitivity and high lipid content of pig embryo. The in-vitro produced embryos have lower success than in-vivo
produced embryo (Mermillod, 2001).

Cryobanking of Oocyte

The Major advantages of oocyte storage are (i) the mitochondrial genes are not lost (ii) when stored with semen
no back crossing is required. However, cryopreservation of mammalian oocyte in general has several problems.
They are extremely sensitive to chilling (Printice and Anzar, 2010). And the damage to cryoskeletal system results
in aneuploidy. However, vitrification has shown encouraging results. Oocytes can be frozen either at germinal
vesicle (GV) or metaphase II (MII) stage. However, equine and porcine oocytes undergo significant changes during
freezing.. Limited studies have been undertaken in small ruminants. In sheep, poor developmental rates have been
reported following vitrification. In goats, acceptable levels of survival and cleavage have been reported.

Tissue Graft Banks

The aim of ovarian testicular tissue preservation is to store primordial follicles and spermatogonial cells
respectively. Xenografting of the thawed ovarian tissue of monkey, African elephant, cat, cow into immune deficient
mice has resulted in antral follicle development. Isolated sperm nuclei supporting embryonic development has
been recorded in cattle and human (Andrabi and Maxwell, 2007). Whole ovary of sheep cryopreserved, thawed
and auto transplanted has been reported (Revel et al, 2004).

Somatic Cell Nuclear Transfer (SCNT) has been used to produce offspring from cattle, goat, pig, horse, mule,
cat etc. Overall success rate is very low and gestational and neonatal developmental abnormalities have been
reported. Dermal fibroblast cells are the most common source for donor cells Somatic cell preservation is a low
cost way of establishing gene bank. The current levels of success in the cryopreservation of gametes and embryo
are summarized in the following table.

Table 1. Current Levels of Success Rate of Cryopreservation of Gametes and Embryos

Species Semen Oocytes Embryos
Bovine Good Difficult Good
Ovine Good Difficult Good
Caprine Good Difficult Good
Swine Difficult Difficult Difficult
Equine Difficult Difficult Difficult

(Source: Mara et al, 2013)
Biosafety in Cryostorage

Contamination with pathogens can occur from animals, during collection and handling, storage etc. Direct
exposure to Liquid nitrogen as in vitrification or imperfect seal can lead to contamination. Several organisms
survive LN, temperature viz. T.fetus, L.Pomana, Foot and Mouth disease virus etc. Whenever there is a breach (freezing
injury/ICSI/sexing/embryo cloning/gene transfer) on the zona pellucida, the protective covering, there is an
increased risk of infection (Bielanski, 2007).

Hence care should be taken to comply with sanitary and veterinary regulations of IETS, OIE, HASAC, MSP of
Govt. of India. Major importance is the ethical and technical excellence of those responsible for these procedures.

February 13 - 14, 2015, Madras Veterinary College, Chennai 107

TANUVAS & SOCDAB



Management Safety in Planning
% Objectives of programme to be clearly defined.
% Adequate funding to be allotted.
» Collaboration and skill sharing are essential.
w» Concept of single centre storing huge stock of multiple species is unrealistic
% Legal frame work, rights of disposal to be defined.
» Samples to be stored at regional and national level to overcome any eventuality.
% Regular supply of liquid nitrogen and adequate back up containers are to be provided.
% Dewars are to be replaced after 10 years.
w» Storage tanks to be connected to alarms system to monitor liquid nitrogen level.
% Data base and complete documentation is essential.
A gene bank without consistent documentation is worthless.
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5. GOAT GENETIC RESOURCES OF INDIA:STRATEGIES FOR THEIR
IMPROVEMENT AND CONSERVATION

M KSingh'andS K Singh?
Principal Scientist (AG&B) 2Incharge, AICRP on Goat Improvement
ICAR-Central Institute for Research on Goats, Makhdoom, Farah, Mathura - 281 122, UP, India

Introduction

India is home to 135.17 million goats, 23 recognised breeds and many lesser known but important genetic
resource ready for description as breed. Goats share about 26.4% of livestock population of India.The 12" livestock
census however, showed negative annual population growth rate (<1%) which might be due to very high demand
(slaughter rate is 64%) and rapidly depleting grazing resources and other factors yet to be analysed. Goat has huge
potential to meet the food security requirements and play vital role in rural development because of its affiliation
with resource-poor farmers. Goat farming has been extremely important means of family farming in particular,
landless, marginal and small farmers and income generation. It has proven record of eradicating hunger, and
poverty, providing food and improving livelihood in sustainable manner even in disadvantageous regions.
Presently, goats have become driving force of livelihood and employment security of rural households and also
possess huge exportpotential. It contributes 8.4% of the total value of output from livestockin Indian economy
through meat, milk, skin and manuresand generate about 4.2% of total of rural employment.Goat possesses an
important mechanism for coping up extreme climates because of better adaptability compared to crops and large
ruminants. Because of low input farming system,productivity of these goats are lower than their actual genetic
potential. Lower productivity can also be attributed topoor adoption of management practices &technologies
(breeding, feeding, health care, market andinadequatefarmers participatory genetic improvement programmes)
and depletion of grazing resources.More than 24 indigenousbreeds have been developed in different regions to
cater the multi-facet needs of people in different regions of the country. The caprine diversity presently available
in the form of different breeds/strains is the outcome to thousand years of deliberate selection and breeding efforts
made by our ancestor to address the variable need of human being of different agro-climatic regions.This diversified
germ-plasm is critical to meet-out future challenges and to sustain most of agro-ecosystem and production system.
The potential future value of a trait in a breed could not be determined and if the available genetic resource, breed
or strain is lost then that could not be retrieved and revived. Moreover, the genetic diversity and variability in
the form of different breeds is necessary for system resilience and enhancing productivity in variable production
environments. Since, food is essential component of livelihood security therefore,conservation of animal genetic
resources (sustainable utilization and improvement) is critical for sustenance of livelihood of people.

Goat Genetic Resources of India

India is rich source in goat genetic resources as 24 breeds with great diversity are available. These genetic
resources possess potential for production of meat, milk, fiber, delicate skinsand climatic resilience. All the 24
Indian goat breeds are great performer in their habitat under adequate feeding and bear great degree of resistance
for disease and climatic fluctuations. Some of the breeds show overlapping characteristics which might be due to
intermixing among the breeds in a region (s) where two or more breeds exist.Indigenous goat breeds, however,
low in production potential because (a) these breeds were subjected to selection in the past for adaptability to the
climatic stress and tropical diseases, rather than improving the genetic production potentials for production (b)
poor expression of their production potential due to in-adequate feed, fodder, housing, health measures and harsh
climatic conditions (c) lack of long term structured fieldgenetic improvement programmes.

The goat breeds on the basis of broad agro-climatic regions are described as

1. Northern Temperate Region: Chegu, ChangthangiGaddiandPantja are the important breeds of the region.
Chegu and Changthangiare distributed in northern upper Himalaya region (Laddakh and Kashmir) above 3500
MSL, are medium in size and produce finest quality of under coat hair called ‘Cashmere’ or ‘Pashmina’ beside
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quality meat. Prolificacy, milk yield and body growthrate however is low. Gaddi is habitat of medium Himalaya
region (Jammu, Himachal and Uttrakhand)medium in size, produce coarse fibre beside chevon. Pantja is recently
developed goat breed developed found in lower regions and foothills of Uttrakhand. It is a is a medium size breed
with good prolificacy.

2. North-WesternRegion:This region has maximum caprine biodiversity with 11 breeds i.e. Beetal, Jamunapari,
Barbari, Sirohi, Marwari, Jakhrana, Surti, Gohilwadi, Kutchi, Zalawadi, Mehsana. These goats are medium to
large in body size, dual purpose with special attribute of higher milk yield (150-350 liter/lactation). Body weight
at 12 month (20-40 kg), Prolificacy (liter sizel.3 to 1.7) and kidding rate (1.3 to 1.6) of breeds of this region is
also moderate to high. Many breeds (Beetal, Jamunapari, Sirohi, Zakhrana, Barbari etc.) are candidate breed for
grading up of non-descript goat of arid and semi-arid regions of India.

3. SouthernRegion: Goats in the Southern and Peninsular part of the country, though of dual utility but low in
milk yield as compared to goats of North-Western region and possess better traits for meat breed. Sangamneri,
Osmanabadi, Kanna-aidu, Malabari, KonkanKanyal, Berari and Black Attapady are the main goat breeds of the
region. These goats possess good ability for prolificacy (40-80%)

4. Eastern Region: Bengal or Black Bengal is main breed of eastern region of India. It is a dwarf size meat goat
breed and has great recognition for prolificacy (>80% females produces multiple birth), skin and carcass qualities
however, low in milk yield. Body weight at 12 month varies from 10-34 kg thus bear great scope of improvement
through selection. Ganjam is another localized medium breed of this region. These goats have great value for
climatic resistance, rear on low quality community grazing resources thus low in milk, growth rate and prolificacy.

Goat breeds according their major function are classified as:
Milk:1. Beetal, 2.Jamunapari, 3. Jakharana4. Surti

Meat: 1.Barbari 2.BlackBengal 3.Gaddi 4.Ganjan 5.Gohiwadi 6.Kannai Adu 7.Kutchi 8.Malabari 9.Marwari
10.Mehsana 11.0smanabadi 12.Sirohi 13.Sangamneri 14.Zalawadi 15.Black Attapady 16.KonkanKanyall7. Pantja
18. Assam Hill

Fiber: 1.Changthangi2.Chegu3.Gadddi

Lesser Known Goat Genetic Resources

Several goat strains/genetic groups have been developed by the goat keepers in different regions. These
breeds/strains are developed by crossing goats of two or more breeds or up grading local goats. Bundelkhandi
and Rohilkhndi are found in large area and probably developed by crossing local goats with Beetal or Jakhrana
far ago and subsequently inter-se mating. Whereas, Battisi (Maiwati), Totapari, Sojat, Karoli, Nagfani etc. are
found in localized area and developed by goat keepers initially through cross-breeding and sub sequentially
inter-se or selective breeding focusing certain morphological, adaptability and production characteristics,
particularlyexploringEid market and major attention is given for coat colours, body height and growth rate. Goat
developed in Assam Hill in upper Assam region and Shingery in Sikkim are such modified strains of Bengal.
Nostrils of goats of these strains are relatively broad with long hair on coat, liter size is relatively low as compared
to Bengal goat and white coat is predominate colour in these goats. Some strains have also developed in Orissa
crossing local goats or Ganjam with Bengal such as Malkangiri, Badavihana, Dalua and Narayanpatna.

Threatened Goats breeds

A breed classified as endangered is dependent upon number of factors i.e. the actual number of animals, the
rate of decline in the population size, the closeness of relationship between individuals within the population, the
geographical range and the rate of reduction of that range, special threats from introduced species, rapid changes
in the environmental conditions, predators and parasites (Hensen, 1992). Generally the range of numbers used

110 International Symposium on Sustainable Management of Animal Genetic Resources
for Livelihood Security in Developing Countries &
XII Annual Convention of Society for Conservation of Domestic Animal Biodiversity (SOCDAB)



to determine the point at which a population is in need of conservation. It varies from European estimates in the
hundredsto FAO estimates in thousands (Hodges, 1990). It is because Europeanestimate are based on the minimum
number of animals needed to maintain viablepopulation where as FAO estimates are based on minimum numbers
needed tomaintain a population or breed in which future selection and improvement can becarried out. For goats,
a breed will be included if there are less than 500 breedingfemales and four or less distinct male lines as defined.
Breeds were listed if therewere less than 500 breeding females.Rich caprine diversity of India has been in danger
and mainly attributed to indiscriminate cross-breeding on account of sale/castration of superior male, lack of
clearly defined breeding policy and it’s faulty implementation, poor adoption of improved management practices,
degraded eco-system and lack of marketing infrastructure. Due to above said reasons not only population of many
well-known goat breeds (Jamunapari, Beetal, Surti, Barbari, Changthangi, Sangamneri) but also their genetic
variability, adaptability for climatic fluctuations and productivity etc. has been declining. Goat breeds mentioned
are vulnerable to the extent that either the populations are declining numerically or their security is not secure, or
the populations are of adequate size but security is depend upon special intervention programme.

The well recognized breeds of goats surprisingly facing a greater threat of endanger ness mainly due to
improvement of goat increasingly emphasized the development of few breeds at the expense of others, changes
in rearing objective i.e. during last 2-3 decades goat rearing for milk has been given low attention by goat keepers,
sale of high potential goats without their replacement i.e. in many breeds such as Jamunapari, Jakhrana, Barbari
the high producing goats (male and female) were purchased by traders for commercial farming in a region which
was not suitable for that particular breed resulted in loss of introduced genotype and also created scarcity of
improved animals for multiplication in their respective home-tract.Sale of superior male for slaughter left inferior
and impure male to breed the female which has been resulting in negative genetic contribution in productivity,
thus reduces profit and population size of a goat breed.Dilution of breeds has emerged a bigger threat pushing
many important goat breeds in endangerment such as Barbari has been replacing by Sirohi.So, besides decline in
population size purity level of many breeds has also jeopardize.

The international union for conservation of nature (IUCN) has classified the animals in to seven categories on
the basis of their viability as (a) Extinct, (b) Endangered (c) Vulnerable (d) Rare (e) Intermediate (f) Insufficiently
known and (g) Out of danger. Threatened goat breeds in India are falls under two categories i.e. endangered and
vulnerable. A breed is considered as endangered, when the effective population size is too small to prevent genetic
loss through inbreeding leading to infertility and lack of survivability resulting in ultimate loss of the population.
According to FAO, a breed with a population size of 5000 breeding females or less can be an endangered breed.
However, the need for conservation depends upon several factors e.g. (i) rate of decline in the population size,
(ii) closeness of relationship between individuals within the population (iv) sex ratio (v) geographical range and
its rate of reduction (vi) special threats from introduced breed/species (vii) rapid changes in the environmental
conditions (viii) predators, parasites, disease etc. A breed is vulnerable, when the population is rapidly declining
numerically or its security is under threat.

Constraints of Goats Genetic Improvement and Conservation:

Major constraint is the non-availability of pure-bred and quality breeding bucks. Goat keepers with small
even with medium size flocks do not keep bucks due to fear ofincrease in rearing cost and difficulty in routine
management. Absence of large flocks has compelled the goat keepers not only for breed dilution but also mating
with low-potential buck. Scarcity of bucks with goat keepers not only is decreasing production potential but also
reducing reproduction efficiency of goats. Mostly smallholders even with large flocks sell their potential male kids
to butchers to meet domestic needs of their family ie either no replacement or replacement with inferior/impure
male for breeding. Genetic variability might also declining of most of the breed particularly of threatened breed on
account of high rate of inbreeding due to using a buck for long period of time (>3 years) in a flock and subsequently
using male kids for breeding from own flock. Improper breeding practices such as breeding of females before
attaining proper age and weight resulted in high rate of abortion, stillbirth, higher kids morbidity and mortality
and lower life time productivity of goats. Scarcity of feeding/grazing resources i.e. supplementation of concentrate
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was not given even to high production goats, thus good genotype of goats (breed) do not fully expressed by them
and blamed for poor production efficiency, and also biased the selection of genotype. Pre-requisite of a genetic
improvement programme is pedigree and performance data recording which is not being practiced in field. Since
genetic improvement programmes acted in additive/cumulative manner and take time to show their impact.
However, there is a tendency to show quick improvement impact by development agencies. Statedevelopment/
Bank officials have perception that goats are detrimental to the environment thus do not allow goat keepers to take
advantage of loan schemes. All these constraints all together have been leading to selection (improvement of goats)
in negative direction, dilution and ultimately threat for a breed.

Approach and Mechanism of Conservation

If the breeds are disappearing in its natural habitat then action to conserve the breed should be taken
immediately. The following information (estimate) is necessary in planning conservation strategy.

1.  Descriptive information on breeds, production characteristicsand distribution/location.
2. Breed population dynamics.

3. Rate of breed dilution/introgression.

4. Health risk status, epidemics and endemic diseases.

6

Estimate the other risks and natural calamity.

The mechanism for the conservation is dependent upon rate of genetic loss and the increase in homozygosity.
The increase in homozygosity within a small population causes the loss of ability to adapt, inbreeding depression
and extinction.The maintenance of diversity in a population depends on founder population and effective
population size. The population size, birth and survival rates, sex ratio and levels of variation must be taken into
account before deciding the manner the breeds will be conserved. Two major approaches Ex-situ and In-situ have
been used for conserving the goat population in India.

In situ: The maintaining animal in its natural habitat or in their adaptive environment as close as possible is
called in-situ conservation.

Ex Situ: It is the storage of animal genetic resources, which farmers are not currently using in field condition.
It includes cryogenic preservation and maintenance of breeds of domesticated animals in farms, zoos and other
location away from its home tract. It is the preservation of semen, ova or embryos, DNA segments in frozen blood
or other tissues. Both in-situ and Ex -situ methods are equally feasible for conserving Indian goats.

