
ICAR-NATIONAL BUREAU OF ANIMAL GENETIC RESOURCES

2016-17



With Best

Compliments

from

Director, ICAR-NBAGR



ANNUAL REPORT
okf"kZd izfrosnu

 2016-17

ICAR-NATIONAL BUREAU OF ANIMAL GENETIC RESOURCES
Karnal-132 001 (Haryana ) INDIA

Hkkd̀vuqi&jk"Vªh; i'kq vkuqoaf'kd lalk/ku C;wjks
djuky&132001 ¼gfj;k.kk½ Hkkjr



N
B

A
G

R 
A

N
N

U
A

L 
R

EP
O

R
T 

2
01

6
-1

7

Credit line ...

Published by

Dr. Arjava Sharma, Director

ICAR-National Bureau of Animal Genetic Resources

Karnal-132001 (Haryana) India

Compiled by

Dr. N.K. Verma, Principal Scientist

& I/C, PME Cell

Dr. Jayakumar S, Scientist

Editors

Dr. N.K. Verma, Principal Scientist

Dr. R.S. Kataria, Principal Scientist

Dr. A.K. Mishra, Principal Scientist

Dr. S.K. Niranjan, Senior Scientist

Dr. Jayakumar S. Scientist

Activity Photographs

Dr. Vikas Vohra, Senior Scientist

I/C, P&E Unit

Assistance

Dr. P.S. Dangi, C.T.O.

Ms. Indu Bala, Steno Gr. III

Printing

Aaron Media

#UG-17, Super Mall, Sector-12,

Karnal-132001 (Haryana)

M. +91-98964-33225

E: aaronmedia1@gmail.com

Contents

ICAR-NATIONAL BUREAU OF ANIMAL GENETIC RESOURCES

2016-17
From Director's Desk I

Executive Summary Iii

History and Profile

About Bureau 03

Divisional Profile 04

Organogram 07

Financial Outlay 08

Research Accomplishments

Livestock Information Management 13

Phenotypic Characterization and Evaluation of AnGR 15

Conservation of AnGR 25

Genetic Characterization and Genomics 26

Network Project on AnGR 34

Externally Funded Projects 36

Research Projects and Publications

Research Projects 49

Publications 50

Patents and Technologies 54

Awards 54 

Training and Capacity Building

Trainings 59

Exhibitions 60

Visit of Farmers and Students 60

Mera Gaon Mera Gaurav 61

Other Activities

Library 65

Important Meetings 65

Celebrations 65

Sports 66

Staff Welfare Activities 67

Vigilance Week 67

Distinguished Visitors 67

Rashtriya Swachhta Abhiyan 68

Personnel 

Personalia 71 

Promotions 73

Superannuation 73

Obituary 73

fgUnh [k.M
funs'kd dh dye ls 77

dk;Zdkjh lkjka'k 79

jktHkk"kk laca/kh xfrfof/k;k¡ 84

From Director's Desk ....
I am pleased to  present the major activities and  achievements of  ICAR- National Bureau of Animal Genetic 

Resources in the form of this annual report for the period 2016-17. Since its inception in 1984, the institute has 

been constantly putting sincere efforts to meet the objectives under its mandated activities of identication, 

characterization, evaluation and conservation of domestic animal genetic resources of the country. 

I am happy to inform that during the last one year, bureau scientists have identied and characterized  new 

cattle germplasm of Ladakh region which is well adapted to harsh climatic and hypoxic conditions and also 

yields A2 type milk under extensive management system. Besides this, cattle populations of north-east and 

Konkan regions,  Bargur buffaloes of Tamilnadu and buffaloes  of  Odisha state have also been characterized 

and found suitable for registration as new germplasm.  Among small ruminants and other livestock, our 

scientists have characterized  Mouli and Yelga sheep populations of Karnataka, Chitarangi and Dumba sheep 

of Rajasthan and Punjab,  Long hair goat of Nagaland and local donkeys of Andhra Pradesh. In situ 

conservation  of  Hariana and Sahiwal cows has been taken  in gaushalas where 17 calves were produced 

through AI.  Germplasm repository of Gene Bank was strengthened by preserving more semen doses, embryos, 

epididymal sperms, DNA and somatic cells as ex situ activity. New initiative for  developing and preserving 

the broblast cell line of  Bactrian camel has been taken. Y-chromosomal microsatellite based diversity analysis 

has also been accomplished in 18 native cattle breeds. We established that grazing cows have higher MUFA and 

PUFA as well as essential amino acid contents as compared to stall fed animals. Work on analysis of meat 

quality parameters in Bandur and local sheep was also carried out which indicated higher tenderness in Bandur 

sheep meat. Being the nodal agency, bureau registered  nine new breeds of livestock and poultry which 

increased the total registered breeds in the country as 160.

Milestones have also been achieved under externally funded projects with the sincere efforts of bureau 

scientists. Ten populations of seven different species of livestock and poultry have been genetically 

characterized under Network Project on AnGR.  A de-novo transcriptome assembly representing ten different 

tissues of  Dromedarian and Bactrian camel was constructed. Databases have been developed for SNPs 

identied in these two species as well as for candidate genes related to milk production, disease resistance and 

adaptive traits of cattle and buffalo. In buffalo, data generated through genotyping by sequencing helped in the 

identication of QTLs for milk fat and milk protein percentage, age at rst calving, somatic cell score. Besides 

using the SNP data generated on 15 buffalo populations, a medium density SNP chip, represented by 98346 

genome wide SNPs is also being developed. Under National Fellow scheme, transcriptome data was generated 

which helped in the identication of several genes and pathways responsible for thermo-tolerance in cattle and 
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From Director's Desk ....
I am pleased to  present the major activities and  achievements of  ICAR- National Bureau of Animal Genetic 

Resources in the form of this annual report for the period 2016-17. Since its inception in 1984, the institute has 

been constantly putting sincere efforts to meet the objectives under its mandated activities of identication, 

characterization, evaluation and conservation of domestic animal genetic resources of the country. 

I am happy to inform that during the last one year, bureau scientists have identied and characterized  new 

cattle germplasm of Ladakh region which is well adapted to harsh climatic and hypoxic conditions and also 

yields A2 type milk under extensive management system. Besides this, cattle populations of north-east and 

Konkan regions,  Bargur buffaloes of Tamilnadu and buffaloes  of  Odisha state have also been characterized 

and found suitable for registration as new germplasm.  Among small ruminants and other livestock, our 

scientists have characterized  Mouli and Yelga sheep populations of Karnataka, Chitarangi and Dumba sheep 

of Rajasthan and Punjab,  Long hair goat of Nagaland and local donkeys of Andhra Pradesh. In situ 

conservation  of  Hariana and Sahiwal cows has been taken  in gaushalas where 17 calves were produced 

through AI.  Germplasm repository of Gene Bank was strengthened by preserving more semen doses, embryos, 

epididymal sperms, DNA and somatic cells as ex situ activity. New initiative for  developing and preserving 

the broblast cell line of  Bactrian camel has been taken. Y-chromosomal microsatellite based diversity analysis 

has also been accomplished in 18 native cattle breeds. We established that grazing cows have higher MUFA and 

PUFA as well as essential amino acid contents as compared to stall fed animals. Work on analysis of meat 

quality parameters in Bandur and local sheep was also carried out which indicated higher tenderness in Bandur 

sheep meat. Being the nodal agency, bureau registered  nine new breeds of livestock and poultry which 

increased the total registered breeds in the country as 160.

Milestones have also been achieved under externally funded projects with the sincere efforts of bureau 

scientists. Ten populations of seven different species of livestock and poultry have been genetically 

characterized under Network Project on AnGR.  A de-novo transcriptome assembly representing ten different 

tissues of  Dromedarian and Bactrian camel was constructed. Databases have been developed for SNPs 

identied in these two species as well as for candidate genes related to milk production, disease resistance and 

adaptive traits of cattle and buffalo. In buffalo, data generated through genotyping by sequencing helped in the 

identication of QTLs for milk fat and milk protein percentage, age at rst calving, somatic cell score. Besides 

using the SNP data generated on 15 buffalo populations, a medium density SNP chip, represented by 98346 

genome wide SNPs is also being developed. Under National Fellow scheme, transcriptome data was generated 

which helped in the identication of several genes and pathways responsible for thermo-tolerance in cattle and 
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buffalo. Work carried out under DRDO funded project on Zanskari horses identied the genes responsible for 

hypoxic endurance. Under NASF project on health implications of A1/A2 beta casein variants, sequence 

characterization of beta casein gene identied a number of nucleotide variations between Bos indicus and Bos 

taurus cattle. 

Institute has currently 20 research projects, ve externally funded and one National Fellow project. During 

last one year our scientists published 48 research articles and several technical and popular articles. Six 

training programs were organized on capacity building under HRD program. To review the progress under 

different research projects, IRC and RAC meetings were held in time. Awareness among masses on utility of 

AnGR was generated by holding exhibitions, brain storming sessions and lectures. Apart from the individual 
ndawards fetched by the scientists, Institute  received  Ganesh Shankar Vidyarthi Krishi Patrika Puruskar (2 ) of 

ICAR for its publication 'Pashudhan Prakash'. Bureau attracted a number of distinguished persons which 

included Dr. James M. Reecy, Director of the Ofce of Biotechnology, Iowa State University, Ames, Iowa, 

USA, DG and DDG (AS), ICAR, Secretary (ADF), Min. of Agri. & Farmers Welfare, Govt. of India, 

Additional Secretary, DARE& Secretary (ICAR). 

I convey my heartfelt  thanks to Dr T. Mohapatra, Secretary (DARE) & DG, ICAR, Dr H Rahman and Dr J.K. 

Jena, DDGs (AS), Dr R S Gandhi, ADG (AP&B) and Dr Vineet Bhasin, PS for their constant support and 

guidance. I appreciate all the scientists, technical, administrative ofcers and other staff members as well as 

research scholars of the bureau for their contribution in the progress of the institute.  At the same time,  I 

congratulate the editorial team for compiling the bureau's  achievements in the shape of this  document and 

publishing it  in time.

Looking forward to suggestions for improvement.

(ARJAVA SHARMA)

DIRECTOR
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Executive summary

National Bureau of Animal Genetic Resources has 

been the nodal organization in India with the 

m a n d a t e  “ I d e n t i fi c a t i o n ,  e v a l u a t i o n , 

characterization, conservation and utilization of 

livestock and poultry genetic resources of the 

country and coordination and capacity building in 

animal genetic resources management and policy 

issues”. Three divisions namely  Animal Genetic 

Resources Division, Animal Genetics Division and  

Animal Biotechnology Division along with  

Livestock Information Unit and Network Project 

Unit were created in 2013 to achieve the objectives 

under institute's mandate. Total expenditure of  

Rs. 990.49 lakh was made under Non-plan and 

Plan budget against the total receipt of Rs. 1014.00 

Lakhs during financial year 2016-17. Under 

Network project, total expenditure was Rs. 100.93 

Lakhs, against Receipt of Rs. 101.00 Lakhs. A 

Revenue to the tune of Rs. 34.70 Lakhs was 

generated against the target of Rs. 24.81 Lakhs 

assigned by the council for the year 2016-17. 

ICAR- NBAGR has also been anodal agency for 

registering the breeds.  The breed registration 

Committee approved registration of nine new 

indigenous breeds of livestock and poultry. This 

included Badri cattle, Teressa and KodiAdu goats, 

Chevaadu and Kendrapada sheep, Tenyi Vo, 

Nicobari and Doom  pigs, and Kaunayen chicken. 

With these additions total number of registered 

indigenous breeds reached 160 consisting of 40 

for cattle, 13 for buffalo, 26 for goat, 42 for sheep, 

6 for horses & ponies, 9 for camel, 6 for pig, 1 for 

donkey and 17 for chicken.

Indigenous cattle (Ladakhi) of Ladakh region of 

Jammu & Kashmir state was characterized 

through survey. It is a short stature and docile 

cattle with  coat of black and brown colors with 

long and shiny curly hair.  Hump and dewlap are 

not well developed. Horns are medium and curved 

pointing forward.  Daily milk yield ranged from 2 to 

5 litres with 5.24% fat. Ladakhi cattle revealed the 

higher frequency (0.90) of A2 allele.

Indigenous cattle of North East states of India 

were characterized and documented. Here cattle 

are reared for milk, meat, bullock power and 

manure. Animals were small to moderate in size. 

Brown coat colour predominated except Siri 

cattle of Sikkim. Daily milk yield ranged from 1.0 to 

5.0 kg.  Indigenous cattle of Nagaland and Sikkim 

were slightly bigger than that of Meghalaya. 

Height at wither was the most differentiating trait 

in these cattle populations. Canonical discriminate 

analysis showed maximum distance (15.04) 

between Sikkim and Tripura cattle, whereas, 

Meghalaya and Tripura cattle had the lowest 

(2.51).  Siri of Sikkim and Tho-Tho of Nagaland 

were found different from other cattle.

Cattle of Konkan region of Maharashtra were 

surveyed and characterized in their native tract. 

The animals are small in size with small to medium 

hump and dewlap in cows and medium to large in 

bulls.The average daily milk is 2.23 kg.  Few elite 

animals with milk production of 5-6 litres were also 

present. 

Bargur buffalo of Tamil Nadu was surveyed for 

phenotypic characterization. The animals are 

maintained under zero input system and are 

mainly reared for manure, milk and meat. The milk 

yield of the animals ranges from 1.5 to 2.0 liters per 

day. The animals are about 102.10±1.23 cm in 

height and are able to graze in the hilly terrain.

Phenotypic and genetic characterization of Mouli 

and Yalaga sheep populations of Karnataka was 

accomplished under field conditions. Mouli sheep 

are tall with deep body and long legs. Coat colour 

is white with or without brown spots/patches. A 

brown ring is present around the eyes. Nose line is 

roman. Yalaga animals are medium to large 

sized.Coat colour is white and consisted of small 

thick hair. Face is white, with black or brown 

patches of varying size.

Chitarangi sheep was surveyed in Fazilka and 

Muktsar of Punjab, Sri Ganga Nagar of Rajasthan. 

Coat colour is white with reddish brown patches 
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buffalo. Work carried out under DRDO funded project on Zanskari horses identied the genes responsible for 

hypoxic endurance. Under NASF project on health implications of A1/A2 beta casein variants, sequence 

characterization of beta casein gene identied a number of nucleotide variations between Bos indicus and Bos 

taurus cattle. 

Institute has currently 20 research projects, ve externally funded and one National Fellow project. During 

last one year our scientists published 48 research articles and several technical and popular articles. Six 

training programs were organized on capacity building under HRD program. To review the progress under 

different research projects, IRC and RAC meetings were held in time. Awareness among masses on utility of 

AnGR was generated by holding exhibitions, brain storming sessions and lectures. Apart from the individual 
ndawards fetched by the scientists, Institute  received  Ganesh Shankar Vidyarthi Krishi Patrika Puruskar (2 ) of 

ICAR for its publication 'Pashudhan Prakash'. Bureau attracted a number of distinguished persons which 

included Dr. James M. Reecy, Director of the Ofce of Biotechnology, Iowa State University, Ames, Iowa, 

USA, DG and DDG (AS), ICAR, Secretary (ADF), Min. of Agri. & Farmers Welfare, Govt. of India, 

Additional Secretary, DARE& Secretary (ICAR). 

I convey my heartfelt  thanks to Dr T. Mohapatra, Secretary (DARE) & DG, ICAR, Dr H Rahman and Dr J.K. 

Jena, DDGs (AS), Dr R S Gandhi, ADG (AP&B) and Dr Vineet Bhasin, PS for their constant support and 

guidance. I appreciate all the scientists, technical, administrative ofcers and other staff members as well as 

research scholars of the bureau for their contribution in the progress of the institute.  At the same time,  I 

congratulate the editorial team for compiling the bureau's  achievements in the shape of this  document and 

publishing it  in time.

Looking forward to suggestions for improvement.

(ARJAVA SHARMA)

DIRECTOR
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livestock and poultry genetic resources of the 

country and coordination and capacity building in 

animal genetic resources management and policy 

issues”. Three divisions namely  Animal Genetic 
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Animal Biotechnology Division along with  

Livestock Information Unit and Network Project 

Unit were created in 2013 to achieve the objectives 

under institute's mandate. Total expenditure of  

Rs. 990.49 lakh was made under Non-plan and 

Plan budget against the total receipt of Rs. 1014.00 

Lakhs during financial year 2016-17. Under 

Network project, total expenditure was Rs. 100.93 

Lakhs, against Receipt of Rs. 101.00 Lakhs. A 

Revenue to the tune of Rs. 34.70 Lakhs was 

generated against the target of Rs. 24.81 Lakhs 

assigned by the council for the year 2016-17. 

ICAR- NBAGR has also been anodal agency for 

registering the breeds.  The breed registration 

Committee approved registration of nine new 

indigenous breeds of livestock and poultry. This 

included Badri cattle, Teressa and KodiAdu goats, 

Chevaadu and Kendrapada sheep, Tenyi Vo, 

Nicobari and Doom  pigs, and Kaunayen chicken. 

With these additions total number of registered 

indigenous breeds reached 160 consisting of 40 

for cattle, 13 for buffalo, 26 for goat, 42 for sheep, 

6 for horses & ponies, 9 for camel, 6 for pig, 1 for 

donkey and 17 for chicken.

Indigenous cattle (Ladakhi) of Ladakh region of 

Jammu & Kashmir state was characterized 

through survey. It is a short stature and docile 

cattle with  coat of black and brown colors with 

long and shiny curly hair.  Hump and dewlap are 

not well developed. Horns are medium and curved 

pointing forward.  Daily milk yield ranged from 2 to 

5 litres with 5.24% fat. Ladakhi cattle revealed the 

higher frequency (0.90) of A2 allele.

Indigenous cattle of North East states of India 

were characterized and documented. Here cattle 

are reared for milk, meat, bullock power and 

manure. Animals were small to moderate in size. 

Brown coat colour predominated except Siri 

cattle of Sikkim. Daily milk yield ranged from 1.0 to 

5.0 kg.  Indigenous cattle of Nagaland and Sikkim 

were slightly bigger than that of Meghalaya. 

Height at wither was the most differentiating trait 

in these cattle populations. Canonical discriminate 

analysis showed maximum distance (15.04) 

between Sikkim and Tripura cattle, whereas, 

Meghalaya and Tripura cattle had the lowest 

(2.51).  Siri of Sikkim and Tho-Tho of Nagaland 

were found different from other cattle.

Cattle of Konkan region of Maharashtra were 

surveyed and characterized in their native tract. 

The animals are small in size with small to medium 

hump and dewlap in cows and medium to large in 

bulls.The average daily milk is 2.23 kg.  Few elite 

animals with milk production of 5-6 litres were also 

present. 

Bargur buffalo of Tamil Nadu was surveyed for 

phenotypic characterization. The animals are 

maintained under zero input system and are 

mainly reared for manure, milk and meat. The milk 

yield of the animals ranges from 1.5 to 2.0 liters per 

day. The animals are about 102.10±1.23 cm in 

height and are able to graze in the hilly terrain.

Phenotypic and genetic characterization of Mouli 

and Yalaga sheep populations of Karnataka was 

accomplished under field conditions. Mouli sheep 

are tall with deep body and long legs. Coat colour 

is white with or without brown spots/patches. A 

brown ring is present around the eyes. Nose line is 

roman. Yalaga animals are medium to large 

sized.Coat colour is white and consisted of small 

thick hair. Face is white, with black or brown 

patches of varying size.

Chitarangi sheep was surveyed in Fazilka and 

Muktsar of Punjab, Sri Ganga Nagar of Rajasthan. 

Coat colour is white with reddish brown patches 
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around eyes, muzzle and on ear. Ears are large with 

serrations at distal end of ear pinna in most of the 

animals. The Adult body weight of males and 

females varied from 40 to 95 kg in males and 26 to 

74 kg in females.The fleece is good carpet type with 

fibre diameter 42.22 µ and staple length 5.90 cm.

Dumba sheep was characterized through breed 

survey. The coat colour is white and brown mostly. 

Ears are large in size. The deposition of fat in the 

tail is a distinct characteristics. Average adult body 

weights of male and female were 90.92  and 66.33 

kg, respectively.

Eight sheep populations (Kolhapuri, Lonand, 

Marwari, Munjal, Muzaffarnagri, Madgyal, 

Sangamneri and Solapuri) profiled on seven 

morphometric traits were classified using Classical 

Discriminant Function Analysis and Artificial 

Neural Network (ANN) models. Discriminant 

analysis results showed that all the measured 

traits were significant (p<0.0001) indiscriminating 

the eight sheep breeds. The ANN model gave 

more than 99% assignment accuracy between 

various breed combinations.

Long hair goat of Nagaland was characterized and 

evaluated in their native tract. Different colour 

variants viz. white with black patches, black, 

brown with grey hair were recorded. Animals 

possessed proportionate body, straight nose line, 

medium size, erected, horizontally placed ears. 

Long hair was present in the adult males. The 

average body weight was 31.48 Kg in adult males 

and 25.79 Kg in females. Hair obtained from the 

Nagaland goats has commercial utility for the 

tribal people.

Phenotypic and genetic variations associated with 

tick infestation were studied in Indian cattle 

populations.  Females were more susceptible than 

male (60.82%).  Animals less than one year of age 

group were more infected (73.33%). 

Under the project on conservation of Sahiwal and 

Hariana cattle at Gaushalas, Hariana  and Sahiwal 

cows were selected in four Gaushalas of Karnal 

(Haryana). A total of 90  Hariana and 26  Sahiwal 

cows were inseminated artificially. A total of 17 

calves were born. In Sahiwal, daily milk yield 

ranged from 4.0 to 10.0 kg, whereas in Hariana 

ranged from 1.0 to 4.0 kg. 

An appropriate extender has been developed for 

freezing epididymal sperms of indigenous sheep 

for ex situ conservation utilizing cauda epididymal 

spermatozoa. In vitro fertilization revealed that 

frozen epididymal spermatozoa retain the fertility 

potential. Germplasm repository at Gene Bank 

NBAGR is being strengthened by preserving 

diversified form of germplasm (semen, embryos, 

DNA,epididymal sperms and somatic cells).

Microsatellite based diversity analysis of Ladakhi 

cattle revealed 9.79 mean number of alleles and 

0.749 observed heterozygosity, reflecting 

sufficient genetic diversity. The phylogenetic 

analysis revealed genetic distinctness of Ladakhi 

population with respect to other analyzed 

Indigenous breeds of cattle. Haplotypic diversity 

based on mtDNA was 0.942. A high proportion of 

haplotypes (67%) were scored indicating the 

existence of sufficient mtDNA haplotypic diversity 

in Ladakhi cattle. 

H a p l o t y p e  d i v e r s i t y  b a s e d  o n  s e v e n  Y 

chromosomal microsatellites was explored in 202 

bulls representing 18 native cattle breeds. A total 

of 19 Bos indicus specific haplotypes were 

identified. The six most common haplotypes had a 

total frequency of 94%. 

In Bargur buffalo, a total of 40 haplotypes were 

observed with an overall haplotype diversity of 

0.9524 and nucleotide diversity 0.03894 during 

mtDNA D loop analysis. At microsatellite level, 

overall average number of alleles was 8 with 

observed heterozygosity of 0.66. FIS value was 

found to be 0.056±0.037. 

Biochemical tests run on sera samples collected 

from 10 animals each of Chilika, Paralakhemundi 

and Murrah buffaloes showed relatively higher 

urea/creatinine ratio in Chilika compared to 

Paralakhemundi and Murrah, indicated better 

adaptation of Chilika to dehydrated conditions. 

Microsatellite data generated for 23 markers on 

Chilika, Kalahandi and Paralakhemundi after 

comparison with other riverine and swamp 

buffaloes revealed considerable diversity across 
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populations. Mode shift analysis divulged absence 

of bottleneck.

The diversity analysis of sheep populations of 

Karnataka revealed 5.23, 0.637 and 0.783 effective 

number of alleles, mean observed heterozygosity 

and gene diversity respectively  in Mouli sheep 

and 4.865, 0.596 and0.757 respectively in Yalaga 

sheep. Absence of a recent reduction in the 

effective population size or a genetic bottleneck 

was observed.

A  s t u d y  w a s  c o n d u c t e d   o n  H S P g e n e 

polymorphism and expression profiles and its 

association with hemato-physio-biochemical 

parameters in Chokla, Magra, Marwari, and 

Madras Red sheep. Gene expression analysis 

revealed higher expression in less adapted 

animals with Madras Red <Magra<Chokla< 

Marwari expression pattern. 

Genetic characterisation of Nagaland goat by 

microsatellite markers showed 0.347 observed 

heterozygosity.The population tested for HW 

equilibrium indicated departure from Hardy-

Weinberg Equilibrium. Polymorphic information 

content value was 0.494, revealing its usefulness 

in determining the genetic diversity. Mode shift 

test suggested the absence of bottleneck.

Microsatellite based genetic characterization of 

local donkeys of Andhra Pradesh revealed 12 

scorable loci of the horse origin. Observed number 

of alleles was 6.92 with mean heterozygosity of 

0.57. Genetic diversity estimate (FIS) was 0.21 

indicating a moderately high level of inbreeding. 

The cumulative exclusion probability of these loci 

was 0.999892 indicating their suitability for 

parentage testing in these donkeys.

Comparative profile of milk metabolites of grazing 

indigenous cattle (Sahiwal), exotic (Holstein 

Friesian) and crossbred (Sahiwal x Holstein 

Friesian) cows maintained in intensive system of 

management was studied. The milk of grazing 

cow was richest in protein and fat percentage. 

Milk of grazing indigenous cow has more than two 

fold level  of β-carotene as compared to 

Indigenous, exotic and cross bred cows. Milk of 

grazing cows was richest in UFA (35%) followed by 

indigenous cow (31.46%). Milk of grazing cows was 

richer in MUFA and PUFA both. Major ω6 (Linoleic 

acid) and ω3 (Linolenic acid) fatty acids were 

significantly higher in grazing cows. Milk of 

grazing cows was the richest source of essential 

amino acids (1.2314 g/100g milk) among the group. 

The tenderness of different muscles of the Bandur 

sheep had lower values (12.74N-22.65N) as 

compared to those of local sheep (16.44N-

26.19N). The lower shear force values in Bandur 

sheep indicated greater tenderness which is a 

desirable trait. Sensory evaluation of the mutton 

revealed slightly higher juiciness and flavour in 

Bandur sheep meat but the difference between 

the two groups was not significant.

The pooled samples of Ladakhi and Sikkimi yaks 

were sequenced on a single lane of HiSEQ 2000. 

The number of reads ranged from 1227316 to 

1126501. The average GC content of Ladakhi and 

Sikkimi yaks is 46.52 and 45.80 respectively. The 

mean read quality Phred score in Ladakhi and 

Sikkimi yaks ranged from 34.28 to 34.59 

respectively.

Cytogenetic screening of 286 bulls of cattle and 

buffalo and 8 cows belonging to  different 

government agencies was carried out for 

detecting any chromosomal abnormality/ 

aberration. Two bulls (Sahiwal and Red Sindhi) 

were found to carry the chromosomal defects. 

Total 92 bulls (73 cattle,10 buffalo) were also DNA 

t e s t e d  f o r  g e n e t i c  d i s e a s e s  ( B o v i n e 

leukocyteadhesion deficiency, Deficiency of 

uridine monophosphate synthase, Citrullinemia 

and Factor XIdeficiency). All the animals were 

found to carry normal genotype.

Under the network project, microsatellite based 

genetic characterization was done for the 

populations being characterized under XII plan. 

Measures of diversity which forms the basis for 

planning their utilization and/or conservation 

were calculated for ten populations of seven 

different species.All the populations except 

Tibetan sheep exhibited fair genetic variation. The 

diversity indices pointed towards diminished 

genetic diversity in the Tibetan, a valuable 
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around eyes, muzzle and on ear. Ears are large with 

serrations at distal end of ear pinna in most of the 

animals. The Adult body weight of males and 

females varied from 40 to 95 kg in males and 26 to 

74 kg in females.The fleece is good carpet type with 

fibre diameter 42.22 µ and staple length 5.90 cm.

Dumba sheep was characterized through breed 

survey. The coat colour is white and brown mostly. 

Ears are large in size. The deposition of fat in the 

tail is a distinct characteristics. Average adult body 

weights of male and female were 90.92  and 66.33 

kg, respectively.

Eight sheep populations (Kolhapuri, Lonand, 

Marwari, Munjal, Muzaffarnagri, Madgyal, 

Sangamneri and Solapuri) profiled on seven 

morphometric traits were classified using Classical 

Discriminant Function Analysis and Artificial 

Neural Network (ANN) models. Discriminant 

analysis results showed that all the measured 

traits were significant (p<0.0001) indiscriminating 

the eight sheep breeds. The ANN model gave 

more than 99% assignment accuracy between 

various breed combinations.

Long hair goat of Nagaland was characterized and 

evaluated in their native tract. Different colour 

variants viz. white with black patches, black, 

brown with grey hair were recorded. Animals 

possessed proportionate body, straight nose line, 

medium size, erected, horizontally placed ears. 

Long hair was present in the adult males. The 

average body weight was 31.48 Kg in adult males 

and 25.79 Kg in females. Hair obtained from the 

Nagaland goats has commercial utility for the 

tribal people.

Phenotypic and genetic variations associated with 

tick infestation were studied in Indian cattle 

populations.  Females were more susceptible than 

male (60.82%).  Animals less than one year of age 

group were more infected (73.33%). 

Under the project on conservation of Sahiwal and 

Hariana cattle at Gaushalas, Hariana  and Sahiwal 

cows were selected in four Gaushalas of Karnal 

(Haryana). A total of 90  Hariana and 26  Sahiwal 

cows were inseminated artificially. A total of 17 

calves were born. In Sahiwal, daily milk yield 

ranged from 4.0 to 10.0 kg, whereas in Hariana 

ranged from 1.0 to 4.0 kg. 

An appropriate extender has been developed for 

freezing epididymal sperms of indigenous sheep 

for ex situ conservation utilizing cauda epididymal 

spermatozoa. In vitro fertilization revealed that 

frozen epididymal spermatozoa retain the fertility 

potential. Germplasm repository at Gene Bank 

NBAGR is being strengthened by preserving 

diversified form of germplasm (semen, embryos, 

DNA,epididymal sperms and somatic cells).

Microsatellite based diversity analysis of Ladakhi 

cattle revealed 9.79 mean number of alleles and 

0.749 observed heterozygosity, reflecting 

sufficient genetic diversity. The phylogenetic 

analysis revealed genetic distinctness of Ladakhi 

population with respect to other analyzed 

Indigenous breeds of cattle. Haplotypic diversity 

based on mtDNA was 0.942. A high proportion of 

haplotypes (67%) were scored indicating the 

existence of sufficient mtDNA haplotypic diversity 

in Ladakhi cattle. 

H a p l o t y p e  d i v e r s i t y  b a s e d  o n  s e v e n  Y 

chromosomal microsatellites was explored in 202 

bulls representing 18 native cattle breeds. A total 

of 19 Bos indicus specific haplotypes were 

identified. The six most common haplotypes had a 

total frequency of 94%. 

In Bargur buffalo, a total of 40 haplotypes were 

observed with an overall haplotype diversity of 

0.9524 and nucleotide diversity 0.03894 during 

mtDNA D loop analysis. At microsatellite level, 

overall average number of alleles was 8 with 

observed heterozygosity of 0.66. FIS value was 

found to be 0.056±0.037. 

Biochemical tests run on sera samples collected 

from 10 animals each of Chilika, Paralakhemundi 

and Murrah buffaloes showed relatively higher 

urea/creatinine ratio in Chilika compared to 

Paralakhemundi and Murrah, indicated better 

adaptation of Chilika to dehydrated conditions. 

Microsatellite data generated for 23 markers on 

Chilika, Kalahandi and Paralakhemundi after 

comparison with other riverine and swamp 

buffaloes revealed considerable diversity across 
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populations. Mode shift analysis divulged absence 

of bottleneck.

The diversity analysis of sheep populations of 

Karnataka revealed 5.23, 0.637 and 0.783 effective 

number of alleles, mean observed heterozygosity 

and gene diversity respectively  in Mouli sheep 

and 4.865, 0.596 and0.757 respectively in Yalaga 

sheep. Absence of a recent reduction in the 

effective population size or a genetic bottleneck 

was observed.

A  s t u d y  w a s  c o n d u c t e d   o n  H S P g e n e 

polymorphism and expression profiles and its 

association with hemato-physio-biochemical 

parameters in Chokla, Magra, Marwari, and 

Madras Red sheep. Gene expression analysis 

revealed higher expression in less adapted 

animals with Madras Red <Magra<Chokla< 

Marwari expression pattern. 

Genetic characterisation of Nagaland goat by 

microsatellite markers showed 0.347 observed 

heterozygosity.The population tested for HW 

equilibrium indicated departure from Hardy-

Weinberg Equilibrium. Polymorphic information 

content value was 0.494, revealing its usefulness 

in determining the genetic diversity. Mode shift 

test suggested the absence of bottleneck.

Microsatellite based genetic characterization of 

local donkeys of Andhra Pradesh revealed 12 

scorable loci of the horse origin. Observed number 

of alleles was 6.92 with mean heterozygosity of 

0.57. Genetic diversity estimate (FIS) was 0.21 

indicating a moderately high level of inbreeding. 

The cumulative exclusion probability of these loci 

was 0.999892 indicating their suitability for 

parentage testing in these donkeys.

Comparative profile of milk metabolites of grazing 

indigenous cattle (Sahiwal), exotic (Holstein 

Friesian) and crossbred (Sahiwal x Holstein 

Friesian) cows maintained in intensive system of 

management was studied. The milk of grazing 

cow was richest in protein and fat percentage. 

Milk of grazing indigenous cow has more than two 

fold level  of β-carotene as compared to 

Indigenous, exotic and cross bred cows. Milk of 

grazing cows was richest in UFA (35%) followed by 

indigenous cow (31.46%). Milk of grazing cows was 

richer in MUFA and PUFA both. Major ω6 (Linoleic 

acid) and ω3 (Linolenic acid) fatty acids were 

significantly higher in grazing cows. Milk of 

grazing cows was the richest source of essential 

amino acids (1.2314 g/100g milk) among the group. 

The tenderness of different muscles of the Bandur 

sheep had lower values (12.74N-22.65N) as 

compared to those of local sheep (16.44N-

26.19N). The lower shear force values in Bandur 

sheep indicated greater tenderness which is a 

desirable trait. Sensory evaluation of the mutton 

revealed slightly higher juiciness and flavour in 

Bandur sheep meat but the difference between 

the two groups was not significant.

The pooled samples of Ladakhi and Sikkimi yaks 

were sequenced on a single lane of HiSEQ 2000. 

The number of reads ranged from 1227316 to 

1126501. The average GC content of Ladakhi and 

Sikkimi yaks is 46.52 and 45.80 respectively. The 

mean read quality Phred score in Ladakhi and 

Sikkimi yaks ranged from 34.28 to 34.59 

respectively.

Cytogenetic screening of 286 bulls of cattle and 

buffalo and 8 cows belonging to  different 

government agencies was carried out for 

detecting any chromosomal abnormality/ 

aberration. Two bulls (Sahiwal and Red Sindhi) 

were found to carry the chromosomal defects. 

Total 92 bulls (73 cattle,10 buffalo) were also DNA 

t e s t e d  f o r  g e n e t i c  d i s e a s e s  ( B o v i n e 

leukocyteadhesion deficiency, Deficiency of 

uridine monophosphate synthase, Citrullinemia 

and Factor XIdeficiency). All the animals were 

found to carry normal genotype.

Under the network project, microsatellite based 

genetic characterization was done for the 

populations being characterized under XII plan. 

Measures of diversity which forms the basis for 

planning their utilization and/or conservation 

were calculated for ten populations of seven 

different species.All the populations except 

Tibetan sheep exhibited fair genetic variation. The 

diversity indices pointed towards diminished 

genetic diversity in the Tibetan, a valuable 
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Himalayan sheep breed classified as endangered. 

Indications of loss in the variability was also 

depicted by the higher heterozygote deficiency 

recorded for the Dharwadi buffalo (FIS = 19%), 

Hazra chicken (22%) and Arunachali Yak (14%). FST 

values of breed differentiation for Jalori and 

Mewari camel indicated that only 3.7% of the total 

genetic variation was due to unique allelic 

differences between the breeds, with the 

remaining 96.3% corresponding to differences 

among individuals within the breed.

DNA samples of Sahiwal, Tharparkar, Gir and 

Vechur cattle were genotyped using 777K SNP 

chip. Total 1000 markers, accounting 39 % of the 

genetic variation between the breeds were 

identified.   The breeds were clearly classified into 

small and large sized indicating shared ancestry of 

large sized milch breeds. The highest linkage 

disequilibrium was observed in Gir and the lowest 

in Sahiwal. A number of genes were found under 

selective sweeps in different breed pairs, which 

may be helpful to map the QTL of economic 

important traits.

A database has been developed to store the 

information on genomic variations and sequences 

in candidate genes related to milk, disease 

resistance and adaptive traits on cattle and buffalo 

breeds.

NGS data of ten tissues of dromedarian and 

bactrian camel were de novo assembled using five 

different denovo algorithms. In addition to de novo 

assembly tissue wise the raw reads of the 

transcriptome of various tissues were separately 

mapped on the draft genomes available for camel and 

their relatives. The isoform analysis of the 

transcriptome using annotation procedures revealed 

a number of genes having 2 or more isoforms.

The database for Bactrian camel and dromedarian 

camel have been developed and are at present 

accessible through http:/ /14.139.252.118/ 

Dcamel/index.php (for Dromedarian camel)  

http://14.139.252.118/Bcamel/index.php (for 

Bactrian Camel).  To tal 392179 and 277435 

identified SNP can be visualized in dromedarian 

and Bactrian camels, respectively.

For Somatic cell banking,   double humped camel 

(Camelusbactrianus)  fibroblast cell line was 

successfully established by using primary explant 

technique. 

GBS data was analysed for different chromosomes 

to Identify  markers for economic traits in buffalo. 

QTLs on each of the 24 autosomes for milk fat, milk 

protein percentage, total fat yield, total protein 

yield, Age at first calving, Age at first heat and 

somatic cell score were prepared. All the QTLS 

were found distributed across the buffalo 

chromosomes. All the identified QTL in buffaloes 

have been compiled in the form of a buffalo QTL 

database at  http: / /  14 .139.252.118:8084/ 

BuffaloQTL/.

A Medium Density SNP chip with 15 populations of 

buffalo distributed throughout the country was 

developed. A total of 98346 SNPs have been 

identified which are genome wide and have 

passed the quality control parameters for 

development into an SNP Array. The mean 

distance among the SNPs is 27.9 Kb. This medium 

density SNP array can be used for Genomic 

selection in buffaloes. 

Genome data mining was carried out in native 

cattle and buffaloes to unravel molecular basis of 

thermo-tolerance and adaptation to diverse 

environments. Local native cattle of Ladakh from 

high altitude and Sahiwal cattle from low altitude 

resulted in identification of several hundred 

differentially expressed genes, biological 

processes, molecular functions and pathways. 

The data revealed distinct transcriptome 

signature of PBMCs in Sahiwal and Ladakhi cows 

as revealed by hierarchical, k-means clustering 

and distinct heat maps. qPCR revealed significant 

increase in expression of hypoxia associated 

genes like HIF-1 and its regulated genes in high 

altitude cattle in Ladakhi cows suggesting their 

pivotal role in high altitude adaptation.

Tissue specific expression of isoforms of Na/K 

ATPase genes in riverine buffaloes was studied. 

Expression of ATP1A pointed towards the critical 

role of Isoforms in maintaining the ionic 

concentration in the cells and tissues.
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Effect of heat stress on cellular parameters was 

assessed in Sahiwal, HF and Murrah buffaloes.  

Viability of  heat stressed PBMCs was lower  than 

unstressed, significantly more in HF at time points 

4 hr, 16 hr and 24 hr post heat stress. The 

cytotoxicity was significantly (p<0.05) higher in HF 

cows than others. Cytotoxic levels, apoptosis was 

highest in PBMCs of HF cows and reached 

maximum level at 16 hr and 24 hr post heat stress 

showing higher rate of cell death. The study 

indicated superior cellular tolerance of Sahiwal 

cows than HF and Murrah buffaloes. microRNAs 

associated with stress and immune response 

showed significant (p<0.05) induction in their 

expression after heat stress in Sahiwal. 

A study was conducted for identification of genes 

and molecular pathways associated with 

endurance trait in Zanskari ponies. 12 Zanskari 

horses and 6 GS mules were put on trial for 

endurance at high altitude of Ladakh region. 

Results revealed that, GS mules had significantly 

higher values of various physiological parameters 

than Zanskari ponies after endurance test. 

Transcriptomic analysis of Zanskari ponies PBMCs 

resulted in identifying the genes up-or down-

regulated before and after endurance exercise at 

high altitude. Several genes related to stress, 

abiotic stimulus, biotic stimulus, inflammatory 

response, chemokines, cyclin dependent protein 

kinase, cell-cell adhesion molecules were shown 

to be differentially expressed during pre and post 

exercise and resting periods.

Under NASF project on health implication of A1/A2 

milk of cattle, sequence characterization of  beta 

casein gene was carried out to determine the 

variants/ haplotypes across Indian native breeds, 

crossbred and exotic cattle. A number of 

nucleotide variations identified between Bos 

indicus and Bos taurus cattle. In Indian cattle, 

frequency of all known variations was low.  Six 

haplotypes were observed where  A2 type 

occurred with maximum frequency of 0.86.

A total of 11 research projects, including one 

externally funded were completed during the 

year. At present 20 research projects including five 

externally funded and one National Fellow 

projects are on-going. 

Total 48 research papers were published in 

National and International Journals of high impact 

factor. Ten technical/popular articles , 5 books, 4 

monographs and training manuals were also 

published by the institute. Four patents were filed 

to the Indian Patent Office,New Delhi. 

Six training programmes and two brain storming 

sessions were organized by the Institute. Short 

tra in ing course on “Advanced tools  for 

conservation of domestic livestock diversity”and 

Model training course on “Strategies for 

characterization and conservation of animal and 

poultry genetic resources” were organized for  

scientific and academic staff. Other important 

trainings included Awareness and skill up 

gradation program on "Intellectual Property 

Rights and related aspects in the area of 

agriculture and livestock sector”, Training cum 

awareness Programme on “IP Protection and 

Technology Transfer in Indian Perspective”, 

Training on “Skill upgradation in laboratory 

methods” . 

Scientists of the Bureau participated actively  in 

Mera Gaon Mera Gaurav programme where they 

visited various villages and  created awareness 

among farmers. Five exhibitions on AnGR were 

organized at various places to showcase 

institute's activities and sensitize farmers about 

the benefits of indigenous animals. 

Foundation Day of Bureau, Biodiversity day, 

Republic Day and Independence Day, Rashtriya 

Swachhta Abhiyan, Vigilance Week, Hindi 

Pakhwada were celebrated at NBAGR campus.

Library was enriched by adding 20 new books and 

30 journals during the period.

The meetings of  Research Advisory Committee 

(RAC) and  Institute Research Committee (IRC) 

were held on time. The progress of research 

projects was reviewed during these meetings. 

Bureau staff participated in the various events of 

Annual Sports Meet-2017 organized on the 

occasion of Republic day.  NBAGR basketball team 

vii

EX
EC

U
T

IV
E 

S
U

M
M

A
R

Y



N
B

A
G

R 
A

N
N

U
A

L 
R

EP
O

R
T 

2
01

6
-1

7

Himalayan sheep breed classified as endangered. 

Indications of loss in the variability was also 

depicted by the higher heterozygote deficiency 

recorded for the Dharwadi buffalo (FIS = 19%), 

Hazra chicken (22%) and Arunachali Yak (14%). FST 

values of breed differentiation for Jalori and 

Mewari camel indicated that only 3.7% of the total 

genetic variation was due to unique allelic 

differences between the breeds, with the 

remaining 96.3% corresponding to differences 

among individuals within the breed.

DNA samples of Sahiwal, Tharparkar, Gir and 

Vechur cattle were genotyped using 777K SNP 

chip. Total 1000 markers, accounting 39 % of the 

genetic variation between the breeds were 

identified.   The breeds were clearly classified into 

small and large sized indicating shared ancestry of 

large sized milch breeds. The highest linkage 

disequilibrium was observed in Gir and the lowest 

in Sahiwal. A number of genes were found under 

selective sweeps in different breed pairs, which 

may be helpful to map the QTL of economic 

important traits.

A database has been developed to store the 

information on genomic variations and sequences 

in candidate genes related to milk, disease 

resistance and adaptive traits on cattle and buffalo 

breeds.

NGS data of ten tissues of dromedarian and 

bactrian camel were de novo assembled using five 

different denovo algorithms. In addition to de novo 

assembly tissue wise the raw reads of the 

transcriptome of various tissues were separately 

mapped on the draft genomes available for camel and 

their relatives. The isoform analysis of the 

transcriptome using annotation procedures revealed 

a number of genes having 2 or more isoforms.

The database for Bactrian camel and dromedarian 

camel have been developed and are at present 

accessible through http:/ /14.139.252.118/ 

Dcamel/index.php (for Dromedarian camel)  

http://14.139.252.118/Bcamel/index.php (for 

Bactrian Camel).  To tal 392179 and 277435 

identified SNP can be visualized in dromedarian 

and Bactrian camels, respectively.

For Somatic cell banking,   double humped camel 

(Camelusbactrianus)  fibroblast cell line was 

successfully established by using primary explant 

technique. 

GBS data was analysed for different chromosomes 

to Identify  markers for economic traits in buffalo. 

QTLs on each of the 24 autosomes for milk fat, milk 

protein percentage, total fat yield, total protein 

yield, Age at first calving, Age at first heat and 

somatic cell score were prepared. All the QTLS 

were found distributed across the buffalo 

chromosomes. All the identified QTL in buffaloes 

have been compiled in the form of a buffalo QTL 

database at  http: / /  14 .139.252.118:8084/ 

BuffaloQTL/.

A Medium Density SNP chip with 15 populations of 

buffalo distributed throughout the country was 

developed. A total of 98346 SNPs have been 

identified which are genome wide and have 

passed the quality control parameters for 

development into an SNP Array. The mean 

distance among the SNPs is 27.9 Kb. This medium 

density SNP array can be used for Genomic 

selection in buffaloes. 

Genome data mining was carried out in native 

cattle and buffaloes to unravel molecular basis of 

thermo-tolerance and adaptation to diverse 

environments. Local native cattle of Ladakh from 

high altitude and Sahiwal cattle from low altitude 

resulted in identification of several hundred 

differentially expressed genes, biological 

processes, molecular functions and pathways. 

The data revealed distinct transcriptome 

signature of PBMCs in Sahiwal and Ladakhi cows 

as revealed by hierarchical, k-means clustering 

and distinct heat maps. qPCR revealed significant 

increase in expression of hypoxia associated 

genes like HIF-1 and its regulated genes in high 

altitude cattle in Ladakhi cows suggesting their 

pivotal role in high altitude adaptation.

Tissue specific expression of isoforms of Na/K 

ATPase genes in riverine buffaloes was studied. 

Expression of ATP1A pointed towards the critical 

role of Isoforms in maintaining the ionic 

concentration in the cells and tissues.
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Effect of heat stress on cellular parameters was 

assessed in Sahiwal, HF and Murrah buffaloes.  

Viability of  heat stressed PBMCs was lower  than 

unstressed, significantly more in HF at time points 

4 hr, 16 hr and 24 hr post heat stress. The 

cytotoxicity was significantly (p<0.05) higher in HF 

cows than others. Cytotoxic levels, apoptosis was 

highest in PBMCs of HF cows and reached 

maximum level at 16 hr and 24 hr post heat stress 

showing higher rate of cell death. The study 

indicated superior cellular tolerance of Sahiwal 

cows than HF and Murrah buffaloes. microRNAs 

associated with stress and immune response 

showed significant (p<0.05) induction in their 

expression after heat stress in Sahiwal. 

