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ABSTRACT. We aimed to use microsatellite BM1258 loci of the major 
histocompatibility complex (MHC) as an indicator of the influence of genetic 
diversity of immunity in goats (Dazu Black, Hechuan White, Meigu, and 
Tibetan goat). In total, 132 animals comprising 50 Dazu Black goats, 24 
Hechuan White goats, 34 Meigu goats, and 24 Tibetan goats were examined. 
Collectively, 18 different alleles and 42 genotypes were found. The overall 
observed levels of heterozygosity showed large divergence from the 
expected levels in the four breeds, and an increase in the mean number of 
alleles of BM1258 accompanied decreasing altitude of the livestock’s habitat. 
Our results indicate that low-altitude regions or plains were more conducive 
to genetic material exchange and gene flow between different populations. 
In addition, it seems that the breeds from low-altitude regions were less 
susceptible to problems introduced by commercial animals.
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INTRODUCTION

The goat (Capra hircus) is a predominant domestic animal; it not only provides meat, 
but also cashmere, milk, wool, and fur. Currently, a wide variety of goat breeds with abundant 
phenotypic diversity exists because of domestication and selective breeding. However, commercial 
lines and industrialized livestock production systems have spread over all continents resulting in a 
decrease in large indigenous goat breeds in comparison with some commercial breeds. Therefore, 
it seems particularly important to build a complete system for monitoring genetic resource 
conservation in goats. In addition, indigenous goat breeds are often well adapted to harsh local 
environmental conditions, and these adaptations contribute to a growing interest in indigenous 
species for conservation and immunogenic diversity.

Major histocompatibility complex (MHC) genes play important roles in the immune 
system, autoimmunity, reproduction, economic traits, and life history strategies. Candidate genes 
for the study of disease ecology and evolution have also been found within the MHC genomic 
region (Edidin, 1988). In mammals, MHC genes are located in a gene-dense genomic region that 
includes similar members of several gene families and contains the most polymorphic functional 
genes in vertebrate genomes (Satta et al., 1998; The MHC Sequencing Consortium et al., 1999; 
Gaudieri et al., 2000). Their products recognize exogenous peptides and present them to specialist 
immune cells to initiate an immune response (Klein and Figueroa, 1986), In addition, specific MHC 
haplotypes and MHC heterozygosity are associated with immunity to diseases (de Bakker et al., 
2006; Gregersen et al., 2006; Oliver et al., 2009; Kloch et al., 2010; Westerdahl et al., 2012; 
Grossen et al., 2014). Therefore, the higher allelic diversity at the MHC region is expected to be 
favored because individuals with a broader range of MHC sequences (binding and presenting a 
broader range of pathogenic peptides) should be more successful at fighting diseases (Gregersen 
et al., 2006; Kloch et al., 2010; Westerdahl et al., 2012).

As DNA-based genetic markers, microsatellites have been widely used as a standard 
technique for molecular genetic evaluation and mapping of the goat genome (Rout et al., 2008; 
Rout et al., 2012; Vahidi et al., 2014), particularly in China (Li et al., 2002; Wei et al., 2014). Although 
the function of microsatellites in the genome has not been clearly identified, it is asserted that they 
are associated with some functional genes. Recently, several researchers have explored MHC-
associated microsatellites, and they have been successfully used in several herbivore diversity 
studies (Fatima et al., 2008; Ligda et al., 2009; Salles et al., 2011). In the present study, BM1258 
microsatellite variability was screened in the indigenous goat population (Salles et al., 2011).

The objective of this research was to determine the variability with altitude of BM1258, 
a highly polymorphic MHC-associated marker, in indigenous Southwest Chinese goats. We also 
investigated the effect of altitude on the dynamic development of the immunogenic region.

MATERIAL AND METHODS

Animals and DNA isolation

We analyzed 132 blood samples from four Chinese indigenous goat breeds. The first 
breed, Dazu Black (DZ) (50 individuals), is indigenous to Southwest China (geographic location: 
37°180'-29°52'N, 105°27'-106°02'E). This breed lives in an alpine habitat (between 267.1 and 
934 m) on the southeast of the Sichuan basin and in the western suburbs of Dazu, Chongqing 
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region. The Hechuan White breed (HC) (24 individuals) is indigenous to Hechuan in Chongqing 
(geographic location: 29°51'-30°22'N, 105°58'-106°40'E). This breed lives in an alpine habitat 
(between 185 and 1284.2 m). The Meigu breed (MG) (34 individuals) is indigenous to Sichuan in 
China (geographic location: 28°02'-28°54'N, 102°53'-103°21'E). This breed also lives in an alpine 
habitat (between 800 and 2700 m). The Tibetan breed (TG) (24 individuals) is indigenous to Linzhi 
on the Tibetan Plateau in Southwest China (geographic location: 26°73'-36°53'N, 78°41'-99°10'E). 
Once again, this breed lives in an alpine habitat (higher than 4000 m). For the detailed information 
about the samples in this study, we referred to the China National Commission of Animal Genetic 
Resources (2011) and the Animal Genetic Resources in Chongqing (2013). Blood samples were 
taken from the ulnar vein and stored in vacuum tubes containing ethylenediaminetetraacetic acid 
at -20°C until required for examination. Genomic DNA was extracted from whole blood according 
to the Sambrook and Russell method (2001).

