
Figure S3. Simplified phylogenetic trees were constructed for 10 genome 
segments: VP7 (a), VP4 (b), VP6 (c), VP1 (d), VP2 (e), VP3(f), NSP1 (g), 
NSP2(h), NSP3(i), and NSP5(j), each with lineage designations for their respective 
genotypes. The tree includes the 15 Ghanaian G9P[4] strains from this study 
(indicated by red dots), as well as additional G9P[4] strains (indicated by red 
branch trees). Furthermore, two Ghanaian G2P[4] strains from this study, 
along with Ghanaian strains carrying G9/VP7, P[4]/VP4 and genotype 2 for 
other genome segments, were incorporated into the analysis (indicated by 
blue dots). Global reference RVAs carrying G9/VP7, P[4]/VP4 and 
genotype 2 for other genome segments were also integrated into the trees.  
Lineage designations are based on the recently proposed classification for genotype 2 
of globally circulating DS-1-like strains by Agbemabiese et al., 2019 [30], and for 
genotypes 2 and 9 for VP7 genes by Doan et al., 2015 and 2017 [20, 33]. The trees 
are generated using the maximum likelihood method within the MEGA 
software package (version 6), with bootstrap values determined from 1,000 
replicate trials. Genetic distances are indicated at the bottom, and percent bootstrap 
support is displayed at each node when it reaches 70% or higher. The tree topologies 
are presented in a rectangular style. 



Major sub-lineage 
III

 MH137265/RVA/Pig-wt/CHN/SCLSHL-2-3/2017/G9P[23] 

 D38053/RVA/Human/THA/Mc323/1989/G9

 D38055/RVA/Human/THA/Mc345/1989/G9

 AY603150/RVA/Human/IND/RMC/G7/xxxx

 AY603151/RVA/Human/IND/RMC/G60/xxxx

 AB091778/RVA/Human-wt/VNM/684VN/G9/1999-2000

 AB091777/RVA/Human-wt/VNM/608VN/G9/1999-2000

 KY021125/RVA/Pig-wt/VNM/VN-07-06/2014/G9P[23] 

 KY021128/RVA/Pig-wt/VNM/VN-07-15/2014/G9P[23] 

Lineage III

 AB848997/RVA/Humanwt/JPN/S120088/2012/G9P[4]

 KJ753473/RVA/Human-wt/ZWE/MRC-DPRU1102/2012/G9P[8]

 Porcine RVAs 

 HQ127444/RVA/Human/USA/Om34/1998/G9

 FJ794173/RVA/Human/AUS/R1/1997/G9

 AJ491181/RVA/Human-wt/USA/OM46/1997-98/G9

 AJ491179/RVA/Human-wt/USA/OM67/1997-98/G9

Group IV

Lineae IV AF260959/RVA/Human/CHN/97SZ37/1997/G9

 EU153553/RVA/Human-wt/DC706/USA/1980/G9P[8] 

 JF521480/RVA/human-tc/USA-DC/G2275/1980/G9P[8]
Lineage IV

Lineage II FJ361209/RVA/Human-tc/116E/1986/G9P[11]

 JN699033/RVA/Human-wt/HK75/CN/1978/G9 

 EF672623/RVA/Human-tc/USA/WI61/1983/G9P[8]

 AB180970/RVA/Human-wt/JAN/F45/1987/G9P[8]

 AB045372/RVA/Human-wt/JAN/AU32/1986/G9P[x]
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Lineage VII

(a) VP7 tree (Rectangular style): G9 genotype



 Lineage IVa 

(Human RVAs)

 AB763963/RVA/Human-tc/IND/116E3D/1993/G2P[4]

 KC443777/RVA/Human-wt/AUS/CK20022/2001/G2P[4]

 Lineage IVnon-a (Human RVAs)

Lineage III (Human RVA) AB733131/RVA/Human-tc/JPN/KUN/1980/G2P[4]

 Lineage II (Mixture of human and animal RVAs)

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

HQ650119/RVA/Human-tc/USA/DS-1/1976/G2P[4]99
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 Lineage I (Human RVAs)

