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Abstract: Rotavirus (RVA) G8 is frequently detected in animals, but only occasionally in humans.
G8 strains, however, are frequently documented in nations in Africa. Recently, an increase in G8
detection was observed outside Africa. The aims of the study were to monitor G8 infections in the
Brazilian human population between 2007 and 2020, undertake the full-genotype characterization of
the four G8P[4], six G8P[6] and two G8P[8] RVA strains and conduct phylogenetic analysis in order to
understand their genetic diversity and evolution. A total of 12,978 specimens were screened for RVA
using ELISA, PAGE, RT-PCR and Sanger sequencing. G8 genotype represented 0.6% (15/2434) of
the entirely RVA-positive samples. G8P[4] comprised 33.3% (5/15), G8P[6] 46.7% (7/15) and G8P[8]
20% (3/15). All G8 strains showed a short RNA pattern. All twelve selected G8 strains displayed a
DS-1-like genetic backbone. The whole-genotype analysis on a DS-1-like backbone identified four
different genotype-linage constellations. According to VP7 analysis, the Brazilian G8P[8] strains
with the DS-1-like backbone strains were derived from cattle and clustered with newly DS-1-like
G1/G3/G9/G8P[8] strains and G2P[4] strains. Brazilian IAL-R193/2017/G8P[8] belonged to a
VP1/R2.XI lineage and were grouped with bovine-like G8P[8] strains with the DS-1-like backbone
strains detected in Asia. Otherwise, the Brazilian IAL-R558/2017/G8P[8] possess a “Distinct” VP1/R2
lineage never previously described and grouped apart from any of the DS-1-like reference strains.
Collectively, our findings suggest that the Brazilian bovine-like G8P[8] strains with the DS-1-like
backbone strains are continuously evolving and likely reassorting with local RVA strains rather than
directly relating to imports from Asia. The Brazilian G8P[6]-DS-1-like strains have been reassorted
with nearby co-circulating American strains of the same DS-1 genotype constellation. However,
phylogenetic analyses revealed that these strains have some genetic origin from Africa. Finally, rather
than being African-born, Brazilian G8P[4]-DS-1-like strains were likely imported from Europe. None
of the Brazilian G8 strains examined here exhibited signs of recent zoonotic reassortment. G8 strains
continued to be found in Brazil according to their intermittent and localized pattern, thus, does not
suggest that a potential emergence is taking place in the country. Our research demonstrates the
diversity of G8 RVA strains in Brazil and adds to the understanding of G8P[4]/P[6]/P[8] RVA genetic
diversity and evolution on a global scale.

Keywords: genomic analysis; rotavirus A; emergence; gastroenteritis; G8; bovine–human reassortants

1. Introduction

Rotavirus A (RVA) is the leading cause associated with viral acute gastroenteritis
in children worldwide, accounting for nearly 128,500 under-five deaths annually, even
with the increasing implementation of universal RVA vaccination [1]. To date, over
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100 countries have incorporated RVA vaccines into their national immunization programs
(NPIs) [2]. Brazil introduced the RotarixTM vaccine into the NPI in 2006. Since then, a
significant reduction in diarrhea-associated hospitalizations and death associated with
infantile gastroenteritis has been observed [3].

RVA belongs to Rotavirus genus, Sedoreovirinae subfamily, Reoviridae family and Ri-
boviria realm. The RVA genome contains eleven double-stranded RNA (dsRNA) segments
that encode six structural proteins (VP1-VP4, VP6 and VP7) and six nonstructural proteins
(NSP1-NSP5/6), surrounded by a three-layer capsid. The outer capsid proteins, VP7 (capsid
glycoprotein) and VP4 (spike protein) independently elicit neutralizing antibodies and
form the basis of the binary classification system of G and P types, respectively [4]. Globally,
six RVA genotypes, G1P[8], G2P[4], G3P[8], G4P[8], G9P[8] and G12P[8], are commonly
associated with human infections, accounting for about 90% of infections requiring medical
attention [5]. Distinct G and P genotypes, such as G5, G6, G8, G10, G11, P[1], P[5], P[7], P[9]
and P[14], have been sporadically detected in humans and are supposed to have originated
from animal hosts through interspecies transmission events [6–8].

A whole-genome classification system is also used to assign genotypes to each segment,
where Gx-P[x]-Ix-Rx-Cx-Mx-Ax-Nx-Tx-Ex-Hx represents the genotypes of VP7-VP4-VP6-
VP1-VP2-VP3-NSP1-NSP2-NSP3-NSP4-NSP5/6, respectively [4]. The majority of human
RVA strains possess Wa-like (genogroup 1) and DS-1-like (genogroup 2) genotype con-
stellation. The AU-1-like (genogroup 3) genotype constellation is less common and rarely
found in RVA human strains. G1P[8], G3P[8], G4P[8], G9P[8] and G12P[8] combinations
are expressed on the Wa-like backbone; G2P[4] and G3P[9] on the DS-1-like and AU-1-like
backbone, respectively [4]. Unusual human G/P combinations (i.e., G5P[6], G9P[23]) tend
to possess more diverse genetic backbones [9,10]. Recently, an emergence of novel human
intergenogroup ressortant strains, DS-1-like G1/G3/G9/G8P[8], were reported globally,
including in Brazil [11–15]. Moreover, some of these atypical emergent strains resulted
from human/animal reassortment events, such as the equine-like G3P[8] DS-1-like and the
bovine-like G8P[8] strains with the DS-1-like backbone [16,17].

G8 is a common G type found in cattle [18], but sporadically detected in hu-
mans [5,19–21]. Interestingly, the G8 genotype is particularly prevalent in the African
continent and often detected in combinations with P[4], P[6] and P[8] [22,23]. G8 strains
paired with either P[4], P[6] or P[8] genotypes were previously reported in Brazil [21,24–28];
however, their origins remain obscure. A phylogenetic analysis conducted with three gene
segments by Luchs and Timenetsky showed that Brazilian G8P[6] strains display close
genetic relationships to bovine G8, bat P[6] and I2 human RVA strains, suggesting potential
interspecies transmission events occurring between multiple hosts [26].

It is well known that interspecies transmission and reassortment between human and
animal RVA contribute significantly to the virus’ evolution. Additionally, the introduction
of RVA vaccines into human populations may impose additional selective pressure on
circulating RVA strains, possibly influencing their evolutionary rate and the capability of
producing new RVA strains to diffuse worldwide [29]. Continued surveillance is needed to
verify the effectiveness of the RotarixTM vaccine in Brazil, together with potential emergence
of unusual genotypes [30]. The whole-genotype analysis of RVA G8P[4]/P[6]/P[8] strains
detected worldwide, including in Brazil, may help unravel the true origin of these strains,
as well as understand their ability to eventually evade vaccine immunity.

The aims of the present study were to monitor G8 infections in the Brazilian human
population between 2007 and 2020, undertake the full-genotype characterization of four
G8P[4], six G8P[6] and two G8P[8] RVA strains and conduct phylogenetic analysis in order
to understand their genetic diversity and evolution.

2. Materials and Methods
2.1. Sampling

This study was carried out with convenient surveillance specimens. Brazil is a
continental-size country, and the Brazilian RVA Surveillance Program is funded by three
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collaborating institutes: (i) Evandro Chagas Institute, the national and regional reference
center for RVA surveillance in the Northern region and part of the Northeastern region;
(ii) Oswaldo Cruz Institute, the regional reference center for RVA surveillance in part of
the Northeastern, Southeastern and Southern regions; and (iii) Adolfo Lutz Institute, the
regional reference center for RVA surveillance in Midwest and part of the Southeastern and
Southern regions. From 2007 to 2020, a total of 12,978 stool samples collected from patients
with acute gastroenteritis were sent to the Enteric Diseases Laboratory of the Adolfo Lutz
Institute, together with relevant age, gender and location data.

2.2. Rotavirus Detection and Electropherotyping

RVA was detected using a commercial immunoenzymatic assay (RIDASCREEN®

Rotavirus, R-Biopharm AG, Darmstadt, Germany) and performed according to the manu-
facturer’s instructions. The RVA migration profiles were analyzed by PAGE followed by
silver staining of gels [31].

2.3. Viral RNA Extraction and G/P Genotyping

Viral RNA was extracted from 10% fecal samples using a Bio Gene DNA/RNA Viral
(Quibasa–Quimica Basica Ltd., Belo Horizonte, BH, Brazil), according to the manufacturer’s
instructions, and subjected to G and P typing by multiplex reverse transcription-polymerase
chain reaction (RT-PCR) with type-specific primers, following previously described proto-
cols [32,33]. First-round amplicons of all G8 VP7 RVA-positive samples and their respective
VP4 segments were selected for sequencing. PCR amplicons were sequenced using the
BigDye Terminator v3.1 Cycle Sequencing Kit (Applied Biosystems, Foster City, CA, USA)
with primers Beg9/End9 (1062 bp) and Con2/Con3 (876 bp). Dye-labeled products were
sequenced in an ABI 3500 sequencer (Applied Biosystems, Foster City, CA, USA). Sequenc-
ing chromatograms were edited manually using Sequencher™ 4.7 software (Gene Codes
Corporation, Ann Arbor, MI, USA). The genotype assignment was accomplished using
Rotavirus A Genotype Determination–ViPR (https://www.viprbrc.org/brc/rva) to confirm
the detected G8 genotype and identify VP4 specificity.

2.4. Nucleotide Sequencing of the G8 RVA Segments

Based on sample availability and viral load of VP7/VP4 amplicons, 12 G8 RVA strains
were selected for investigation of the 11 gene segments (Table 1). RVA dsRNA was extracted
from 10% fecal samples using Bio Gene DNA/RNA Viral (Quibasa–Quimica Basica Ltd., Belo
Horizonte, BH, Brazil) according to the manufacturer’s instructions. RT-PCRs for the 11
gene segments were performed in house using primers described by Varghese et al. [34]
(VP1, VP2 and VP3), Ramani et al. [35] (VP3), Wang et al. [36] (NSP1, NSP2, NSP4, NSP5
and VP6), Magagula et al. [37] (NSP2, NSP3, NSP4, NSP5, VP6 and VP7), Mijatovic-
Rustempasic et al. [38] (NSP5), He et al. [39] (NSP1) and Gentsch et al. [32] (VP4) following
the amplification protocol formerly define by Gouvea et al. [33]. All PCR products were
loaded onto 1.5% agarose gel containing GelRed™ (Biotium, Fremont, CA, USA) along
with a 100 bp molecular-sized ladder and viewed in a gel-documentation system. PCR
amplicons were sequenced using a BigDye™ Kit v3.1 (Applied Biosystems, Foster City,
CA, USA) with the same primer set used in the PCR reaction. Dye-labeled products were
sequenced using an ABI 3500 sequencer (Applied Biosystems, Foster City, CA, USA).
Sequencing chromatograms were edited manually using Sequencher™ 4.7 software (Gene
Codes Corporation, Ann Arbor, MI, USA). Genotype assignment was accomplished using
Rotavirus A Genotype Determination–ViPR (https://www.viprbrc.org/brc/rva).

https://www.viprbrc.org/brc/rva
https://www.viprbrc.org/brc/rva
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Table 1. Demographic and spatial data, migration profile, genotypes and lineage constellation of human rotavirus G8 strains, Brazil, 2007–2020. To aid visualization,
lineage constellations of representative genotype 2 strains are highlighted in various colors.

Strain Age Gender City State Profile
VP7 VP4 VP6 VP1 VP2 VP3 NSP1 NSP2 NSP3 NSP4 NSP5

G8 P[8] P[4] P[6] I2 R2 C2 M2 A2 N2 T2 E2 H2
RVA/Human-wt/BRA/IAL-R193/2017/G8P[8] a 7 months M Goiânia GO Short IV III V XI IVa V IVa XV V XII IVa
RVA/Human-wt/BRA/IAL-R558/2017/G8P[8] a 4 months M São Paulo SP Short IV III V Distinct IVa V IVa XV V XII IVa
RVA/Human-wt/BRA/IAL-R2601/2010/G8P[4] a 1 year F Brasília DF Short I IVa V V IVa V II X V VII IVa
RVA/Human-wt/BRA/IAL-R2600/2010/G8P[4] a 5 years F Brasília DF Short I IVa V V IVa V II X V VII IVa
RVA/Human-wt/BRA/IAL-R2598/2010/G8P[4] a 5 months F Brasília DF Short I IVa V V IVa V II X V VII IVa
RVA/Human-wt/BRA/IAL-R2597/2010/G8P[4] a 5 years M Brasília DF Short I IVa V V IVa V II X V VII IVa
RVA/Human-wt/BRA/IAL-R2437/2010/G8P[6] a 9 months M São Paulo SP Short V I-a V VI IVa V IVa V V XXI IVa
RVA/Human-wt/BRA/IAL-R2404/2010/G8P[6] a 1 year M São Paulo SP Short V I-a V VI IVa V IVa V V XXI IVa
RVA/Human-wt/BRA/IAL-RN377/2009/G8P[6] a 3 months F Dourados MS Short V I-a V VI IVa V IVa V V XXI IVa
RVA/Human-wt/BRA/IAL-RN374/2009/G8P[6] a 5 months M Dourados MS Short V I-a V VI IVa V IVa V V XXI IVa
RVA/Human-wt/BRA/IAL-RN373/2009/G8P[6] a 2 months F Dourados MS Short V I-a V VI IVa V IVa V V XXI IVa
RVA/Human-wt/BRA/IAL-RN361/2009/G8P[6] a 1 year M Dourados MS Short V I-a V VI IVa V IVa V V XXI IVa

Bovine-like G8P[8] DS-1 like
RVA/Human-wt/JPN/MU14-0/2014/G8P[8] IV III V XI IVa V IVa XV V XII IVa
RVA/Human-wt/THA/SKT-457/2014/G8P[8] IV III V XI IVa V IVa XV V XII IVa
RVA/Human-wt/THA/PCB-79/2013/G8P[8] IV III V XI IVa V VII XV V XII IVa
RVA/Human-wt/VNM/RVN1149/2014/G8P[8] IV III V XI IVa V IVa XV V XII IVa
RVA/Human-wt/KOR/CAU17L-103/2017/G8P[8] IV III V XI IVa V IVa V V XII IVa
RVA/Human-wt/SGP/NV-16-150/2016/G8P[8] IV III V V IVa V IVa XV V XII IVa
RVA/Human-wt/CHN/GZ-0013/2021/G8P[8] IV III V V IVa V IVa V V VI IVa

Equine-like G3P[4]
RVA/Human-wt/JPN/S13-45/2013/G3P[4] IVa V V IVa V IVa V V XI IVa

Equine-like G3P[8] reassortant
RVA/Human-wt/AUS/D388/2013/G3P[8] III V V IVa V IVa V V XI IVa
RVA/Human-wt/BRA/IAL-R751/2016/G3P[8] III V V IVa V IVa V V VI IVa
RVA/Human-wt/DEU/GER33-15/2015/G3P[8] III V V IVa V IVa V V VI IVa
RVA/Human-wt/DEU/GER37-16/2016/G3P[8] III V V IVa V IVa V V XI IVa
RVA/Human-wt/HUN/ERN8148/2015/G3P[8] III V V IVa V IVa V V VI IVa
RVA/Human-wt/JPN/15R429/2015/G3P[8] III V V IVa V IVa V V VI IVa
RVA/Human-wt/ESP/SS98244047/2015/G3P[8] III V V IVa V IVa V V VI IVa
RVA/Human-wt/THA/SKT-289/2013/G3P[8] III V V IVa V IVa V V XI IVa
RVA/Human-wt/USA/3000390639/2015/G3P[8] III V V IVa V IVa V V VI IVa

G1P[8] reassortant
RVA/Human-wt/JPN/KN039/2012/G1P[8] III V V IVa V IVa V V VI IVa
RVA/Human-wt/JPN/KN041/2012/G1P[8] III V V IVa V II V V VII IVa
RVA/Human-wt/MWI/BID2AW/2013/G1P[8] III V V IVa V IVa V V VII IVa
RVA/Human-wt/MWI/BID1PU/2013/G1P[8] III V V IVa V IVa V V XIII IVa
RVA/Human-wt/PHI/TGO12-004/2012/G1P[8] III V V IVa V IVa V V VI IVa
RVA/Human-wt/THA/SKT-109/2013/G1P[8] III V V IVa V IVa V V VI IVa
RVA/Human-wt/VNM/SP026/2012/G1P[8] III V V IVa V IVa V V VI IVa
RVA/Human-wt/BRA/IAL-R3122/2013/G1P[8] III V V IVa V IVa V V VI IVa

G9P[8] reassortant
RVA/Human-wt/VNM/RVN16.1024/2016/G9P[8] III V XI IVa V IVa V V XII IVa
RVA/Human-wt/THA/DBM2017-203/2017/G9P[8] III V V IVa V IVa V V VI IVa
RVA/Human-wt/JPN/To14-37/2014/G9P[8] III V XI IVa V IVa V T1 E1 IVa
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Table 1. Cont.

Strain Age Gender City State Profile
VP7 VP4 VP6 VP1 VP2 VP3 NSP1 NSP2 NSP3 NSP4 NSP5

G8 P[8] P[4] P[6] I2 R2 C2 M2 A2 N2 T2 E2 H2
G8P[4]

RVA/Human-wt/MWI/1473/2001/G8P[4] V II V II IVa V IVa V V V IVa

RVA/Human-tc/JPN/AU109/1994/G8P[4] VI IV
non-a IV VIII IV

non-a IV
IV

non-
a

VIII Distinct IV IV
non-a

RVA/Human-tc/MWI/MW2-489/2000/G8P[4] V II V II IVa V IVa V V V IVa
RVA/Human-tc/MWI/QOP387/2007/G8P[4] V II V V IVa V IVa V V XXII IVa
RVA/Human-wt/BRA/TO-251/2010/G8P[4] I IVa V V IVa V IVa V V V IVa
RVA/Human-wt/UGA/MUL-13-427/2013/G8P4 V II V V IVa V IVa V V XXIII IVa
RVA/Human-wt/USA/2012748260/2012/G8P[4] V II V V IVa V IVa V V XXII IVa
RVA/Human-wt/ZWE/MRC-DPRU3347/2010/G8P[4] V II V V IVa V IVa V V XXII IVa
RVA/Human-wt/MOZ/0052/2012/G8P[4] V II V V IVa V IVa V V XXII IVa
RVA/Human-wt/DEU/GER1H-09/2009/G8P[4] I IVa V V IVa V II X V VII IVa
RVA/Human-wt/TZA/MRC-DPRU4568/2011/G8P[4] V II V V IVa V IVa V V XXII IVa
RVA/Human-wt/KEN/MRC-DPRU1606/2009/G8P[4] V II V V IVa V IVa V V XXIII IVa
RVA/Human-wt/ITA/SS65/2011/G8[4] I IVa V Rx Cx Mx II X V VII IVa
RVA/Human-wt/IND/mcs90/2011/G8P[4] II IVa V V IVa VII IVa V V VI H3

G8P[6]
RVA/Human-wt/GHA/Ghan-149/2008/G8P[6] V I-a VI VI VI XIII IVa VII V XXI H3
RVA/Human-wt/MLI/Mali-135/2008/G8P[6] V I-a IX VI IVa VI IVa XI V Distinct IVa
RVA/Human-wt/ COD/KisB554/2010/G8P[6] V I-a V VI IVa V IVa V V XXI IVa
RVA/Human-wt/COD/DRC86/2003/G8P[6] V I-a V V IVa V IVa V V XV IVa
RVA/Human-wt/UGA/MUL-13-204/2013/G8P[6] V I-a VI V IVa V IVa V V XXXI IVa
RVA/Human-wt/SEN/MRC-DPRU2053/2009/G8P[6] V I-a IX VI IVa VI IVa XI V Distinct IVa
RVA/Human-wt/IND/DS108/2009/G8P[6] IV I-a V Rx Cx Mx IVa V V E9 IVa
RVA/Human-wt/GHA/GH019-08/2008/G8P[6] V I-a VI V VI XIII IVa VII V XXI H3

G8P[8] DS-1 like
RVA/Human-wt/COD/DRC88/2003/G8P[8] V III V V IVa V IVa V V XV IVa
RVA/Human-tc/MWI/QEC289/2006/G8P[8] V III V V IVa V IVa V V V IVa

G4P[6]
RVA/Human-wt/ZMB/MRC-DPRU1752/XXXX/G4P[6] I-a V V IVa V IVa V V VII IVa

G8P[11]
RVA/Camel-wt/SDN/MRC-DPRU447/2002/G8P[11] I X V XII XII Ax IX T6 XIX H3

Vaccines strains
RVA/Vaccine/USA/Rotateq-WI79-4/1992/G6P[8] II X XII X X A3 XIII T6 XXIX H3

G8P[14]
RVA/Human-wt/JPN/TOKYO/12-1375/2012/G8P[14] II X XII X X A3 XIII T6 XXIV H3
RVA/Human-wt/HUN/BP1062/2004/G8P[14] VI VIII VIII VII VI A11 Distinct T6 XX H3
RVA/Vicuna-wt/ARG/C75/2010/G8P[14] II Distinct XII XII XV Ax XIX T6 E3 Hx
RVA/Sheep-tc/ESP/OVR762/2002/G8P[14] II IX IX XI VII A11 X T6 XX H3
RVA/Human-tc/EGY/AS970/2012/G8P[14] VI XIV X IX Distinct A11 X T6 VII H3
RVA/Human-tc/MAR/ma31/2011/G8P[14] II IX Distinct IX VIII A11 X T6 XX H3
RVA/Alpaca-wt/PER/562/2010/G8P[14] II Distinct Distinct - VIII Ax XV T6 E3 H3
RVA/Roe deer-wt/SLO/D110-15/2015/G8P[14] II XIII IX IX X A3 XV T6 XVIII H3

G8P[1]
RVA/Human-wt/GHA/Ghan-059/2008/G8P[1] V VI VI IX VI A11 IX T6 IX H3
RVA/Goat-wt/ARG/0040/2011/G8P[1] II XIII Distinct - XV A3 XV T6 E12 H3
RVA/Cow-tc/NGA/NGRBg8/1998/G8P[1] V XIV VI X VIII A11 VII T6 IX H3
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Table 1. Cont.

Strain Age Gender City State Profile
VP7 VP4 VP6 VP1 VP2 VP3 NSP1 NSP2 NSP3 NSP4 NSP5

G8 P[8] P[4] P[6] I2 R2 C2 M2 A2 N2 T2 E2 H2
G2P[6]

RVA/Human-wt/MLI/Mali-028/2008/G2P[6] I-a V V IVa V IVa XV V Distinct IVa
RVA/Human-wt/MWI/BID15I/2012/G2P[6] I-a V V IVa V IVa V V VII IVa
RVA/Human-wt/GHA/Ghan-108/2009/G2P[6] I-a V V IVa V IVa V V X IVa
RVA/Human-wt/USA/06-242/2006/G2P[6] I-a V V IVa V IVa V V Distinct IVa

G3P[6]
RVA/Human-wt/USA/3000354444/2015/G3P[6] I-a V VI IVa V IVa V V IX IVa
RVA/Human-wt/GHA/Ghan-105/2009/G3P[6] I-a V V IVa V IVa N1 V Distinct H3

G6P[6]
RVA/Human-wt/BEL/B1711/2002/G6P[6] I-a V VI IVa XI IVa V V V IVa
RVA/Human-wt/CMR/ES298/2011/G6P[6] I-a V V IVa V IVa V V XV IVa
RVA/Human-wt/ITA/CEC06/2011/G6P[6] I-a VI Rx Cx Mx IVa V V XV IVa

G9P[4]
RVA/Human-wt/IND/RV09/2009/G9P[4] IVa V V IVa V IVa V T1 VI IVa
RVA/Human-wt/IND/RV10/2010/G9P[4] IVa V V IVa VII IVa V V E6 IVa
RVA/Human-wt/IND/kol-047/2013/G9P[4] IVa V V IVa VII IVa N1 V E6 IVa
RVA/Human-wt/ITA/AN19/2016/G9P[4] IVa V V IVa VII IVa V V VI IVa
RVA/Human-wt/JPN/S120088/2012/G9P[4] IVa V V IVa V IVa V T1 V IVa
RVA/Human-wt/USA/LB1562/2010/G9P[4] IVa V V IVa VII IVa V V E6 IVa

G2P[4]
RVA/Human-wt/JPN/01P007/2001/G2P[4] IVa V V IVa V IVa V V V IVa
RVA/Human-wt/USA/VU10-11-9/2011/G2P[4] IVa V V IVa V IVa V V VI IVa
RVA/Human-wt/USA/2007769964/2007/G2P[4] IVa V V IVa V II V V VII IVa
RVA/Human-wt/MLW/BID1JK/2013/G2P[4] IVa V V IVa V IVa V V XIII IVa
RVA/Human-wt/VNM/NT0578/2008/G2P[4] IVa V V IVa V IVa VIII V VIII IVa
RVA/Human-wt/TGO/MRC-
DPRU5124/2010/G2P[4] IVa V V IVa V IVa V V IX IVa

RVA/Human-wt/GHA/GHNAV483/2009/G2P[4] IVa V V IVa V IVa V V X IVa
RVA/Human-wt/MWI/BID1CT/2012/G2P[4] IVa V V IVa V IVa V V XIII IVa
RVA/Human-wt/GHA/GHPML1989/2012/G2P[4] IVa V V IVa VII IVa V V VI IVa
RVA/Human-wt/CHN/TB-Chen/1996/G2P[4] IV

non-a IV IV IV
non-a IV IV

non-a IV Distinct IV IV
non-a

RVA/Human-wt/JPN/KUN/1980/G2P[4] III III III III III III III III III III
RVA/Human-wt/ITA/PAI11/1996/G2P[4] II II II II II II II II II II
RVA/Human-wt/USA/DS-1/1976/G2P[4] I I I I I I I I I I
RVA/Human-wt/BRA/TO-095/2015/G2P[4] IVa V V IVa V IVa V V V IVa
RVA/Human-tc/JPN/AU605/1986/G2P[4] IV

non-a IV IV IV
non-a IV IV

non-a N1 IV IV IV
non-a

RVA/Human-wt/JPN/89Y1520/1989/G2P[4] IV
non-a IV IV IV

non-a IV IV
non-a N1 IV IV IVa

RVA/Human-wt/BGD/MMC88/2005/G2P[4] IVa V V IVa VII IVa V V V IVa
RVA/Human-wt/PRY/1040SR/2005/G2P[4] IVa V V IVa V IVa V V V IVa
RVA/Human-wt/ITA/PA150/2006/G2P[4] IVa V V IVa V IVa V V V IVa
RVA/Human-wt/HUN/ERN5603/2012/G2P[4] IVa V V IVa V IVa V V VII IVa
RVA/Human-wt/AUS/V233/1999/G2P[4] IVa V V IVa V IVa V V V IVa
RVA/Human-wt/CAN/RT036-07/2007/G2P[4] IVa V V IVa V IVa V V VII IVa
RVA/Human-wt/MWI/BID11S/2012/G2P[4] IVa V V IVa V IVa V V VII IVa

GO: Goiás state; SP: São Paulo state; DF: Federal District (Brazil Capital); MS: Mato Grosso do Sul state. a Strains characterized in the presente study.
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2.5. Phylogenetic Analyzes

In order to assess more insightful information about the phylogenetic relationships of
the G8 genotypes detected in this study, the near-full length of VP7, VP6 and NSP1-5/6 RVA
sequences and partial VP1-4 RVA sequences obtained were aligned with a set of prototype
sequences available in the GenBank database using the CLUSTAL W algorithm in the
BioEdit Sequence Alignment Editor software, version 7.0.5.2 (Ibis Therapeutics, Carlsbad,
CA, USA). A maximum-likelihood tree was constructed for each genome segment. The
best substitution models were selected based on the corrected Akaike Information Criterion
(AICc) value as implemented in MEGA X [40]. The models used in this study were General
time reversible (GTR) +G +I (NSP1), Tamura 3-parameter (T92) +G +I (NSP2, NSP3, NSP4,
VP1, VP3, VP6 and VP4 P[4]), T92 +G (NSP5/6 and VP7), T92 +I (VP4 P[8]), Tamura-Nei
(TN93) +G (VP2) and Hasegawa-Kishino-Yano (HKY) +G +I (VP4 P[6]). The statistical
significance at the branch point was calculated with 1000 pseudo-replicate datasets. For
the designation of lineages, strains from GenBank were selected using lineages previously
published by Agbemabiese et al. [41] for NSP1 to -5, VP1 to -3 and VP6, Gupta et al. [42]
and Doan et al. [43] for VP4, and Silva-Sales et al. [21].

