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RESUMO

MOLINARI, Bruna Leticia Domingues. Diagnostico e estudo molecula de cepas brasileiras
de rotavirus suino espécies B e H. 2018. 81 f. Tese (Doutorado em Ciéncia Animal) —
Universidade Estadual de Londrina, Londrina, 2018.

RESUMO

A gastroenterite em leitGes lactentes e recém-desmamados representa a principal causa de
morbidade e mortalidade durante o periodo neonatal. A sindrome é caracterizada por infec¢do
entérica multifatorial e multietioldgica. Entre as causas infecciosas, o rotavirus (RV) é o
principal agente etioldgico viral. Por serem mais frequentes, as espécies de rotavirus A (RVA)
e C (RVC) sdo as mais estudadas. No entanto, surtos de diarreia causados por espécies de
rotavirus B (RVB) em leitdes lactentes estdo sendo relatados em rebanhos de suinos das
regides sul e centro-oeste do Brasil. Por sua vez, a espécie de rotavirus H (RVH) foi descrita
apenas recentemente na suinocultura brasileira. Os objetivos deste estudo foram avaliar a
presenca de cepas de RV em um surto de diarreia em leitdes lactentes e recém-desmamos que
ocorreu em uma granja com programa de vacinagdo contra patdégenos entéricos, incluindo
RVA, e realizar a caracterizacdo molecular das cepas de RVB e RVH identificadas. Para
isso, trés estudos independentes foram realizados. O objetivo do primeiro estudo foi
determinar as sequéncias de nucleotideos (nt) e de aminoéacidos (aa) dos genes que codificam
as proteinas VP6, VP7, VP4 e NSP4 de seis cepas de campo identificadas como RVH (BR59,
BR60, BR61, BR62, BR63 e BR64) no surto de diarreia. A partir da cepa de RVH suina,
SKA-1, primers especificos foram selecionados para amplicacdo dos genes citados acima.
Com base nas altas identidades encontradas entre as sequéncias de nt (~99%) dos genes VPG,
VP4, VP7 e NSP4 entre cinco das cepas estudadas (BR59 a BR63), € possivel considera-las
pertencentes a mesma linhagem de RV, denominada RVH / BRA-1. Em contraste, uma vez
que a amostra fecal BR64 apresentou uma diferenca relativamente alta (81,6% e 83,4% de
identidade para nt e aa, respectivamente) na sequéncia referente a proteina VP7, quando
comparada com as outras cinco amostras, a mesma foi denominada cepa RVH / BRA-2. No
segundo estudo, com o objetivo de triar todas as amostras diarreicas (n = 50) obtidas no surto
para RVA, B, C e H, realizou-se RT-PCR com primers especificos para cada espécie. De
acordo com os testes, RVC (78%) foi mais prevalente nas infecgdes singulares (34%) e mistas
(44%), seguido pelo RVA (46%), RVB (32%) e RVH (18%). A analise filogenética de trés
cepas de RVA permitiu a caracterizacdo de dois genotipos G / P distintos, representados por
G5P[13] e G9P[23], diferentemente do G5P[7] presente em vacinas comerciais.
Independentemente da espécie de RV, as infec¢Bes mistas (54%) foram mais prevalentes do
que as infec¢Bes por um unico agente. RVB e RVH foram detectados apenas em associagdo
com outros grupos de RV, sugerindo uma agdo secundaria dessas espécies no surto relatado.
Finalmente, no terceiro estudo, com base na qualidade do produto amplificado por RT-PCR,
a amostra fecal de RVB identificada como BR62, foi selecionada para analises moleculares
adicionais. As sequéncias de nt e aa do gene VVP7 foram determinadas e a analise comparativa
desta cepa com as cepas dos outros 21 genotipos de VP7 previamente identificados mostraram
que a cepa suina brasileira pertence a um novo genotipo, G22, e parece estar circulando em
diferentes partes do mundo. Os estudos reforcam o papel dos RV como importantes agentes
causadores de diarreia demonstram a variabilidade genética entre as espécies. Além disso,
esta é a primeira deteccdo do genotipo de RVB, G22, em rebanhos suinicolas brasileiros.

Palavras-chave: Suinos. Diarreia. Rotavirus. RT-PCR. Infec¢do mista. Genotipos.



ABSTRACT

MOLINARI, Bruna Leticia Domingues. Diagnostic and molecular study of Brazilian
porcine rotavirus strains species B and H. 2018. 81 p. Thesis (Doctorated degree in Animal
Science) — Universidade Estadual de Londrina, Londrina, 2018.

ABSTRACT

Gastroenterits in suckling and newly weaned piglets represents the major cause of morbidity
and mortality during the neonatal period. The syndrome is a multifactorial and multi etiologic
enteric infection. Among the infectious causes, rotavirus (RV) is the main viral etiologic
agent. To be more frequent rotavirus species A (RVA) and C (RVC) are most studied.
However, outbreaks of diarrhea caused by rotavirus species B (RVB) in suckling piglets are
being reported from pig herds of the southern and midwest regions of Brazil. The rotavirus
species H (RVH) was only recently described in Brazilian pig farming. The aims of this study
was to evaluate the presence of RV strains in suckling and newly post-weaning diarrhea
outbreak that occurred in a pig farm with vaccination program against enteric pathogens,
including RVA, and perform the molecular characterization of RVB and RVH field strains
identified in this diarrhea outbreak. For this, three independent studies were carried out. The
objective of the first study was to determine the VP6, VP7, VP4, and NSP4 nucleotide (nt)
and amino acid (aa) sequences of six (BR59, BR60, BR61, BR62, BR63, and BR64) RVH
field strains identified in the diarrhea outbreak. Specific primers were designed based on the
porcine RVH strain SKA-1. Based on the high nt sequence identities (~99%) of the VP6,
VP4, VP7, and NSP4 genes among five of the studied specimens (BR59 to BR63), they are
considered the same local RV strain denominated RVH/BRA-1. In contrast, once that the
fecal sample BR64 showed a relatively high difference (81.6% nt identity and 83.4% aa
identity) in the VP7 sequence when compared to the other five specimens it was named
RVH/BRA-2 strain. On the second study, with the objective of screening all the diarrheic
samples (n = 50) obtained from the outbreak for RVA, B, C, and H, RT-PCR with specific
primers were performed. RVC (78%) was the most prevalent group found in single (34%) and
mixed (44%) infections, followed by RVA (46%), RVB (32%), and RVH (18%).
Phylogenetic analysis of three RVA strains allowed the characterization of two distinct G/P
genotypes represented by G5P[13] and G9P[23], different from G5P[7] present in commercial
vaccines. Regardless of the RV group, mixed infections (54%) were more prevalent than
single infections. Detection of RVB or RVH was associated with the presence of other RV
groups, suggesting a secondary action of these RV groups in the reported outbreak. Finally, in
the third study, based on the quality of the RT-PCR amplified product, the RVB-positive fecal
sample identified as BR62 was selected for further molecular analyses. The VP7 nt and
deduced aa sequences were determined and comparative analysis of this strain with the strains
of the other 21 previously identified VP7 genotypes showed that the Brazilian porcine RVB
strain belongs to a novel G22 VP7 genotype, and seems to be circulating in different parts of
the world. The studies reinforce the rule of RV as important diarrhea agents and contribute to
show the genetic variability among the species. Additionally, this is the first detection of RVB
G22 genotype in Brazilian pig herds.