Strategy for Improvement and Conservation of Indian Goat Resources

The programme should be designed in such a manner so as to contribute both immediate production needs and long
term improvement programmes in order to take up breed characterization evaluation and utilization. It is necessary that each
State Govt. should establish an appropriate infrastructure at the State level with adequate specific allocation of funds for goat
development. Central Institute for Research on Goats, Makhdoom, Mathuraand National Bureau of Animal Genetic Resources,
Karnal may act as the nodal agency for goat improvement and conservation of Goat Genetic Resources,respectively. State
Government to give adequate priority to conservation, Management and Development of goat genetic resources to provide
food security and help in poverty alleviation of rural poor. The Scientists and Technicians may be trained in the area of
management for breed conservation and improvement.

All Indigenous goat breeds including threatened breeds have an immense production potential and preferred
in past for milk and meat purpose. Concerted efforts are necessary to characterize and evaluate under optimum
production systemOpen nucleus flock can be established through selecting high productivity goats on the basis of
objective assessment from the farmers flock and utilized for producing breeding male through intensive selection
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and distribution to the co-operating and other farmers. Keeping nucleus flock open would help in reducing in-
breeding and increasing selection intensity. Some flocks (covering about one thousand population) of a may be
registered to form a goat breeder co-operative with an elite open nucleus flock. The high producing goats of the
cooperating herds should be pooled to form a nucleus flock, which will produce proven bucks for the genetic
improvement of the cooperating flocks. High performing females (10-20% of strength) from cooperative/ registered
goat keepers should be purchase toinclude in nucleus flock. Simultaneously capacity building of goat keepers be
done for putting identification marks and recording data on performance traits, supplementation of concentrate
ration, vaccination, deworming, following improved breeding practices.

Goats with good milk production such as Jamunapari, Beetal, Jakhrana and Surti etc. of North ~-Western region;
Fibre producing goat of northen region such as Changthangi; Assam Hill and Shingery breeds of north-eastern
region need immediate attention for their conservation. The best approach to conserve them is In-Situ through
improving their productivity along with adaptability to prevailing climates by long-term structured genetic
improvement programme with farmer’s participation. Capacity building of goat keepers to increase adoption of
improved management practices, support for vaccination and medication, strengthening of feed resources and
marketing structures are equally essential activities. Development of local institution such as goat cooperatives,
societies and SHG,s would be useful for bringing faster and effective improvement and conservation of threatened
breeds. Moreover, nearly 80% goat population is non-descript, which are well adapted therefore such goats should
be improved through grading up possibly though supplying of potential breeding bucks of threatened breeds such
as Jamunapari, Beetal, Jakhrana, Barbariand Surti etc. in their respective home tracts. Funding and implementing
agencies should not withdraw support half-way from programme, otherwise whole programme would become
futile. Development authorities should understand that gains due to genetic improvement are permanent
cumulative and will contributes hundreds of years. Goat improvement programme should be synergies with other
component such as empowerment of goat keepers, development of common resources for fodder, and availability
and delivery of vaccines and medicines etc.

Role of All India Coordinated Research Project on Goat Improvement and Conservation

AICRP on Goat Improvement is a long term, multi-disciplinary, structured programme operating in consortia
mode to bringing upon genetic improvement and conservation of goat genetic resources of the country in their
native tracts. The present approach for improvement being adopted is outcrossing (selective breeding) in their
native tract. The major traits of goat improvement are body weight, milk yield, fibre yield, kidding percentage,
fecundity, survivability, production life and profit. The programme explores genetic variations in local breeds
by supporting technological interventions and financial assistance for systematic animal identification, pedigree
and performance recording, preventive health care, selecting superior goats on the basis of performance for
multiplication, development and transfer of technologies, capacity building of goat farmersand creating marketing
infrastructure. Under 12"plan large weightage has been given through linkagedevelopment with state livestock
development agencies, NGO’s and Farmersfor breed based genetic improvement for sustainable livelihood and
feed security of poor goat keepers. Improvement and conservation of goat resources/breeds of different regions
is focused in farmers flock through establishing breed societies, cooperatives multiplier flocks, strengthening
marketing structure and capacity building of goatfarmers.Presently, thirteen breeds and five locally adaptive and
lesser known genetic groupsare covered through eighteen centers across the country. All the centers are solely
concentrating in improvement of villagers goat flocks predominated in tribal and disadvantageous regions of the
country. Al most all threatened breeds except Beetal and Jakhrana are included in AICRP and being improved
under farmer’s flock in their respective home tract.
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Goat Improvement and ConservationProgrammes in India

S N [ Name of the centers Breed Purpose Starting date
C.IR.G., Makhdoom (U P) Jamunapari Milk &Meat 1993
C.IR.G., Makhdoom (U P) Barbari Meat & Milk 1993
CSWRI, Avikanagar (Raj) Sirohi Meat & Milk 1993
RAU, Bikaner (Raj) Marwari Meat 1993
WBUV&ES, Kolkata Black Bengal Meat 1997
OUA&T, Bhubaneshwar Ganjam Meat 1997
MPKYV, Rahuri (MH) Sangamneri Meat 1997
G.A.U., Navsari (Gujarat.) Surti Milk & Meat 1997
KV&ASU, Thrissur (Kerala) Malabari Meat & Milk 1997
MPUA&T, Udaipur (Raj.) Sirohi Meat & Milk 1997
NARI, Phalton (MH) Osmanabadi Meat 2009
HPKVYV, Palampur (HP) Gaddi Fiber & Meat 2009
BAU Ranchi (JHK) Black Bengal Meat 2009
AAU,Burnihat Assam Hill Meat 2009
IVRI Campus, Mukteswar Himalyan Goat Meat 2014
SKUAST-K Leh, J&K Changthangi Pashmina & Meat | 2014
GBPUA&T, Pantnagar Pantja Meat 2014
CARI, Portblair Andmani Meat 2014

Impact of AICRP on Goat in Goat Improvement and Conservation

1.

10.

11.
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Pure-bred goat’s identification of 1500-2000 goats of each breed in farm/farmers flock along with pedigree
and performance over years and generations.

Estimated genetic and phenotypic component of variance and co-variance.
Established 4-6 multiplier flocks of each breed/genetic group.

About 10000 superior goats of different goatbreeds were supplied to farmers and development agencies for
improvement and conservation.

Developed packages of breeding, health, feeding and housing management practices for all agro-climatic
regions.

Developed low cost technologies for different region such as feed supplementation, feed devices, goat
houses, silvi-pasture models and value added goat products from goat milk, meat, fiber, manure, etc.
There was significant improvement in body weight (19-43%), milk yield (12-32%), prolificacy (11-29%),
kidding rate (15-40) and survivability (up to 200%) of different breeds at different locations over base
population.

Significant increase has recorded in population of several threatened goat breeds such as Jamunapari,
Barbari, Surti, sangamneri and Malabari.

Programme has created infrastructure and stored germplasm in the form of semen and ova.

The income of goat keepers at different locations in the country was increased up to 300% annually through
scientific goat rearing under AICRP.

Programme has improved capacity and skill of more than 5000 people in the area of livestock farming.

International Symposium on Sustainable Management of Animal Genetic Resources
for Livelihood Security in Developing Countries &
XII Annual Convention of Society for Conservation of Domestic Animal Biodiversity (SOCDAB)



12. More than 10,000 goat farmers and officials of 12 SAU’s & state livestock improvement agencies have been
actively associated with this programme.

Breeding Policy and Road map for Goat Improvement and Conservation

1. Selective breeding and grading up are major breeding approach and may be implemented through nucleus
schemes. Up gradation of huge non-descript goat population by improver breed should be seriously
implemented.There should be clearly described breeding policy for each breed in every states/regions/
farming system.

2. Evaluation of goat genetic resources with respect to production environment, production attributes, genetic
architecture and for end use suitability and, establishment of Inventory of important breed.

3. Formation of goat breeder’s cooperative/ societies/SHGs and such groups should be financially and
technically supported.

4. Establishment of nucleus farm, kids nursery farm, buck mother farms of initially of threatened breed and
subsequently for other breeds to ensure regular availability of elite buck to farmers.

5. Establishment of more number of multiplier flocks of each breed and proper recording of data for ONBS
based genetic improvement.

6. Up-gradation of non-descript goat population of that particular region through distribution of elite breeding
bucks of threatened breed.

Ban on indiscriminate slaughter of elite males of threatened goat breeds.
Promoting strategic feeding practices i.e. semi-intensive and intensive goat rearing.
Improvement of community pastures, grazing land and water bodies.

10. Promote adoption of prophylactic goat health calendar with ensuring availability of vaccines and essential
medicines.

11. Linking goat farmers to supply chain
12. Simplified process of credit facilities to goat keepers to expand their flocks.

13. Promote formation of Goat co-operatives, goat self-help groups, Goat producer groups’ companies and
markets and their vertical integration.

14. Capacity building of farmers for technology adoption (breeding practices, vaccination, deworming, strategic
feeding, goat housing) and for smart marketing etc.

CONCLUSION

Indigenous goat breeds have immense production potential in given climate provided they get congenial
environment. Their optimum potential has not expressed due to subsistence production systems and low inputs.
While framing breeding strategy for goat improvement traits of local importance (adaptability to climate, disease
resistance and irregular and scarce feeds availability etc.) should not be ignored. Improvement objectives of a
breed(s) in different region should be well defined along with breed basedimproved package of practices.
Management interventions for different farming systems (integrated/specialized/mixed/low or high input) in
different regions should be popularized among stakeholders. Critical inputs for goat farming such as bucks,
vaccine, medicine, credit etc. should be essentially made available with easy access particularly in the home
tractsthreatened goat breeds. Formation of goat breeder’s cooperative/ societies/Buck Mother Farm/Multiplier
Flocks should be encouraged. Up gradation of non-descript goats should beimplemented in big way.At least 2000
goats of all threatened breeds should be properly tagged and be made part of in-situ conservation programme.
Sell of high potential males for slaughter should be minimized by making farmersaware. For effective goat germ-
plasm conservation thrust should be given to low cost management interventions, capacity building of goat
keepers and participatory field improvement programmes. Organizational initialization and support are essential
for sustainable conservation and improvement of local goat breeds in their habitat. More number of breeds with
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large number of goat keepers representative of entire home-tract of a breed may be included in AICRP on Goat
improvement in collaboration of state livestock development agencies. Facilitation access of appropriate goat
production technologies, Integrated Farming System Models, technical assistance, credit, linkage of farmers with
market through SHGs &Goat producer organizationsand restoration of grazing resources are the key component
of holistic goat and poor goat keepers livelihood improvement.
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6. INDIAN RIVERINE BUFFALOES TRANSFORM THE WORLD
BUFFALO GENETIC RESOURCES
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e-mail: rishikps@yahoo.com

Introduction

The water buffalo (Bubalus bubalis) is found in the Indian subcontinent to Vietnam and Peninsular Malaysia,
Sri Lanka and Philippines. The wild water buffalo (Bubalus arnee) native to Southeast Asia is considered a different
species but most likely represents the ancestor of the domestic water buffalo. Two types of water buffalo are
recognized based on morphological and behavioral criteria:

(i). River buffalo of South Asia and further west to the Balkans, Egypt and Italy.

(ii). Swamp buffalo, found from Assam in the west through Southeast Asia to the Yangtze valley of China in
the east.

The original domesticated buffaloes are believed to have been derived from the Indian wild buffalo (Bubalus
arnee). Riverine and Swamp buffaloes were domesticated almost together (around 2000BC), former in the Indus
Valley Civilization and the latter in the Yangtze Valley. Domestic buffalo reached South-East Europe by 12*
century; later taken to the Americas and Australia, and Africa in the 20" century. Riverine breed development
has largely centered in Indo-Pak subcontinent. Water buffalo (Bubalus bubalis) includes two sub-species known
as the riverine and swamp types, which differ in chromosome numbers and morphology. The riverine buffalo
has 50 chromosomes while swamp buffalo has only 48 chromosomes due to tandem fusion translocation between
riverine buffalo chromosome 4 and 9. However, the two subspecies are inter-fertile and produce progeny with 49
chromosomes. The morphology of two types differs considerably. Swamp buffaloes are small in size and have body
weight 300 to 450 kg, while, the riverine buffaloes are generally larger in size (400 to 800 kg). Riverine buffaloes
prefer to enter in clean water and are primarily used for milk production, while, swamp buffaloes prefer marshy
land habitats and are primarily used for draught and meat production. Satish Kumar et. al. (2007) also studied
the phylogeographic and domestication of India river buffalo and reported that the present day river buffalo
is the results of complex domestication processes including more than one maternal lineage and a significant
maternal gene flow from the wild populations after the initial domestication events. The phylogeographic and
domestication study also concluded that the riverine buffalo was likely to be domesticated in western region of
India sub-continent, specially the present day breeding tract of the Mehsana, Surti and Pandharpuri breeds.

Population

The buffalo population trend is increasing in the world and according FAO data (FAOSTAT, 2010), the world
buffalo population is about 182 million with a positive trend of 8.3% increased in comparison with the 168 million
population in 2005. In Asia, according FAO data (FAOSTAT, 2010) there are 174 million buffaloes (95% of total
population), with a positive trend (+ 8.1%) as 5 years before the Asian population was161 million (Borghese, 2005).
This positive trend is due to the increasing population in India and Pakistan, where milk purpose breeds were
selected and buffalo milk market is very strong. In Africa, where the buffalo is found only in Egypt, there are
5.23 million buffaloes (FAOSTAT, 2010),while before six years the Egyptian buffalo population was 3.71 million
(Borghese, 2004), with an incredible positive trend of 40.7%. In Europe, the most of population is in Italy with
about 400,000 buffaloes, while the European buffalo population is 459,000 (0.25% of world population), less than
the buffalo population seven years ago (500,000; 0.30%), Borghese, 2005. The decreasing trend in many Balkan
countries as Romania, Bulgaria, Macedonia, Greece, Albania, Serbia, partially balanced by the increasing trend in
Italy, link to the expansion of mozzarella market. In America, recent buffalo population reported about 4,227,000
buffalo head, 2.32% of total population, while 11 years ago there were only 3,345,000 buffalo population, with
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a positive trend (+26.4%) due to the changing from a meat purpose breeding to a dual purpose (milk and meat)
livestock.

Buffalo Genetic Resources

In India: India has, in its length and breath, a number of climatic zones with varied natural resources, climatic
conditions and differing socio-economic cultural systems. Several of such stable systems have resulted in unique
local and genetically stable buffalo breeds and populations that make significant contribution in the local milieu.
Indian riverine buffaloes are represented by thirteen well recognized breeds viz. Murrah, Nili Ravi, Bhadawari,
Mehsana, Surti, Jaffarabadi, Nagpuri, Pandharpuri, Marathwada, Toda, Banni, Chilika and Kalahandi. The genetic
diversity ranges from high yielding dairy type (Murrah, Nili-Ravi, Banni, Mehsana etc) to extensively managed
semi-wild Toda. The NBAGR-Karnal and ICAR-New Delhi has registered all the above thirteen buffalo breeds and
their accession numbers have been issued. The details of State / Breeding tract, utility and accession numbers are
given in Table-1. The population status of all the registered breeds is stable except Bhadawari, Toda and Nili-Ravi.

Table 1: Home tract, accession numbers and utility of 13 registered buffalo breeds.

Sr. | Breeds Accession No. State / Breeding | Utility
No tract

1 | Murrah INDIA_BUFFALO_0500_MURRAH_01001 Haryana, Delhi | Milk

& Western UP

2 | Nili Ravi INDIA_BUFFALO_1600_NILIRAVI_01002 Punjab Milk & Meat

3 | Bhadawari [ INDIA_BUFFALO_2010_BHADAWARI_01003 UP&MP Milk & Fat

4 | Mehsana [ INDIA_BUFFALO_0400_MEHSANA_01004 Gujarat Milk

5 | Surti INDIA_BUFFALO_0400_SURTI_01005 Gujarat Fertility

6 | Jaffarabadi [ INDIA_BUFFALO_0400_JAFFARABADI_01006 [ Gujarat Milk & Meat

7 | Nagpuri INDIA_BUFFALO_1100_NAGPURI_01007 Mahrashtra Milk

8 INDIA_BUFFALO_1100_PANDHARPURI_01008 | Mahrashtra Milk

9 INDIA_BUFFALO_1100_ MARATHWADI_01009 | Mahrashtra Milk

10 | Toda INDIA_BUFFALO_0018_TODA_01010 Tamilnadu Draught & Milk
11 | Banni INDIA_BUFFALO_0400_BANNI_01011 Gujarat Milk

12 | Chilika INDIA_BUFFALO_1500_CHILIKA_ 01012 Orissa Milk & draught
13 | Kalahandi | INDIA_BUFFALO_1500_KALAHANDI_01013 Orissa —

World Buffalo Breeds Originated from Indian Buffaloes

Murrah buffaloes exported to many countries for improvement of local buffalo populations. Murrah buffaloes
are reported to be in China, Ecuador, Guatemala, Indonesia, Malaysia,, Nepal, Philippines, South Africa, Sri Lanka,
Azerbaijan, Brazil and Bulgaria (DAD-IS, 2010). In Malaysia, Murrah buffaloes were introduced from India in the
early 1900, in China 1957 and used for crossbreeding with local buffalo population. In Bulgaria, Murrah buffalo
bulls were first crossed with Bulgarian buffaloes in 1962. The Philippines had a long history of importing Murrah
buffaloes and the first time imported in 1918, in 2001 frozen Murrah embryos were imported and last infusion of
2000 Murrah buffalo from Brazil in 2010. Indian Riverine buffaloes exported to different countries for improvement
of local populations age given in Table 2.

