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			ABSTRACT

		

		
			The yak (Bos grunniens) is an indigenous domestic animal living at high altitudes in the Tibetan plateau that is economically important for the Tibetan people. In this study, we investigated the diversity and phylogeography of four geographic ecotype populations of the Naqu yak (133 individuals) using an 811-bp mitochondrial DNA D-loop region sequence. In total, 57 polymorphic sites, including 54 single-nucleotide polymorphisms and 3 single-nucleotide copy number variants, and 59 haplotypes were detected. The number of haplotypes within the population ranged from 17 (SN and JL) to 28 (DX). The haplotype diversity ranged from 0.9420 (SN) to 0.9770 (NR). The highest nucleotide diversity was found in the JL population (0.01479), whereas the lowest was found in the SN (0.00894) population. Phylogenetic analysis revealed that these four populations separated into two haplogroups; the first included SN, DX, and NR, and the second included JL. However, no significant divergence was found among the ecotype populations using a pair-wise difference comparison (FST). Thus, the Naqu yak has multiple maternal origins and demonstrates high diversity within 4 geographic ecotype yak populations. In addition, the yaks exhibit some diversity based on the number of unique haplotypes within each population; however, they have not heavily and significantly diverged because all the populations share the most high-frequency haplotypes. Therefore, this study not only shows that the different ecotype populations of the Naqu yak carry high genetic diversity but also indicates that frequent genetic material exchanges have led to smaller differences in genetic divergence between different ecotypes.

		



		
			Article Information

			Received 29 December 2017

			Revised 22 February 2018

			Accepted 24 March 2018

			Available online 31 August 2018

			Authors’ Contributions

			WDB, TWA and GXE designed the experiments and wrote the manuscript. YBZ and XLL performed the lab experiment and analysed the data. LBD, WWN, XW, JW, SZC and SCH collected the samples.

			Key words

			Yak, Mitochondrial DNA, D-Loop region, Haplotype.

			DOI: http://dx.doi.org/10.17582/journal.pjz/2018.50.6.2051.2057

			*     Corresponding author: eguangxin@126.com

			0030-9923/2018/0006-2051 $ 9.00/0

			Copyright 2018 Zoological Society of Pakistan

		





		
			Introduction




			The domestic yak (Bos grunniens), which was domesticated from the wild yak (Bos mutus), is a long-haired, domesticated bovid that is found throughout the Himalayan region of the Indian subcontinent, the Tibetan Plateau and as far north as Mongolia and Russia. The yak plays important food, economic, and cultural roles in the Asian range and is an important domestic animal for the local people.

			Mitochondrial genome sequence (mtDNA) analysis is a popular tool to estimate the phylogenic evolution and migration of humans (e.g., Schaan et al., 2017; Hernández et al., 2017), wild (e.g., Xie et al., 2017; Ming et al., 2017) and domestic animals (Zhang et al., 2016; Kim et al., 2016; Eusebi et al., 2017). In particular, previous studies have investigated yak diversity and population structures in different habitat locations in China, including Gansu (Cheng et al., 2014) and Qing-Hai (e.g., Qian et al., 2013), Xin-Jiang (e.g., Wang et al., 2013) and Tibet (e.g., Zhang et al., 2012; Song et al., 2014), using mtDNA.

			Naqu, which is located in the northern part of the Tibet Autonomous Region in the hinterland of the Qinghai-Tibet Plateau, is one of the main farm sources of yaks in Tibet. This region has an average altitude of more than 4500 meters.

			Studies of the domestication history of the Naqu yak and estimations of the gene flow among different ecotype yak populations in this area are important and will help improve the genetics of the local yak.

			Materials and methods




			Venous blood samples were obtained from 133 individual yaks from 4 ecotype populations in the Tibetan Naqu; their geographic information is presented in Table I. The blood samples were collected in EDTA tubes and frozen at -20°C prior to extraction. Genomic DNA was isolated using standard procedures (Sambrook and Russell, 2001); the DNA quality was verified on a 1% agarose gel and quantified using a DTX microplate reader (Beckman Coulter, USA).