Key Words: Swine. Diarrhea. Rotavirus. RT-PCR. Mixed infection. Genotypes.
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Abstract

Diarrhea in suckling and recently weaned piglets represents the major cause of
morbidity and mortality during the neonatal period. The syndrome is a multifactorial and
multi etiologic enteric infection. Among the infectious causes, rotavirus is the main viral
etiologic agent. Pigs are susceptible to enteric infections by several rotavirus species
highlighting the rotavirus A (RVA), RVB, RVC, and RVH. Since RVA and RVC are more
frequent, they are most studied. However, outbreaks of diarrhea caused by RVB in suckling
piglets are being reported from pig herds of the southern and midwest regions of Brazil. The
RVH was only recently described in Brazilian pig farming. Considering the few reports
available on the frequency of occurrence of RVB and RVH in Brazilian pig herds, this review
aims to present some characteristics related to the classical and molecular virology of these
viruses as well as epidemiological aspects of these infections.

Introduction

Rotaviruses (RVs) represent a global public health problem once it is considered one
of the most common causative agents of acute gastroenteritis in children and many
mammalian and avian species [21, 37].

The first descriptions of RVs date back to the 1970s, when viral particles originally
designated as reovirus-like/orbivirus-like were detected by electron microscopy infecting the
cells of the upper portions of the duodenal epithelium of children with acute gastroenteritis [8,
23]. Based on the electron microscope analysis of the viral particles and its morphological
similarity with a wheel (from the Latin rota), Flewett and colleagues [24] proposed the
Rotavirus nomenclature for the described viruses. After their identification, human rotavirus
was then associated with previous descriptions of identical viral particles related to epidemic
diarrhea in infant mice (EDIM) virus [1], calves (NCDV — Nebraska calf diarrhea virus) [53],
and with the SA11 (simian agent) virus strain detected in a healthy monkey [42].
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In the past 44 years, with the advances of molecular diagnostic techniques, it was
possible to explore many aspects of RVs, including classification, epidemiology, structure,
and pathogenesis. Currently, the rotaviruses are grouped into 9 species (RVA to RVI) [31].
Once that RVA is the most common RV species detected in both human and animals, a great
number of studies is available, including review articles [21]. On the other hand, there is a
lack of information about the other RV species. Considering that the first RVH detections are
recent, and that this RV species seems to be genetically connected with RVB [3, 34], the aim
of this review is to gather information about these two RV species, give an up-to-date review
of the most important research achievements related to them and formulate some perspectives
about remaining open questions.

Structure of Rotavirus genus

Rotavirus virion, unprovided of a glycoprotein envelope, presents approximately 75-
100 nm in diameter and a capsid composed of three concentric protein layers of icosahedral
symmetry [21, 32]. The viral genome consists of 11 segments of double strand RNA (dsRNA)
which encode 6 structural (VP — Viral Protein) and 5 or 6 non-structural (NSP) proteins. The
genes are monocistronic, meaning that each one encodes only one protein, except for genome
segment 11, which can encode two proteins depending on the RV species [21] (Figure 1).

The inner layer of the capsid, also called core-shell, is formed by the viral protein 2
(VP2) associated with the enzyme complexes, consisting of VP1 and VVP3, which are located
inside the core-shell and in intense contact with the segments of the viral genome [51]. The
capsid middle layer is constituted by VP6, which is in contact with the inner core protein VP2
and with VP7 and VP4 proteins that form the outer layer of viral capsid [21] (Figure 1). The
structural protein VP6 is the most abundant virion protein, representing about 50 to 60% of
the viral mass [21]. For being considered one of the most immunogenic and antigenic
proteins, it is frequently detected in immunological assay diagnostic systems [50].

Source: Alfieri and colleagues [5]. (Adapted from Estes, 2001 [20]). With permission of the authors and the
publisher.

Figure 1. Aspects of rotavirus structure. Polyacrylamide gel electrophoresis (PAGE) showing
the 11 genomic segments of dsRNA from rotavirus A (RVA) strain SA11 (left). The proteins
encoded by each segment (middle) - the nomenclature of the VPs (VP1 to VP4, VP6, and
VP7) and the NSPs (NSP1 to NSP6) present in mature viral particles are followed by numbers
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in decreasing order of molecular mass, according to the migration order in PAGE. A
simplified illustration of the viral particle and its components (right).

The NSPs are synthesized in infected cells and are involved in the viral replicative
cycle stages and interactions with host proteins that influence the pathogenesis and immune
response to the infection [26].

Rotavirus classification

Rotaviruses are members of the genus Rotavirus, one of the 15 genera that belong to
Reoviridae family [31]. Based on antigenic and molecular characteristics of the VP6 protein,
RVs are classified into 9 groups (RVA to RVI, Figure 2), also termed species [31].
Additionally, after the detection of RV in bats in Serbia, the creation of group J is being
proposed [7].

Once that RVA is the most common RV species isolated from humans and animals,
initially, a binary classification system, based on the antigenic and molecular variability of the
VP7 (G types) and VP4 (P types) proteins, was implanted for them [21]. To date, 36 G types
and 51 P types of RVA have been detected in humans and several animal species, including
mammals and avian. All these RVA genotypes were recognized by the Rotavirus
Classification Working Group (RCWG) demonstrating the wide antigenic and molecular
diversity of this RV species [61]. Later, similar genotype differentiation for RVB and RVC
species has been established [18, 43-45].

Due to the great genetic diversity found in RVA strains and the possibility of
reassortment occurring in all segments of the genome, a new classification system based on
the eleven genes was proposed and the genotypes adopted for the proteins VP7-VP4-VP6-
VP1-VP2-VP3-NSP1-NSP2-NSP3-NSP4-NSP5/6 were Gx-P[x]-IX-Rx-Cx-Mx-Ax-Nx-Tx-
Ex-Hx, respectively. This classification system is also called whole genome or complete
genotype constellation and the appropriate cut-off values were established for each RV gene
[47-49]. Although this system has been used for classification of other RVs, it is not
completely established for non-RVA species.

RVA/Pig-tc/USA/OSUMSTT  RvA

100 [ RYA/Human-c/USAWa/ 1974 ]Hm
— 2 L RVA/Human-wi/JPNIKU/ 1988
RVC/Human-tc/GBR/Bristol /1968
— —mo|: RVC/Pig-tc/USA/Cowden/1982 ]WC
RVI¥Chicken-wt/DEU/O5V 0049/ 2005 -| RvD
EY RVF/Chicken-wt/DEU/03V0568/2003 ]HVF

100 — RVH/Human-wt/BAN/B219/2002 ]
100 [ RVH/Human-wt/CHN/J1871997 RvH

RVH/Pig-wt/JPN/SKA-1/1899

00 —  RVG/Chicken-wl/DEU/03\0567/2003 TRV
= RVB/Rat-hho/IDIR/ 1984 T

0l RVE/Human-w/ADRV/1882 | RvE
EVBJPM—MMPN/PB—F18/2001 ]

0.1

Source: Elaborated by the authors.
Figure 2. Phylogenetic tree showing the different species of rotaviruses (RV).
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Rotavirus B

Species or group B rotavirus, designated as Adult Diarrhea Rotavirus (ADRV), was
first detected in a large epidemic of diarrhea affecting more than one million people in China
during 1982-1983 [15, 30]. Since then, human RVB has been reported in sporadic outbreaks
of adult and childhood diarrhea in China [22, 74], India [38, 40], Bangladesh [62, 65],
Myanmar [6], and Nepal [4].

In addition to humans, RVB strains have also been identified in cattle [10]; pigs [9],
rats [19], and lambs [67]. The first descriptions of RVB in cattle occurred in the United States
of America (USA) and in the United Kingdom [12-14, 52]. Although RVB has been detected
both in calves and in adult cows with diarrhea, most of the studies have suggested that RVB
might be more associated with episodes of cow diarrhea [12, 27, 64]. In addition to the
geographical regions mentioned above, bovine RVB has also been described in Japan and
Germany [59, 70].