In Bulgaria the only breed is Bulgarian Murrah, coming from crossbreeding of Indian Murrah on local
Mediterranean breed. From Bulgaria, buffaloes were exported in other countries as Romania and Germany and in
far countries as Brazil and Venezuela. Murrah buffaloes were exported in Sumatra to increase the availability of
milk, as the local breeds are Swamp with low production; the same for many Asian countries where the original
population is Swamp type. Murrah buffaloes were exported from India to Brazil for meat purposes. Jaffarabadi
breed was chosen by many American countries and selected as meat purpose breed. Now it is possible to find
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Murrah and Jaffarabadi pure or crosses in Brazil, Colombia and in other South America countries, where these
breeds shown a great adaptability to marsh lands, to different crops and pastures and a high meat production
animal. Jaffarabadi was the basis for the creation of Buffalypso breed in Trinidad-Tobago and Cuba.

Riverine Buffalo have been introduced into many countries in the world. The importations have primarily
been from India, Italy, Bulgaria, Indo-china and Australia. The first introductions are believed to have been made
in 1890, but subsequent importations have mostly been of the breeds from the Indian subcontinent. Initially they
were introduced for work and later for meat. They were primarily managed on ranches on extensive system,
but presently milk production is in high focus, and the dairy type breeds are stall-fed and kept under intensive
management. The breeds of Indian origin are maintained as pure breeds, but they have also been interbred leading
to new breeds like Brazil Mediterraneo, Brazil Murrah and Bulgarian Murrah. The buffalo breeds developed in the
world with the introduction of Indian buffaloes are given in brief as below:

Bulgarian Murrah: Bulgarian Murrah breed, created on the basis of crossing among the native Bulgarian buffalo
and the Murrah breed from India. The new breed was officially recognized in January 2002. From 1962 to 1990,
Murrah buffaloes from India were imported into Bulgaria and a new population of buffalo “Bulgarian Murrah”
(Local Bulgarian Buffalo -25% X Indian Murrah -75%)was created by upgrading the local buffalo.

Egyptian Buffalo: Buffaloes were introduced into Egypt from India, Iran and Iraq approximately during the
middle of the 7th Century. It is the most important and popular livestock for milk production in Egypt.

Mediterranean or European Buffalo: The Mediterranean buffalo originates from the Indian buffalo. It was
introduced into Europe with the advent of Islam and the Arab occupation in the 8% century in Sicily and in the
south of Italy, while in the east Europe, buffalo was introduced later with crusaders in the 12* century and after
with Turkish invasion during the Ottoman empire (15th century). The Mediterranean buffalo is present in many
countries of South America as particularly Brazil, Argentina, Venezuela and Colombia, where it was introduced to
increase the milk and meat capacity. In these countries and in many Asian countries (Turkey, Iran, Azerbaijan, China,
Bangladesh, Indonesia), Mediterranean Italian semen was largely used to create F1 crossbreds with higher milk
potential. Therefore we can find many million head coming from crossbreeding with Murrah and Mediterranean
in the world, from America to Asia. In Bulgaria, Romania, Macedonia, Greece and Albania.

Brazilin Buffalo: In Brazil most of the buffaloes are progeny of the stock imported from Indo-china in 1890; of
Murrah, Jaffarabadi, Nagpuri, Surti, Nili-Ravi from Indian subcontinent during 1907-1962; and of Italian buffaloes
from Italy. Most of these are used for milk and meat, while carabo’s are used for work and meat. These breeds have
undergone a period of mixing. At the present time, they are classified as (i) Brazil Murrah derived from imports of
Murrah breed of India; (ii) Jaffarabadi derived from Jaffarabadi stock of India and bred pure; and (iii) Mediterrano
derived from imported Italian buffaloes and some Murrah admixture currently bred within the stock as purebred.
These three breeds are for milk and its products, and for meat production.

Anatolian Buffalo: The Anatolian buffalo has been raised in Turkey for centuries, originating from Indian migration
(7th Century), together with the expansion of Islam.

Azeri or Caucasian Buffalo: This breed originates from the Indo valley (Indian buffalo). There is some evidence
that buffalo were raised in Lorestan (Iran) in the 9th Century B.C.

Romanian Buffalo: The Romanian buffalo breed originates from the Mediterranean type of water buffalo.
Introgression has been made since 1960 from Murrah buffalo stock from Bulgaria.

Buffalypso: Buffalypso is the typical buffalo of Trinidad and Tobago. River type milk buffaloes were imported
into Trinidad from India at the beginning of the last century. The first importation of 30 Jaffarabadi to a sugarcane
farm occurred on 1905. Afterwards other breeds have been imported from India, such as Murrah, Nili-Ravi, Surti,
Nagpuri, Bhadawari, and Swamp Carabao were imported from Australia. Steve Bennet started on 1948 in the
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Caroni State farm to cross Bhadawari and Murrah on Jafarabadi and after with other breeds to create a triple
purpose breed, meat, milk and draught for working in sugarcane farms, named Buffalypso (Buffalo x Calypso
that is Caribesong). Buffalypso is historically the only breed selected exclusively for meat, very muscular animal.

Performance of Buffalo Crosses
(A). Murrah cross with River buffaloes

Bulgarian Murrah: The performance of Bulgarian Murrah and crosses with Murrah buffaloes are given in table 3.
The results indicate significant improvement in performance traits of crossbreds and Bulgarian Murrah buffaloes.

Romanian buffalo: Main uses are milk, meat and draught power. Milk yield varies according to season of calving,
lactations number, level of feeding, and length of lactation. Lactation milk yield (kg) is between 958-1455 kg. The
number of days lactation per year is 252-285; age at first calving is 38-42 months; average lactations number is 6-9;
age at slaughter for young stock is 22-24 and 350-400 kg or at 3-4 months and 60-100 kg for males and the females
are slaughtered at 500-600 kg, usually after the first lactation or after the productive life. In 2003 the female that was
included in herd book had 1831 kg milk, with 136 kg fat (7.48%) and 71 kg (3.93%) protein. Age at first calving was
38 month and 6 days and calving interval of these female was 456 days. The average of calves/year is 0.85.

Buffalypso: Buffalypso is historically the only breed selected exclusively for meat, very muscular animal. The
slaughter weight is about 400 kg with dressing percentage of 52.43%, until 450 kg with a dressing percentage of
50.88%; the meat quality is better than correspondent local steer (Rastogi and Rastogi). The milk yield is 611 kg in
192 days of lactation, with 7.15% fat and 4.03 protein (Rastogi and Rastogi). From 1996 the milk production from
Buffalipso started too in Cuba, because of the need of milk for human food, obtaining an average 873 kg milk for
lactation of 244 days

Average slaughter weight is 250-400 kg, at the age of 12-15 months.

Dairy performance: Lactation duration270 days, Milk yield 900-4000 kg, Milk fat 8.0 percent, Milk protein 4.2-
4.6 percent (Mitat, 2011).

(B). CROSSBREEDING RIVER AND SWAMP BUFFALOES

Crossbreeding has been practiced in almost all countries where swamp buffalo predominates i.e. China,
Burma, Thailand, Philippines, Malaysia and Sri Lanka with the objective for improving milk yield capacity. China
started crossbreeding work in the late 1950, imported Murrah buffalo from India and the Nili-Ravi buffalo from
Pakistan in the late 1970. The crossbreds in China had good conformation, a massive body structure with well
developed hindquarters and significant improvement in milk yield. The performance traits of swamp, Murrah
and their crosses are given in Table 4. The success of crossbreeding between swamp with Murrah buffalo in China,
lead the transformation of Swamp buffalo population and the research on crossbreeding of swamp buffaloes with
the riverine breeds, specially the Murrah, has been conducted in different countries, e. g. Philippines, Malaysia,
Vietnam, and Thailand. Reports on crossbred performance in various countries reported by various workers
(Eusebio, 1975), Liu, 1975, Jalatge, 1980 and Keshary and Shrestha, 1980) are given in Table No 4 to 8.

In Philippines the milk production of Phil-Murrah F1 and Phil-Ravi F1 was reported an increase of 32 percent
in birth weight, an increase by 100 percent in weight at 18 months (average 300 kg) and a 3 to 4-fold increase in
milk yield (1200 1 in 300 days) than the native carabao. These reports revealed genetic potentials of crossbreeding
to improve the swamp buffalo for milk and meat.
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Table 2: Indian Riverine buffaloes exported to different countries for

improvement of local populations.

Sr. No. Country Breed Imported Year of Introduction

1 Brazil Murrah 1890 /1895
Jaffrabadi 1907

2 Trinidad Murrah 1900
Jaffrabadi 1924
Nagpuri 1938
Surti 1949
Bhadawari —
Nili-Ravi -—-

3 Argentina Murrah 1980
Jaffrabadi 1983

4 China Murrah 1957

5 Philippines Murrah 1918
Frozen semen 1980

6 Vietnam Murrah 1970

7 Bulgaria Murrah 1962, 1972

8 South America Murrah 1895
Jaffrabadi 1895

9 Australia Water Buffalo 1824, 1849, 1886

10 Malaysia Murrah Buffalo 20% century

11 Sumatra Murrah 1850

12 Nepal Murrah 1967 and 1971

13 Egypt --- 7% Century

14 Iran --- 7" Century

15 Iraq --- 7% Century

16 Europe --- 8" and 12 Century

17 Turkey --- 7% Century

18 Sri Lanka Murrah 1939, 1941 to 1991.

Table 3. Performance of Murrah, Bulgarian and Bulgarian Murrah crosses

Traits
Breed / Crosses 300-d milk Fat % LL Fat yield (kg)
yield (kg) (days)
Murrah (M) 1823 7.95 306 145.2
Bulgarian )B) 1198 7.59 296 0914
FIMXB 1492 7.64 288 113.9
Bulgarian Murrah 1845 7.40 274 135.6
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(B). Murrah cross with swamp buffaloes

Table 4. Performance of Swamp buffaloes and its crosses in China

Crosses No. of Milk Production Traits
Records LL (days) LMY (kg) ADMY SLMY (kg) APY
(kg) (kg)
Swamp (S) 70 280.4 +20.2 1092.8 + 207 .4 3.79 -— 6.60
Murrah 237 324.7 +73.6 2132.9 +578.3 6.57 2117.1 £430.0 | 17.40
M)
F1 MXS 241 280.1 £ 76.1 1233.3 £529.7 4.40 -—- 16.50
F2MXS 54 303.2 + 83.1 1585.5 + 620.6 5.22 -—- 13.00
NXMXS 168 317.6 +78.4 2294.6 + 772.1 7.22 2348.0 +533.2 | 18.80

Table 5: Performance of Philippines Carabao, Murrah and their crosses in Philippines

Breed / Crosses Traits

LMY (kg) L L (days)
Phil Carabao 259.40 (21) 200.81 (21)
Murrah 1804.40 (21) 348.48 (21)
F1 Murrah X Phil 705.60 (29) 259.45 (29)
F1 Ravi X Phil. 623.10 (12) 233.67 (12)

Table 6: Performance of Murrah buffaloes and its crosses in Taiwan

Genetic Groups
Traits Murrah F1 Cross | G1 Backcross to
Murrah

Birth weight (kg) 33 32 32
Total milk yield (kg) 1518 824 1015
Lactation Period (days) 240 240 240
Daily milk yield (kg) 6.3 3.4 4.2
Peak Yield (kg) 8.0 4.6 6.0

Table 7. Performance of Swamp, Murrah and its crosses in Vietnam

Traits Genetic Groups
Swamp Murrah F1 Crossbred

Milk yield (kg/day) 1.50 5.55 3.50
Lactation Period (days) 210 236 292

Table 8. Performance traits of buffaloes across breed in Nepal

Traits Breeds
Hill Buffalo Murrah Murrah
Crossbreds (50%) | Crossbreeds (75%)

305 DLMY (lit) 874.7+30.7(234) 1222.7+41.8(93) 1560.3+£51.3(61)
Fat contents (%) 7.0+ 0.2 (234) 7.0+ 0.2 (90) 6.7+ 0.3 (61)

L L (daya) 351.3+ 9.8 (223) 354.9+14.4 (88) 379.9+17.6 (57)
AFC (months) 52.9+ (.8 (215) 56.6+ 1.2 (86) 55.5+ 1.6 (53)
Calving to 1% service (days) 197.8+14.0 (202) 189.1+20.8 (76) 201.9+ 3.0 (45)
Calving interval (days) 495.9+16.4 (188) 446.4+25.4 (63) 500.6+29.7 (47)
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ABSTRACTS

TS-11-01

MARKER ASSISTED SELECTION CAN MINIMIZE THE RISK OF MASTITIS
DEVELOPMENT IN DAIRY CATTLE

Tahir Usman'?, Ying Yu? Chao Liu? Xiao Wang? Yichun Dong? Yachun Wang?
'Department of Animal Health, the University of Agriculture Peshawar, Pakistan
2 Key Laboratory of Agricultural Animal Genetics and Breeding, College of Animal Science and Technology, China
Agricultural University, 100193, Beijing, PR. China
e-mail: tahircau@gmail.com

Mastitis is the most common inflammatory disease of dairy cattle characterized by physical and chemical
changes in the milk and pathological changes in the mammary gland. Mastitis is the most costly disease of lactating
animals affecting animal health and welfare, and is important due to its public health concerns. Somatic cell
count (SCC) is a useful indicator of udder health and has highly positive genetic correlation (r,=0.84) with clinical
mastitis. Numerous therapeutic, prophylactic and management strategies are being used as control measures for
bovine mastitis; however, a widely proposed strategy is based on improving the host genetics through marker
assisted selection. Lymphocyte-activation gene-3 (LAG-3) is located on bovine chromosome 5 and plays crucial
role in inflammatory condition. The genetic effects of single nucleotide polymorphisms (SNPs) in LAG-3 gene were
investigated on some serum cytokines and mastitis indicator traits in a population of 268 Chinese Holstein cattle.
Pooled DNA sequencing revealed three novel SNPs including one (SNP 1) in exon 4 and two (SNP 2 and SNP 3)
in 3’ flanking region of LAG-3. Fixed effect model considering the effects of SNPs, parity, herd, season and year of
calving was used by general linear model (GLM) procedure of SAS 9.1. Genotypic frequencies of these SNPs in the
population were in Hardy—-Weinberg Equilibrium (HWE) (P>0.05). SNP in exon 4 was missense that was predicted
to cause amino acid substitution from threonine to proline. The results of association study showed that SNP2 was
significantly associated with SCC, whereas SNP3 was significantly associated with SCC, SCS and IL-10 (P<0.05).
The combination of SNP2 and SNP3 showed significant effect on SCC and SCS (P<0.05). As for mRNA expression
analysis, the homozygous wild type genotype in SNP3 showed higher expression level and were significantly
different from the heterozygous genotype (P<0.05). The results imply that LAG-3 gene can be considered as useful
candidate gene, and the identified polymorphisms could be potentially strong genetic markers to select dairy cattle
for genetic resistance against mastitis. Thus improving the host genetics eventually can minimize the public health
hazards associated with mastitis.

TS-11-02

UNVEILING HIDDEN TREASURES IN ZAMBIAN INDIGENOUS
CATTLE USING MICROSATELLITES

E.Musimuko!2*, C.K Bottema', W.S Pitchford!

"University of Adelaide, School of Animal and Veterinary Science, Adelaide, Australia
“Natural Resources Development College, P. O. Box 310099, Lusaka, Zambia
"National Institute for Scientific and Industrial Research, Lusaka, Zambia
e-mail: emusimuko8@gmail.com

Selection has created a range of diverse breeds, important for breeding and conservation programs. Yet, during
the recent past, there have been concerns to losing this unique genetic diversity. Studies have been conducted
to evaluate genetic diversity in cattle, but this has not been undertaken in Zambia. The aim of this work was to
evaluate genetic diversity, population structure and degree of admixture in Zambian indigenous cattle, to provide
information for genetic improvement strategies and conservation programs for local well-adapted cattle. Therefore,

124 International Symposium on Sustainable Management of Animal Genetic Resources
for Livelihood Security in Developing Countries &
XII Annual Convention of Society for Conservation of Domestic Animal Biodiversity (SOCDAB)



genetic information from 32 microsatellite DNA markers in 72 Zambian indigenous cattle of three Bos indicus
breeds (Angoni, Tonga and Barotse) were used to assess genetic diversity and population structure. Blood samples
were collected from Zambia and DNA extraction and analysis was conducted in Australia, University of Adelaide.
A total of 274 alleles (N ) were detected and only 74 alleles were unique. The results demonstrated that Angoni
and Barotse breeds exhibited a slightly excess average observed heterozygosity (1.0% and 0.9%) respectively, while
Tonga breed exhibited a slight deficit observed heterozygosity of 3.6%. The global heterozygosity deficit across all
populations (F,) was 4.2%, significantly different from zero (p<0.001), because of observed inbreeding within breeds
(F,) was 1.0%). Breeds showed only slight genetic differentiation (F;) of 3.2%, but still significantly different from
zero (p<0.001). High gene flow (11.3%) was evident between populations. Although, Zambian indigenous cattle
breeds did not exhibit a high and unique breed’s purity, cattle exhibited a higher level of genetic diversity within
breeds than between breeds, despite evidence of a close gene flow between the three populations. Inbreeding
was largely insignificant going by Bayesian cluster at K=2 and this may be an evidence of existing divergent and
multi-loci genetic admixtures between and within breeds. If accurate, the uniqueness of the population clustering
offers valuable information on the gene pool available for selection within breeds for genetic improvement and
conservation in Zambia.

