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Abstract 

Point mutation and abrupt changes of segmented genomes of rotavirus group A (RVAs) from mixed 
infection are critical factors for generating genetically divergent strains. Our preceding study of rotavirus 
infections in 2012 - 2014 in Thailand indicated the high prevalence of G8P[8] strains. This study aimed to 
identify the origin of each segment of the genome of these G8P[8] RVA strains by using phylogenetic 
analysis. All gene segments from the 5 selected G8P[8] were sequenced partially and aligned with locally 
circulating rotavirus strains to estimate the phylogenic relationship. Based on the genome's constellation 
of the genome, these 5 strains’ genetic backgrounds possessed genotype constellation 2 or called the DS-
1-like genotype. Ten genes, except for VP6, were clustered within the same phylogenic tree of the 
cognate genes of Thai circulating G8P[8]strains isolated between 2013 - 2014. Their 5 genes VP2, VP3, 
NSP1, NSP3, and NSP5, also exhibited high nucleotide similarities with the first unusual Japanese DS-1-
like strains G1P[8] NT004. Besides, the VP4 shared a high nucleotide sequence similarity with the 
cognate gene of circulating Thai human G1P[8] Wa-like and G1P[8] NT004. However, the remaining 4 
gene segments (VP1, VP7, NSP2, and NSP4) were clustered with other human or animal RVA strains 
within the same monophyletic. All of these G8P[8] strains shown to be an intragenogroup reassortment. 
Thus, characterization of the genomes is crucial to monitor the evolutionary dynamics and relationships 
of co-circulating RVAs in predicting the effectiveness of current vaccines and future vaccine 
development strategies. 

Keywords: Rotaviruses, Reassortment, Phylogenetic analyses, Genome characterization, Intra-
genogroups 
 
 
Introduction 

Rotavirus group A (RVAs) is a significant cause of severe gastroenteritis, resulting in substantial 
morbidity and mortality in young children and animals - especially in developing countries [1]. The 
rotavirus genome composed of 11 segments of double-stranded (ds) RNA, encoding for 6 structural 
proteins (VP1-4, VP 6 and VP7) and 6 non-structural proteins (NSP 1-6) [2,3] assembled to form a triple-
layered particle. 

The error-prone nature of RNA polymerases during viral replication generates RVA genomic 
diversity by accumulating point mutations. In addition, the segmented nature of the RVA genomes 
enables abrupt changes in the RVA genome during mixed infection of different circulating strains, thus 
generating reassortant virus strains [4]. A dual classification based on nucleotide sequence variability of 2 
outer capsid proteins, VP7 and VP4, defines at least the 36 G and 51 P genotypes, respectively [3,5,6]. 
The various G and P types tend to segregate according to species-specific patterns across the different 
animal species [7]. The significant genotypes responsible for 90 % of human infected cases are G1P[8], 
G2P[4], G3P[8], G4P[8], and G9P[8] [8]. Bovine or bovine-like RVA strains have been detected in VP7 
G6, G8, and G10 in conjunction with a variety of P types, P[1], P[2], P[4], P[6], P[8], P[9], P[11] and 
P[14] [9]. 

However, analyses focusing on VP7 and VP4 encoding genes were inadequate to obtain convincing 
evidence on the overall genomic diversity or true origin of RVAs. Nucleotide sequences of the full-
genome in which VP7-VP4-VP6-VP1-VP2-VP3-NSP1-NSP2-NSP3-NSP4-NSP5/6 genotypes are 
identified enable a comprehensive characterization of rotavirus strains [10-12]. Based on the constellation 
of segments composing of the genome, 3 “genogroups,” the prototypes of, Wa-1-like (genotype 
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constellation 1), DS-1-like (genotype constellation 2), and AU-1 (genotype constellation 3) have been 
represented [13]. The Wa-like strains tended to possess G/P genotypes G1P[8], G3P[8], G4P[8], G9P[8], 
G12P[6], and G12P[8]. On the other hand, DS-1-like strains were inclined to possess G/P genotype 
G2P[4]. Nevertheless, the novel human intergenogroup reassortant strains, DS-1-like non-G/P genotype 
constellation (I2-R2-C2-M2-A2-N2-T2-E2-H2) together with G/P genotypes G1P[8], G2P[8], G3P[8], 
and G8P[8]; G1/2/3/8-P[8]-I2-R2-C2-M2-A2-N2-T2-E2-H2 were also reported in Asia and Europe[14-
21]. This genogrouping system has provided important information on the complex origin of strains and 
explored inter-and intra-genogroup reassortment events between human and animal strains. 

