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FOREWORD

tis my pleasure to present the Annual

Report of ICAR- National Bureau of
Animal Genetic Resources, Karnal
(Haryana) for the period 2014-15,
containing a briefaccount of the activities
and achievements of this Institute. Since
its inception in 1984, the institute has
been striving hard for identification and
characterization of the genetic potentials
associated with different attributes of
Indian farm animal genetic resources.
During the year, we completed the
phenotypic characterization of some
lesser known populations of indigenous
livestock, which included Kajali sheep,
Singharey goat, Rajapalyam and
Chippiparai dogs. The characterization
of Siri cattle, Mouli and Yalaga sheep,
Sikkim Black goat and Kaunayen chicken
isin progress. Under ex-situ conservation
program, 7600 semen doses of cattle
(Gaolao and Tharparkar) and buffalo
(Toda) were added to the Gene Bank
of the Bureau. Jaffarbadi buffalo semen
has also been utilized in its breeding
tract for supporting conservation and
improvement of the breed. Under breed
registration programme, seven new
breeds of livestock and poultry and
one male parent line of chicken were
registered. These included, Belahi and
Gangatiri cattle, Katchaikatty black sheep,
Pantja goat, Kharai camel, Agonda Goan
pig, Mewari chicken and PD1(Vanraja)
male parent line of chicken. Under the
Network Project on AnGR, characterization
of Purnea cattle, Binjharpuri cattle,
Assamese cattle, Kosali cattle, Marwari
sheep, Poonchi sheep, Tibetan sheep,

Bundelkhandi goat, Bhakarwal goat,
pig population of Assam, Jalori camel,
Arunanchali yak and mithun, Donkeys
of Rajasthan, Hazra chicken, Ducks of
Assam and conservation of Bargur cattle,
Ongole cattle and Harringhata chicken
was undertaken.

High genetic diversity was observed
in Koraput sheep at molecular level
while genetic characteriztion of Odisha
and Chattisgarhi buffalo is in progress.
Candidate genes related to milk traits
highlighted the near absence of taurine
influence in the naturally evolved
Ladhakhi cattle. Various candidate genes
for production (DGAT1, GH, GHR, PIT1,
Leptin, CAPNT1, CAST, Titin, Ankirin etc.),
reproduction (GDF9, BMP15, Kiss1 etc.)
and endurance (Myostatitn, MCT, CD147
etc.) were characterized in different
indigenous breeds. Data on 541 farm
individuals from 3 breeds (Gir, Sahiwal
and Tharparkar) using 4 STR loci was
generated and analysed to develop breed
signature with high accuracy. The Institute
continued to provide consultancy services
to various semen banks for cytogenetic
screening of breeding bulls.




-

IRC meetings were held in time. An
expert consultation meet on “Strategies
for enhancing milk productivity of
indeginous cattle” was organised in
collaboration with ICAR and National
Academy of Veterinary Sciences (NAVS).
Awareness among masses on AnGR
was generated by holding exhibitions,
brainstorming sessions and lectures. A
brainstorming session on Animal Genetic
Resources of Sikkim state was organized
at Gangtok in collaboration with Sikkim
Livestock Development Board, Gangtok
(Sikkim). ICAR sponsored short course on
“Advanced Molecular and Bioinformatics
Approaches for Genome Characterization
of Indigenous Animal Genetic Resources”
was organized. | visited Vienna (Austria)
to impart training to the international
participants of IAEA-sponsored training in
the capacity of Expert Lecturer. Apart from
this, a number of distinguished persons

visited the Institute which included Dr.
Jimmy Smith, Director General, ILRI,
Nairobi (Kenya), teams from USDA and
Bangladesh.

| am grateful to Dr S Ayyapan, Secretary
(DARE) & DG, ICAR, Dr K M L Pathak, DDG
(AS), Dr R S Gandhi, ADG (AP&B) and
Dr Vineet Bhasin, PS for their constant
support and guidance for the overall
development of this Institute. With a sense
of pride and satisfaction, | congratulate
all the scientists, technical, administrative
officers and other staff members of the
bureau whose contributions have been
reflected in this report. Feedback and
suggestions for the improvement are
always welcome.

Y,

(ARJAVA SHARMA)
DIRECTOR
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EXECUTIVE SUMMARY

National Bureau of Animal Genetic Resources
and National Institute of Animal Genetics were
set up on 21* September, 1984. These institutes
started at Regional Station of National Dairy
Research Institute, Bangalore. Bureau and the
institute were then shifted to Karnal in 1985 and
temporarily housed in NDRI Campus before
shifting to its own campus at Makrampur, Karnal
in 1994. Both, Institute and the Bureau were
merged to function as a single unit as National
Bureau of Animal Genetic Resources in 1995.
National Bureau of Animal Genetic Resources
has been the nodal organization in India
with the mandate ‘Identification, evaluation,
characterization, conservation and utilization
of livestock and poultry genetic resources of the
country’. The objectives of the Institute are-

® Toconductsystematic surveys to characterize,
evaluate and catalogue farm livestock and
poultry genetic resources and to establish
their National Data Base.

® To design methodologies for ex-situ
conservation and in-situ management and
optimal utilization of farm animal genetic
resources.

® To undertake studies on genetic
characterization using modern techniques
of molecular biology.

® Toconduct training programmes as related to
evaluation, characterization and utilization

of animal genetic resources.

Total expenditure under Non-plan and Plan
(combined) was Rs. 1179.332 Lakhs against the
total receipt of Rs. 1186.00 Lakhs during financial
year of 2014-2015. Under Network project,
total expenditure was Rs. 178.72 Lakhs, which
included release of Rs. 170.00 Lakhs, against
Receipt of Rs. 180.00 Lakhs. Revenue generated
was Rs. 21.68 Lakhs against the target Rs. 22.00
Lakhs.

Seven new breeds of livestock - two breeds
of cattle, one breed each of goat, sheep, pig,
camel and chicken were registered. The breeds
are Belahi cattle of Haryana and Chandigarh,
Gangatiri cattle of Uttar Pradesh and Bihar,
Pantja goat of Uttarakhand and Uttar Pradesh,
Katchaikatty Black sheep of Tamil Nadu, Kharai
camel of Gujarat, Agonda Goan pig of Goa,
Mewari chicken of Rajasthan. After including
these newly registered breeds, total number of
indigenous breeds in the country is now 151.
One chicken line was also registered first time

by the Bureau.

Indigenous cattle of Sikkim known as “Siri”
was characterized through survey conducted in
East district of Sikkim. A total of 68 animals of
different age and sex were recorded for physical,
morphometric characteristics and performance.
Body colour of Siri cattle varies from brown with
white spots to black. Ears are small. Tail reaches
up to the hock. Udder is small. The daily milk
yield ranges from 2.0 to 6.50 kg. Bullocks are
used for draft purpose and a pair of bullock may

plough about one acre of land in 6-8 hours.

Ladakhi cattle adapted to high altitude was
characterized phenotypically through surveying
the Ladakh area. Body colour of animals is black,
brown and black with white patches. Horns are
curved. Hump and dewlap are small. Ears are
small to moderate in length and horizontal in
orientation. Tail is long, touching almost to
ground. Udder is small. Temperament of the

animal is docile.

A survey was undertaken for characterization
of Mouli and Yalaga sheep populations of
Karnataka state. Data on body biometry and
body weight were recorded. Mouli sheep are large

sized with wide phenotypic variations. Animals

iii
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are tall with deep body and longlegs. Coat colour
is white with or without brown spots/patches.
A brown ring is present around the eyes. A few
flocks were typical Madgyal type. Noseline is
typical Roman or comparatively straight. Both

the sexes are polled.

Yalaga sheep are medium sized. White coat
colour consisted thick small hair. A hair tuft is
present in the thigh region. Face is white, white
with black or brown patches of varying size to
complete black. Extremities, except face and ears,
are white. Muzzle is black brown or pink. Wattles
are present in all the animals. Males are horned

and females are polled.

Kajali, a mutton type sheep was surveyed and
distributed in Sangrur, Barnala, Ludhiana, Moga
and adjoining districts of Punjab. The Adult body
weights of males and females are 56.98 + 1.02 and
43.23 +0.36 kg, respectively. Kajali sheep has two
types / colour variants, distinguished primarily
on the basis of colour - 1) Black (Kali) Kajali-
with complete black or black- brown body and 2)
White (Chitti) Kajali - with white body and black
or dark brown face and ear. The animals are large
in size with well-built body, having Roman nose,
long and pendulous ears and long tail touching
to ground. The both sexes are generally polled.
Average greasy wool production is 800 to 1000 g.

Interview based survey data on production and
reproduction status, threat status and breed
merits of five ecotypes (Madgyal, Solapuri,
Sangamneri, Lonand and Kolhapuri) of Deccani
sheep were collected from their distribution
areas. Discriminant Analysis classified the
five ecotypes in distinct groups. Principal
Component Analysis (PCA) was performed on
Madgyal, Solapuri and Kolhapuri ecotypes using
14 morphometric traits. The PCA extracted two
components with a total variance ranging from
66.3% to 71% in the three ecotypes.

Survey was conducted to characterize the Sikkim
goat population- Singharey and Sikkim Black
goats. Singharey goats constitute the major
part of the Sikkim goat population and can be
distinguished from other populations by the
facial stripes. The eyes are bright and small. The
ears are short to medium semi pendulous with
round tip. The under belly is generally light
brown or white. Legs are short, stout, medially
black or white. Black top line is seen in many of

these goats.

Sikkim goat germplasm constitute goats with
coat colour brown, black, white, and mixture
of these colours. These goats are distinct from
Singharey goats in respect of coat colour, type
of horns and their size and also from Black
Bengal in their body size. Sikkim Black goats
are of medium size. Head is proportionate to
body. Face, horns and tail are longer than that of
Singharey goats. These goats are slightly shorter
than Singharey goats. Sikkim goats are reared

mainly for meat purpose.

Survey has been conducted in Thoubal and
Imphal West districts of Manipur to characterise
local chicken called “Kaunayen”. Plumage colour
is black or brown with patches of white, black or
golden feathers. Comb is red in colour and is of
pea type. Body weight is about 2.5 to 3kg. Egg
production is about 35 to 45 per annum. These
are fighting type birds. Eggs were medium in
size with an average of 42.43+.07g. Shell colour

is brown.

Chippiparai dog distributed in Tirunelveli,
Madurai, Virudhunagar and Thoothukudi
districts of southern Tamil Nadu was
characterized. Chippiparai dogs are medium
in size with varying coat color from fawn to
dark brown, brownish black and black. Ears are
medium and flat, with very few in erect position.

The age at sexual maturity in dogs ranges from



12-16 months. These animals are kept by the
breeders for guarding and hunting as well as for
their hobby.

Microsatellite based genotypic data recorded
across 20 markers was analysed to estimate the
genetic variability in Ladakhi cattle. A total
of 200 alleles were detected across the 20 loci
with mean number of 9.95 alleles per locus. The
various within breed diversity measures in terms
of observed number of alleles (9.95), effective
number of alleles (4.84), observed heterozygosity
(0.75) and expected heterozygosity (0.79),
indicating sufficient genetic variability. The

average inbreeding coefficient (F) was 0.037.

The data on 541 farm individuals from 3 breeds
(Gir, Sahiwal and Tharparkar) using 4 STR loci
was generated and analysed to develop breed
signature. F values were 0.173,0.281 and 0.235
between Gir and Sahiwal, Gir and Tharparkar and
Sahiwal and Tharparkar, respectively. Selection
of loci was attempted and finally eight loci were
able to assign 100% individuals belonging to
the farms of these three breeds and 93% when
added the field samples. All the individuals from
organized farms were found to be correctly
assigned and 3 breeds formed different clusters.
These loci were used to develop a multiplex PCR
kit. The kit was tested and validated to be used
for Sahiwal, Gir and Tharparkar cattle breeds

assignment.

Cytogenetic study was carried out for Kalahandi
and Paralakhemundi, which revealed typical
riverine buffalo cytogenetic constitution with
50 chromosomes. 811 bp mitochondrial D-loop
region of 30 Kalahandi and 19 Paralakhemundi
buffaloes was amplified and sequenced. By
comparative analysis across nine riverine and
swamp breeds/populations, 81 variable sites were
observed resulting in 57 haplotypes. Median

joining network analysis based on haplotypes

.

sharing, has also shown both the Odisha buffalo
populations grouping with other riverine buffalo
breeds.

Pilot surveys were conduct in about 41 villages
of Dhamtari, Kanker, Mahasumund, Bilaspur,
Kawarda and Baster districts of Chhattisgarh.
Phenotypic characterization was done and
biometric measurements on about 140 adult
Chbhattisgarhi buffalo were recorded. Cytogenetic
analysis of Chhattisgarh buffalo samples revealed
riverine type with chromosomal number fifty.
The candidate genes affecting the fat production
traits - FASN (Exon 38, 39, 40, 41, 42) and 3’
UTR of STAT1 were also studied for variation
in Chhattisgarhi buffalo, using PCR-RFLP
technique. Only Exon 40 of FASN gene was
found to be polymorphic.

A total of 13 DQA alleles were identified in
swamp buffaloes, which corresponded to two
major groups, DQAL1 (11 alleles) and DQA2 (2
alleles). For DQB, total 16 alleles were identified
corresponding to three major groups i.e. DQBI,
DQB2 and DQB3.

SNP markers in the heat shock protein (HSP)
genes in four different breeds of Indian sheep
were studied. Promoter region of HSP90AA1
containing 7 already reported SNPs with an
amplicon size of 499 bp was amplified. The
region revealed three novel SNPs at 112, 244 and
248 nt position. The tetra- primer ARMS PCR
protocol was developed for -660 and -601 nt
position in the promoter region of HSP90AA1.
Genotyping protocol was developed for the 112
nt position SNP (G/C) using the allele specific
primers and 42 samples of the Madras Red Sheep
were genotyped. GG, GC and CC genotypes had
a frequency of 0.40, 0.40 and 0.19; respectively.
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Study was to conducted to evaluate the
comparative changes in total antioxidant capacity
(TAC) and free radical scavenging activity of
milk during lactation in cattle and buffalo. In
Sahiwal and Karan Fries cows, TAC of milk
was significantly (p<0.05) higher in colostrum
followed by early, peak, mid and late lactation
stages. On the other side, percentage scavenging
activity of 1,1-diphenyl-2-picrylhydrazyl
(DPPH) showed no difference across lactation
stages in Sahiwal and Karan Fries cows. In
Murrah buffaloes, percentage scavenging activity
of DPPH was significantly higher in colostrum
and early lactation stages compared to peak,
mid and late lactation stages. Data suggested
that antioxidant levels change during different
stages of lactation and are higher in colostrum
and early lactation stages as compared to later

part of lactation.

Expression of endogenous proteases across
various lactation stages in Sahiwal cows and
Murrah buffaloes was studied. All the genes
encoding different endogenous proteases showed
an increase in expression during course of
lactation. The analysis showed lower expression

of different proteases during early lactation.

The expression patterns of the milk casein genes
(CSN1S1, CSN1S2, CSN2, CSN3, LALBA),
and fat metabolism genes (FABP3, BIN1Al,
ACACA, SCD, GPAM) were evaluated in Sahiwal
cattle. Expression pattern of all casein genes was
higher during early and peak lactation period as
compared to mid and late lactation. Their mRNA
abundance level was significantly high during
early lactation and gradually decreased in late
lactation stages. Expression level of SCD, FABP3
and GPAM etc. was significantly higher in early
lactation (10 to 30 days) compared to mid and

late lactation periods.

To decipher subfertility in bovines, sequence
variation in zinc finger domain of bovine
PRDMY gene was studied in indigenous, exotic
and crossbred cattle. Four alleles (A, B, C and D)
and nine genotypes (AA, BB, CC, DD, AB, BC,
CD, AC and BD) for PRDM9 gene have been
recorded. Number of zinc fingers in this domain
of PRDMY gene was 6,7, 8 and 9in A, B, Cand

D allele; respectively.

Distribution pattern of allelic variants at
important candidate genes- k-CN, B-CN,
B-LG,a-LA, bGH, Pit-1, PRL, BTN-1,-3 and
DGAT-1 across 72 animals of Ladakhi cattle.
Ladakhi cattle have maintained the indicine
characteristics at most of the studied loci.
Variant E was observed at k-CN that has not
been reported in any other Indian native cattle
breeds and at BTN-3 loci, new novel variants

were observed in Ladakhi cattle.

Comparative evaluation of neutrophils/
lymphocytes (N/L) ratio was evaluated to assess
the physiological stress in bovines. The N/L ratio
was highest in both Holstein Friesian and Karan
Fries cows, while lower in Sahiwal cows and
Murrah buffaloes. Data provided evidence that
Sahiwal cows and Murrah buffaloes have better
cellular tolerance than exotic, crossbred cows to

summer stress.

Impact of seasonal variation on transcription
of major chaperones in PBMCs of Sahiwal,
Holstein Friesian cows and Murrah buffaloes was
determined. The HSP transcripts in Sahiwal cows
showed non-significant or minimum change in
expression with change in season. Combined
expression values for HSP70, HSP40, HSP60 and
HSP90 genes together showed maximum and
significant induction in Holstein Friesian cows

compared to Sahiwal cows.



Ten well-known reference genes from different
functional categories that could serve as suitable
ICG during studies in Indian cattle adapted
to high altitude and tropically adapted were
tested. On the basis of relative gene expression
stability and stepwise exclusion, genes were
arranged in descending order of stability:
RPS9=RPS15>HMBS >GAPDH>B2M >RPL4
>EEF1A1 >UXT >ACTB > HPRT. Lgorithmic
methods geNorm, Normfinder and BestKeeper
have demonstrated that RPS15, GAPDH, RPS9
and HMBS are the most stable internal control

genes.

An extender containing citrate buffer, sugar,
egg yolk and antibiotics along with a cooling
protocol has been standardized for freezing of
caprine epididymal semen and frozen semen

doses prepared using this protocol.

Total 7,600 frozen semen doses of Cattle (Gaolao
and Tharparkar) and Buffalo (Toda) have been
procured and added to repository in Gene Bank
during last year. The National Gene Bank at
NBAGR now stores 1,29,174 frozen semen doses
belonging to forty four breeds of seven species
(Cattle, Buffalo, Goat, Sheep, Camel, Equine
and Yak).

Under Network project, Characterization
of Budelkhandi, Bhakarwal Goat, Marwari,
Poonchi Sheep, Tibetan sheep, Mithun, Purnea,
Binjharpuri, Assamese, Kosali cattle, pig
population of Assam, Jalori camel, Arunachali
Yak, Donkeys of Rajasthan, Hazra chicken,
Duck of Assam was carried out. Conservation
of Bargur cattle, Ongole cattle and Harringhata
chicken was carried out by respective Network
Project centers. Assessment of genetic variability
in Tibetan sheep by microsatellite markers was

carried out.

.

NBAGR is providing consultancy service of
cytogenetic screening of breeding males to
various agencies throughout the country with
the aim to check the spread of chromosomal
defects and to keep the herds free of such genetic
defects as per the policy of Government of India.
During the year a total of 113 breeding cattle and
buftalo bulls and 40 pigs were screened for their
cytogenetic parameters.

A total of 11 Research projects were completed
during last year. At present 21 research projects
including one externally funded and one
National Fellow projects are on-going.

Total 43 research papers were published in
National and International Journals of high
impact factor. 27 technical/popular articles were
published. 12 Monographs and training manuals
were also published by the institute.

Seven patent applications were published in
the Journal of Indian Patent Office and the
first examination requests for three patent
applications were submitted to the Indian Patent
Office, New Delhi.

Under RFD, NBAGR achieved a composite score
of 99.50% and received excellent rating.

In the Bureau library, to keep track of the
current scientific / technical developments, 44
journals (11 foreign and 31 Indian journals)
were subscribed. Books and journals worth Rs.
10, 21,195/- were procured in the library.

Nine exhibitions on AnGR were organized at
various places to showcase institute’s activities
and sensitize farmers about the benefits of
indigenous animals.

The Institute Research Committee (IRC)
meetings were held on time. The progress of
research projects was reviewed during mid term
IRC meeting.

Scientists deputed for training within the country
and attended the workshops, symposia and
conferences.

vii
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Foundation Day of Bureau, Biodiversity day,
Republic Day and Independence Day, Taru
Diwas, ICAR Foundation day were celebrated
at NBAGR campus.

A three day Training program entitled “Next
generation sequencing analysis: from technology
to application” was conducted.

One day workshop on ‘Characterization of
Manipuri Chicken’ was organized on 21.11.2014
at Keishamthong, Imphal (W) in collaboration
with CAU, Imphal.

An interactive workshop on ‘Breed Registration
Process’ was organized jointly by DAHD&E, GOI
and NBAGR on 28.01.2015 at NBAGR.

A brainstorming session on Animal Genetic
Resources of Sikkim state was organized on
19.11.2014 at Gangtokin collaboration with
Sikkim Livestock Development Board, Gangtok.

Ten days ICAR sponsored short course on
“Advanced Molecular and Bioinformatics
Approaches for Genome Characterization of
Indigenous Animal Genetic Resources” was

organized. A total of 21 participants attended
the course.

A number of distinguished persons visited the
Institute. Dr. Jimmy Smith, Director General,
ILRI also visited Institute.

Director, NBAGR visited Austria, Vienna to
impart training to the international participants
of IAEA-sponsored training in the capacity of
Expert Lecturer.

NBAGR scientists taught various course in Dairy
Cattle Breeding and Animal Biotechnology
Divisions of NDRI. Also guided the students for
masters degree.

At present 29 scientific, 17 technical, 19
administrative and 5 skilled staff persons are
working at the Institute. Six scientist, 2 technical
and 3 skilled staff were promoted to higher
grades/posts.

One principal scientist has been appointed to
the post of Director, ICAR-CIRC, Meerut and
transferred. One principal scientist and one

technical officer superannuated during the year.
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HISTORY AND PROFILE

About Bureau

he need for the establishment of National

Institute of Animal Genetics was accepted in
principle during 4" Five Year Plan. During 5" and
6™ Five Year Plan, various government agencies
coordinated the efforts for the establishment
of this Institute. Therefore, National Bureau
of Animal Genetic Resources (NBAGR) and
National Institute of Animal Genetics (NIAG)
were set up on 21* September, 1984. These
institutes started at Regional Station of National
Dairy Research Institute, Bangalore. Bureau and

R
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the institute were then shifted to Karnal in 1985
and housed temporarily in NDRI main Campus
before shifting to its own campus at Makrampur,
Karnal in 1994. Both Institute and the Bureau
were merged to function as a single unit as
National Bureau of Animal Genetic Resources
in 1995.

