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Summary

Endogenous retroviruses (ERVs) represent genomic fossils of past retroviral infections so that
they inform us on the diversity and history of retroviruses that have infected a species lineage.
However, with regard to porcine ERV (PERV), there have been a few studies examined copy
number variation in PERVs, suggesting that wild boars and miniature pigs might contain
fewer copies of PERV than those of Western breeds. Therefore, we aimed to broaden our
knowledge of PERVs in the genome of native pigs in Vietnam – expected to be one of pig
domestication centres. Genomic DNA of 15 Vietnamese native pigs (VnP) were collected
from 12 regions all over the country. We investigated genetic polymorphisms in all known
PERVs including beta (1-4) and gamma (1-5) groups of retroviruses and compared them
with PERVs of Western breeds (Landrace, Yorkshire and Duroc).
Haplotype analysis based on the polymorphisms elucidated that 1,2, 3 and 4 retroviruses
were highly polymorphic and several haplotypes were specific to VnP, while 4, 1 and 2
genes did not show any genetic polymorphisms. We then applied a real-time PCR based
method to estimate copy number variation of gag, pol and env genes in infectious gamma-1
retrovirus (PERV-A, B and C) normalized by -actin gene. Consequently, almost all VnP
breeds contained as half (<20) copies of PERV genes as western pig breeds did (>40 copies).
However, two VnP breeds showed relatively higher copy number of PERV genes compared
to the other VnP. The results of this study imply that VnP had unique genetic background
through the different domestication process from that of western breeds in terms of genetic
polymorphisms and copy number variations in retroviruses
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Introduction

Endogenous retroviruses (ERVs) represent genomic fossils of past retroviral infections and,
thus, can inform us on the diversity and history of retroviruses that have infected a species
lineage (Zhuo et al., 2013). Recently, mammalian endogenous retrovirus (ERV) has gradually
known to have molecular biological functions such as placental development and disease
development (Holder et al., 2012; Mayer et al., 2017). Investigating genetic diversity and
copy number differences in porcine endogenous retrovirus (PERV) will provide us better



understanding of genomic evolution of pigs. However, with regard to porcine ERV (PERV),
there have been a few studies where copy number variation in PERVs is examined, suggesting
that wild boar and miniature pigs might contain fewer copies of PERV than those of western
breeds (Mang et a., 2001: Liu et al., 2011). Therefore, we aimed to broaden our knowledge of
PERVs in the genome of native pigs in Vietnam – expected to be one of pig domestication
centres.

Methods

We investigated genetic polymorphisms in all known types (1-4 and 1-5) of retroviruses
and also measured copy numbers of infectious 1 group of retroviruses (PERV-A, B and C)
using 15 breeds of Vietnamese native pigs (VnP) from 12 regions all over the country and
compared them with PERVs inWestern breeds. We discussed the results of haplotypes
detected by genetic polymorphisms in retroviruses and copy number differences among VnP
and also between VnP and western breeds.

Animal

We collected genomic DNAs of 15 VnP breeds from 12 regions (Table 1). Genomic DNAs
from western breeds including Landrace, Yorkshire and Duroc were also collected at a
breeding centre at National Institute of Animal Science (NIAS) in Hanoi city.

Genetic polymorphism detection and copy number measurement of retroviruses

All known groups of retrovirus genes were amplified by conventional PCR and the PCR
products were used for cycle sequencing to reveal genetic polymorphisms. Haplotypes were
formed with detected polymorphisms. Measurement of PERV copy number was detected by
the method based on absolute quantification of real-time PCR. Since the nucleotide sequence
of PERV-A, B and C showed high homology, we designed a common primers and probe set
to detect gag and pol gene across PERV-A, B and C sequences (namely gagABC and
polABC), while those of env gene could be separately designed for envB and envAC.

Statistical analysis

Copy number of PERV genes between breeds were compared using Tukey’s honestly
significant difference (HSD) methods.