Our preceding study of rotavirus infections in children hospitalized at Bamrasnaradura Infectious 
Diseases Institute throughout 2012 - 2014 indicated the high prevalence of G8P[8] strains of up to 21.92 
% [22]. The G8 rotavirus genotype is typically derived from strains infecting bovine and other animal 
host species. Preliminary sequence analysis of the partial VP7 gene amid these strains revealed their close 
genetic relatedness to the Indian bovine strains. This study aimed to identify the origin of each segment of 
the genome of these G8P[8] RVA strains by using phylogenetic analysis.  Analyses of all gene segments 
of the viruses gain a better insight into their evolutionary relationships of the G8P[8] strains circulating in 
Thailand during 2012 - 2014. 
 
Materials and methods 

Stool preparation 
In 2012 - 2014, a surveillance study for rotavirus infections in 73 stool specimens was collected 

anonymously from children admitted at Bamrasnaradura Infectious Diseases Institute, Nonthaburi 
Province, Thailand. The genotypes were confirmed with partial sequencing of the VP8* and VP7 
encoding segments. Five samples from 16 samples were randomly selected and identified as G8P8 strains 
in the present study, including ASH-B1007, ASH-B1025, ASH-B1032, ASH-B1038, and ASH-B2046, 
for entire genome analyses. The sample were store at –80 ℃ until used. 
 

Viral dsRNA extraction and the initial strand cDNA synthesis 
According to the manufacturer’s instructions, total RNAs were extracted from selected stool 

samples utilizing the Viral Nucleic Acid Extraction Kit II (Geneaid). First-strand cDNAs were 
synthesized with MDEVP1F_1, MDEVP1R_1, MDEVP2F_1, MDEVP2R_2, MDEVP3F_2, 
MDEVP3R_1, VP6-F_1, VP6-R_1, MDENSP1F_1, MDENSP1R_1, MDENSP2F_1, MDENSP2R_1, 
MDENSP3F_1, MDENSP3R_2, NSP4_F_JRG30_1, NSP4_R_JRG31_1, MDENSP5F and 
MDENSP5R_1 specific primer for VP1-3, VP6 and NSP1-5 gene segments, respectively (Table 1) 
[23,24]. The cDNA Synthesis Kit (BR0400403) (Biotechrabbit, Germany) was applied accordingly. RT-
PCR reaction contained components in the total of 20 µL (1 mM dNTP mix, 20 U RNAse inhibitor,1.25 
μM random Hexamer primer, 1× cDNA synthesis buffer, 100 ng dsRNA template, and 200 U ReverseUP 
II reverse transcriptase). The reaction was carried out at 50 °C for an hour and subsequently ceased 
incubation at 99 °C for 5 min. Single-stranded cDNA products were kept at −20 °C until used. 
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Table 1 List of primer and PCR product size of VP1-3, VP6 and NSP1-5 gene segments [23,24]. 
 

Gene Primer name Primer sequence 
Annealing 

temperature 
(°C) 

Product size 
(bp) 

VP1 MDEVP1F_1 ATTCACAATCTGCAGTTCAGA 50.5 337 

 MDEVP1R_1 AGTGAATCAGTGTACTCTTCT   
VP2 MDEVP2F_1 CTGATAAGGTACTTTCGAA 45.9 378 

 MDEVP2R_2 TCACATCATAGTCTCCGTCTGG   
VP3 MDEVP3F_2 GCAAGACTTTCAAATCGCGTA 52.3 325 

 MDEVP3R_1 AATACGAGGGTGCTGATCC   
VP6 VP6-F_1 GACGGAGCGACTACATGGT 50.2 379 

 VP6-R_1 GTCCAATTCATACCTGGTG   
NSP1 MDENSP1F_1 GAGACCTTCTACTCTAACAAA 45.9 344 

 MDENSP1R_1 ACTGTAGTGTAATTGGCAT   
NSP2 MDENSP2F_1 GCTTGCTTTTGTTATCCC 45.5 327 

 MDENSP2R_1 ATTTTCTAGATGTCTTACAG   
NSP3 MDENSP3F_1 GCAACTTCTACATTAGAA 42.0 396 

 MDENSP3R_2 TGCATCATCCACTTCGACTT   
NSP4 NSP4_F_JRG30_1 GTGCGGAAAGATGGAAAAGC 46.6 708 

 NSP4_R_JRG31_1 ACCGTTCCTTCCATTAAC   
NSP5 MDENSP5F AGCGCTACAGTGATGTCTCT 42.6 337 

 MDENSP5R_1 CCATTTGATCGTATCCA   
 
 

