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HIGHLIGHTS OF THIS ISSUE...

Dear Colleagues and Stakeholders,

I 'am immensely pleased and delighted to present the january-
June 2025 issue of the newsletter from ICAR-National Bureau
of Animal Genetic Resources (NBAGR), Karnal. This newsletter
not only reflects concisely the Bureau’s half-yearly work,
progress, and contributions but also highlights our unflinching
commitment to the conservation, management, research,
and outreach activities in protecting the country’s valuable
animal genetic resources (AnGR). Over the past six months, we
have achieved several significant milestones that strengthen
our contributions to sustainable development in agriculture
and animal husbandry, while addressing the challenges of
biodiversity conservation.

One of the most prominent accomplishments during this period has been the registration
of 10 new indigenous breeds across livestock, poultry, and dog species. At the 12th
meeting of the Breed Registration Committee (BRC), held on January 6, 2025, in New
Delhi, we registered the Manah buffalo from Assam, Gaddi dog from Himachal Pradesh,
Changkhi dog from Ladakh, Ladakhi yak and donkey from Ladakh, Tripureswari duck
from Tripura, Chaugarkha goat from Uttarakhand, Bundelkhandi goat from Uttar
Pradesh and Madhya Pradesh, Karkambi pig from Maharashtra, and Kheri sheep from
Rajasthan. The gazette notification of these breeds (April 15, 2025) and the felicitation
ceremony for the applicants (January 17, 2025) not only affirm the recognition of
these rare and adapted breeds but also encourage government programs for their
conservation and development. To date, a total of 229 indigenous breeds have been
registered, including 53 of cattle, 21 of buffalo, 41 of goat, 46 of sheep, and various
others across species. This progress is a solid step towards the ‘Mission Towards Zero
Non-Descript AnGR,’ aimed at reducing non-descript livestock populations and preserving
their genetic diversity.

In the realm of research, our team has provided valuable insights through several
innovative and impactful studies. For instance, the genomic signatures of high-altitude
adaptation in Ladakhi cattle highlight genes like HIFTA and VEGFA, which play important
roles in hypoxic environments. Similarly, studies on positive selection signatures in
Kanniadu goats, genome-wide insights into CNVs in Indian goats, and molecular
signatures of heat stress resilience in Jamunapari goats offer tools to combat climate
change and environmental challenges in livestock breeds. Research on seasonal stress
impacts in Murrah bulls, mitochondrial copy number and gene expression changes in
buffalo spermatozoa, and breed-specific metabolomic profiles of milk-derived exosomes
advance our understanding in animal health, reproduction, and nutrition. Additionally,
the metabolomic profiling of colostrum and milk in Ladakhi cattle from high-altitude
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* regions provides insights into newborn survival
and growth in hypoxic environments.

In the development of genomic resources, we
have designed and validated high-density SNP
array: ‘Axiom_Kukkut' for Indian chicken breeds
and ‘Axiom_Shwaan’ for Indian dog breeds.
These arrays will serve as powerful tools for
genome-wide association studies, detection of selection signatures, diversity analysis and
breed improvement programs, thereby aiding in the preservation of genetic diversity in
indigenous breeds.

In outreach and collaborative work, a stakeholder meet in Lakshadweep (January 9,
2025) was convened where a strategy paper and documentary (on AnGR) were launched.
The annual review meeting of the Network Project on AnGR (January 30-31, 2025)
reviewed progress from 33 centers, including documentation of 53 potential populations.
An interactive meeting with DAHD (May 14, 2025) strengthened future associations. The
International Biodiversity Day (May 22, 2025) celebration, which included poster and
speech competitions and awarding cattle farmers, was successful in creating awareness
about the importance of biodiversity.

Farmer programs included scientist-farmer interface meets in Lakshadweep, Haryana,
and Uttarakhand, where animal health kits were provided. Under Viksit Krishi Sankalp
Abhiyan’ (May 29-June 12, 2025), 19 scientists interacted with more than 3,500 farmers
across 250+ villages, emphasizing the unique qualities of indigenous livestock and poultry.
Exposure visits by farmers and school students to NBAGR facilitated knowledge exchange.
Our exhibition stall at the Agriculture Science Congress reflected our technologies and
conservation efforts.

These milestones are the outcome of hard work by the scientists of the Bureau, the staff,
partner institutions, and stakeholders. We continue to be devoted to the conservation,
research, and sustainable use of indigenous animal genetic resources to combat issues
such as climate change, food security, and rural economy. | offer my deepest gratitude to
all of you for your efforts and look forward to still more successes in the future.

Jai Hind ...
(N H Mohan)
Director, ICAR-NBAGR, Karnal
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o Institute Profile -

With the realization of the unique significance of native animal and poultry genetic resources and their potential utilization
at global level, a need was felt by the ICAR in 1960s for establishing an organization which could undertake the responsibility
of evaluating, certifying and conserving the country’s rich and diverse germplasm resources. The establishment of two
different institutes- National Bureau of Animal Genetic Resources (NBAGR) and National Institute of Animal Genetics (NIAG)
was approved, in principle, during IV Five-Year-Plan. The Institute was set up on 21t September, 1984 at the campus at
National Dairy Research Institute (Southern Regional Station), Bangalore and further shifted to Karnal on 19% July, 1985.
Finally, NBAGR and NIAG were merged in 1995.

Mission
To protect and conserve indigenous Farm Animal Genetic Resources for sustainable utilization and livelihood security.

Mandate

+ |dentification, evaluation, characterization, conservation and sustainable utilization of livestock and poultry genetic
resources of the country.

¢ Coordination and capacity building in animal genetic resources management and policy issues.

Objectives
* To conduct systematic surveys to characterize, evaluate + To undertake studies on genetic characterization using
and catalogue farm livestock and poultry genetic modern techniques of molecular biology.
resources and to establish their National Data Base. ¢ To conduct training programmes as related to evaluation,
+ To design methodologies for ex-situ conservation and in- characterization and utilization of animal genetic
situ management and optimal utilization of farm animal resources.

genetic resources.
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Registration and Gazette Notification of Indigenous animal breeds

ICAR-NBAGR registered 10 indigenous breeds of livestock (7), poultry (1) and dog (2) species based on the recommendation of
Breed Registration Committee (BRC), during the meeting held on 6" January, 2025 at New Delhi. The BRC headed by Deputy
Director General (Animal Science), ICAR is the apex body for registration of newly identified animal breeds in the country. Total
229 indigenous breeds, which include 53 breeds of cattle, 21 of buffalo, 41 of goat, 46 of sheep, 8 of horse, 9 of camel, 15 of pig,
4 of donkey, 5 of dog, 2 of yak, 20 of chicken, 4 of duck, and 1 of geese have been registered, so far. Bureau has also assigned the

Accession numbers to the newly registered breeds.

Native breeds of livestock poultry and dog registered by ICAR

1 Buffalo Manah Assam

2 Dog Gaddi Himachal Pradesh

3 Dog Changkhi Ladakh

4 Donkey Ladakhi Ladakh

5 Duck Tripureswari Tripura

6 Goat Chaugarkha Uttarakhand

7 Goat Bundelkhandi Uttar Pradesh &
Madhya Pradesh

8 Pig Karkambi Maharashtra

Sheep Kheri Rajasthan
10  Yak Ladakhi Ladakh

Newly registered breeds

Manah is a dual purpose buffalo
used for milk and draught,
distributed in Nalbari, Kamrup
rural, Barpeta, Goalpara districts
of Assam State. It is medium
sized buffalo and reared for milk
and draught purpose. The daily
milk yield is around 1.75 kg.

Chaugarkha also called as Kumaoni goat, is distributed in the

! e Almora, Pithoragarh, Nainital,
Champawat and  Bageshwar
districts of Uttarakhand state.
It is mainly reared for mutton
production. Average adult body
weight in male is 27 Kg and in
female is 24 Kg.

Bundelkhandi goat is originated
in Bundelkhand region of U.P. &
M.P. It is a medium sized goat,
mainly used for meat purpose.
It is distributed in Jhansi, Banda,
Chitrakoot, Mahoba, Hamirpur,
Lalitpur and Jalaun districts of
U.P. and Sagar, Panna, Damoh,
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INDIA_BUFFALO_0200_MANAH_01021
INDIA_DOG_0600_GADDI_19004
INDIA_DOG_3800_CHANGKHI_19005
INDIA_DONKEY_3800_LADAKHI_05004
INDIA_DUCK_1900_TRIPURESWARI_11004
INDIA_GOAT_2400_CHAUGARKHA_06040
INDIA_GOAT_2010_BUNDELKHANDI_06041

INDIA_PIG_1100_KARKAMBI_09015
INDIA_SHEEP_1700_KHERI_14046
INDIA_YAK_3800_LADAKHI_16002

Tikamgarh, Chhatarpur, Datia district of M.P. These animals
are black in colour, well adapted and able to cover long
distances while grazing.