Results and Discussion

Genetic polymorphisms

Haplotype analysis was performed based on the data of genetic polymorphism identification
in retroviruses (Table 2). Respectively six, four, six, one, nine and one polymorphisms were
detected in 1, 2, 3,3, 4 and 5 retroviruses, but no polymorphisms were detected in 4,

1 and 2 retroviruses. From those polymorphisms, at least two or more haplotypes were
formed in  and 5 retroviruses, respectively. In 1 retrovirus, exogenous pig
breeds showed single haplotype, while VnP breeds basically shared not only the same
haplotype as exogenous ones showed, but also VnP breeds specific wider variety of
haplotypes. The results suggested that VnP may have specific genomic aspects in terms of



polymorphisms in those retroviruses. Additionally, the 1 infectious PERV is suitable for
copy number detection since no polymorphisms identified.

Copy number variation in PERV

Measurement of PERV-A, B and C copy numbers elucidated that western breeds showed
significantly larger copy number of gagABC, polABC and envAC of PERV genes than those
of most VnP breeds (Figure 1). However, Mong Cai and Ba Xuyen breeds showed no
significant difference of all four types of PERV genes compared to western breeds of pigs.
Pattern of PERV gene copy number seemed to be similar within VnP breeds from the same or
adjacent locations, suggesting that PERV copy number was attributed to the relationship
among geographical locations
Taken together, the results of this study imply that VnP had unique genetic background
through the different domestication process from that of western breeds in terms of genetic
polymorphisms and copy number variations in retroviruses.
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Table 1 Sampling location of native pigs in Vietnam
Region (Province/City) Sampling

locations*
Breeds n

Ha Giang A Hung 6
A Lung Pu 6

Cao Bang B Ha Lang 6
B Huong 6
B Tap Na 6

Lao Cai C Muong Khuong 6
Quang Ninh D Mong Cai 6
Phu Tho E Lung 6
Son La F Ban 6
Nghe An G Meo 6
Quang Tri H Van Pa 6
Thua Thien Hue I Co 6
Gia Lai J Chu Prong 6
Dak Lak K Soc 6
Soc Trang L Ba Xuyen 6
Hanoi - Landrace 6

- Yorkshire 4
- Duroc 4

*Different alphabets show different sampling locations



Table 2 Haplotype analysis on beta and gamma retrovirus genes
Region Breed Retrovirus

 2 3  1 
2

3 4 5

Northern Hung 12 1 13 - - - 1 123 12

Lung Pu 12 134 147 - - - 1 124 1

Ha Lang 12 12 145 - - - 1 123 1

Huong 125 14 123 - - - 1 24 12

Tap Na 15 1 1 - - - 1 12 12

Muong
Khuong

1 13 125 - - - 1 124 1

Mong Cai 12 1 137 - - - 1 124 12

Lung 12 1 1235 - - - 1 123 1

Ban 2 12 12347 - - - 1 1234 12

Meo 13 123 124 - - - 1 234 12

Central Van Pa 234 1 13 - - - 1 134 1

Co 124 1 124 - - - 1 13 1

Southern Chu Prong 13 13 12 - - - 12 124 12

Soc 1236 1 13 - - - 1 13 12

Ba Xuyen 124 nd 16 - - - 1 134 1

Exogenous Landrace 1 1 12 - - - 1 134 1

Yorkshire 1 125 56 - - - 1 134 1

Duroc 1 1 1236 - - - 1 3 1

Haplotypes were formed with the genetic polymorphisms identified in each gene sequence.
No polymorphisms were detected in 4,1, and 2 retroviruses.
*nd: not detected



Figure 1 Comparison of PERV copy number in Vietnamese native and western pig breeds
Mean values and standard deviation of PERV genes were shown in each breed type. Asterisks
denote significant differences identified in Vietnamese breeds relative to all three western
breeds. Alphabets denote significant difference detected among western breeds.


