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ABSTRACT

	Aims: The Hill cattle are hardy and withstand a wide range of climatic conditions of the hilly terrain. They are resistant to many diseases, survive on low inputs and play significant role in contributing to the local economy. The germplasm is not characterized till date. Therefore, the present study was carried out for molecular characterization using microsatellite markers.    	Comment by Simson Soren: Replace it with “the present study was under taken for molecular characterization of hill cattle of Jammu using microsatellite markers”
Place and duration of study: Division of Animal Genetics and Breeding, Sher-e-Kashmir University of Agricultural Sciences and Technology, R. S. Pura, Jammu, between August 2022 and February 2025.  
Methodology: 10 ml blood was collected from jugular vein of 50 unrelated cattle. DNA was extracted from the samples. 10 FAO recommended microsatellite markers were selected. Amplification and genotyping of individual samples after running on 10% urea PAGE were done. Data was analyzed by using PopGene software (1.32).   	Comment by Simson Soren: Clarify it, what do me mean by unrelated at what basis, please clarify it that the reader can understand
Results: A total of 63 alleles across 10 different microsatellite loci under present study were observed with mean number of loci as 6.300 ± 1.1595. Significant Chi-square (χ2) values showed deviations from HWE. The mean na, ne, I (Shannon's Information index) obtained were 6.3000, 4.3529,1.5850. PIC value ranged from highest in HEL009 (0.837) and the lowest for BM1818 (0.642). Overall inbreeding coefficient was -0.00187. The observed heterozygosity was highest 0.9333 for HEL001 and lowest 0.4737 for ETH010. Mean expected heterozygosity was 0.7667 ± 0.0493. The average Nei’s value for the present study was 0.7611 ±0.0488. In the Ewens-Watterson Test for neutrality of microsatellite loci the mean value was ranged from 0.3265±0.0142 (HEL005) to 0.5120±0.0276 (ETH225) based on 1000 simulations in Hill cattle population. Smouse’s multilocus analysis showed non-significant chi-square values for average correlation (0.2382) and highly significant WHD values.	Comment by Simson Soren: Delete it	Comment by Simson Soren: What level of significant, provide the p value	Comment by Simson Soren: Write the full form	Comment by Simson Soren: Full form	Comment by Simson Soren: Delete it	Comment by Simson Soren: Please provide the p value example p<0.05	Comment by Simson Soren: Full form
Conclusion: From the present study it can be concluded that there is substantial genetic diversity in Hill cattle population of Jammu and it is necessary to maintain the variation for effective breeding programmes and conservation.


Keywords: Characterization, Microsatellite markers, Hill cattle, PIC, Popgene, HW Equilibrium.
1. INTRODUCTION 	Comment by Simson Soren: Latest references are missing, the authors can include cross-references to justify the research work. The introduction could have been improved with suitable, latest references.

India is enriched with vast animal genetic resources (AnGR) and large number of breeds of various species of livestock and poultry. Cattle are the most important among all livestock species which contributes majorly to the country’s income. The cattle population of Jammu division is 16 lakh (20th livestock census) out of which 5.2 lakh (20th livestock census) are crossbred and remaining 10.786 lakh (20th livestock census) are of local germplasm. The local cattle possess certain unique attributes as compared to exotic cattle such as tolerance to harsh tropical climate, drought, diseases and better feed conversion ability. These animals are having better adaptability to diversified Indian ecological conditions. 	Comment by Simson Soren: This sentence mislead the reader. YOU CAN WRITE “Dairy sector in India contribute a major part of India's economy and provide livelihood to many”

Genetic variation in a population is very important for future monitoring of gene flow in populations, conservation of species, determination of the level of inbreeding and crossbreeding within and between breed (Kunene et al., 2007). Loss of genetic diversity has been one of major concerns in recent years. For molecular characterization of native livestock and poultry breeds using molecular markers various research programs have been undertaken. For genetic characterization of cattle breeds microsatellites are the most commonly used markers. Microsatellites a type of DNA markers are tandemly repeated motifs of variable lengths that are present throughout the eukaryotic nuclear genome in both coding and non-coding regions (Jarne and Lagoda, 1996). The repeat units can range from two to six base pairs motifs (Tautz and Schlotterer, 1994). They are called also as, simple sequence repeats (SSR) (Tautz, 1989), short tandem repeats (STRs), (Edwards et al., 1991) or variable number of tandem repeats (VNTR). 	Comment by Simson Soren: Provide suitable references

No information regarding the Hill cattle of Jammu is available till date. Therefore, the present study was conducted to carry out the characterization in Hill cattle of Jammu using the microsatellite markers. 	Comment by Simson Soren: Authors can not claim such a statement without proper proof and search. From view this sentence should be deleted and the rest sentence should continue as it is.
 