PCR amplification  
Nine 5 G8P[8] RVA strains gene segments were further amplified via consensus primers for 

structural genes (VP1, VP2, VP3, VP6) and non-structural genes (NSP1, NSP2, NSP3, NSP4, NSP5) 
(Table 1). PCR reaction was carried out in a final volume of 25 μL containing 1x KAPA HiFi buffer, 0.3 
mM dNTP mix, 0.3 μM each of gene-specific forward and reverse primer, 12 ng cDNA template, and 0.5 
U DNA polymerase (KAPA HiFi HotStart PCR Kit (KK2501) (Kapa Biosystems)). The Thermocycler 
reaction was initially denatured at 95 °C for 3 min. Then, 35 amplification cycle conditions took place as 
follows: Denaturation at 98 °C for 30 s, annealing for 30 s (annealing temperature corresponding to each 
primer are shown in Table 1). Additionally, an extension at 72 °C for 45 s, and subsequently through a 
final extension at 72 °C for 3 min. PCR products were analyzed amid 1 % gel agarose gel electrophoresis. 
According to the manufacturer's instructions, DNA bands exhibiting the expected size were excised and 
purified from agarose gel utilizing PCR Clean-Up & Gel Extraction Kit (PureDireX, Taiwan). 
 

Sequence and phylogenetic analysis  
Purified PCR products were sequenced with 5 μM forward specific primer via the Sanger 

sequencing method at Macrogen Inc., Soul, South Korea. The nucleotide sequences of the RVA gene 
segment sequenced in this study are available on the GenBank database as accession No. MN101727-
MN101751 and MT265003-MT265022. Partial genome sequences of the G8P[8] rotavirus strains 
sequenced in this study and VP4, VP7 gene from previous study [22] were compared among each other 
and individually compared to locally circulating DS-1-like G2P[4] (BD-20, NP-M51, SKT-138, SSKT-
133) and Wa-like G1P[8]strains (PCB118 and SKT98) as well as other rotavirus strains available through 
the NCBI GenBank database using BLAST (www.blast.ncbi.nlm.gov). Their homology sequences were 
aligned via the CLUSTALW algorithm. The best-fitted DNA evolution model was applied to estimate the 
phylogenic relationship via the MEGA7 program. The phylogenic trees were subsequently constructed 
using the MEGA7 program utilizing the algorithm Maximum likelihood method. Models used in this 
study were T92(NSP1), T92+G(NSP2), T92+G(NSP3), T92+G+I(NSP4), T92+G(NSP5), 
T92+G+I(VP1), TN93+G+I(VP2), T92+G+I(VP3), T92+I(VP4), T92+G(VP6) and T92+G+I(VP7).   
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Results and discussion 

Genome sequencing and sequence analysis of 5 selected G8P[8] RVA strains 
The partial nucleotide sequence of 11 genes amid ASH-B1007, ASH-B1025, ASH-B1032, ASH-

B1038, and ASH-B2046 strains isolated in Thailand throughout 2012 - 2014 were aligned to the viral 
reference sequences detailed by GenBank. Overall, 10 genes of this Thai G8P[8] strains shared a high 
degree of nucleotide sequence identity among themselves (98.33 - 100 %). Minimum nucleotide identity 
(90.52 - 97.99 %) was observed with gene VP6. By applying the nucleotide sequence-based genotyping 
system, the genotype of the VP7-VP4-VP6-VP1-VP2-VP3-NSP1-NSP2-NSP3-NSP4-NSP5 genes saw 
these strains assigned to G8P[8]-I2-R2-C2-M2-A2-N2-T2-E2-H2.  