A study was conducted for identification of genes 

and molecular pathways associated with 

endurance trait in Zanskari ponies. 12 Zanskari 

horses and 6 GS mules were put on trial for 

endurance at high altitude of Ladakh region. 

Results revealed that, GS mules had significantly 

higher values of various physiological parameters 

than Zanskari ponies after endurance test. 

Transcriptomic analysis of Zanskari ponies PBMCs 

resulted in identifying the genes up-or down-

regulated before and after endurance exercise at 

high altitude. Several genes related to stress, 

abiotic stimulus, biotic stimulus, inflammatory 

response, chemokines, cyclin dependent protein 

kinase, cell-cell adhesion molecules were shown 

to be differentially expressed during pre and post 

exercise and resting periods.

Under NASF project on health implication of A1/A2 

milk of cattle, sequence characterization of  beta 

casein gene was carried out to determine the 

variants/ haplotypes across Indian native breeds, 

crossbred and exotic cattle. A number of 

nucleotide variations identified between Bos 

indicus and Bos taurus cattle. In Indian cattle, 

frequency of all known variations was low.  Six 

haplotypes were observed where  A2 type 

occurred with maximum frequency of 0.86.

A total of 11 research projects, including one 

externally funded were completed during the 

year. At present 20 research projects including five 

externally funded and one National Fellow 

projects are on-going. 

Total 48 research papers were published in 

National and International Journals of high impact 

factor. Ten technical/popular articles , 5 books, 4 

monographs and training manuals were also 

published by the institute. Four patents were filed 

to the Indian Patent Office,New Delhi. 

Six training programmes and two brain storming 

sessions were organized by the Institute. Short 

tra in ing course on “Advanced tools  for 

conservation of domestic livestock diversity”and 

Model training course on “Strategies for 

characterization and conservation of animal and 

poultry genetic resources” were organized for  

scientific and academic staff. Other important 

trainings included Awareness and skill up 

gradation program on "Intellectual Property 

Rights and related aspects in the area of 

agriculture and livestock sector”, Training cum 

awareness Programme on “IP Protection and 

Technology Transfer in Indian Perspective”, 

Training on “Skill upgradation in laboratory 

methods” . 

Scientists of the Bureau participated actively  in 

Mera Gaon Mera Gaurav programme where they 

visited various villages and  created awareness 

among farmers. Five exhibitions on AnGR were 

organized at various places to showcase 

institute's activities and sensitize farmers about 

the benefits of indigenous animals. 

Foundation Day of Bureau, Biodiversity day, 

Republic Day and Independence Day, Rashtriya 

Swachhta Abhiyan, Vigilance Week, Hindi 

Pakhwada were celebrated at NBAGR campus.

Library was enriched by adding 20 new books and 

30 journals during the period.

The meetings of  Research Advisory Committee 

(RAC) and  Institute Research Committee (IRC) 

were held on time. The progress of research 

projects was reviewed during these meetings. 

Bureau staff participated in the various events of 

Annual Sports Meet-2017 organized on the 

occasion of Republic day.  NBAGR basketball team 
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won silver medal (runner-up) in ICAR North Zone 

Sports Meet, held at NDRI, Karnal.

A number of distinguished persons including DG, 

DDG (AS), ICAR visited the institute and interacted 

with scientists. 

Scientists were also deputed for training and 

attending the workshops,  symposia and 

conferences within the country

Being the NDRI faculity, NBAGR scientists taught 

various courses of Animal Genetics & Breeding, 

Animal Biotechnology and Animal Biochemistry 

disciplines to NDRI post-graduate students. They  

also guided the students of different institutes and 

universities for their thesis of masters and PhD 

degrees. 

Apart form the individuals awards won by the 

scientists, the institute also received ICAR's 

Ganesh Shankar Vidhyarthi Krishi Patrika Purshkar 

(second prize) for the best publication of 

Pashudhan Prakash, Pancham Ank (2014).

During the period 2016-17 manpower of bureau 

i n c l u d e d  2 8  s c i e n t i fi c ,  1 6  t e c h n i c a l ,  1 6 

administrative and 5 skilled supporting staff 

persons. Two scientists and one technical one 

administrative staff got promotions to the next 

higher grade. One skilled supporting staff member 

was superannuated. 

Sh. Sopal, Upper Divisional Clerk  left for heavenly 

abode on 13 April, 2016.
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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 biology.

• To conduct training programmes as related to evaluation, characterization and utilization of 
animal genetic resources.

The need for the establishment of National 

Institute of Animal Genetics was accepted in 

principle during 4th Five Year Plan. During 5th and 

6th 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 

21st 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 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:
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MANDATE

F Identification, evaluation, characterization, conservation and utilization of livestock and poultry 
genetic resources of the country.

F Coordination and capacity building in animal genetic resources management and policy issues.
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Divisional Profile

Following divisions have been created in 2013 to 

achieve the institute’s mandate and objectives:

1. Animal Genetic Resources Division

2. Animal Genetics Division

3. Animal Biotechnology Division

In addition to this two units  namely- Livestock 

Information Management Unit and Network 

Project Unit are functioning to support the 

divisional activities.

Animal Genetic Resources 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 was merged into Animal 

Genetics 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 

Genetics Resources 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 

Division and since then the division continues in its 

present form.

At present Animal Genetic Resources Division along 

with its ‘National Gene Bank’ is engaged in 

p h e n o t y p i c  c h a r a c t e r i z a t i o n ,  w h i c h  i s 

accomplished through systematic/pilot field 

surveys to assess flocks/herd structure, population 

status, practices, phenotypic characteristics, body 

b iometry ,  reproduct ion and product ion 

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 charts 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. In the year 1997, a major change in the 

focus of the divisional research activities was to 

switch to molecular characterization and 

biodiversity analysis of native breeds of cattle, 

buffalo, sheep, goat, other livestock species 

(camel, horse, yak, mithun, pig, donkey) and 

poultry using molecular markers especially 

microsatellites. To understand the nature of 

mitochondrial DNA diversity, maternal lineages 

and evolutionary relationships amongst native 

b r e e d s ,  e ff o r t s  w e r e  a l s o  m a d e  u s i n g 

mitochondrial D-loop marker. Significant work 

was carried out 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/ 

c o m p o s i t i o n ,  w o o l ,  m e a t ,  g r o w t h  a n d 

Development, adaptive, thermotolerance, 

disease resistance in our native breeds from 

different livestock species. The division has 
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successfully completed the NAIP and several DBT 

projects.

After the unification of NBAGR and NIAG to 

National Bureau of Animal Genetic Resources, 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 with the objective  ‘Molecular, 

immunological, biochemical , cytogenetic 

characterization and candidate gene analysis of 

livestock species’.  The division has presently five 

principal scientists, three senior scientists, one 

scientist Senior Scale, one technical officer, one 

steno grade III and one skilled supporting staff. 

During the period under report, scientists from 

this division completed three IRC and one Cabin 

project successfully. The results were published in 

reputed journals of high impact factor. Scientists 

also fetched several awards.  Apart from this, 

scientists were involved in teaching and guiding 

the M.Sc and Ph.D students. One of the important 

a c t i v i t i e s  o f  t h e  d i v i s i o n  i s  t o  p r o v i d e 

consultancies/services for testing the breeding 

bulls for any inheritable abnormality and thus 

generate revenue for the institute.

Animal Biotechnology Division

Animal Biotechnology Division was established at 

ICAR-NBAGR by the orders of council in 2014, 

merging erstwhile DNA Fingerprinting Unit into it. 

At present, six scientists from the discipline of 

animal biotechnology, supported by three 

technical and one skilled supporting staff are 

working in the division in the areas of mandated 

institutional activities. Work is going on under 

various institute and externally funded projects on 

genetic characterization of livestock species with 

emphasis also on the use of genomic tools for the 

identification and evaluation of genes and 

transcripts associated with adaptation, disease 

resistance and various production traits. In 

addition to five institutional projects, the work has 

been carried out on three externally funded 

collaborative projects also. Under one DRDO 

funded project in collaboration with Defense 

Institute of High Alt itude Research,  the 

transcriptome analysis of PBMCs in local Zanskar 

ponies of Ladakh under controlled stress 

conditions, has helped in identification of 

transcripts responsible for hypoxia and high 

altitude adaptation. Considering the important 

breakthroughs made during previous term, the 

National Fellow project on heat stress adaptation 

in cattle has been given extension for next five 

years. The work is being carried out to understand 

the molecular basis of thermal adaptation in 

indigenous cattle and buffalo, generating genome 

wide SNP and transcriptome profiles. Major 

achievements of the division during last one year 

include- STR markers and mitochondrial D-loop 

sequence based diversity analysis of cattle, 

buffalo and sheep genetic resources of India has 

been accomplished. Characterization and 

polymorphism detection in candidate genes 

governing milk, meat production, disease 

resistance in cattle, sheep and buffalo done. 

Transcriptome data has been generated on sheep 

skeletal muscle and cattle and equine PBMCs. 

Under NASF funded project, A1/A2 and other 

allelic variants identification in beta casein as well 

as their impact on milk production traits in 

indigenous and crossbred cattle has been 

explored. Transcriptome analysis and whole 

genome scanning has been employed, to help in 

understanding the molecular mechanism of 

thermo tolerance in indigenous cattle compared 

to exotic. Swamp-riverine hybrids have been 

identified first time among Chilika buffaloes of 

Odisha using cytogenetic and mitochondrial D-

loop sequencing tools. Data has been collected on 

infertility traits among breeding bulls for 

association of genetic polymorphism identified in 

candidate genes. Phenotypic and genetic 

characterization of Ladakhi cattle, a unique 

bovine germplasm also completed. Work has also 

been initiated on understanding the differential 

tick resistance mechanism among indicus and 

crossbred/exotic cattle.

Scientists of the division are also involved in 

teaching and guiding student, being faculty 

members of biotechnology discipline at National 

Dairy Research Institute, Karnal. The division has 
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HISTORY AND PROFILE

received three Dr. PG Nair best scientific worker 

awards of the Bureau so far, besides several best 

poster and oral presentations awards. Most of the 

scientists of the division are well trained in 

reputed labs abroad and have received several 

awards and recognitions in the field of Animal 

Biotechnology. The division remains top in 

publishing quality research papers in national & 

international journals of high repute.

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 section is also looking after 

registration of livestock and poultry genetic 

resources.

Network  Project Unit 

The Network project was initiated in 1996 with the 

following objectives:

• To characterize the breeds in terms of both 

qualitative and quantitative traits.

• Molecular genetic characterization and 

candidate gene studies in indigenous breeds.

• To develop the breed descriptors.

• To conserve the germplasm .

T h e r e  w e r e  8  c e n t e r s  i n  V I I  p l a n  f o r 

characterization of breeds. In IX and X plan 12 new 

centers in each plan were undertaken for 

characterization of breeds. Genetic characterization 

and conservation activities were also initiated 

from IX plan. In XI plan one core lab was 

established in NEH region and buffalo genomics 

work was also taken up. During current XII plan 17 

new Breeds/populations were undertaken for 

characterization and 4 at risk breeds for 

conservation. The updated achievements include 

phenotypic and genetic characterization and  

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 Arunchali Mithun. 

Conservation of AnGR includes 5 cattle breeds 

(Krishna Valley, Ponwar, Kherigarh, Kangayam, 

Nagori), 3 buffalo breeds (Pandharpuri, Jaffarabadi, 

Toda), 3 sheep breeds (Magra, Nilgiri, Kilakarsel), 2 

goat breeds (Beetal, Surti) and Spiti horse.
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received three Dr. PG Nair best scientific worker 

awards of the Bureau so far, besides several best 

poster and oral presentations awards. Most of the 

scientists of the division are well trained in 

reputed labs abroad and have received several 

awards and recognitions in the field of Animal 

Biotechnology. The division remains top in 

publishing quality research papers in national & 

international journals of high repute.

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 section is also looking after 

registration of livestock and poultry genetic 

resources.

Network  Project Unit 

The Network project was initiated in 1996 with the 

following objectives:

• To characterize the breeds in terms of both 

qualitative and quantitative traits.

• Molecular genetic characterization and 

candidate gene studies in indigenous breeds.

• To develop the breed descriptors.

• To conserve the germplasm .

T h e r e  w e r e  8  c e n t e r s  i n  V I I  p l a n  f o r 

characterization of breeds. In IX and X plan 12 new 

centers in each plan were undertaken for 

characterization of breeds. Genetic characterization 

and conservation activities were also initiated 

from IX plan. In XI plan one core lab was 

established in NEH region and buffalo genomics 

work was also taken up. During current XII plan 17 

new Breeds/populations were undertaken for 

characterization and 4 at risk breeds for 

conservation. The updated achievements include 

phenotypic and genetic characterization and  

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 Arunchali Mithun. 

Conservation of AnGR includes 5 cattle breeds 

(Krishna Valley, Ponwar, Kherigarh, Kangayam, 

Nagori), 3 buffalo breeds (Pandharpuri, Jaffarabadi, 

Toda), 3 sheep breeds (Magra, Nilgiri, Kilakarsel), 2 

goat breeds (Beetal, Surti) and Spiti horse.
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Financial Outlay

Budget estimate under Plan & Non-Plan and Network Project of NBAGR along with expenditure for 
the financial year 2016-17 

Head   Non-Plan  Plan Network Project

RE Exp.  RE Exp.  RE Exp.

Capital      

 i) Works  0.00 0.00 10.80 10.79 0.00 0.00

 ii) Other capital expenditure 8.00 7.42 29.20 29.04 0.00 0.00

 Total Capital  8.00 7.42 40.00 39.83 0.00 0.00

Revenue      101.00 100.93

 i) Establishment expenses 773.50 764.26 0.00 0.00 0.00 0.00

 ii) Traveling Allowance 4.00 2.89 10.00 10.00 0.00 0.00

 iii) Research & Operational expenses 70.00 69.98 172.00 171.97 0.00 0.00

 iv) Administrative Expenses 113.00 112.97 7.80 7.80 0.00 0.00

 v) Miscellaneous expenses 8.50 8.36 0.20 0.19 0.00 0.00

 Total Revenue  969.00 958.46 190.00 189.96 101.00 100.93

Pension & Retirement benefits 37.00 24.61 0.00 0.00 0.00 0.00

 Grant Total  1014.00 990.49 230.00 229.79 101.00 100.93*

Revenue Generated

Sr. No. Head of Account     Amount (Rs.)

1. Sale of Publication & Advertisement   33575

2. Licence fee     179204

3. Training Programs - Income     176350

4. Hostel and Guest house rent    298247

5. Sale of Technology     701600

6. Sale of farm Produce    155501

7. Others Misc. Revenue Receipts    1925826

 Total     3470303

Rs. in Lakhs

Revenue Target : 24.81 Lakh          

Target Achieved : 34.70 Lakh          

*Includes Releases of Rs.84.93 lakhs 
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Funds Utilization under Non-plan

Funds Utilization under Plan

Works

Other Capital Expenditure

Travelling Allowance

Research & Opera�onal Expenses

Administra�ve Expenses

Misc. Expenses

Other Capital Expenditure

Establishement Expenses

Travelling Allowance

Research & Opera�onal Expenses

Administra�ve Expenses

Misc. Expenses

Pension & Re�rement Benefits

Revenue Generation

Sale of publica�on & Adver�sement

Licence fee

Training progrmaes-Income

Hostel and Guest House Rent

Sale of Technology
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•   Livestock Informa�on Management

•   Phenotypic Characteriza�on and Evalua�on of AnGR

•   Conserva�on of AnGR

•   Gene�c Characteriza�on and Genomics

•   Network Project on AnGR (Core Lab)

•   Externally Funded Projects

RESEARCH ACCOMPLISHMENTS 
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Livestock Information Management

Registration of Breeds

Breed registration Committee in its meeting on 
21st June, 2016 at New Delhi approved registration 
of nine new breeds of livestock and poultry. This 
included one breed of cattle, two breeds each of 
goat and sheep, three breeds of pig and one breed 
of chicken.  After including these, total number of 
registered indigenous breeds now in the country 
is 160, which include 40 for cattle, 13 buffalo, 26 
goat, 42 sheep, 6 horses & ponies, 9 camel, 6 pig, 1 
donkey and 17 chicken.

Badri Cattle: Badri cattle are available in hilly 
areas of Uttarakhand. Badri cattle are small in 
size having long legs and varied body colours – 
black, brown, red, white or grey. Hooves and 
muzzle are black or brown in colour. Hump 
prominent. Udder is small in size, tucked up 
with the body. These are well adapted to the 
hil ly terrain and cl imatic conditions and 
comparatively more resistant to diseases. 
Estimated population is approximately 16 
lakhs.

Teressa Goat: It is an indigenous goat breed 
maintained by Nicobari tribal farmers of Nicobar 
group of islands. These goats are generally tall, 

sturdy, brownish or dark tan or black or white in 
colour with white and black patches. The black hair 
on dorsal midline up to the tail is important feature 
of this breed. Black colored muzzle, eyelids and 
hoofs. Peculiar white patch/line starting from inner 
canthus of both eyes or from eye brows and 
extending up to nostrils or mouth is also noticed. 
Tail is medium to long.  Large horn with flat base.  
Erected ears directing downwards. Adult body 
weight varies from 50 to 79kg. Estimated 
population is about 7,721.

Kodi Adu Goat: Kodi Adu goats are native to 
Thoothukudi & Ramanathapuram districts of 
Tamil Nadu. These are tall, long, lean and leggy 
animals with compact body.  Based on body 
colour, they are classified into two colour varieties 
viz. Chem-Porai and Karum-Porai. Chem-Porai 
goats are white in colour with varying degree of 
reddish brown colour and intensity, whereas, 
Karum-Porai goats are white in colour with varying 
extent of splashes of black colour. They are reared 

N
B

A
G

R 
A

N
N

U
A

L 
R

EP
O

R
T 

2
01

6
-1

7

Newly registered breeds of livestock and poultry

Species  Breed Home Tract Accession number

Cattle Badri Uttarakhand INDIA_CATTLE_2400_BADRI_03040

Goat Teressa Andaman & Nicobar INDIA_GOAT_3300_ TERESSA _06025

 Kodi Adu Tamil Nadu INDIA_GOAT_1800_ KODIADU _06026

Sheep Chevaadu Tamil Nadu INDIA_SHEEP_1800_ CHEVAADU _ 14041

 Kendrapada Odisha INDIA_SHEEP_1500_ KENDRAPADA _ 14042

Pig Tenyi Vo Nagaland INDIA_PIG_1400_ TENYIVO _09004

 Nicobari Andaman & Nicobar INDIA_PIG_3300_ NICOBARI _09005

 Doom Assam INDIA_PIG_0200_ DOOM _09006

Chicken Kaunayen Manipur INDIA_CHICKEN_1200_ KAUNAYEN _12017

13
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mainly for meat. Adult body weight varies from 15 
to 59kg. Population of these goats is about 
1,67,000.

Chevaadu Sheep: Chevaadu sheep are found in 
Tirunelveli district of Tamil Nadu. Animals are small 
to medium in size. Two colour variant viz. light 
brown and dark brown or tan are present. Body is 
covered with brown hair. Head is erected and high 
in disposition. Horns are curved horizontally 
outward, backward with blunt conical apex 
having few thick ridges. Horn is light brown in 

colour. Adult body weight varies from 18 to 39kg. 
Estimated population is about 1,58,200

Kendrapada Sheep: Breeding tract of Kendrapada 
sheep  comprises of  six coastal districts of Odisha 
viz. Kendrapada, Jagatsingpur, Cuttack, Puri, 
Jajpur and Bhadrak . These sheep are mostly 
brown in colour. Head, face, belly and legs are 
bare. Rest of the body is covered with non-
lustrous hair. Animals have horizontal ears; short, 

straight and drooping tail. Button type horns in 
few males were also noticed. Adult body weight 
varies from 24 to 30kg. Estimated population is 
about 1,23,000.

Tenyi Vo Pig: These are indigenous pigs reared in 
Nagaland mainly for pork production. These are pot 
bellied animals with sagging back and pendulous 
belly touching the ground in females, straight tail 
ending with white switch reaching the hock joint, 
white stocking, white markings on the forehead 

and ventral body. Tenyi Vo pigs have strong and 
long tapering snout, small erect ears and bright 
alert eyes. Adult body weight varies from 35 to 
50kg. Estimated population is about 60,000-70,000

Nicobari Pig: Nicobari pigs are indigenous pigs of 
Nicobar Islands and are reared by Nicobari tribes 
since time immemorial. They are sturdy and short 
with long body and red-brown, black, grey, brown, 
blackish brown and fawn skin colour. Marked 
bristle crest (mane) on the back extending from 

mid head/shoulder to base of the tail. Facial profile 
varied from flat to concave. Neck is short with very 
large jowl. No curling is the characteristic feature 
of the tail. They are fast runner. Adult body weight 
varies from 26 to 61kg. Estimated population is 
about 35,000.

Doom pig: Doom pigs are distributed in Dhubri, 
Bongaigaon and Kokrajhar districts of Assam 
state. These are black in colour and have short N
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concave snout. They are large; flat belly type with 
short erect ears. Top line is straight with long 
bristles extending up to thoraco-lumber area. 
Adult body weight varies from 36 to 50kg. 
Estimated population is about 3,000. 

Kaunayen Chicken: Breeding tract consists of 
Thoubal, Imphal West, Imphal East and Bishnupur 
districts in the valley region of Manipur. Some 
birds are also available in hill region consisting of 
Chandel, Churachandpur, Senapati, Ukhrul, 
Tamenglong districts. Kaunayen birds have 
elongated body with long neck and long legs. The 
predominant plumage color is black followed by 
brown (or red) with or without patches. Hens are 
generally black, grey, blackish grey or whitish grey 

with few brown feathers on neck, breast 
and wings. Cocks generally have shinning 
bluish black feathers on wings, breast, tail 
and thighs. Comb is red in colour and mainly 
pea  type.  Neck,  breast  and th ighs  are 
generally bare, hard and rose red colored in 
fighting cocks. Spur is long and sharp in 
cocks. Used for cock fighting. Estimated 
p o p u l a t i o n  i s  a p p r o x i m a t e l y  6 0 , 0 0 0 -
80,000.

Phenotypic  Character izat ion and 
Evaluation of AnGR  

Ladakhi Cattle of Jammu & Kashmir

Ladakh, land of many high passes, is one of the 
world’s highest inhabited regions. This cold-arid 
desert at over 3000 meter mean see level has very 
harsh cl imate characterized by extreme 

o otemperature (-40 C in winter and 35 C in summer); 
low humidity (25-40%), precipitation (80-300 mm) 
and oxygen level (nearly 60-70% of the oxygen 
concentration at sea level); high UV radiations and 
wind erosion. The local cattle from Leh and 
Ladakh region, known as “Ladakhi cattle” is a 
unique germplasm having excellent adaptation 
potential to hypobaric hypoxic conditions. In spite 
of extreme climatic conditions, subsistence on 
poor quality feed and low availability of water, it 
provides around 2.5-4.5 kg of milk and thus serves 
as an important protein source for local people, 
particularly during lean winter period.

The survey of Ladakhi cattle was made by visiting 
different blocks covering 48 villages in the 
breeding tract. The data related to physical and 
morpho-metric traits of ladakhi cattle was 
generated  on 237 animals. The survey revealed 
that in most of the households in villages of 
Ladakh, irrespective of land holdings, maintain the 
Ladakhi cows. Almost all the animals of Ladakhi 
cattle was observed to be docile and easily 
manageable. The land holdings of the farmers in 
Ladakh ranged from 1-40 canals. The family size 
varied from 3-10 and common occupations of local 
people are agriculture, farm labour and tourism. 
Both men and women are involved in animal 
husbandry practices, however, the women play 
predominant role in cattle rearing.

The Ladakhi cattle, a short stature cattle is found 
in two major coat colors namely black and brown. 
Majority of the Ladakhi cattle have black coat 
color (62%) followed by brown (36%) and black 
with white patches in rare cases. The skin color is 
mostly black (62%) followed by brown (28%) or 
intermittent of the two colors. Muzzle and eyelids 
are mostly black.  Hair are curly; long (60%) or 
medium (39%); and shiny. The hump is small in 
female animals while it is small to medium in 
males. Dewlap is not well developed. The horns in 
Ladakhi cattle are grey (53%) to black (39%) in 
color. In majority of the animals the shape of the 
horn is curved pointing forward. The forehead is 
small with slightly long face. Ears are small with 
horizontal orientation. Udder is small and bowl 
shaped. Milk veins are not prominent. In majority N
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mainly for meat. Adult body weight varies from 15 
to 59kg. Population of these goats is about 
1,67,000.

Chevaadu Sheep: Chevaadu sheep are found in 
Tirunelveli district of Tamil Nadu. Animals are small 
to medium in size. Two colour variant viz. light 
brown and dark brown or tan are present. Body is 
covered with brown hair. Head is erected and high 
in disposition. Horns are curved horizontally 
outward, backward with blunt conical apex 
having few thick ridges. Horn is light brown in 

colour. Adult body weight varies from 18 to 39kg. 
Estimated population is about 1,58,200

Kendrapada Sheep: Breeding tract of Kendrapada 
sheep  comprises of  six coastal districts of Odisha 
viz. Kendrapada, Jagatsingpur, Cuttack, Puri, 
Jajpur and Bhadrak . These sheep are mostly 
brown in colour. Head, face, belly and legs are 
bare. Rest of the body is covered with non-
lustrous hair. Animals have horizontal ears; short, 

straight and drooping tail. Button type horns in 
few males were also noticed. Adult body weight 
varies from 24 to 30kg. Estimated population is 
about 1,23,000.

Tenyi Vo Pig: These are indigenous pigs reared in 
Nagaland mainly for pork production. These are pot 
bellied animals with sagging back and pendulous 
belly touching the ground in females, straight tail 
ending with white switch reaching the hock joint, 
white stocking, white markings on the forehead 

and ventral body. Tenyi Vo pigs have strong and 
long tapering snout, small erect ears and bright 
alert eyes. Adult body weight varies from 35 to 
50kg. Estimated population is about 60,000-70,000

Nicobari Pig: Nicobari pigs are indigenous pigs of 
Nicobar Islands and are reared by Nicobari tribes 
since time immemorial. They are sturdy and short 
with long body and red-brown, black, grey, brown, 
blackish brown and fawn skin colour. Marked 
bristle crest (mane) on the back extending from 

mid head/shoulder to base of the tail. Facial profile 
varied from flat to concave. Neck is short with very 
large jowl. No curling is the characteristic feature 
of the tail. They are fast runner. Adult body weight 
varies from 26 to 61kg. Estimated population is 
about 35,000.

Doom pig: Doom pigs are distributed in Dhubri, 
Bongaigaon and Kokrajhar districts of Assam 
state. These are black in colour and have short N
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concave snout. They are large; flat belly type with 
short erect ears. Top line is straight with long 
bristles extending up to thoraco-lumber area. 
Adult body weight varies from 36 to 50kg. 
Estimated population is about 3,000. 

Kaunayen Chicken: Breeding tract consists of 
Thoubal, Imphal West, Imphal East and Bishnupur 
districts in the valley region of Manipur. Some 
birds are also available in hill region consisting of 
Chandel, Churachandpur, Senapati, Ukhrul, 
Tamenglong districts. Kaunayen birds have 
elongated body with long neck and long legs. The 
predominant plumage color is black followed by 
brown (or red) with or without patches. Hens are 
generally black, grey, blackish grey or whitish grey 

with few brown feathers on neck, breast 
and wings. Cocks generally have shinning 
bluish black feathers on wings, breast, tail 
and thighs. Comb is red in colour and mainly 
pea  type.  Neck,  breast  and th ighs  are 
generally bare, hard and rose red colored in 
fighting cocks. Spur is long and sharp in 
cocks. Used for cock fighting. Estimated 
p o p u l a t i o n  i s  a p p r o x i m a t e l y  6 0 , 0 0 0 -
80,000.

Phenotypic  Character izat ion and 
Evaluation of AnGR  

Ladakhi Cattle of Jammu & Kashmir

Ladakh, land of many high passes, is one of the 
world’s highest inhabited regions. This cold-arid 
desert at over 3000 meter mean see level has very 
harsh cl imate characterized by extreme 

o otemperature (-40 C in winter and 35 C in summer); 
low humidity (25-40%), precipitation (80-300 mm) 
and oxygen level (nearly 60-70% of the oxygen 
concentration at sea level); high UV radiations and 
wind erosion. The local cattle from Leh and 
Ladakh region, known as “Ladakhi cattle” is a 
unique germplasm having excellent adaptation 
potential to hypobaric hypoxic conditions. In spite 
of extreme climatic conditions, subsistence on 
poor quality feed and low availability of water, it 
provides around 2.5-4.5 kg of milk and thus serves 
as an important protein source for local people, 
particularly during lean winter period.

The survey of Ladakhi cattle was made by visiting 
different blocks covering 48 villages in the 
breeding tract. The data related to physical and 
morpho-metric traits of ladakhi cattle was 
generated  on 237 animals. The survey revealed 
that in most of the households in villages of 
Ladakh, irrespective of land holdings, maintain the 
Ladakhi cows. Almost all the animals of Ladakhi 
cattle was observed to be docile and easily 
manageable. The land holdings of the farmers in 
Ladakh ranged from 1-40 canals. The family size 
varied from 3-10 and common occupations of local 
people are agriculture, farm labour and tourism. 
Both men and women are involved in animal 
husbandry practices, however, the women play 
predominant role in cattle rearing.

The Ladakhi cattle, a short stature cattle is found 
in two major coat colors namely black and brown. 
Majority of the Ladakhi cattle have black coat 
color (62%) followed by brown (36%) and black 
with white patches in rare cases. The skin color is 
mostly black (62%) followed by brown (28%) or 
intermittent of the two colors. Muzzle and eyelids 
are mostly black.  Hair are curly; long (60%) or 
medium (39%); and shiny. The hump is small in 
female animals while it is small to medium in 
males. Dewlap is not well developed. The horns in 
Ladakhi cattle are grey (53%) to black (39%) in 
color. In majority of the animals the shape of the 
horn is curved pointing forward. The forehead is 
small with slightly long face. Ears are small with 
horizontal orientation. Udder is small and bowl 
shaped. Milk veins are not prominent. In majority N
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of the animals the teats are cylindrical shaped with 
round tip. Hoof and tail switch are mostly black in 
color. The tail of the Ladakhi cattle is long and 
almost touches the ground. The average body 
length, chest girth, height at wither, paunch girth, 
horn circumference and length;  ear length, face 
length and width;  in adult Ladakhi cows (age 5 
years and more) were recorded to be 88.48± 0.56, 
110.89± 3.09; 91.27± 0.41; 109.39± 3.44; 10.34± 0.18, 
14.21± 0.15; 14.21± 0.15; 35.90± 0.38 and 14.89± 0.13 
respectively. The tail length with and without 
switch in adult Ladakhi cows is 85.09± 1.09, 62.55± 
0.60 cm, respectively.

The average herd size of Ladakhi cattle amongst 
households surveyed was 4.3 heads with a range 
of 1-14 animals including both the sexes.  During 
day time in summer, the animals are generally kept 
in open type of housing while during night and 
winter season, the animals are mostly kept in 
closed houses to provide shelter to the animals 
from extreme cold and wind. Most often, animal 
housing is separate from owner’s house but in few 
cases it is also part of owner’s dwellings. The 
closed housing has poor sanitation without 
proper drainage and also has no ventilation or 
light facility. The animals are generally left for 
grazing after morning milking and return to their 
respective home in evening. As a general feeding 
practice, one person of the community (in 
rotation) accompanies all the animals of the 
village to grazing area for whole of the day.  The 
lactating cows additionally provided with feed 
called Thuchu that includes left over of the food 
(rice/raw vegetables/sattu etc.) along with local 
barley straw. 

Under the rural management system of Ladakh, 
the daily milk yield of Ladakhi cow ranged from  2-5 
litres. Average fat percentage, SNF, protein and 
lactose of Ladakhi cow milk was estimated to be 
5.24±0.29, 8.99±0.11, 3.27±0.03, 4.92±0.07, 
respectively. Lactation length of more than 300 

days was recorded in Ladakhi cows without any 
problem of short lactation. The local farmers 
informed that Ladakhi cows remain productive for 
10-12 lactations during its life span. Milk of Ladakhi 
cow is consumed as such or converted to ghee, 
butter or churpi.  Allelic profile of A1/A2 allele of 
beta casein locus ascertained in 85 Ladakhi 
animals revealed the higher frequency (0.90) of 
A2 allele. Similar to other Indicine breeds 
frequency of A2A2 genotype (0.79) was more 
followed by heterozygous A1A2 (0.21) and none of 
the Ladakhi animal showed homozygous A1A1 
genotype. The data indicated Ladakhi cattle as 
natural resource for A2 milk. The frequency of B 
variant of kappa casein (associated with milk 
protein, fat yield and cheese making properties) 
and B allele of beta-lactglobulin (associated with 
fat, protein, total solid content and cheese yield) 
was also higher in Ladkhi cattle as compared to 
other indicine breeds.

As a general practice, the farmers keep 2-4 
breedable cows and use village bulls for breeding 
of their cows. Two or three good quality males 
(lungto) are kept in the village for the breeding 
purpose. In the entire area surveyed, breeding in 
Ladakhi cattle is through natural mating while 
grazing in jungle or hill top. The average age at first 
calving and age at which bull start serving is round 
48 months. The Ladakhi cattle is observed  to be a 
seasonal and regular breeder. Invariably, the 
females of Ladakhi cattle give birth every year and 
produce a total of 10-14 calves in its life span.  

Indigenous Cattle of Sikkim, Meghalaya and 
Nagaland states

The North East states of India (Arunachal Pradesh, 
Assam, Manipur, Meghalaya, Mizoram, Nagaland, 
Sikkim and Tripura) representing 3.78% of 
crossbred cattle (0.934 million), 6.57% of 
Indigenous cattle (10.553 million) and 6.20% of 
total Indian cattle (11.487 million) of the country. 
Information on cattle germ plasm from these 
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states are very scanty in the literature and they are 
included in non-descript category except Siri 
cattle of Sikkim. An attempt has been made to 
record variability available in indigenous cattle of 
the region. Study incorporated 218 cattle of 
Meghalaya, 269 of Nagaland and 68 Siri cattle of 
Sikkim. Number of Siri cattle declined drastically 
from 79000 to 12171 during the years 2003 to 2012 
and breed falls in risk under vulnerable category of 
risk status. In Meghalaya population of indigenous 
cattle (8.66 lakhs) is static during the years 2007-
12, while it declined in Nagaland (1.06 lakhs) by 
50.88% during the same period. Cattle in this 
region were reared for milk, meat, bullock power 

and manure. Animals were reared mainly on 
extensive system of management i.e. mostly 
grazing, very few farmers provided supplement 
feeding. Most of the cattle were farm born. 
Breeding was natural and no indigenous cattle 
semen was available in veterinary hospitals. 
Animal houses were made of tin roof and wood 
stick. There was no wall and drainage system. 
Animals were smaller to moderate in size with 
cylindrical type of body. The coat colour varies i.e. 
brown, grey and black but brown colour 
predominates except Siri in Sikkim. Birth weight 
and adult body weight ranged from 10-20 kg and 
150-250 kg in cows and 200-350 kg in bull/bullocks, 

Descriptive statistics of different cattle populations of NE States

Mahalanobis distances between different breeds/populations by Canonical discriminate analysis

RESEARCH ACCOMPLISHMENTS 

Tripura Mizoram Manipur Sikkim Meghalaya Nagaland State

0            Tripura 

8.45432 0          Mizoram 

4.47216 4.70288 0        Manipur 

15.4032 6.35477 4.88826 0      Sikkim

2.51033 6.71094 2.03087 9.51618  0    Meghalaya 

5.40603 4.72772 0.75504 5.11138  3.18107 0  Nagaland N
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Trait/State Tripura Mizoram Manipur Sikkim Meghalaya Nagaland

Body length 98.09±0.54a 109.03±1.39b 100.32±0.59a 106.32±1.40b  97.64±1.08a 105.11±0.97b 

  (136)  (71) (176) (25)  (95) (170)

Height at wither 93.93±0.44a 106.92±0.84bc 106.22±0.51b 114.20±1.55bd  100.90±0.95b 107.22±0.60b 

  (136)  (71) (176) (25)  (95) (170)

Heart girth 122.05±1.09a 139.52±1.59bc 137.69±0.78b 157.80±2.27bd  128.90±1.58b  145.45±1.22b 

 (136)  (71) (174) (25) (94) (170)

Paunch girth 125.14±1.08a 146.64±1.80bc 142.12±0.98b 162.16±2.61bd  128.60±1.77a  146.85±1.25b 

 (136)  (71) (173) (25) (93) (170)

Horn length 10.87±0.50a 11.01±0.42a 11.85±0.38a 16.48±0.79b  9.94±0.63a   10.75±0.58a 

  (126)  (67) (157) (25)  (95) (170)

Ear length 19.47±0.24a  18.02±0.33b  19.59±0.17ac  18.24±0.26a   18.91±0.22a 20.45±0.23ad 

 (136) (71) (176) (25) (95) (170)

Face length 35.30±0.20a  36.15±0.37a  38.06±0.23bc  40.88±0.75bd  38.08±0.47b  38.57±0.28b 

 (135) (71) (176) (25) (94) (170)

Tail length without switch 68.63±0.51a  68.54±1.07bc  74.31±0.50bd  75.56±2.29bd  68.61±0.97a  76.14±0.94bd 

 (136) (71) (173) (25) (90) (170)



of the animals the teats are cylindrical shaped with 
round tip. Hoof and tail switch are mostly black in 
color. The tail of the Ladakhi cattle is long and 
almost touches the ground. The average body 
length, chest girth, height at wither, paunch girth, 
horn circumference and length;  ear length, face 
length and width;  in adult Ladakhi cows (age 5 
years and more) were recorded to be 88.48± 0.56, 
110.89± 3.09; 91.27± 0.41; 109.39± 3.44; 10.34± 0.18, 
14.21± 0.15; 14.21± 0.15; 35.90± 0.38 and 14.89± 0.13 
respectively. The tail length with and without 
switch in adult Ladakhi cows is 85.09± 1.09, 62.55± 
0.60 cm, respectively.

The average herd size of Ladakhi cattle amongst 
households surveyed was 4.3 heads with a range 
of 1-14 animals including both the sexes.  During 
day time in summer, the animals are generally kept 
in open type of housing while during night and 
winter season, the animals are mostly kept in 
closed houses to provide shelter to the animals 
from extreme cold and wind. Most often, animal 
housing is separate from owner’s house but in few 
cases it is also part of owner’s dwellings. The 
closed housing has poor sanitation without 
proper drainage and also has no ventilation or 
light facility. The animals are generally left for 
grazing after morning milking and return to their 
respective home in evening. As a general feeding 
practice, one person of the community (in 
rotation) accompanies all the animals of the 
village to grazing area for whole of the day.  The 
lactating cows additionally provided with feed 
called Thuchu that includes left over of the food 
(rice/raw vegetables/sattu etc.) along with local 
barley straw. 

Under the rural management system of Ladakh, 
the daily milk yield of Ladakhi cow ranged from  2-5 
litres. Average fat percentage, SNF, protein and 
lactose of Ladakhi cow milk was estimated to be 
5.24±0.29, 8.99±0.11, 3.27±0.03, 4.92±0.07, 
respectively. Lactation length of more than 300 

days was recorded in Ladakhi cows without any 
problem of short lactation. The local farmers 
informed that Ladakhi cows remain productive for 
10-12 lactations during its life span. Milk of Ladakhi 
cow is consumed as such or converted to ghee, 
butter or churpi.  Allelic profile of A1/A2 allele of 
beta casein locus ascertained in 85 Ladakhi 
animals revealed the higher frequency (0.90) of 
A2 allele. Similar to other Indicine breeds 
frequency of A2A2 genotype (0.79) was more 
followed by heterozygous A1A2 (0.21) and none of 
the Ladakhi animal showed homozygous A1A1 
genotype. The data indicated Ladakhi cattle as 
natural resource for A2 milk. The frequency of B 
variant of kappa casein (associated with milk 
protein, fat yield and cheese making properties) 
and B allele of beta-lactglobulin (associated with 
fat, protein, total solid content and cheese yield) 
was also higher in Ladkhi cattle as compared to 
other indicine breeds.

As a general practice, the farmers keep 2-4 
breedable cows and use village bulls for breeding 
of their cows. Two or three good quality males 
(lungto) are kept in the village for the breeding 
purpose. In the entire area surveyed, breeding in 
Ladakhi cattle is through natural mating while 
grazing in jungle or hill top. The average age at first 
calving and age at which bull start serving is round 
48 months. The Ladakhi cattle is observed  to be a 
seasonal and regular breeder. Invariably, the 
females of Ladakhi cattle give birth every year and 
produce a total of 10-14 calves in its life span.  

Indigenous Cattle of Sikkim, Meghalaya and 
Nagaland states

The North East states of India (Arunachal Pradesh, 
Assam, Manipur, Meghalaya, Mizoram, Nagaland, 
Sikkim and Tripura) representing 3.78% of 
crossbred cattle (0.934 million), 6.57% of 
Indigenous cattle (10.553 million) and 6.20% of 
total Indian cattle (11.487 million) of the country. 
Information on cattle germ plasm from these 
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states are very scanty in the literature and they are 
included in non-descript category except Siri 
cattle of Sikkim. An attempt has been made to 
record variability available in indigenous cattle of 
the region. Study incorporated 218 cattle of 
Meghalaya, 269 of Nagaland and 68 Siri cattle of 
Sikkim. Number of Siri cattle declined drastically 
from 79000 to 12171 during the years 2003 to 2012 
and breed falls in risk under vulnerable category of 
risk status. In Meghalaya population of indigenous 
cattle (8.66 lakhs) is static during the years 2007-
12, while it declined in Nagaland (1.06 lakhs) by 
50.88% during the same period. Cattle in this 
region were reared for milk, meat, bullock power 

and manure. Animals were reared mainly on 
extensive system of management i.e. mostly 
grazing, very few farmers provided supplement 
feeding. Most of the cattle were farm born. 
Breeding was natural and no indigenous cattle 
semen was available in veterinary hospitals. 
Animal houses were made of tin roof and wood 
stick. There was no wall and drainage system. 
Animals were smaller to moderate in size with 
cylindrical type of body. The coat colour varies i.e. 
brown, grey and black but brown colour 
predominates except Siri in Sikkim. Birth weight 
and adult body weight ranged from 10-20 kg and 
150-250 kg in cows and 200-350 kg in bull/bullocks, 

Descriptive statistics of different cattle populations of NE States

Mahalanobis distances between different breeds/populations by Canonical discriminate analysis
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Trait/State Tripura Mizoram Manipur Sikkim Meghalaya Nagaland

Body length 98.09±0.54a 109.03±1.39b 100.32±0.59a 106.32±1.40b  97.64±1.08a 105.11±0.97b 

  (136)  (71) (176) (25)  (95) (170)

Height at wither 93.93±0.44a 106.92±0.84bc 106.22±0.51b 114.20±1.55bd  100.90±0.95b 107.22±0.60b 

  (136)  (71) (176) (25)  (95) (170)

Heart girth 122.05±1.09a 139.52±1.59bc 137.69±0.78b 157.80±2.27bd  128.90±1.58b  145.45±1.22b 

 (136)  (71) (174) (25) (94) (170)

Paunch girth 125.14±1.08a 146.64±1.80bc 142.12±0.98b 162.16±2.61bd  128.60±1.77a  146.85±1.25b 

 (136)  (71) (173) (25) (93) (170)

Horn length 10.87±0.50a 11.01±0.42a 11.85±0.38a 16.48±0.79b  9.94±0.63a   10.75±0.58a 

  (126)  (67) (157) (25)  (95) (170)

Ear length 19.47±0.24a  18.02±0.33b  19.59±0.17ac  18.24±0.26a   18.91±0.22a 20.45±0.23ad 

 (136) (71) (176) (25) (95) (170)

Face length 35.30±0.20a  36.15±0.37a  38.06±0.23bc  40.88±0.75bd  38.08±0.47b  38.57±0.28b 

 (135) (71) (176) (25) (94) (170)

Tail length without switch 68.63±0.51a  68.54±1.07bc  74.31±0.50bd  75.56±2.29bd  68.61±0.97a  76.14±0.94bd 

 (136) (71) (173) (25) (90) (170)
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Individual cows classied into different populations of NE states

respectively. Daily milk yield ranged from 1.0 to 5.0 
kg, while Siri producing more milk and goes up to 
10 kg. The age at first calving, lactation length, 
service period, dry period and calving interval 
ranged from  28-42 months, 150-210 days, 90-120 
days, 120-180 days and 15-20 months, respectively. 
A pair of bullock may plough around 0.5 acre of 
land in 5-6 hours. It was observed that indigenous 
cattle of Nagaland and Sikkkim were slightly 
bigger than the indigenous cattle of Meghalaya. 
Multi-Variate discriminate analysis showed that 
height at wither is the most differentiating trait in 
these cattle populations of north east states. 
Mahalanobis distances between different 
populations by Canonical discriminate analysis 
showed that cattle of Sikkim and Tripura had 
maximum distances (15.04) and cattle of 
Meghalaya and Tripura lowest (2.51). Individual 
cows classification by cross validation into 
different cattle populations of NE states showed 
that indigenous cattle of Sikkim (Siri) assigned 
correctly by 88% and Tho-Tho of Nagaland by 82%, 
rest of the populations were assigned their 
individuals less than 80%. It may be concluded that 

Siri of Sikkim and Tho-Tho of Nagaland were 
significantly different than other cattle of the 
region. Tho-Tho can be registered as a distinct 
breed. The results were supported by physical 
characteristics also. 

Konkan cattle of Maharashtra

Konkan cattle are distributed in Thane, Palghar, 

Raigad, Ratnagiri and Sindhudurg districts of 

Konkan region of Maharashtra and Goa states. In 

Konkan region of Maharashtra state, cattle (11.01 

lakhs) constitute 60% of the total livestock and 

95% of the total cattle are indigenous. Data for 

phenotypic characterization from three districts 

of Konkan region of Maharashtra state i.e. 