Kheri sheep is distributed in the Tonk, Ajmer, Bhilwara, Jaipur,
Nagaur, Pali, Jodhpur districts of Rajasthan. These animals are
tall and have maijestic look. It has
ability to walk long distance, that
is why farmers prefer this breed
for migration. These animals are
well adapted to harsh climatic
conditions and can survive during
scarcity of feed and fodder
resources.

Karkambi pig is distributed in
Solapur, Pune, and Satara district
of Maharashtra. It is mainly
reared for meat purpose under
scavenging system. Litter size
varies from 2 to 10. Average adult
body weight in male is 45 Kg and
in female is 43 Kg.

Tripureswari Duck is native to Tripura state and distributed
in Sepahijala, Gomati, Kowai, Dhalai, South, West, Unokoti
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™ and North Tripura. It is mainly
reared for egg and meat purpose.
Average body weight is 1.199 kg
at 12 months. The annual egg
production of these ducks are

ranged from 70 to 101.

Ladakhi yak is distributed in the
Leh and Kargil districts of Ladakh
(UT). It is reared mainly for milk,
meat, fibre, manure, draught and
transport purpose. Ladakhi yaks
are medium in size, larger than
Arunachali yak. Average adult
body weight for male is 250 Kg and for female is 183 Kg.

Ladakhi Donkey is distributed
in the Leh and Kargil districts of
Ladakh (UT). This is only donkey
population which are reared
above 3000 meter msl and used
for transportation at very high
altitude with low oxygen and
temperature. Average adult body
weight for male is 82 Kg and for female is 78 Kg.

Gaddi dog is distributed in the Chamba, Kangra, Kullu, Mandi,

ICAR Felicitated Breed Applicants

Indian Council of Agricultural Research (ICAR) felicitated applicants of !'il
animal breeds registered during 2023 to 2025 in a ceremony held on
January 17,2025, at NASC Complex ICAR, New Delhi. In the ceremony,
about 80 breed applicants were honored for registering 18 breeds of
indigenous livestock, poultry and dog breeds. Vice-chancellors and
Directors of various SAUs/SVUs, DDGs ADGs of ICAR, and officers

from DAHD also attended the program.

Dr. Himanshu Pathak, Secretary (DARE) and Director General (ICAR)
graced the occasion as chief guest. In his address, Dr Raghavendra
Bhatta, Deputy Director General (Animal Sciences), ICAR informed
about the breeds registered by the ICAR. He said that registering the

Lahaul Spiti and Kinnaur districts
of Himachal Pradesh. It is named
after the Gaddi tribe who is

associated with the migratory
farming since ages. It is mainly
reared as guarding dog. The litter
size varies from 4-8.

Changkhi dog is native of Ladakh
(UT). Changkhi dog is used as
watch dog to guard their livestock
including sheep and goat from
snow leopard, wild animals and
other predators, and also for their
safety.

Gazette Notification x

These newly registered
indigenous breeds were further
Gazette notified by DARE, Min. of
Agriculture & Farmers Welfare,
Govt. of India [No. 1689(5.0.1720
(E) (April 15, 2025)]. The Gazette
Notification of the breeds have
been initiated by the Department
in 2019. Till date, all 230 animal
breeds have been notified in the
official Gazette.

o
The Gazette of JIndia
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animal breeds was started by the ICAR in 2008 so as to protect native breeds. Dr Abhijit Mitra, Animal Husbandry Commissioner,
Gouvt. of India, complimented all the breed applicants. It would also let initiate various government programs for the development
of these breeds in their states. The livestock keepers would be benefitted by these programs in the long run. He also appreciated
the efforts of ICAR-NBAGR for supporting DAHD for conducting Breed-wise Livestock Census (2024) in the country.

Out of the 18 breeds, three each
from Ladakh (UT) and Andaman &
Nicobar (UT) as primary home tract.
Other states are Andhra Pradesh (1),
Assam (1), Chhattisgarh (1), Gujarat
(1), Maharashtra (2), Himachal
Pradesh (1), Rajasthan (1), Tripura (1),
Uttarakhand (1) and Uttar Pradesh (2).
Two breeds were having more than
one state as their native tract.

Applicants of Chaugarkha goat from Uttarakhand
being honored by the dignitaries

Dr. Himanshu Pathak, Secretary (DARE) and
Director General (ICAR) addressing the breed
applicants and other stakeholders

4 ICAR-NBAGR Newsletter |
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Published Research Highlights

Signatures of high-altitude adaptation in Ladakhi cows

Whole-genome sequence data from Ladakhi cattle, adapted
to the high-altitude environment of Leh-Ladakh, and Sahiwal
cattle, native to the arid and semi-arid tropics, were analyzed
to explore genomic regions under selection pressure in
contrasting environments. Two complementary approaches,
runs of homozygosity (ROH) and fixation index (F.), were
applied. Several ROH hotspots in Ladakhi cattle harbored
genes linked to high-altitude adaptation, including HIFTA,
VEGFA, VEGFC, EPHB1, ZEB1, CAV3, TEK, SENP2, GATA6, RAD51,
and ADAMTSL4. The genome-wide F . value of 0.32 reflected
strong genetic divergence between the two breeds, with 3,616
candidate regions identified as being under selection. F-based
analysis further highlighted key genes such as HIF1A, VEGFC,
ZEB1, SOD1, EGLN3, EPAS1, ZNF, DYSF, ADAM, SENP2, MMP16, and
CDK2, many of which are known to contribute to adaptation
in hypoxic conditions. Pathway enrichment analysis revealed
significant representation of signaling pathways related to
HIF-1, VEGF signaling, DNA repair, and angiogenesis in Ladakhi
cattle, underscoring their role in physiological adjustment to
high-altitude, oxygen-limited environments.

Reference: Tiwari M, Sodhi M, Chanda D, Kataria RS, Niranjan SK, Singh |,
Bharti VK, Igbal M, Rabgais S, Amarjeet, Vivek P, Kumari P andMukesh
M (2025) Deciphering genomic basis of unique adaptation of Ladakhi
cattle to Trans-Himalayan high-altitude region of Leh-Ladakh in India.
Gene 942:149251.

Genomic signatures of positive selection in the Kanniadu goat

Whole-genome resequencing (~10X coverage) was performed
on Kanniadu (n =10) and Jakhrana (n = 10) goats using lllumina
NovaSeq 6000, with publicly available Saanen genomes (n =
10) included for comparison. Variant calling in Kanniadu goats
identified ~22.5 million SNPs and 3.7 million INDELSs, distributed
across intronic, intergenic, and exonic regions. Selection
signatures were detected using nucleotide diversity (8m) and
composite likelihood ratio (CLR) methods, while between-breed
divergence was assessed using the fixation index (F).The
top 1% outlier regions revealed 52 overlapping genes under
selection, including WARS2 (fat deposition), TBX75 and RNPC3
(growth), and genes influencing body size. Selective sweeps
were enriched on chromosomes 16, 25, and 23, encompassing
IPO9 (muscle growth), LMOD1 (smooth muscle function), and
DCN and PTPRR (carcass traits). Functional enrichment analysis
further revealed significant involvement of PI3K-Akt, mTOR,
MAPK, and EGFR signaling pathways, highlighting their role in
transcriptional regulation, growth, and survival.

Reference: Yadav R, Vanzampuii ZST, Dixit SP, Singh S, Bhatia AK, Iram D
and Ganguly | (2025) Genetic signatures of meat type Kanniadu goat: A
genome-wide exploration. Small Ruminant Research 251: 107564.

