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Abstract

We report the genomic characterization of a rare human G8P[14] rotavirus strain, identified in a
stool sample from Guatemala (GTM) during routine rotavirus surveillance. This strain was
designated as RV A/Human-wt/GTM/2009726790/2009/G8P[14], with a genomic constellation of
G8-P[14]-12-R2-C2-M2-A13-N2-T6-E2-H3. The VP4 gene occupied lineage VII within the P[14]
genotype. Phylogenetic analysis of each genome segment revealed close relatedness to several
zoonotic simian, guanaco and bovine strains. Our findings suggest that strain RVA/Human-
wt/GTM/2009726790/2009/G8P[14] is an example of a direct zoonotic transmission event. The
results of this study reinforce the potential role of interspecies transmission and reassortment in
generating novel and rare rotavirus strains which infect humans.
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Group A rotavirus (RVA), a member of the Reoviridae family, is the major etiologic agent of
severe, acute dehydrating diarrhea in young children and a wide variety of domestic animals
(Estes and Kapikian, 2007). The RVA genome is composed of 11 double stranded RNA
segments encoding six structural (VP1-VP4, VP6 and VP7) and five or six non-structural
proteins (NSP1-NSP5/6). The segmented nature of the RVA genome permits reassortment
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events in which novel RVA strains are produced with new combinations of genome segments
derived from parental virus strains (Estes and Kapikian, 2007). New strains regularly emerge
as a result of genomic reassortment among co-circulating RVAs. Animal RVAs are regarded
as a potential reservoir for genetic exchange with human RVAs and can infect humans, either
by direct transmission of the virus or by contributing genes to reassortants (Muller and
Johne, 2007). Reassortment and interspecies transmission events contribute significantly to
RVA genetic diversity (Matthijnssens et al., 2011). A number of strains with unusual G and
P types, regarded as animal-like strains, have been sporadically identified in humans in
different parts of world (Gentsch et al., 2005; Santos and Hoshino, 2005).

Recently, more P[14] strains have been associated with gastroenteritis in humans and most
of the reported P[14] strains have the Genogroup 2 gene constellation (Banyai et al., 2009;
Banyai et al., 2010; Cowley et al., 2013; Donato et al., 2014; El Sherif et al., 2011; Ghosh et
al., 2007; Matthijnssens et al., 2009; Medici et al., 2008; Mullick et al., 2013). Human P[14]
strains have common origins with those of the even-toed ungulates belonging to the
mammalian order Artiodactyla (Matthijnssens et al., 2009). Within P[14] strain genes, 7
lineages have been identified with human strains identified in all of them (Tam et al., 2014).
Lineages I, 11, IV and VII contain G6, G8 and G10 strains from bovines, guanacos, sheep
and other ungulates. Animal RVA G8P[14] strains have been identified in Japan and India
(bovine), Spain (ovine), and Argentina (guanaco) (Matthijnssens et al., 2009; Chitambar et
al., 2011; Fukai et al., 2004; Ciarlet et al., 2008). RVA G8P[14] strains have been identified
in human infections from Egypt, Italy, Belgium, Australia, Hungary, India, Denmark and
Taiwan (Holmes et al., 1999; Medici et al., 2008; Matthijnssens et al., 2009; Chitambar et
al., 2011; Swiatek et al., 2010; Banyai et al., 2010; Chitambar et al., 2011; Midgley et al.,
2014; Midgley et al., 2012; Wu et al., 2012). The VVP8* region of the P[14] VP4 protein has
been shown to interact with type A histo blood group antigens of humans (Hu et al., 2012;
Liu et al., 2012) as well as bovine and porcine mucins (Liu et al., 2012) and this is thought
to play a role in cross-species transmission of P[14] RVAs.

RVA G8P[14] strains have not been reported in Latin America previously, thus it was of
interest to us to characterize a G8P[14] rotavirus strain detected in Guatemala. Here we
report the full genome sequence and phylogenetic analysis of RVA strain RVA/H uman-
wt/GTM/2009726790/2009/G8P[14], detected in a stool sample from Guatemala.