Nucleotide sequences determined in this study have been deposited in GenBank under
the accession numbers ON653042, ON653043, ON677532-ON677537, ON703253, ON722359-
ON722361 (NSP1), ON745820-ON745831 (NSP2), ON807575-ON807586 (NSP3), ON885866-
ON885877 (NSP4), ON938328-ON938339 (NSP5), OP179787-OP179798 (VP1), OP232077-
OP232088 (VP2), OP407951-OP407962 (VP3), OP374084-OP374095 (VP4), OP263659-
OP263670 (VP6) and OP311907-OP311918 (VP7).

2.6. Antigenic and Structural Analysis of VP7 Gene Segment

Antigenic characterization sequences were aligned using BioEdit Sequence Alignment
Editor software, version 7.0.5.2 (Ibis Therapeutics, Carlsbad, CA, USA), and potential
N-linked glycosylation sites were screened using the NetNGlyc1.0 Server (https://services.
healthtech.dtu.dk/service.php?NetNGlyc-1.0).

The sequences obtained were aligned and converted to proteins using reference se-
quences to identify the open reading frame and subsequent protein alignment. With the
sequences created in this manner, we separated each case into its own FASTA file and
proceeded with the modeling in MODELER 10.4 and SwissModel, evaluating them with
DOPE scores [44,45]. The sequences were then evaluated according to the PDBSum GEN-
ERATE scores [46] and structurally aligned by the PyMod modeler module (SAlign) from
the Pymol 2.5 (https://pymol.org/2/). The models were then treated on the MolPorbity
website (http://molprobity.biochem.duke.edu/) to check clashes and bumps. The final
configurations were then evaluated on the Immune Epitope Database (IEDB) website
(https://www.iedb.org/) in the DISCOTOPE and ELlipro modules to investigate discon-
tinuous epitopes and predict antibody binding, both using 3D structures for the losses.

2.7. Ethical Approval

Previous Ethics Committee approval was granted by the Adolfo Lutz Institute, São
Paulo, Brazil (CAAE 40718114.5.0000.0059 and CAAE 51963821.3.0000.0059).

3. Results
3.1. RVA Detection and Genotyping

The G8 genotype represented 0.6% (15/2434) of the entirely RVA-positive samples de-
tected between 2007 and 2020. All G8 VP7 and VP4 amplicons were successfully sequenced
and further differentiated as G8P[4] (33.3%, 5/15), G8P[6] (46.7%, 7/15) and G8P[8] (20%,
3/15) combinations. All G8 strains showed a short RNA pattern. The short electrophoretic
profile is commonly associated with P[4] and P[6] specificities, but unusually associated
with those of P[8], suggesting a potential identification of the emerging DS-1-like G8P[8]
strain (Table 1). A distribution of RVA genotypes detected during the study period was
reported in previous investigations [13,14,30,47].

https://services.healthtech.dtu.dk/service.php?NetNGlyc-1.0
https://services.healthtech.dtu.dk/service.php?NetNGlyc-1.0
https://pymol.org/2/
http://molprobity.biochem.duke.edu/
https://www.iedb.org/
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Complete or nearly complete nucleotide sequences for NSP1-5/6, VP7 and VP6
genome segments and partial VP1–4 gene sequences of 12 selected G8 strains were deter-
mined. The percentage of the genomes obtained ranged from 42.9% to 49.8%. The length
of the sequences determined for the 12 G8 strains and the nucleotide positions compared
are shown in Supplement S1. The four G8P[4], six G8P[6] and two G8P[8] RVA strains
possess a DS-1-like genetic background (I2-R2-C2-M2-A2-N2-T2-E2-H2), thus confirming
the identification of the novel DS-1-like G8P[8] intergenogroup reassortment (Table 1).

To investigate the genetic relatedness and potential origin of the Brazilian G8P[4]/P[6]/
P[8] strains, the 11 gene segments were analyzed phylogenetically. The phylogenetic
relationship was inferred by the maximum-likelihood method, using reference RVA strains
from humans, vaccines, cows, goats, foxes, alpacas, bats, pigs, camels, sheep, roe deer,
horses, cats, vicuñas, simians, dogs, rabbits, antelopes, guanacos, rats, llamas and lambs
available at the GenBank database. Sequences from Brazil and South America were also
included in the analysis.

3.2. Bovine-like G8P[8] Strains with the DS-1-like Backbone

Supplement S2 shows a comparison of amino acid sequences of the six antigenic
regions A–F [48] between G8P[8] and the DS-1-like backbone strains detected here and
reference RVA strains belonging to the G8 genotype. There was 100% amino acid (aa)
homology in all antigenic regions between RVA/Human-wt/BRA/R193/2017/G8P[8]
and RVA/Human-wt/BRA/R558/2017/G8P[8] and the recently emerged human bovine-
like G8P[8] strains and the DS-1-like backbone strains reported in Asia (RVA/Human-
wt/THA/SKT-457/2014/G8P[8], RVA/Human-wt/VNM/RVN1293/2014/G8P[8] and
RVA/Human-wt/JPN/MU14-0/2014/G8P[8]) in 2014 [17,49,50]. The Brazilian G8P[8] with
the DS-1-like backbone strains detected here were also identical, compared to the six anti-
genic regions to the Argentinian G8P[8] strains bearing DS-1-like backbone (RVA/Human-
wt/ARG/Arg15080/2016/G8P[8] and RVA/Human-wt/ARG/Arg16571/2018/G8P[8]) re-
ported since 2016 [51]. They were also identical to the bovine RVA/Cow-wt/IND/68/2007/
G8P[14] strain, thus supporting the animal origin hypothesis of the emerging bovine-like
G8P[8] strains with the DS-1-like backbone. The alignment of aa sequences deduced from
the VP7 gene revealed aa substitutions in Brazilian bovine-like G8P[8] DS-1-like strains
inside the variable region A (aa 39–50) at positions 41V→I and 44 V→I, region B (aa 87–101)
at position 87A→T and region F (aa 233–242) at position 237V→I. Amino acid substitutions
were also observed outside VP7 hypervariable regions at positions 65M/T→A, 119K→R and
268I→V. The VP7 protein of Brazilian bovine-like G8P[8] DS-1-like strains had two potential
N-linked glycosylation sites located at aa 69-72 (NVST) and 238-241 (NVTT).

Supplement S3 shows the deduced amino acid sequence of the VP4 (subunit VP8*) of
human Brazilian bovine-like G8P[8] strains with the DS-1-like backbone (RVA/Human-
wt/BRA/IAL-R193/2017/G8P[8] and RVA/Human-wt/BRA/IAL-R558/2017/G8P[8])
and representative VP4 amino acid sequences of the RVA P[8] genotype. The three potential
cleavage sites, arginine (R) 230, 240 and 246, were maintained in the two Brazilian bovine-
like G8P[8] strains with the DS-1-like backbone. The arginine at position 246 in Asian emer-
gent bovine-like G8P[8] strains with the DS-1-like backbone RVA/Human-wt/JPN/MU14-
0/2014/G8P[8], RVA/Human-wt/THA/SKT-457/2014/G8P[8], RVA/Human-wt/VNM/
RVN1149/2014/G8P[8] were substituted by a lysine (K). The highly conserved cysteine
(C), at residue 215, and prolines (P), at residues 68, 71, 224 and 225, were maintained in the
two Brazilian bovine-like G8P[8] strains with the DS-1-like backbone.

Within the VP8* subunit variable region, substitutions had occurred in strain RVA/Human-
wt/BRA/IAL-R193/2017/G8P[8] at positions 162R→K and 195G/S→D. Amino acid substitutions
were also observed outside the VP4 hypervariable region in the RVA/Human-wt/BRA/IAL-
R193/2017/G8P[8] strain: 35V→I, 236G/S→D and 245K→T. There was 100% aa homology in the
VP4 hypervariable region between the RVA/Human-wt/BRA/IAL-R193/2017/G8P[8] strain
and the recently emerged human bovine-like G8P[8] strains, with the DS-1-like backbone re-
ported in Asia (RVA/Human-wt/THA/SKT-457/2014/G8P[8], RVA/Human-wt/VNM/RVN
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1149/2014/G8P[8], RVA/Human-wt/THA/SKT-109/2013/G1P[8] and RVA/Human-wt/JPN/
MU14-0/2014/G8P[8]) in 2014, as well as the Russian RVA G12P[8] detected in 2017 (RVA/
Human-wt/RUS/NS17-A1039/2017/G12P[8]) [17,49,50]. Considering the RVA/Human-wt/
BRA/IAL-R558/2017/G8P[8] strain, substitutions had occurred at positions 146S→G and
162R→K within the VP8* subunit variable region. Amino acid substitutions were also ob-
served outside the VP4 hypervariable region in RVA/Human-wt/BRA/IAL-R558/2017/G8P[8]
strain: 245K→T. RVA/Human-wt/BRA/R193/2017/G8P[8] strain was unique, considering aa
homology in VP4 hypervariable region (Supplement S3).

Analysis of the genomic constellation of Brazilian bovine-like G8P[8] strains with the DS-1-
like backbone detected here revealed two different genotype lineage constellations: G8.IV-P[8].III-
A2.IVa-N2.XV-T2.V-E2.XII-H2.IVa-R2.XI-C2.IVa-M2.V-I1.V, represented by the RVA/Human-
wt/BRA/IAL-R193/2017/G8P[8] strain, and G8.IV-P[8].III-A2.IVa-N2.XV-T2.V-E2.XII-H2.IVa-
R2.Distinct-C2.IVa-M2.V-I1.V, represented by the RVA/Human-wt/BRA/IAL-R558/2017/
G8P[8] strain. On the one hand, the Brazilian IAL-R193 strain possesses a genotype lineage
constellation identical to the bovine-like G8P[8] bearing DS-1-like backbone strains that emerged
in and spread from Asia in 2014, including those from Japan (RVA/Human-wt/JPN/MU14-
0/2014/G8P[8]), Thailand (RVA/Human-wt/THA/SKT-457/2014/G8P[8]) and Vietnam (RVA/
Human-wt/VNM/RVN1149/2014/G8P[8]) [17,49,50]. On the other hand, the Brazilian IAL-
R558 strain exhibits a potentially unique genotypic lineage constellation in which the VP1 gene
was reassorted with a yet undescribed lineage, here named “Distinct”. The other 10 backbone
segments of the IAL-R558 strain belong to the same lineages identified in the Brazilian IAL-R193
strain (Table 1).

The sequences of the two Brazilian bovine-like G8P[8] strains with the DS-1-like
backbone strains were analyzed to elucidate the origin of these strains, whether they
are derived from one specific bovine-like G8P[8] DS-1-like reference strain, or whether
they are reassortment strains. The VP7, VP4 and NSP2 genes of strains IAL-R193 and
IAL-558 clustered together exclusively with bovine-like G8P[8] strains with the DS-1-like
backbone circulating in Asian countries (nucleotide sequence identities of 99–100%, 98–99%
and 99.5–100%, respectively) (Figure 1A,B,J). Considering the VP7 gene in particular, the
two bovine-like G8P[8] strains with the DS-1-like backbone clustered together with the
majority of human RVA G8P[8] DS-1-like reference strains and with the bovine RVA/Cow-
wt/IND/68/2007/G8P[14] ancestor, reinforcing the hypothesis that these newly discovered
bovine-like G8P[8] strains with the DS-1-like backbone have an animal origin (Figure 1A).
Considering the VP4 gene, the Brazilian bovine-like G8P[8] strains with the DS-1-like
backbone detected here grouped into Lineage III, as expected. After 2003, virtually all
globally circulating P[8] strains belonged to Lineage III (Figure 1B).

On the one hand, the VP2, VP3, VP6 and NSP4 phylogenetic analysis, strains IAL-R193
and IAL-R558 formed clusters with the Asian bovine-like G8P[8] strains with the DS-1-like
backbone, but also with Asian equine-like G3P[8] DS-1-like strains and Asian emerging
double-gene reassorted G1/G9P[8] DS-1-like RVA strains (nucleotide sequence identities of
98.4–99.8%, 99.3–100%, 99.7–100% and 98.8–99.5%, respectively) (Figure 1F–H,L). On the
other hand, the NSP1 and NSP3 genes of strains IAL-R193 and IAL-558 formed clusters
with Asian, European and American intergenogroup reassorted DS-1-like G1/G3/G9/G8P[8]
strains (nucleotide sequence identities of 98.4–99.7% and 99.2–100%, respectively) (Figure 1I,K).
Considering the NSP5 gene analysis in particular, the Brazilian RVA/Human-wt/BRA/IAL-
R193/2017/G8P[8] strain exhibited a close genetic relationship to those of Asian, European
and American intergenogroup reassorted DS-1-like G3/G9/G8P[8] strains (99–99.8% nt),
while the RVA/Human-wt/BRA/IAL-R558/2017/G8P[8] strain displayed a genetic relation-
ship with Asian and Australian G2P[4] strains besides the Asian, European and American
intergenogroup reassorted DS-1-like G3/G9/G8P[8] strains (99.5–100% nt) (Figure 1M). As
highlighted in the genotype lineage constellations data, a key observation was extracted
from the phylogenetic analysis of the VP1 gene, in which the RVA/Human-wt/BRA/IAL-
R193/2017/G8P[8] strain is closely related to the Asian bovine-like G8P[8] strains with the
DS-1-like backbone and double-gene reassorted G9P[8] DS-1-like strains (99.3–99.8% nt),



Viruses 2023, 15, 664 10 of 34

whereas RVA/Human-wt/BRA/IAL-R558/2017/G8P[8] strain could not be placed in any
lineage previously proposed by Agbemabiese et al. [41] (Figure 1E).
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KX655522 RVA/Human-wt/UGA/MUL-13-427/2013/G8P[4]

MG891987 RVA/Human-wt/MOZ/0052/2012/G8P[4]

KJ751618 RVA/Human-wt/TZA/MRC-DPRU4568/2011/G8P[4]

KC215513 RVA/Vaccine/USA/MVS-BRV1290xUK/2005/G8P[5]

HQ657143 RVA/Human-wt/MWI/1473/2001/G8P[4]

AB749165 RVA/Human-tc/MWI/MW2-489/2000/G8P[4]

FJ386443 RVA/Human-wt/ZAF/MW4103/2000/G8P[8]

AJ278254 RVA/Human-wt/MWI/MW23/2000/G8P[6]

KX655456 RVA/Human-wt/UGA/MUL-13-204/2013/G8P[6]

AB749185 RVA/Human-tc/MWI/QEC289/2006/G8P[8]

LC119109 RVA/Cow-tc/NGA/NGRBg8/1998/G8P[1]

KP883176 RVA/Human-wt/MLI/Mali-135/2008/G8P[6]

KJ752623 RVA/Human-wt/SEN/MRC-DPRU2053/2009/G8P[6]

KP882472 RVA/Human-wt/GHA/Ghan-059/2008/G8P[1]

KP882681 RVA/Human-wt/GHA/Ghan-149/2008/G8P[6]
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MW727429 RVA/Fox-wt/CRO/L157-VS/2018/G8P[14]

FN665696 RVA/Human-wt/HUN/BP1062/2004/G8P[14]

AB272753 RVA/Human-tc/JPN/AU109/1994/G8P[4]

KU317471 RVA/Human-tc/EGY/AS970/2012/G8P[14]

MK519589 RVA/Goat-wt/BGD/GBCL0200/2010/G8P[x]

FJ861661 RVA/Human-wt/IND/DS108/2009/G8P[6]

GU984762 RVA/Cow-wt/IND/68/2007/G8P[14]

● RVA/Human-wt/BRA/IAL-R558/2017/G8P[8]

MG996101 RVA/Human-wt/SGP/NV-16-150/2016/G8P[8]

OK349194 RVA/Human-wt/CHN/GZ-0013/2021/G8P[8]

LC074731 RVA/Human-wt/VNM/RVN1149/2014/G8P[8]

LC169857 RVA/Human-wt/THA/PCB-79/2013/G8P[8]

LC102961 RVA/Human-wt/JPN/MU14-0/2014/G8P[8]

MN921193 RVA/Human-wt/ARG/Arg16571/2018/G8P[8]

MN058751 RVA/Human-wt/KOR/CAU17L-103/2017/G8P[8]

LC169945 RVA/Human-wt/THA/SKT-457/2014/G8P[8]

● RVA/Human-wt/BRA/IAL-R193/2017/G8P[8]

MN166824 RVA/Human-wt/CZE/H140/2016/G8P[8]

EU835945 RVA/Human-wt/ITA/PR-1300/2004/G8P[14]

MF940609 RVA/Cow-tc/KOR/KJ11/2006/G8P[7]

LC336588 RVA/Human-wt/JPN/Tokyo-12-1375/2012/G8P[14]

JX070052 RVA/Vicuna-wt/ARG/C75/2010/G8P[14]

KF577843 RVA/Goat-wt/ARG/0040/2011/G8P[1]

KY426808 RVA/Roe deer-wt/SLO/D110-15/2015/G8P[14]

EF554153 RVA/Sheep-tc/ESP/OVR762/2002/G8P[14]

MG214342 RVA/Human-tc/MAR/ma31/2011/G8P[14]

KT887525 RVA/Alpaca-wt/PER/562/2010/G8P[14]

JX307594 RVA/Human-wt/IND/mcs90/2011/G8P[4]

EF672560 RVA/Human-tc/IND/69M/1980/G8P[10]

KC257096 RVA/Camel-wt/SDN/MRC-DPRU447/2002/G8P[11]

KX212865 RVA/Cow-wt/TUR/Amasya-1/2015/G8P[5]

EF218675 RVA/Human-wt/ETH/6810/2004/G8P[8]

EF218678 RVA/Human-wt/CIV/6736/2004/G8P[8]

JQ988904 RVA/Human-wt/CRO/CR2006/2006/G8P[8]

DQ995179 RVA/Human-wt/SVN/SI-885/06/G8P[8]

KC870012 RVA/Human-wt/ITA/SS65/2011/G8P[4]

GQ414545 RVA/Human-wt/GER/GER1H-09/2009/G8P[4]

JX844068 RVA/Human-wt/BRA/MA19555-11/2011/G8P[x]

● RVA/Human-wt/BRA/IAL-R2600/2010/G8P[4]

KR018497 RVA/Human-wt/BRA/IP-447MG/2011/G8P[4]

MT633157 RVA/Human-wt/BRA/TO-251/2010/G8P[4]

● RVA/Human-wt/BRA/IAL-R2598/2010/G8P[4]

● RVA/Human-wt/BRA/IAL-R2601/2010/G8P[4]

● RVA/Human-wt/BRA/IAL-R2597/2010/G8P[4]

KU861461 RVA/Human-tc/USA/DC5685-20-AG/1991/G1P[8] outgroup
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MF997038 RVA/Human-wt/USA/3000390639/2015/G3P[8]

MH569765 RVA/Human-wt/BRA/IAL-R751/2016/G3P[8]

MG599527 RVA/Human-wt/BRA/IAL-R3122/2013/G1P[8]

LC105381 RVA/Human-wt/JPN/To14-37/2014/G9P[8]

KP007160 RVA/Human-wt/PHI/TGO12-004/2012/G1P[8]

AB975513 RVA/Human-wt/JPN/KN039/2012/G1P[8]

AB975515 RVA/Human-wt/JPN/KN041/2012/G1P[8]

KU059769 RVA/Human-wt/AUS/D388/2013/G3P[8]

KY000547 RVA/Human-wt/DEU/GER37-16/2016/G3P[8]

LC086728 RVA/Human-wt/THA/SKT-289/2013/G3P[8]

LC325461 RVA/Human-wt/JPN/15R429/2015/G3P[8]

LC169943 RVA/Human-wt/THA/SKT-457/2014/G8P[8]

LC074732 RVA/Human-wt/VNM/RVN1149/2014/G8P[8]

LC102962 RVA/Human-wt/JPN/MU14-0/2014/G8P[8]

LC066653 RVA/Human-wt/THA/SKT-109/2013/G1P[8]

MN552124 RVA/Human-wt/RUS/NS17-A1039/2017/G12P[8]

LC491441 RVA/Human-wt/VNM/RVN16.1024/2016/G9P[8]

● RVA/Human-wt/BRA/IAL-R193/2017/G8P[8]

MN058749 RVA/Human-wt/KOR/CAU17L-103/2017/G8P[8]

MG996085 RVA/Human-wt/SGP/NV-16-150/2016/G8P[8]

LC066148 RVA/Human-wt/VNM/SP026/2012/G1P[8]

KJ094935 RVA/Human-wt/CHN/LL11131077/2011/G9P[8]

DQ005111 RVA/Human-wt/COD/DRC88/2003/G8P[8]

FN179472 RVA/Human-wt/BRA/rj11772/2005/G9P[8]

AB749210 RVA/Human-tc/MWI/QEC289/2006/G8P[8]

MG181637 RVA/Human-wt/MWI/BID2AW/2013/G1P[8]

MG181615 RVA/Human-wt/MWI/BID1PU/2013/G1P[8]

MT633445 RVA/Human-wt/BRA/TO-242/2014/G12P[8]

FJ425168 RVA/Human-wt/CIV/6736/2004/G8P[8]

EF672619 RVA/Human-tc/USA/WI61/1983/G9P[8]

GU565044 RVA/Vaccine/USA/RotaTeq-WI79-4/1992/G6P[8]

JX406750 RVA/Human-tc/USA/Wa/1974/G1P[8]

JN849113 RVA/Vaccine/USA/Rotarix-A41CB052A/1988/G1P[8]

EU979382 RVA/Human-wt/BGD/MMC71/2005/G1P[8]

HQ881574 RVA/Human-wt/IND/NIV-07523/2007/G1P[8]

JQ289107 RVA/Human-wt/RUS/Nov10-N1008/G4P[8]

HQ650119 RVA/Human-tc/USA/DS-1/1976/G2P[4] outgroup
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 ● RVA/Human-wt/BRA/IAL-R2600/2010/G8P[4] 

 KC870011 RVA/Human-wt/ITA/SS65/2011/G8[4] 
 GQ414543 RVA/Human-wt/GER/GER1H-09/2009/G8P[4] 
 KC442906 RVA/Human-wt/USA/2007769964/2007/G2P[4]

 JQ069638 RVA/Human-wt/CAN/RT036-07/2007/G2P[4] 
 MH591398 RVA/Human-wt/LBN/LBNA095/2012/G9P[4] 
 KJ919697 RVA/Human-wt/HUN/ERN5603/2012/G2P[4] 
 MT633458 RVA/Human-wt/BRA/TO-251/2010/G8P[4] 

 MT633454 RVA/Human-wt/BRA/TO-095/2015/G2P[4] 
 KC834704 RVA/Human-wt/AUS/V233/1999/G2P[4] 

 KJ639026 RVA/Human/JPN/S13-45/2013/G3P[4]

 AB848998 RVA/Human-wt/JPN/S120088/2012/G9P[4] 
 KJ626968 RVA/Human-wt/PRY/1040SR/2005/G2P[4] 

 KC178794 RVA/Human-wt/ITA/PA150/2006/G2P[4] 
 LC001915 RVA/Human-tc/JPN/01P007/2001/G2P[4] 
 EF077318 RVA/Human-wt/KOR/KMR184/2004/G2P[4] 

 KJ752164 RVA/Human-wt/TGO/MRC-DPRU5124/2010/G2P[4]

 LC105567 RVA/Human-wt/GHA/GHNAV483/2009/G2P[4]

 LC227970 RVA/Human-wt/IND/Kol-047/2013/G9P[4] 
 MG981265 RVA/Human-wt/ITA/AN19/2016/G9P[4]

 MW453757 RVA/Human-wt/IND/HP-253/2014/G12P[4]

 JX307598 RVA/Human-wt/IND/mcs90/2011/G8P[4] 
 LC060815 RVA/Human-wt/VNM/NT0578/2008/G2P[4] 

 GQ117018 RVA/Human-wt/RUS/Nov04-H676/2004/G2P[4] 
 MG181318 RVA/Human-wt/MWI/BID1JK/2013/G2P[4] 

