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Abstract: Tibetan pig 1s an endangered plateau type pig breed which distributed mainly in Qinghai-Tibetan
Plateau. In present study, researchers analyzed 218 prior published partial mitochondrial D-loop sequences
(415 bp) by using phylogenetic, networl, mismatch distribution and Analysis of Molecular Variance (AMOVA)
analysis to clarify the population differentiation and explore the relationships among populations from different
geographical locations of Tibetan pigs. The results revealed a total of 43 haplotypes in 218 samples from seven
Tibetan pig populations in which only one common Haplotype (H1) was shared by the seven populations.
Haplotype diversity was high (0.889) whereas nuclectide diversity among all individuals was low (0.00534). Tt
is notable that Hezuo Tibetan pigs have 19 unique haplotypes in total 24 haplotypes of 53 individuals with the
highest mucleotide diversity (0.00765). Bayesian tree and median joimng network procedures carried out on the
data showed that seven Tibetan pig haplotypes were essentially indistinguishable except some unique
haplotypes from Hezuo. The AMOVA analysis indicated that the genetic variation mainly occurred within
populations (85.41%) but variance among populations was only 14.59%. The unimodal mismatch distribution
of haplotypes, together with significant negative values of Fu’s F; and negative values of Tajima’s D suggest
that a recent population expansion of Tibetan pig has been occurred i Diqing, Hezuo and total population.
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INTRODUCTION

Tibetan pig 1s a typical mimature pig breed which 1s
mainly distributed m the Qinghai-Tibetan Plateau of Cluna
and largest continuous high elevation ecosystem in the
world with an average elevation of »4000 m (Zhang et al.,
1986; Yang et al., 2011). Based on classification of pig
breeds in China, Tibetan pig was classified as only one of
Plateau type (Zhang et al, 1986). However, with the
growing demand for pig meat and bettering the life for the
local people, high input-high output commercial pig
breeds have been mtroduced and crossed with Tibetan
pigs which led the pure Tibetan pigs face a risk of
extinction (Jiao et al., 2009). Accordingly, Gong’gyamda
Tibetan Pig National Nature Reserve has been established
m Gong’gyamda County in 2011, for the purpose of
protecting and utilization germplasm resource of Tibetan
ple.

Clearly, research on the genetic diversity and
population structure of this breed is very important for the
formulation of adequate protection and management
strategies. Unfortunately, there has been no large scale
study of the population genetics of Tibetan pig, only a
few studies have been carried out mn population genetic

variation based on mtDNA data (Jiao ef al, 2009,
Yang et al, 2011). The earlier study conducted by
Tiao ef al. (2009) mvolved limited sample size (80
individuals from 5 populations). A recent article about
mtDNA D-loop variation within seven regional Tibetan
pig populations has revealed local origin of the pig breed
in the Tibetan Plateau (Yang et al., 2011), however it did
not discuss about the genetic structure and diversity of
this breed.

In this study, to expand limited geographic sampling
of earlier researches (Tiao et al., 2009; Yang et al., 2011),
researchers download 212 the published mtDNA D-loop
sequence data from GenBank which represents 218
Tibetan pig individuals from seven geographical
populations m Tibetan plateau. The objective of this
study 1s to analyze the population structure and diversity
of Tibetan pig based on the increase population coverage
and sample size and to provide a theoretical reference for
this breed conservation and sustainable use in China.

MATERIALS AND METHODS

DNA data: A total of 415 bp mtDNA D-loop fragment
of 218 individuals of Tibetan pig was retrieved from
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GenBank as described by the earlier published
literatures (Wu et al., 2007; Tiao et al., 2009, Larson et al.,
2010; Yang et al, 2011). The samples span the entire
known range of Tibetan pig from seven localities in China
(25 individuals from Linzhi, 11 from Shannan, 17 from
Changdu, 56 from Diging of Yunnan, 34 from Aba and 22
from Ganzi of Western Sichuan, 53 from Hezuo of Gansu)
(Table 1 and Fig. 1). Sample sites were shown in Fig. 1. In
addition, one mtDNA control region sequence of African
warthog (Phacochoerus africanus) was retrieved from
GenBank (accession mumbers DQ409327) and was used as
outgroup for reconstruction the phylogenetic tree based

on earlier study (Wu et al., 2007). All samples of Tibetan
pig sequences used in this study with GenBank accession
number and geographical origm 15 shown in

supplementary Table 1.