The stool sample was collected in 2008 from Guatemala, Santa Rosa as part of the facility
based Rotavirus Strain Surveillance system in collaboration with the International Emerging
Infections Program (IEIP), the Ministry of Public Health and Welfare and the Universidad
del Valle de Guatemala. The sample was submitted to the Centers for Disease Control and
Prevention (CDC) for rotavirus strain genotyping. The sample was from a 52 year old
female with diarrhea for 2 days (5 episodes/day). RNA was extracted from the sample using
the MagMax 96 Viral RNA Isolation kit (Applied Biosystems, Inc., Foster City, CA) on an
automated KingFisher extraction system (Thermo Scientific, Waltham MA), or the MagNA
pure compact RNA extraction kit on the MagNA pure compact instrument (Roche Applied
Science, Indianapolis, IN) following manufacturer’s instructions. The extracted RNA was
denatured at 95 °C for 5 min and RT-PCR was performed using the Qiagen OneStep RT-
PCR kit (Qiagen, Inc., Valencia, CA) as described previously (Hull et al., 2011). Each
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rotavirus gene segment was amplified using previously published RVA specific consensus
primers (Gouvea et al., 1990; Gentsch et al., 1992; Gomara et al., 2000). Additional primers
were designed using published consensus sequences for genes which failed to generate a
complete open reading frame (ORF). Oligonucleotides were designed in the consensus
region of 5 and 3" ends with M13 and SP6 tails, respectively, for all eleven RVA genes to
obtain the end sequences of the ORFs. (Mijatovic et al., manuscript in preparation). PCR
reactions were analyzed by electrophoresis on 1% agarose gels as described previously (Hull
etal., 2011). Specific PCR amplicons were excised from agarose gels and purified using the
QIAquick Gel extraction kit (Qiagen, Inc., Valencia, CA) according to the manufacturer’s
protocol. Cycle sequencing of each amplicon was performed with the same consensus
primers used for RT-PCR, or M13 and SP6 tail sequences using Big Dye Terminator 3.1
Cycle Sequencing kit (Life technologies, Inc. Foster City, CA). Cycle sequencing products
were purified using BioMag® carboxyl beads (Mijatovic-Rustempasic et al., 2012).
Sequencing of cycle sequenced products was performed on an ABI Prism 3130XL Genetic
Analyzer using 3130 POP-7 (Life technologies, Foster City, CA).

Sequence chromatogram files were edited and sequence contigs were assembled using
Sequencher 5.0 software (Gene Codes Corporation, Inc., Ann Arbor, MI). Nucleotide
similarity searches were performed using BLAST (http://blast.ncbi.nlm.nih.gov/Blast.cgi) to
query the GenBank sequence database. The genotypes of each of the 11 genome segments
were determined using the RotaC online classification tool (http://rotaCregatools.be/) (Maes
et al., 2009). For phylogenetic analysis, nucleotide sequences of related strains for each gene
were retrieved from GenBank and aligned using the MUSCLE program within MEGA
version 5 software (http://www.megasoftware.net/). Once aligned, the JModelTest 2 program
(Posada, 2008) was used to identify the optimal evolutionary model that best fitted the
sequence datasets. Using optimal models identified by the corrected Akaike Information
Criterion (AICc), maximum likelihood trees were constructed using PhyML 3.0 with aLRT
statistics computed for branch support (Guindon et al., 2010). Nucleotide distance matrices
were prepared using the p-distance algorithm of MEGA version 5 software.

The complete ORFs for all eleven genes of RVA/Human-wt/GT M/2009726790/2009/
G8P[14] strain with the exception of 39 bases at the 5” end of the VP7 ORF and 29 bases at
the 3" end of the VP4 ORF were sequenced and deposited into GenBank under accession
numbers KP006506 to KP006516. Nucleotide identity of strain RVA/Human-wt/GTM/
2009726790/2009/G8P[14] compared to strains available in the GenBank indicated that all
eleven genes were closely related (95-98.1%) to animal strains (Table 1) including simian
(NSP2), guanaco (NSP5 and VVP7) and bovine (NSP1, NSP3 and NSP4, VVP1, VP2, VP3,
VP4 and VP6, genes).