 MG181923 RVA/Human-wt/MWI/BID1CT/2012/G2P[4] 
 HQ641373 RVA/Human-wt/BGD/MMC88/2005/G2P[4]

 KF716331 RVA/Human-wt/USA/VU10-11-9/2011/G2P[4] 
 KX536661 RVA/Human-wt/IND/RV09/2009/G9P[4] 
 LC105578 RVA/Human-wt/GHA/GHPML1989/2012/G2P[4] 
 KX536662 RVA/Human-wt/IND/RV10/2010/G9P[4] 
 KC782522 RVA/Human-wt/USA/LB1562/2010/G9P[4]

 AB762770 RVA/Human-tc/JPN/AU605/1986/G2P[4] 
 LC001909 RVA/Human-wt/JPN/89H279/1989/G2P[4] 

 LC001910 RVA/Human-wt/JPN/89Y1520/1989/G2P[4] 
 LC065018 RVA/Human-tc/JPN/AU109/1994/G8P[4]

 AY787644 RVA/Human-wt/CHN/TB-Chen/1996/G2P[4] 
 AB733131 RVA/Human-tc/JPN/KUN/1980/G2P[4] 

 DQ141310 RVA/Human-wt/USA/DS-1/1976/G2P[4]

 KC443590 RVA/Human-wt/AUS/CK20001/1977/G2P[4]

 KC178792 RVA/Human-wt/ITA/PAI11/1996/G2P[4]

 M58292 RVA/Human-tc/PHL/L26/1990/G12P[4] 
 JF304918 RVA/Human-tc/KEN/D205/1989/G2P[4]

 HQ657141 RVA/Human-wt/MWI/1473/2001/G8P[4] 
 AB749190 RVA/Human-tc/MWI/MW2-489/2000/G8P[4] 
 AB749198 RVA/Human-tc/MWI/QOP387/2007/G8P[4] 

 KJ752208 RVA/Human-wt/ZAF/MRC-DPRU82/2012/G2P[4] 
 KJ752461 RVA/Human-wt/ZWE/MRC-DPRU3347/2010/G8P[4] 
 MT232618 RVA/Human-wt/USA/2012748260/2012/G8P[4] 

 KF636248 RVA/Human-wt/KEN/MRC-DPRU1606/2009/G8P[4]

 MG891985 RVA/Human-wt/MOZ/0052/2012/G8P[4] 
 KX655520 RVA/Human-wt/UGA/MUL-13-427/2013/G8P[4]

 KJ751616 RVA/Human-wt/TZA/MRC-DPRU4568/2011/G8P[4]

 KU861459 RVA/Human-tc/USA/DC5685-20-AG/1991/G1P[8] outgroup 
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KP883177 RVA/Human-wt/MLI/Mali-135/2008/G8P[6]
KJ752621 RVA/Human-wt/SEN/MRC-DPRU2053/2009/G8P[6]
KJ870758 RVA/Human-wt/COD/KisB557/2010/G1P[6]
KJ870892 RVA/Human-wt/COD/KisB554/2010/G8P[6]
KJ870754 RVA/Human-wt/COD/KisB551/2010/G8P[6]
JF460815 RVA/Human-wt/USA/06-242/2006/G2P[6]
MG181879 RVA/Human-wt/MWI/BID15I/2012/G2P[6]
MG181769 RVA/Human-wt/MWI/BID11S/2012/G2P[6]
● RVA/Human-wt/BRA/IAL-RN361/2009/G8P[6]
JQ693566 RVA/Human-tc/BRA/IAL-RN376/2009/G8P[6]
● RVA/Human-wt/BRA/IAL-RN374/2009/G8P[6]
● RVA/Human-wt/BRA/IAL-R2437/2010/G8P[6]
● RVA/Human-wt/BRA/IAL-R2404/2010/G8P[6]
● RVA/Human-wt/BRA/IAL-RN377/2009/G8P[6]
● RVA/Human-wt/BRA/IAL-RN373/2009/G8P[6]
KJ753493 RVA/Human-wt/ZMB/MRC-DPRU1752/XXXX/G4P[6]
KJ748479 RVA/Human-wt/GHA/GH019-08/2008/G8P[6]
KP882682 RVA/Human-wt/GHA/Ghan-149/2008/G8P[6]
KP222867 RVA/Human-wt/MOZ/21178/2011/G2P[6]
EU033986 RVA/Human-wt/IRL/R330/G2P[6]
KP882572 RVA/Human-wt/GHA/Ghan-105/2009/G3P[6]
KJ751738 RVA/Human-wt/CMR/MRC-DPRU1480/2009/G1P[6]
KM660341 RVA/Human-wt/CMR/ES298/2011/G6P[6]
KP882605 RVA/Human-wt/GHA/Ghan-108/2009/G2P[6]
KP882825 RVA/Human-wt/MLI/Mali-028/2008/G2P[6]
MN478734 RVA/Human-wt/USA/3000354444/2015/G3P[6]
KC152908 RVA/Human-wt/ITA/CEC06/2011/G6P[6]
MG602289 RVA/Human-wt/BFA/77/2013/G6P[6]
MN746349 RVA/Human-wt/BFA/45/2015/G12P[6]
MZ066093 RVA/Human-wt/BEN/3001607684/2018/G1P[6]

JF909042 RVA/Human-wt/ETH/ETH72/2009/G3P[6]
AY843335 RVA/Human-wt/GHA/86/2003/G10P[6]
AF532203 RVA/Human-wt/BEL/B1711/2002/G6P[6]
FJ425170 RVA/Human-wt/CMR/6782/2000/G8P[6]

EU144118 RVA/Human-wt/CHN/XJ99-468/1999/G9P[6]
GU937090 RVA/Human-wt/CHN/BJ-CR4916/2008/G9P[6]
EU144115 RVA/Human-wt/CHN/XJ96-39/1996/G2P[6]
FJ915089 RVA/Human-wt/RUS/Nov04-H429/2004/G9P[6]
EU839952 RVA/Human-wt/BGD/MMC24/2005/G9P[6]
DQ146674 RVA/Human-wt/BGD/Matlab13/2003/G12P[6]
JX878655 RVA/Human-wt/RUS/Omsk/O1299/2012/G2P[6]
KY497521 RVA/Human-wt/PAK/3094/2010/G12P[6]
MW453764 RVA/Human-wt/IND/HP-377/2015/G12P[6]
GU983674 RVA/Bat-wt/KEN/4852/2007/G25P[6]

DQ525200 RVA/Human-wt/BRA/HST369-PA/1999/G2P[6]
DQ525201 RVA/Human-wt/BRA/HST435/2000/G9P[6]
EF077329 RVA/Human-wt/KOR/KMR720/2000/G9P[6]
DQ492649 RVA/Human-wt/BGD/Dhaka107/1999/G9P[6]
AF529874 RVA/Human-wt/ZAF/6342LP/1999/G9P[6]
AF079356 RVA/Human-wt/USA/US1205/1999/G9P[6]
FJ861659 RVA/Human-wt/IND/DS108/2009/G8P[6]
AJ311737 RVA/Human-wt/USA/Se585/2000/G12P[6]
GQ240598 RVA/Human-wt/IND/mani-234/2007/G12P[6]
JN706510 RVA/Human-wt/THA/CU331-NR/2008/G12P[6]
HQ657163 RVA/Human-wt/ZAF/3176WC/2009/G12P[6]
KM008690 RVA/Human-wt/IND/KOL-30-08/2008/G1P[6]
FJ747628 RVA/Human-wt/GER/GER172/2008/G12P[6]
MH744594 RVA/Human-wt/IND/IDH/2014/G10P[6]
MG891974 RVA/Human-wt/MOZ/0050/2012/G12P[6]
KP938519 RVA/Human-wt/IND/JU-SOL-77/2012/G1P[6]

FJ386450 RVA/Human-wt/KEN/KY6950/2002/G8P[6]
DQ070470 RVA/Human-wt/BRA/NB321/1997/G2P[6]
DQ005122 RVA/Human-wt/COD/DRC86/2003/G8P[6]

KX655454 RVA/Human-wt/UGA/MUL-13-204/2013/G8P[6]
AF532203 RVA/Human-wt/MWI/mw131/1997-2000/G8P[6]
AF161825 RVA/Human-wt/ZAF/GR630/1986/G4P[6]
L33895 RVA/Human-tc/USA/ST3/1994/G4P[6]

AY955302 RVA/Pig-wt/ITA/221/04-13/2006/GxP[6]
AY955306 RVA/Pig-wt/ESP/51/04/GxP[6]
AY955300 RVA/Pig-wt/ITA/134/04-11/2006/GxP[6]

HQ388410 RVA/Pig-wt/BRA/BRA898/2007/G4P[6]
AJ621507 RVA/Human-wt/HUN/BP1338/00/2004/G4P[6]
AJ621505 RVA/Human-wt/HUN/BP1227/2002/G4P[6]

AB770153 RVA/Human-tc/JPN/AU19/1997/G1P[6]
AB176685 RVA/Pig-wt/JPN/JP3-6/2002/G9P[6]

MT025913 RVA/Pig-tc/USA/Gottfried/1975/G4P[6]
KU861459 RVA/Human-tc/USA/DC5685-20-AG/1991/G1P[8] outgroup
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KP882607 RVA/Human-wt/GHA/Ghan-108/2009/G2P[6]
LC105569 RVA/Human-wt/GHA/GHNAV483/2009/G2P[4]
KJ752161 RVA/Human-wt/TGO/MRC-DPRU5124/2010/G2P[4]
KX655517 RVA/Human-wt/UGA/MUL-13-427/2013/G8P[4]
KJ748476 RVA/Human-wt/GHA/GH019-08/2008/G8P[6]
LC026106 RVA/Human-wt/GHA/PML1965/2012/G6P[6]
KP882827 RVA/Human-wt/MLI/Mali-028/2008/G2P[6]
KM660248 RVA/Human-wt/CMR/ES298/2011/G6P[6]

KP882574 RVA/Human-wt/GHA/Ghan-105/2009/G3P[6]
KC257091 RVA/Camel-wt/SDN/MRC-DPRU447/2002/G8P[11]
JF460812 RVA/Human-wt/USA/06-242/2006/G2P[6]
KJ753490 RVA/Human-wt/ZMB/MRC-DPRU1752/XXXX/G4P[6]
MG181876 RVA/Human-wt/MWI/BID15I/2012/G2P[6]
MG181766 RVA/Human-wt/MWI/BID11S/2012/G2P[4]

KJ919379 RVA/Human-wt/HUN/ERN5603/2012/G2P[4]
KC442903 RVA/Human-wt/USA/2007769964/2007/G2P[4]
JQ069889 RVA/Human-wt/CAN/RT036-07/2007/G2P[4]
KX655506 RVA/Human-wt/UGA/MSK-13-048/2013/G9P[8]
DQ005114 RVA/Human-wt/COD/DRC88/2003/G8P[8]
DQ005125 RVA/Human-wt/COD/DRC86/2003/G8P[6]
AB749792 RVA/Human-tc/MWI/QOP387/2007/G8P[4]
KJ752458 RVA/Human-wt/ZWE/MRC-DPRU3347/2010/G8P[4]
MT232620 RVA/Human-wt/USA/2012748260/2012/G8P[4]
MG891982 RVA/Human-wt/MOZ/0052/2012/G8P[4]
KJ751613 RVA/Human-wt/TZA/MRC-DPRU4568/2011/G8P[4]
KF636245 RVA/Human-wt/KEN/MRC-DPRU1606/2009/G8P[4]
KC834713 RVA/Human-wt/AUS/V233/1999/G2P[4]
HQ657171 RVA/Human-wt/ZAF/3203WC/2009/G2P[4]
MT579418 RVA/Human-wt/BRA/TO-251/2010/G8P[4]

KC178766 RVA/Human-wt/ITA/PA150/2006/G2P[4]
LC001953 RVA/Human-tc/JPN/01P007/2001/G2P[4]
KJ626965 RVA/Human-wt/PRY/1040SR/2005/G2P[4]
DQ146682 RVA/Human-wt/BGD/N26/2002/G12P[6]
HQ641364 RVA/Human-wt/BGD/MMC88/2005/G2P[4]
KU059766 RVA/Human-wt/AUS/D388/2013/G3P[8]
KJ639023 RVA/Human-wt/JPN/S13-45/2013/G3P[4]
KY000549 RVA/Human-wt/DEU/GER37-16/2016/G3P[8]
LC086725 RVA/Human-wt/THA/SKT-289/2013/G3P[8]
AB975634 RVA/Human-wt/JPN/KN039/2012/G1P[8]
MG996061 RVA/Human-wt/SGP/NV-16-150/2016/G8P[8]
LC066650 RVA/Human-wt/THA/SKT-109/2013/G1P[8]
AB975635 RVA/Human-wt/JPN/KN041/2012/G1P[8]
KP007204 RVA/Human-wt/PHI/TGO12-045/2012/G1P[8]
MG599515 RVA/Human-wt/BRA/IAL-R3122/2013/G1P[8]
KX880417 RVA/Human-wt/DEU/GER33-15/2015/G3P[8]
MH569748 RVA/Human-wt/BRA/IAL-R751/2016/G3P[8]
KU550262 RVA/Human-wt/ESP/SS98242319/2015/G3P[8]
MF997035 RVA/Human-wt/USA/3000390639/2015/G3P[8]
KU870385 RVA/Human-wt/HUN/ERN8148/2015/G3P[8]
KU550267 RVA/Human-wt/ESP/SS98244047/2015/G3P[8]
AB849000 RVA/Human-wt/JPN/S120088/2012/G9P[4]
GQ414540 RVA/Human-wt/DEU/GER1H-09/2009/G8P[4]
● RVA/Human-wt/BRA/IAL-R2601/2010/G8P[4]
● RVA/Human-wt/BRA/IAL-R2597/2010/G8P[4]
● RVA/Human-wt/BRA/IAL-R2600/2010/G8P[4]
● RVA/Human-wt/BRA/IAL-R2598/2010/G8P[4]
MT579414 RVA/Human-wt/BRA/TO-095/2015/G2P[4]

GU937877 RVA/Human-tc/BGD/GO34/1999/G6P[1]
KX655451 RVA/Human-wt/UGA/MUL-13-204/2013/G8P[6]
AB749805 RVA/Human-tc/MWI/QEC289/2006/G8P[8]
KX536652 RVA/Human-wt/IND/RV09/2009/G9P[4]
MG981262 RVA/Human-wt/ITA/AN19/2016/G9P[4]
LC105580 RVA/Human-wt/GHA/GHPML1989/2012/G2P[4]
JX307606 RVA/Human-wt/IND/mcs90/2011/G8P[4]
KF716356 RVA/Human-wt/USA/VU10-11-9/2011/G2P[4]
LC060817 RVA/Human-wt/VNM/NT0578/2008/G2P[4]
OK349189 RVA/Human-wt/CHN/GZ-0013/2021/G8P[8]

KC782519/RVA/Human-wt/USA/LB1562/2010/G9P[4]
KX536653 RVA/Human-wt/IND/RV10/2010/G9P[4]
LC227937 RVA/Human-wt/IND/Kol-047/2013/G9P[4]
MG181667 RVA/Human-wt/MWI/BID2DE/2013/G1P[8]
MG181634 RVA/Human-wt/MWI/BID2AW/2013/G1P[8]
MG181612 RVA/Human-wt/MWI/BID1PU/2013/G1P[8]
MG181315 RVA/Human-wt/MWI/BID1JK/2013/G2P[4]
MG181920 RVA/Human-wt/MWI/BID1CT/2012/G2P[4]

● RVA/Human-wt/BRA/IAL-R558/2017/G8P[8]
LC055547 RVA/Human-wt/THA/SKT-27/2012/G6P[14]

DQ870505/RVA/Human-tc/USA/DS-1/1976/G2P[4]
KC443587/RVA/Human-wt/AUS/CK20001/1977/G2P[4]

LC438390 RVA/Human-tc/JPN/80SR001/1980/G2P[4]
AB733133 RVA/Human-tc/JPN/KUN/1980/G2P[4]
AY787653 RVA/Human-wt/CHN/TB-Chen/1996/G2P[4]
AB762772 RVA/Human-tc/JPN/AU605/1986/G2P[4]
LC001948 RVA/Human-wt/JPN/89Y1520/1989/G2P[4]
KP882475/RVA/Human-wt/GHA/Ghan-059/2008/G8P[1]
MN479049/RVA/Human-wt/USA/3000354444/2015/G3P[6]

KJ752618 RVA/Human-wt/SEN/MRC-DPRU2053/2009/G8P[6]
KP883179 RVA/Human-wt/MLI/Mali-135/2008/G8P[6]

LC119104 RVA/Cow-tc/NGA/NGRBg8/1998/G8P[1]
EF554082 RVA/Human-wt/BEL/B1711/2002/G6P[6]
KJ753357 RVA/Human-wt/ZAF/MRC-DPRU618/2003/G2P[4]

KJ751624 RVA/Human-wt/GHA/MRC-DPRU1818/1999/G2P[6]
KP882684 RVA/Human-wt/GHA/Ghan-149/2008/G8P[6]

KJ870889 RVA/Human-wt/COD/KisB554/2010/G8P[6]
● RVA/Human-wt/BRA/IAL-R2404/2010/G8P[6]
● RVA/Human-wt/BRA/IAL-RN373/2009/G8P[6]
● RVA/Human-wt/BRA/IAL-RN377/2009/G8P[6]
● RVA/Human-wt/BRA/IAL-RN374/2009/G8P[6]
● RVA/Human-wt/BRA/IAL-R2437/2010/G8P[6]
● RVA/Human-wt/BRA/IAL-RN361/2009/G8P[6]

LC065020 RVA/Human-tc/JPN/AU109/1994/G8P[4]
FN665688 RVA/Human-wt/HUN/BP1062/2004/G8P[14]
GU384192 RVA/Cow-tc/CHN/DQ-75/2008/G10P[11]
HQ834197 RVA/Sheep-xx/CHN/CC0812-1/2008/G10P[15]
FJ031024 RVA/Sheep-tc/CHN/Lamb-NT/2007/G10P[15]
JQ004970 RVA/Goat-tc/CHN/XL/2015/G10P[15]
EF583017 RVA/Human-tc/GBR/A64/1987/G10P[14]
EF576937 RVA/Human-tc/IND/69M/1980/G8P[10]

EF554148 RVA/Sheep-tc/ESP/OVR762/2002/G8P[14]
KY426809 RVA/roe deer-wt/SLO/D110-15/2015/G8P[14]

KU317466 RVA/Human-tc/EGY/AS970/2012/G8P[14]
GU296420 RVA/Human-wt/ITA/PAH136/1996/G3P[9]

EF554104 RVA/Human-wt/HUN/Hun5/1997/G6P[14]
AB763957 RVA/Human-tc/IND/116E3D/1993/G2P[4]
HQ657138 RVA/Human-wt/MWI/1473/2001/G8P[4]
AB749784 RVA/Human-tc/MWI/MW2-489/2000/G8P[4]

JF304926/RVA/Human-tc/KEN/AK26/1982/G2P[4]
DQ146693/RVA/Human-tc/PHL/L26/1987/G12P[4]

MG214337 RVA/Human-tc/MAR/ma31/2011/G8P[14]
KC178764 RVA/Human-xx/ITA/PAI11/1996/G2P[4]

LC491443 RVA/Human-wt/VNM/RVN16.1024/2016/G9P[8]
● RVA/Human-wt/BRA/IAL-R193/2017/G8P[8]

LC074734 RVA/Human-wt/VNM/RVN1149/2014/G8P[8]
MN058746 RVA/Human-wt/KOR/CAU17L-103/2017/G8P[8]
LC169863 RVA/Human-wt/THA/PCB-84/2013/G8P[8]
LC102964 RVA/Human-wt/JPN/MU14-0/2014/G8P[8]
LC169940 RVA/Human-wt/THA/SKT-457/2014/G8P[8]
LC102997 RVA/Human-wt/JPN/UR14-10/2014/G8P[8]
LC169852 RVA/Human-wt/THA/PCB-79/2013/G8P[8]

JN903527 RVA/Horse-wt/IRL/04V2024/2004/G14P[12]
JQ345489 RVA/Horse-wt/ZAF/EqRV-SA1/2006/G14P[12]

KC815680 RVA/Horse-tc/JPN/BI/1981/G3P[12]
JF693037 RVA/Cow-tc/South Africa/ O Agent/1965/G8P[1]
EF554126 RVA/Human-tc/ITA/PA169/1988/G6P[14]

GU827406 RVA/Cat-wt/ITA/BA222/2005/G3P[9]
JX271001 RVA/Human-wt/TUN/17237/2008/G6P[9]

KC175269 RVA/Human-wt/IND/N292/2004/G10P[11]
AB573070 RVA/Human-tc/JPN/Dai-10/2008/G24P[33]

EF560612 RVA/Cow-tc/VEN/BRV033/1990/G6P[6]
EF554093 RVA/Human-tc/AUS/MG6/1993/G6P[14]

GU565041 RVA/Vaccine/USA/RotaTeq-WI79-4/1992/G6P[8]
KJ919361 RVA/Human-wt/HUN/ERN5471/2012/G2P[4]
JX070047 RVA/Vicuna-wt/ARG/C75/2010/G8P[14]

LC336591 RVA/Human-wt/JPN/Tokyo/12-1375/2012/G8P[14]
FJ422131 RVA/Rhesus-tc/USA/PTRV/1990/G8P[1]
AB748576 RVA/Human-tc/ISR/Ro8059/1995/G6P[1]
AB748573 RVA/Cow-tc/JPN/BRV105/1983/G6P[1]

KT887520 RVA/Alpaca-wt/PER/562/2010/G8P[14]
KF577838 RVA/Goat-wt/ARG/0040/2011/G8P[1]

KU861456 RVA/Human-tc/USA/DC5685-20-AG/1991/G1P[8] outgroup 
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MH569753 RVA/Human-wt/BRA/IAL-R751/2016/G3P[8]
MF997036 RVA/Human-wt/USA/3000390639/2015/G3P[8]
KX880418 RVA/Human-wt/DEU/GER33-15/2015/G3P[8]
OK349190 RVA/Human-wt/CHN/GZ-0013/2021/G8P[8]
LC514482 RVA/Human-wt/THA/DBM2017-203/2017/G9P[8]
KU550268 RVA/Human-wt/ESP/SS98242319/2015/G3P[8][
KU870386 RVA/Human-wt/HUN/ERN8148/2015/G3P[8]
KU550273 RVA/Human-wt/ESP/SS98244047/2015/G3P[8]
LC105394 RVA/Human-wt/JPN/To14-37/2014/G9P[8]
LC086726 RVA/Human-wt/THA/SKT-289/2013/G3P[8]
● RVA/Human-wt/BRA/IAL-R193/2017/G8P[8]
● RVA/Human-wt/BRA/IAL-R558/2017/G8P[8]
KY000550 RVA/Human-wt/DEU/GER37-16/2016/G3P[8]
MG599519 RVA/Human-wt/BRA/IAL-R3122/2013/G1P[8]
LC066651 RVA/Human-wt/THA/SKT-109/2013/G1P[8]
AB975684 RVA/Human-wt/JPN/KN039/2012/G1P[8]
AB975685 RVA/Human-wt/JPN/KN041/2012/G1P[8]
LC169941 RVA/Human-wt/THA/SKT-457/2014/G8P[8]
LC169853 RVA/Human-wt/THA/PCB-79/2013/G8P[8]
MN058747 RVA/Human-wt/KOR/CAU17L-103/2017/G8P[8]
LC169864 RVA/Human-wt/THA/PCB-84/2013/G8P[8]
LC074735 RVA/Human-wt/VNM/RVN1149/2014/G8P[8]
KU059767 RVA/Human-wt/AUS/D388/2013/G3P[8]
LC102998 RVA/Human-wt/JPN/UR14-10/2014/G8P[8]
LC102965 RVA/Human-wt/JPN/MU14-0/2014/G8P[8]
MG996069 RVA/Human-wt/SGP/NV-16-150/2016/G8P[8]
LC491444 RVA/Human-wt/VNM/RVN16.1024/2016/G9P[8]
LC325464 RVA/Human-wt/JPN/15R429/2015/G3P[8]
KJ639024 RVA/Human-wt/JPN/S13-45/2013/G3P[4]
LC066151 RVA/Human-wt/VNM/SP026/2012/G1P[8]
KC178776 RVA/Human-wt/ITA/PA150/2006/G2P[4]
KC834710 RVA/Human-wt/AUS/V233/1999/G2P[4]
LC001972 RVA/Human-tc/JPN/01P007/2001/G2P[4]
MT601133 RVA/Human-wt/BRA/TO-095/2015/G2P[4]
KJ626966 RVA/Human-wt/PRY/1040SR/2005/G2P[4]
MT601137 RVA/Human-wt/BRA/TO-251/2010/G8P[4]
AB849001 RVA/Human-wt/JPN/S120088/2012/G9P[4]
GQ414541 RVA/Human-wt/DEU/GER1H/2009/G8P[4]
● RVA/Human-wt/BRA/IAL-R2601/2010/G8P[4]
● RVA/Human-wt/BRA/IAL-R2600/2010/G8P[4]
● RVA/Human-wt/BRA/IAL-R2598/2010/G8P[4]
● RVA/Human-wt/BRA/IAL-R2597/2010/G8P[4]
KX536656 RVA/Human-wt/IND/RV10/2009/G9P[4]
LC227948 RVA/Human-wt/IND/Kol-047/2013/G9P[4]
KC782520 RVA/Human-wt/USA/LB1562/2010/G9P[4]
KF716369 RVA/Human-wt/USA/VU10-11-9/2011/G2P[4]
HQ641365 RVA/Human-wt/BGD/MMC88/2005/G2P[4]
LC060818 RVA/Human-wt/VNM/NT0578/2008/G2P[4]
KX655507 RVA/Human-wt/UGA/MSK-13-048/2013/G9P[8]
AB751576 RVA/Human-tc/MWI/QEC289/2006/G8P[8]
MT232621 RVA/Human-wt/USA/2012748260/2012/G8P[4]
KJ752459 RVA/Human-wt/ZWE/MRC-DPRU3347/2010/G8P[4]
AB751536 RVA/Human-tc/MWI/QOP387/2007/G8P[4]
DQ005124 RVA/Human-wt/COD/DRC86/2003/G8P[6]
DQ005113 RVA/Human-wt/COD/DRC88/2003/G8P[8]
KC442904 RVA/Human-wt/USA/2007769964/2007/G2P[4]
JQ069805 RVA/Human-wt/CAN/RT036-07/2007/G2P[4]
KJ919487 RVA/Human-wt/HUN/ERN5603/2012/G2P[4]
KF636246 RVA/Human-wt/KEN/MRC-DPRU1606/2009/G8P[4]
MG891983 RVA/Human-wt/MOZ/0052/2012/G8P[4]
KJ751614 RVA/Human-wt/TZA/MRC-DPRU4568/2011/G8P[4]
JX307610 RVA/Human-wt/IND/mcs90/2011/G8P[4]
KX536655 RVA/Human-wt/IND/RV09/2009/G9P[4]
KP007163 RVA/Human-wt/PHI/TGO12-004/2012/G1P[8]
MG981263 RVA/Human-wt/ITA/AN19/2016/G9P[4]
LC105581 RVA/Human-wt/GHA/GHPML1989/2012/G2P[4]
MG181635 RVA/Human-wt/MWI/BID2AW/2013/G1P[8]
MG181613 RVA/Human-wt/MWI/BID1PU/2013/G1P[8]
MG181921 RVA/Human-wt/MWI/BID1CT/2012/G2P[4]
MG181668 RVA/Human-wt/MWI/BID2DE/2013/G1P[8]
MG181316 RVA/Human-wt/MWI/BID1JK/2013/G2P[4]
● RVA/Human-wt/BRA/IAL-RN374/2009/G8P[6]
● RVA/Human-wt/BRA/IAL-RN373/2009/G8P[6]
● RVA/Human-wt/BRA/IAL-RN377/2009/G8P[6]
● RVA/Human-wt/BRA/IAL-R2404/2010/G8P[6]
● RVA/Human-wt/BRA/IAL-R2437/2010/G8P[6]
● RVA/Human-wt/BRA/IAL-RN361/2009/G8P[6]
KJ870890 RVA/Human-wt/COD/KisB554/2010/G8P[6]
JF460813 RVA/Human-wt/USA/06-242/2006/G2P[6]
KP883180 RVA/Human-wt/MLI/Mali-135/2008/G8P[6]
KJ752619 RVA/Human-wt/SEN/MRC-DPRU2053/2009/G8P[6]
LC026107 RVA/Human-wt/GHA/PML1965/2012/G6P[6]
MN479207 RVA/Human-wt/USA/3000354444/2015/G3P[6]
KX655518 RVA/Human-wt/UGA/MUL-13-427/2013/G8P[4]
KJ752162 RVA/Human-wt/TGO/MRC-DPRU5124/2010/G2P[4]
MG181767 RVA/Human-wt/MWI/BID11S/2012/G2P[4]
MG181877 RVA/Human-wt/MWI/BID15I/2012/G2P[6]
KJ753491 RVA/Human-wt/ZMB/MRC-DPRU1752/XXXX/G4P[6]
LC105570 RVA/Human-wt/GHA/GHNAV483/2009/G2P[4]
KP882575 RVA/Human-wt/GHA/Ghan-105/2009/G3P[6]
KM660279 RVA/Human-wt/CMR/ES298/2011/G6P[6]
KJ752395 RVA/Human-wt/GMB/MRC-DPRU3180/2010/G2P[6]
KP882828 RVA/Human-wt/MLI/Mali-028/2008/G2P[6]
KP882608 RVA/Human-wt/GHA/Ghan-108/2009/G2P[6]
HQ657139 RVA/Human-wt/MWI/1473/2001/G8P[4]
AB751527 RVA/Human-tc/MWI/MW2-489/2000/G8P[4]
KX655452 RVA/Human-wt/UGA/MUL-13-204/2013/G8P[6]
KJ753358 RVA/Human-wt/ZAF/MRC-DPRU618/2003/G2P[4]
EF554083 RVA/Human-wt/BEL/B1711/2002/G6P[6]
KJ751625 RVA/Human-wt/GHA/MRC-DPRU1818/1999/G2P[6]
LC001967 RVA/Human-wt/JPN/89Y1520/1989/G2P[4]
AB762773 RVA/Human-tc/JPN/AU605/1986/G2P[4]
LC065021 RVA/Human-tc/JPN/AU109/1994/G8P[4]
AY787652 RVA/Human-wt/CHN/TB-Chen/1996/G2P[4]
AB733134 RVA/Human-tc/JPN/KUN/1980/G2P[4]
LC438391 RVA/Human-tc/JPN/80SR001/1980/G2P[4]