			The high-variability region of the mitochondrial DNA control region (D-loop) was amplified using the mDNA-F (5’- GTA AAG AGC CTC ACC AGT AT -3’) and mDNA-R (5’- GTC GGG AGA CTC ATC TAG GC - 3’) from Mipam et al. (2012). PCR amplification was conducted in a PTC-100TM PCR instrument (MJ Research, Inc., MA, USA) with a total reaction volume of 50 μL containing 150 ng of DNA, 5 μL of 10× PCR standard reaction buffer, 4 μL (10 pmol/μL) of dNTPs, 2 μL (50 mmol/μL) of MgCl2, 1 μL (10 pmol/μL) of each forward and reverse primer, and 2.5 U of Taq DNA polymerase from Promega (Beijing, China). The PCR program was described in Mipam et al. (2012). The PCR products were directly sequenced using mDNA-F with the Genetic Analyzer 3130 xl (Applied Biosystems, USA). 

			The D-loop sequence alignments were constructed using the ClustalX software v2.0 (Larkin et al., 2007). DnaSP 5.10 (Rozas and Rozas, 1995) was used to screen haplotypes and to estimate polymorphisms and the average numbers of nucleotide differences between populations (Kxy). The best fitting model of DNA substitution for BI was obtained using jModelTest (0.1.1) (Posada, 2008). The maximum likelihood phylogenetic network of D-loops among all individuals was constructed with the MEGA (5.0) software (Tamura et al., 2011), and the bootstrap values to support the nodes of the tree were based on 1000 iterations of the heuristic search. Pairwise differences in populations (FST; Slatkin, 1995) were displayed using the Arlequin software version 3.5.1.3 (Excoffier et al., 2010). In addition, a visual haplotype phylogenetic network and frequency distribution were conducted and subjected to median-joining network analysis according to the methods of Bandelt et al. (1999) and Lyimo et al. (2014) using Network 4.1 (http://www.fluxus-engineering.com/sharenet.htm).




			Results 




			All of the Naqu yak sequences were aligned to the complete yak mitochondrial genome (GenBank No. KM223416) (Guangxin et al., 2016). A total of 133 sequences covering bp 1 to 359 and 15872 to 16319 (811 bp total) were obtained as reference sequences (M223416) of the yak mitochondrial D-loop region and submitted to GenBank (MG213580 to MG213712). In addition, 57 polymorphic sites, including 54 single-nucleotide polymorphisms and 3 single-nucleotide copy number variants, were identified in the D-loops of these 133 individuals.

			The nucleotide polymorphisms ranged from 0.00894 (SN) to 0.01479 (JL). Tajima’s D ranged from -1.31787 (SN) to 0.26375 (NR), and the P-values of Tajima’s D in all the populations were not significant based on the chi-square test (P > 0.10; Table II).




			Table I.- Geographic information for the sampling locations of the four Naqu yak populations.

			
				
					
					
					
					
					
					
					
				
				
					
							
							Ecotype population

						
							
							Code

						
							
							Sample size

						
							
							Altitude (m)

						
							
							East longitude

						
							
							North latitude

						
							
							Location

						
					

					
							
							Jili Strain

						
							
							JL

						
							
							26

						
							
							4501

						
							
							30.64081

						
							
							93.23253

						
							
							Jiali town, Naqu, Tibet, China

						
					

					
							
							Neirong Strain

						
							
							NR

						
							
							30

						
							
							4619

						
							
							32.10777

						
							
							92.30334

						
							
							Neirong town, Naqu, Tibet, China

						
					

					
							
							Nima Strain

						
							
							SN

						
							
							24

						
							
							4541

						
							
							31.78470

						
							
							87.23677

						
							
							Nima town, Naqu, Tibet, China

						
					

					
							
							DangXiong Strain

						
							
							DX

						
							
							53

						
							
							4293

						
							
							30.47312

						
							
							91.10116

						
							
							Dangxiong town, Naqu, Tibet, China

						
					

				
			



			Table II.- Nucleotide and haplotype polymorphisms of the mtDNA D-loop within the Naqu yak populations.