To gain insight into their genetic relatedness with the other RVA strains, the nucleotide sequences 
of 11 genes of these 5 RVAs strains were aligned to the viral reference sequences worldwide from 
GenBank. These sequences included the genome sequences of the first DS-1-like integenogroup G1P[8] 
NT004 isolated in Japan in 2012 [14,15,25] and Thai circulating DS-1-like G8P[8] (PCB103, SKT 457, 
CMH-N165-13)[26,27] and non-G8 strains, i.e., G2P[4] (BD-20, NP-M51, SKT-138, and SSKT-133), 
and Wa-like G1P[8] (PCB118 and SKT98)[16]. Except for VP6, ten genes of these G8P[8] strains shared 
a high degree of nucleotide sequence identity with the cognate genes of Thai G8P[8] strains, PCB-103 
(95.64 - 100 %) and SKT-457 (97.67 - 100 %) isolated in 2013 and 2014, respectively. In addition, 6 genes 
(VP2, VP3, VP4, NSP1, NSP3, and NSP5) exhibited high nucleotide sequence similarities with DS-1-like 
G1P[8] NT004 (98.6 - 100 %) and 5 genes (excluding VP4) of the eleven genes shared with authentic 
genogroup 2, G2P[4] strains isolated in 2013 (> 98 %)[17]. Thus, VP4 is only the gene segment that 
shared high nucleotide sequence similarities with the cognate gene of circulating Thai human G1P[8], 
Wa-like, and other G8P[8] strains. Of note, the VP6 gene of only ASH-B1007, ASH-B1025, and ASH-
B1032 presented a high degree of identity (> 98 %). Furthermore, ASH-B1038 demonstrated moderately 
(96.30 - 96.87 %), yet ASH-B2046 showed no identities (88.54 - 89.11%) with the cognate gene sequence 
of human DS-1-like RVA strains. In addition, nucleotide sequences of NSP4 exhibited relatively low 
identities (94.32 - 95.57 %), while the other 3 remaining gene segments (VP1, VP7, NSP2) showed no 
relatedness to those DS-1-like RVA strains (Table 2).   
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Table 2 Percentages of nucleotide identity of the ASH-B1007, ASH-B1025, ASH-B1032, ASH-B1038, ASH-B2046 gene segments with the referenced rotavirus 
strains. 

Reference strains Percent identity (%) 

DS-1-like G2P[4] 
(BD-20, NP-M51, SKT-138, SSKT-133) VP1 VP2 VP3 VP4 VP6 VP7 NSP1 NSP2 NSP3 NSP4 NSP5 

ASH-B1007 81.18 97.65 - 99.12 97.53 - 98.23 86.41 -  85.58 96.85 - 97.71 73.43 - 72.32 98.38 - 98.71 85.96 - 86.67 96.67 - 99.17 94.32 - 95.06 99.33 - 99.66 

ASH-B1025 81.18 97.65 - 99.13 97.17 - 97.88 86.29 - 85.46 95.98 - 96.55 73.43 - 72.32 98.39 - 98.71 86.21 - 86.90 96.94 - 99.44 94.83 - 95.57 98.67 - 99.00 

ASH-B1032 81.18 97.36 - 98.83 97.20 - 97.90 86.41 - 85.58 96.83 - 97.69 73.43 - 72.32 98.08 - 98.70 86.64 - 87.36 95.87 - 98.35 94.57 - 95.31 98.68 - 99.01 

ASH-B1038 81.18 97.36 - 98.83 96.85 - 97.55 86.29 - 85.70 96.30 - 96.87 73.43 - 72.51 98.41 - 98.73 86.18 - 86.91 96.41 - 98.90 94.83 - 95.57 99.00 - 99.34 

ASH-B2046 81.18 97.36 - 98.84 96.85 - 97.55 86.01 - 85.52 88.54 - 89.11 73.80 - 72.69 98.39 - 98.71 86.81 - 87.55 96.19 - 98.64 94.81 - 95.56 98.01 - 98.34 
Wa-like G1P[8] (PCB-118, SKT-98) VP1 VP2 VP3 VP4 VP6 VP7 NSP1 NSP2 NSP3 NSP4 NSP5 

ASH-B1007 75.56 - 75.94 79.19 74.43 - 74.81 99.64 - 99.52 75.53 - 75.83 74.54 - 74.35 77.15 - 77.48 81.85 83.43 - 83.71 77.97 - 79.95 90.33 - 91.33 

ASH-B1025 75.56 - 75.95 79.19 74.05 - 74.43 99.52 - 99.41 76.03 - 76.34 74.54 - 74.35 76.69 - 77.03 82.21 83.57 - 83.84 78.52 - 80.49 90.69 - 91.72 

ASH-B1032 75.56 - 75.96 79.19 74.34 - 74.72 99.64 - 99.52 75.53 - 75.83 74.54 - 74.35 76.90 - 77.23 81.88 82.83 - 83.11 78.22 - 80.20 89.90 - 90.88 