Ratnagiri, Sindhudurg and Raigad were collected 

and analyzed. Physical traits of Konkan cattle 

were studied on 135 cows and 118 bulls/bullocks 

and 11 morpho-metric traits were also recorded 

on 609 animals belonging to different age and 

sex groups.  The average herd size was 6.38 

animals, which included 1.83 cows, 0.74 bulls, 

1.70 bullocks, 0.93 young stock (1-3 years of 

Cattle of Meghalaya
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State Tripura Mizoram Manipur Sikkim Meghalaya Nagaland Total

Tripara 93 2 4 0 20 7 126

 (73.81) (1.59) (3.17)  (15.87) (5.56) 

Mizoram 3 48 3 4 7 2 67

 (4.48) (71.64) (4.48) (5.97) (10.45) (2.99) 

Manipur 8 8 80 5 13 40 154

 (5.19) (5.19) (51.95) (3.25) (8.44) (25.97) 

Sikkim 0 0 1 22 1 1 25

   (4.00) (88.00) (4.00) (4.00) 

Meghalaya 13 6 7 4 55 5 90

 (14.44) (6.67) (7.78) (4.44) (61.11) (5.56) 

Nagaland 2 4 10 2 10 142 170

 (1.43) (2.86) (5.71) (1.43) (5.71) (82.86) 

Total 119 68 105 37 106 113 632

 (18.88) (10.75) (16.61) (5.85) (16.77) (31.17) 

Error 0.2619 0.2836 0.4805 0.1200 0.3889 0.1714 0.2844
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age) and 0.98 calves. Animals are kept on low 

input production system. Grazing is the main 

source of the feeding and 53% farmers put 

animals on grazing for entire day, however, 

72% farmers offer paddy straw and locally 

available grasses to the animals and 45% 

farmers also offer 1-2.5 kg of concentrate to 

lactating animals and bullocks.  The housing of 

the animals was closed type (66%) with 

full/half walls made up of thatched, mud or 

brick. The roof is slanting in shape made up of 

t h a t c h e d ,  e a r t h e n  t i l e s  o r  s o m e t i m e s 

concrete.  The breeding of  animals  was 

through natural mating with locally available 

bulls. The coat colour of animals was generally 

brownish red (45.2% in cows and 44.9% in 

bulls/bullock) or black (23% in cows and 26% in 

bulls/bullocks) however, animals of brown, 

white or mixed coat were also available. The 

colour of muzzle and tail was generally black 

but in some animals carroty/mixed muzzle or 

creamy tai l  switch were also seen.  The 

forehead was small and straight, sometimes 

slightly concave. The horns were straight in 

most of the cases (more than 95%) and 

orientation of horn was outward, upward and 

backward. Udders were small in size; teats 

were small, cylindrical with pointed/ rounded 

tips. The hump and dewlap were small to 

medium in size in cows and medium to large in 

bulls.  The animals were small in size with 

compact body. The animals are hardy and well 

survived in hot and humid conditions of the 

coastal area.  The average daily milk production 

was 2.23 kg. Few elite animals with milk 

production of 5-6 litres were also seen. The age 

at first calving, calving interval and lactation 

period were obtained as 49.27±0.56 months, 

17.21±0.35 months, 226.53±6.22 d, respectively. 

The animals are used for the agricultural 

operations in area. The population of Konkan 

cattle is adequate in its breeding tract and  

deserves for status of a breed. 

Konkan Bull

Means (cms) along with S.Es for morpho-metric traits of Konkan cattle

Figures in parentheses indicate range and N is number of observations
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RESEARCH ACCOMPLISHMENTS RESEARCH ACCOMPLISHMENTS 

Trait Cow Bulls/Bullock Young Male Young Female Calves

Body Length 101.48±0.41 109.29±0.63 92.43±1.36 90.73±1.00 66.85±1.21

 (84-117) N=204 (81-132) N=164 (59-117) N=67 (67-110) N=70 (40-95) N=104

Chest Girth 134.10±0.60 146.55±0.95 119.75±1.91 118.09±1.44 82.13±1.53

 (117-162) N=204 (110-179) N=164 (81-150) N=67 (86-140) N=70 (48-120) N=104

Height at withers 100.78±0.50 106.54±0.53 94.60±1.13 93.06±0.90 72.91±1.03

 (88-158) N=204 (85-121) N=164 (56-111) N=67 (74-106) N=70 (52-96) N=104

Paunch Girth 141.05±0.71 151.71±1.07 124.42±1.96 121.81±1.61 83.57±1.66

 (120-170) N=204 (102-186) N=164 (92-159) N=66 (91-146) N=70 (45-122) N=104

Face length 41.09±0.19 44.70±0.25 38.82±0.52 37.57±0.44 27.69±0.49

 (35-49) N=204 (31-50) N=164 (29-49) N=67 (28-48) N=70 (16-39) N=104

Face width 19.43±0.14  23.13±0.15 21.03±0.31 17.91±0.23 15.11±0.24

 (14-28) N=203 (18-28) N=163 (16-27) N=67 (15-25) N=70 (10-26) N=104

Horn Length 19.82±0.54 23.91±0.67 13.60±1.34 9.95±0.97 4.00±0.91

 (4-40) N=199 (4-50) N=161 (2-48) N=52 (1-28) N=44 (2-10) N=10

Horn Circumference 14.11±0.21  19.05±0.25 15.00±0.62 12.41±0.49 12.00±1.41

 (8-24) N=176 (9-28) N=147 (5-22) N=44 (9-19) N=29 (10-14) N=2

Ear Length 18.30±0.13 18.45±0.14 17.54±0.22 17.39±0.20 14.52± 0.24

 (14-25) N=204 (13-24) N=164 (14-23) N=67 (14-21) N=70 (7-19) N=104

Tail With switch 85.37±0.59 92.10±0.85 76.93±1.53 75.79±1.17 50.24±1.20

 (59-108) N=198 (58-115) N=160 (39-105) N=67 (45-98) N=70 (19-84) N=104

Tail without switch 67.82±0.56 72.12±0.68 60.54±1.20 59.69±0.95 41.47±0.95

 (49-98) N=184 (47-92) N=145 (35-83) N=65 (41-85) N=68 (13-68) N=96
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Individual cows classied into different populations of NE states

respectively. Daily milk yield ranged from 1.0 to 5.0 
kg, while Siri producing more milk and goes up to 
10 kg. The age at first calving, lactation length, 
service period, dry period and calving interval 
ranged from  28-42 months, 150-210 days, 90-120 
days, 120-180 days and 15-20 months, respectively. 
A pair of bullock may plough around 0.5 acre of 
land in 5-6 hours. It was observed that indigenous 
cattle of Nagaland and Sikkkim were slightly 
bigger than the indigenous cattle of Meghalaya. 
Multi-Variate discriminate analysis showed that 
height at wither is the most differentiating trait in 
these cattle populations of north east states. 
Mahalanobis distances between different 
populations by Canonical discriminate analysis 
showed that cattle of Sikkim and Tripura had 
maximum distances (15.04) and cattle of 
Meghalaya and Tripura lowest (2.51). Individual 
cows classification by cross validation into 
different cattle populations of NE states showed 
that indigenous cattle of Sikkim (Siri) assigned 
correctly by 88% and Tho-Tho of Nagaland by 82%, 
rest of the populations were assigned their 
individuals less than 80%. It may be concluded that 

Siri of Sikkim and Tho-Tho of Nagaland were 
significantly different than other cattle of the 
region. Tho-Tho can be registered as a distinct 
breed. The results were supported by physical 
characteristics also. 

Konkan cattle of Maharashtra

Konkan cattle are distributed in Thane, Palghar, 

Raigad, Ratnagiri and Sindhudurg districts of 

Konkan region of Maharashtra and Goa states. In 

Konkan region of Maharashtra state, cattle (11.01 

lakhs) constitute 60% of the total livestock and 

95% of the total cattle are indigenous. Data for 

phenotypic characterization from three districts 

of Konkan region of Maharashtra state i.e. 

Ratnagiri, Sindhudurg and Raigad were collected 

and analyzed. Physical traits of Konkan cattle 

were studied on 135 cows and 118 bulls/bullocks 

and 11 morpho-metric traits were also recorded 

on 609 animals belonging to different age and 

sex groups.  The average herd size was 6.38 

animals, which included 1.83 cows, 0.74 bulls, 

1.70 bullocks, 0.93 young stock (1-3 years of 
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State Tripura Mizoram Manipur Sikkim Meghalaya Nagaland Total

Tripara 93 2 4 0 20 7 126

 (73.81) (1.59) (3.17)  (15.87) (5.56) 

Mizoram 3 48 3 4 7 2 67

 (4.48) (71.64) (4.48) (5.97) (10.45) (2.99) 

Manipur 8 8 80 5 13 40 154

 (5.19) (5.19) (51.95) (3.25) (8.44) (25.97) 

Sikkim 0 0 1 22 1 1 25

   (4.00) (88.00) (4.00) (4.00) 

Meghalaya 13 6 7 4 55 5 90

 (14.44) (6.67) (7.78) (4.44) (61.11) (5.56) 

Nagaland 2 4 10 2 10 142 170

 (1.43) (2.86) (5.71) (1.43) (5.71) (82.86) 

Total 119 68 105 37 106 113 632

 (18.88) (10.75) (16.61) (5.85) (16.77) (31.17) 

Error 0.2619 0.2836 0.4805 0.1200 0.3889 0.1714 0.2844
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age) and 0.98 calves. Animals are kept on low 

input production system. Grazing is the main 

source of the feeding and 53% farmers put 

animals on grazing for entire day, however, 

72% farmers offer paddy straw and locally 

available grasses to the animals and 45% 

farmers also offer 1-2.5 kg of concentrate to 

lactating animals and bullocks.  The housing of 

the animals was closed type (66%) with 

full/half walls made up of thatched, mud or 

brick. The roof is slanting in shape made up of 

t h a t c h e d ,  e a r t h e n  t i l e s  o r  s o m e t i m e s 

concrete.  The breeding of  animals  was 

through natural mating with locally available 

bulls. The coat colour of animals was generally 

brownish red (45.2% in cows and 44.9% in 

bulls/bullock) or black (23% in cows and 26% in 

bulls/bullocks) however, animals of brown, 

white or mixed coat were also available. The 

colour of muzzle and tail was generally black 

but in some animals carroty/mixed muzzle or 

creamy tai l  switch were also seen.  The 

forehead was small and straight, sometimes 

slightly concave. The horns were straight in 

most of the cases (more than 95%) and 

orientation of horn was outward, upward and 

backward. Udders were small in size; teats 

were small, cylindrical with pointed/ rounded 

tips. The hump and dewlap were small to 

medium in size in cows and medium to large in 

bulls.  The animals were small in size with 

compact body. The animals are hardy and well 

survived in hot and humid conditions of the 

coastal area.  The average daily milk production 

was 2.23 kg. Few elite animals with milk 

production of 5-6 litres were also seen. The age 

at first calving, calving interval and lactation 

period were obtained as 49.27±0.56 months, 

17.21±0.35 months, 226.53±6.22 d, respectively. 

The animals are used for the agricultural 

operations in area. The population of Konkan 

cattle is adequate in its breeding tract and  

deserves for status of a breed. 

Konkan Bull

Means (cms) along with S.Es for morpho-metric traits of Konkan cattle

Figures in parentheses indicate range and N is number of observations
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RESEARCH ACCOMPLISHMENTS RESEARCH ACCOMPLISHMENTS 

Trait Cow Bulls/Bullock Young Male Young Female Calves

Body Length 101.48±0.41 109.29±0.63 92.43±1.36 90.73±1.00 66.85±1.21

 (84-117) N=204 (81-132) N=164 (59-117) N=67 (67-110) N=70 (40-95) N=104

Chest Girth 134.10±0.60 146.55±0.95 119.75±1.91 118.09±1.44 82.13±1.53

 (117-162) N=204 (110-179) N=164 (81-150) N=67 (86-140) N=70 (48-120) N=104

Height at withers 100.78±0.50 106.54±0.53 94.60±1.13 93.06±0.90 72.91±1.03

 (88-158) N=204 (85-121) N=164 (56-111) N=67 (74-106) N=70 (52-96) N=104

Paunch Girth 141.05±0.71 151.71±1.07 124.42±1.96 121.81±1.61 83.57±1.66

 (120-170) N=204 (102-186) N=164 (92-159) N=66 (91-146) N=70 (45-122) N=104

Face length 41.09±0.19 44.70±0.25 38.82±0.52 37.57±0.44 27.69±0.49

 (35-49) N=204 (31-50) N=164 (29-49) N=67 (28-48) N=70 (16-39) N=104

Face width 19.43±0.14  23.13±0.15 21.03±0.31 17.91±0.23 15.11±0.24

 (14-28) N=203 (18-28) N=163 (16-27) N=67 (15-25) N=70 (10-26) N=104

Horn Length 19.82±0.54 23.91±0.67 13.60±1.34 9.95±0.97 4.00±0.91

 (4-40) N=199 (4-50) N=161 (2-48) N=52 (1-28) N=44 (2-10) N=10

Horn Circumference 14.11±0.21  19.05±0.25 15.00±0.62 12.41±0.49 12.00±1.41

 (8-24) N=176 (9-28) N=147 (5-22) N=44 (9-19) N=29 (10-14) N=2

Ear Length 18.30±0.13 18.45±0.14 17.54±0.22 17.39±0.20 14.52± 0.24

 (14-25) N=204 (13-24) N=164 (14-23) N=67 (14-21) N=70 (7-19) N=104

Tail With switch 85.37±0.59 92.10±0.85 76.93±1.53 75.79±1.17 50.24±1.20

 (59-108) N=198 (58-115) N=160 (39-105) N=67 (45-98) N=70 (19-84) N=104

Tail without switch 67.82±0.56 72.12±0.68 60.54±1.20 59.69±0.95 41.47±0.95

 (49-98) N=184 (47-92) N=145 (35-83) N=65 (41-85) N=68 (13-68) N=96



Bargur Buffalo of Tamil Nadu

Bargur buffaloes are being maintained by 

Burgur Lingayat an indigenous Kanada speaking 

community in the Bargur villages of Anthiyoor 

taluk in Erode district of western Tamil Nadu. The 

buffaloes are good in climbing hills and can 

graze easily in hill terrain or in slopes. Bargur 

buffaloes are medium in size with coat colors 

varying from black to light brown and brownish 

black. The animals are maintained under zero 

input system of rearing where they were allowed 

to graze in the forest area. The animals are 

housed either in a separate enclosure adjacent 

to the farmersʼ house (80%) or in the harvested 

fields with enclosures (20%). The animals are 

about 102.10±1.23 cm in height and are able to 

graze in the hilly terrain due its small size. The 

breeding males are called as Konan, majority of 

the farmers (>95%) were practicing natural 

mating of females with Konans. The animals are 

mainly reared for manure, milk and the male 

calves are sold for cara-beef. The milk yield of 

the animals ranges from 1.5 to 2.0 liters per day 

and mainly used for house hold consumption in 

the form of curd and butter milk. 

Lesser known Sheep Populations of 

Karnataka State

Phenotypic and genetic characterization of 

Mouli and Yalaga sheep populations of 

Karnataka was accomplished under field 

conditions. Migration was reported in Mouli 

flocks from October/November to March/May.  

Yalaga sheep are stationary. Sheep are 

vaccinated against ET, PPR and FMD. The 

farmers followed ITK for some common 

ailments like tympani, fracture, FMD etc. 

Mouli sheep are tall with deep body and long 

legs. Average body weight, length, height at 

wither and chest girth were 41.4±1.43 kg, 

77.0±0.8 cm, 79.3±0.5 cm,  and 81.3± 0.7 cm in 

ewes, and 58.6±1.6 kg,  85.4±0.9 cm, 88.4±0.6 

cm and 89.7±0.9 cm in rams. Coat colour is white 

with or without brown spots/patches. A brown 

ring is present around the eyes. Nose line is 

roman. About 0.8% ewes and 25% rams were 

recorded as horned.  

Yalaga animals are medium to large sized. 

Average body weight, length, height at wither and 

chest girth were 33.9±0.5 kg, 69.2±0.5 cm,  74.0± 

0.3 cm and 77.3±0.3 cm in ewes, and 55.0±0.7  kg, 

77.8±0.6 cm, 83.2±0.5 cm and 89.9±0.5 cm in 

rams. Coat colour is white and consisted of small 

thick hair. Face is white, white with black or brown 

patches of varying size to complete black. Horns 

were present in 90% rams and 4 % ewes. Horns are 

thick, corrugated and curved in rams.  Tail is small 

and thin. Udder is well developed.

In Mouli, age at first lambing was about 13-18 

months with a lambing rate of 70 to 80%. In 

Yalaga, age at first lambing was 18-24 months. 

The lambing percentage ranged from 70 to 95 % 

leading to a lambing interval of 12 to 16 months.  

Average estimated body weight at birth, 3-

Bargur Buffalo

Yelga Ram

Mouli Ram
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month, 6-month and 12-month of age were 4.0, 

23.8, 34.1 and 48.6 kg in male lambs and 3.5, 

21.6, 31.0 and 44.3 kg in female in Mouli 

whereas, the corresponding body weights were 

2.0, 18.2, 28.2 and 43.6 kg in male lambs and 2.5, 

15.6, 21.5 and 29.4 kg in female in Yalaga.

Chitarangi Sheep of Rajasthan

The survey of Chitarangi sheep was conducted in 

Ghadsana and Anupgarh tehsil of Sriganganagar 

district of Rajasthan. The villages surveyed were 

Shamaki, Anupnagar and 18MD of Anupgarh 

Tehsil and 3MLD, 3GM Jantawali and 3GD of 

Ghadasana Tehsil. During the survey body 

b iometr y,  phenotyp ic  charac ter s  and 

performance traits of about 212 animals (121 

adults and 91 lambs) were recorded from 18 

farmer s̓ flock. Chitarangi is a carpet wool type 

sheep population, distributed in Fazilka & 

Muktsar districts of Punjab, Sri Ganga Nagar 

districts of Rajasthan and nearby areas. The Adult 

body weight of males and females were 55.25 ± 

2.80 and 46.25 ± 1.10 kg, respectively which varies 

from 40 to 95 kg in males and 26 to 74 kg in 

females. The overall body length (BL), height, 

chest girth (CG), paunch girth (PG), face length 

(FL) , face width (FW), ear length and tail length 

(TL) were 72.51± 0.38, 72.93 ± 0.35, 86.88 ± 0.58, 

88.55 ± 0.69, 20.29 ± 0.10, 9.69 ± 0.10, 17.64 ± 

0.13 and 20.56 ± 0.26 cm respectively. Body 

weight (BW) of lambs in the age groups of 0-1, 1-

3, 3-6 and 9-12 months were ranges between 6-

13, 10-28, 15-34 and 28-51 kg respectively. The 

length of ear ranges from 14 to 23 cm. The fleece 

of Chitarangi is of good carpet quality. The fibre 

diameter (micron), medulation% and staple 

length were 42.22 ± 0.10, 56.60 ± 4.22 and 5.90 

± 0.32 respectively. 

Dumba Sheep of Rajasthan

Dumba is found mainly in Jaipur, Nagour and 

Ajmer districts of Rajasthan. The animals of 

Dumba are also available in Delhi, Malerkotla 

tehsil of Punjab and some parts especially 

Sitapur and Muzzfarnagar districts of UP.  Main 

objective of rearing Dumba is for Qurbani 

purpose/ earning of money during the Eid 

festival as they have great aesthetic and 

religious value. Fat-tailed sheep breeding is a 

traditional and an important type of animal 

production in arid or semi-arid region. The coat 

colour is white and brown, however, some black 

animals were also found. The patches of 

different colors, shapes and sizes were also 

Body weight (kg) and biometry (cm) of adult Chitarangi sheep 
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RESEARCH ACCOMPLISHMENTS RESEARCH ACCOMPLISHMENTS 

Traits N BW BL Height CG PG FL FW EL TL

Overall 121 48.05 ± 72.51 72.93 86.88  88.55  20.29  9.69  17.64  20.56

   1.10 ±0.38 ± 0.35 ±0.58 ± 0.69 ± 0.10 ± 0.06 ± 0.13 ± 0.26

Sex  ** ** ** * NS ** ** NS **

Male 24 55.25  76.13 77.17 89.17  91.17  21.50 10.42  18.04  22.42 

  ± 2.80 ±1.05 ± 0.75 ± 1.32 ± 1.46 ± 0.26 ± 0.16 ± 0.38 ± 0.61

Female 97 46.25  71.62 71.89 83.32  87.91  19.99 9.51  17.55  20.10 

  ± 1.10 ± 0.35 ± 0.31 ± 0.63 ± 0.77 ± 0.08 ± 0.06 ± 0.14 ± 0.26

Range M  40-95 69-90 71-85 78-102 80-108 20-24 9-12 14-23 18-30

           F  26-74 63-79 66-80 73-99 73-105 18-22 8-11 15-21 12-26



Bargur Buffalo of Tamil Nadu

Bargur buffaloes are being maintained by 

Burgur Lingayat an indigenous Kanada speaking 

community in the Bargur villages of Anthiyoor 

taluk in Erode district of western Tamil Nadu. The 

buffaloes are good in climbing hills and can 

graze easily in hill terrain or in slopes. Bargur 

buffaloes are medium in size with coat colors 

varying from black to light brown and brownish 

black. The animals are maintained under zero 

input system of rearing where they were allowed 

to graze in the forest area. The animals are 

housed either in a separate enclosure adjacent 

to the farmersʼ house (80%) or in the harvested 

fields with enclosures (20%). The animals are 

about 102.10±1.23 cm in height and are able to 

graze in the hilly terrain due its small size. The 

breeding males are called as Konan, majority of 

the farmers (>95%) were practicing natural 

mating of females with Konans. The animals are 

mainly reared for manure, milk and the male 

calves are sold for cara-beef. The milk yield of 

the animals ranges from 1.5 to 2.0 liters per day 

and mainly used for house hold consumption in 

the form of curd and butter milk. 

Lesser known Sheep Populations of 

Karnataka State

Phenotypic and genetic characterization of 

Mouli and Yalaga sheep populations of 

Karnataka was accomplished under field 

conditions. Migration was reported in Mouli 

flocks from October/November to March/May.  

Yalaga sheep are stationary. Sheep are 

vaccinated against ET, PPR and FMD. The 

farmers followed ITK for some common 

ailments like tympani, fracture, FMD etc. 

Mouli sheep are tall with deep body and long 

legs. Average body weight, length, height at 

wither and chest girth were 41.4±1.43 kg, 

77.0±0.8 cm, 79.3±0.5 cm,  and 81.3± 0.7 cm in 

ewes, and 58.6±1.6 kg,  85.4±0.9 cm, 88.4±0.6 

cm and 89.7±0.9 cm in rams. Coat colour is white 

with or without brown spots/patches. A brown 

ring is present around the eyes. Nose line is 

roman. About 0.8% ewes and 25% rams were 

recorded as horned.  

Yalaga animals are medium to large sized. 

Average body weight, length, height at wither and 

chest girth were 33.9±0.5 kg, 69.2±0.5 cm,  74.0± 

0.3 cm and 77.3±0.3 cm in ewes, and 55.0±0.7  kg, 

77.8±0.6 cm, 83.2±0.5 cm and 89.9±0.5 cm in 

rams. Coat colour is white and consisted of small 

thick hair. Face is white, white with black or brown 

patches of varying size to complete black. Horns 

were present in 90% rams and 4 % ewes. Horns are 

thick, corrugated and curved in rams.  Tail is small 

and thin. Udder is well developed.

In Mouli, age at first lambing was about 13-18 

months with a lambing rate of 70 to 80%. In 

Yalaga, age at first lambing was 18-24 months. 

The lambing percentage ranged from 70 to 95 % 

leading to a lambing interval of 12 to 16 months.  

Average estimated body weight at birth, 3-

Bargur Buffalo

Yelga Ram

Mouli Ram
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month, 6-month and 12-month of age were 4.0, 

23.8, 34.1 and 48.6 kg in male lambs and 3.5, 

21.6, 31.0 and 44.3 kg in female in Mouli 

whereas, the corresponding body weights were 

2.0, 18.2, 28.2 and 43.6 kg in male lambs and 2.5, 

15.6, 21.5 and 29.4 kg in female in Yalaga.

Chitarangi Sheep of Rajasthan

The survey of Chitarangi sheep was conducted in 

Ghadsana and Anupgarh tehsil of Sriganganagar 

district of Rajasthan. The villages surveyed were 

Shamaki, Anupnagar and 18MD of Anupgarh 

Tehsil and 3MLD, 3GM Jantawali and 3GD of 

Ghadasana Tehsil. During the survey body 

b iometr y,  phenotyp ic  charac ter s  and 

performance traits of about 212 animals (121 

adults and 91 lambs) were recorded from 18 

farmer s̓ flock. Chitarangi is a carpet wool type 

sheep population, distributed in Fazilka & 

Muktsar districts of Punjab, Sri Ganga Nagar 

districts of Rajasthan and nearby areas. The Adult 

body weight of males and females were 55.25 ± 

2.80 and 46.25 ± 1.10 kg, respectively which varies 

from 40 to 95 kg in males and 26 to 74 kg in 

females. The overall body length (BL), height, 

chest girth (CG), paunch girth (PG), face length 

(FL) , face width (FW), ear length and tail length 

(TL) were 72.51± 0.38, 72.93 ± 0.35, 86.88 ± 0.58, 

88.55 ± 0.69, 20.29 ± 0.10, 9.69 ± 0.10, 17.64 ± 

0.13 and 20.56 ± 0.26 cm respectively. Body 

weight (BW) of lambs in the age groups of 0-1, 1-

3, 3-6 and 9-12 months were ranges between 6-

13, 10-28, 15-34 and 28-51 kg respectively. The 

length of ear ranges from 14 to 23 cm. The fleece 

of Chitarangi is of good carpet quality. The fibre 

diameter (micron), medulation% and staple 

length were 42.22 ± 0.10, 56.60 ± 4.22 and 5.90 

± 0.32 respectively. 

Dumba Sheep of Rajasthan

Dumba is found mainly in Jaipur, Nagour and 

Ajmer districts of Rajasthan. The animals of 

Dumba are also available in Delhi, Malerkotla 

tehsil of Punjab and some parts especially 

Sitapur and Muzzfarnagar districts of UP.  Main 

objective of rearing Dumba is for Qurbani 

purpose/ earning of money during the Eid 

festival as they have great aesthetic and 

religious value. Fat-tailed sheep breeding is a 

traditional and an important type of animal 

production in arid or semi-arid region. The coat 

colour is white and brown, however, some black 

animals were also found. The patches of 

different colors, shapes and sizes were also 

Body weight (kg) and biometry (cm) of adult Chitarangi sheep 
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Traits N BW BL Height CG PG FL FW EL TL

Overall 121 48.05 ± 72.51 72.93 86.88  88.55  20.29  9.69  17.64  20.56

   1.10 ±0.38 ± 0.35 ±0.58 ± 0.69 ± 0.10 ± 0.06 ± 0.13 ± 0.26

Sex  ** ** ** * NS ** ** NS **

Male 24 55.25  76.13 77.17 89.17  91.17  21.50 10.42  18.04  22.42 

  ± 2.80 ±1.05 ± 0.75 ± 1.32 ± 1.46 ± 0.26 ± 0.16 ± 0.38 ± 0.61

Female 97 46.25  71.62 71.89 83.32  87.91  19.99 9.51  17.55  20.10 

  ± 1.10 ± 0.35 ± 0.31 ± 0.63 ± 0.77 ± 0.08 ± 0.06 ± 0.14 ± 0.26

Range M  40-95 69-90 71-85 78-102 80-108 20-24 9-12 14-23 18-30

           F  26-74 63-79 66-80 73-99 73-105 18-22 8-11 15-21 12-26



noticed on body of Dumba sheep. The 

deposition of fat in the tail is distinct 

characteristics of this breed. Ears are large in 

size. The price of these animals is very high as 

claimed by sheep owners. Adult animals are sold 

at the rate of Rs 60000 to 125000 and lambs @ Rs 

25000-40000.The Adult body weight of males and 

females were 90.92 ± 6.39 and 66.33 ± 2.50 kg, 

respectively which varies from 54 to 124 kg in 

males and 47 to 96 kg in females. The overall body 

length, height, chest girth, paunch girth, face 

length, face width, ear length and tail length were 

74.02± 0.79, 77.97 ± 0.68, 95.12 ± 0.94  96.44 ± 

1.03, 21.42 ± 0.21, 9.51 ± 0.10 and 18.71 ± 0.30 cm 

respectively. Body weight of lambs in the age 

groups of 1-3 and 3-6 months were ranges 

between 11-32 and 23 -60 kg respectively.  The 

animals are reared under intensive system of 

feeding.

Classification of Indigenous Sheep based on 

Morphometry using Classical and Heuristic 

Methods

Eight sheep breeds (Kolhapuri, Lonand, 

Marwari, Munjal, Muzaffarnagri, Madgyal, 

Sangamneri and Solapuri) were classified 

using Classical Discriminant Function Analysis 

and Artificial Neural Network (ANN) model. 

Sheep aging between 2-8 teeth, having been 

profiled on seven morphometric traits viz. 

body weight, body length, height at withers, 

chest girth, paunch girth, ear length and tail 

length, were considered for the classification. 

ANN was tuned on number of hidden layers 

and number of neurons in each layer to 

provide better accuracy. The network was 

designed with two hidden layers. Thirty 

experiments were conducted for each 

combination of breeds. 

Discriminant analysis results showed that all the 

measured traits were significant (p<0.0001) in 

discriminating the eight sheep breeds. They were 

found to have potential discriminatory power. The 

Mahalanobis distances estimated between the 

eight sheep breeds were highly significant (p < 

0.0001).  The biggest was between Lonand and 

Muzaffarnagri (81.0) and the least was between 

Madgyal and Solapuri (1.3). The discriminant 

analysis revealed that 453 (24.7%) individuals 

were misclassified in their source genetic groups. 

The Marwari breed showed the least assignment 

error (0%) whilst the Solapuri sheep exhibited 

maximum error level (44%).   

The ANN model gave more than 99% assignment 

accuracy between various breed combinations of 

Lonand, Solapuri, Madgyal, Kolhapuri and 

Sangamneri  with Marwari ,  Munjal  and 

Muzaffarnagri. The assignment accuracy between 

breed combinations of Lonand, Solapuri, Madgyal, 

Kolhapuri and Sangamneri varied between 68-

97%. Similarly the assignment accuracy of Munjal 

and Muzaffarnagri breed were 84 and 90% 

respectively. Overall, the ANN model performed 

better than classical discriminant analysis. 

Nagaland Long Hair Goat

The study was focused to generate the data on 

morphologica l ,  b iometr ica l  t ra i ts  and 

management of  Nagaland long hair goat.  Visits 

were taken to different parts of Zunheboto, 

Tuensang, Kiphire, Phek and plain area of 

D i m a p u r  d i s t r i c t s  o f  N a g a l a n d  a n d 

measurements were recorded from 255 animals 

consisting of different age groups of both sexes 

from 42 flocks belonging to different farmers. 

Information on age at sexual maturity, age at 

first conception, age at first kidding, kidding 

interval, gestation length, kidding pattern were 

Body weight (kg) and biometry (cm) of adult Dumba Sheep 
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Traits N BW BL Height CG PG FL FW EL

Overall 64 73.79  73.89 77.97 95.14  96.36  21.56  9.56  18.75 

  ± 2.89 ±0.73 ± 0.64 ±0.92 ± 1.01 ± 0.24 ± 0.10 ± 0.28

Sex  ** ** ** * * ** ** NS

Male 15 90.80  78.67 83.80 101.27   101.33  23.27 10.20  18.60 

  ± 5.53 ±1.44 ± 1.18 ± 1.90 ± 2.28 ± 0.32 ± 0.15 ± 0.41

Female 49 66.06  72.43 76.18 93.27  94.84  21.04 9.37  18.80 

  ± 2.42 ± 0.74 ± 0.53 ± 0.90 ± 1.04 ± 0.25 ± 0.10 ± 0.35

Range  M  54-124 70-88 77-91 88-111 84-113 22-25 9-11 15-21

 F 47--96 65-86 66-84 81-109 80-108  19-29 8-11 9-26

recorded through interaction with the goat 

keepers. Different colour variants viz. white with 

black patches, black, brown with grey hair of 

long hair goats were seen. Long hair was present 

in the adult males.  Animals were having 

proportionate   body, straight nose line, 

medium size, erected, horizontally placed ears.  

The horns in females are shorter, pointed, 

directed upward and then slightly backward 

while that of males are thicker, longer, orienting 

upward and backward.  The wattles and beard 

are present in majority of goats. Muzzle is black/ 

brown/ pinkish.  The belly and legs below knee 

joint are black.   The udder and teats are 

moderately developed.  Udder is bowl shaped 

and teats are small and cone type.  The under 

belly is black/white. Apart from long hair goats 

data was recorded on other kinds of goats 

available in the districts visited.  Goats, with 

stripes on face were seen in Dimapur district. 

The average measurements for height at 

withers, body length, Chest/heart girth, paunch 

girth, face length, horn length, ear length and 

tail length for adult Nagaland goats irrespective 

of their sex and colour were 46.12±0.45, 

56 .94±0 .50 ,  68 .49±0 .66 ,  77 .77±0 .70 , 

15.81±0.15, 8.44±0.53, 11.64±0.18, 9.50±0.16. 

The average body weights (kg) in the age groups 

of 1-3 month, 4-6 month, 7-12 month and adult 

animals were 7.89±0.42, 12.97±0.39, 16.62±0.26 

and 27.69±0.73 respectively. The mean values 

for height at withers, body length, Chest/heart 

girth, paunch girth, face length, horn length, ear 

length and tail length in long hair adult male 

goats were 48.43±1.52, 58.62±1.73, 71.24±2.21, 

75 .71±2 .20 ,  16 .19±0 .45 ,  13 .43±1 .74 , 

10.70±0.38, 9.71±0.29cm respectively whereas 

for females the average measurements were 

45 .71±0 .61 ,  56 .35±0 .81 ,  68 .71±1 .03 , 

77.44±1.40, 15.59±0.28, 7.79±0.71, 11.77±0.35, 

9.24± 0.23cm respectively. The overall average 

measurements irrespective of sex were 

46 .75±0 .71 ,  57 .22±0 .83 ,  69 .67±1 .06 , 

76.78±1.20, 15.82±0.24, 9.98±0.88, 11.35±0.27, 

9.42±0.18cm respectively. The average body 

weight for adult males was 31.48±2.45kg and 

females 25.79±1.05 kg. The overall body weight 

was 28.22±1.26 kg.  Goats are maintained on 

extensive management by small and marginal 

farmers. Goat houses are made of mud, 

concrete, bamboo sticks and wooden logs with 

no proper arrangement of electric and water 

supply. Goats depend on the local vegetation 

available in the jungle while at home they are fed 

with crushed maize. Goats love salt licking also.  

The milk yield is 0.3 to 0.5 liters per day. The litter 

size varies from 1 to 4. Hair obtained from the 

Nagaland goats has commercial utility for the 

tribal people.  It is used for beautification of 

garments, ornaments and weaponry. In view of 

the distinct phenotype and commercial utility, 

the long hair goat of Nagaland needs further 

propagation and genetic improvement.

Nagaland Long Hair Doe

Use of goat hair in ornaments and garments

Nagaland long hair buck
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noticed on body of Dumba sheep. The 

deposition of fat in the tail is distinct 

characteristics of this breed. Ears are large in 

size. The price of these animals is very high as 

claimed by sheep owners. Adult animals are sold 

at the rate of Rs 60000 to 125000 and lambs @ Rs 

25000-40000.The Adult body weight of males and 

females were 90.92 ± 6.39 and 66.33 ± 2.50 kg, 

respectively which varies from 54 to 124 kg in 

males and 47 to 96 kg in females. The overall body 

length, height, chest girth, paunch girth, face 

length, face width, ear length and tail length were 

74.02± 0.79, 77.97 ± 0.68, 95.12 ± 0.94  96.44 ± 

1.03, 21.42 ± 0.21, 9.51 ± 0.10 and 18.71 ± 0.30 cm 

respectively. Body weight of lambs in the age 

groups of 1-3 and 3-6 months were ranges 

between 11-32 and 23 -60 kg respectively.  The 

animals are reared under intensive system of 

feeding.

Classification of Indigenous Sheep based on 

Morphometry using Classical and Heuristic 

Methods

Eight sheep breeds (Kolhapuri, Lonand, 

Marwari, Munjal, Muzaffarnagri, Madgyal, 

Sangamneri and Solapuri) were classified 

using Classical Discriminant Function Analysis 

and Artificial Neural Network (ANN) model. 

Sheep aging between 2-8 teeth, having been 

profiled on seven morphometric traits viz. 

body weight, body length, height at withers, 

chest girth, paunch girth, ear length and tail 

length, were considered for the classification. 

ANN was tuned on number of hidden layers 

and number of neurons in each layer to 

provide better accuracy. The network was 

designed with two hidden layers. Thirty 

experiments were conducted for each 

combination of breeds. 

Discriminant analysis results showed that all the 

measured traits were significant (p<0.0001) in 

discriminating the eight sheep breeds. They were 

found to have potential discriminatory power. The 

Mahalanobis distances estimated between the 

eight sheep breeds were highly significant (p < 

0.0001).  The biggest was between Lonand and 

Muzaffarnagri (81.0) and the least was between 

Madgyal and Solapuri (1.3). The discriminant 

analysis revealed that 453 (24.7%) individuals 

were misclassified in their source genetic groups. 

The Marwari breed showed the least assignment 

error (0%) whilst the Solapuri sheep exhibited 

maximum error level (44%).   

The ANN model gave more than 99% assignment 

accuracy between various breed combinations of 

Lonand, Solapuri, Madgyal, Kolhapuri and 

Sangamneri  with Marwari ,  Munjal  and 

Muzaffarnagri. The assignment accuracy between 

breed combinations of Lonand, Solapuri, Madgyal, 

Kolhapuri and Sangamneri varied between 68-

97%. Similarly the assignment accuracy of Munjal 

and Muzaffarnagri breed were 84 and 90% 

respectively. Overall, the ANN model performed 

better than classical discriminant analysis. 

Nagaland Long Hair Goat

The study was focused to generate the data on 

morphologica l ,  b iometr ica l  t ra i ts  and 

management of  Nagaland long hair goat.  Visits 

were taken to different parts of Zunheboto, 

Tuensang, Kiphire, Phek and plain area of 

D i m a p u r  d i s t r i c t s  o f  N a g a l a n d  a n d 

measurements were recorded from 255 animals 

consisting of different age groups of both sexes 

from 42 flocks belonging to different farmers. 

Information on age at sexual maturity, age at 

first conception, age at first kidding, kidding 

interval, gestation length, kidding pattern were 

Body weight (kg) and biometry (cm) of adult Dumba Sheep 
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Traits N BW BL Height CG PG FL FW EL

Overall 64 73.79  73.89 77.97 95.14  96.36  21.56  9.56  18.75 

  ± 2.89 ±0.73 ± 0.64 ±0.92 ± 1.01 ± 0.24 ± 0.10 ± 0.28

Sex  ** ** ** * * ** ** NS

Male 15 90.80  78.67 83.80 101.27   101.33  23.27 10.20  18.60 

  ± 5.53 ±1.44 ± 1.18 ± 1.90 ± 2.28 ± 0.32 ± 0.15 ± 0.41

Female 49 66.06  72.43 76.18 93.27  94.84  21.04 9.37  18.80 

  ± 2.42 ± 0.74 ± 0.53 ± 0.90 ± 1.04 ± 0.25 ± 0.10 ± 0.35

Range  M  54-124 70-88 77-91 88-111 84-113 22-25 9-11 15-21

 F 47--96 65-86 66-84 81-109 80-108  19-29 8-11 9-26

recorded through interaction with the goat 

keepers. Different colour variants viz. white with 

black patches, black, brown with grey hair of 

long hair goats were seen. Long hair was present 

in the adult males.  Animals were having 

proportionate   body, straight nose line, 

medium size, erected, horizontally placed ears.  

The horns in females are shorter, pointed, 

directed upward and then slightly backward 

while that of males are thicker, longer, orienting 

upward and backward.  The wattles and beard 

are present in majority of goats. Muzzle is black/ 

brown/ pinkish.  The belly and legs below knee 

joint are black.   The udder and teats are 

moderately developed.  Udder is bowl shaped 

and teats are small and cone type.  The under 

belly is black/white. Apart from long hair goats 

data was recorded on other kinds of goats 

available in the districts visited.  Goats, with 

stripes on face were seen in Dimapur district. 

The average measurements for height at 

withers, body length, Chest/heart girth, paunch 

girth, face length, horn length, ear length and 

tail length for adult Nagaland goats irrespective 

of their sex and colour were 46.12±0.45, 

56 .94±0 .50 ,  68 .49±0 .66 ,  77 .77±0 .70 , 

15.81±0.15, 8.44±0.53, 11.64±0.18, 9.50±0.16. 

The average body weights (kg) in the age groups 

of 1-3 month, 4-6 month, 7-12 month and adult 

animals were 7.89±0.42, 12.97±0.39, 16.62±0.26 

and 27.69±0.73 respectively. The mean values 

for height at withers, body length, Chest/heart 

girth, paunch girth, face length, horn length, ear 

length and tail length in long hair adult male 

goats were 48.43±1.52, 58.62±1.73, 71.24±2.21, 

75 .71±2 .20 ,  16 .19±0 .45 ,  13 .43±1 .74 , 

10.70±0.38, 9.71±0.29cm respectively whereas 

for females the average measurements were 

45 .71±0 .61 ,  56 .35±0 .81 ,  68 .71±1 .03 , 

77.44±1.40, 15.59±0.28, 7.79±0.71, 11.77±0.35, 

9.24± 0.23cm respectively. The overall average 

measurements irrespective of sex were 

46 .75±0 .71 ,  57 .22±0 .83 ,  69 .67±1 .06 , 

76.78±1.20, 15.82±0.24, 9.98±0.88, 11.35±0.27, 

9.42±0.18cm respectively. The average body 

weight for adult males was 31.48±2.45kg and 

females 25.79±1.05 kg. The overall body weight 

was 28.22±1.26 kg.  Goats are maintained on 

extensive management by small and marginal 

farmers. Goat houses are made of mud, 

concrete, bamboo sticks and wooden logs with 

no proper arrangement of electric and water 

supply. Goats depend on the local vegetation 

available in the jungle while at home they are fed 

with crushed maize. Goats love salt licking also.  

The milk yield is 0.3 to 0.5 liters per day. The litter 

size varies from 1 to 4. Hair obtained from the 

Nagaland goats has commercial utility for the 

tribal people.  It is used for beautification of 

garments, ornaments and weaponry. In view of 

the distinct phenotype and commercial utility, 

the long hair goat of Nagaland needs further 

propagation and genetic improvement.

Nagaland Long Hair Doe

Use of goat hair in ornaments and garments

Nagaland long hair buck
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Genetic and Phenotypic Variation associated with 
Tick Infestation in Indian Cattle

Explorative preliminary survey of Barabanki and 
Malihabad area near Lucknow was carried out; 
Data on tick infestation on individual were 
collected. Animals of breeds like Sahiwal, Gir, 
Rathi, Jersey & crossbreds are more preferred by 
farmers in the area. On the basis of morphological 
studies, the ticks identified are Rhipicephalus 
(Boophilus) microplus and Hemaphysalis 

bispinosa (>20 ticks had been reported till date for 
domestic animals). Rhipicephalus microplus 
infestation is most common (70%) and considered 
to be economically important tick species. Females 
were more suceptible than male (60.82%), animals 
less than one year of age group were more infected 
(73.33%), than animals greater of four years age 
(48.92%). Information in terms of standard 
physiological parameters (rectal temperature, 
respiratory rate, body surface temperature and 
pulse rate) were collected from experimental 
animals during Sept-Oct and Feb-March periods 
from two animal farms in Malihabad and one State 
Govt farm in Barabanki. 

Conservation of AnGR

Conservation of Sahiwal and Hariana cattle at 
Gaushalas

A total of 105 cows of Hariana & graded and 14 of 
Sahiwal & graded were identified based on 
physical characteristics and health soundness in 
the Shri Krishan Gaushala Jundla, Nising, Gondar 
and Uplana. Identified cows were ear tagged and 
kept in separate enclosures at these Gaushals.  
Among the identified cows, 90 of Hariana and 26 

of Sahiwal were inseminated with elite male 
semen of Hariana and Sahiwal, respectively. 
Semen doses of Sahiwal (240) and Hariana 
(640) breed were transferred to these Gaushals 
for AI of selected cows. All the selected cows 
were given deworming and mineral mixture. 
Health camps were organised in all the three 
Gaushalas with the help of State Animal 
Husbandry Department.  A total of 17 calves were 
born to the inseminate cows in these Gaushalas. In 
Sahiwal, daily milk yield  ranged from 4.0 to 10.0 
kg. In Hariana daily milk yield ranged from 1.0 to 
4.0 kg. In Hariana cows birth weight ranged from 
12.0 to 14.4 kg. 

Average body measurements of adult Long hair goats

TRAITS  Adults

 Females (34) Male (21) Overall (55)

Body Height 45.71±0.61 48.43±1.52 46.75±0.71

Body Length 56.35±0.81 58.62±1.73 57.22±0.83

Chest Girth 68.71±1.03 71.24±2.21 69.67±1.06

Paunch Girth 77.44±1.40 75.71±2.20 76.78±1.20

Face Length 15.59±0.28 16.19±0.45 15.82±0.24

Horn Length 7.79±0.71 13.43±1.74 9.98±0.88

Ear Length 11.77±0.35 10.70±0.38 11.35±0.27

Tail Length 9.24± 0.23 9.71±0.29 9.42±0.18

Body Weight 25.79±1.05 31.48±2.45 28.22±1.26
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Genetic and Phenotypic Variation associated with 
Tick Infestation in Indian Cattle

Explorative preliminary survey of Barabanki and 
Malihabad area near Lucknow was carried out; 
Data on tick infestation on individual were 
collected. Animals of breeds like Sahiwal, Gir, 
Rathi, Jersey & crossbreds are more preferred by 
farmers in the area. On the basis of morphological 
studies, the ticks identified are Rhipicephalus 
(Boophilus) microplus and Hemaphysalis 

bispinosa (>20 ticks had been reported till date for 
domestic animals). Rhipicephalus microplus 
infestation is most common (70%) and considered 
to be economically important tick species. Females 
were more suceptible than male (60.82%), animals 
less than one year of age group were more infected 
(73.33%), than animals greater of four years age 
(48.92%). Information in terms of standard 
physiological parameters (rectal temperature, 
respiratory rate, body surface temperature and 
pulse rate) were collected from experimental 
animals during Sept-Oct and Feb-March periods 
from two animal farms in Malihabad and one State 
Govt farm in Barabanki. 

Conservation of AnGR

Conservation of Sahiwal and Hariana cattle at 
Gaushalas

A total of 105 cows of Hariana & graded and 14 of 
Sahiwal & graded were identified based on 
physical characteristics and health soundness in 
the Shri Krishan Gaushala Jundla, Nising, Gondar 
and Uplana. Identified cows were ear tagged and 
kept in separate enclosures at these Gaushals.  
Among the identified cows, 90 of Hariana and 26 

of Sahiwal were inseminated with elite male 
semen of Hariana and Sahiwal, respectively. 
Semen doses of Sahiwal (240) and Hariana 
(640) breed were transferred to these Gaushals 
for AI of selected cows. All the selected cows 
were given deworming and mineral mixture. 
Health camps were organised in all the three 
Gaushalas with the help of State Animal 
Husbandry Department.  A total of 17 calves were 
born to the inseminate cows in these Gaushalas. In 
Sahiwal, daily milk yield  ranged from 4.0 to 10.0 
kg. In Hariana daily milk yield ranged from 1.0 to 
4.0 kg. In Hariana cows birth weight ranged from 
12.0 to 14.4 kg. 

Average body measurements of adult Long hair goats

TRAITS  Adults

 Females (34) Male (21) Overall (55)

Body Height 45.71±0.61 48.43±1.52 46.75±0.71

Body Length 56.35±0.81 58.62±1.73 57.22±0.83

Chest Girth 68.71±1.03 71.24±2.21 69.67±1.06

Paunch Girth 77.44±1.40 75.71±2.20 76.78±1.20

Face Length 15.59±0.28 16.19±0.45 15.82±0.24

Horn Length 7.79±0.71 13.43±1.74 9.98±0.88

Ear Length 11.77±0.35 10.70±0.38 11.35±0.27

Tail Length 9.24± 0.23 9.71±0.29 9.42±0.18

Body Weight 25.79±1.05 31.48±2.45 28.22±1.26
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Ex Situ Conservation of Indigenous Sheep 
utilizing Cauda Epididymal Spermatozoa

An extender containing citrate buffer, sugar, egg 
yolk and antibiotics has been developed for 
freezing epididymal sperms and frozen semen 
doses prepared. The storage of testies at low 
temperature indicated suitability of utilizing them 

for extraction of epididymal sperms for their 
conservation even after extended hours post 
slaughtering of rams. In vitro fertilization revealed 
that frozen epididymal spermatozoa retains the 
fertility potential.