(b) VP4 tree (Rectangular style): P[4] genotype



 GU937881 RVA/goat-tc/BGD/GO34/1999/G6P[1]/Distinct

 Lineage XI (Mixture of human and animal RVAs)

 Lineage IX (Mixture of human and animal RVAs)

 Lineage X (Human and animal RVAs)
 Lineage VIII (Human RVA)

 Lineage VIII (Human RVA)
 Lineage VII (Human RVAs)

Lineage VI (Human RVAs)

 Lineage XII (Mixture of human and animal RVAs)

 Lineage XIII (Human RVAs)

 Lineage  XIV (Mixeture of human and animal RVAs)

 Lineage XV (Equine RVAs)

 Lineage IV (Human RVAs)

 Lineage III (Human RVAs) 

 Lineage I (Human RVAs) 

 Lineage II (Human RVAs)
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(Human 
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(c) VP6 tree (Rectangular style): I2 genotype



 Lineage V

(Human RVAs)

Lineage VI 

(Human RVAs)

 LC055547 RVA/Human-wt/THA/SKT-27/2012/G6P[14] Distinct

 Lineage I (Human RVAs)

 Lineage III (Human RVAs)  

Lineage IV (Human RVAs)

 Lineage VIII (Human RVAs)

 GU384192 RVA/Cow-tc/CHN/DQ-75/2008/GxPx Distinct  

Lineage VII (Animal RVAs)

 Lineage II (Human RVAs)

 Lineage X (Human RVAs)

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

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

RVA/Human-tc/EGY/AS997/2012/G9P[14]

 KC178764 RVA/Human-xx/ITA/PAI11/1996/G2P[4] Distinct

 Lineage XI (Human RVAs)

 AB763957 RVA/Human-tc/IND/116E3D/1993/G2P[4] 

Distinct Lineage IX (Mixture of human and animal RVAs)

 Lineage XIV (Animal RVAs)

 Lineage XIII (Mixture of human and animal RVAs)  

Lineage XII (Mixture of human and animal RVAs)
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(d) VP1 tree (Rectangular style): R2 genotype



 Lineage IVa 
(Human RVAs)

 IVnon-a (Human RVAs)

Lineage IVa (Human RVAs)

 IVnon-a (Human RVAs)

 Lineage II (Human RVAs)  

Lineage I (Human RVAs)

 Lineage V (Mixture of human and animal RVAs)

 Lineage XIV (Mixture of human and animal RVAs)

Lineage VI (Mixture of human and animal RVAs)

 Lineage VII (Mixture of human and animal RVAs)  

Lineage VIII (Animal RVAs)

 GU937878 RVA/goat-tc/BGD/GO34/1999/G6P[1] Distinct

 Lineage XIII (Animal RVAs)

 Lineage XII (Mixture of human and animal RVAs)  RVA/

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

 Kenya|1987 /B12 VP2 protein (VP2)

 Lineage XI (Mixture of human and animal RVAs)  

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

 Lineage IX (Mixture of human and animal RVAs)  

Lineage X (Mixture of human and animal RVAs)
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(e) VP2 tree (Rectangular style): C2 genotype



 Lineage VII

(Human RVAs)

 Distinct

 Distinct

Lineage VI 
(Human 
RVAs)

 Distinct

 Lineage VIII (Mixture of 
animal and human RVAs)

 Lineage V (Human RVAs)

 Lineage IV (Human RVAs)

 Lineage III (Human RVAs)

 Lineage II (Human RVAs)

 Lineage I (Human RVAs)

 Lineage IX (Animal RVAs)

 Lineage XVI (Human RVAs)

 Lineage XII (Mixture of human and animal RVAs)

 Lineage XIV (Mixture of human and animal RVAs)

Lineage XIII (Human RVAs)

 Lineage XV (Animal RVAs)

 KJ919550 RVA/Human-wt/HUN/ERN5162/2012/G3P[9] Distinct  

Lineage XI (Mixture of human and animal RVAs)

 Lineage X (Mixture of human and animal RVAs)