ASH-B1038 75.56 - 75.97 79.19 73.96 - 74.34 99.88 - 99.76 75.39 - 75.71 74.72 - 74.54 76.36 - 76.68 81.68 83.43 - 83.70 78.52 - 80.49 90.37 - 91.36 

ASH-B2046 75.56 - 75.98 79.19 73.96 - 74.34 99.76 - 99.63 79.29 - 79.59 74.72 - 74.9 76.82 - 77.15 82.22 83.11 - 83.38 78.47 - 80.45 90.34 - 91.38 
DS-1-like G8P[8] 

(PCB-103,SKT-457) VP1 VP2 VP3 VP4 VP6 VP7 NSP1 NSP2 NSP3 NSP4 NSP5 

ASH-B1007 98.96 100 99.65 99.76 - 99.88 88.86 - 98.53 99.64 - 100 99.35 98.97 99.72 99.01 - 99.51 98.99 - 99.66 

ASH-B1025 98.96 100 99.65 99.64 - 99.76 89.58 - 97.62 99.64 - 100 99.68 100 100 99.51 - 100 98.33 - 99.00 

ASH-B1032 98.96 99.71 99.30 99.76 -99.88 88.76 - 98.52 99.64 - 100 99.04 98.30 98.90 99.26 - 99.75 98.33 - 99.00 

ASH-B1038 98.96 99.71 98.95 99.52 - 99.88 88.99 - 96.76 98.57 - 98.93 99.68 98.93 99.72 99.51 - 100 98.66 - 99.33 

ASH-B2046 98.96 99.71 98.95 99.63 - 100 88.86 - 98.53 99.64 - 100 99.68 98.31 99.18 99.51 - 100 97.67 - 98.33 

DS-1-like G1P[8](NT004) VP1 VP2 VP3 VP4 VP6 VP7 NSP1 NSP2 NSP3 NSP4 NSP5 

ASH-B1007 81.92 100 99.29 99.17 97.34 74.59 99.68 88.13 99.72 94.07 99.66 

ASH-B1025 81.92 100 99.29 99.05 97.00 74.59 100 88.17 100 94.58 99.32 

ASH-B1032 81.92 99.71 98.95 99.17 97.31 74.59 99.36 87.54 98.90 94.32 99.32 

ASH-B1038 81.92 99.71 98.60 99.29 99.11 74.77 100 87.41 99.72 94.58 99.33 
ASH-B2046 81.92 99.71 98.60 99.14 89.64 74.95 100 87.94 99.18 94.57 98.64 
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Phylogenetic analyses of gene segments 
Phylogenetic trees were constructed from each of the 11 cognate gene sequences of human and 

rotavirus isolates from Genbank to gain more insight into the genetic relatedness of these G8P[8] RVA 
strains. The 10 of 11 genes that exhibited high identities to Thai G8P[8] PCB-103 and SKT-457 also fell 
into the same cluster in the monophyletic lineage for cognate gene sequences based on their phylogeny. In 
addition, 5 genes (VP2, VP3, NSP1, NSP3, and NSP5) were arranged into the same cluster in the 
monophyletic lineage for cognate gene sequences of the first intergenogroup DS-1-like G1P[8] NT004, 
circulating Thai and Asian G1P[8], G3P[8] strains, and also G2P[4]strains (BD-20, NP-M51, SKT-138 
and SSKT-133 (Figures 1 - 5, respectively). VP4 fell into the same monophyletic lineage for that of Thai 
Wa-like G1P[8], Japanese DS-1-like G1P[8] NT004, and other G8P[8] circulating strains (Figure 6). 
VP6, which was the only gene segment displaying a high level of sequence variation among these G8P[8] 
strains, was arranged into 2 lineages of the phylogenetic tree. In the lineage of VII, VP6 of ASH-B1032, 
ASH-B1007, and ASH-B1025, strains were subclustered with Thai and Japanese G8P[8] strains. 
However, ASH-B1038 was grouped with G1P[8] (Figure 7). Interestingly, ASH-B2046 was clustered 
separately in lineage IX with human and animal strains. VP7 and VP1 of these G8P[8] strains were in the 
same cluster as the Thai human co-circulating G8P[8] and bovine strains in the lineage of V, IV, 
respectively (Figures 8 and 9), respectively); and NSP4 was clustered with bovine and caprine in the 
lineage of VIII (Figure 10).  Besides that, NSP2 was arranged with humans and animals, including cows, 
donkeys, and rabbits in the lineage of III (Figure 11). 
 