Genome-wide insights into CNVs in Indian goats

Advances in next-generation sequencing (NGS) have made
it feasible to characterize genome-wide variation with high
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precision, with copy number variations (CNVs) and copy
number variation regions (CNVRs) offering a powerful lens
to investigate the genetic basis of adaptation and diversity.
Whole-genome resequencing was used to delineate the
distribution of CNVs and CNVRs in 11 indigenous Indian goat
breeds. Diversity metrics calculated from the identified CNVRs
revealed significant patterns of genetic structure. Principal
component analysis (PCA) distinguished Kanniadu (KAN)
and Jharkhand Black (JB) goats from the remaining breeds,
suggesting their unique genomic profiles, likely influenced
by their origin from institutional farms. Admixture analysis,
complemented by f3 statistics, indicated distinct genetic
structuring of JB, KAN, and Tellicherry (TEL) relative to other
studied populations. Furthermore, selection signature analysis
using the variance-stabilizing transformation (VST) approach
identified 32 genomic regions under selection, highlighting
key candidate genes such as ZBTB7C, BHLHE22, and AGT, which
are potentially involved in thermoregulation and adaptation
to contrasting hot and cold environments. Overall, a
comprehensive dataset of 32,711 autosomal CNVRs along with
customized computational pipelines was generated, offering
valuable resources for future research on CNV-driven genetic
diversity and adaptive mechanisms in goats.

Reference:Sukhija N, Kanaka KK, Ganguly I, Dixit SP, Singh S, Goli RC,
Rathi P, Nandini PB and Koloi S (2025) Cataloging copy number
variation regions and allied diversity in goat breeds spanning pan India.
Mammalian Genome 36:523-540

CNVR-based assessment of genetic diversity in Indian and
global goat breeds

Whole-genome resequencing data were employed to examine
CNV regions (CNVRs) in Indian goat breeds and to compare
them with transboundary and global populations, including
wild relatives, with the aim of assessing their utility in exploring
genetic diversity and population structure. Two datasets were
assembled: Dataset-l included 103 genomes from native Indian
breeds along with nine publicly available sequences of Black
Bengal and Beetal goats; Dataset-Il consisted of 262 genomes
from international breeds and wild goat species. CNVRs were
detected using CNV caller, which relies on normalized read
depth across sliding windows. This analysis identified 63,728
CNVRs in Dataset-l and 48,869 CNVRs in Dataset-ll. These
values exceed those reported in earlier studies, likely due to
improved detection resolution, increased sample size, and the
application of advanced computational pipelines. Population
structure was examined through principal component analysis
(PCA) and admixture analysis, with cross-validation errors
confirming distinct clustering of Indian breeds and evidence
of genetic admixture with transboundary populations.
Phylogenetic reconstruction using a customized pipeline
(Plink2Phylo) further revealed distinct evolutionary nodes,
with breeds such as Uttarakhand Hill and Black Bengal forming
unique clusters, underscoring their high levels of genetic
variability.
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Reference:Sukhija N, Ganguly I, Kanaka KK, Dixit SP, Singh S, Bhatia A, Goli
RC and Rathi P (2025) Genome-wide copy number diversity in Indian
goat breeds scaled to world-wide breeds. Small Ruminant Research 249:
107525.

Molecular signatures of heat stress resilience in Jamunapari
goats

Heat stress poses a major challenge to livestock productivity,
especially in tropical regions where ambient temperatures
frequently surpass the animals’ thermal comfort limits.
To unravel the molecular mechanisms underlying heat
stress resilience, a transcriptomic study was conducted in
Jamunapari goats (Capra hircus). Female goats aged 1-2 years
were evaluated under two contrasting conditions: normal
Thermal Humidity Index (THI) during March and elevated THI
during June. Based on physiological traits and heat tolerance
indices, animals were categorized into Thermo-Neutral Group
(TNG) and Extreme Heat Stress Group (EHSG). Comparative
transcriptome analysis revealed many differentially expressed
genes in the EHSG goats. Genes upregulated under heat stress
were mainly involved in NF-kappa B signaling, MAPK signaling,
and cytokine-cytokine receptor interactions, whereas
downregulated genes were enriched in IL-17 signaling and
platelet activation pathways. Interestingly, key molecular
players such as small heat shock proteins (CRYAB) and
aquaporins (AQP117) exhibited marked downregulation under
heat stress. Weighted Gene Co-expression Network Analysis
(WGCNA) further identified modules associated with the Iberia
Heat Tolerance Coefficient and respiration rate, pointing
to hub genes including TUFM, TOMM40, BCSL1, VCL, VASP,
ITGB, and VWF as central to adaptive responses. Collectively,
these findings provide valuable insights into the genetic and
molecular basis of heat stress tolerance in goats and highlight
potential candidate genes and pathways that could be utilized
in selective breeding programs to enhance livestock resilience
in tropical environments.

Reference:Dige MS, Gurao A, Mehrotra A, Singh MK, Kumar A, Kaushik
R, Kataria RS and Rout PK (2025) Comparative transcriptomic and
co-expression network analysis identifies key gene modules involved
in heat stress responses in goats. International Journal of Biological
Macromolecules 305:140975.

Gene expression and physiological adaptations to seasonal
heat stress in Murrah bulls

Heat stress poses a significant challenge to livestock
productivity, with water buffalo being particularly vulnerable
due to their limited heat tolerance. To gain deeper insights,
a comprehensive investigation was conducted in Murrah
bulls through gene expression profiling. Based on semen
quality across different seasons, hot summer, comfort,
and winter, the bulls were classified into two categories:
seasonally affected (n = 6) and seasonally non-affected
(n = 6). The investigation demonstrated that heat stress
markedly influenced physiological parameters such as scrotal
temperature and respiration rate, along with alterations
in serum antioxidant levels. Gene expression analysis was
performed in peripheral blood mononuclear cells to evaluate
responses to both thermal and oxidative stress, while targeted
semen quality-related genes were examined in spermatozoa.
Seasonal variations were found to impact bulls differently
depending on their semen quality status, with notable changes
at physiological, biochemical, and molecular levels. Significant
differences were particularly evident during the summer,
where infrared thermography revealed elevated scrotal
surface temperatures, coupled with differential expression of
heat shock proteins and the /eptin gene between groups.

Reference: Vasisth R, Sriranga KR, Chitkara M, Gurao A, Singh LP, Dige
MS, Sodhi M, MukeshM, Kumar P, Singh P and Kataria RS (2025) Serum
biochemical and gene expression changes in the spermatozoa of buffalo
bulls under heat stress. Biochemical Genetics doi: 10.1007/s10528-025-
11122-2.
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Impact of seasonal stress on mitochondrial copy number
and gene expression in buffalo spermatozoa

The relative mitochondrial copy number was assessed to
explore its potential link with the expression of mitochondrial-
encoded stress-associated genes in buffalo spermatozoa.
Semen samples were obtained from breeding bulls during two
contrasting temperature-humidity index (THI) conditions: the
hot summer and winter. Based on semen quality assessments,
bulls were classified into two categories: those showing
reduced semen quality under summer stress were labeled
as seasonally affected, while bulls maintaining consistently
good semen quality were grouped as seasonally unaffected.
Overall, mitochondrial copy numbers were found to be lower
in summer (15.42 + 1.23) compared to winter (17.29 + 0.72).
Within the summer season, seasonally affected bulls exhibited
markedly reduced copy numbers (12.86 + 1.34) compared to
their unaffected counterparts (17.97 + 1.34). These results
highlight the possible contribution of mitochondria to semen
quality, particularly under conditions of compromised scrotal
thermoregulationinsummer.Althoughexpressionfoldchanges
of apoptotic genes (BCL2, MCL1, CASP3, BAK) and oxidative
stress-related genes (CAT, SOD, GPx, ATF4, FOX03) did not differ
significantly between bull groups, seasonal differences were
evident. To further examine the role of mitochondrial copy
number in apoptosis and ROS detoxification, a generalized
mixed model analysis was performed. The analysis revealed
a significant negative association between copy number and
CAT expression, as well as a positive association with apoptotic
gene expression. These findings highlighted the importance
of mitochondrial copy number in buffalo spermatozoa for
regulating oxidative balance and apoptotic pathways, thereby
mediating the physiological challenges imposed by heat stress
and tropical climatic conditions.

Reference: Chitkara M, Kaur H, Vasisth R, Sriranga KR, Gurao A, Mahar
K, Dige MS, Aggarwal RAK, MukeshM, Kumar P, Singh P and Kataria RS
(2025) Evaluation of mitochondrial copy number and gene expression
changes in the spermatozoa of buffalo bulls under heat stress.
Reproductive Biology 25(2):101014.

