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ABSTRACT 

57356805 : Major (PHARMACEUTICAL SCIENCES) 
Keyword : Porcine Reproductive and Respiratory Syndrome Virus, Nsp2-VII, GP5, NP, 

Molecular Characterization, In Silico Epitope Predictions 

MISS YAMIN KO KO : MOLECULAR CHARACTERIZATION AND IN 

SILICO EPITOPE PREDICTIONS OF NSP2-HVII, GP5, AND NP OF PORCINE 

REPRODUCTIVE AND RESPIRATORY SYNDROME VIRUS FROM 

MYANMAR THESIS ADVISOR : ASSISTANT PROFESSOR BUSABA 

POWTHONGCHIN, Ph.D. 
Porcine reproductive and respiratory syndrome, a severe reproductive and 

respiratory disease in pigs, continues to cause a problem in pig production worldwide 

including Myanmar. In this study, six PRRSV-infected clinical samples collected from five 
regions of Myanmar during outbreaks in 2011 were investigated, and genetic characteristics 

and phylogenetic relationship of Myanmar PRRSVs were determined based on Nsp2-HVII, 

ORF5, and ORF7 gene regions. Sequence analyses revealed that all Myanmar PRRSVs 
shared 96.8-100% nucleotide and 94.9-100% amino acid identities of all three genes to each 

other, and 69.5-94.4% nucleotide and 61.4-96.7% amino acid sequence identities with VR-

2332, the NA prototype, implying their source of derivation. The 30 discontinuous amino acid 

deletions at position 481 and 533-561 were found in the Nsp2-HVII of all Myanmar PRRSVs, 
indicated that they were highly pathogenic (HP)-PRRSV. The nucleotide and amino acid 

sequence identities of each gene were highly similar to HP-PRRSV strains, especially from 

Thailand, Laos, and Cambodia. From phylogenetic analyses, Myanmar PRRSVs were 
clustered into the same subtype 3 of NA-genotypic group as other Southeast Asian HP-

PRRSV strains from Thailand, Laos, and Cambodia, suggesting their close relationships. The 

unique amino acid mutations found only in Myanmar PRRSVs were L292F, P431S, and 
V621M in Nsp2-HVII and E170G in GP5, which may be useful as a marker for monitoring 

genetic diversity of newly emerging HP-PRRSV strains. In order to propose a reverse 

vaccinology approach for the development of novel PRRS vaccine design, B-cell and T-cell 

epitopes from three PRRSV proteins were predicted. By using different in silico 
bioinformatics tools, a total of 44 linear B-cell epitopes, 17 MHC I binding T-cell and 97 

MHC II binding T-cell epitopes were predicted from Nsp2-HVII, GP5, and NP of Myanmar 

PRRSV (HP/MYANMAR/2303AM/2011). Of which, SB3 of Nsp2-HVII, GB5 of GP5, and 
NB6 of NP were selected as first-line linear B-cell potential candidates. Furthermore, S1T5, 

and S2T32, G1T2, and G2T39, N1T2, and N2T10 were selected as MHC I and MHC II 

binding T-cell potential candidates of Nsp2-HVII, GP5, and NP, respectively. The 
immunogenicity of these potential PRRSV epitope vaccine candidates needs to be further 

verified through in vivo testing. This study provides basic information for monitoring newly 

diverging strains, future epidemiological investigation, and development of effective 

strategies to control PRRS in Myanmar. 
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CHAPTR 1 

INTRODUCTION 

 

1.1. Statement and Significance of the Problems 

Porcine reproductive and respiratory syndrome (PRRS) is a major threat to 

swine production worldwide that causes massive economic losses (1, 2).  It is 

characterized by severe reproductive failure in pregnant sows (e.g. high rate of 

abortion, premature birth, stillbirth, and mummified fetuses) and respiratory problems 

in pigs of any age especially piglets (3, 4). The PRRS was first reported almost 

simultaneously in North America and Western Europe in the late 1980s, and after that 

globally distributed (5). Genetic hypervariability and host-immune escape ability of 

PRRS virus (PRRSV) are the major problems in controlling PRRS (6, 7). In 2006, the 

emergence of highly pathogenic (HP) PRRSV in China, which caused significant high 

morbidity and mortality rate showed the impact of genetic hypervariability and 

heterogeneity of PRRSV and recently HP-PRRSV is the prevalent strain in Asian 

countries (8, 9). Thus, the genetic hypervariation has to be taken into account for 

vaccination strategy of PRRSV since currently available PRRSV vaccines fail to 

provide substantial effect against the heterologous virus, and genetic recombination 

between vaccine and field strains can lead to the emergence of more virulent strains 

(7). Therefore, novel field strains of PRRSV are being continuously isolated and 

genetic characteristics and phylogenetic relationships of the PRRSV are periodically 

analyzed in all affected countries, to investigate the source of infection, genetic 

evolution of PRRSV and the choice of PRRSV vaccine. On the other hands, several 

approaches for the development of new PRRSV vaccines such as modified live 

vaccines (MLV), inactivated vaccines and recombinant subunit vaccines have been 

studied (10).  In spite of extensive efforts, little progress has been made to improve 

the protective efficacy of PRRSV vaccines and heterogeneity of virus makes it 

difficult to design the effective vaccine based on single strain (7, 10). With advances 

in genomic sequencing and bioinformatics, vaccine development comes into a new 

era where it is feasible to access the entire antigenic repertoire of a pathogen and an 

approach is designated as reverse vaccinology (11, 12). The development of the 

MenB vaccine against Neisseria meningitis serogroup B is the first successful 
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application of reverse vaccinology approach and it has been successfully applied to 

various pathogens (13). Together with advanced in silico bioinformatics tools, this 

approach significantly improves the process of vaccine candidates identification by 

prediction of epitopes (B-cell and T-cell epitopes) which are potential to be antigenic 

or immunogenic, from the genome sequence of specific organisms with reduced 

laborious screening task and less time-consuming (12). Hence, in silico prediction of 

vaccine targets from the genome sequences of circulating PRRSV strains becomes a 

novel approach to develop a new vaccine for rapidly diverging PRRS virus. 

Among the PRRSV proteins, there are three proteins of high research interest: 

non-structural protein 2 (Nsp2), glycoprotein 5 (GP5), and nucleocapsid protein (NP), 

which are regarded as the genetic markers for characterization of PRRSV. The Nsp2 

is the largest non-structural protein involved in viral replication. It is the highest 

diverse protein, especially in the middle hypervariable region (Nsp2-HVII), and 

shares only less than 40% amino acid identity among genotypes (5). The GP5 is a 

major envelope protein with variable numbers of N-glycans that plays important roles 

in virus neutralization.  It is the most variable structural protein and there is 45-48% 

amino acid sequence difference between two genotypes. The NP, the most abundant 

and highly antigenic, is an important target for serological detection (14-17).  

In Myanmar, the first PRRS outbreak emerged in Mandalay in February 2011, 

and later on, several outbreaks occurred during that year (18, 19). The PRRS caused 

death to a large number of pigs with approximately 34% of the pig population died 

during the first outbreak in Mandalay. High mortality and morbidity rate of the 

disease caused significant loss in Myanmar pig population. The Livestock Breeding 

and Veterinary Department allowed to use North America type modified live vaccine 

at the end of 2017 and Ingelvac PRRS MLV, Boehringer Ingelheim, Germany is 

currently being used in Myanmar (20). The PRRS cases are still being reported in the 

Myanmar pig farms but, there is limited information about molecular characteristics 

and epidemiology of the PRRSV circulated in Myanmar. In this study, with the 

intention of examining the genetic characteristics of PRRSVs spread during the 

outbreaks in Myanmar in 2011, the sequences of the middle hypervariable region of 

Nsp2 encoding gene (denoted as Nsp2-HVII), ORF5, and ORF7 of Myanmar PRRSVs 

were analyzed and their phylogenetic relationships with the sequences of reference 
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PRRSVs in GenBank database were also determined. In addition, linear B-cell, MHC 

I and          MHC II binding T-cell epitopes from the deduced amino acid sequences of 

Nsp2-HVII, ORF5, and ORF7 were predicted using various current bioinformatics 

tools. This study could provide useful information for epidemiological investigations, 

effective vaccine selection and efficient controlling programs of PRRSV in Myanmar, 

and notably useful reverberations for the development of a novel vaccine and 

immunodiagnostic markers for PRRSV.  

 

1.2. Objectives  

The objectives of this study were:  

1.2.1. To analyze the genetic characteristics of six Myanmar PRRSVs based 

on the nucleotide and the deduced amino sequences of Nsp2-HVII, 

ORF5, and ORF7  

1.2.2. To construct the phylogenetic trees, based on Nsp2-HVII, ORF5, and 

ORF7 of Myanmar PRRSVs and the reference strains, published in 

GenBank, NCBI database 

1.2.3. To predict the linear B-cell epitopes, and MHC I and MHC II binding T-

cell epitopes from the deduced amino acid sequences of Nsp2-HVII, 

ORF5, and ORF7 of Myanmar PRRSVs using current bioinformatics 

tools 

 

1.3. Hypothesis to be tested  

1.3.1. Genetic and phylogenetic analyses based on Nsp2-HVII, ORF5, and 

ORF7 sequences determine genetic characteristics of Myanmar 

PRRSVs  

1.3.2. Potential linear B-cell and MHC I and MHC II binding T-cell epitopes 

from deduced amino acid sequences of Nsp2-HVII, ORF5, and ORF7 of 

Myanmar PRRSVs are identified by using current bioinformatics tools 
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CHAPTER 2 

LITERATURE REVIEW 

 

2.1. Porcine Reproductive and Respiratory Syndrome (PRRS) 

2.1.1. General Characteristics and Economic Impacts of PRRS 

Porcine reproductive and respiratory syndrome (PRRS), is a persistent, 

highly infectious viral disease which causes reproductive failure in sows, glits and 

boars and respiratory distress in all ages of pigs (4). It was first recognized in North 

American and European swine herds in 1987 and 1990 and has since been identified 

throughout the pig-producing countries such as North America, South America, 

Europe and Asia (21, 22). Recently, PRRS is one of the most prevalent swine diseases 

in the world and cause the greatest economic losses in swine-production worldwide. 

According to the reports from PRRS Control 2015, estimated annual losses due to 

PRRS in the United States is approximately 560 million US dollars and in Japan is 

approximately 280 million US dollars, which are much higher than other important 

viral diseases in the swine such as classical swine fever and pseudorabies. Notably, 

the prevalence of atypical or highly pathogenic PRRSV strains in Asia has an 

extensive economic impact on that region (9). The PRRS is still uncontrollable, 

mainly due to the remarkable genetic variability of PRRS virus (PRRSV) and the lack 

of fully efficacious vaccines.  

 

2.1.2. Prevalence of PRRS in Asia 

In Asia, the first outbreak of PRRS was reported in China at the end of 1995, 

since then, the PRRSV has been circulating in the farms of China and regular 

outbreaks had occurred in different provinces (23). Chinese typical PRRSV strains, 

CH1a and BJ4 were isolated in Beijing province during 1996, and several divergent 

strains of both EU and NA genotypes from many different regions of China have been 

investigated throughout the extensive molecular characterizations. In June 2006, HP-

PRRS disease which affected more than 2 million pigs with 400, 000 deaths, emerged 

in Jiangxi province of China and rapidly disseminated throughout the country. 



 
5 

 

 
 

Phylogenetic analysis on causative HP-PRRSV strain (JXA1) revealed that it might 

evolve from Chinese typical strain CH1a and nucleotide or amino acid deletions were 

found in Nsp2 gene (8, 24). Then, HP-PRRS was initially found in Hai Duong 

province in the northern part of Vietnam then southern provinces in 2007.  

Phylogenetic studies revealed that Vietnamese PRRSVs are closely related to Chinese 

strains (e.g. JXA1, HUB1, HUN, JX0612) from 2006 to 2007 (25). Among which, 

first isolated 07QN is closely related to JXA1, which was found to be widely spread 

to Laos, Thailand, Cambodia and the Philippines (26, 27) In Laos, HP-PRRSV 

appeared as severe outbreaks in Vientiane and seven districts in June 2010. The 

disease affected more than 13, 000 pigs and the average mortality rate was about 25% 

(28). In Thailand, the incidence of PRRSV was serologically evident in 1986 and the 

first isolate was identified as NA genotype in 1996 (29). Genetic analyses on ORF5 

and complete genomes of Thailand isolates suggested that not only EU and NA 

genotypes but also recombinant strains of two genotypes existed in Thailand (30, 31). 

According to annual surveillance from 2008 to 2013, there is 13.86 % PPRS 

prevalence in Thailand pig population (32). In 2010, an outbreak of HP-PRRS was 

reported in Nong Khai, a border province, near Laos (33). However, HP-PRRSV first 

appeared in Thailand two years before the outbreak (34). Genetic characterization on 

Nsp2 gene and ORF5 confirmed that HP-PRRSV had been introduced to Thailand 

through illegal transport of infective pigs from Vietnam through Laos (34). 

In the same year, 2010, HP-PRRS outbreaks occurred in three provinces 

(Battambang, Kampong Cham, and Kampot) in Cambodia, and Tabuk province in the 

Phillippines (9). Likewise in Thailand, HP-PRRSV was introduced into Cambodia 

since 2008. In Myanmar, the first outbreak of HP-PRRS was reported in Mandalay 

region, located at the center of Myanmar in early 2011. Recently, the sequence 

analysis on ORF5, ORF7, and Nsp2 of PRRSV strain from the first outbreak of India 

confirmed that derivatives of China HP-PRRSV had appeared in India (35). 

 

2.1.3. Prevalence of PRRS in Myanmar 

In Myanmar, the first outbreak of PRRS was reported in February 2011, in the 

central region, Mandalay (18). Since the first outbreak, the disease affected 34 

townships in 12 districts in six Regions and States within five months. The disease 
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was spread to Naypyitaw, Sagaing, Magway, and then to southern regions, including 

Bago, Yangon, Ayeyarwady Regions, and Mon State (36). It was reported that some 

townships in Mandalay (Aungmyetharsan, Chanayetharsan, Mahaaungmye, 

Chanmyatharsi, Pyigyitagun, Amarapura, Madaya), where more than 1,000 infected 

pigs died of the PRRS. On April 2011, 100 pigs out of a total of more than 300 pigs 

from two pig farms in Naypyitaw Region (Pobba Thiri and Zabu Thiri Townships) 

was found infected with PRRS (37). The distribution of PRRS in Myanmar was 

shown in Figure 1.  

According to the World Organization for Animal Health (OIE) report in 2011, 

six outbreaks of PRRS occurred between April and May in Mandalay and Bago. 

During outbreaks, a total of 1,456 pigs showed PRRS symptoms and 595 of them died 

(19).  The same period, 294 pigs in Taungoo township in Bago Region had been 

infected and 79 of them died (38). The first reported outbreak was found in backyard 

farm which located close to the commercial farm in Mandalay. At first, the disease 

was spread among small farms in urban areas then to suburban areas. Within a few 

months, several outbreaks were documented due to the uncontrollable movement of 

infected pig and the high death rate was found. At that time, no PRRS vaccine was 

available and high mortality and morbidity caused approximately 34% reduction in 

pig population in the country (37, 39). However, detailed information of PRRS in 

Myanmar was limited and genetic characteristics of PRRS virus, circulated in 

Myanmar, have not been well characterized.  
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Figure 1. Distribution map of PRRS outbreaks in Myanmar during 2011  

Number  -  are the PRRS affected areas. The outbreaks were first reported in 

Mandalay Region and spread to Naypyitaw, Sagaing, Magway, Bago, Yangon, 

Ayeyarwady Regions and Mon State. 
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2.2. Porcine Reproductive and Respiratory Syndrome Virus (PRRSV) 

2.2.1. Biology and Structure of PRRSV 

The PRRSV, an etiological agent of PRRS, belongs to the family 

Arteriviridae, genus Arterivirus, and order Nidovirales (40). It is a small, round or 

oval-shaped, enveloped virus of 50-74 nm diameter and has a smooth outer surface 

with few protruding features (Figure 2). The virion consists of a central core 

containing a positive, linear, non-segmented, single-stranded RNA genome, enclosed 

by icosahedral nucleocapsid. The nucleocapsid (N) is covered by the lipid bilayer 

envelope which is composed of viral structural glycoproteins (GPs) and membrane 

(M) protein.  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.  Schematic representation of PRRSV particle showing the location of 

structural proteins GP2a, GP2b (E), GP3, GP4, GP5, GP5a, M and N 

The GP5 and M proteins are shown as heterodimeric complexes and GP2a, GP3 and 

GP4 are shown as heterotrimers. Single-stranded RNA is enclosed in NP (16). 
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2.2.2. Molecular Biology of PRRSV 

The viral genome has approximately 14.9 - 15.5 kb in length. The genome 

contains at least ten overlapping open reading frames (ORFs 1a, 1b, 2, 2b, 3, 4, 5a, 5, 

6, and 7) (Figure 3).  