TS-11-03

GENETIC CHARACTERIZATION OF BELAHI (BOS INDICUS) CATTLE FROM
NORTH INDIA

Vikas Vohra, Monika Sodhi, S.K.Niranjan, A.K.Mishra, Alka Chopra and B.K.Joshi
ICAR-National Bureau of Animal Genetic Resources, Karnal — 132 001, Haryana, India
e-mail:vohravikas@gmail.com

Genetic characterization of local population and breeds is important as it allows the evaluation of genetic
variability, a basic component for working out conservation and genetic improvement programs with optimal
utilization of available genetic variability present in a breed. Microsatellite markers are best suited to characterize
the genetic variability, within and between populations, because of their high variability, distribution throughout
the genome, co-dominant inheritance and neutrality to selection. Microsatellites have been effectively exploited to
evaluate genetic diversity. The aim of the present study was to assess the genetic variation in Belahi cattle and to
establish the relationship amongst the indigenous cattle breeds of North India using bovine-specific microsatellite
markers. Within-breed diversity indices were estimated in Belahi cattle and between-breed diversity was compared
with Sahiwal, Gir, Tharparkar, Rathi, Nagori, Mewati and Kankrej breeds of cattle. The 16 microsatellite loci were
found to be polymorphic with five or more than five alleles per locus in Belahi cattle. The estimated mean allelic
diversity in Belahi cattle was 9.31, with a total of 149 alleles and polymorphism information content (PIC) varied from
0.31 (TGLA227) to 0.87 (CSSM33) with an average PIC of 0.71. On an average deficiency of 3.37% of heterozygotes
existed in Belahi cattle. However, Belahi cattle revealed presence of genetic diversity within population, and the
population was deviating from mutation drift equilibrium with no significant heterozygosity excess indicating
the absence of genetic bottle neck in the recent past. The global F_ estimates demonstrated that approximately
85% of the total genetic variation was contributed by within-breed genetic differentiation, while only 15% genetic
variation was present across different breeds. In the UPGMA-based phylogenetic tree constructed from the Nei’s
genetic distances, Sahiwal and Belahi cattle were grouped together in one cluster and were found to be closely
related breeds, thus indicating the milk potential of this lesser known cattle genetic resource from North India
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TS-11-04

SISTER CHROMATID EXCHANGE IN CATTLE
AFFECTED WITH ARSENIC

P.Choudhury, A.K.Sahoo, S.Shekhar and N.Dalai
Department of Animal Genetics and Breeding, Faculty of Veterinary and Animal Sciences
West Bengal University of Animal and Fishery Sciences, Kolkata — 700 037, India
India. e-mail: sshekharO3@rediffmail.com

In present study cytogenetic study was conducted on 21 arsenic affected cattle from Nadia district of West
Bengal which is considered to be heavily arsenic infected zone and six normal ones to know the effect of arsenic
on frequencies of Sister Chromatid Exchange (SCE) along with the number and morphology of metaphase
chromosomes. The result showed that the frequency of SCE in arsenic affected cattle is significantly (p<0.005)
higher than the normal cattle. The mean SCE frequencies in normal and arsenic affected cattle were found to
be 3.367 and 6.245 respectively. Chromosomal evaluation of selected animals by SCE staining revealed normal
karyotype (2n = 60, XX) without any chromosomal gaps, breaks and fragments in both normal as well as in arsenic
affected cattle. Morphological study showed that from the centromeric position all the 29 pair of autosomes was
found to be acrocentric or telocentric and the sex chromosomes (XX) were sub-metacentric in both normal and
arsenic affected cattle.

TS-11-05

A1 AND A2 MILK: IMPORTANCE OF CONSERVATION OF
NATIVE BREEDS

A. Poorani and B. Suresh Subramonian
Department of Livestock Products Technology
Veterinary College and Research Institute, Tirunelveli — 627 001, Tamilnadu, India
e-mail: a.poorani@tanuvas.org.in

Al and A2 are the two types of cow milk available for consumption. On consumption of Al milk, people are
exposed to the risk factor for Type 1 diabetes mellitus, coronary heart disease, arteriosclerosis, sudden infant
death syndrome, neurological impairment, including autistic and schizophrenic changes. A2 milk is safe for
consumption and beneficial for health. Indian cows yield less milk as compared to crossbreds, it has amino acid,
which makes the milk protein easily digestible and good for the kidney. It is also a rich source of vitamins B2, B3
and A, which help increase immunity and reduce acidity. Milk from native cows also reduces the chances of peptic
ulcer and colon, breast and skin cancer. The original ‘A2’ milk is generally produced by cattle in Africa, Asia, France
and Guernsey. Cattle in other countries generally produce mainly ‘A1” milk. “The A2 allele in Indian milch breeds
of cows and buffalos are 100 per cent, while in foreign breeds, it is around 60 per cent”. Frequency of this allele in
Indian milk breeds is 1.0 (100 per cent), while in exotic breeds, it was nearly 0.6 (60 per cent) or less. There is only
one genetic difference between A1l and A2 milk, being the amino acid at position 67 in the chain of 209amino acids
that make up beta-casein protein in milk. In the case of Al beta-casein the amino acid at position 67 is histidine,
whereas with A2 beta-casein it is proline. This small difference results in the milk having quite a different chemical
and physiological effect.
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EXPLORING POLYMORPHISMS IN FEW OF THE GENES AFFECTING MILK TRAITS
IN ONGOLE CATTLE

Krovvidi Sudhakar’, S.Pannerselvam? A.K.Thiruvenkadan? R. Vinoo', R.Saravanan?, S.Velusamy>
and M.Jeyakumar?
'Dept. of Animal Genetics and Breeding, NTR College of Veterinary Science, Gannavaram- 521 101, Andhra Pradesh, India
2Dept. of Animal Genetics and Breeding, Veterinary College and Research Institute, Namakkal-637 002, Tamilnadu, India
e-mail:vetsreesudha@rediffmail.com

The candidate gene approach provides tools for searching causative polymorphisms affecting quantitative traits
that lead to production variability in cattle. STAT5A, DGAT1, and CYP19 are some of the genes having possible effect
on milk traits in cattle through different physiological pathways. In the present study STAT5A/Aval, DGAT1/Cfrl
and CYP19/Pvull polymorphism was investigated with PCR-RFLP in Ongole cows (n=135) and their association
with milk production traits. STAT5A and CYP19 were found to be polymorphic and DGAT1 was monomorphic in
Ongole cattle. Of the three genotypes reported for STAT5A only CC and CT genotypes were observed and the gene
frequencies of C and T alleles were 0.97 and 0.03 respectively. DGAT1K232A polymorphism revealed the fixation
of DGAT1* allele (lysine) in Ongole population. CYP19/Pvull revealed the presence of all the three previously
reported genotypes viz. AA, AB and BB with allele frequency of 0.77 and 0.23 of ‘A" and ‘B’ alleles respectively.
The PCR-RFLP variants of the three loci were confirmed by Sanger sequencing. Association analysis of STAT5A
genotypes with milk production revealed that CC genotype was higher (528.40 + 22.10 kg) than CT genotypes (396.37
+76.17 kg). The genotypes did not influence any of the milk constituent traits except for fat per cent; CT genotypes
recorded more fat per cent (4.36 + 0.58) than CC genotypes (3.52 + 0.17). The analysis on CYP19 genotypes revealed
that BB genotype is associated with higher mean milk yield (590.85 + 92.29 kg) and SNF content than the other
genotypes. The AB genotypes showed higher fat (4.09 + 0.33) and protein (3.53 + 0.16) content. However, none of
the associations were found to be statistically significant (P>0.05). The study suggests the need for exploration of
additional genetic variants at these loci in Ongole cattle.

TS-11-07

ASSOCIATION OF SINGLE NUCLEOTIDE POLYMORPHISM IN THE LACTOFERRIN
GENE WITH MASTITIS IN VRINDAVANI
CROSSBRED CATTLE

V.N.Mubhasin Asaf, Bharat Bhushan, Manjit Panigrahi, Jay Prakash Gupta, Amod Kumar, Sanjeev
Ranjan, Sourabh Sulabh, Pushpendra Kumar and Deepak Sharma
Division of Animal Genetics
ICAR-Indian Veterinary Research Institute, Bareilly-243122, UP, India
e-mail:bhushan.drbharat@gmail .com

Lactoferrin (Lf) gene is one of the most important candidate genes for mastitis. Lactoferrin is produced by the
mammary gland and is having anti-bacterial and anti-inflammatory activities. In the present study, two single
nucleotide polymorphisms (SNPs) located on Lf gene viz., g.3879_3880insG and g.4432 T>C were analysed for
their association with somatic cell score (SCS). SCS is an indirect indicator of mastitis because both are positively
genetically correlated (r=0.7). Milk and blood samples were collected randomly from 100 lactating Vrindavani
crossbred cattle maintained at Cattle and Buffalo Farm, Indian Veterinary Research Institute, Bareilly, U.P, India.
SCS and california mastitis test (CMT) were carried out for grouping the animals in two categories i.e. affected
and non- affected. The genomic DNA was isolated and its quality and purity were checked. Polymerase chain
reaction-restriction fragment length polymorphism (PCR-RFLP) was used for SNP genotyping. Gene fragments of
125 bp (g.4432 T>C) and 712 bp (g.3879_3880insG) were digested using Styl and Mwol enzymes, respectively. The
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SNP g.4432 T>C was found monomorphic, while g.3879_3880insG showed polymorphism. The allelic frequencies
of g.3879_3880insG gene were found to be 0.56 and 0.44. However, the genotypic frequencies were 0.23, 0.67 and
0.1 for wild, heterozygote and mutant genotypes, respectively. The average heterozygosity and polymorphism
information content (PIC) were 0.494 was 0.37, respectively. The chi-square value indicated that the population
is not in Hardy-Weinberg equilibrium. Association study of g.3879_3880insG and SCS using regression analysis
showed that the mutant genotype was significantly associated with mastitis. Hence, g.3879_3880insG SNP can be
used as a possible candidate for marker assisted selection (MAS).

TS-11-08

IDENTIFICATION OF SINGLE NUCLEOTIDE POLYMORPHISMS IN BOVINE CARD15
GENE AND THEIR ASSOCIATION WITH SOMATIC CELL SCORE IN VRINDAVANI
CROSSBRED CATTLE

V.N.Muhasin Asaf, Bharat Bhushan, Manjit Panigrahi, Jay Prakash Gupta, Amod Kumar, Sanjeev
Ranjan, Sourabh Sulabh, Pushpendra Kumar and Deepak Sharma
Division of Animal Genetics
ICAR-Indian Veterinary Research Institute, Bareilly-243 122, UP, India
e-mail:bhushan.drbharat@gmail.com

Mastitis is one of the most economically important disease affecting cattle in particular and mainly the
crossbred cattle. Somatic cell score (SCS) is most often used as an indirect indicator of mastitis. Now these days,
emphasis has been laid down in the selection programme on marker assisted selection (MAS) using single
nucleotide polymorphisms (SNPs). The bovine Caspase Recruitment Domain 15 (CARD15) gene is located on Bos
taurus chromosome 18 (Bta18). CARD15 is involved in the signaling events associated with recognition of different
pathogen associated molecular patterns (PAMPs). In the current study, milk and blood samples were randomly
collected from 100 lactating Vrindavani crossbred cattle maintained at the Cattle and Buffalo Farm, Indian Veterinary
Research Institute, Bareilly, U.P, India. The california mastitis test (CMT) and SCS of these animals were ascertained
and the genomic DNA was isolated. Three SNPs viz., rs43710287, rs43710289 and rs43710290 located on the
CARD15 gene were genotyped using tetra-primer ARMS-PCR procedure. The SNP rs43710287 was monomorphic,
whereas SNPs rs43710289 and rs43710290 were found to be polymorphic. The SNP rs43710289 showed C and A
alleles with the frequencies of 0.7 and 0.3, respectively. The population studied showed three genotypes namely
CC, AC and AA with genotypic frequencies as 0.44, 0.51 and 0.05, respectively. The allele frequencies of C and T
alleles of SNP rs43710290 were 0.55 and 0.45, respectively. Similarly, three genotypes namely CC, CT and TT were
also observed for this SNP with the frequencies as 0.16, 0.78 and 0.06, respectively. The average heterozygosity and
polymorphic information content (PIC) were 0.426 and 0.334 for rs43710289 and 0.497 and 0.372 for rs43710290,
respectively. Both the loci studied were found not to be in Hardy-Weinberg equilibrium. No significant association
of these loci with SCS were found by regression analysis.

TS-11-09

PCR-RFLP AND SEQUENCING OF PARTIAL CODING REGION OF
METALLOTHIONEIN ISOFORM-2 OF ZEBU CATTLE

P.N.Gholap?, D.S.Kale!, K.Krishnamurthi?, A.R.Sirothia' and M.D.Kothekar'
'Department of Animal Genetics and Breeding, Nagpur Veterinary College, Nagpur-440 006, Maharashtra, India
?Environmental Health Division, National Environmental Engineering Research Institute (NEERI),
Nehru Marg, Nagpur-440 020, Maharashtra, India
e-mail:deepakkaleccmb@gmail.com

Metallothionein is important due to its function of binding tightly to heavy metals for decreasing their toxicity.
DNA was isolated from approximately 30 toxic metal exposed and unexposed animals. The designed primer was
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used to amplify coding region of 489 bp size of Metallothionein Isoform-2 (MT-2) in zebu cattle. This amplified MT-2
PCR product (489 bp) was further used for PCR-RFLP and DNA sequencing analysis to reveal DNA polymorphism.
MT-2 Taql PCR-RFLP revealed homozygous genotype (AA) except E23 animal (AB). The frequency of AB genotype
was found to be 0.033 in exposed group, whereas frequency of AA genotype was 0.967. DNA sequencing was
carried out for toxic metal exposed sample (E23) and control sample (C13). The obtained nucleotide sequences
of E23 and C13 samples were edited to get 420 bp sequences. The alignment of edited sequence revealed 150
nucleotide substitutions consisting 70 transition and around 80 transversion type mutations. Chromatographic
verification for each nucleotide substitution revealed nature of nucleotide substitutions as 14 heterozygous and 09
homozygous. DNA sequencing based on random sampling was carried out for E21 and C13. Alignment analysis of
E21 and C13 sample revealed 38 nucleotide substitutions consisting equal number of transition and transversion.
Chromatographic verification revealed 17 heterozygous and 12 homozygous mutations. Results of DNA sequencing
followed by PCR-RFLP for MT-2 revealed higher number of nucleotide substitutions (150) for AB genotype of E23
as compared to AA genotype (38) of E21. The proportions of transversion mutations in AB genotype were higher as
compared to MT-2 AA genotype. The comparison of MT-2 of zebu cattle with Bos taurus cattle reference sequence
revealed 46.7% identity. BLAST analysis revealed 89% identity with Bos taurus, 85% identity with sheep, 98%
buffalo and 100 % with goat. The phylogenetic tree revealed that partial MT-2 zebu cattle coding sequence was in
closer proximity with sheep metallothionein sequence. Overall findings of present study revealed DNA sequence
variation in coding region of MT-2 gene of zebu cattle which can be utilised as identification marker for heavy
metal homeostasis in zebu cattle.