			
				
					
					
					
					
					
					
					
				
				
					
							
							Population

						
							
							Sample 

							size

						
							
							Nucleotide polymorphism

						
							
							Haplotype polymorphism

						
					

					
							
							Nucleotide diversity (π)

						
							
							Tajima’s D

						
							
							Tajima’s D 

							P-value

						
							
							Number of haplotype

						
							
							Haplotype diversity

						
					

					
							
							JL

						
							
							26

						
							
							0.01479

						
							
							0.13439

						
							
							P > 0.1

						
							
							17

						
							
							0.9600

						
					

					
							
							NR

						
							
							30

						
							
							0.01408

						
							
							0.26375

						
							
							P > 0.1

						
							
							22

						
							
							0.9770

						
					

					
							
							SN

						
							
							24

						
							
							0.00894

						
							
							-1.31787

						
							
							P > 0.1

						
							
							17

						
							
							0.9420

						
					

					
							
							DX

						
							
							53

						
							
							0.01196

						
							
							-0.36650

						
							
							P > 0.1

						
							
							28

						
							
							0.9427
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			Fig. 1. Molecular phylogenetic analysis of 59 Naqu yak mtDNA D-loop haplotypes using the maximum likelihood method. The evolutionary history was inferred using the maximum likelihood method based on the Tamura-Nei model (Tamura and Nei, 1993). The tree with the highest log likelihood (-1693.9317) is shown. The percentage of trees in which the associated taxa clustered together is shown next to the branches. Initial tree(s) for the heuristic search were obtained automatically by applying the neighbor-joining and BioNJ algorithms to a matrix of pairwise distances estimated using the maximum composite likelihood (MCL) approach and then selecting the topology with a superior log likelihood value. The rate variation model allowed some sites to be evolutionarily invariable ([+I], 46.4858% sites). The tree is drawn to scale, with branch lengths measured in the number of substitutions per site. The analysis involved 59 nucleotide sequences. A total of 811 positions were included in the final dataset. 




			A total of fifty-nine haplotypes were identified in the 133 individuals. The DX population carried the largest number of haplotypes (28), whereas the SN and JL populations had the smallest number of haplotypes (17). The haplotype diversity of the four populations ranged from 0.9420 (SN) to 0.9770 (JL; Table II). The phylogenetic relationship of the 59 haplotypes was constructed using the maximum likelihood method, and two haplogroups were identified from the 59 haplotypes (Fig. 1). The highest frequency haplotypes were Hapotype_2, Haplotype_4, and Haplotype_8, which were shared by the four populations. Additionally, 13 of the 59 haplotypes were shared by two or three populations, and 43 haplotypes were unique (Fig. 2).




			Table III.- Genetic divergence between populations with Kxy and matrix of the pairwise FST.

			
				
					
					
					
					
					
				
				
					
							
							Code

						
							
							JL

						
							
							NR

						
							
							SN

						
							
							DX

						
					

					
							
							JL

						
							
							\

						
							
							12.31282

						
							
							10.46635

						
							
							11.70972

						
					

					
							
							NR

						
							
							-0.01721

						
							
							\

						
							
							10.37778

						
							
							11.61887

						
					

					
							
							SN

						
							
							0.01724

						
							
							0.00840

						
							
							\

						
							
							9.40330

						
					

					
							
							DX

						
							
							0.00452

						
							
							-0.00318

						
							
							-0.00492

						
							
							\







			Above diagonal, Kxy; below diagonal, FST.
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			Fig. 2. Network and frequency profiles of the 59 Naqu yak haplotypes with mtDNA D-loop sequences.
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			Fig. 3. Matrix of pairwise FST values of the four Naqu ecotype yak populations.