National Bureau of Animal Genetic Resources
has been the nodal organization in India with the
mandate and objectives as given below:

MANDATE
‘Identification, evaluation, characterization, conservation and utilization of

livestock and poultry genetic resources of the country.

~

biology.

of animal genetic resources.

OBJECTIVES

« To conduct systematic surveys to characterize, evaluate and catalogue farm livestock and

poultry genetic resources and to establish their National Data Base.

+ To design methodologies for ex-situ conservation and in-situ management and optimal

utilization of farm animal genetic resources.

» To undertake studies on genetic characterization using modern techniques of molecular

« To conduct training programmes as related to evaluation, characterization and utilization

~

/
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Divisions' Profile

As per ICAR letter.No. AS 5/21/2012.IA.1 dated
22.07.2013 following divisions have been created

to achieve the institute’s mandate and objectives:

1. Animal Genetic Resource Division
2. Animal Genetics Division

3. Animal Biotechnology Division

In addition to this, two units namely Livestock
Information Unit and Network Project Unit are

functioning to support the divisional activities.

Animal Genetic Resource Division

Animal Genetic Resource (AGR) Division has
been engaged in developing formats for breed
characteristics, survey strategies and breed
description methodologies. The present form of
Animal Genetic Resources (AGR) division came
into existence after a number of transformations.
In 1987, Animal Genetic Resources and Animal
Conservation divisions were merged into Animal
Genetic Resources and Conservation Section.
In 1991 a new section of Animal Gene Bank
was created which was reframed as Animal
Physiology and Reproduction section during
1991-92. Reorganization continued and in
1992-93 the then NBAGR had one section
and two units viz Livestock Information and
Management Section, Animal Genetic Resource
Unit and Animal Conservation and Gene Bank
Unit. During 1994-95 the sections and units
were again reframed as: a) Information and
Management Unit/Computer Unit b) Animal
Genetic Resources and Conservation Section c)
Animal Physiology and Reproduction Section. In
1996, the Animal Physiology and Reproduction
Section was merged into Animal Genetic
Resources and Conservation Section. In 1997
the section was renamed as ‘Animal Genetic
Resources Division’ and since then the division
continues in its present form.

HISTORY AND PROFILE

At present Animal Genetic Resources Division
along with its ‘National Gene Bank’ is engaged
in phenotypic characterization, sustainable
utilization and conservation of indigenous
livestock and poultry breeds. The phenotypic
characterization is accomplished through
systematic/pilot field surveys to assess socio-
economic status of the farmers, flocks/herd
structure, population status, feeding, breeding
and management practices, phenotypic
characteristics, body biometry, reproduction
and production performance, and marketing
of live animals and products. The production
performance of local breeds is evaluated and
recorded under agro-climatic conditions of their
habitat. The surveyed breeds/populations are
documented in the form of breed monographs,
breed descriptors and breed calenders in
addition to research publications. Based on
the information, new strategies have been
formulated for improvement and conservation
of the breeds under field conditions. The in situ
conservation has been implemented for breeds
of various livestock species. In addition, the
division is also working in the frontier areas of

long term ex-situ conservation of germplasm.

Animal Genetics Division

The major research thrust in initial years of
National Institute of Animal Genetics (NIAG)
was on characterization of indigenous genetic
resources using cytogenetics and biochemical
polymorphism studies. The initial research
projects encompassed studies of chromosomal
profile of cattle, buffalo, sheep, goat, pigs
and camel. Since cattle, buffalo and goats
had relatively more information available, so
emphasis was laid on species, like camel, pigs,
equines and poultry. The cytogenetic studies
also encompassed research on chromosomal

abnormalities in relation to abnormal phenotypes



HISTORY AND PROFILE

and reproductive disorders. The work on
immunogenetic and biochemical genetics
included characterization of cattle erythrocyte
antigens and their applications, preparing typing
reagents and to build a national blood center. The
other major studies included antigens of bovine
major histocompatibility complex and genetics
of humoral immune response, bovine cytokines

and major genes of phagocytic functions.

On merging of the two institutes, all the
scientists working in the fields of cytogenetics,
immunogenetics, and molecular genetics became
the part of Animal Genetics Division, which
was established in the year 1996 and formally
approved in 2014. The division has five principal
scientists and two senior scientists at present.
In the year 1997, a major change in the focus of
the divisional research activities was observed,
most of the research projects en compassed work
on molecular characterization and biodiversity
analysis of native breeds of cattle, sheep,
poultry, pigs and other livestock species using
molecular markers especially microsatellites. To
understand the nature of mitochondrial DNA
diversity, maternal lineages and evolutionary
relationships amongst native breeds, efforts
were also made using mitochondrial D-loop
marker. Significant work was also continued
in the field of immunology especially on the
MHC and bovine interleukins in Indian cattle.
In recent years, sizeable progress has been made
in sequence characterization and identification of
single nucleotide polymorphism (SNPs) at several
candidate gene loci influencing trait of functional
importance viz; milk yield/ composition, wool,
meat, growth and development, adaptive,
thermo tolerance, disease resistance in our native
breeds from different livestock species. The
division has successfully completed the NAIP
and DBT projects. Animal Genetics Division is

also providing consultancy services in term of
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karyotyping the breeding bulls and screening of

major genetic disorders.

Animal Biotechnology Division

Animal Biotechnology Division came into
existence w.e.f. 16.01.2014 from the erstwhile
DNA Fingerprinting Unit by the Council's
orders. Present strength of the Division is
seven scientists supported by four technical
staft, working in diverse fields as per institute's
mandated activities. Besides assigned tasks
of genetic characterization work on various
livestock species, major emphasis is on utilizing
genomic tools for the identification and
evaluation of genes, and transcripts involved
in adaptation, disease resistance and various
production related traits, in order to explore the
unique attributes of indigenous livestock species.
Other than institutional projects, the division
currently, has one National Fellow project on
"Genome data mining to unravel molecular basis
of thermo tolerance and adaptation to diverse
environments in native cattle and buffaloes" and
a DBT project on "Whole genome based SNP
mining and development of breed signatures
for dairy and dual-purpose indigenous cattle"
as externally funded projects. Two NAIP funded
research projects "Toll-like receptors in farm
animals: evolutionary lineages and application
in disease resistance"” and "Analysis of mammary
gland transcriptome and proteome during
lactation and involution in indigenous cattle and
buffalo for identification of probable mammary
biomarkers" have been completed successfully,
recently in the division. Two more external
grants one from National Fund scheme of ICAR
and another from DRDO have been approved.

Two of its scientists have been awarded Dr. P.G.
Nair best scientific worker award. Four scientists
of the division are also members in NDRI

biotechnology faculty, involved in teaching and
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guiding of Masters and Ph.D. students. Division
has been regularly publishing quality research
work in various international journals of high
repute in the field as well as organizing training
programme for researchers of NARES. One
patent on differentiation of cattle and buftalo
meat and milk has also been filed from the
division. Major scientific achievements of the

division are:

o Prevailing genetic status and interbreed
genetic relationships of indigenous livestock
species- cattle, buffalo, sheep and goat
established.

o Identification and distribution of pure
swamp, riverine and hybrid buffaloes in
northeast Indian states, accomplished
using mitochondrial D-loop sequencing,

cytogenetic tools and microsatellite markers.

 Transcriptome analysis of buffalo and cattle
helping in identification of genes influencing

adaptation to stress and milk production.

o New alleles/SNPs identified for various
traits of economic importance like disease
resistance, meat quality, reproduction and
allelic diversity across breeds/populations

documented.

Livestock Information Management Unit

This Unit is engaged in digitization of information
on animal resources and to provide it to the users
in an easily retrievable format. This section also
provides LAN, Internet and computing facilities
to the institute. The Leased Line connectivity
was upgraded to 20 Mbps in June 2014. Another
Leased Line has been provided through National
Knowledge Network in June 2014. The section
is also looking after registration of livestock and

poultry genetic resources.

HISTORY AND PROFILE

Network Project Unit

The Network project was initiated in 1996 with

the following objectives:

o To characterize the breeds in terms of both

qualitative and quantitative traits

o Molecular genetic characterization and

candidate gene studies in indigenous breeds
o To develop the breed descriptors
« To conserve the germplasm

There were 8 centersin VII plan for characterization
of breeds. In IX and X plan 12 new centers in
each plan were undertaken for characterization
of breeds. Genetic characterization was also
commenced in IX plan by establishing 3 core
labs. In-situ and ex-situ conservation activities
were also initiated from IX plan onwards. In
XI plan one more core lab was established in
NEH region and buffalo genomics work was
also taken up. During current XII plan 17 new
breeds/populations have been undertaken for
characterization and work on 4 at risk breeds

has been started for conservation.

The updated achievements include phenotypic
and genetic characterization & development
of breed descriptors of 11 breeds of cattle
(Deoni, Ongole, Gir, Umblachery, Bachaur,
Dangi, Amritmahal. Khillar, Gaolao, Tho Tho,
Gangatiri), 3 breeds of buffalo (Jaffarabadi,
Nagpuri, Surti), 8 breeds of sheep (Changthangi,
Deccani, Mecheri, Mandya, Rampur Bushair,
Banpala, Coimbatore, Chhota-Nagpuri), 5
breeds of goat (Osmanabadi, Barbari, Attapady,
Ganjam, Mehsana), 2 breeds of chicken (Aseel,
Ankleshwar), Kutchi Camel, Spiti Horse and
Arunachali Mithun.

Conservation of AnGR includes 5 cattle breeds

(Krishna Valley, Ponwar, Kherigarh, Kangayam,
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Nagori), 3 buffalo breeds (Pandharpuri,
Jaffarabadi, Toda), 3 sheep breeds (Magra,
Nilgiri, Kilakarsel), 2 goat breeds (Beetal, Surti)
and Spiti horse.

Various candidate genes for production (DGAT],
GH, GHR, PIT1, Leptin, CAPN1, CAST, Titin,
AKkirin, etc.), reproduction (GDF9, BMP15,
BMPRI1B, Kiss] etc.) and endurance (Myostatin,
MCT, CD147, IGF, ACTN, ADRB2) were
characterized in indigenous breeds in core labs of
diffrent regions. The Indian breed specific SNPs
in these genes were identified and associated

with traits in buffalo, cattle, goat and horses.
The novel SNPs have been added to the SNP
database of various species. Various new loci of
PCR-RFLP have been established for genotyping
of identified SNPs in large populations.

.

Under Buffalo Genomics, more than 100 GB
DNA sequence data has been generated from
one female Murrah buffalo providing nearly
30 fold coverage. The first version of assembly
was constructed with Illumina paired end and
mate pair short read sequencing using the cattle
genome (Btau 4.0 assembly) as a reference. The
assembly has read depth of 17-19X. The buftalo
assembly represents ~ 91%-95% coverage in
comparison to the cattle assembly Btau 4.0. The
assembly has 185,150 contigs. The mitochondrial
genome is fully covered by a single contig. Whole
genome comparison between this assembly and
of cattle revealed 52 million mismatches/indels.
The present analysis also unveils about 300
structural variants in the buffalo genome.
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Financial Outlay

Budget Estimate (in Lakh) for Plan, Non-Plan & Network Project of NBAGR
along with expenditure for the financial year 2014-15 (Rs. In Lakhs)

Sr. HEAD NON-PLAN PLAN Network Project
No.
Receipt Expenditure Receipt Expenditure Receipt  Expenditure
01. Capital
i) Works 0.00 0.00 40.00  39.97 0.00 0.00
ii) Other capital expenditure 10.00 8.70 36.00 34.44 0.00 0.00
Total Capital 10.00 8.70 76.00 74.41 0.00 0.00
02. Revenue 180.00 178.72
i) Establishment expenses 707.00 706.10 0.00  0.00 0.00 0.00
ii) Traveling Allowance 4.00  4.00 10.00  10.00 0.00 0.00
iii) Research & Operational expenses 43.00  43.00 75.00 74.98 0.00 0.00
iv) Administrative Expenses 75.50  75.33 107.00 106.99 0.00 0.00
v) Miscellaneous expenses 6.50  6.27 2.00  2.00 0.00 0.00
Total Revenue 836.00 834.70 194.00 193.97 180.00 178.72
03.  Pension & Retirement benefits 70.00 67.54 0.00 0.00 0.00 0.00
Grant Total 916.00 910.94 270.00 268.38 180.00 178.72*

*Includes Releases of Rs. 175.00 lakhs

Revenue Generated during the year 2014-15

Sr. No. Head of Account Amount (Rs)
1. Sale of Publication & Advertisement 62,815

2. Licence fee 2,04,209

3. Training Programs - Income 1,88,868

4. Hostel and Guest house rent 2,98,670

5. Sale of Technology 69,550

6. Sale of farm Produce 5,84,000

7. Others Misc. Revenue Receipts 7,60,015

Total 21,68,127

Revenue Target Fixed : 22.00 Lakhs

Target Achieved : 21.68 Lakhs
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Funds Utilization under Non-Plan

Other Capital Expenditure

Establishment Expenses
Travelling Allowance
Research & Operational Expenses

Administrative Expenses

Misc. Expenses

Funds Utilization under Plan
B Works

B Other Capital Expenditure

[ Traveling Allowance

B Research & Operational Expenses
B Administrative Expenses

[ Misc. Expenses

Revenue Generated - .
B Sale of Publication & Advertisement

B Licence Fee

B Training Programs - Income
B Hostel and Guest House Rent
B Sale of Technology

I Sale of Farm Produce

[ Others Misc. Revenue Receipts
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Livestock Information
Management

Breed registration Committee in its meeting
on 6™ January, 2015 at New Delhi approved
registration of seven new breeds of livestock and
poultry and one line of chicken. This includes
two breeds of cattle, one breed each of goat,

sheep, pig, camel and chicken. After including

5o

these newly registered breeds, total number of
indigenous breeds in the country is 151, which
include 39 for cattle, 13 for buffalo, 24 for goat,
40 for sheep, 6 for horses & ponies, 9 for camel,
3 for pig, 1 for donkey and 16 for chicken. The
committee also considered registration of lines/
strains of chicken for the first time and approved
aline of chicken PD1 developed by ICAR-DPR,
Hyderabad for registration.

CATTLE
01 Belahi Haryana and Chandigarh INDIA_CATTLE_0532_BELAHI 03038
02 Gangatiri Uttar Pradesh and Bihar INDIA_CATTLE_2003_GANGATIRI_03039
GOAT
01 Pantja Uttarakhand and Uttar INDIA_GOAT_2420_PANTJA _06024
Pradesh
SHEEP
01 Katchaikatty Tamil Nadu INDIA_SHEEP_1800_
Black KATCHAIKATTYBLACK_ 14040
CAMEL
01 Kharai Gujarat INDIA_CAMEL__0400_ KHARAI _02009
PIG
01 Agonda Goan Goa INDIA_PIG 3500 AGONDAGOAN _09003
CHICKEN
01 Mewari Rajasthan INDIA_CHICKEN_1700_ MEWARI _12016

CHICKEN-Synthetic

01 PD1 (Vanaraja
Male Line)

Directorate of Poultry
Research, Hyderabad

INDIA_CHICKEN_001_PD1_13001

Belahi Cattle: It is a NI
dual purpose (milk and i
draught) cattle breed
found in Panchkula,

Naraiangarh, Ambala,
Yamuna Nagar Districts of Haryana, and
Chandigarh. These are reared by Gujjars in
migratory and pastoral management system.
Body colour pattern is unique - reddish brown
with white face, neck and dewlap region) Head
is straight and broad with prominent poll. Small
to medium sized sickle shaped horns. Average
daily milk yield is 3.25kg and lactation milk yield
is about 1000kg. Incidence of disease is less in
these cattle.

Gangatiri Cattle: These |JI
are white or greyish
white, medium sized &

cattle found in Ghazipur,

Ballia, Varanasi, Mau,

Mirzapur and adjoining districts of Uttar
Pradesh, and Bhabhua, Buxar and Bhojpur
districts of Bihar. Eyelids, muzzle, hooves
and tail switch are generally black. Horns are
directed upwards and inwards with pointed tips.
Forehead is straight with shallow groove in the
middle. Ears are long and horizontal. Hump and
dewlap are small to medium in size. Gangatiri

cattle are well adapted in low/medium input

13
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production system, medium milk producer and

possess good draftability.

Pantja Goat: These
are medium sized dual
purpose (meat and milk) .
goats adapted to harsh =

o

Tarai region. The home tract of this breed

climate conditions of

consist of Udham Singh Nagar and Nainital
districts of Uttarakhand, and adjoining districts
of U.P. These goats have peculiar morphological
characteristics resembling deer. Body colour
is brown to fawn dorsally and lighter colour
ventrally with white streak on either side of the
face. Head is slightly convex. Ears are pendulous.
Horns are triangular and twisted, upwards and
backwards. These are early maturing and prolific

(twining >65%) goats.

Katchaikatty Black Sheep: These are maintained
in small flocks in = "HI';L =
Vedipatti taluka of gy 3

Madurai district of i'.-’i-;t i
Tamil Nadu. Animals i"" :

are medium in size,

compact body and black in colour. Coat type is
hairy. Face is of moderate length and concave
with depression. Forehead is moderately broad.
Ears are short and stumpy. Eyes are prominent.
Female are polled while males have widespread
and outwardly twisted horns. Tail is short
and slender. Adult body weight is about 34kg.
Animals are well known for ram fighting during

festivals or sports.

Kharai Camel: The A
breeding tract of this § - 4 -
camel comprises of B b1 24
Kachchh district ofE -
Gujarat. These are well adapted to both dry-land
as well as coastal ecosystems. They have excellent

swimming capacity in sea water and graze

RESEARCH ACCOMPLISHMENTS

mainly on mangrove and other saline species.
Kharai camel has typically thick neck region and
medium body size than Kachchhi camel. Chest
pad is short and does not touch humerus of fore
legs during walking. They produce smooth, soft
and long wool which can be used for preparation
of soft clothes/stoles. Less affected by common
skin diseases including dermatitis. Kharai camel
can thrive on high saline water and tolerate high
Total Dissalved Solids.

Agonda Goan Pig:
These are indigenous &
pigs of North Goa and |
South Goa. These are &

small sized having short

snout and are wild in nature with rough bristles.
These pigs are mostly black in colour with white
patches on legs and face in some cases. Litter size
varies from 2 to 12. Weight at slaughter is about
65kg and dressing percentage is 74. Agonda
Goan pigs are suitable for scavenging in local
climatic conditions and preferred for sausage
making by local sausage industry (cottage
industry) which is very popular pork dish in

this region.

Mewari Chicken: This
breed is native to Ajmer,

Sirohi, Jaipur, Udaipur,

Bhilwara, Dungurpur, -, -
Banswara, Rajsamand, e

Chittorgarh and Pratapgarh districts of
Rajasthan. These birds are reared in backyard
both for egg and meat with little or no input i.e.
free range/ scavenging system. Average flock size
is about 15. Birds are medium to small in size.
Plumage colour varies from light to dark brown,
and grey. Males have bright gold and bronze
feathers forming a “Shawl” or Cape over the back
of the bird from neck to lower back. The tail is

composed of long arching feathers that initially
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look black but shimmer with blue, purple and
green in good light. Comb is red in colour and is
of single type. Wattles are red and are large sized
in males. Adult weight is about 1.9kg in cocks
and 1.2kg in hens. Age at first egg is about 6.7
months. Annual egg production ranges from 37
to 52. Egg weight averages about 53g. Females

are broody in nature.

PD1 (Vanaraja male
line): It is the first
registered line of chicken
in India. It has been
developed by ICAR-
Directorate of Poultry Research, Hyderabad for
higher shank length and is used as male parent
line for Vanaraja commercial a dual purpose
backyard poultry. The birds of this line have
pea comb, red plumage colour, yellow colour
skin and shank, brown eggs, 74.14mm average
shank length at 6 weeks and 644g average body
weight at 6 weeks. Body weight at 52 weeks
ranges from 2.9 to 4.7kg in males and from 2.1 to
4.7kg in females. Average age at first egg is 173.5
days. Hen-day production up to 52 weeks is 85.
Average egg weight at 40 weeks is 55.19g. Live
weight at slaughter ranges from 0.8kg to 2.1kg
and dressing percent from 61 to 73. Mortality
is 3.93% up to 6 weeks and 4.88% from 7 to 20

weeks of age.

Phenotypic Characterization

Siri cattle

To characterize the indigenous cattle of Sikkim,
asurvey was conducted in north and south Regu
areas of East district of Sikkim. A total of 29
farmers from 5 villages were interviewed and 68
animals of different age and sex were recorded
for physical, morpho-metric characteristics and
performance. It was observed that all indigenous

cattle were Siri in the surveyed area and were

.

available only in remote areas where Al facility is
lacking. Major crops grown in the area included
rice, maize, finger millet, pulses, mustard, and
soyabean. Large cardamom (spices) farming is

providing good earnings to the farmers.

Sikkim had 140467 cattle heads in the year
2012 including 126519 crossbred and 13948
indigenous. It was observed that in the state all
indigenous cattle were Siri. Siri cattle population
has shown drastic decline from 61687 to 13948
during the years 2007 to 2012. Keeping this
in view the state government has started a
conservation program on Siri cattle under field
in which milk recording is going on for selection

and multiplication of elite germplasm.

The body colour varies in different colour
patterns, brown with white spots (34), black
with white spots (13), brown (11) and black (10).
Skin was grey. Muzzle and eyelids were black.
Hump was specific, cervico-thoracic and covered
with long hairs. Dewlap was small in cows. Poll
was prominent. Forehead was convex, wedge
shaped with white patches. Ears were smaller in
length and horizontal in orientation. Horns were
smaller in length and curved outward, foreword
and then upward. Udder was small, not well
developed and milk veins were not prominent.
Sizes of fore and rear udder were small. Teats
were small 5-12 cm long and either funnel or
cylindrical in shape. Tips of the teats were either
round or funnel. Naval flap was almost absent.
Tail was up to the hock with black, brown and

gray switch. Temperament was docile.