TS-11-10
CYTOGENETIC STUDIES IN MALNAD GIDDA CATTLE

S.C.Suresh, C.S.Nagaraja and G.M.Satheesha
Department of Animal Genetics and Breeding
Veterinary College, KVAFSU, Hebbal, Bangalore-560 024, Karnataka, India
e-mail: surash.077@gmail.com

Cytogenetic investigation was carried out in two breed groups of cattle, viz. Malnad Gidda (B.indicus) and
Jersey (B.taurus), in an effort to compare the karyomorphological pattern between Malnad Gidda cattle and Jersey.
Blood samples were collected from Malnad Gidda cattle maintained by farmers of Malnad region of Chikmagalur
District of Karnataka and from Jersey cattle maintained at Livestock Breeding and Training Centre, Dharwad, Dept.
of A.H & V.S, Govt. of Karnataka. Metaphase spreads were obtained by short term whole blood lymphocyte culture
using standard techniques. A normal chromosomal complement of 2n=60 (58 autosomes and 2 sex chromosomes)
was observed in all Malnad Gidda and Jersey cattle. The X- chromosome was sub-metacentric in both breeds and
Y-chromosome was acrocentric in Malnad Gidda and metacentric in Jersey cattle. The X-chromosome was the
longest chromosome, while first autosome was second longest and Y-chromosome was shortest chromosome in
both Malnad Gidda and Jersey cattle. The relative length of autosomes progressively decreased from 4.85 + 0.05 to
1.85£0.03 per cent and from 4.95 + 0.05 to 1.58 + 0.03 per cent in male and female Malnad Gidda cattle, respectively;
and from 5.00 + 0.07 to 1.80 + 0.04 per cent and from 4.76 + 0.08 t01.83 + 0.05 per cent in male and female Jersey
cattle, respectively. The X-chromosome contributed 5.09 + 0.05 and 5.15 + 0.05 per cent in male and female Malnad
Gidda, respectively; and 5.12 + 0.05 per cent and 4.86 + 0.09 per cent in male and female Jersey cattle, respectively,
whereas the Y- chromosome contributed 1.70 + 0.03 and 1.69 + 0.05 per cent towards total genome in male Malnad
Gidda and male Jersey cattle, respectively. The mean centromeric index of X-chromosome was 0.32 + 0.01 and
0.33 £ 0.01 in Malnad Gidda and Jersey cattle, respectively. The mean centromeric index for Y-chromosome in
male Jersey cattle was 0.41 0.01. The mean arm ratio (AR) for the X-chromosome was 2.11 + 0.07 and 2.23 + 0.11
in Malnad Gidda and Jersey cattle, respectively and that of Y-chromosome of male Jersey cattle was 1.54 + 0.09.
The G-banding pattern of Malnad Gidda cattle was almost similar with minor differences to that of Amrithmahal,
Hallikar and Deoni cattle, reported earlier.
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TS-11-11

MOLECULAR CHARACTERIZATION OF LYSOZYME GENE AND ITS ASSOCIATION
WITH MILK PRODUCTION IN SAHIWAL CROSSES

M. Salehin, A.K. Ghosh, D. Kumar, R.S. Barwal and B.N. Shahi
Department of Animal Genetics and Breeding, College of Veterinary and Animal Sciences
G.B.Pant University of Agriculture and Technology, Pantnagar — 263 145, Uttarakhand, India
e-mail: ghosh_ashiskr@rediffmail.com

Lysozyme, an anti-bacterial enzyme mostly found in the body fluids, various tissues and secretions of animals
and humans, confers immunity against a wide range of bacterial species. In the present study the gene sequence
of this enzyme was elucidated in Sahiwal x Holstein Friesian crossbred cattle and genetic polymorphism was
explored. The association of this gene with milk production traits was accessed. The total length of lysozyme cDNA
was found to be 447 bp. The similarity with Bos taurus, human, pig, monkey, gorilla, mice, rat, chicken, dog and
sheep was estimated as 99.1, 85, 81.0, 85.2, 84.3, 77.9, 77.9, 41.4, 40.5 and 24.6 per cent, respectively. Polymorphism
study of two fragments, extended exonl including promoter, exon 1 and partial intron 1 (268 bp) and extended
exon 2 including partial intronl and 2, and exon 2 regions (287 bp) of milk lysozyme gene was carried out by
employing PCR-SSCP in 200 DNA samples from above mentioned crossbred cattle maintained at Instructional
Dairy Farm, Pantnagar, Uttarakhand. In the extended exon 1 fragment, three alleles namely A, B and C with
frequencies of 0.59, 0.28 and 0.12, respectively and in the extended exon 2 fragment, three different alleles i.e. P, Q
and R with respective frequencies of 0.61, 0.38 and 0.01 were observed. A total of eight haplotypes were found in
this population where the most predominant one was h1 (0.52). Genotypes of exon 1 extended fragment showed
significant association with total milk yield, daily milk yield and peak yield (P <0.05) while that of exon 2 extended
fragment had significant association only with total lactation milk yield. Haplotype combinations also revealed
significant association with total milk production, where hlhl homozygote showed highest yield during first
lactation.

TS-11-12

LEPTIN GENE POLYMORPHISM WITHIN THE INTRON REGION IN HILL CATTLE OF
UTTARAKHAND

R.S.Barwal, P.Deori, C.V.Singh, D.Kumar, B.N.Shahi and A.K.Ghosh
Department of Animal Genetics and Breeding, College of Veterinary and Animal Sciences
G.B.Pant University of Agriculture and Technology, Pantnagar — 263 145, Uttarakhand, India
e-mail:drbarwalrs63@gmail.com

Leptin, a 16 KDa protein secreted by adipose tissue, is involved in regulation of feed intake, energy balance,
fertility, immune functions, and the neuroendocrine axis in rodents, humans and large domestic animals. The
physiological properties of leptin gene stands in support to consider it as a strong candidate gene for evaluating
genetic polymorphism, which has been further associated with reproductive performance, body growth, milk
yield and other economical traits in livestock. This study was conducted to identify genetic polymorphism of the
intron region of leptin gene in a hitherto unexplored Hill cattle population of Uttarakhand using the PCR-RFLP
technique and to estimate gene and genotype frequencies of different restriction fragments. A total of 50 unrelated
individuals of hill cattle of Kumaon region of Uttarakhand were considered for the study from different pockets
including those maintained at Instructional Dairy Farm (IDF), G.B. Pant University of Agriculture and Technology,
Pantnagar. Genomic DNA was extracted from whole blood following standard phenol-chloroform extraction
method. A 422 bp fragment within intron 2 was amplified employing PCR. Digestion of PCR products with Sau3AI
enzyme revealed two alleles viz., allele A (390, 32) and allele B (390, 87, 32). Three genotypic patterns were observed
with frequencies 0.5041, 0.4118, and 0.0841 for AA, AB and BB respectively.
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TS-11-13

ISG15 EXPRESSION AND ITS CORRELATION WITH PROGESTERONE PROFILE FOR
EARLY PREGNANCY DETECTION IN DEONI CATTLE

N.P.Soumya, D.N.Das, S.Jeyakumar, S.Mondal, K.P.Suresh, A.Mor and S.Takur
ICAR-National Dairy Research Institute
Southern Regional Station, Bengaluru - 560 030, India
e-mail: vinodsoumyal984@gmail.com

One of the major constraints in the dairy industry is inability to identify the pregnant cows as early after
insemination and if some diagnosticswhich can accurately distinguish pregnant cows, it can save both the time
and associated economic lossto the farmers. Even though, bovine conceptussynthesize large amount of Interferon
tau (IFNT) during maternal recognition of pregnancy period, its production and circulation is mainly limited to
the endometrium. However circulatory leukocytes responds to IFNT by expressing Interferon stimulated gene 15
(ISG15) which is an important factor determining the uterine receptivity and conceptus development. The present
study was carried out with the aim to analyse the expression levels of ISG 15 mRNA from PBMC in Deoni heifers
during early pregnancy using qRT-PCR method and simultaneous monitoring of plasma progesterone level by
ELISA. Sixteen Deoni heifers maintained at the cattle yard of SRS, NDRI were selected for the study. Deoni cows
were synchronized for timed Al by CIDR-Ovsynch protocol and six animals were kept as non-pregnant control
(without AI). Blood samples were collected from each animal on day 7, 14, 16, 18, 21, 30 and 45 days post Al for
PBMC and Plasma separation. qRT-PCR was done to observe the expression pattern of ISG15 mRNA and data
were analysed (SAS 9.3). Similarly plasma progesterone levels on different days of pregnancy were estimated by
ELISA. A significantly (p<0.05) high expression of ISG15 mRNA was found on day16 and day18 of pregnancy in
Deoni heifers whereas average progesterone concentration was observed significantly high (>3ng/ml) on day 21 in
pregnant heifers compared to non pregnant control. Sensitivity and specificity of pregnancy prediction based on
ISG 15 gene expression level on day 18 of pregnancy was found to be 90% and 50% with positive predictive value
of 90% and negative predictive value of 50%. Whereas sensitivity and specificity of pregnancy detection based on
plasma progesterone level was found to be 75% and 100 % with positive predictive value of 100% and negative
predictive value of 50%. The results of the current study conclude that up regulated expression of ISG15 gene on
day 18 of pregnancy can be used as an effective method of pregnancy diagnosis in heifer.

TS-11-14

SINGLE NUCLEOTIDE POLYMORPHISM OF LACTOFERRIN GENE PROMOTER AND
ITS ASSOCIATION WITH MASTITIS IN SAHIWAL AND KARAN FRIES CATTLE

Alka Chopral, LD.Guptal, A.Verma'and Vikas Vohra?
'ICAR-National Dairy Research Institute, Karnal — 132 001, Haryana, India
2ICAR-National Bureau of Animal Genetic Resources, Karnal — 132001, Haryana, India
e-mail: virgoalka@gmail.com

Mastitis is the inflammation of mammary gland of dairy cattle. It is common in high yielding cows, causing
high economic loss to the dairy industry. Selection of animals with higher innate levels of antimicrobial proteins
in their milk could be a solution for improving the health of dairy cattle.Lactoferrin is one of the proteins having
antimicrobial properties, which exerts several functions related to innate immunity and host defence. Lactoferrin
concentration in milk and serum changes during mastitis, indicating that there is some association between
lactoferrin and mastitis, resulting from change in expression of lactoferrin gene in cattle. Therefore an attempt was
made to screen the lactoferrin gene promoter by PCR-RFLP, to study association between lactoferrin gene promoter
variants and mastitis incidence. A total of 350 cows, Sahiwal (n=200) and Karan Fries (n=150) were considered in
the study. All the cattle were screened for the presence of lactoferrin gene promoter polymorphism. The detection

February 13 - 14, 2015, Madras Veterinary College, Chennai 131

TANUVAS & SOCDAB



of allelic variation at SNP sites were based on the electrophoretic pattern of the restriction enzyme treated PCR
products. In both Sahiwal and Karan Fries cattle, lactorferrin gene promoter was polymorphic. Three genotypes
were identified viz. GG, GH and HH in both Sahiwal and Karan Fries cattle. Association analysis using Chi square
test revealed a significant association of these genotypes (p<0.05) with mastitis incidence. The effect of lactoferrin
genotype on mastitis incidence in Sahiwal and Karan Fries cattle could be due to varied level of expression of
lactoferrin gene. The GG genotype showed higher resistance to mastitis incidence whereas, the HH genotype
showed higher susceptibility towards mastitis incidence. This information can be used for early selection of cattle
against mastitis and can be used efficiently in breeding and management decisions in dairy cattle.

TS-11-15

EVALUATION OF FECUNDITY GENES IN DAMS OF TWINS OF CATTLE USING PCR-
RFLP TECHNIQUE

A.Sudharshan, R.K.Tonk and B.R.Yadav
ICAR-National Dairy Research Institute, Karnal -132001, Haryana, India
e-mail:bry.ndri@gmail.com

Multiple ovulations in mammals is a complex trait influenced by genetic and environmental factors. The
present investigation was carried out for evaluation of fecundity genes in cattle, comparing DNA fragments
between dams, which had given birth to twin and singletons, to see inheritance pattern of these fragments in
their twin progenies. Animals of Sahiwal, Hariana, Karan Swiss, Karan Fries, Holstein Friesian crosses and other
crossbreds of unknown lineage were used. Molecular level study (PCR-RFLP) of the genome was carried for three
fecundity genes, BMPR-1B, BMP-15 and GDF-9 using six primers on the DNA of 51 animals out of which 20
were dams of twins (experimental), 6 were dams of singletons (control) and 25 were twin progenies. PCR-RFLP
analysis of Exon 6 of the BMPR-1B (Boorola) gene using Avall revealed monomorphic band pattern of the wild-
type allele in the dams (experimental and control) and twin progenies. Two of the BMP-15 mutation alleles FecX®
and FecX'investigated using Hinfl and Xbal revealed monomorphic pattern of the wild type allele for both dams
and their related twin progenies. Exon 1 of the GDF-9 gene amplified to produce 462bp fragment was subjected to
Hhal and Hin6l restriction enzyme revealed homozygous pattern of the mutant allele. The observations showed
presence of monomorphic pattern of the three fecundity genes such as BMPR-1B, BMP-15 and GDF-9, irrespective
of twinning. In conclusion, the animals used in this study gave birth to twin only one time, which could be due
to sire effect. In order to validate the gene/s of fecundity and twinning trait, a large number or dams, which gave
twins all the times or frequently is neededfor validation.

TS-1I-16
DRB3 GENE - A CANDIDATE GENE FOR RESISTANCE TO MASTITIS IN CROSSBRED
CATTLE
A.K.Ghosh

Department of Animal Genetics and Breeding, College of Veterinary and Animal Sciences
G.B. Pant University of Agriculture and Technology, Pantnagar — 263 145, Uttarakhand, India
e-mail: ghoshashiskr@gmail.com

The bovine lymphocyte antigen (BoLA)-DRB3 gene encodes cell surface glycoprotein that initiates immune
response by presenting processed antigenic peptides to CD4' T helper cells. The present investigation was
proposed with the objectives to elucidate allelic variants of DRB3 gene and to find its association with mastitis in
crossbred cattle. DNA was isolated from blood samples of randomly selected 200 crossbred (JerseyxHFxSahiwal)
cattle maintained at IDF, G.B.P.U.A. &T., Pantnagar, Uttarakhand. DNA fragments were amplified using suitable
primers spanning over the exon 2 of DRB3 gene. SSCP patterns of the amplified fragments were studied by PAGE.
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Six alleles were identified as A, B, C, D, E and F having frequencies 0.2675, 0.245, 0.12, 0.2525, 0.0825 and 0.0325,
respectively and twelve genotypes as AB, AD, AE, AF, BB, BC, BD, BE, CD, DD, DE and EF having frequencies
0.23, 0.215, 0.06, 0.03, 0.04, 0.11, 0.04, 0.03, 0.13, 0.04, 0.04 and 0.035, respectively. Genotypes had significant effect
on mastitis. Animals with AB, AD, AF, BC and CD genotypes were found more prone to mastitis highlighting the
presence of A or C or D allele in the genotype affecting more to mastitis and therefore could be considered for
marker assisted selection (MAS).

TS-11-17

POLYMORPHISM OF LEPTIN GENE AND ITS ASSOCIATION WITH GROWTH,
PRODUCTION AND REPRODUCTION TRAITS IN CATTLE

V.Choudhary, Pushpendra Kumar, T.K.Bhattacharya, B.Bhushan, N.R.Sahoo,
D.Sharma and Arjava Sharma
Molecular Genetics Lab, Animal Genetics Division
ICAR-Indian Veterinary Research Institute, Izatnagar — 243 122, UP, India
e-mail: pushpendra64@gmail.com

The present investigation was carried out to study two polymorphisms in leptin gene by PCR-RFLP and to
examine the possible association of the identified genotypes with growth, production and reproduction traits
in crossbred cattle population (Y2Holstein Friesian X Y2Hariana). One fragment of 330 bp comprising of partial
intron 2 and exon 3 and another fragment of 94 bp comprising of partial exon 2 of leptin gene were amplified and
digested with Hphl and Kpn2I restriction enzymes, respectively, for identification of genotypes. The frequencies
of mutant homozygotes were very low for both the RFLPs. Least-squares analysis was performed considering
sire as random effect. The HphI-RFLP-CT and Kpn2I-RFLP-AV genotypes had significantly (P<0.05) higher birth
weight than the HphI-RFLP-CC and Kpn2I-RFLP-AA genotypes, respectively. The HphI-RFLP locus was found
to have significant (P<0.05) effect on body weight at 12 months of age, age at first calving and average daily milk
yield, while, Kpn2I-RFLP had significant (P<0.05) effect on first lactation milk yield and average daily milk yield. It
may be suggested that these mutations, which have caused changes in amino acid sequence of leptin protein, are
responsible for some functional loss of this protein.

TS-11-18

MOLECULAR CHARACTERIZATION OF PROTAMINE1 GENE
IN GIR CATTLE

Deepali Lalwani and Pravin Vataliya
Department of Animal Genetics and Breeding
College of Veterinary Science and Animal Husbandry, Junagadh - 362 001, Gujarat, India
e-mail: deeps_240981@yahoo.co.in

The present study was carried out with an aim to characterize Protaminel (PRM1) gene which affects male
fertility and to reveal possible polymorphism at specific restriction sites in Gir cattle. The genomic DNA from
blood samples of 30 male Gir cattle were taken for study. Specific primers were designed to amplify segments of
genes encoding PRM1 using Primer3 software. The 518 bp segment amplified by PCR was subjected to PCR-RFLP
at restriction sites by digesting with Huaelll, Alul and BstXI restriction enzymes and electrophoresed on agarose gel
that revealed the monomorphic restriction pattern.Sequencing of the amplified product revealed that the ORF was
156 nucleotides long encoding a 51 amino acid protein. Gir cattle PRM1 had variation at one nucleotide, i. e., at
1108 bp as compared to Bos taurus. This did not result in to any change in the amino acids encoded by the gene as
it lied beyond the exons. Sequence characterization of Gir cattle revealed sequence homology to Bos taurus PRM1
gene. Cross-species alignment of nucleotide sequences as well as amino acid sequences revealed that PRM1 of
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different species was somewhat conserved at both nucleotide as well as amino acid level. The BLAST analysis of
PRM1 gene of Gir cattle revealed nucleotide sequence identical to Bos taurus sequence. It revealed 81.7%, 80.4%,
78.2%, 75.8% homology to Canis familiaris, Eqqus caballus, Mus musculus as well as Rattus norvegicus and Felis cattus,
respectively. Least identity of 69.2% was found with Homo sapiens Protaminel. The PRM1 protein was found 98.1%
identical to Bos taurus PRM1 protein both evolving from same ancestor. It has 80.4% identity with dog, 78.4% with
horse, 74.5% with cat, 69.2% with house mouse, 63.5% with Norway rat and least 51.9% with human PRM1 amino
acid sequence.