Porcine RVB first detection occurred in a suckling pig with diarrhea from an Ohio pig
herd in the 1980s [63]. After that, RVB infections have been sporadically described in pre-
and post-weaning porcine diarrhea outbreaks of several locations around the world [25, 28,
39, 46, 56, 68]. The role of porcine RVB as a primary enteric pathogen remains unclear.
Marthaler and colleagues [45] detected the presence of the virus in almost half of the stool
samples tested, suggesting that RVB was the causative agent of the reported symptoms,
including diarrhea. On the other hand, Molinari and colleagues [56] have found RVB in
diarrheic fecal samples mostly associated with RVA, RVC, and RVH contributing to the
hypothesis that the virus probably acts as a secondary diarrhea agent. However, outbreaks of
diarrhea in suckling piglets caused only by RVB have also been described in Brazilian pig
herds (Laboratory of Animal Virology-UEL, unpublished data). Complete genome sequences
have been determined for several human RVB strains [2, 36, 72, 74]. However, only partial
genome sequencing was established for bovine, porcine, and rat strains. Although high
prevalences of anti-RVB antibodies have been demonstrated in animal serum, antigenic and
molecular features, as well as the prevalence of the infection by this species of RV are still not
clear, mainly due to the difficulty of viral isolation in cell cultures and the fact that they are
excreted in small amounts (titer) in the feces of infected animals [11, 69].

Despite porcine RVB has been found in several countries, genetic variation among
RVB strains remains poorly characterized. Knowledge regarding the genome of porcine RVB
remains restricted to information obtained via analyses of the VP6, VP7, NSP1, NSP2, and
NSP5 genes [39, 45, 50, 68]. Based on the analyses of the VP7 gene of 50 RVB strains, Kuga
and colleagues [39] proposed the classification of RVB strains into G genotypes using cut-off
values of 67% and 76% at nucleotide (nt) level and, 66% and 79% at amino acid (aa) level.
Thus, they proposed the creation of five genotypes that were further divided into 12 clusters.
Three years later, based on the VP7 analyses of 125 RVB strains, Marthaler and colleagues
[45] proposed a modification in the cut-off values established by Kuga and colleagues [39].
Using an nt cut-off of 80%, RVB strains were divided into 20 G genotypes. With exception of
G1 (murine RVB strains), G2 (human RVB strains), G3 and G5 (cow RVB strains), porcine
RVB strains were clustered in all the other genotypes. This fact demonstrates the high genetic
variation among the porcine RVB strains and might be a possible explanation for the
difficulty in developing a diagnostic platform for the virus.

In addition to the 20 genotypes described by Marthaler and colleagues [45], Suzuki
and colleagues [68] detected a new RVB genotype, G21, in pigs from India. More recently,
the creation of the G22 genotype including the Vietnamese 14177 18 [60] and the Brazilian
BR62 strains was proposed by Molinari and colleagues (unpublished data). Representative
strains of the 22 RVB genotypes are demonstrated in Figure 3.
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Phylogenetic analysis shows that human RVB strains present remarkable differences
when compared with animal RVB strains. This fact may suggest that RVB infections are
species-specific. However, a recent study suggested the possible inter-species transmission
between caprine and bovine RVB strains [16]. Therefore, future studies about the viral
biology are needed to exclude the possibility of interspecies and/or zoonotic transmission.

When considering the geographical regions where the porcine RVB genotypes were
described, it is possible to note a viral regionalism. Genotypes G4, G7, G9, G13, G15, and
G19 were only detected in Japanese pigs. Additionally, genotypes G21 and G10/G17 were
only detected in pigs from India and USA, respectively [45, 68]. Knowledge about viral
distribution is extremely important for the development of viral prevention programs.
However, it must be taken into account the possibility of diagnostic errors, once that genotype
G14, for instance, has already been reported in Japan, the USA, and Brazil [39, 45, 56].
Therefore, the search for RVB infections should always be included in the diagnostic tests for
enteric diseases in suckling and recently weaned pigs.
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Source: Molinari and colleagues (unpublished data). Adapted. With permission of the authors.
Figure 3. Phylogenetic tree constructed based on the VP7 nucleotide sequences of
representative strains for the 22 rotavirus B (RVB) genotypes.
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Rotavirus H

Species or group H rotavirus was first described as the cause of an outbreak of adult
gastroenteritis in China in 1997 leading to 1,053 hospitalizations [17, 73]. The clinical signs
caused by the viral infection were similar to those observed in another outbreak of diarrhea
also described in China in 1983, caused by the ADRV, classified as RVB [15, 30]. The
electron microscopic analysis indicated that the etiological agent of the outbreak that occurred
in 1997 had morphology compatible with the genus Rotavirus. However, the PAGE migration
profile of the genomic segments was different from the other known dsRNA profiles (Figure
4) [17, 73]. Subsequent analyzes demonstrated that antisera induced by experimental
inoculations with RVA, RVB, and RVC did not react with the new RV strain. In addition,
specific primers selected for RT-PCR amplification of the VP6 and VP7 genes of the RVB
ADRYV strain was not able to amplify the genomic fragments of this new RV strain. However,
the new RV was successfully isolated in cultures of human embryonic kidney cells and MA-
104 cells [17, 33, 73].

Lo 20d ]
|

Source: Yang and colleagues [74].
Figure 4. Comparative analysis of the electrophoretic profile of the new rotavirus (NADRV)
strain of RVH with the RVB ADRV (Adult Diarrhea Rotavirus) strain.

Based on the electrophoretic profile of the viral genome, serological analyzes, and
similarity of the clinical signs caused by the viral infection with those described in the
outbreak in China in 1983 caused by the ADRYV strain, the new RV received the nomenclature
of Novel Adult Diarrhea Rotavirus - NADRV [33, 73]. Only in 2012, Matthijnssens and
colleagues [50] proposed the creation of a novel RV species named RVH.

In addition to the NADRYV strain, it was also included as RVH species other strains
such as the J19 strain, from the outbreak of diarrhea that occurred in China in 1997 [33, 34];
the human RV B219 strain, detected in a fecal sample of a 65-year-old male patient who
presented a sporadic case of diarrhea in Bangladesh in 2002 [3, 57]; and SKA-1 porcine RV
strain isolated from a piglet with diarrhea in Japan [66, 71] (Figure 5). Recently, Molinari and
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colleagues [55], Marthaler and colleagues [44], and Nyaga and colleagues [58] reported the
detection of porcine RVH in pig herds from Brazil, the USA, and South Africa, respectively.
Additionally, an RVH-like strain was also detected in feces of Korean bats by Kim and
colleagues [35].
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Figure 5. Phylogenetic analysis showing the rotavirus H (RVH) representative strains from
porcine and human host species. Two strains of rotavirus B (RVB) of the same host species
were included as outgroup.

The epidemiology, antigenic, and molecular characterization of RVH, both of human
and animal origin, remains unclear. The development of a classification system based on the
viral genome (genotype constellation) has not yet been established. All the three human RVH
strains described until now belong to the Asian continent, are related to adult and older people
infection and seem to cause clinical signs of diarrhea [3, 33, 34]. The complete genomes of
strains J19 and B219 have already been described, and molecular analyses between them
showed that the nt and deduced aa sequence similarities of RNA segments ranged between
87.7-94.3% and 88.7-98.7%, respectively [3, 34, 57]. Additionally, once that the aa
sequences of VP4 and VP7 presented 95.0% and 96.5% identities, respectively, Nagashima
and colleagues [57] suggested that B219 and J19 may have an identical antigenic specificity
of VP4 and VP7.