Breed-specific metabolomic profiles of milk-derived exosomes

Exosomes are nanoscale vesicles of endocytic origin, typically
ranging from 30 to 150 nm in diameter, secreted by nearly all
cell types. Bovine milk, being a nutrient-dense and balanced
biological fluid, serves as an excellent natural source for
large-scale exosome isolation. To explore their biochemical
composition, metabolomic profiling of milk-derived exosomes
(MDEs) was performed in three cattle genetic groups:
Sahiwal (Bosindicus), Holstein Friesian (Bostaurus), and the
crossbred Karan Fries (Bosindicus x Bostaurus). Using AMH
NMR spectroscopy, a total of 41 metabolites were detected
across all groups. Comparative evaluation revealed that 16
metabolites differed significantly (p < 0.01; log2 (FC) > 1; VIP >
1), with all being enriched in Sahiwal-derived exosomes (SW-
MDEs). Pair wise comparisons furtheridentified 19 metabolites
showing differential abundance between SW and HF, and 10
each between SW-KF and KF-HF. Except for citrate and lactose,
which showed higher levels in other groups, the majority of
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metabolites were consistently enriched in SW-MDEs, followed
by KF and HF. Several metabolites abundant in Sahiwal
exosomes, including alanine, leucine, isoleucine, valine,
phenylalanine, O-acetylcarnitine, and 3-hydroxybutyrate,
are known for their beneficial health properties and their
involvement in fundamental pathways such as energy
metabolism, growth regulation, intestinal cell proliferation,
and immune modulation. These findings not only underscore
breed-specific differences in the metabolome of milk-derived
exosomes but also emphasize the superior nutritional and
therapeutic potential of exosomes derived from Bosindicus
(Sahiwal) milk.

Reference: Garg V, Mukesh M, Kumar U, Kumar D, Amarjeet, Mahajan R,
Kataria RS, Kumari P andSodhi M (2025) Characterization of metabolite
profiles in milk derived exosomes from indicus, crossbred and taurine
cows by proton nuclear magnetic resonance analysis. Food Chemistry
473:143015.

Metabolomic profiling of colostrum and milk in Ladakhi
cattle of high-altitude region

The milk and colostrum metabolome of Ladakhi cattle,
uniquely adapted to the high-altitude cold desert of Leh-
Ladakh, was systematically profiled. Using high-resolution
1D MH NMR spectroscopy at 800 MHz, metabolites were
characterized across colostrum, transition milk, and mature
milk. Multivariate statistical analysis demonstrated clear
separation of these three stages into distinct clusters, driven by
metabolites with high variable importance in projection (VIP)
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Figure: Heat map of metabolite concentration in indicine, crossbred,
and taurine cows
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scores, including UDP-galactose, UDP-glucose, citrate, creatine
phosphate, myo-inositol, lactose, 2-oxoglutarate, valine,
maltose, leucine, dimethylamine, and choline. Colostrum was
particularly enriched with UDP-galactose and UDP-glucose,
metabolites essential for cellular proliferation, differentiation,
and immune defense. Elevated levels of branched-chain amino
acids in colostrum suggested their role in mammary gland
function and neonatal nutrition. Furthermore, metabolites
such as N-acetylglucosamine, N-acetylcarnitine, and choline
were present at higher concentrations in colostrum, likely
contributing to the growth, neurodevelopment, and survival
of newborn calves in the hypoxic high-altitude environment
characteristic of Ladakh.

Reference: Amarjeet, Kumar U, Sodhi M, Kumar D, Vivek P, Niranjan SK,
Kataria RS, Kumar S, Sharma M, Tiwari M, Aggarwal RAK, Bharti VK, Igbal
M, Rabgais S, Kumar A, Chanda D and Mukesh M (2025) Characterizing
metabolome signature of colostrum, transition and mature milk of
indigenous cows (Bosindicus) adapted to high altitude environment of
Leh-Ladakh. Food Chemistry 464:141767.

Development and validation of Axiom_Kukkut: A high-density
SNP chip for Indian chicken breeds

Backyard chicken populations in India are uniquely adapted
to local agro-climatic conditions and harbor distinct genetic
attributes, underscoring the need for a specialized SNP array
to capture their diversity, support breed identification, and
facilitate conservation. To address this, a high-density custom
SNP chip, Axiom_Kukkut, was designed using genome-wide
SNP markers identified from 16 indigenous breeds, along
with Red Jungle Fowl and White Leghorn. The chip comprises
622,376 SNPs with an average inter-marker spacing of
1.9 kb, offering a denser genomic coverage compared to
existing commercial platforms. Validation was carried out
by genotyping diverse Indian chicken breeds, with all SNPs
subjected to evaluation. The array demonstrated exceptional
accuracy, yielding an average call rate of 99.92% and 91.28%
as high-resolution polymorphic markers. Population-
level analyses revealed substantial genetic diversity
among indigenous breeds and highlighted distinct linkage
disequilibrium patterns. Principal component analysis further
confirmed the genetic distinctiveness of breeds such as Red
Jungle Fowl and Uttara, where low variability likely reflects
geographical isolation or restricted breeding practices. The
Axiom_Kukkut SNP chip provides a powerful platform for
multiple downstream applications, including genome-wide
association studies (GWAS), detection of selection signatures,
population genetics, and breed improvement programs.
With continued refinement, its scope can be extended to
incorporate exotic and commercial lines, thereby enhancing
its utility across diverse chicken populations.

Reference: Vijh RK, Arora R, Sharma U, Raheja M, Kapoor P, Ahlawat S and
Sharma R (2025) Development and validation of a high-density SNP chip
tailored for genomic analysis in Indian backyard chickens. British Poultry
Science DOI: 10.1080/00071668.2025.2500343.

Development of a high-density SNP array for Indian dog
genomics

A customized high-density SNP genotyping array was designed
to facilitate genomic studies in Indian dog populations. Whole-
genome resequencing was performed on 48 dogs representing
four genetically diverse populations at an average coverage
of 10X. Using the Axiom Array design pipeline, more than 23
million raw SNPs were initially detected, from which 629,597
high-quality SNPs were selected and incorporated into the
array, named Axiom_Shwaan. With an average inter-marker
spacing of 3.8 kb, this platform substantially enhances genome-
wide coverage for Indian canines. The array was validated by
genotyping 186 dogs belonging to 11 breeds/populations,
yielding a high average call rate of 99%, confirming its
reliability and suitability for Indian dog genomes. Population
stratification using principal component analysis and
phylogenetic reconstruction clearly separated native breeds
into distinct clusters, reflecting their genetic uniqueness. The
Axiom_Shwaan array provides a powerful genomic resource
for diverse downstream applications, including population
genetics, detection of selection signatures, identification of
breed- or trait-specific markers, and genome-wide association
studies aimed at unraveling the genetic basis of adaptive and
functional traits in Indian dogs.

Reference: Raja KN, Arora R, Vijh RK, Sharma U, Raheja M, Sharma M,
Maggon M and Ahlawat S (2025) Empowering canine genomics: design and
validation of a high-density SNP array for Indian dogs. Genome 68: 1-12.
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Figure: Geographic distribution of dog breeds/populations selected
for designing and genotyping the Indian dog SNP array
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Meetings

Breed Registration Committee meeting:

The 12" Meeting of Breed Registration Committee (BRC) was
held on January 06, 2025 at NASC, New Delhi. The BRC meeting
was chaired by Dr Raghavendra Bhatta, Deputy Director
General (Animal Sciences), ICAR. The BRC is the apex body for
registration of newly identified animal breeds in the country.
Newly registered breeds are- Manah buffalo from Assam,
Gaddi dog from Himachal Pradesh, Tripureswari duck from
Tripura, Chaugarkha goat from Uttarakhand, Bundelkhandi
goat from Uttar Pradesh and Madhya Pradesh, Karkambi pig
from Maharashtra, Kheri sheep from Rajasthan, Changkhi dog,
Ladakhi donkey, and Ladakhi yak from Ladakh (UT).