The VP4 gene of RVA/Human-wt/GTM/2009726790/2009/G8 P[14] strain was 97.8%
identical to a bovine G15P[14] strain (Tottori) (Masuda et al., 2014), 86-96.1% identical to
bovine G8P[14] strains and 83.7-87.5% identical to human G8P[14] strains. Strain RVA/
Human-wt/GTM/2009726790/2009/G8P[14] VP4 gene occupies lineage VI shared with
Tottori-G15P[14] and Sun9-G8P[14] strains from Japan (Fig. 1A). The VP7 gene of RVA/
Human-wt/GTM/2009726790/2009/G8P[14] strain was closely related (93.6-96.5%) to
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bovine G8P[14] strain and 84.1-95.8% identical to VVP7 genes of human G8P[14] strains
(Fig. 1B).

Full genome characterization of two animal G8P[14] strains, Arg/Chubut with genomic
constellation G8-P[14]-12-R5-C2-M2-A11-N2-T6-E12-H3 and OVR 762 with G8-P[14]-12-
R2-C2-M2-A11-N2-T6-E2-H3 have been reported (Matthijnssens et al., 2009). Eight
genotypes (N2, T6, H3, C2, M2, P[14], 12 and G8) of the RVA/Human-wt/GTM/
2009726790/2009/G8P[14] strain were the same as those in both the Arg/Chubut and OVR
762 strains. Eight out of eleven genes (NSP2, NSP3, NSP4, NSP5, VP1, VP2, VP3 and
VP6) of RVA/Human-wt/GTM/2009726790/2009/G8P[14] strain also exhibited close
identity (92.2-97.4%) with the WC3-derived genes of the RotaTeq® vaccine strain (Table 1).

Phylogenetic analysis of all eleven genes of RVA/Human-wt/G TM/2009726790/2009/
G8P[14] showed that the VP7, VP1, VP6, NSP1, NSP2, NSP4 and NSP5 (Fig. 1B, C, F-H,
J, and K, respectively) genes had more than one predominant host strain (human, bovine,
simian, porcine, rhesus or guanaco) in their respective lineages. Bovines were the
predominant hosts for strains in the phylogenetic lineages for the VP4, VP2, VP3 and NSP3
(Fig. 1A, D, E and I, respectively) genes.

Full genome classification of RVA/Human-wt/GT M/2009726790/2009/G8P[14] strain was
G8-P[14]-12-R2-C2-M2-A13-N2-T6-E2-H3 (Table 1). Full genome characterization of only
one human G8P[14] strain has been reported in the literature to date (Banyai et al., 2010).
The RVA/Human-wt/GT M/2009726790/2009/G8P[14] strain was 83.3-94.6% identical to
all the genes except NSP1 gene with only 71.9% similarity to the published Hungarian
G8P[14] strain which has a genomic constellation of G8-P[14]-12-R2-C2-M2-A11-N2-T6-
E2-H3. The NSP1 gene of RVA/Human-wt/GTM/2009726790/2009/G8P[14] was 94.9%
identical to a Japanese bovine G24P[33] strain Dai-10 (Fig. 1G) exhibiting the A13
genotype for NSP1 gene (Abe et al., 2011). Predominantly, the A13 genotype for the NSP1
gene is found in bovine strains with an exception of a G6P[11] human strain (SI-R56) from a
Slovenian patient (Steyer et al., 2013).

This report describes the characterization of RVA/Human-wt/G TM/2009726790/2009/
G8P[14] strain isolated in Guatemala. With multiple hosts identified for G8P[14] strains in
animals, including bovine, guanocos and sheep (Ciarlet et al., 2008; Fukai et al., 2004;
Ghosh et al., 2007; Parreno et al., 2004), elucidating the original source of G8P[14] strains is
complex and likely involves multiple animal-animal transmission and reassortment events.
The genomic constellation of RVA/Human-wt/GT M/2009726790/2009/G8P[14] strain was
closely related to two animal G8P[14] strains, suggesting one or more reassortment events
followed by interspecies transmission of the G8P[14] strain from an animal to a human.