Porcine RVH strain was first detected in a diarrheic fecal sample from a piglet aged <
30 days old in Japan [71]. In the subsequent years, Marthaler and colleagues [44] described
the presence of RVH in 30 diarrheic fecal samples from pigs of different ages; however, most
of them were from 21-55-day-old pigs from the USA herds of several locations. Additionally,
Molinari and colleagues [56] detected nine RVH-positive diarrheic fecal samples in 35-day-
old piglets in a Brazilian pig herd, and Nyaga and colleagues [58] described the virus in a 10-
week old pig with signs of diarrhea in South Africa. In all the cases, the presence of RVH was
more prevalent in post-weaned piglets. This information may contribute to a better
understanding of the viral biology.

Although in Japan [71] and South Africa [58] RVH seems to be the cause of the
porcine diarrhea episodes, such as the human RVH described until now [3, 33], Marthaler and
colleagues [44] and Molinari and colleagues [56] reported the presence of porcine RVH only
in fecal samples of piglets co-infected with RV groups A, B, and/or C, implying that porcine
RVH likely behaves as an opportunistic agent. Thus, the role of the agent in the development
of episodes of diarrhea remains unclear and further studies are needed to elucidate this
information. Since the virus does not act as a causative agent for clinical signs, the
development of vaccines and prevention measures should be focused on the RV species that
may lead to diarrhea and favor infection with RVH, which may worsen the clinical condition.
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With respect to the genomic analysis of porcine RVH, the complete genomes of strains
from the USA and South Africa (MRC-DPRU1575) have already been established [29, 58].
For the Brazilian and Japanese strains only the VP4, VP6, VP7, and NSP4 genes were
determined [54, 71]. Molecular analyses between porcine RVH VP6 genes suggest the USA
strains are evolutionarily distinct from those found in Brazil, Japan, and South Africa [44, 58].
Comparisons between the available RVH genomic segments showed that porcine RVH strains
from Japan, Brazil, USA, and South Africa are evolutionarily distinct from human RVH
strains from China and Bangladesh [3, 34, 44, 54, 57, 58, 71, 74]. Once that human and
porcine RVH presented low nt and deduced aa identities and clustered into different branches
in the phylogenetic tree there is no evidence suggesting interspecies transmission [58]. This
information suggests that pigs do not act as reservoirs for human RVH, and so, do not
represent a public health problem in this case. However, once that there is very little
information regarding this RV species, further studies are necessary to elucidate the zoonotic
potential of RVH transmission.

When compared with other RV species, Marthaler and colleagues [44] and Molinari
and colleagues [54] described that porcine RVH strains shared low molecular identities with
representative strains from RVA, RVC, RVD, and RVF. However, when compared with
RVB, they showed a moderate level of genetic relationship, suggesting that RVB and RVH
might have a common ancestral virus. The possibility of a common ancestral between the two
RV species has also been proposed for human RVH and RVB strains [3, 34]. This possible
genetic relation between both RV species may be a reason for the similar clinical signs
reported in the first outbreak of adult gastroenteritis in China in 1997 to those observed in the
outbreak caused by RVB in the same country in 1983. Furthermore, the similarity between the
RVH and RVB PAGE dsRNA profile may be related to this hypothesis, which may justify
why the first Brazilian porcine RVH detection occurred in a diarrheic fecal sample that was
first described as RVB-positive by PAGE and RT-PCR [55]. Additionally, this hypothesis
may also be related with the fact that the strain SKA-1, detected from a piglet with diarrhea in
Japan and isolated in MA-104 cells in 1996 [66] was also suggested to be RVB, even that
subsequent molecular analysis showed that the porcine SKA-1 strain belonged to RVH [71].
Once that there is a lack of genetic information about RVH, further studies are necessary to
confirm the relation between RVB and RVH. Nevertheless, the lack of appropriate diagnostic
tools suggests that RVH may be circulating in pig herds without being noticed.

Recently, Kim and colleagues [35] described the detection of RVH in fecal samples
from Korean bats. According to the authors, comparisons of sequences from VP1, VP3, and
VP4 genes between the bat strain and the other RVH strains revealed 69.4-72.7%, 71.1-
72.9%, and 67.3-72.2% nt identities, respectively. However, the analyses of VP6 sequences
at the aa level showed only 62% identity between the bat and other RVH strains [58].
Therefore, complete genome analyses of this RVH-like strain should be performed before it
can be definitely considered as belonging to RV species H [58].

Concluding remarks

In a similar way to that described by Ma and colleagues [41] in their paper entitled
“The pig as a mixing vessel for influenza viruses: human and veterinary implications” we can
propose the same for porcine rotavirus. The pig is undoubtedly the animal species where we
have identified the greatest diversity of rotavirus species and genotypes. Due to the genomic
feature (segmented dsRNA) and in view of the great diversity of rotavirus types that can
infect pigs the possibility of reassortant strains increases considerably. Current studies have
revealed a wide diversity of rotavirus species and genotypes in single and mixed infections
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with endemic or epidemic presentation in pig herds worldwide. The epidemiology of
rotaviruses has shown to be complex, dynamic, and with a very varied spatial and temporal
prevalence. Additionally, more frequent genotypes of porcine rotavirus strains have been
identified in virus strains isolated from humans and vice versa, thus characterizing the
zoonotic potential of rotaviruses. This reinforces the importance of constant monitoring of
viral strains in the most varied animal species, particularly in swine, at different geographical
regions around the world. Clinical, epidemiological, antigenic, and molecular characteristics
of the most prevalent porcine rotavirus strains at any given time are valuable information for
monitoring infections and, especially, for understanding the complex relationships of viral
evolution.
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2 OBJETIVOS

2.1 OBJETIVO GERAL

Avaliar a presenca de rotavirus em um surto de diarreia em suinos recém-desmamados
provenientes de um rebanho com programa de vacinacdo para controle de diarreia
neonatal incluindo rotavirus A e, caracterizar molecularmente as cepas de rotavirus B

e H detectadas.

2.2 OBJETIVOS ESPECIFICOS

Desenvolver primers especificos para a amplificacdo dos genes que codificam as
proteinas VP4, VP7 e NSP4 de rotavirus suino espécie H.

Utilizar RT-PCR especifica (A, B, C, H) para determinar as espécies de rotavirus

identificadas no surto;

Determinar a especificidade das reacfes de RT-PCR por meio do sequenciamento de

nucleotideos dos amplicons obtidos;

Determinar a frequéncia de infeccBes singulares e mistas com relacdo as possiveis
espécies de rotavirus identificadas no surto;

Realizar analises filogenéticas comparativas incluindo as diferentes cepas de rotavirus
identificadas no estudo e cepas virais disponiveis em bases publicas de dados
(GenBank).
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Rotaviruses (RVs) are a major cause of severe diarrhea in humans and animals. Five of the nine RV groups
{RVA, BVE, RVC, RVE, and RWH) have been previously detected in pigs; however, in pig herds worldwide,
maost studies highlight diarrhea outbreaks caused by RVA. In the present study, we describe detection and
characterization of RV groups A, B, C, and H in fecal samples from pigs with single and mixed infections
during a post-weaning diarrhea outbreak. The outbreak occurred in a single pig herd routinely vaccinated
with an inactivated commercial vaccine for neonatal diarrhea control that included the RVA OSU (G5F{ 7))
strain. RVC (78%) was the most prevalent group found in single (34%) and mixed (44%) infections,
followed by RVA(46%), EVE (32%), and RVH [ 18%). Phylogenetic analysis of three RVA strains allowed the
characterization of two distinct G/P genotypes represented by GSP[13] and G9P[23], different from GSP
| 7] found in vaccines. Regardless of the RV group, mixed infections ( 54%) were more prevalent than single
infections. Detection of RVB or RVH was associated with the presence of other RV groups, suggesting a
secondary action of these RV groups in the reported outbreak. The detection of RV groups B, C, and H in
the same pig herd suggests that these RVs act as causative agents of diarrhea and should be included in
the diagnostic tests of porcine enteric diseases. These data provide new epidemiological information on
RV diversity that need to be addressed in future studies for a better understanding and prevention of RV
infections.