Stakeholder Meet in Lakshadweep

ICAR-NBAGR organized a Stakeholder Meet on ‘Animal Genetic
Resources of Lakshadweep (UT): Strategy for Documentation
and Sustainable Management’ at Kavaratti (Union Territory of

Annual Review Meeting-NWP on AnGR

ICAR-National Bureau of Animal Genetic Resources
organized Annual Review Meet on ‘Network
Project on Animal Genetic Resources’ (NWP-AnGR)
during 30-31% January 2025 at the Bureau. Total
44 participants including Principal Investigators
of 33 Network Centres participated in the review
Meeting and presented the progress report of
their respective centres /states. The Meeting
was chaired by Dr. Raghavendra Bhatta, Deputy
Director General (Animal Science), ICAR, New
Delhi. Addressing the delegates, he emphasized
over documenting the indigenous AnGR and
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Lakshadweep) on 9"anuary, 2025 in collaboration with ICAR-
Krishi Vigyan Kendra (KVK) and Department of Veterinary &
Animal Husbandry Services, Union Territory of Lakshadweep.
Dr Raghavendra Bhatta, DDG (AS), ICAR, New Delhi was the
Chief Guest and Shri Rajthilak S (IFS), Secretary, Agriculture,
Fisheries, Animal Husbandry, Environment & Forest, and
Science & Technology, Union Territory of Lakshadweep, was
Guest of Honor. About 50 participants including scientists/
officers of ICAR-NBAGR, KVK Lakshadweep and Department
of Environment & Forest, Govt. of Lakshadweep, Department
of Veterinary & Animal Husbandry Services and local livestock
keepers attended the Meet. On the occasion, a Strategy
paper on ‘Animal Genetic Resources in Union Territory of
Lakshadweep: Strategy for Sustainable Management' and a
documentary on AnGR of Lakshadweep was also released.
Animal health kits were also distributed among livestock
keepers on the Occasion.

registering potential breeds to reduce non-descript livestock population. Appreciating the efforts of NBAGR for initiating ‘Mission
towards Zero Non-descript AnGR' in the country, he told that NWP Centres would play a crucial role to complete this mammoth
task. During the meeting, the progress (year 2023-24) of all the centres was reviewed comprehensively by the DDG (AS) and
ADG (AP&B), ICAR. Many of the suggestions were given for improvement of the project. Under NWP-ANGR, total 53 potential
populations of indigenous livestock, poultry and dog were taken for characterization by the participating centres, among these;
the documentation of 15 populations has been completed during the period.

Interactive Meeting with DAHD

An Interactive meeting to discuss present and future
collaborations between ICAR-NBAGR and Dept. of
Animal Husbandry & Dairying (DAHD), MoFAHD, Gouvt.
of India was held on 14" May 2025 at the Bureau. Ms.
Alka Upadhyaya, Hon'ble Secretary (AHD), DAH&D,
Govt. of India chaired the meeting. She interacted
with scientists of the bureau and discussed in details
regarding activities, achievements and way forward
of the Bureau. The Secretary along with Animal
Husbandry Commissioner, and other officers from
AHD, Govt. of India also visited various laboratories
including National Bovine Genomic Centre-Indigenous
Breeds (NBGC-IB).

ICAR-NBAGR Newsletter |
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Farmers Program & Outreach

International Biodiversity Day

ICAR- National Bureau of Animal Genetic Resources, Karnal
successfully organized the International Biodiversity Day on 22
May, 2025. This year the theme of “International Biodiversity
Day” is “Harmony with Nature and Sustainable Development”.
On this occasion, a poster and speech competition was
organized for students to make people aware about the
importance of biodiversity and cattle farmers were also
honored for rearing native breeds. Dr Gurbachan Singh, former
Chairman, ASRB & Chief Guest of the function felicitated the
livestock keepers for promoting indigenous animal breeds.

Scientists-Farmers Interface Meet

Kadmat (Lakshadweep): ICAR Scientists Farmers Interface
Meet was organized on 12" January, 2025 at Kadmat island
of Lakshadweep (UT) with goat and poultry keepers, in
collaboration with the KVK, Kavaratti (Lakshadweep) and Dept.
of Animal Husbandry, Lakshadweep. Farmers were sensitized
about scientific management of indigenous AnGR. Around
40farmers attended the program. Dr Raghavendra Bhatta, DDG
(AS) ICAR, Dr B P Mishra, Director, ICAR-NBAGR, other scientists
of the NBAGR and KVK, Officers of Dept. of Animal Husbandry,
Lakshadweep attended the programs. Animal Kit/supplements
were also distributed to the beneficiaries under the TSP scheme.

Haryana: A Farmers and Scientists Interface meet was
organized at Garhi Khajur village in Gharaunda tehsil of Karnal
district (Haryana) on 22.03.2025, in collaboration with Haryana
Pashu Vigya Kendra, Uchani (LUVAS). Scientists interacted with
the women farmers and explained in detail about scientific
management and health aspects of livestock as well as native
Animal Genetic resources management. Kits comprising
mineral mixture, calcium, dewormer, digestive stimulant etc
were also distributed among 300 beneficiaries belonging to SC
community under Schedule Caste Sub-Plan program.

Uttarakhand: Another Scientist Farmers interaction meet at
Telliwala village, Haridwar (Uttarakhand) in collaboration with
KVK, Haridwar. Distributed Health kit to the 26 beneficiaries.

Viksit Krishi Sankalp Abhiyan

The ICAR-National Bureau of Animal Genetic Resources
(NBAGR), Karnal, actively participated in the nation-wide
campaign “Viksit Krishi Sankalp Abhiyan” organized by the
Ministry of Agriculture and Farmers Welfare from 29 May to
12 June, 2025. The primary objective of the campaign was
to promote modernization of Indian agriculture through
scientific outreach, adoption of sustainable practices, and
empowerment of the farming community. During the fifteen
days program 19 scientists participated in the program
covering more than 250 villages from 06 districts (Panchkula,
Jind, Fatehabad, Kaithal, Kurukshetra and Yamunanagar) of
Haryana as team involving various departments

Overall, the campaign facilitated effective farmer-scientist
interaction and served as a platform for transferring
knowledge and technologies to the grassroots level. More
than 3500 farmers participated and interacted with scientists
and the farmers were sensitized about unique qualities and
management of indigenous livestock and poultry and it's role
in agriculture sector and human health.

Exposure visits & exhibition

About thirty progressive farmers (17 Women & 13 Men) from
Kullu district of Himachal Pradesh made an exposure visit to
ICAR-NBAGR, Karnal on 09.04.2025. Krishi Vigyan Kendra, Kullu
(CSKHPKYV, Palampur) organized the visit under the program
of Natural farming. Farmers interacted in detail about the
role of ICAR-NBAGR in management of indigenous Animal
Genetic Resources and also abut indigenous livestock and
poultry breeds suitable rearing in the hilly terrain of Himachal
Pradesh, Kullu district in particular. The visit was coordinated by
Dr AK Mishra, and Dr Raja K N Principal Scientists of the bureau.

About 188 students (101 boys & 87 girls) of class X from Pratap
Public School, Karnal made an exposure visit to ICAR-NBAGR,
Karnal on 17.04.2025. Students interacted in detail about the
role of ICAR-NBAGR in management of indigenous Animal
Genetic Resources and also showed interest regarding the
DNA based diversity studies, conservation of extinct species
etc. and visited National GeneBank and core lab. The visit was
coordinated by Dr Rekha Sharma and Dr Raja K N Principal
Scientists of the bureau.

The institute displayed its activities at the Agriculture Science
Congress (20-22 February, 2025) through an exhibition stall
featuring banners and informational materials. A diverse
range of technologies, significant achievements and efforts in
animal genetic resource conservation were displayed.

ICAR-NBAGR Newsletter |
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TRIITE (FERfeee) & SE1 €2 § | 38 7% ¥9 ¥ Ugigr & forg arem
ST 2 | Teh X H STAA aTel Sl &bl ST 8-4 S A gl & |

AT AT AR (SR TG &l
o1 framdt & | iRt A @ SuEnT
= T €9 E URGRI & fory o S 8
L i 9 S A, SE e 3R e,
F W AUE, STl SHaRt 3R 3
' ) : | R SHe’t @ gifed T g9, i
wa@wﬁaﬁmm%ﬂﬁ%ﬁaﬂa%l

ERIa < é_‘%ﬁﬂ'{?ﬁaﬁ Sl The (Ea'uTl.—:z of Jndia

SR IRA TEHR, FN 3R
e @earr #arerd, DARE
BRI TSTad # Sifergfad famam
[=ar 1689(S.0.1720 (E)
(15 afid, 2025)] 1 & Tt
& ISId | sifeger ufar
2019 # fG9FT RT Y& & T
ot | 379 T et 230 U] AN Rl
aNfYeies Tehd | SifugfEd
ST g |

3G AT R Y AR & w9 H ., Ay urews, T (Y g ofik fRign favmr)