DQ146694 RVA/Human-tc/PHL/L26/1987/G12P[4]
JF304927 RVA/Human-tc/KEN/AK26/1982/G2P[4]
KC178774 RVA/Human-wt/ITA/PAI11/1996/G2P[4]
HQ650117 RVA/Human-tc/USA/DS-1/1976/G2P[4]
KC443588 RVA/Human-wt/AUS/CK20001/1977/G2P[4]
LC001958 RVA/Human-wt/JPN/83A001/1983/G2P[4]

HQ661124 RVA/Dog-tc/ITA/RV52-96/1996/G3P[3]
EU708924 RVA/Dog-tc/USA/K9/1979/G3P[3]

EU708946 RVA/Cat-tc/AUS/Cat97/1984/G3P[3]
EU708957 RVA/Cat-tc/AUS/Cat2/1984/G3P[9]
HQ661135 RVA/Dog-tc/ITA/RV198-95/1995/G3P[3]
AB792654 RVA/Cat-tc/JPN/FRV64/1989/G3P[3]
EU708902 RVA/Human-tc/USA/HCR3A/1984/G3P[3]
EU708891 RVA/Human-tc/ISR/Ro1845/1985/G3P[3]

KF636257 RVA/Cow-wt/ZAF/MRC-DPRU1604/2007/G6P[1]
EF554127 RVA/Human-tc/ITA/PA169/1988/G6P[14]

KM454482 RVA/Horse-tc/USA/FI-14/1981/G3P[12]
KM454493 RVA/Horse-tc/UK/H2/1976/G3P[12]

KC815670 RVA/Horse-tc/JPN/HH-22/1989/G3P[12]
KC257092 RVA/Camel-wt/SDN/MRC-DPRU447/2002/G8P[11]
JX070048 RVA/Vicuna-wt/ARG/C75/2010/G8P[14]
JX271002 RVA/Human-wt/TUN/17237/2008/G6P[9]

FJ422132 RVA/Rhesus-tc/USA/PTRV/1990/G8P[1]
JF693038 RVA/Cow-tc/ZAF/O Agent/1965/G8P[1]
EF583042 RVA/Human-tc/USA/Se584/1998/G6P[9]
EF554149 RVA/Sheep-tc/ESP/OVR762/2002/G8P[14]

EF583014 RVA/Human-tc/IND/69M/1980/G8P[10]
JF421976 RVA/Human-wt/JPN/KF17/2010/G6P[9]

EF583018 RVA/Human-tc/GBR/A64/1987/G10P[14]
KY426810 RVA/roe deer-wt/SLO/D110-15/2015/G8P[14]
EF554105 RVA/Human-wt/HUN/Hun5/1997/G6P[14]
KU317467 RVA/Human-tc/EGY/AS970/2012/G8P[14]
MG214338 RVA/Human-tc/MAR/ma31/2011/G8P[14]
GU827407 RVA/Cat-wt/ITA/BA222/2005/G3P[9]
KP8824761 RVA/Human-wt/GHA/Ghan-059/2008/G8P[1]
LC119105 RVA/Cow-tc/NGA/NGRBg8/1998/G8P[1]
KC815659 RVA/Horse-tc/JPN/OH-04/1982/G6P[5]
GU565042 RVA/Vaccine/USA/RotaTeq-WI79-4/1992/G6P[8]

AB573071 RVA/Cow-wt/JPN/Dai-10/2008/G24P[33]
AB748581 RVA/Human-tc/ISR/Ro8059/1995/G6P[1]
DQ870494 RVA/Cow-tc/USA/NCDV/1967/G6P[1]
KJ940162 RVA/Dog-wt/GER/88977/2013/G8P[1]
LC336592 RVA/Human-wt/JPN/Tokyo/12-1375/2012/G8P[14]

KP882630 RVA/Human-wt/GHA/Ghan-113/2008/G8P[6]
KP882685 RVA/Human-wt/GHA/Ghan-149/2008/G8P[6]
KJ748477 RVA/Human-wt/GHA/GH019-08/2008/G8P[6]
KP198629 RVA/Human-wt/ITA/PR457/2009/G10P[14]

FN665689 RVA/Human-wt/HUN/BP1062/2004/G8P[14]
GU384191 RVA/Cow-tc/CHN/DQ-75/2008/G10P[11]

JQ004971 RVA/Goat-tc/CHN/XL/2010/G10P[15]
JQ013503 RVA/Sheep-tc/CHN/LLR/1985/G10P[12]
HQ834198 RVA/Sheep-tc/CHN/CC0812-1/2008/G10P[15]
FJ031025 RVA/Sheep-tc/CHN/Lamb-NT/2007/G10P[15]

KU861457 RVA/Human-tc/USA/DC5685-20-AG/1991/G1P[8] outgroup
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KU550274 RVA/Human-wt/ESP/SS98242319/2015/G3P[8]
KU550279 RVA/Human-wt/ESP/SS98244047/2015/G3P[8]
KU870387 RVA/Human-wt/HUN/ERN8148/2015/G3P[8]
MF997037 RVA/Human-wt/USA/3000390639/2015/G3P[8]
LC325465 RVA/Human-wt/JPN/15R429/2015/G3P[8]
OK349191/RVA/Human-wt/CHN/GZ-0013/2021/G8P[8]
LC514483/RVA/Human-wt/THA/DBM2017-203/2017/G9P[8]
KX880419 RVA/Human-wt/DEU/GER33-15/2015/G3P[8]
MH569760 RVA/Human-wt/BRA/IAL-R751/2016/G3P[8]
LC066652 RVA/Human-wt/THA/SKT-109/2013/G1P[8]
LC169854 RVA/Human-wt/THA/PCB-79/2013/G8P[8]
KJ639025 RVA/Human/JPN/S13-45/2013/G3P[4]
KP007164 RVA/Human-wt/PHI/TGO12-004/2012/G1P[8]
MG599523 RVA/Human-wt/BRA/IAL-R3122/2013/G1P[8]
LC169942 RVA/Human-wt/THA/SKT-457/2014/G8P[8]
AB975734 RVA/Human-wt/JPN/KN039/2012/G1P[8]
MG996077 RVA/Human-wt/SGP/NV-16-150/2016/G8P[8]
LC491445 RVA/Human-wt/VNM/RVN16.1024/2016/G9P[8]
LC102966 RVA/Human-wt/JPN/MU14-0/2014/G8P[8]
LC074736 RVA/Human-wt/VNM/RVN1149/2014/G8P[8]
● RVA/Human-wt/BRA/IAL-R193/2017/G8P[8]
MN058748 RVA/Human-wt/KOR/CAU17L-103/2017/G8P[8]
KY000551 RVA/Human-wt/DEU/GER37-16/2016/G3P[8]
KU059768 RVA/Human-wt/AUS/D388/2013/G3P[8]
LC086727 RVA/Human-wt/THA/SKT-289/2013/G3P[8]
● RVA/Human-wt/BRA/IAL-R558/2017/G8P[8]
LC105395 RVA/Human-wt/JPN/To14-37/2014/G9P[8]

LC001991 RVA/Human-tc/JPN/01P007/2001/G2P[4]
KC178784 RVA/Human-wt/ITA/PA150/2006/G2P[4]
KJ626967 RVA/Human-wt/PRY/1040SR/2005/G2P[4]
KC834707/RVA/Human-wt/AUS/V233/1999/G2P[4]
LC066152 RVA/Human-wt/VNM/SP026/2012/G1P[8]
AB849002 RVA/Human-wt/JPN/S120088/2012/G9P[4]
AB975735 RVA/Human-wt/JPN/KN041/2012/G1P[8]
KC442905 RVA/Human-wt/USA/2007769964/2007/G2P[4]
JQ069721/RVA/Human-wt/CAN/RT036-07/2007/G2P[4]
KJ919591 RVA/Human-wt/HUN/ERN5603/2012/G2P[4]
GQ414542 RVA/Human-wt/GER/GER1H-09/2009/G8P[4]
● RVA/Human-wt/BRA/IAL-R2598/2010/G8P[4]
● RVA/Human-wt/BRA/IAL-R2600/2010/G8P[4]
● RVA/Human-wt/BRA/IAL-R2601/2010/G8P[4]
● RVA/Human-wt/BRA/IAL-R2597/2010/G8P[4]

KX655453 RVA/Human-wt/UGA/MUL-13-204/2013/G8P[6]
KF636247 RVA/Human-wt/KEN/MRC-DPRU1606/2009/G8P[4]
KX655519 RVA/Human-wt/UGA/MUL-13-427/2013/G8P[4]
KJ751615 RVA/Human-wt/TZA/MRC-DPRU4568/2011/G8P[4]
MG891984/RVA/Human-wt/MOZ/0052/2012/G8P[4]
● RVA/Human-wt/BRA/IAL-RN377/2009/G8P[6]
● RVA/Human-wt/BRA/IAL-RN374/2009/G8P[6]
● RVA/Human-wt/BRA/IAL-R2437/2010/G8P[6]
● RVA/Human-wt/BRA/IAL-R2404/2010/G8P[6]
● RVA/Human-wt/BRA/IAL-RN373/2009/G8P[6]
● RVA/ Human-wt/BRA/IAL-RN361/2009/G8P[6]
KJ870891 RVA/Human-wt/COD/KisB554/2010/G8P[6]
DQ005112 RVA/Human-wt/COD/DRC88/2003/G8P[8]
DQ005123 RVA/Human-wt/COD/DRC86/2003/G8P[6]
MT232622/RVA/Human-wt/USA/2012748260/2012/G8P[4]
AB751562 RVA/Human-tc/MWI/QOP387/2007/G8P[4]
KJ752460/RVA/Human-wt/ZWE/MRC-DPRU3347/2010/G8P[4]
MG181669 RVA/Human-wt/MWI/BID2DE/2013/G1P[8]
MG181636 RVA/Human-wt/MWI/BID2AW/2013/G1P[8]
MG181614 RVA/Human-wt/MWI/BID1PU/2013/G1P[8]
MG181317 RVA/Human-wt/MWI/BID1JK/2013/G2P[4]
MG181922 RVA/Human-wt/MWI/BID1CT/2012/G2P[4]
KC443786 RVA/Human-wt/AUS/CK20051/2010/G2P[4]
KF716382 RVA/Human-wt/USA/VU10-11-9/2011/G2P[4]
KX536658 RVA/Human-wt/IND/RV09/2009/G9P[4]
LC060819 RVA/Human-wt/VNM/NT0578/2008/G2P[4]
MT601241 RVA/Human-wt/BRA/TO-095/2015/G2P[4]
MT601245 RVA/Human-wt/BRA/TO-251/2010/G8P[4]
KX655508 RVA/Human-wt/UGA/MSK-13-048/2013/G9P[8]
AB751575 RVA/Human-tc/MWI/QEC289/2006/G8P[8]
MG181878 RVA/Human-wt/MWI/BID15I/2012/G2P[6]
MG181768 RVA/Human-wt/MWI/BID11S/2012/G2P[4]
KJ753492 RVA/Human-wt/ZMB/MRC-DPRU1752/XXXX/G4P[6]
LC026108 RVA/Human-wt/GHA/PML1965/2012/G6P[6]
KJ752163 RVA/Human-wt/TGO/MRC-DPRU5124/2010/G2P[4]
LC105571 RVA/Human-wt/GHA/GHNAV483/2009/G2P[4]
KP882609 RVA/Human-wt/GHA/Ghan-108/2009/G2P[6]
MN479365 RVA/Human-wt/USA/3000354444/2015/G3P[6]
KP882576 RVA/Human-wt/GHA/Ghan-105/2009/G3P[6]
JF460814 RVA/Human-wt/USA/06-242/2006/G2P[6]
KJ752396 RVA/Human-wt/GMB/MRC-DPRU3180/2010/G2P[6]
KP882829 RVA/Human-wt/MLI/Mali-028/2008/G2P[6]
KM660309 RVA/Human-wt/CMR/ES298/2011/G6P[6]
KJ753359 RVA/Human-wt/ZAF/MRC-DPRU618/2003/G2P[4]
HQ657140 RVA/Human-wt/MWI/1473/2001/G8P[4]
AB751554 RVA/Human-tc/MWI/MW2-489/2000/G8P[4]
HQ657173 RVA/Human-wt/ZAF/3203WC/2009/G2P[4]

AB733135 RVA/Human-tc/JPN/KUN/1980/G2P[4]
LC438392 RVA/Human-tc/JPN/80SR001/1980/G2P[4]
LC001986 RVA/Human-wt/JPN/89Y1520/1989/G2P[4]
AB762774 RVA/Human-tc/JPN/AU605/1986/G2P[4]
LC065022 RVA/Human-tc/JPN/AU109/1994/G8P[4]
AY787654 RVA/Human-tc/CHN/TB-Chen/1996/G2P[4]
LC001977 RVA/Human-wt/JPN/83A001/1983/G2P[4]
KC443589 RVA/Human-wt/AUS/CK20001/1977/G2P[4]
HQ650118 RVA/Human-tc/USA/DS-1/1976/G2P[4]
KC178782 RVA/Human-wt/ITA/PAI11/1996/G2P[4]
EF583035 RVA/Human-tc/PHL/L26/1987/G12P[4]
JF304928 RVA/Human-tc/KEN/AK26/1982/G2P[4]

EF554150 RVA/Sheep-tc/ESP/OVR762/2002/G8P[14]
MG214339 RVA/Human-tc/MAR/ma31/2011/G8P[14]

KT887522 RVA/Alpaca-wt/PER/562/2010/G8P[14]
EF554106 RVA/Human-wt/HUN/Hun5/1997/G6P[14]
LC119106 RVA/Cow-tc/NGA/NGRBg8/1998/G8P[1]

KP198641 RVA/Human-wt/ITA/PR1300/2004/G8P[14]
MG981264 RVA/Human-wt/ITA/AN19/2016/G9P[4]
KX536659 RVA/ Human-wt/IND/RV10/2010/G9P[4]
KC782521 RVA/Human-wt/USA/LB1562/2010/G9P[4]
HQ641366 RVA/Human-wt/BGD/MMC88/2005/G2P[4]
LC105582 RVA/Human-wt/GHA/GHPML1989/2012/G2P[4]
LC227959 RVA/Human-wt/IND/Kol-047/2013/G9P[4]

JX307614 RVA/Human-wt/IND/mcs90/2011/G8P[4]
GU937879 RVA/Goat-tc/BGD/GO34/1999/G6P[1]
AB751565 RVA/Human-tc/MWI/MW1-467/1998/G8P[6]
HM113527 RVA/Human-wt/EGY/Egy3399/2004/G6P[14]
KU317468 RVA/Human-tc/EGY/AS970/2012/G8P[14]

KP882477 RVA/Human-wt/GHA/Ghan-059/2008/G8P[1]
KJ752620 RVA/Human-wt/SEN/MRC-DPRU2053/2009/G8P[6]
KP883027 RVA/Human-wt/MLI/Mali-048/2008/G8P[6]
KP883181 RVA/Human-wt/MLI/Mali-135/2008/G8P[6]

FN665690 RVA/Human-wt/HUN/BP1062/2004/G8P[14]
JX416213 RVA/Human-tc/SWE/1076/1983/G2P[6]
MF184838 RVA/Human-wt/USA/CNMC123/2011/G2P[4]
LC001994 RVA/Human-wt/JPN/B110056/2011/G2P[4]
KX171539 RVA/Human-wt/KOR/CAU12-06/2006/G2P[4]
KC443325 RVA/Human-wt/AUS/CK20030/2006/G2P[4]
KC178781 RVA/Human-wt/ITA/PA130/2010/G2P[4]

JQ004972 RVA/Goat-tc/CHN/XL/2010/G10P[15]
HQ834207 RVA/Sheep-tc/CHN/CC0812-1/2008/G10P[15]
JQ013504 RVA/Sheep-tc/CHN/LLR/1985/G10P[12]
JX567762 RVA/Human-wt/AUS/V585/2011/G10P[14]

EF554095 RVA/Human-tc/AUS/MG6/1993/G6P[14]
KF577840 RVA/Goat-wt/ARG/0040/2011/G8P[1]
FJ347113 RVA/Cow-wt/ARG/B383/1998/G15P[11]

JX070049 RVA/Vicuna-wt/ARG/C75/2010/G8P[14]
KJ919550 RVA/Human-wt/HUN/ERN5162/2012/G3P[9]

KJ748467 RVA/Human-wt/GHA/GH018-08/2008/G8P[6]
KP882686 RVA/Human-wt/GHA/Ghan-149/2008/G8P[6]
KJ748478 RVA/Human-wt/GHA/GH019-08/2008/G8P[6]

JF693039 RVA/Cow-tc/ZAF/ O Agent/1965/G8P[1]
HM627544 RVA/Human-xx/KEN/B12/1987/G8P[1]

KC257093 RVA/Camel-wt/SDN/MRC-DPRU447/2002/G8P[11]
AB751564 RVA/Human-tc/MWI/MW1-131/1997/G8P[6]

JF304917 RVA/Human-tc/KEN/D205/1989/G2P[4]
GU827408 RVA/Cat-wt/ITA/BA222/2005/G3P[9]
JF421977 RVA/Human-wt/JPN/KF17/2010/G6P[9]
EF554084 RVA/Human-wt/BEL/B1711/2002/G6P[6]

EF554128 RVA/Human-tc/ITA/PA169/1988/G6P[14]
GU296424 RVA/Human-wt/ITA/PAH136/1996/G3P[9]

LC055549 RVA/Human-wt/THA/SKT-27/2012/G6P[14]
LC336593 RVA/Human-wt/JPN/Tokyo/12-1375/2012/G8P[14]

JN831211 RVA/Cow-wt/ZAF/1603/2007/G6P[5]
KY426811 RVA/roe deer-wt/SLO/D110-15/2015/G8P[14]
GU565043 RVA/Vaccine/USA/RotaTeq-WI79-4/1992/G6P[8]

EF583019 RVA/Human-tc/GBR/A64/1987/G10P[14]
EF583015 RVA/Human-tc/IND/69M/1980/G8P[10]

FJ422133 RVA/Rhesus-tc/USA/PTRV/1990/G8P[1]
EF583043 RVA/Human-tc/USA/Se584/1998/G6P[9]
AB748583 RVA/Cow-tc/JPN/BRV105/1983/G6P[1]
DQ870495 RVA/Cow-tc/USA/NCDV/1967/G6P[1]

KU861458 RVA/Human-tc/USA/DC5685-20-AG/1991/G1P[8] outgroup 
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Figure 1. Cont.
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KY000548 RVA/Human-wt/DEU/GER37-16/2016/G3P[8]
AB975585 RVA/Human-wt/JPN/KN041/2012/G1P[8]
LC066654 RVA/Human-wt/THA/SKT-109/2013/G1P[8]
LC325462 RVA/Human-wt/JPN/15R429/2015/G3P[8]
KU059770 RVA/Human-wt/AUS/D388/2013/G3P[8]
LC105392 RVA/Human-wt/JPN/To14-37/2014/G9P[8]
AB975584 RVA/Human-wt/JPN/KN039/2012/G1P[8]
MG599531 RVA/Human-wt/BRA/IAL-R3122/2013/G1P[8]
KJ639027 RVA/Human-wt/JPN/S13-45/2013/G3P[4]
LC086729 RVA/Human-wt/THA/SKT-289/2013/G3P[8]
MH569771 RVA/Human-wt/BRA/IAL-R751/2016/G3P[8]
KU550286 RVA/Human-wt/ESP/SS98242319/2015/G3P[8]
KU870390 RVA/Human-wt/HUN/ERN8148/2015/G3P[8]
KU550291 RVA/Human-wt/ESP/SS98244047/2015/G3P[8]
MF997039 RVA/Human-wt/USA/3000390639/2015/G3P[8]
LC066149/RVA/Human-wt/VNM/SP026/2012/G1P[8]
LC102963 RVA/Human-wt/JPN/MU14-0/2014/G8P[8]
LC169944 RVA/Human-wt/THA/SKT-457/2014/G8P[8]
● RVA/ Human-wt/BRA/IAL-R558/2017/G8P[8]
MN058750 RVA/Human-wt/KOR/CAU17L-103/2017/G8P[8]
MG996093/RVA/Human-wt/SGP/NV-16-150/2016/G8P[8]
● RVA/Human-wt/BRA/IAL-R193/2017/G8P[8]
LC074733/RVA/Human-wt/VNM/RVN1149/2014/G8P[8]
LC074733 RVA/Human-wt/VNM/RVN1149/2014/G8P[8]
LC491442 RVA/Human-wt/VNM/RVN16.1024/2016/G9P[8]
HQ641367 RVA/Human-wt/BGD/MMC88/2005/G2P[4]
KP007161 RVA/Human-wt/PHI/TGO12-004/2012/G1P[8]
JX307602 RVA/Human-wt/IND/mcs90/2011/G8P[4]
KX536664 RVA/Human-wt/IND/RV09/2009/G9P[4]
LC105579 RVA/Human-wt/GHA/GHPML1989/2012/G2P[4]
KC443788 RVA/Human-wt/AUS/CK20051/2010/G2P[4]
JX307601 RVA/Human-wt/IND/mcs72/2011/G8P[4]