& 2016 Elsevier B.V. All rights reserved.

1. Intreduction

various animal species, while strains from groups D, E, F, and G
have been found to infect only animals (Matthijnssens et al., 2010,

Rotaviruses (RVs) belong to the Reoviridee family and are a
major cause of severe diarrhea in humans and animals (Estes and
Kapikian, 2007; Attoui et al., 2012). The non-enveloped particles of
RVs are composed of a miple-layered capsid and the genome
consists of 11 segments of double-stranded (ds) RNA that encode
six structural (VP1-VP4, VPG, and VP7) and six non-structural
(N5P1-NSP6) proteins (Estes and Kapikian, 2007).

EV's are classified into eight groups/species (RVA-RVH) on the
basis of antigenic and genetic characteristics of the inner capsid
protein VP6 (Attoul et al, 2012; Matthijnssens et al, 2012). RV
strains from groups A, B, C, and H are known to infect humans and

* Cormesponding author at: Laboratory of Animal Virology, Department of
‘Vererinary Preventive Medicine, Universidade Estadual de Londrina, PO. Boox 10011,
BB057-970, Londrina, Parana, Brazil.
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037B-1135/& 2016 Elsevier BV. All rights reserved.

2012). Recently, Mihalov-Kovacs et al. (2015) proposed a new RV
group candidate (RVI). RVI was found infecting sheltered dogs.
Five of the nine RV groups (RVA, RVB, RVC, RVE, and RVH) have
been detected in pigs (Estes and Kapikian, 2007; Wakuda et al.,
2011). Among these groups, RVA is considered the most frequent
cause of diarrhea in piglets worldwide (Médici et al, 2011;
Marthaler et al,, 2014a). In contrast, porcine RVB infections have
been reported only sporadically, because RVs from this group are
excreted in small amounts in feces of infected animals (Kuga et al.,
2009; Suzuki et al., 2012: Marthaler et al., 2012). RVC was first
detected in swine diarrhea episodes and is associared with
sporadic cases or large outbreaks of gastroenteritis, mainly in
suckling piglets around the world (Saif et al., 1980; Médici et al.,
2010; Lorenzetti et al., 2014). RVE has only been described as a
cause of porcine diarrhea in the 1980s; these data call into question
its significant prevalence and importance {Pedley et al, 1986). The



126

first detection of porcine RVH occurred in 1999 in Japan (Wakuda
et al., 2011). Subsequently, Molinari et al. (2014) detected RVH in
piglets from Brazil and Marthaler et al. (2014b) described its
presence in US pig herds; howewver, the role of RVH in the
pathogenesis of gastroenteritis is still unknown.

Most studies that report the epidemioclogy or the occurrence of
rotavirus diarrhea outbreaks in pig herds worldwide deal with
RVA; however, other RV groups are related to single and mixed
infections in pigs with or without signs of diarrhea (Kuga et al,
2009; Médici er al., 2011; Marthaler et al.. 2012, 2014a.b; Lorenzetti
et al., 2014).

In the present study, we describe detection and characteriza-
tion of multiple RV groups in single and mixed infections during a
post=weaning porcine diarrhea outbreak in a pig herd vaccinated
with the RVA OSU strain.

2. Materials and methods
2.1. Herd and fecal samples

The herd, located in the State of Mato Grosso do Sul, Central-
‘West region of Brazil, had a complete cycle of 650 sows in a
confinement system (all-in-all-out) with standard nutritional and
health management practices. All of the sows were routinely
vaccinated with an inactivated commercial vaccine for neonatal
diarrhea control that included the RVA OQSU (G5P]{7]) strain,
Escherichia celi, and Clostridium perfringens types C and D,
according to the manufacturer’s instructions.

Nonetheless, a post-weaning diarrhea outbreak unresponsive
to wide spectrum antibiotics happened in 2012 and lasted for
approximately 2 weeks. The peak of diarrhea episodes occurred
between the fifth and ninth day of the 2 weeks. In nursery. the rates
of pig morbidity and mortality were around 70% and 11%,
respectively. A total of 50 diarrheic fecal samples from weaned
pigs of 28 and 35 days of age were selected for virological diagnosis.
All fecal samples were stored at —80°C until processing.

22 RNA extraction and RT-PCR

Viral dsRNA was extracted from 10 to 20% fecal suspensions in
phosphate-buffered saline (PBS) using a combination of the
phenol/chloroform/fisoamyl alcohol (25:24:1) and the silica/
guanidinium isothiocyanate nucleic acid extraction methods
described by Alfieri et al. (2006). The presence of RV groups A,
B, C. and H was investigated by reverse-transcriptase (RT) PCR
assay. The gene target and primers of RT-PCR are described in
Table 1.
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An aliquot of ultrapure diethylpyrocarbonate (DEPC) treated
water was included in each reaction as a negative control. The
amplified products were analyzed by electrophoresis in a 2%
agarose gel in Tris-borate-EDTA (TBE) buffer, pH 8.4 (89 mM Tris,
89 mM boric acid, 2 mM EDTA), with 0.5 pgfml ethidium bromide
and visualized under ultraviolet {UV) light.

2.3 Sequencing and phylogenetic analysis

To confirm specificity of the RV amplicons the amplified
products from groups A, B, and C were purified using the GEX™
PCR DMA and Gel Band Purification Kit (GE Healthcare, Little
Chalfont, UK), quantified on a Qubit™ Fluorometer (Invitrogen -
Life Technologies, Eugene, OR, USA), and sequenced using the
BigDye Terminator v3.1 Cycle Sequencing Reaction Kit (Applied
Biocystems, Foster City, CA, USA) on an automated seguencer
[ABI3500, Applied Biosystems). The resulting sequences were
analyzed by means of an automated online rotavirus genotyping
tool, RotaC®® (Maes et al., 2009). Sequence quality analyses were
performed using the Phred and CAP3 software pachages (htip://
aspargincenargen.embrapa.brfphphf). Similarity searches were
performed against sequences deposited in GenBank using the basic
local alignment search tool [BLAST) (http://blast.ncbinlmnih gov/
Blast.egi). Phylogenetic trees based on nucleotide (nt) sequences
were built using the neighbor-joining method from the Kimura
two-parameter model, which provided statistical support wvia
bootstrapping with 1000 replicates in the MECA software package
[version 6). The sequence identity matrix was constructed using
the BioEdit software, version 7.08.0.

Analyses of specificity and phylogenetic data of the Brazilian
RVH-positive samples have already been described by Molinari
et al. (2015).

2.4 Nucleotide sequence accession numbers

The nucleotide sequences described in this study were
deposited in the GenBank database under the following accession
numbers: EVA VP7 gene: strains BR43 (KX376970), BR54
(KX376971), and BR55 (KX376972); RVA VP4 gene: strains BR43
[KX376973), BR54 (KX376974), and BR55 (KX376975); RVE VP7
gene: strain BR31 (KX376976); RVC VPG gene: strain UEL33
(KX376977).

3. Results

In all the 50 (100%) diarrheic fecal samples evaluated, it was
possible to amplify by RT-PCR fragments of RV dsRNA. RVA, RVE,

Table 1
Characteristics of the primers used for the detection of retavirus groups A, B C, and H genes in fecal samples of diarrheic plgs.
RV species Wiral gene Primer sequence [5°-3') PCR product (bp) Red.
EVA VP4 F-TOGCTTCGCCATTTLATAGACA E7G& Gentsch et al. (1992)
R-ATTTCCGACCATTTATAALC
VT F-GLOTTTAAAACACAGAATTTOOGTCTGG o062 Gouvea et al. (1990)
R-GLTCACATCATACAATTCTAATCTAAG
RVE VT F-GGAAATAATCAGAGATGGOGT 778 Marthaler et al. {2012); Molinari et al. t2015j_
R- TOGOCTAGTOY TCTTTATGC
RV VPG F- GGCTTTAAAAATCTCATTCACAR, 1353 Sripp et al. (2015)
R- AGOCACATACTTCACATTTCA
RVH VPE F- TGCTACAAGTGACCCACAAGT 350 Molinari et al. (2013)
R- GOCATCTTTCCAGTGGOTCT
VPG F- ACCAGGTGGAGCAACAAACA 716

B- CAGTGOGTGACCAGATITCA

" Synthesis of cDNA and PCR amplification were performed as described by Molinar et al (2015).
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RVC, and RVH were detected in 23 (46%), 16 (32%), 39 (78%), and 9
[18%) samples, respectively (Table 2).