T4 iR (ICAR) SUfedd & | 379 gaiied H <F. T9dg g, 3 Agif-axren (U] fag), TR v STgaar uReg = 1. F. 37, U gRT Usiiga
T el SR G | Il SardT foh oR1T et ol gRef g ICAR ¥ 2008 H Ux] T USTeRioT &t Uiehal & il o | 2. i siia ffelr, TRy
R, TRT THR A Tt T NG| Sl TRHAT i | Igi gl o 3T TSl 7 S A o fahrg o forq faf s TrRanrt riesr ot 1% forg S
aﬁﬁﬁwﬁwﬁﬁamﬁmﬁmmﬁﬁw F. 3.9 - T@uwamaﬁmwmﬁ%maﬁ%ﬂmﬁ Sgia
TR T4 a8 fanT (DAHD) &1 §997 < g4 &% :

H TRIAR UR[EA SFIOET (2024) SRS &l |

18 U et # 8, wrere (35 W 7aRT) oK sieAm
4 fHeriaR (S SMTEd UeRT) &l diF-die & 3 M i
TE 89 & T H € | 3 TSI € N9 W™ (1), 316 (1),
TR (1), TR (1), 7ERIg (2), e wew (1),

TIRGS & GHINGET I & 31! ) fafore

g, feArg) ure, wﬁa(w@wm&ﬁ?f‘w

W(1)>%®(1):W(1) aﬁtwu&w(z) | Ry o Terfer (M I STFETT GRS, el gIeT FTferT T o7 T &)
3 Tl & felq Uk & 31fereh T 37 7t & € | T SR il T R @ e e 5
14 STEENeaR- et |



UbhTRId H@Uﬁ glscllscd
T Mt A SurE & SrggerT & aaror / favyarg

-G & IF-HaTE aTel TR F ITER STFe Aegrdt Mal
3T Y/ ST IWTHCTS &dl i Treiaret T 3 R SH=rH
STeH ST w1 faweryor famar T, @ifes faudla waterer & 999 gara
& A ST T SHHIHS &l ol UgaTd i ST 9 | 38 folq g
Reh AR TATY Y — FHIFHSI & 3 (runs of homozygosity,
ROH) 3fi¥ ftheriz 23 (fixation index, FST) | agrdt it
# %2 ROH elewied uiq 7y, fS# U@ Sit wfde & STt 3
FOE W g ¥ 52 &, 99 HIF1A, VEGFA, VEGFC,
EPHBI1, ZEB1, CAV3, TEK, SENP2, GATA6, RAD51 3R
ADAMTSL4 | 92 S # e g2 &l A9 0.32 9T, S gl
T % S FeTgd SR fI9Te @1 gRITaT € | %e 3,616 geifaa
&A@ T & ST UTY Y | {haeR $ead SMuTRd faxetyor 7 e
Sl S HIF1A, VEGFC, ZEB1, SOD1, EGLN3, EPASI,
ZNF, DYSE, ADAM, SENP2, MMP16 3ik CDK2 @l 3SR
foran, S & % & sifeits (hypoxic) TRfRIfGT # srjge
# ghTgM wRd &1 AN a9 fazemor (Pathway enrichment
analysis) = fq@mar f& @grdt 7 # HIF1-, VEGF signaling,
DNA repair 3R angiogenesis & 33 AN 7@ &9 § Hi9[g €, 51
IA-GaTE 3R HH SIS aTet ITdTaR0T # 39 AR STdher
HHgg HAE |
Reference: Tiwari M, Sodhi M, Chanda D, Kataria RS, Niranjan SK, Singh |,
Bharti VK, lgbal M, Rabgais S, Amarjeet, Vivek P, Kumari P andMukesh
M (2025) Deciphering genomic basis of unique adaptation of Ladakhi

cattle to Trans-Himalayan high-altitude region of Leh-Ladakh in India.
Gene 942:149251.

FAA1g % A GHRIAF 97 & SAIHE GFd

ZeRI BT AIaTEe 6000 FT IUFT ek HAATS (n = 10) 37 ST
(n = 10) SHRA I FYUT S G:3HHT (~10X Havst) f&mm
a1, fSrEH Jer & forg wrdsifes €9 § Suerss 914 S (n = 10)
oft efiet 9 | FHfwarg Fwikal & afde Sifert & e 22.5 ffdg
SNPs 37 3.7 fiferad INDELSs &t vgar g8, STt $8ife, gexaifad
3R TaEe &di # fafa 9| <foediess fafawd (on) 3R g7m
GreT egara (CLR) &<t & 3w axes 99 fRigl &1 ar aman
T, ST fOhart= g8 (FST) o SUGINT ohieh -T&al & s foraerT
I 3Ther fmaT a1 | <MY %1 SMEeaaR §dl H 999 & dgd 52
sifaeardt SiF arg g, S WARS?2 (a@r smE), TBX15 3R
RNPC3 (3fg), 3R TR & MR ol wifed &< aret s et
£ 1 7Ud 25,16 3R 23 W IGTE @9 % THg fomar 7, fSad
IPO9 (Aigu=it gfg), LMOD1 (it migd=ht &r), 8k DCN
g PTPRR (IR & &0 Wffer | FHraiers g9 fawavor §
PI3K-Akt, mTOR, MAPK 3z EGFR femfeir #mt &t wgeagot
Wit ot ua T, S grafree faftamm, afg it streifaar
H 3! fHeR IR TR STl 4T |

ISHTR TGS AR THIIR- |
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Reference: Yadav R, Vanzampuii ZST, Dixit SP, Singh S, Bhatia AK, Iram D
and Ganguly | (2025) Genetic signatures of meat type Kanniadu goat: A
genome-wide exploration. Small Ruminant Research 251: 107564.

YR R4 7 diget & TR 7 Si-ra-sardt SaeRt

3Tl Wt & STSHAT (TASIY) H WIfd 3 3= uRygal & @19
-t O o RAfga s gag 991 3o g, S ufafafy
e g (Sedh) &R ufafefe gear fOear & (diadiem)
3T 3T fafdean & sraflie smaR &t sirg & forg ye wfemmedt
o9 UgE A g1 11 @Rl RGN g Tl § Sl e
TUateTR & faaeor & [fdd w3 & g ¢ SiAM ga: STerdor
ST 3TN T T AT | U 7T GIUAEteTR & 70T Bt g fafgerar
Afge J STafRIe GTaT & Fee@yu de- ol QerrdT 33T | T 9edh
fareetyor (W) 3 Hfearg (FUe) R IREE =i (St TwRal
&1 RIS Al § ST (33T, ST 3eh gt ST Hhse &l geia
A1, Sl YHad: GRINTT @dl § Sl 3T § U9IfEd g1 38
e, faeror-ferfieor uRada (VST) effeivn & 3w #vd gq
TG gEIeR faRaAwor 9 99 & 3iaita 32 SiHIfAe &al 6t ugae
@I, fSed ZBTB7C, BHLHE22, 3k AGT S wq@ Iniigar
ST &t ISR fahan T, S gfad €9 @ droE fAdeor ek fauda
T 3R 32 aTATaRvil 3 ST H A ¢ | Fe fHea, STdhferd
FICRA UTSUATEHA! & TF 32,711 3@ CNVRs &l U
A Seie TaR faar m, St gwidl § CNV-genfer srafie
e 3fiT srehett et UX o 3 <y 3 oy Heaa™ gare e
CTGIEA
Reference: Sukhija N, Kanaka KK, Ganguly I, Dixit SP, Singh S, Goli
RC, Rathi P, Nandini PB and Koloi S (2025) Cataloging copy number

variation regions and allied diversity in goat breeds spanning pan India.
Mammalian Genome 36:523-540

WA ST 3 qadt 7eeil & sirgafeias fafasar &1 CNVR-SemRe
ST

NRAG &R dfYe i T § CNVR enaifia snqafis
fafarm @1 sremae fomam T | WRAIE g4 T&d # CNV regions
(CNVRs) &l ugam @< 3R 37 HIHMIR 3R 3fae s, e
STett Fen Rt oft =nfiet &, 3 |19 g #A 3 g whole-genome
resequencing T & IUINT foaT 74T | §f SeE Tohd g T4
Sede-1 # 3Rt WA Tl & 103 S & WrY-91Y wie A
3R ded Il & =t giasie $9 § IUAST SR WEA 9
Sede-11 # ofRigh el iR STeft aedt sl & 262 Siem
el &1 CNVR &1 9a1 CNV &hieR &l STANT & T 7T,
it Temefe foe & amm=iie de 3w i AR oar 8 1 39 fawewor
7 Zer@e-1# 63,728 CNVR 37k Serdfe-11 # 48,869 CNVR &t
g &t | A H1F Ugel & ST H §a1q 1Y AFT § 31f¥es §, gvad:
e feeaw Reffeqer, 98 gu due qreer ofk wod wrgeeer
SISl & SIS & HROT | SIHEE Ga1 6 Sifd Wd 9esh
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fazetor (didie) 3z fAsor fazeyor & qrem @ 6 1E, e wig-
Afereem gfedl 3 Rt Tt & fafRry Tl ofiz i ur 6t smenfeat
& 1Y A FAsor & waror Bt qfy A | U SEfid argverz
(2 wrEedl) 1 IWINT @Rk by TTT Wigelrofed qafmor 3
fafers fmrgarc: Treq @1 &k a1fve e fomr, e s fia
SRR UREIRITedT ol J@ifohd el & |
Reference: Sukhija N, Ganguly |, Kanaka KK, Dixit SP, Singh S, Bhatia A, Goli
RC and Rathi P (2025) Genome-wide copy number diversity in Indian

goat breeds scaled to world-wide breeds. Small Ruminant Research 249:
107525.