2. material and methods 

2.1 Study area
A total of (50) fifty indigenous native cattle of Jammu region were selected randomly from natural breeding tracts i.e. different remote areas of districts of Jammu namely Poonch, Rajouri, Ramban, Doda, Udhampur. Winters are cool and temperatures go below freezing at night whereas summers are short and usually pleasant. The average temperature ranges from -10°C in January to 45°C in July-August.
2.2 Collection of blood samples
15ml centrifuge tubes coated with 100µl of 0.8M ethylene-diamine-tetra acetic acid (EDTA) as anticoagulant were used for collection of 10 ml blood samples. Samples were collected from different remote areas of districts of Jammu. 10 ml fresh syringes were used to collect blood from jugular vein. Blood was slowly added on the wall of centrifuge tubes. Then blood samples were rotated gently for proper mixing of EDTA and blood to prevent any clot formation. 50 blood samples were collected and kept in ice box. These blood samples were immediately brought to laboratory and shifted to refrigerator at 4ºC for further storage and analysis.
2.3 Isolation of DNA samples 	Comment by Simson Soren: Please include the gel picture of your DNA band
DNA was isolated from blood samples of cattle by using Phenol Chloroform Isoamyl extraction method (Sambrook and Russell, 2001). The quality of DNA was assessed through 0.8% horizontal mini-submarine agarose gel electrophoresis. Concentration and purity of DNA samples were assessed using Nanodrop (Eppendorf Bio-spectrophotometer).
2.4 Primer preparation 
Ten (10) FAO recommended microsatellite markers namely CSRM60, ILSTS006, BM1818, ETH010, ETH225, TGLA53, INRA005, HEL001, HEL005, HEL009 were selected and diluted. Both forward and reverse primers for all 10 primers were dissolved with same volume as molecular weight with nuclease free water to prepare parent solution. 5µl parent solution was mixed with 45 µl nuclease free water to prepare stock solution. 5µl stock solution was further diluted in a volume of 45µl molecular grade water to prepare working solution. These working primer solutions were then thoroughly vortexed twice and kept for 2 hours at room temperature before storing at -20oC for further processing.
2.5 PCR Amplification
15µl PCR reaction mixture was prepared comprising master mix 6µl, DNA 4µl, Forward primer 1µl, Reverse primer 1µl , Water 3 µl . Amplification reactions were carried out in Bio rad thermal cycler under optimized conditions which are as follows: Initial denaturation step at 95oC for 3 minutes followed by 35 cycles of cyclic denaturation at 95oC for 30 seconds, annealing (44o-60o) for 30 seconds (temperature optimized for each primer), extension at 72oC for 40 seconds and final extension at 72oC for 5 minutes. Amplicons were separated by electrophoresis on 10% denaturing polyacrylamide gel and visualized by silver staining.	Comment by Simson Soren: Can you include the gel photo identifying the band.
2.6 Urea PAGE
Amplified products were then checked on 3% agarose gel to confirm the positively amplified sample for Polyacrylamide Gel Electrophoresis analysis. Positively amplified PCR products for each microsatellite were then checked and visualized on 10% Urea-PAGE (Polyacrylamide Gel Electrophoresis). Urea page gel consisted of 10X TBE (10ml), 25ml Stock Acrylamide (38:2) which consisted of (Acrylamide 38g, Bisacrylamide 2g and Distilled Water - 100ml) and final volume was made upto 100ml by adding distilled water. Gel was run at 100 to 120 Volt for initial 3 hours to 3.5 hours. Gel was removed and placed in three separate solutions namely fixing (20 ml methanol,1 ml glacial acetic acid, distilled water upto 200 ml) for 5 mins, then Staining solution (0.1 g silver nitrate, 180 ml distilled water, 20 ml methanol, 1 ml glacial acetic acid) for 5 mins and finally in developing solution (5.3 g of sodium hydroxide pellets, 195 ml distilled water, 600 μl of 40% formaldehyde) till yellow colour developed. After that genotyping of gel was done.
2.7 Statistical analysis
Based on microsatellite genotyping data obtained, allele frequencies, Hardy- Weinberg equilibrium (HWE), observed number of alleles (na), effective number of alleles (ne), observed heterozygosity (Ho), (Nei, 1987) expected heterozygosity (He), and Wright’s (1978) fixation index (FIS) were estimated using the computer software package PopGene version 1.31. The PIC was estimated using allelic frequencies evaluated according to Botstein et al. (1980). The Ewens-Watterson test for neutrality was performed in 1000 simulated data by using PopGene software. Smouse’s multilocus analysis was also calculated using PopGene software.
3. results and discussion	Comment by Simson Soren: I did not see the gel pictures, and the primer sequence which you have taken for the study, please include it with accession no. and production size. 