Data analysis: All download sequences were aligned with
Clustal X 1.83 (Thompson ef al., 1997) with default
parameters. Researchers estinated the numbers of
haplotypes, values of haplotype diversity (h) (Nei, 1987)
and mucleotide diversity (m) (Nei and Tajima, 1981)
using DnaSP 5.1 (Librado and Rozas, 2009). The Tajima’s

Table 1: Mitochondrial DNA haplotype variable sites and distribution of Tibetan pig

Variable nuclectides sites

11111 1122222222 2223333333 4
479913456 8923667778 8890137778 0
Haplotype 7433519184 7741252674 5764051238 1
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Haplotype in bold occurred in more than one population. Dots () indicate nucleotide identity as in haplotype H1, LZ, 8N, CD, DQ, AB, GZ and HZ represent
population of Linzhi, 8hannan, Changdu, Diging, Aba, Ganzi and Hezuo, respectively
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Fig. 1: The geographic location of the seven Tibetan pig populations in Tibetan plateau

D (Tajuna, 1989), Fu’s Fs (Fu, 1997) neutrality tests and
mismatch distribution for Tibetan pigs were calculated
also by DnaSP 51. Population average pairwise
differences and Analysis of Molecular Variance
(AMOVA) (Excoffier et al., 1992) were calculated using
Arlequin Software (Version 3.11) (Excoffier er af., 2005).

Researchers used Software MODELTEST 3.7
(Posada and Crandall, 1998) and PAUP* 4.0bl0
(Swofford, 2001) to find the best fit model of 36
models
Information Criterion (AIC) for the sequence data.
Phylogenetic analysis using Bayesian Inference (BI)
was implemented using MRBAYES Version 3.1.2
(Ronquist and Huelsenbeck, 2003) based on GTR+I+G
Model. Four independent Markov Chain Monte Carlo
(MCMC) analysis were run for 5x10° generations
simultaneously to avoid entrapment in local optima with

of nucleotide evelution under the Akaike

one tree save every 100 generations and with the first 25%
discarded as burn-in after the average standard deviation
of split frequencies <0.01. Researchers constructed the
median-joining networks of haplotype data with the
program NETWORK 4.6.1.0 (Bandelt ef al, 1999
and  Daneschmand, 2003) (http:/fwww.
fluxusengineering.com) to investigate the possible

Polzin
relationships among haplotypes of Tibetan pigs.
RESULTS AND DISCUSSION

In total, 43 haplotypes were identified and no
msertion or deletion was observed among the 218 Tibetan

plg individuals mn the 415 bp partial mtDNA D-loop
fragment (Table 1). There were 31 variable sites of which
12 were parsimony informative and 19 were singleton
sites in the Tibetan pig haplotypes. These 43 haplotypes
are shown in Table 1 to show their distributions in
populations, the number of haplotypes detected m each
population varies from 4 (Ganzi) to 24 (Hezuo). Among
these haplotypes, the most frequent Haplotype (H1)
includes 58 (26.6%) individuals from all seven
populations; haplotypes H8, H10, H4 and H7 include 23,
22, 21 and 20 individuals, respectively. About 19
haplotypes were shared by 2-58 samples while the
remaining 24 haplotypes were found in only one
individual. Tt is notable that Hezuo Tibetan pigs have
19 unique haplotypes i total 24 haplotypes from 53
individuals (Table 1), this result is consistent with prior
studies (Tiao et al., 2009; Yang et al., 2011).

The genetic diversity of each population and all
samples is shown in Table 2 and haplotype diversity
values varies from 0.403 (Ganzi) to 0.934 (Changdu).
Meanwhile, the Hezuo population had the highest
nucleotide diversity value (0.00731) and Ganzi population
had lowest one (0.00207) (Table 2). The total haplotype
diversity was 0.8894 with nucleotide diversity 0.00534.

