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ABSTRACT: The pigs, Sus scrofa are independently do-
mesticated from wild pig in many countries, which is one of 
the major livestock. It would be utmost important to know 
the relationship of livestocks with that of related wild an-
cestor for proper management of genetic integrity. We de-
scribe mitochondrial DNA control region based phylogeog-
raphy among domestic and wild pigs representing various 
geographic locations of its range. Bayesian (MCMC) con-
sensus tree showed two distinct lineages among Indian wild 
pigs. The main Indian wild pig lineage (S.s cristatus) 
showed distinct variation with that of east and north-east 
Indian wild and entire domestic pigs. This study indicated 
that the Indian wild pig, S.s cristatus is unique in its genetic 
feature and not used in domestication. However, the eastern 
and north-eastern wild pig’s populations are closely related 
to those of Asian and European wild and Indian domestic 
pigs.  
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Introduction 
 

Recent genetic study demonstrated that Indian 
wild pig (S.s. cristatus) of north, central and south regions 
show around 3% genetic variation in one of the evolution-
ary conserved (mtDNA cytochrome b) gene with that of 
European and Asian wild and domestic pigs (Gupta et al., 
2013a).  It was suggested that S.s. cristatus did not used in 
domestication (Gupta et al., 2013a). To investigate the fur-
ther relationship between the wild and domestic pigs of 
India, we determined the nucleotide sequences of mtDNA 
hypervariable control region. In this study we used eastern 
populations of wild pigs along with the north, central and 
south populations. The aim of this study was to elucidate 
the genetic diversity within and between wild and domestic 
pig of India and its comparison with other pig races. There-
fore, this study is also helpful in finding the answer whether 
the Indian wild pigs are genetically pure races? However, 
understanding the level of genetic diversity is one of the 
important parameter in existing livestock research. In this 
study we also illustrate the phylogenetic relationship of 
various wild and domestic pig populations. 
 

Materials and Methods 
 

Sample collection, DNA extraction, amplifica-
tion and sequencing. Tissue samples of native domestic 
(n=50) and wild pigs (n=40) were collected from different 
region of India (Eastern, Western, Northern, Southern and 
Central). Genomic DNA (gDNA) was extracted from tis-

sues samples using either phenol and chloroform method 
(Sambrook et al., 1989) or our indigenous method (Gupta et 
al 2013b). We used control region specific primer pair (Ba-
lakrishnan et al., 2003) to amplify and sequence approxi-
mately 500bp mtDNA hypervariable control region.  

 
Sequence Data analysis. A total 426bp of mtDNA 

control region was obtained from 90 pig samples. To study 
the relationship among wild and domestic Asian and Euro-
pean pigs an additional 49 sequences were taken from 
NCBI GenBank. All the sequences were aligned using the 
CLUSTAL X program (Thompson et al., 1994) and align-
ments were checked by visual inspection. DnaSP 5.0 soft-
ware was used to analyze the haplotype diversity (H), and 
nucleotide diversity (π) (Librado and Rozas, 2009). The 
program MEGA 5.0 (Tamura et al., 2011) was used to es-
timate the mean pairwise differences between the haplo-
types. The Bayesian consensus tree was constructed using 
the Monte Carlo Markov Chain (MCMC) method was run 
for 5×106 generations, sampling a tree every 100 genera-
tions by Mr.Bayes 3.1 (Ronquist and Huelsenbeck, 2003) 
(Fig. 1). African warthog, Phacochoerus africanus 
(GQ338960) was used as outgroup for phylogenetic analy-
sis. All used sequences were defined into Asian and Euro-
pean domestic and wild pigs. The samples of Indian origin 
were partitioned into 5 different regions mainly as northern, 
southern, eastern, western and central India, respectively.  
 

Results 
 

Haplotype analysis and Sequence variability. In 
total, 53 haplotypes were identified from the 139 sequences, 
which contained n=71 domestic (Asian=63; European=8) 
pigs and n=68 wild (Asian=61; European=7) pigs (Table 1). 
29 haplotypes were observed in Indian domestic (n=56) and 
wild (n=46) pig samples (Table 1). Seven haplotypes were 
shared by the domestic and wild pig samples of India. To 
resolve the diversity of Indian pigs, we calculated the genet-
ic diversity of Indian domestic and wild pigs. The haplotype 
and nucleotide diversity across the five regions of Indian 
wild pigs were 0.8576+/-0.0407 and 0.0146+/-0.0049 
whereas the gene diversity and nucleotide diversity of do-
mestic pigs were 0.8361+/-0.0334 and 0.00874+/-0.00324 
respectively. A total number of 50 polymorphic sites were 
identified in all samples; representing 11.7% of the ana-
lyzed DNA sequences (426bp).    