3.1 Genetic variation statistics
A total of 63 alleles across 10 different microsatellite loci under present study were observed with mean number of loci as 6.300 ± 1.1595 (Table 1). This indicates highly polymorphic nature of loci under study. The number of alleles ranged from 5 (ETH225 & HEL009) to 9 (HEL005). 
The ne values were lower than the na values for all the loci. The differences between na and ne in the population is due to various reasons. These are mainly due to bottleneck effects and null alleles. Similar values for na recorded were 3 in Hissar by Rehman and Khan (2009), 4 in Hariana by Rehman and Khan (2009), 5 in Punganur by Kesvulu et al. (2009), in Kenkatha by Chaudhari et al. (2009), and in Nagori by Joshi et al. (2018), 6 in Umblicherry and Ongole by Karthickeyan et al. (2007), in Gaolao by Chaudhari et al. (2009) and Purnea by Sharma et al. (2013), 7 in Ghumusari by Deepikar  and Salar (2011), 8 in Korea Native cattle by Suh et al.(2014). This may be due to uneven distribution of alleles in the populations, resulting in some alleles’ frequencies relatively high and some alleles’ frequencies relatively low. 

The observed homozygosity (Ho) was the highest 0.5882 for CSRM60 and the lowest 0.067 for HEL001. The observed heterozygosity was the highest 0.9333 for HEL001 and the lowest 0.4737 for ETH010. The average observed heterozygosity was 0.7580 ± 0.1831. The expected homozygosity (He) was the highest for BM1818 (0.3018) and the lowest for HEL005 (0.1618). The expected heterozygosity in the population was the highest 0.8382 for HEL005 and the lowest 0.6982 for BM1818. Mean expected heterozygosity was 0.7667 ± 0.0493.  The findings of Ho and He are comparable with value of > 0.5 reported by Kumar et al. (2005) in Hallikar, Karthickeyan et al. (2006) in Krishna Valley, Chaudhari et al. (2009) in Gaolao and Kenkatha, Deepikar and Salar (2011) in Ghumusari, Sharma et al. (2013) in Purnea, Suh et al. (2014) in Korean Native Cattle, Karthickeyan et al. (2019) in Malaimadu whereas value of 0.5 was reported by Rehman and Khan (2009) in Hariana. On contrary value of < 0.5 was reported by Karthickeyan et al. (2007) in Ongole and Rehman and Khan (2009) in Hissar. Differences in location, sample size, population structure and source of microsatellite markers are responsible for variation of expected heterozygosity (He) (Kaya & Yildiz, 2008 and Wei et al., 2013). 

The average Nei’s value for the present study was 0.7611 ±0.0488. All Nei’s values were more than 0.50 indicating high heterozygosity in population. It suggests genetic diversity and variability in population which might be due to outbreeding, less inbreeding or less selection pressure. 

3.2 Shannon index (I)
The mean Shannon index (I) value in the present study was estimated as 1.5850 ± 0.1822 which depicted that most of loci under study were highly polymorphic and informative. The Shannon’s information index (I) showed that most of the loci were highly informative indicating high polymorphism across the loci. Higher Shannon’s information index (I) were reported by Deepikar and Salar (2011), Rehman and Khan (2009), Joshi et al. (2018) and lower Shannon’s index (I) were reported by Chaudhari et al. (2009), Kesvulu et al. (2009) and Sharma et al. (2013).