MT633346 RVA/Human-wt/BRA/TO-095/2015/G2P[4]
MG181638 RVA/Human-wt/MWI/BID2AW/2013/G1P[8]
MG181616 RVA/Human-wt/MWI/BID1PU/2013/G1P[8]
MG181671 RVA/Human-wt/MWI/BID2DE/2013/G1P[8]
MG181924 RVA/Human-wt/MWI/BID1CT/2012/G2P[4]
MG981266 RVA/Human-wt/ITA/AN19/2016/G9P[4]
MG181319 RVA/Human-wt/MWI/BID1JK/2013/G2P[4]
KF716344 RVA/Human-wt/USA/VU10-11-9/2011/G2P[4]
KC782523 RVA/Human-wt/USA/LB1562/2010/G9P[4]
KX536665 RVA/Human-wt/IND/RV10/2010/G9P[4]
LC227981 RVA/Human-wt/IND/Kol-047/2013/G9P[4]
HQ657175 RVA/Human-wt/ZAF/3203WC/2009/G2P[4]
HQ657142 RVA/Human-wt/MWI/1473/2001/G8P[4]
AB749338 RVA/Human-tc/MWI/MW2-489/2000/G8P[4]
● RVA/ Human-wt/BRA/IAL-R2437/2010/G8P[6]
● RVA/ Human-wt/BRA/IAL-R2404/2010/G8P[6]
● RVA/ Human-wt/BRA/IAL-RN377/2009/G8P[6]
● RVA/ Human-wt/BRA/IAL-RN374/2009/G8P[6]
● RVA/ Human-wt/BRA/IAL-RN373/2009/G8P[6]
● RVA/Human-wt/BRA/IAL-RN361/2009/G8P[6]
KJ870893 RVA/Human-wt/COD/KisB554/2010/G8P[6]
JF460816 RVA/Human-wt/USA/06-242/2006/G2P 6
KJ753494 RVA/Human-wt/ZMB/MRC-DPRU1752/XXXX/G4P[6]
MG181880 RVA/Human-wt/MWI/BID15I/2012/G2P[6]
MG181770 RVA/Human-wt/MWI/BID11S/2012/G2P[4]
MN478891 RVA/Human-wt/USA/3000354444/2015/G3P[6]
EF554086 RVA/Human-wt/BEL/B1711/2002/G6P[6]
KJ753361 RVA/Human-wt/ZAF/MRC-DPRU618/2003/G2P[4]
KJ751628 RVA/Human-wt/GHA/MRC-DPRU1818/1999/G2P[6]
KJ752398 RVA/Human-wt/GMB/MRC-DPRU3180/2010/G2P[6]
KP882826 RVA/Human-wt/MLI/Mali-028/2008/G2P[6]
KP882573 RVA/Human-wt/GHA/Ghan-105/2009/G3P[6]
LC105568 RVA/Human-wt/GHA/GHNAV483/2009/G2P[4]
KJ752165 RVA/Human-wt/TGO/MRC-DPRU5124/2010/G2P[4]
KP882606 RVA/Human-wt/GHA/Ghan-108/2009/G2P[6]
KM660372 RVA/Human-wt/CMR/ES298/2011/G6P[6]
FJ861660 RVA/Human-wt/IND/DS108/2009/G8P[6]
LC060816 RVA/Human-wt/VNM/NT0578/2008/G2P[4]
KC178801 RVA/Human-wt/ITA/PA150/2006/G2P[4]
KC834701 RVA/Human-wt/AUS/V233/1999/G2P[4]
KX880416/RVA/Human-wt/DEU/GER33-15/2015/G3P[8]
LC514485 RVA/Human-wt/THA/DBM2017-203/2017/G9P[8]
OK349193 RVA/Human-wt/CHN/GZ-0013/2021/G8P[8]
LC001934 RVA/Human-tc/JPN/01P007/2001/G2P[4]
KJ626969 RVA/Human-wt/PRY/1040SR/2005/G2P[4]
MT633350 RVA/Human-wt/BRA/TO-251/2010/G8P[4]
AB848999 RVA/Human-wt/JPN/S120088/2012/G9P[4]
KJ919801 RVA/Human-wt/HUN/ERN5603/2012/G2P[4]
JQ069554 RVA/Human-wt/CAN/RT036-07/2007/G2P[4]
KC442907 RVA/Human-wt/USA/2007769964/2007/G2P[4]
KC870013 RVA/Human-wt/ITA/SS65/2011/G8P[4]
GQ414544 RVA/Human-wt/GER/GER1H-09/2009/G8P[4]
● RVA/ Human-wt/BRA/IAL-R2598/2010/G8P[4]
● RVA/ Human-wt/BRA/IAL-R2597/2010/G8P[4]
● RVA/ Human-wt/BRA/IAL-R2601/2010/G8P[4]
● RVA/ Human-wt/BRA/IAL-R2600/2010/G8P[4]
KX655510 RVA/Human-wt/UGA/MSK-13-048/2013/G9P[8]
AB749359 RVA/Human-tc/MWI/QEC289/2006/G8P[8]
DQ005110 RVA/Human-wt/COD/DRC88/2003/G8P[8]
DQ005121 RVA/Human-wt/COD/DRC86/2003/G8P[6]
AB749346 RVA/Human-tc/MWI/QOP387/2007/G8P[4]
MT232619 RVA/Human-wt/USA/2012748260/2012/G8P[4]
KJ752462 RVA/Human-wt/ZWE/MRC-DPRU3347/2010/G8P[4]
KX655521 RVA/Human-wt/UGA/MUL-13-427/2013/G8P[4]
KF636249 RVA/Human-wt/KEN/MRC-DPRU1606/2009/G8P[4]
MG891986 RVA/Human-wt/MOZ/0052/2012/G8P[4]
KJ751617 RVA/Human-wt/TZA/MRC-DPRU4568/2011/G8P[4]
GU937881 RVA/Goat-tc/BGD/GO34/1999/G6P[1]
KC175098 RVA/Human-wt/IND/N83/2003/G10P[11]
EF583016 RVA/Human-tc/IND/69M/1980/G8P[1]

GU565045 RVA/Vaccine/USA/RotaTeq-WI79-4/1992/G6P[8]
LC336590 RVA/Human-wt/JPN/Tokyo/12-1375/2012/G8P[14]
KC257095 RVA/Camel-wt/SDN/MRC-DPRU447/2002/G8P[11]

KP883178 RVA/Human-wt/MLI/Mali-135/2008/G8P[6]
KJ752622 RVA/Human-wt/SEN/MRC-DPRU2053/2009/G8P[6]
KP882925 RVA/Human-wt/MLI/Mali-039/2008/G8P[6]
MG214341 RVA/Human-tc/MAR/ma31/2011/G8P[14]
EF554152 RVA/Sheep-tc/ESP/OVR762/2002/G8P[14]

JN831224 RVA/Cow-wt/ZAF/1604/2007/G8P[1]
FJ495131 RVA/Antelope-wt/ZAF/RC-18-08/G6P[14]
EF554119 RVA/Human-wt/BEL/B10925/1997/G6P[14]
EF583020 RVA/Human-tc/GBR/A64/1987/G10P[14]
FN665693 RVA/Human-wt/HUN/BP1062/2004/G8P[14]
LC169856 RVA/Human-wt/THA/PCB-79/2013/G8P[8]
LC095956 RVA/Human-wt/VNM/NT0082/2007/G10P[14]
AB749351 RVA/Human-tc/MWI/MW2-026/1999/G8P[6]
KX655455 RVA/Human-wt/UGA/MUL-13-204/2013/G8P[6]
KU714459 RVA/Human-wt/MWI/MW2-181 B/2000/G1P[8]
KP882474 RVA/Human-wt/GHA/Ghan-059/2008/G8P[1]
KP882683 RVA/Human-wt/GHA/Ghan-149/2008/G8P[6]
KJ748480 RVA/Human-wt/GHA/GH019-08/2008/G8P[6]
KP882628 RVA/Human-wt/GHA/Ghan-113/2008/G8P[6]
LC026105 RVA/Human-wt/GHA/PML1965/2012/G6P[6]
KC152910 RVA/Human-wt/ITA/CEC06/2011/G6P[6]
DQ003294 RVA/Pig-xx/IND/HP113/xxxx/G6P[13]
DQ003295 RVA/Pig-xx/IND/HP140/xxxx/G6P[13]
JF693042 RVA/Cow-tc/ZAF/ O Agent/1965/G8P[1]
EF554097 RVA/Human-tc/AUS/MG6/1993/G6P[14]
JX070051 RVA/Vicuna-wt/ARG/C75/2010/G8P[14]
KT887524 RVA/Alpaca-wt/PER/562/2010/G8P[14]
DQ205226 RVA/Rabbit-tc/ITA/30-96/1996/G3P[14]
AY740737 RVA/Human-wt/BEL/B4106/2000/G3P[14]
KP258402 RVA/Human-wt/BEL/BE5028/2012/G3P[14]

KF577842 RVA/Goat-wt/ARG/0040/2011/G8P[1]
KY426813 RVA/Roe deer-wt/SLO/D110-15/2015/G8P[14]

DQ838647 RVA/Simian-tc/ZAF/SA11-5S/1958/G3P[x]
AB573073 RVA/Cow-wt/JPN/Dai-10/2008/G24P[33]
KU317470 RVA/Human-tc/EGY/AS970/2012/G8P[14]
JF421979 RVA/Human-tc/JPN/KF17/2010/G6P[9]
JF304919 RVA/Human-tc/KEN/D205/1989/G2P[4]

EF554108 RVA/Human-wt/HUN/Hun5/1997/G6P[14]
GU827410 RVA/Cat-wt/ITA/BA222/2005/G3P[9]
LC119108 RVA/Cow-tc/NGA/NGRBg8/1998/G8P[1]

KJ628070 RVA/Horse-wt/ARG/E9314-5/2010/G14P[12]
AB908927 RVA/Horse-tc/JPN/JE84/1996/G14P[12]
JQ345494 RVA/Horse-wt/ZAF/EqRV-SA1/2006/G14P[12]
KC815684 RVA/Horse-tc/JPN/BI/1981/G3P[12]

KC178799 RVA/Human-wt/ITA/PAI11/1996/G2P[4]
JF304930 RVA/Human-tc/KEN/AK26/1982/G2P[4]
DQ146695 RVA/Human-tc/PHL/L26/1987/G12P[4]
DQ870507 RVA/Human-tc/USA/DS-1/1976/G2P[4]
LC001920 RVA/Human-wt/JPN/83A001/1983/G2P[4]
KC443591 RVA/Human-wt/AUS/CK20001/1977/G2P[4]
AB733132 RVA/Human-tc/JPN/KUN/1980/G2P[4]
LC438394 RVA/Human-tc/JPN/80SR001/1980/G2P[4]
LC001929 RVA/Human-wt/JPN/89Y1520/1989/G2P[4]
AY787645 RVA/Human-wt/CHN/TB-Chen/1996/G2P[4]
LC065019 RVA/Human-tc/JPN/AU109/1994/G8P[4]
AB762771 RVA/Human-tc/JPN/AU605/1986/G2P[4]

KU861460 RVA/Human-tc/USA/DC5685-20-AG/1991/G1P[8] outgroup
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OK349195 RVA/Human-wt/CHN/GZ-0013/2021/G8P[8]
LC514487 RVA/Human-wt/THA/DBM2017-203/2017/G9P[8]
● RVA/Human-wt/BRA/IAL-R558/2017/G8P[8]
KX880420 RVA/Human-wt/DEU/GER33-15/2015/G3P[8]
MH513958 RVA/Human-wt/BRA/IAL-R751/2016/G3P[8]
MF997041 RVA/Human-wt/USA/3000390639/2015/G3P[8]
LC325466 RVA/Human-wt/JPN/15R429/2015/G3P[8]
KU870389 RVA/Human-wt/HUN/ERN8148/2015/G3P[8]
KU550303 RVA/Human-wt/ESP/SS98244047/2015/G3P[8]

● RVA/Human-wt/BRA/IAL-R193/2017/G8P[8]
MN058752 RVA/Human-wt/KOR/CAU17L-103/2017/G8P[8]

LC491446 RVA/Human-wt/VNM/RVN16.1024/2016/G9P[8]
MG996109 RVA/Human-wt/SGP/NV-16-150/2016/G8P[8]

LC169858 RVA/Human-wt/THA/PCB-79/2013/G8P[8]
LC169946 RVA/Human-wt/THA/SKT-457/2014/G8P[8]
LC074737 RVA/Human-wt/VNM/RVN1149/2014/G8P[8]
LC102967 RVA/Human-wt/JPN/MU14-0/2014/G8P[8]
LC066656 RVA/Human-wt/THA/SKT-109/2013/G1P[8]
MG573355 RVA/Human-wt/BRA/IAL-R3122/2013/G1P[8]
KP007165 RVA/Human-wt/PHI/TGO12-004/2012/G1P[8]
AB975796 RVA/Human-wt/JPN/KN059/2012/G1P[8]
AB975784 RVA/Human-wt/JPN/KN039/2012/G1P[8]
KJ639018 RVA/Human-wt/JPN/S13-30/2013/G3P[4]
KJ639029 RVA/Human-wt/JPN/S13-45/2013/G3P[4]

KU059772 RVA/Human-wt/AUS/D388/2013/G3P[8]
KY000552 RVA/Human-wt/DEU/GER37-16/2016/G3P[8]

LC066153 RVA/Human-wt/VNM/SP026/2012/G1P[8]
KF716394 RVA/Human-wt/USA/VU10-11-9/2011/G2P[4]
KX536671 RVA/Human-wt/IND/RV10/2010/G9P[4]
HQ641368 RVA/Human-wt/BGD/MMC88/2005/G2P[4]

JX307617 RVA/Human-wt/IND/mcs72/2011/G8P[4]
JX307618 RVA/Human-wt/IND/mcs90/2011/G8P[4]

MG981268 RVA/Human-wt/ITA/AN19/2016/G9P[4]
LC227882 RVA/Human-wt/IND/Kol-047/2013/G9P[4]

KC782514 RVA/Human-wt/USA/LB1562/2010/G9P[4]
KX536670 RVA/Human-wt/IND/RV09/2009/G9P[4]
LC105583 RVA/Human-wt/GHA/GHPML1989/2012/G2P[4]
MG181926 RVA/Human-wt/MWI/BID1CT/2012/G2P[4]
MG181321 RVA/Human-wt/MWI/BID1JK/2013/G2P[4]
MG181640 RVA/Human-wt/MWI/BID2AW/2013/G1P[8]
MG181618 RVA/Human-wt/MWI/BID1PU/2013/G1P[8]
MT633562 RVA/Human-wt/BRA/TO-095/2015/G2P[4]

FJ861654 RVA/Human-wt/IND/DS108/2009/G8P[6]
LC060820 RVA/Human-wt/VNM/NT0578/2008/G2P[4]

MT633566 RVA/Human-wt/BRA/TO-251/2010/G8P[4]
KX655512 RVA/Human-wt/UGA/MSK-13-048/2013/G9P[8]
AB753074 RVA/Human-tc/MWI/MW2-1114/2004/G8P[4]
AB753098 RVA/Human-tc/MWI/QEC289/2006/G8P[8]

DQ146688 RVA/Human-wt/BGD/N26/2002/G12P[6]
KJ918857 RVA/Human-wt/HUN/ERN5603/2012/G2P[4]

AB753086 RVA/Human-tc/MWI/MW1-023/1997/G8P[6]
KX655457 RVA/Human-wt/UGA/MUL-13-204/2013/G8P[6]
AB753077 RVA/Human-tc/MWI/MW2-489/2000/G8P[4]
HQ657133 RVA/Human-wt/MWI/1473/2001/G8P[4]
AB849003 RVA/Human-wt/JPN/S120088/2012/G9P[4]

KJ626960 RVA/Human-wt/PRY/1040SR/2005/G2P[4]
LC002010 RVA/Human-tc/JPN/01P007/2001/G2P[4]
KC178722 RVA/Human-wt/ITA/PA150/2006/G2P[4]
KC834698 RVA/Human-wt/AUS/V233/1999/G2P[4]
JQ069391 RVA/Human-wt/CAN/RT036-07/2007/G2P[4]

AB753075 RVA/Human-tc/MWI/MW2-1238/2005/G8P[4]
DQ005119 RVA/Human-wt/COD/DRC86/2003/G8P[6]
DQ005108 RVA/Human-wt/COD/DRC88/2003/G8P[8]
AB753085 RVA/Human-tc/MWI/QOP387/2007/G8P[4]
KJ752453 RVA/Human-wt/ZWE/MRC-DPRU3347/2010/G8P[4]
MT232623 RVA/Human-wt/USA/2012748260/2012/G8P[4]
KF636240 RVA/Human-wt/KEN/MRC-DPRU1606/2009/G8P[4]
KJ751608 RVA/Human-wt/TZA/MRC-DPRU4568/2011/G8P[4]

KX655523 RVA/Human-wt/UGA/MUL-13-427/2013/G8P[4]
MG891977 RVA/Human-wt/MOZ/0052/2012/G8P[4]

● RVA/Human-wt/BRA/IAL-RN374/2009/G8P[6]
● RVA/Human-wt/BRA/IAL-RN361/2009/G8P[6]
● RVA/Human-wt/BRA/IAL-RN373/2009/G8P[6]
● RVA/Human-wt/BRA/IAL-RN377/2009/G8P[6]
● RVA/Human-wt/BRA/IAL-R2437/2010/G8P[6]
● RVA/Human-wt/BRA/IAL-R2404/2010/G8P[6]
KJ870895 RVA/Human-wt/COD/KisB554/2010/G8P[6]

JF460818 RVA/Human-wt/USA/06-242/2006/G2P[6]
KJ748482 RVA/Human-wt/GHA/GH019-08/2008/G8P[6]
KP882687 RVA/Human-wt/GHA/Ghan-149/2008/G8P[6]
KP882577 RVA/Human-wt/GHA/Ghan-105/2009/G3P[6]
KP883182 RVA/Human-wt/MLI/Mali-135/2008/G8P[6]
KJ752613 RVA/Human-wt/SEN/MRC-DPRU2053/2009/G8P[6]
LC105539 RVA/Human-wt/GHA/GHDC514/2008/G2P[4]
KJ75348 RVA/Human-wt/ZMB/MRC-DPRU1752/XXXX/G4P[6]
MG181882 RVA/Human-wt/MWI/BID15I/2012/G2P[6]
MG181772 RVA/Human-wt/MWI/BID11S/2012/G2P[4]
MN479523 RVA/Human-wt/USA/3000354444/2015/G3P[6]
KP882610 RVA/Human-wt/GHA/Ghan-108/2009/G2P[6]
LC105572 RVA/Human-wt/GHA/GHNAV483/2009/G2P[4]
KJ752156 RVA/Human-wt/TGO/MRC-DPRU5124/2010/G2P[4]
KM660092 RVA/Human-wt/CMR/ES298/2011/G6P[6]
KP882830 RVA/Human-wt/MLI/Mali-028/2008/G2P[6]
LC026109 RVA/Human-wt/GHA/PML1965/2012/G6P[6]
KC152911 RVA/Human-wt/ITA/CEC06/2011/G6P[6]

KJ751851 RVA/Human-wt/ZAF/MRC-DPRU1845/1999/G2P[6]
EF554088 RVA/Human-wt/BEL/B1711/2002/G6P[6]

AY787647 RVA/Human-tc/CHN/TB-Chen/1996/G2P[4]
LC065023 RVA/Human-tc/JPN/AU109/1994/G8P[4]
LC002005 RVA/Human-wt/JPN/89Y1520/1989/G2P[4]
AB762775 RVA/Human-tc/JPN/AU605/1986/G2P[4]
JF304921 RVA/Human-tc/KEN/AK26/1982/G2P[4]
EF672557 RVA/Human-tc/IND/69M/1980/G8P[10]

LC438396 RVA/Human-tc/JPN/80SR001/1980/G2P[4]
AB733136 RVA/Human-tc/JPN/KUN/1980/G2P[4]

LC001996 RVA/Human-wt/JPN/83A001/1983/G2P[4]
KC443582 RVA/Human-wt/AUS/CK20001/1977/G2P[4]

HQ650120 RVA/Human-tc/USA/DS-1/1976/G2P[4]
JX416214 RVA/Human-tc/SWE/1076/1983/G2P[6]
EF672592 RVA/Human-tc/PHI/L26/1987/G12P[4]
KC178720 RVA/Human-wt/ITA/PAI11/1996/G2P[4]
AB975785 RVA/Human-wt/JPN/KN041/2012/G1P[8]

KC442898 RVA/Human-wt/USA/2007769964/2007/G2P[4]
KC870014 RVA/Human-wt/ITA/SS65/2011/G8P[4]
GQ414546 RVA/Human-wt/DEU/GER1H-09/2009/G8P[4]
● RVA/Human-wt/BRA/IAL-R2601/2010/G8P[4]
● RVA/Human-wt/BRA/IAL-R2597/2010/G8P[4]
● RVA/Human-wt/BRA/IAL-R2600/2010/G8P[4]
● RVA/Human-wt/BRA/IAL-R2598/2010/G8P[4]

KU861462 RVA/Human-tc/USA/DC5685-20-AG/1991/G1P[8] outgroup
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OK349196 RVA/Human-wt/CHN/GZ-0013/2021/G8P[8]
LC514488 RVA/Human-wt/THA/DBM2017-203/2017/G9P[8]
MN058742 RVA/Human-wt/CAU17L-103/2017/G8P[8]
KX880421 RVA/Human-wt/DEU/GER33-15/2015/G3P[8]
MH520732 RVA/Human-wt/BRA/IAL-R751/2016/G3P[8]
KU870392 RVA/Human-wt/HUN/ERN8148/2015/G3P[8]
MF997042 RVA/Human-wt/USA/3000390639/2015/G3P[8]
KU550309 RVA/Human-wt/ESP/SS98244047/2015/G3P[8]

AB975834 RVA/Human-wt/JPN/KN039/2012/G1P[8]
LC066657 RVA/Human-wt/THA/SKT-109/2013/G1P[8]
LC491447 RVA/Human-wt/VNM/RVN16.1024/2016/G9P[8]

LC105397 RVA/Human-wt/JPN/To14-37/2014/G9P[8]
MG573359 RVA/Human-wt/BRA/IAL-R3122/2013/G1P[8]
LC325467 RVA/Human-wt/JPN/15R429/2015/G3P[8]

KU059773 RVA/Human-wt/AUS/D388/2013/G3P[8]
LC086732 RVA/Human-wt/THA/SKT-289/2013/G3P[8]
KJ639030 RVA/Human-wt/JPN/S13-45/2013/G3P[4]

HQ641369 RVA/Human-wt/BGD/MMC88/2005/G2P[4]
JX307622 RVA/Human-wt/IND/mcs90/2011/G8P[4]

KX536641 RVA/Human-wt/IND/RV10/2010/G9P[4]
KC782515 RVA/Human-wt/USA/LB1562/2010/G9P[4]
KX536640 RVA/Human-wt/IND/RV09/2009/G9P[4]
LC105584 RVA/Human-wt/GHA/GHPML1989/2012/G2P[4]
MG981269 RVA/Human-wt/ITA/AN19/2016/G9P[4]
KP007166 RVA/Human-wt/PHI/TGO12-004/2012/G1P[8]
KF716397 RVA/Human-wt/USA/VU10-11-9/2011/G2P[4]
MG181641 RVA/Human-wt/MWI/BID2AW/2013/G1P[8]
MG181619 RVA/Human-wt/MWI/BID1PU/2013/G1P[8]
MG181322 RVA/Human-wt/MWI/BID1JK/2013/G2P[4]
MG181927 RVA/Human-wt/MWI/BID1CT/2012/G2P[4]

LC002072 RVA/Human-tc/JPN/01P007/2001/G2P[4]
KC178731 RVA/Human-wt/ITA/PA150/2006/G2P[4]
AB849004 RVA/Human-wt/JPN/S120088/2012/G9P[4]
LC066154 RVA/Human-wt/VNM/SP026/2012/G1P[8]
KJ626961 RVA/Human-wt/PRY/1040SR/2005/G2P[4]

KC834695 RVA/Human-wt/AUS/V233/1999/G2P[4]
LC002074 RVA/Human-wt/JPN/B110005/2011/G2P[4]
AB975835 RVA/Human-wt/JPN/KN041/2012/G1P[8]

KC442899 RVA/Human-wt/USA/2007769964/2007/G2P[4]
KJ918962 RVA/Human-wt/HUN/ERN5603/2012/G2P[4]
JQ069307 RVA/Human-wt/CAN/RT036-07/2007/G2P[4]

KX655513 RVA/Human-wt/UGA/MSK-13-048/2013/G9P[8]
FJ861655 RVA/Human-wt/IND/DS108/2009/G8P[6]
DQ490541 RVA/Human-wt/BGD/RV161/2000/G12P[6]
AB753238 RVA/Human-tc/MWI/MW1-131/1997/G8P[6]
HQ657134 RVA/Human-wt/MWI/1473/2001/G8P[4]
AB753228 RVA/Human-tc/MWI/MW2-489/2000/G8P[4]
MG891978 RVA/Human-wt/MOZ/0052/2012/G8P[4]
KX655524 RVA/Human-wt/UGA/MUL-13-427/2013/G8P[4]
KJ751609 RVA/Human-wt/TZA/MRC-DPRU4568/2011/G8P[4]
KF636241 RVA/Human-wt/KEN/MRC-DPRU1606/2009/G8P[4]
MT232624 RVA/Human-wt/USA/2012748260/2012/G8P[4]
AB753236 RVA/Human-tc/MWI/QOP387/2007/G8P[4]
KJ752454 RVA/Human-wt/ZWE/MRC-DPRU3347/2010/G8P[4]
DQ005107 RVA/Human-wt/COD/DRC88/2003/G8P[8]
DQ005118 RVA/Human-wt/COD/DRC86/2003/G8P[6]

KJ751620 RVA/Human-wt/GHA/MRC-DPRU1818/1999/G2P[6]
EF554089 RVA/Human-wt/BEL/B1711/2002/G6P[6]
KM660124 RVA/Human-wt/CMR/ES298/2011/G6P[6]
KC152912 RVA/Human-wt/ITA/CEC06/2011/G6P[6]
● RVA/Human-wt/BRA/IAL-RN374/2009/G8P[6]
● RVA/Human-wt/BRA/IAL-RN373/2009/G8P[6]
● RVA/Human-wt/BRA/IAL-R2404/2010/G8P[6]
● RVA/Human-wt/BRA/IAL-RN377/2009/G8P[6]
● RVA/Human-wt/BRA/IAL-RN361/2009/G8P[6]
● RVA/Human-wt/BRA/IAL-R2437/2010/G8P[6]