National Gene Bank

Germplasm repository at Gene Bank NBAGR is 
being strengthened by preserving diversified 
form of germplasm (semen, embryos, DNA, 
epididymal sperms and somatic cells). Large 
number of frozen semen doses were added during 
the period. New initiatives were taken by 
preserving the germplasm inform of embryos and 
somatic cells of different breeds and species. The 
current status of  germplasm repository  is given 
below :

Genetic Characterization and Genomics

Genetic Characterization of Laddakhi Cattle

Micro-satellite based genetic characterization

T h e  FA O  r e c o m m e n d e d  b o v i n e  s p e c i fi c 
microsatellite markers were utilized to genotype 
48 animals of Ladakhi cattle.  

Various within breed diversity indices measured 
using bovine specific microsatellite markers viz., 
mean number of alleles (9.79±0.94); mean 
effective number of alleles (4.73±0.69) mean 
observed heterozygosity (0.749±0.014), mean 

expected heterozygosity (0.788±0.068), 
reflected sufficient genetic diversity in Ladakhi 
cattle. The phylogenetic analysis   revealed 
genetic distinctness of Ladaakhi population with 
respect to other analyzed Indigenous breeds of 
cattle

Mitochondrial DNA based diversity analysis

To uncover the mtDNA diversity status of Ladakhi 
cattle, a total of 40 random animals were utilized 
to amplify 1142 bp region of bovine mtDNA 

In vitro fertilization of sheep ova by epididymal
sperm and Zygote formation  

Allelic Heterozygosity of Ladakhi Cattle

Semen

Germplasm stored in Gene Bank

Germplasm Units/Species/Breeds
Frozen Semen 138674 doses of 45 breeds 

from 7 species
DNA  40 breeds of 5 species
Embryo  Ongole, Kankrej and Gir
Epididymal 1500 doses of three breeds of 

goat and sheep
Somatic Cells 404 vials from five animals of 

double humped camel

Phylogenetic relationship of Ladakhi cattle with
other cattle 

Tharparkar

Rathi

Konkan

Gir

Red Sandhu

Sahiwal

Ladakhi

HF

Jeny
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between positions 15601 to 404, that included all 
the D-loop and flanking sequences at both ends. 
The number of haplotypes observed in Ladakhi 
cattle was 15 while haplotypic diversity was 0.942+ 
0.00186. Observed nucleotide diversity and pair 
wise nucleotide differences was 0.00384 and 
3.489, respectively. Within breed-wise population 
demography indices of Ladakhi cattle was 
comparable to other Indian cattle breeds No 
significant deviations from neutrality were 
identified in haplotypes from Ladakhi or other 
cattle breed (Tajima’s D:-1.5332, 0.10>P>0.05). In 
Ladakhi cattle, out of the 15 haplotypes, five were 
shared with other breeds, indicating similarity 
with other Indicine breeds.  A high proportion of 
haplotypes (10, 66.7%) were scored only once, 
indicating the existence of sufficient mtDNA 
haplotypic diversity in Ladakhi cattle. To explore 
the demography history and populat ion 
e x p a n s i o n  o f  L a d a k h i  c a t t l e ,  m i s m a t c h 
distributions was estimated. The data set for 
Ladakhi cattle showed a predominant unimodal 
peak at around 2 differences (mismatches), while 
a much smaller peak at around 29 mismatches.  
Individuals from major group differed from each 
other by 1 to 6 mismatches, while the individuals 
from minor group differed by 32 to 35 mismatches. 
The presence of a major and minor peak separated 
by a large time interval suggested complex 
expansion events in Ladakhi cattle

Characterization of genes associated with high 
altitude adaptation

Several genes related to high latitude hypoxia viz., 
arginase 2 (ARG 2), Forkhead box R2 (FoxR2), 
ADAM metallopeptidase domain 17 (ADAM17), 

matrix metallopeptidase7 (MMP7) and Hypoxia-
inducible factor 1-alpha (HIF1A) were sequence 
characterized in 24 animals of Ladakhi cattle and 
compared with other Indian native cattle and two 
Bos taurus breeds. Several single nucleotide 
variations (SNPs) were identified in 5’- and 3’- 
untranslated region (UTRs), and coding region of 
these genes. In future these SNPs could be utilized 
as genomic resource for understanding the 
molecular mechanism of high altitude adaptation 
in Ladakhi cattle. 

Considering the fact that Ladakhi cattle is the 
lifeline of local people of Leh-Ladakh region, 
efforts should be made to recognize and register 
this important cattle genetic resource. Farmers 
and stake holders should be educated to maintain 
the purity of this population and avoid mixing of 
local cattle with exotic Jersey cattle. Strategies 
should be designed to improve the management 
practices and production traits of this important 
cattle population and  breed society  should be 
established to conserve and propagate Ladakhi 
cattle.

Y-Chromosome Haplotypic Diversity 

H a p l o t y p e  d i v e r s i t y  b a s e d  o n  s e v e n  Y -
chromosomal microsatellites was explored in 202 
bulls representing 18 native cattle breeds of India. 
A total of nineteen Bos indicus specific haplotypes 
were identified. These haplotypes shared the 
previously described haplogroup/patriline Y3. The 
six most common haplotypes, H4Y3, H5Y3, H6Y3, 
H9Y3, H15Y3 and H18Y3, had a total frequency of 
around 93.56% . They were recorded in 9, 28, 11, 45, 
90 and 6 individuals and shared by 5, 7, 1, 6, 11 and 2 

Variations in genes associated with high altitude adaptation showing contrasting frequencies

across Ladakhi cattle vis a vis breeds from low altitude

Gene Total Variations Variations with frequencies

  Variation: Position Low altitude breeds Ladakhi cattle

ADAM1              12   

  C/A: 3ʼUTR (C/EBP;Oct-1) 0.946 0.048

  A/C:3ʼUTR (HNF-1) 0.054 0.952

FOXR2 4 None of the variation was observed with contrasting differences 

ADAM17 15   

  A391G : Glu/Gly 0.64  0.12 

  C1365T: Pro/Ser 1.00 0.12

MMP7 12   

  C548A: Pro/Pro 0.72  0.08 

  G587T: Glu/Pro 0.86  0.12 

HIF1α 16   

  C839T : Tyr/ Tyr  1.00  0.25 
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Ex Situ Conservation of Indigenous Sheep 
utilizing Cauda Epididymal Spermatozoa

An extender containing citrate buffer, sugar, egg 
yolk and antibiotics has been developed for 
freezing epididymal sperms and frozen semen 
doses prepared. The storage of testies at low 
temperature indicated suitability of utilizing them 

for extraction of epididymal sperms for their 
conservation even after extended hours post 
slaughtering of rams. In vitro fertilization revealed 
that frozen epididymal spermatozoa retains the 
fertility potential.

National Gene Bank

Germplasm repository at Gene Bank NBAGR is 
being strengthened by preserving diversified 
form of germplasm (semen, embryos, DNA, 
epididymal sperms and somatic cells). Large 
number of frozen semen doses were added during 
the period. New initiatives were taken by 
preserving the germplasm inform of embryos and 
somatic cells of different breeds and species. The 
current status of  germplasm repository  is given 
below :

Genetic Characterization and Genomics

Genetic Characterization of Laddakhi Cattle

Micro-satellite based genetic characterization

T h e  FA O  r e c o m m e n d e d  b o v i n e  s p e c i fi c 
microsatellite markers were utilized to genotype 
48 animals of Ladakhi cattle.  

Various within breed diversity indices measured 
using bovine specific microsatellite markers viz., 
mean number of alleles (9.79±0.94); mean 
effective number of alleles (4.73±0.69) mean 
observed heterozygosity (0.749±0.014), mean 

expected heterozygosity (0.788±0.068), 
reflected sufficient genetic diversity in Ladakhi 
cattle. The phylogenetic analysis   revealed 
genetic distinctness of Ladaakhi population with 
respect to other analyzed Indigenous breeds of 
cattle

Mitochondrial DNA based diversity analysis

To uncover the mtDNA diversity status of Ladakhi 
cattle, a total of 40 random animals were utilized 
to amplify 1142 bp region of bovine mtDNA 

In vitro fertilization of sheep ova by epididymal
sperm and Zygote formation  

Allelic Heterozygosity of Ladakhi Cattle

Semen

Germplasm stored in Gene Bank

Germplasm Units/Species/Breeds
Frozen Semen 138674 doses of 45 breeds 

from 7 species
DNA  40 breeds of 5 species
Embryo  Ongole, Kankrej and Gir
Epididymal 1500 doses of three breeds of 

goat and sheep
Somatic Cells 404 vials from five animals of 

double humped camel

Phylogenetic relationship of Ladakhi cattle with
other cattle 
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between positions 15601 to 404, that included all 
the D-loop and flanking sequences at both ends. 
The number of haplotypes observed in Ladakhi 
cattle was 15 while haplotypic diversity was 0.942+ 
0.00186. Observed nucleotide diversity and pair 
wise nucleotide differences was 0.00384 and 
3.489, respectively. Within breed-wise population 
demography indices of Ladakhi cattle was 
comparable to other Indian cattle breeds No 
significant deviations from neutrality were 
identified in haplotypes from Ladakhi or other 
cattle breed (Tajima’s D:-1.5332, 0.10>P>0.05). In 
Ladakhi cattle, out of the 15 haplotypes, five were 
shared with other breeds, indicating similarity 
with other Indicine breeds.  A high proportion of 
haplotypes (10, 66.7%) were scored only once, 
indicating the existence of sufficient mtDNA 
haplotypic diversity in Ladakhi cattle. To explore 
the demography history and populat ion 
e x p a n s i o n  o f  L a d a k h i  c a t t l e ,  m i s m a t c h 
distributions was estimated. The data set for 
Ladakhi cattle showed a predominant unimodal 
peak at around 2 differences (mismatches), while 
a much smaller peak at around 29 mismatches.  
Individuals from major group differed from each 
other by 1 to 6 mismatches, while the individuals 
from minor group differed by 32 to 35 mismatches. 
The presence of a major and minor peak separated 
by a large time interval suggested complex 
expansion events in Ladakhi cattle

Characterization of genes associated with high 
altitude adaptation

Several genes related to high latitude hypoxia viz., 
arginase 2 (ARG 2), Forkhead box R2 (FoxR2), 
ADAM metallopeptidase domain 17 (ADAM17), 

matrix metallopeptidase7 (MMP7) and Hypoxia-
inducible factor 1-alpha (HIF1A) were sequence 
characterized in 24 animals of Ladakhi cattle and 
compared with other Indian native cattle and two 
Bos taurus breeds. Several single nucleotide 
variations (SNPs) were identified in 5’- and 3’- 
untranslated region (UTRs), and coding region of 
these genes. In future these SNPs could be utilized 
as genomic resource for understanding the 
molecular mechanism of high altitude adaptation 
in Ladakhi cattle. 

Considering the fact that Ladakhi cattle is the 
lifeline of local people of Leh-Ladakh region, 
efforts should be made to recognize and register 
this important cattle genetic resource. Farmers 
and stake holders should be educated to maintain 
the purity of this population and avoid mixing of 
local cattle with exotic Jersey cattle. Strategies 
should be designed to improve the management 
practices and production traits of this important 
cattle population and  breed society  should be 
established to conserve and propagate Ladakhi 
cattle.

Y-Chromosome Haplotypic Diversity 

H a p l o t y p e  d i v e r s i t y  b a s e d  o n  s e v e n  Y -
chromosomal microsatellites was explored in 202 
bulls representing 18 native cattle breeds of India. 
A total of nineteen Bos indicus specific haplotypes 
were identified. These haplotypes shared the 
previously described haplogroup/patriline Y3. The 
six most common haplotypes, H4Y3, H5Y3, H6Y3, 
H9Y3, H15Y3 and H18Y3, had a total frequency of 
around 93.56% . They were recorded in 9, 28, 11, 45, 
90 and 6 individuals and shared by 5, 7, 1, 6, 11 and 2 

Variations in genes associated with high altitude adaptation showing contrasting frequencies

across Ladakhi cattle vis a vis breeds from low altitude

Gene Total Variations Variations with frequencies

  Variation: Position Low altitude breeds Ladakhi cattle

ADAM1              12   

  C/A: 3ʼUTR (C/EBP;Oct-1) 0.946 0.048

  A/C:3ʼUTR (HNF-1) 0.054 0.952

FOXR2 4 None of the variation was observed with contrasting differences 

ADAM17 15   

  A391G : Glu/Gly 0.64  0.12 

  C1365T: Pro/Ser 1.00 0.12

MMP7 12   

  C548A: Pro/Pro 0.72  0.08 

  G587T: Glu/Pro 0.86  0.12 

HIF1α 16   

  C839T : Tyr/ Tyr  1.00  0.25 
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breeds,  respect ive ly .  Their  segregat ing 
frequencies were ranging from 2.97 % to 44.56%. 
The frequency of other 13 rare haplotypes was 
6.40%. Haplotype H15Y3 had the highest 
frequency (44.56%) and mostly represented in six 
lineages (Ongole, Sahiwal,Vechur, Gir, Rathi and 
Punganur). The second most common haplotype 
(H09Y3, 22.28%) was observed to be most 
frequent in three breeds (Kankrej, Mewati and 
Nagori). The 13 rare haplotypes were observed 
with low frequencies exclusively in one lineage, 
which was different for each haplotypes, except 
for the H6Y3.  Khillar lineage showed exclusive 
haplotype H6Y3 with a high frequency (55%). 
Overall Y-chromosome haplotype diversity of 
Indian native cattle breeds, without subdivision 
into lineages, was 0.38. The average FST value 
(0.42) over all B. indicus breeds indicated a 
considerable amount of the variation is explained 
by breed differences. All these haplotypes are 
reported for the first time and not been observed 
earlier in any National/International cattle breed.  

Genetic Diversity in Bargur Buffalo

The Bargur buffaloes are riverine type with 50 
number (2n) of chromosomes. This is supported 
by the Mt D-Loop hyper variable segment 
haplotype analysis. The haplotypes obtained were 
compared with ASW, Manipuri, Marathwada, 
Murrah, South Kanara and Toda buffaloes. A total 
of 40 haplotypes were observed with an overall 
haplotype diversity of 0.9524 and nucleotide 
diversity 0.03894. Three unique haplotypes were 
observed in Bargur buffalo with a haplotype 
diversity of 0.9111 and nucleotide diversity of 
0.01826. Median joining network analysis revealed 
clustering of Bargur buffalo with the riverine 
group. A total of 24 loci of neutral microsatellite 
markers were PCR amplified and genotyped in the 
population. All the loci studied in the population 
were polymorphic. Overall average number of 
alleles was 8.00±0.55 and average effective 
number of alleles was 3.85±0.25. The average 
observed (HO) and unbiased expected (uHe) 

heterozygosity were 0.66±0.04 and 0.71±0.032 for 
Bargur buffaloes. The observed heterozygosity in 
the studied population was found to be lower 
than the expected heterozygosity. FIS value was 
found to be 0.056±0.037.  Microsatellite diversity 
analysis revealed no recent bottle neck in the 

Bargur buffalo and gives L-shaped curve. The milk 
analysis revealed 8.59±0.62% fat and 9.10±0.19% 
SNF in Bargur buffalo milk.

Diversity in Buffalo Populations of Odisha

A survey was conducted in the breeding tract of 
Chilika buffaloes of Odisha. Twenty villages of five 
different blocks of Puri, Ganjam and Khorda 
districts, were visited. Total 73 blood samples 
were collected, majority from Krushnaprasad 
block of Puri district, where pure Chilika buffaloes 
are mainly concentrated. Most of the Chilika 
buffaloes in the area of Rambha in Ganjam and 
Balugaon in Khorda districts have been crossed 
with Murrah. In Bhusandpur block of Khorda 
district, pure Chilika buffaloes were found only in 
one village, Bidharpur, located at the banks of 
Chilika Lake. Blood samples from 34 animals were 
also collected for cytogenetic screening and 21 for 
sera samples. Histopaque purification of PBMCs 
carried out from 20 blood samples and RNA 
purified was utilized for real-time expression of 

Swamp-riverine hybrid metaphase spread of Chilika male buffalo

Y chromosome Haplotypes in Indian Cattle Breeds

Mode Shift Analysis in Bargur Buffalo
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heat adaptation related genes. Real-time PCR 
analysis of different set of constitutively 
expressed genes to select most suitable one for 
normalization of data, showed RPS15 and GAPDH 
as the most stably expressed genes. Cytogenetic 
screening of 30 Chilika buffaloes revealed 
presence of one male swamp-riverine hybrid 
(49n) animal, rests being riverine (50n). Hybrid 
animal found was from west cost of Chilika- 
Bidharpur village of Bhusandpur block in Khorda 
District.

Biochemical tests run on sera samples collected 
from 10 animals each of Chilika, Paralakhemundi 
and Murrah buffaloes showed relatively higher 
urea/creatinine ratio in Chilika, compared to 
Paralakhemundi and Murrah, an indication of 
Chilika being *Bovine reference values better 
adapted to dehydrated conditions animals are 
subjected to during grazing in the salty water of 
Chilika lake. However, serum cortisol levels did not 
show any significant variation across three buffalo 
populations. 

Microsatellite data generated for 23 markers on 
Chilika, Kalahandi and Paralakhemundi after 
comparison with other riverine and swamp 
buffaloes revealed considerable diversity across 
populations. Mode shift analysis divulged absence 
of bottleneck in all the three populations. 
Phylogenetic analysis has shown grouping of 
Assamese swamp into separate group from 

riverine buffaloes, Odisha buffaloes grouping 
close together. 

Genetic Diversity in Sheep Populations of 
Karnataka State

Phenotypic and genetic characterization of Mouli 
and Yalaga sheep populations of Karnataka was 
accomplished under field conditions. Genetic 
diversity studies were carried out using FAO 
recommended microsatellite markers. The values 
for effective number of alleles, mean observed 
heterozygosity and gene diversity were 5.23, 
0.637 and 0.783 in Mouli and 4.865, 0.596 and 
0.757 in Yalaga sheep respectively. Similar 
tendencies of three variables reflected the Mouli 
and Yalaga sheep populations to be under 
mutation drift equilibrium. A normal L-shaped 
curve under Mode shift test suggested absence of 

Serum proles for kidney function tests and cortisol in Chilika, Paralakhemundi and Murrah buffaloes

(10 samples each collected at moderate THI)

Breed Urea Creatinine Ur/Crtn Na K Cl P Uric Acid Cortisol

Chilika 21.2 0.9 25.421 134.35 7.801 99.16 8.76 0.54 0.844

Paralakhemundi 13.4 0.96 15.99 132.7 7.454 97.63 6.16 0.77 0.785

Murrah 11 1.56 7.623 136.5 5.076 100.43 5.53 0.39 0.842

*Reference value 6--27 1--2 NA 132-152 3.9-5.8 95-110 5.6-6.5 NA 0.47-0.75

(bovines)

 (ASW-Assamese swamp, MN-Manipur, ASW-SL- Assamese Silcher, CH-Chilika, PMN-Paralakhemundi, SK-South Kanara, 
MTW-Marathwada, KH-Kalahandi)

 ASW MN ASW-SL CH PMN SK MTW KH

ASW ----------- 0.249 0.183 0.304 0.227 0.192 0.163 0.306

MN 0.144 ---------- 0.030 0.307 0.243 0.175 0.152 0.365

ASW-SL 0.117 0.029 ---------- 0.262 0.196 0.131 0.118 0.303

CH 0.209 0.206 0.191 ---------- 0.062 0.228 0.231 0.095

PMN 0.172 0.178 0.163 0.056 ---------- 0.159 0.161 0.073

SK 0.144 0.15 0.127 0.155 0.134 ---------- 0.076 0.219

MTW 0.129 0.137 0.118 0.156 0.136 0.046 ---------- 0.225

KH 0.199 0.217 0.201 0.092 0.076 0.158 0.162 ----------

Microsatellite markers' diversity based pair-wise F  (above diagonal) and Nei’s genetic distanceST

(below diagonal) among different buffalo populations

Plot of multivariate correspondence analysis showing distribution
of animals of eight buffalo breeds/populations
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breeds,  respect ive ly .  Their  segregat ing 
frequencies were ranging from 2.97 % to 44.56%. 
The frequency of other 13 rare haplotypes was 
6.40%. Haplotype H15Y3 had the highest 
frequency (44.56%) and mostly represented in six 
lineages (Ongole, Sahiwal,Vechur, Gir, Rathi and 
Punganur). The second most common haplotype 
(H09Y3, 22.28%) was observed to be most 
frequent in three breeds (Kankrej, Mewati and 
Nagori). The 13 rare haplotypes were observed 
with low frequencies exclusively in one lineage, 
which was different for each haplotypes, except 
for the H6Y3.  Khillar lineage showed exclusive 
haplotype H6Y3 with a high frequency (55%). 
Overall Y-chromosome haplotype diversity of 
Indian native cattle breeds, without subdivision 
into lineages, was 0.38. The average FST value 
(0.42) over all B. indicus breeds indicated a 
considerable amount of the variation is explained 
by breed differences. All these haplotypes are 
reported for the first time and not been observed 
earlier in any National/International cattle breed.  

Genetic Diversity in Bargur Buffalo

The Bargur buffaloes are riverine type with 50 
number (2n) of chromosomes. This is supported 
by the Mt D-Loop hyper variable segment 
haplotype analysis. The haplotypes obtained were 
compared with ASW, Manipuri, Marathwada, 
Murrah, South Kanara and Toda buffaloes. A total 
of 40 haplotypes were observed with an overall 
haplotype diversity of 0.9524 and nucleotide 
diversity 0.03894. Three unique haplotypes were 
observed in Bargur buffalo with a haplotype 
diversity of 0.9111 and nucleotide diversity of 
0.01826. Median joining network analysis revealed 
clustering of Bargur buffalo with the riverine 
group. A total of 24 loci of neutral microsatellite 
markers were PCR amplified and genotyped in the 
population. All the loci studied in the population 
were polymorphic. Overall average number of 
alleles was 8.00±0.55 and average effective 
number of alleles was 3.85±0.25. The average 
observed (HO) and unbiased expected (uHe) 

heterozygosity were 0.66±0.04 and 0.71±0.032 for 
Bargur buffaloes. The observed heterozygosity in 
the studied population was found to be lower 
than the expected heterozygosity. FIS value was 
found to be 0.056±0.037.  Microsatellite diversity 
analysis revealed no recent bottle neck in the 

Bargur buffalo and gives L-shaped curve. The milk 
analysis revealed 8.59±0.62% fat and 9.10±0.19% 
SNF in Bargur buffalo milk.

Diversity in Buffalo Populations of Odisha

A survey was conducted in the breeding tract of 
Chilika buffaloes of Odisha. Twenty villages of five 
different blocks of Puri, Ganjam and Khorda 
districts, were visited. Total 73 blood samples 
were collected, majority from Krushnaprasad 
block of Puri district, where pure Chilika buffaloes 
are mainly concentrated. Most of the Chilika 
buffaloes in the area of Rambha in Ganjam and 
Balugaon in Khorda districts have been crossed 
with Murrah. In Bhusandpur block of Khorda 
district, pure Chilika buffaloes were found only in 
one village, Bidharpur, located at the banks of 
Chilika Lake. Blood samples from 34 animals were 
also collected for cytogenetic screening and 21 for 
sera samples. Histopaque purification of PBMCs 
carried out from 20 blood samples and RNA 
purified was utilized for real-time expression of 

Swamp-riverine hybrid metaphase spread of Chilika male buffalo

Y chromosome Haplotypes in Indian Cattle Breeds

Mode Shift Analysis in Bargur Buffalo
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heat adaptation related genes. Real-time PCR 
analysis of different set of constitutively 
expressed genes to select most suitable one for 
normalization of data, showed RPS15 and GAPDH 
as the most stably expressed genes. Cytogenetic 
screening of 30 Chilika buffaloes revealed 
presence of one male swamp-riverine hybrid 
(49n) animal, rests being riverine (50n). Hybrid 
animal found was from west cost of Chilika- 
Bidharpur village of Bhusandpur block in Khorda 
District.

Biochemical tests run on sera samples collected 
from 10 animals each of Chilika, Paralakhemundi 
and Murrah buffaloes showed relatively higher 
urea/creatinine ratio in Chilika, compared to 
Paralakhemundi and Murrah, an indication of 
Chilika being *Bovine reference values better 
adapted to dehydrated conditions animals are 
subjected to during grazing in the salty water of 
Chilika lake. However, serum cortisol levels did not 
show any significant variation across three buffalo 
populations. 

Microsatellite data generated for 23 markers on 
Chilika, Kalahandi and Paralakhemundi after 
comparison with other riverine and swamp 
buffaloes revealed considerable diversity across 
populations. Mode shift analysis divulged absence 
of bottleneck in all the three populations. 
Phylogenetic analysis has shown grouping of 
Assamese swamp into separate group from 

riverine buffaloes, Odisha buffaloes grouping 
close together. 

Genetic Diversity in Sheep Populations of 
Karnataka State

Phenotypic and genetic characterization of Mouli 
and Yalaga sheep populations of Karnataka was 
accomplished under field conditions. Genetic 
diversity studies were carried out using FAO 
recommended microsatellite markers. The values 
for effective number of alleles, mean observed 
heterozygosity and gene diversity were 5.23, 
0.637 and 0.783 in Mouli and 4.865, 0.596 and 
0.757 in Yalaga sheep respectively. Similar 
tendencies of three variables reflected the Mouli 
and Yalaga sheep populations to be under 
mutation drift equilibrium. A normal L-shaped 
curve under Mode shift test suggested absence of 

Serum proles for kidney function tests and cortisol in Chilika, Paralakhemundi and Murrah buffaloes

(10 samples each collected at moderate THI)

Breed Urea Creatinine Ur/Crtn Na K Cl P Uric Acid Cortisol

Chilika 21.2 0.9 25.421 134.35 7.801 99.16 8.76 0.54 0.844

Paralakhemundi 13.4 0.96 15.99 132.7 7.454 97.63 6.16 0.77 0.785

Murrah 11 1.56 7.623 136.5 5.076 100.43 5.53 0.39 0.842

*Reference value 6--27 1--2 NA 132-152 3.9-5.8 95-110 5.6-6.5 NA 0.47-0.75

(bovines)

 (ASW-Assamese swamp, MN-Manipur, ASW-SL- Assamese Silcher, CH-Chilika, PMN-Paralakhemundi, SK-South Kanara, 
MTW-Marathwada, KH-Kalahandi)

 ASW MN ASW-SL CH PMN SK MTW KH

ASW ----------- 0.249 0.183 0.304 0.227 0.192 0.163 0.306

MN 0.144 ---------- 0.030 0.307 0.243 0.175 0.152 0.365

ASW-SL 0.117 0.029 ---------- 0.262 0.196 0.131 0.118 0.303

CH 0.209 0.206 0.191 ---------- 0.062 0.228 0.231 0.095

PMN 0.172 0.178 0.163 0.056 ---------- 0.159 0.161 0.073

SK 0.144 0.15 0.127 0.155 0.134 ---------- 0.076 0.219

MTW 0.129 0.137 0.118 0.156 0.136 0.046 ---------- 0.225

KH 0.199 0.217 0.201 0.092 0.076 0.158 0.162 ----------

Microsatellite markers' diversity based pair-wise F  (above diagonal) and Nei’s genetic distanceST

(below diagonal) among different buffalo populations

Plot of multivariate correspondence analysis showing distribution
of animals of eight buffalo breeds/populations
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a recent reduction in the effective population size 
or a genetic bottleneck. 

Molecular and Physio-biochemical Evaluation of 
Heat Stress in Indian Sheep

The research was conducted to study how 
thermo-tolerance is modulated by HSP90 and 
HSP70 gene polymorphism and its association 
with hemato-physio-biochemical parameters, 
supported by their expression profiles in Chokla, 
Magra, Marwari, and Madras Red sheep breeds. 
Least square analysis revealed significant effect (P 
<  0 .05)  of  season and breed on a l l  the 
physiological parameters, i.e., temperature, 
respiratory rate, and pulse rate (a.m. and p.m.), as 
well as hematological parameters like Hb, packed 
cell volume, total erythrocyte count (TEC), 
neutrophil/lymphocyte (N/L) ratio, and total 
leukocyte count (TLC). There was a significant 
influence (P < 0.05) of breed on biochemical 
parameters such as glucose, SGOT, phosphorous, 
triglyceride, and cholesterol. Eight fragments 
were amplified and sequenced in HSP90, and 70 
genes and 13 single-nucleotide polymorphisms 
(SNPs) were identified. Tetra-primer amplification 
refractory mutation system PCR, PCR-RFLP, and 
allele-specific PCR genotyping protocols were 
developed for large-scale genotyping of five SNPs. 
A significant difference (P < 0.05) of rectal 
temperature (a.m.), respiratory rate (p.m.), 
triglyceride, and total protein was observed at 
SNP01; albumin at SNP2; pulse rate (p.m.) at SNP3; 
and rectal temperature (p.m.), pulse rate (p.m.), 
Hb (g/dL), and N/L ratio at SNP4 and TLC at SNP5. 
Gene expression analysis revealed higher 
expression in less adapted animals with Madras 
Red < Magra < Chokla < Marwari expression 
pattern. Predominant allele was found to be 
superior in most of the SNPs (SNP1-4) indicating 

the selection acting in directional manner 
(positive selection). Finally, it is concluded that 
TACCA haplotype combination of SNP1-SNP2-
SNP3-SNP4-SNP5 might be of some selection 
advantage for the identification of animals more 
adaptable to heat stress. A total of 80 plasma 
samples (10 animals per breed and per season) of 
Chokla, Marwari, Magra and Madras Red breed 
were used for the estimation of cortisol level by 
ELISA. The mean values for the Chokla was found 
to be 4.78±1.35 ng/ml, whereas for Marwari it was 
found to be 6.74±1.35 ng/ml. The level of serum 
cortisol in Magra sheep breeds was found to be 
9.14±1.46 ng/ml. In Madras Red sheep the mean 
value was found to be 7.19±1.38 ng/ml. The cortisol 
level was found to be higher in summer 
(7.85±0.98) than winter season (6.07±0.97).  
There was no significant effect (P<0.05) of cortisol 
level among breed, season and 5 identified SNPs 
of HSP90AA1 and HSP70 genes.

Genetic Diversity in Nagaland Goats

Microsatellite based genetic diversity in terms of 
allelic number, heterozygosity, inbreeding 
coefficient, Shannon’s information index, 
polymorphic  information contents were 
estimated using a battery of 25 markers. The 
observed number of alleles across the loci ranged 
from 2 (ETH225 & OarJMP29) to 9 (ILSTS058) with 
5.00 ± 0.393 mean number of alleles per locus.  The 
observed heterozygosity ranged from 0.043 
(ETH225) to 0.786 (OMHC1) with an overall mean 
of 0.347±0.040 whereas effective hetrozygosity 
ranged from 0.045 (OarJMP29) to 0.815 
(ILSTS058) with an overall mean of 0.499±0.051. 
The observed heterozygosity across the loci was 
less than effective hetrozygosity except for 
ILSTS059, OarJMP29, ILSTS34, ILSTS022 and 
RM088. The decreased heterozygosity pointed 
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towards the reduction of genetic diversity in the 
population. The population tested for HW 
equilibrium indicated departure from Hardy-
Weinberg Equilibrium (HWE) as chi-square value 
for most of the loci were significantly different 
(from the tabulated value,  P<0.05). The 
difference between the observed and expected 
heterozygosity can also be attributed to the non-
random mating among the individuals and 
possibility of inbreeding. This was also reflected 
by the positive FIS (0.258 ± 0.063) which varied 
from -0.467 (ILSTS022) to 0.776 (ETH225). The 
polymorphic information content value of a 
marker ranged from 0.045 (OarJMP29) to 0.815 
(ILSTS058) with an overall 0.494 ±0.052 revealing 
its usefulness in determining the genetic diversity. 
Shannon’s information index varying from 0.110 to 
1.811 with mean value 1.006±0.105 also supported 
the usefulness of primers used. A normal ‘L’ 
shaped distribution of mode–shift test, suggested 
the absence of bottleneck i.e. the reduction in the 
effective population size of Nagaland goats. 

On comparing with goats of Sikkim state and 
other goat breeds from plain region, Nagaland 
goats form a separate cluster indicating their 
genetic distinctness.   In view of the distinct 
phenotype, genotype of long hair goat and 
commercial utility of its hair, this particular 
population needs propagation and further 
genetic improvement.  

Caprine MHC Class II antigens

The Class II Major Histocompatibility Complex 
exon 2 DRB3.2 locus which is involved in antigen 
presentation has been observed to exhibit a very 
high level of genetic variability in humans, 
murines, bovines/ ruminants. MHC Class II DRB3.2 
locus was amplified was amplified by polymerase 
chain reaction from the Black Bengal (n=15), 
Barbari (n=15), Beetal (n=15), Osmannabadi (n=15) 
and Sangamneri (n=15) animals of indigenous goat 

breeds of the Indian subcontinent using the gene 
specific primers for amplification. The amplified 
product was put to digestion by restriction 
enzyme HaeIII and RsaI. The PCR-amplified 
products were digested with the restriction 
endonuclease (s) HaeIII and RsaI (New England 
Biolabs, Ipswich, MA). Digestions were performed 
in 200 μl PCR tubes, using a thermal cycler. After 
heat denaturation of the enzymes at 90°C for 30 
min, the restriction fragments were resolved on 
high resolution agarose gel (3.5 to 4.0 percent) in 
order to resolve the digested fragments. A 10bp/ 
50bp/100bp DNA ladder was used as a DNA size 
marker. The fragments were visualized by 
ethidium bromide staining of the gels. The analysis 
of the digestion patterns obtained is in progress. 

Genetic Diversity in Donkeys of Andhra Pradesh

The brown type donkeys of Andhra Pradesh, 
which are mainly concentrated in Kurnool and 
Anathapur districts, were evaluated for within 
breed genetic diversity and bottlenecks using 
heterologous microsatellite markers. The 
genomic DNA, isolated from twenty eight blood 
samples collected from the breeding tract, were 
amplified by PCR using FAM and HEX labeled 
primers and resolved for alleles on automatic DNA 
sequencer. In all twenty loci of the horse origin 
were tested and only twelve loci gave scorable 
results. Rest of the loci either did not amplify 
(HMS3 and HMS7) or did not resolve properly 
(VHL20) or showed less than four alleles (HMS5, 
HMS6, HTG4, ASB17 and COR22) in the studied 
population. At the twelve loci included in the final 
analysis, the PCR product size range varied from 
76-92 bp at locus HTG6 to 257-273 bp at locus 
COR18. The observed number of alleles varied 
from 4 (VHL209) to 10 (AHT5 and HTG7) with a 
mean of 6.92 ±1.83. The effective number of alleles 
ranged from 1.62 (VHL209) to 7.91 (AHT5) with a 
mean of 4.21 ± 2.06. The observed heterozygosity 
ranged from 0.32 (HMS2) to 0.92 (AHT5) with a 

Neighbour joining consensus tree showing long hair
Nagaland goats distinctly 
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Amplified MHC class II DRB 3.2 locus from Black Bengal goat digested
with Hae III
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a recent reduction in the effective population size 
or a genetic bottleneck. 

Molecular and Physio-biochemical Evaluation of 
Heat Stress in Indian Sheep

The research was conducted to study how 
thermo-tolerance is modulated by HSP90 and 
HSP70 gene polymorphism and its association 
with hemato-physio-biochemical parameters, 
supported by their expression profiles in Chokla, 
Magra, Marwari, and Madras Red sheep breeds. 
Least square analysis revealed significant effect (P 
<  0 .05)  of  season and breed on a l l  the 
physiological parameters, i.e., temperature, 
respiratory rate, and pulse rate (a.m. and p.m.), as 
well as hematological parameters like Hb, packed 
cell volume, total erythrocyte count (TEC), 
neutrophil/lymphocyte (N/L) ratio, and total 
leukocyte count (TLC). There was a significant 
influence (P < 0.05) of breed on biochemical 
parameters such as glucose, SGOT, phosphorous, 
triglyceride, and cholesterol. Eight fragments 
were amplified and sequenced in HSP90, and 70 
genes and 13 single-nucleotide polymorphisms 
(SNPs) were identified. Tetra-primer amplification 
refractory mutation system PCR, PCR-RFLP, and 
allele-specific PCR genotyping protocols were 
developed for large-scale genotyping of five SNPs. 
A significant difference (P < 0.05) of rectal 
temperature (a.m.), respiratory rate (p.m.), 
triglyceride, and total protein was observed at 
SNP01; albumin at SNP2; pulse rate (p.m.) at SNP3; 
and rectal temperature (p.m.), pulse rate (p.m.), 
Hb (g/dL), and N/L ratio at SNP4 and TLC at SNP5. 
Gene expression analysis revealed higher 
expression in less adapted animals with Madras 
Red < Magra < Chokla < Marwari expression 
pattern. Predominant allele was found to be 
superior in most of the SNPs (SNP1-4) indicating 

the selection acting in directional manner 
(positive selection). Finally, it is concluded that 
TACCA haplotype combination of SNP1-SNP2-
SNP3-SNP4-SNP5 might be of some selection 
advantage for the identification of animals more 
adaptable to heat stress. A total of 80 plasma 
samples (10 animals per breed and per season) of 
Chokla, Marwari, Magra and Madras Red breed 
were used for the estimation of cortisol level by 
ELISA. The mean values for the Chokla was found 
to be 4.78±1.35 ng/ml, whereas for Marwari it was 
found to be 6.74±1.35 ng/ml. The level of serum 
cortisol in Magra sheep breeds was found to be 
9.14±1.46 ng/ml. In Madras Red sheep the mean 
value was found to be 7.19±1.38 ng/ml. The cortisol 
level was found to be higher in summer 
(7.85±0.98) than winter season (6.07±0.97).  
There was no significant effect (P<0.05) of cortisol 
level among breed, season and 5 identified SNPs 
of HSP90AA1 and HSP70 genes.

Genetic Diversity in Nagaland Goats

Microsatellite based genetic diversity in terms of 
allelic number, heterozygosity, inbreeding 
coefficient, Shannon’s information index, 
polymorphic  information contents were 
estimated using a battery of 25 markers. The 
observed number of alleles across the loci ranged 
from 2 (ETH225 & OarJMP29) to 9 (ILSTS058) with 
5.00 ± 0.393 mean number of alleles per locus.  The 
observed heterozygosity ranged from 0.043 
(ETH225) to 0.786 (OMHC1) with an overall mean 
of 0.347±0.040 whereas effective hetrozygosity 
ranged from 0.045 (OarJMP29) to 0.815 
(ILSTS058) with an overall mean of 0.499±0.051. 
The observed heterozygosity across the loci was 
less than effective hetrozygosity except for 
ILSTS059, OarJMP29, ILSTS34, ILSTS022 and 
RM088. The decreased heterozygosity pointed 
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towards the reduction of genetic diversity in the 
population. The population tested for HW 
equilibrium indicated departure from Hardy-
Weinberg Equilibrium (HWE) as chi-square value 
for most of the loci were significantly different 
(from the tabulated value,  P<0.05). The 
difference between the observed and expected 
heterozygosity can also be attributed to the non-
random mating among the individuals and 
possibility of inbreeding. This was also reflected 
by the positive FIS (0.258 ± 0.063) which varied 
from -0.467 (ILSTS022) to 0.776 (ETH225). The 
polymorphic information content value of a 
marker ranged from 0.045 (OarJMP29) to 0.815 
(ILSTS058) with an overall 0.494 ±0.052 revealing 
its usefulness in determining the genetic diversity. 
Shannon’s information index varying from 0.110 to 
1.811 with mean value 1.006±0.105 also supported 
the usefulness of primers used. A normal ‘L’ 
shaped distribution of mode–shift test, suggested 
the absence of bottleneck i.e. the reduction in the 
effective population size of Nagaland goats. 

On comparing with goats of Sikkim state and 
other goat breeds from plain region, Nagaland 
goats form a separate cluster indicating their 
genetic distinctness.   In view of the distinct 
phenotype, genotype of long hair goat and 
commercial utility of its hair, this particular 
population needs propagation and further 
genetic improvement.  

Caprine MHC Class II antigens

The Class II Major Histocompatibility Complex 
exon 2 DRB3.2 locus which is involved in antigen 
presentation has been observed to exhibit a very 
high level of genetic variability in humans, 
murines, bovines/ ruminants. MHC Class II DRB3.2 
locus was amplified was amplified by polymerase 
chain reaction from the Black Bengal (n=15), 
Barbari (n=15), Beetal (n=15), Osmannabadi (n=15) 
and Sangamneri (n=15) animals of indigenous goat 

breeds of the Indian subcontinent using the gene 
specific primers for amplification. The amplified 
product was put to digestion by restriction 
enzyme HaeIII and RsaI. The PCR-amplified 
products were digested with the restriction 
endonuclease (s) HaeIII and RsaI (New England 
Biolabs, Ipswich, MA). Digestions were performed 
in 200 μl PCR tubes, using a thermal cycler. After 
heat denaturation of the enzymes at 90°C for 30 
min, the restriction fragments were resolved on 
high resolution agarose gel (3.5 to 4.0 percent) in 
order to resolve the digested fragments. A 10bp/ 
50bp/100bp DNA ladder was used as a DNA size 
marker. The fragments were visualized by 
ethidium bromide staining of the gels. The analysis 
of the digestion patterns obtained is in progress. 

Genetic Diversity in Donkeys of Andhra Pradesh

The brown type donkeys of Andhra Pradesh, 
which are mainly concentrated in Kurnool and 
Anathapur districts, were evaluated for within 
breed genetic diversity and bottlenecks using 
heterologous microsatellite markers. The 
genomic DNA, isolated from twenty eight blood 
samples collected from the breeding tract, were 
amplified by PCR using FAM and HEX labeled 
primers and resolved for alleles on automatic DNA 
sequencer. In all twenty loci of the horse origin 
were tested and only twelve loci gave scorable 
results. Rest of the loci either did not amplify 
(HMS3 and HMS7) or did not resolve properly 
(VHL20) or showed less than four alleles (HMS5, 
HMS6, HTG4, ASB17 and COR22) in the studied 
population. At the twelve loci included in the final 
analysis, the PCR product size range varied from 
76-92 bp at locus HTG6 to 257-273 bp at locus 
COR18. The observed number of alleles varied 
from 4 (VHL209) to 10 (AHT5 and HTG7) with a 
mean of 6.92 ±1.83. The effective number of alleles 
ranged from 1.62 (VHL209) to 7.91 (AHT5) with a 
mean of 4.21 ± 2.06. The observed heterozygosity 
ranged from 0.32 (HMS2) to 0.92 (AHT5) with a 
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mean of 0.57 ± 0.2. The expected heterozygosity 
ranged between 0.39 (VHL209) to 0.89 (AHT5 and 
HTG7) with a mean of 0.72 ± 0.14. The mean 
genetic diversity estimate (FIS) was 0.21 indicating 
a moderately high level of inbreeding. The 
cumulative exclusion probability (PE) of these loci 
was 0.999892 indicating their suitability for 
parentage testing in these donkeys. The sign test, 
standardized differences test, the Wilcoxon test 
using the allelic frequency data at the studied loci 
as well as normal ‘L’ shaped distribution of the 
allelic frequency indicated the absence of any 
recent genetic bottleneck in brown type donkeys 
of Andhra Pradesh. When these donkeys were 
compared to Spiti donkeys of Himachal Pradesh 
on the basis of allelic frequency data at these loci 
they showed Nei’s standard and unbiased genetic 
distances of 0.32 and 0.29, respectively.

Milk Metabolomics based Characterization

Milk metabolite profiles were generated in the 
project, as an essential pre-requisite to identify 
the biomolecule/s which can explain nutritional or 
technological edge of milk from indigenous cows. 
During the reported period, milk from Bos taurus, 
Bos indicus and cross bred cattle raised in 
intensive system of management was compared 
with that of indigenous cattle maintained under 
extensive system. Animals were free ranging and 
no form of nutrient supplement was provided in 
extensive system. Milk samples of Indigenous 
(Sahiwal), exotic (Holstein Friesian) and crossbred 
(Sahiwal x Holstein Friesian) cows were collected 
from Government Livestock Farm, Hisar, taking 
care to minimize the effect of variables affecting 
milk composition (Season, parity, lactation stage, 
feed and fodder and health condition). Mid 

lactation stage animals were selected as the least 
changes in the milk composition occurs at this 
stage. The statistical analysis was done using 
SPSS-one way ANOVA (followed by Post Hoc 
Test). Significance was set at P<0.05.

The concentration of nine minerals (Zn, Fe, Na, Ca, 
Mg, K, Ph, Cu and Cl) was quantified by inductively 
coupled plasma mass spectrometry (ICP-MS). 
Significantly higher (P<0.05) concentration of Zinc, 
Iron, Phosphorous and Copper was present in the 
milk of indigenous cattle maintained in extensive 
system. Whereas, Sodium was significantly lower. 
Calcium, Magnesium and Potassium were not 
affected by the management conditions. The results 
indicate that milk of grazing indigenous cows is a rich 
source of minerals which play important role in 
metabolism. The total amino acid (AA) content as 
quantified by HPLC-DAD was highest (g/100 g of 
milk) for the grazing indigenous cattle (3.61±0.05). 
Similarly, significantly higher (P<0.05) essential 
amino acids (EAA) could be deciphered in the milk 
of grazing indigenous cattle (1.63±0.02) as 
compared to all the three categories in the 
intensive system of management. 

F a t t y  a c i d s  w e r e  q u a n t i fi e d  b y  G a s 
chromatography. Significant differences (P<0.05) 
were observed among the studied groups with 
r e s p e c t  t o  s a t u r a t e d  f a t t y  a c i d  ( S F A ) 
concentration in the milk. The lowest level was 
detected in the grazing indigenous group (62.14%). 
M o r e  i m p o r t a n t l y ,  s i g n i fi c a n t l y  l o w e r 
concentrations of atherogenic (C12, 14 and 16) 
fatty acids could be recorded in the milk of 
indigenous cattle under extensive system of 
management. Considerable differences could be 
recorded among the extensively and intensively 

 Mineral prole of milk from cows maintained in intensive and extensive
systems of management

ns – non signicant; * P<0.05; ** P<0.01; *** P<0.001
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Minerals      Intensive    Extensive   Significance

      Management  Management

 Sahiwal  Holstein   Sahiwal x   Indigenous 

   Friesian  Holstein Friesian Grazing Cattle

 Mean SE Mean SE Mean SE Mean SE 
a a a bZinc 359.532  16.246 338.780  13.866 340.520  17.361 522.308  36.739 ***

a a a bIron 29.942  1.128 30.245  1.184 33.610  1.389 44.878  2.126 ***
a b b cSodium 41.353  0.896 47.195  1.554 48.348  2.323 25.490  1.749 ***

Calcium 123.177 2.000 122.250 1.955 118.533 2.609 119.098 2.521 ns

Magnesium 13.538 0.410 12.638 0.672 13.420 0.371 13.328 0.598 ns

Potassium 143.387 3.921 140.080 5.979 142.895 4.363 146.078 5.463 ns
a a a bPhosphorus 97.168  1.876 98.020  3.296 96.345  3.573 108.988  0.997 *

a a ab bCopper 9.732  0.494 9.975  0.528 10.988  0.751 12.235  0.645 *

managed groups with respect to the unsaturated 
fatty acids (UFA). They were highest in milk of 
grazing cattle (38.58%). This difference was mainly 
attributed to varying concentration of MUFA 

which was highest in grazing cattle (31.40%). 
Similarly, grazing cattle had higher milk PUFA level 
(7.18%). Similar trend was recorded with respect to 
total ω6 fatty acids (4.69% in grazing vs 3.87% in 
Sahiwal). Grazing resulted in higher ω3 fatty acids 
(1.74%). LA/ALA (2.49) as well as ω6/ω3 (2.72) ratio 
was significantly lower in the indigenous grazing 
cattle as compared to intensive management 
groups, where it varied from 3.07-3.49 and 4.12-
4.64, respectively. Milk fat is usually considered as 
proatherogenic thus atherogenic index (AI) was 
calculated. Milk of grazing cattle presents the 
minimum AI index (33.90). These differences in the 
FA profile can be attributed to the forest grazing 
that had a negative effect on the SFA and a positive 
effect on the unsaturated fatty acids.