 

Figure 3. Schematic representation of the PRRSV genome organization 

 

2.2.2.1. Non-structural Proteins  

The ORF1a and ORF1b of PRRSV genome encode two large replicase 

polyproteins (PLP) 1a and 1ab, which are further cleavage into sixteen non-structural 

proteins (Nsp1α, Nsp1β, Nsp2, Nsp2N, Nsp2TF, Nsp3, Nsp4, Nsp5, Nsp6, Nsp7α, 

Nsp7β, Nsp8, Nsp9, Nsp10, Nsp11, and Nsp12) by different viral proteases which are 

encoded within ORF1a (41-43). The Nsp1α is responsible for subgenomic mRNA 

synthesis whereas Nsp1β is important for genome replication. 

  

Non-structural Protein 2 (Nsp2) 

Among non-structural proteins, the Nsp2 is the largest and varying in size 

from 1168 to 1196 residues between different PRRSV strains (5), (44, 45).  It is the 

most variable non-structural protein with 32% identity between subtypes (45). Nsp2 

has hypervariable (HV) I region and a papain-like protease domain (PLP2) at N-

terminus, which is followed by a HVII region and a hydrophobic region containing 

four to five predicted transmembrane (TM) helices (Figure 4) (17, 46). Different 

amino acid deletions and insertions occurred in Nsp2, and discontinuous deletion of 

30 amino acids in the middle HVII of Nsp2 region is initially significance 

characteristic of HP-PRRSV (Figure 4) (47, 48). Therefore, genetic studies on 

PRRSV strains have been done on this Nsp2 region, mostly in the HV region.  
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Figure 4. Schematic representation of the Nsp2  

The Nsp2 protein contains hypervariable region I (HVI, residues 1-46), papain-like 

protease domain (PLP2) in the region (residues 46-298), the middle hypervariable 

region II (HVII, residues 299-735) and predicted transmembrane domains in the 

region (residues, 876-1009). When compared with VR-2332 (NA prototype), the 

HVII of HP-PRRSVs contains one amino acid deletion (481 residue) and 29 

continuous amino acid deletion (residues 533-561), which is the significant marker of 

HP-PRRSV. 

 

2.2.2.2. Structural proteins  

The ORFs 2 - 5 of PRRSV translate into structural glycoproteins including 

GP2, GP3, GP4, and GP5. The ORF6 and ORF7 encode non-glycosylated proteins, 

membrane (M) and nucleocapsid (N), respectively (16). 

  

Glycoprotein 5 (GP5) 

Among structural proteins, the 200-residue GP5 is a major structural protein 

and is the most variable protein, with 51-55 % sequence identity between EU and NA 

genotypes (14, 49). The variations are mostly found at putative N-terminus of 1-25 

amino acid residues (50). Prediction by SignalP 3.0 indicates that signal peptide (1-31 

amino acid residues) is located at N-terminus and followed by a hydrophilic domain, 

which is assumed to expose outside of the virion as ectodomain (46). The ectodomain 

is followed by hydrophobic region (60-125) which is supposed to span one or three 

times as TM helices and the endodomain constitutes a large C-terminus of 

residues130-200 (16, 46) (Figure 5). Sequence analysis by TMHMM and HMMTOP 

prediction revealed the second TM between residues 63-82 and the last TM was 

between residues 107-125 in NA type (46). There are two to five N-glycosylation 

298 

HVII HVI TM region 

N C 

299 1009         1196 1       46 735 736 
481 

del(1) 

 

533 ---  561 

del (29) 

PLP2 
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sites in GP5 protein and the number and location of N-glycosylation sites in GP5 can 

change over the course of infection. Glycosylation on Asparagine (N), N44 and N51 

in NA PRRSV (N46 and N53 in Lelystad PRRSV) have been found. Glycosylation on 

N44 in NA or N46 in EU was strongly required for both assembly and infectivity 

whereas, N51 or N53 glycosylation in NA and EU, respectively did not show to be 

important (51).  In addition, the neutralizing epitopes have been identified in the 

ectodomain of GP5 (52-54). The small protein, GP5a has recently identified and it is 

essential for virus viability.  

 

 

 

 

 

 

 

 

Figure 5. Schematic representation of the GP5  

The GP5 contains a signal sequence of residues 1-32, ectodomain (residues 33-63), 

two to three transmembrane domains within residues 64-134 and endodomain 

residues 135-200. The non-neutralizing epitope (NNE, residues 27-30) and 

neutralizing epitope (NE, residues 37-45) located in the signal sequence and the 

ectodomain regions. The () indicates potential N-linked glycosylation sites at 

residues 30, 34, 44 and 51). 

  

NNE (27-30) NE (37-45) 

Ectodomain Signal sequence Transmembrane domain Endodomain N C 

1 32 33 63 64 134 135 200 

N30 N34 N44 N51 
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Nucleocapsid protein (NP) 

The 123-amino acid NP is the sole component of the viral nucleocapsid and 

does not encode a transmembrane domain or an ectodomain. It exists as a homodimer 

and contains RNA binding domain at N-terminus thus plays a role in ribosomal 

biogenesis. Moreover, the nuclear and nucleolar localization sequences within the 

RNA-binding domain target the NP to the nucleus of infected cells (55, 56). It also 

involves in virus assembly in the cytoplasm (46, 55). And also, it is the most abundant 

protein and constitutes 20-40% of virion. The NP is highly antigenic and contains 

antigenic domains (Figure 6). Although anti-N antibodies have little or no 

neutralizing activity, it is served as a useful genetic marker for the diagnosis of PRRS 

(16, 46, 57).  

 

 

 

 

 

Figure 6. Schematic representation of the NP 

Nuclear localization signal domains NLS1 (residues 10-13) and NLS 2 (residues 41-

47) of NP. The NP contains antigenic conserved region at residues 47-72. 

Because of significant genetic characteristics and important roles in virus 

infectivity and immune response, most of the genetic studies of PRRSVs had been 

done on ORF1a encoding Nsp2-HVII, ORF5 and ORF7 (33, 58-61).  

 

2.2.3. Route of Transmission, Pathogenesis and Clinical Manifestation  

The PRRS is the pandemic viral infection in pigs and the major cause of 

global widespread is the movement of infective pigs between or within the countries. 

After the introduction of PRRSV, it spreads quickly to uninfected pigs in the herds 

within two to three months. The virus survival is optimal in cold temperature and little 

sunshine (i.e. low ultra-violet light exposure), so why, the virus spread and disease 

outbreak increase during the winter season or in cold climate region of the country 

(62).   

Antigenic conserved region 

N C 

1 41 47 72 123 

NLS-2 

10    13 

NLS-1 
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2.2.3.1. Route of Transmission 

Since PRRSV can persist in the host animals for a long period, the chronic 

persistent carrier is the critical source of PRRSV transmission (63). The virus shed in 

the body fluids of the infected pigs and direct contact with infected saliva, nasal 

secretion, urine, semen, and feces is the major route of transmission. There is an event 

of airborne transmission, but, it is less likely to occur and may concern only for the 

short distances (i.e. less than 3 km) from the infected farms and particularly in winter. 

Transmission via contaminated materials (e.g. cloths, boots, gloves, equipment) and 

insect vectors (houseflies and mosquitoes) are significant, however, rodent vector 

transmission is unknown (64-66). 

 

2.2.3.2. Pathogenesis and Clinical Manifestation   

Pigs (Sus scrofa) are the natural host of PRRSV and the infection is initiated 

by an invasion of local macrophages then it spread rapidly to lymphoid organs and the 

lungs. PRRSV has restrictive tropism for monocyte lineages such as porcine alveolar 

macrophages (PAMs), peripheral blood monocytes and pulmonary intravascular 

macrophages (PIMs) where viral replication takes place.  Viremia occurs in 6 to 12 

hours of post infection and peak between 7 to 14 days, at which clinical signs of 

infection appear. Viremia generally lasts for 28 days and PRRSV may persist in 

tonsils and lymph nodes for about 250 days and follow by the clearance of viremia. 

Cellular injury induced by the virus cause organs lesions, resulting in pneumonia, 

myocarditis, vasculitis, encephalitis, and lymphadenopathy (3, 4, 67).  Pathologic 

differences had been demonstrated as variation in severity of clinical signs and 

characterized as apathogenic, low virulent and highly virulent strains. Generally, the 

pathogenicity of EU types is less than that of NA types and most of the outbreaks 

have been caused by NA related PRRSV strains (68, 69). The most common features 

of PRRS are a reproductive failure in breeding gilts and sows, and respiratory 

problems in pigs of all ages, especially in young pigs. In the endemic stage, the first 

clinical signs of infection are lethargy, anorexia, fever, dyspnea and cyanosis of 

extremities. After that, sows begin to cause reproductive failure such as late-term 

abortion, premature, stillbirth, mummified fetuses for 1 to 4 months (70, 71). Atypical 

PRRS, caused by a highly pathogenic strain of PRRSV, produces high fever (41- 

42˚C), severe reproductive failure in pregnant female pigs (early and late-term 
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abortion), severe respiratory distress with high mortality (greater than 5% in sows and 

boars) (8, 72). As PRRSV can suppress the host immune system, the infected pigs are 

prone to secondary or opportunistic infections such as porcine circovirus 2 (PCV2), 

Salmonella enterica, Haemophillus parasuis, Mycoplasma spp., E.coli and Leptospira 

spp. (73). 

 

2.2.4. Host Immunological Response to PRRSV Infection 

The delayed and weak protective humoral and cellular in both innate and 

adaptive immune responses are the important problems in PRRS infection and hence 

PRRSV can usually cause persistent infection in pigs. However, the PRRSV infected 

pigs can eliminate the infection at 3-4 months of post infection (PI) and can develop 

protective immunity when exposed to the same strain.  

 In humoral immunity, viral specific antibodies, IgM can be detected in serum 

at 5-7 days of PI and declines rapidly to an undetectable level after 2-3 weeks. Serum 

IgG can be detected at 7-10 days PI and reach peak level at 2-4 weeks PI. It remains 

constant for several months and decreases to a low level by 300 days PI (Figure 7). 

However, initially produced antibodies shortly after PRRSV infection does not have 

neutralizing activities and are mainly directed primarily towards NP and Nsp2, 

followed by GP5 and M protein. PRRSV-specific neutralizing antibodies (NA) that 

inhibit PRRSV infection can be found at about 4 weeks PI and maintained for a long 

period though at a low level (Figure 7). Neutralizing antibodies develop slowly and at 

a low level (67, 74).  

 

 

 

 

 

 

 

 

 

Figure 7. Illustration of the immune response in pig after infection with the porcine 

reproductive and respiratory syndrome (74) 
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The epitopes for neutralizing antibody production are present in GP3, GP4, 

GP5 and M protein (7, 53, 75). Particularly, host NA response is mainly against major 

enveloped proteins GP5 and M. Linear neutralizing peptide epitopes (29WSFADGN35) 

of Lelystad and (37SHIQLIYNL45) of VR-2332 were identified by peptide-based 

epitope mapping. Delayed and low level of host NA antibodies against GP5 has been 

attributed by many factors. Studies from Ostrowski et al. (2002), and Plagemann 

(2004) revealed the presence of non-neutralizing (decoy) epitope (27VLAN30) that can 

hinder the response of major neutralizing epitopes (52-54). It has also been postulated 

that the poor neutralizing antibodies titers are due to the presence of N-glycosylation 

in immunogenic domains in GP5 (76). Although early and abundant production of 

antibodies against NP does not have neutralizing activity and they are useful for 

serological diagnosis of PRRS infection. Besides GP5 and M, the neutralizing 

domains are also localized in minor enveloped protein GP4. The antibodies specific 

for GP4 have been shown to neutralize PRRSV, but less effectively than GP5-specific 

neutralizing antibodies. 

In cellular-immune response, T cell responses to PRRSV are weak, transient 

and highly variable. The lymphocyte proliferation was not detected until 4 weeks PI. 

The CD4
+CD8

+ porcine memory T helper cells and CD4
-CD8

+ cytotoxic T cells are 

IFN-γ secreting cells and their responses to PRRSV appear approximately after 4 

weeks of post infection and last for 5 to 10 weeks (73, 77, 78). Interferon (IFN)-γ has 

been shown to block PRRSV replication, however, the number of IFN-γ producing T 

cells following infection is weak and delayed (79). It may due to virus-mediated 

suppression of type I IFN and other proinflammatory cytokines such as IL-1, IL-12, 

tumor necrosis factor α (TNF-α) and up-regulation of anti-inflammatory cytokines 

such as  IL-10 and transforming-growth factor β (TGF-β), and induction of regulatory 

T cell (Treg) response (80). The cellular immune response may be strain-dependent 

because induction of TGF-β and Treg response were exposed in NA-genotype, but not 

in EU-genotype. In PRRSV infected pigs, T-cell response is directed against GP2a, 

GP3, GP4, GP5, M, and N proteins. 
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2.2.5. Genetic Variability of PRRSV 

The PRRSV was first isolated in the Netherlands in 1990, which was 

recognized as the European (EU) prototype, Lelystad virus. In the subsequent year, it 

was isolated in North America and characterized as the North American (NA) 

prototype, ATCC VR-2332 virus (81, 82). Due to the genetic differences between 

prototypes, two distinct genotypes, EU or genotype I and NA or genotype II had been 

identified (45, 50). The sequences identity of deduced amino acids between Lelystad 

and VR-2332 are approximately 63% in ORF 2, 60% in ORF3,  69% in ORF4, 59% 

in ORF5, 81% in ORF6 and 65% in ORF7 (5, 14, 83). The viral isolates within both 

EU and NA genotypes are also substantially divergent. The ORFs 2-4 of NA isolates 

have considerable sequence variation and these isolates show different pathogenicities 

(84). However, ORF6 and 7 of the NA isolates are highly conserved and shared 96 to 

100% amino acid identity (50). However, the EU genotype has also been found in 

North America (United States, Canada), and in Asia (Thailand, China, South Korea, 

Malaysia). Likewise, NA genotype is also present in some countries of Europe 

through the use of NA strains-live attenuated PRRSV vaccine.   

Recently, the two novel recombinant PRRSVs, GZgy17 and SCya18 which 

had genetic characters of HP-PRRS were isolated in Southern China. The GZgy17 

strain exhibited higher pathogenicity than that of SCya18 and caused 20% death of 

tested piglets (85). Thus why molecular characterization or phylogenetic analyses of 

PRRS field strains have been conducting in PRRS infected countries to investigate the 

source of the infection and to determine the genetic diversity of the new strain, even 

though no further PRRS outbreak occurs. 

  

2.2.6. Diagnosis, Control and Prevention of PRRSV infection  

Clinical signs of PRRSV infection are often unobvious, therefore any routine 

clinical diagnosis must be confirmed by detection of PRRSV or its specific 

antibodies. Serum, lungs, lymph node, tonsil, spleen section or oral fluid are widely 

used clinical specimens for PRRSV detection in the pig. The most commonly used 

diagnostic methods for PRRS are enzyme-linked immunosorbent assay (ELISA) and 

polymerase chain reaction (PCR). The ELISA can detect PRRSV-specific IgG 

antibodies against GP5 and NP in PRRSV infected pigs between 7 and 14 days PI. 
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The Immunoperoxidase monolayer assay (IPMA) and indirect immunofluorescence 

assay (IFA) can also be used. The DNA sequencing of ORF5 region is used to 

discriminate vaccinated and infected pig in vaccinated farms since vaccine viruses can 

co-exist with field strains for some period of time and no marker vaccine has been 

available (86, 87).  