 
Figure 1 The phylogenetic tree was constructed from the nucleotide sequences of the VP2 genes of 5 
G8P[8] strains analyzed in this study. In the tree, the black dots indicate the VP2 genes of 5 G8P[8] strains. 
The grey dots show the VP2 gene of the Japanese G1P[8] NT004 strain; Thai circulating DS-1 like G8P[8] 
(PCB-103, SKT-457) strains; Thai circulating DS-1 like G2P[4] (BD-20, NP-M51, SKT-138, and SSKT-
133) strains; Thai circulating Wa like G1P[8] (PCB-118 and SKT-98)  strains;  and the other RVA reference 
strain. 
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Figure 2 The phylogenetic tree was constructed from the nucleotide sequences of the VP3 genes of 5 
G8P[8] strains analyzed in this study. In the tree, the black dots indicate the VP3 genes of 5 G8P[8] 
strains. The grey dots show the VP3 gene of the Japanese G1P[8] NT004 strain; Thai circulating DS-1 
like G8P[8] (PCB-103, SKT-457) strains; Thai circulating DS-1 like G2P[4] (BD-20, NP-M51, SKT-138, 
and SSKT-133) strains; Thai circulating Wa like G1P[8] (PCB-118 and SKT-98)  strains;  and the other 
RVA reference strain. 
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Figure 3 The phylogenetic tree was constructed from the nucleotide sequences of the NSP1 genes of 5 
G8P[8] strains analyzed in this study. In the tree, the black dots indicate the NSP1 genes of 5 G8P[8] 
strains. The grey dots show the NSP1 gene of the Japanese G1P[8] NT004 strain; Thai circulating DS-1 
like G8P[8] (PCB-103, SKT-457) strains; Thai circulating DS-1 like G2P[4] (BD-20, NP-M51, SKT-138, 
and SSKT-133) strains; Thai circulating Wa like G1P[8] (PCB-118 and SKT-98)  strains;  and the other 
RVA reference strain. 
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Figure 4 The phylogenetic tree was constructed from the nucleotide sequences of the NSP3 genes of 5 
G8P[8] strains analyzed in this study. In the tree, the black dots indicate the NSP3 genes of 5 G8P[8] 
strains. The grey dots show the NSP3 gene of the Japanese G1P[8] NT004 strain; Thai circulating DS-1 
like G8P[8] (PCB-103, SKT-457) strains; Thai circulating DS-1 like G2P[4] (BD-20, NP-M51, SKT-138, 
and SSKT-133) strains; Thai circulating Wa like G1P[8] (PCB-118 and SKT-98)  strains;  and the other 
RVA reference strain. 
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Figure 5 The phylogenetic tree was from the nucleotide sequences of the NSP5 genes of 5 G8P[8] strains 
analyzed in this study. In the tree, the black dots indicate the NSP5 genes of 5 G8P[8] strains. The grey 
dots show the NSP5 gene of the Japanese G1P[8] NT004 strain; Thai circulating DS-1 like G8P[8] (PCB-
103, SKT-457) strains; Thai circulating DS-1 like G2P[4] (BD-20, NP-M51, SKT-138, and SSKT-133) 
strains; Thai circulating Wa like G1P[8] (PCB-118 and SKT-98)  strains;  and the other RVA reference 
strain. 
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Figure 6 The phylogenetic tree was constructed from the nucleotide sequences of the VP4 genes of 5 
G8P[8] strains analyzed in this study. In the tree, the black dots indicate the VP4 genes of 5 G8P[8] 
strains. The grey dots show the VP4 gene of the Japanese G1P[8] NT004 strain; Thai circulating DS-1 
like G8P[8] (PCB-103, SKT-457) strains; Thai circulating DS-1 like G2P[4] (BD-20, NP-M51, SKT-138, 
and SSKT-133) strains; Thai circulating Wa like G1P[8] (PCB-118 and SKT-98)  strains;  and the other 
RVA reference strain. 
 