TS-11-19
STUDY OF TRANSITION NUCLEAR PROTEIN1 GENE IN GIR CATTLE

Deepali Lalwani and Pravin Vataliya
Department of Animal Genetics and Breeding
College of Veterinary Science and Animal Husbandry, Junagadh - 362 001, Gujarat, India
e-mail: deeps_240981@yahoo.co.in

Transition Nuclear Proteinl (TNP1) is the Sperm Nuclear Basic Protein and is an important candidate gene
affecting male fertility. The present study was carried out to characterize TNP1 gene of Gir cattle and to identify
polymorphism in the coding as well as non-coding regions of the gene. DNA was extracted from blood samples
collected randomly from 30 male Gir cattle. Specific primers were designed to amplify segments of genes coding
for TNP1 using Primer3 software encompassing 2 exons and one intron. The 597 bp PCR product was digested with
Huelll, Alul and Rsal restriction enzymes, each separately that generated monomorphic restriction patterns. The
PCR products were sequenced to study sequence variation with taurine sequence of the gene. Multiple alignment
of sequences of Gir cattle with B. taurus sequences (NCBI accession number X65041) revealed a total of two silent
mutations. At 1286 bp position, there is addition of G and at 1370 bp position there is a substitution of Aby G in Gir
cattle. These mutations are non-synonymous leading to no change in the protein structures. Basic Local Alignment
Search Tool (BLAST) analysis of Gir cattle TNP1 revealed nucleotide sequence homology of 100% with Bos taurus,
89.9% homology to Eqqus caballus, 89.3% homology to Canis familiaris, 88.1% with Homo sapiens, 87.5% with Felis
cattus, 85.7% with Rattus norvegicus and 84.5% with Mus musculus. Gir cattle TNP1 protein has 85.7% identity with
horse, dog as well as Norway rat, 78.6% with cat, 83.9% with house mouse and 82.1% with human TNP1 protein.
Bos taurus and Bos indicus TNP1 evolved much earlier than any other species and from common ancestor sharing
maximum similarity with each other.

TS-11-20

DNA POLYMORPHISM IN SLC11A1 (NRAMP1) GENE
IN THARPARKAR CATTLE

Pushpendra Kumar, N.R.Sahoo, M.FE.Khan, R.Mourya, K.Srivastava, G.V.P.P.S.Ravi Kumar, H.Ram,
K.P.Singh, and A.K.Tiwari
Molecular Genetics Laboratory, Animal Genetics Division
ICAR-Indian Veterinary Research Institute, Izatnagar, Bareilly — 243 122, UP, India
e-mail: pushpendrab64@gmail.com

Solute linked carrier 11A1 (SLC11A1), a transmembrane protein (also referred as Natural Resistance Associated
Macrophage Protein 1, NRAMP1), is one of the potential candidate genes that confers innate resistance against
various intracellular pathogens. Several studies have been initiated to identify DNA polymorphisms and to
ascertain its association with the host resistance/susceptibility against different intracellular pathogens in various
species including livestock and human. The present study was undertaken to identify polymorphism in 650 bp
fragment of SLC11A1 gene in Tharparkar cattle of different agro-climatic regions. Blood samples were collected
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from IVRI, Suratgargh and Jhanshi Farms of Tharparkar cattle and DNA was isolated. A 650 bp fragment of exon 8
of SLC11A gene was amplified using a set of forward (F: 5-TGG ACT GGA GGG TAA GAA CG -3') and reverse (R:
5-AGG GAG GAATGCAGG TAG ATG-3') primers. The amplicons were digested with BPU10I restriction enzyme
for identification of genotypes. Three genotypes (CC, CG and GG) and two alleles (C and G) were identified. The
farm-wise genotype frequencies were found to be 67.90, 32.10 and 0.00 in IVRI Farm and 81.80, 18.20 and 0.00 in
Suratgargh Farm and 15.00, 65.00 and 20.00 in Jhanshi Farm for CC, CG and GG genotypes, respectively. The farm-
wise allele frequencies were found to be 0.84 and 0.16 (IVRI farm), 0.90 and 0.10 (Suratgargh farm) and 0.48 and
0.52 (Jhanshi farm) for C and G alleles, respectively. These results show that there is variation among Tharparkar
population of different agro-climatic regions. The CC genotype is more predominant in Suratgarh population and
very low in Jhanshi Poulaion of Tharparkar cattle. The sequencing data of these populations are being analysed in
order to find out possible genetic effect of climate on this breed.

TS-11-21

IDENTIFICATION OF POTENTIAL INTERNAL CONTROL GENES IN PERIPHERAL
BLOOD MONONUCLEAR CELLS OF CATTLE POPULATIONS ADAPTED TO
NORMOXIA AND HYPOXIA ENVIORNMENTS

Kiran Thakur', Monika Sodhi', Prabhat Kumar? Vijay K.Bharti?>, Ankita Sharma’, Preeti Verma',
Parvesh Kumari', Sandeep Kumar' and Manishi Mukesh'
'ICAR-National Bureau of Animal Genetic Resources, Karnal — 132 001, Haryana
’Defense Institute of High Altitude Research, Leh, Jammu & Kashmir, India
e-mail:mmukesh_26@hotmail.com

High altitude environments present a number of physiological challenges for animals by posing a lower partial
pressure of oxygen (pO2) and lower ambient temperatures compared to low-altitude environments at similar
latitudes. The native species of high altitude environments, lead to physiological changes which are contributed
by hypoxia tolerance depict the genetic basis of adaptation that has evolved under natural selection. Thus, the
mechanisms of physiological evolution can be better understood by identifying the genetic basis of hypoxia
tolerance. Understanding expressed genes pattern is critical to provide insights into complex regulatory networks
and mechanism of adaptation to extreme environments. Use of internal control genes (ICG) or housekeeping genes
(HKG) that have constant expression in response to experimental treatment or physiological state is an effective
mean for normalization of expression data to account for the experimental variations. The quantitative PCR
(qPCR) technique requires normalization of expression data as the technique is prone to analytical variations. The
objective of the study was to evaluate known reference genes from different functional categories that could serve
as suitable appropriate ICG in the cattle (Leh local cattle, HF crosses and Jersey) from higher altitude (hypoxic)
and the animals (Sahiwal, Murrah, KF and HF) adapted to tropical (normoxic) environment. For this study, a total
of 36 PBMC samples from both the groups were isolated for RNA extraction and cDNA synthesis. A total of 10
candidate reference genes viz., GAPDH, RPL4, EEF1A1, RPS9, HPRT, UXT, HMBS, B2M, RPS15 and ACTB from
different functional categories were evaluated for their expression stability in the two groups of samples. Three
different statistical algorithms: geNorm, Normfinder and BestKeeper were used for identification of best stable
reference genes in the PBMC samples. In geNorm analysis, all the candidate genes exhibited expression stability
(M) values below 0.5. On the basis of relative gene expression stability and stepwise exclusion of the gene with
the highest M value, genes were arranged in descending order of stability: RPS9=RPS15>HMBS >GAPDH>B2M
>RPL4 >EEF1A1 >UXT>ACTB > HPRT. Similar to geNorm, Normfinder also identified GAPDH and RP515 as most
stable and HPRT as least stably expressed genes. There was a good agreement between geNorm and Normfinder
outcome, albeit slight variation was observed in the ranking of other genes. The Bestkeeper algorithm was used
to calculate gene expression variation based on Ct values. Each of the 10 candidate reference showed consistent
expression levels. RPS9, GAPDH, HMBS and RPL4 exhibited higher coefficient of correlation (r) to the bestkeeper
index, lower coefficient of variance and standard deviation, pointing towards their expression stability. In the
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present investigation, all three algorithmic methods have demonstrated that GAPDH, RPS15, RPS9 and HMBS are
the most stable internal control genes and geometric means of these 4 ICG could be used for the normalization of
expression data in PBMC of animals adapted to normoxic vs. hypoxic conditions.

TS-11-22
ASSOCIATION BETWEEN SNPs IN TLR2 GENE AND BOVINE MASTITIS

T.Prebavathy, ].Thanislass, Lydia Dhanammal, R.Ganesan and H.K.Mukhopadhyay
Rajiv Gandhi Institute of Veterinary Education and Research, Puducherry — 605 009, India
e-mail: prebabvsc@gmail.com

The objective of this study was to understand the association between SNPs reported in the TLR2 gene of
cattle and bovine mastitis. Allele specific-PCR (AS-PCR) was developed for the detection of six SNPs (rs55617172,
rs111026127, rs68268256, rs68268260, rs68343170 and rs68268268) which were reported to be responsible for
change in amino acid present on the LRR-functional domain of TLR2 gene. Fifty well characterized mastitis cases
in terms of California Mastitis Test, bacterial culture and PCR, and fifty age-matched controls confirmed to be free
from mastitis were selected from Puducherry region, India. DNA was isolated from blood samples of the above
animals. AS-PCR was performed with the custom designed primers and genotypes determined. The genotypes
detected were further confirmed by sequencing and sequence analysis which had proved the efficiency of AS-PCR
developed for the detection of SNPs in TLR2 gene. Statistical analysis of association between genotypes detected
with the cases and control resulted in the identification of association (p=0.0328) between TT genotype for SNP
ToG at 385 mRNA position with the control and heterozygous genotype, CT for SNP CoT at 2010 mRNA position
(p=0.0006) with the mastitis. Odds Ratio (OR) analysis with 95% confidence intervals (CI) further confirmed
significant (OR=5.76; 95 % CI=2.07-15.97) association between the CT (CoT at 2010 mRNA position) heterozygous
genotype and mastitis.

TS-11-23

SEQUENCE BASED STRUCTURAL ANALYSIS AND EXPLORING THE GENETIC
VARIATION IN TOLL-LIKE RECEPTOR-6 GENE OF BUFFALO (BUBALUS BUBALIS)

S.K.Mishra, P.K.Dubey, S.Goyal, S.Singh, S.K.Niranjan and R.S.Kataria
ICAR-National Bureau of Animal Genetics Resources, Karnal-132 001, Haryana, India
e-mail: ssingh.nbagr@icar.org.in

Toll like receptors (TLRs) are family of pattern-recognition receptors (PRRs), mainly expressed by immune
cells, recognizing and responding to broad range of molecules called pathogen associated molecular patterns
(PAMPs) of bacterial, viral and fungal pathogens. Out of the 10 mostly recognized TLRs in mammals, TLR-6 is
expressed on the cell surface, recognizing Gram-positive bacterial and fungal ligands in association with TLR-2,
signaling to generate innate followed by adaptive immune responses. In this study, approximately 2.4 kb long
genomic sequence of TLR-6 covering the entire coding region of the gene, was characterized in the Indian buffalo.
Sequence data was generated by both end sequencing of overlapping fragments and a contig of entire coding
region was constructed. Sequence analysis revealed a 2382-nucleotide long open reading frame (ORF) of buffalo
TLR-6, encoding 725 amino acids of exon-1 and 68 amino acids of exon-2, similar to that of cattle. Further analysis
of sequence data generated in different riverine and swamp buffaloes revealed, presence of 18 Single Nucleotide
Polymorphic sites in this region (SNPs). Out of these, 11 SNPs were found to be non-synonymous (10 in exon-1 and
1 in exon-2) and seven were synonymous (4 in exon-1 and 3 in exon-2). SMART analysis revealed one amino acid
change in the trans-membrane domain and four amino acid changes lying in the LRR domains of buffalo TLR-6.
The Polyphen analysis showed three non-synonymous SNPs (15V>], 381T>P and 4985>F) to be possibly damaging
the structure and function of the protein. Further, the binding sites of three microRNAs i.e. bta-miR2417, 654 and
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2300 were observed in buffalo TLR-6. However, none of the targeted miRNAs sites were found in the polymorphic
sites identified in the present study. The identified polymorphism might be helpful in finding its association with
disease resistance traits in buffalo.

TS-11-24

DETECTION OF ALLELIC VARIANTS OF g M GENE IN BUFFALO DAMS AND THEIR
ASSOCIATION WITH COLOSTRAL IgG CONCENTRATION

Rajni Chaudhary, Subodh Kumar, B.Sivamani, H.M.Yathish, Chinmoy Mishra,
Amit Kumar, Anuj Chauhan, N.R.Sahoo and Deepak Sharma
Division of Animal Genetics
ICAR-Indian Veterinary Research Institute, Izatnagar - 243 122, UP, India
e-mail: subodh@ivri.res.in

Neonatal calves have little or no detectable circulating immunoglobulins at birth. They are dependent on
passive transfer of immunoglobulins, via maternal colostrum, for antibody-mediated immunity early in life. It has
long been recognized that failure of passive transfer (FPT) is strongly associated with increased calf mortality due
to infectious disease. Indications of relatively high heritability for both colostral IgG and post-suckle calf serum
IgG have been reported, suggesting that passive transfer is influenced by the genotype of both the dam and the
calf. We attempted to detect SNPs in f,M gene in buffaloes and ascertain their association of colostral IgG levels. 40
newly parturated Murrah buffaloes which were maintained at Livestock Production Management (LPM) Section
of IVRI, Izatnagar, were included in the present study. Two pairs of primers for amplification of fragment I (206
bp: full exon 1) and fragment II (296 bp: partial intron 1) in the DNA samples of these buffaloes were designed on
the basis of sequences of cattle (Bos taurus) in public database at NCBI with the help of Primer3 online computer
software. Genomic DNA was extracted from blood. Polymerase chain reaction-single stranded conformational
polymorphism (PCR-SSCP) technique was used to explore the polymorphism in §,M gene of Murrah buffaloes.
15% PAGE were prepared for each fragment and the gels were resolved by silver staining for SSCP analysis.
Further different banding patterns were identified and sequencing was done. The PCR-SSCP analysis revealed
polymorphism in fragment I of §,M gene and sequencing of different patterns of fragment I revealed two alleles A
and B which differed at nucleotide positions 45 and lied in 5"UTR region. The genotype frequencies of genotype
AA and BB were 95 and 5 % respectively in dams. The SNP viz. C45G transversion was present in untranslated
region. The PCR-SSCP analysis did not reveal polymorphism in fragment II. All the genotypes were AA type in
buffalo dams. Indirect ELISA was done to estimate IgG concentrations in colostrum (first milking) whey. IgG levels
in colostrum ranged from 11.22 to 185.1 mg/ml and mean IgG concentration in colostrum was 51.71 + 5.99 mg/
ml. The effect of different haplotypes was evaluated on IgG concentrations. The least-squares analysis of variance
revealed a non-significant effect of dam haplotype on colostral IgG concentrations.

TS-11-25

EVIDENCE FOR A COMPLEX AND MULTIPLE DOMESTICATION OF RIVER BUFFALO
(BUBALUS BUBALIS)

Muniyandi Nagarajan', Satish Kumar?’and Koodali Nimisha®
"Department of Genomic Science, School of Biological Sciences
Central University of Kerala, Kasaragod-671314, Kerala, India

?CSIR-Centre for Cellular and Molecular Biology, Hyderabad-500 007, India

e-mail: nagarajan.spkces@gmail.com

The river buffalo (Bubalus bubalis) is one of the important livestock species in southern Asia for milk and
agricultural purposes. It has been believed based on the archeological studiess that the domestic river buffalo
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was derived from the wild buffalo Bubalus arnee a few thousand years ago during Indus Valley civilization.
However, the domestication history of the river buffalo has been the subject of debate for many decades mainly
due to the divisive conclusions of the genetic studies. But none of the genetic studies have included neither wide
range of samples nor wild buffalo samples. Therefore, in order to understand the evolutionary history and genetic
relationship among the various river buffalo populations we analyzed 492bp mtDNA control region sequences of
414 river buffaloes sampled from India, Pakistan, Egypt and Iran (those countries were thought to be the important
place for river buffalo domestication). Based on phylogenetic analyses along with the archeological evidences
we propose three important findings (i) The river buffalo was domesticated at least twice in the past, (i) The
river buffalo was domesticated at least 6000 years ago and (iii) The river buffalo was first domesticated in the
Northwestern region of India from which it was spread to other parts of Asia and elsewhere.