The Bayesian consensus tree for 43 mtDNA D-loop
haplotypes showed a very shallow phylogenetic structure
with low bootstrap support (Fig. 2). Interestingly, the
tree showed that most of the branches did not correspond
to the geographic location; in other words, researchers
did not find the geographic distance in proportion to
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Table 2: Summary of haplotype diversity (h), nucleotide diversity (m) and Fu’s (Fs) and Tajima’s D test for control region sequences

Population Haplotype diversity ¢h) Nucleotide diversity () Fs p-value Tajima D p-value
Linzhi 0.6330 0.00280 -2.540 0.050 -0.80752 =(.05
Shannan 0.7820 0.00245 -2.018 0.089 -0.93168 >0.05
Changdu 0.9340 0.00574 -4.518 0.009 0.02391 >0.05
Diging 0.8640 0.00470 -5.627 0.002 -0.52932 >0.05
Aba 0.7950 0.00335 -1.409 0110 -0.14538 =(.05
Ganzi 0.4030 0.00207 -0.264 0.235 -1.11483 =(.05
Hezuo 0.8817 0.00731 -15.525 0.000 -0.98518 =(.05
Total 0.8894 0.00534 -40.622 0.000 -1.66047 >(0.05

— Hap 14 Changdu
Hap 13 Changdu Diqing
Hap 15 Diqing
Hap 10 Changdu Diqing Hezuo
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Phacochoerus africanus Africa

Hap 1 Linzhi Shannan Changdu Diqing Aba Ganzi Hezuo

Hap 4 Linzhi Shannan Changdu Diging Aba Hezuo

Fig. 2: Bayesian consensus tree of the observed 43 haplotypes of Tibetan pigs with African warthog (Phacochoerus
africanus) as outgroup. Bayesian posterior probabilities are given only for those nodes which obtained values

=0.60 with this method

population genetic similarity. This might be caused by
gene flow among the Tibetan pig populations and
the fact that different populations have low selection
pressure. However, Fig. 2 clearly shows that most
unique haplotypes (15 of 19) from Hezuo Tibetan pig
population were clustered into a branch (BPP = 0.66)
which 1s separated from other populations of this

breed.

Similarly, the parsimony median-joining networl of
Tibetan pig haplotypes also showed that populations
from different geographic regions ntermingled as
similar pattern as the Bayesian tree (Fig. 3). Haplotypes
from each population did not cluster together and
separate from other populations except some haplotypes
from Hezuo. In addition, haplotypes from Hezuo almost
distributed the whole network. These results indicated
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Fig. 3: Parsimony median-joining network profile of the mtDNA D-Loop region haplotypes in Tibetan pigs. The
haplotypes are symbolized by circles and separated by one substitution step. Circle size 1s proportional to
haplotype frequency and the length of each branch is proportional to the number of associated mutations

that there was mno comrespondence between the
geographic region and different population. It 1s evident
that the high-frequency haplotype H1 (58 individuals,
26.6% of the total 218 individuals) and the haplotypes
around it showed a star-like distribution pattern that 15 a
signal of exponential population expansion on the plateau,
although not indicate any overt geographic structure
(Fig. 2). H1 shared among individuals from the seven
populations (15 individuals from Linzhi, 5 from Shannan,
2 from Changdu, 5 from Diqing, 10 from Aba, 17 from
Ganzi and 4 from Hezuo) (Table 1 and Fig. 3). Hl is the
core haplotype that has a series of one, two or greater
than two mutation distance derivatives (derived
haplotypes) detected in other haplotypes. Therefore,
taken together, haplotypes within network might have
originated from the center Haplotype (H1) as a result of
domestication events followed by subsequent expansion.

Researchers performed Analysis of Molecular
Variance (AMOVA) to assess geographical structuring
of genetic variability within population and among
populations. The AMOVA analysis indicated that most
of genetic variance 1s attributable within populations
(84.16%, p<0.001) and only lower amount of genetic
variance is among populations (15.84%, p<0.001)
(Table 3). The Fixation mdex Fyr was 0.15840 (p<0.001).
Therefore, the AMOVA analysis indicated that the

Table 3: AMOVA analysis of genetic variation in Tibetan pig populations

Variance  Percentage of
Source of variation df components  variation Fixation index
Among populations 6 0.18065 15.84 Fsr =1.14046
Within populations 211 0.95982 84.16
Tatal 217 1.14046

df' = degree of freedom

genetic variation mainly occurred with populations
instead of among populations. In other words, most
of the observed molecular variance was due to genetic
differences within these seven geographic populations
indicating a relatively poor geographic structure for
Tibetan pig.