β carotene concentration was of similar magnitude 
among the intensively managed cattle groups, 
where it varied within a narrow range of 178.12 
µg/100g (HF x Sahiwal) and 192.21µg/100g of milk 
(Sahiwal).  However,  more than two fold 
concentration was recorded in the milk of 
indigenous cattle maintained exclusively on 
grazing. Higher concentration of the β carotene 
adds value to the milk as carotenoids in cow’s milk 
and consequently in milk products are important for 
human health and nutrition. Moreover, milk fat 
carotenoids cause the yellow color of butter and 

many cheeses, which is positively perceived by 
many consumers as green image because of its 
association with grazing animals. 

Milk quality traits have become increasingly 
relevant as consumer awareness of healthy diet is 

growing. Our results suggest that grazing cattle 
have favorable milk composition characteristics. 
Healthfulness of milk obtained from indigenous 
cattle reared in extensive system of management 
can be assigned special value, which can become 
important tool to maintain native genetic 
resources characterized by low production levels.

Skeletal Muscle Transcriptome Profiling of 
Bandur (Mandya) Sheep

Body biometry and weight of rams of Bandur 
sheep and local sheep of Karnataka were 
recorded. All the animals were in the two-tooth 
stage (12-19 months) and their bodyweights 
ranged from 16-30kg. Carcass measurements like 
hot carcass weight, back fat thickness, fore 
saddle, hind saddle, foreleg, hind leg, rib eye area, 
pH, temperature of carcass, water holding 
capacity etc were also recorded. The backfat 
thickness was observed to be slightly greater in 
Bandur animals as compared to local sheep. 
Weights of wholesale cuts viz. neck, shoulder, fore 
shank, brisket, rack, loin, flank etc were measured. 
Tenderness of different muscles (longissimus 
d o r s i ,  b r a c h i c e p h a l i c u s ,  b i c e p , 
semimembranosus, psoas major, semitendinosus 
and tricep) was measured by taking average of 
shear force for a sample in triplicate. The 
tenderness values of different muscles of the 
Bandur sheep had lower values (12.74N-22.65N) as 
compared to those of local sheep (16.44N-
26.19N). The lower shear force values in Bandur 
sheep indicate greater tenderness which is a 
desirable trait. Sensory evaluation of the mutton 
revealed slightly higher juiciness and flavour in 
Bandur sheep meat but the difference between 
the two groups was not significant. Further, 

N
B

A
G

R 
A

N
N

U
A

L 
R

EP
O

R
T 

2
01

6
-1

7

33

G
EN

ET
IC

 C
H

A
R

A
C

T
ER

IZ
AT

IO
N

 &
 G

EN
O

M
IC

S

RESEARCH ACCOMPLISHMENTS RESEARCH ACCOMPLISHMENTS 



mean of 0.57 ± 0.2. The expected heterozygosity 
ranged between 0.39 (VHL209) to 0.89 (AHT5 and 
HTG7) with a mean of 0.72 ± 0.14. The mean 
genetic diversity estimate (FIS) was 0.21 indicating 
a moderately high level of inbreeding. The 
cumulative exclusion probability (PE) of these loci 
was 0.999892 indicating their suitability for 
parentage testing in these donkeys. The sign test, 
standardized differences test, the Wilcoxon test 
using the allelic frequency data at the studied loci 
as well as normal ‘L’ shaped distribution of the 
allelic frequency indicated the absence of any 
recent genetic bottleneck in brown type donkeys 
of Andhra Pradesh. When these donkeys were 
compared to Spiti donkeys of Himachal Pradesh 
on the basis of allelic frequency data at these loci 
they showed Nei’s standard and unbiased genetic 
distances of 0.32 and 0.29, respectively.

Milk Metabolomics based Characterization

Milk metabolite profiles were generated in the 
project, as an essential pre-requisite to identify 
the biomolecule/s which can explain nutritional or 
technological edge of milk from indigenous cows. 
During the reported period, milk from Bos taurus, 
Bos indicus and cross bred cattle raised in 
intensive system of management was compared 
with that of indigenous cattle maintained under 
extensive system. Animals were free ranging and 
no form of nutrient supplement was provided in 
extensive system. Milk samples of Indigenous 
(Sahiwal), exotic (Holstein Friesian) and crossbred 
(Sahiwal x Holstein Friesian) cows were collected 
from Government Livestock Farm, Hisar, taking 
care to minimize the effect of variables affecting 
milk composition (Season, parity, lactation stage, 
feed and fodder and health condition). Mid 

lactation stage animals were selected as the least 
changes in the milk composition occurs at this 
stage. The statistical analysis was done using 
SPSS-one way ANOVA (followed by Post Hoc 
Test). Significance was set at P<0.05.

The concentration of nine minerals (Zn, Fe, Na, Ca, 
Mg, K, Ph, Cu and Cl) was quantified by inductively 
coupled plasma mass spectrometry (ICP-MS). 
Significantly higher (P<0.05) concentration of Zinc, 
Iron, Phosphorous and Copper was present in the 
milk of indigenous cattle maintained in extensive 
system. Whereas, Sodium was significantly lower. 
Calcium, Magnesium and Potassium were not 
affected by the management conditions. The results 
indicate that milk of grazing indigenous cows is a rich 
source of minerals which play important role in 
metabolism. The total amino acid (AA) content as 
quantified by HPLC-DAD was highest (g/100 g of 
milk) for the grazing indigenous cattle (3.61±0.05). 
Similarly, significantly higher (P<0.05) essential 
amino acids (EAA) could be deciphered in the milk 
of grazing indigenous cattle (1.63±0.02) as 
compared to all the three categories in the 
intensive system of management. 

F a t t y  a c i d s  w e r e  q u a n t i fi e d  b y  G a s 
chromatography. Significant differences (P<0.05) 
were observed among the studied groups with 
r e s p e c t  t o  s a t u r a t e d  f a t t y  a c i d  ( S F A ) 
concentration in the milk. The lowest level was 
detected in the grazing indigenous group (62.14%). 
M o r e  i m p o r t a n t l y ,  s i g n i fi c a n t l y  l o w e r 
concentrations of atherogenic (C12, 14 and 16) 
fatty acids could be recorded in the milk of 
indigenous cattle under extensive system of 
management. Considerable differences could be 
recorded among the extensively and intensively 

 Mineral prole of milk from cows maintained in intensive and extensive
systems of management

ns – non signicant; * P<0.05; ** P<0.01; *** P<0.001
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Minerals      Intensive    Extensive   Significance

      Management  Management

 Sahiwal  Holstein   Sahiwal x   Indigenous 

   Friesian  Holstein Friesian Grazing Cattle

 Mean SE Mean SE Mean SE Mean SE 
a a a bZinc 359.532  16.246 338.780  13.866 340.520  17.361 522.308  36.739 ***

a a a bIron 29.942  1.128 30.245  1.184 33.610  1.389 44.878  2.126 ***
a b b cSodium 41.353  0.896 47.195  1.554 48.348  2.323 25.490  1.749 ***

Calcium 123.177 2.000 122.250 1.955 118.533 2.609 119.098 2.521 ns

Magnesium 13.538 0.410 12.638 0.672 13.420 0.371 13.328 0.598 ns

Potassium 143.387 3.921 140.080 5.979 142.895 4.363 146.078 5.463 ns
a a a bPhosphorus 97.168  1.876 98.020  3.296 96.345  3.573 108.988  0.997 *

a a ab bCopper 9.732  0.494 9.975  0.528 10.988  0.751 12.235  0.645 *

managed groups with respect to the unsaturated 
fatty acids (UFA). They were highest in milk of 
grazing cattle (38.58%). This difference was mainly 
attributed to varying concentration of MUFA 

which was highest in grazing cattle (31.40%). 
Similarly, grazing cattle had higher milk PUFA level 
(7.18%). Similar trend was recorded with respect to 
total ω6 fatty acids (4.69% in grazing vs 3.87% in 
Sahiwal). Grazing resulted in higher ω3 fatty acids 
(1.74%). LA/ALA (2.49) as well as ω6/ω3 (2.72) ratio 
was significantly lower in the indigenous grazing 
cattle as compared to intensive management 
groups, where it varied from 3.07-3.49 and 4.12-
4.64, respectively. Milk fat is usually considered as 
proatherogenic thus atherogenic index (AI) was 
calculated. Milk of grazing cattle presents the 
minimum AI index (33.90). These differences in the 
FA profile can be attributed to the forest grazing 
that had a negative effect on the SFA and a positive 
effect on the unsaturated fatty acids.

β carotene concentration was of similar magnitude 
among the intensively managed cattle groups, 
where it varied within a narrow range of 178.12 
µg/100g (HF x Sahiwal) and 192.21µg/100g of milk 
(Sahiwal).  However,  more than two fold 
concentration was recorded in the milk of 
indigenous cattle maintained exclusively on 
grazing. Higher concentration of the β carotene 
adds value to the milk as carotenoids in cow’s milk 
and consequently in milk products are important for 
human health and nutrition. Moreover, milk fat 
carotenoids cause the yellow color of butter and 

many cheeses, which is positively perceived by 
many consumers as green image because of its 
association with grazing animals. 

Milk quality traits have become increasingly 
relevant as consumer awareness of healthy diet is 

growing. Our results suggest that grazing cattle 
have favorable milk composition characteristics. 
Healthfulness of milk obtained from indigenous 
cattle reared in extensive system of management 
can be assigned special value, which can become 
important tool to maintain native genetic 
resources characterized by low production levels.

Skeletal Muscle Transcriptome Profiling of 
Bandur (Mandya) Sheep

Body biometry and weight of rams of Bandur 
sheep and local sheep of Karnataka were 
recorded. All the animals were in the two-tooth 
stage (12-19 months) and their bodyweights 
ranged from 16-30kg. Carcass measurements like 
hot carcass weight, back fat thickness, fore 
saddle, hind saddle, foreleg, hind leg, rib eye area, 
pH, temperature of carcass, water holding 
capacity etc were also recorded. The backfat 
thickness was observed to be slightly greater in 
Bandur animals as compared to local sheep. 
Weights of wholesale cuts viz. neck, shoulder, fore 
shank, brisket, rack, loin, flank etc were measured. 
Tenderness of different muscles (longissimus 
d o r s i ,  b r a c h i c e p h a l i c u s ,  b i c e p , 
semimembranosus, psoas major, semitendinosus 
and tricep) was measured by taking average of 
shear force for a sample in triplicate. The 
tenderness values of different muscles of the 
Bandur sheep had lower values (12.74N-22.65N) as 
compared to those of local sheep (16.44N-
26.19N). The lower shear force values in Bandur 
sheep indicate greater tenderness which is a 
desirable trait. Sensory evaluation of the mutton 
revealed slightly higher juiciness and flavour in 
Bandur sheep meat but the difference between 
the two groups was not significant. Further, 
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analysis for concentration of different minerals, 
fatty acid and amino acid profiling and RNA 
isolation from the longissimus dorsi muscle is in 
progress.  

Genome wide Diversity Analysis of Indian Yak 
Populations

Indian yak populations (Ladakhi and Sikkimi yaks) 
were considered for the present study. PCR 
amplification was performed to enrich and add 
the Illumina specific adapters and flowcell 
annealing sequences. The pooled samples were 
sequenced on a single lane of HiSEQ 2000. In 
Ladakhi and Sikkimi yaks, the number of reads 
ranged from 1227316 to 1126501. The average GC 
content of Ladakhi and Sikkimi yaks is 46.52 and 
45.80 respectively. The mean read quality Phred 
score in Ladakhi and Sikkimi yaks ranged from 
34.28 to 34.59 respectively. 

Karyotyping and DNA Testing for Screening 
Genetic Defects in Indian Bovines (Service 
Project)

Cytogenetic screening of 286 bulls of cattle (125) 
and buffalo (161) and 8 cows of 22 different 
government agencies was carried out during 2016-
17. Samples were screened for any chromosomal 
abnormality/aberration. Among the screened 
samples, two bulls Sahiwal and Red Sindhi were 
found to carry the chromosomal defect. Total 92 
cattle (73) and buffalo (19) bulls of different 
agencies were screened (DNA testing) for genetic 
diseases (Bovine leukocyte adhesion deficiency, 
deficiency of uridine mono phosphate synthase, 
Citrullinemia and factor XI deficiency). All the 
animals were found to carry normal genotype. 

PCR-RFLP test was developed for Jersey 
haplotype I ( JH I) and tetra ARMS PCR was 
developed for Congenital  Vertibral Malformation 
(CVM).  Efforts have also been made to develop 
multiplex tests for FXI deficiency + Citrullinemia 
and FXI deficiency + BLAD.  A revenue of 
Rs.3,30,800/- was generated through these 
services.

Network Project on AnGR (Core Lab)

The importance of indigenous livestock breeds and 
populations lies in their adaptation to local biotic and 
abiotic stresses and to traditional husbandry 
systems. However, most of these animal genetic 
resources do not have boundaries between distinct 
populations and are overlapping. Microsatellite 
based genetic characterization was done for the 
populations being characterized under XII plan 

under the network project. Measures of diversity 
which forms the basis for planning their utilization 
and/or conservation were calculated for ten 
populations of seven different species. Summary of 
within breed population estimates are as follows

All the populations except Tibetan sheep 
exhibited fair genetic variation which is evident 
f r o m  a v e r a g e  n u m b e r  o f  a l l e l e s  a n d 
heterozygosity. Despite high genetic diversity, 
significant heterozygote deficiency was also 
observed within seven populations. 

The diversity indices pointed towards diminished 
genetic diversity in the Tibetan, a valuable 
Himalayan sheep breed classified as endangered. 
The observed and expected heterozygosity values 
ranged from 0.150 (BM1314) to 0.9 (OarCP20) with 
an overall mean of 0.473�0.044 and from 0.329 
(BM8125) to 0.885 (BM6526) with an overall mean 
0.672�0.030, respectively. Thirteen microsatellite 
loci exhibited significant (p<0.05) departures 
from the Hardy–Weinberg proportions in the 
population. Maximum heterozygote deficiency 
(FIS) was also observed in the Tibetan sheep. The 
estimate of heterozygote deficiency varied from -
0.443 (OarCP20) to 0.668 (OarFCB128) with a 
mean positive value of 0.302�0.057. A normal ‘L’ 
shaped distribution of mode–shift test and non-
significant heterozygote excess on the basis of 
different models suggested absence of recent 
bottleneck in the existing Tibetan population. In 
view of the declining population of Tibetan sheep 
(less than 250) in the breeding tract, need of the 
hour is immediate scientific management of the 
population so as to increase the population hand 
in hand with retaining the founder alleles to the 
maximum possible extent. 

Indications of loss in the variability was also 
depicted by the higher heterozygote deficiency 
recorded for the Dharwadi buffalo (FIS = 19%), 
Hazra chicken (22%) and Arunachali Yak (14%). The 
consanguinity produced by mating between 
relatives can be one of the principal causes for loss 
of heterozygotes in these populations. The 
strategy of sampling very few animals/ birds from 
a herd/ flock was followed so as to minimize the 
artificial substructuring of the samples, the 
associated Wahlund effect as well as the inclusion 
of related animals. Therefore, the observed results 
seem to reveal real inbreeding in population. 
Ignorance of reproductive strategies is causing 
undesirable rates of inbreeding. This trend should 
be properly monitored by governmental and non-
governmental organizations involved in promoting 
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the development of animal husbandry in respective 
states.

The multi-locus FST values of breed differentiation 
for Jalori and Mewari camel indicated that only 3.7% 
of the total genetic variation was due to unique 
allelic differences between the breeds, with the 
remaining 96.3% corresponding to differences 
among individuals within the breed. However, 
population assignment and Bayesian based 
analysis established distinctness of two camel 
populations of Rajasthan. Assignment test 
correctly assigned 99% animals to their predefined 
population. All the animals of Jalori were assigned 
to its population whereas; only one animal of 
Mewari was assigned to the Jalori group.

Bayesian clustering analysis was used to infer how 
many clusters or sub-populations (K) were most 
appropriate for interpreting the camel genotype 
data without prior information on the number of 
locations at which the individuals were sampled as 
implemented in STRUCTURE v2.2. Likely value of K 
which best captures the variation present in the 
data following the Bayesian approach was two.

The information generated from the present study 

is based on the microsatellite markers that have 
previously been used for indigenous livestock 
diversity studies. Hence the data can be compared 
with that of registered breeds to establish their 
distinction from the catalogued gene pool. 
Diversity information can also be used in 
conjunction with the information on physical and 
phenotypic characteristics and management 
practices for registration of a population as a 
breed. 

Externally Funded Projects

W h o l e  G e n o m e  b a s e d  S N P  M i n i n g  a n d 
Development of Breed Signatures for Dairy and 
Dual-Purpose Indigenous Cattle (DBT)

72 DNA samples (18 random samples/breed) of 
Sahiwal, Tharparkar, Gir and Vechur breeds of 
cattle using 777K SNP chip were genotyped and 
analyzed using in-house computer scripts and 
other software’s in public domain.1000 markers 
were identified, which had the higher power to 
differentiate these cattle populations (Fst>0.28). 
These 1000 markers account for 39 % of the 
genetic variation between the breeds. The breeds 
were clearly classified into small and large sized 

Population assignment & clustering of jalori and mewari camel (STRUCTURE V2.2)

Genetic diversity in livestock populations

Species Breed/population Ho He Na Ne FIS

Buffalo Dharwadi 0.63±0.03 0.78±0.01 13.12±0.80 5.35±0.45 0.19±0.04

Chicken Hazara 0.62±0.03 0.80±0.02 14.96±0.82 6.61±0.42 0.22±0.03

Sheep Poonchi 0.77±0.04 0.76±0.02 8.56±0.52 4.5±0.31 -0.01±0.04

 Tibetan 0.47±0.04 0.67±0.03 5.92±0.39 3.7±0.334 0.30±0.06

Goat Bhakarwal 0.63±0.05 0.64±0.04 8.26±0.66 3.61±0.36 0.002±0.03

Donkey Rajasthani 0.63±0.07 0.62±0.05 8.16±0.89 3.79±0.53 0.07±0.07

Yak Arunachali 0.55±0.04 0.65±0.04 9.32±0.70 3.47±0.32 0.14±0.04

Cattle Kosali 0.69±0.04 0.77±0.02 11.42±0.88 4.99±0.37 0.08±0.04

Camel Jalori 0.60±0.06 0.64±0.05 7.84±1.05 4.02±0.48 0.05±0.05

 Mewari 0.60±0.05 0.66±0.05 8.52±0.97 4.55±0.98 0.09±0.05

*Signi�icant (P<0.05); **Signi�icant (P<0.01) differences of mean physiological parameter between the species a,bMean physiological 
parameter differs signi�icantly (P<0.05) with respect to the resting intervals N
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analysis for concentration of different minerals, 
fatty acid and amino acid profiling and RNA 
isolation from the longissimus dorsi muscle is in 
progress.  

Genome wide Diversity Analysis of Indian Yak 
Populations

Indian yak populations (Ladakhi and Sikkimi yaks) 
were considered for the present study. PCR 
amplification was performed to enrich and add 
the Illumina specific adapters and flowcell 
annealing sequences. The pooled samples were 
sequenced on a single lane of HiSEQ 2000. In 
Ladakhi and Sikkimi yaks, the number of reads 
ranged from 1227316 to 1126501. The average GC 
content of Ladakhi and Sikkimi yaks is 46.52 and 
45.80 respectively. The mean read quality Phred 
score in Ladakhi and Sikkimi yaks ranged from 
34.28 to 34.59 respectively. 

Karyotyping and DNA Testing for Screening 
Genetic Defects in Indian Bovines (Service 
Project)

Cytogenetic screening of 286 bulls of cattle (125) 
and buffalo (161) and 8 cows of 22 different 
government agencies was carried out during 2016-
17. Samples were screened for any chromosomal 
abnormality/aberration. Among the screened 
samples, two bulls Sahiwal and Red Sindhi were 
found to carry the chromosomal defect. Total 92 
cattle (73) and buffalo (19) bulls of different 
agencies were screened (DNA testing) for genetic 
diseases (Bovine leukocyte adhesion deficiency, 
deficiency of uridine mono phosphate synthase, 
Citrullinemia and factor XI deficiency). All the 
animals were found to carry normal genotype. 

PCR-RFLP test was developed for Jersey 
haplotype I ( JH I) and tetra ARMS PCR was 
developed for Congenital  Vertibral Malformation 
(CVM).  Efforts have also been made to develop 
multiplex tests for FXI deficiency + Citrullinemia 
and FXI deficiency + BLAD.  A revenue of 
Rs.3,30,800/- was generated through these 
services.

Network Project on AnGR (Core Lab)

The importance of indigenous livestock breeds and 
populations lies in their adaptation to local biotic and 
abiotic stresses and to traditional husbandry 
systems. However, most of these animal genetic 
resources do not have boundaries between distinct 
populations and are overlapping. Microsatellite 
based genetic characterization was done for the 
populations being characterized under XII plan 

under the network project. Measures of diversity 
which forms the basis for planning their utilization 
and/or conservation were calculated for ten 
populations of seven different species. Summary of 
within breed population estimates are as follows

All the populations except Tibetan sheep 
exhibited fair genetic variation which is evident 
f r o m  a v e r a g e  n u m b e r  o f  a l l e l e s  a n d 
heterozygosity. Despite high genetic diversity, 
significant heterozygote deficiency was also 
observed within seven populations. 

The diversity indices pointed towards diminished 
genetic diversity in the Tibetan, a valuable 
Himalayan sheep breed classified as endangered. 
The observed and expected heterozygosity values 
ranged from 0.150 (BM1314) to 0.9 (OarCP20) with 
an overall mean of 0.473�0.044 and from 0.329 
(BM8125) to 0.885 (BM6526) with an overall mean 
0.672�0.030, respectively. Thirteen microsatellite 
loci exhibited significant (p<0.05) departures 
from the Hardy–Weinberg proportions in the 
population. Maximum heterozygote deficiency 
(FIS) was also observed in the Tibetan sheep. The 
estimate of heterozygote deficiency varied from -
0.443 (OarCP20) to 0.668 (OarFCB128) with a 
mean positive value of 0.302�0.057. A normal ‘L’ 
shaped distribution of mode–shift test and non-
significant heterozygote excess on the basis of 
different models suggested absence of recent 
bottleneck in the existing Tibetan population. In 
view of the declining population of Tibetan sheep 
(less than 250) in the breeding tract, need of the 
hour is immediate scientific management of the 
population so as to increase the population hand 
in hand with retaining the founder alleles to the 
maximum possible extent. 

Indications of loss in the variability was also 
depicted by the higher heterozygote deficiency 
recorded for the Dharwadi buffalo (FIS = 19%), 
Hazra chicken (22%) and Arunachali Yak (14%). The 
consanguinity produced by mating between 
relatives can be one of the principal causes for loss 
of heterozygotes in these populations. The 
strategy of sampling very few animals/ birds from 
a herd/ flock was followed so as to minimize the 
artificial substructuring of the samples, the 
associated Wahlund effect as well as the inclusion 
of related animals. Therefore, the observed results 
seem to reveal real inbreeding in population. 
Ignorance of reproductive strategies is causing 
undesirable rates of inbreeding. This trend should 
be properly monitored by governmental and non-
governmental organizations involved in promoting 
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the development of animal husbandry in respective 
states.

The multi-locus FST values of breed differentiation 
for Jalori and Mewari camel indicated that only 3.7% 
of the total genetic variation was due to unique 
allelic differences between the breeds, with the 
remaining 96.3% corresponding to differences 
among individuals within the breed. However, 
population assignment and Bayesian based 
analysis established distinctness of two camel 
populations of Rajasthan. Assignment test 
correctly assigned 99% animals to their predefined 
population. All the animals of Jalori were assigned 
to its population whereas; only one animal of 
Mewari was assigned to the Jalori group.

Bayesian clustering analysis was used to infer how 
many clusters or sub-populations (K) were most 
appropriate for interpreting the camel genotype 
data without prior information on the number of 
locations at which the individuals were sampled as 
implemented in STRUCTURE v2.2. Likely value of K 
which best captures the variation present in the 
data following the Bayesian approach was two.

The information generated from the present study 

is based on the microsatellite markers that have 
previously been used for indigenous livestock 
diversity studies. Hence the data can be compared 
with that of registered breeds to establish their 
distinction from the catalogued gene pool. 
Diversity information can also be used in 
conjunction with the information on physical and 
phenotypic characteristics and management 
practices for registration of a population as a 
breed. 

Externally Funded Projects

W h o l e  G e n o m e  b a s e d  S N P  M i n i n g  a n d 
Development of Breed Signatures for Dairy and 
Dual-Purpose Indigenous Cattle (DBT)

72 DNA samples (18 random samples/breed) of 
Sahiwal, Tharparkar, Gir and Vechur breeds of 
cattle using 777K SNP chip were genotyped and 
analyzed using in-house computer scripts and 
other software’s in public domain.1000 markers 
were identified, which had the higher power to 
differentiate these cattle populations (Fst>0.28). 
These 1000 markers account for 39 % of the 
genetic variation between the breeds. The breeds 
were clearly classified into small and large sized 

Population assignment & clustering of jalori and mewari camel (STRUCTURE V2.2)

Genetic diversity in livestock populations

Species Breed/population Ho He Na Ne FIS

Buffalo Dharwadi 0.63±0.03 0.78±0.01 13.12±0.80 5.35±0.45 0.19±0.04

Chicken Hazara 0.62±0.03 0.80±0.02 14.96±0.82 6.61±0.42 0.22±0.03

Sheep Poonchi 0.77±0.04 0.76±0.02 8.56±0.52 4.5±0.31 -0.01±0.04

 Tibetan 0.47±0.04 0.67±0.03 5.92±0.39 3.7±0.334 0.30±0.06

Goat Bhakarwal 0.63±0.05 0.64±0.04 8.26±0.66 3.61±0.36 0.002±0.03

Donkey Rajasthani 0.63±0.07 0.62±0.05 8.16±0.89 3.79±0.53 0.07±0.07

Yak Arunachali 0.55±0.04 0.65±0.04 9.32±0.70 3.47±0.32 0.14±0.04

Cattle Kosali 0.69±0.04 0.77±0.02 11.42±0.88 4.99±0.37 0.08±0.04

Camel Jalori 0.60±0.06 0.64±0.05 7.84±1.05 4.02±0.48 0.05±0.05

 Mewari 0.60±0.05 0.66±0.05 8.52±0.97 4.55±0.98 0.09±0.05

*Signi�icant (P<0.05); **Signi�icant (P<0.01) differences of mean physiological parameter between the species a,bMean physiological 
parameter differs signi�icantly (P<0.05) with respect to the resting intervals N
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breeds indicating shared ancestry of large sized 
milch breeds (Gir, Tharparkar and Sahiwal). The 
highest linkage disequilibrium (LD) with r2=0.353 
was observed in Gir cattle and the lowest LD 
(r2=0.325) was found in Sahiwal. The total number 
of haplotype blocks were 8027, 15640 and 14237 in 
Sahiwal, Tharparkar and Gir cattle, respectively. 
There were 1138, 1528 and 1762 ROH regions in 
Sahiwal, Tharparkar and Gir cattle for ROH length 
>100 Kb. The highest level of heterozygosity (Ho = 
0.375, HE = 0.374) were found in the Sahiwal cattle 
and the lowest Ho (0.359) was observed in Gir 
cattle in large sized breeds. A total of 48, 30 and 60 
genes were found under selective sweeps for 
Sahiwal-Tharparkar, Sahiwal-Gir and Tharparkar-Gir 
breed pairs, respectively. The selective sweeps 
identified in these cattle breeds will help to map 
the quantitative trait loci (QTL) of economic 
important traits leading to genome-wide 
association studies (GWAS) in these cattle breeds. 

Development of Genomic Resources for 
Indigenous Cattle and Buffalo Breeds ( CaBin)

Over 100 SNPs in cattle across 6 candidate genes 
related to milk, disease resistance and adaptive 
traits in indigenous cattle have been catalogued. 
Lactoferrin gene was sequence characterized in 
Indian native cattle and identified 19 SNPs. 
Polymorphic loci have been identified in buffalo 
TNF-alpha, CXCR2 and NOD-like receptor-1 genes. 
Cataloguing of SNPs in buffalo TLR2, TLR4, NOD-
like receptors-1 & 2, TNF-alpha and CXCR2 genes 
has been accomplished. 

A database has been developed to store the 
information on genomic variations and sequences 
in candidate genes related to milk, disease 
resistance and adaptive traits on cattle and 
buffalo breeds. It includes gene name, genomic 
coordinates, sequence data, SNPs, type of SNPs 
and their frequency in different populations, 
novelty, related publications, and the information 
on validation and association. The database has 
been defined using MySQL. User interface for data 
entry and data view has been developed using 
HTML and PHP. It can be searched using key-terms 
on species, breeds, genes and traits. Compiled 
data on SNPs and sequences on candidate genes 
in cattle and buffalo breeds has been entered.

Transcriptome Analysis  and Differential 
Expression of Genes in Indian Camel – Camelus 
dromedarius and Camelus bactrianus ( CaBin)

Tissues of the two camel species along with the 
data of  Illumina 76 base pair paired end reads 

were  554 Million reads for dromedarian and 309 
million reads for bactrian camel. The tissue wise 
reads available were as follows.

Denovo assembly and annotation of contigs: Next 
Generation Sequencing data of ten tissues each of 
Camelus dromedarius and Camelus bactrianus 
were denovo assembled using five different 
denovo algorithms which were Trinitiy, Binpacker, 
Shannon, Soap and Velvet. The contigs obtained 
were annotated using various database. Primarily 
the cattle database was used for the purpose but 
the transcripts which could not be annotated 
using cattle database but yielded the proteins 
were annotated with the human transcriptome.

The total number of protein coding genes and non 
coding genes compared in each of the camel 

species are given below. The number of protein 
coding and non coding RNAs upregulated and 
down regulated are depicted in the table.

In addition to denovo assembly tissue wise the 
raw reads of the transcriptome of various tissues 
were separately mapped on the draft genomes 
available for camel and their relatives viz: Camelus 
dromedarius, Camelus bactrianus, Camelus ferus 
and Vicugna pacos. The exercise was carried out 
for identification of isoforms of various genes in 
both types of camel. 

The isoform analysis of the transcriptome using 
annotation procedures revealed 3100 genes to 
have two isoforms, 2000 genes of camel having 3 
isoforms, 1200 genes to have four isoforms, 750 
genes having 5 isoforms, 500 genes having 6 
isoforms and 650 genes having more than 10 
isoforms. 

Differential expression of genes were carried out 
using .bed files mapped using the Vicugna pacos 
using the annotated transcriptome of the species 
from Ensembl database. The Upregulated genes 
were subjected to gene ontology to identify the 

Tissue    No. of Reads (in Millions)
  Camelus  Camelus 
  dromedarius bactrianus

Kidney  59.17 35.13

Testis  42.67 29.25

Lungs  62.67 31.55

Skin  61.29 35.97

Brain  62.31 33.87

Muscle  59.04 41.02

Liver  52.69 34.49

Heart  62.63 34.15

Hypothalamus 61.57 33.21

Blood  29.54 -------
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processes. This was carried out for protein coding 
genes but also for microRNA. The further analysis 
was carried out using the comparative genomics 
by converting the Vicugna pacos genes to human 
genes using suitable conversion software. This 
exercise was carried out for the ten sets of tissues 
from bactrian as well as dromedarian camel. The 
database for Bactrian camel and dromedarian 
camel have been developed and are at present 
accessible through the following internet address:

 http://14.139.252.118/Dcamel/index.php  (for 
Dromedarian camel)

 http://14.139.252.118/Bcamel/index.php  (for 
Bactrian Camel)

The Camelus dromedarius transcriptome database 
(CDTT) has 404527 contig entries submitted to 
NCBI. The hyperlinked contig IDs of the database 
provide the sequence available at NCBI. The gene 
ontology terms of the contigs as annotated with 
Blast tool (Biological, cellular or molecular 
functions) are hyperlinked to Amigo2 database. 
The other annotations are with respect to the 
enzyme commission numbers and Pf domain. The 
Pf domain takes the user to the Conserved protein 
domain family. A search function provides  species, 
tissue as an option has been integrated so that the 
database can be searched as desired by the visitor. 
Similarly a SNP search function has been added. The 
microsatellite search of dinucleotide, trinucleotide 
etc  have been provided. The output provides the 
contig identifier of the genome, motif type, start 

and end position of the repeat motif, the score as 
well as the unit type is depicted. The Left (L) and 
the Right (R) flanking regions provide 100 base 
pairs on each side of the repeat motif for 
utilization of the primer designing.  We have 
integrated blast search tool which can be used for 
Blast for local Blast in the camel database or the 
NCBI database.  The CDTD 62238 dinucleotide 
m i c r o s a t e l l i t e s ,  7 2 7 5  t r i - n u c l e o t i d e s 
microsatellites and so on. 97437 microsatellites 
were found in dromedarian camel. The total 
number of SNP identified and can be visualized are 
392179.

Similarly for Bactrian camel (CBTD) there are 
307343 contigs in all. The total number of SNPs are 
277435 which can be visualized against the 
genome and six frame translation. Other 
functions of the database are same as that of  
dromedarian camel.

Work flow for De novo Assembly and annotation of transcripts

N
B

A
G

R 
A

N
N

U
A

L 
R

EP
O

R
T 

2
01

6
-1

7

Protein Co-ding
Genes expressed

Non Coding RNA
expressed

Protein
coding
Genes Up
regulated

Protein
coding
Genes
down
regulated

Non
Coding
RNA's up
regulated

Non
Coding
RNA's
down
regulated

MicroRNA
up
regulated

MicroRNA
down
regulated

Bacterian
Camel

Domedari
-an camel

Bacterian
Camel

Domedari
-an camel

Bacterian
Camel

Domedari
-an camel

Bacterian
Camel

Domedari
-an camel

Bacterian
Camel

Domedari
-an camel

7108

7409

6320

6534

6502

7027

7674

4258

7605

7579

6937

6597

5466

7168

7794

4143

7304

56

64

46

48

42

58

58

22

30

65

70

48

50

28

57

63

22

37

937

349

635

1766

236

2129

286

1122

1395

2180

454

2809

1471

2236

2026

388

579

1528

19

3

12

11

3

4

2

2

7

4

8

84

6

13

23

0

3

18

13

5

11

5

5

47

9

31

26

77

15

14

12

80

53

11

9

45

Tissue

Hypothalam
us

Brain

Heart

Kidney

Muscle

Testis

Lungs

Liver

Skin 6921

37RESEARCH ACCOMPLISHMENTS RESEARCH ACCOMPLISHMENTS 

Transcriptome analysis of camelus dromedarius and camelus bactrianus

EX
T

ER
N

A
LL

Y 
FU

N
D

ED
 P

R
O

JE
C

T
S



breeds indicating shared ancestry of large sized 
milch breeds (Gir, Tharparkar and Sahiwal). The 
highest linkage disequilibrium (LD) with r2=0.353 
was observed in Gir cattle and the lowest LD 
(r2=0.325) was found in Sahiwal. The total number 
of haplotype blocks were 8027, 15640 and 14237 in 
Sahiwal, Tharparkar and Gir cattle, respectively. 
There were 1138, 1528 and 1762 ROH regions in 
Sahiwal, Tharparkar and Gir cattle for ROH length 
>100 Kb. The highest level of heterozygosity (Ho = 
0.375, HE = 0.374) were found in the Sahiwal cattle 
and the lowest Ho (0.359) was observed in Gir 
cattle in large sized breeds. A total of 48, 30 and 60 
genes were found under selective sweeps for 
Sahiwal-Tharparkar, Sahiwal-Gir and Tharparkar-Gir 
breed pairs, respectively. The selective sweeps 
identified in these cattle breeds will help to map 
the quantitative trait loci (QTL) of economic 
important traits leading to genome-wide 
association studies (GWAS) in these cattle breeds. 

Development of Genomic Resources for 
Indigenous Cattle and Buffalo Breeds ( CaBin)

Over 100 SNPs in cattle across 6 candidate genes 
related to milk, disease resistance and adaptive 
traits in indigenous cattle have been catalogued. 
Lactoferrin gene was sequence characterized in 
Indian native cattle and identified 19 SNPs. 
Polymorphic loci have been identified in buffalo 
TNF-alpha, CXCR2 and NOD-like receptor-1 genes. 
Cataloguing of SNPs in buffalo TLR2, TLR4, NOD-
like receptors-1 & 2, TNF-alpha and CXCR2 genes 
has been accomplished. 

A database has been developed to store the 
information on genomic variations and sequences 
in candidate genes related to milk, disease 
resistance and adaptive traits on cattle and 
buffalo breeds. It includes gene name, genomic 
coordinates, sequence data, SNPs, type of SNPs 
and their frequency in different populations, 
novelty, related publications, and the information 
on validation and association. The database has 
been defined using MySQL. User interface for data 
entry and data view has been developed using 
HTML and PHP. It can be searched using key-terms 
on species, breeds, genes and traits. Compiled 
data on SNPs and sequences on candidate genes 
in cattle and buffalo breeds has been entered.

Transcriptome Analysis  and Differential 
Expression of Genes in Indian Camel – Camelus 
dromedarius and Camelus bactrianus ( CaBin)

Tissues of the two camel species along with the 
data of  Illumina 76 base pair paired end reads 

were  554 Million reads for dromedarian and 309 
million reads for bactrian camel. The tissue wise 
reads available were as follows.

Denovo assembly and annotation of contigs: Next 
Generation Sequencing data of ten tissues each of 
Camelus dromedarius and Camelus bactrianus 
were denovo assembled using five different 
denovo algorithms which were Trinitiy, Binpacker, 
Shannon, Soap and Velvet. The contigs obtained 
were annotated using various database. Primarily 
the cattle database was used for the purpose but 
the transcripts which could not be annotated 
using cattle database but yielded the proteins 
were annotated with the human transcriptome.

The total number of protein coding genes and non 
coding genes compared in each of the camel 

species are given below. The number of protein 
coding and non coding RNAs upregulated and 
down regulated are depicted in the table.

In addition to denovo assembly tissue wise the 
raw reads of the transcriptome of various tissues 
were separately mapped on the draft genomes 
available for camel and their relatives viz: Camelus 
dromedarius, Camelus bactrianus, Camelus ferus 
and Vicugna pacos. The exercise was carried out 
for identification of isoforms of various genes in 
both types of camel. 

The isoform analysis of the transcriptome using 
annotation procedures revealed 3100 genes to 
have two isoforms, 2000 genes of camel having 3 
isoforms, 1200 genes to have four isoforms, 750 
genes having 5 isoforms, 500 genes having 6 
isoforms and 650 genes having more than 10 
isoforms. 

Differential expression of genes were carried out 
using .bed files mapped using the Vicugna pacos 
using the annotated transcriptome of the species 
from Ensembl database. The Upregulated genes 
were subjected to gene ontology to identify the 

Tissue    No. of Reads (in Millions)
  Camelus  Camelus 
  dromedarius bactrianus

Kidney  59.17 35.13

Testis  42.67 29.25

Lungs  62.67 31.55

Skin  61.29 35.97

Brain  62.31 33.87

Muscle  59.04 41.02

Liver  52.69 34.49

Heart  62.63 34.15

Hypothalamus 61.57 33.21

Blood  29.54 -------
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processes. This was carried out for protein coding 
genes but also for microRNA. The further analysis 
was carried out using the comparative genomics 
by converting the Vicugna pacos genes to human 
genes using suitable conversion software. This 
exercise was carried out for the ten sets of tissues 
from bactrian as well as dromedarian camel. The 
database for Bactrian camel and dromedarian 
camel have been developed and are at present 
accessible through the following internet address:

 http://14.139.252.118/Dcamel/index.php  (for 
Dromedarian camel)

 http://14.139.252.118/Bcamel/index.php  (for 
Bactrian Camel)

The Camelus dromedarius transcriptome database 
(CDTT) has 404527 contig entries submitted to 
NCBI. The hyperlinked contig IDs of the database 
provide the sequence available at NCBI. The gene 
ontology terms of the contigs as annotated with 
Blast tool (Biological, cellular or molecular 
functions) are hyperlinked to Amigo2 database. 
The other annotations are with respect to the 
enzyme commission numbers and Pf domain. The 
Pf domain takes the user to the Conserved protein 
domain family. A search function provides  species, 
tissue as an option has been integrated so that the 
database can be searched as desired by the visitor. 
Similarly a SNP search function has been added. The 
microsatellite search of dinucleotide, trinucleotide 
etc  have been provided. The output provides the 
contig identifier of the genome, motif type, start 

and end position of the repeat motif, the score as 
well as the unit type is depicted. The Left (L) and 
the Right (R) flanking regions provide 100 base 
pairs on each side of the repeat motif for 
utilization of the primer designing.  We have 
integrated blast search tool which can be used for 
Blast for local Blast in the camel database or the 
NCBI database.  The CDTD 62238 dinucleotide 
m i c r o s a t e l l i t e s ,  7 2 7 5  t r i - n u c l e o t i d e s 
microsatellites and so on. 97437 microsatellites 
were found in dromedarian camel. The total 
number of SNP identified and can be visualized are 
392179.

Similarly for Bactrian camel (CBTD) there are 
307343 contigs in all. The total number of SNPs are 
277435 which can be visualized against the 
genome and six frame translation. Other 
functions of the database are same as that of  
dromedarian camel.

Work flow for De novo Assembly and annotation of transcripts
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CRP on Biodiversity

Somatic cell bank is extremely important for the 
recovery of endangered species. Thus double-
humped camel (Camelus bactrianus) ear marginal 
tissue fibroblast cell line from five samples, 
stocking 60 cryogenically-preserved vials (1×10¬6 
cells/ml) per animal, was successfully established 
by using primary explant technique and cell 
cryopreservation. The cells showed typical 
fusiform morphology with centrally located oval 
nuclei with radiating, flame like or whirlpool like 
migrating patterns. 

Four different commercially available media, 
known to support fibroblast cultures were tested 
with respect to growth potential for camel 
fibroblasts. Maximum total cell count with same 
seeding (80,000 cells) and under similar culture 
conditions was 6,75,000, 3,05,000, 13,90,000 and 
10,05,000cells/ml for MEM, DMEM+High glucose, 

DMEM+Ham’s F12 (1:1) and fibroblast specific 
media (HiFibroXLTM), respectively. Hence, 
DMEM+Ham’s F12 (1:1) with 10% FBS was used in 
subsequent passages. Cells followed a typical 
sigmoid growth curve with population doubling 
time of 30.6 hrs. Epithelial and fibroblast cells 
initially grew together. However, fibroblast cells 
outgrew their  epithel ial  counterparts in 
subsequent passages. 

RT-PCR was performed at different passages of 
individual samples using primers specific to 
Cytokeratin19 (CK19) and Osteopontin (OPN) in 
order to confirm the origin of cells and to identify 
cross-contamination with non-fibroblast cells. 
Osteocytes were absent from the beginning 
whereas, epithelial cells were eliminated after 1st 
passage. 

Thus the cells were cryopreserved at 4th to 6th 
passages. Chromosome karyotyping showed 
normal diploid (2n = 74) number. Cells were free 
from microbial contaminations. Cells had more 

than 90% viability in culture after 1 month of 
c r y o p r e s e r v a t i o n .  T h e s e  c e l l s  w e r e 
morphologically indistinguishable from the cell 
stocks prior to freezing. This research, not only 
preserves important genetic resource of Bactrian 
camel at the cell level, but also serves as a valuable 
resource for genome, post genome and somatic 
cell cloning research.

Identification of Markers for Economic Traits and 
Transcriptomics Study in Buffalo and Goats (CRP 
on Genomics)

SNP discovery and Genotyping of animals with 
phenotypic records

Genotyping by Sequencing (GBS) technique was 
used for creating a reduced representation library 
from genomic DNA for the purpose of discovering 
and scoring SNP variants. All the 12 Sires and their 
daughters were genotyped for these 6215 SNPs 
which  cover all the autosome of buffaloes.

The data was analysed family wise for different 
chromosomes (12 half  s ib famil ies).  The 
significance of the QTLs was tested using the 
permutation test. The analysis was later combined 
for the detection of QTLs on the basis of results of 
12 half sib families and each of the 24 autosomes of 
buffaloes. The combined analysis of the QTLs 
obtained family wise was done using Biomercator. 
The graphs of QTLs on each of the 24 autosomes (5 
metacentric and 19 acrocentric chromosomes) for 
milk fat and milk protein percentage and total fat 
yield and total protein yield, Age at first calving 
and Age at first heat and somatic cell score were 
prepared. The traits i.e. Milk yield, Fat percentage, 
Protein percentage, Somatic cell count, Total Fat 
Yield, Total Protein yield, Age at first calving, Age 
at first heat, were analysed for the detection of 
QTLs. A total of 65 QTLs have been identified for 
the somatic cell score in buffaloes. The QTLs were 
present on all autosome except the p arm of BBU4 
and autosome BBU6 and BBU19. This invention 
shall help in selection of sires for low somatic cell 
count for mastitis resistance in buffaloes. A total 
of 68 QTLs have been identified for age at first 
heat in buffaloes. The QTLs were present on all the 
24 autosomes except p arm of BBU1 and 
autosomes BBU6 and BBU19. A total of 86 QTLs 
have been identified for age at first calving in 
buffaloes. The QTLs were present on all the 24 
autosomes except autosomes BBU10, BBU22 and 
BBU24. A total of 87 QTLs have been identified for 
the milk yield in buffaloes. The QTLs were present 
on all the autosomes except the q arm of BBU3 
and p arm of BBU4. No QTL for milk yield was N
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identified on BBU19. A total of 310 QTLs have been 
identified for the fat percent, protein percent, 
total fat yield and total protein yield during first 
lactation in buffaloes. The number of QTLs were 71 
for milk fat percentage, 70 for milk protein 
percentage, 84 for total milk fat yield and 85 for 
total milk protein yield. The QTLs were present on 
all the autosomes BBU1 to BBU24 except q arm of 
BBU3 and autosome BBU13 for  milk fat 
percentage and except  q arm of BBU3 and 
autosome BBU10 for milk protein percentage and 
except p arm of BBU2 and BBU5 and autosome 
BBU17 & BBU23 in total milk fat yield and except p 
arm of BBU4 in total milk protein yield.

Development of a Medium Density SNP chip

We utilised the genotyping by sequencing 
technology with 15 populations of buffalo 
d i s t r i b u t e d  t h r o u g h o u t  t h e  c o u n t r y 
(Murrah, NiliRavi, Mehsana, Pandharpuri, 
Jaffarabadi, Banni, Chil ika, UP buffaloes, 
Swamp buffaloes of North East, Nagpuri, 
Bhadawari, Tarai, Marathwada, Kalahasthi, 
Kerala and Toda) populations were utilised 
for preparation of a genome wide chip for 
buffaloes. A total of 98346 SNPs have been 
identified which are genome wide and have 
passed the quality control parameters for 
d e v e l o p m e n t  i n t o  a n  S N P  A r r a y .  T h i s 
medium density SNP array can be used for 
genomic selection in buffaloes and shall cater to 

both riverine and swamp buffaloes. The mean 
distance among the SNPs is 27.9 Kb. 