3.3 Polymorphic Information Content (PIC)
The PIC value was the highest for HEL009 (0.837) and the lowest for BM1818 (0.642). All PIC values were above 0.50 which suggested that the microsatellite markers under study are highly informative markers and can be used in genetic characterization and diversity studies. PIC value is the statistical evaluation of informativeness of marker. The PIC value varies from 0 to 1. The PIC values of >0.5 are highly informative, 0.5 to 0.25 are moderately informative, and <0.25 are least informative. Loci with many alleles and PIC value of one are most desirable. Higher value of PIC indicates more alleles and greater polymorphism at the particular locus and thus very effective for molecular characterization and genetic diversity studies. Thus all the 10 microsatellite markers were informative and consistent for estimating the genetic diversity in Hill cattle population of Jammu. Similar higher PIC values were reported by Kumar et al. (2005) in Hallikar, Karthickeyan et al. (2006) in Krishna Valley, Chaudhari et al. (2009) in Gaolao and Kenkatha, Deepikar and Salar (2011) in Ghumusari, Suh et al. (2014) in Korean Native Cattle, Karthickeyan et al. (2019) in Malaimadu. However, some researchers like Karthickeyan et al. (2007) reported lower PIC values in Ongole.

3.4 Wright’s Fixation index (FIS)
Out of total 63 alleles 50 showed negative FIS values and the overall average inbreeding coefficient (FIS) was - 0.00187. The overall negative FIS indicates the absence of inbreeding and presence of more heterozygosity in the population. Wright’s fixation index is an important parameter to measure the population variation and inbreeding coefficient. The within population inbreeding estimate (FIS) measures homozygosity within a population. Negative values of inbreeding coefficient indicate low level of inbreeding that means population has undergone random mating and number of heterozygotes are more than homozygotes whereas positive values indicate more homozygosity du to inbreeding. Out of total 63 alleles 50 showed negative values. Similar negative FIS values were reported by Pandey et al. (2011) and Hussein et al. (2015). Positive FIS values for were reported by Rehman and Khan (2009), Gómez et al. (2013). Maximum FIS (1) was reported by Rehman and Khan (2009) in Hissar. Minimum FIS (0) was reported by Joshi et al. (2018) in Nagori and Karthickeyan et al. (2019) in Malaimadu.
3.5 Test for Hardy Weinberg Equilibrium
Significant Chi-square (χ2) and G-square (G2) values for all loci under study suggest that population is not under HWE that means it deviates from HWE. The possible reasons for the deviation from HWE might be the systematic forces like migration and selection or disruptive forces like small population size or genetic drift operating in the population. All the microsatellite loci under present study showed highly significant (P<0.01), chi-square and G-square values for all the microsatellite markers under present study. Population deviates from Hardy-Weinberg when systematic as well as dispersive forces may be operating in the population. Similarly to the present study significant effect was reported by Karthickeyan et al. (2007) in Umblicherry cattle, Chaudhari et al. (2009) in Gaolao cattle, Upreti et al. (2012) in Gir & Kankrej Cattle and non-significant effect was observed by Joshi et al. (2018) in Nagori.

3.6 Ewens-Watterson Test for neutrality 
In the Ewens-Watterson Test for neutrality (Table 2) of microsatellite loci the mean value was ranged from 0.3265±0.0142 (HEL005) to 0.5120±0.0276 (ETH225) based on 1000 simulations in Hill cattle population. The results of the present study obtained are non-significant for all the microsatellite markers depicting absence of evolutionary processes like population bottlenecks, genetic drift, non-random mating, in the Hill cattle population. Therefore, there were no significant deviations from neutrality. Therefore, these microsatellite markers are useful tools to establish genetic structure of population of Hill cattle of Jammu. Similar non-significant results were observed by Azad (2022) and Singh (2020) in local chicken of Poonch, Singh (2018) in local buffalo population of Jammu, Sofi (2016) in Bhakarwali goat, Azhar (2016) in Poonchi sheep.

3.7 Smouse’s multilocus analysis
Smouse’s multilocus analysis showed non-significant chi-square values for average correlation (0.2382) and highly significant WHD values (Table 3). For Hardy-Weinberg disequilibrium (WHD) the value was highly significant (P<0.01) which depicts non- random union of gametes presence of systematic and dispersive forces acting in the population. Smouse’s high multilocus heterozygosity suggests greater genetic diversity in the population which is important for formulation of conservation and breeding policies.