Table 4 showed the pairwise genetic differentiation
between and within the seven Tibetan pig populations.
The average number of pairwise differences between
populations is from 0.96330 (Ganzi and Shanan) to 3.17469
(Hezuo and Diqing) and withun population between
from 0.86249 (Ganzi) to 3.05765 (Hezuo). The genetic
differentiation within population almost ecqual for that
between populations also indicates genetic variation
mainly occurred within populations as AMOVA analysis.
The corrected average pairwise differences between the
populations is from 0.00181 (Linzhi and Shannan) to
0.70721 (Diging and Ganzi). Genetic differentiation was
significant among all sampled populations with the
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Table 4: Population average pairwise differences for control region sequences of Tibetan pig based on Kimura 2P Distance Method

Population Linzhi Shannan Changdu Diging Aba Ganzi Hezuo
Linzhi 1.16675 1.09608 1.98139 2.01067 1.38617 1.0241¢6 2.56747
Shannan 0.00181 1.02179 1.98480 2.05784 1.24664 0.96330 2.30939
Changdu 0.19849™ 0.27437" 2.39906 2.21674 1.96298 2.05037 3.14995
Diging 0.44551™ 0.56516" 0.03542 1.96357 1.99184 2.12024 3.17469
Aba 0.10398™ 0.0369% 0.06464 0.31124™ 1.39762 1.34185 2.45529
Ganzi 0.00954 0.02115 0.41960™ 0.70721" 0.21179™ 0.86249 2.53204
Hezuo 0.45527" 0.26967" 0.42159™ 0.66408™ 0.22766™ 0.57197" 3.05765

Above diagonal: average number of pairwise differences between populations (PiXY). Diagonal elements: average number of pairwise differences within
population (PiX) in bold. Below diagonal: corrected average pairwise difference [PiXY - (PiX + PiY)/2]. Corrected average pairwise differences which are

statistically different are indicated. "p<0.05; “"p<0.01
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Fig. 4 Mismatch distribution of the Tibetan pig mtDNA control region for a) all samples, b) Aba, ¢) Diging, d) Ganzi, &)

Hezuo and f) Linzin

exception of Ganzi vs. Linzhi and Shannan, Aba vs.
Shannan and Changdu, Diging vs. Changdu and Shannan
vs., Linzh (Table 4).

Researchers used two methods to investigate
population demographic history. First,
investigated the demographic history by comparing
mismatch distributions for all the samples and each
population (sample size >20) using DnaSP. Assuming the

researchers

mfinite sites model, the mismatch distribution 1s smooth
and often unimodal as a result of population expansion
whereas for stationary populations the distribution 1s
ragged and often multimodal (Harpending et al., 1998).
Second, researchers also calculated Fu's Fs neutrality test
(Fu, 1997) and Tajima’s D test to confirm the evidence of
possible population expansion. Under the assumption of
neutrality, a population expansion produces a large
negative value of Fs (Fu, 1997).

Historical expansion of the Diging, Huzuo and total
population 1s suggested by biased ummoedal mismatch
distributions (Fig. 4), significant (p<0.05) negative values
of Fs and negative values of Tajima’s D (Table 2).
However, non-significant values for Fu’s Fs test and
the ragged mismatch distribution supported sequence

evolution consistent with the expectations of selective
neutrality and stable demographic history of the Aba,
Ganzi and Linzhi populations.

Tibetan pig 1s now facing the danger of extinction
due to its original distribution areas are decreasing
gradually (Li and Luo, 1993) and crossbreeding with exotic
boars. It 18 well known that genetic diversity exists in
animal population and is considered the raw material of
evolution (Su ez al., 2001).

The result shows that Tibetan pig harbors a
considerable amount of genetic variation. Therefore,
maintain the genetic diversity will contribute to
strengthen conservation, management and sustainable
use of tlus special plateau mimiature pig germplasm
resources.

CONCLUSION

The present study shows that all populations’
samples were clustered together and there was no
population-specific clustering pattern except Hezuo.
Meanwhile, researchers also found substantial mtDNA
diversity m Tibetan pigs. In particular, the nucleotide
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diversity of Hezuo Tibetan pigs (0.00731) was found to be
the highest in the seven sampled populations (Table 2).
Hence, conservation strategy of the Tibet pig should not
only to protect thus breed natural habitat but also the
genetic diversity. Furthermore, special conservation
attention should be paid to Hezuo Tibetan pig because
of its 19 umque haplotype and the lighest nucleotide
diversity.
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