Buffalo QTL database

All the identified quantitative trait loci in buffaloes 
have been compiled in the form  of a buffalo QTL 
database. It provides all the information about the 
QTL of buffaloes for various economic traits. The 
buffalo QTL database is accessible through the 
following site: 

http://14.139.252.118:8084/BuffaloQTL/

The QTLs have been identified for various 
economic traits based on the meta analysis of 
QTLs based on 12 sire half sib families. One can 
select the trait from the menu and then click the 
desired trait. It leads to 24 autosomes. The viewer 
can choose the chromosome of choice and this 
displays the various QTLs that have been 
identified. The QTLs are hyperlinked to the 
detailed information about the QTL. At the 
bottom is the information about the genes 
underlying the QTL region for the trait. The click 
leads to a set of genes that underlie the 
chromosomal region. Information is also provided 
about the name, ensemble ID (for both the human 
genes and or cattle genes). The names are 
hyperlinked to take a visitor to the Ensembl 
database. The genes that are colored pink are the 
genes which have already been associated with 
the trait of interest in human or cattle or both the 

Chromosome wise number of QTLs identified for  Milk yield 
and milk  composition (Fat and Protein Percentage %)

Chromosome wise QTLs identified for Somatic Cell Score 
(SCS), Total Fat and Total Protein in buffaloes

Number of genes identied for different milk traits

Trait Genes Identified Genes Reported

Milk yield 3819 1697

Fat % 2412 1438

Protein % 2638 1130

Total Fat 3095 1274

Total Protein 3505 1570

Somatic Cell Score 3342 1479 N
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CRP on Biodiversity

Somatic cell bank is extremely important for the 
recovery of endangered species. Thus double-
humped camel (Camelus bactrianus) ear marginal 
tissue fibroblast cell line from five samples, 
stocking 60 cryogenically-preserved vials (1×10¬6 
cells/ml) per animal, was successfully established 
by using primary explant technique and cell 
cryopreservation. The cells showed typical 
fusiform morphology with centrally located oval 
nuclei with radiating, flame like or whirlpool like 
migrating patterns. 

Four different commercially available media, 
known to support fibroblast cultures were tested 
with respect to growth potential for camel 
fibroblasts. Maximum total cell count with same 
seeding (80,000 cells) and under similar culture 
conditions was 6,75,000, 3,05,000, 13,90,000 and 
10,05,000cells/ml for MEM, DMEM+High glucose, 

DMEM+Ham’s F12 (1:1) and fibroblast specific 
media (HiFibroXLTM), respectively. Hence, 
DMEM+Ham’s F12 (1:1) with 10% FBS was used in 
subsequent passages. Cells followed a typical 
sigmoid growth curve with population doubling 
time of 30.6 hrs. Epithelial and fibroblast cells 
initially grew together. However, fibroblast cells 
outgrew their  epithel ial  counterparts in 
subsequent passages. 

RT-PCR was performed at different passages of 
individual samples using primers specific to 
Cytokeratin19 (CK19) and Osteopontin (OPN) in 
order to confirm the origin of cells and to identify 
cross-contamination with non-fibroblast cells. 
Osteocytes were absent from the beginning 
whereas, epithelial cells were eliminated after 1st 
passage. 

Thus the cells were cryopreserved at 4th to 6th 
passages. Chromosome karyotyping showed 
normal diploid (2n = 74) number. Cells were free 
from microbial contaminations. Cells had more 

than 90% viability in culture after 1 month of 
c r y o p r e s e r v a t i o n .  T h e s e  c e l l s  w e r e 
morphologically indistinguishable from the cell 
stocks prior to freezing. This research, not only 
preserves important genetic resource of Bactrian 
camel at the cell level, but also serves as a valuable 
resource for genome, post genome and somatic 
cell cloning research.

Identification of Markers for Economic Traits and 
Transcriptomics Study in Buffalo and Goats (CRP 
on Genomics)

SNP discovery and Genotyping of animals with 
phenotypic records

Genotyping by Sequencing (GBS) technique was 
used for creating a reduced representation library 
from genomic DNA for the purpose of discovering 
and scoring SNP variants. All the 12 Sires and their 
daughters were genotyped for these 6215 SNPs 
which  cover all the autosome of buffaloes.

The data was analysed family wise for different 
chromosomes (12 half  s ib famil ies).  The 
significance of the QTLs was tested using the 
permutation test. The analysis was later combined 
for the detection of QTLs on the basis of results of 
12 half sib families and each of the 24 autosomes of 
buffaloes. The combined analysis of the QTLs 
obtained family wise was done using Biomercator. 
The graphs of QTLs on each of the 24 autosomes (5 
metacentric and 19 acrocentric chromosomes) for 
milk fat and milk protein percentage and total fat 
yield and total protein yield, Age at first calving 
and Age at first heat and somatic cell score were 
prepared. The traits i.e. Milk yield, Fat percentage, 
Protein percentage, Somatic cell count, Total Fat 
Yield, Total Protein yield, Age at first calving, Age 
at first heat, were analysed for the detection of 
QTLs. A total of 65 QTLs have been identified for 
the somatic cell score in buffaloes. The QTLs were 
present on all autosome except the p arm of BBU4 
and autosome BBU6 and BBU19. This invention 
shall help in selection of sires for low somatic cell 
count for mastitis resistance in buffaloes. A total 
of 68 QTLs have been identified for age at first 
heat in buffaloes. The QTLs were present on all the 
24 autosomes except p arm of BBU1 and 
autosomes BBU6 and BBU19. A total of 86 QTLs 
have been identified for age at first calving in 
buffaloes. The QTLs were present on all the 24 
autosomes except autosomes BBU10, BBU22 and 
BBU24. A total of 87 QTLs have been identified for 
the milk yield in buffaloes. The QTLs were present 
on all the autosomes except the q arm of BBU3 
and p arm of BBU4. No QTL for milk yield was N
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identified on BBU19. A total of 310 QTLs have been 
identified for the fat percent, protein percent, 
total fat yield and total protein yield during first 
lactation in buffaloes. The number of QTLs were 71 
for milk fat percentage, 70 for milk protein 
percentage, 84 for total milk fat yield and 85 for 
total milk protein yield. The QTLs were present on 
all the autosomes BBU1 to BBU24 except q arm of 
BBU3 and autosome BBU13 for  milk fat 
percentage and except  q arm of BBU3 and 
autosome BBU10 for milk protein percentage and 
except p arm of BBU2 and BBU5 and autosome 
BBU17 & BBU23 in total milk fat yield and except p 
arm of BBU4 in total milk protein yield.

Development of a Medium Density SNP chip

We utilised the genotyping by sequencing 
technology with 15 populations of buffalo 
d i s t r i b u t e d  t h r o u g h o u t  t h e  c o u n t r y 
(Murrah, NiliRavi, Mehsana, Pandharpuri, 
Jaffarabadi, Banni, Chil ika, UP buffaloes, 
Swamp buffaloes of North East, Nagpuri, 
Bhadawari, Tarai, Marathwada, Kalahasthi, 
Kerala and Toda) populations were utilised 
for preparation of a genome wide chip for 
buffaloes. A total of 98346 SNPs have been 
identified which are genome wide and have 
passed the quality control parameters for 
d e v e l o p m e n t  i n t o  a n  S N P  A r r a y .  T h i s 
medium density SNP array can be used for 
genomic selection in buffaloes and shall cater to 

both riverine and swamp buffaloes. The mean 
distance among the SNPs is 27.9 Kb. 

Buffalo QTL database

All the identified quantitative trait loci in buffaloes 
have been compiled in the form  of a buffalo QTL 
database. It provides all the information about the 
QTL of buffaloes for various economic traits. The 
buffalo QTL database is accessible through the 
following site: 

http://14.139.252.118:8084/BuffaloQTL/

The QTLs have been identified for various 
economic traits based on the meta analysis of 
QTLs based on 12 sire half sib families. One can 
select the trait from the menu and then click the 
desired trait. It leads to 24 autosomes. The viewer 
can choose the chromosome of choice and this 
displays the various QTLs that have been 
identified. The QTLs are hyperlinked to the 
detailed information about the QTL. At the 
bottom is the information about the genes 
underlying the QTL region for the trait. The click 
leads to a set of genes that underlie the 
chromosomal region. Information is also provided 
about the name, ensemble ID (for both the human 
genes and or cattle genes). The names are 
hyperlinked to take a visitor to the Ensembl 
database. The genes that are colored pink are the 
genes which have already been associated with 
the trait of interest in human or cattle or both the 

Chromosome wise number of QTLs identified for  Milk yield 
and milk  composition (Fat and Protein Percentage %)

Chromosome wise QTLs identified for Somatic Cell Score 
(SCS), Total Fat and Total Protein in buffaloes

Number of genes identied for different milk traits

Trait Genes Identified Genes Reported

Milk yield 3819 1697

Fat % 2412 1438

Protein % 2638 1130

Total Fat 3095 1274

Total Protein 3505 1570

Somatic Cell Score 3342 1479 N
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species. The genes underlying the QTL were 
identified using comparative genomics. 

Comparative genomics was utilised for the 
identification of the gene underlying the QTLs 
regions of interest. We utilised the Buffalo- Cattle 
and Cattle - Human Synteny to identify the genes. 
The QTL positions on the chromosomes for milk 
yield (as representative of a trait) has been shown 
in above figure.

Genome Data Mining to Unravel Molecular basis 
of Thermotolerance and Adaptation to Diverse 
Environments in Native Cattle and Buffaloes 
(National Fellow project)

Identification of differentially expressed genes, 
biological processes and pathways

The transcriptome analysis of PBMCs from local 
native cattle of Ladakh from high altitude and 
Sahiwal cattle from low altitude resulted in 
identification of several hundred differentially 
expressed genes, biological processes, molecular 
f u n c t i o n s  a n d  p a t h w a y s .  A d d i t i o n a l l y , 
transcriptional pattern of hypoxia inducing factor-
1 (HIF-1) and several of its regulated genes in 
PBMCs samples of different cattle types adapted 
to high altitude hypoxia and low altitude normoxia 
conditions was also attempted. The data revealed 
distinct transcriptome signature of PBMCs in 
Sahiwal and Ladakhi cows as revealed by 
hierarchical, k-means clustering and distinct heat 

maps (Fig 1). Some of the most up-regulated 
genes in Ladakhi cows viz; INHBC, ITPRI, HECA, 
ABI3, GPR171, HIF-1α, VEGFA, NOS2, MYH2, 
PRKAA1 were involved in hypoxia response, stress 
response and biological regulation. In Sahiwal 
cows, the top most up-regulated genes included 
eEF1A1, GRO1, CXCL2, DEFB3, TGFB3, BOLA-DQA3 
were involved in  immune funct ion,  and 
inflammatory response  indicating their immune 
potential and active host defence mechanism to 
combat the pathogens prevalent in the tropical 
conditions. The metabolic and signall ing 
pathways most impacted in the study were, MAPK 
signalling, electron transport chain, apoptosis, IL2 
signalling, TGF-β receptor signalling, Toll-like 
receptors signalling, TNF-alpha and NF- kB 
signalling and GPCRs indicating signatures of 
adaptive evolution of these two cattle types in 
response to the diverse environments. Validation 
of transcriptome data using qPCR revealed 
significant increase in expression of hypoxia 
associated genes like HIF-1 and its regulated genes 
viz., glucose transporter 1 (GLUT1), vascular 
endothelial growth factor (VEGF) and hexokinase 
(HIK) in high altitude cattle in Ladakhi cows 
suggesting their pivotal role in high altitude 
adaptation.  Tissue specific expression abundance 
of  isoforms of Na/K ATPase gene in riverine 
buffaloes: RNA analysis showed tissue specific 
expression of ATP1A1, ATP1A2, ATP1A3 and ATP1A4 
isoforms. The expression level of ATP1A1 was high N
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in kidney (6.96), heart (6.43), brain (5.51) and lung 
(5.42); while intermediate level in testis (4.7), 
ovary (4.56), liver (4.24), fat (4.03) and low in the 
mammary gland (3.09), intestine (3.06), spleen 
(2.43) and muscle (0.96). ATP1A2 abundance was 
highest in muscles (13.11) followed by heart 
(10.01), brain (9.56), fat (5.95), ovary (5.83), kidney 
(5.78), intestine (4.77), spleen (4.62), mammary 
gland (2.97), lung (2.63), liver (1.25) and testis 
(0.80). In contrast to the ubiquitous expression of 
ATP1A1 and ATP1A2; ATP1A3 and ATP1A4 showed 
tissue specific expression. ATP1A3 was most 
abundant in brain (14.55) with lower expression in 
ovary (3.7) and heart (3.5). ATP1A4 also showed 
tissue specific expression pattern in buffaloes; 
primarily restricted to testis (21.13). The ubiquitous 
expression of ATP1A1 and ATP1A2 and tissue-
specific manner expression of ATP1A3 and ATP1A4 
observed in this study pointed towards the critical 
role that these isoforms of Na+/K+-ATPase gene 
might be playing in maintaining the ionic 
concentration in the cells and tissues in which they 
are expressed.

Effect of heat stress on cellular parameters in 
Sahiwal, HF Cattle and Murrah buffaloes

In order to assess the effect of heat stress on 
PBMCs, cell viability & cytotoxicity and apoptosis 
parameters were recorded in unstressed (CTR), 
and heat stressed (TRT) PBMCs recovered at 
different time points in Sahiwal cows, Holstein 

Friesian (HF) cows and Murrah buffaloes.  The cell 
viability count for TRT samples was lower than 
CTR.  Reduction in viability was highest for HF 
cows, followed by Murrah buffaloes and Sahiwal 
cows. The percent reduction in viability was 
significantly higher in HF at time points 4hr, 16 hr 
and 24hr post heat stress.  The percent increase in 
cytotoxicity was significantly (p<0.05) higher in HF 
cows than others. The increase in loss of plasma 
membrane integrity might have occurred due to 
either apoptosis or necrosis of PBMCs in response 
to heat stress as indicated by release of dead-cell 
proteases. The percent increase in cytotoxicity of 
PBMCs was significant at 30 min, 2hr and 4hr time 
points post heat stress in HF in comparison to 
Sahiwal and Murrah buffaloes.  Cytotoxic levels, 
apoptosis was highest in PBMCs of HF cows and 
reached to the maximum level at 16hr and 24hr 
post heat stress  showing higher rate of cell death. 
The study indicated superior cellular tolerance of 
Sahiwal cows than HF and Murrah buffaloes

MicroRNA profiling

The 12 microRNAs (miR-26a, miR-27b, miR-181a, 
miR-181b, mir-1246, miR-19a, miR-19b, miR-345-3p, 
miR-30-5p, miR-146a, miR-146b and miR-199a-3p) 
selected for the present study were associated 
with stress and immune response.  The expression 
pattern of each of these microRNAs indicate their 
responsiveness to heat stress. Immediately post 
heat stress (30 min) almost all the  miRNAs 

mRNA level of ATP1A1, ATP1A2, ATP1A3 and ATP1A4 genes across various tissues of  buffaloes.
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species. The genes underlying the QTL were 
identified using comparative genomics. 

Comparative genomics was utilised for the 
identification of the gene underlying the QTLs 
regions of interest. We utilised the Buffalo- Cattle 
and Cattle - Human Synteny to identify the genes. 
The QTL positions on the chromosomes for milk 
yield (as representative of a trait) has been shown 
in above figure.

Genome Data Mining to Unravel Molecular basis 
of Thermotolerance and Adaptation to Diverse 
Environments in Native Cattle and Buffaloes 
(National Fellow project)

Identification of differentially expressed genes, 
biological processes and pathways

The transcriptome analysis of PBMCs from local 
native cattle of Ladakh from high altitude and 
Sahiwal cattle from low altitude resulted in 
identification of several hundred differentially 
expressed genes, biological processes, molecular 
f u n c t i o n s  a n d  p a t h w a y s .  A d d i t i o n a l l y , 
transcriptional pattern of hypoxia inducing factor-
1 (HIF-1) and several of its regulated genes in 
PBMCs samples of different cattle types adapted 
to high altitude hypoxia and low altitude normoxia 
conditions was also attempted. The data revealed 
distinct transcriptome signature of PBMCs in 
Sahiwal and Ladakhi cows as revealed by 
hierarchical, k-means clustering and distinct heat 

maps (Fig 1). Some of the most up-regulated 
genes in Ladakhi cows viz; INHBC, ITPRI, HECA, 
ABI3, GPR171, HIF-1α, VEGFA, NOS2, MYH2, 
PRKAA1 were involved in hypoxia response, stress 
response and biological regulation. In Sahiwal 
cows, the top most up-regulated genes included 
eEF1A1, GRO1, CXCL2, DEFB3, TGFB3, BOLA-DQA3 
were involved in  immune funct ion,  and 
inflammatory response  indicating their immune 
potential and active host defence mechanism to 
combat the pathogens prevalent in the tropical 
conditions. The metabolic and signall ing 
pathways most impacted in the study were, MAPK 
signalling, electron transport chain, apoptosis, IL2 
signalling, TGF-β receptor signalling, Toll-like 
receptors signalling, TNF-alpha and NF- kB 
signalling and GPCRs indicating signatures of 
adaptive evolution of these two cattle types in 
response to the diverse environments. Validation 
of transcriptome data using qPCR revealed 
significant increase in expression of hypoxia 
associated genes like HIF-1 and its regulated genes 
viz., glucose transporter 1 (GLUT1), vascular 
endothelial growth factor (VEGF) and hexokinase 
(HIK) in high altitude cattle in Ladakhi cows 
suggesting their pivotal role in high altitude 
adaptation.  Tissue specific expression abundance 
of  isoforms of Na/K ATPase gene in riverine 
buffaloes: RNA analysis showed tissue specific 
expression of ATP1A1, ATP1A2, ATP1A3 and ATP1A4 
isoforms. The expression level of ATP1A1 was high N
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in kidney (6.96), heart (6.43), brain (5.51) and lung 
(5.42); while intermediate level in testis (4.7), 
ovary (4.56), liver (4.24), fat (4.03) and low in the 
mammary gland (3.09), intestine (3.06), spleen 
(2.43) and muscle (0.96). ATP1A2 abundance was 
highest in muscles (13.11) followed by heart 
(10.01), brain (9.56), fat (5.95), ovary (5.83), kidney 
(5.78), intestine (4.77), spleen (4.62), mammary 
gland (2.97), lung (2.63), liver (1.25) and testis 
(0.80). In contrast to the ubiquitous expression of 
ATP1A1 and ATP1A2; ATP1A3 and ATP1A4 showed 
tissue specific expression. ATP1A3 was most 
abundant in brain (14.55) with lower expression in 
ovary (3.7) and heart (3.5). ATP1A4 also showed 
tissue specific expression pattern in buffaloes; 
primarily restricted to testis (21.13). The ubiquitous 
expression of ATP1A1 and ATP1A2 and tissue-
specific manner expression of ATP1A3 and ATP1A4 
observed in this study pointed towards the critical 
role that these isoforms of Na+/K+-ATPase gene 
might be playing in maintaining the ionic 
concentration in the cells and tissues in which they 
are expressed.

Effect of heat stress on cellular parameters in 
Sahiwal, HF Cattle and Murrah buffaloes

In order to assess the effect of heat stress on 
PBMCs, cell viability & cytotoxicity and apoptosis 
parameters were recorded in unstressed (CTR), 
and heat stressed (TRT) PBMCs recovered at 
different time points in Sahiwal cows, Holstein 

Friesian (HF) cows and Murrah buffaloes.  The cell 
viability count for TRT samples was lower than 
CTR.  Reduction in viability was highest for HF 
cows, followed by Murrah buffaloes and Sahiwal 
cows. The percent reduction in viability was 
significantly higher in HF at time points 4hr, 16 hr 
and 24hr post heat stress.  The percent increase in 
cytotoxicity was significantly (p<0.05) higher in HF 
cows than others. The increase in loss of plasma 
membrane integrity might have occurred due to 
either apoptosis or necrosis of PBMCs in response 
to heat stress as indicated by release of dead-cell 
proteases. The percent increase in cytotoxicity of 
PBMCs was significant at 30 min, 2hr and 4hr time 
points post heat stress in HF in comparison to 
Sahiwal and Murrah buffaloes.  Cytotoxic levels, 
apoptosis was highest in PBMCs of HF cows and 
reached to the maximum level at 16hr and 24hr 
post heat stress  showing higher rate of cell death. 
The study indicated superior cellular tolerance of 
Sahiwal cows than HF and Murrah buffaloes

MicroRNA profiling

The 12 microRNAs (miR-26a, miR-27b, miR-181a, 
miR-181b, mir-1246, miR-19a, miR-19b, miR-345-3p, 
miR-30-5p, miR-146a, miR-146b and miR-199a-3p) 
selected for the present study were associated 
with stress and immune response.  The expression 
pattern of each of these microRNAs indicate their 
responsiveness to heat stress. Immediately post 
heat stress (30 min) almost all the  miRNAs 

mRNA level of ATP1A1, ATP1A2, ATP1A3 and ATP1A4 genes across various tissues of  buffaloes.
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Relative miRNA level in PBMCs of Murrah buffaloes, Sahiwal and HF cows in response to heat stress. Statistical 
difference in expression was determined by the ANOVA1 test followed by Tukey’s multiple comparison tests. * 

indicate significant differences between time points (p<0.05)
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showed significant (p<0.05) induction in their 
expression, especially in Sahiwal PBMCs. 

In-silico analysis of SNPs impact on protein 
structure of bovine HSP70.1 gene

In-silico analysis of 15 nsSNPs (12 from dbSNPs and 3 
from native Indian cattle breeds) identified four highly 
deleterious nsSNPs {(rs443101756 (T145P), 
rs444047738 (G201), rs444047738 (G201R) and 
rs439440803 (A259D)}. The analysis with PROVEAN, I-
Mutant, PANTHER, PhD-SNP and SNPs & GO tools 
revealed pathogenic nature of these 4 nsSNPs. The 
results suggest that application of computational 
pipeline as followed in the present study could 
provide an alternate approach to select potential 
target SNPs for assessing their impact on protein 
structure and function.

Identification of Genes and Molecular Pathways 
associated with endurance trait in Zanskar ponies 
adapted to high altitude of Ladakh region 
(DIHAR-DRDO project)

A total of 12 Zanskar animals and 6 GS mules 
maintained at Zanskar Ponies Breeding Unit 
located inside Siachen Vets of Remount Veterinary 
Services (RVS), Partapur, Leh were subjected to 
endurance exercise. Data recording for each 
animal was carried out on three time points i.e. 
pre-stress (T0), post- stress (T1) and post recovery 
period (T2). Physiological parameters viz. 
respiration rate (RR), pulse rate (PR), heart rate 
(HR), rectal temperature (RT), dorsal body 

temperature (DBT), ventral body temperature 
(VBT) and head temperature (HT) in both the 
species; Zanskar ponies and GS mules were 
recorded. The results revealed that, GS ponies had 
significantly higher PR, SaO2, DBT, VBT and HT 
than Zanskar ponies. The RR, PR, HR and RT 
increased significantly during the T1 period and 
come down to almost normal level during T2 
period in both the animals. The increase in RR, PR, 
HR and RT was 1.25, 1.26, 1.18 and 1.01 times in 
Zanskar ponies and 1.47, 1.44, 1.4 and 1.03 times in 
GS mules. Hence, the data indicated that the 
exercise regimen carried out during the 
experimentation resulted in modulation of 
various physiological responses in the Zanskar 
ponies and GS mules.

An effort was also made to generate RNA seq 
based transciptome data of 9 PBMCs samples 3 
each from pre-exercise (T0), post- exercise (T1) 
and post recovery period (T2) groups.  This has 
helped to understand the modulation in 
transcriptome of Zanskar ponies PBMCs and 
identify the genes up-or down-regulated in 
before and after endurance exercise at high 
altitude.  At FDR <0.05, a total of 115 transcripts 
were found to be differentially expressed 
across three time points.  Several genes related 
to stress, abiotic stimulus, biotic stimulus, 
inflammatory response, chemokines, cyclin 
dependent protein kinase, cell-cell adhesion 
molecules were shown to be differentially 
expressed across three time points. 

Distinct transcriptome signature between tropically adapted
Sahiwal cows and high altitude Ladakhi cows
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Relative miRNA level in PBMCs of Murrah buffaloes, Sahiwal and HF cows in response to heat stress. Statistical 
difference in expression was determined by the ANOVA1 test followed by Tukey’s multiple comparison tests. * 

indicate significant differences between time points (p<0.05)
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showed significant (p<0.05) induction in their 
expression, especially in Sahiwal PBMCs. 

In-silico analysis of SNPs impact on protein 
structure of bovine HSP70.1 gene

In-silico analysis of 15 nsSNPs (12 from dbSNPs and 3 
from native Indian cattle breeds) identified four highly 
deleterious nsSNPs {(rs443101756 (T145P), 
rs444047738 (G201), rs444047738 (G201R) and 
rs439440803 (A259D)}. The analysis with PROVEAN, I-
Mutant, PANTHER, PhD-SNP and SNPs & GO tools 
revealed pathogenic nature of these 4 nsSNPs. The 
results suggest that application of computational 
pipeline as followed in the present study could 
provide an alternate approach to select potential 
target SNPs for assessing their impact on protein 
structure and function.

Identification of Genes and Molecular Pathways 
associated with endurance trait in Zanskar ponies 
adapted to high altitude of Ladakh region 
(DIHAR-DRDO project)

A total of 12 Zanskar animals and 6 GS mules 
maintained at Zanskar Ponies Breeding Unit 
located inside Siachen Vets of Remount Veterinary 
Services (RVS), Partapur, Leh were subjected to 
endurance exercise. Data recording for each 
animal was carried out on three time points i.e. 
pre-stress (T0), post- stress (T1) and post recovery 
period (T2). Physiological parameters viz. 
respiration rate (RR), pulse rate (PR), heart rate 
(HR), rectal temperature (RT), dorsal body 

temperature (DBT), ventral body temperature 
(VBT) and head temperature (HT) in both the 
species; Zanskar ponies and GS mules were 
recorded. The results revealed that, GS ponies had 
significantly higher PR, SaO2, DBT, VBT and HT 
than Zanskar ponies. The RR, PR, HR and RT 
increased significantly during the T1 period and 
come down to almost normal level during T2 
period in both the animals. The increase in RR, PR, 
HR and RT was 1.25, 1.26, 1.18 and 1.01 times in 
Zanskar ponies and 1.47, 1.44, 1.4 and 1.03 times in 
GS mules. Hence, the data indicated that the 
exercise regimen carried out during the 
experimentation resulted in modulation of 
various physiological responses in the Zanskar 
ponies and GS mules.

An effort was also made to generate RNA seq 
based transciptome data of 9 PBMCs samples 3 
each from pre-exercise (T0), post- exercise (T1) 
and post recovery period (T2) groups.  This has 
helped to understand the modulation in 
transcriptome of Zanskar ponies PBMCs and 
identify the genes up-or down-regulated in 
before and after endurance exercise at high 
altitude.  At FDR <0.05, a total of 115 transcripts 
were found to be differentially expressed 
across three time points.  Several genes related 
to stress, abiotic stimulus, biotic stimulus, 
inflammatory response, chemokines, cyclin 
dependent protein kinase, cell-cell adhesion 
molecules were shown to be differentially 
expressed across three time points. 

Distinct transcriptome signature between tropically adapted
Sahiwal cows and high altitude Ladakhi cows
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RNA seq based transcriptome analysis of Zanskar PBMCs (Pre and Post stress)
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Delineating Beta Casein Variants in Indian Cows 
and Potential Health Implications of A1A2 Milk 
(NASF project)

Sequence characterization of beta casein gene in 
Indian native and exotic cattle to find out allelic 
variations

Sequence characterization of beta casein gene 
was carried out to determine the variants/ 
haplotypes across Indian native (Gir, Tharparkar, 
Rathi, Red Sindhi, Sahiwal, Amritmahal, Kangyam, 
Red Kandhari, MalnadGidda, Umblacherry, 
Ladakhi, Hariana, Ongole, Kankrej, Deoni, Nagori, 
Ponwar), crossbred (Karan fries) and exotic 
(Holstein Frisian) cattle. Sequencing of 2,021 bp 
amplicon; contig of 1,854 bp (-1,653 to +201) was 
generated for β-CN 5’-flanking region. Search for 
potential TFBSs from TRANSFAC database 
revealed a total of 13 different putative sites. Apart 
from consensus sequences of TATA box, CAAT box 
and C/EBP, other predicted transcriptional factors 
included Oct-1, HNF, C/EBP, AP, TBP, NF-Y, YY1, 
Pit1, POU1F1a, PR, GR and MAF. The distribution of 
SNP with an average of every 236 bp (7 
SNP/1653bp) revealed the promoter region of β-
CN to be highly conserved among the casein 
cluster genes. Amongst the 7 variations (-1582, 
C>T; -1385, T>C; -1373, G>A; -1340, C>G; -1270, T>G; -
1219, T>C and -109, C>G) detected within the -
1653bp promoter region across Indian cattle 
breeds; variations at three sites -1582 (C>T), -
1373(G>A) and -1340 (C>G) were found to be 
located within the potential binding sites for Oct-1, 
POU1F1a and Oct-1 TFs, respectively, which might 
possibly be involved in gain or loss of potential 
TFBSs. 

On comparative analysis with Bos taurus, 4 
INDELS were found at positions -1430 (-/T), -893 (-
/C), -848 (-/T) and -833 (-/T) and were not located 
within any potential TFBSs. In all the Indian cattle 

sequence, a T insertion appeared at –848 with 
reference to B. taurus sequence (M55158), which 
differs from the original database sequence. 
Amongst the known seven variations (C-109G T-
264C, C-352T, T-474C, T-520(-), T-851A and A-928G) 
in the β-CN promoter region, only C-109G variation 
was observed in Indian native cattle breeds. The 
location of most of the TFs was conserved across 
Bos taurus and B. indicus. Throughout the region 
screened, variation at -1340 (C/G) in the promoter 
region exhibited maximum frequency (0.67) 
while, variations at 198 (A/-) and 199 (A/-) showed 
least frequency (0.08). Among the Indian cattle, 
Rathi was most variant (1.00) whereas, Kangayam 
has least (0.31) mutation frequency. 

characterization revealed the observed length of 
5’ and 3’ UTR in Indian native cattle breeds to be 56 
and 358 bp respectively. A search for putative 
transcription factor binding sites revealed two 
potential TFBS (EBPalp,c/EBP) within the 5’UTR 
whi le  23  TFBS were observed in  3 ’UTR. 
Comparative sequence across Indian native, 
c r o s s b r e d  a n d  e x o t i c  c a t t l e  r e v e a l e d 
monomorphic nature of 5’ UTR, as all the TFBS 
and other regions were conserved. Conversely, 
3’UTR was polymorphic with four variations. 

Comparative sequence analysis of coding region 
of β-CN across indicine, crossbred and exotic 
cattle revealed a total of 4 variations. All the four 
variations (C301A, C467G, A493G and G530T) 

Variations in exonic regions of β-CN across different cattle types

INC: Indian native cattle; KF: Karan Fries; HF: Holstein Friesian; Number in the parenthesis indicate number of animals sequenced.

Position  Change  Allele   Frequency 

       INC (460)  KF (105)  HF  (57)

301 (dN))  C/A  C  0.97  0.76  0.74 

467 (dN)  C/G  C  0.96  0.80  0.88 

493 (dN)  A/G  A  0.99  1.00  1.00 

530 (dN)  G/T  G  1.00  0.98  1.00 

778  A/G  A  0.96  0.87  0.82 

803  T/A  T  1.00  0.94  1.00 

879  T/A  T  0.99  1.00  1.00 

1017  C/A  C  0.99  1.00  1.00 

Number of haplotypes and LD across variations in the
UTRs and coding region
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RNA seq based transcriptome analysis of Zanskar PBMCs (Pre and Post stress)
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Delineating Beta Casein Variants in Indian Cows 
and Potential Health Implications of A1A2 Milk 
(NASF project)

Sequence characterization of beta casein gene in 
Indian native and exotic cattle to find out allelic 
variations

Sequence characterization of beta casein gene 
was carried out to determine the variants/ 
haplotypes across Indian native (Gir, Tharparkar, 
Rathi, Red Sindhi, Sahiwal, Amritmahal, Kangyam, 
Red Kandhari, MalnadGidda, Umblacherry, 
Ladakhi, Hariana, Ongole, Kankrej, Deoni, Nagori, 
Ponwar), crossbred (Karan fries) and exotic 
(Holstein Frisian) cattle. Sequencing of 2,021 bp 
amplicon; contig of 1,854 bp (-1,653 to +201) was 
generated for β-CN 5’-flanking region. Search for 
potential TFBSs from TRANSFAC database 
revealed a total of 13 different putative sites. Apart 
from consensus sequences of TATA box, CAAT box 
and C/EBP, other predicted transcriptional factors 
included Oct-1, HNF, C/EBP, AP, TBP, NF-Y, YY1, 
Pit1, POU1F1a, PR, GR and MAF. The distribution of 
SNP with an average of every 236 bp (7 
SNP/1653bp) revealed the promoter region of β-
CN to be highly conserved among the casein 
cluster genes. Amongst the 7 variations (-1582, 
C>T; -1385, T>C; -1373, G>A; -1340, C>G; -1270, T>G; -
1219, T>C and -109, C>G) detected within the -
1653bp promoter region across Indian cattle 
breeds; variations at three sites -1582 (C>T), -
1373(G>A) and -1340 (C>G) were found to be 
located within the potential binding sites for Oct-1, 
POU1F1a and Oct-1 TFs, respectively, which might 
possibly be involved in gain or loss of potential 
TFBSs. 

On comparative analysis with Bos taurus, 4 
INDELS were found at positions -1430 (-/T), -893 (-
/C), -848 (-/T) and -833 (-/T) and were not located 
within any potential TFBSs. In all the Indian cattle 

sequence, a T insertion appeared at –848 with 
reference to B. taurus sequence (M55158), which 
differs from the original database sequence. 
Amongst the known seven variations (C-109G T-
264C, C-352T, T-474C, T-520(-), T-851A and A-928G) 
in the β-CN promoter region, only C-109G variation 
was observed in Indian native cattle breeds. The 
location of most of the TFs was conserved across 
Bos taurus and B. indicus. Throughout the region 
screened, variation at -1340 (C/G) in the promoter 
region exhibited maximum frequency (0.67) 
while, variations at 198 (A/-) and 199 (A/-) showed 
least frequency (0.08). Among the Indian cattle, 
Rathi was most variant (1.00) whereas, Kangayam 
has least (0.31) mutation frequency. 

characterization revealed the observed length of 
5’ and 3’ UTR in Indian native cattle breeds to be 56 
and 358 bp respectively. A search for putative 
transcription factor binding sites revealed two 
potential TFBS (EBPalp,c/EBP) within the 5’UTR 
whi le  23  TFBS were observed in  3 ’UTR. 
Comparative sequence across Indian native, 
c r o s s b r e d  a n d  e x o t i c  c a t t l e  r e v e a l e d 
monomorphic nature of 5’ UTR, as all the TFBS 
and other regions were conserved. Conversely, 
3’UTR was polymorphic with four variations. 

Comparative sequence analysis of coding region 
of β-CN across indicine, crossbred and exotic 
cattle revealed a total of 4 variations. All the four 
variations (C301A, C467G, A493G and G530T) 

Variations in exonic regions of β-CN across different cattle types

INC: Indian native cattle; KF: Karan Fries; HF: Holstein Friesian; Number in the parenthesis indicate number of animals sequenced.

Position  Change  Allele   Frequency 

       INC (460)  KF (105)  HF  (57)

301 (dN))  C/A  C  0.97  0.76  0.74 

467 (dN)  C/G  C  0.96  0.80  0.88 

493 (dN)  A/G  A  0.99  1.00  1.00 

530 (dN)  G/T  G  1.00  0.98  1.00 

778  A/G  A  0.96  0.87  0.82 

803  T/A  T  1.00  0.94  1.00 

879  T/A  T  0.99  1.00  1.00 

1017  C/A  C  0.99  1.00  1.00 

Number of haplotypes and LD across variations in the
UTRs and coding region
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detected in the exon VII (coding region) across 
Indian, exotic and crossbred cattle were 
nonsynonymous causing a change at codons 
101 Pro/His, 156 Pro/Ala, 165 and 151 Glu/Asp, 
respectively.   

Haplotypes linkage disequil ibrium across 
identified variants of beta casein gene

In Indian cattle, frequency of all known variations 
was low, e.g the frequency of A1 (allele A at 
position 301) and B  (G at position 467) was only 3 
and 4 percent respectively as compared to 24 & 20% 
in KF and 26 & 12 in HF animals. A total of 6 

haplotypes were observed and amongst these A2 
type occurred with maximum frequency of 
0.86.

The values obtained after pairwise calculation of 
linkage disequilibrium (LD) among 8 variations 
indicated low level of LD.  The important variation 
C301A was not under LD with any of other 
variation. The analysis based on LD running from 
one marker to another indicated moderated LD 
for variation G530T and C1017A with the other 
variations (G530T, A778G and T803A) but 
G530T, A778G and T803A were not in LD with 
each other.
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•   Research Projects

•   Publica�ons

•   Patents and Technologies

•   Awards





Research Projects

Completed IRC Projects

1. C h a r a c t e r i z a t i o n  a n d  e v a l u a t i o n  o f 
indigenous cattle of Sikkim, Meghalaya and 
Nagaland states.  -  RK Pundir, PK Singh and 
PS Dangi.

2. Characterization and evaluation of Ladakhi 
cattle. - Monika Sodhi, M Mukesh, RK Pundir 
and   Vijay K Bharti (Leh).

3. Characterization and evaluation of non-
descript cattle population of Konkan region 
of Maharashtra. - PK Singh, RK Pundir, PS 
Dangi, Monika Sodhi (w.e.f. Oct. 2016), BG 
Desai and DJ Bhagat (Dr. BS Konkan Krishi 
Vidyapeeth, Dapoli)

4. I d e n t i fi c a t i o n ,  c h a r a c t e r i z a t i o n  a n d 
evaluation of buffalo population(s) of 
Chhattisgarh State. -  Vikas Vohra, RS Kataria 
and Mohan Singh (CoVAS-C K V).

5. Phenotypic and genetic characterization of 
burgur buffalo. - KN Raja, Vikas Vohra, AK 
Mishra, P Ganapathy

6. I d e n t i fi c a t i o n ,  c h a r a c t e r i z a t i o n  a n d 
e v a l u a t i o n  o f  l e s s e r  k n o w n  s h e e p 
populations of Karnataka state. -  Anand Jain, 
VS Kulkarni, Reena Arora and Dinesh Kumar 
Yadav

7. Characterization of Nagaland long hair goat. -  
NK Verma, RAK Aggarwal and N Savino 
(SASRD, Nagaland Uni. Medziphema).

8. Phenotypic and genetic characterization of 
donkeys of Andhra Pradesh. - Rahul Behl, SK 
Niranjan, RK Vijh, (DK Sadana up to 31.12.14) 
and M.V. Dharma Rao (Lam, LRS, Gantoor, 
A P )  a n d  P  P a n d u r a n g a  R e d d y  ( L R S , 
Mahanandi, w.e.f.May, 2016).

9. Ex-situ conservation of indigenous ovine 
g e n e t i c  b i o d i v e r s i t y  u t i l i z i n g  c a u d a 
epididymal spermatozoa. -  RAK Aggarwal 
and D Malakar (NDRI).

10. Milk metabolomics based characterization of 
indigenous, exotic and crossbred cows. (8.14) 
- Rekha Sharma, MS Tantia, RAK Aggarwal, 
Sonika Ahlawat and Ajit Dua, PBTI (from Dec., 
14)

Completed External Funded Projects

11.  Research Program during 12th Plan (2012-
2017) Scheme Center for Agricultural  

Bioinformatics (CaBin) IASRI New Delhi. 

(i)  Development of genomic resources for 
indigenous cattle and buffalo breeds. - 
Ramesh Kumar Vijh (CPI- w.e.f. 5.07.2015). 
Avnish Kumar (CPI- up to 04.07.2015),Manishi 
Mukesh, RS Kataria, Monika Sodhi and SK 
Niranjan.

(ii)  Transcriptome analysis and differential 
expression of genes in two species of Indian 
Camel: Camelus dromedarius and Camelus 
bactrianus. - Ramesh Kumar Vijh, Sonika 
Ahlawat  and A R Rao (IASRI, New Delhi)

Ongoing IRC Projects 

1. Phenotypic and genetic characterization of 
buffalo populations of Odisha - RS Kataria, SK 
Niranjan, Vikas Vohra (NBAGR), Sanat Mishra 
and SK Das (OUAT, Odisha). April, 2014 to 
March, 2018 (Four Years)

2. 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. (Four Years)

3. Identification of genetic and phenotypic 
variation associated with tick  infestation in 
Indian cattle - Karan Veer Singh, S Jayakumar, 
Vikas Vohra and Kamal Jaiswal, (BBAU 
Lucknow). April, 2016 to March, 2019 (Three 
years)

4. Haplotypic diversity of Indian cattle breeds 
based on Y-Chromosome specific markers - 
Indrajit Ganguly and Sanjeev Singh. April, 2014 
to March, 2018 (Four years).

5. Skeltal muscle transcriptome profiling of 
Bandur (Mandya) sheep - Reena Arora, Sonika 
Ahlawat and RK Vijh. April, 2016 to March, 
2019(Three years)

6. 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 (Four Years).

7. Study of the genetic variability present across 
the goat major histocompatibility complex 
class II antigens - Jyotsna and NK Verma.  
April, 2015 to March, 2018 (Three Years).

8. Genome wide diversity analysis of Indian Yak 
populations - Jayakumar S, SP Dixit and Karan 
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Veer Singh. April, 2015 to March, 2018 (Three 
Years).

9. Karyotyping and DNA testing for screening 
genetic defects in Indian bovines.(Service 
project) - SK Niranjan and Jayakumar S. April, 
2016 to March, 2021(Five years)

10. Conservation of Sahiwal and Hariana cattle at 
Gaushalas - RK Pundir, Arjava Sharma, PK 
Singh, AK Mishra and KN Raja. April, 2015 to 
March, 2020. (Five Years).

11. Phenotypic Characterization of Chitarangi 
and Dumba sheep in their native tract - AK 
Mishra, S Singh and Anand Jain. April, 2015 to 
March 2018 (Three Years).

12. Classification of indigenous sheep breeds of 
India based on morphometric traits using 
classical and heuristic methods - Dinesh 
Kumar Yadav and Avnish Kumar. April, 2016 to 
March, 2018 (Two Years)

13. Network project on animal genetic resources 
- Arjava Sharma (w.e.f.01.10.2013) Director 
NBAGR, Project coordinator and MS Tantia 
(I/c, Network Project) . 1992- Contd.

14. Characterization of Bidri and Nandidurga 
goats of Karnataka - MS Tantia, PK Vij, VS 
Kulkarni (UAS, Dharwar) and VB Shettar& HM 
Yatish (KVAFSU, Bidar). April, 2016 to March, 
2018 (Two years)

External Funded Projects

1. Whole genome based SNP mining and 
development of breed signatures for dairy 
and dual-purpose indigenous cattle - SP Dixit, 
Jayakumar S, AK Dang (NDRI), MA Iquebal 
(IARI), Dinesh Kumar (IASRI) and Avtar Singh 
(NDRI). 9th July, 2014 to 8th July, 2017.

2.  Delineating Beta Casein Variants in Indian 
Cows and Potential Health Implications of 
A1A2 Milk (NASF) - Monika Sodhi, M Mukesh, 
RS Kataria and SK Niranjan. July, 2015 to June, 
2018

3.  Identification of genes and molecular 
pathways associated with endurance traits in 
Zanskar ponies adapted to high altitude 
region (DRDO) - Manishi Mukesh, Monika 
Sodhi, SK Niranjan and RS Kataria, & Ashok 
Mohanty (NDRI) and   Vijay Bharti (Defence 
Institute of High Altitude Research, Leh). July, 
2015 to November, 2017. 

4.  CRP on Agro-biodiversity - MS Tantia, PK Vij, 

RAK Aggarwal and Rekha Sharma . April, 2015 
to March, 2017.

5.  ICAR-AGRI Consortia Research Plate form 
project on Genomics - RK Vijh, Reena Arora, 
Sonika Ahlawat, Jayakumar S and SP Dixit. 
June, 2015 to March, 2017.

6. Genome data mining to unravel molecular basis 
of thermo tolerance and adaptation   to 
diverse environment in native cattle and 
buffaloes (National Fellow) - Manishi Mukesh. 
May, 2011 to May, 2016 extended up to May, 
2021

Publications

Research Articles

1. Ahlawat S, De S, Sharma P, Sharma R, Arora R, 
Kataria RS, Datta TK, Singh RK (2017) 
E v o l u t i o n a r y  d y n a m i c s  o f  m e i o t i c 
recombination hotspots regulator PRDM9 in 
bovids. Molecular Genetics and Genomics, 
292 (1): 117-131.

2. Ahlawat S, Sharma R, Arora R, Jaiswal L, 
Chopra M,  Brahma B,  Datta TK, De S (2016). 
C o n s e r v e d  a r c h i t e c t u r e  o f  R A D 5 1 
recombinase in ruminants revealed through 
molecular cloning and characterization. 
Indian Journal of Animal Sciences 86 (12) 1420-
1426.

3. Ahlawat S, Sharma P, Sharma R, Arora R and 
De S (2016). Zinc finger domain of the PRDM9 
gene on chromosome 1 exhibits high diversity 
in ruminants but its paralog PRDM7 contains 
multiple disruptive mutations. PLoS ONE, 
11(5): e0156159. 

4. Ahlawat S, Sharma P, Sharma R, Arora R, 
Verma NK, Brahma B, Mishra P and De S 
(2016). Evidence of positive selection and 
concerted evolution in the rapidly evolving 
PRDM9 zinc finger domain in goats and 
sheep. Animal Genetics, 47:740-751.

5. Ahlawat S, Sharma R, Roy M, Mandakmale S, 
Prakash V and Tantia MS (2016). Genotyping 
of novel SNPs in BMPR1B, BMP15 and GDF9 
genes for association with prolificacy in seven 
Indian goat breeds. Animal Biotechnology, 27 
(3): 199-207.

6. Arora R, Kulkarni VS, Jain A and Yadav DK 
(2016). Yalaga Sheep - A microsatellite based 
genetic profile. Indian Journal of Animal 
Science, 86 (10): 1155-1158.
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7. Dhiman A, Mishra SK, Dubey PK, Goyal S, 
Sehgal M, Niranjan SK, Sodhi M, Mishra BP, 
Kataria RS (2017). Identification of genetic 
variation in NOD-like receptor 2 gene and 
influence of polymorphism on gene structure 
and function in buffalo (Bubalus bubalis). 
Research in Veterinary Science, 115: 43-50. 

8. Dixit S, Kumar S, Vyas MK, Singh MK, 
Pathodiya OP, Sharma A and Jayakumar S 
(2016).  Characterization of sequence 
variation in caprine growth hormone gene 
and its association with milk production traits 
in two Indian goat breeds. Journal of 
Livestock Biodiversity, 6: 25-32.

9. Dixit S, Vyas MK, Kumar S, Singh MK, 
Pathodiya OP, Sharma A and Jayakumar S 
(2016). Association of the polymorphisms 
detected in β –lactoglobulin (β-LG) gene with 
mi lk  product ion  t ra i ts  in  S i rohi  and 
Jamunapari breed of Indian goats. Journal of 
Livestock Biodiversity, 4: 24-29.

10. Dubey PK, Goyal S, Mishra SK, Arora R, 
Mukesh M, Niranjan SK, Kathiravan P, Kataria 
RS (2016). Identification of polymorphism in 
fatty acid binding protein 3 (FABP3) gene and 
its association with milk fat traits in riverine 
buffalo (Bubalus bubalis); Trop Anim Health 
Prod.48(4):849-53.

11. Ganguly I, Singh S, Kumar S, Ganguly A, S 
Jayakumar and  Sodhi M (2016). High 
Resolution Melting Assay for Screening of Y-
chromosome SNP in bulls. Bhartiya Krishi 
Anusandhan Patrika 31(1):61-65.