The birth weight ranged from 10 to 18 kg. The
daily milk yield ranged from 2.0 to 6.50 kg.
Under the Siri field recording program, daily
milk yield was recorded from 1.5 to 8.5 kg. A
pair of bullock may plough about 1.0 acre of

land in 6-8 hours. Bullocks were used for 3 to

15
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4 months in a year for draft purpose. The age at
first calving, lactation length and calving interval
ranged from 40-60 months, 200-240 days, 450
to 600 days, respectively. The ten different body
measurements were recorded on 68 animals of
different age and sex. All the data were analyzed
according to age and sex. The average body
length, height at wither, heart girth, paunch
girth, horn length, ear length, face length, face
width, tail length without switch and with switch
in cows (25) were 106.32+1.40 cm, 114.20+1.55
cm, 157.80+2.52, 162.16+£2.61 cm, 16.48+0.79
cm, 18.24+0.26 cm, 40.88+0.75 cm, 20.84+0.37,
75.56%2.29 cm and 95.56+6.59 cm, respectively.

Ladakhi cattle adapted to high altitude

During the period under report, visit was
conducted to 11 villages of Ladakh region and
farmers were interviewed to know the habitat,
status, management and utility of Ladakhi cattle
adapted to high altitude. Data on physical traits,
morophometric measurements, was collected.
Animals of Ladakhi cattle were small in size

with cylindrical type of body. Body colour varied

Typical Ludakhl cattle
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from black, brown and black with white patches.
Horns were curved with upward, outward then
forward orientation with pointed tips. Hump and
dewlap were small. Head was small. Face was
short and concave. Ears were small to moderate
in length and horizontal in orientation. Udder
was small, not well developed and milk veins
were not prominent. Tail was long, touching
almost to ground with black and brown switch.
Temperament of the animal was docile. The
average body length, height at wither, horn
length, horn width, ear length, face length,
face width, tail length without switch and with
switch in cows were 86.22+1.44 cm, 93.24+0.88
cm, 15.08+1.06 cm, 9.8+0.25, 14.25+0.33 cm,
36.43+0.45 cm, 14.36+0.19, 63.26£1.53 cm and
88.95+2.03 cm, respectively.

Mouli and Yalaga sheep

A survey was undertaken in September 2014
for characterization of Mouli and Yalaga sheep
populations of Karnataka state. During survey
12 flocks of Mouli sheep in Kaladadoddi,
Todagundi, Nagathana, Managuli and Takkalaki
villages of Bijapur district, and 16 flocks of Yalaga
in Mustigeri, Kerur, Aminagad, Madapur and
Agasnakoppa villages of Bagalkot district were
covered. Data on body biometry and body weight
were recorded on 10 rams, 74 ewes and 32 lambs
of Mouli and 16 rams, 99 ewes and 44 lambs
of Yalaga sheep. Information were collected
on household, livestock holding, management
practices, breeding, lambing and sale of lambs
for the two sheep populations. Blood samples
from 25 and 33 animals of Mouli and Yalaga
sheep were collected at random. DNA has been

isolated and purified.

Mouli and Yalaga flocks are housed in open
enclosures with or without a thatched shed.
Flocks are grazed from 8-9 am to 6-7 PM. Flock

migration was reported from November to
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March. Sheep are vaccinated against ET, PPR and
FMD. Surplus male lambs are marketed at about
3 months of age for Rs 4000-5000 in Mouli and
for Rs. 3500-4000 in Yalaga sheep.

Mouli sheep are large sized with wide phenotypic
variations. Animals are tall with deep body and
long legs. Average body length, height at wither,
chest girth and body weights were 77.6+0.52 cm,
79.6£0.41 cm, 81.7+ 0.46 cm, and 40.5+0.86 kg in
ewes, and 87.442.36 cm, 88.3+1.42 cm, 91.9+1.98
cm and 60.9+4.79 kg in rams. Coat colour is
white with or without brown spots/patches. A
brown ring is present around the eyes. In some of
the flocks, either Kenguri sheep were present or
some of the sheep were brown coloured. Hooves
are brown or light gray. Muzzle is pink or brown.
A few flocks were typical Madgyal type. Noseline
is typical roman or comparatively straight. Both

the sexes are polled. Age at first breeding in rams

Mouli ram

and age at first lambing in ewes ranged from 18
to 24 months.

Yalaga sheep are medium sized. Average body
length height at wither and body weights were
71.440.32 cm, 74.2+ 0.28 cm and 33.0+0.45
kg in ewes and 81.9+1.39 cm, 85.1+0.98 cm
and 60.2+2.49 kg in rams. White coat colour
consisted thick small hair. A hair tuft is present in
the thigh region. Face is white, white with black
or brown patches of varying size to complete
black. Black or brown colour may extend upto
neck. Hooves and horns in males are brown.

Extremities, except face and ears, are white.

=

Yalaga ram

Muzzle is black brown or pink. Wattles are
present in all the animals. Males are horned and
females polled. Horns are thick, corrugated and
curved in males. Tail is small and thin. Udder is
well developed.

Kajali sheep

The Kajali is a mutton type sheep which is
distributed in Sangrur, Barnala, Ludhiana, Moga
and adjoining districts of Punjab. The Adult body
weight of males and females were 56.98 + 1.02
and 43.23 + 0.36 kg, respectively which varies
from 30 to 76 kg in males and 26 to 67 kg in
females. The overall body length, height, chest
girth, ear length and tail length were 73.97+
0 .28, 73.36 = 0.20, 84.23 + 0.27, 21.33 £ 0.08
and 55.83+ 0.37 cm respectively (Table 1). The
diameter of tail at base was 14.80 (5) cm and ear
width was 10.85+ 0.19 (47) cm. Body weight (kg)
of male lambs in the age groups of birth, 0-1,
1-3, 3-6 and 6-12 months were 4.30+ 0.74, 9.37
+0.57,19.60 £ 0.99, 26.47 + 1.56 and 33.58 +
1.80, respectively and corresponding figures in
female lams were 3.62 + 0.52,9.72 + 0.83, 17.56
+0.54,22.96 + 0.54 and 30.50 + 1.44 respectively.
Kajali sheep in Punjab (India) has two types /
colour variants distinguished primarily on the
basis of colour viz., 1. Black (Kali) Kajali- with
complete black or black- brown body with about
41.57 % white tail (varied from 6 to 55 cm), and 2.
White (Chitti) Kajali - with white body and black
or dark brown face and ear. The colour of the

face and ear in Chitti Kajali is spread over with
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varying degree and pattern even up to 95% of
face and ear.Out of total animals surveyed 54.99
% animals are of Kali Kajali and 45.01 % were
of white Kajali (chitti Kajali) type. The animals
are found to be large in size with well-built body
having Roman nose, long and pendulous ears
and long tail touching to ground. Out of total
animals 64.57 % were of Roman nose and rest
was off slightly convex type. The average flock
size was 56.45. The flocks consist of 50.94 Kajali
and 5.51other sheep. The Kajali sheep flocks
comprising 1.97 male, 36.06 female and 12.91
lambs. The both sexes are polled however in
some males horn were also noticed. Breeding is
through natural service and females show sexual
maturity at about 10 to 12 months. Majority of
farmers reported that twining varied from 5 to 10

%. The average family members involved in sheep

rearing was 1.98. The 84.13 % fameres rearing
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Kajali were. The majority of farmers (56.25%)
grazed their sheep from 10 or 11 AM to 6 PM
(8-10 hrs). The sheep are primarily maintained
on grazing however 8.12 % farmers provide
concentrate to sheep especially during breeding
season, pregnant ewes and to lambs. The 67.21
% also provide fodder to sheep during scarcity
period. The sheep are generally shorn twice a year
in the month of February- March and August
- September. The majority of farmers (64.44
%) reported average greasy wool production
800 to 1000 g. The lambing % was 80 to 90 %.
Age and weight at puberty in females were 10
to 12 months and 25-30 kg. The results reveal
that the Kajali sheep is phenotypically different
from other sheep breeds of the region and needs
registration and improvement programme for its

proper utilization.

Chitti Kajali

Kalli Kajali

Table: Body weight (kg) and biometry (cm) of adult Kajali sheep

Traits Body Body Height Chest Paunch Ear Face Face Tail
Weight Length Girth Girth  Length Length Width Length
Overall 45.69+0.42 7397 7336 8423 8581 2133 2205  10.90 55.83
(486) £028 £0.20 £027 %035  £0.08 +0.07 *0.07 +0.37
(491)  (491)  (491)  (491)  (488)  (491)  (491) (490)
SCX *% % % % % NS % % %
Male 56.98+1.02 7992 7884 89.89 91.34 2147 2377 12.07 60.71
(87) +0.71 +0.51 058 +0.75 +020 +0.16 =*0.16 +1.02
(87) (87) (87) (87) (87) (87) (87) (87)
Female 43.23 72.69  72.18 83.02  84.62 2130  21.68 10.65 54.78
+0.36 +071 +0.17 =x0.27 =£0.75 +0.09 +0.07 =0.07 +0.37
(399) (404)  (404)  (404)  (404)  (401)  (404)  (404) (403)
RangeM  30-76 66-98  69-90 76-103 76-112 17-26  19-27 9-16 35-79
E 26-67 58-86  62-88  68-103 58-107 15-27 12-29 8-14 31-80
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Ecotypes of Deccani sheep

Interview based survey data on production and
reproduction status; threat status and breed
merits of five ecotypes of Deccani sheep were
collected from their distribution areas. The
number of shepherds interviewed ranged from
21-40. The shepherds were asked to rank the
sheep ecotype on a scale based on the factors-
level of crossbreeding, maintenance of pure stock,
growth, meat quality, fertility, prolificacy, market
value, traditional association to the sheep, socio-
cultural functions and socio-cultural rituals
associated to the ecotype. Data on morphometric
traits of the five ecotypes were analyzed using
classical discriminant analysis and principal
component analysis. Morphometric traits based

Discriminant Analysis classified the five ecotypes

Analysis was performed on Madgyal, Solapuri
and Kolhapuri ecotypes using 14 morphometric
traits. The PCA extracted two components with a
total variance ranging from 66.3% to 71% in the
three ecotypes. In the varimax rotated principal
component factor analysis, two factors were
extracted for each ecotype, although with varying
degree of factor loadings. The first factor in each
case had high loadings for variables related to
body size, whereas second factor was loaded in
favour of body shape. PCA was able to define
the morphological structure of the ecotypes
and identified traits with greater variability.
The principal component based regression
models were more appropriate than the use of
original correlated variables in predicting the

body weight as multicollinearity problem was

S o eliminated.
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Sikkim goats

Sikkim is one of the smallest states of India and
located in the eastern Himalaya. It is bounded by
the independent Himalayan kingdoms of Nepal
to the west and Bhutan to the east; by the Tibet
Autonomous Region of China to the north and
northeast; and, in India, by West Bengal state
to the south. Singharey is a typical native goat
of Himalayan region and the adjoining areas of
Sikkim. As informed by the local people these
goats have been surviving in the Himalayan
terrain and rocky mountain slopes of Sikkim
since ancient times which has become a native
tract of Singharey goats. Although, Singharey
goats are spread through out the Sikkim but
concentration of these goats is more in West
district of Sikkim. Sikkim goat germplasm
constitute goats with coat colour brown, black,
White, mixture of these colours mixed with white
and grey hair on the body. Sometimes big patch
of white or black color is also seen on their body.

The mean measures for height at withers,
body length, chest girth, paunch girth, face
length, horn length, ear length and tail
length of three month aged animals were
36.48+0.87,42.83+0.83,47.48+1.25,51.96+1.51,
12.13+0.29, 1.95+0.14, 11.43+0.37, 8.83+0.29
cm and 10.39+0.41; respectively in females
and 34.48+1.76, 39.91+1.31, 45.09+1.41,
49.09+0.02, 11.70+0.48, 2.60+0.37, 10.30+0.35,
8.2240.29 cm and 10.21£0.57 kg; respectively
in males. The average values for same traits in
animals of upto six month age were 44.39+0.99,
49.17+0.83,53.48+1.15, 58.22+1.98, 13.78+0.34,
4.17+0.29, 11.91£0.23, 9.35+£0.25 cm and
13.65+0.56 kg respectively in females and
43.08+1.50,47.58+1.31, 54.58+1.76, 60.67+2.43,
14.33+0.36, 5.58+0.57,11.17£0.58, 8.50+£0.51cm
and 14.08+0.71 kg; respectively in males. Body

measurements of animals of age 12 months were
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48.55+0.99, 52.52+0.90, 57.81+0.86, 63.42+1.46,
14.97+0.23, 5.87+0.41, 12.55+0.34, 10.16+0.38
cm & 17.1740.50 kg respectively in females and
46.71+0.87,50.57+0.88,61.71+1.86, 66.90+1.82,
15.33+0.39, 8.62+0.58, 12.00+0.35, 10.10+0.37
cm & 18.76+0.95 kg respectively in males. The
averages for different biometric traits of adult
animals having age more than 18 months were
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, 10.55%0.16
cm & 28.07+0.45 kg respectively in females and
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, 11.33+0.19
cm & 32.31+0.76 kg respectively in males.

Singharey goats constitute the major part
of the Sikkim goat population. They can be
distinguished from other populations by the
facial stripes. The eyes are bright and small. The
head is medium in length. The ears are short to
medium semi pendulous with round tip. The
ears have black or white margin on the apical
half. Rudimentary ears were also observed in
few cases The horns are strong, flat, thicker at
the base but pointed at the tip, orienting upward
and backward. The under belly is generally light
brown or white. Legs are short, stout, medially
black or white. Black top line was seen in many
of these goats. In breeding bucks, a black colour
ring was observed around the neck. Udder and

teats are moderately developed.

Facial features of Singharey goat
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Singharey Buck

The means with standard errors for height
at withers, body length, chest girth, paunch
girth, face length, horn length, ear length
and tail length of three month aged animals
were 36.57+1.11, 43.07+1.00, 47.21+1.58,
51.00+2.08, 12.07+0.18, 2.00+0.18, 11.21+0.46
& 9.00+0.38 cm; respectively in females and
33.86+2.23,41.14+1.28,46.00+1.54, 51.21+2.72,
11.86%0.63, 2.46+0.42, 10.43+0.29 & 8.64+0.40
respectively in males. The average values for
same traits in animals of upto six month age were

R
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45.81+1.02, 49.94+1.05, 52.69+1.47, 55.81+2.32,
13.69+0.46, 4.56+0.34, 11.94+0.25, &13.88+0.75
in females and 41.33+2.23, 46.33+1.67,
53.33+2.79, 57.83+4.44, 14.00+0.37, 4.83+£0.91,
11.367+1.05, 8.17+0.75, 12.83+1.01 in males.
Body measurements of animals of age 12 months
were 50.93+1.02, 53.12+1.47, 57.87+1.31,
64.07+1.75, 14.93+0.30, 6.53+0.67, 12.67+0.61
&10.00£0.43 in females and 47.15%+1.01,
50.00£1.22, 62.15+2.45, 66.00+2.00, 15.62+0.49,
8.38+0.64, 11.85+0.50 & 9.85+0.36 in males.
The averages for different biometric traits of
adult animals having age more than 18 months
were 52.52+0.71, 60.29+0.66, 67.98+0.59,
74.52+1.25, 16.16%0.19, 8.84+0.33, 13.48+0.18
&10.88+0.24 respectively in females and
55.67%0.93, 61.48+0.86, 71.66+0.85, 76.47+1.16,
17.20+0.22,14.58+0.57,12.92+0.24 & 11.89+0.25
respectively in males. The body weights were
increasing with age and were 27.33+0.65 kg in
adult females and 31.03+£0.92 in males (table 4).

Table : Average body measurement of Singharey goats

AGE SEX N Body Body Chest Paunch Face Horn  Ear Tail Body
GROUP Height Length Girth Girth Length Length Length Length Weight
3 F 15 3657+L11 43.07£1.00 47.21£1.58 51.00+2.08 12.07+0.18 2.00£0.18 11.21+0.46 9.00+0.38 10.53+0.62
MONTH

16 33.86+2.23 4114128 46.00+154 51214272 11.86+0.63 246042 1043029 8.64+0.40 10.31+0.91
UPTO F 16 4581+1.02 49.94+1.05 5269147 5581232 13.69+0.46 4.56x0.34 11.94+025 9.5610.27 13.88+0.75
6
MONTH M 06 4133223 46.33+1.67 53.332.79 57.83+4.44 14.00+037 4.83+091 11.367+1.05 8.17+0.75 12.83+1.01

F 15 50.93+1.02 53.12+1.47 57.87+1.31 64.07+1.75 14.93+0.30 6.53+0.67 12.67+0.61 10.00+£0.43 16.80+0.73
UPTO 12
MONTH
13 47.15%1.01 50.00+1.22 62.15+2.45 66.00+2.00 15.62+0.49 8.38+0.64 11.85+0.50 9.85+0.36 18.62+1.17
F 56 52.52+0.71 60.29+0.66 67.98+0.59 74.52+1.25 16.16+0.19 8.84+0.33 13.48+0.18 10.88+0.24 27.33+0.65

ADULT

M 64 55.67+0.93 61.48+0.86 71.66+0.85 76.47+1.16 17.20+0.22 14.58+0.57 12.92+0.24

11.8940.25 31.03+0.92

Sikkim Black goats with jet black uniform colour
were seen more in the north district of Sikkim.
These goats are distinct from Singharey goats in
respect of coat colour, type of horns and their size
and also from Black Bengal in their body size.

...--"“"-

A flock of Sikkim Black goats
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Sikkim Black goats are of medium size. Head is
proportionate to body. Face, horn and tail are
longer than that of Singharey goats. These goats
are slightly shorter than Singharey goats. Nose is
flat. The horns are strong, grey in colour, broader
at base, pointed at tip, curving backward. Muzzle
is black, hooves are grey. Underbelly is also black.
Beard is seen in few animals but present in both
sexes.The average measurements of Sikkim Black
goats for height at withers, body length, Chest
girth, paunch girth, face length, horn length, ear
length and tail length in adult female goats were
50.06+0.85, 58.75%0.73,70.65+0.73,79.57£1.17,
17.11+0.20, 10.17+0.53, 12.70+0.23, 10.35+0.24
cm; respectively, whereas for males the average
measurements were 54.70+1.19, 61.80+1.39,
75.97+1.48, 82.30+1.76,17.90+0.29, 15.070+.77,
13.50+0.36 and 12.20+0.40cm. The average body
weight for adult females was 28.48+0.72 kg and
for males 34.87+1.56 kg.

The preliminary information recorded from
the breeding tract indicated that these goats are
maintained on semi-extensive management by
small and marginal farmers of Sikkim mainly
for meat purpose. The animals are taken to hill
forests in the morning and are brought back in
the evening by 6.00 p.m. In the night they are
kept in a temporary structure. Goat houses are
made of bamboo sticks and wooden logs with no
proper arrangement of electric and water supply.
The floor of goat house were raised from the
ground in many cases. This type of flooring keeps
the house neat and clean as all the droppings do
not accumulate an the floor. The raised flooring
also provide good ventilation. In some houses,
the mangers are also made on the outer wall.

Housing pattern for Sikkim goats
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Goats are kept on local vegetation available in
the jungle. Stall fed goats are kept on local grass,
crushed maize and tree leaves.

Stall feeding of Sikkim goats

Singharey goats have moderately developed
udder but with small conical shaped teats. Milk
production is approximately 300 - 500 ml per
day. However, milking the goat is not practiced
on regular basis. The milk is left for kids suckling.
The male goats mature and becomes able to
serve at the age of 9-10 months. In majority of
cases, the males are castrated at younger age (3
months). The age of maturity in female goats
also varies between 9-12 months. The gestation
period ranges between 145-155 days. Twinning is
very common in these goats. Breeding is through

natural mating.

Kaunayen chicken of Manipur

Survey has been conducted in Thoubal and
Imphal West districts of Manipur. Information on
flock structure and size, management practices,
mortality, reproduction and production has been
collected from 366 farmers through interview.
Phenotypic characters and body weights have
also been recorded. A one day workshop on
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Characterization of Manipuri chicken was
organized on 21.11.2014 at Keishamthong,
Imphal (W) in collaboration with CAU, Imphal
to generate awareness among breeders and
apprise them about the importance of the project
and the information required for characterising
and documenting indigenous chicken of
Manipur. The breeders suggested that fighter
type indigenous chicken of Manipur should be

named as ‘Kaunayen’ instead of Coman.

Kaunayen chicken of Manipur

Plumage colour is black or brown with patches
of white, black or golden feathers. Comb is red
in colour and is of pea type. Body weight is about
2.5 to 3kg. Egg production is about 35 to 45 per
annum. These are fighting type birds and look
similar to other such birds like Aseel, Danki, etc.
but the breeders informed that these are better
adapted and can fight for longer duration as
compared to Aseel.

Eggs were medium in size with an average
of 42.43+.07g. Shell colour was brown. Shell
was quite strong having average thickness of
0.36+0.01mm. Yolk was yellow in colour in about
85 percent and deep yellow in 15 percent of eggs.
Albumen was thick in more than 85 percent of
eggs. On an average, an egg was composed off 51
percent albumen, 37 percent yolk and 12 percent
shell (including membranes).Blood spots were
present in about 14 percent of eggs while meat
spots were absent. Albumen index, yolk index
and haugh units were 0.07+0.01, 0.38+0.01,
76.88+2.35 respectively.

.

Chippiparai dog is distributed in Tirunelveli,
Madurai, Virudhunagar and Thoothukudi
districts of southern Tamil Nadu. Chippiparai

Chippiparai dog

name came after the village called Chippiparai
in Madurai district. Chippiparai dogs are also
called as Kanni or vettai naai (hunting dog).
Chippiparai dogs are medium in size with
coat colors varying from fawn to dark brown,
brownish black and black. Majority of the
animals are with fawn coat colour (70%) which
is called as Pullai, 20% of animals with black
coat colour called as Kanni and 10% of animals
with brown or brownish black coat colour called
as Sevalai. The animals with dorsal black coat
have white markings on both sides above inner
canthus of the eyes whereas in case of animals
with other coat colour there are black circles
around the eyes particularly lower eyelids,
sometimes extending up to head. The ear size
is medium and flat, with dropping (52%), semi
dropping (47%) and erect type (2%). The erect
type ears are called as Kutthu kaathu. The adult
body weight of adult Chippiparai animals is
20.52+0.35 kg (n=128). The bitches attain sexual
maturity at an age of about 12-14 months and
duration of oestrus ranges between 12 to 25 days.