Recent control measures include the use of vaccines, the management of 

incoming pigs and the implementation of biosecurity protocols to reduce the risk of 

PRRSV spread within and between herds (88). Among which, vaccination is the 

major focus to control the spread of PRRSV in most countries. Injectable forms of 

live attenuated and killed vaccines containing different types of prevalence strains 

(e.g. NVDC-JXA1 in killed vaccine and VR-2332 in the live attenuated vaccine) are 

available in the market since 1994 (10). RespPRRS/Repro® (called Ingelvac® PRRS 

MLV from VR-2332), first lived attenuated vaccine, was approved for use in 3-18 

week old pigs in the USA in 1994 and in Korea in 1996. Later on, many PRRS-MLV 

(Amervav® from EU-VP046 strain, Porcillis® from EU-DV strain, Fostera®) and 

killed vaccines (Suivac®, Progressis® ) containing different genotypes have been 

produced by different countries. PRRS MLVs from Chinese field stain (CH-1R) and 

HP-PRRS strain (HUN4-F112), and inactivated vaccine from Chinese field stain (CH-

1a) are licensed and used in China (9). In Thailand, Ingelvac®PRRS and Fostera® 

PRRS MLV are used to control field strain of PPRSV. Ingelvac® MLV has been 

allowed to use in Myanmar in 2017 (20).  

Currently, PRRSV MLV and inactivated vaccine containing either EU or NA 

strains have been licensed for use in many swine production countries. However, their 

protective efficacy against heterologous strains is variable and substandard. 

Therefore, the efficacy of PRRSV MLVs seems to be affected by the degree of 

genetic similarity between the infected field strain and vaccine strain. The 

determination of homologous strain against vaccine protection is not clear. The GP5 

is a major protein of the viral particle and it contains neutralizing epitope, therefore, 

genetic similarity at the GP5 was initially used to predict the protective efficacy of a 

vaccine.  

 For safety concern, vaccinated pigs can shed vaccine virus in semen, feces, and 

oral fluids and subsequently transmission has occurred. In addition, co-existence of 
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vaccine strains and field strains may lead to evolving newly strains with different 

antigenicity. For safety concern, vaccine virus from MLV can revert to virulence and 

cause disease. The use of MLV is limited in some countries, including the United 

Kingdom, where only permit the inactivated vaccines used for breeding animals (7).  

Inactivated or killed vaccines are safer than MLVs but it provides limited 

efficacy. The potential use of PRRS inactivated vaccine is used as a therapeutic 

vaccine in PRRSV positive farms because it only helps to increase antibody and CMI 

responses to the infecting virus (89, 90). As a summary, current PRRS MLVs only 

protect clinical diseases but not able to completely prevent infection and transmission 

especially against heterologous strains (91-93). Hence, due to the lack of effective 

vaccines, PRRS is still uncontrollable and disseminated throughout the world.  

 

2.2.7. PRRS Vaccine Development 

Various attempts have been done to develop novel PRRSV vaccines, which 

could induce a rapid and robust protective immune response, provide broad-spectrum 

protection with good safety. Moreover, vaccines that confer serological differentiation 

between natural infection and vaccination are also necessary to develop. Although 

often stated as providing incomplete cross-protection, MLVs are generally considered 

as the most effective PRRSV vaccines, many efforts are made for the development of 

novel PRRSV MLV. Current PRRSV MLVs are prepared using a conventional 

method by serial passage of different PRRSV strains in cell cultures (10).  

Different approaches have been used to enhance the efficacy of the vaccine. 

Several types of adjuvants have been tested on protective efficacy commercially live 

attenuated PRRSV vaccine. Reverse genetics is used to remove the N-linked glycans 

in different viral proteins (e.g. GP3 and GP5) to improve neutralizing antibody 

production and to modify the viral genes (e.g. Nsp1α and 1β, Nsp2, ORF7) to enhance 

immune responses (94-96). In order to produce broad protection, polyvalent vaccine 

composed of viral genes from different PRRSV strains. For example, a vector virus 

carrying fragments of GP5 from different heterologous PRRSV strains has been tested 

(97). The DNA vaccines, subunit vaccines and synthetic peptide vaccines (98).  The 

DIVA (Differentiating Infected from Vaccinated Animals) vaccine, a serological 

marker vaccine which involves the elimination of one or more B-cell epitopes from 
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the vaccine strain had been investigated (99, 100).  Although many studies on PRRSV 

vaccine development have been contributing meaningful information concerning the 

individual proteins to elicit a protective immune response, the protective efficacy of 

these vaccines is less than that of MLVs and cannot provide solid protection against 

challenge viruses.  

 

2.3. In Silico Bioinformatics Tools 

2.3.1. Bioinformatics Tools in Genetic Analysis  

In silico bioinformatics tools are computational tools which are used to 

analyze the information related to molecules such as genes, genomes, and proteins 

(101). They are valuable in molecular biology, for example, analysis of nucleotide 

and protein sequences, prediction of ORFs, analysis of gene expression, designing 

primers, and prediction of protein secondary structure (3D structure, post-translational 

modifications, hydrophilicity, and hydrophobicity, potential antigenic and various 

domains). The genome can give billions of information by utilization of 

bioinformatics applications. The DNA analysis is one of the main tasks of 

bioinformatics and comprises two parts, 1) functional genomics which involves to 

determine the function of the proteins and 2) comparative genomics, related to the 

comparison of sequences from different strains or organisms to elucidate their 

functional changes and to determine ancestries or correlations with disease conditions 

(102). In order to conduct genetic analysis, the genetic sequence of the organism 

needs to obtain by DNA sequencing or retrieving from the databases. The number of 

genetic databases are available from the European Molecular Biology Laboratory 

(EMBL, http://www.embl.org) in Europe and GenBank from the National Institutes of 

Health (NIH-NCBI: http://www.ncbi.nlm.nih. gov/) in North America. In Japan, the 

databases can be searched in DNA Databank (DDBJ: http://www.ddbj.nig.ac.jp). The 

SWISSPROT, SCOP and Protein Data Bank (PDB) offers the protein databases and 

experimentally determined crystal structures of biological macromolecules or proteins 

(103, 104).  

Similarity searching is a fundamental bioinformatics application for genetic 

characterization. This can provide various information such as genetic identification, 

structural motif identification, and functional association, etc. The Basic Local 
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Alignment and Search Tools (BLAST) is the most widely used algorithm for 

searching genetic sequence similarity between two DNA or protein sequences. It is an 

accurate program and includes different applications such as nucleotide blast, protein 

blast, blastx, tblastn and tblastx (103, 104). 

To find out mutation events, sequence alignment algorithms which match 

between the sequences and search for the homologous regions are available. The 

frequently used programs of pairwise alignments for sequence identity and similarity 

are freely available and friendly user programs, EMBOSS Needle and EMBOSS 

Waterman from the European Molecular Biology Open Software Suite (EMBOSS) 

which offers over 100 applications for sequence analysis. The EMBOSS Needle is a 

global alignment tool while EMBOSS Waterman is a local alignment program (103, 

105, 106). To compare more than two nucleotide or protein sequences, multiple 

sequence alignment algorithms from EMBL-EBI, such as MUSCLE, Clustal Omega, 

ClustalW, T-Coffee, MAFFT, etc. can be used. Of which, MUSCLE (Multiple 

Sequence Comparison by Log-Expectation) is the very fast program which can 

analyze large numbers of sequences and give the alignment data with high accuracy 

(107). The ExPAsy is the common bioinformatics resource program which offers a 

number of free bioinformatics software packages. It can provide different 

bioinformatics tools for genomics proteomics, transcriptomics, phylogeny, system 

biology, population genetics, structural analysis, etc. For example, HMMTOP and 

TMHMM for prediction of transmembrane helices; NetNGly for prediction of N-

linked glycosylation sites and QMEAN for estimation of protein model quality are the 

commonly used genomics and proteomics tools from ExPASy server. For 

phylogenetic studies, PAUP*, RAxML, Phyml, MEGA and Phylip programs are 

available. Of which, Phylip is one of the most commonly used phylogenetic analysis 

software (108, 109). The Phylip is a package software consisting of 30 programs that 

cover the most aspects of phylogenetic analysis.  

 

2.3.2. Bioinformatics Tools in Reverse Vaccinology 

The conventional approach of vaccine development is laborious and time-

consuming, and only a few numbers of potential vaccine antigens had been identified 

for pathogens.  The revolutionary vaccine development approach using in silico 



 
21 

 

 
 

bioinformatics tools has been developed for the prediction of vaccine targets or 

epitopes without the need for cultivation, thus known as reverse vaccinology (Figure 

8). It starts from the genetic sequencing and, selection of the antigens that are most 

likely to be vaccine candidates from the gene segments by computer analysis 

softwares. The benefits of this approach are 1) it can be applied to both cultivable and 

non-cultivable microorganisms 2) all protein antigens that the pathogen can express at 

any time, regardless of whether they are expressed in vivo or in vitro (11).  As a 

drawback, this approach is unable to identify non-protein antigens such as 

polysaccharides and glycolipids. Screening for protective immunity is the rate-

limiting due to limited knowledge of vaccine immunology for good correlation of 

protection. However, the development of the MenB vaccine for Neisseria meningitis 

B is the successful application of reverse vaccinology (110). The bioinformatics 

approach has already proven its potency in the case of human immunodeficiency 

virus, multiple sclerosis, tuberculosis, and malaria with desired results (111-114). It is 

less time-consuming and is a leading approach to develop a novel vaccine against 

infections that currently have a few or no control measure by improving the 

knowledge on the host immune response and the genetic background of the pathology 

(115). Therefore, this approach might be suitable for rapidly diverging pathogens and 

it becomes a great interest for PRRS vaccine development. 

The prediction of peptides or epitopes (B-cell and T-cell epitopes) that are 

potentially immunogenic, by bioinformatics tools is the fundamental step of reverse 

vaccinology. To date, different in silico bioinformatics algorithms for prediction of 

epitopes (B-cell and T-cell epitopes) are available. The B-cell epitopes are short 

peptides or a region of a large structure, which bind with the antibodies. Particularly, 

10-15 residue-long peptide epitope can stimulate the immune system to produce 

antibodies that bind to the peptide (116). The B-cells epitopes are classified as linear 

or continuous and conformational or discontinuous epitopes. The prediction of 

discontinuous epitopes based on the 3D structure of the protein is problematic because 

of the difficulties in defining the correct conformation of epitopes (117). Therefore, 

the most B-cell epitope predictions focus on linear epitopes. There are two major 

types of B-cell epitope prediction methods, sequence-based and structure-based 

methods (116). The ABCpred, BepiPred, Bcepred, BCPREDS, and B-cell epitope 
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prediction softwares from IEBD-AR are the commonly used sequence-based method 

using amino acid scales or sophisticated machine-learning techniques (118-121). 

Ellipro software based on 3D structure and can be used for both linear and 

conformational epitopes (122). The structure-based prediction tools such as CEP, 

Discotope, BEPro, SEPPA, and EpiSearch servers are available for the prediction of 

conformational epitopes (123, 124). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8. Schematic representation of the vaccine development by conventional 

approach and reverse vaccinology (13)  
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T-cell epitope prediction algorithms have been developed based on the binding 

of epitopes to the groove of MHC I or MHC II molecules because epitopes bound to 

MHC interact with T-cell receptors (TCRs) after transport to the surface of antigen 

presenting cell (APC). The MHC I molecule has a single closed groove where epitope 

with 8-15 amino acids can bind (117, 125). The MHC II binding epitopes vary in 

length from 12-25 amino acid, but the interaction with the groove is 9-mer length 

peptide (117, 126). Based on the peptide sequence, the discrimination between 

binders and non-binders has been done by determining the binding affinity (IC50) 

(117, 127).  Depending on this factor, a variety of machine-learning and structure or 

motif-based algorithms have been established (128-133). The predictions of MHC I 

binding epitopes have high accuracy (134-136). The different MHC I binding 

prediction tools such as SYFPEITHI, ProPed1, RANKPEP, PSSM, NetMHC, etc. are 

available. Notably, NetMHCpan from IEDB-AR generates a prediction of binding 

affinity to MHC I molecules of human as well as chimpanzee, macaque, gorilla, cow, 

pig, and mouse (136).  Moreover,  MHC I processing server and WAPP server are the 

combinational tools which offer a prediction of proteasomal processing, TAP 

transport, and MHC I binding to produce the overall processing score for each 

epitope. However, prediction of MHC II binding T-cell epitopes has limited success 

by low prediction accuracy of the prediction tools. It is due to insufficient training 

data, difficulty on identifying binding core (9 peptides) within longer peptides used 

for training, and lack of consideration of the influence of flanking residues and the 

permissiveness of the binding groove of MHC II molecules (134, 137). The ProPred, 

SVMH, MHC2Pred and RANKPEP, IEDB MHC II binding prediction server can 

predict the epitope for a number of MHC II molecules (42-51 alleles) (115). But, most 

of the servers provide predictions of binding affinity to human MHC II alleles (HLA-

DR, HLA-DQ, and HLA-DP).  
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CHAPTER 3 

MATERIALS AND METHODS 

 

3.1. MATERIALS 

3.1.1. Reagents and Equipments  

- Kits 

GeneJET viral DNA and RNA purification kit  Thermo Fisher Scientific  

QIAamp viral RNA purification kit  Qiagen  

Revert aid first strand cDNA synthesis kit Thermo Fisher Scientific 

One-step RT-PCR kit Qiagen 

Dream Taq Green PCR master mix (2x)  Thermo Fisher Scientific 

2X Taq master mix Vivantis 

Gel and PCR clean-up, Nucleospin  Macherey-Nagel 

- Chemicals and Reagents  

Gel loading dye, 6X Vivantis 

DNA ladder, 100bp plus Vivantis 

Agarose, molecular biology grade Vivantis 

Tris-HCl Vivantis 

EDTA Sigma 

Acetic acid  Sigma 

All other unlisted chemicals were analytical grade and purchased from 

BioMed, Vivantis, Merck, and Sigma. 

-  Vaccine 

PEDV and transmissible gastroenteritis virus  

combined inactivated vaccine, SuiShot® PT-100 Knack Kohlan Co., Ltd. 

- Equipments 

Thermal cycler, GeneAmp PCR system 9700 Applied Biosystems 

Multi Genius, Bio imaging system Syngene 

Nanodrop-one ThermoFisher Scientific 

Micro-centrifuge, mini Gyrozen 

Centrifuge, Biofuge  Stratos Sorvall 

Water-bath Daiki scientific Co.  
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pH/Ion meter, SevenCompact Mettler Toledo 

Autoclave Rexall Industries Co. Ltd. 

Analytical balance Sartorius 

 

3.1.2. Primers 

The specific primers for amplification of Nsp2-HVII, ORF5 and ORF7 were 

designed based on the nucleotide sequences of six reference PRRSV strains (NA 

prototype: VR-2332, China low pathogenic (LP)-PRRSV: CH-1a, HP-PRRSV from 

China HP-PRRSV: JXA1, Thailand: HP/THAILAND/19500LL/2010, Laos: 

BH58/10, Vietnam: 07QN) from the GenBank databases. All primers were 

synthesized and purified by Sigma-Aldrich, USA. The sequences of the primers are 

shown in Table 1. 

 

Table 1. The primers used for amplification of Nsp2-HVII, ORF5, and ORF7 genes 
 

Primer Primer Sequence (5′- 3′) 

Nsp2-1F AAGTCTTGAGGAATGCTTGG 

Nsp2-1R GACAGGGAGCTGCTTGATGA 

ORF5-F ATGTTGGGGAAATGCTTGACC 

ORF5-R CTAGAGACGACCCCATTGTTCC 

ORF7-F ATGCCAAATAACAACGGCAAG 

ORF7-R TCATGCTGAGGGTGATGCTGT 

 

3.1.3. Clinical Samples 

The PRRSV-infected clinical samples (1 spleen and 5 sera) were obtained 

from Advanced Biologicals, Myanmar.  The samples were collected during necropsy 

from the pigs died after showing clinical signs of PRRS in the 2011 outbreaks.  These 

clinical samples were from separate non-vaccinated backyard farms or breeding farms 

in five different regions of Myanmar as seen in Figure 9. 