12. Gaur U,  Tantia MS,  Mishra B, Bharani STK, Vijh 
RK and Chaudhury A (2017). Mitochondrial D-
loop analysis for uncovering the population 
structure and genetic diversity among the 
indigenous duck (Anasplatyrhynchos) 
populations of India. http://dx.doi.org/10.1080/ 
24701394.2016.1267158

13. Gaur U, Tantia MS,  Mishra B, Bharani STK, Vijh 
RK and Chaudhury A (2016). Population 
structuring of land and coastal ducks 
(Anasplatyrhynchos) using microsatellite 
markers. Current Science, 110:1977-1983.

14. Gokhale, SB, Aggarwal, RAK, Bhagat, RL, 
Shirsath, T, Chavda, M (2016). A note on 
conception rate and sex ratio in A.I. bred 
Jaffarabadi buffalo. International Journal of 
Food, Agriculture and Veterinary Sciences 6 
(3): 21-25.

15. Goyal S, Aggarwal J, Dubey PK, Mishra BP, 
Ghalsasi P, Nimbkar C, Joshi BK and Kataria RS 
(2017).  Expression Analysis  of Genes 
Associated with Prolificacy in FecB Carrier and 
N o n - c a r r i e r  I n d i a n  S h e e p .  A n i m a l 
Biotechnology, DOI: 10.1080/ 10495398. 2016. 
1262869.

16. Jyotsna Dhingra Behl, Priyanka Mishra, NK 
Verma, SK Niranjan, PS Dangi, Rekha Sharma, 
R a h u l  B e h l  (  2 0 1 6 ) .  N u c l e o t i d e 
polymorphisms in the bovine lymphotoxin A 
gene and their distribution among Bos indicus 
zebu cattle breeds. Gene 579: 82-94.

17. Kapila N, Sharma A, Kishore A, Sodhi M, 
Tripathi PK, Mohanty AK and Mukesh M 
(2016). Impact of heat stress on cellular and 
transcriptional adaptation of mammary 
epithelial cells in riverine buffalo (Bubalus 
bubalis). PLOS ONE 11(9): e0157237.

18. Kaur R, Ankita S, Sodhi M, Sharma VL, Kumari 
P and Mukesh M (2016). Understanding 
Na+/K+-ATPase alpha isoforms expression 
characteristics in heat stressed mammary 
epithelial cells of riverine buffaloes (Bubalus 
Bubalis), International Journal of Animal 
Biotechnology, 6: 10-15.

19. Kumar B, Avasthe R K, Islam R, Bhuttia P, 
M i s h r a  A  K  a n d  T a n t i a  M  S .  2 0 1 6 . 
Characterization and evaluation of Tibetan 
sheep: a key source of livelihood in alpine 
ecosystem of Sikkim Himalaya, Journal of 
Livestock Biodiversity, 6(2): 51-55.

20. Kumar M, Vohra V,Ratwan P and Chakravarty 
AK. (2016). SNP identification in thioesterase 
domain of fatty acid synthase gene in Murrah 
buffaloes. The Journal of Animal and Plant 
Science. 26(6): 1828-1832.

21. Kumar S, Ganguly I, Singh S, Sodhi M and 
Bhakat M (2017). Y-chromosome variation in 
Indian native cattle breeds and crossbred 
population. Indian Journal of Animal 
Research, 51: (1)1-7.

22. Manjari Pasumarti, Reddi Srinu, Alhussien 
M o h a n n e d ,  M o h a m m e d  S e i d ,  D e 
Sachinandan, Mohanty AK, Sivalingam 
Jayakumar,  Dang Ajay Kumar (2016). 
Neutrophil gene dynamics and plasma 
cytokine levels in dairy cattle during peri-
i m p l a n t a t i o n  p e r i o d  V e t  I m m u n o l 
Immunopathol. 2016; 173:44-9. 
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23. Mann S, Shandilya UK, Sodhi M,  Kumar P, 
Bharti VK, Verma P, Sharma A, Mohanty A and 
Mukesh M (2016) .  Determinat ion of 
antioxidant capacity and free radical 
scavenging activity of milk from native cows 
(Bos Indicus), exotic cows (Bos taurus), and 
riverine buffaloes (Bubalus Bubalis) across 
different lactation stages. International 
Journal of Dairy Science & Processing 3(4): 
66-70.

24. Mishra AK, Raja KN, Vohra V, Singh S and 
Singh Y (2016). Phenotypic traits and 
performance of Kajali Sheep: a lesser known 
ovine genetic resource of Punjab, India. 
Indian Journal of Animal Sciences, 86(11): 
1279-1282

25. Mishra AK, Raja KN, Vohra V, Singh S and 
Singh Y(2017). Principal component analysis 
of the biometric traits to explain body 
conformation in Kajali sheep of Punjab, India. 
Indian Journal Animal Sciences, 87(1): 93-98. 

26. Mishra SK, Niranjan SK, Banerjee B, Dubey 
PK,. Gonge DS, Mishra BP and. Kataria RS 
(2016). High genetic diversity and distribution 
of Bubu-DQA alleles in swamp buffaloes 
(Bubalus bubalis carabanesis): Identification 
of new Bubu-DQA loci and haplotypes. 
Immunogenetics, 68: 439-447. 

27. Pradeep Jatav, Monika Sodhi, Ankita Sharma, 
Sandeep Mann, Amit Kishore UK Shandilya, A 
Mohanty, RS Kataria, Poonam Yadav, Preeti 
Verma, Surinder Kumar, D Malakar and 
Manishi Mukesh (2016). Identification of 
internal control genes in milk-derived 
mammary epithelial cells during lactation 
cycle of Indian zebu cow. Animal Science 
Journal, 87(3):344-53.

28. Pundir R K.2016. Prediction of 305 days 
lactation milk yield from fortnightly test milk 
yields in hill cattle under field conditions. 
Journal of Livestock Biodiversity 6(2):40-46.

29. Pundir RK, Singh PK (2016). Phenotypic 
differentiation among cattle populations 
based on biometric traits. The Indian Journal 
of Animal Sciences 86(12):1415-1419.

30. Pundir RK, Singh PK, Dangi PS and Prakash B 
(2016). Siri cattle- An endangered breed of 
Sikkim India. The Indian Journal of Animal 
Sciences 86(8): 947-949.

31. Raja KN, Singh PK, Mishra AK, Ganguly I and 

Devendran P(2016). A new methodology for 
characterization of dog genetic resources of 
India. Journal of Livestock Biodiversity, 6(2): 
87-96.

32. Shivahre PR, Verma NK, Aggarwal RAK, 
Sharma R, Dangi PS, Bhutia NT, Ahlawat S. 
(2017).  Microsatellite Based Genetic Diversity 
Est imation in Sikkim Singharey Goat 
Population. Indian Journal of Animal 
Sciences, 87(1): 125-127.

33. Singh KM, Singh S, Ganguly I, Ganguly A, Raja 
KN, Chopra A and Narula HK (2016). 
Evaluation of Indian sheep breeds of arid 
zone under heat stress condition. Small 
Ruminant Research 141: 113-117.

34. Singh KM, Singh S, Ganguly I, Raja KN, 
Ganguly A, Chopra A and Narula HK (2017). 
Association of heat stress protein 90 and 70 
gene polymorphism with adaptability traits in 
Indian sheep (Ovis aries) Cell stress and 
Chaperones doi: .1007/s12192-017-0770-4

35. Singh PK and Sharma A (2016). Phenotypic 
characterization and documentation of 
animal genetic resources in India: A review. 
Indian Journal of Animal Sciences, 86 (12): 
1352–1365.

36. Singh PK and Sharma A (2017). Assessment of 
degree of endangerment of livestock breeds 
in India. Indian Journal of Animal Sciences,  87 
(3): 316–323.

37. Singh PK, Pundir RK, Sadana DK and Rathore 
HS (2016). Physical features and management 
of migratory Nari cattle population of 
Rajasthan. Journal of Livestock Biodiversity 
6(1): 19-24. 

38. Singh S, Raja K.N, Ganguly I, Arora R and 
Mishra S. (2014).  A comparative study on 
body morphometric parameters of Koraput 
and Ganjam sheep breeds. Journal of 
Livestock Biodiversity. 4, (1-2):1-4. (Published 
in 2016)

39. Umesh K. Shandilya, Ankita Sharma, Monika 
Sodhi, Neha Kapila, Amit Kishore, Ashok 
Mohanty, RS Kataria, D Malakar, and Manishi 
Mukesh Matrix-based three-dimensional 
culture of buffalo mammary epithelial Cells 
Showed Higher Induction of Genes Related to 
Milk Protein and Fatty acid metabolism. 
International Cell Biology, 40(2):232-8.

40. Verma NK, Shivahre PR, Aggarwal RAK, N
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Sharma R, Dangi PS and Bhutia NT (2016). 
Sikkim Black Goats - Characters, management 
and microsatellite based genetic profile. 
Journal of Livestock Biodiversity, 5(1&2): 1-6.

41. Verma P, Sodhi M, Bharti V, Kumar P, Giri A, 
Kumar P, Das PJ, Niranjan SK, Kumari P, 
Swami S and Mukesh M (2016). VEGF-A locus 
plausibly associated with high altitude 
adaptation in yak is completely fixed in cattle 
population from high and low altitude 
environments. International Journal of 
Animal Biotechnology, 6: 15-20.

42. Verma Preeti, Umesh K Shandilya, Monika 
Sodhi, Ankita Sharma, Pawan K Tripathi and 
Manishi Mukesh (2016). Chemically induced 
low oxygen condition leads to significant 
induction of hypoxia-related genes in 
mammary epithelial cells of riverine buffaloes 
(Bubalusbubalis), International Journal of Cell 
Science and Biotechnology, 5:31-36.

43. Vij, P.K.; Tantia, M.S. and Singh Th Ranadhir. 
2016. Kaunayen chicken – a new indigenous 
germplasm from Manipur. Indian Journal of 
Animal Sciences 86 (9): 1085-1087

44. Vohra V, Chopra A and Chakravarty AK (2017). 
Prediction of lactation persistency in crossbred 
cattle using genotype profile of lactation curve traits. 
Indian Journal of Animal Science, 87(1): 97-104.

45. Vohra V, Singh M, Mukherjee K and Kataria RS 
(2017).Identification and characterization of 
Chhattisgarhi buffalo population in India. Indian 
Journal of Animal Science, 87(2): 182-185.

46. Vohra V, Sodhi M, Niranjan S K, Mishra A K, 
Chopra A, Kumar M and Joshi A K. 2017. 
Characterization of rare migratory cattle and 
evaluation of its phylogeny using short-
tandem-repeat-based markers. Journal of 
Applied Animal Research, 45(1): 355-363

47. Yadav DK, Arora R and Jain A (2016) Principal 
component analysis of body measurements based 
morphological structure of Madgyal sheep. Indian 
Journal of Animal Sciences, 86 (5): 568-571.

48. Yadav DK,  Arora R and Jain A.  2016. 
Morphological Variability and Management of 
Lonand Sheep of Maharashtra. Journal of 
Livestock Biodiversity. 6 (1):11-15

Technical / Popular Articles

1. flfDde jkT; dh lhjh xk; % fujarj ?kVrh la[;k ,d 
cM+h fpark] jkds'k dqekj iqaMhj] izeksn dqekj flag ,oa 

iznhi flag MkaxhA i'kq/ku izdk'k] lIre vad % 1&4A

2. fpfydk & mM+hlk jkT; dh ,d fof'k"V HkSal] jfoUnz flag] 
lq'kkar dqekj nkl] 'kSysUnz dqekj feJ] ,l-ds- fujatu 
oksgjk ,oa j.kthr flag dVkfj;kA i'kq/ku izdk'k] lIre 
vad % 5&7A

3. vka/kz izns'k ds Hkwjh fdLe ds x/ks] jkgqy cgy] ,l-ds- 
fujatu] vkj-ds- fot ,oa ,e oh /kekZ jkoA i'kq/ku 
izdk'k] lIre vad % 14&16A

4. Hkkjr dh fo'kky ,oa cgqewY; xks&lEink % ,d 
flagkoyksdu] izeksn dqekj flag ,oa yoh 'kekZA i'kq/ku 
izdk'k] lIre vad % 17&24A

5. 'kq"d ,oa v/kZ&'kq"d {ks=ksa esa ikbZ tkus okyh HksM+ksa dh 
vuqdwyu'khyrk dk v/;;u] latho flag] bUnzthr 
xkaxqyh] ds egs'k flag] ds ,u jktk ,oa vfuy dqekj 
feJA i'kq/ku izdk'k] lIre vad % 28&33A

6. tSfod i'kq/ku mRiknu % Hkkjrh; ifjis{k esa ,d mHkjrk 
O;;olk;] vfouk'k flag] fgekuh 'kekZ] js[kk 'kekZ] 
lksfudk vgykor] jhuk vjksM+k ,oa e/kq lwnu Vk¡fV;kA 
i'kq/ku izdk'k] lIre vad % 73&77A

7. ekbVksdkWfMª;y Mh-,u-, & i'kq/ku iztkfr;ksa ds fodkl 
,oa o'kkoyh :i js[kk ds fy;s ,d fpUgd] jhuk vjksM+k] 
jkds'k dqekj] vatw 'kekZ] ;kf'kyk fxj/kj] lksfudk 
vgykor ,oa js[kk 'kekZA i'kq/ku izdk'k] lIre vad % 
80&87A

8. mPp rqaxrk ds okrkoj.k esa i'kq/ku dk 'kkjhfjd ,oa 
vkuqokaf'kd Lrj ij vuqdwyu] izhrh oekZ] eksfudk lks<+h] 
vafdrk 'kekZ] izos'k dqekjh ,oa euh"kh eqds'kA i'kq/ku 
izdk'k] lIre vad % 114&118A

9. m-iz- vkSj e/; izns'k ds lanHkZ esa i'kq/ku vkSj nqX/k mRiknu 
ds fodkl esa izeq[k leL;k,a vkSj mudk funku & lR;sUnz 
iky flag] js'ke flag ,oa latho flagA i'kq/ku izdk'k] 
lIre vad % 56&61A

10. Sakthivel Selvan, Satpal Dixit, Dinesh Kumar 
and Jayakumar S ival ingam (2016).  A 
manuscript on “Genomic selection and its 
feasibility in India” Indian Dairyman journal, 
October 2016 issue. 

11. Priyanka Mishra, NK verma, Ayesha S Ali, and 
Nitin Batav (2016). Microsatellite: A tool for 
the analysis of genetic variation in livestock 
species. Indian Farming 66(7): 38-41.
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Books

• Guidelines for Management of Animal 
Genetic Resources of India. P.K. Vij, M.S. 
Tantia, P.K. Singh, R.A.K. Aggarwal, R.S. 
Kataria, Monika Sodhi, K.N. Raja, B.K. Joshi, 
Arjava Sharma and S.K. Niranjan (Ed.). 
N a t i o n a l  B u r e a u  o f  A n i m a l  G e n e t i c 
Resources,  Karnal.

• Lesser known sheep and goat resources of 
India. S Bhatia, M Sodhi and R Kumar (Ed.). 
Narendra Publication house, Delhi.

• IP Protection and technology transfer in 
Indian Perspective. Jayakumar S, Karanveer 
Singh, P.K. Singh and Arjava Sharma (Ed.). 
ICAR-NBAGR, Karnal. 

• Conservation of Indigenous Domestic Animal 
Diversity. Pundir, R.K., Raja, K. N., Vohra V., 
and Sharma A (Ed.). ICAR-NBAGR, Karnal.

• S t r a t e g i e s  f o r  c h a r a c t e r i z a t i o n  a n d 
conservation of animal and poultry genetic 
resources. Sonika Ahlawat, KN Raja, Rekha 
Sharma and Arjava Sharma (Ed.). iCAR, 
NBAGR, Karnal.

Monograph/Bulletin/ Compendium

• Kajali - A mutton type sheep by Mishra A K, 
Raja K.N., Vohra Vikas, Singh S and Singh Y. A 
monograph # 95/2016, ICAR-NBAGR, Karnal, 
India Pp:34. 

• Intellectual Property Rights and related 
aspects in the area of agriculture and 
livestock sector. Arora R, Jayakumar S, Singh 
K.V. (Ed). ICAR-NBAGR, Karnal.

• Skill upgradation in laboratory methods. 
Arora R, Singh K.V, Jayakumar S. (Ed.). ICAR-
NBAGR, Karnal.

• Dry Dairy Units – Management and Utilization 
of unproductive cattle of India. Arjava 

Sharma, Ashutosh Joshi, Shivanand Kanshi, 
Vineet Bhasin, Bhushan Tyagi and PK Singh 
(Ed.). Animal Science Division, Indian Council 
of Agricultural Research, New Delhi.   

Patents and Technologies

• Patent entitled “Genome wide QTLs for age 
at first calving in buffalos” by Dr. R.K. Vijh and 
Dr. Upasna Sharma filed to Indian Patent 
Office, New Delhi on 23rd June 2016. (Patent 
Application No. 201611021505).

• Patent entitled “Genome wide QTLs for milk 
fat percentage, milk protein percentage and 
total milk fat” by Dr. R.K. Vijh and Dr. Upasna 
Sharma filed to Indian Patent Office, New 
Delhi on 23rd June 2016. (Patent Application 
No. 201611021506).

• Patent entitled “Genome wide QTLs for milk 
yield in buffaloes.” by Dr. R.K. Vijh and Dr. 
Upasna Sharma filed to Indian Patent Office, 
New Delhi on 23rd June 2016. (Patent 
Application No. 201611021507).

• Patent entitled “Genome wide QTLs for 
somatic cell counts in buffaloes.” by Dr. R.K. 
Vijh and Dr. Upasna Sharma filed to Indian 
Patent Office, New Delhi on 23rd June 2016. 
(Patent Application No. 201611021508).

Awards

• Dr. NK Verma, Pr. Scientist, received  Dr. PG 
Nair Award – 2016 for his outstanding 

SHEEP GENETIC
RESOURCES OF INDIA

KAJALI 
(A mutton type sheep)

ICAR- National Bureau of Animal Genetic Resources
G.T. Road, By Pass,  P.O. Box. No. 129, Karnal -132001 (Haryana), INDIA

A K MISHRA
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contribution  in the area of characterization 
and Conservation of AnGR.

• Dr. P.K. Singh, Pr. Scientist received Reviewer 
Excellence Award. 2016. From ARCC, Karnal 
for contribution in reviewing the research 
articles for the Indian Journal of Animal 
Research & Asian Journal of Dairy and Food 
Research.

• Dr. RK Pundir, Pr. Scientist received Second 
best paper award for his presentation on 

‘िस��म रा�य क� सीरी गाय – िनरंतर घटती सं�या, एक 

बड़ी �चंता during Hindi Saptah, September 19, 
2016, NBAGR, Karnal.

• Dr.  RK Pundir,  Pr.  Scientist  received 
fellowship  of National Academy of Dairy 
Sciences.

• Dr. AK Mishra, Pr. Scientist and his editorial 
committee received Ganesh Shankar 
Vidyarthi Hindi Krishi patrika puraskar; 2016, 
2nd prize for 5th edition of Pashudhan 
Prakash.

• Dr. A K Mishra, Pr. Scientist received Editorial 
Excellence Award -2016; for Indian Journal of 
Animal Research, published by Agricultural 
Research Communication Centre, Karnal.

• Dr. AK Mishra, Pr. Scientist and his team 
received   2nd Best Poster presentation award 
for the poster entitled ‘Lesser known sheep 
population of northern and western India’ 
during National seminar on “Improvement of 
small ruminant production system for 
livelihood security” held at ICAR- Central Sheep 
and Wool research Institute, Avikanagar via 
Jaipur (Rajasthan), from 9.3.17 to 10.3.17.

• Dr. Monika Sodhi, Pr. Scientist received Best 
oral presentation award for the paper entitled 
‘Unravelling New Variants of Beta Casein Gene 
in Different Cattle Types and Genotype Specific 
Expression Pattern across Lactation Stages’  
dur ing  Internat ional  symposium on 
"Biodynamic Animal Farming for Management 
of Livestock Diversity under the Changing 
Global Scenario" & XIV Annual Convention of 
SOCDAB-2017 held on Feb 8-10 2017 at the 
College of Veterinary & Animal Sciences 
(KVASU), Mannuthy, Thrissur, Kerala.

• Dr Manishi Mukesh, Pr. Scientist and National 
Fellow, received National Fellow Position for 
IInd term of 5 years 

• Dr Manishi Mukesh, National Fellow received an 
Eminent Scientist Award during an International 
Seminar on “Agriculture and Food for Inclusive 
Growth and Development’ organized by 
Smagra Vikas Society at CSIR-NBRI, Lucknow on 
14-15 Jan.  2017

• Dr. Manishi Mukesh Pr. Scientist, National 
Fellow and his team received Best Poster 
Award  for the poster entitled ‘Molecular, 
Cellular and Transcriptomic Evidences of 
Superior Heat Tolerance Potential of Indian 
Native Cattle’ during Ist International Agro-
biodiversity Congress held at New Delhi from 
6-9 Nov 2016.

• Sanjeev SinghDr. , Sr. Scientist received Award 
in Research Excellence during “International 
Seminar on Agriculture and Food for Inclusive 
Growth and Development" organized by 
Samagra Vikas Welfare Society, held at NBRI, 
Lucknow during 14-15 January, 2017.

• भारतीय कृिष अनुस�धान सिमित तथा कृिष अनुस�धान 

संचार क� �, करनाल भारतीय कृिष अनुसंधान पि�का म� 

�कािशत मौिलक शोध प� म� उलेखिनय ेयोगदान तथा 

रा� एव ंराजभाषा �हदंी क� सेवा करन ेके िलए वष� 2016 

म�  डॉ. इ��जीत गांगुली को “कृिष िव�ान गौरव” क� 

मानद उपािध स ेअलंकृत �कया ह.ै

• Dr. Jayakumr S, Scientist received  Life 
membership of National  Academy of 
Biological Sciences (NABS)

• Dr. Jayakumr S, Scientist received  Fellowship  
from the "Association for the advancement 
of Biodiversity science"

• Dr. Jayakumr S, Scientist and his team  
received  second best paper award for his 
paper entitled “Changes occurring in the 
receptors of blood neutrophils during 
implantation in Sahiwal cows” published in the 
“Dairy Production Area” in the Indian Journal 
of Dairy Science for the calender year 2015. 

•  NBAGR Exhibition Stall received, Frist prize at 
International Agro biodiversity Congress 
(IAC), 2016 held at NASC, New Delhi from 6th 
to 9th November, 2016.

• NBAGR Exhibition Stall received, Second 
prize at Krishi Kumbh 2016 (Regional 
Agriculture Fair) held at Muzzaffarnagar, 
Uttar Pradesh from 28th to 30th Nov. 2016.
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TRAINING AND CAPACITY BUILDING

Trainings

Trainings Organized

•   An Awareness and skill up gradation program 

on "Intellectual Property Rights and related 

aspects in the area of agriculture and livestock 

sector" from July 13-15, 2016 for Scientists at 

NBAGR, Karnal.

•   यो�यता वृि� एव ं �ि�गत िवकास f r o m  1 - 3 

September 2016, for Skilled Supporting Staff.

•  Training Program on "Skill upgradation in 

laboratory methods" from 3 -5 October 2016, 

for Technical staff at NBAGR, Karnal.

• A Short Course on Advanced tools for 

Conservation of domestic Livestock Diversity 

was organized during October 17-26, 2016 

sponsored by Education Division, ICAR, New 

Delhi at NBAGR, Karnal.

• A model training course on "Stratergies for 

characterization and conservation of animals 

and poultry genetic resources" at ICAR-

NBAGR from Nov. 15-22, 2016. Sponsored by 

Directorate of agriculture extension, ICAR. 

• A brain storming session on animal genetic 

resources of Nagaland state was organized in 
thcollaboration with NLDB on 18  Nov., 2016 at 

Kohima.

•   Training cum awareness Programme on “IP 

Protection and Technology Transfer in Indian 

Perspective” was organized during 30-31st 

January 2017 at ICAR-NBAGR, Karnal.

• XIV National symposium on “Biodynamic 

Animal Farming for the Management of 

Livestock Diversity under changing Global 

Scenario” was organized by Kerala Veterinary 

and Animal Sciences University, SOCDAB & 

NBAGR, Karnal at College of Veterinary 

Sciences and Animal Husbandry, Mannuthy 

(Thrissur) during 8-10th Feb 2017. 

• A brain storming session on phenotype and 

genetic characterization of animal genetics 

resources. March 16-17, 2017.

Trainings Attended

1. Dr. P.K. Vij, Principal Scientist attended 

Management Development Programme on 

“Leadership Development (a pre-RMP 

Programme)’ organized during 7-18 June, 

2016 at ICAR, NAARM, Hyderabad.

2. Dr. P.K. Vij, Principal Scientist attended 

Training and Awareness Programme on ‘IP 

Protection and Technology Transfer in Indian 

perspective’ organized during January 30-31 

2017 at ICAR-NBAGR, Karnal

3. Dr. M.S. Tantia, Pr. Scientist participated in 

t r a i n i n g  p r o g r a m m e  o n  E m o t i o n a l 

Intell igence at work place centre for 

Organization development at ICAR-NAARM, 

Hyderabad from 30 January - 3 February, 2017.

4. Dr Jayakumar and Dr. Sonika Ahlawat, 

Scientists attended 6 days training programme 

on “Computational approaches for NGS data 

analysis and genomic selection” at ICAR-

IIWBR, Karnal during October 13-18, 2016.

5. Dr. Reena Arora, Pr. Scientist participated in 
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TRAINING AND CAPACITY BUILDING

competency enhancement programme for 

effective implementation of training function 

by HRD Nodal Officers of ICAR at NAARM 

Hyderabad, from 16-18 February, 2017.

6. Dr. KN Raja, Scientist participated in skill 

development for sustainable livestock 

productivity in the Genomic Era at CAS, ICAR-

NDRI, Karnal, from 6-26 March, 2017.

7. Dr. P.S. Dangi, ACTO participated in short 

course on Advanced tools for conservation of 

Domestic Animal Diversity at ICAR-NBAGR, 

Karnal from 17-26 October 2016.

8. Sh. Ramesh Kumar and Smt. Parvesh Kumari, 

Technical Officers participated in Basic 

training on routine chemical analysis at ICAR- 

NDRI from 18-23 July, 2016.

9. Sh. Naresh Kumar, Sh. Rakesh Kumar, Sh. 

Subhash Chander and Smt. Parvesh Kumari, 

Technical Officers participated in training 

programme on Handling and care of lab animals 

at ICAR-NDRI, from 19-24 September 2016. 

9. Smt. Parvesh Kumari, Sh. Naresh Kumar, Sh. 

Ramesh Kumar, Sh. Rakesh Kumar and Sh. 

Subhash Chander,  Technica l  Officers 

participated in training programme on Skill 

upgradation in laboratory methods, at ICAR-

NBAGR from 3-5 October 2016.

10. Sh. Jitaram, Assistant and Sh. Satish Kumar, 

UDC participated in training programme on 

HRMS and Payroll in MIS/FMS system at ICAR- 

IASRI from 18-19 April 2016.

11. Sh. Satish Kumar, UDC participated in training 

programme on Implementation of NIC'S 

eProcurement solution through CPP Portal, at 

ICAR- IARI, New Delhi from 16-17 June 2016.

12. Sh. Kishan Lal, Sh. Seva Ram, Sh. Ram Sagar, 

Sh. Deepak and Sh. Satbir, Skill supporting 

Staffs participated in training programme on  

यो�यता वृि� एव ं�ि�गत िवकास at ICAR-NBAGR, 

from 1-3 September 2016

13. Sh. Harvinder Singh, Sr. Technical Officer 

a t t e n d e d  t r a i n i n g  c u m  a w a r e n e s s 

P r o g r a m m e  o n  “ I P  P r o t e c t i o n  a n d 

Technology Transfer in Indian Perspective” 

was organized during 30-31st January 2017.

Exhibitions

Organized AnGR exhibitions to sensitize farmers 

about the benefits of indigenous animals during 

following events :

•    Farmers-Scientist interactive workshop and 

Seed Day at Indian Institute of Wheat and 

Barley Research, Karnal on 17th October, 

2016.

•  9thNational Livestock championship and 

livestock Expo at Mukatsar, Punjab, from 2nd 

to 4th December, 2016.

•  P a s h u  M e l a - 2 0 1 6  h e l d  a t  G u r u 

AngadDevVeterinary and Animal Science 

University, Ludhiana (Punjab) from 22nd to 

23rd September, 2016.

•     First International Agro biodiversity Congress 

(IAC), 2016 held at NASC, New Delhi from 6th 

to 9th November, 2016.

•    KrishiKumbh 2016 (Regional Agriculture Fair) 

held at Muzzaffarnagar, Uttar Pradesh from 

28th to 30th Nov. 2016.

•    Buffalo Mela and exhibition on 4th Feb., 2017 

on occasion of 33rd foundation day of Central 

Institute of Research on Buffalo, Hisar.

•  2ndAgri Leadership Summit 2017 held at 

SurajkundMela ground, Faridabad from 18th 

to 20th March, 2017.

Visit of Farmers and Students

Farmers & students from different places &  

colleges visited NBAGR during the reported 

period and were exposed to the various activities 

of the bureau.  Lectures were delivered by the 

bureau staff briefing about the importance of 

registered breeds and non descript populations of 

different species.N
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Mera Gaon Mera Gaurav

ICAR-NBAGR in collaboration with ICAR-IARI 

regional center carried out various extension 

activities in the adopted villages of district Karnal 

under Mera Gaon Mera Gaurav programme.  

Livestock keepers and farmers were made aware 

of good agriculture and animal husbandry 

practices. All queries of farmers related with 

agriculture and livestock keeping were addressed. M
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Summary of activities organized under MGMG by Institute/SAU

S. No. Name of activity No. of activities No. of farmers 

  conducted participated/ benefitted

1. Visit to village by teams 26 1684

2. Interface meeting/ Goshthies 24 958

3. Mobile based advisories 14 1485

4. Literature support provided 15 324

6. Awareness created 17 2062

7. Linkages developed with other agencies 06 1293
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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 19.5.2016. Books and journals 

worth Rs. 9, 96,842/- were procured in the library 

during the period. Thirty Indian/foreign journals 

have been subscribed for the benefit of scientific 

readers. Presently NBAGR Library is enriched with 

the following literature :

Important meetings

IRC Meeting

Annual Institute Research Committee meeting 

was held on April 27-28, 2016 in which the final 

reports of completed research projects presented 

by the scientists were discussed. A new service 

project and 4 new research projects were also 

discussed and approved.

Mid-Term Institute Research Committee (IRC) 

meeting was held on October 6-7, 2016. Progress of 

twenty four institute projects and seven externally 

funded projects was reviewed and approved. 

RAC Meeting

Meeting of Research Advisory Committee (RAC) 

was held on 3rd April, 2017 at 11:00 AM under the 

Chairmanship of  Dr. S.L. Goswami, Vice Chancellor, 

Banda University of Agri. & Tech., Banda (UP).  Dr. 

Arjava sharma presented an overview of the 

institute. The heads of division also presented the 

activities of their respective division.

IBSC Meeting

Meeting of Institutional Biosafety Committee 

(IBSE) constituted for monitoring the research 

projects engaged in cloning, recombinant DNA, 

transgenic and applying biosafety guidelines was 

held on 27 Dec, 2016. The research projects falling 

under the purview of IBSC were reviewed and 

necessary permissions granted.

ITMC Meeting

Institute Technology Management Committee 

Meeting (ITMC) Meeting was held on 4th April 

2016 to discuss four applications for filing of 

patent at Indian Patent Office, New Delhi. ITMC 

approved all the four application for patent filing 

with certain modifications.

Celebrations

Independence Day
thOn India's 70  Independence Day, Dr. Arjava 

Sharma unfurled the tricolor and addressed the 

members of the Bureau  family. In his address, 

Director appreciated the scientific progress made by 

the Bureau. He also highlighted the responsibilities of 

each member towards the nation as a whole and 

farming community in particular. A cultural program 

and quiz competition was also organized wherein 

the staff and their wards participated actively.

Foundation day

ICAR-NBAGR celebrated its 33rd Foundation Day 

on September 21, 2016.  Dr. Gaya Prasad, Vice 

Total collection             4174

No. of books added                              20

No. of Indian/Foreign    

Journals subscribed   30

No. of News papers subscribed        7
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OTHER ACTIVITIES

Chancellor, Sardar Vallabh Bhai Patel University of 

Animal science and Technology, Meerut was the 

chief guest on this occasion.  Dr. GP Singh, 

Director, ICAR-IIWBR, Karnal and Shri Gopal 

Swami Ji were the guests of honour.  Best worker 

awards were given to the staff in different 

categories. Sh. Rakesh Kumar, Technical Officer, Sh. 

Satish Kumar, UDC and Sh. Ram Sagar, SSS were 

honored with best worker awards. Dr. PG Nair 

Award -2016 was conferred on Dr. NK Verma, 

Principal Scientist, for his outstanding contribution 

during last three years. The authors of First, Second 

and Third best  popular article published in the 

Pashudhan vol. 6 of the year 2015 were awarded for 

their contribution.  The winners of various 

competitions held during the ‘Hindi Chetna 

Pakhwara’ were also given prizes on this occasion.

Republic Day

ICAR-NBAGR joined the entire nat ion in 
thcelebrating India’s 68  Republic Day.  Dr. Arjava 

Sharma hoisted the national flag  Staff children 

presented a cultural programme which was 

followed by a quiz competition.

Agricultural Education Day

On December 3, 2016, 70 students from OPS Vidya 

Mandir and Dyal Singh Public School, Karnal were 

invited to participate in the Agricultural education 

day celebration.   Talks on ‘Livestock biodiversity 

and its impact on national economy’ and ‘Career 

opportunities in biotechnology’ were organized 

on this occasion.  

National Science Day

On February, 28,  2017, National Science Day was 

celebrated.  Students from Adarsh Public  School, 

Karnal were invited to participate in the 

celebration.  They were exposed to various 

activities of the bureau. Talks on opportunities in 

livestock sector were deliberated upon by the 

scientists of bureau.

National Productivity Week

The Productivity week was celebrated from 12 – 

18, 2017. The theme of the week was “From Waste 

to Profits through Reduce, Recycle and Reuse.”  

The lectures on “Emotional Intelegence” and 

“Productivity Enhancement” were held on this 

occassion.

Sports

Annual Sports Meet of ICAR-NBAGR was 

organized from January 21-25, 2017. Various sports 

events like Volley Ball (Smashing), Basket Ball, 

Table tennis, Carom Board, Chess, Long Jump, 100 

& 200 meter race, Short-Put, Javelin Throw, Discus 

Throw and Cycle Race (fast and slow) were 

organized on their occasion. Thirty five staff 

members including 30 males, 5 females and 18 staff 

children participated in this meet. Dr. Arjava Sharma, 

Director of the Bureau honored the winners with 

medals and certificates on January 26, 2017.

Staff Welfare Activities

Following major activities were undertaken by 

NBAGR Staff Welfare Fund Scheme during 2016-17.N
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OTHER ACTIVITIES

• From the SWFS funds, ex-gratia payment of 

Rs. 15000/- was made to the grieved family of 

Late Sh. Sopal, UDC who expired on 13-04-

2016 .

• A free eye and diabetes check-up camp 

sponsored by Shri Hari Hospital, Karnal, was 

organized by SWFS for the staff and their 

family members on 05-07-2016.

• On behalf of SWFC, New Year Day was 

celebrated at NBAGR on 02-01-2017.

• Retirement function was organized for Sh. 

Sewa Ram, Skilled Supporting Staff of NBAGR 

on 31-03-2017.

Vigilance Week

During Vigilance week observance from 31 

October to 5 November, 2016, the staff of NBAGR 

was administered the Vigilance Awareness Pledge 

on 31st October, 2016 by the Director, NBAGR. A 

program was held for the staff of institute on 29-

10-2015, on the topic "Satyanishtha badhane evam 

b h r a s h t a c h a a r  u n m o o l a n  m e i n  j a n t a  k i 

bhagidaari"/स�यिन�ा बढ़ान े एवम ् ��ाचार उ�मूलन म �

जनता क� भागीदारी" in which participants from 

scientific and administrative staff placed their 

views. Two lectures were organized during week 

for the staff of NBAGR. One lecture was delivered 

by Mr. D.D. Verma, Comptroller, ICAR-NDRI on 

General  F inance Rules and procurement 

procedures. Another lecture delivered was by Mr. 

K.P.S. Gautam, Chief Administrative Officer, ICAR-

NDRI on Central Civil Services (conduct) rules.

Distinguished Visitors

• Dr.H.Rahman, Deputy Director General (AS), 

ICAR, New Delhi visited on 06.02.2016.

• A team from Doordarshan Channel visited on 

31.05.2016.

• The Secretary (ADF), Min. of Agri. & Farmers 

Welfare, Govt. of India, visited on 25.06.2016.

• Dr. T.Mohapatra, Secretary, DARE & DG, ICAR, 

New Delhi visited on 03.11.2016.

• Dr.James M. Reecy from ISU visited on 04-

05.11.2016.

• Sh Chhabilendra Roul, Additional Secretary 

(DARE) & Secretary (ICAR), New Delhi visited 

on 30.11.2016.

• A team from Livestock and Crop Registry 

India Ltd. (LCRI), Pune visited on 14.02.2017.

Other Visitors

• The newly recruited scientists of BAIF visited 

on 22-23.07.2016.

• The participants of Training Programme on 

“Breeding Soundness Examination (BSE) of 

Bull and Andrological Examination for VO and 

QCO of Semen Station”  of NDRI visited on 

19.08.2016.

• The newly recruited faculty members of Lala 

Lajpat Rai University of Veterinary and Animal 

Sciences, Hisar visited on 19.01.2017.

• The Trainees of the Training Programme from 

Telengana on “Recent Advances in Animal 
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Husbandry and Dairying” at NDRI visited on 

15.02.2017.

• The Trainees of the Training Programme on 

“Skill development for sustainable livestock 

productivity in the genomic era” at NDRI 

visited on 08.03.2017.

Rashtriya Swachhta Abhiyan

During various cleanliness drives the office and 

residential campus was maintained neat and clean 

under Rashtriya Swachhta Abhiyan. A cycle rally was 

also organized to spread the message of cleanliness.

�व�छता पखवाडा: संसथान म� १६ स े३१ अ�ूबर २०१६ के 

दोरान �व�छता पखवाडा मनाया गया िजसके अ�तग�त 

‘‘�व�छ भारत क� प�रक�पना” िवषय पर �यूरो प�रवार के 

सद�य� न ेअपन ेिवचार रखAे
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PERSONNEL

•   Personalia

•   Promo�ons

   Superannua�on•





Personalia

Scientific

Sl. No. Name Designation

1. Dr. Arjava Sharma Director

2. Dr. R.K. Vijh Principal Scientist

3. Dr. Anand Jain Principal Scientist

4. Dr. M.S. Tantia Principal Scientist

5. Dr. P.K. Vij Principal Scientist

6. Dr. N. K. Verma Principal Scientist

7. Dr. R.A.K. Aggarwal Principal Scientist

8. Dr. P.K. 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. Satpal Dixit Principal Scientist

14. Dr. Jyostna Behl Principal Scientist

15. Dr. Dinesh Kumar Yadav Principal Scientist

16. Dr. Reena Arora Principal Scientist

17. Dr. Manishi Mukesh Principal Scientist

18. Dr. Avnish Kumar Principal Scientist

19. Dr. Rahul Behl Principal Scientist

20. Dr. Rekha Sharma Principal Scientist

21. Dr. Vikas Vohra Senior Scientist

22. Dr. Saket Kumar 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 Senior Scientist 

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

28. Dr. Jayakumar S. Scientist ( S.S)

29. Dr. Sonika Ahlawat Scientist ( S.S)
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72 PERSONNEL

Technical Staff

Administrative Staff

Sl. No. Name Designation

1. Dr. P. S. Dangi Chief Technical Officer

2. Sh. S. K. Jain Asstt. Chief Technical Officer

3. Dr. P.S. Panwar Senior Technical Officer

4. Sh. Sanjeev Mathur            Senior Technical Officer

5. Sh. Harvinder Singh  Senior Technical Officer

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 Technical Officer

12. Sh. Subhash Chander Technical Officer

13. Sh. Ashok Kumar Senior Technical Assistant

14. Sh. Om Prakash Senior Technical Assistant

15. Sh. Ramesh Chand Senior Technical Assistant

16. Sh. Balvinder Singh Sr. Technician (Driver)
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Sl. No. Name  Designation

1. Sh. Sunil Kumar F&AO

2. Sh. Karambir  PS to Director

3. Sh. Balkar Singh Asstt. Admn. Officer

4. Sh. Pawan Kr. Gupta  Asstt. Fin. & Account Officer

5. Sh. Ramesh Behl Assistant

6. Smt. Anita Chanda Personal Assistant

7. Smt. Amita Kumari Personal Assistant

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

9. Smt. Shashi Bala Assistant

10. Sh. Jita Ram Assistant

11. Sh. Yoginder Assistant

12. Sh. Satish Kumar Upper Division Clerk

13. Sh. Shiv Chander Lower Division Clerk

14. Smt. Neerja Kaul Lower Division Clerk

15. Sh. Naresh Kumar Lower Division Clerk

16. Sh. Babu Ram Lower Division Clerk



Skilled Supporting

Sl. No. Name Designation

1. Sh. Krishan Lal  Skilled Supporting Staff

2. Sh. Sewa Ram  Skilled Supporting Staff

3. Sh. Ram Sagar  Skilled Supporting Staff

4. Sh. Deepak  Skilled Supporting Staff

5. Sh. Satbir  Skilled Supporting Staff

Promotions

1. Dr.  JayaKumar S,  Scientist,  has been 
promoted to the next post of Scientist Senior 
Scale w.e.f 07.01.2013.

2. Dr. Sonika Ahlawat , Scientist, has been 
promoted to the next post of Scientist Senior 
Scale w.e.f 15.12.2014.

3. Dr. P.S. Dangi, has been promoted to the next 
higher post of Chief Technical Officer w.e.f. 
01.07.2015.

Superannuation

1. Sh. Sewa Ram, skilled supporting staff 
superannuated on 31.03.2017.

Obituary

Bureau family is grieved by the 
untimely demise of Sh. Sopal who 
left  for  heavenly  abode on 
13.04.2016
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fgUnh [k.M

funs'kd dh dye ls

dk;Zdkjh lkjka'k

jktHkk"kk laca/kh xfrfof/k;k¡





funs'kd dh dye ls -----
eSa] Hkk-d`-vuq-i-&jk"Vªh; i'kq vkuqaokf'kdh lalk/ku C;wjks ds okf"kZd izfrosnu 2016&17 nokjk laLFkku dh izeq[k 

xfrfof/k;ksa vkSj mIyfC/k;ksa dks izLrqr djrs gq, vR;f/kd g"kZ dk vuqHko dj jgk gw¡A C;wjks dh LFkkiuk ds ckn ls gh laLFkku 

yxkrkj ns'k ds ?kjsyw i'kq vkuqokaf'kd dh igpku] y{k.k o.kZu] ewY;kadu vkSj laj{k.k dh vfuok;Z xfrfof/k;ksa ds rgr 

mn~ns';ksa dks iwjk djus ds fy, bZekunkjh ls iz;kl dj jgk gSA eq>s ;g crkus es izlUurk gS fd fiNys ,d o"kZ ds nkSjku C;wjks 

ds oSKkfudksa us y¼k[k {ks= ds u, xksoa'k] tks ogka dh dfBu tyok;q ds vuwdqy gS rFkk O;kid izca/ku iz.kkyh ds rgr 

,&2 nw/k Hkh iSnk djrh gS] dk o.kZu fd;kA blds vykok iwoksZÙkj vkSj dksad.k {ks= dh xksoa'k] rkfey ukMw dh cjxwj vkSj 

mM+hlk jkT; dh HkSalksa dk Hkh y{k.khdj.k fd;k] vkSj lkFk gh ubZ uLy ds :i esa iathj.k ds fy, mi;qDr ik;k x;kA y?kq 

jksefUFk;ksa vkSj vU; iztkfr ds i'kq/kuksa esa gekjs oSKkfudks us dukZVd ds ekSyh vkSj ;syxk HksM+] jktLFkku vkSj iatkc dh 

fprjaxh vkSj nqECkk HksM+ ] ukxkySMa ds yEcs cky okyh cdjh vkSj vka/kz izzns'k ds LFkkuh; x/kksa dk Hkh v/;;u fd;kA 

gfj;k.kk vkSj lkfgoky xk;ks ds laj{k.k ds fy, xks'kkykvksa ds ek/;e ls d`f=e xHkkZ/kku nokjk 17 cNM+ks dk mRiknu fd;k 

x;kA thu cSad dh teZIykTe fjiksftVjh dks vf/kd oh;Z Hkw.kZ] ,fifMfMey 'kqdzk.kq] Mh,u, ds vf/kdkf/kd uewus rFkk 

[kqjkdsa vkSj nSfgd dksf'kdkvks dks ,Dl lhVw xfrfof/k ds :i es lajf{kr djds] etcwr fd;k x;kA cSfDVª;u Å¡V dh 

QkbczksCykLV lsy ykbu ds fodkl vkSj lja{k.k ds fy, ubZ igy dh xbZA okbZ&dzksekslksey ekbdzkslSVsykbZV vk/kkfjr 

fofo/krk Hkh 18 i'kq uLyksa eas iwjh dh xbZA geus ik;k fd pjkbZ okyh xk;ksa esa ,e ;w ,Q vkSj vko';d vehuks ,flM 

lkexzh LVky ij f[kyk;s tkuojksa dh rqyuk esa vf/kd gSA ckaMwj HksM+ ds ekal es mPp  dkseyrk ds ladsr feysA uksMy 

,taslh gksus ds ukrs ]C;wjks us ukS ubZ uLyksa dks iathd`r dj dqy iathd`r uLyksa dh la[;k dks 160 rd igqapk;kA C;wjks 

oSKkfudksa ds iz;klksa ds dkj.k gh ckg; foRr iksf"kr ifj;kstukvksa ds vraxZr Hkh vk'p;Ztud ifj.kke feysA usVodZ 

izkstsDV ds rgr i'kq/ku vkSj eqxhZ dh nl fofHkUu uLy ,oa vkcknh vkuqokf'kad :i  ls of.kZr dh x;kA MªksesMs;fj;u vkSj 

cSfDVª;u Å¡V ds nl  fofHkUu mRrdksa dk izfrfuf/kRo djus okyk Mh&uksoks VªkalfØIVksu vlsacyh dk fuekZ.k fd;k x;kA 

lkFk gh bu nksuksa iztkfr;ksa ds ,l,uih rFkk vU; i'kq iztkfr;ksa ds mRiknu jksx izfrjks/k ds vuqdwy y{k.kksa ls lacf/kr 

mEehnokj thuksa ds fy, MsVkcsl rS;kj fd;k x;kA HkSl esa ftuksVkbfiax ds ek/;e ls nw/k] olk vkSj nw/k izksVhu izfr'kr ds 

fy, D;wVh,y dh igpku dh xbZA 15 HkSal vkcknh okys ,l,uih MsVk dk mi;ksx djds ,d e/;e ?kuRo ,l,uih fpi 
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Hkh fodflr dh tk jgh gSA us'kuy Qsyks Ldhe ds varxZr ] VªklfØIVkse MsVk mRiUu fd;k x;k ] ftlls xk;ksa vkSj HkaSlks es 

m"e lfg".kqrk ds fy, ftEesnkj dbZ thu vkSj mudh fØ;k'kSyh dh igpku djus esa enn feyh A MhvkjMhvks n~okjk foRr 

iksf"kr ifj;kstuk ds rgr tuldkjh ?kksMksa dh gkbiksdfld lgu'khyrk ds fy, ftEesnkj thu dh igpku ij dke fd;k 

x;kA , 1@, 2 chVk dsflu laLdj.kksa ds LokLFk; ds izHkko ij vk/kkfjr ifj;kstuk esa chVk dsflu thu ds vuqØe y{k.k 

o.kZu nokjk nslh xksoa'k esa dbZ U;wfDy;ksVkbM fofo/krkvksa dh igpku dh xbZA laLFkku esa orZeku eas ikap foRr iksf"kr vkSj 