TS-11-26

CYTOGENETIC ANALYSIS ON PREVALENCE OF CHROMOSOMAL FRAGILE SITES
IN MURRAH BUFFALO CALVES

S.K.Sahoo, B.R.Yadav and R.K.Tonk
Dairy Cattle Breeding Division
ICAR-National Dairy Research Institute (NDRI), Karnal-132 001, Haryana, India
e-mail: sarojvet6804@gmail.com

Chromosomal fragilesites are considered to play akeyrolein karyotype evolution, chromosomal rearrangements
and disease etiology related to productive and reproductive efficiency of farm animals. Extensive studies have
been undertaken on the fragile sites in several species of bovidae regarding different methods of induction, and
their clinical and biological significance. The present investigation was carried out to search fragile sites in buffalo
calves through cytogenetic analysis and further confirmation by R-banding. The cytogenetic analysis was carried
out in 20 Murrah buffalo calves (11 females and 9 males) from an organized herd at Cattle Yard, National Dairy
Research Institute, Karnal. Chromosome preparations were made by short-term lymphocyte cultures in RPMI-1640
medium supplemented with aphidicolin. A total of 1243 metaphases or 50-100 cells per individual were analyzed.
In female calves, fragile sites were ranging from 5.45 to 41.67% of metaphase plates with a mean of 19.39% and in
male calves, the range of fragile site occurrence was varying from 8.33 to 37.93% with a mean of 22.21%. Moreover,
fragile sites were found in 20.67% of total screened metaphase plates. Fragile sites on chromosomes were further
confirmed by conventional R-banding technique. The revealed fragile sites could be associated in future with
reproductive problems like repeat breeding, abortion or still birth for early screening of buffalo calves resulting
substantial reduction of time spent in raising them on the farm.

TS-11-27

PCR-SSCP PATTERNS OF LACTOFERRIN GENE AND THEIR ASSOCIATION WITH
MILK LACTOFERRIN CONTENT AND SOMATIC CELL SCORE IN MURRAH
(BUBALUS BUBALIS) BUFFALOES

Arun Pratap Singh, Kerekoppa Ramesha, Shrikrishna Isloor, P.Divya, Ashwani Arya,
Mohsin Ayoub Mir
Genetics Laboratory, Dairy Production Section
Southern Regional Station of NDRI, Adugodi, Bangalore-560 030, India
e-mail:drapsndri@gmail.com

Lactoferrin is an iron binding glycoprotein which plays an important role in antimicrobial defence and a
potential candidate gene in dairy cattle. In the present investigation, polymerase chain reaction-single strand
conformation polymorphism (PCR-SSCP) study was carried out in 100 lactating Murrah (Bubalus bubalis) buffaloes
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to detect SNPs of lactoferrin gene and to analyse the association between the observed polymorphisms with milk
lactoferrin content and somatic cell score (SCS). PCR-SSCP analysis revealed a total of 11 different variants in the
entire coding region of the lactoferrin gene. PCR-SSCP analysis of exon 10 of lactoferrin gene revealed three and that
of exons 4, 5, 13 and 16 revealed two each unique patterns, while all other exons exhibited monomorphic pattern.
Comparison of nucleotide sequences of lactoferrin gene of the Murrah buffaloes with taurine ENSEMBL (accession
number ENSBTAG00000001292) reference sequence revealed a total of 23 point mutations, 16 of which were found
to be in coding region. Conceptualized translation of nucleotide sequence revealed 11 amino acid changes. SSCP
variants of exon 10 had significant (P<0.01) effect on milk SCS. The SSCP variants of exon 16 were found to have
significant (P<0.05) effect on lactoferrin content. The SCS and lactoferrin content in Murrah buffaloes was highest in
4™ and above parity group. Stage of lactation had highly significant (P<0.01) effect on both milk SCS and lactoferrin
content. The observed association between SSCP variants in lactoferrin gene with milk SCS and milk lactoferrin
content can be used as prognostic markers for selection of animals for high lactoferrin content and low somatic cell
score, thus Murrah animals who are less susceptible to mastitis.

TS-11-28

GENETIC DIVERSITY AT MHC-DQA AND DQB LOCI INDICATES POSITIVE
SELECTION IN INDIAN SWAMP BUFFALO

S.K. Mishra’, S.K.Niranjan', Bhaswati Banerjee?, Dimpee Singh Gonge' and R.S.Kataria'
'ICAR-National Bureau of Animal Genetic Resources, Karnal — 132001, Haryana
?Gautam Buddha University, Greater Noida-201 310, Uttar Pradesh, India
e-mail: katariaranji@yahoo.co.in

Swamp buffalo (Bubalus bubalis carabanesis), a bovine specific to North-East region of India is reared mainly
for meat and draft. These buffaloes seem to be different genetically as well as phenotypically from major riverine
type buffaloes of India and supposed to be more close to the wild ancestors. Due to their geographical isolation,
the diversity in thesepopulations is presumed to be low, albeit, the animals might possess certain unique alleles
and genotypes, specific to their adaptation and immune response. As an attempt to assess the genetic diversity and
fitnessof swamp buffaloes, we studied Major Histocompatibility Complex (MHC), a group ofimmune response
lociin local swamp buffalo populations from NE region. To assess genetic diversity at MHC class II loci, about
930 and 290 nucleotides long genomic regions corresponding to DQA and DQB genes, encompassing exon 2,
were amplified in 90 Assamese swamp buffaloes. Amplified products of both the genes were digested with Haelll
and Hinfl restriction enzymes. PCR-RFLP analysis of DQA gene for both enzymes revealed a total of seven allelic
patterns, whereas DOB gene had six and seven restriction patterns for Hinfl and Haelll, respectively. Based on PCR-
RFLP analysis, PCR samples from eight animals having different haplotypes of DQA and DQB genes were cloned,
for further study. Colony PCR-RFLP was carried out to identify the clones having different alleles and plasmid
of selected clones was isolated and sequenced. A total of 13 DQA alleles were identified in swamp buffaloes,
which corresponded to two major groups, DQAL1 (11 alleles) and DQAZ2 (2 alleles). For DQB, total 16 alleles were
identified corresponding to three major groups i.e. DQB1, DQB2 and DQB3. Presence of more than two different
clones of DQA and DQOB from an individual as well as their phylogenetic analysis confirmed the duplication of DQ
genes in swamp buffaloes. Further, high ratio (more than 1) of dN/dS for DQA and DQB alleles overall, indicated
positive selection for MHC class II diversity in Swamp buffaloes. Moreover, most of the amino acid variations
were seen at the peptide binding sites. Results revealed high allelic diversity as well as duplication of DQA and
DQB loci in indigenous swamp buffaloes, indicating higher fitness of the population under positive selection.
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TS-11-29

MOLECULAR PATHWAYS ASSOCIATED WITH HEAT STRESS RESPONSE IN
MAMMARY EPITHELIAL CELLS OF RIVERINE BUFFALOES
(BUBALUS BUBALIS)

Neha Kapila', Amit Kishore', Ankita Sharma’, Monika Sodhi’, Ashok Mohanty?,
K.Parvesh! and Manishi Mukesh'
'ICAR-National Bureau of Animal Genetic Resources, Karnal — 132 001, Haryana
2ICAR-National Dairy Research Institute, Karnal — 132 001, Haryana, India
e-mail: mmukesh_26@hotmail.com

An attempt was made to identify the pathways that are overrepresented in buffalo mammary epithelial
cells (MECs) in response to heat stress. Use of heterologous bovine Agilent microarray expression chip in the present
study was successful in dissecting the transcriptome profile of heat stressed and unstressed buffalo MECs. The
study has identified several genes from different functional classes and biological pathways which could be termed
as heat responsive in buffalo MEC. Additionally, genes related to chaperons, immune function, cell proliferation
and metabolism etc. were also identified that are known to be affected by heat stress. The pathway analysis was
carried out based on transcriptome data generated as it is difficult to extract a unifying biological theme from a
large list of individual genes. Thus, in order to put differentially expressed genes (DEG) into biological context; we
carried out pathway analysis to know in which biological pathways a significant enrichment of genes of interest
are present. Considering the fact that number of pathways getting affected within cells will always be smaller than
the number of DEG genes, the transformation of data from a gene-centric view to a pathways-centered view will
reduce dimensions. Such a reduction allowed us to interpret and understand the data in a manner that was not
possible at the individual gene level. The overall DEG data set across all time points at 3 fold change (>2000 genes)
were applied to identify pathways categories that were significantly affected in buffalo MECs due to heat stress.
The pathways were identified by comparing each time point data with unstressed (CTR) data. The metabolic
pathways most impacted were viz., electron transport chain and cytochrome P450 pathways while most enriched
signaling pathways were; apoptosis, IL2 signaling, MAPK, FAS and stress induction of HSP regulation, delta notch
signaling pathway, apoptosis modulation by HSP70, EGFR1 signaling, cytokines and inflammatory response,
nuclear receptors, oxidative stress, TNF-alpha and NF- kB signaling and GPCRs pathways. In conclusion, the
present work presented a suitable strategy to characterize the transcriptomic responses of buffalo mammary
epithelial cells to heat stress. Our present data thus provides the strong clue about the coordinated transcriptional
response of buffalo mammary epithelial cells to heat stress. In future, such studies could be extended in evaluating
the impact of hyperthermia and other physiological stressors in tissue / cell damage and related gene regulation
studies to understand buffalo mammary functions.

TS-11-30

COMPARATIVE TRANSCRIPTOME PROFILING OF BUFFALO PBMCS IN REPSONSE
TO SUMMER AND COLD STRESSES

Monika Sodhi, Ankita Sharma, Amit Kishore, Sandeep Kumar, Preeti Verma,
Umesh Shandilya and Manishi Mukesh
ICAR-National Bureau of Animal Genetic Resources, Karnal — 132 001, Haryana, India
e-mail: sodhimonika@gmail.com

In the present study, for the first time, the detailed transcriptome profile of buffalo PBMCs during summer
and winter season was delineated. This study was designed to provide comparative baseline data to understand
the underlying alterations in cellular tolerance towards heat stress during hot summer and cold winter in dairy
animals. The experiment was conducted to study the effect of environmental stress during hot summer (average
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temp 40+1°C) and cold winter (average temp 10+1°C) on dairy animals. A total of 6 buffalo PBMCs, 3 each from
summer and winter periods were analyzed using bovine microarray chip from Agilent Technologies. Total RNA
was extracted by Trizol reagent (Invitrogen, CA, USA). The RNA quantity was assessed using Experion Bioanalyzer
(Bio-Rad).The heterologous bovine specific microarray chip (Agilent Technologies) was successfully utilized to
identify the genes/transcripts that are differentially expressing during summer and winter periods in buffaloes.
An effort was made to generate the microarray based transcriptome profile of buffalo PBMC harvested during
peak summer and winter periods. A total of 1970 transcripts were found to be differentially expressed across two
seasons in buffalo PBMCs at p<0.05. Further with cutoff criteria of signed fold change >2 or <2, a total of 1736 genes
were found to be significantly differentially expressed across the two seasons. In comparison to winter, a total of
921 genes were up- and 835 genes were down-regulated during summer. Hierarchical clustering approach was
followed to partition the normalized transcriptome profile to have a biologically meaningful interpretation of the
data. An effort was made to mine transcriptome data to identify genes that were specifically induced or repressed
across during summer and winter seasons in buffalo PBMCs. As expected, the whole set of genes related to heat
shock protein family; chemokines apoptosis, immune and oxidative stress response etc. were up-regulated during
summer season in comparison to winter season in buffalo PBMCs. On the other hand, during winter season,
several ribosomal proteins, eukaryotic translation elongation factor 1 alpha 1 etc. were upregulated. This kind of
effort would help to determine the molecular pathways and genes most significantly influenced due to seasonal
stress in different cattle types and buffaloes.

TS-11-31

GENETIC DIVERSITY AND BOTTLENECK ANALYSIS OF MADRAS RED AND
MECHERI SHEEP BREEDS BASED ON MICROSATELLITE DATA

R.Selvam and P.Kathiravan
Department of Animal Genetics and Breeding
Veterinary College and Research Institute, Tirunelveli — 627 001, Tamilnadu, India
e-mail: r.selvam@tanuvas.org.in

Madras Red and Mecheri sheep populations variability and structure were analysed using FAO recommended
microsatellite markers. Genetic variation at 10 microsatellite loci, population structure, and genetic bottleneck
were studied to provide genetic information for their conservation strategies and breeding programmes. A total
of 98 and 86 alleles were scored for Madras Red and Mecheri sheep respectively. The polymorphism information
content ranged from 0.609 to 0.902 for all the microsatellite loci. The overall observed and estimated heterozygosity
for all loci combined were 0.972 and 0.785 for Madras Red and 0.982 and 0.774 for Mecheri respectively. The overall
mean heterozygosity was 0.779, total heterozygosity was 0.821 and the co- efficient of gene differentiation was
0.049 between the breeds. Apart from these, 10 and 7 loci in Madras Red and Mecheri sheep respectively showed
breed-specific alleles which are critical in terms of conservation. Three different tests, viz., Sign rank, Standardized
differences and Wilcoxon tests using three models of microsatellite evolution (IAM, TPM and SMM) were utilised
to investigate whether the Madras Red and Mecheri sheep populations have undergone recent bottleneck or are in
mutation drift equilibrium. The tests revealed no genetic bottleneck in recent past and this was confirmed by mode
shift test which gave a normal L-shaped distribution for proportion of alleles.
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NUCLEOTIDE DIVERSITY IN EXONS 4 AND 5 OF GROWTH HORMONE (GH) GENE
IN INDIGENOUS SHEEP BREEDS

R.Arora and D.K.Yadav
ICAR-National Bureau of Animal Genetic Resources, Karnal-132001, Haryana, India

e-mail: rejagati@yahoo.co.in

Growth hormone affects many of the important characteristics of animal production, including growth rate,
fatness and lactation. It affects the partitioning of nutrients among tissues in sheep and cattle, increasing bone
growth and milk production, and decreasing fatness. In bovines, a single nucleotide polymorphism (SNP) in
exon 5 (at codon 127) changes leucine to valine in the mature GH molecule. Nucleotide variations in the growth
hormone gene have also been associated with decreased milk protein yield, carcass conformation and fat in cattle.
There is a conspicuous lack of such information on indigenous sheep. Therefore, the exons 4 and 5 of ovine growth
hormone (GH) gene were PCR amplified, sequenced and screened for identification of possible SNPs across a panel
of 10 indigenous sheep breeds namely Bandur, Chokla, Deccani, Ganjam, Nellore, Madgyal, Magra, Malpura,
Muzzafarnagri and Nali. Sequence alignments, comparisons and haplotype data analyses were carried out using
various software programmes. Allele and genotype frequencies were estimated for the identified SNPs. The exons
4 and 5 region of GH exhibited more than 98% identity with homologous regions in the ovine reference sequence
(Oar3.1). Analysis of the aligned sequence data with reference sequence revealed several singleton variations in
exons 4 and 5 of GH gene. Two SNPs (g.1674A>T and g.1792A>C) were identified in the exon 5, both of which were
observed to be heterozygous in nature. The allele frequency of the A allele in g.1674A>T and g.1792A>C SNPs was
observed to be 0.674 and 0.860 respectively. The haplotype and nucleotide diversities were estimated to be 0.837
and 0.026 respectively for the GH locus. The effects of these SNPs on production traits in indigenous sheep need
to be confirmed by further studies.

TS-11-33

POLYMORPHISM OF FEC-G (GDF9) GENE IN BALANGIR, SHAHABADI AND
BONPALA SHEEP BREEDS OF INDIA

Jowel Debnath and Ran Vir Singh
Animal Genetics Division
ICAR-Indian Veterinary Research Institute, Izatnagar-243 122, UP, India
e-mail:jowelagb@rediffmail.com

The present study was designed for screening polymorphism of FecG (GDF9) gene in Balangir, Shahabadi and
Bonpala breeds of sheep by employing forced PCR-RFLP technique. Genomic DNA was isolated from 100 blood
samples of Balangir and Shahabadi and 50 blood samples of Bonpala sheep breeds. The 139bp fragment of FecG
(GDF9) gene amplified by forced PCR-RFLP from genomic DNA of sheep breeds and digested with Ddel restriction
enzyme revealed bands at 105bp and 34bp in all three Indian sheep breeds. Band patterns were observed in 3.5%
metaphore agarose gel and genotyped. All three Indian sheep breeds were homozygous (FecG") for FecG gene
with gene frequency of H allele being unity. This indicates that the FecG gene is fixed in the Balangir, Shahabadi
and Bonpala population in the natural habitat. Sequencing of representative samples of FecG gene from each breed
showed presence of point mutation at 105" position. Litter size of Balangir and Bonpala sheep breeds were single
but in Shahabadi sheep twinings were recorded. The overall mean (+ S.E) of litter size in Balangir, Shahabadi and
Bonpala was 1.00£0.00, 1.41+0.02 and 1.00+0.00, respectively. In the present study all the animals of three breeds
such as Balangir, Shahabadi and Bonpala were homozygous for FecG and there was no infertility observed in
above mentioned breeds in field condition and organized farm.
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GENETIC CHARACTERIZATION OF REGIONAL SHEEP (PURKY) OF KARGIL
DISTRICT BY RAPD MARKERS

S.N.Bhatt, A.K.Das, D.Chakraborty, N.Kumar, R.K.Taggar, D. Kumar and K.M.Khan
Division of Animal Genetic and Breeding, SKUAST-Jammu, R.S.Pura- 181 102
e-mail:dibyendu_vet40@yahoo.co.in

The present study was carried out on a total of sixty sheep including 30 each of Bakharwal and Purky sheep
population for genetic characterization of Purky sheep from Kargil district. The local sheep population of Kargil
district is known as Purky. The word ‘Purky’ is derived from two different words “Pot” means ‘Tibetan’ and “Riks”
means ‘Race’. Most of the people of Kargil district belong to Tibetan race and the dialect spoken in this region is also
known as Purky. Genomic DNA was isolated from the venous blood samples by Hi PuraTM *** Blood DNA Kit (Hi-
Media). Five primers of 10 base pair each were used for RAPD-PCR technique for genetic characterization. Three
primers generated reproducible and distinct RAPD profiles. A total number of 34 loci were found in Bakarwal and
Purky sheep. The numbers of loci were 12, 8 and 14 for primer 1, primer 2 and primer 3, respectively, for Bhakarwal
and Purky sheep. Nei’s gene diversity (h) and Shannon’s information index (I) of Bakharwal and Purky sheep
were 0.3414 and 0.5171 and 0.3497 and 0.5258, respectively. The genetic identity between Bakharwal and Purky
breed was very high (0.923). The present work will provide useful information for future sheep breeding studies
in Kargil district to conserve the local sheep Purky in its natural habitat and also from dilution of breed due to
extensive crossbreeding with exotic improved breeds.