			In the FST analysis of the Naqu yak populations, the largest difference was found between JL and SN (FST=0.01724, P=0.25225±0.0445), and the smallest difference was found between JL and NR (FST=-0.01721, P=0.71171±0.0497 (Table III; Fig. 3). The FST distribution indicated that these four populations were separated into two groups; the first group contained JL, and the second group included SN, DX, and NR, which was consistent with the phylogenetic patterns of these four populations constructed using Kxy (Fig. 4; Table III). However, no significant divergence was observed between the populations according to the chi-square test of FST. 
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			Fig. 4. Average number of nucleotide differences between populations (Kxy) among the four Naqu ecotype Yak populations based on DnaSP 5.10.




			Discussion




			Recently, mitochondrial DNA polymorphisms have been widely used to estimate the gene flow and phylogenetic relationships of maternal lineages in domestic animals (e.g., Nguluma et al., 2017; Jia et al., 2017; Deng et al., 2017; Almarzook et al., 2017) and wild animals (e.g., Elsner et al., 2017; Khaire et al., 2017). The domestic yak (Bos grunniens) is a large and commercially important animal living in the Qinghai-Tibetan Plateau of China with a high-altitude climate (Guangxin et al., 2016). Various research efforts have addressed the diversity and population structure analysis of domestic yaks from different geographic distributions (e.g., Guo et al., 2006; Lai et al., 2007; Mipam et al., 2012; Huang et al., 2012).

			Naqu is an important habitat of the Tibetan domestic yak in the northern part of the Tibetan Autonomous Region, as well as a junction between several Chinese yak breeding areas. Therefore, studying the diversity of different Naqu yak populations and assessing the gene flow with other yak populations from neighboring areas will contribute to our understanding of their genetic diversity status and help inform conservation policies.

			First, the nucleotide polymorphisms of the D-loop region in this study ranged from 0.00894 to 0.01479; this range was larger than the number of polymorphisms detected in the Zhongdian yak (0.00534) (Tu et al., 2016) but similar to the findings for 8 other Chinese Tibetan yak populations (0.00451 to 0.01438) (Song et al., 2014). Additionally, this value was much larger than the number of polymorphisms found in the mtDNA ND6 gene (Hai et al., 2014). This observation is consistent with the hypothesis that the D-loop region contains the most polymorphisms in the mitochondrial DNA (Tsai and St John, 2016; Gao et al., 2017). Second, in comparison with previous studies, the haplotype diversity (Hi) of the 4 Naqu yak populations (0.9420 to 0.9770) was higher than the diversities among the eight different known Tibetan populations (0.827 to 0.927; Song et al., 2014), the Tianzhu white yak (Gansu, China), and the Jiulong yak (Sichuan, China) but was lower than the diversity of the Maiwa yak (Sichuan, China; Lai et al., 2005). Additionally, the haplotype numbers of the four ecotype populations ranged from 17 to 28, revealing that the Naqu yak populations carried wide and abundant genetic diversity. In particular, the finding that 72.88% of all haplotypes were unique not only indicated high diversity within each ecotype population but also inferred that their genetic characteristics followed their geographical and ecological distributions.

			However, no significant divergence in FST was found among the 4 Naqu yak populations, and their genetic distances recapitulated the geographic distances between populations. This finding is consistent with the grazing features on the Tibetan Plateau, including the nomadic process, which results in gene exchange among domestic animal populations accompanied by human migration (China National Commission of Animal Genetic Resources, 2011).

			In addition, according to the phylogenetic network constructed using the maximum likelihood method, two D-loop haplotype haplogroups were identified from the 59 Naqu yak haplotypes; this finding was consistent with previous studies of the two known domestic sites in the Chinese Tibetan yak (e.g., Song et al., 2014; Lai et al., 2005). Finally, no significant differences were found based on Tajima’s D test (P > 0.10) of D-loop sequences in those populations, indicating that no historical population expansion occurred in the Naqu yak population.