The age at first whelping is about 20 months.

Chippiparai dog
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The age at sexual maturity in dogs ranges from
12-16 months. The dogs are being maintained
mainly with non-vegetarian food and utilized
for guarding and hunting. These animals are kept
by the breeders as their hobby and as a pride of

their owners.

Genetic Characterization &
Functional Genomics

Ladakhi Cattle

Microsatellite based genotypic data recorded
across 20 markers was analysed to estimate the
genetic variability in terms of allelic diversity and
heterozygosity values. A total of 200 alleles were
detected across the 20 loci with mean number
of 9.95 alleles per locus. The various within
breed diversity measures in terms of observed
number of alleles (9.95), effective number of
alleles (4.84), observed heterozygosity (0.75)
and expected heterozygosity (0.79) for Ladakhi
cattle revealed sufficient genetic variability. To
assess the overall genetic structure of Ladakhi
and other cattle breeds, various estimates for
F-statistics were calculated. The values were
significantly different from zero (P<0.05). The
average inbreeding coefficient (F) in Ladakhi
cattle was 0.037. The interbreed differentiation
between Ladakhi and other cattle populations
depicted by F reflected high genetic divergence

between different cattle breeds.

Breed signature for Sahiwal, Gir and
Tharparkar cattle

The data on 541 farm individuals from 3 breeds
(Gir, Sahiwal and Tharparkar) using 4 STR loci
was generated and analysed. Based on different
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criteria for selection of loci like Fst, Numbers of
alleles, heterozygosity etc. different combinations
of loci were used for assigning the individuals
to three populations. The top ranking loci for
each breed were identified. Hundred percent
correct assignment could be achieved for all
the three breeds with 11 loci. The F values
were 0.173, 0.281 and 0.235 between Gir and
Sahiwal, Gir and Tharparkar and Sahiwal and
Tharparkar, respectively. Further selection of
loci was attempted and finally 8 loci were able
to assign 100% individuals of these three breeds.
The Fg, values further increased between pair
of breeds. The Analysis of Molecular Variance
revealed among population variance of 21 and
25% for 11 and 8 loci respectively. However after
adding field samples for all the breeds the correct

assignment was down to 93%.

The 'Structure’ software was run to assign the
individuals to different populations. All the
individuals from organized farms were correctly
assigned and 3 breeds formed different clusters.
However the assignment of field samples for
these three breeds was less precise. The field
samples revealed a great amount of gene flow
between the three breeds studied.

Eight loci were used to develop a multiplex PCR
kit. All the microsatellite loci were modified to
have same melting and annealing temperature.
These loci were tagged with different dyes to
overcome identification of overlapping alleles.
The kit was tested and validated to be used
for Sahiwal, Gir and Tharparkar cattle breeds;

assignment.
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Odisha buffaloes

Blood samples were collected from animals
representing Kalahandiand Paralakhemundi
buffaloes of Odisha in the breeding tract,
for karyotyping and DNA isolation and
further genetic analysis. Information on
socio-economic and management practices
including production and reproduction
traits of local buffaloes also collected.
Preliminary survey shows both Kalahandi
and Paralakhemundi buffaloes to be
having an overlapping breeding tract with
animals having similarities in phenotypic
appearance.

AT using Murrah semen is being practiced in
urban and peri-urban areas of both Kalahandi
and Gajapati districts in the breeding tracts.
Cytogenetic studies have shown both Kalahandi
and Paralakhemundi having typical riverine buftalo
cytogenetic constitution with 2n chromosomes
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£
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Typical riverine karyotype of female
Paralakhemundi buffalo

number of 50. Primers have been designed and 811
bp mitochondrial D-loop region of 30 Kalahandi
and 19 Paralakhemundi buffaloes amplified and
sequence data generated. By comparative analysis
across nine riverine and swamp breeds/populations,
81 variable sites were observed resulting in 57
haplotypes. Median joining network analysis based
on haplotypes sharing, has also shown both the
Odisha buffalo populations grouping with other

riverine buffalo breeds.

$

Mitochondrial haplotypes diversity based phylogenetic analysis of riverine and swamp buffaloes.
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Swamp buffaloes

Median joining network analysis of Odisha buffaloes based on mitochondrial haplotype
sharing with other riverine and swamp buffaloes

Chhattisgarh buffalo

Pilot surveys were conducted in about 41 villages
of Dhamtari, Kanker, Mahasumund, Bilaspur,
Kawarda and Baster districts of Chhattisgarh
including Lohandi Guda block and Kondagao
block to explore the buftalo genetic resource of
Chhattisgarh. Phenotypic characterization was
done and biometric measurements on about
140 adult Chhattisgarhi buffalo were recorded.
Socio-economic and management practices
including production and reproduction traits
of local buffaloes were also collected through
farmers’ interviews. Cytogenetic analysis of
Chhattisgarh buffalo samples revealed it to be
riverine type with chromosomal number fifty
(N=50). The candidate genes affecting the fat
production traits - FASN (Exon 38, 39, 40, 41,
42) and 3’ UTR of STAT1 were also analysed for
variation in Chhattisgarh buffalo, using PCR-
RFLP technique. Only Exon 40 of FASN gene was
found to be polymorphic, while other regions

were monomorphic.

Genetic diversity at MHC-DQA and
DQB loci in swamp buffalo

Swamp buftalo (Bubalus bubalis carabanesis), a
bovine specific to North-East region of India is
reared mainly for meat and draft. As an attempt
to assess the genetic diversity and fitness of
swamp buffaloes, Major Histocompatibility
Complex (MHC), a group of immune response
loci were studied in local swamp buffalo
populations from NE region. To assess genetic
diversity at MHC class ITloci, about 930 and 290
bp genomic regions corresponding to DQA and
DQB genes, respectively encompassing exon 2,
were amplified in 90 swamp buffaloes. Amplified
products of both the genes were digested with
Haelll and HinfI restriction enzymes. PCR-
RFLP analysis of DQA gene for both the enzymes
revealed a total of seven allelic patterns, whereas
DQB 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

27



28

-

and DQB genes were cloned, for further studies.
Colony PCR-RFLP was carried out to identify the
clones having different alleles and plasmid DNA
of selected clones was isolated and sequenced.
A total of 13 DQA alleles were identified in
swamp buffaloes, which corresponded to two
major groups, DQALI (11 alleles) and DQA2 (2
alleles). For DQB, total 16 alleles were identified
corresponding to three major groupsi.e. DQBI,
DQB2 and DQB3. High ratio (more than 1)
of dN/dS for DQA and DQB alleles overall,
indicated positive selection for MHC class 1I
diversity in Indian swamp buffaloes. Further,
presence of more than two different clones of
DQA and DQB from an individual confirmed
the duplication of DQ genes in swamp buffaloes.
Moreover, most of the amino acid variations
were seen at the peptide binding sites. Results
thus revealed high allelic diversity as well as
duplication of DQA and DQB loci in indigenous
swamp buffaloes, indicating higher fitness of the

population being under positive selection.

Heat stress protein genes in
Indian sheep

SNP markers in the heat shock protein (HSP)
genes in four different breeds of Indian sheep
were studied. A total of 195 DNA samples of 4
different sheep breeds (Chokla=47, Marwari=52,
Magra=54 and Madras Red=42) were isolated.
Thirteen different primer sets were designed for
the amplification of different regions of HSP70
and HSP90 genes and the identification of SNPs
by allele specific and tetra-primer ARMS PCR.
The fragments of HSP90 genes, which were
successfully amplified included, HSP90AA1 exon
6- exon 7 complete exons with an amplicon size
0f 490 bp and complete exon 9 with an amplicon
size of 354 bp. HSP90AA1 partial exon 8 with
an amplicon size of 258 bp. Promoter region
of HSP90AA1 containing 7 already reported
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SNPs with an amplicon size of 499 bp was also
successfully amplified. DNA sequence analysis of
6 samples of this fragment revealed three novel
SNPs at 112, 244 and 248 nucleotides position.
The tetra-primer ARMS PCR protocol was
developed for -660 and -601 nt position in the
promoter region of HSP90AA1.

Genotyping protocol was developed for the
112 nt position SNP (G/C) using the allele
specific primers. 42 samples of the Madras Red
Sheep were genotyped, where GG, GC and CC
genotypes had a frequency 0f 0.40, 0.40 and 0.19;
respectively. The allele frequencies of G and C
alleles were 0.60 and 0.39; respectively. Different
physio-biochemical and haematological
parameters were measured for three different
breeds of the sheep under unstressed condition.
The Hb%, PCV% and TEC values of Chokla,
Marwari and Magra breed were found to be
9.58, 9.62, 10.64; 33.97, 34.58, 39.82 and 8.27,
8.79, 9.93; respectively. The average values for
the temperature, respiratory rate, pulse rate,
Hb%, PCV% and TEC were found to be higher in
Magra than Marwari and Chokla breed of sheep.

Antioxidant capacity and free radical
scavenging activity of bovine milk

Milk from dairy animals contains several
enzymatic and non-enzymatic antioxidants
constituents, which are crucial to prevent the
production of reactive oxygen species and
help to activate the body antioxidant defense
mechanism. The aim of this study was to evaluate
the comparative changes in total antioxidant
capacity and free radical scavenging activity of
milk during the course of lactation in different
cattle types and buffaloes. Milk samples from 200
healthy animals of Sahiwal cows (Indian native
cattle), Karan Fries cows (Cross-bred), Holstein
Friesian cows (exotic cattle) and Murrah buffaloes

(Riverine buffaloes) were collected at different
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lactation stages; colostrum, early lactation (5-15
days), peak (30-60 days), mid (100-140 days)
and late lactation (>215days). Total antioxidant
capacity (TAC) of milk was measured by ferric
reducing/antioxidant power assay (FRAP) and
free radical scavenging activity was evaluated
using 1,1-diphenyl-2-picrylhydrazyl (DPPH)
radicals. TAC in milk was observed to be
higher during colostrum and early lactation in
comparison to peak and mid lactation periods.
In Sahiwal and Karan Fries cows, TAC of milk
was significantly (p<0.05) higher in colostrum
followed by early, peak, mid and late lactation
stages. Also, in Holstein Friesian cows, TAC
was significantly higher in early stage than mid
and late lactation stages, whereas in Murrah
buffaloes, no significant difference was observed
across different lactation stages. On the other
side, percentage scavenging activity of DPPH
showed no difference across lactation stages
in Sahiwal and Karan Fries cows. Whereas, in
Murrah buffaloes, percentage scavenging activity
of DPPH was significantly higher in colostrum
and early lactation stages compared to peak,
mid and late lactation stages. In HF cows, no
significant differences were found in early,
peak and mid lactation stages, but it decreased
significantly in late lactation. These data suggest
that antioxidant levels change during different
stages of lactation and are higher in colostrum
and early lactation stages as compared to later
part of lactation. So the colostrum and milk
produced throughout early lactation stages has
additional antioxidants to supply immunity to

the young or new born calves.

Expression kinetics of proteases in milk
derived somatic cells

Proteases are important class of enzymes that
play physiologically significant roles in milk and
its products by affecting its flavour, texture and
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longevity. The expression of these endogenous
proteases varies from species to species as well as
across different stages of lactation. However till
date no significant studies have been conducted
on the comparative expression profiling of
these proteases among different species and
the expression kinetics associated with them
are poorly understood. The present study was
conducted to assess the relative mRNA levels

of different classes of proteases (cathepsins,
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plasminogen and ubiquitous-proteosome
pathways associated genes) across various
lactation stages in Sahiwal cows and Murrah
buffaloes. For this study, fresh milk samples
were collected from 40 animals including 20
each of Sahiwal cows and Murrah buffaloes (5
animals each of 4 stages) during different stages
of lactation viz. early (5-25 days), peak (30-60),
mid (90-120 days) and late (>240). After isolation
of milk derived somatic cells (MSC), the cells
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Relative mRNA level of cathespsin protease genes in Murrah buffalo milk somatic cells during different lactation stages.
Values are expressed as means+ SE. Different letters indicate significant differences between lactation stages (p<0.05)
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were subjected to RNA isolation and expression
analysis. Comparative expression patterns
of different classes of proteases; Cathepsin
B (CTSB), Cathepsin D (CTSD), Cathepsin
H (CTSH), Cathepsin K (CTSK), Cathepsin
S (CTSS), Cathepsin L (CTSL), Cathepsin Z
(CTSZ), Urokinase type plasminogen activator
(PLAU),Tissue plasminogen activator (PLAT)
and Atrophin 1 (ATRO1) and protease inhibitors
(SERPIN E2 and SERPIN F2) were evaluated in
MSC during different lactation stages of Sahiwal
cows and Murrah buffaloes. All the genes
encoding different endogenous proteases showed
an increase in expression during course of
lactation. Our analysis showed lower expression
of different proteases during early lactation.
While the cells from late lactation stage showed
highest expression level for most of the proteases
especially, the cathepsins. Further, we also
analyzed Serpine B1 and Serpine 1-(Plasminogen
activator inhibitor) genes associated with
plasminogen pathways. They also had increased
expression during late lactation as compared to
early lactation. The observed trend of expression
pattern of studied proteases genes was similar in
both the species however; the expression levels

were comparatively higher in buffaloes.

Expression profiling of milk caseins
and fat metabolism genes in mammary
epithelial cells of Sahiwal cows

At present not much information is available
about the expression profile of major milk
and fat related genes in mammary gland or
milk derived mammary epithelial cells (MEC)
of Indian native cow. The present study was
therefore aimed to determine relative mRNA
expression pattern of important milk caseins
and fatty acid synthesis genes in MEC of
Sahiwal cows. Use of MEC isolated from milk

has been speculated to be a good alternative to

.

mammary gland tissues in order to understand
the expression profile of important genes
associated with lactation, in particular large dairy
animals where obtaining biopsies is sometimes
difficult. In the present investigation, MECs
were isolated from fresh milk, using Dyna Beads
coated with anticytokeratin 18 antibodies. The
milk samples were collected from 16 healthy
multiparous Sahiwal cows during different
stages of lactation: early (0-20), peak (30-50),
mid (90-120) and late (>240). Milk samples (2-3
liters per animal) from selected animals were
collected early morning (between 5:00-6:00
AM.) and brought to laboratory in sterile jars
and stored at 4°C till further processing. A total
of 52 MEC samples were purified from different
lactation stages and subjected for expression
analysis. The expression patterns of the milk
casein genes (CSNI1SI, CSN1S2, CSN2, CSN3)
(LALBA), and fat metabolism genes (FABP3,
BTNI1A1, ACACA, SCD, GPAM) were evaluated.
For normalization of expression data, 10 known
housekeeping genes (HKGs) from different
functional classes were evaluated. A panel of
four best stable HKGs; eukaryotic translation
elongation factor 1 alpha (EEF1A1), ribosomal
protein L4 (RPL4), glyceraldehyde-3-phosphate
dehydrogenase (GAPDH), actin-beta (ACTB)
were identified through geNorm, NormFinder
and BestKeeper analysis. Expression pattern
of all casein genes was higher during early and
peak lactation period as compared to mid and
late lactation. Their mRNA abundance level
was significantly high during early lactation
and gradually decreased in late lactation stages
(>240 days). Similarly, expression level of SCD,
FABP3 and GPAM etc. was significantly higher
in early lactation (10 to 30 days) compared to
mid and late lactation periods. These results
provide the understanding of stage specific
expression pattern of important milk and fat

related genes in mammary epithelial cells of
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Sahiwal cows. Findings could be a step forward
in understanding the molecular regulation of
milk fat-protein synthesis in mammary gland

of Indian native cows.

Molecular basis of male sub-fertility or
sterility in bovines

Sequence variation in zinc finger domain of
PRDM9 gene in bovines was studied. Blood
samples were collected and DNA was isolated
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Relative mRNA level of milk caseins and fat metabolism genes in milk purified epithelial cells of
Sahiwal cows during different days of lactation.

from indigenous cattle, exotic cattle (Jersey and
Holstein Friesian)and crossbred cattle (Karan
Swiss, Karan Fries, Frieswal and Jersey cross).
Primers were designed to amplify zinc finger
domain of PRDM9 gene on the basis of Bos
taurus gene sequence available (GenBank
accession no. KJ020105). PCR conditions
were standardized and specific amplification

was recorded in four bovine species viz. cattle,
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buftalo, yak and mithun. Four alleles (A, B, C
and D) and nine genotypes (AA, BB, CC, DD,
AB, BC, CD, AC and BD) for PRDM9 gene
have been recorded in these species. Cloning
and sequencing of the 4 alleles revealed that
the number of zinc fingers in this domain of
PRDMO gene is 6, 7, 8 and 9 in A, B, C and D

allele respectively.

.

Allelic profile of candidate genes related
to milk traits in Ladakhi cattle

Local cattle from Ladakh region of India have
developed over the years under natural selection
and can survive very well under at extreme
climatic conditions. These Ladakhi cattle are
highly evolved germplasm, hence might possess

unique alleles or combinations of alleles. Even

Alleles = A B C D

AA BB CC DD

AB BC CD AC BD

= | Genotypes

Alleles and genotypes observed in PRDM?Y gene across different species
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Pictorial representation of PRDM9 gene in bovines
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with the survival under extreme conditions,
this local cattle provides around 3-4 kg of milk,
hence it is pertinent to study the allelic profile at
the candidate gene loci affecting dairy traits. The
present study assessed the distribution pattern
of allelic variants at important candidate genes
including Kappa-casein (k-CN), Beta-casein
(B-CN), Beta-lactoglobulin (B-LG), Alpha-
lactoglobulin (a-LA), bovine Growth Hormone
(bGH), Pituitary transcription factor (Pit-1),
Prolactin (PRL), Butyrophilinl, 3 (BTN-1,
-3) and Diglycerol Acyltransferase (DGAT-1)
across 72 animals of Ladakhi cattle. Overall, the
observed allelic frequency pattern in Ladakhi
cattle was similar to other studied Indian native
cattle breeds as compared to taurine cattle breeds.
Ladakhi cattle have maintained the indicine

characteristics at most of the studied loci (e.g.,

-b'“?ﬁ &

m Leh cattle
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Msp I- allele at bGH, K allele at DGATI, A2
allele at B-CN1, A allele at f-CN2, A allele at
BTNI1). Also, the predominance of A2 allele at
beta casein loci strongly suggested that milk from
Ladakhi cattle is A2 milk. In addition to already
identified variants, variant E was observed at
k-CN that has not been reported in any other
Indian native cattle breeds and at BTN-3 loci,
variants novel to Ladakhi cattle were observed.
The present findings also highlighted the near
absence of taurine influence/introgression effect

on the naturally evolved Ladakhi cattle.
Neutrophils/Lymphocytes (N/L) ratio
as indicator of heat stress in bovines

An attempt was made to undertake comparative
evaluation of neutrophils/lymphocytes (N/L)
ratio, which is considered as good measure to

assess the physiological stress across cattle types

I

Q{O' q‘g' cp ﬂ':@ é\&

m Exotic

Allelic frequency distribution across Ladakhi cattle, tropically adapted Indian cattle and exotic cattle at various loci

and Murrah buffaloes. This study included a
total of 50 healthy heifer animals, 10-12 each of
Sahiwal cows, Karan Fries cows, Holstein Friesian
cows and Murrah buffaloes. All the samples were
collected at high temperature humidity index
(THI 85). The neutrophil/lymphocyte (N/L)

ratio was highest in both Holstein Friesian and
Karan Fries cows while lower in Sahiwal cows
and Murrah buffaloes. The relative numbers
of white blood cells in circulation indicate the
level of physiological stress. In general, release

of stress hormones in animals causes alterations
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N/L ratio
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Neutrophil/ lymphocyte (N/L) ratio across species
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Neutrophils/lymphocytes ratio
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of numbers of two of the five leukocyte types;
that is an increase in neutrophils and a decrease
in lymphocytes. The reason for these alterations
is not clear, but since it occurs predictably,
detection of these alterations can be used by
researchers to indirectly infer increases in stress
hormones and physiological stress in animals.
Several studies with different species have shown
that stress conditions result in a redistribution
of white blood cells involved in the defense
and immunological response against antigens,
such as an increase of neutrophils, a decrease
of lymphocytes and thus, a higher N/L ratio
appeared to be a reliable indicator of levels of
physiological stress. The data presented here
provides evidence that Sahiwal cows and Murrah
buffaloes have better cellular tolerance than

exotic, crossbred cows to summer stress.

5o

Transcriptional stability of heat shock
protein genes in cattle

The major objective of this study was to
determine whether seasonal variation has impact
on transcription of major chaperones in PBMCs
of Sahiwal, Holstein Friesian cows and Murrah
buffaloes or not. A total of 15 lactating animals,
5 each of Sahiwal cow, Holstein Friesian cow
and Murrah buffalo were included for this
study. Blood samples were collected during hot
summer (month of July with average temperature
of 41£1°C and temperature humidity index >
85) and cold winter (month of December with
average temperature of 12+1°C and temperature
humidity index <72).

The HSP transcripts in Sahiwal cows showed non-
significant or minimum change in expression
with change in season. This provides an evidence
for its better cellular tolerance and adaptability
than that of exotic Holstein cows. On the other
hand, Holstein Friesian animals with higher
abundance of four major HSP transcripts
(HSP90, HSP70, HSP60, and HSP40) during
summer season indicated their lower tolerance
to environment heat load especially in tropical
climatic conditions. Pooled expression data for
all the HSPs together showed similar trend to
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Transcriptional stability of different heat shock protein genes in PBMCS of Sahiwal cors in comparison to Murrah
buffaloes and Holstein cows across summer and winter season (Significance at *p<0.05, **p<0.01 and ***P<0.001).
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that of individual HSP mRNA. The combined
expression values for HSP70, HSP40, HSP60 and
HSP90 genes together showed maximum and
significant induction in Holstein Friesian cows
compared to Sahiwal cows. Higher expression
of HSPs in Holstein cows could be related to the
higher stress state of animals, requiring more
production of heat shock proteins to cope up

with the summer stress.