In conclusion, this is the first report of a GBP[14] RVA strain detected in Guatemala, Latin
America. Also this is the first report of a GBP[14] strain with a genomic constellation of G8-
P[14]-12-R2-C2-M2-A13-N2-T6-E2-H3 and this strain occupied lineage VII within the
P[14] genotype. Close similarity of eight genes of RVA/ Human-wt/GTM/
2009726790/2009/G8P[14] strain with RotaTeq® vaccine strain genes suggests that
RotaTeq® vaccine would be highly effective against this genotype. Future RVA surveillance

Infect Genet Evol. Author manuscript; available in PMC 2018 February 08.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Gautam et al. Page 5

is required to monitor for unusual animal-like RVA strains and to determine whether
vaccine-induced immunity would provide protection against interspecies transmission of
strains.
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158430/Bovine-w/Sun9/GBR[14]
RVAHuman-w/GTM/2009726790/2009/G8R{14] vt
o WJPNTottor- 114
L20875/Human-HAL1186/G8P{14] ]Uw
o 114)
114]
JQ423905 Lapine-wNS/G3P[14] nv
%01 Us2152/Lapine-wt/R-2/G3P[14]
DQ205224/RVARabbitAc/TA30-96/1996G3P[14]
AY WBEL 1)
100 UB2151/Lapine-w/BAP-2/G3P[14] int
40| UB2149/Lapine-wtAlzbama/G3P(14]
U62150/Lapine-w/C-11/G3P{14]
JJPNAU- 30)
AY05027 1981/G6P(5]
s
1C-vpP1 3/ 151
-BrB- (S
GUS6504 179-4/1992/GEP1A(8]
ailke Usic 1P(8)
1993/G6P(14]
% AB374143/Bovine/Sun9/G8P[14]
[ ] [14]
FU422131/RVARhesus-tc/USA/PTRV/1990/GBP(1]
J04346/Bovine/RF/GEP[1]
HQ846854/Simian/DXRRV/G1P(3]
HQ846865/Simian/DS 1XRRV/G2P(3]
Ha imi S
HQB846843/Simian/RRV/G3P(3]
SR (4]
[14)
DQB70505ref/RVA/HuUMan-to/USAIDS-1/1876/G2P 1B(4]
FU347 WARGH 1999/G8P(14]
pa 1 1974/G1P1A8]
H
005

1B-VP7

Page 8

FJ206080/Bovine/KJ212/G8P(7)

FJB07858/Porcine/07-109-8/G8P(7]
FJBO7854/POrcine/06-46-2/G8P(7)
FJB07863/Porcine/156-1/GBP(7)
FJB07868/Porcine/C-1/GBP(7]
FJ206064/Bovine/KJ59-2/G8P(7)

Fu347 1999/G8P(14)
FU347127/RVA/Guanaco-wUARG/Rio Negro/1998/G8P{1]
. (14)

AB158431/Bovine/Sun9/G8P{14]
GQ398018HUMaN-WYWAGS 3/G8P[14]
GQ398014/Human-wUWAGS 2/G8P{14]
GQ398012/Human-wUWAGS 1/G8P[14]

114)

AF034852/DG8/Lin-1ll
L20882/Human-wUHAL1166/G8P{14]
100 [ EF218669/6782/2000/ARN/Lin-1l

AF350350/HMGO35/Lin-1

114)
GU9B4T62/Bovine/86/GBP(14]
GUYBATEOBovine/68/GBP(14]
GUIBATE1/Bovine/79/GEP(14]
AF104104/EGY2295/Lin-1

DO1054/AS/Lin-1

1D-VP2

1967/G6P(1]
JFB93027/RVA/Bovine-tc/USA/NCDV/1971/G6P(1]
96f X14057/Bovine/RF/G6P[1]

99

[29]
@ RVAHuman-wt/GTM/2009726790/2009/G8P[14]
 AB374144/Bovine/Sun9/G8P[14]

99/ KC215487/RVANVaccine/USA/MVS-BRVS/1998/G2P(5]

KC! 15
EF560616/RVA/Cow-tc/USA/WC3/1981/G6P[5]
(GUS65042/RVANVaccine/USA/RotaTeq-WI79-4/1992/G6P 1A[8]

199

29/ 15

114)

FU347 1999/G8PY14]

114

Bi4)

0Q 1-H96/1958/63P582]
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1E-VP3

GQ496271/Bovine/UKg91290/G8P(5]

Ke: JSAMVS-BRV10/ 15)
KC: JSABRV-KC-1xL 10P(5]
KC215! ine/USA/MVS-BRV1290xL 15]

00| JF990807/Bovine/BR-3/GEP[S]