STHATIRY SRl A aT9 a1 FlaReaar & SiTuTfad aeror

Tt o1 T U ST % felT Uk el gAYl SR @, ok
TU ¥ SWGeadig &af § gl YaiaRor d9H SR STHas @l
AT SR dAT & 31 g1 S & | T & g & ufd st
(heat stress resilience) & W& & Tvifde dd @l A & g
SHATIR! §@Ral (Capra hircus) # & gifergifie steras fan
T | 21 99 Y &l ATGT THRAT &1 Hedia g fauda uffefaar &
foma T \re & " AT srgar gaeie (THI) ok 59 & 3=
THI | frfSriTetiSreret F1&roT 31X TTT HgRiteran gohich o SR TR
STeR! <t 2Hi-=gee 99 (TNG) 3R teadm gie & 79 (EHSG)
H arfiepa fepan 7T | Gerirerer giafergim favawor # EHSG aenfedl
# g (99 &9 § e S a1 77 | 7T & q1E &% R SR Fed
gU S 7% ¥9 & NF-kappa B signaling, MAPK f&fe, si
HIEeiE-HgeihE RAT Seiax § wffe 9, Safe Ao e
gU S IL17- signaling 3R platelet activation pathways #
g U Y| fEerawy ¥9 9§, B¢ ge Wid WA (CRYAB) @ik
TEHMIRA (AQP11) S Y@ 31Uifdes Hedh THT 3 I91d & g

S ¥ § A e gql Ra S we-sifveafa Aead
fereryoT (WGCNA) 7 aifafier 9 @ T8 wiegel Yga Sit gafar
Y HeeRITeTeT T[uTieh ST %9&H g2 (respiration rate) ¥ 98 ¥, 8k
g8 TUEM, TOMM40, BCSL1, VCL, VASP, ITGB, 3R
VWF & & ST ot regrer wfcifsranatl & St sjfere e gg
ST T |

Tl ey, 3 fasemy gerfedl # it & qera geeiterdr & Safiie

3R SUIfdes YR 6l JeadTe STFeRI U o ¢ SR T8 gfaa

IRfGAR S #TR pathways & ISR & § O swmeada

TR H URIEA Sl HeARIed ael o folg SrITeTes TSt HrighH!

# SuAnT forar ST gehar ¢ |

Reference: Dige MS, Gurao A, Mehrotra A, Singh MK, Kumar A, Kaushik
R, Kataria RS and Rout PK (2025) Comparative transcriptomic and
co-expression network analysis identifies key gene modules involved

in heat stress responses in goats. International Journal of Biological
Macromolecules 305:140975.

Rig Seit & HigHt A qeTa & Afa S sifereta s AR srgEaT

HHT T URIYA IeATGRT o fog T 197k g &, foad 98 sroeit
T AT GerRiierdT & HROT ARy €9 § SRR € | e St
W e & foiq, g giel & i arfeeafa domsfent & arem @
Ueh T 37 fowa 17a | fafSe dige, 1 dhorere, sTRmgrRe
3R SicrenTet 7 4 &t TTUTaRT 3 SR W, Wiel &l g Sifor # quffe
fepan T el €9 @ warifed (n = 6) 3R a9 @ swfed (n
= 6) | 3TTF Y UdT el o ST G = STShIST AToaT 3fiR g
R S wriifRes ATIEeEl @, g1y € diE EEreiadide @il A aiadHl
I, JeoEa TG T T fohar | uRkedie et A e Fifkemreit
H o ofiX atfediefea gl wehR & qral bt wfafekaratt &t gediert

==
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FRA & folq S <rfSreafert faxersor faar mmar, STafes gemopsti & afer
R TToTarT- St ST &t ife <t TS | HiEE aiecE diel w3 9
& TTOTaRIT <l R 3 SR UR STeT- 3TeTT WO STefdl T T, fored
YRR, SRR 3R svifde WRi W SeerE aiadd gul
e qUT SiR farie &9 & T % SR T 9, STel 3PS FHmh 7
SISV T & A9 H gig, 1Y & el o ard ST 39T Wie
3R Afp Sfie it v aifreafart o geman faar |

Reference: Vasisth R, Sriranga KR, Chitkara M, Gurao A, Singh LP, Dige MS, Sodhi
M, MukeshM, Kumar P, Singh P and Kataria RS (2025) Serum biochemical
and gene expression changes in the spermatozoa of buffalo bulls under heat
stress. Biochemical Genetics doi: 10.1007/510528-025-11122-2.

A & didf 7 wigHt aare 1 ATgelHigae B9t FaT 3 S sifeafad
R FqTT

dg & gehvel # ARcieiead-hee dae-gafad Sfie @
S Yeafa & gy 55 Gfaa feles &l @ieT & foig wrie Ageieigae
wfafeftr Geam 1 e1rehet feham T T | o e dTel dell @ 9 &
T & faudia I - S gaehien (Siaens) feifaat & g wr
farg 7T 9 7 T SR wef | AR R ToTa 3 ateRee & STUR W,
Seit ol 5 St & aiiee famam mam o G & e § & 9 fit
Ot T aTet Il ot HieE €9 & wenfae & v # fafge o man
o, STafeh TR STet 44 ol T[oTar ST T aret el ot et €9
T SeIfad & &9 H ariied foar 7a o1 | Fdt fieTe, ArRciel<ad
wfafefd g gfédt (0.72 + 17.29) &t gorqm & 7T (+ 15.42
1.23) HEHA UIE 77 | A URoTH 4 &t 1orar & Hrgeieniian & geifad
AN B ISR d ¢, faRiy &9 § 714} # sfswa aufigs §
Fa & fRfd & | geifes, gamifess sig (BCL2, MCL1, CASP3,
BAK) 3R sifadiefea aama-gesdt Sfiv (CAT, SOD, GPx, ATF4,
FOXO3) & sifYeafa-THr uiedds dis o9l & die fgeaqol €9 9
o € 2, R oft Higedt oick @y 9| qoBifgy &R ROS fawgror
# Argioritgaet wffafd G & yffe it ik Sitg & & fag,
U gmRigd s Atee faxeryor famar mar | foeryor & wfdffd
e 3t CAT ifaafad & o9 Ue Hecaqul AaRIes 944, §rd
2 quibifes S if¥eafed & A1y Ush RIS a9 &1 Il oel |
& fapul 3 sifaiiRfea e ik qapifess artl & fafafia A &
for Fu & geropeT # ArEcieeae Hifoif G 3 Hegd & ISR
o, for@ a9 e oiR Swresfeasda Sterarg uRfRIfwRT grr 3cam
TR gt &1 ST foar T g |

Reference: Chitkara M, Kaur H, Vasisth R, Sriranga KR, Gurao A, Mahar
K, Dige MS, Aggarwal RAK, MukeshM, Kumar P, Singh P and Kataria RS
(2025) Evaluation of mitochondrial copy number and gene expression
changes in the spermatozoa of buffalo bulls under heat stress.
Reproductive Biology 25(2):101014.

gY-=geqd QaEIaT &t Te- [y Aeraieiaes Tege

THIE (EEfesd Iaf & AHea yfewry €, forew amg
SHAR 9 30 ¥ 150 A-HIeT de giar g 3 S et asft