(HP/MYANMAR/2303AM/2011 from Magway, HP/MYANMAR/0204AM1/2011 

and HP/MYANMAR/0204AM2/2011 from Madaya, (HP/MYANMAR/1908AM/ 

2011 from Insein, HP/MYANMAR/ 2510AM/2011 from Nyaungdon, and 

HP/MYANMAR/0411AM/2011 from Pyinmana). The detailed information of 



 
26 

 

 
 

collected PRRSV-infective samples is shown in Table 2. All samples were identified 

as positive for PRRSV by Reverse Transcription-Polymerase Chain Reaction (RT-

PCR). 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9. Myanmar map showing the location of collected clinical samples 

The  symbol indicates the townships where the PRRSV-infected clinical samples 

used in the study were collected chronologically as follows: 

HP/MYANMAR/2303AM/2011 from Magway (March),  HP/MYANMAR/  

0204AM1/2011 and HP/MYANMAR/ 0204AM2/2011 from Madaya (April), 

HP/MYANMAR/1908AM/2011 from Insein (August), HP/MYANMAR/ 

2510AM/2011 from Nyaungdon (October), and HP/MYANMAR/0411AM/2011 from 

Pyinmana (November). 
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3.2. METHODS 

3.2.1. Molecular Characterization 

3.2.1.1. RNA Isolation 

Total viral RNA from spleen were directly extracted using GeneJET viral 

DNA and RNA purification kit (Thermo Scientific, USA) according to the 

manufacturer’s protocol as shown in Figure 10. Briefly, 20 mg of the spleen was cut 

into small pieces and homogenized with TE (Tris-EDTA) buffer. The 200 µL of a 

lysis solution with carrier RNA (cRNA) was added to the spleen homogenate. After 

the addition of 20 µL of proteinase K, the lysate was incubated at 56°C for 30 min. 

Then, 300 µL of ethanol was added and the lysate mixture was incubated at room 

temperature (RT) for 3 min. The lysate was transferred to the spin column. After 

subsequent washing with wash buffer 1 and 2, the RNA was eluted with 30 µL of 

56°C preheated elution buffer. 

For serum samples, QIAamp viral RNA purification kit (Qiagen, Germany) 

was used according to the manufacturer’s protocol as shown in Figure 11. In brief, 

140 µL of serum was incubated with 560 µL of AVL solution containing cRNA at RT 

for 10 min. Then, 560 µL of ethanol was added and the mixture was transferred to the 

QIAamp mini column. The total RNA from serum was eluted with 60 µL of AVE 

buffer after subsequent washing with AW1 and AW2 buffers. The total RNA 

extracted from spleen and serum samples were stored at -80°C. 

 

3.2.1.2. Amplification of DNA by Reverse Transcription Polymerase Chain 

Reaction  

Reverse transcription polymerase chain reactions (RT-PCR) were performed 

for three gene regions i.e. Nsp2-HVII, ORF5, and ORF7. The Nsp2-HVII was 

amplified using the primers, Nsp2-1F and Nsp2-1R. The ORF5 was amplified with 

ORF5-F and ORF5-R, while the ORF7 was amplified with ORF7-F and ORF7-R. The 

sequences of the primers are shown in Table 1. 
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Cut and homogenize the spleen in TE buffer   

 

Adjust to 200 µL with TE buffer in 1.5 mL lysis tube  

 

Add 200 µL of lysis solution (containing carrier RNA)  

 

Add 50 µL of Proteinase K 

mix, incubate at 56°C for 30 min,  

spin down  

Add 300 µL of Ethanol (96 – 100%)  

mix, incubate at RT for 3 min,  

spin down 

Transfer the lysate to the prepared Spin column (assembled with wash tube)  

centrifuge at 6000 x g  for 1min 

discard the wash tube  

place spin column into new wash tube 

Add 700 µL of Wash Buffer 1 solution to spin column  

centrifuge at 6,000 x g  for 1 min 

discard the wash tube, place spin  

column into new wash tube 

Add 500 µL of Wash Buffer 2 solution to spin column  

centrifuge at 6,000 x g  for 1 min 

discard the wash tube, place spin  

column into new wash tube 

Add 500 µL of Wash Buffer 2 solution to spin column  

centrifuge at 6,000 x g  for 1 min 

discard the wash tube  

place spin column into new wash tube  

centrifuge at 16,000 x g  for 3 min  

discard the wash tube  

place spin column into 1.5mL elution 

tube 

Add 30 µL of Eluent (preheated 56°C) liquid to the center of spin column  

incubate at RT for 2 min  

centrifuge at 13,000 x g  for 1 min 

discard the spin column 

Store RNA at -80°C 

 

Figure 10. Flow diagram of RNA extraction from spleen sample using GeneJET 

viral DNA and RNA purification kit (Thermo Fisher Scientific) 
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140 µL of serum 

 

Add 560 µL of AVL solution (containing carrier RNA)  

mix, incubate at RT for 10 min  

spin down  

Add 560 µL of Ethanol (96 – 100%)  

mix 

spin down  

Transfer the lysate to the QIAamp mini column (assembled with wash tube)  

centrifuge at 8000 rpm  for 1min 

discard the wash tube 

place the column into new wash tube 

Add 500 µL of AW1 solution to QIAamp minicolumn  

centrifuge at 8,000 rpm  for 1 min 

discard the wash tube 

place the column into new wash tube 

Add 500 µL of AW2 solution to QIAamp minicolumn  

centrifuge at 8,000 rpm  for 1 min 

discard the wash tube 

place the column into new wash tube  

Place QIAamp minicolumn into new wash tube  

centrifuge at 14,000 rpm  for 3 min  

discard the wash tube 

place the column into 1.5 mL elution 

tube 

Add 60 µL of AVE buffer to the center of QIAamp minicolumn 

incubate at RT for 2 min 

centrifuge at 8000 rpm  for 1 min 

discard the column 

Store RNA at -80°C  

 

Figure 11. Flow diagram of RNA Extraction from serum samples using QIAamp 

viral RNA purification kit (Qiagen) 
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3.2.1.2.1. Amplification of DNA for Spleen Sample  

For the spleen homogenate, two-step PCR method was used for amplification 

of DNA. The cDNA from total RNAs was synthesized using RevertAid First Strand 

cDNA Synthesis kit (Thermo Fisher Scientific, USA). A total of 25 µL Reverse 

transcription reaction mixture contained 

RNA templates   5 µL 

RiboLock RNase inhibitor   1 µL  

5 x reaction buffer   4 µL 

dNTPs mix (10 mM)   2 µL 

Reverse primer (10 µM)   1 µL 

Nuclease-free water 12 µL 

Reverse transcription reaction was performed in a thermal cycler at 42˚C for 

60 min, then 70˚C for 5 min. The obtaining cDNAs were amplified by PCR using 

Dream Taq DNA polymerase kit (Thermo Fisher Scientific, USA). The 50 µL of PCR 

reaction mixture was composed of  

cDNA templates 10 µL 

Dream Taq master mix 25 µL 

Forward primers (10 µM)   1 µL 

Reverse primers (10 µM)   1 µL 

Nuclease-free water 13 µL 

The PCR reaction was done in a thermal cycler and included initial 

denaturation at 95˚C for 3 min, 35 cycles of denaturation at 95˚C for 30 sec, annealing 

at 60˚C (for Nsp2-HVII) or 53˚C (for ORF5 and ORF7) for 30 sec, extension at 72˚C 

for 1 min, and final extension at 72°C for 10 min and then stored at -80˚C. 
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3.2.1.2.2. Amplification of DNA for Serum Samples 

For the serum samples, Nsp2-HVII, ORF5, and ORF7 were amplified from 

RNA using the One-Step RT-PCR kit (Qiagen, Germany). The 25 µL of RT-PCR 

reaction mixture was composed of  

RNA templates   5 µL  

5x reaction buffer   5 µL  

dNTPs mix(10 mM)   1 µL 

Forward primers (10 µM)   1 µL  

Reverse primers (10 µM)   1 µL  

Enzyme mix    1 µL 

Nuclease-free water 11 µL 

The RT-PCR reaction was performed in a thermal cycler and consists of pre-

PCR reaction at 50˚C for 30 min, initial denaturation at 95˚C for 3 min, 35 cycles of 

denaturation at 94˚C for 45 sec, annealing at 60˚C (for Nsp2-HVII) or 53˚C (for ORF5 

and ORF7) for 45 sec, extension at 72˚C for 1 min then final extension at 72˚C for 10 

min and stored at -80˚C.  

In all DNA amplification, porcine epidemic diarrhea (PED) virus inactivated 

vaccine was used as a negative control. After the amplification reaction was 

completed, the PCR products were examined by agarose gel electrophoresis. 

 

3.2.1.3. Agarose Gel Electrophoresis 

The PCR products were verified by running gel electrophoresis. The 2 g of 

agarose powder was dissolved in 100 ml of 1x TAE buffer (40 mM Tris-HCl, 40mM 

Acetic acid, 2.5 mM EDTA, pH 8.0) and boiled until agarose powder was completely 

melted. After cooling down, the melted gel solution was poured into the mold and 

allowed to set at RT. The 2 µL of PCR product was mixed with 2 µL of 6x loading 

dye and 6 µL of 1x TAE buffer. The mixture was loaded into the well of the gel that 

is submerged in the 1x TAE buffer in the electrophoresis tank. The electrophoresis 

reaction was performed at 50 V for 50 min. After the electrophoresis reaction was 

finished, the gel was stained in ethidium bromide for 5 min and destained in water for 

15 min. The DNA bands were visualized by observation on a UV transilluminator. 
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By comparing with 100 base pair (bp) DNA ladder (VC 100plus, Vivantis, 

USA), the PCR products at specified bp (Nsp2-HVII: about 1000 bp, ORF5: about 

600 bp, ORF7: about 400 bp) were excised from the gel. These gel cuts were purified 

using a Gel/PCR DNA fragments extraction kit (Nucleospin, Germany) according to 

the manufacturer’s protocol as shown in Figure 12.  

 

 

 

200 µg of gel cut  

 

Add 400 µL of NT1 

mix, incubate at 50°C for 5 min  

spin down  

Transfer to the spin column  

centrifuge at 11000 x g  for 1min 

discard the filtrate 

Add 700 µL of NT3 to the spin column  

centrifuge at 11000 x g  for 1 min 

discard the filtrate 

Add 700 µL of NT3 to the spin column  

centrifuge at 11000 x g  for 1 min 

discard the filtrate 

centrifuge at 11000 x g  for 3 min  

place the column into 1.5 mL elution 

tube 

Add 30 µL of Elution buffer (70°C) to the center of the spin column 

incubate RT for 5 min 

centrifuge at 11000 x g  for 2 min  

Store DNA at -80°C  

 

Figure 12. Flow diagram of purification of gel cuts using Gel/PCR DNA fragments 

extraction kit (Nucleospin) 
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3.2.1.4. DNA Sequencing  

The DNA concentrations of PCR products from each isolate were determined 

by NanoDrop One (Thermo Fisher Scientific) and the PCR products containing more 

than 20 ng/µL of DNA concentration were sent for DNA sequencing.  

The sequencings of both strands of purified PCR amplicons were carried out 

with specific primers using Sangers’ DNA Sequencing by Sol Gent, Co., South 

Korea. For DNA sequencing of Nsp2-HVII, two sets of sequencing primers i.e. Nsp2-

2F(5′-ACCCCCTCCACCAAGAGTT-3′) and Nsp2-2R (5′-CCGACCCACTCAAAGG 

TGTC-3′) and Nsp2-3F (5′-GTCCTCACAGACGGAATATG-3′) and Nsp2-3R             

(5′-TTAGCAGATCCTCCTCCATC-3′) were additionally used to analyze the 

overlapping regions within targeted regions of Nsp2-HVII. The obtaining nucleotide 

sequences of Nsp2-HVII, ORF5, and ORF7 of six Myanmar PRRSVs were edited and 

manually fine-tuned using BioEdit Sequence Alignment Editor (version 7.2.5) (138). 

The verified sequences of Nsp2-HVII, ORF5, and ORF7 of six Myanmar isolates were 

deposited in GenBank, NCBI database.  

 

3.2.1.5. Sequence Alignments and Sequence Analyses 

3.2.1.5.1. Pairwise Sequence Alignments 

To determine sequence identity, pairwise sequence alignments of nucleotides 

and deduced amino acids of each gene segment (Nsp2-HVII, ORF5, and ORF7) of six 

Myanmar PRRSVs with the corresponding reference sequences of  EU prototype 

(Lelystad, Genbank ID: M96262), NA prototype (VR-2332, Genbank ID: U87392) 

and its vaccine strain RespPRRS (Ingelvac MLV, Genbank ID: AF066183), low-

pathogenic PRRSV strains from China (CH1a, Genbank ID: AY032636 and its 

vaccine strain CH1R, Genbank ID: EU807840), and  highly- pathogenic PRRSV 

strains in Asia (Chinese  JXA1, Genbank ID: EF112445 and its vaccine strain 

JXA1R, Genbank ID: JQ804986; Vietnamese 07QN, Genbank ID: FJ394029; Thai 

HP/THAILAND/19500LL/2010, Genbank ID: KF735060; and Laotian BH58/10, 

Genbank ID: JN626287; Cambodian 10CAM46/2010 for Nsp2-HVII, Genbank ID: 

KF995276; NA/CAM/C044/2010 for GP5, Genbank ID:KF698642) were done using 

the EMBOSS needle program version 6.5.7 (105). The sequence data of ORF7 of 

Cambodian PRRSV strain was not available in the GenBank database. 
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3.2.1.5.2. Multiple Sequence Alignments 

Multiple sequence alignments of the deduced amino acids of each gene 

segment of six Myanmar PRRSVs with the representative strains mentioned in 

3.2.1.5.1 (except Lelystad) were performed with MUSCLE version 3.8.31(107) to 

analyze the changes within the functional domains. 

 

3.2.1.6. Prediction of Signal Peptide, Transmembrane Topology, and N-

Glycosylation  

The presence of signal sequence within Nsp2-HVII, GP5, and NP of six 

Myanmar PRRSVs was determined by using SignalP 4.1, from ExPASy server and 

default cut-off set at 0.450 (139). The HMMTOP 2.0 software was used to predict the 

localization of proteins (intracellular or surface proteins or the presence of 

transmembrane domains (TM)) (140).  

The presence of potential N-glycosylation sites was predicted by using 

NetNGlyc 1.0 server. It has a prediction accuracy of 76% and the prediction based on 

the presence of consensus sequence Asn-Xaa-Ser/Thr, where Asn is asparagine, Xaa 

is any amino acid except Proline, Ser is serine and Thr is threonine, because 

asparagine in this sequence is usually glycosylated in  proteins produced by 

eukaryotes, archaea and rarely bacteria (141). Default 0.5 was considered as a 

threshold potential.  

To perform the prediction of signal sequences, membrane topology, and N-

glycosylation sites, the amino acid sequences of Nsp2-HVII, GP5, and NP of six 

Myanmar PRRSVs were subjected into the corresponding servers.   

  

3.2.2. Phylogenetic Tree Construction 

To investigate the genetic relationship between Myanmar PRRSVs and 

reference PRRSV strains, phylogenetic analyses based on the nucleotide and amino 

acid sequences of each gene segment (Nsp2-HVII, ORF5, and ORF7) of six Myanmar 

PRRSVs and the reference sequences from GenBank database (Table 3) were 

independently generated via the Neighbor-Joining method and Maximum Likelihood 

methods using the PHYLIP computer package program version 3.695 (142). The 

reliability of the branching order and robustness of the phylogenetic analysis were 



 
36 

 

 
 

evaluated by means of the bootstraps method with 1000 replicates. Graphic outputs of 

phylogenetic trees were generated by TreeView version 1.6.6 (143). 

Firstly, multiple sequence alignments of the deduced amino acids of those 

three gene segments with the representative strains mentioned in Table 3 were 

performed with MUSCLE software from EMBL-EBI tools for phylogenetic tree 

construction (107). Then, the phylogenetic trees were generated as mentioned above. 
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Table 3. PRRSV reference strains used in the study 

 

Strain ID Place Year GenBank Accession no. 