			Conclusion




			The Naqu yak has multiple maternal origins and high diversity within different geographic ecotype yak populations. Additionally, the yaks are highly diverse within populations, although they are not heavily divergent, because all populations share the highest frequency haplotypes. Our work underlines the importance of Naqu yak genetic diversity studies not only to obtain a better understanding of the current domestic Naqu yak status but also to enhance and provide data for the development of biological genetic conservation strategies in the Qinghai-Tibet Plateau. 
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ABSTRACT
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The yak (Bos grunniens) is an indigenous domestic animal living at high altitudes
in the Tibetan plateau that is economically important for the Tibetan people. In this>X<
study, we investigated the diversity and phylogeography of four geographic ecotype
populations of the Naqu yak (133 individuals) using an 811-bp mitochondrial DN
D-loop region sequence. Intotal, 57 polymorphic sites, including 54 single-nucleotide
polymorphisms and 3 single-nucleotide copy number variants, and 59 haplotypes
were detected. The number of haplotypes within the population ranged from 17 (SN
and JL) to 28 (DX). The haplotype diversity ranged from 0.9420 (SN) to 0.9770 (NR).
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The highest nucleotide diversity was found in the JL population (0.01479), whereas
the lowest was found in the SN (0.00894) population. Phylogenetic analysis revealed
that these four populations separated into two haplogroups; the first included SN,
DX, and NR, and the second included JL. However, no significant divergence was
found among the ecotype populations using a pair-wise difference comparison ().
Thus, the Naqu yak has multiple maternal origins and demonstrates high diversity

within 4 geographic ecotype yak populations. In addition, the yaks exhibit some

diversity based onfRepRENIIACPIQYRhaplotypes within each pepulasion (BOWeNeHhg ef al., 2013) and Tibet (e.g., Zhang
they have not heavily and significantly diverged because all thg popwations,shase ;7 2014), using mDNA.

eosdbigbstiequaticy (Bpdotgpesyidisicfovehidtis stady not only\show st

ocated in the northern part of the Tibet

dliferemicstiontpe froputhanid§aha iagwamls sty Ibigd sencig, fiNGHREHOREAISA in the hinterland of the Qinghai-Tibet
Iindiedfedchrssficaechbeeidtihanatefiahed cinngehbavalied to spifler diffesaReSS e main farm sources of yaks in Tibet.

Héneiigydivy eegdonedicivechnddifistdnt aodhiepes the Tibetan
Plateau and as far north as Mongolia and Russia. The yak
plays important food, economic, and cultural roles in the
Asian range and is an important domestic animal for the
local people.

Mitochondrial genome sequence (mtDNA) analysis
is a popular tool to estimate the phylogenic evolution and
migration of humans (e.g., Schaan et al., 2017; Hernandez
etal.,2017), wild (e.g., Xieetal.,2017; Ming et al., 2017)
and domestic animals (Zhang ef al., 2016; Kim ef al.,
2016; Eusebi et al., 2017). In particular, previous studies
have investigated yak diversity and population structures
in different habitat locations in China, including Gansu
(Cheng et al., 2014) and Qing-Hai (e.g., Qian ef al., 2013),

This region has an average altitude of more than 4500
meters.

Studies of the domestication history of the Naqu yak
and estimations of the gene flow among different ecotype
yak populations in this area are important and will help
improve the genetics of the local yak.

MATERIALS AND METHODS

Venous blood samples were obtained from 133
individual yaks from 4 ecotype populations in the Tibetan
Naqu; their geographic information is presented in Table
I. The blood samples were collected in EDTA tubes and
frozen at -20°C prior to extraction. Genomic DNA was
isolated using standard procedures (Sambrook and Russell,