Identification of suitable internal
control gene (ICG) to normalize
hypoxia regulatory genes in cattle

10 well-known reference genes from different
functional categories that could serve as suitable
ICG during studies in Indian cattle adapted to

Normfinder Stability value
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high altitude and tropical conditions were tested.
The expression studies of hypoxia responsive
genes in native cattle and exotic cattle would
provide comparative baseline data to understand
the underlying alterations in cellular tolerance
towards hypoxic stress. This study was planned
with the assumption that circulating peripheral
blood mononuclear cells (PBMC) could be a
useful model to understand differential response
of cattle to high altitude stress condition. The
study included a total of 8-12 healthy heifer
animals each of Sahiwal cows, Karan Fries
cows, Holstein Friesian cows maintained under
normoxic condition, and Ladakhi cows, HF
crosses and Jersey cows maintained at high
altitude hypoxic conditions. The candidate
internal control genes included in the present
study were; ACTB, B2M, GAPDH, RPS9, RPS15
and RPS23, HPRT1, and UXT. The present study
utilized geNorm, NormFinder and BestKeeper
software to find out the most appropriate ICG.
In geNorm analysis, all the 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

o Stability value

uxT HMBS  B2M  RPS15  ACTB

Fig. Ranking of ICG based on Normfinder analysis.
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to geNorm, Normfinder also identified RPS15 as
most stable and HPRT as least stably expressed
genes. There was 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 C, values. Each of the 10 candidate
reference genes showed consistent expression
levels. RPS9, RPS15, GAPDH, HMBS exhibited
higher coefficient of correlation (r) to the
bestkeeper index, lower coefficient of variance
(CV) and standard deviation (SD), pointing
towards their expression stability. In the present
investigation, all three algorithmic methods
geNorm,Normfinder and BestKeeper have
demonstrated that RPS15, GAPDH, 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 tropical vs. high altitude cattle breeds.

Cytogenetic Screening for
Chromosomal defects

NBAGR is providing consultancy service of
cytogenetic screening of breeding males to
various agencies throughout the country with
the aim to check the spread of chromosomal
defects and to keep the herds free of such genetic
defects as per the policy of Government of India.
During the year a total of 113 breeding cattle and
buftalo bulls and 40 pigs were screened for their

cytogenetic parameters.

Ex Situ Conservation

Total 7,600 frozen semen doses of Cattle (Gaolao
and Tharparkar) and Buffalo (Toda) have been
procured and added to repository in Gene
Bank during last year. Jaffarabadi buffalo semen
stored in Gene Bank has also been utilized in

its breeding tract for supporting conservation

=

and improvement. The National Gene Bank at
NBAGR now stores 1,29,174 frozen semen doses
belonging to forty four breeds of seven species
(Cattle, Buffalo, Goat, Sheep, Camel, Equine

and Yak).

Utilization of cauda epididymal
spermatozoa for cryopreservation of
caprine genetic biodiversity

An extender containing citrate buffer, sugar,
egg yolk and antibiotics along with a cooling
protocol has been standardized for freezing
caprine epididymal semen and frozen semen
doses prepared using this protocol. The storage
of testis at low temperature indicated suitability
of utilizing them for extraction of epididymal
sperms for their conservation, even after
extended hours post slaughtering of bucks. In
vitro fertilization revealed that frozen epididymal
spermatozoa retaind the fertility potential.

In vitro fertilization of goat ova by epididymal sperm
and zygote formation

Network Project on AnGR

Characterization of Budelkhandi Goat, Bhakarwal
Goat, Marwari sheep, Poonchi Sheep, Tibetan

sheep, Mithun, Purnea Cattle, Binjharpuri Cattle,
Assamese cattle, Kosali Cattle, pig population of
Assam, Jalori camel, Arunachali Yak, Donkeys of
Rajasthan, Hazra chicken, Duck of Assam and
conservation of Bargur cattle, Ongole cattle and
Harringhata chicken was carried out by their

respective centers.
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Bundelkhandi goat

Bundelkhandi goats are found in almost all parts
of Bundelkhand region. The region is located in

Bundelkhandi goat

the Indo-Gangetic plains on Vindhya hilly tract
in central India. Goat-rearing is sustainable even
in fragile environment of Bundelkhand region.
It is dual type goat yielding both meat and milk.
Some goat keepers make ‘Khoya' from the goat
milk and sell it to the local market. Mostly
grazing alone is preferred, only few farmers offer
concentrate ration to lactating & pregnant does.
Bundelkhandi goat seems to be of medium size
with good posture. Chest is wide, legs are long
and strong, horns are of medium size, twisted
and slightly outward in orientation. Tail is bushy.
Ears are medium and pendulous.

Bhakarwal goat

Migration route of Bhakarwal goat has been
delineated in Kathua, Rajouri and Reasi districts.
During April to September the breeders of
Bhakarwal goat remain at highland pastures and
from October to March they stay in their native
tract. Bhakarwal goats are primarily known to
be reared for excellent quality meat and animal
productslike hair and milk are other items of utility.

Poonchi sheep

Migration route of Poonchi sheep in three
different districts namely Poonch, Rajouri and
Reasi, has been delineated. Bhakarwal, Gujjars

and other nomadic communities rearing the
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Poonchi sheep population have been provided
with medicines (dewormer and anthelmithatic)
and other veterinary aid for improvement and
conservation strategy. Males of Poonchi have
been identified for conservation and germplasm
propagation in the native track of Poonch,
Rajouri and Reasi districts in the farmers herds.
Wool samples have been collected for analysis of
different wool quality parameters.

Marwari sheep

Marwari sheep survey was conducted in three
districts i.e. Jodhpur, Jalore and Barmer. Ninety
Five sheep flocks from Jodhpur district, 84 flocks
from Jalore and 119 flocks from Barmer were
surveyed. Computerization of data is under

process.

Marwari sheep

Tibetan sheep

Tibetan sheep population has been ascertained,
numbering 215 only. Wool is sub-white, full of
gloss, equal and long fiber, high compactness,
high elasticity and big pull with average annual
wool yield 700 gm and staple length 11.86 cm and
staple diameter 29.08 cm with bundle strength
12.71 and bundle yield 76.56. Prevalence of
gastrointestinal parasitic infections was recorded
to be 26.53 per cent. Among the helminthes,
Haemonchus spp. infection was predominant
(24.49 per cent). Migratory route has been

studied on transhumance tract. Sheep spends
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Tibetan sheep

approximately 6 months in cold desert and 6
months on alpine pastures. Clear seasonal weight
dynamics exists with loosening of weight upto

14.83 percent during lean season.

Mithun

4 districts in Nagaland (Kohima, Phek, Longleng
and Tuensang) were selected for carrying out
the survey work on Nagaland Mithun. In the
survey area Mithun population was 1670. Health
and vaccination camps were also conducted at
these mithun rearing villages for motivating the
mithun owners with some inputs.Morphometric
measurements of a total of 86 mithuns were also

recorded so far.

Purnea Cattle

Araria, Purnea and Katihar districts were selected
for survey. So far, 948 farmers were approached
for studying the characteristics of Red Purnea
cattle, in which 1100 animals belonging to the
age of 0-3 years and 1074 animals belonging
to the age of 3-7 years have been studied for
morphological and conformation characteristics.
Purnea are medium to small sized cattle mainly
reared for milk purpose. Average face length is
47.3 cm with the forehead being slightly concave.
The muzzle, eyelashes and hooves are mostly
black in colour. Dewlap is small in females but

medium in size in males. Horns are generally

Purnea cattle

small, with an average being 8.9 cm, and oriented
laterally and slightly forward. Udder is small and
round in shape. Teats are short and tube shaped.
Tail is long and switch is black in colour. Purnea
cattle plays a vital role in its breeding tract by
providing substantial support in terms of milk
and dung to a greater extent, and draught power

to a smaller extent

Binjharpuri Cattle

Survey work is being carried out in three
adjoining districts Jajpur, Kendrapara and
Bhadrak. Binjharpuri forms around 50% of the
total cattle population, reared. Graded Hariana
and Jersey crossbred cattle are also reared in the
villages by the farmers. Resource poor farmers
prefer local Binjharpuri. Binjharpuri are of
medium size with prominent horns, narrow
and long face, mostly white in colour and yield
around 2 to 5 kg of milk in a day. Bullocks
are mainly used for ploughing and threshing
purpose. No major reproductive problems are
reported by the farmers. River water is the
main source of drinking for the animals during

grazing.

Cattle of Assam

Three district Sibasagar, Sontipur and Barpeta
have been surveyed. Proportion of local cattle
in surveyed areas is 92.46, 90.93 and 95.78 per
cent respectively. Average density per hectare of




-

cultivable land for the three districts is 5.12, 4.26
and 5.11 respectively. Average land holding per
family is 1.85 acre. These cattle are mostly fed
on natural grasses with provision of little bit of
concentrate. They are reared both for milk and
work power. Breeding of the animal is generally

through natural service only.

Kosali Cattle

Three districts of plain region of Chhattisgarh
(Rajnandgoan, Baloda bazaar and Bilaspur) were
selected for survey work. A total of 1093 animals
have been covered. Approximately 70% farmers
are sub marginal/marginal. Animals are smaller
in size with stumpy, small and slightly inward
horn, horizontal ear and poor milk production.
Bullock pairs are used for cleaning of weed from
the paddy crop or aeration in the crop and it
is locally called “BYASI”.Coat color of breed
is commonly red followed by white and black.
They have excellent capacity of heat tolerance
and disease resistance and can thrive well under
the poor feed stuffs available in the state. Main
fodder source for animals is paddy straw with

only seasonal availability of the green fodder.

Pig population of Assam

846 pigs of 301 villagers were identified and
surveyed in Dhemaji. Missing, Bodo, Nepali,
Assamese, Hajong and Bengali communities are
the main pig rearers of Dhemaji District. Mostly
local (Doom) pigs are major contributor of pig
population of the area. Doom pigs are of medium
size with stout body. They are predominantly
black in colour with long snout and small ears.
Bristles are thick and long and spread from head
to back along the spine. Average weight at birth
and weaning is 250 gm and 5.5 kg, respectively.
Adult body weight is 47 Kg. Dressing percentage
of carcass is 72-75%. They are reared under

backyard as well as scavenging system,
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Pig of Assam

Mewari and Jalori camel

Survey in the 2 districts encompassing 10
villages has been initiated for Jalori Camel and
information from 48 camel owners and 126
camels has been recorded. Survey in 6 districts
encompassing 11 villages has been initiated for
Mewari Camel and information from 43 camel
owners and 262 camels has been recorded. Milk
recording in the field has been initiated. To create
awareness about Animal Genetic Resources and
Camel in particular an Aakashwani programme
from Bikaner, Jodhpur, Udaipur and Kota Radio

stations has been launched.

Arunachali yak

West Kameng and Tawang District of Arunachal
Pradesh were selected and survey was conducted

on 700 animal. Milk production was recorded for

Arunachali yak




RESEARCH ACCOMPLISHMENTS

three location and data was analyzed. A training
programme on Documentation of Yak Genetic
Resources (Characterization of Arunachali Yak)

was organized during 08-10" September, 2014.

Donkeys of Rajasthan

Twenty two biometric indices on 50 donkeys
(including seven foals of less than one year of
age) from Bikaner district were recorded for
assessing their phenotypic characteristics. The
donkeys are light grey, dark grey and brown
in colour. Tail switch is non-distinct and pole
is prominent. Nasal bone is concave, whereas
forehead is convex in shape. Zebra marking is
observed on legs of few donkeys, shoulder strip,
dark outline markings, light colored under parts
were recorded. Ears are erect. White markings of
muzzle, eyes, legs and belly are common. Hair
are of medium length, dull in appearance and
straight. The foals have long hair with glossy
appearance. Colour of skin is black in donkeys.
In most of the donkeys tails is either above or up
to the hock, but in few donkeys it is beyond hock.

Sheep breeders maintain 1-3 donkeys usually.

Hazra chicken

Three districts Mayurbhanj, Keonjhar and
Deogard were covered under the study. Flock size
ranges from 5 to 30 birds and they are kept for
meat and game (Cock fighting). Backyard system
of poultry keeping is very common in these areas.
During night birds are kept in the bamboo cages
or closed houses. Water is provided to the birds
in earthen pots. Most prevalent colors are dark
red, black and spotted (black and white). Comb

and ear lobes are red.

Duck of Assam

Three districts Sonitput, Sivsagar and Barpeta
were selected for survey. Average land holding

per family was recorded to be 0.47 hectare in the

survey area. Ducks are kept in confined kutcha
house during the night time only. Birds are
allowed for scavenging with supplementation of
kitchen waste and rice bran. Pond is the source

of water for these birds.

In situ Conservation

Bargur Cattle

University has identified area and is establishing
aresearch station in Bargur tract.The equipments
have been procured. After screening, 5 young

bulls have been procured.
Ongole Cattle

Guntur, Prakasam and Krishna districts were
identified for implementation the project in
the breeding tract. In 40 villages a total of 1050
artificial inseminations have been carried out
by Goplamitrs and LRS using pedigreed bulls
semen in Guntur district. Pregnancy verification
has been done in 530 cows and conception rate
was found to be 45%.Awareness programs was
conducted on importance of Ongole cattle,
feeding, breeding and various management

aspects at LRS lamfarm, Guntur.

Haringhata Black chicken

Cluster of approximately fifty households of

mainly Haringhata Black Chicken keepers under

Haringhata black chicken
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back yard mode and isolated by geographical
boundaries was identified in village Sonakhali,
under Birohi Gram Panchayat of Haringhata
block. Agreement has been executed with each
household to take the challenge of production
of 300 Haringhata Black chicks of 4 weeks
age annually.Each Household was provided
assistance to construct or extend night shelter for
25 birds. Each household has been given 15 birds
of 8 weeks age that have been vaccinated and
dewormed, one plastic feeder (8 kg capacity), one
plastic drinker (3 lit capacity), 100 feet nylon net
and 50 kg feed. Vice Chancellor and Additional
Director, ARD, Govt. of West Bengal launched
the programme. Management of the birds and
their subsequent vaccination and deworming
were carried out. Second supply of 50 kg feed
per household was given after two months of
first supply. The birds have reached into egg at
approximately at 165 days of age. Body weight
recorded at 165 days was 1.6+0.03 kg for Cock
and 1.2+0.1 kg for hen. Households are ready to

start incubation of eggs.

Genetic variability in Tibetan sheep

Blood samples (5-6 ml) collected from the
Tibetan sheep (20) were processed and genomic
DNA was extracted from whole blood using
Phenol-Chloroform protocol. Quality and
quantity of isolated DNA was estimated and
samples were prepared for diversity analysis
using microsatellite markers. Microsatellite
markers (25) recommended for ovinenes
were used for the diversity analysis of Tibetan
sheep population. These were chosen from
literature related with sheep diversity studies
aiming to analyze highly polymorphic markers
spread across the genome. PCR amplification
was performed in a reaction volume of 25
ul on i-cycler. Reaction mixture consisted of
50-100 ng of genomic DNA, 200uM of each
dNTP, 50 pM of each primer and 0.5units of

RESEARCH ACCOMPLISHMENTS

Taq DNA polymerase. The amplification was
carried out using a Touchdown programme
for all microsatellite loci. The PCR products
were analyzed on ABI-3100 DNA sequencer.
Data is being analyzed for the genetic diversity

estimation.

Milk metabolomics based
characterization of indigenous, exotic
and crossbred cows

Major components of the milk has been
characterized in cattle, however there is clearly
a lack of understanding of differences in the
metabolites present in cow milk of indigenous
and exotic cattle. Estimation of milk metabolite
profiles is as an essential pre- requisite to identify
the biomolecule/s which can explain nutritional
or technological edge of milk from indigenous
cows. Thus the project was planned and initiated
with the objectives to identify variations in the
metabolite profile of milk from Bos indicus,
Bos taurus and their crosses which can explain
nutritional or technological edge of milk from
indigenous cows. After exhaustive review of
literature, various milk metabolites of lipid,
protein, carbohydrates and minerals as well as
vitamins were shortlisted.

Milk samples were processed following different
approaches to standardize protocols for sample
preparation that can be analyzed and quantified
for identification of different metabolites. Liaison
has been established with Government Livestock
Farm, Hisar for selection of cows and Punjab
Biotechnology Incubator, Mohali for analysis of
milk metabolites. Milk samples were collected
from selected animals of Bos Taurus (Holstein
Friesian), Bos indicus (Sahiwal) and cross bred
(HFxSahiwal) cattle from GLF, Hisar. Sampling
was done so as to minimize the variables affecting
milk composition (season, parity, lactation stage,
feed and fodder and health condition). Samples
are being processed for metabolite quantification.






Cattle Genetic Resources of India

Moncgraph § 8472014
FSEN; OTR-00-K353T. 108

Goat genetic resources of India B E LA H I
(MIGRATORY CATTLE FROM NORTH HIMALAYAN FOOT HILLS)
BUNDELKHANDI GOAT

= An kmportant germplasm of Bundelkhand region

. -

e, Ml -

T —
! ’

. Vikas Viohra, Monika Sodhi, 5.K. Niranjan,
NK Verma o ] : AK. Mishra, B.K. Joshi & Arjava Sharma
Priyanka Mishra :

ICAR - HATHOMAL IIJI‘E-l!lf ANIMAL GENETIC RESOURCES i i - : . ¢
Fnancs _AR - National Bureau of Animal Genetic Resources

HICH e brotEte ) [ . w T P P K r[,_{ 3]'”& \I‘
Karnal 13! OO |Haryana), lsdia AR i i o B Gt . S B B N B O VR F
T e — T
Py frad frmiuil e B (A
[P ——

Technical Bulletin

v!c o Jrnfwuﬂg,

_Mn?* "e;

rce Gene Panels for Application in Transcriptomic
Research in Indian Cattle and Buffaloes

e
IRYENERNL!

NBAGH, Karnal

Manishi Mukesh, Monika Sodhi, Ankita Sharma, Amil Kishore, Umesh K, ";'I'L.qu:I!I}JL
Sanudeep Mann, Neha Kapila, P'rm!h-ﬁ Jatay, BS Kataria, Poonam Yaday, Elﬂ_}au 'I.K rwial,
Manjula Miglani; Ramneek Kaur, MS Tamtia, Inderject hln|..u|1. Ardf Chandra, Preeti Verma,
Parvesh Kumari, Naresh Yadav, K Khate and BP Mishra

MNDRIL Kammal

Ashik \'[1;11.1:111.- Mishand Varshne ¥, S nder Singh, Sudarshan Kumar, Dhrube Malakar,
Jal Kaushik, Afay Dang and Sundta Grover

K. M. Rajo
Reena Arora

Indrajit Ganguly

ICAR-Natienal Bureau of Animal Genetic Iesnurcu 1 =l Division of Animal Biotechnology
G.T Road By Pass, BO. Ben 129, Komal - 132 001 (Haryana), INDHA i \ a National Bureau of Animal Genetic Hesources m
EKarnal-1:32001, Haryvana, India ;

)




RESEARCH PROJECTS & PUBLICATIONS BHE

Research Projects

Completed Research Projects

1.

Phenotypic and genetic characterization of
Koraput sheep - Sanjeev Singh, KN Raja,
Reena Arora, Indrajit Ganguly and Sanat
Mishra, (CEO, OLRDS, Bhubaneswar).

Characterization of non-descript goat
genetic resources of Rohilkhand region of
Uttar Pradesh and Uttarakhand - SP Dixit,
PS Dangi, RS Barwal, Neel Kant (GBPUAT)
and VikasVohra (w.e.f. 14.07. 2011).

Assessment of cattle genetic introgression in
the domestic yak populations -S Jayakumar

and Karan Veer Singh.

Profiling of milk constituents, identification
of SNPs and their association with milk traits
in non-traditional dairy animals (NTDA) -
Karan Veer Singh, S Jayakumar and ZS Malik
(LUVAS, w.e.f. June, 2014).

Development and validation of human tissue
plasminogen activator gene construct in
mammalian cell culture system - Indrajit

Ganguly and Sanjeev Singh.

Utilization of cauda epididymal spermatozoa
for cryopreservation of caprine genetic
biodiversity - RAK Aggarwal and D Mallakar
(NDRI, Karnal).

Development of breed signature for Sahiwal,
Gir and Tharparkar cattle - MS Tantia and
Monika Sodhi (w.e.f. 01.4.2013).

Analysis of mammary gland transcriptome
and proteome during lactation and
involution in indigenous cattle and buffalo
for identification of probable mammary
biomarkers - M Mukesh, (BP Mishra CCPI-
up to 24.02.11), RS Kataria and Monika
Sodhi (w.e.f. January, 2012) -July 2008 to
March 2012, extended up to 31% May, 2014.
(NAIP).

9.

10.

11.
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Bio-prospecting of genes and allele mining
for abiotie stress tolerance - RK Vijh - April,
2009 to March, 2012, Extended up to 30*
June, 2014 (NAIP).

Establishment of National Agricultural
Bioinformatics Grid (NABG) in ICAR -
Avnish Kumar, DK Yadav, Dinesh Kumar
(up to 18.05.2012), B Prakash and PK Vij.
April, 2010 to March, 2012, Extended up to
March, 2013, up to March, 2014 and up to
30% June, 2014 (NAIP).

Harmonizing biodiversity conservation
and agricultural intensification through
integration of plant animal and fish
genetic resources for livelihood security in
fragile ecosystem - Arjava Sharma (w.e.f.
01.10.13), Anand Jain, PK Vij, NK Verma,
RAK Aggarwal KN Raja and VikasVohra
(w.e.£.10.07.2012) (BK Joshi up to 30.09.2013,
MS Tantia up to 30.06.2011) - September,
2009 to March, 2013, extended up to 30™
June, 2014 (NAIP).

On-Going Research Projects

1.

Characterization and evaluation of
indigenous cattle of meghalaya, Nagaland
and Sikkim states - RK Pundir, PK Singh and
PS Dangi (from Nov, 2014) - April, 2014 to
March, 2017.

Characterization and evaluation of ladakhi
cattle - Monika Sodhi, M Mukesh, RK Pundir
and Vijay Bharti (DRDO) - April, 2014 to
March, 2017.

Identification, characterization and
evaluation of buffalo population(s) of
Chhatisgarh state - Vikas Vohra, RS Kataria
and Mohan Singh (CoVAS-CKYV) - April,
2014 to March, 2017.