HP/THAILAND/19500LL/2010 Thailand 2010 KF735060 

01NP1 Thailand 2001 DQ056373 

01CB1 Thailand 2001 DQ864705 

10CAM46/2010 (Nsp2-HVII) Cambodia 2010 KF995276 

NA/CAM/C044/2010 (ORF5) Cambodia 2010 KF698642 

07QN Vietnam 2007 FJ394029 

BH58/10 Laos 2010 JN626287 

VR-2332 USA 1990 U87392 

Lelystad Netherlands 1991 M96262 

CH1a China 1996 AY032626 

BJ4 China 2000 AF331831 

HB-2(sh)2002 China 2002 AY262352 

HN1 China 2003 AY457635 

NB/04 China 2004 FJ536165 

GD3 China 2005 GU269541 

JXA1 China 2006 EF112445 

WUH1 China 2006 EU187484 

HUN4 China 2006 EF635006 

07HEN China 2007 FJ393457 

CH1R China 2008 EU807840 

KP China 2008 GU232735 

JXA1R China 2009 JQ804986 

09HUB7 China 2009 GU168567 

DC China 2010 JF748718 

YN/2011 China 2011 JX857698 

PL97-1 South Korea 1997 AY585241 

PA8 Canada 2000 AF176348 

DK-2004-17-Pl Denmark 2004 KC862578 

SP Singapore 1998 AF184212 

EDRD1 (Nsp2-HVII) Japan 1992 AB288356 

EDRD1 (ORF5, ORF7) Japan 1992 D45852 

RespPRRS (Ingelvac MLV) Vaccine strain  AF066183 

AMERVAC Vaccine strain  GU067771 

 



 
38 

 

 
 

3.2.3. In silico Epitope Prediction using Bioinformatics Tools 

Some bioinformatics tools for the porcine genome have yet not been 

developed. Pig has similarity in size and physiology to human, and is genetically 

closely related to that of human, especially for immune gene families, thus, the 

bioinformatics tools using human genome were used in some parts of prediction (i.e. 

MHC II binding T-cell epitope prediction) in this study (144-146). The bioinformatics 

tools were selected based on their free accessibility, and on prediction characteristics 

and efficiency of the tools.  

  

3.2.3.1. Antigenicity Prediction  

Antigenicity of Nsp2-HVII, GP5, and NP from six Myanmar PRRSVs were 

determined using VaxiJen v2.0 server with a default threshold value of 0.4 (147).  

 

3.2.3.2. Epitope Prediction  

According to the high amino acid identities i.e. 95 - 100% between six 

Myanmar PRRSVs, HP/MYANMAR/2303AM/2011 was used as the representative 

for in silico predictions of linear B-cell and MHC I and MHC II binding T-cell 

epitopes of Nsp2-HVII, GP5, and NP. The flowchart describing the methodology for 

in silico prediction of epitopes was shown in Figure 13. 

 

3.2.3.2.1. Prediction of Linear B- cell Epitopes 

The linear B-cell epitopes were predicted by BCPRED server for Nsp2-HVII, 

GP5, and NP of HP/MYANMAR/2303AM/2011 Myanmar PRRSV using BCPred 

and APP methods. The primary sequences of each protein in the plain format were put 

into the prediction. Prediction peptide length was set at 14 - 16 amino acids and 

specificity was set at 75%. The predicted epitopes with BCpred and APP scores of 

greater than 0.75 were selected and the repeated sequences were filtered out. The 

selected epitopes were further subjected to antigenicity prediction by using VaxiJen 

v2.0 server (147). The epitopes with VaxiJen antigenicity score of greater than 0.5 

were chosen as potential linear B-cell epitopes. 
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3.2.3.2.2. Prediction of MHC I binding T-cell Epitopes 

The MHC I processing prediction server and MHC I binding prediction server 

from IEDB-AR were used to predict the probable MHC I binding T-cell epitopes.  

MHC I processing prediction server contains combined algorithm of proteasomal C 

terminal cleavage prediction, transporter of antigenic peptide (TAP) transport 

efficiency, and MHC class I binding efficiency, and the predictions were carried out 

through NetMHCpan2.0 method (135, 139). The threshold value was set at 0.5 for 

obtaining sensitivity and specificity of 0.89 and 0.94, respectively. The length of 

epitopes was set as nine amino acid residues before prediction. The total score for 

each epitope was computed by summing up the values of cleavage by proteasomal C, 

the efficiency of TAP and binding of the given peptide to MHC I alleles. The epitopes 

were selected based on the total scores of above zero. Furthermore, the binding 

affinity of the peptide with swine leukocyte antigen (SLA) MHC I alleles, was also 

determined as half-maximal inhibitory concentration (IC50) by using MHC I binding 

T-cell prediction server using NetMHCpan2.0 algorithm which can predict the 

binding to a broad range of MHC class I SLA alleles (45 SLA alleles) (135, 148, 

149). The epitopes with IC50 less than 250 nM were selected as potential MHC I 

binding T- cell epitopes. 

 

3.2.3.2.3. Prediction of MHC II binding T-cell Epitopes 

The MHC II binding T-cell epitope prediction server for SLA MHC II 

molecules has not been available. Due to the high genetic similarity between human 

and porcine immunomes and major histocompatibility complex, prediction of MHC II 

binding T- cell epitopes for HLA MHC II alleles were used.  The MHC II binding T-

cell epitope prediction server from IEDB-AR using NetMHCIIpan2.0 method was 

employed to predict the IC50 of epitope at specific MHC II alleles (150). The 

NetMHCIIpan2.0 method found out MHC II binding epitopes that can interact with 

27 HLA-DP, HLA-DQ and HLA-DR alleles (144-146, 151, 152).  The core peptides 

(nine amino acid length) having IC50 less than 250 nM were selected. Then, the 

antigenicity of the selected epitopes from each protein was determined with VaxiJen 

v2.0 server and the epitopes with VaxiJen antigenicity score greater than 0.5 were 

chosen as potential MHC II binding T-cell epitopes (147).   
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3.2.3.3. Epitope Conservancy Prediction 

 The epitope conservancy of predicted linear B-cell epitopes, MHC I or MHC 

II binding T- cell epitopes was examined using Epitope Conservancy Analysis Tool 

developed by IEDB-AR (153). The percentage of the conservancy of each epitope 

was measured within 15 Asian HP-PRRSV reference strains retrieved from the 

GenBank database.  

 

3.2.3.4. Protein Model Prediction and Validation  

The 3D structure of three proteins was designed by a template-based method 

using the Swiss-Model server. Swiss-Model searches the potential model templates 

from the template library (SMTL and PDB) with BLAST and HHBlits, and the 

models were designed based on target-template alignment (154, 155). The protein 

templates which have sequence identity of above 50% were filtered. Of which, the 

template with the highest sequence identity had been chosen for model evaluation and 

validation. The 3D structures of the first-line predicted epitopes were designed by 

using PEP-FOLD3, de novo peptide structure prediction server at the RPBS mobile 

portal (156, 157). The PEP-FOLD3 de novo software was used to predict potential 

protein structure and generates the best five models for peptides containing 5 to 50 

amino acid residues.  

The quality of the model structure was validated using z-score determined by 

Qualitative Model Energy Analysis (QMEAN) server from ExPAsy Bioinformatics 

Resource Portal. The QMEAN offers an estimate of the degree of nativeness of the 

structural features observed on a global scale and QMEAN z-score around zero 

indicates good agreement between the model structure and experimental structure. 

The z-score -4.0 or below shows the model with low quality (158). Ramachandran 

plot generated from RAMPAGE server was used to check the maximum proteins 

residues were in the favored or allowed regions of Ramachandran plots except glycine 

(159). In PEP-FOLD3 de novo prediction, the model with highest QMEAN z-score 

and >75% of residues in favored regions of Ramachandran plots had been chosen as 

the best model. Mapping of predicted epitopes on protein templates was done using 

Swiss-Pdb viewer 4.1.0 (160).  
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CHAPTER 4 

RESULTS  

 

4.1. Molecular Characterization 

4.1.1. RNA Isolation, PCR Amplification, and DNA Sequencing 

Total RNA could be directly extracted from each clinical sample. The Nsp2-

HVII, ORF5, and ORF7 from all six RNA samples were successfully amplified. The 

PCR products of cDNA are shown in Figure 14 A, B and C. The purified PCR 

products were sequenced and the nucleotide sequences of all PCR products were 

verified as respective gene regions of PRRSV by BLAST search. The forward and 

reverse nucleotide sequences of each gene region were analyzed and edited using 

BioEdit software, and the complete sequences of Nsp2-HVII [1002 bp (334 aa)], 

ORF5 [603 bp (200 aa)], and ORF7 [372 bp (123 aa)] of all six Myanmar PRRSVs 

were obtained. The nucleotide sequences of Nsp2-HVII, ORF5, and ORF7 of six 

Myanmar PRRSVs have been submitted to GenBank, NCBI database under the 

accession numbers shown in Table 4. Sequencing chromatograms for three gene 

regions are shown in Appendix I. 
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Figure 14.  Gel electrophoresis (2% agarose) of PCR products of (A) Nsp2-HVII, 

bands at about 1000 bp (B) ORF5, bands at about 600 bp and (C) ORF7, bands at 

about 400 bp 

Lane (1): DNA ladder, VC 100 bp plus   

Lane (2): HP/MYANMAR/2303AM/2011  

Lane (3): HP/MYANMAR/1908AM/2011  

Lane (4): HP/MYANMAR/0204AM1/2011  

Lane (5): HP/MYANMAR/0204AM2/2011  

Lane (6): HP/MYANMAR/2510AM/2011  

Lane (7): HP/MYANMAR/0411AM/2011 

Lane (8): Negative Control (PCR product of PED inactivated vaccine) 

 

     (1)     (2)      (3)     (4)     (5)      (6)    (7)    (8) 
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   (1)      (2)      (3)     (4)     (5)      (6)      (7)      (8) (B) 
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ORF7 

    (1)     (2)     (3)     (4)      (5)     (6)     (7)     (8) (C) 
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Table 4. GenBank accession number of Nsp2-HVII, ORF5, and ORF7 of Myanmar 

PRRSVs analyzed in the study 

 PRRSV ID 
GenBank Accession no.  

Nsp2-HVII ORF5 ORF7 

HP/MYANMAR/2303AM/2011 MF991914 MF991920 MF991926 

HP/MYANMAR/0204AM1/2011 MF991915  MF991921 MF991927 

HP/MYANMAR/0204AM2/2011 MF991916  MF991922 MF991928 

HP/MYANMAR/1908AM/2011 MF991917  MF991923 MF991929 

HP/MYANMAR/2510AM/2011 MF991918  MF991924 MF991930 

HP/MYANMAR/0411AM/2011 MF991919  MF991925 MF991931 

 

4.1.2. Pairwise Sequence Alignments of Nsp2-HVII, ORF5, and ORF7 

Pairwise sequence alignments of each gene segment using EMBOSS Needle 

program showed that nucleotide sequence identities of Nsp2-HVII, ORF5, and ORF7 

between the six Myanmar PRRSVs were 96.8-100%, 98.8-100%, and 97.8-100%, 

respectively, with 94.9-100%, 98-100%, and 100% identities of their corresponding 

deduced amino acid sequences (Table 5). Among these strains, the 

HP/MYANMAR/2510AM/2011 from Nyaungdon showed the least identity to others 

especially for NSp2-HVII (96.8-97.1% nucleotide and 94.9-95.2 % amino acid 

sequence identities). Remarkably, HP/MYANMAR/0204AM1/2011 and 

HP/MYANMAR/0204AM2/2011 from Madaya were identical at both nucleotide and 

amino acid levels.  

When compared to the NA prototype (VR-2332), Myanmar PRRSVs showed 

69.5-70.2%, 89.1-89.2%, and 93.5-94.4% nucleotide sequence identities of NSp2-

HVII, ORF5, and ORF7, respectively (Table 6). However, they showed only 47.6 - 

48.3 %, 62.8 - 63.3 %, and 60.1-60.5% identities of those three gene segments in that 

order to the EU prototype (Lelystad). Similarly, higher identities with the NA 

prototype than with the EU prototype were also found at the amino acid level (Table 

6). These results suggested that all Myanmar PRRSV sequences were close to that of 

the NA genotype. Therefore, further sequence comparisons with Asian reference 

strains were performed with the NA-derived PRRSV.  

All Myanmar PRRSVs showed higher nucleotide and amino acid identities to 

HP-PRRSVs (JXA1 and JXA1R, 07QN, HP/Thailand/19500LL/2010, B58/10, 

10CAM46/2010 and NA/CAMC044/2010) than to LP-PRRSVs (CH1a and CH1R) as 

shown in Table 7. The highest nucleotide sequence identities of all three genes were 

found with HP/Thailand/19500LL/2010 (95.4-99.2 %) and BH58/10 (96.0-99.3 %). 
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Table 5. Pairwise comparisons of the nucleotide (nt) and amino acid (aa) sequences 

of Nsp2-HVII, ORF5, and ORF7 between six Myanmar PRRSVs 

1 = HP/MYANMAR/2303AM/2011, 2 = HP/MYANMAR/0204AM1/2011  

3 = HP/MYANMAR/0204AM2/2011, 4 = HP/MYANMAR/1908AM/2011  

5 = HP/MYANMAR/2510AM/2011, 6 = HP/MYANMAR/0411AM/2011 

 

  

Nsp2-HVII 
1 2 3 4 5 6 

nt aa nt aa nt aa nt aa nt aa nt aa 

1 - - 99.5 99.1 99.5 99.1 99.8 100 97.0 95.2 99.4 99.4 

2 99.5 99.1 - - 100 100 99.3 99.1 97.1 94.9 99.4 99.4 

3 99.5 99.1 100 100 - - 99.3 99.1 97.1 94.9 99.5 99.1 

4 99.8 100 99.3 99.1 99.3 99.1 - - 96.8 95.2 99.5 99.1 

5 97.0 95.2 97.1 94.9 97.1 94.9 96.8 95.2 - - 97 95.2 

6 99.4 99.4 99.5 99.1 99.5 99.1 99.4 99.4 97 95.2 - - 

ORF5             

1 - - 100 100 100 100 99.8 100 99 98 100 99 

2 100 100 - - 100 100 99.8 100 99 98 100 100 

3 100 100 100 100 - - 99.8 100 99 98 100 100 

4 99.8 100 99.8 100 99.8 100 - - 99.8 98 99.8 98 

5 99 98 99 98 99 98 99.8 98 - - 99 98 

6 100 100 100 100 100 100 99.8 98 99 98 - - 

ORF7             

1 - - 99.7 100 99.7 100 99.7 100 98.1 100 99.7 100 

2 99.7 100 - - 100 100 99.5 100 97.8 100 99.5 100 

3 99.7 100 100 100 - - 99.5 100 97.8 100 99.5 100 

4 99.7 100 99.5 100 99.5 100 - - 97.8 100 99.5 100 

5 98.1 100 97.8 100 97.8 100 97.8 100 - - 97.8 100 

6 99.7 100 99.5 100 99.5 100 99.5 100 97.8 100 - - 
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Table 6. Pairwise comparisons of the nucleotide (nt) and amino acid (aa) sequences 

of Nsp2-HVII, ORF5, and ORF7 between six Myanmar PRRSVs, NA prototype 

(VR-2332) and EU prototype (Lelystad) 

  

Nsp2-VII 
Lelystad VR-2332 

nt aa nt aa 

HP/MYANMAR/2303AM/2011 48.3 42.1 70.1 61.7 

HP/MYANMAR/0204AM1/2011 48.3 42.3 70.1 62.3 

HP/MYANMAR/0204AM2/2011 48.2 42.3 70.2 62.3 

HP/MYANMAR/1908AM/2011 48.2 42.2 70.2 61.7 

HP/MYANMAR/2510AM/2011 47.9 40.3 70.0 62.3 

HP/MYANMAR/0411AM/2011 47.6 42.4 69.5 61.4 

ORF5     

HP/MYANMAR/2303AM/2011 63.1 56.6 89.2 88.5 

HP/MYANMAR/0204AM1/2011 63.3 56.6 89.1 88.5 

HP/MYANMAR/0204AM2/2011  63.1 56.6 89.2 88.5 

HP/MYANMAR/1908AM/2011 63.1 56.6 89.2 88.5 

HP/MYANMAR/2510AM/2011 63.1 55.6 89.2 88.5 

HP/MYANMAR/0411AM/2011 62.8 56.6 89.2 88.5 

ORF7     

HP/MYANMAR/2303AM/2011 60.5 62.8 94.4 96.7 

HP/MYANMAR/0204AM1/2011 60.5 62.8 94.4 96.7 

HP/MYANMAR/0204AM2/2011 60.1 62.8 94.1 96.7 

HP/MYANMAR/1908AM/2011 60.1 62.8 94.1 96.7 

HP/MYANMAR/2510AM/2011 60.5 62.8 94.0 96.7 

HP/MYANMAR/0411AM/2011 60.1 62.8 93.5 96.7 
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4.1.3. Amino Acid Sequence Analyses 

Multiple amino acid sequence alignment of all Myanmar PRRSVs were 

performed with Genbank sequences of the representative PRRSV reference strains 

including VR-2332, RespPRRS (Ingelvac MLV), LP-PRRSVs (Chinese CH1a and 

CH1R), and  Asian HP-PRRSVs [Chinese JXA1 and JXA1R, Vietnamese 07QN, 

Thai   HP/Thailand/19500LL/2010, Laotian BH58/10, and Cambodian 

10CAM46/2010 (NSP2-HVII), and NA/CAMC044/2010 (GP5)]. The amino acid 

positions were based on the genome sequence of the VR-2332. 