Polymerase chain reaction (PCR) and genotyping

The animals were genotyped via PCR amplification of the BM1258 marker using the 
forward primer BM1258-F: GTATGTATTTTTCCCACCCTGC, and the reverse primer BM1258-R: 
GAGTCAGACATGACTGAGCCTG. The BM1258 alleles were determined using PCR, as described 
by Salles et al. (2011). The amplification conditions comprised: an initial denaturation for 1 min at 
94°C, followed by 35 cycles at 92° for 45 s, 56°C for 45 s, and 72°C for 45 s, with a 1.5-h extension 
at 72°C. Each PCR product (approximately 1-2 μL) was diluted with 10 μL autoclaved distilled 
water for use in DNA genotyping. A 2-μL aliquot of the diluted product was mixed with 7.75 μL Hi 
DiTM Formamide and 0.25 μL Gene Scan-500 LIZTM. The mixtures were heated at 94°C for 5 min 
and then immediately chilled on ice for 2 min. Genotyping was carried out on a 3130xl Genetic 
Analyzer (AB Applied Biosystems, USA).

Genetic analysis of the population

Gene and genotypic frequencies were estimated by direct counting. Expected homozygosity 
(HE) and observed heterozygosity (HO) were computed using the Microsatellite Toolkit (Park, 2001). 
Nei’s unbiased estimates of genetic identity (genetic distance) and inbreeding coefficient (FIS) were 
also calculated using Arlequin software 3.5.1.3 (Excoffier and Lischer, 2010) and FSTAT 2.9.3.2 
(Goudet, 1995), respectively.

RESULTS

In the Dazu Black goat ecotype, 11 alleles were identified for the BM1258 microsatellite. 
An allele of 99 bp had the highest frequency (35%), and alleles of 133 bp had the lowest (2%). 
We found 18 genotypes, of which 99/99 was the most frequent in this population. In the Hechuan 
White goats, 9 alleles were identified in the 24 samples tested. An allele of 109 bp had the highest 
frequency (31%); the lowest frequency alleles were 113 and 133 bp (4%). Of the 15 genotypes 
observed, 99/109 and 99/99 were the most frequent in the population. In the Meigu goats, 14 
alleles were identified in the 34 samples tested. An allele of 109 bp had the highest frequency 
(23%); the lowest frequency alleles were 98, 133, 127, and 107 bp (2%). Of the 22 genotypes 
identified in this population, 101/101 was the most frequent (15%). In the Tibetan goats, 8 alleles 
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were identified in 71 samples tested. An allele of 109 bp had the highest frequency (20%); the 
lowest frequency alleles were 105, 111, and 107 bp (2%). Of the 15 genotypes identified in this 
population, 109/109 was the most frequent (25%).

Six alleles of BM1258 were shared within all four breeds: 99, 101, 103, 107, 109, and 111 
bp. The results indicated a higher level of heterozygosity in all populations, with the proportion 
of observed heterozygous individuals ranging from 0.34 in the Dazu Black goats to 0.58 in the 
Hechuan White goats, and the expected level of heterozygosity ranging from 0.778 in the Dazu 
Black goats to 0.087 in the Meigu goats. The mean number of alleles ranged from 8 in the Tibetan 
goats to 14 in the Meigu goats. Detailed information on BM1258 allelic distribution is given in Figure 
1, and the relationship between the mean number of alleles and the altitude of the goats’ habitats 
is given in Figure 2.

Figure 1. Allele distribution of BM1258 in each of the four different goat breeds.
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Based on the genotyping data, the shortest Nei’s genetic distance was 0.0079, between 
the Meigu goats and the Hechuan White goats. The Dazu Black goats and the Meigu goats had 
the largest genetic distance (0.0401). In addition, the FIS within the whole population deviated 
significantly from zero, and the smallest FIS was in the Tibetan goats Table 1.

Figure 2. Pictorial diagram of diversity and population structure dynamic developing in each population at different 
altitudes.