ISHTR TGS AR THIIR- |
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TR HIRIATST GRT T B € | Mo g9, uiveh et o
WYY 3R e Sifaes ga g & HROT, 98 T I TaEEm
TR & foIY T IehT WIHereh i 3 €9 7 1 el ¢ | Iht
Sig TEEEE GO F YAl @ % g, A AaRi Siatie
el # gU-Fwd TaEEm (TER) A Aemdiaie Mo
6 TE: TriaTe (S 3Ew), Bl WiRfead (s i), 31k
GHRA FHOT WIS (JF fewd x afg eid) | A1H THUHSIR
WECIHUT & SUANT Feh, G THEl & Fd 41 Heaearsed &
TAT TR 74T | JeTeTes Hedichd § U 9l o7 16 Heraiesed
H Il 37 o7 (p < 0.01; log2 (FC) > 1; VIP > 1), sk @sft
TeiaT-wd garErd (SW-MDEs) # #9g 9 | AR gt
3 SW &R HF & g fasige uorar fig@m ardt 19 Aesiased
3fT SW-KF 3k KF-HF & 99 10-10 Aerdianged &t ugam
& | Figee TR AT H ey, SgH o THgl # 3T 'R
foaman, sifeie AeEiaged SW-MDESs # TR @9g 9, 38
a6 KF 3fR HF & | 9réare Taamg d W9 Jral & u1g s
BT, O-Tferasiers R -3gegad=ie md
€ 3 Y 71 Fael g9 § T eEEH & Ao # 9e-fafky
3R I Wi wXd €, dfeds dlfdiewy (Tfgare) g9 § ura
TFEH Y Sgar avor gt 3k Rifeada gmar R s sika g1
Reference: Garg V, Mukesh M, Kumar U, Kumar D, Amarjeet, Mahajan R,

Kataria RS, Kumari P andSodhi M (2025) Characterization of metabolite

profiles in milk derived exosomes from indicus, crossbred and taurine

cows by proton nuclear magnetic resonance analysis. Food Chemistry
473:143015.

I SIS AT & AT ARG A FiciegH 3R gey i Aeraiciiid
TreTSferT

e-TERE & S-SR aTel S8 AT & foiy faf¥ie €9 & srasfera
AR HARIGT & g9 3fX FeliegH Aediam & =afed €9 d
Mg IR faar a1 | 800 Avigest W I=d-Reffeged 1D A 1H
NMR WU T IUGRT T, FIAEEH, YHHUIT g9 31T
uRug g9 # AerEresed & guF fhar T | Sgfeedt e
fa=eryor 7 37 1 =)0 @l ST ST Wl H WY T F STHT-
ST UGfRI femdn, ST Uagor (dhesdh) @R H 3o aRadRie Hed
I AeTaienged g gt &, S geidt-ferreis, gEdt-reeid,
3, ATeerst, wIH, STEfAuTgemTza 3R Hidi wfid & | Hieed
oIy &9 @ gEh-Fetaersr ofR FEdt-Toeniat & g o, ST HifReh
TR, ¥ iR ufRem &m & foy emavas AewiaEed g1
FHICEH H RREA- e aTel STHAT 37l & o &R A & 4S5
HY SR Al fRIg) & dwor & Ikt Jfien o Gohd f§ar| 3o
AT, HIEH H TA-YeTerels Mg, TH-UHergehiers
TR Fiei ST HerdicTged 3o digal & Hifg 9, S §7aa: dErd &
faftiy ereUifete Sw-Sers ar ardEor § qasid goe! & a9,

Gfaem-faem 3fi Siifad e & angH & ¢ |
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Acetate

Uridire

Lactate

Lactose

UDP-M-Acetylglucosamine
tyrate

Citrate

Fucose

N-Acetylg lucosamine
3-Hydroxybutyrate
Dimethyl sulfone
Betaine
3-Methylhistidine
Choline

Valine
sn-Glycero-3-phosphate
Fumarate
Histarmine
2-Hydroxybutyrate
Leucine

Alanine

Isoleucine
Tyrosine
Oimethylamine
Malonate

Creatine
O-Acetylcarnitineg
Phenylalanine
Succinate

Carnitine

Pyruvate

Xylose
A-Pyridoxate
Hippurate
Creatine Phasphate
Ethanol
2-Hydroxyvalerate
Glutamate

Glycine

Formate
O-Phasphochaline

i = =

2 £
1o Ry, spieTsls Sl SIReT 77Tl & HeraierTse Arsar &1 gl 47

Reference: Amarjeet, Kumar U, Sodhi M, Kumar D, Vivek P, Niranjan SK,
Kataria RS, Kumar S, Sharma M, Tiwari M, Aggarwal RAK, Bharti VK, Igbal
M, Rabgais S, Kumar A, Chanda D and Mukesh M (2025) Characterizing
metabolome signature of colostrum, transition and mature milk of
indigenous cows (Bosindicus) adapted to high altitude environment of
Leh-Ladakh. Food Chemistry 464:141767.

@W_Wwﬁmwaﬁvww:mﬁwgﬁaﬁ%ﬁqwﬁ
Ycq gTeil gAYl AT

WRa # fUsare & 7l it siere wIHg HY-Seraryg uRfefEt &
forg fafiy 0 @ arafera ¢ ok fafkiy snafeies fakivarati @i snsm
2t 8, S I fafaear &t Ueheq, T&A @ UgE & GHYT A
3R TR &l iIgsHS I & o T R Tagadt geoft
JEALIHAT &l TWifhd wedl ¢ | 8 YIS e & g, 3T 9
aTel eheeH QU o, feraiie_dege ol 16 T@aRi el & vga
Y S-S TETYT HIeh el SUANT ehieh feoireH femar 77T o,
S Y STed wre 3R egrge i st o & 1 Ra d 1.9 Fet &
e SeX-ATeR WK & FY 622,376 TAUAG WA €, i Hisigr
IO T 6t g 7 21 To SiHIHeE FHatst UG ed
€1 fafe vrdg it Fedt At Sierersfin wwd g fear mr,
e it QAT 1 Heaien o 1T Wi geeh faRet ol + 38 ST
HISH 3R IAA S A ol AR fAfRigar it gy R, St FH
Rad=iierar goaa: e sterma ar ufafed vome st &
R @ | Yferrel_page Taa for o S SIquri o ferg
I (Sitesegqud), 9o fagi &1 U oI, STHEReaT STafid!
3R & GUR FHIsHA WA € | FRaR UR & G149, g9e g fagei
3R STaHTfe USTad! o AMfHet i & felq Seran St gendl ¢, foad
fafas it smanfeat & ggdht suaifiar ag S 2 1
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Reference: Vijh RK, Arora R, Sharma U, Raheja M, Kapoor P, Ahlawat S and
Sharma R (2025) Development and validation of a high-density SNP chip
tailored for genomic analysis in Indian backyard chickens. British Poultry
Science DOI: 10.1080/00071668.2025.2500343.

YR YTt & SiHeg & 67 3o 9= a1et Qqu-191 G0t &7 faarg

TRAT il hl ST H SAHR 32 i iaarsies s o foig
e ST I Ucd aTel QEUAYT ST Ierg it §Rott ol fesie famar
T AT | 10X & e dakst X IR SIafie €9 & fafay et &
afifAfee a aret 48 T TR R ST G: STeHAvT 3T T o |
Ufereim wXoft fosTmee ursuemss @ SwT @R gy, 23 fAfeaa &
N e T ol & | Tar v a7 o, SEE § 629,597
I TUTET aTet QEUAYT 1 T foRaT T o1 SR ufeie_g
1R GOt 7 wfAet foar Tram A | 3.8 et & S SfaR-H R
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Reference: Raja KN, Arora R, Vijh RK, Sharma U, Raheja M, Sharma M,
Maggon M and Ahlawat S (2025) Empowering canine genomics: design and
validation of a high-density SNP array for Indian dogs. Genome 68: 1-12.
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TTEIUSIISTR, Shdleh AeTeld 3R qaieror ug o faumT, defgy TR,
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(AnGR) W T& gafad & ot fadied famar | 38 s W
TR ol U] T@re fae off faafa &t 772 |

ICAR

I Goiigd e W SR T | 3=1 # gy 7R- aﬁaqqﬁam?ﬁaﬁ“{ﬁw Wwasﬁqqﬁqﬁw%ma%maﬂégq I
Far {3 Tesgdt dhg 36 faiTet s ot qu1 e B Fgeaqul Jiden e | ufkarsrn & gur & forg %52 gena fgu Ty | giesegdt-guAsite
% ST, TEHNT dhgl GIRT wreoT-FAgTRor 37 =Tt uRpe, W SR il el 53 GeIfad senfeat @ for e, fSHE @ 15 sanfeEt @
SERITASTERUT 6 37aT™ & SR O & gl 2 |

qYTer Ud 297t [ umT (Shqueet) & a1y gargrers dod
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