Trends Sci. 2022; 19(18): 5812               12 of 20 

 
 
Figure 7 The phylogenetic tree was constructed from the nucleotide sequences of the VP6 genes of 5 
G8P[8] strains analyzed in this study. In the tree, the black dots indicate the VP6 genes of 5 G8P[8] 
strains. The grey dots show the VP6 gene of the Japanese G1P[8] NT004 strain; Thai circulating DS-1 
like G8P[8] (PCB-103, SKT-457) strains; Thai circulating DS-1 like G2P[4] (BD-20, NP-M51, SKT-138, 
and SSKT-133) strains; Thai circulating Wa like G1P[8] (PCB-118 and SKT-98)  strains;  and the other 
RVA reference strain. 
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Figure 8 The phylogenetic tree was constructed from the nucleotide sequences of the VP7 genes of 5 
G8P[8] strains analyzed in this study. In the tree, the black dots indicate the VP7 genes of 5 G8P[8] 
strains. The grey dots show the VP7 gene of  the Japanese G1P[8] NT004 strain; Thai circulating DS-1 
like G8P[8] (PCB-103, SKT-457) strains; Thai circulating DS-1 like G2P[4] (BD-20, NP-M51, SKT-138, 
and SSKT-133) strains; Thai circulating Wa like G1P[8] (PCB-118 and SKT-98)  strains;  and the other 
RVA reference strain. 
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Figure 9 The phylogenetic tree was constructed from the nucleotide sequences of the VP1 genes of 5 
G8P[8] strains analyzed in this study. In the tree, the black dots indicate the VP1 genes of 5 G8P[8] 
strains. The grey dots show the VP1 gene of the Japanese G1P[8] NT004 strain; Thai circulating DS-1 
like G8P[8] (PCB-103, SKT-457) strains; Thai circulating DS-1 like G2P[4] (BD-20, NP-M51, SKT-138, 
and SSKT-133) strains; Thai circulating Wa like G1P[8] (PCB-118 and SKT-98)  strains;  and the other 
RVA reference strain. 
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Figure 10 The phylogenetic tree was constructed from the nucleotide sequences of the NSP4 genes of 5 
G8P[8] strains analyzed in this study. In the tree, the black dots indicate the NSP4 genes of 5 G8P[8] 
strains. The grey dots show the NSP4 gene of the Japanese G1P[8] NT004 strain; Thai circulating DS-1 
like G8P[8] (PCB-103, SKT-457) strains; Thai circulating DS-1 like G2P[4] (BD-20, NP-M51, SKT-138, 
and SSKT-133) strains; Thai circulating Wa like G1P[8] (PCB-118 and SKT-98)  strains;  and the other 
RVA reference strain. 
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Figure 11 The phylogenetic tree was constructed from the nucleotide sequences of the NSP2 genes of 5 
G8P[8] strains analyzed in this study. In the tree, the black dots indicate the NSP2 genes of 5 G8P[8] 
strains. The grey dots show the NSP2 gene of the Japanese G1P[8] NT004 strain; Thai circulating DS-1 
like G8P[8] (PCB-103, SKT-457) strains; Thai circulating DS-1 like G2P[4] (BD-20, NP-M51, SKT-138, 
and SSKT-133) strains; Thai circulating Wa like G1P[8] (PCB-118 and SKT-98)  strains;  and the other 
RVA reference strain. 
 
 
Results and discussion 

Rotaviruses are the leading cause of severe acute dehydrating diarrhea in young children. Despite 
the global introduction of vaccinations for rotavirus over a decade ago, rotaviruses are continuously 
evolving to avoid the protective immunity of the host. The genomic diversity of rotavirus genes gradually 
accumulates from the error-prone nature of RNA polymerases during viral replication. In the total of 11 
genes, the VP7 and VP4 genes that code for the outer layer and spikes seem to mutate quickly than the 
other genes coding proteins obscured in the particle. The nucleotide sequence variabilities of VP7 and 
VP4 genes are thus used to define at least the 36 G and 51 P genotypes, respectively [3,5,6]. Due to the 
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segmented nature of the RVA genomes, rotaviruses can exchange (reassort) genes during mixed infection 
of different circulating strains. An abrupt change of genome diversity of rotaviruses is predicted to create 
new, possibly more dangerous, virus strains. In the past, most rotavirus genotyping studies have focused 
mainly on G (VP7) and P (VP4) genotyping, thus limiting understanding of how rotaviruses evolve in 
nature. Our study revealed the whole picture regarding the diversity, evolution, and origin of viruses by 
characterizing all segmented genomes.  