A single BV group was detected in 23 (46%) of the 50 analyzed
diarrheic weaned pigs. RVC was the most prevalent group found in
single infections (n=17; 34%), followed by RVA (n=>5: 10%) and RVB
[m=1: 2%) (Table 2).

In the 27 (54%) diarrheic fecal samples we identified simulta-
neous infection with more than one RV group, characterizing a
post-weaning diarrhea outbreak by mixed infections. Two and
three RV groups were identified in 17 (34%) and 10 (20%) diarrheic
fecal samples, respectively (Table 3). None of the fecal samples
were positive for all RV groups simultaneously. The highest
frequency of co-infection was found between RVC, RVE, and RVA
[14%). The distribution of RV groups detected in single and mixed
infections is presented in Table 3.

On the basis of quality of the amplification products, three
[(BR43, BR54, and BR55) RT-PCR-positive EVA samples were
selected for further molecular analyses. Likewise, one positive
sample of each group - EVBE (BR31) and RVC (UEL33) = was also
selected. The RotaC®® automated genotyping tool for group A BVs
and the BLAST searches revealed that RVA strain BR43 has the G5P
[13] genotype, whereas BR54 and BR55 have genotype GAP|23].

Comparative sequence analysis was performed on the VP7 gene
of the Brazilian strains and the 27 known C genotypes. Brazilian
wild-type porcine RVA strain BR43 showed the highest nt identity
(91.9%]) with the G5 genotype (porcine OSU strain). When
compared with the other Brazilian strains, nt identity was
75.6%. The lowest nt identity (61%) was observed with a chicken
G19 genotype strain (02V0002G3). The other two remaining
Brazilian wild-type porcine RVA strains, BR54 and BR55, presented
100% nt sequence identity with each other. Comparisons between
BR54 and BR55 and the other G genotypes strains revealed that the
highest nt identity percentages were 93.4 and 91.3 in relation to
the human B3458 strain and the porcine JP29-6 strain, respective-
ly, both belonging to G9 genotype.

In the phylogenetic tree, the porcine field strain BR43 described
in this study clustered with the G5 genotype strain, while BR54 and
BR55 clustered with G9 genotype strains (Fig. 1)

Comparative sequence analysis of the VP4 gene of Brazilian
strains and the 37 known P genotypes was also performed.
Brazilian wild-type porcine EVA strain BR43 showed the highest
(88.9% and 814%) nt identity with the porcine P[13] genotype
strains HP140 and A46, respectively. When compared with the
other Brazilian strains, nt identity was 63.5% The lowest nt identity
(47.1%) was observed with a chicken P[31] genotype strain
(06V0661). Brazilian wild-type porcine EVA straine BRS4 and
BR55 showed 100% nt sequence identity between each other, and
when compared to the other strains of P genotypes, the highest nt
identity percentage was 91.6 in relation to the A34 porcine strain,
which has the P|23] genotype. When compared with the other
strains of P genotypes, nt identity was between 48.4% and 72.6%.

In the phylogenetic tree, the porcine field strain BR43 clustered
with the P[13] genotype strains. BR54 and BR5S5 clustered with the
P|23] genotype strain (Fig. 2).

Table 2
Rotavinis groups idenmfied in 50 fecal samples collecred duning a post-weaning
diarrhea outbreak in piglers.

Rotavirus groups  Infection typefN® of positive diarrheic fecal samples

Single (X) Mixed (%) Total {E)
A 5 (100} 18 (36.0) 23 (46.0)
B 1(2.0) 15 (30.0) 16 (32.0)
C 17 (34.0) 22 (44.0) 39 (78.0)
H - 9(18.0) 9 (180}

Table 3
Mixed rypes of rotavirus infections found in the post-weaning diarrhea outhreak.

Infecrion oype Fecal samples (n=50)
Positive %

RVA+B 3 6.0
RVA+C 7 140
RVB+C 1 1]
REvB+H 1 0
RVC+H 5 T
Sub-total 7 34.0
REVA+E=C 7 4.0
REvA+E+H 1 0
RVB+C+H 2 4.0
Sub-total jli] 20.0
Total 7 54.0

° Percent analysis was performed based on the total number (r = 50) of diarrheic
fecal samples collected in this study.

Phylogenetic analysis of the RVE strain BR31 and RVC strain
UEL33 was also performed. A comparison of VP7 gene sequence
between BR31 Brazilian wild-type strain and the 21 known RVE G
genotypes indicated clustering with other porcine G14 strains
(Fig. 3). Nucleotide sequence identity was found to be 84.2%, and
84.4% between BR31 and G14 strains 5D09-45 and MNO9-58,
respectively. The BR31 strain shared 56.5-77.8% nt identity with
other RVE G genotypes. The analysis performed in relation to the
RVC UEL33 VPG gene sequence revealed the highest nt identity
with BRA1034-10(92 9%) and Cowden (89.7%) strains belonging to
I1 genotype (Fig. 4). Nucleotide identity with other RVC strains of
the | genotype was 79.8-853%.

As described by Molinari et al. (2015), the amplification and
phylogenetic analyses of porcine RVH VPG, VP7, VP4, and NSP4
genes from six diarrheic fecal samples revealed remarkable
differences when compared with those of other RV groups (A-
G). Comparisons of the six Brazilian RVH samples with represen-
tative strains from BV groups confirmed that the VPG, V7. VP4, and
M5P4 genes belonged to group H RV. These genes shared higher
identity with RVH strains SKA-1, J19, and B219.

4. Discussion

Porcine diarrhea episodes are a multifactorial and mul-
etiological health problem. RVA infections are the most frequent
cause of diarrhea outbreaks in pig herds (Estes and Kapikian,
2007). Prevalence of RV infections among pigs, primarily of groups
B, C, and H, has been difficult to estimate because of the genetic
diversity of porcine RV groups and due to the lack of proper
diagnostic tools.

Few studies have assessed the prevalence of simultaneous
infections of RV groups A, B, and C in pigs. The presence of single
and mixed RV infections in pre- and post-weaning pigs has already
been described for fecal samples from pig farms in Japan, the
United States (US), Canada, Mexico, and Brazil (Kuga et al., 2009;
Médici et al., 2011; Marthaler et al., 2012, 2014a). Regarding RVH,
this group was detected only from pig herds in Japan, US, and
Brazil. Marthaler et al. (2014b] recently detected the association of
EWVH with RV groups A, B, and C in fecal samples from pigs of
different ages from US herds at several locations. In the present
study, BV groups A, B, C, and H were detected in diarrheic fecal
samples from a pig herd vaccinated against BV group A. To the best
of our knowledge, this is the first detection of simultaneous
infection with several RVs from different groups in nursery pigs in
a single diarrhea outbreak in Brazil.