TS-11-35

MICROSATELLITE MARKER BASED ASSESSMENT OF GENETIC STRUCTURE OF
NELLORE SHEEP

B.Punyakumari, S.Vani, M.Gnanaprakash and V.H.Rao
Department of Animal Genetics and Breeding
College of Veterinary Science, Tirupati - 517 501, AP, India
e-mail:punya67@yahoo.co.in

The present study was aimed to characterize and make genetic assessment of Nellore sheep using 12 ovine-
specific microsatellite markers recommended by Food and Agriculture Organization. Blood samples were collected
from 50 unrelated animals in the breeding tract and DNA was isolated by using phenol-chloroform method. All the
12 loci were found to be polymorphic. The number of alleles amplified at each locus varied from four to twelve with
amean of 7.33 + 0.47 alleles per locus. A total of 88 alleles were observed across 12 loci studied. Mean polymorphic
information content was found to be 0.771 which ranged from 0.637 (CSSM47) to 0.8951 (MAF214). The population
departed from Hardy-Weinberg equilibrium at all loci studied. The observed heterozygosity ranged from 0.102
to 0.833 with a mean of 0.433 + 0.074, while the expected heterozygosity ranged from 0.689 (oarVH72) to
0.889 (MAF214) with a mean of 0.800 + 0.015 which indicated that substantial amount of genetic variability present
in Nellore sheep. The overall with-in population inbreeding estimate (0.302+0.08) reflected presence of inbreeding
in the population.
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ASSOCIATION OF GENETIC POLYMORPHISM OF CALPASTATIN GENE WITH
GROWTH TRAITS OF BANDUR SHEEP

S.Naveen Kumar’, M.R.Jayashankar', R.Nagaraja', C.S.Nagaraja?
Nadeem Fairoze® and K.Satyanarayana*
"Department of Animal Genetics and Breeding, 2AICRP Unit on Poultry, *Department of Livestock Products Technology
*Department of Animal Husbandry Extension, Veterinary College, Hebbal, Bengaluru — 560 024, Karnataka, India
e-mail:navingen@gmail.com

Ovine calpastatin gene is considered as one of the potential candidate gene for growth and carcass traits. The
present study was conducted to determine the polymorphism of calpastatin gene and its association with growth
traits (birth weight, weaning weight, 6- month body weight and ADG) in native Bandur sheep of Karnataka. Blood
samples were collected from randomly chosen 100 Bandur ram lambs from Livestock Research and Information
Centre (Sheep), KVAFSU, Nagamangala and from different villages in the home tract. DNA extraction was based
on Miller’s High salt method followed by PCR-RFLP to determine polymorphic variation in the exon 1C/1D
(including intron between them) region of ovine calpastatin gene in Bandur sheep. The amplified product of
length 622 bp was digested by two restriction enzymes, viz.,Mspl and Ncol. Three genotypes MM, MN and NN
with genotypic frequencies of 0.24, 0.59 and 0.17, respectively, were differentiated by Mspl and Ncol. The allelic
frequencies were 0.535 and 0.465 for M and N alleles, respectively. Chi-square test confirmed the existence of Hardy
Weinberg equilibrium in the studied population. No significant differences (P > 0.05) were observed between the
three genotypes of Bandur sheep with respect to the different growth traits.

TS-11-37
CHARACTERISATION OF LEPTIN GENE IN SHEEP BREEDS OF TAMILNADU

D.Cauveri’, S.N.Sivaselvam', S.M.K.Karthickeyan', K.G.Tirumurugaan’and K. Kumanan?
'Department of Animal Genetics and Breeding, Madras Veterinary College, Chennai — 600 007, India
*Translational Research Platform for Veterinary Biologicals, TANUVAS, Chennai — 600 051, India
3Director of Research, Tamilnadu Veterinary and Animal Sciences University, Chennai — 600 051, Tamilnadu, India
e-mail: cauveri@tanuvas.org.in

Characterisation of leptin (LEP) gene was carried out in all the eight sheep breeds of Tamilnadu viz.Coimbatore,
Kilakarsal, Madras Red, Mecheri, Nilagiri, Ramnad White, Tiruchy Black and Vembur. The LEP gene consists of
three exons and two introns; exon 1 of 13, intron 1 of 11433, exon 2 of 172, intron 2 of 1838 bp and Exon 3 of 2731 bp
in length. The coding sequence begins from a portion of exon 2 and extends up to a portion of exon 3. The exon 2
was amplified with a pair of primers and exon 3 with a set of five primers that resulted in overlapping amplicons of
a mean size of 800 bp. The PCR products from a minimum of 12 samples from each breed were sequenced and the
FASTA and *.ab1 format were compared with the reference sequence from NCBI (NC_019461 and GenelD: 443534).
It was found that 100 bp upstream, in 5' UTR region, all the Tamilnadu breeds had only one copy of ‘GTT’ segment
while the reference had two copies. Just before the start of the coding sequence, a transition 13893 T>C (SNP-L1)
was identified in all the Tamilnadu breeds. The allele in the reference sequence was T. In the coding region of the
exon 2, a transition 14013 C>T (SNP-L2) which resulted in a non-synonymous mutation was identified only in the
Tiruchy Black sheep. Analysis of exon 3 revealed three SNPs viz., 16973 G>A, (SNP-L3), 17476 C>T, (SNP-L4) and
18082 G>A (SNP-L5). All SNPs were transitions of which, SNP-L3 was found in all the sheep breeds of Tamilnadu.
SNP-L4 was breed-specific as it was found only in the Nilagiri breed and SNP-L5 was identified in Mecheri and
Kilakarsal breeds. Further studies are needed to identify association of these SNPs with growth traits in these
breeds and potential of these SNPs to act as marker in selection.
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GENETIC POLYMORPHISM OF GROWTH HORMONE GENE IN VEMBUR AND
KILAKARSAL SHEEP OF TAMILNADU

M.Seevagan', V.Jeichitra!, R.Rajendran? and K.G.Tirumurugaan®
'Department of Animal Genetics and Breeding, Madras Veterinary College, Chennai — 600 007, India
?Directorate of Research, TANUVAS, Chennai — 600 051, India
3Translational Research Platform for Veterinary Biologicals, TANUVAS, Chennai — 600 051 Tamilnadu, India
e-mail: vjeichitra@gmail.com

Vembur and Kilakarsal, mutton sheep are distributed in southern agro-climatic zone of Tamilnadu, comprising
of five districts viz. Thirunelveli, Ramanathapuram, Virudhunagar, Tirunelveli and parts of Thoothukudi. Of these,
Kilakarsal has now become endangered and is being maintained at Veterinary College and Research Institute
(VC&RI), Tirunelveli and District Livestock Farm, Abishegapatti, Tirunelveli for conservation. The genomic
regions consisting of part of intron 3, entire exon 4 and a part of intron 4 (214 bp);and part of intron 4, entire exon
5 and a part of 3’ untranslated region (365 bp) of growth hormone (GH) gene wereanalyzed for polymorphism.
Blood samples of Vembur (112 numbers) and Kilakarsal (99 numbers) breeds were collected from their breeding
tract and from animals maintained at VC&RI, Tirunelveli respectively, and DNA was extracted. Sequencing of
GH gene revealed absence of SNPs in exon 4 and 5. However, it showed complete replacement of nucleotides A
with G and G with C in the intron 4 region of the GH gene (214 bp) in all the samples of Vembur and Kilakarsal
breeds.It also showed a ToC transition in Vembur breed of sheep in the 3’ untranslated region of GH gene (365 bp).
Genotyping of TeC transition mutation (T1965C) by PCR-RFLP using EcoP15] endonuclease revealed the existence
of two alleles viz., A and B; and three genotypes viz., AA (365 bp), AB (365 bp, 301 bp and 64 bp) and BB (301 bp
and 64 bp). Genotypic frequencies for AA, AB and BB were 0.696, 0.223 and 0.080, and allelic frequencies for A
and B were 0.808 and 0.192 respectively. The highly significant (P<0.01) Chi-square value (8.812) showed that the
population is not under Hardy-Weinberg equilibrium. Sequence variation of Vembur and Kilakarsal breeds with
other breeds of GH gene may be explored for its potential as molecular marker in breed characterization.

TS-11-39

EVIDENCE THAT GANJAM SHEEP OF ORISSA IS A CARRIER OF THE BOOROOLA
MUTATION WITH LOW FREQUENCY

S.Kumar and A.K.Mishra
Animal Biotechnology Section, Division of Animal Genetics and Breeding
ICAR-Central Sheep and Wool Research Institute, Avikanagar —304 501, Rajasthan, India
e-mail: biotech.satish@gmail.com

It is well established that the mutation in the Booroola fecundity gene (BMPR-1B) increases the ovulation
and litter size in prolific sheep including the Garole, Kendrapada, and Nilagiri in India. It was speculated that
the sheep breeds found near the coastal region might have the chance of FecB mutation due to some unknown
factors. Therefore, we conducted a study on Ganjam sheep found near the Chilkalake, Rambha, Khallikote,
PunnaChandrapur and Mathura villages of District Ganjam of Orissa in year 2007. A total of 83 individuals of both
sexes were selected. Out of that 61 individuals were selected randomly and 22 individuals were selected based
on their lambing recods, ewes which had at least one record of twins, their progenies and sires. FecB genotyping
was done by forced restriction fragment length polymorphism (Forced-RFLP-PCR). Five individuals had one copy
mutation in the BMPR-1B gene (FecB"*; heterozygous), while 78 individuals were found non-carrier (FecB*) for the
FecB gene. The allele frequency of the FecB allele was found very low (3%) in the selected population. The presence
of the FecB gene in the Ganjam sheep indicated that the FecB gene might have travelled either from Garole or
Kendrapada sheep found nearest to the native tract of Ganjam sheep. It is concluded that presence of the FecB
gene in the Ganjam is segregating at low frequency and might have travelled in the Ganjam sheep by crossing of
the Garole or Kendrapada sheep by the farmers.
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CYTOGENETIC CHARACTERIZATION OF MACHERLA BROWN SHEEP

B.Nityanand, B.Ekambaram, B.Punyakumari and J.Suresh
Department of Animal Genetics and Breeding
College of Veterinary Science, Sri Venkateswara Veterinary University, Tirupati — 517 502, Andhra Pradesh, India
e-mail: dr_ekambaram@rediffmail.com

Macherla Brown sheep are found in the villages mainly adjacent to the Krishna River flowing through Prakasam,
Guntur, Krishna, Nalgonda districts of Andhra Pradesh. The present investigation was undertaken to ascertain
information on chromosomal profile of Macherla Brown sheep for characterization as a breed. Blood samples were
collected from a total of 80 animals with 20 animals from each district and 10 animals from each sex. Cultures
were set up as per short term lymphocyte culture method as described by Mooreheadet al. (1960) with slight
modifications. The modal diploid chromosome number was found to be 54 (2n = 54, XY). The first three pairs of the
autosomes were found to be submetacentric (1-3) and the remaining 23 pairs of autosomes were acrocentric (4-26).
The X-chromosome was the longest acrocentric, while the Y-chromosome was the smallest bi-armed chromosome
in the karyotype. The mean relative length of autosomes of Macherla Brown sheep varied from 1.78 to 9.85 per cent
in males and 1.82 to 9.67 per cent in females. The mean relative length of X and Y chromosomes were 5.05 and 1.57
per cent respectively. The arm ratio of first three bi-armed autosomes of Macherla Brown sheep varied from 1.21
to 1.24 in males and 1.19 to 1.22 in females, while the centromeric index in terms of ratio of short arm to its total
length varied from 0.46 to 0.47 in males and 0.45 in females.

TS-11-41

HIGH RESOLUTION MELTING CURVE ANALYSIS FOR RAPID MUTATION
SCREENING OF FecB GENE IN SHEEP BREEDS OF TAMILNADU

R.Saravanan’, S.Panneerselvam’, PKumarasamy? M.Iyue®, R.Anilkumar’,
M.Vignesh', D.Balasubramanyam* and N.Murali'
Weterinary College and Research Institute, Namakkal — 637 002, *Madras Veterinary College, Chennai — 600 007
3Sheep Breeding Research Station, Sandynallah — 643 237, The Nilgiris
*Directorate of Centre for Animal Production Studies, TANUVAS, Chennai — 600 051, India
e-mail:mrsagb@gmail.com

A study was carried out to screen for the presence of fecundity gene: Fec B among the native sheep breeds
(Coimbatore, Mecheri, Niligiri, Trichy black and synthetic Snadyno) of Tamil Nadu with objective of developing
a high resolution melt curve (HRM) assay. High resolution melting curve, a new method for DNA analysis is
introduced as the simplest method for genotyping, mutation scanning and sequence matching. After PCR
amplification, melting curves are generated by monitoring the fluorescence of a saturating dye that does not
inhibit PCR. In this present study, single-base genotyping with SYBR Green I are used to differentiate the melting
curve. SYBR Green I was included in the reaction mixture before PCR, and high-resolution melting was obtained
within 2 min after amplification. In all cases, heterozygotes were easily identified because heteroduplexes altered
the shape of the melting curves and the homozygotes are easily genotyped by melting temperatures (T, ) that differ
by 0.8-1.4°C. The homozygotes cannot be resolved from each other. In these cases, adding known homozygous
wild genotype samples to unknown samples allows melting curve separation of all three genotypes. Heterozygous
PCR products were easily distinguished from homozygous samples by a double peak on derivative melting curve
plots. Both fluorescence colour and Tm were exploited for multiplex. The HRM results show no mutations in
Coimbatore, Tiruchy black and Mecheri sheep breeds, whereas in Sandyno and Nilagiri sheep breeds, the presence
of Fec B mutations was detected. The frequency of wild, Fec B heterozygote (B+) and homozygote (BB) genotypes
were 54.71, 35.87 and 9.41 per cent respectively in Nilagiri and, 88.14, 11.86 and 0.00 per cent respectively in
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Sandyno. In the HRM assay, Fec B mutants can be distinguished from the wild-type strains based on the transition
of melt curves, which is more prominent when the profiles are displayed in difference plot. Direct sequencing of
Fec B gene has also revealed the presence of mutation. In conclusion, HRM analysis allows for rapid screening
for mutations at the Fec B gene in Sheep breeds. This assay markedly reduced the sequencing effort involved in
mutational studies of Fec B gene.

TS-11-42

ASSOCIATION OF GROWTH HORMONE POLYMORPHISM ON BODY WEIGHT IN
BLACK BENGAL GOAT

Shanker Dayal, Rajni Kumari, Amitava Dey, Pankaj Kumar and Birendra Kumar
Division of Livestock and Fisheries Management
ICAR Research Complex for Eastern Region, Patna — 800 014, Bihar, India
e-mail:antudayal@gmail.com

Genetic variation of growth hormone gene and its correlation with body weight was investigated in Black
Bengal goats. A 472bp fragment (partial intron 2, exon 3 and intron 3 and partial exon 4) was analyzed for detection
of polymorphism expected to be present at this locus. SSCP of 472 bp fragment revealed five genotypes. Sequencing
revealed substitution at 6 places i.e. 70%, 91, 106%™, 167%, 233 and 240" among the alleles, out of which three
i.e. 70%, 233 and 240" are found in intronic region whereas three i.e 91%, 106" and 167" were found in exonic
region. Mutation in exonic region lead to variation in polypeptide sequences of three alleles. Substitution at 91
position (CeT) and 167™ position (GoC) led to substitution of proline to serine and glycine to alanine, respectively
in B allele. Similarly, substitution at 106™ position of nucleotide sequence (TeG) led to substitution of tyrosine to
aspartic acid in allele C. Least- squares analysis revealed that genotypes had significant effect (P<0.05) on body
weights at 6-month and 9-month of age. Animals having AC genotype had highest body weight whereas animals
having CC genotype had lowest body weight. Animals having AC