Phenotypic and genetic characterization of
buffalo populations of Odisha - RS Kataria,
SK Niranjan, Vikas Vohra (NBAGR), Sanat
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10.

11.

12.

Mishra and SK Das (OUAT, Odisha) - April,
2014 to March, 2018.

Characterization of Kajali sheep in its native
tract - AK Mishra, KN Raja, Vikas Vohra and
Yashwant Singh (GADVASU-Bathinda) and
Sanjeev Singh (w.e.£.01.04.2014). April, 2013
to September, 2015.

Classification of ecotypes of Deccani sheep
- Dinesh Kumar Yadav, Reena Arora and
Anand Jain - April, 2012 to March, 2016. )

Identification, characterization and
evaluation of lesser known sheep populations
of Karnataka state- Anand Jain, VS Kulkarni,
Reena Arora and Dinesh Kumar Yadav-
April, 2014 to March, 2017.

Characterization of Sikkim goats - NK
Verma, RAK Aggarwal, Rekha Sharma and
PS Dangi - April, 2013 to September, 2015.

Characterization of indigenous dog breeds
of Tamil Nadu - KN Raja, PK Singh, AK
Mishra, Indrajit Ganguly and P Devendran
(TANUVAS) - April, 2013 to September,
2015.

Phenotypic and genetic characterization of
donkeys of Andhra Pradesh - Rahul Behl,
SK Niranjan, RK Vijh, (DK Sadana up to
31.12.14) and MV Dharma Rao (Lam, LRS,
Gantoor, AP) - April, 2014 to September,
2015.

Phenotypic characterization of indigenous
chicken (Kaunayen) of Manipur - PK Vij,
MS Tantia and Th. Ranadhir Singh (CAU,
Imphal-Manipur) - April, 2014 to March,
2016.

Deciphering the molecular basis of male
sub-fertility or sterility in bovines - Sonika
Ahlawat, Rekha Sharma and Sachinandan
De (NDRI) and Reena Arora (from Nov.
2014) - April, 2014 to March, 2018.

13.

14.

15.

16.

17.

18.

19.
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Identification of allelic diversity of MHC
class II DR and DQ genes in domesticated
indigenous yak (Bos grunnieons) and
mithun(Bos frontalis) - SK Niranjan, RS
Kataria, Jyotsana Behl, TK Biswas (NRC-
YAK), Taba Heli (KVK Pampumpare) -
April, 2013 to March, 2016.

Molecular and physio-biochemical
evaluation of heat stress protein genes in
Indian sheep breeds - Sanjeev Singh, Indrajit
Ganguly, KN Raja, HK Narula (CSWRI) R
Venkataramanan (TANVASU) and Anita
Ganguly (LUVAS) - April, 2014 to March,
2018.

Haplotypic diversity of Indian cattle breeds
based on Y-Chromosome specific markers -
Indrajit Ganguly and Sanjeev Singh - April,
2014 to March, 2017.

Development of geographical information
system on farm animal genetic resources of
India - Avnish Kumar and PK Vij (Arjava
Sharma- up to 05.08.2014) - April, 2014 to
March, 2016.

Network Project on Animal Genetic
Resources - Arjava Sharma (w.e.£.01.10.2013)
Director NBAGR, Project coordinator and
MS Tantia (I/c, Network Project) - 1992-
Contd.

Milk metabolomics based characterization
of indigenous, exotic and crossbred cows -
Rekha Sharma, M S Tantia, RAK Aggarwal,
Sonika Ahlawat and Ajit Dua (PBTI-from
Dec., 14) - April, 2014 to March, 2017.

Whole genome based SNP mining and
development of breed signatures for dairy
and dual-purpose indigenous cattle - SP
Dixit, S Jayakumar, AK Dang (NDRI), MA
Iquebal (IARI), Dinesh Kumar (IASRI) and
Avtar Singh (NDRI) - 8" July, 2014 to 7" July,
2017. (DBT)
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20. Genome data mining to unravel molecular

basis of thermo tolerance and adaptation
to diverse environment in native cattle and
buffaloes -Manishi Mukesh -May, 2011 to
March, 2016. ( National Fellow)

Publications

Research papers

1.

Ahlawat S, Sharma R, Maitra A, Roy
M andTantia MS (2014). Designing,
optimization and validation of tetra-
primer ARMS PCR protocol for genotyping
mutations in caprine Fec genes. Meta Gene 2:
439-449.

Ahlawat S, Sharma R, Maitra A, Borana K,
Tantia MS and Prakash V (2015).Association
analysis of a novel SNP in GPR54 gene with
reproductive traits in Indian goats. Indian
Journal of Dairy Science, 68:39-44.

Ahlawat S, Sharma R, Maitra A and Tantia
MS (2015). Current status of molecular
genetics research of goat fecundity. Small
Ruminant Research, 125: 34-42.

Arora R, Yadav HS and Yadav DK (2014).
Identification of novel single nucleotide
polymorphisms in candidate genes for
mutton quality in Indian sheep, Animal
Molecular Breeding, 4: 1-5 (doi: 10.5376/
amb.2014.04.0001).

Behl JD, Sharma A, Kataria RS, Verma NK,
Kimothi SP, Bhatia AK, Sodhi M, Behl R and
Joshi BK (2014). Genetic polymorphisms
in the bovine Toll like receptor 4 (TLR 4)
and monocyte chemo attaractant protein-1
(CCL2) genes: SNPs distribution analysis
in Bos indicus Sahiwal cattle breed. Animal
Biotechnology, 25(4): 250-265.

Chakraborty D, Singh A, Tantia MS, Verma
A and Chakravarty AK (2015). Genetic

10.

11.

12.
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polymorphism of BoLA-DRB3.2 locus in
Sahiwal cattle. Animal Science Reporter, 9:33-
40.

Dhanasekaran S, Biswas M, Vignesh AR,
Ramya R, Raj GD, Tirumurugaan KG, Raja
A, Kataria RS, Parida S and Subbiah E.
(2014). Toll-Like receptor responses to Peste
des petits ruminants virus in goats and water
buffalo. PLoS ONE9: e 111609. d0i:10.1371/
journal.pone.0111609.

Dixit SP, Jayakumar S, Tyagi AK, Saroha V,
Sharma A and Nagda RK (2015). Association
of novel SNPs in the candidate genes
affecting caprine milk fatty acids related to
human health. Meta Gene, 4:45-56.

Dubey PK, Goyal S, Yadav AK, Sahoo BR,
Kumari N, Mishra SK, Niranjan SK, Arora
R, Mukesh M and Kataria RS (2014). Genetic
diversity analysis of the thyroglobulin gene
promoter in buffalo and other bovines.
Livestock Science 167: 65-72. (http://dx.doi.
org/ 10.1016/ jlivsci. 2014.06.007)

Dubey PK, Goyal S, Mishra SK, Mukesh M,
Mishra BP and Kataria RS (2015). Sequence
characterization and expression analysis of
mammary gland derived osteopontin gene
of river buffalo. Indian Journal of Animal
Sciences, 85: 161-164.

Gupta AK , Chauhan M, Bhardwaj A, Gupta
N, Gupta SC, Pal Y, Tandon SN and Vijh
RK (2014). Comparative genetic diversity
analysis among six Indian breeds and
English Thoroughbred horses. Livestock
Science. http://dx.doi.org/10.1016/j.
livsci.2014.01.028.

Iquebal MA, Ansari MS, Sarika, Dixit SP,
Verma NK, Aggarwal RAK, Jayakumar
S, Rai A and Kumar D (2014). Locus

minimization in breed prediction using
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13.

14.

15.

16.

17.

artificial neural network approach. Animal
Genetics doi10.111/age.12208.

Jatav P, Sodhi M, Sharma A, Shandilya
UK, Kishore A, Mohanty A, Mishra BP,
Mann S, Kataria RS, Kaushik J and Mukesh
M (2014). Expression Analysis of Solute
Carrier (SLC2A) Genes in Milk Derived
Mammary Epithelial Cells during Different
Stages of Lactation in Sahiwal (Bos indicus)
Cows. Advances in Dairy Research,2:
117. doi: http://dx.doi.org/10.4172/2329-
888X.1000117.

Joshi J, Salar RK, Banerjee P, Sharma
U, Tantia MS and Vijh RK (2015).
Assessment of Genetic Variability and
Structuring of Riverine Buffalo Population
(Bubalus bubalis) of Indo-Gangetic Basin.
Animal Biotechnology, 26:148-155, DOI:
10.1080/10495398.2014.955613.

Kharche SD, Goel AK, Jindal SK, Ranjan
R, Rout PK, Agarwal SK, Goel, P, Saraswat
S, Vijh, RK, Malakar D, Bag S, Sarkhel B
and Bhanja S K (2014). Development of
parthenote following in vivo transfer of
embryos in Capra hircus. In Vitro Cellular
& Developmental Biology - Animal 50: 893-
898.

Kishore A, Mukesh M, Sobti RC, Kataria
RS, Mishra BP, Sodhi M (2014). Analysis
of genetic variations across regulatory and
coding regions of kappa-casein gene of
Indian native cattle (Bos indicus) and buffalo
(Bubalus bubalis). Meta Gene, 2: 769-781.

Kishore A, Mukesh M, Sobti RC, Keviletsu
Khate, Mishra BP and Sodhi M (2015).
Single Nucleotide Polymorphism in Exon 4
and Promoter Regions of - Lactoglobulin
Gene in Native Cattle (Bos indicus) Breeds
of India. Advances in Dairy Res., 2:3; http://
dx.doi.org/10.4172/2329-888X.1000125

18.

19.

20.

21.

22.

23.

24,
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Kumar S, Deb R, Singh U, Ganguly I, Mandal
D. K, Singh R, Sharma S, Sengar G, Singh
R, Kumar M and Sharma A (2014). SNPs
at exonic region of aquaporin-7 (AQP7)
gene may affect semen quality parameters
among crossbred bulls. Journal of Genetics,
93:e108-el12.

Kumar §, Singh U, Ganguly I, Deb R, Singh R,
Mann S, Sengar G, Mandal DK, Kumar M and
Sharma A (2014). Protamine 3 expression in
crossbred bull spermatozoa may not be a
prognostic marker for differentiating good
and poor quality semen. African Journal of
Biotechnology, 13:1999-2003.

Kumari N, Goyal S, Dubey PK, Singh
S, Niranjan SK, Gupta N, Prasad A and
Kataria RS (2014). Cloning and sequence
characterization of lactoferrin gene of Indian
riverine buffalo. Indian Journal of Animal
Sciences, 84: 761-766.

Maitra A, Sharma R, Ahlawat S and Tantia
MS (2014). Novel genetic polymorphisms
in caprine GPR54 gene associated with
reproductive functions. Indian Journal of
Animal Sciences, 84: 1196-1201.

Maitra A, Sharma R, Ahlawat S, Tantia MS,
Roy M and Prakash V (2014). Association
analysis of polymorphisms in caprine
KiSS1 gene with reproductive traits. Animal
Reproduction Science, 151: 71-77.

Mishra P, Ali AS, Aggarwal RAK, Dixit SP,
Dash SK, Dangi PS, Tyagi N and Verma
NK (2014) Phenotypic characterization
and microsatellite markers based genetic
evaluation of Kalahandi goats. Indian Journal
of Animal Science 85: 266-270.

Mishra P. Dixit SP, Aggarwal RAK, Dangi
PS, and Verma NK (2014). Genetic diversity
estimation in Black Bengal type goat
population using microsatellite markers.
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25.

26.

27.

28.

29.

30.

31.

Wayamba Journal of Animal Science, 7:1044-
1050.

Prasad S, Ali SA, Banerjee P, Joshi J,
Sharma U and Vijh RK (2014). Genetic
Characterisation of Malvi Camel using
microsatellite markers. DHR International
Journal of Biomedical and Life Sciences, 5:
286-296.

Prasad S, Ali SA, Banerjee P, Joshi ], Sharma
U and Vijh RK (2014). Identification of
SNPs and their validation in camel (Camelus
bactrianus and Camelus dromedarius). IOSR
Journal of Agriculture and Veterinary Science,
7:65-70.

Pundir RK, Malik, S, Singh PK, Sharma D
and Sadana DK (2014). Indigenous cattle of
Tripura-characterisation and performance
evaluation. Indian Journal of Animal Sciences,
84:974-977.

Pundir RK, Singh PK, Neelkant, Sharma D,
Kumar S, Tiwari R, Singh CV and Prakash
B (2014). Characterization and evaluation
of hill cattle of Garhwal. Indian Journal of
Animal Research, 48:322-328.

Rana §, Singh S, Dureja V, Joshi J, Banerjee P,
Sharma U and Vijh RK (2014). Evolutionary
Lineage and relationship of Himalyan Region
Goats. Special issue, DHR-IJBLS, 5 (1): 336-351.

Sahoo BR, Dubey PK, Goyal S, Bhoi GK,
Lenka SK, Maharana J, Pradhan SK and
Kataria RS (2014). Exploration of the binding
modes of buffalo PGRP1 receptor complexed
with meso-Diaminopimelic acid and Lysine-
type peptidoglycans by molecular dynamics
simulation and free energy calculation.
Chemico-Biological Interactions, 220: 255-
268

Saroha V, Kumar D, Sharma A, Jayakumar S,
Tyagi AK, Nagda RK and Dixit SP (2014).
Quantitative analysis of fatty acid in Indian

32.

33.

34.

35.

36.

37.

38.
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goat milk and its comparison with other

livestock. Journal of Livestock Science, 5: 1-8.

SarohaV, Kumar D, Sharma A, Jayakumar S,
Tyagi AK, Nagda RK and Dixit SP (2014).
Sources of Variation of Fatty Acids in Milk
of Indian Goat . DHR International Journal
of Biomedical and Life Sciences 5:352-361.

Sharma A, Dutt G, Jayakumar S, Saroha V and
Dixit SP (2014). Sequence characterization
and genetic variability analysis of GHR,
IGF1 and IGFBP-3 genes in nine Indian goat
breeds. Journal of Applied Animal Research,
42:361-365.

Sharma R, Maitra A, Ahlawat S, Roy M,
Mandakmale S and Tantia MS (2015).
Identification of novel SNPs in INHBB gene
of Indian goat. Indian Journal of Animal
Sciences 85: 55-59.

Singh LV, Sharma A, Singh N, Kaur N,
Jayakumar S, Dixit SP, Gupta N and Gupta
SC (2014). Comparative sequence analysis in
the exon 5 of growth hormone gene in the
various livestock species of India. Animal
Biotechnology, 25:69-72.

Singh S, Raja KN, Ganguly I and Arora R
(2014). Prediction of Body Weight from body
biometry in Koraput sheep by regression

analysis. Indian Veterinary Journal, 91: 24-27.

Sodhi M, Kishore A, Sharma A, Shandilya
UK, Kumari P and Mukesh M (2015).
Differential expression of heat shock proteins
in tissues of riverine buffaloes (Bubalus
bubalis). Indian Journal of Animal Sciences,
85:397-403

Verma NK, Aggarwal RAK, Sharma Rekha,
Dangi PS and Bhutia NT (2014). Sikkim
Black: A newly explored germplasm of
Sikkim state. Journal of Veterinary Science
and Technology, 5:110.
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39.
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43.
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Verma NK, Mishra P, Aggarwal RAK,
Dixit SP, Dangi PS and SK Dash (2015).
Characterization, Performance, and genetic
diversity among goats of Odisha. Indian
Journal of Animal Science, 85: 165-171.

Yadav DK and Arora R (2014). Genetic
discrimination of Muzaffarnagri and Munjal
sheep of northwestern semi arid zone of
India based on microsatellite markers and
morphological traits. Indian journal of
Animal Sciences, 84: 527-532.

Yadav P, Kumar P, Mukesh M, Kataria RS,
Yadav A, Mohanty AK and Mishra BP (2015).
Kinetics of lipogenic genes expression in
milk purified mammary epithelial cells
(MEC) across lactation and their correlation
with milk and fat yield in buffalo. Research
in Veterinary Sciences, 99:129-36.

Yadav P, Singh DD, Mukesh M, Kataria
RS, Yadav A, Mohanty AK and Mishra BP
(2014). Expression profiling of glucose
transporter 1 (GLUT1) and apoptotic genes
(BAX and BCL2) in milk enriched mammary
epithelial cells (MEC) in riverine buffalo
during lactation. Animal Biotechnology,
25:151-9.

Zargar, R, Urwat U, Malik F, Shah RA,
Bhat MH, Naykoo N A, Khan E, Khan HM,
Ahmed SM, Vijh RK and Ganai NA (2015).
Molecular characterisation of RNA binding
motif protein 3 (RBM3) gene from Pashmina
goat. Research in Veterinary Science, 98:51-
58.

Technical / popular Articles

1.

Arora R (2014). Microsatellite markers in
defining diversity and population structure
of farm animals, in compendium of ICAR-
Short Course on Advanced Molecular and
Bioinformatics Approaches for Genome
Characterization of Indigenous Animal
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Genetic Resources. ICAR-NBAGR, Karnal.
pp- 45-51.

Arora R, Sodhi M and Mukesh M (2014).
Analytical approaches for microsatellite
markers, in compendium of ICAR- Short
Course on Advanced Molecular and
Bioinformatics Approaches for Genome
Characterization of Indigenous Animal
Genetic Resources. ICAR-NBAGR, Karnal.
pp: 52-60.

Deshpandey U and Singh S (2014). NGS
short read QC analysis, preprocessing and
handling of RNA seq data for differential
expression analysis using CLC bio software.
in: compendium of lectures for ICAR-
Short course on Advanced Molecular and
Bioinformatics Approaches for Genome
Characterization of Indigenous Animal
Genetic Resources, ICAR-NBAGR, Karnal,
pp: 253-256

Ganguly I, Ganguly A and Singh S (2014).
Real time PCR based gene expression
analysis and an overview of copy number
variations in training manual on Molecular
tools and bioinformatics approaches for
livestock genome analysis, ICAR-CIRC,
Meerut. pp: 191-203.

Ganguly I, Singh S, Sodhi M and Mukesh
M (2014). Expression analysis of candidate
genes through Real time Quantitative PCR
in compendium of lectures for ICAR-
Short course on Advanced Molecular and
Bioinformatics Approaches for Genome
Characterization of Indigenous Animal
Genetic Resources, ICAR-NBAGR, Karnal.
pp: 206-218.

Ganguly I, Sodhi M, Singh S and Raja K N
(2014). Genetic Diversity of Mammalian
Y-Chromosome with Special Reference
to Bovine in compendium of lectures for
ICAR-Short course on Advanced Molecular
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10.

11.

12.

and Bioinformatics Approaches for Genome
Characterization of Indigenous Animal
Genetic Resources, ICAR-NBAGR, Karnal.
pp: 76-85.

Pundir RK (2014). Estimation of breeding
values from phenotype to genotype in dairy
cattle. In: Compendium of lectures for ICAR-
Short course on Advanced Molecular and
Bioinformatics Approaches for Genome
Characterization of Indigenous Animal
Genetic Resources, ICAR-NBAGR, Karnal.
pp: 169-174.

Pundir RK (2015). Predicting breeding
values from phenotype and genotype in
compendium of lectures of National training
program on advanced tools for analysis of
phenomic and genomic data, Karnal. pp:
97-102.

Raja K N and Ganguly I (2015). Genome
Data Analysis using Bioinformatics tools.
compendium of lectures for National
training programme on advanced tools for
analysis of phenomic and genomic data,
Karnal. pp: 7-14.

Raja KN and Mishra AK (2014). Good
conservation practices of indigenous dairy
animals for promoting organic farming
in compendium of Model training course
on Good dairy farming practices: A way
forward for organic farming, ICAR- NDRI
Karnal, pp: 61-64.

Raja KN and Mishra AK (2014). Prospects of
backyard poultry for livelihood promotion
in rural areas in compendium of Extension
management for livestock development
ICAR-NDRI, Karnal, pp: 35-47.

Sadana DK, Singh PK, Pundir RK and Mishra
AK (2015). Crossbreeding versus Indigenous
cattle breeds for livelihood security of small
holder farmers in XII Agricultural Science

13.

14.

15.

16.
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Congress (compendium), held at ICAR-
NDRI Karnal from 3" Feb to 6™ Feb 2015,

pp: 10.

Sharma A, Ganguly I, Thakur K, Verma P
and Mukesh M (2014). RNA Isolation and
Real time-Quantitative Polymerase Chain
Reaction in compendium of lectures for
ICAR-Short course on Advanced Molecular
and Bioinformatics Approaches for Genome
Characterization of Indigenous Animal
Genetic Resources, ICAR-NBAGR, Karnal,
pp: 219-223.

Singh S and Bedekar MK (2014). DNA
microarray and its applications in diseases
diagnosis. International Journal of Science
and Research, 3: 1572-1573.

Singh S and Ganguly I (2014). Next
Generation platform for the RNA seq data
generation and analysis in compendium of
lectures for ICAR-Short course on Advanced
Molecular and Bioinformatics Approaches
for Genome Characterization of Indigenous
Animal Genetic Resources, ICAR-NBAGR,
Karnal, pp: 242-247.

Vohra V, Niranjan S K, Mishra A K and
Joshi B K. 2014. Belahi: Catle pastoralism in
the Himalayan foothills, In: Proc. Aust Soc
Animal Prod.,50: 317.

 qIN® T, Uphol O &, TR T, JHORH
IR SR TR 378 (2014)| AR @ B
IR | YL YHRI 5:33—35.

TRl T, e 3R TE, HAe 41, RiE v
IR T[T o7 (2014) ST IYEH ¥ g7
IR IR dfeaad & HA B = o &

ST | GRIET YhRT 5: 106—108.

R @1 &, gk R &, 9aM1 ©f & AR
SRIGT & (2014). IORAM T &
3aftid Td Hew@qul MaeN e AN e
HART | UYEH BT, 5: 17
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20. R v @, e 79 3IR Rig T (2014)1
IR YT H IHY 1o D ST TgeA
YT 5: 36—42.

21 % T, 91 & TF SR el % (2014)|
PRIJS—Teh B S0 HE 7T | TYLT YD,
5:8-10.

22. 991 T & (20 14) | RifFsa yaer o g6k
BT U1 FMEROT | TYE YHIeT 5: 19-22.

23 dRga R IREH, F ge1, Hife
|AIGr, TF GuET RETA1 (20 1 4) FAMT §RT 0
SafAfqerT AREvT, IYET YHRT, 5: 26—29.