Regardless of the RV group, in our study, mixed infections were
more prevalent than single infections. In Brazil, piglets are
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Fig. 1. Phylogenetic tree based on the partial nucleotide sequences of the VPT gene from the porcine RVA strains described in this study and representative sirains of the 27
genotypes recognized thus far. The tree was constructed using nedghbor-jolning and the Kimura two-parameter model for nucleotide substitution. The bootstrap values are
shown at the branch nodes {values «50% not shown ). GenBank accession numbers of the reference strains are indicated in parentheses. The Brazilian porcine RVA strains are

marked with filled circles.

frequently weaned at 21days of age. The consequences of the
stress caused by environmental, social, and feeding changes can
deteriorate the health condition of these animals: this notion may
explain the higher rate of RV co-infections. Another possible
explanation is contact among piglets from different litters after
weaning (Marthaler et al., 2012, 2013}

Although in most studies EVA infections predominate (Martella
etal, 2007; Médici et al.. 2011; Marthaler et al.. 2014a), our analysis
here showed that RVC infections occur more frequently (78%),
followed by RVA (46%), RVE (32%), and RVH (18%) Despite this
result, it must be taken into account that the diarrhea episodes
occurred in a pig herd regularly vaccinated against the RVA OsSU
strain (G5P[7] genotype).

The phylogenetic analysis performed on three field EVA strains
allowed the characterization of two distinct GJP genotypes
represented by G5P[13] (strain BR43), and GIP[23] (strains BR54
and BR55). The most prevalent genotypes of RVA found in pigs are

BLD. Molinari er al /Veterinary Microbiology 193 (2016) 125-132

G3, G4, G5, G9. and G11 in association with P[6] or P[7]. VP4
genotypes P[13]. and P[23] have been detected sporadically in pigs
[Matthijnssens et al., 2011). Porcine RVA genotypes GSP[13], and
GOP]23] have been reported in several Asian countries such as
Thailand, China, Japan, and South Korea, as well as in Brazil and
Belgium (Okitsu et al., 2013; Silva et al., 2015: Theuns et al., 2016)
Our data reinforces the idea that a combination of these G and P
genotypes can be found in RVA strains circulating in Brazilian pig
herds.

There are reports of diarrhea caused by EVA in children and
animals who are regularly vaccinated (Lorenzetti et al., 2011;
GCurgel et al, 2014). Although wvaccine failures should be
considered because of some genotypes similarity, the possibility
that diarrhea episodes can be produced by immune pressure
developed by mass vaccination causing the emergence of new
RVA genotypes cannot be ruled out in this study (Matthijnssens
et al, 2009).
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Fig. 2. Phylogenetic tree based on the partial nucleotide sequences of the VP4 gene from the porcine RVA strains described in this study and representative strains of the 37
genotypes recognized thus far. The tree was constructed using neighbor-joining and the Kimura two-parameter model for nucleotide substitution. The bootstrap values are

shown at the branch nodes (values <50% not shown). GenBank accession

marked with a filled circle.

In addition, sequencing analyses allowed the confirmation of
the RVB and RVC amplicons specificity. To our knowledge, porcine
G14 RVB strains were detected only in Japan and US until now
(Kuga et al., 2009; Marthaler et al., 2012). The detection of the
Brazilian G14 RVB strain may indicate that RVs of this genotype can
be circulating in Brazilian pig herds. RVC strains of genotype I1
have already been described in several countries, including Brazil
(Médici et al, 2010; Suzuki et al., 2014; Jeong et al., 2015; Stipp
et al, 2015). Recently, Stipp and colleagues (2015) demonstrated
high heterogeneity of Brazilian porcine RVC strains from several

of the ref strains are indicated in parentheses. The Brazilian porcine RVA strain is

states, including Mato Grosso do Sul. Our results may reinforce the
idea that RVC strains of genotype [1 are circulating in Brazilian pig
herds.

Marthaler and colleagues (2014a) stated that RVB is detected
more often in older pigs, while RVC is more frequently detected in
very young piglets. Additionally, there are several studies that
show higher prevalence of RVC infection in suckling piglets
(Martella et al., 2007; Lorenzetti et al., 2014; Theuns et al., 2016).
Despite the relatively high prevalence of RVB (32%) in this study,
rates of RVC infection (78%) were much higher, revealing that this
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Fig. 3. Phylogenetic tree based on the partial nucleatide sequences of the VP7 gene from the porcine RVE strain described in this study and representative strains of the 21
genotypes recegnized thus far. The tree was constructed using neighbor-joining and the Kimura tevo-parameter model for nucleotide substinstion. The bootstrap values are
shown at the branch nodes (values <5S0% not shown ). GenBank accession numbers of the reference strains are indicated in parentheses, The Brazilsan porcine RVE straln is

marked with a filled circle.
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RV group prevailed among both single (34%) and mixed (44%)
infections during this post-weaning diarrhea outbreak. Because
both RV groups showed high detection rates, epidemiological
studies should be performed exclusively on BV groups B and C for
better clarification of their infection profile.

In one study, researchers detected RVE in almost a half of the
stool samples tested (46.8%), suggesting that RVB can be a primary
enteric pathogen in pigs (Marthaler et al., 2012). In our results,
besides the higher prevalence of RVC and RVA than that of RVB, as
described previously (Collins et al, 2008: Kuga et al. 2009),
another interesting finding was that only in one sample it was
possible to detect single infection with RVE. In the other 15 RVB-
positive diarrheic fecal samples analyzed, RV groups A, C, and/or H
were also detected. These data suggest that RVE probably acted as a
secondary diarrhea agent in this outbreak. Nonetheless, because
the RVB detection rate was relatively high, screening for RVB
should be actively incorporated into porcine RV studies.

Although RVH was found in nine diarrheic fecal samples, its
detection was always associated with the presence of other RV
groups. Recently, Marthaler and colleagues [2014b) also described
the presence of porcine RVH only in samples co-infected with RV
groups A, B, and/or C. Both studies provide information implying
that porcine RVH behaves as an opportunistic agent, unlike the
human RVH, which was described as a cause of diarrhea episodes
[Ji et al, 2002; Alam et al, 2007). In addition, Marthaler and
colleagues (2014b) described the presence of RVH in pigs from 4 to
more than 55 days old. Nevertheless, of all fecal samples from age
groups in which they detected positive results, most (18%) were
from 21 to 55-day-old pigs. Our results may contribute to a better
understanding of RVH infection, since all Brazilian positive fecal
samples belong to pigs with 35days old, in accordance with the
previous study. Informartion on the epidemiology and pathogenesis
of the virus remain scarce. However, the studies on molecular
classification of RVH porcine strains are only beginning in Brazil
and around the world. Future molecular epide miclogic studies are
needed for further information.

In summary, this study suggests that Brazilian pig herds may be
constantly challenged by different RV groups. Despite the good
nutritional and sanitary management in the pig herd under study, a
diarrhea outbreak occurred on the farm and was responsible for
important productive and economic losses. The mass vaccination
of the pig population in the herd may have contributed to the
selection pressure and emergence of infections with the RVA
genotypes reported herein. Furthermore, the detection of RY
groups B, C, and H in this outbreak suggests that these RVs play a
role as causative agents of diarrhea. Therefore, infections with BV
groups B, C, and H should not be underestimated and must be
included in the diagnostic tests for gastrointestinal diseases in pigs.
The constant monitering of RV infections is necessary for the
detection of new genotype emergence within the various RV
groups.