 
Phylogenetic analysis. Pairwise distance among 

the haplotypes showed low within-group average values for 



Indian domestic pigs (0.009+/-0.002), wild pigs (0.015+/-
0.003), Asian pigs (0.016+/-0.003) and European pigs 
(0.011+/-0.003). Estimates of average genetic distance over 
sequence pairs between groups were shown in table 2. To 
investigate the relationship among pigs from different geo-
graphical regions, we used all 139 samples to perform a 
phylogenetic analysis using MCMC method (Fig. 1). All 
haplotypes clustered into two lineages: Asian (Hap.1 to 
Hap.35 and Hap.46 to Hap.53) and European (Hap.36 to 
Hap.45) lineages. The Asian lineage was subdivided into 
two different clade I and II. Clade I (Hap.1 to Hap.10) 
comprised haplotypes of most of the Indian wild pigs 
(S.s.cristatus) and one haplotype (Hap.9) of Pakistan wild 
pig. The wild pig haplotypes of east, north-east and Anda-
man Island of India and all Indian domestic pigs clustered 
into Clade II (Hap.11 to Hap.35 and Hap. 46 to 53) with 
that of other Asian wild and domestic pigs. Haplotypes of 
all European pigs were clustered into clade III (Hap.36 to 
Hap.45).    

 
Table 2. Matrix of net between-group average distance 
under Kimura’s 2-parameter model. The number below 
the diagonal are genetic distance, those above the diago-
nal are standard errors. 

 1 2 3 4 
Indian wild pig - 0.006 0.006 0.008 
Indian domestic 
pig  

0.028 - 0.003 0.007 

Asian pig 0.026 0.016 - 0.006 
European pig 0.039 0.029 0.028 - 

 
Discussion and Conclusions 

 
Our phylogenetic analysis showed that major Indi-

an domestic pigs (S.s.cristatus) are different lineage which 
is also extended up to Pakistan and Nepal. This data indi-
cates that the Indian wild pigs (S. s. cristatus) populations 

which are distributed in north, central, west and south India 
is a unique and indigenous population that has remain their 
genetic character. It has not been used in domestication 
process. This study indicated that Indian domestic pigs 
could have been domesticated either from east and north-
east Indian wild or other wild pigs of Asia. Our finding 
supported the previously observation that domestic pigs in 
India shows 99% similarity with other wild race of Asian 
and European pigs (Gupta et al., 2013). However, the ge-
netic character of wild pigs of east, north-east and Andaman 
Island of India shows a close relationship with Indian do-
mestic pigs and cluster with the Asian wild and domestic 
pigs. It supports the previous observation that north-east 
India could be a centre for domestication of wild pig (Lar-
son et al. 2005). However, the main populations Indian wild 
pig (S. s. cristatus), which is widely distributed in north, 
central, west and south India and extended up to Pakistan 
and Nepal do not show genetic relatedness with that of all 
domestic and other wild pigs of Asia, Europe, east and 
north-east India. It raised a further research question, why 
mtDNA haplotypes of east and north-east India wild pigs 
differ greatly from those of remaining Indian wild pig’s in 
spite of their neighboring habitat? 
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Table 1. Haplotypes distribution in Asian and European Wild and Domestic pig 
Haplotypes n Sample ID/Accession no. (Source) References 

Hap.1 8 WB7-WB14 (Cenral India) This study  
Hap.2 2  WB3 (Northern India);AY884701 (India WB) This study; Larson et al. 2005 
Hap.3 2 WB1 (Central India),WB2 (Southern India) This study  
Hap.4 1 WB6 (Central India) This study  
Hap.5 2 WB4 (Central India) ,WB5 (Southern India) This study  
Hap.6 1 WB15 (Western India) This study  
Hap.7 1 AY884618 (Pakistan WB) Larson et al. 2005 
Hap.8 1 WB16 (Central India) This study  