Population	 Sample size	 NA	                   Observed		                            Expected		  FIS	 P value		              Population

			   Homozygosity	 Heterozygosity	 Homozygosity	 Heterozygosity			   DZ	 HC	 MG	 TG

DZ	 50	 11	 0.660	 0.340	 0.212	 0.778	 0.566	 0.010*	 0.0000			 
HC	 24	   9	 0.417	 0.583	 0.149	 0.851	 0.319	 0.010*	 0.0249	 0.0000		
MG	 34	 14	 0.424	 0.576	 0.128	 0.872	 0.343	 0.010*	 0.0401	 0.0079	 0.0000	
TG	 24	   8	 0.458	 0.542	 0.221	 0.779	 0.309	 0.010*	 0.0276	 0.0065	 0.0328	 0.0000

Table 1. Diversity and polymorphism measurements for BM1258 in different goat populations living at different altitudes.

DZ = Dazu Black; HC = Hechuan White; MG = Meigu; TG = Tibetan; NA is the observed mean number of alleles; the 
indicative adjusted nominal level (5%) for each FIS was 0.010; *means significant; after the column of P values, along 
the right diagonal, are Nei’s genetic distances between populations using BM1258 loci.

DISCUSSION

The MHC is commonly defined by serological reactions of erythrocytes with antibodies 
specific to the highly polymorphic MHC-specific antigens. Serological typing is fraught with the 
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problem of cross-reactivity, which can complicate application of the technique to outbred populations 
(Fulton et al., 2006; Maina et al., 2015). The presence of novel haplotypes in different native 
breeds can contribute to this problem. With the advent of molecular biology tools, haplotypes of 
different class regions of the MHC region can now be determined using several methods, including 
two-dimensional gels, restriction fragment length polymorphism, DNA sequencing, single-strand 
conformation polymorphism, and sequence-specific PCR in various animals and tissues (Iglesias 
et al., 2003; Wilson et al., 2014; Ballingall et al., 2015; Lau et al., 2015). Unfortunately, these 
techniques are not always practical for all laboratories. To date, the microsatellite marker LEI0258 
has provided a suitable method for the determination of MHC haplotypes in chickens (Chang et 
al., 2011; Chazara et al., 2013; E et al., 2014). However, as yet, there is no MHC-associated 
microsatellite equivalent to the LEI0258 of chickens for sheep or goats.

We studied BM1258 microsatellite variability in three distinct breeds of Chinese goat found at 
lower altitudes and one breed found at higher altitudes - the Tibetan goat. Our results indicate that the 
BM1258 microsatellite is highly polymorphic in the Chinese local breeds, but not in the Tibetan goat.

The number of alleles detected in each population was different. The indigenous breeds 
have been subjected to intensive selection according to specific economic breeding aims, 
which could explain the differences in allelic distribution. The differences in observed levels of 
heterozygosity were similar in the Dazu Black goats, the Hechuan White goats, and the Meigu 
goats, but smaller in the Tibetan goats. Theoretically, in the MHC region, observed heterozygosity 
should be far higher than the expected heterozygosity in local breeds. Researchers such as Worley 
(2010) found that on average, birds with heterozygote genotypes survived infection longer than 
homozygotes, and this effect was independent of genome-wide heterozygosity, estimated across 
microsatellite loci. MHC genes encode molecules that present peptide antigens to T-lymphocytes, 
thereby initiating the pathogen immune response. Whether domestic or wild, animals cannot 
avoid contact with pathogens during their lifetimes. Fluctuating selection may occur if pathogen 
load varies, and as such, the advantage of possessing a resistant allele also varies, maintaining 
variation (van Oosterhout, 2009). Finally, individuals that are heterozygous at MHC genes may have 
increased fitness compared with homozygous individuals, as they are potentially able to recognize 
and resist a larger variety of pathogen-derived peptides and have a higher survival rate. Several 
similar studies have been carried out in laboratory populations, where environmental variables 
were eliminated, showing significant effects of MHC heterozygosity on fitness (McClelland et al., 
2003; Ilmonen et al., 2007; Worley et al., 2010).

However, the strange phenomenon observed in this study might be explained by the 
invasion of commercial breeds that decreases the population size of large indigenous goat breeds 
in China, resulting in some population events such as inbreeding or bottlenecks. This was also 
revealed by the FIS values in BM1258 within each population. The reason the value was smaller 
in the Tibetan goats was that their high-altitude living environment discourages the artificial 
introduction of commercial animals.

In addition, when we measured the mean number of BM1258 alleles in these populations, 
we found that the diversity decreased when the altitude of the animals’ habitat increased. This 
phenomenon can be explained by the fact that at low altitudes or on plains, genetic material 
exchange and gene flow between different populations are easier.

We conclude that the microsatellite marker BM1258 can be used as a suitable method for 
MHC typing of local goat populations to estimate the diversity of MHC. The results will be helpful 
for genetic resource conservation as well as marker-assisted selection in goat breeding programs. 
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It is noteworthy that the population diversity of the MHC genes is not only maintained by increasing 
the chance of selection, and balancing selection, but also by the relative effects of the social and 
geographical environment.
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