4. Conclusion

The results from the present study showed substantial genetic biodiversity within the Hill cattle population of Jammu. Microsatellite markers used for characterization are good markers for studying variation in a population. The genetic variations within the population may be explored to formulate the future breed improvement and conservation programmes.


Consent (whereever applicable)

Not Applicable


Ethical approval (whereever applicable)

 “All authors hereby declare that "Principles of laboratory animal care" (NIH publication No. 85-23, revised 1985) were followed, as well as specific national laws where applicable. All experiments have been examined and approved by the appropriate ethics committee”	Comment by Simson Soren: I did not understand this. Did the author have taken permission form the concern authority, institute ethical committee for the study. Should it require for this study. As you have collected blood samples from different areas and localities, I think the author should take permission for the study. Or if it is not required then mention is clearly.
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APPENDIX


Table 1. Genetic diversity parameters for the studied 12 microsatellite markers

	Locus
	na
	ne
	I
	Ho
	He
	PIC
	FIS
	dHWE

	INRA005
	7.0000
	5.4179
	1.7995
	0.1783
	0.8217
	0.793
	0.1824
	**

	HEL001
	6.0000
	4.1667
	1.5686
	0.2349
	0.7651
	0.742
	-0.2281
	**

	HEL005
	9.0000
	5.9762
	1.8945
	0.1618
	0.8382
	0.822
	-0.0271
	**

	ETH010
	7.0000
	4.5987
	1.7072
	0.2123
	0.7877
	0.759
	0.3947
	**

	HEL009
	5.0000
	4.5067
	1.5552
	0.2143
	0.7857
	0.837
	-0.0875
	**

	BM1818
	6.0000
	3.2642
	1.3600
	0.3018
	0.6982
	0.642
	-0.3278
	**

	ILSTS006
	6.0000
	3.4151
	1.4203
	0.2876
	0.7124
	0.661
	-0.2477
	**

	CSRM60
	6.0000
	3.7778
	1.4949
	0.2593
	0.7407
	0.697
	0.44
	**

	TGLA53
	6.0000
	5.0000
	1.6796
	0.1942
	0.8058
	0.810
	0.00
	**

	ETH225
	5.0000
	3.4057
	1.3703
	0.2890
	0.7110
	0.688
	-0.1176
	**

	Mean
	6.3000
	4.3529
	1.5850
	0.2333
	0.7667
	0.7451
	-0.00187
	

	St. Dev
	1.1595
	0.9189
	0.1822
	0.0493
	0.0493
	0.070194
	0.263667
	



**P<0.01


Table 2. Ewens-Watterson Test for neutrality in Hill cattle of Jammu

	Locus
	k
	Obs. F
	Min F
	Max F
	Mean*
	SE*
	L95*
	U95*

	INRA005
	7
	0.1846
	0.1429
	0.9132
	0.3880
	0.0181
	0.2098
	0.7275

	HEL001
	6
	0.2400
	0.1667
	0.9356
	0.4491
	0.0237
	0.2332
	0.8141

	HEL005
	9
	0.1673
	0.1111
	0.9003
	0.3265
	0.0142
	0.1804
	0.6450

	ETH010
	7
	0.2175
	0.1429
	0.9242
	0.3936
	0.0197
	0.2062
	0.7400

	HEL009
	5
	0.2219
	0.2000
	0.9260
	0.4991
	0.0257
	0.2633
	0.8537

	BM1818
	6
	0.3064
	0.1667
	0.9364
	0.4526
	0.0256
	0.2336
	0.8382

	ILSTS006
	6
	0.2928
	0.1667
	0.9292
	0.4529
	0.0243
	0.2366
	0.8205

	CSRM60
	6
	0.2647
	0.1667
	0.9292
	0.4523
	0.0259
	0.2369
	0.8471

	TGLA53
	6
	0.2000
	0.1667
	0.9311
	0.4457
	0.0238
	0.2391
	0.8002

	ETH225
	5
	0.2936
	0.2000
	0.9488
	0.5120
	0.0276
	0.2748
	0.8629


F- F-values, L95-Lower confidence limits at 95% confidence U95-Upper confidence limits at 95% confidence







Table 3. Smouse's multilocus analysis for single population

	Population
	Individuals
	Ave.
Corr
	df
	Chi-
square
	Prob
	WHD*
	df
	Chi-
square
	Probability

	1
	50
	0.2382
	45
	99.75
	0.0000
	0.0200
	10
	68.14
	0.0000