MN479681 RVA/Human-wt/USA/3000354444/2015/G3P[6]
KJ752157 RVA/Human-wt/TGO/MRC-DPRU5124/2010/G2P[4]
LC105573 RVA/Human-wt/GHA/GHNAV483/2009/G2P[4]
KP882611 RVA/Human-wt/GHA/Ghan-108/2009/G2P[6]
KJ752179 RVA/Human-wt/TGO/MRC-DPRU5164/2010/G3P[6]
KJ753486 RVA/Human-wt/ZMB/MRC-DPRU1752/XXXX/G4P[6]
JF460819 RVA/Human-wt/USA/06-242/2006/G2P[6]
KJ870896 RVA/Human-wt/COD/KisB554/2010/G8P[6]
MG181883 RVA/Human-wt/MWI/BID15I/2012/G2P[6]
MG181773 RVA/Human-wt/MWI/BID11S/2012/G2P[4]
GU937884 RVA/Goat-wt/BGD/GO34/1999/G6P[1]
KX655458 RVA/Human-wt/UGA/MUL-13-204/2013/G8P[6]
AB753249 RVA/Human-tc/MWI/QEC289/2006/G8P[8]

FN665694 RVA/Human-wt/HUN/BP1062/2004/G8P[14]
LC119111 RVA/Cow-tc/NGA/NGRBg8/1998/G8P[1]
KP882633 RVA/Human-wt/GHA/Ghan-113/2008/G8P[6]
KP882688 RVA/Human-wt/GHA/Ghan-149/2008/G8P[6]
KJ748483 RVA/Human-wt/GHA/GH019-08/2008/G8P[6]

JN903513 RVA/Horse-wt/IRL/04V2024/2004/G14P[12]
KC815676 RVA/Horse-tc/JPN/HH-22/1989/G3P[12]

JF712573 RVA/Horse-wt/ARG/E30/1993/G3P[12]
LC060821 RVA/Human-wt/VNM/NT0578/2008/G2P[4]
LC065024 RVA/Human-tc/JPN/AU109/1994/G8P[4]

JQ031147 RVA/Sheep-tc/CHN/LLR/1985/G10P[12]
HQ834203 RVA/Sheep-tc/CHN/CC0812-1/2008/G10P[15]

JN831205 RVA/Cow-wt/ZAF/1603/2007/G6P[5]
● RVA/Human-wt/BRA/IAL-R2601/2010/G8P[4]
● RVA/Human-wt/BRA/IAL-R2598/2010/G8P[4]

GQ414547 RVA/Human-wt/GER/GER1H-09/2009/G8P[4]
● RVA/Human-wt/BRA/IAL-R2597/2010/G8P[4]
● RVA/Human-wt/BRA/IAL-R2600/2010/G8P[4]
KC870015 RVA/Human-wt/ITA/SS65/2011/G8P[4]
MG214333 RVA/Human-tc/MAR/ma31/2011/G8P[14]

EF554155 RVA/Sheep-tc/ESP/OVR762/2002/G8P[14]
KU317462 RVA/Human-tc/EGY/AS970/2012/G8P[14]
HM113521 RVA/Human-wt/EGY/Egy3399/2004/G6P[14]

KJ752614 RVA/Human-wt/SEN/MRC-DPRU2053/2009/G8P[6]
KP883029 RVA/Human-wt/MLI/Mali-048/2008/G8P[6]
JN013976 RVA/Human-wt/ZAF/2371WC/2008/G9P[8]
KP883183 RVA/Human-wt/MLI/Mali-135/2008/G8P[6]
KC257087 RVA/Camel-wt/SDN/MRC-DPRU447/2002/G8P[11]

EF554111 RVA/Human-wt/HUN/Hun5/1997/G6P[14]
KP882479 RVA/Human-wt/GHA/Ghan-059/2008/G8P[1]

EF554133 RVA/Human-tc/ITA/PA169/1988/G6P[14]
FJ495134 RVA/Antelope-wt/ZAF/RC-18-08/G6P[14]

JX567765 RVA/Human-wt/AUS/V585/2011/G10P[14]
EF672566 RVA/Human-tc/GBR/A64/1987/G10P[14]
EF672559 RVA/Human-tc/IND/69M/1980/G8P[10]

HQ650123 RVA/Human-tc/USA/DS-1/1976/G2P[4]
AY787648 RVA/Human-wt/CHN/TB-Chen/1996/G2P[4]

AB733137 RVA/Human-tc/JPN/KUN/1980/G2P[4]
KC815699 RVA/Horse-tc/JPN/CH-3/1987/G14P[12]

KC815687 RVA/Horse-tc/JPN/BI/1981/G3P[12]
KF690132 RVA/Human-wt/AUS/RCH272/2012/G3P[14]

EF672608 RVA/Human-tc/USA/Se584/1998/G6P[9]
● RVA/Human-wt/BRA/IAL-R193/2017/G8P[8]
● RVA/Human-wt/BRA/IAL-R558/2017/G8P[8]
MG996117 RVA/Human-wt/SGP/NV-16-150/2016/G8P[8]
LC074738 RVA/Human-wt/VNM/RVN1149/2014/G8P[8]
LC169947 RVA/Human-wt/THA/SKT-457/2014/G8P[8]
LC169881 RVA/Human-wt/THA/PCB-85/2013/G8P[8]
LC102968 RVA/Human-wt/JPN/MU14-0/2014/G8P[8]
LC169859 RVA/Human-wt/THA/PCB-79/2013/G8P[8]
KY426804 RVA/Roe deer-wt/SLO/D110-15/2015/G8P[14]
KJ751918 RVA/Cow-wt/ZAF/MRC-DPRU3005/2009/G6P[11]

KJ803831 RVA/Human-wt/PRY/492SR/2004/G8P[1]
KP883095 RVA/Human-wt/MLI/Mali-072/2008/G2P[6]
KP882831 RVA/Human-wt/MLI/Mali-028/2008/G2P[6]

KT887527 RVA/alpaca-wt/PER/562/2010/G8P[14]
KF577845 RVA/Goat-wt/ARG/0040/2011/G8P[1]

FJ422139 RVA/Rhesus-tc/USA/PTRV/1990/G8P[1]
LC336595 RVA/Human-wt/JPN/Tokyo/12-1375/2012/G8P[14]

GU384196 RVA/Cow-tc/CHN/DQ-75/2008/G10P[11]
KJ411439 RVA/Human-wt/USA/2012841174/2012/G8P[14]

JF693032 RVA/Cow-tc/USA/NCDV/1971/G6P[1]
GU565048 RVA/Vaccine/USA/RotaTeq-WI79-4/1992/G6P[8]

DQ838597 RVA/Cow-tc/ZAF/O Agent/1965/G8P[1]
J02353 RVA/Simian-tc/ZAF/SA11-N2/1958/G3P[2]

FJ347107 RVA/Guanaco-wt/ARG/Chubut/1999/G8P[14]
JX070053 RVA/Vicuna-wt/ARG/C75/2010/G8P[14]

HQ661130 RVA/Dog-tc/ITA/RV52-96/1996/G3P[3]
HQ661119 RVA/Human-tc/ITA/PA260-97/1997/G3P[3]

JF421982 RVA/Human-wt/JPN/KF17/2010/G6P[9]
DQ205227 RVA/Rabbit-tc/ITA/30-96/1996/G3P[14]
AY740734 RVA/Human-wt/BEL/B4106/2000/G3P[14]
GU296413 RVA/Human-wt/ITA/PAI58/1996/G3P[9]

KJ918920 RVA/Human-wt/HUN/ERN5162/2012/G3P[9]
KF500515 RVA/Human-wt/USA/12US1134/2012/G3P[9

KJ879455 RVA/Rat-wt/GER/KS-11-573/2011/G3P[3]
EU708908 RVA/Human-wt/USA/HCR3A/1984/G3P[3]

EU708930 RVA/Dog-wt/USA/K9/1979/G3P[3]
EU708952 RVA/Cat-wt/AUS/Cat97/1984/G3P[3]

FJ206108 RVA/Cow-tc/KOR/KJ9-1/XXXX/G6P[7]
FJ347129 RVA/Guanaco-wt/ARG/Rio Negro/1998/G8P[1]
JX402797 RVA/Cow-wt/SVN/SI-B17/2004/G6P[11]
AB573075 RVA/Cow-wt/JPN/Dai-10/2008/G24P[33]

KU861463 RVA/Human-tc/USA/DC5685-20-AG/1991/G1P[8] outgroup
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(K) NSP3:T2
● RVA/Human-wt/BRA/IAL-R2404/2010/G8P[6]
● RVA/Human-wt/BRA/IAL-R2437/2010/G8P[6]
● RVA/Human-wt/BRA/IAL-RN377/2009/G8P[6]
● RVA/Human-wt/BRA/IAL-RN374/2009/G8P[6]
● RVA/Human-wt/BRA/IAL-RN373/2009/G8P[6]
RVA/Human-wt/BRA/IAL-RN361/2009/G8P[6]
KJ870897 RVA/Human-wt/COD/KisB554/2010/G8P[6]
DQ005106 RVA/Human-wt/COD/DRC88/2003/G8P[8]
DQ005117 RVA/Human-wt/COD/DRC86/2003/G8P[6]
KF636242 RVA/Human-wt/KEN/MRC-DPRU1606/2009/G8P[4]
KJ751610 RVA/Human-wt/TZA/MRC-DPRU4568/2011/G8P[4]
MG891979 RVA/Human-wt/MOZ/0052/2012/G8P[4]
KX655525 RVA/Human-wt/UGA/MUL-13-427/2013/G8P[4]

LC002029 RVA/Human-tc/JPN/01P007/2001/G2P[4]
KJ626962 RVA/Human-wt/PRY/1040SR/2005/G2P[4]
KC178739 RVA/Human-wt/ITA/PA150/2006/G2P[4]
KC834692 RVA/Human-wt/AUS/V233/1999/G2P[4]
KC870016 RVA/Human-wt/ITA/SS65/2011/G8P[4]
GQ414548 RVA/Human-wt/DEU/GER1H/2009/G8P[4]
● RVA/Human-wt/BRA/IAL-R2597/2010/G8P[4]
● RVA/Human-wt/BRA/IAL-R2600/2010/G8P[4]
● RVA/Human-wt/BRA/IAL-R2598/2010/G8P[4]
● RVA/Human-wt/BRA/IAL-R2601/2010/G8P[4]
HQ657135 RVA/Human-wt/MWI/1473/2001/G8P[4]
AB753497 RVA/Human-tc/MWI/MW2-489/2000/G8P[4]
EF554090 RVA/Human-wt/BEL/B1711/2002/G6P[6]
FJ861656 RVA/Human-wt/IND/DS108/2009/G8P[6]
KX655514 RVA/Human-wt/UGA/MSK-13-048/2013/G9P[8]
AB753518 RVA/Human-tc/MWI/QEC289/2006/G8P[8]
KJ752202 RVA/Human-wt/ZAF/MRC-DPRU82/2012/G2P[4]
KJ752455 RVA/Human-wt/ZWE/MRC-DPRU3347/2010/G8P[4]
AB753505 RVA/Human-tc/MWI/QOP387/2007/G8P[4]
MT232625 RVA/Human-wt/USA/2012748260/2012/G8P[4]
MT674507 RVA/Human-wt/BRA/TO-251/2010/G8P[4]
MT674509 RVA/Human-wt/BRA/TO-095/2015/G2P[4]
LC060822 RVA/Human-wt/VNM/NT0578/2008/G2P[4]
LC227904 RVA/Human-wt/IND/Kol-047/2013/G9P[4]
MG981270 RVA/Human-wt/ITA/AN19/2016/G9P[4]
KX536644 RVA/Human-wt/IND/RV10/2010/G9P[4]
KC782516 RVA/Human-wt/USA/LB1562/2010/G9P[4]

HQ641370 RVA/Human-wt/BGD/MMC88/2005/G2P[4]
JX307626 RVA/Human-wt/IND/mcs90/2011/G8P[4]

LC105585 RVA/Human-wt/GHA/GHPML1989/2012/G2P[4]
KF716416 RVA/Human-wt/USA/VU10-11-9/2011/G2P[4]
MG181642 RVA/Human-wt/MWI/BID2AW/2013/G1P[8]
MG181620 RVA/Human-wt/MWI/BID1PU/2013/G1P[8]
MG181323 RVA/Human-wt/MWI/BID1JK/2013/G2P[4]
MG181928 RVA/Human-wt/MWI/BID1CT/2012/G2P[4]

KX655459 RVA/Human-wt/UGA/MUL-13-204/2013/G8P[6]
KC442900 RVA/Human-wt/USA/2007769964/2007/G2P[4]
JQ069223 RVA/Human-wt/CAN/RT036-07/2007/G2P[4]
KJ919067 RVA/Human-wt/HUN/ERN5603/2012/G2P[4]
MN479839 RVA/Human-wt/USA/3000354444/2015/G3P[6]
KP882612 RVA/Human-wt/GHA/Ghan-108/2009/G2P[6]
LC105574 RVA/Human-wt/GHA/GHNAV483/2009/G2P[4]
KJ752158 RVA/Human-wt/TGO/MRC-DPRU5124/2010/G2P[4]
KM660155 RVA/Human-wt/CMR/ES298/2011/G6P[6]
KP882579 RVA/Human-wt/GHA/Ghan-105/2009/G3P[6]
KP882832 RVA/Human-wt/MLI/Mali-028/2008/G2P[6]
KC152913 RVA/Human-wt/ITA/CEC06/2011/G6P[6]
KJ753487 RVA/Human-wt/ZMB/MRC-DPRU1752/XXXX/G4P[6]
MG181884 RVA/Human-wt/MWI/BID15I/2012/G2P[6]
MG181774 RVA/Human-wt/MWI/BID11S/2012/G2P[4]
KP882689 RVA/Human-wt/GHA/Ghan-149/2008/G8P[6]
KJ748484 RVA/Human-wt/GHA/GH019-08/2008/G8P[6]
KP883184 RVA/Human-wt/MLI/Mali-135/2008/G8P[6]
KJ752615 RVA/Human-wt/SEN/MRC-DPRU2053/2009/G8P[6]
JF460820 RVA/Human-wt/USA/06-242/2006/G2P[6]
LC066155 RVA/Human-wt/VNM/SP026/2012/G1P[8]
KJ639031 RVA/Human-wt/JPN/S13-45/2013/G3P[4]
MH520738 RVA/Human-wt/BRA/IAL-R751/2016/G3P[8]
KX880422 RVA/Human-wt/DEU/GER33-15/2015/G3P[8]
OK349197 RVA/Human-wt/CHN/GZ-0013/2021/G8P[8]

MF997043 RVA/Human-wt/USA/3000390639/2015/G3P[8]
KU870391 RVA/Human-wt/HUN/ERN8148/2015/G3P[8]
KU550315 RVA/Human-wt/ESP/SS98244047/2015/G3P[8]
AB975884 RVA/Human-wt/JPN/KN039/2012/G1P[8]
KY000554 RVA/Human-wt/DEU/GER37-16/2016/G3P[8]
KU059774 RVA/Human-wt/AUS/D388/2013/G3P[8]
LC325468 RVA/Human-wt/JPN/15R429/2015/G3P[8]
LC086733 RVA/Human-wt/THA/SKT-289/2013/G3P[8]
AB975885 RVA/Human-wt/JPN/KN041/2012/G1P[8]
KP007167 RVA/Human-wt/PHI/TGO12-004/2012/G1P[8]
AB975895 RVA/Human-xx/JPN/KN057/2012/G1P[8]
MG573363 RVA/Human-wt/BRA/IAL-R3122/2013/G1P[8]
● RVA/Human-wt/BRA/IAL-R193/2017/G8P[8]
LC066658 RVA/Human-wt/THA/SKT-109/2013/G1P[8]
● RVA/Human-wt/BRA/IAL-R558/2017/G8P[8]
LC169860 RVA/Human-wt/THA/PCB-79/2013/G8P[8]
LC169948 RVA/Human-wt/THA/SKT-457/2014/G8P[8]
LC102969 RVA/Human-wt/JPN/MU14-0/2014/G8P[8]
MG996125 RVA/Human-wt/SGP/NV-16-150/2016/G8P[8]
LC514489 RVA/Human-wt/THA/DBM2017-203/2017/G9P[8]
LC491448 RVA/Human-wt/VNM/RVN16.1024/2016/G9P[8]
LC074739 RVA/Human-wt/VNM/RVN1149/2014/G8P[8]
MN058743 RVA/Human-wt/KOR/CAU17L-103/2017/G8P[8]

LC002017 RVA/Human-wt/JPN/86Y1329/1986/G2P[4]
LC065025 RVA/Human-tc/JPN/AU109/1994/G8P[4]
AB971562 RVA/Human-tc/JPN/AU64/1989/G1P[4]
AY787649 RVA/Human-tc/CHN/TB-Chen/1996/G2P[4]
JQ715666 RVA/Human-wt/BRA/NSC209/1993/G2P[4]

LC002027 RVA/Human-wt/JPN/90H377/1990/G2P[4]
LC002016 RVA/Human-wt/JPN/85A21410/1985/G2P[4]
AB762777 RVA/Human-tc/JPN/AU605/1986/G2P[4]
LC002024 RVA/Human-wt/JPN/89Y1520/1989/G2P[4]
JF304923 RVA/Human-wt/KEN/D205/1989/G2P[4]
AB733138 RVA/Human-tc/JPN/KUN/1980/G2P[4]

JX416216 RVA/Human-tc/SWE/1076/1983/G2P[6]
AB753500 RVA/Human-tc/MWI/OP2-506/1998/G8P[4]

JX416209 RVA/Human-tc/VEN/M37/1982/G1P[6]
HQ650122 RVA/Human-tc/USA/DS-1/1976/G2P[4]
KC443584 RVA/Human-wt/AUS/CK20001/1977/G2P[4]
LC002015 RVA/Human-wt/JPN/83A001/1983/G2P[4]
JF304934 RVA/Human-tc/KEN/AK26/1982/G2P[4]

EF672593 RVA/Human-tc/PHL/L26/1987/G12P[4]
KC178737 RVA/Human-wt/ITA/PAI11/1996/G2P[4]

EF672558 RVA/Human-tc/IND/69M/1980/G8P[10]
JQ863317 RVA/Human-tc/IDN/57M/1980/G4P[10]
KU861464 RVA/Human-tc/USA/DC5685-20-AG/1991/G1P[8] outgroup
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KX880423 RVA/Human-wt/DEU/GER33-15/2015/G3P[8]
LC325469 RVA/Human-wt/JPN/15R429/2015/G3P[8]
MH520744 RVA/Human-wt/BRA/IAL-R751/2016/G3P[8]
OK349198 RVA/Human-wt/CHN/GZ-0013/2021/G8P[8]
LC514490 RVA/Human-wt/THA/DBM2017-203/2017/G9P[8]
LC228324 RVA/Human-wt/JPN/IS1090/2016/G3P[8]
KU870394 RVA/Human-wt/HUN/ERN8148/2015/G3P[8]
MF997044 RVA/Human-wt/USA/3000390639/2015/G3P[8]
KU550321 RVA/Human-wt/ESP/SS98244047/2015/G3P[8]
AB975934 RVA/Human-wt/JPN/KN039/2012/G1P[8]
AB796456 RVA/human-wt/JPN/OH3493/2012/G1P[8]
KP007168 RVA/Human-wt/PHI/TGO12-004/2012/G1P[8]
LC066659 RVA/Human-wt/THA/SKT-109/2013/G1P[8]
MG573367 RVA/Human-wt/BRA/IAL-R3122/2013/G1P[8]
MG981271 RVA/Human-wt/ITA/AN19/2016/G9P[4]
LC066156 RVA/Human-wt/VNM/SP026/2012/G1P[8]

KX536646 RVA/ Human-wt/IND/RV09/2009/G9P[4]
MW552320 RVA/Human-wt/ZAF/UFS-NGS-MRC-DPRU81/2013/G2P[4]
LC105586 RVA/Human-wt/GHA/GHPML1989/2012/G2P[4]
KF716428 RVA/Human-wt/USA/VU10-11-9/2011/G2P[4]
JX307630 RVA/Human-wt/IND/mcs90/2011/G8P[4]
● RVA/Human-wt/BRA/IAL-R558/2017/G8P[8]
LC169861 RVA/Human-wt/THA/PCB-79/2013/G8P[8]
MG996133 RVA/Human-wt/SGP/NV-16-150/2016/G8P[8]
LC102992 RVA/Human-wt/JPN/MU14-3/2014/G8P[8]
LC169949 RVA/Human-wt/THA/SKT-457/2014/G8P[8]
LC102970 RVA/Human-wt/JPN/MU14-0/2014/G8P[8]
LC074740 RVA/Human-wt/VNM/RVN1149/2014/G8P[8]
MN058744 RVA/Human-wt/KOR/CAU17L-103/2017/G8P[8]
● RVA/Human-wt/BRA/IAL-R193/2017/G8P[8]
LC491449 RVA/Human-wt/VNM/RVN16.1024/2016/G9P[8]
DQ492655 RVA/Human-wt/BGD/Dhaka107-99/1999/G9P[6]

LC133534 RVA/Cow-tc/THA/A5-13/1988/G8P[1]
AF141919 RVA/Human-wt/IND/MP409/1993/G8P[X]

AB938299 RVA/Human-tc/MWI/MAL39/2007/G12P[6]
LC060823 RVA/Human-wt/VNM/NT0578/2008/G2P[4]

GU937886 RVA/Caprine-wt/BGD/GO34/1999/G6P[1]
KU292528 RVA/Human-wt/IND/MCS-KOL-383/2014/G10P[14]
AB755576 RVA/Human-tc/MWI/MW2-026/1999/G8P[6]
AB755578 RVA/Human-tc/MWI/OP2-384/2001/G8P[6]
KX655460 RVA/Human-wt/UGA/MUL-13-204/2013/G8P[6]
EF592592 RVA/Cow-wt/IND/RUBV189/xxxx/G3P[3]

MG181621 RVA/Human-wt/MWI/BID1PU/2013/G1P[8]
MG181929 RVA/Human-wt/MWI/BID1CT/2012/G2P[4]
MG181324 RVA/Human-wt/MWI/BID1JK/2013/G2P[4]

EF672596 RVA/Human-tc/PHL/L26/1987/G12P[4]
DQ005105 RVA/Human-wt/COD/DRC88/2003/G8P[8]
DQ005116 RVA/Human-wt/COD/DRC86/2003/G8P[6]
KM660186 RVA/Human-wt/CMR/ES298/2011/G6P[6]
KC152914 RVA/Human-wt/ITA/CEC06/2011/G6P[6]

KF636254 RVA/Cow-wt/ZAF/MRC-DPRU1604/2007/G6P[1]
GU259611 RVA/Cow-wt/FRA/DijonA036/06/2006/GXP[X]

AB755569 RVA/Human-tc/MWI/OP2-506/1998/G8P[4]
AB755562 RVA/Human-tc/MWI/MW1-006/1997/G8P[4]
JF304924 RVA/Human-tc/KEN/D205/1989/G8P[4]

LC002034 RVA/Human-wt/JPN/83A001/1983/G2P[4]
HQ650125 RVA/Human-tc/USA/DS-1/1976/G2P[4]
KC443585 RVA/Human-wt/AUS/CK20001/1977/G2P[4]

DQ525190 RVA/Human-wt/BR/HST369/BR/1999/G2P[6]
KC178746 RVA/Human-xx/ITA/PAI11/1996/G2P[4]
D88829 RVA/Human-tc/JPN/KUN/1980/G2P[4]

LC438399 RVA/Human-tc/JPN/80SR001/1980/G2P[4]
KF812845 RVA/Human/KOR/Seoul1558/2011/G10P[4]
KP883185 RVA/Human-wt/MLI/Mali-135/2008/G8P[6]
KP882580 RVA/Human-wt/GHA/Ghan-105/2009/G3P[6]
KJ752616 RVA/Human-wt/SEN/MRC-DPRU2053/2009/G8P[6]
KP882833 RVA/Human-wt/MLI/Mali-028/2008/G2P[6]
JF460821 RVA/Human-wt/USA/06-242/2006/G2P[6]
HQ657169 RVA/Human-wt/ZAF/3203WC/2009/G2P[4]
AY787650 RVA/Human-tc/CHN/TB-Chen/1996/G2P[4]
LC065026 RVA/Human-tc/JPN/AU109/1994/G8P[4]

AB762778 RVA/Human-tc/JPN/AU605/1986/G2P[4]
AB763973 RVA/Human-tc/IND/116E3D/1993/G2P[4]
LC002043 RVA/Human-wt/JPN/89Y1520/1989/G2P[4]
EF554091 RVA/Human-wt/BEL/B1711/2002/G6P[6]
KX655515 RVA/Human-wt/UGA/MSK-13-048/2013/G9P[8]
AB755582 RVA/Human-tc/MWI/QEC289/2006/G8P[8]
MT674402 RVA/Human-wt/BRA/TO-251/2010/G8P[4]
MT674398 RVA/Human-wt/BRA/TO-095/2015/G2P[4]
HQ641371 RVA/Human/BGD/MMC88/2005/G2P[4]
HQ657136 RVA/Human-wt/MWI/1473/2001/G8P[4]
AB755566 RVA/Human-tc/MWI/MW2-489/2000/G8P[4]
AB849006 RVA/Human-wt/JPN/S120088/2012/G9P[4]

KC834686 RVA/Human-wt/AUS/V233/1999/G2P[4]
KC178748 RVA/Human-wt/ITA/PA150/2006/G2P[4]
HM467979 RVA/Human-tc/USA/LB2744/2005-2006/G2P[4]
LC002048 RVA/Human-tc/JPN/01P007/2001/G2P[4]
KJ626963 RVA/Human-wt/PRY/1040SR/2005/G2P[4]

AB975935 RVA/Human-wt/JPN/KN041/2012/G1P[8]
KC442901 RVA/Human-wt/USA/2007769964/2007/G2P[4]
MG181643 RVA/Human-wt/MWI/BID2AW/2013/G1P[8]
KJ919172 RVA/Human-wt/HUN/ERN5603/2012/G2P[4]
MG181885 RVA/Human-wt/MWI/BID15I/2012/G2P[6]
MG181775 RVA/Human-wt/MWI/BID11S/2012/G2P[4]
JQ069139 RVA/Human-wt/CAN/RT036-07/2007/G2P[4]
KC870017 RVA/Human-wt/ITA/SS65/2011/G8P[4]
GQ414549 RVA/Human-wt/GER/GER1H-09/2009/G8P[4]
● RVA/Human-wt/BRA/IAL-R2597/2010/G8P[4]
● RVA/Human-wt/BRA/IAL-R2598/2010/G8P[4]
● RVA/Human-wt/BRA/IAL-R2600/2010/G8P[4]
● RVA/Human-wt/BRA/IAL-R2601/2010/G8P[4]
KJ753488 RVA/Human-wt/ZMB/MRC-DPRU1752/XXXX/G4P[6]