 Lineage X (Mixture of human and animal RVAs)
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(f)VP3 tree (Rectangular style): M2 genotype



Lineage IVa
(Human RVAs)

 IVnon-a

 IVnon-a

Lineage IV (Human RVAs)

 AB733136/RVA/Human-tc/JPN/KUN/1980/G2P4

 EF672557/RVA/Human-tc/IND/69M/1980/G8P[10] 

 KM434193/RVA/Human-tc/IDN/B37/1979/G3P[10]

Lineage III (Human RVAs)

 KC178720 RVA/Human-wt/ITA/PAI11/1996/G2P[4]

 GQ414546 RVA/Human-wt/DEU/GER1H-09/2009/G8P[4]

 AB975785 RVA/Human-wt/JPN/KN041/2012/G1P[8] 

 KC442898/ RVA/Human-wt/USA/2007769964/2007/G2P[4]

Lineage II (Human RVAs)

 EF672592/RVA/Human-tc/PHI/L26/1987/G12P[4] 

 JX416214/RVA/Human-tc/SWE/1076/1983/G2P[6] 
Lineage V (Human RVAs)

 Human/KEN/AK26/1982 (Distint)

 HQ650120/RVA/Human-tc/USA/DS-1/1976/G2P[4] 

 LC001996/RVA/Human-wt/JPN/83A001/1983/G2P[4]

 KC443582 RVA/Human-wt/AUS/CK20001/1977/G2P[4]

Lineage I (Human RVAs)
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(g) NSP1 tree (Rectangular style): A2 genotype



Lineage V 

(Human RVAs)

 GU937884 RVA/Goat-xx/BGD/GO34/1999/G6P[1]/Distinct

 Lineage VI (Animal RVAs)

 FN665694 RVA/Human-wt/HUN/BP1062/2004/G8[P14]/N2 Distinct

Lineage VII (Mixture of human and animal RVAs)

 Lineage VIII (Mixture of human and animal RVAs)

Lineage XV (Mixture of human and animal  RVAs)

 EF672608/RVA/Human-tc/USA/Se584/1998/G6P[9]/Distinct

 Lineage XIII (Mixture if human and animal RVAs)

 Lineage XVI (Mixture of human and animal RVAs)

 Lineage XIX (Animal RVAs)

 Lineage XVII (Mixture of human and animal RVAs)

 Lineage XIV (Animal RVAs)

 Lineage XVIII (Human RVAs)

 JN831205/RVA/Cow-wt/ZAF/1603/2007/G6P[5]/Distinct

 Lineage XX (Animal RVAs)

 AY787648 RVA/Human-tc/CHN/TB-Chen/1996/G2P[4]

 AB971561 RVA/Human-tc/JPN/AU64/1989/G1P[4]

 AB771758 RVA/Human-wt/JPN/88H449/1988/G2P[4]

 AB771755 RVA/Human-wt/JPN/87H038/1987/G2P[4]

 AB771753/RVA/Human-wt/JPN/86Y1329/1986/G2P[4]

 AB771769/RVA/Human-wt/JPN/90H377/1990/G2P[4]

Lineage IV (Human RVAs)

 RVA/Human-wt/JPN/80SR001/1980/G2P[4]

 AB733137 RVA/Human-tc/JPN/KUN/1980/G2P[4]
Lineage III (Human RVAs)

 KC443583 /RVA/Human-wt/AUS/CK20001/1977/G2P[4]

 HQ650123 RVA/Human-tc/USA/DS-1/1976/G2P[4]

 AB771751/RVA/Human-wt/JPN/83A001/1983/G2P[4]

Lineage I (Human RVAs)

 Lineage XII (Mixture of human and animal RVAs)

 EF554133 RVA/Human-tc/ITA/PA169/1988/G6[P14] N2 Distinct

Lineage IX (Mixture of human and animal RVAs)

 Lineage XI (Human RVAs)

 Lineage X (Human RVAs)

Distinct KJ87955/Rat-wt/GER/KS11-573/2011/G3P[3]

 Lineage XXII (Human and animal RVAs)