Hap.9 17 
WB17-WB26 (Central India), WB-27-WB30 (Northern In-
dia);AY884713 (India WB), AY884620, AY884649 (Nepal WB) This study; Larson et al. 2005 

Hap.10 5 WB31-WB33 (Central India), WB34-WB35 (Southern India), This study  
Hap.11 1 DQ779421 (Korea WB) Larson et al., 2005 
Hap.12 2  DQ496764 (Northeast China WB);AF136564 (JapanWB) Wu et al. 2007; Giuffra et al., 2000 
Hap.13 1 AB041481 (Japan DP) Watanobe et al., 2001 

Hap.14 5 
DQ496468, DQ496467 (India DP), DQ496848, DQ496732 (Vietnam 
WB);AF136565 (JapanWB) Wu et al., 2007; Giuffra et al., 2000 

Hap.15 1 DQ496753(Northeast China WB) Wu et al., 2007 
Hap.16 1 DQ779522 (Korea WB) Larson et al., 2005 
Hap.17 1 AY884643 (Eastern India WB) Larson et al. 2005 
Hap.18 1 DP1 (Northern India) This study  
Hap.19 1 DP2 (Northern India) This study  
Hap.20 1 AY884705 (India: Andaman Island WB) Larson et al. 2005 
Hap.21 1 AB015091 Sus scrofa domesticus Okumura et al., 1996 
Hap.22 1 AF136567 Me Meishan Giuffra et al., 2000 
Hap.23 1 AF276933 (South Korea DP) Kim et al.,2002 
Hap.24 1 AF276923 (China Sus scrofa)  Kim et al.,2002 
Hap.25 1 AF276935 Sus scrofa domestica Kim et al.,2002 
Hap.26 1 AB041475 (Zhejiang DP) Watanobe et al., 2001 

Hap.27 4 
WB36-WB37 (Eastern India); DQ496469 (India DP); AF136566 (LW1 
Large white) 

This study; Wu et al. 2007; Giuffra et al., 
2000 

Hap.28 2 WB38 (Eastern India); DQ496471(India DP) This study; Wu et al. 2007 
Hap.29 1 DP3 (Central India) This study  
Hap.30 1 DQ496470 (India DP) Wu et al. 2007 
Hap.31 1 AY884712 (Myanmar WB) Larson et al. 2005 
Hap.32 1 DP4 (India) This study  
Hap.33 3 DP5-DP7 (Northern India) This study  
Hap.34 1 DP8 (Northern India) This study  
Hap.35 1 AY884695 (Myanmar WB) Larson et al. 2005 
Hap.36 1 AF136562 (Large white) Giuffra et al., 2000 

Hap.37 2  AF136558 (Hampshire); AF304203 (Swedish WB) 
Giuffra et al., 2000; Kijas and Anders-
son,2001 

Hap.38 1 AF136559 (Hampshire) Giuffra et al., 2000 
Hap.39 1 AF486866 (Landerace) Yang et al., 2003 
Hap.40 1 AF136557 (Ma. Mangalica) Giuffra et al., 2000 
Hap.41 1 AF136561 (Swedish Landrace) Giuffra et al., 2000 
Hap.42 2 AF136556 (Poland);AF486858 (Duroc) Giuffra et al., 2000;Yang et al.,2003 
Hap.43 1 AF136555 (Poland) Giuffra et al., 2000 
Hap.44 2 AF136560 (Swedish Landrace);AJ002189 Sus scrofa Giuffra et al., 2000; Ursing et al.,1998 

Hap.45 3 AF136563; AF304201; AB015094 (European WB) 
Giuffra et al., 2000; Kijas and Anders-
son,2001; Okumura et al., 1996 

Hap.46 20 
DP9-DP26 (Northern India); AY884674 (Eastern India WB), AY884675 
(Eastern India DP) This study, Larson et al. 2005 

Hap.47 1 AY884671 (India WB) Larson et al. 2005 
Hap.48 1 AY884703 (Srilanka WB) Larson et al. 2005 
Hap.49 2 DP27, DP28 (Northern India) This study  
Hap.50 16 DP29-DP44 (Northern India) This study  
Hap.51 1 WB39 (Eastern India) This study  
Hap.52 2 DP45, WB40 (Eastern India) This study  
Hap.53 5 DP46-DP50 (Northern India) This study  