KX265688 RVA/Human-tc/EGY/AS997/2012/G9P[14]
KU317464 RVA/Human-tc/EGY/AS970/2012/G8P[14]

JX866786 RVA/Dog-wt/TUR/ANK-K1/2010/GxP[x]
KF636243 RVA/Human-wt/KEN/MRC-DPRU1606/2009/G8P[4]
MG891980 RVA/Human-wt/MOZ/0052/2012/G8P[4]
KJ751611 RVA/Human-wt/TZA/MRC-DPRU4568/2011/G8P[4]
KX655526 RVA/Human-wt/UGA/MUL-13-427/2013/G8P[4]
JN591395 RVA/Human-wt/MWI/MAL81/xxxx/G8P[4]

MT232626 RVA/Human-wt/USA/2012748260/2012/G8P[4]
KJ752456 RVA/Human-wt/ZWE/MRC-DPRU3347/2010/G8P[4]
AB755574 RVA/Human-tc/MWI/QOP387/2007/G8P[4]

JF304935 RVA/Human-tc/KEN/AK26/1982/G2P[4]
KU059775 RVA/Human-wt/AUS/D388/2013/G3P[8]
KJ639032 RVA/Human/JPN/S13-45/2013/G3P[4]
LC086734 RVA/Human-wt/THA/SKT-289/2013/G3P[8]
KY000555 RVA/Human-wt/DEU/GER37-16/2016/G3P[8]

HQ714478 RVA/Cow-wt/IRL/CIT-A21/2006/G6P[11]
HM627551 RVA/Human-wt/KEN/B12/1987/G8P[1]
EF672561 RVA/Human-tc/IND/69M/1980/G8P[4]

KP941135 RVA/Human-wt/KEN/Keny-061/2008/G9P[6]
GU827415 RVA/Cat-wt/ITA/BA222/2005/G3P[9]
GU296416 RVA/Human-wt/ITA/PAH136/1996/G3P[9]

KY426806 RVA/Roe deer-wt/SLO/D110-15/2015/G8P[14]
JN831207 RVA/Cow-wt/ZAF/1603/2007/G6P[5]

EU828786 RVA/Cow-tc/CHN/XJX-07/2007/GxP[x]
GU296417 RVA/Human-wt/ITA/PAI58/1996/G3P[9]
EF554135 RVA/Human-tc/ITA/PA169/1988/G6P[14]

HM113523 RVA/Human-xx/EGY/Egy3399/2004/G6P[14]
LC119113 RVA/Cow-tc/NGA/NGRBg8/1998/G8P[1]
KP882481 RVA/Human-wt/GHA/Ghan-059/2008/G8P[1]
MN479997 RVA/Human-wt/USA/3000354444/2015/G3P[6]
KJ752348 RVA/Human-wt/GNB/MRC-DPRU5615/2011/G6P[6]
KJ752159 RVA/Human-wt/TGO/MRC-DPRU5124/2010/G2P[4]

KP882613 RVA/Human-wt/GHA/Ghan-108/2009/G2P[6]
LC105575 RVA/Human-wt/GHA/GHNAV483/2009/G2P[4]
KP882382 RVA/Human-wt/GHA/Ghan-010/2009/G2P[4]
KM660203 RVA/Human-wt/CMR/ES276/2011/G3P[6]
KC257089 RVA/Camel-wt/SDN/MRC-DPRU447/2002/G8P[11]
KP198645 RVA/Human-wt/ITA/PR1300/2004/G8P[14]
EF554157 RVA/Sheep-tc/ESP/OVR762/2002/G8P[14]
MG214335 RVA/Human-tc/MAR/ma31/2011/G8P[14]

KJ940160 RVA/Dog-wt/GER/88977/2013/G8P[1]
FN665697 RVA/Human-wt/HUN/BP1062/2004/G8P[14]
EF554113 RVA/Human-wt/HUN/Hun5/1997/G6P[14]
KU708265 RVA/Roe deer-wt/SLO/D38-14/2014/G6P[15]
KP882690 RVA/Human-wt/GHA/Ghan-149/2008/G8P[6]
KJ748485 RVA/Human-wt/GHA/GH019-08/2008/G8P[6]
● RVA/Human-wt/BRA/IAL-RN361/2009/G8P[6]
KJ870898 RVA/Human-wt/COD/KisB554/2010/G8P[6]
● RVA/Human-wt/BRA/IAL-RN377/2009/G8P[6]
● RVA/Human-wt/BRA/IAL-RN373/2009/G8P[6]
● RVA/Human-wt/BRA/IAL-RN374/2009/G8P[6]
● RVA/Human-wt/BRA/IAL-R2404/2010/G8P[6]
● RVA/Human-wt/BRA/IAL-R2437/2010/G8P[6]

LC095963 RVA/Human-wt/VNM/NT0082/2007/G10P[14]
KY972050 RVA/Llama-wt/PER/L28/2014/GxP[x]
KY972002 RVA/Alpaca-wt/PER/AlpSA28/2014/GxP[x]
JF791804 RVA/Simian-tc/ZAF/SA11-H96/1958/G3P[3]

JX567767 RVA/Human-wt/AUS/V585/2011/G10P[14]
GU181282 RVA/Cow-wt/CHN/DQ-75/2008/G10P[11]

JF693046 RVA/Cow-tc/ZAF/ O Agent/1965/G8P[1]
JF693035 RVA/Cow-tc/USA/NCDV/1971/G6P[1]
GU565050 RVA/Vaccine/USA/RotaTeq-WI79-4/1992/G6P[8]

KC815689 RVA/Horse-wt/JPN/J/1998/G3P[12]
KC815701 RVA/Horse-tc/JPN/CH-3/1987/G14P[12]

JN248454 RVA/Cow-wt/DEN/DK11331/2007/GxP[x]
LC336597 RVA/Human-wt/JPN/Tokyo/12-1375/2012/G8P[14]

LC055556 RVA/Human-wt/THA/SKT-27/2012/G6P[14]
KP752503 RVA/Human-wt/GMB/MRC-DPRU3166/2008/G3P[6]

LC133578 RVA/Cow-tc/THA/A44/1989/G10P[11]
FJ031022 RVA/Lamb/CHN/Lamb-NT/2007/G10P[15]

JQ687223 RVA/Horse-wt/TUR/Eskisehir/2011/G3P[12]
JN903509 RVA/Horse-wt/IRL/04V2024/2004/G14P[12]
JN903510 RVA/Horse-wt/IRL/03V04954/2003/G3P[12]
EF672610 RVA/Human-tc/USA/Se584/1998/G6P[9]
AJ311728 RVA/Human-xx/USA/CC425/XXXX/G3P[9]
AJ311729 RVA/Human-xx/USA/KC814/XXXX/G3P[9]

KU861465 RVA/Human-tc/USA/DC5685-20-AG/1991/G1P[8] outgroup
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RN377/2009/G8P[6], RVA/Human-wt/BRA/IAL-RN374/2009/G8P[6], RVA/Human-wt/BRA/IAL-
RN373/2009/G8P[6] and RVA/Human-wt/BRA/IAL-RN361/2009/G8P[6] strains (indicated in bold 
and by ●) (A) VP7:G8, (B) VP4:P[8], (C) VP4:P[4], (D) VP4:P[6], (E) VP1:R2, (F) VP2:C2, (G) VP3:M2, 
(H) VP6:I2, (I) NSP1:A2, (J) NSP2:N2, (K) NSP3:T2, (L) NSP4:E2 and (M) NSP5/6:H2 to other 
selected RVA strains. Maximum likelihood trees of complete or partial nucleotide sequences were 
generated with MEGA X software. Reference strains were obtained from the GenBank database. 
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are shown at the branch node. 
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MG181325 RVA/Human-wt/MWI/BID1JK/2013/G2P[4]
MG181930 RVA/Human-wt/MWI/BID1CT/2012/G2P[4]
KX536649 RVA/Human-wt/IND/RV09/2009/G9P[4]
LC105587 RVA/Human-wt/GHA/GHPML1989/2012/G2P[4]
KP007180 RVA/Human-wt/PHI/TGO12-007/2012/G2P[4]
MG981272 RVA/Human-wt/ITA/AN19/2016/G9P[4]

HQ641372 RVA/Human-wt/BGD/MMC88/2005/G2P[4]
KP752481 RVA/Human-wt/ZAF/MRC-DPRU4992/1997/G3P[6]
KF716440 RVA/Human-wt/USA/VU10-11-9/2011/G2P[4]
KC443751 RVA/Human-wt/AUS/CK20059/2010/G2P[4]
LC227926 RVA/Human-wt/IND/Kol-047/2013/G9P[4]
KX536650 RVA/Human-wt/IND/RV10/2010/G9P[4]
KC782518 RVA/Human-wt/USA/LB1562/2010/G9P[4]

FJ861658 RVA/Human-wt/IND/DS108/2009/G8P[6]
JN605447 RVA/Human-wt/ZAF/MRC-DPRU9317/1999/G9P[6]

MG181644 RVA/Human-wt/MWI/BID2AW/2013/G1P[8]
KP882834 RVA/Human-wt/MLI/Mali-028/2008/G2P[6]

KC152915 RVA/Human-wt/ITA/CEC06/2011/G6P[6]
KP882614 RVA/Human-wt/GHA/Ghan-108/2009/G2P[6]

KJ752160 RVA/Human-wt/TGO/MRC-DPRU5124/2010/G2P[4]
LC105576 RVA/Human-wt/GHA/GHNAV483/2009/G2P[4]

KJ753489 RVA/Human-wt/ZMB/MRC-DPRU1752/XXXX/G4P[6]
JQ069055 RVA/Human-wt/CAN/RT036-07/2007/G2P[4]
KJ919277 RVA/Human-wt/HUN/ERN5603/2012/G2P[4]
KC442902 RVA/Human-wt/USA/2007769964/2007/G2P[4]
MG181776 RVA/Human-wt/MWI/BID11S/2012/G2P[4]
MG181886 RVA/Human-wt/MWI/BID15I/2012/G2P[6]
DQ490561 RVA/Human-wt/BGD/RV176/2000/G12P[6]
KX655527 RVA/Human-wt/UGA/MUL-13-427/2013/G8P[4]
KF636244 RVA/Human-wt/KEN/MRC-DPRU1606/2009/G8P[4]
KJ751612 RVA/Human-wt/TZA/MRC-DPRU4568/2011/G8P[4]
MG891981 RVA/Human-wt/MOZ/0052/2012/G8P[4]

MT232627 RVA/Human-wt/USA/2012748260/2012/G8P[4]
AB755596 RVA/Human-tc/MWI/QOP387/2007/G8P[4]
KJ752457 RVA/Human-wt/ZWE/MRC-DPRU3347/2010/G8P[4]
DQ005115 RVA/Human-wt/COD/DRC86/2003/G8P[6]
DQ005104 RVA/Human-wt/COD/DRC88/2003/G8P[8]
KJ870899 RVA/Human-wt/COD/KisB554/2010/G8P[6]
● RVA/Human-wt/BRA/IAL-RN361/2009/G8P[6]
● RVA/Human-wt/BRA/IAL-RN373/2009/G8P[6]
● RVA/Human-wt/BRA/IAL-RN374/2009/G8P[6]
● RVA/Human-wt/BRA/IAL-RN377/2009/G8P[6]
● RVA/Human-wt/BRA/IAL-R2404/2010/G8P[6]
● RVA/Human-wt/BRA/IAL-R2437/2010/G8P[6]

LC105390 RVA/Human-wt/JPN/To14-37/2014/G9P[8]
KX655516 RVA/Human-wt/UGA/MSK-13-048/2013/G9P[8]
AB755609 RVA/Human-tc/MWI/QEC289/2006/G8P[8]

AB975985 RVA/Human-wt/JPN/KN041/2012/G1P[8]
KY000556 RVA/Human-wt/DEU/GER37-16/2016/G3P[8]
LC325470 RVA/Human-wt/JPN/15R429/2015/G3P[8]
OK349199 RVA/Human-wt/CHN/GZ-0013/2021/G8P[8]
● RVA/Human-wt/BRA/IAL-R2600/2010/G8P[4]
● RVA/Human-wt/BRA/IAL-R2601/2010/G8P[4]
● RVA/Human-wt/BRA/IAL-R2598/2010/G8P[4]
● RVA/Human-wt/BRA/IAL-R2597/2010/G8P[4]
KC870018 RVA/Human-wt/ITA/SS65/2011/G8P[4]
GQ414550 RVA/Human-wt/GER/GER1H-09/2009/G8P[4]

MT601030 RVA/Human-wt/BRA/TO-251/2010/G8P[4]
AB849007 RVA/Human-wt/JPN/S120088/2012/G9P[4]
LC086779 RVA/Human-wt/THA/BD-20/2013/G2P[4]
LC169950 RVA/Human-wt/THA/SKT-457/2014/G8P[8]

KJ626964 RVA/Human-wt/PRY/1040SR/2005/G2P[4]
LC169862 RVA/Human-wt/THA/PCB-79/2013/G8P[8]
MG996141 RVA/Human-wt/SGP/NV-16-150/2016/G8P[8]
LC514491 RVA/Human-wt/THA/DBM2017-203/2017/G9P[8]
LC066157 RVA/Human-wt/VNM/SP026/2012/G1P[8]
● RVA/Human-wt/BRA/IAL-R193/2017/G8P[8]
MN058745 RVA/Human-wt/KOR/CAU17L-103/2017/G8P[8]
LC491450 RVA/Human-wt/VNM/RVN16.1024/2016/G9P[8]

LC074741 RVA/Human-wt/VNM/RVN1149/2014/G8P[8]
MF997045 RVA/Human-wt/USA/3000390639/2015/G3P[8]
KU870395 RVA/Human-wt/HUN/ERN8148/2015/G3P[8]
KT006917 RVA/Human-wt/ESP/SanSebastian98244047_DS-1/2015/G3P[8]
KU550327 RVA/Human-wt/ESP/SS98244047/2015/G3P[8]

MG573371 RVA/Human-wt/BRA/IAL-R3122/2013/G1P[8]
LC102971 RVA/Human-wt/JPN/MU14-0/2014/G8P[8]
LC002067 RVA/Human-tc/JPN/01P007/2001/G2P[4]
LC066649 RVA/Human-wt/THA/PCB-180/2013/G1P[8]
KJ639033 RVA/Human/JPN/S13-45/2013/G3P[4]
MH520748 RVA/Human-wt/BRA/IAL-R751/2016/G3P[8]
● RVA/Human-wt/BRA/IAL-R558/2017/G8P[8]
KC834689 RVA/Human-wt/AUS/V233/1999/G2P[4]
KU059776 RVA/Human-wt/AUS/D388/2013/G3P[8]
KP007200 RVA/Human-wt/PHI/TGO12-016/2012/G1P[8]
AB848014 RVA/Human-wt/JPN/HC12016/2012/G1P[8]
KX880424 RVA/Human-wt/DEU/GER33-15/2015/G3P[8]
LC086735 RVA/Human-wt/THA/SKT-289/2013/G3P[8]
LC066660 RVA/Human-wt/THA/SKT-109/2013/G1P[8]
AB975984 RVA/Human-wt/JPN/KN039/2012/G1P[8]
KP007169 RVA/Human-wt/PHI/TGO12-004/2012/G1P[8]
KC178757 RVA/Human-wt/ITA/PA150/2006/G2P[4]

KM660216 RVA/Human-wt/CMR/ES298/2011/G6P[6]
LC060824 RVA/Human-wt/VNM/NT0578/2008/G2P[4]
AB755588 RVA/Human-tc/MWI/MW2-489/2000/G8P[4]
KJ751623 RVA/Human-wt/GHA/MRC-DPRU1818/1999/G2P[6]
EF554092 RVA/Human-wt/BEL/B1711/2002/G6P[6]
HQ657137 RVA/Human-wt/MWI/1473/2001/G8P[4]

MN480155 RVA/Human-wt/USA/3000354444/2015/G3P[6]
JF460822 RVA/Human-wt/USA/06-242/2006/G2P[6]

KP883186 RVA/Human-wt/MLI/Mali-135/2008/G8P[6]
KJ752617 RVA/Human-wt/SEN/MRC-DPRU2053/2009/G8P[6]

KX655461 RVA/Human-wt/UGA/MUL-13-204/2013/G8P[6]
MT601026 RVA/Human-wt/BRA/TO-095/2015/G2P[4]

LC065027 RVA/Human-tc/JPN/AU109/1994/G8P[4]
AB971565 RVA/Human-tc/JPN/AU64/1989/G1P[4]

AB762779 RVA/Human-tc/JPN/AU605/1986/G2P[4]
LC002062 RVA/Human-wt/JPN/89Y1520/1989/G2P[4]

AY787651 RVA/Human-wt/TB-Chen/1996/G2P[4]
AB091727 RVA/Human-tc/JPN/KUN/1980/G2P[4]

KC443586 RVA/Human-wt/AUS/CK20001/1977/G2P[4]
M28378 RVA/XXX/B37/xxxx/GxP[x]

HQ650126 RVA/Human-tc/USA/DS-1/1976/G2P[4]
LC002053 RVA/Human-wt/JPN/83A001/1983/G2P[4]

JF304936 RVA/Human-tc/KEN/AK26/1982/G2P[4]
KC178755 RVA/Human-wt/ITA/PAI11/1996/G2P[4]
JQ715677 RVA/Human-wt/BRA/HSP034/1998/G2P[6]
JF304925 RVA/Human-tc/ken/D205/1989/G2P[4]

JX416217 RVA/Human-tc/SWE/1076/1983/G2P[6]
AB755601 RVA/Human-tc/MWI/MW2-026/1999/G8P[6]
AB755603 RVA/Human-tc/MWI/NeO2-007/1998/G8P[6]
KU861466 RVA/Human-tc/USA/DC5685-20-AG/1991/G1P[8] outgroup
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Figure 1. Nucleotide based phylogenetic relatedness of RVA/Human-wt/BRA/IAL-
R193/2017/G8P[8], RVA/Human-wt/BRA/IAL-R558/2017/G8P[8], RVA/Human-wt/BRA/IAL-
R2601/2010/G8P[4], RVA/Human-wt/BRA/IAL-R2600/2010/G8P[4], RVA/Human-wt/BRA/IAL-
R2598/2010/G8P[4], RVA/Human-wt/BRA/IAL-R2597/2010/G8P[4], RVA/Human-wt/BRA/IAL-
R2437/2010/G8P[6], RVA/Human-wt/BRA/IAL-R2404/2010/G8P[6], RVA/Human-wt/BRA/IAL-
RN377/2009/G8P[6], RVA/Human-wt/BRA/IAL-RN374/2009/G8P[6], RVA/Human-
wt/BRA/IAL-RN373/2009/G8P[6] and RVA/Human-wt/BRA/IAL-RN361/2009/G8P[6]
strains (indicated in bold and by •) (A) VP7:G8, (B) VP4:P[8], (C) VP4:P[4], (D) VP4:P[6], (E) VP1:R2,
(F) VP2:C2, (G) VP3:M2, (H) VP6:I2, (I) NSP1:A2, (J) NSP2:N2, (K) NSP3:T2, (L) NSP4:E2 and
(M) NSP5/6:H2 to other selected RVA strains. Maximum likelihood trees of complete or partial
nucleotide sequences were generated with MEGA X software. Reference strains were obtained
from the GenBank database. Genotypes, lineages, accession numbers, isolates, countries and the
year of each strain are indicated. The scale indicates the number of divergent nucleotide residues.
Percentages of bootstrap values are shown at the branch node.
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3.3. G8P[4] DS-1-like Strains

There was 100% aa homology in six VP7 antigenic regions (A–F) between RVA/Human-
wt/BRA/IAL-R2597/2010/G8P[4], RVA/Human-wt/BRA/IAL-R2598/2010/G8P[4],
RVA/Human-wt/BRA/IAL-R2600/2010/G8P[4] and RVA/Human-wt/BRA/IAL-R2601/
2010/G8P[4] strains and the RVA/Human-wt/GER/GER1H-09/2009/G8P[4] strain de-
tected in Germany in 2009 [52]. There was also 100% in 5 VP7 gene antigenic regions (B–F)
between Brazilian G8P[4] DS-1-like strains reported here and the human RVA/Human-
wt/CIV/6736/2004/G8P[8], RVA/Human-wt/SVN/SI-885/2006/G8P[8] and RVA/
Human-wt/ITA/SS65/2011/G8P[4] strains detected in the Ivory Coast in 2004, Slove-
nia in 2006 and Italy in 2011, respectively [53–55]. The alignment of aa sequences deduced
from the VP7 gene revealed aa substitutions in G8P[4] strains inside the variable region A
(aa 39–50) at positions 43I→V, 44V→I and 45T→A, region B (aa 87–101) at positions 87A/V→T

and 100D→E, region C (aa 120–130) at position 122T/V→A, region D (aa 143–152) at position
145N→S, region E (aa 207–2020) at position 218I→V and region F (aa 233–242) at position
237V→I. Amino acid substitutions were also observed outside VP7 hypervariable regions at
positions 16L→P, 29I→V, 65M→T, 72T/N→A, 73S/P→Q, 100D→E and 268I→V. The VP7 protein
of Brazilian G8P[4] strains had two potential N-linked glycosylation sites located at aa
69–72 (NVSA) and 238–241 (NVTT) (Supplement S2).

Supplement S4 shows the deduced amino acid sequence of the VP4 (subunit VP8*) of
human Brazilian G8P[4] DS-1-like strains (RVA/Human-wt/BRA/IAL-R2597/2010/G8P[4],
RVA/Human-wt/BRA/IAL-R2598/2010/G8P[4], RVA/Human-wt/BRA/IAL-R2600/
2010/G8P[4] and RVA/Human-wt/BRA/IAL-R2601/2017/G8P[4]) as well as represen-
tative VP4 amino acid sequences of the RVA P[4] genotype. The three potential cleavage
sites, arginine (R)® 230, 240 and 246, were maintained in the four Brazilian G8P[4] DS-1-like
strains as well as in all reference strains. The highly conserved cysteine (C) at residue 215
and prolines (P) at residues 68, 71, 224 and 225 were also maintained in the four Brazil-
ian G8P[4] DS-1-like strains. Within the VP4 hypervariable region, the Brazilian G8P[4]
DS-1-like strains are virtually identical to the European RVA/Human-wt/GER/GER1H-
09/2009/G8P[4] and RVA/Human-wt/ITA/SS65/2011/G8P[4] strains, except for one
amino acid substitution that occurred in the Brazilian G8P[4] DS-1-like strains at position
166V→M. General amino acid substitutions were also observed at positions 87N→S, 149S→G,
162R→G, 166V→M and 191A→T inside the VP4 hypervariable region.

Gene amplification using RT-PCR, nucleotide sequencing and sequence analysis of am-
plicons revealed that the four Brazilian G8P[4] DS-1-like strains described here had a G8.I-
P[4].IVa-A2.II-N2.X-T2.V-E2.VII-H2.IVa-R2.V-C2.IVa-M2.V-I1.V genotype lineage constella-
tions. The RVA/Human-wt/DEU/GER1H-09/2009/G8P[4] strain shares the same lineage
genotype lineage constellation. It is likely that the RVA/Human-wt/ITA/SS65/2011/G8[4]
strain also carries the same lineage genotype constellation; however, the lack of VP1, VP2
and VP3 nucleotide segments hampered the comparison (Table 1).

The phylogenetic analysis of the 11 gene segments confirmed the close genetic re-
lationship between the four Brazilian G8P[4] DS-1-like strains and the RVA/Human-
wt/DEU/GER1H-09/2009/G8P[4] and RVA/Human-wt/ITA/SS65/2011/G8[4] strains.
The VP1-4, VP6-7 and NSP1-5/6 genes from the four Brazilian G8P[4] DS-1-like strains
(RVA/Human-wt/BRA/IAL-R2601/2010/G8P[4], RVA/Human-wt/BRA/IAL-R2600/
2010/G8P[4], RVA/Human-wt/BRA/IAL-R2598/2010/G8P[4] and RVA/Human-wt/BRA
/IAL-R2597/2010/G8P[4]) exhibited a high level of sequence conservation, with >99.4%
sequence identity to each other (Figure 1A,B,E–M). Percentages of nt identity between
the Brazilian G8P[4] DS-1-like, the RVA/Human-wt/DEU/GER1H-09/2009/G8P[4] and
RVA/Human-wt/ITA/SS65/2011/G8[4] strains were remarkably similar across 10 RVA
gene segments: 99.5–99.8% for NSP1, 99.6–100% for NSP2, 99.6–99.9% for NSP3, 99.5–99.8%
for NSP4, 99.7–99.8% for NSP5, 99.5–99.7% for VP1, 99.5% for VP2, 99.5–99.3% for VP3,
99.7% for VP4 and 99.6–99.8% for VP6 (Figure 1C,E–M).

With respect to the VP7 gene segment, an exception was observed. Brazilian G8P[4]
DS-1-like IAL-R2600, IAL-R2601, IAL-R2597 and IAL-R2598 strains exhibited close genetic



Viruses 2023, 15, 664 24 of 34

connection to those of G8P[4] strains in Germany (GER1H-09/2009) and Italy (SS65/2011),
but also to G8P[4] strains previously reported in Brazil (TO-251/2010, IP-447MG/2011
and MA19555-11/2011) (98.6–100% nt) (Figure 1A). In fact, a key observation was ex-
tracted from the RVA/Human-wt/BRA/TO-251/2010/G8P[4] strain. The full-genome
sequence of the RVA/Human-wt/BRA/TO-251/2010/G8P[4] strain was recently reported
during genomic constellation surveillance conducted in the Brazilian state of Tocantins [21].
All five Brazilian G8P[4] strains (the four G8P[4] DS-1-like strains reported here and the
TO-251/2010 strain) were detected in 2010 in the central part of the country, which is
occupied by the Brazilian savanna biome. The analysis indicates that the four G8P[4]
DS-1-like strains detected in this study clustered in distinct NSP1, NSP2 and NSP3 lin-
eages separated from the RVA/Human-wt/BRA/TO-251/2010/G8P[4] strain represented
by G8.I-P[4].IVa-A2.IVa-N2.V-T2.V-E2.V-H2.IVa-R2.V-C2.IVa-M2.V-I1.V genotype lineage
constellations (Table 1).