 Lineage XXI (Animal RVAs)
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(h) NSP2 tree (Rectangular style): N2 genotype



 Lineage V 

(Human RVAs)

 Distinct

 RVA/Human-wt/JPN/87Y003/1987/G2P[4]

 RVA/Human-wt/JPN/88Y1112/1988/G2P[4]

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

 RVA/Human-wt/JPN/90Y593/1990/G2P[4]

RVA/Human-wt/JPN/90H094/1990/G2P[4]

RVA/Human-wt/JPN/90A009/1990/G2P[4]

 JF304923 RVA/Human-tc/KEN/D205/1989/G2P[4]  

AB762777 RVA/Human-tc/JPN/AU605/1986/G2P[4]

 LC002016 RVA/Human-wt/JPN/85A21410/1985/G2P[4]

 RVA/Human-wt/JPN/88F007/1988/G2P[4]

 RVA/Human-wt/JPN/87Y1438/1987/G2P[4]

 RVA/Human-wt/JPN/88Y257/1988/G2P[4]

 RVA/Human-wt/JPN/89H279/1989/G2P[4]

Lineage IV (Human RVAs)

 AB733138 RVA/Human-tc/JPN/KUN/1980/G2P[4]

 LC438398 RVA/Human-tc/JPN/80SR001/1980/G2P[4]
Lineage III (Human RVAs)

 JX416209 RVA/Human-tc/VEN/M37/1982/G1P[2] 

 JX416216 RVA/Human-tc/SWE/1076/1983/G2P[2]

 AB753500 RVA/Human-tc/MWI/OP2-506/1998/G8P[4] 

Lineage VI (Human RVAs)

 EF672593 RVA/Human-tc/PHI/L26/1987/G12P[4]  

KC178737 RVA/Human-wt/ITA/PAI11/1996/G2P[4] 

 JF304934 RVA/Human-tc/KEN/AK26/1982/G2P[4] 

Lineage II (Human RVAs)

 HQ650122 RVA/Human-tc/USA/DS-1/1976/G2P[4] 

KC443584/RVA/Human-wt/AUS/CK20001/1977/G2P[4]   

EF554150/RVA/Sheep-tc/ESP/OVR762/2002/G8P[14]   

RVA/Human-wt/JPN/83A001-NSP3-FINAL 2014

Lineage I (Mixture of human and animal RVAs)

 EF672558 RVA/Human-tc/IND/69M/1980/G8P[10]   

JQ863317 RVA/Human-tc/IDN/57M/1980/G4P[10]
Lineage VII (Human RVAs)
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(i) NSP3 tree (Rectangular style): T2 genotype



Lineage IVa
(Human RVAs)

 AB091727 RVA/Human-tc/JPN/KUN/1980/G2P[4]

 LC438400 RVA/Human-tc/JPN/80SR001/1980/G2P[4]
Lineage III (Human RVAs)

 AB755603 RVA/Human-tc/MWI/NeO2-007/1998/G8P[6]

 AB755601 RVA/Human-tc/MWI/MW2-026/1999/G8P[6]

 JF304925 RVA/Human-tc/KEN/D205/1989/G2P[4]

 JX416217 RVA/Human-tc/SWE/1076/1983/G2P[6] H2 V

Lineage V (Human RVAs)

 JF304936/RVA/Human-tc/KEN/AK26/1982/G2P[4]/Distinct

 KC178755 RVA/Human-wt/ITA/PAI11/1996/G2P[4]

 JQ715677 RVA/Human-wt/BRA/HSP034/1998/G2P[6]
Lineage II

 M28378 RVA/Human-tc/IDN/B37/1978-1979/G8P[10]

 KC443586/RVA/Human-wt/AUS/CK20001/1977/G2P[4]

 LC002053 RVA/Human-wt/JPN/83A001/1983/G2P[4]

 KC443586 RVA/Human-wt/AUS/CK20001/1977/G2P[4]

 HQ650126/RVA/Human-tc/USA/DS-1/1976/G2P[4]
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IVnon-a (Human RVAs)

(j) NSP5  tree (Rectangular style): H2 genotype
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