Ke: JSAIMVS-BR 51
HQB44018/Bovine/UKgIKC-1/G12P]5]
a8l kc: ine/USAM 1 cl

JF990830/Bovine/UKg4Wa/GEP(8]
FJ560906/Bovine/CP-1/G3P[8)

—d /GT! [14]
Q AB374145/Bovine/Sun9/G8P[14]

GUS565043/RVA/Vaccine/USA/RotaTeq-WI79-4/1992/GEP 1A[8]

6o ine/USA/RotaTeq-BrB-9/ 151
EF560617/RVA/Cow-te/USAIWC3/1981/GEP[S]
FJ347102/RVA/Guanaco-w/ARG/Chubut/1999/G8P[14]

/HUN/BP* 14]
EF554 ESP) (4]
AY27791 IUSA/DS-1/ 14]
AY2 USA/Wa/1974/G1P1A[8]

1G-NSP1

o5 JX004034/RVAHuman-+/SVN/SI-R56107/2007/GEP[ 1]
72/ KC488891/RVARabbittc/NLDIK113002712011/G6R[ 1]

991 AB573074/RVA Bovine-tc/JPN/Dai-10/2007/G24P[33)]

© RVAHuman-wt/GTMI2009726790/2009/G8P[14]
KC815664/RVAHorse-tc/JPNIOH-4/1982(GEPL]
KJT51917IRVAICow-w/ZAFMRC-DPRU3005/2009/GBP[1 1]
ABS73083/RVAIBovine-tJPNAZUK-1/2006/G21P[29]
Z12105/Bovine/B223G10P[11]

FJ347117refRVAICow-w/ARG/B383/1998/G15P[11]
D38148refIRVA/Cow-tc/THA/AS-13/XXXX/G8P[1]
EF990899/RVA/Cow-{c/USAIWC3/1981/GEP[5]

1F-VP6

Page 9

76 GU9B4759/Bovine-wiB6/G8P[14]
100} GU9B4757/Bovine-wUBB/GBP[14]
%] |l cuos4758/Bovine-w79/G8P(14]

or|—F WHUN/BP [14)
EF554 p-tc/ESP/OVR [14]
FJ347 19 114]

AB374146/Bovine/Sun9/G8P[14]

89 ) HM988974/Bovine/KJ9-1/G6P(7]

HM988973/Bovine/KJ19-2/GEP(7)

KC21550 15]

1008 KC21 BR -1xL 10P[5)
KC21551 JSAIMVS iG]
X53667/Bovine/UKtc/GEP[X]
D82977/Equine/R-22/GXP(X]

77 |L @ RvAH: T [14]
AF411322/RVA/Cow-tc/USA/WC3/1981/G6P(5]

2laL JSA/RotaTeq-SC2-9/1992/G2P7(5)
GU565045/RVA/Vaccine/USA/RotaTeq-WI79-4/1992/G6P1A(8)
KC44 M JSIC 1P8]
DQ87050 tc/USA/DS-1/1976/G2P1B[4]

1H-NSP2

USAWa/1974/G1P1A(8]

KC443594/RVAHuman-w/AUS/CK20039/2008/G1P(8)
EF990700/RVA/Cow-1c/USAWC3/1981/G6P[S]
99| IN128987/RVAHuUmanNCA/9./2010/G1P(8]
JIN128991/RVAHUman/NCA/25J/2010/G1P(8)
GUSB5070/RVAVaccine/USA/RotaTeq-SC2-9/1992/G2PT[5)
GU [RotaTeq-WI78-8/1992/G3P7[5]
ﬁ|).so-15:«):Rv1m3evimcmsmucDwmus«;r»m
221640/Bovine/RF/GEP(1)
GU384196/BovineDQ-75/G10P[11]
@ RVAHUman-wt/GTM/2009726790/2009/G8P(14]
EUB36931/RVA/Simian-tc/USARRV/1975/G3P[3]
FJ422139RVARhesus-tc/USAPTRV/1990/G8P(1)

§ tc/USA/DS-1/1976/G2P18{4)
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g4y~ FJ206180/Bovine/KJ89-1/GBP(7]
1|- N SP3 85| FJ206167/Bovine/KJ19-2/G6P[7]
@ RVAHuman-w/GTM/2009726790/2009/G8P{14]