2 4 FTS @eT, GAR GARY, B SR, iy 7+,
AT HH Ta AIfDT A6l (20 14) g fafqeran
— AT ST BT SiaT Y@ 9 €9 Yhre,
5. 60-66

25 HifN®T |G, WAl 99T, W& "E, 99
FIR fasg R, Y9eT AR Td T
qHY (2014) 8 — TERG &3 DI Bl
R # uy] eI FHIEHT Bl oo
IR 7Ed, I &9 YPRI, 5: 49-59.

2 6 AT <41, Y@M Tl AINGT EdEd THTH
TIfEAT (201 4) B B g8 T & 8 B
JEIR Idheq, IYeH THRT 5: 6772

27 R 0%, &R 1, FSF1 S G RS &,
(201 4). ST 1Y 3 3FafoTd vaw Heaqul
TTERT HHE: TR qAT FARI UYL BRI, 5:1

Books Published

1. NAIP Project Component 4 Buffalo as the
Focal species - A Synthesis by R K Vijh
(2014). The book was submitted to the World
Bank by NAIP and consisted of six chapters
and presented the history, work carried
out in NAIP and future perspective of the
projects in the area of Basic and Strategic

Research in Buffaloes.

2. Vijh RK and Gokhale S (2014) Identification
of Quantitative Trait Loci for milk yield, fat

RESEARCH PROJECTS & PUBLICATIONS

and protein percentage in buffaloes- Buffalo
Reference Family - Germplasm Catalogue
published by Component 4 NAIP. The book
was released in the Final meeting with the
World Bank and was released by World Bank,
DG ICRISAT, FAO representative, Director
General, ICAR at the Terminal Workshop of
Component 4 on 19-20"" March, 2014.

3. Singh U, Kumar S, Mukhopadhyay CS, Deb
R, Alyethodi RR, Alex R, Dhama K and
Ganguly I (2015). Bioinformatic approaches
for livestock genome analysis. Satish Serial
publishing house. ISBN 978-93-84053-01-7

Book Chapters

1. Srivastva AK, Pathak KML, Joshi BK,
Singh PK and Kumaresan A (2014). Farm
Animal Genetic Resources in India:
Diversity, Conservation and Management.
In Farm Animal Genetic Resources in
SAARC Countries: Diversity, Conservation
and Management. Published by SAARC
Agricultural Centre, BARC Complex,
Farmgate, Dhaka-1215, Bangladesh. Pp: 119-
249. ISBN No. 978-984-33-8230-6.Printed at
Tithi Printing and Packaging, 28/C-1 Toyen
Bee, Circular Road, Motijheel, Dhaka- 1000.

2. GangulyI, Ganguly A, Singh S and Singha H
(2014). Real time PCR for Quantification of
m-RNA levels in Bioinformatic approaches
for livestock genome analysis. Satish Serial
publishing house. ISBN 978-93-84053-01-7.
Chapter 7, pp: 157-178.

3. Joshi BK, Sodhi M, Sharma R and Mukesh
M(2015). Methodologies and Applications
of Transgenesis and Cloning in Farm
Animals in section “Methodologies and
Applications of Trangenesis and Cloning
in Farm Animals” for compiled book
"Biotechnology: Progress and Prospects Eds:
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SM Paul Khurana and Machiavelli Singh ,
Studium Press LLC, Texas, U.

4. Raja K N and Ganguly I (2015). Basic
bioinformatics tools for molecular data
analysis in Bioinformatic approaches for
livestock genome analysis. Satish Serial
publishing house. ISBN 978-93-84053-01-7.
Chapter 1, pp: 1-14.

5. Ganguly A and GangulyI(2015). Climate change
and human health in Vegetables and Human
Health (Ed. Rana, M.K.). Scientific Publisher,
Jodhpur, Rajasthan, Chapter 2, pp. 22-36.

Monograph/Bulletin/Compendium

1. Cattle Genetic Resources of India “BELAHI:
migratory cattle from north Himalayan foot
hills by Vohra V, Sodhi M, Niranjan SK,
Mishra AK , Joshi BK and Sharma A, by
ICAR- National Bureau of Animal Genetic

Resources, Karnal.

2. Chicken breeds of India — Harringhata Black
(# 83) by Vij PK, Tantia MS, Pan S and Vijh
RK by ICAR-National Bureau of Animal
Genetic Resources, Karnal.

3. Sheep Genetic Resources of India- Koraput
sheep by Singh S, Raja KN, Arora R and
Ganguly I. Monograph # 85/2015. ISBN-978-
93-83537-18-1.

4. Bundelkhandi Goat- An important
germplasm of Bundelkhand region by Verma
NK and Mishra P Monograph # 84/2014,
ISBN: 978-93-83537-19-8.

5. Aleaflet entitled ‘Sikkim Black goat-A newly
explored germplasm (# 86/2015) by Verma
NK, Aggarwal RAK, Sharma R, Dangi PS
and Bhutia NT.

6. ATraining compendium on ICAR sponsored
short course on “Advanced Molecular and

Bioinformatics Approaches for Genome

10.

11.

2.0.31.3 a‘&

Characterization of Indigenous Animal
Genetic Resources” by Mukesh M, Sodhi M,
Ganguly I, Singh S, Thakur K and Kataria
RS held at NBAGR, Karnal from 01 to 10
December, 2014.

Development of three dimensional (3D)
cell culture of buffalo mammary epithelial
cells (BuMECs) and comparative expression
analysis with conventional monolayer (2D)
cell culture by Mukesh M, Shandilya UK,
Sharma A, Sodhi M, Kapila N, Kataria RS,
Mann S, Verma P, Kumari P, Mohanty A,
Singh S, Malakar D and Kaushik JK.

Reference gene panels for application in
transcriptomic research in Indian cattle and
buffaloes by Mukesh M, Sodhi M, Sharma A,
Kishore A, Shandilya UK, Mann §, Kapila
N, Jatav P, Yadav P, Aggarwal ], Miglani M,
Kaur R, Tantia MS, Kataria RS, Ganguly I,
Chandra A, Verma P, Kumari P, Yadav N,
Khate K, Mishra BP, Mohanty A , Varshney
N, Singh S, Kumar S, Malakar D, Kaushik JK,
Dang A and Grover S Published by ICAR-
NBAGR, Karnal, Haryana-132001.

Establishment of three-dimensional (3D)
culture of buffalo mammary epithelial cells
by Shandilya UK, Sharma A, Sodhi M, Kapila
N, Kishore A, Kataria RS, Mann S, Kumari P,
Verma P and Mukesh M (2014). Published
by NBAGR, Karnal.

Test for differentiation of cattle and buffalo
meat & milk by Kataria RS, Dubey PK,
Niranjan SK and Sodhi M (2015). NBAGR
Leaflet No. 87/2015.

Training Manual on Next Generation
Sequencing Data Analysis: From Technology
to Application Vijh RK and Jeere A (2015) for
the training held from 28th to 30th January,
2015.
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5

Patents and Technologies

Seven patent applications were published in
the Journal of Indian Patent Office and the
first examination requests for three patent

applications were submitted to the Indian
Patent Office, New Delhi. The details of these
applications are as follows as:

1.

Technology entitled “A Kit for parentage
verification in Goats” (application number
50/DEL/2013) invented by Dr. R.K. Vijh et al
was published on 22" August 2014 and FER
was filed on 5" Jan 2015.

Technology entitled “A Kit for parentage
verification in Indian Ruminant Livestock”
(application number 298/DEL/2013)
invented by Dr. R.K. Vijh et al was published
on 22" August 2014 and FER was filed on 5*
Jan 2015.

Technology entitled “PCR based DNA test
for the differentiation of cattle and buftalo
meat and milk” (application number 607/
DEL/2013) invented by Dr. R.S. Kataria et al
was published on 12 September 2014 and
FER was filed on 14" November 2014.

Technology entitled “QTLs for milk yield
in buffaloes” (application number 1889/
DEL/2013) invented by Dr. R.K. Vijh et al
was published on 2" January 2015.

Technology entitled “QTLs for somatic cell
count in buffaloes” (application number
1890/DEL/2013) invented by Dr. R.K. Vijh

et al was published on 2" January 2015.

Technology entitled “QTLs for milk fat
percent in buffaloes” (application number
2426/DEL/2013) invented by Dr. R.K. Vijh
et al was published on 20" February 2015.

RESEARCH PROJECTS & PUBLICATIONS

7. Technology entitled “QTLs for milk protein

percent in buffaloes” (application number
2427/DEL/2013) invented by Dr. R.K. Vijh
et al was published on 20" February 2015.

Awards

1.

DY FAR YR, THIT AR Rig 9 2w
FAR ASTHI. 2014, ACRAT Pl B,
AR 9 AR TR A -l gw
RN A1 & MR W faddra=or. gem

RI=R, 2014, AT IY] FARTE 18
R, BT 1320 01 RTOMT|

Raja KN, Singh P K, Mishra A K, Ganguly
I, Devemndran P, Saravanan R and
Kathirvel S.2015. Best Poster award: 2015:
Charecteriztion of Chippiparai dog breed- an
unexplored canine genetic resources of Inda,
in international symposium on Sustainable
management of Animal genetic Resources for
livelihood security in developing countries
& XII annual convention of SOCDAB, held
at TANUVASU, Chennai, Feb.13-14, .2015.

Award for the Best Stall of the Exhibition
during the National Sheep and Wool Fair at
CSWRI, Avikanagar on 12" November 2014.

Ankita Sharma, Jigyasa Aggarwal, BP
Mishra, Monika Sodhi, Anita Yadav, Amit
Kishore, Ashok K Mohanty, Ajay Dang,
Ranjit S Kataria and Manishi Mukesh. Best
poster award on “Establishing stage specific
transcriptome signature of buffalo mammary
gland using heterologous bovine microarray
platform” during XII Agricultural Science
Congress at NDRI Karnal from Feb 3-6,
2015.
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ICAR
Result Framework Document ( RFD)

for
National Bureau of Animal Genetic Resources, Karnal
(2014-2015)
Address: P.B. No. 129, GT Road byepass, Near Basant Vihar
Karnal - 132 001
Website: www.nbagr.res.in

Section 1: Vision, Mission, Objectives and Functions

Vision

Striving for excellence in innovative research to identify genetic potential of indigenous livestock for improvement

and

conservation.

Mission

To protect and conserve indigenous animal genetic resources for sustainable utilization and livelihood security

Objectives

1.

Identification, evaluation, characterization and conservation of indigenous farm livestock genetic
resources

2. Documentation on institute activities.

3. Human resource development in the area of identification, evaluation, characterization and
utilization of animal genetic resources.

Functions

1. Characterization and evaluation of livestock and poultry breeds of the country.

2. Conservation of economically important and endangered breeds of farm animal species.

3. Characterization of functionally important genes of farm animal species.

4. Establishment and maintenance of data bank on farm animal genetic resources of India.

5. Capacity building in the field of molecular biotechnology for breed characterization at genome
level.

6. Creating awareness about the maintenance, conservation and management of farm animal

genetic resources.
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TRAINING AND CAPACITY BUILDING

Trainings and Workshops
Organized

1.

A three day training program entitled “Next
Generation Sequencing Analysis: From

Technology to Application” was organized
at NBAGR Karnal in collaboration with
Persistent System, Pune during 28™ to 30

January, 2015. Total 11 Scientists from
all over India were participated in the

Training.

One day workshop on ‘Characterization
of Manipuri Chicken’ was organized on
21.11.2014 at Keishamthong, Imphal (W) in
collaboration with CAU, Imphal to generate
awareness among breeders and apprise them
about the importance of local chicken and
the need for characterising and documenting

indigenous chicken of Manipur.

R

qruana&m}

attended by a total of 56 participants which

included Secretary, Joint Secretary, AHC
and Asstt. Commissioner from DAHD&E,
GOI Principal Secretary (DAHD&F), Govt.
of Haryana; Directors of SAHDs; CEOs
of SLDBs; Officials from CCBFs, CHRS,
CFSP&TT and Director and Scientists from
NBAGR.

4. NBAGR in collaboration with ICAR and

National Academy of Veterinary Sciences
(NAVS) organized an Expert Consultation
Meet on “Strategies for Enhancing Milk
Productivity of Indigenous Cattle” on
20™ October, 2014 at A.P. Shinde Hall,
NASC Complex, New Delhi. Dr. Sanjeev
Kumar Balyan, Hon’ble Union Minister of
State (Agri & FPI) inaugurated the meet.
Dr. S. Ayyappan, Secretary, DARE & DG,
ICAR, Sh. Anup Kumar Thakur, Secretary,

3.

An interactive workshop on ‘Breed

Registration Process’ was organized
jointly by DAHD&F, GOI and NBAGR
on 28.01.2015 at NBAGR, Karnal. It was

DAHDE Dr. K M L Pathak, DDG(AS),
Former DDGs, ADGs, CEOs, Directors,
representatives from Gaushalas and NGOs

attended the consultation meet.




o

5. A brainstorming session on Animal Genetic
Resources of Sikkim state on 19" Nov, 2014

at Gangtok in collaboration with Sikkim
Livestock Development Board, Gangtok.
The programme was attended by Additional
Director, DAHLE&VS, Deputy Directors and

senior veterinary officers of Sikkim.

6. Organized ICAR sponsored short course on
“Advanced Molecular and Bioinformatics
Approaches for Genome Characterization
of Indigenous Animal Genetic Resources”
from 01 to 10 December, 2014. A total of 21
participants from NAAS System (from ICAR
institutes and SAUs) and other organizations

& general universities working in the area of
animal science and biotechnology attended
this course. Course Director was Dr Manishi
Mukesh and Drs Monika Sodhi, RS Kataria,
Indrajit Ganguly and Sanjeev Singh were the
Course Coordinators.

TRAINING AND CAPACITY BUILDING

Trainings Attended
Dr. Jaya Kumar, Scientist attended 21 days

winter school on “Whole Genome Analysis and
Functional “Omics” Technologies for Future
Designer Milk Food” at NDRI between Octo-
ber 28,2014 - November 17, 2014.

Drs. Monika Sodhi, Vikas Vohra and Indrajit
Ganguly attended a three day training program
entitled “Next Generation Sequencing Analysis:
From Technology to Application” at NBAGR,
Karnal during 28 - 30™ January, 2015.

Dr. Jaya Kumar, Scientist attended 10 days
short Course on “Advanced Molecular and
Bioinformatics Approaches for Genome
Characterization of Indigenous Animal Genetic
Resources” at NBAGR between 01 to 10
December, 2014.

Dr. Jaya Kumar, Scientist attended Workshop
on “Training Needs Assessment” for HRD Nodal
Officers of ICAR organized on 26" February,
2015 at NAARM, Hyderabad.

Exhibitions Organized

Exhibitions on AnGR were organized at various
places to sensitize farmers about the benefits of
indigenous animals:

1. International Biodiversity Day, 22" May
2014 at NBAGR, Karnal.




TRAINING AND CAPACITY BUILDING BHE
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6. At NDRI Karnal Krishi Mela, organized
by Agriculture Department Haryana on 27
November 2014

7. National Livestock championship held at
Mukatsar, Punjab, 8-12 January, 2015.

8. Dairy Mela held at National Dairy Research
Institute, Karnal from 25-27 February, 2015.

9. Agri Leadership Summit 2015 at leisure
valley Gurgaon, organized by Agriculture
Department Haryana on 13-15 March, 2015.

2. NBAGR Foundation Day 20" September
2014 at NBAGR, Karnal.

3. ICAR Institutes-SAU- Development
departments and stake holders meet on 18"
October 2014 at NDRI, Karnal.

4. Rabi Kisan Mela held at Indian Institute of
Wheat & Barley Research, Karnal on 30®*
October 2014.

5. At National sheep and wool fair at CSWRI
Avikanagar, 12 November 2014.













OTHER ACTIVITIES

Library

The NBAGR library has been playing an
important role in serving the scientists and
technical staff of the Bureau. Library Advisory
Committee (LAC) is guiding force in the
management of the library issues pertaining to
purchase of scientific books/journals etc. The
Bureau LAC was reconstituted on 19.5.2014.

Books and journals worth Rs. 10, 21,195/- were
procured in the library during the period. Eleven
foreign journals and thirty one Indian Journals
have been subscribed for the benefit of scientific

readers.

Total collection 4111
No. of books added 114
No. of Indian Journals subscribed 31
No. of Foreign journals subscribed 11
No. of News papers subscribed 07

Important Meetings

IRC Meeting

Institute research committee (IRC) meeting was
held on 28" & 29* November, 2014 under the
Chairmanship of Dr. Arjava Sharma, Director
NBAGR. Progress report of on-going research
projects was reviewed and also discussed the

final report of completed projects.

IBSC Meeting

The Institutional Biosafety Committee of
NBAGR, constituted for monitoring the research
projects of the Bureau engaged in cloning/
recombinant DNA work/transgenics, which
involve biosafety guidelines, held its six monthly
meetings on 02.07.2014 and 30.01.2015. The
research projects falling under the purview of
IBSC were reviewed and necessary permissions

granted.

=

Independence Day & Republic Day

Celebrations

Bureau celebrated the Independence Day on 15®
August 2014 and Republic Day on 26" January,
2015 at office campus. Director, presided over
the functions and hoisted the tricolor. The wards
of staff presented the cultural programme. The

prizes were distributed to the participants.

Taru Diwas

ICAR-NBAGR and Haryana Forest Department,
Karnal celebrated “Taru Diwas” on 15.07.2014. Dr.
Arjava Sharma, Director, ICAR-NBAGR presided
over the function. Sh. Naresh Ranga, DFO, Karnal
was the guest on the occasion and provided all
logistics and plant saplings. Dr. Dinesh Kumar
Yadav, Principal Scientist coordinated the function.
Around 200 flowering, non-flowering and fruit

trees were planted in front of and around the ICAR-
NBAGR office building.

ICAR Foundation Day

The 86™ ICAR foundation day was celebrated
on 16.07.2014. Dr. Arjava Sharma, Director
highlighted the activities of the Bureau and
called upon the scientists to bring more laurels
to NBAGR and ICAR. On this occasion, a special
drive to plant trees in the campus was carried
out. Sh. Navdeep Hooda, Conservator, Haryana
Forest Department graced the occasion. Around
400 flowering, non-flowering and fruit trees were
planted in the Bureau campus.

Q
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National Science Day

The Bureau celebrated 'National Science
Day' on 28th February, 2015. More than 80
undergraduate and post-graduate students
and teachers of five different degree colleges
participated in the event, marked by activities
like speech competition on the theme 'Science
for Nation Building' and a poster competition
on biodiversity. Lectures were delivered by
Director NBAGR on Farm Animal Biodiversity
to make students aware about livestock genetic
resources of the country and also on career
opportunities in biotechnology. The day was
kept as 'Open day' for the outside students,
wherein they visited various laboratories to
understand about the activities of the institute.
The students participated enthusiastically in the
poster presentation competition. The winners
of the competitions were awarded suitably with
certificates and shields.

NARV NAL SCIE'e. = DAY

S, S E FOR NATION T5" /NG

Swachh Bharat Abhiyan

As part of "Swachh Bharat Abhiyan" a campus
cleanliness campaign was initiated, where in all the
bureau staft participated actively. Second Saturday
of every month has been ear-marked for such
activities. Every staff member of the Bureau was
appealed to contribute at least 100 hours in a year to
this cause of national importance. A human chain
by bureau staff was also formed in front of bureau
premises on the National Highway (NH-1) to
create awareness .

OTHER ACTIVITIES

Distinguished Visitors

Following distinguished personalities visited
the Bureau during the year and interacted with
scientists.




OTHER ACTIVITIES

Dr. R Kasiraj, General Manager (AB),
National Dairy Development Board, Anand
visited on 25.04.2014.

The World Bank Team consisting of Dr.
Mohinder S. Mudahar and Dr. Miki
Terasawa, World Bank Experts accompanied
by NAIP Team consisting of Dr. S. Kochhar,
National Coordinator, Component-4,
Dr. P. S. Pandey, National Coordinator,
Component-1 and Dr. P. Katihaa, Principal
Scientist visited the Bureau on 23.08.2014.

Ms. Manjula Chawla, Serials Librarian,
U.S. Library of Congress, American Center
visited NBAGR, Karnal on 29.08.2014.

Mr. Paisho Keishing from North East
Border Area Development Organization
(NEBADO) Kasom Khillen Sub Division,
Manipur, visited the Bureau on 15.09.2014.

Sh. Devinder Sharma, Agriculture and
Livestock Expert and a well known
Journalist {Hindustan Times Newspaper
and the NDTV Channel} visited NBAGR,
Karnal on 15.11.2014.

PNB Progressive Farmers from Centre
for Agriculture and Rural Development
(CARD), Noida visited NBAGR, Karnal on
25.11.2014.

Dr. Jimmy Smith, Director General,
ILRI visited Various Laboratories of the
Bureau on 04.02.2015.

=

8. Dr. Gurbachan Singh, Chairman,
ASRB visited us on 05.02.2015.

9. State Progressive farmers from Baiti village,
Uttar Pradesh visited the NBAGR, Karnal on
07.02.2015, to aquainted with Bureau activities.

10. A team of scientists from National Institute of
Biotechnology, Bangladesh visited NBAGR,
Karnal on 26.02.2015.

11. Dr. Diane Wray-Cohen, Senior Science

Advisor, New Technologies and Production
Methods Division, Foreign Agricultural
Service, USDA, Washington; Mr. Joshua
Lagos, Agricultural Attache, Dr. Santosh
Kumar Singh and Dr. Vijay Intodia,
Agricultural Specialists, USDA, New Delhi
and Dr. SR Rao, Senior Advisor, Dept. of
Biotechnology, Govt. of India visited the
Bureau on 27.02.2015.

Visits Abroad

Dr. Arjava Sharma, Director, visited Vienna
(Austria) during August 9-17, 2014 to impart
training to the international participants of
IAEA-sponsored training in the capacity of
Expert Lecturer.