In this study, stool samples were collected from hospitalized infants and children with acute 
diarrhea at Bamrajnaradul Institute, Thailand, between 2012 - 2014. With partial genome sequencing, 
genetic variability was determined in eleven genes of 5 RVAs G8P[8] strains (ASH-B1007, ASH-B1025, 
ASH-B1032, ASH-B1038, and ASH-B2046). These strains possess the ten genome segments except for 
VP6, where they are virtually indistinguishable from each other. What's more, they also derived from 
Thai circulating G8P[8] strains in their nucleotide sequences and phylogenetic lineages, indicating the 
derivation of G8P[8] strains from a common ancestor. Furthermore, all strains demonstrated the same 
genotype constellation, G8P[8] -I2-R2-C2-M2-A2-N2-T2-E2-H2, indicating a genomic background of 
the DS-1 genotype constellation. None of these was shown to be an intergenogroup reassortant.  

The DS-1-like backbone was typically associated with G2P[4] combinations [11]. However, non-
G2P[4] DS-1-like strains worldwide such as G1P[8][14,15,25], G3P[8], G2P[8][17], G3[6], G1P[4], 
G12P[6], and G3P[8][18,28,29] and G8 [30] likely originated through the occurrence of reassortment 
events between DS-1-like G2P[4], and non-G2 strains.  The evolution analysis via the phylogenetics tree 
demonstrates that 5 of the eleven genes (VP2, VP3, NSP1, NSP3, and NSP5) of G8P[8] strains exhibited 
extremely high nucleotide sequence identities with the cognate genes of G1P[8] NT004. Therefore, our 
DS-1-like G8P[8] strains were assumed to share common ancestral origins with DS-1-like intergenogroup 
reassortant strains G1P[8] NT004 and other G8P[8] strains [26].   

Interestingly, segment 6 (VP6) nucleotide sequences of these G8P[8] RVA strains showed to have 
greater sequence diversity when compared to other RVA segments, as seen in the separate lineages. VP6 
of 4 G8P[8]  strains (ASH-B1032, ASH-B1007, ASH-B1025, and ASH-B1038) belonged to lineage VII, 
which was closely related to human RVAs, while ASH-B2046 was that of animal (bovine and porcine) 
strains in lineage IX of I2 genotype. This observation strongly suggested that the VP6 gene of ASH-
B2046 might have originated from animal RVA strains. Moreover, the other 4 genes (VP1, VP7, NSP2, 
and NSP4) shared lower nucleotide level similarities to DS-1-like G1P[8] NT004 and other circulating 
Thai G3P[8], G8P[8], and G2P[4], yet fell into the same cluster as animal RVA strains on the 
phylogenetic trees. These 4 genes were likely generated from other intra-reassortment events between 
original strains and animal strains. Only the VP4 gene segment shared a very close genetic relatedness 
and phylogenetic clustering with human G1P[8] Wa-like strains. Human G8P[8] strains can possess both 
the Wa-like and the DS-1-like genetic background [31]. The VP4 genes of these G8P[8] were assumedly 
transferred from gene V4 from Wa-like to DS-like genetic backbones due to their carrying of the human 
DS-1 like backbone, which may maintain themselves through human-to-human transmission [32]. 
Another possibility is that the DS-1 like G8P[8] strains might not have originated from a single ancestor 
due to their possession of a slightly different VP4 gene.  

Intra-genotype reassortant between viruses of the same genogroups is thought to occur more 
frequently than between different genogroups or inter-genotype reassortants [33,34]. Through intra-
genotype reassortment of one or more gene segments, variants of the DS-1-like genotype constellation 
have been identified [35-39]. In developing countries where people's lifestyles see them living close to 
animals with inadequate personal hygiene, mixed infections are likely to occur more frequently than in 
developed countries [9,40]. However, the limitation of this study is that information was obtained from 
the partial sequencing of all gene segments, thus limiting elucidating the evolutionary behavior of 
rotaviruses.  Therefore, complete genome characterization of RVA strains is required to gain more 
reliable phylogenetic analysis and deep insight into the complex reassortment events rendering the 
emergence of RVA strains. 

 
Conclusions 

The emergence of G8P[8] rotavirus in Thailand during 2012 - 2014 is evolved from the genetic 
segments transfer or intra-reassortant event between the co-circulation strains. Evolutionary and genetic 
analyses carried out in this study provide data useful for the elucidation of evolutionary relationships or 
dynamics existing in the rotavirus population. 
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