KC815666/RVAHorse-tc/JPN/OH-4/1982/GEP[]
X81429/RVA/Bovine-tc/USAINCDV/1971/GEP[1]
AB748598/RVA/Cow-tc/JPN/BRV105/1983/GEP(1]
%68748599/RVA/COW-WJ PN/BRV106/1983/G8P[1]
Z221639/Bovine/RF/GEP[1]

GU565082/RVANVaccine/USA/RotaTeq-WI78-8/1992/G3PT[5]
KC443595/RVAH tAUS/CK20039/2008/G1P[8]

EF990701refRVA/Cow-tc/USAWC3/1981/GEP(5]
X81434refIRVAHuman-tc/USA/Wa/1974/G1P1A[8]

H
0.005

GUSB5073RV: JSARotaTeq-SC29) 5l

1K-NSP5 o

GUS65062/RVAVaccine/USA/RotaTeq-WI79-9/1992/G1P7[5]
EF990702/RVA/Cow-tc/USAWC3/1981/GBP(5]
FJ422141/RVA/Rhesus-tc/USA/PTRV/1990/G8P[1]
FJ208054/Bovine/KJ19-2/GEP[7]
EF554136/RVA/Human-tc/I TA/PA169/1988/G6P[14]
FJ347121/RVA/Cow-wt/ARG/B383/1998/G15P([11]
EF554147/RVAHuman-wt/ITA/111-05-27/2005/G6P[14]

95L EF554158/RVA/Sheep-tc/ESP/OVR762/2002/G8P[14]

“WHUN/BP 114)

JPN/AU-1 39
[ ] -WUGTM/20097. 114]

t FJ347110/RVA/Guanaco-wt/ARG/Chubut/1999/G8P[14]
EF554114/RVAHuman-wt/HUN/Hun5/1997/G6P[14]
AF USAWa/1974/G1P1A]

Fig. 1.
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AF166353/Bovine/CBNU-1/GXP[X]
AF166354/Bovine/CBNU-2/GXP[X]
FJ206135/Bovine/KJ69-1/GEP(7]
FJ206106/Bovine/KJ19-2/GEP(7]
@ RVAHUMan-w/GTIM/2009726790/2000G8P{14]
KC815667/RVAHOrse-tc/JPN/OH-4/1982/G6P(S]
KC815678/RVA/Horse-tc/JPN/OH-4/1982/GEP(S]
JX402799/RVA/Con-wSVN/SI-B17/2004/GEP(11]
90 KC175081/RVAHUman-wiIND/N37/2003/G 10P{11]
KC175092/RVAHuman-wiIND/N83/2003/G10P{11]
GU181282/Bovine/DQ-75/G10P{11]
GUSB5094/RVA Vaccine USA/RotaTeq-BrB-9/1996/G4PT(S]
~{ GUS65061/RVANVaccine USARotaTeq-WI79-9/1992/G 1P7[5]
AY050273/RVA/Cow-te/USAWC3/1981/GEPS]

FJ347109/RVA/ Chubut/1999/G8P(14]
EF554157/RVA'Sheep-tc/ESPIOVR762/2002/G8P[14]
FN RVA/ UN/BP 114]

1J-NSP4

o | GUSB4764/Bovine-wi79/GEP(14]
ine-wUS8/GBP(14]
GU9BA7ES5/Bovine-wBE/GEP(14]
AF174305ret/RVAHUman-te/USA/DS-1/1976/G2P 18(4]
K02032ref USA/Wa/1974/G1P1A8)

Phylogenetic trees based on nucleotide sequences of complete open reading frames of 1A-
VP4, 1B-VP7, 1C-VP1, 1D-VP2, 1E-VP3, 1F-VP6, 1G-NSP1, 1H-NSP2, 1I-NSP3, 1J-
NSP4 and 1K-NSP5 rotavirus genes. The maximum likelihood trees were constructed using
PhyML 3.0 with best model identified by J ModelTest2 program for each gene (NSP1-GTR
+ 1+ G; NSP2-TIM2 + I; NSP3-TIM2 + I; NSP4-TPM2uf + G; NSP5-HKY + G; VP1-
TIM2 + I; VP2-GTR + I; VP3-TIM1 + |; VP4-GTR + G; VP6-TrN + G; VP7-TVM + G).
The GenBank accession numbers, strain names and G and P-type associations are shown

where available.
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