,d jk"Vªh; lg;ksxh lfgr 20 vuqla/kku ifj;kstuk,a dk;ZjÙk gSaaA

fiNys ,d lky ds nkSjku gekjs oSKkfudks us 48 vuqla/kku vkSj dbZ rduhdh o yksdfiz; ys[k izdkf'kr fd,  ekuo 

lalk/ku fodkl dk;ZØe ds rgr {kerk fuekZ.k ij Ng izf'k{k.k dk;ZØe vk;ksftr fd, x,A fofHkUu 'kks/k ifj;ksstukvks 

ds rgr izxfr dh leh{kk ds fy,] vkbZvkjlh vkSj vkj,lh dh cSBdksa dks le; ij vk;ksftr fd;k x;kA i'kq lalk/ku dh 

mi;ksfxrk ij i'kqikydksa ds chp izzn'kZuh] oSKkfud l= vkSj O;k[;ku vk;ksftr djds tkx:drk mRiUu dh xbZA 

oSKkfudksa nokjk izkIr O;fDrxr iqjLdkjksa ds vykok] ̂ i'kq/ku izdk'k* if=dk ds izdk'ku ds fy, laLFkku us vkbZlh,vkj 

ds x.ks'k 'kadj fon~;kFkhZ if=dk iqjLdkj (f}rh;) izkIr fd;k A xr o"kZ C;wjks us dbZ izfrf"Br O;fDr;ksa dks vkdf"kZr fsd;k  

ftlesa MkW f=ykspu egkik=k ] lfpo (Ms;j) fdlku dY;k.k e=kay; ] Hkkjr ljdkj  o egk funs'kd ] Hkkjrh; d`f"k 

vuqlU/kku ifj"kn ] MkW ,p jgeku HkwriwoZ mi egk funs'kd (eRLl ,oa i'kq foKku)] MkW  ts-ds- tsuk] orZeku mi egk 

funs'kd ( i'kq foKku) rFkk vk;ksok LVsV ;wfuoflZVh vejhdk ds Mk- tsEl ,e jhlh 'kkfey FksA 

 eSa MkW f=ykspu egkik=k]lfpo (Ms;j)  fdlku dY;k.k ea=ky;] Hkkjr ljdkj o egk funs'kd] Hkkjrh; d`f"k vuql/kkau 

ifj"kn MkW- ,p jgeku] HkwriwoZ mi egk funs'kd (i'kq foKku) ] MkW ts-ds- tsuk]orZeku mi egk funs'kd (eRL; ,oa i'kq 

foKku) vkSj MkW- vkj ,l xk¡/kh]lgk;d egk funs'kd (,ih vkSj ch ) vkSj MkW- fouhr Hklhu] iz/kku oSKkfud dks muds 

yxkrkj leFkZu vkSj ekxZn'kZu ds fy, g`n~; ls /kU;okn djrk gw¡A laLFkku dh izxfr eas ;ksxnku ds fy, lHkh 

oSKkfud]rduhdh] iz'kklfud vf/kdkjh vkSj vU; deZpkfj;kas dk 'kqfØ;k vnk djrk gw¡A eSa] bl nLrkost ds vkdkj esa 

C;wjks dh miyfC/k;kas dks ladfyr djus ds fy, rFkk le; ij bl of"kZd izfrosnu 2016&17 ds izdk'ku ds fy, laikndh; 

Vhe dh ljkguk djrs gq, c/kkbZ nsrk gw¡A

(vtZo 'kekZ)

funs'kd
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dk;Zdkjh lkajka'k

jk"Vªh; i'kq vkuqaof'kd lalk/ku C;wjks djuky Hkkjr dh 
,d vxz.kh laLFkk gS tks ns'k ds i'kq/ku vkSj dqDdqV 
lalk/kuks dh igpku] ewY;kadu] y{k.k o.kZu] laj{k.k vkSj 
muds lrr~ mi;ksx ,oa i'kq vkuqoaf'kd lalk/ku izca/ku] 
uhfrxr eqíksa vkSj muds {kerk fuekZ.k ij dk;Z djrh gSA 
lu 2013 esa laLFkku ds vf/kns'k dks iwjk djus ds fy, i'kq 
vkuqoaf'kd lalk/ku] i'kq vkuqokaf'kdh ,oa i'kq tSo 
izkS|ksfxdh foHkkx cuk, x,A buds vykok i'kq/ku lwpuk 
vkSj usVoZd izkstsDV bdkbZ Hkh dke dj jgha gSaA 

foÙkh;o"kZ 2016&17] ds nkSjku laLFkku dh xSj&;kstuk ds 
varxZr la;qDr :i ls vkcafVr 1014-00 yk[k :- ds 
eqdkcys dqy 990-49 yk[k :i, [kpZ gq,A bl vof/k ds 
nkSjku usVoZd ij;kstuk ds varxZr dqy izkIr 101-00 yk[k 
:i;s esa ls 100-93 yk[k :i, O;; gq,A o"kZ ds nkSjku 24-
81 yk[k :i;s jktLo izkfIRk dk y{; ds eqdkcys :i;s 
34-70 yk[k izkIr gq,-

jk"Vªh; i'kq vkuqoaf'kd lalk/ku C;wjks uLy iathdj.k gsrq 
ns'k dh ,d vxz.kh laLFkk gSA o"kZ ds nkSjku uLy iathdj.k 
lfefr }kjk i'kq/ku vkSj dqDdqV dh ukS ubZ uLyksa ds 
iathdj.k dks eatwjh nh xbZA blesa xk; dh cnzh] cdjh dh 
Vsjslk vkSj dksM+h vMw] HksM+ dh psoknq vkSj dsUnzikM+k] lqvj 
dh rsuh oks] fudksckjh o Mwe vkSj fpdu dh dkSuk;u 
'kkfey gSA budks 'kkfey djus ds i'pkr~ vc ns'k esa 
dqyiathd`r 160 Losns'kh uLysa gSa] ftlesa xk; dh 40] HkSal 
dh 13] cdjh dh 26] HksM+ dh 42] ?kksM+s o~ VV~Vw dh 6] ÅaV 
dh 9] lqvj dh 6] x/ks dh 1 vkSj eqfxZ;ksa dh 17 uLysa gSaA  

tEEkw d'ehj ds yík[k dh ns'kh xk; dk y{k.khdj.k 
losZ{k.k ds ek/;e ls fd;k x;kA yík[kh xk; NksVs vkdkj 
dh 'kkar xk; gS] bldk jax dkyk Hkqjk] cky yEcs xqPNs nkj 
o pednkj gksrs gSaA dwcM+ iw.kZ fodflr ugh gksrk] lhax 
e/;e vkSj vkxs ls ?kqekonkj gksrs gSaA ;g izfrfnu 2 ls 5 
yhVj rd nw/k nsrh gS ftlesa olk dh ek=k 5-24 izfr'kr 
gksrh gSA yík[kh xk; esa , 2 ,yhy dh ckjackjrk 0-90 ikbZ 
xbZ gSA

Hkkjr ds mRrj&iwohZ jkT;ksa dh ns'kh uLy dh xk;ksa ds xq.kksa 
dk v/;;u fd;k x;kA bu jkT;ksa ds xksoa'kh i'kq nw/k] 
ekal] [kkn o [ksrh ds fy, ikys tkrs gSaA budk 'kkjhfjd 
vkdkj NksVk o e/;e gksrk gSaA flfDde dh lhjh xk;ksa dks 

NksM+dj ckdh lHkh Hkwjs jax dh gksrh gSaA ;s izfrfnu 1 ls 5 
fdyks nw/k nsrh gSaA ukxkySaM vkSj flfDde dh ns'kh xk; dk 
'kjhj vkdkj es?kky; dh rqyuk esa cM+k gksrk gSA

egkjk"Vª ds dksad.k {ks= ds xksoa'kh i'kqvksa dk y{k.khdj.k 
losZ{k.k ds ek/;e ls fd;k x;kA dksad.k {ks= dh xk; 
'kjhj esa NksVs vkdkj dk gksrk gS vkSj dwcM+ NksVs ls e/;e 
vkdkj dk gksrk gSA tcfd cSy e/;e vkdkj ds gksars gSA ;s 
vkSlru 2-23 fdxzk izfrfnu nw/k nsrh gS ijUrq dqN mÙke  
xk;sa 5 ls 6 yhVj izfrfnu nw/k nsrh gSaA dksad.k i'kqvksa dh 
la[;k vius iztuu {ks= esa i;kZIr gS ,oa ;g ,d uLy ds 
:i esa iathd`r gksus ;ksX; gSA

rfeyukMq dh cjxqj HkSal dk losZ{k.k fd;k x;kA budks 
eq[; :i ls nw/k] ekal vkSj [kkn ds fy, ikyk tkrk gSA ;s 
HkSal vkSlru 1-5 ls 2 yhVj nw/k izfrfnu nsrh gSA budh 
Å¡pkbZ de (102-10) ls-eh- gksrh gS ftlds dkj.k ;s 
igkM+h bykdks esa vklkuh ls pjkbZ dj ldrh gSaA bu HkSalks 
dks 'kwwU; fuos'k iz.kkyh ds rgr ikyk tkrk gSaA

dukZVd jkT; dh  ekssyh vkSj ;yxk HksM+ dk losZ{k.k fd;k 
x;kA ekSyh HksM+ xgjs yEcs 'kjhj o yEch Vkax okyh gksrh gS] 
'kjhj dk jxa  lQns  ;k Hkjw  s jxa  d s /kCc s ;k fcuk /kCc s dk gkrs k 
gAS  vk[a kk s d s vkl&ikl Hkjw  s jxa  dk ?kjs k ik;k tkrk gAS  ukd 
jkes u gkrs h gAS  ;yxk HkMs  + e/;e vkdkj dh gkrs h g S budk jxa  
lQns ] cky NkVs ]s  pgs jk lQns  jxa  dk gkrs k gAS  ftld s Åij 
fofHkUu vkdkj d s dky s ;k Hkjw  s jxa  d s /kCCk s ik, tkr s gAaS

fprjaxh HksM+ dk losZ{k.k iatkc ds Qftydk] eqDrlj vkSj 
jktLFkku ds Jh xaxk uxj {ks= esa fd;k x;kA bldk jax 
lQsn gksrk gS ,oa buds vka[kks] FkwFku vkSj dku ij yky@Hkqjs 
jax ds /kCcs gksrs gSaA HksM+ks ds dku yEcs gksrs gSaA ftuds 
vafre fljs ij fofHkUu vkdkj ,oa izdkj ds dVko ik, 
tkrs gSaA O;Ld uj dk otu 40 ls 95 fdyksxzke vkSj eknk 
dk otu 26 ls 74 fdyksxzke gksrk gSA blls mRre izdkj 
dh xyhpk fdLe dh Åu izkIr gksrh gS tks dkyhu cukus ds 
fy, iz;ksx dh tkrh gSA blds Åu ds js'ks dh vkSlr 
yEckbZ 5-90 lseh gksrh gSA

'kq"d {ks=ksa esa ikyh tkus okyh eksVh iwaN okyh nqEck HksM+ ds 
y{k.khdj.k ds fy, jktLFkku esa losZ{k.k fd;k x;kA buds 
dku cMs+ vkdkj ds gksrs gS] budh iw¡N  esa olk dk teko ;k 
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iw¡N dk eksVk gksuk gh budh eq[; fo'ks"krk gSA budks 
eq[;r% bZn ij dqckZuh ds fy, ikyk tkrk gS ,oa budk 
/kkfeZd egRo Hkh gS o O;Ld uj dk vkSlru otu 90-92 
fdxzk- vkSj eknk dk vkSlru otu 66-33 fdxzk- fdxzk 
gksrk gSA 

 HksM+ ds vkB lewgksa (dksYgkiqjh] yksukan] ekjokM+h] 
eqt¶Qjuxjh] eMX;ky] laxeusjh vkSj lksykiqjh) dks 
lkr 'kjhfjd y{k.kks a ds vk/kkj ij Dykfldy 
fMfLØfeuSV QD'ku ,ukfyfll vkSj d`f=e U;wjy usVodZ 
(,,u ,u) ekMWy dk mi;ksx djds oxhZd`r fd;k x;kA 
fofHkUu fo'ys"k.kksa ds ifj.kke (P<0.001) bugsa 
vHksndj (fMfLØfeusafVax) crkrs gSaA , ,u,u ekWMy us 
fofHkUu la;kstuksa esa 99 izfr'kr ls vf/kd lVhdrk iznku 
dh gSaA

ukxkySaM dh LFkkuh; yEcs cky okyh cdjh dk mldh 
fo'ks"krk ds vk/kkj ij ewY;kadu fd;k x;kA ;s e/;e 
vkdkj dh gksrh gSa ,oa fofHkUu jax ds izk:iksa esa ikbZ tkrh 
gSA  eq[; :i ls dkyh vkSj lQsn jax dh gksrh gS ysfdu 
Hkwjs jax vkSj dkys jax dh fefJr jax dh cdfj;ka Hkh ikbZ 
tkrh gSaA budh ukd lh/kh vkSj dku lh/ks vkSj {kSfrt gksrs 
gSaA o;Ld uj dk vkSlr Hkkj 31-79 fdxzk gksrk gSaA 
ukxkySaM ds vkfnoklh yksx buds ckyksa dk iz;ksx O;kikj esa 
Hkh djrs gSaA

Hkkjrh; xksoa'k eosf'k;ksa esa fppM+h(fVd)laØe.k ds 
fQuksfVfid ,oa vkuqoaf'kd fofHkUurkvksa dk v/;;u 
fd;k x;kA eknk;sa] uj dh rqyuk esa vf/kd laosnu'khy 
ikbZ xbZ ,oa o"kZ ls de mez okys i'kqvksa esa laØe.k  vf/kd 
ik;k x;kA

lkfgoky vkSj gfj;kuk xk; ds laj{k.k ds fy, ,d 
ifj;kstuk ds rgr djuky (gfj;k.kk) ftys dh pkj 
xkS'kykvksa dk p;u fd;k x;kA o"kZ ds nkSjku gfj;k.kk 
uLy dh dqy 90 xk; vkSj lkfgoky UkLy dh 26 xk;ksa dks 
d`f=e xHkkZ/kku }kjk xfHkZr djk;k x;kA fiNys o"kZ dqy 
17 cPps iSnk gq,A

,Dl& lhVª }kjk ns'kh HksM+ ds uLyksa ds lja{k.k dh 
ifj;kstuk ds rgr dkSM+k ,ihfMMsey 'kqØk.kq iztuu djus 
esa l{ke ik;k x;kA o"kZ ds nkSjku laLFkku ds jk"Vªh; thu 
cSad dks fofHkUu uLyksa ds oh;Z] Hkzw.k] Mh ,u ,] 
,ihfMMsey 'kqØk.kq ,oa nSfgd dksf'kdk ds }kjk vkSj 
vf/kd lqn~<+ fd;k x;kA

ekbØkslSVsykbV vk/kkfjr fofo/krk fo'ys"k.k }kjk yík[kh 
eosf'k;ksa esa i;kZIr fofo/krk dk irk yxk;k x;k] bl 
v/;;u esa  vkSlr vyhYl ds la[;k 9-79 ikbZ x;h- 
QkbZykstsusfVd fo'ysf"kr yík[kh eosf'k;ksa dks v/;;u 
dh x;h vU; uLykssa ls vyx n'kkZrk gSA ekbVks&dksafMªvy 
&Mh,u, vk/kkfjr gSIyksfVd fofo/krk 942 FkhA

vBkjg ns'kh xks uLyks ds 202 lkaMks esa] lkr okbZ&xq.klw=h; 
ekbØks&lSVsykbV vk/kkfjr gSIyksVkbIl fofo/krk dh tkap 
dh x;hA dqy 19 cWkl bafMdl lEacf/kr gSIyksVkbIl dh 
igpku dh x;hA 6 lokZf/kd loZfu"B gSIyksVkbi dh 
ckjackjrk 94 izfr'kr FkhA

ekbZVksdksafMª;y Mh ywi fo'ys"k.k ds nkSjku cjxqj HkSal esa 
dqy 40 gSIyksVkbIl izkIRk gq, ftudh vkSlr gSIyksVkbIl 
fofo/krk 0-9524 ,oa U;wDysvksVkbi fofo/krk 03894 FkhA 
ekbØkslSVykbV Lrj ij dqy vkSlr vyhYl dh la[;k 8 
,oa i;Zosf{kr gsVªkstk;xksflVh 0-066 ikbZ x;hA ,Q-vkbZ- 
,l- 0.056±0-0037 ik;h x;h-

fpfydk] ijy[keqaMh ,oa eqjkZg HkSalks ds jä (lhjk)uewuksa 
dk tSo jklk;fud ijh{k.k ;g n'kkZrk gS fd fpfydk esa 
ijy[keqaMh ,oa eqjkZg HkSalksa dh rqyuk esa ;wfj;k@ØhVsafuu 
vuqikr] vis{kkd`r vf/kd ik;k x;k tks fd fpfydk HkSal 
dh futZyhdj.k fLFkfr esa csgrj vuqdwyu'khyrk dks 
n'kkZrk gS 23 ekbØks lSVsykbV vk/kkfjr fofo/krk fo'ys"k.k 
fpfydk] ijy[keqaMh] eqjkZg] unh; ,oa nynyh; HkSalksa esa 
i;kZIr fofo/krk n'kkZrk gSA

jk"Vªh; i'kq vkuqokaf'kd lalk/ku C;wjks] Hkkjr ljdkj dh 
uhrh ds vuqlkj] ns'kHkj ds iztud ujksa dh lk;VkstsusfVd 
LØhfuax vkSj Mh-,u-,- Lrj ij fofHkUu jksx ijh{k.k gsrq 
ijke'kZ lsok iznku dj jgk gS ftld mn~ns'; vkuqoaf'kd 
nks"kksa dk irk yxkuk gSA o"kZ ds nkSjku dqy 286 iztud ujksa 
,oa 8 xk;ksa dh lk;VkstsusfVd LØhfuax dh x;hA 2 lkaMksa esa 
xq.k lw= vlekU;rk ikbZ xbZA

usVodZ ifj;kstuk ds rgr cjkgUoh ;kstuk ds nkSjku 
y{k.khd`r fd;s x, i'kq uLyksa dk vkuqoaf'kd xq.k 
fu/kkZj.k fd;k x;kA blds varxZr 7 fofHkUu i'kq iztkfr;ksa 
ds i'kq lewgksa (uLyksa) dk v/;;u fofHkUurk Kkr djus ds 
fy, fd;k x;kA v/;;u ls irk pyrk gS fd frCcru HksaM+ 
dks NksM+ dj vU; lHkh lewgksa @ uLyksa esa i;kZIr vkuqoaf'kd 
fofHkUurk fo|eku gSA ,Q-vkbZ-,l- eku (vkuqoaf'kd 
fofHkUurk) /kkjokM+h HkSl esa 19 izfr'kr] gktjk eqxhZ esa 22 o
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izfr'kr rFkk v#ukpyh ;kd esa 14 izfr'kr ik;h x;h-

lkghoky] Fkkjikjdj] fxj vkSj ospwj xkSoa'k ds Mh,u, 
uewus 777 ds ,l,uih fpi dk bLrseky djds vkuqoaf'kd 
fo:fir fd;s x,A dqy 1000 ekdZjksa dh igpku dh xbZ 
Ztks uLyksa ds chp 39 izfr'kr vkuqoaf'kd fHkUurk n'kkZrs Fks 
rFkk buesa eos'kh vkcknh dks vyx djus ds fy, mPp 
'kfDr (,Q,lVh 0-28) FkhA uLyksa dks Li"V :i ls NksVs 
vkSj cM+s vkdkj ds uLyksa esa oxhZd`r fd;k x;k tks cM+s 
vkdj dh nw/k okyh uLyksa ds lk>k oa'k dk ladsr nsrs gSaA 
fxj esa laca/k vlarqyu mPpre vkSj lkghoky esa lcls de 
ik;k x;kA foHkUu uLyksa ds tksM+sa esa dbZ thu p;ukRed 
ik, x,] tks vkfFkZd :i ls egÙoiw.kZ xq.kksa ds D;w Vh ,y 
ds ekufp= cukus esa ennxkj gksxkA

nw/k] jksx izfrjks/k vkSj i'kq vkSj HkSal dh uLyksa ij vuqdwyh 
y{k.kksa ls lacsf/kr mEehnokj thuksa esa thuksfed fofo/krk,a 
vkSj vuqØeksa dh tkudkjh laxzghr djus ds fy, ,d 
MsVkcsl fodflr fd;k x;kA i'kq vkSj HkSal dh uLyksa esa 
mEehnokj thuksa ij ,l,uih vkSj vuqØeksa ij ladfyr 
MsVk ntZ fd;k x;kA

MªksesfM;u vkSj cSfDVª;u ÅaV ds nl mÙkdksa ds ,uth,l 
MsVk ikap vyx vyx Mh ukWvks ,Yxksfjne dk bLrseky 
djrs gq, bdV~Bs fd;s x,A fofHkUu Årdksa ds vyx vyx 
VªkUlfLØIVe ÅaV vkSj muds fj'rsnkjksa miyC/k thukse ij 
eSi fd;k x;kA ,uksVs'ku izfØ;kvksa ds tfj, VªkalfLØIVks 
dk vkbZQkWeZ fo'ys"k.k esa irk pyk fd ÅaV esa dbZ thu nks 
;k vf/kd vkblksQeZ okys gSaA

cSfDVª;u ÅaV vkSj MªeMsMjh;u ÅaV ds fy, MsVkcsl 
fodflr fd;k x;k] orZeku esa http:// 14.139. 

252.118/Dcamel.index.php (MªksesfM;fj;u ÅaV) 
http:// 14.139. 252. 118 /Bcamel. index. php ds 
fy, (cSfDVª;u Å¡V) ds fy, miyC/k gSA iztkfr;ksa] Ård 
,d fodYi dks ,dhd`r fd;k x;k gS rkfd vkxarqd }kjk 
okafNr MkVkcsl [kkstk tk ldsA dqy 392179 vkSj 
277435 us ,l,uih dh igpku dh tks Øe'k% Mªksesf Mu 
vkSj cSfDVª;u ÅaVksa es ns[kh tk ldrh gSA

lkseSeSfVd lsy cSafdax ds fy, izkFkfed [kkstdrkZ 
rduhd dk mi;ksx djds nksgjs dqcM+ okys ÅaV (dSeyl 
cSfDVª;ul) QkbczksCykLV lsy ykbu dks lQyrkiwoZd 
LFkkfir fd;k x;kA QkbczksCykLV~l ds fodkl ds laca/k esa 
fofHkUu ehfM;k dk ijh{k.k fd;k x;k] lkekU; c<+rh 

dksf'kdkvksa dks 4 ls 6 iSlst iSjkxzkQ ij 'khr&lajf{kr 
fd;k x;kA ;g lsy Lrj ij cSfDVª;u ÅaV ds egÙoiw.kZ 
vkuqoaf'kd lalk/ku dks lajf{kr djus ds fy, lgk;d 
gksxkA

HkSal esa vkfFkZd xq.kksa ds fy, ekdZjksa dh igpku ds fy,] 
vyx&vyx Øksekslkse ds fy, thch,l MsVk dk 
ikfjokfjd fo'ys"k.k fd;k x;kA nqX/k olk vkSj nw/k izksVhu 
izfr'kr vkSj dqy olk mit vkSj dqy izksVhu mit] igyh 
xehZ esa mez vkSj nSfgd dksf'kdk Ldksj fy, 24 vkWVkslkWEl 
esa ls izR;sd ij D;w Vh ,y rS;kj fd, x,A lHkh D;w Vh ,y 
HkSal xq.klw=ksa esa forfjr ik, x,A lHkh igpkus x, 
ek=kRed xq.k LFkkuh; HkSalksa dk ,d HkSal D;w Vh ,y 
MkVkcsl ds :i esa http:// 14.139.252. 118:8084/ 

Buffalo Q T L/ ij ladfyr fd;k x;k gSA

iwjs ns'k esa HkSal dh 15 vkcknh dks feykdj ,d e/;e 
?kuRo ,l,uih fpi dk fodkl fd;k x;kA dqy 98346 
,l ,u ih dh igpku O;kid thukse esa dh xbZ tks ,l ,u 
ih ,sjs esa fodkl ds fy, xq.koÙkk fu;a=.k ekudksa dks ikfjr 
dj pqds gSaA ,l,uih ds chp dk vkSlr nwjh 27-9 ds-ch- 
ikbZ xbZA ;g e/;e ?kuRo ,l ,u ih ,sjs dk iz;ksx HkSalksa esa 
ftuksfed p;u ds fy, fd;k tk ldrk gSA

ns'kh eosf'k;ksa vkSj HkSalksa esa FkeksZVksyk;jsal ds vk.kfod 
vk/kkj dks tkuusa vkSj fofHkUu okrkoj.kksa ds vuqdwyu ds 
fy, thukse MsVk [kuu fd;k x;kA y¼k[k ds LFkkuh; 
ns'kh eosf'k;ksa vkSj de ÅapkbZ ls lkfgoky eosf'k;ksa ls dbZ 
lkS foHksfnr O;Ùd thu] tSfod izfØ;kvksa] vk.kfod dk;Z 
vkSj izfØ;k dh igpku gqbZA Øfe DyLVfjax vkSj ghV esi 
MsVk ls irk pyrk gS fd lkfgoky vkSj y¼k[k xk;ksa esa 
vyx&vyx Vkaª fLØIVkes  glrk{kj d s :i e as ik, x,] 
D;iw hlhvkj u s gkbikfs Dl;k l s tMq  s+ thuk as tlS  s ,pvkb,Z Q&+ 1 
vkjS  mld s fofu;fer thu dh vfHkO;fDr e as mYy[s kuh; 
of̀¼ dk mYy[s k fd;k g]S  tk s l>q ko nrs  s g aS fd y¼k[kh xk;k as e as
mPp Åpa kb Z vudq yw  e as mudh egÙoi.w k Z Hkfw edk gks rh gAS

unh d s HklaS k as e as Na/K ATPase thuk as d s vkblkQs kes  Z dh 
Ård fof'k"V vfHkO;fDr dk v/;;u fd;k x;kA] ,Vhih 1 
, dh Ård&fof'k"V i¼fr vfHkO;fDr] dkfs 'kdkvk as vkjS  
Årdk as e as vk;fud ,dkxrz k dk s cuk, j[ku s e as vkblZ kQke Z
dh egÙoi.w k Z Hkfw edk dh vkjs  bfa xr djrk gAS

lkghoky],p,Q vkSj eqjkZ HkSalks es lsyqyj ekinaMks ij 
xehZ ruko dk vlj ewY;kdau fd;k x;kA xehZ ruko ds 4 ok
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?kaVs]16 ?kVas vkSj 24 ?kaVs ds ckn ,p,Q dh ihch,elh 
dh O;ogk;Zrk izHkkoh:i ls de FkhA lkbVksVksDlhflVh 
es ,p,Q xk;ksa esa nwljksa dh rqyuk dkQh vf/kd ( ih 
0-05) FkhA lkbVksVksDlhflVh Lrj ,iksiksVksfll ,p ,Q 
xk;ksa ds ihch ,e lh es mPpre Fkk vkSj mPp nj lsy 
e`R;q 16 ?kaVs vkSj 24 ?kaVs ckn xehZ ruko ij vf/kdre 
Lrj rd igaqp x;hA v/;;u us ,p,Q vkSj eqjkZ HkSalks 
dh rqyuk esa lkghoky xk;ksa ds csgrj lsyqyj dk ladsr 
fn;kA xehZ ruko (30 feuV) ds ckn] ruko vkSj 
izfrj{kk izfrfdz;k ls tqM+h ekbdzksvkj,u, us vius 
vfHkO;fdr rhuksa esa ls fo'ks"k :i lkfgoky es egRoiw.kZ 
fn[kk;h nhA

taLdkjh ?kksMksa esa /khjt (,.M;qjsal) xq.k ds lkFk tqMs 
thu vkSj vk.kfod ekxksZa dh igpku ds fy, y¼k[k 
{ks= dh mPp Å¡pkbZ ij 12 taLdkjh ?kksM+ksa vkSj 6 th ,l 
[kPpjksa ij v/;;u fd;k x;kA ifj.kke crkrs gSa fd th 
,l [kPpjksa esa /khjt ijh{k.k ds ckn taLdkjh VVVw dh 
rqyuk es fofHkUu 'kkjhfjd ekinaM vf/kd ik;h x;hA 
mPp Å¡pkbZ ij /khjt vH;kl ls igys vkSj ckn ifj.kke 
Lo:i taLdkjh ?kksM+ksa ds VªkkafØIVksfed fo'kys"k.k thu 
dks mij ;k uhps fofu;fer ik;s x;sA ruko]vtSfod o 
tSfod mÙkstuk]dheksdhu]vkfJr izksVhu dhust] 
lsy&lsy vklatu v.kqvksa ls lacaf/kr dbZ thu ds 
O;k;ke ds iwoZ vkSj ckn vkSj vkjke djus dh vof/k ds 
nkSjku O;Dr fd, x,A

xksoa'k ds ,1@,2 nw/k ds LokLFk; ds izHkko ij 
ifj;kstuk ds vraxZr iwjs Hkkjrh; ns'kh uLykas]ladj vkSj 
fons'kh xksoa'k esa chVk dslhu thu ds osfj,aV @ 
gSIyksIVkbIl dks fu/kkZfjr djus ds fy, vuqØe y{k.k 
o.kZu fd;k x;kA ckWl bafMdl vkSj ckWl VkjWl eosf'k;ks 
ds chp igpku fd, x, dbZ U;wfDy;ksfVM fofo/krk,¡ 
dh vko`fr de FkhA dqy 6 gIyksVkbi ns[ks x, vkSj bu 
, 2 izdkjksa esa 0-86 dh vf/kdre vko`fr ik;h x;hA

fofo/krk fo'ys"k.k esa ekSyh HksaM+ esa izHkkoh vkyhYl dh 
la[;k] vkSlr izsf{kr gsVªkstk;xksflVh ,oa thus fofo/krk 
Øe'k% 5-23] 0-637 ,oa 0-783 vkSj ;yxk HksaM+ esa ;s 
eku Øe'k% 4-865] 0-596 ,oa 0-757 ik;k x;kA

pksdyk] exjk] ekjokM+h ,oa enzkl jsM HksaM uLyksa esa ,p 
,l ih thu cgq:irk ,oa vfHkO;fDr izksQkbYl vkSj 
gheSVks&fQft;ksa &tSo jkl;kfud ekunaMks ds lkFk 

lEc/kksa dk v/;;u fd;k x;k- thu vfHkO;fDr 
fo'ys"k.k] vYi &vuqdwfyr i'kqvksa esa vf/kd 
vfHkO;fDRk dk gksuk n'kkZrk gSA

ukxkySaM cdjh ds vkuqoaf'kd v/;;u izsf{kr 
gsVªkstk;xksflVh 0-347 ikbZ x;hA lexz cgq:irk (ih 
vkbZ lh)eku 0-494 ik;k x;kA

vkU/kz izns'k ds LFkkuh; [kPPkjksa esa 12 Ldksjscy ykslkbZ 
dk irk pykA izHkkoh vkyhYl dh l[;k 6-92 ikbZ 
x;hA vkuqokaf'kd fofo/krk eku 0-21 ik;k x;k tks fd 
e/;e Lrj ds vUr% iztuu dks n'kkZrk gSA

pjkbZ esa ikyh x;h ns'kh (lkfgoky)xk;] fons'kh 
(gksYlVhu Ýhft;u) ,oa l?ku i¼fr esa ikys x;h 
ladj xk;ksa (lkfgoky gksYlVhu Ýhft;u) ds nqX/k & 
esVkcksykbV~l dk rqyukRed v/;;u fd;k x;kA pjkbZ 
esa ikyh x;h xk;ksa esa izksVhu] olk ,oa vko';d vehuks 
vEy dh ek=k vf/kd ikbZ x;hA

cUMwj HksaM+ ds ekWl ls lEcaf/kr fo'ks"krkvksa dh rqyuk 
LFkkuh; HksaM+ ls fd;k x;kA bl v/;;u ds laosnh 
(lsaljh)ewY;kadu esa ekal esa FkksMk vf/kd tqlhusl ,oa 
fof'k"B xa/k ikbZ x;h] gkyk¡fd ;g vUrj v/;;u dh 
nksuksa HksaM+ks esa lkFkZd Lrj ij fHkUu ugh FkkA cUMwj HksaM esa 
f'k;j QkslZ dk eku de ik;k x;k tks fd okafNr y{k.k 
gS ,oa ;g dkseyrk (VsaMjusl) dks n'kkZrk gSA

laLFkku esa fiNys o"kZ ds nkSjku dqy 11 vuqkla/kku 
ifj;kstuka, iwjh gqbZ ftlesa 1 cká foÙk iksf"kr ifj;kstuk 
lfEefyr gS orZeku esa 20 vuqla/kku ifj;kstukvksa ij 
dk;Z tkjh gS] ftlesa 5 cká foÙk iksf"kr ,oa ,d jk"Vªh; 
Qsyks ifj;kstuk gSA

o"kZ ds nkSjku dqy 48 'kks/k i= laLFkku ds oSKkfudksa }kjk 
jk"Vªh; vkSj varjk"Vªh; 'kks/k i=&if=dkvksa esa izdkf'kr 
fd, x,A blds vfrfjDr 10 rduhdh@yksdfiz; ys[k 
5 fdrkcsa] 4 eksuksxzkQ ,oa izf'k{k.k eSU;qvy Hkh 
izdkf'kr gq, ] laLFkku }kjk 4 isVsaV vkosnu Hkkjrh; isVsaV 
dk;kZy; esa vkosfnr fd;s x, A

laLFkku }kjk o"kZ ds nkSjku 6 izf'k{k.k ,oa ,d efLr"d 
eaFku l= Hkh vk;ksftr fd;s x;sA ̂ ^,MokaLm VwYl QkWj 
datosZ'ku vkWQ MksesfLVd ykbolVkWd MkboflZVh**  
ij ,d y?kq vof/k izf'k{k.k dk;ZØe ,oa ^^ LVªsVstht 
QkWj dSjsDVjkbtslu ,aM  datosZ'ku vkWQ ,fuey ,aM 
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iksYVªh tsusfVd fjlkSlZl** ij ,d ekWMy izf'k{k.k 
dk;ZØe* Hkh vk;ksftr fd;k x;kA blds vykok 
tkx:drk ,oa dq'kyrk mPphdj.k gsrq Hkh ^^ ckSf¼d 
lEink vf/kdkj ,oa lEcaf/kr {ks=* ij izf'k{k.k dk;ZØe 
vk;ksftr fd;s x,A rduhdh vf/kdkfj;ks a gsrq 
^^iz;ksx'kkyk fof/k;ksa esa dq'kyrk mUu;u izf'k{k.k 
dk;ZØe Hkh vk;ksftr fd;k x;kA

C;wjks ds oSKkfudks us ^^esjk xk¡o esjk xkSjo** dk;ZØe esa 
Hkkx fy;k vkSj fofHkUu xkaoksa esa tk&tkdj fdlkuksa esa 
tkx:drk dk;ZØe pyk;kA laLFkku }kjk ikap izn'kZfu;ksa 
dk vk;kstu fdlkuksa esa tkx:drk QSykus ds fy, ns'k ds 
fofHkUu fgLlksa esa ns'kh i'kqvksa dh fo'ks"krkvksa ds ckjs esa  
fd;k x;kA

laLFkku }kjk fiNys o"kZ ds nkSjku x.krU= fnol] Lora=rk 
fnol] laLFkku LFkkiuk fnol] tSo fofo/krk fnol] 
lrdZrk lIrkg ,oa fgUnh i[kokM+k euk;k x;k lkFk gh o"kZ 
Hkj jk"Vªh; LoPNrk vfHk;ku Hkh pyk;k x;k-

laLFkku ds iqLrdky; esa bl nkSjku 30 vuqlU/kku tuZy 
lClØkbc fd;s x, ,oa 20 fdrkcsa [kjhnh xbZA

vuqla/kku lykgdkj lfefr ,oa laLFkku vuqla/kku lfefr 
,oa dh cSBdksa dk le; ij vk;kstu fd;k x;k ,oa laLFkku 
esa py jgh ifj;kstukvksa dh izxfr dh leh{kk bu cSBdksa ds 
nkSjku dh x;hA

o"kZ ds nkSjku okf"kZd [ksy&dwn izfr;ksfxrk Hkh vk;ksftr 
dh x;h ftlesa laLFkku ds vf/kdkfj;ksa ,oa deZpkfj;ksa us 
c<+&p<+ dj fgLlk fy;kA xr o"kZ ds nkSjku laLFkku dh 
ckLdsV cky Vhe] vkbZ lh , vkj ukFkZ tksu LiksV~lZ] tks dh 

,u Mh vkj vkbZ djuky esa vk;ksftr gqvk Fkk] esa jtr 
ind ds lkFk mi fotsrk jghA

o"kZ ds nkSjku dbZ fof'k"V O;fDr;ksa us laLFkku dk nkSjk 
fd;k] ftlesa egk funs'kd ,oa mi & egk funs'kd (i'kq 
foKku) Hkkjrh; d`f"k vuqla/kku ifj"kn~ ubz fnYyh izeq[k 
jgsA

laLFkku ds oSKkfudksa us ns'k ds fofHkUu Hkkxksa esa vk;ksftr 
fofHkUu izf'k{k.k dk;ZØeksa] dk;Z'kkykvksa] laxksf"B;ksa vkSj 
lEesyuksa esa Hkkx fy;kA

laLFkku ds oSKkfud] jk"Vªh; Msjh vuqla/kku laLFkku (,u 
Mh vkj vkbZ) djuky ,oa Hkkjrh; i'kq fpfdRlk 
vuqla/kku laLFkku (vkbZ oh vkj vkbZ) cjsyh ds ladk; 
lnL; ds :i esa 'kkfey gSa ,oa ,u Mh vkj vkbZ] djuky esa 
LukrdksÙkj fo"k;ksa dks i<+k jgs gSa vkSj lkFk gh LukrdksÙkj 
,oa ih ,p Mh (fo|kk okpLifr) ds Nk=ksa ds 'kks/k dk;ksZa esa 
ekxZn'kZd dk dk;Z Hkh dj jgs gSaA

orZeku ea laLFkku esa dqy 28 oSKkfud] 16 rduhdh 
vf/kdkjh] 16 iz'kklfud vf/kdkjh ,oa 5 dq'ky LVkQ 
dk;Z dj jgsa gSaA o"kZ ds nkSjku 2 oSKkfudksa ,oa rduhdh 
vf/kdkjh dks inksUufr feyhA bl nkSjku ,d deZpkjh dks 
lsokfuo`fÙk Hkh feyhA Jh lksiky] ;w-Mh-lh- dk o"kZ ds 
nkSjku fu/ku gks x;kA

o"kZ ds nkSjku laLFkku dks Hkkjrh; d`f"k vuqla/kku ifj"kn~ 
ubZ fnYyh }kjk x.ks'k 'kadj fo|kkFkhZ d`f"k if=dk iqjLdkj 
ds rgr] laLFkku }kjk izdkf'kr okf"kZd fganh if=dk ^^ 
i'kq/ku izdk'k (iape vad)** dks f}rh; iqjLdkj izkIr 
gqvkA

ok
f"k

Zd
 i

zfr
osn

u 
20

16
&1

7

83

d
k;

Zd
kjh

 l
kjk

a'k

dk;Zdkjh lkajka'k



laLFkku jktHkk"kk dk;kZUo;u lfefr dh cSBdsa

jktHkk"kk fganh ds iz;ksx dh izxfr dh leh{kk djusa ,oa 
jktdh; dk;ksZa esa blds vf/kdkf/kd iz;ksx dks cy nsus gsrq 
fofHkUu fCkUnwvksa ij ppkZ djus gsrq laLFkku esa jktHkk"kk 
dk;kZUo;u lfefr dh frekgh cSBdksa dk fujarj vk;kstu 
fd;k tkrk gS- bl vof/k ds nkSjku Hkh fu;ekuqlkj pkj 
laLFkku jktHkk"kk dk;kZUo;u lfefr rFkk ,d jktHkk"kk 
lykgdkj lfefr dh cSBd dk vk;kstu fd;k x;kA

fganh O;k[;ku@dk;Z'kkykvksa dk vk;kstu

laLFkku esa jktHkk"kk fganh ds izpkj&izlkj vkSj laLFkku 
dkfeZdksa dks jktdh; dk;ksZa esa fganh ds vf/kdkf/kd iz;ksx 
gsrq tkx:d djus ds mns'; ls laLFkku esa frekgh fganh 
O;k[;kuksa@dk;Z'kkykvksa dk vk;kstu fd;k tkrk gSA blh 
izfØ;k esa fnuk¡d 15&04&2016 dks efgyk l'kfädj.k% 
Hkkjrh; lekt ds lUnHkZ esa fo"k; ij ,d fganh O;k[;ku 
dk vk;kstu fd;k x;kA fo"k; ij O;k[;ku gsrq djuky 
fLFkr efgyk Fkkuk dh ,l,pvks Jherh y{eh nsoh dks 
vkeaf=r fd;k x;k FkkA fnuk¡d 18&07&2016 dks 
vk;dj foojf.kdk Hkjrsa le; /;ku nsus ;ksX; fcanq fo"k; 
ij fganh Hkk"kk esa O;k[;ku@dk;Z'kkyk dk vk;kstu fd;k 
x;k]zz ftlesa vk;dj dk;kZy; djuky ds mi&vk;qä Jh 

th-ds- dksgyh dks vkeaf=r fd;k x;k FkkA fnuk¡d 
27&01&2017 dks orZeku le; ds Toyar fo"k; /ku 
gLrkarj.k dk vadhdj.k ij ,d fganh O;k[;ku dk 

vk;kstu fd;k x;k ftlds fy, Jh fo'kky voLFkh] 
eq[; foi.ku vf/kdkjh] ;qchvkbZ cSad dks vkeaf=r fd;k 
x;kA KkuktZu ds lkFk&lkFk deZpkfj;ksa esa jktHkk"kk iz;ksx 
ds izfr :>ku c<+kus dk iz;kl fd;k x;kA

fganh psruk i[kokM+k

izR;sd o"kZ dh Hkkafr bl o"kZ Hkh laLFkku esa fnuk¡d 
14&09&2016 ls 21&09&2016 rd fganh i[kokMs dk 
vk;kstu fd;k x;k- bl vof/k esa fofHkUu izfr;ksfxrk,a 
ftuesa fucU/k] i=] 'kCnkFkZ@vuqokn] fVIi.kh@elkSnk] 
iksLVj izn'kZuh]Hkk"k.k] vk'kq&Hkk"k.k] fganh 'kCn [kkst] 
oSKkfudksa gsrq fganh 'kkS/k i= izLrqrhdj.k bR;kfn dk 
vk;kstu fd;k x;kA blds lkFk&lkFk LVkQ lnL;ksa ds 
}kjk fiNysa o"kZ  ds nkSjku fganh Hkk"kk esa fd;s x, dk;ksZa dk 
ewY;kadu udn iqjLdkjksa gsrq fd;k x;kA

fuca/k ys[ku izfr;ksfxrk esa izFke] f}rh; o r`rh; iqjLdkj 
Øe'k% Jh jkds'k dqekj] Jh deZchj ekfyd o Jh jes'k 
dqekj jk.kk us izkIr fd;kA

i= ys[ku izfr;ksfxrk esa izFke] f}rh; o r`rh; iqjLdkj 
Øe'k% Jherh vuhrk pank] Jh deZchj ekfyd o Jh 
jkds'k dqekj us izkIr fd;kA

fVIi.kh elkSnk ys[ku izfr;ksfxrk esa izFke] f}rh; o r`rh; 
iqjLdkj Øe'k% Jh deZchj ekfyd] MkW- j.kthr dVkfj;k 
o Jh jkds'k dqekj us izkIr fd;kA

jktHkk"kk laca/kh xfrfof/k;k¡
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'kCnkFkZ@vuqokn izfr;ksfxrk esa izFke] f}rh; o r`rh; 
iqjLdkj Øe'k% MkW- ,u-ds-oekZ] Jh jkds'k dqekj o MkW- 
j.kthr dVkfj;k us izkIr fd;kA

fganh 'kCn [kkst izfr;ksfxrk esa izFke] f}rh; o r`rh; 
iqjLdkj Øe'k%Jh deZchj ekfyd] o Jherh vuhrk pank 
] Jh cydkj flag o Jh jes'k dqekj jk.kk rFkk MkW- lksfudk 
vgykor o Jherh vferk dqekjh us izkIr fd;kA

iksLVj izfr;ksfxrk esa izFke eukst dqekj] vafdrk 'kekZ] 
izhrh oekZ] izos'k eqatky] fufdrk] 'kSys'k Lokeh] euh"kh  
eqds'k ,oa MkW- eksfudk lks<+h  us izkIr fd;kA

'kkS/k&ys[k izLrqrhdj.k izfr;ksfxrk esa C;wjksa ds oSKkfudksa ds 
}kjk iow  Z d s nk s o"kk aZs d s nkjS ku fd; s x, 'kk/S k&dk; Z e as iFz ke Mk-W  
j.kthr flga  dVkfj;k] f}rh; Mk-W  jkd's k deq kj iMaq hj ,o a
rr̀h; ijq Ldkj Mk-W  ekfs udk lk<s h+  u s thrk- ikz Rs lkgu ijq Ldkj 
Mk-W  ,u-d-s oek Z rFkk Mk-W  d-s ,u- jktk dk s fn;k x;kA

fganh Hkk"k.k izfr;ksfxrk fo"k; Lojkstxkj vkSj i'kqikyu esa 

izFke iqjLdkj  lqJh vafdrk dks f}rh; iqjLdkj (la;qä) 
:i ls Jh iznhi xqIrk feykA

fganh vk'k q Hkk"k.k ifz r;kfs xrk e as iFz ke ijq Ldkj Mk-W  ekfs udk 
lk<s h+ ] f}rh; ijq Ldkj deq kjh fgekuh 'kek Z rFkk rr̀h; ijq Ldkj 
lJq h vfa drk u s thrk- o"k Z 2015&16 d s nkjS ku fgna h Hkk"kk e as fd; s
x, mRdỒ dk; Z grs  w iFz ke ijq Ldkj Jh ckcw jke us thrkA

i'kq/ku izdk'k ds lIre vad dk foekspu

C;wjksa ds LFkkiuk fnol ds lqvolj ij i'kq/ku izdk'k 
izdk'k ds lIre vad dk foekspu MkW- x;k izlkn] 
midqyifr] ljnkj oYYHkHkkbZ iVsy d`f"k ,oa izks/;ksfxd 
fo'ofo|ky;] esjB] }kjk fd;k x;kA

i'kq/ku izdk'k dks x.ks'k 'kadj fo|kFkhZ iqjLdkj

fof'kÔ miyfC/k d s vra xrZ  bl vof/k d s nkjS ku Hkkjrh; df̀"k 
vulq U/kku ifj"kn ~ }kjk i'k/q ku idz k'k d s ikpa o s vda  
(o"k&Z 2014) dk s x.k's k 'kda j fo|kFkh Z df̀"k if=dk ijq Ldkjk as
d s vra xrZ  f}rh; ijq Ldkj l s lEekfur fd;k x;kA
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