Brazilian G8P[4] DS-1-like (IAL-R2597, IAL-R2598, IAL-R2600 and IAL-R2601) strains
also shared moderate high VP7 nucleotide identities with the bovine RVA G8P[5] Amasya-
1/2015 (97.5–98.1% nt) strain isolated in Turkey, emphasizing once again the possible bovine
origin of the G8 strains (Figure 1A). Additionally, a genetic analysis of the NSP2 gene
revealed that the four human Brazilian G8P[4] DS-1-like strains also clustered together with
the animal RVA/Sheep-tc/ESP/OVR762/2002/G8P[14] strain inside Lineage X, exhibiting
sequences identities ranging from 96.7% to 96.9% (Figure 1J). A comparison of the Brazilian
E2 NSP4 G8P[4] DS-1-like sequences showed that they were also related to the dog RVA
strain ANK-K1 identified in Turkey in 2010, sharing the same Lineage VII and an identity
of 94.4–94.5% at the nucleotide level (Figure 1L).

3.4. G8P[6] DS-1-like Strains

The five Brazilian G8P[6] DS-1-like strains characterized in the present study (RVA/
Human-wt/BRA/IAL-RN361/2009/G8P[6], RVA/Human-wt/BRA/IAL-RN373/2009/
G8P[6], RVA/Human-wt/BRA/IAL-RN374/2009/G8P[6], RVA/Human-wt/BRA/IAL-
RN377/2009/G8P[6] and RVA/Human-wt/BRA/IAL-R2404/2010/G8P[6]) showed 100%
aa homology in five VP7 gene antigenic regions (A–B and D–F) compared to the RVA/
Human-wt/COD/KisB554/2010/G8P[6] strains and in four antigenic regions (A and
D–F) compared to the RVA/Human-wt/COD/DRC86/2003/G8P[6] and RVA/Human-
wt/COD/DRC88/2003/G8P[8] strains, all of which were African RVA G8 strains detected
in Democratic Republic of Congo [56,57]. The alignment of aa sequences deduced from the
VP7 gene revealed aa substitutions in the five Brazilian G8P[6] DS-1-like strains inside the
variable region A (aa 39–50) at position 41I→V, region B (aa 87–101) at positions 87T/V→A

and 96S→N, region C (aa 120–130) at positions 122T/A→V and 124I→V, region D (aa 143–152)
at position 146A→T, region E (aa 207–2020) at position 218V→I and region F (aa 233–242) at
position 237I→V. Amino acid substitutions were also observed outside VP7 hypervariable
regions at positions 21I→V, 65T/A→M, 72T/A→N, 116V→I, 139I→V, 186S→A and 268V→I. The
VP7 protein of the five Brazilian G8P[6] strains had two potential N-linked glycosylation
sites located at aa 69–72 (NVSN) and 238–241 (NVTT) (Supplement S2).

The RVA/Human-wt/BRA/IAL-R2437/2010/G8P[6] strain was unique compared
to the other five Brazilian G8P[6] strains described here. RVA/Human-wt/BRA/IAL-
R2437/2010/G8P[6] displayed 100% aa homology in five VP7 gene antigenic regions (B–F)
compared to the human RVA/Human-wt/CIV/6736/2004/G8P[8] and RVA/Human-
wt/SVN/SI-885/2006/G8P[8] strains [53,54]. The alignment of aa sequences deduced from
the VP7 gene revealed aa substitutions inside the variable region A (aa 39–50) at positions
43I→V, 44V→I and 45T→A, region B (aa 87–101) at position 100D→E, region C (aa 120–130) at
position 122T/V→A, region D (aa 143–152) at position 145N→S and region F (aa 233–242) at
position 237V→I. Amino acid substitutions were also observed outside VP7 hypervariable
regions at positions 11I→T, 16L→P, 29I→V, 72N/T→A, 73S/P→C and 268V→I. The VP7 protein
of the RVA/Human-wt/BRA/IAL-R2437/2010/G8P[6] strain had two potential N-linked
glycosylation sites located at aa 69-72 (NVSA) and 238-241 (NVTT) (Supplement S2).
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Differences took place in the VP8* subunit variable region in the Brazilian G8P[6]
DS-1-like strains at positions 135R→K and 198T→A. Additionally, amino acid changes were
found outside the VP4 hypervariable region in Brazilian G8P[6] DS-1-like strains at position
255I→V. In the VP4 hypervariable region, there was 100% aa homology between Brazilian
G8P[6] DS-1-like strains and RVA/Human-wt/BRA/IAL-RN376/2009/G8P[6] strains
previously reported in Brazil [26]. The six Brazilian G8P[6] DS-1-like strains preserved the
potential cleavage sites of three arginines (R), 230, 240 and 246, maintaining the highly
conserved cysteine (C) at residue 215 and prolines (P) at residues 68, 71, 224 and 225
(Supplement S5).

Table 1 shows the six Brazilian G8P[6] DS-1-like lineage genotype constellations
compared with those of other selected DS-1-like backbone RVA strains. Brazilian G8P[6]
DS-1-like strains possess a unique lineage genotype constellation shared only with the
RVA/Human-wt/COD/KisB554/2010/G8P[6] strain and represented by G8.V-P[6].Ia-
A2.IVa-N2.V-T2.V-E2.XXI-H2.IVa-R2.VI-C2.IVa-M2.V-I1.V. The VP1-4, VP6-7 and NSP1-5/6
genes from the six Brazilian G8P[6] DS-1-like strains (IAL-R2437/2010, IAL-R2404/2010,
IAL-RN377/2009, IAL-RN374/2009, IAL-RN373/2009 and IAL-RN361/2009) exhibited
sequence nt identity ranging from 97.7 to 100% (Figure 1A,D–M). Phylogenetic analysis
of the genes encoding neutralization antigens and the DS-1-like backbone together with
representative RVA strains from around the world indicated that the Brazilian G8P[6] DS-1-
like strains are genetically connected to African and American strains, more strongly with
RVA/Human-wt/COD/KisB554/2010/G8P[6] and RVA/Human-wt/USA/06-242/2006/
G2P[6] strains. Percentages of nt identity between Brazilian G8P[6] DS-1-like and the
representative African and American RVA strains varied across the 11 gene segments:
99.1–100% for VP7, 99.2–100% for VP4, 99.3–99.9% for NSP1, 97.5–99.2% for NSP2,
99.2–99.5% for NSP3, 99.8–100% for NSP4, 99.8% for NSP5, 97.0–99.4% for VP1, 98.7–100%
for VP2, 96.0–99.8% for VP3 and 99.5–99.9% for VP6 (Figure 1A,D–M).

The comparative VP7 sequence analysis revealed that the bovine RVA G8P[1] NGRBg8/
1998 strain detected in Nigeria and the human RVA G8P[6] DS-1like strains reported in the
present investigation share nucleotide identities varying from 95.6% to 95.9%, highlighting
G8 strains’ potential ruminant ancestry (Figure 1A). In addition, genetic analysis of the
VP4 gene revealed that the African straw-colored fruit bat (Eidolon helvum) RVA G25P[6]
4852/2007 strain detected in Kenya [22] also clustered inside Lineage I-a together with
the six Brazilian human G8P[6] DS-1-like strains reported here, displaying 94.1–94.9% of
nucleotide similarity among them (Figure 1D).

3.5. Modeling of the VP7 Gene

In order to better understand the differences in amino acid composition and the
antigenic characteristics of human and animal G8 strains, the amino acid sequences of
the VP7 antigenic region were examined. The results were ranked according to the DOPE
scores and graphed accordingly (Supplement S6).

Regarding the reference structures of human origin, the distance matrix shows simi-
larities above 94% for the cases identified in this study. From the point of view of amino
acids, similar values (91.46 up to 100%) were detected in the bovine samples as well. These
similarities in themselves suggest that there is little difference in the antibody recognition
of this protein in the human immune system. However, to verify this correctly, we made
predictions regarding the interactions with antibodies and with discontinuous epitopes,
which could emerge from the differences, however small they were. Structurally, the pro-
teins diverged very little from the human and bovine references, as shown in Table 2, and
structural alignment (Figure 2). Furthermore, the results for the detection of discontinuous
epitopes and antibody interaction suggest overlap in all cases, thus excluding the possibility
of differential epitopes based on observed differences.
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Table 2. Root Mean Square Deviation (RMSD) deviations values of VP7 gene G8 geno-
type of reference strains and selective Brazilian G8 strains (RVA/Human-wt/BRA/IAL-
R193/2017/G8P[8], RVA/Human-wt/BRA/IAL-R558/2017/G8P[8], RVA/Human-wt/BRA/IAL-
R2597/2010/G8P[4], RVA/Human-wt/BRA/IAL-R2598/2010/G8P[4] and RVA/Human-
wt/BRA/IAL-R2601/2010/G8P[4]).

Protein
GQ225781
Bovine

Chain_A_A

GU984760
Bovine

Chain_A_A

KF305321
Bovine

Chain_A_A

KX212865
Bovine

Chain_A_A

LC119109
Bovine

Chain_A_A

MF940609
Bovine

Chain_A_A

MT633156
Human
Chain_A_A

MN989610
Human
Chain_A_A

LC102961
Human
Chain_A_A

IAL-
R193

Human
Chain_A_A

IAL-
R558

Human
Chain_A_A

IAL-
R2597

Human
Chain_A_A

IAL-
R2598

Human
Chain_A_A

IAL-
R2601

Human
Chain_A_A

GQ225781 None 0.8403 0.71 1.1921 0.6988 0.7066 2.2261 1.5824 1.6236 1.2486 1.2736 1.322 1.2609 1.2433
GU984760 0.8403 None 0.7676 1.0677 0.756 0.7377 2.3079 1.5151 1.6768 1.1326 1.0816 1.2795 1.0754 1.0572
KF305321 0.71 0.7676 None 1.1332 0.7233 0.7164 2.2884 1.5478 1.6369 1.2352 1.2762 1.3485 1.2323 1.2301
KX212865 1.1921 1.0677 1.1332 None 1.1732 1.1352 1.9266 1.2737 1.1325 0.999 0.9146 1.0105 0.9257 0.931
LC119109 0.6988 0.756 0.7233 1.1732 None 0.6704 2.2777 1.6554 1.7588 1.1886 1.2276 1.4169 1.2077 1.1962
MF940609 0.7066 0.7377 0.7164 1.1352 0.6704 None 2.2617 1.5988 1.725 1.1507 1.2141 1.3857 1.1806 1.1678
MT633156 2.2261 2.3079 2.2884 1.9266 2.2777 2.2617 None 2.4741 2.8254 2.0582 2.0242 2.4111 2.0232 2.0604
MN989610 1.5824 1.5151 1.5478 1.2737 1.6554 1.5988 2.4741 None 2.2828 1.2089 1.2356 1.6631 1.1921 1.2006
LC102961 1.6236 1.6768 1.6369 1.1325 1.7588 1.725 2.8254 2.2828 None 0.947 1.0429 2.4073 1.0142 1.021

IAL-
R193 1.2486 1.1326 1.2352 0.999 1.1886 1.1507 2.0582 1.2089 0.947 None 0.5722 0.9145 0.5865 0.5743
IAL-
R558 1.2736 1.0816 1.2762 0.9146 1.2276 1.2141 2.0242 1.2356 1.0429 0.5722 None 0.9316 0.4324 0.4272
IAL-

R2597 1.322 1.2795 1.3485 1.0105 1.4169 1.3857 2.4111 1.6631 2.4073 0.9145 0.9316 None 0.8516 0.8224
IAL-

R2598 1.2609 1.0754 1.2323 0.9257 1.2077 1.1806 2.0232 1.1921 1.0142 0.5865 0.4324 0.8516 None 0.2972
IAL-

R2601 1.2433 1.0572 1.2301 0.931 1.1962 1.1678 2.0604 1.2006 1.021 0.5743 0.4272 0.4324 0.2972 None

G8 genotype VP7 gene structures were aligned and the root mean square deviations were calculated for the
Ca of each aligned structure against each other. Reference strains were obtained from GenBank database.
Accession numbers of the reference strains and Brazilian G8 strains reported in the present study are indicated.
RMSD calculations were conducted using the PyMod modeler module (SAlign) from the Pymol 2.5 (https:
//pymol.org/2/).
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4. Discussion

Sequencing data of Brazilian RVA G8 strains is very limited, especially considering
full-genotyping or full-genome characterization. This extends to both human and animal
strains [21,24–26,58]. Only four complete genomes of human RVA G8P[4] strains and one
complete genome of bovine RVA G8P[11] strain detected in Brazil are available in the
GenBank sequence database [21,58]. This study presents the full-genotype characterization
of twelve RVA G8 strains, including the newly emergent bovine-like G8P[8] strain with
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the DS-1-like backbone, detected in distinct Brazilian regions. Whole-genotype characteri-
zation is crucial in tracking the emergence of novel RVA strains and understanding their
evolution [59].

Strains exhibiting the G8 genotype are considered rare or uncommon [5,20]. The low
frequency of RVA G8 infections detected in the present study (0.6%; 2007–2020) agreed
with data previously described in Brazil in both pre- (1%; 2005) [27] and post-RVA vaccine
eras (0.5%; 2007–2012) [47]. They were also similar to that observed in other studies carried
out in Croatia (0.1%; 2012–2014) [60] and Thailand (0.6%; 2003–2004) [61]. A relatively
high prevalence of G8 RVA strains has, for decades, been commonly observed in African
countries [62–66]. Nevertheless, the increase in G8 detection outside Africa, such as in Asia,
the Middle East and European countries [15,67,68] may imply that G8 strains are emerging
across the globe and that this specific genotype should be carefully monitored. Oscillatory
trends in the incidences of RVA genotypes are widely observed phenomena [3,5,29], and
the emergence of the G8 could be explained by vaccine-induced genotypes and irregular
RVA immunization schedules, or both [69,70]. Continued RVA surveillance is vital to better
understand the contemporaneous role of G8 strains within human populations. In the
present investigation, G8 strains followed their sporadic and confined pattern of detection
in Brazil, thus not suggesting that a potential emergence is taking place in the country.

As is usual among RVA strains, the putative VP7 N-linked glycosylation site was
located at amino acid (aa) 69 in Brazilian G8P[4]/P[6]/P[8] DS-1-like strains [71]. Addition-
ally, like the majority of bovine and human G8 strains and Brazilian G8 strains reported
here possessed a second glycosylation site at aa 238 [33,72]. Glycosylation of residue 238
has been observed to decrease the neutralization of animal G11 RVA strains by hyper-
immune sera and MAbs, which may have broad implications for immunogenicity [73].
Inside the main antigenic site, region D (aa 143–152), an amino acid change at position
145N→S in G8P[4] DS-1-like strains and at position 146A→T in G8P[6] DS-1-like strains took
place. Region E (aa 207–220), which is spatially close to region D, contains the amino acid
substitution at position 218I→V in G8P[4] DS-1-like strains and at position 218V→I in G8P[6]
DS-1-like strains [48]. The Brazilian G8P[8] DS-1-like strains did not exhibit amino acid
substitutions in the D and E regions. Antigenic analyses using the VP7 gene did not reveal
any distinctions between the epitopes of the G8 strains either from human or animal origin.

The VP4 spike protein is cleaved by trypsin to produce the polypeptides VP8* and
VP5*, which are needed to activate infectivity [74,75]. The Brazilian G8P[4]/P[6]/P[8] DS-1-
like strains preserved the potential VP4 arginine cleavage sites (230, 240, and 246), assuring
infectivity. The four proline residues (68, 71, 224 and 225) are also conserved. Given that
proline is known to cause three-dimensional structural distortion, these conserved prolines
may have a significant impact on the conformation of the VP4 [75]. A limitation of the
current study was the failure to obtain entire sequences of the VP4 gene, impairing protein
modeling analyses from being conducted.

Atypical reassorted bovine-like G8P[8] strains with the DS-1-like backbone emerged
during the 2013/2014 seasons in Southeast Asia [17,49,50,76], spreading to Europe and
South America. They were also recently reported in the Czech Republic (2016–2018) [15]
and Argentina (2018) [51,77]. Of the two Brazilian bovine-like G8P[8] strains with the
DS-1-like backbone reported here, one (IAL-R193/2017) was acquired by a 7-month-old
male patient in the city of Goiânia, Midwestern region. The other sample (IAL-R558/2017)
was collected from a 4-month-old male child in the city of São Paulo, Southeastern region.
These data indicate that the bovine-like G8P[8] DS-1-like strains have circulated in different
Brazilian regions at the same time. Moreover, based on timeline detection data, it could be
speculated that atypical bovine-like G8P[8] strains with the DS-1-like backbone reached the
South America through Brazil (2017), then disseminated to other nations such as Argentina
(2018) [51,77]. The route of bovine-like G8P[8] strains with the DS-1-like backbone spreading
across the globe is tricky to be recognized, but globalization is probably the key point of
RVA strain traffic from one continent to another [15].
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An important issue to be highlighted is the fact that bovine-like G8P[8] strains with
the DS-1-like backbone did not remain in circulation in the Brazilian population, since they
were not detected in the subsequent years of the surveillance (2018 to 2020). This is different
to what was observed with the equine-like G3P[8] DS-1-like strains [13]. Therefore, it can
be suggested that bovine-like G8P[8] strains with the DS-1-like backbone do not achieve
the fitness required to become a successful human pathogen in Brazil, as observed in Asian
countries [17,50].

Phylogenetic analysis of the RVA/Human-wt/BRA/IAL-R193/2017/G8P[8] and RVA/
Human-wt/BRA/IAL-R558/2017/G8P[8] VP7 gene segments showed that they clustered
into G8 Lineage IV. The bovine strain from India (RVA/Cow-wt/IND/68/2007/G8P[14]) and
human strains from Vietnam (RVA/Human-wt/VNM/RVN1149/2014/G8P[8]) and Thai-
land (RVA/Human-wt/THA/PCB-79/2013/G8P[8]; RVA/Human-wt/THA/SKT-457/2014/
G8P[8]) are also included in Lineage IV. These human RVA bovine-like G8P[8] strains with the
DS-1-like backbone that resemble cattle were identified in Asia between 2013 and 2014 and they
confirmed the hypothesis of an interspecies transmission [17,50]. Our results indicate that the
human G8P[8] strains with the DS-1-like backbone detected in this study are also bovine-like
derived.

On the one hand, the VP1 R2 genotype identified in the bovine-like G8P[8] strain
with the DS-1-like backbone detected in Midwestern Brazil (IAL-R193/2017) belong to
lineage XI and grouped together with the most recent bovine-like G8P[8] strains with the
DS-1-like backbone detected since 2013 in Asia, including Japan, Vietnam, Thailand and
Korea [17,49,50]. On the other hand, the VP1 R2 genotype recognized in the bovine-like
G8P[8] strain with the DS-1-like backbone detected in Southeastern Brazil (IAL-R558/2017)
possessed a distinct R2 lineage never previously described and grouped apart from any
of the DS-1-like reference strains. Therefore, the bovine-like G8P[8] strains with the DS-
1-like backbone detected in Midwestern and Southeastern Brazil in 2017 may have been
introduced into the country from distinct pools of co-circulating bovine-like G8P[8] strains
with the DS-1-like backbone. Intra-genotypic variability and distinct genotypic lineage
constellations of the bovine-like G8P[8] strains with the DS-1-like backbone have been
previously reported [78–80].

Additionally, the phylogenetic analysis of the NSP genes has demonstrated that the
Brazilian bovine-like G8P[8] strains with the DS-1-like backbone clustered together with
novel DS-1-like G1/G3/G9/G8P[8] strains detected in Asia, Europe and Americas [11–17],
as well as with classical G2P[4] strains circulating in Australia in 1999 and in Japan in
2001 [43,81]. These findings collectively imply that the origin of the Brazilian bovine-like
G8P[8] strains with the DS-1-like backbone is probably not directly related to importation
from Asia, but rather that the atypical bovine-like G8P[8] strains with DS-1-like backbone
continue to evolve, most likely through reassortment with regionally prevalent RVA strains.
Over time, a globally co-circulating pool of different bovine-like G8P[8] strains with the
DS-1-like backbone should be expected due to its natural evolution and/or rearrangements
with local RVA strains.

G8P[4] DS-1-like strains are found mainly in Africa (especially Malawi) and sporadi-
cally reported in Europe, Asia and the Americas, including in Brazil [21,25,52,62,63,82–84].
The four Brazilian G8P[4] DS-1-like strains revealed by phylogenetic research had nearly
identical sequences when all 11 gene segments were taken into account. Additionally, a
close relation was observed between Brazilian G8P[4] DS-1-like strains and two European
G8P[4] strains for all genes investigated: the GER1H-09 isolated in Germany in 2009 [52]
and the SS65 reported in Italy in 2011 [55]. Together, these findings suggested that the
Brazilian G8P[4] DS-1-like strains were probably imported from Europe rather than being
African-born. The VP7 gene of the Brazilian G8P[4] DS-1-like strains was the only genomic
segment that, besides these two European G8P[4] strains, also clustered together with some
Brazilian G8P[4] strains detected between 2010 and 2011 [21]. The origin of Brazilian G8P[4]
DS-1-like strains described here may have involved reassortment events with locally G8
RVA circulating strains.
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All four Brazilian G8P[4] DS-1-like strains were identified in 2010 in the city of Brasilia
(Brazil’s Capital), located within Goiás state (GO). Silva-Sales et al. [21] recently reported the
full genome characterization of another four G8P[4] DS-1-like strains, also detected in 2010,
but in the state of Tocantins (TO). Goiás and Tocantins are bordering states situated in the
central region of the country, which is home to the Brazilian savanna biome. A significant
finding could be drawn from this context. NSP1, NSP2 and NSP3 gene phylogenetic trees
have shown that Brazilian Goiás G8P[4] DS-1-like strains and the Brazilian Tocantins G8P[4]
DS-1-like strains, published previously [21], clustered in different lineages, suggesting
genetic variety among Brazilian G8P[4] DS-1-like strains, which were essentially discovered
at the same time and location. Collectively, the genomic analysis revealed that the Brazilian
G8P[4] DS-1-like strains appeared to have undergone genetic reassortment events with
both locally and globally circulating strains.

A potential interspecies transmission based on multiple reassortment events between
artiodactyls, ruminant and human RVA strains were suggested for G8P[4] DS-1-like RVA
strains detected in Asia [82,83]. The genetic analysis of the Brazilian DS-1-like G8P[4]
RVA strains conducted here did not indicate a recent zoonotic origin, following previous
phylogenetic investigations performed in European countries and Brazil [21,52,55]. Nev-
ertheless, it is worth mentioning that a certain link between human and animal DS-1-like
G8P[4] RVA strains does probably exist, as we recognized genetic relatedness of human
DS-1-like G8P[4] VP7, NSP2 and NSP4 gene segments to those of bovine, sheep and dog
RVA strains, respectively, attempting to hypothesize footprints of interspecies transmission
events. More in-depth molecular analysis of DS-1-like G8P[4] RVA strains is hampered by a
lack of genome sequencing data of RVA strains circulating in animals, and this is especially
the case for Brazil.

Significant epidemiological relevance has been placed on the G8P[6] DS-1-like geno-
type in Africa [57,62,63,85]. The Brazilian G8P[6] DS-1-like RVA strains reported here were
detected from two different populations: four strains were obtained during an outbreak
affecting Brazilian native children in the city of Dourados (Midwestern region) in 2009 [26]
and two strains were acquired from children with acute gastroenteritis during the epidemi-
ological survey in São Paulo city (Southeastern region) in 2010. The six G8P[6] DS-1-like
strains were genetically similar to each other and clustered together in all 11 gene segments,
therefore suggesting that, during those two years, the same G8P[6] DS-1-like strain was
circulating throughout different parts of Brazil.

The NSP3, NSP4, NSP5, VP1 and VP3 genes segments of the Brazilian G8P[6] DS-1-like
strains clustered closely with human African RVA/Human-wt/COD/KisB554/2010/G8P[6]
from the Democratic Republic of Congo [57]. Otherwise, NSP1, VP2 and VP6 genes were
closely related to both African (RVA/Human-wt/COD/KisB554/2010/G8P[6]) and Amer-
ican (RVA/Human-wt/USA/06-242/2006/G2P[6]) strains [57]. The VP7 gene was re-
lated to African (RVA/Human-wt/COD/KisB554/2010/G8P[6]) and Argentinian G8P[6]
strains [51,57]. Finally, VP4 and NSP2 genes segments grouped with G2P[4], G1P[6], G2P[6],
G3P[6], G4P[6] and G8P[6] strains from Africa and USA [12,23,57]. All of these data appear
to indicate that African genetic ancestry is present in Brazilian G8P[6] DS-1-like strains,
although there is no doubt that these strains reassorted among nearby co-circulating Amer-
ican strains of the same DS-1 genotype constellation. Reassortment among co-circulating
strains with the DS-1 genotype constellation is probably common, according to the phylo-
genetic analyses of Malawian G8P[6] DS-1-like strains conducted by Nakagomi et al. [85].

The Brazilian G8P[6] DS-1-like showed no evidence of recent zoonotic reassortment
events, but genetic similarity between the African bat G25P[6] RVA strain and human
G8P[6] RVA strains have been reported [22,26]. Genetic studies point to a possible porcine
origin for the P[6] genotype [86]. The paucity of fresh conclusions drawn from the phyloge-
netic studies performed here is due to the dearth of information on animal P[6] strains. It
is important to mention that four G8P[6] DS-1-like strains characterized here were char-
acterized by Brazilian native children. It is well known that indigenous communities
live in proximity to animals, sustaining the continuous exposure to potential interspecies
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transmission of RVA strains [26]. These data underscore the need for increased animal RVA
molecular surveillance and attention to the value of a One Health strategy in the field of
RVA research.

In conclusion, this is a pioneer study analyzing the complete constellation of G8P[4],
G8P[6] and G8P[8] RVA strains detected in Brazil, as well as the first report of the novel
bovine-like G8P[8] strains with the DS-1-like backbone circulating in the country. The
genetic information obtained here has the potential to provide the basis for monitoring
variations in the molecular composition of G8 RVA strains circulating in the Brazilian
human population. Our findings highlight the variety of G8 RVA strains in Brazil and also
contribute to the knowledge of G8P[4]/P[6]/P[8] RVA genetic diversity and evolution from
a global perspective.
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