 

4.1.3.1. The middle hypervariable region of non-structural protein-2 (Nsp2-

HVII) 

There were extensive mutations found in the Nsp2-HVII (residues 265 to 628) 

of the Myanmar PRRSVs as shown in Figure 15. The data showed that their 

sequences were more similar to HP-PRRSVs especially with 

HP/THAILAND/19500LL/2010, BH58/10 and 10CAM46/2010 (95.5-99.0% amino 

acid sequence identity), in which they shared eight identical substitutions; R280G, 

W410R, T428A, R450D, P495L, C510F, S519I, and E582K. It was observed that 

those mutations were not occurred in JXA1, JXA1R, and 07QN. These three strains 

had the same R280S, R450G, and C510R mutations, implying their close relationship.  

The L292F, P431S, and V621M were uniquely found in five Myanmar 

PRRSVs except the HP/MYANMAR/2510AM/2011 from Nyaungdon. Moreover, the 

HP/MYANMAR/2510AM/2011 strain contained extra nine amino acid mutations at 

A297V, L313Q, R347Y, T419I, V453I, P492S, S532I, V594T, and K617D which 

were not found in other Myanmar PRRSVs and HP-PRRSVs.  

It was noticeable that Nsp2-HVII of all six Myanmar PRRSVs had 

discontinuous 30 amino acid deletions at residues 481 and 533-561 (Figure 15), 

which regarded as the typical feature of HP-PRRSV. These deletions were in 

accordance with those seen in the reference HP-PRRSV strains including JXA1, 

JXA1R, 07QN, HP/THAILAND/19500LL/ 2010, BH58/10, and 10CAM46/2010 but 

not in the LP-PRRSV strains (CH1a and CH1R). No further deletion in Nsp2-HVII 

was found among Myanmar PRRSVs. When compared to the vaccine strains, the 

Nsp2-HVII of Myanmar PRRSVs were closer to JXA1R than RespPRRS (Ingelvac 

MLV) and CH1R. (Figure 15). 
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4.1.3.2. The major envelope protein, glycoprotein 5 (GP5) 

The GP5 of all six Myanmar PRRSVs contained 200 amino acid residues as 

those of VR-2332 and other reference PRRSVs (Figure 16).  The GP5 of all six 

Myanmar PRRSVs were likely to contain short signal peptide at N-terminal residues 

(1-31 amino acids), which was predicted with high confidence (Discrimination ‘D’ 

score of 0.84). The HMMTOP prediction in CCTOP server predicted that GP5 of all 

Myanmar PRRSVs possessed three TM helices: TMI (67-84) and TMII (87-104) and 

TMIII (107-125). Ten mutations were conserved among the Myanmar PRRSVs and 

the reference HP-PRRSVs. Most of them occurred in the N-terminal signal sequence 

(G9C, S16F, C24Y, and F25L) and the ectodomain (S35N, L39I, and N58Q). 

However, the S35N in the ectodomain hypervariable region I (HVI) was absent in 

HP/MYANMAR/2510AM/2011. Unlike other Myanmar PRRSVs and HP-PRRSVs, 

this HP/MYANMAR/2510AM/2011 strain did not have T121A mutation in TM III, 

but rather it had an added V124A mutation. Additionally, just D34S mutation was 

conserved between all Myanmar PRRSVs, HP/THAILAND/ 19500LL/2010, 

BH58/10 and NA/CAMC044/2010. Interestingly, E170G in the endodomain was a 

unique mutation conserved only across all Myanmar PRRSVs but not seen in other 

HP-PRRSVs, and was the single mutation different from 

HP/THAILAND/19500LL/2010, BH58/10, and NA/CAMC044/2010. Hence, E170G 

could be a distinct genetic maker of Myanmar PRRSVs. 

The decoy epitope 27VLAN30 was conserved among all Myanmar PRRSVs, 

VR-2332, and HP-PRRSVs from Thailand (HP/THAILAND/19500LL/2010), Laos 

(BH58/10), Vietnam (07QN), and Cambodia (NA/CAMC044/2010) but was different 

from Chinese isolates (CH1a, CH1R, JXA1, and JXA1R) that contained an A29V 

substitution. In the primary neutralizing epitope (PNE), S37HL39QLIYNL45, all 

Myanmar PRRSVs, and HP-PRRSVs had isoleucine (I) replacement at position 39 in 

the (S37HI39QLIYNL45) PNE. There were five potential N-linked glycosylation sites 

(positions 30, 33, 35, 44, and 51) located in the ectodomain of GP5. They were 

conserved among HP/THAILAND/19500LL/2010, BH58/10, NA/CAMC044/2010 

and five Myanmar PRRSVs. Notably, HP/MYANMAR/2510AM/2011 had Serine (S) 

at 33 and 35 amino acid residues so that N33 and N35 glycosylation sites were 

abolished.  An additional N-glycosylation site, D34N in HVI, was observed only in 

JXA1, JXA1R, and 07QN (Figure 16). 
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4.1.3.3. The nucleocapsid protein (NP) 

The NP of all Myanmar PRRSVs in this study were 100% identical. They had 

the same size of 123 amino acids as those of the VR-2332 prototype and other 

reference strains. Three amino acid substitutions, K46R, H109Q, and V117A, were 

conserved in all Myanmar PRRSVs and HP-PRRSVs. R11K and T91A mutations 

presented in HP-PRRSVs were not found in all Myanmar PRRSVs as shown in 

Figure 17. 
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4.2. Phylogenetic Analyses 

In order to draw the genetic relationship between Myanmar PRRSVs in this 

study and other 31 reference strains, phylogenetic trees based on the nucleotide or 

deduced amino acid sequences of Nsp2-HVII, ORF5, and ORF7 were independently 

generated using the Neighbor-Joining and Maximum Likelihood methods. Each 

phylogenetic tree showed a similar pattern of genetic relationship, particularly those 

that based on Nsp2-HVII and ORF5 sequences. The phylogenetic tree based on ORF7 

had the lowest bootstrap values, suggesting that this tree was less instructive to 

determine the genetic relationship.  

From all phylogenetic trees (Figures 18, 19, and 20 shown as the examples, 

the other phylogenetic trees were shown in Appendix II), it was seen that the 

relationship of PRRSV sequences under studied could be separated into two major 

groups, the NA and EU genotypic groups. The NA genotypic group could be further 

divided into three subtypes. Subtype 1 included the VR-2332, its attenuated vaccine 

strain RespPRRS, and other NA-like strains. Subtype 2 included the Chinese LP-

PRRSV, CH1a and its vaccine strain, CH1R. The HP-PRRSV strains [e.g. Chinese 

JXA1 and its vaccine strain JXA1R, Vietnamese 07QN, Thai 

HP/THAILAND/19500LL/2010, Laotian BH58/10, Cambodian 10CAM46/2010 

(Nsp2-HVII), and NA/CAMC044/2010 (GP5)] were belonged to subtype 3.  All 

Myanmar PRRSVs in this study were enclosed in the subtype 3 of the NA genotype 

as with other HP-PRRSV strains. They were relatively close to the HP-PRRSV strains 

from Thailand (HP/Thailand/19500LL/2010), Laos (BH58/10), and Cambodia 

(10CAM46/2010 and NA/CAMC044/2010) based on the Nsp2-HVII and ORF5 

sequences (Figures 18 and 19).  
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Figure 18. Phylogenetic tree of PRRSVs based on nucleotide sequences of Nsp2-HVII 

gene 

The phylogenetic tree was constructed by Neighbor-joining method using Kimura 2-

parameter model with 1000 bootstrapping. The (▲) indicates Myanmar PRRSVs, () 

indicates Chinese HP-PRRSV, JXA1, (●) indicates EU prototype, Lelystad and (■) 

indicates NA prototype, VR-2332. 
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Figure 19. Phylogenetic tree of PRRSVs based on nucleotide sequences of ORF5 gene 

The phylogenetic tree was constructed by Neighbor-joining method using Kimura 2-

parameter model with 1000 bootstrapping. The (▲) indicates Myanmar PRRSVs, () 

indicates Chinese HP-PRRSV, JXA1, (●) indicates EU prototype, Lelystad and (■) 

indicates NA prototype, VR-2332. 
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Figure 20. Phylogenetic tree of PRRSVs based on nucleotide sequences of ORF7 

gene  

The phylogenetic tree was constructed by Neighbor-Joining method using Kimura 2-

parameter model with 1000 bootstrapping. The (▲) indicates Myanmar PRRSVs, () 

indicates Chinese HP-PRRSV, JXA1, (●) indicates EU prototype, Lelystad and (■) 

indicates NA prototype, VR-2332. 
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4.3. In silico Epitope Prediction using Bioinformatics Tools 

4.3.1. Antigenicity Prediction of the Nsp2-HVII, GP5, and NP 

VaxiJen v2.0 antigenicity prediction server was used to analyze the probable 

antigenicity of Nsp2-HVII, GP5, and NP of six Myanmar PRRSVs at a threshold 

value of 0.4. As shown in Table 8, the antigenicity score of Nsp2-HVII, GP5, and NP 

of all Myanmar PRRSVs were above 0.4, suggesting that all three proteins were 

antigenic.  

 

 

Table 8. The antigenicity score of Nsp2-HVII, GP5, and NP of six Myanmar 

PRRSVs 

 Antigenicity score of the proteins  

PRRSV ID Nsp2-HVII GP5 NP  

HP/MYANMAR/2303AM/2011 0.4972 0.4705 0.5881 

HP/MYANMAR/0204AM1/2011 0.4912 0.4705 0.5881 

HP/MYANMAR/0204AM2/2011 0.4912 0.4705 0.5881 

HP/MYANMAR/1908AM/2011 0.4713 0.4705 0.5881 

HP/MYANMAR/2510AM/2011 0.4532 0.4724 0.5881 

HP/MYANMAR/0411AM/2011 0.4798 0.4705 0.5881 
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4.3.2. Prediction of Linear B-cell epitopes 

The prediction of linear B-cell epitopes from Nsp2-HVII, GP5, and NP of 

HP/MYANMAR/2303AM/2011 were performed using BCPred and AAP method 

from BCPRED server and the antigenicity of each predicted epitope was analyzed by 

VaxiJen v2.0 antigenicity prediction server. The linear B-cell epitope prediction for 

all three proteins was summarized in Figure 21.   

The epitopes containing 14 and 16 amino acids were selected by the BCPred 

and APP score of above 0.75 at specificity 75%. The total of 49, 14, and 13 epitopes 

were predicted from Nsp2-HVII, GP5, and NP, respectively. By considering the 

VaxiJen antigenicity score (above 0.5); 28, 8, and 8 epitopes were then selected as 

potential candidates for Nsp2-HVII, GP5, and NP, respectively (Table 9-11).  

Among selected epitopes, SB3 (PPGAADTSFDWNVV) from Nsp2-HVII, GB5 

(SCTRYTNFLLDTKGRL) from GP5 and NB6 (SRGKGPGKKNRKKNPE) from NP 

had the highest antigenicity score of 1.4277, 0.9980, and 1.0428, respectively, and 

were the first-line linear B-cell PRRSV vaccine candidates.  
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Figure 21. The diagram summarizing linear B-cell epitope prediction 
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4.3.3. Prediction of T-cell epitopes 

4.3.3.1. Prediction of MHC I binding T-cell epitopes 

MHC I binding T-cell epitopes from three proteins of 

HP/MYANMAR/2303/2011 Myanmar PRRSV were predicted by using two 

bioinformatics tools from IEDB-AR. MHC I processing prediction server generates 

an overall total score for each epitope according to their combined efficiency of 

proteasomal cleavage, TAP transport, and MHC-I binding. This score represents the 

potentiality of the peptides for presentation, and the higher the score, the better they 

are. Six epitopes form Nsp2-HVII, 11 epitopes from GP5 and 2 epitopes from NP had 

been the selected based on the total score of above zero.  

By using IEDB MHC I binding prediction server with NetMHCpan2.0 

method, the IC50 of previously selected epitopes were predicted on 45 SLA MHC I 

alleles. To ensure the high affinity binding to specific MHC I alleles, the epitope with 

IC50 less than 250 nM were selected.  Five epitopes from Nsp2-HVII, 10 epitopes 

from GP5 and 2 epitopes from NP were selected as potential MHC I binding T-cell 

epitopes. The prediction of MHC I binding T-cell epitopes was summarized in Figure 

22. The selected epitopes from all three proteins were shown in Table 12, 13 and 14.  

Notably, the epitope S1T4 was in one amino acid deletion region of HP-

PRRSV when compared to NA prototype, VR-2332. The epitopes in transmembrane 

domains were less accessible for the immune responses. The G1T4, G1T5, G1T6, and 

G1T7 were in TMI and TMII domains of GP5 and they had less probability for a 

vaccine candidate. Since epitope recognized by the higher number of MHC alleles 

possess the higher potentiality to initiate a strong immune response, the selected 

epitopes from each respective protein regions, which had an affinity for the highest 

number of SLA MHC II alleles were filtered. The S1T5 (LSASSQTEY) from Nsp2-

HV-II binds five SLA MHC I alleles, and N1T2 (LSDSGRISY) from NP possessed an 

affinity for nine SLA MHC I alleles as seen in Table 12 and 14. However, G1T6 

(ATVSTAGYY) from GP5 showed an affinity for 8 SLA MHC I alleles but it is in the 

transmembrane region (TMIII). Therefore, G1T2 (GTDWLAQKF) which binds to 4 

alleles, was selected for GP5 (Table 13).  
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Figure 22. The diagram summarizing MHC I binding T-cell epitope prediction 

  

11 epitopes  

Nsp2-HVII 

(334 aa) 

GP5 

(200 aa) 

NP 

(123 aa) 

MHC I processing prediction server from IEDB, Total score > zero 

(proteasome score, TAP score, processing score, MHCI bind score) 

Peptide length  - 9 aa 

6 epitopes 2 epitopes 

MHC I binding T-cell epitope prediction server, NetMHCpan2.0,  
IC

50
 <250 nM 

5 epitopes 10 epitopes  2 epitopes 

S1T5 G1T2 N1T2 

Epitopes bind to the highest no. of MHCI alleles (First-line Potential Epitopes) 
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4.3.3.2. Prediction of MHC II binding T-cell epitopes 

Hence, prediction of epitopes binding to MHC class II molecules was 

performed for human MHC II alleles such as HLA-DR, HLA-DP, HLA-DQ alleles. 

MHC II binding T-cell epitopes prediction tools from IEDB was used for each protein 

and NetMHCIIpan method was utilized to calculate IC50 for MHC II alleles. The 

MHC II binding T-cell epitope prediction is summarized in Figure 23. 