PERSONNEL

Bureau Staff (as on 31.03.2015)

Scientific Staff

R

21.9.37.3 S

1. Dr. Arjava Sharma Director

2 Dr. RK. Vijh Principal Scientist
3. Dr. Anand Jain Principal Scientist
4. Dr. M.S. Tantia Principal Scientist
5. Dr. PX. Vij Principal Scientist
6. Dr. N. K. Verma Principal Scientist
7. Dr. R.AK. Aggarwal Principal Scientist
8. Dr. PK. Singh Principal Scientist
9. Dr. R.K. Pundir Principal Scientist
10. Dr. R.S. Kataria Principal Scientist
11. Dr. Anil Kumar Mishra Principal Scientist
12. Dr. Monika Sodhi Principal Scientist
13. Dr. Jyostna Behl Principal Scientist
14. Dr. Satpal Dixit Principal Scientist
15. Dr. Dinesh Kumar Yadav Principal Scientist
16. Dr. Manishi Mukesh Principal Scientist
17. Dr. Reena Arora Principal Scientist
18. Dr. Avnish Kumar Principal Scientist
19. Dr. Rahul Behl Senior Scientist
20. Dr. Rekha Sharma Senior Scientist
21. Dr. Vikas Vohra Senior Scientist
22. Dr. Saket Kr. Niranjan Senior Scientist
23. Dr. Indrajit Ganguly Senior Scientist
24. Dr. Sanjeev Singh Senior Scientist
25. Dr. P. Kathiravan Senior Scientist
26. Dr. Karan Veer Singh Scientist (S.S.)

27. Dr. K.N. Raja Scientist (S.S.)

28. Dr. Jayakumar S. Scientist

29. Dr. Sonika Ahlawat Scientist

Technical Staff

Dr. P. S. Dangi

Asstt. Chief Technical Officer

Sh. S. K. Jain

Asstt. Chief Technical Officer

Dr. P.S. Panwar

Senior Technical Officer

Sh. Sanjeev Mathur

Senior Technical Officer

Gl & (BRR) B [Re

Sh. Harvinder Singh

Senior Technical Officer
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PERSONNEL

6. Sh. Sat Pal Technical Officer

7. Sh. Jamer Singh Technical Officer

8. Smt. Pravesh Kumari Technical Officer

9. Sh. Naresh Kumar Technical Officer

10. Sh. Ramesh Kumar Technical Officer

11. Sh. Rakesh Kumar Senior Technical Assistant

12. Sh. Subhash Chander Senior Technical Assistant

13. Sh. Ashok Kumar Senior Technical Assistant

14. Sh. Mahavir Singh Senior Technical Assistant

15. Sh. Om Prakash Senior Technical Assistant

16. Sh. Ramesh Chand Senior Technical Assistant

17. Sh. Balvinder Singh Technician
Administrative Staff

L. Sh. Jagtar Singh Admn. Officer

2. Sh. Sunil Kumar F&AO

3. Sh. Karambir PS to Director

4. Sh. Balkar Singh AAO

5. Sh. Pawan Kr. Gupta AF&AO

6. Sh. Ramesh Behl Assistant

7. Smt. Anita Chanda PA

8. Smt. Amita Kumari PA

9. Smt. Indu Bala, Steno Steno Gr.III

10. Smt. Shashi Bala Assistant

11. Sh. Jita Ram Assistant

12. Sh. Yoginder Assistant

13. Sh. Sopal UDC

14. Sh. Satish Kumar UDC

15. Sh. Shiv Chander LDC

16. Sh. Rajnish Kumar LDC

17. Smt. Neerja Kaul LDC

18. Sh. Naresh Kumar LDC

19. Sh. Babu Ram LDC
Skilled Support Staff

1. Sh. Krishan Lal SSS

2. Sh. Sewa Ram SSS

3. Sh. Ram Sagar SSS

4 Sh. Deepak SSS

5. Sh. Satbir SSS




PERSONNEL

Promotions

1.

10.

11.

Dr. Manishi Mukesh, National Fellow has
been promoted to the next higher post of
Principal Scientist w.e.f. 09.09.2012 vide
ICAR 0O.0. dated 02.04.2014 & this O.O.
dated 15.02.2014.

Dr. Dr. K. N. Raja, Scientist (SS) has been
promoted to the next higher grade of Rs.
15600-39100+RGP 7000/- w.e.f. 06.01.2012
vide ICAR O.0. dated 21.04.14 & this O.O.
dated 28.04.2014.

Dr. Vikas Vohra, Senior Scientist has been
promoted to the next higher grade of Rs.
37400-67000+RGP 9000/- w.e.f. 02.04.2014

Dr. S. K. Niranjan, Senior Scientist has been
promoted to the next higher grade of Rs.
37400-67000+RGP 9000/- w.e.f. 04.04.2014

Dr. Indrajit Ganguly, Senior Scientist has
been promoted to the next higher grade
of Rs. 37400-67000+RGP 9000/- w.e.f.
21.04.2014

Dr. Sanjeev Singh, Senior Scientist has been
promoted to the next higher grade of Rs.
37400-67000+RGP 9000/- w.e.f. 29.06.2014

Sh. Ramesh Kumar, Senior Technical
Assistant has been promoted to the next
higher grade of Technical Officer w. e. f.
16.09.2013.

Sh. Harvinder, Technical Officer has been
promoted to the next higher grade of Senior
Technical Officer w. e. f. 14.05.2014.

Sh. Ram Sagar, SSS has been granted Financial
Upgradation of Rs.5200-20200+2000/- GP
w.ef. 01.11.2014.

Sh. Deepak Rai, SSS has been granted
Financial Upgradation of Rs.5200-
20200+2000/- GP w.e.f. 01.11.2014.

Sh. Satbir, SSS has been granted Financial
Upgradation of Rs.5200-20200+2000/- GP
w.e.f. 16.12.2014.

=

Joinings/Transfer
L.

Dr. Birham Prakash, Principal Scientist
was selcted for the post of Director, ICAR-
CIRC, Meerut. He was relieved from ICAR-
NBAGR, Karnal on 14.08.2014 (AN) to join
CIRC Meerut.

Superannuation
1.

Sh. Moti Ram, Technical Officer attained
superannuation from ICAR on 30.06.2014

r

2. Dr.D.K. Sadana, Principal Scientist attained

superannuation from ICAR on 31.12.2014
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TSR U] STTafTes HTeH SR1 b Thfafer
IR SUSfeErdl & gb 2014—15 &I dqMvH
gfraed JRgd FRA §¢ ST SMIR B B @
Tl @Y 1984 ¥ Ul WA & I A
FEIF AR UY] UG & IFAIRID FETEAT
&1 faf¥=1 faererell den sraRie emmal
& IEIM B B A7 FRIR TR B 1 39
Y B IRM SHRE B AR Holell WS,
RIEM 68, Iouer™ SR R wam
S -1 S UYSH Bl PHA—S A
& yrodl <1er eRer BRI BT qR1 fhar
gl AR TR, WKl U9 IS e, Rafaww
IHYA AR HHERE T & &0 FERoT B
PR TR WS R & SH 96 3 Taa—dIg
TRETUT BRIGH B I AT (MM AR
IRURER) TN Trel ¥ &1 7600 TR GRID
D1 2T 5T T & | ARe0T IR I SR
& T STHREET 39 BT I 39S Yol &
H SN fhaT AT B | S @l & IRM g
IR FRFT & || T A T P B TH
A&l W T BT JoiiaRul 9 &RI gRT a1
TATE | T FAATE T TR M, BB
TR, AArE SR G (FRmen) g
& A e A A © | IR, Ry,
SR oI DI T, ARATS!, YOI R foreaeit
S, Rorgel AT AIHRAe H, MM &
IER, TR S, vl Ip qo e,
RIS & e, BRI AT, SR B Sl
BT ALUNRRUT Tl IRIR TG A T IR
BRECT GTa] Bl HRETuT B wead qRATST
@ T fHar o <& B |

TS IR, AU 1&T0T R § HRIYC
TS ¥ I AR fafderdn o1 Sufkerfa o
TEa™ &I T3 | SN SR BTG W1 &
3TgaRRTe et MR &1 B Tfd o) B
Y o fRmdme | awIfed gfaErn SiE A
IS ©Y 9§ [THRid e T A faeeh
AT B YA DI A AR <& 775 |
T Tl W SR & oy o (RIRIeTe,
SeTd—1, SivE, SivgeR, demed-1,
Qe Jediga—1, uewe), SeH, TfbRA
3MS) GASHTEH S (STEN®H—9, NGHd—1 5,
fpa—1 a7f) SR STgeRer oI (TS, el
147 9nfe) faf = gfawrl AT &1 <feron
R fear w1 4 AR, Il &
SWN TRe 3 e Tl (R, IRYRER,
IR WEEE) & 54 1 B UL TR TGN
Y1 41 13, gt SuarT S R R
B D g fhar 1| 39 AR, FeeI
o YSId |Iel B Ageloricd Tl & fory
TR HAY Y& B BT BRI SIRI @ AR
IS A IR SHIRAT BT T ST B
PR STR¥ b B |

LI S IR AN, Job b1 Fafd wy
AR 51 T ARG BN =
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TR T IR IR BRIRIE &1 SR
TohT T | eI §IRT Y] STTafRe el I
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Y 9P & TR qHeH SR ARGYH &
T 9gd om¥RY g1 IRaiad W | H |/
DT, -l NT¥d ARG & g i
gfcde qul a1 & SR YR SAferRal o1
9978 <1 3| GOR IR AneeF & oy s
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RIS WY ST W &1 AR I Y
TR M, MG S TN TR
T I = TR 9 e 21 RawR,
1984 W AMT 64 MU a9 1985 H <R
AT I DT S 37 3. PRART IRAR H 3RAg
T § FIFFIRG fdam 771 a9 1994 H 54
T HPRAGR DA LIFRING B 31 =7 |
Y 1995 H g QM ARAF B ARy IS 7Y
SARD TR R b w4 H §I;AT| T8 R
IR H erq TY T FAGS AR B G,
qIH, o1 FeRor, a0 SR S Faq
SR & AR & < DI T R0 TN 8 |
SR 1 I B WS & BRI &

¢ UleTq UY 9 HaRe ATGARID AAIEA D
o FERT, JeATed T Edg B
% foTU =yafRerd wdeton &1 e IR
TSR 3BT DY bl TATIAT BRAT |

¢ Uy AR WUSl & HARM SUAM,
eIl WARETuT el $H-¥g Y§EH B
foTQ o] 1 fIHRT BT |

¢ UIfdes Sig fae™ 6 Mg Tl &
AN ¥ ATARTES o1 LR IR 1eqd+
BRAT |

¢  UY YRR ATIARTD AATEA] D qdTh,
ur MR 3R SUART | |Eitd gfeier,
BRIGHAT BT FATAT DA |

R a9 201415 & IRM IR AR IR

ST B TBd ol U< B9Y 1186.00 <RI

H¥ 1179.332 IR 3 Y g1 | Icad

RIS & < BT 5 178,72 IRI &

TU I TY & SR IoRG Ui &1 7167 22 ARG
T o W YT G T 2 1.6 8 TG T |

TE[E B 7 g ALl BT GoibRuT fHar 12T,
R 2 %=1 TR BT Ud g, TH, TER, e
Td i GAP DI T < N | T G Dbl A
e TS &l Ul IR A §RI ol
B TTE | Toliepa el § BRI v TG
fdeTel T, SoYo Td fIBR & TR T,
ITRIEE T JoYo & Tdel IH; AT
& FAGHC TP HS; ORI B BRTE Be,

.

T 1 SFITST AT YR A IR Ioreed™
I AATS! AT BT e o | 39 YHR < H 39
TH Toilapd ol Tl &) el 151 B TE ¥

e o < Maeh = IR &1 qde707
& gR1 o1 MeRo fhar 1311 ot 68 TEw,
Si s faft=1 99 va form, ST TiRe A,
IRIRS TIRIEAY, SR WX AN BT eI
T 2T | $7a TRIR &1 T R BIel BT 8,
R HIBE WD g W UN AW 8 | A
@%@ﬁ%l@wﬁwa@ﬁ%l%aﬁ%

B S 1 7Y e 2 ¥ 5w, ufa e e
B UH SIS 9@l A 6 ¥ 8 TS H I Uh
U T ST Ol © |

DTS TR T o NI AGEE Taeh agaii
BT AT & A1 A GeTOU ALUNHRT o
T TR & IRR BT T BIAT, G T HH
qha G] gad Bl ¢ | AT S §U el & | hus
79 TG BIC BN &1 B BIC T4 FEIH
IHR & BT | YO TR BRI & ST ST+
ST Bl g @ BRI ¢ | o BIET BT & | [T
fa BT 8

FACH DI AT U9 I T§ & TSI
&g \a&ur fHar 7911 TRIRSG A9 U9 IRR
AR GEEl 3dhg THl fd W | ATGell Hg
a1 erfere U IRl B 1 397 W o B
&, IR BRI TG STHART BT $HdTe 3ferh Bl
& | 98 BT T qHE BT & FTqUR X T B e
N YU O B 3R foT o9 & 9 By &1 3ffay
P IRI TRE YL T DI TS q18 SN & | BB
e 36 AT YHR & Y T | g b
BT IHR ST IFA YHR BT BT & I JeIHD
X9 A A BT B | AR TG AT ] AT R
BT &

YT TS AL IMMHR Bl BT & | ENel BT <A
The BT & O TR BIC ©9 91 81 © | 51"
&3 ¥ 16T 1 T[T AIN[E BN © | TERT 9Ha,
BTl AT YR T 4 el Jord Tha ey fafd=
3B & BT & S 5 ot el a0 B © | T
U9 B & IARed INR & 9 34T BR
(TFASIFCIST) Fha B & | 22 Brell—9X Al
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T T BT BRI 8 | deed A STFaRT H R
ST & | 7R 1T Yol U AIGT AR ek ¢ |

Holell TS DI AaeTuT fhaT 737 | I8 ¥ Iole &
HIRHR, SRATAT, FIERIMT, /R T IRI—I B
el # i S 8 | R F1R U9 HIGT BT IR
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fPuT. B1aT 8 | 391 31 forsy ToTe A IS SRl ©
RFPT THRT 9P TRIRG T P MR R
T3 7T & | Tl Potell: SHHT IXT IRIR I
g1 Plel — X I BT BT & 9201 el I8 B
Ife RIRT (@1 41 .57 99 Iha Bian
& 19w (fred)) worel: e 1 TRR-%a
BT ¢ b Tex Td B TR Plel AT Prei—q%
T F U I S & | R fJavor I 19
B IR I ¥R @1 BT B 1 el Bl IRR
JST U9 TS STHR B 2T &, A1 AT ThR
I, TR 79 I B 9 I8 A I B 8 |
BT | YO S P Y XE BRIl ¢ | 7R Ud A&l
I T B B 1 NI S SET 800 9
1000 UM BT 8|

TFD UG e DI UTdl FPICRNE (HSTITA,
A, N, AFE T Plealg) &
TIRTSIATRI BT 1emH R & Ty, S97a faaRoT
&3 ¥ S SAET UG OFH Fafe sfibs!
BT U], AETHR SMenRa daefor fafer g
RT T T | feRepfime fageisor = 59 I
sPIeRS P15 A= 97 § fiepa foam |
1 4 IRING fIQSdTel el TaT (FAprfes
HIfe) w1 YANT, e, ey ud
PR R e v fawersmr (fiig)
foraT T 1 TN T. 7 31 TeH] BT TRede fhar
11 o1 IRTT 66.3 | 71 YR o |

fafores g9 e : Rer) va Rifdea wren
g BT T MR &R & forg adetor e
a1 | RyemT, Rifdea & a1 gHRal B @
TeH & U9 S= §ID Je W UR M Tl
TR §IRT ST F TS ST FhdT & | 3T
THHIR TF BIA BRIl & | PH BIC T HLH
PR & B & P RIRT MABR 21 &
Tq 37t AcHER BN | YT BT faen faw
AT el AT AT Th T BT Bl 8
IR BIC, A9, T4 499 Bt AT qHa A
& BRI & | IS AR TR HIel T Bl X (Pl

e s

T <ATSH) AT I IHRAT H IS SR 8 |
fforn 8 Twg MsoT 2 ¥ 0 gl
BT S R, Drell, AHa AT g9 <dHl A0 D
T P BN B | A gHRAT, RIEm 96 9 S
WA @ X, AN & JHR T4 AMHR & AR TR
=1 BN B, 8IR =T 91T I%ed & 7 SR
& MR TR A B B | Raferpa drell g
HLH AR D Bl & | AR, IRR & U
H B B | TR, A v U, e g @l
T H TS B & | U SHRAT IMBR 7 Remy
J oIl BId) BR1T ¢ | Rifdes et 9ol g
AN & foIT g1el) ST B |

HOTYR Y FAFIT “DHC G b1 o7 FrefRor
B B foTu deTet va s7hIer aRaH! Rtal &
[I&TuT fohaT T1IT | §70b URE T AT SBIeAT AT 3T
BT & fSIR e, FTet 1 Gisdl 1 & &
UIU I & | et <lel T 6 Bl & S fb 7ex
P BN (T B B B & | IRR HR ST
2.5 9 3 fHur. Bar 81 9t Sver SE
35 W 45 B & I8 Ay fbed B Bl
T | 37UST HEUH ATHR Bl Bl & forgedr aid
TG 42.43 + 0.07 UM BT 81 TS R
AT BT BT B |

FrafioRs va™ &1 FdeTor fhar 1 i fob aféon
AfeTTg @ foeeraet!, AgY, fIwagTR v
JI@e el # 48 SIRh B | FefiaRg g
LA AMHR d1e] B & RNTHBT T e @l
(BT) 3 TTERT HRT SR PIeT BT & | B AEGH
3MHR B TG W FATA BRI & | HB D B Tl
IR ¥ 9 UTT O & | 39T A RIS o
SY 12—16 FEM B & | AN $v6 X&@rell a1
ReR I1 9w & foTv urer &1

20 TIBd! BT IWIRT B U ASHRICRC
RS 3Mehsl |afed fbar AT g 200
Tefled T1g 1Y, et sima | ufd ey
9.925 TR TS Veiiall &l AT (9.9 5), ¥HE
VATl Bl T=AT (4.84), YT BeRISRTIRTS!
(0.79), qAT 3gaRien fAff=r @1 <=1 32
%la?rﬂﬁeﬂ?r U U 0.037 ol

T BEIER faBRIT B & foIw 4 T 8 9TR.
TARITE BT SUART PRBb 54 1 BH IS Bl 3
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T (AR, A8aTer IR ARURGR) TR (ST
S MR fawersor forar w1 | iR IR \reiaTer
% A iR IR IRURSR doT AEare R
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12T FHEIBRUT BT Ul FedT |

Bl 3R R STl & 41 7dT § IRIeIe
FdeToT fHar Tl TRl @1eToT AR fa
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P ATSCIoICd [aReToUT 3 YURLS TRAT 50 B
1T KT TRY BT Ul Il | 91 SATE 18707
BT YAIIT B el SRIGAR S| ThUTHTH
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T 1P 3 JAAR A W GRASTR—IRUBTTH
Th-IIh DI STANT B BRI 3T § F=rar
1 NI b1 71| Tadl THUTHUA S &
TERAM 4.0 I IgHUl IR-T 1T |

Tace WE A A 13 gy vele @l
B Bl TS Sl b &1 o1 TN, gy | (11
TelIe) SR ST 2 (2Teldl) & fofy SaRarly
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TRl & g Sagdl 1, SagEr 2 3R SR
3 TEaId ol T |

ARA g B IR AT Xl § 8
Tifes WIS (VIO SN § THUYT HIBRT B
TIUFY 90 VU1 & YHICR DI AHAYdD
yafeid far Tl 112, 244 AR 248
JoiRE W OF Tl & Rofd & forg
fopfya fear 1 ol SR Yekkhie
Tt fafdme grgaRT &1 TRt vy (Sh/<))
Pl Reafd 112 oM & forv fasRia fa
T AT | 7N XS 39 B 42 T SHICRY
B @ T fp SN IR S off, o 37 &R
A A SIEERY @ HHAI: 0.40, 0.40 3R

0.19 &I Irgfa <7 |

T AR YN H TUSE P ARM Cred
Taiaiee &Ml (ST 3R W g
&g Ahdfor Ay § goers gRadd
B HATbT PR B AT ey fopar |
Arerarel 3R PR BIel -1 H g8 ST B
|ipaa g8 B & IR, RER, 989 @R
STf~TH TR P UL DIARTH H HIH I
M/ IR 1, 1—SRfbaga—2 UsRe
TEgoRe (SATE) @1 UfiE FHAroTT
Aty b1 AeEe IR HRUT BIS TR A
YR @ IRUN § Py AR el @l | gR18
SIS el Y N SIS E L SU R IRIEIE
R, 989 AR ST & GIEdIel & vl Bl
I H PIARGA AR e DA a=0T A
BIDT erD o | TEHTRITSE BT X GreETblel
& faf¥= TR0 & SR TSIl & 3R grearel
& TG D [0 DI ol H DIARSH 3R GRS
gTHHIe] & ARV H ST BT B

ArerETe TR SR gR7E ST A Il greemr
TRON | Ao Wagan @ rfefad &
e foear | ff = aifYered srdord
qifeTsii & G ST § TEBT P ARM Ihg
<@ 778 | {IweroT # URMAS FFIheT & ARH
faftr=r difewst v o erfYreafer fawas |

|rEETel TR H Y Do S (ATHTT |
T, |UEeT 1 T2, |eEed 2, GeEe
3, TUUAAIY P ¥ Yedt &R o< &
TAGT SIHT (THUERT 3, §aud 1 U1,
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THITAIT, TiTel, Sidous) o1 Heareb fbar
AT ALY 3R AfH IR0 & gredrel dl
T H A DIt 1 7 ST e JRH
IR RRER a6 3@y & IRM 31e®
7| THIARUAY WR TgART Sloal GrEpe]
@ IRM PO AP & AR TR—ER <A
STEPTCT IRUT A HHT TS 715 | TS, Thuady
3 3R MUY B AR & ®WR & 7
IR AT HTet | FIEDTET DY G BT Jer T
H URMS grgSE (10 I 30 o) 7 Pt
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I T3IT A S Yo &l & forg 61 AT
S TH. 9 SIF # URadH &1 ereuge far /™
& IIRSITH 9 SiF & folv IR Telled (VAT
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R & T TH N &R S velle § HEen
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TERA HARRIT & 72 IYSH H HE@qUl Diosc
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Terl & T g FaREl 7 s/ @ <@
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