Total of 69, 95, and 27 epitopes from Nsp2-HVII, GP5, and NP, respectively, 

were selected according to IC50 (less than 250nM) at specific HLA MHC II alleles. 

The antigenicity of the selected epitopes were analyzed by VaxiJen v2.0antigenicity 

prediction tool at 0.5 threshold. Based on antigenicity score, 38, 48, and 11 epitopes 

from Nsp2-HVII, GP5, and NP, respectively, were selected as potential vaccine 

candidates. The predicted epitopes are shown in Table 15, 16 and 17.  

As shown in Table 16, 17 out of 48 epitopes from GP5 spanned within TM 

domains and they were less likely to be good vaccine candidates. It had been 

estimated that epitope recognized by the higher number of MHC alleles possess a 

higher potentiality to induce a strong immune response. The epitope S2T32 

(YKAFPLAPS) from Nsp2-HV-II, G2T39 (FLLDTKGRL) from GP5, and N2T10 

(LIRATASPS) from NP had an affinity for the highest number of HLA MHC II alleles 

of 11, 11, and 10 alleles, respectively, and were considered as the first-line potential 

MHC II binding T-cell epitopes. 
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Figure 23. The diagram summarizing MHC II binding T-cell epitope prediction 
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4.3.4. Epitope Conservancy Prediction 

Percentage conservancy of the predicted epitopes from Nsp2-HVII, GP5, and 

NP of HP/MYANMAR/2303/2011 PRRSV was determined using Epitopes 

Conservancy Analysis from IEDB. Because of high sequence identity, the selected 

epitopes had relatively higher percentage conservancy within six Myanmar PRRSVs.  

The conservancy of each epitope within a set of 15 reference HP-PRRSV 

strains in Asia at 100% sequence identity threshold level are shown in Table 9 - 17. 

The first-line linear B-cell epitopes, GB5 of GP5 and NB6 of NP had the higher 

conservancy level of 93% and 71%, respectively, while SB3 of Nsp2-HVII had only 

40%. Since, Nsp2-HVII is the highly variable regions, 10 predicted linear B-cell 

epitopes from Nsp2-HVII had no conservancy within 15 HP-PRRSV. Expect GB1, 

GB2, GB7, and GB8, all predicted linear B-cell epitopes from GP5 had conservancy 

of above 50%. From NP, all predicted linear B-cell epitopes had conservancy within a 

range of 71- 86%, but 4 predicted linear B-cell epitopes, NB1, NB2, NB3, and NB4 

had no conservancy within reference HP-PRRSVs. 

The selected MHC I binding T-cell epitopes, S1T5 of Nsp2-HVII, G1T2 of 

GP5 and N1T2 of NP had 67%, 53% and 100% conservancy, respectively. All 

predicted MHC I binding T-cell epitopes from GP5 had conservancy within a range of 

67-100%, while epitopes from NP had 100% conservancy. However, S1T1 and S1T4 

of Nsp2-HVII had no conservancy within 15 HP-PRRSVs. 

The selected MHC II binding T-cell epitopes, G2T39 of GP5 and N2T10 had 

100% and 86% conservancy, respectively, but S2T39 of Nsp2-HVII had 33%. Eight 

predicted epitopes from Nsp2-HVII had no conservancy. All predicted MHC II 

binding T-cell epitopes were above 50% conservancy except G2T43 of GP5 and 

N2T5 of NP. 

 

4.3.5. Protein Model Prediction and Validation  

Based on sequence identity, the top seven templates (out of 14 templates) were 

filtered for Nsp2-HVII, 2fzf.1.A, 2fzf.1.B, 4a4a.1.A, 2vcb.1.A, 1ptf.1.A, 1fu0.1.A and 

1fu0.1.B. Of which, the model 2fzf.1.A and 2fzf.1.B had the highest sequence identity 

of 23% with low coverage of 0.09. Similarly for GP5, six templates were filtered out 

of 16 templates, 4m6t.1.A, 2v4.1.B, 2v4.1.C, 2v4.1.E, 2v4.1.L and 2v4.1.M. A 
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template 4m6t.1 had the highest sequence identities (17%) with low coverage. 

Therefore, they were not the best fit protein models for Nsp2-HVII and GP5 protein.  

For NP, among the top 6 filtered models, the template 1p65.1A, had 97% 

sequence identity and had 3D structure in PDB (161). Moreover, the quality of the 

model template was determined as QMEAN z-score of 1.23 and Ramachandran plot 

showed residue in favored region was 99.1%. Therefore, the template 1p65.1A from 

PDB was good quality protein model, for NP of Myanmar PRRSVs (Figure 24A, 

24C). As shown in Figure 24B, epitope mapping by Swiss.pdb software, showed that 

MHC I binding T-cell epitope, N1T2 (LSDSGRISY) is in -sheet region and it might 

be a novel T-cell vaccine candidate. 
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Figure 24. (A) Modelled 3D structure of NP of Myanmar PRRSVs (B) 3D structure 

of NP, showing selected MHC I T-cell epitope, N1T2 (LSDSGRISY) in -sheet 

region (C) Ramachandran plot of modelled structural template for NP showing 

99.1% residues in favored region 

  

 

(C) 

 

(A) (B) 
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The 3D structures of the predicted first-line potential epitopes from Nsp2-

HVII, GP5 and NP were designed by using PEP-FOLD3 server. The QMEAN z-score 

and residue percentage in favored region of Ramachandran plot of the selected model 

for individual epitope are summarized in Table 18. The model structure of epitopes 

are shown in Figure 25. 

 

Table 18. QMEAN z-score and residue percentage in favored region of 

Ramachandran plot of the selected model for individual epitope 

 

No. Epitope 

Quality of predicted model  

QMEAN 

z-score 

Percentage of residue 

in favored region of 

Ramachandran plot 

Nsp2-HVII 

1. 
Linear B-cell epitope 

SB3(PPGAADTSFDWNVV) 
-1.02 87 

2. 
MHC I binding T-cell epitope 

S1T5 (LSASSQTEY) 
-2.62 81 

3. 
MHC II binding T-cell epitope 

S2T32 (YKAFPLAPS) 
-2.36 79 

GP5 

1. 
Linear B-cell epitope  

GB5 (SCTRYTNFLLDTKGRL) 
-1.65 81 

2. 
MHC I binding T-cell epitope 

G1T2 (GTDWLAQKF) 
-1.92 79 

3. 
MHC II binding T-cell epitope  

G2T39 (FLLDTKGRL) 
-1.65 81 

NP 

1. 
Linear B-cell epitope  

NB6 (SRGKGPGKKNRKKNPE) 
0.24 100 

2. 
MHC I binding T-cell epitope 

N1T2 (LSDSGRISY) 
-0.79 89 

3. 
MHC II binding T-cell epitope  

N2T10 (LIRATASPS) 
-0.79 89 
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Figure 25. Modelled peptide structure of predicted linear B-cell, MHC I and MHC 

II binding T-cell epitopes   

 

  

 

SRGKGPGKKNRKKNPE (NB6 of NP) 

LSASSQTEY (S1T5 of Nsp2-HVII) GTDWLAQKF (G1T2 of GP5) 

  

PPGAADTSFDWNVV (SB3 of Nsp2-HVII) SCTRYTNFLLDTKGRL (GB5 of GP5) 
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Figure 25. Modelled peptide structure of predicted linear B-cell, MHC I and MHC 

II binding T-cell epitopes (continued.) 

  

 

 

 

 

LSDSGRISY (N1T2 of NP) YKAFPLAPS (S2T32 of Nsp2-HVII) 

FLLDTKGRL (G2T39 of GP5) LIRATASPS (N2T10 of NP) 
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CHAPTER 5 

DISCUSSION  

 

The PRRS is a devastating porcine viral infection, which is caused by the 

two genetically and antigenically different genotypes of PRRSV. It still persistently 

circulates globally and causes economic losses in the pig industry worldwide. Upon 

the emergence of PRRS, the causative PRRSV was continually evolving as seen from 

many reports including from China and Southeast Asia (23, 162-164). Since 2006, 

HP-PRRS has been identified in China and spread to Vietnam, Laos, Thailand, 

Cambodia, Philippines, Bhutan, Indonesia, Malaysia, Russia, Singapore, Myanmar, 

and India within a short period, by an extensive movement of infected pigs between 

the countries (25, 26, 28, 32, 33, 47, 165). Both NA and EU genotypes were found in 

these countries together with the quick evolution of the virus (27, 31, 166, 167). The 

first PRRS outbreak in Myanmar was reported in Mandalay region in February 2011. 

The disease spread rapidly to most of the area resulting in more than 34% mortality 

rate during this year (36, 168, 169).  Thus far, little is known about the genetic 

characteristics of Myanmar PRRSV.  

To control PRRS, the PRRSV vaccines producing from the strains that are 

genetically related to the field strains were generally used. But, the current PRRS 

vaccines cannot give substantial protective effect, especially against the heterologous 

virus. In 2017, Myanmar Veterinary Department allows to use NA type PRRSV MLV 

(Ingelvac MLV), in Myanmar (20). Because of vast genetic variability and antigenic 

heterogeneity of PRRSV, the type or composition of vaccine needs to be changed 

regularly for reflecting presently and locally circulating field strains. Therefore, 

various attempts have been tried to develop novel PRRSV vaccine and reverse 

vaccinology approach might be a novel way to develop for rapidly diverging PRRSV. 

In this study, the genetic characteristics of Myanmar PRRSVs from clinical 

samples collected from six pig farms in five regions (Magway, Mandalay, Naypyitaw, 

Yangon and Ayeyarwady) upon the outbreaks in 2011 were analyzed and compared 

with that of NA prototype (VR-2332), EU prototype (Lelystad), LP and HP-PRRSV 

strains. The phylogenetic relationships between Myanmar PRRSVs and reference 

strains were also analyzed. Using different bioinformatics tools, the antigenicity of   
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Nsp-HVII, ORF5, and ORF7 encoding regions (Nsp2-HVII, GP5, and NP, 

respectively) of six Myanmar PRRSVs were determined. In addition, prediction of 

linear B-cell, MHC I and MHC II binding T-cell epitopes from each coding region of 

Myanmar PRRSV (HP/MYANMAR/2303AM/2011) were conducted using various in 

silico bioinformatics tools.  

 

5.1. Genetic Characterizations and Phylogenetic Analyses  

High sequence homology of Nsp2-HVII, ORF5, and ORF7 (96.8-100% 

nucleotide identities) and their deduced amino acids sequences (94.9-100% amino 

acid identities) between the six Myanmar PRRSVs, as well as being assigned into the 

same lineage of subtype 3 in all phylogenetic analyses based on these genes, 

demonstrated that all Myanmar PRRSVs derived from the same source and did not 

diverge during the outbreaks. The HP/MYANMAR/0204AM1/2011 and 

HP/MYANMAR/0204AM2/ 2011 from Madaya might be the same strain because 

they had the same nucleotide sequences for all three genes. Nonetheless, the strain 

from Nyaungdon, HP/MYANMAR/2510AM/2011 showed some variations from the 

group, especially in Nsp2-HVII and ORF5. It should be noted that the clinical samples 

used in this study came from backyard farms where no vaccine was used, so genetic 

variation from the vaccine strain does not need to be considered.  

When compared to VR-2332, the NA prototype, Myanmar PRRSVs showed 

69.5-70.2%, 89.1-89.2%, and 93.5-94.4% nucleotide sequence identities of Nsp2-

HVII, ORF5, and ORF7, respectively, while they showed only 47.6-48.3%, 62.8-

63.3%, and 60.1-60.5% identities, respectively to Lelystad, the EU prototype. These 

results suggested that all Myanmar PRRSVs were closer to the NA genotype than the 

EU genotype. The size of full-length ORF5 and ORF7 of all six Myanmar PRRSVs 

were 603 and 372 bp, respectively, as those of VR-2332 and other PRRSV isolates 

suggesting no insertion or deletion has occurred. The discontinuous 30-amino acid 

deletions at position 481 and 533-561 in Nsp2-HVII, which considered as a molecular 

marker of HP-PRRSV (24, 47, 170, 171), were found in all Myanmar PRRSVs 

sequences supporting their derivation from HP-PRRSV.   

Moreover, high sequence homologies at both nucleotide and deduced amino 

acid levels were observed with HP-PRRSV reference strains [JXA1, 07QN, 

HP/Thailand/19500LL/2010, BH58/10, 10/CAM46/2010 (Nsp2-HVII), and 
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NA/CAMC044/2010 (GP5)], particularly to HP/Thailand/19500LL/2010, BH58/10, 

and 1010/CAM46/2010, and NA/CAMC044/2010 revealing their close connection. 

When compared the amino acid sequences of Myanmar PRRSVs with those of the 

references HP-PRRSVs, the similarity to Thai HP/Thailand/19500LL/2010, Laotian 

BH58/10 and Cambodian 10/CAM46/2010, and NA/CAMC044/2010 was confirmed.  

These strains contained eight identical mutations (R280G, W410R, T428A, R450D, 

P495L, C510F, S519I, and E582K) in Nsp2-HVII and shared the same D34S 

mutation in GP5 and contained five identical putative glycosylation sites (N30, N33, 

N35, N44, and N51). This information revealed their close connection. Nonetheless, 

there were unique mutations found only in Myanmar PRRSVs i.e. L292F, P432S, and 

V621M in Nsp2-HVII (except HP/MYANMAR/2510AM/2011), and E170G in GP5 

(Figure 26). In addition, the NP R11K and T191A mutations presented in other HP-

PPRSVs were absent from Myanmar PRRSVs. These distinct features should be 

recognized as a marker of Myanmar PRRSVs in this study. 

Given that GP5 is the major envelope protein that plays an important role in 

virus antigenicity and immunogenicity, the mutation in its epitopes should be focused. 

The decoy epitope, V27L(A/V)N30, which was conserved among all Myanmar 

PRRSVs and reference HP-PRRSVs may reveal its high antigenicity, but anyhow it 

was not involved in antibody neutralization due to previous reports (52, 53). 

However, isoleucine replacement at position 39 (L39I) in the primary neutralizing 

epitope, 37SHLQLIYNL45, of all Myanmar PRRSVs and HP-PRRSVs might cause 

epitope conformation changes and contribute to evasion of the virus from host 

immune response.  

From all phylogenetic trees constructed, all references HP-PRRSVs including 

JXA1, JXA1R, HP/Thailand/19500LL/2010, BH58/10, 07QN, and 10/CAM46/2010 

(Nsp2-HVII), and NA/CAMC044/2010 (GP5) were assigned into the same subtype 3 

of the NA genotype. Based on Nsp2-HVII and ORF5 sequences, it appeared that all 

Myanmar PRRSVs were closer to the HP/Thailand/19500LL/2010 BH58/10, 

10CAM46/2010, and NA/CAMC044/2010 than the 07QN, whilst the 07QN was 

relatively closer to the JXA1. Supporting evidence were perceived from multiple 

amino acid sequence alignments that JXA1 and 07QN shared the same mutations 

R280S, R450G, and C510R in Nsp2-HVII and D34N in GP5 (Figure 26). These close 

correlations between JXA1 and 07QN were also reported by Fang et al. (26).  
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Taken together, the pattern of genetic relationships between all Myanmar 

PRRSVs and HP-PRRSVs from Southeast Asia and the time line of the first outbreak 

in each country may suggest the route of transmission of PRRS. The HP-PRRSV 

spread from China to Vietnam in 2007. Then the virulent HP-PRRSV strains emerged 

in Vietnam in 2007 and the occurrence of new variants has been reported in the 

northern part of the country during 2007-2010 (167). The variants of Vietnamese HP-

PRRSVs may be spread to Thailand and Laos in 2010, and then to Myanmar in 2011. 

Nilubol, et al. (2013) proposed that HP-PRRSV had been introduced to Thailand 

through illegal transport of infective pigs from Vietnam through Laos (33). It seems 

plausible to hypothesize that the HP-PRRSVs could have been introduced to 

Myanmar from importation of HP-PRRSV infected pigs from bordering countries, 

particularly, from Thailand and Laos. 

To date, there has been no outbreak of PRRS reported in Myanmar since 2011 

and the official vaccination program has not yet been implemented. Nevertheless, the 

Livestock Breeding and Veterinary Department gave permission to use the NA type 

modified live PRRS vaccine since September 2017 and Ingelvac PRRS MLV is 

currently being used in Myanmar (20). However, from our study, Myanmar PRRSVs 

were found to be more closely related to the JXA1R (JXA1, HP-PRRSV derived 

vaccine strain) than RespPRRS (VR-2332 derived vaccine strain in Ingelvac PRRS 

MLV).  

 

5.2. In silico Epitope Prediction using Bioinformatics Tools 

In spite of many approaches have been investigated, little progress has been 

made to develop the novel PRRS vaccine which possesses effective protection against 

a broad range of PRRSV strains (7, 10). Neutralizing antibodies are a critical part of 

immune response for defense against PRRSV and there is an evidence of the 

substantial protection efficacy of antibody against PRRS infection in sows, glits, and 

piglets (73, 172, 173). Moreover, the CMI response is vital for the clearance of viral 

PRRS infection. It had found that the pigs recover from the experimental PRRS 

infection had strong lymphocyte proliferation responses and IFN-γ is the plays an 

important role in the cytokine responses (73, 174). Therefore, the vaccine design 

becomes vital and attempts to make the PRRS vaccine, containing broadly reactive B-
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cell and T-cell epitopes that elicit neutralizing antibody production and CMI 

responses. Reverse vaccinology approach provides to reduce time and costs using in 

silico bioinformatics tools to predict a large number of peptide epitopes. It becomes 

an attractive approach for the development of a novel vaccine against rapidly 

diverging PRRSV. Therefore, the prediction of immunodominant epitopes from 

immunogenically relevant proteins of PRRSV strains using bioinformatics tools 

becomes crucial. In the previous studies, different B-cell and T-cell epitopes from 

Nsps, GP4, GP5, M, and NP were predicted by using different methods such as phage 

display, Pepscan peptide library, and SYFEPEITTHI and ProPed bioinformatics tools 

(52, 175-178). The identification of T-cell epitopes in PRRSV has been done to Nsp9, 

Nsp10, GP5 and M proteins (176). Various potential vaccine candidates from PRRSV 

proteins exhibited good protection in test animals but none has yet been approved for 

clinical use in the pig breeding farms. 

In this study, linear B-cell, MHC I binding and MHC II binding T-cell 

epitopes were predicted by using the bioinformatics tools, that had not been used in 

the previous studies for the PRRS vaccine development. The pig has close genetic 

similarity to human specifically in genes that involved in immune response and there 

are functional similarities between SLA, and human HLA system and murine H-2 

(144-146). For the predictions that do not have accessible in silico prediction tools for 

the porcine genome, the bioinformatics tools using human genome were used. Pig 

Matrix is a T-cell epitope prediction tool, which can be used for one SLA MHC II 

molecule (SLA-DRB*0201), is developed by Gutierrez et al. in 2015, but it is not 

freely available. 

The BCPREDS is a freely available web-based server for B-cell epitope 

prediction, which comprises three prediction methods, BCPred, and AAP and 

FBCpred. In this study, BCPred and AAP method were used to predict linear B-cell 

because FBCpred uses the same algorithm as BCPred except for predicting the 

flexible length of an epitope. The BCpred uses sequence-based Support Vector 

Machine (SVM) learning algorithm and is trained on the B-cell epitope database that 

contains epitopes from viruses, bacteria, parasites, and fungi. It has a better prediction 

than 11 SVM based tools. The AAP method bases on particular amino acid pairs 

occurred more frequently in epitope than non-epitope sequence. When compared with 
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ABCpred and Bepipred, commonly used B-cell prediction servers, both BCPred and 

APP showed better specificity and sensitivity than that of ABCpred and Bepipred 

(119, 120, 179). Then, the antigenicity of the predicted epitopes from all three 

proteins were further analyzed with VaxiJen v2.0 antigenicity prediction server at 0.5 

threshold. It is the first server for alignment-independent prediction of protein 

antigenicity. It bases on auto cross-covariance (ACC) transformation of protein 

sequence into uniform vectors of principle amino acid properties and has prediction 

accuracy of 70-89% (147). 

Among three proteins, the number of predicted linear B-cell epitopes from 

Nsp2-HVII was higher than that of GP5 and N protein. In accordance with the 

previous study, Nsp2 is a hypervariable protein and conserved regions were only 

found in C- and N-terminus, but it includes the highest frequency of linear B-cell 

epitopes when compared to GP5 and NP (175). Among 28 predicted linear B-cell 

epitopes from Nsp2-HVII, SB3 (PPGAADTSFDWNVV) had the highest antigenicity 

score of 1.4277 and it might be a potential vaccine candidate from Nsp2-HVII. The 

primary neutralizing antibodies in PRRS infection are mainly towards GP5 and the 

predicted linear B-cell epitopes from GP5 have great attention. The total of eight 

linear B-cell epitopes was predicted for GP5 and GB5 (SCTRYTNFLLDTKGRL) had 

the highest antigenicity score of 0.9980 and it could be the promising vaccine 

candidate for antibody production. However, there have been previously reported that 

a partial sequence of two predicted epitopes GB1 and GB2 (AVLANASNSNSSHIQL, 

ANASNSNSSHIQLI) could generate natural antibodies in pigs (52, 53). This evidence 

strength the potential of bioinformatics tools to predict epitopes. Additionally, they 

contained the neutralizing motif (37SHLQLI42) which had been demonstrated in 

previous studies (52, 53, 74). Moreover, 31ANSNSSSHIQLIYNL45 was found to be 

immunoreactive with more than 50% of the tested sera from experimentally infected 

piglets (175). For NP, which is the most conserved proteins, perceived an extensive 

interest to predict the epitope for diagnostic purpose regardless of its neutralizing 

activity, the prompt and abundant production of antibody. Among eight linear B-cell 

epitopes predicted from NP, NB6 (SRGKGPGKKNRKKNPE) scored the highest 

antigenicity of 1.0428 and it could be the most promising candidates from N protein.  
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For T-cell epitope prediction, it is generally accepted that the peptide epitope 

that binds to MHC molecules at an above the certain threshold will act as T-cell 

epitopes. Therefore, peptide affinity for MHC molecules correlates with T-cell 

response and T-cell epitope predictions are based on their binding affinity to MHC 

molecules. The MHC I molecule with peptide was recognized by cytotoxic T-cells 

while MHC II molecules present peptides to helper T-cells, that participate in both 

cytotoxic responses and antibody responses. The MHC I binding peptides are derived 

from intracellular protein, which is targeted to the cleavage by the proteasome, to 

short peptide of 8-11 length. The short peptide is transported by TAP and bind to 

MHC I molecule for antigen presentation (117). Therefore, a prediction based on the 

efficiency of proteasomal cleavage, TAP and MHC-I binding prediction is useful for 

identification of MHC I binding T-cell epitopes. For MHC II binding, extracellular 

protein derived from pathogens is take up by the receptor and targeted to endosomal 

cleavage to peptide length of 15-20. However, shorter or longer peptides can be 

presented by MHC II molecules (117).  

The MHC I processing prediction server generates an overall total score from 

the combined efficiency of proteasomal cleavage, TAP transport, and MHC-I binding. 

The prediction of proteasomal cleavage was based on in vitro proteasomal cleavage 

data, and TAP was based on an estimation of binding affinity to TAP. Second 

screening by IC50 of selected epitopes for SLA MHC I alleles were predicted by MHC 

I binding prediction software from IEBD using NetMHCpan 2.0 method which can 

accurately predict the binding to HLA, also to those of non-human primates. It can 

determine epitopes that can bind to a broad range of MHC class I SLA alleles (45 

SLA alleles) (135, 148, 149). From all three proteins, a total of 17 MHC I binding T-

cell epitopes were selected and S1T5 (LSASSQTEY) from Nsp2-HV-II, G1T2 

(GTDWLAQKF) from GP5 and N1T2 (LSDSGRISY) from NP, were selected as first-

line potential vaccine candidate.  

The MHC II binding T-cell epitopes prediction tool from IEDB, which 

provide the prediction of IC50 of the epitopes for respective HLA MHC II alleles was 

utilized in this study. Different algorithms are available in this tool, NetMHCIIpan2.0 

was used because it has the highest accuracy among 21 MHC II binding prediction 

servers (150). According to the IC50, a total of 191 epitopes was predicted from three 
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proteins. Of which, 97 epitopes had VaxiJen antigenicity score of above threshold 

(>0.5) and selected as potential epitopes. Based on the number of binding HLA MHC 

II alleles, three epitopes S2T32 (YKAFPLAPS) of Nsp2-HVII, G2T39 (FLLDTKGRL) 

of GP5, and N2T10 (LIRATASPS) of NP were chosen as first-line potential MHC II 

binding T-cell epitopes.  

The first-line potential epitopes, GB5 (SCTRYTNFLLDTKGRL), G2T39 

(FLLDTKGRL) of GP5 and N1T2 (LSDSGRISY), and N2T10 (LIRATASPS) of NP 

had percentage conservancy of above 80% within reference HP-PRRSVs and they 

could be useful for PRRS vaccine against Asian HP-PRRSVs. Moreover, mapping of 

N1T2 (LSDSGRISY) on the predicted NP structure supported that this epitope located 

in -sheet region and potential to be a novel vaccine candidate.  

Additionally, the sequence similarity were found within the predicted 

epitopes. For GP5, G2T39 (144FLLDTKGRL152) overlapped with GB2 

(137SCTRYTNFLLD TKGRL152), and GB1 and GB2, (26AVLANASNSNSSHIQL41, 

29ANASNSNSSHI QLI42) partially overlapped with G1T1 (35NSSHIQLIY43).  For 

Nsp2-HVII protein, S1T1 (284TSFDWNVVF292) was identical to part of SB3 

(278PPGAADTSFDWNVV291). It was suggested that these epitopes can give both B-

cell and T-cell immune responses.  
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CHAPTER 6 

CONCLUSION 

 

In conclusion, based on genetic characteristics and phylogenetic analyses of 

Nsp2-HVII, ORF5, and ORF7, all six Myanmar PRRSVs in this study were of the 

NA-genotype and were highly-pathogenic PRRSVs. From phylogenetic analyses, they 

were clustered into the subtype 3 of the NA-genotype that also included other HP-

PRRSVs e.g. Chinese JXA1, Thai HP/Thailand/19500LL/2010, Laotian BH58/10, 

and Vietnamese 07QN. Additionally, Myanmar PRRSVs were closer to Thai 

HP/Thailand/19500LL/2010, Laotian BH58/10, Cambodian 10/CAM46/2010, and 

NA/CAMC044/2010 than Vietnamese 07QN. The unique amino acid mutations found 

only in Myanmar PRRSVs were L292F, P431S, and V621M in Nsp2-HVII and 

E170G in GP5, which may be used as a marker for monitoring genetic diversity of 

newly emerging HP-PRRSV strains. This molecular study provides basic information 

for monitoring newly diverging strains, future epidemiological investigation, and 

development of effective strategies to control PRRS in Myanmar. Further studies on 

more isolates and gene segments are required to confirm the genetic characteristics of 

Myanmar PRRSV strains.   

By using different bioinformatics tools, the three linear B-cell epitopes, SB3 

(PPGAADTSFDWNVV), GB5 (SCTRYTNFLLDTKGRL), and NB6 (SRGKGPGKK 

NRKKNPE), three MHC I binding T-cell epitopes, S1T5 (LSASSQTEY), G1T2 

(GTDWLAQKF), and N1T2 (LSDSGRISY); and three MHC II binding T-cell epitopes, 

S2T32 (YKAFPLAPS), G2T39 (FLLDTKGRL), and N2T10 (LIRATASPS) were 

predicted as first-line potential PRRS vaccine candidates and  they could assist in the 

development of novel peptide vaccine and diagnostic markers for PRRS. Implying a 

reverse vaccinology approach, the immunogenicity of the epitopes, predicted 

bioinformatically, were needed to verify through in vivo tests.  
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1. Sequencing chromatograms 

1.1. Sequencing chromatograms of Nsp2-HVII gene 

(A) Forward and (B) Reverse strands of Nsp2-HVII gene 
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1.2. Sequencing chromatograms of ORF5 gene 

(A) Forward and (B) Reverse strands of ORF5 gene 
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1.3. Sequencing chromatograms of ORF7 gene 

(A) Forward and (B) Reverse strands of ORF7 gene 
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2. Phylogenetic trees  

2.1. Phylogenetic tree of PRRSVs based on nucleotide sequences of Nsp2-HVII 

gene 

The phylogenetic tree was constructed by Maximum Likelihood method using John-

Taylor-Thornton model with 1000 bootstrapping. (▲) indicates Myanmar PRRSVs, 

() Chinese HP-PRRS, JXA1, (●) indicates EU prototype, Lelystad and (■) indicates 

NA prototype, VR-2332. 
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2.2. Phylogenetic tree of PRRSVs based on deduced amino sequences of Nsp2-

HVII gene 

The phylogenetic tree was constructed by Neighbor-Joining method using Kimura 2-

parameter model, with 1000 bootstrapping. (▲) indicates Myanmar PRRSVs, () 

Chinese HP-PRRS, JXA1, (●) indicates EU prototype, Lelystad and (■) indicates NA 

prototype, VR-2332. 
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2.3. Phylogenetic tree of PRRSVs based on deduced amino sequences of Nsp2-

HVII gene 

The phylogenetic tree was constructed by Maximum Likelihood method using John-

Taylor-Thornton model, with 1000 bootstrapping. (▲) indicates Myanmar PRRSVs, 

() Chinese HP-PRRS, JXA1, (●) indicates EU prototype, Lelystad and (■) indicates 

NA prototype, VR-2332. 
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2.4. Phylogenetic tree of PRRSVs based on nucleotide sequences of ORF5 gene 

The phylogenetic tree was constructed by Maximum Likelihood method using John-

Taylor-Thornton model with 1000 bootstrapping. (▲) indicates Myanmar PRRSVs, 

() Chinese HP-PRRS, JXA1, (●) indicates EU prototype, Lelystad and (■) indicates 

NA prototype, VR-2332. 
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2.5. Phylogenetic tree of PRRSVs based on deduced amino sequences of ORF5 

gene 

The phylogenetic tree was constructed by Neighbor-Joining method using Kimura 2-

parameter model, with 1000 bootstrapping. (▲) indicates Myanmar PRRSVs, () 

Chinese HP-PRRS, JXA1, (●) indicates EU prototype, Lelystad and (■) indicates NA 

prototype, VR-2332. 
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2.6. Phylogenetic tree of PRRSVs based on deduced amino sequences of ORF5 

gene 

The phylogenetic tree was constructed by Maximum Likelihood method using John-

Taylor-Thornton model, with 1000 bootstrapping. (▲) indicates Myanmar PRRSVs, 

() Chinese HP-PRRS, JXA1, (●) indicates EU prototype, Lelystad and (■) indicates 

NA prototype, VR-2332. 
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2.7. Phylogenetic tree of PRRSVs based on nucleotide sequences of ORF7 gene 

The phylogenetic tree was constructed by Maximum Likelihood method using John-

Taylor-Thornton model with 1000 bootstrapping. (▲) indicates Myanmar PRRSVs, 

() Chinese HP-PRRS, JXA1, (●) indicates EU prototype, Lelystad and (■) indicates 

NA prototype, VR-2332. 
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2.8. Phylogenetic tree of PRRSVs based on deduced amino acid sequences of 

ORF7 gene 

The phylogenetic tree was constructed by Neighbor-Joining method using Kimura 2-

parameter model with 1000 bootstrapping. (▲) indicates Myanmar PRRSVs, () 

Chinese HP-PRRS, JXA1, (●) indicates EU prototype, Lelystad and (■) indicates NA 

prototype, VR-2332. 
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2.9. Phylogenetic tree of PRRSVs based on deduced amino acid sequences of 

ORF7 gene 

The phylogenetic tree was constructed by Maximum Likelihood method using John-

Taylor-Thornton model with 1000 bootstrapping. (▲) indicates Myanmar PRRSVs, 

() Chinese HP-PRRS, JXA1, (●) indicates EU prototype, Lelystad and (■) indicates 

NA prototype, VR-2332. 
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