In conclusion, this study provides novel information that ratify
pre-established concepts regarding certain characteristics of
infections with RV; however, new epidemiological information
was presented and needs to be addressed in future studies on RV's
for a better understanding and prevention of BV infections.
Additionally, because diarrhea etiology is complex, the real
importance of enteropathogens can be evaluated only by means
of a diagnostic platform that should include analyses of several
enteric viruses.
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Rotaviruses (RV) are a common cause of viral gastroenteritis in humans and animals. Despite the seven
groupsfspecies of RV (A-G), recently it was proposed the creation of a new RV group/specie H (RVH)
based on VP6 sequence analysis. In this study we determined the VP6, VP7, VP4, and NSP4 nucleotide
and deduced amino acid sequences of 6 (BR59-BR64 ) RVH-positive stool specimens obtained from piglets
with diarrhea in Mato Grosso do Sul, Central-West region of Brazil in 2012, using RT-PCR assay. Based on
the high sequence identities (>99%) of the VP6, VP4, VP7, and NSP4 genes among 5 of the studied fecal

;eywmk' specimens (BR59-BR63), they are considered the same local rotavirus strain denominated RVH/BRA-1.
Dgsnhea In contrast, once that the fecal sample BR64 showed a relatively high difference (81.6% nt identity and
Group H rotavirus 83.4% aaidentity) inthe VP7 seq e when compared to the other 5 specimens it was named RVH/BRA-2

RVH strain. Comparative phylogenetic analysis showed that the 6 RVH strains do not cluster together with any
RT-PCR available sequences of members of the established RV groups (RVA-RVG), however, seem to be related
to RVB and RVG. These results confirm the presence of RVH in Brazil, demonstrate their genetic diversity,
and provide new data that will assist in understanding the viral phylogeny and epidemiology, as well as

the explanation of patterns of viral evolution and biological properties of RVH.

© 2014 Elsevier B.V. All rights reserved.

1. Introduction

Rotaviruses (RV), classified in the genus Rotavirus of the fam-
ily Reoviridae, are a common cause of viral gastroenteritis in
humans and animals (Estes and Kapikian, 2007; Attoui et al.,
2012). The viral particles are composed of a triple-layered cap-
sid with a genome consisting of 11 segments of double-stranded
RNA (dsRNA), which encode six structural (VP1-VP4, VP6 and VP7)
and six non-structural proteins (NSP1-NSP6) (Estes and Kapikian,
2007).

Based on the antigenicity and genetic characteristics of VP6,
rotaviruses have been classified into 5 groups/species, A-E
(RVA-RVE), and 2 tentative groups/species, RVF and RVG (Attoui
et al, 2012). Additionally, also based on molecular analysis of
VP6, Matthijnssens et al. (2012) recently proposed the creation of
another RV group/species, named as group H (RVH).

Groups A, B, C, and H rotavirus are known to infect both humans
and animals, whereas groups D, E, F, and G have been found to infect

* Corresponding author at: Laboratory of Animal Virology, Department of Vet-
erinary Preventive Medicine, Universidade Estadual de Londrina, P.O. Box 10011,
86057-970 Londrina, Parana, Brazil. Tel.: +55 43 33715876; fax: #55 43 33714485.
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hrip: //dx.dolorg/10.1016/).virusres.2014.12.003
0168-1702/© 2014 Elsevier B.V. All rights reserved.

only animals (Matthijnssens et al,, 2010, 2012). Group A rotavirus
(RVA) infections cause severe diarrhea in infants and young chil-
dren worldwide but can also infect adulits, other mammals and
birds (Estes and Kapikian, 2007). Group B rotavirus (RVB) infec-
tions were first associated with cases of severe diarrhea in adults,
but have also been detected in cows, pigs, sheep, and rats (Hung
etal, 1984; Eiden et al., 1992; Chang et al,, 1997; Kuga et al., 2009).

Group H rotavirus was first described as the cause of an out-
break of adult gastroenteritis in China in 1997 (Yang et al, 1998,
2004). Based on the electrophoretic profile of the viral genome,
serologic analysis, and similarity of the clinical signs with those
observed in the outbreak caused by the RVB strain ADRV (adult diar-
rhea rotavirus), the novel RV strain was named novel adult diarrhea
rotavirus (NADRV) (Yang et al., 1998, 2004, Ji et al., 2002).

In addition to the NADRV strain, other RV strains were included
in the new RV group H such as the |19 strain, identified in the same
outbreak in China in 1997 (Jiang et al., 2008), the human rotavirus
B219, detected in a sporadic case of diarrhea in Bangladesh during
2002 (Alam et al.,, 2007; Nagashima et al., 2008), and the porcine
RV strain SKA-1 that was isolated from a pig with diarrhea in Japan
(Wakuda et al, 2011). The complete nucleotide sequences of the
11 dsRNA segments of the human J19 and B219 strains have been
determined (Alam et al., 2007; Jiang et al., 2008; Nagashima et al,,
2008). Additionally, 4 dsRNA segments encoding the proteins VP4,
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VPG, VP7, and N5P4 of the porcine RVH SKA-1 strain were deter-
mined (Wakuda et al., 2011}, and comparative sequence analysis
showed that these RV strains (ADRV-N, J19, B219, and 5KA-1) do
not cluster together with any available sequences of members of
the established RV groups (RVA-RVG) (Martthijnssens et al.. 2012)

Recently, based on the VPG cutoff wvalue proposed by
Matthijnssens et al. {2012}, RVH was detected outside the Asian
continent in 3 (BR59, BR60, and BRG3) diarrheic fecal samples in
a molecular study of RVE during a neonatal diarrhea outbreak in
a Brazilian pig farm (Molinari et al., 2014). PAGE electrophoretic
migration profiles of the genome segments of the wild-type
Brazilian RVH specimens were similar to those of RVB; how-
ever, comparative analysis of the VPG genes showed that they
were closely related to the novel group H rotavirus. Additionally,
Marthaler et al. (2014 described the presence of porcine RVH cir-
culating in US pig herds.

In order to establish a possible comparison with other human
and porcine RV strains already described, in this study we deter-
mined the nucleotide sequences of the RVH most studied genes,
VPG, VP4, VP7, and NSP4 from 6 RVH-positive stool specimens
obtained from piglets with diarrhea in Brazil. After the sequence
data were obtained, the characteristics of the nucleotide sequences
and deduced amino acid products were analyzed and compared
with data available from other RV groups.

2. Materials and methods
2.1. Rotavirus specimens

A molecular study of BV infection was performed on a pig farm
in Mato Grosso do Sul in the Central-West region of Brazil during
an outbreak of neonatal diarrhea in 2012. A total of 59 diarrheic
fecal specimens were collected from piglets at 12-35 days of age.
‘Within these specimens, samples BR59, BRBO, and BR63 had been
previously classified as RVH by molecular analysis of VPG in a study
that described the identification of RVH for the first time in the
American continent {Molinari et al., 2014).

2.2, RVH screening and RT-PCRs

The viral dsRNA extraction from all stool specimens was per-
formed using a combination of the phenol/chloroform/isoamyl
alcohol (25:24:1) and the silicajguanidimium isothiocyanate
nucleic acid extraction methods described by Alfieri et al. [2006].

RVH screening was performed by RT-PCR using the primer pair
VPERVN-1F-VPG/RVN-1R as described by Molinari et al. (2014}

The specimens BR59, BRGO, and BR63 were not included in this
step, as they had been previously tested (Molinari et al., 2014)

Subsequently, the positive specimens were submitted to an
additional set of RT-PCRs for the amplification of genes VPG, VP4,
WP7, and N5SP4 using primer pairs that were designed based on
the sequence data of the RV strain SKA-1 (Wakuda et al, 2011)
(Table 1). Synthesis of cDNA was achieved following RNA dena-
turation by heating to 94 °C for 5 min and cooling rapidly on ice for
5 min. Reverse transcription was performed ina 20 pl reaction mix-
ture containing 12 plof the denaturation reaction product annealed
to forward and reverse primers, 0.5 mM dNTP mix, 1= RT buffer
(50 mM Tris=HCL, pH 8.3, 3mM MgCl;, 75mM KC1), 10mM DTT,
and 100 U SuperScript™ [I Reverse Transcriptase. The mixture was
incubated at 42 *C for 30 min. The reaction was stopped at 95*C for
5min. PCR amplification was performed in 50 pl of total reaction
mixture by adding 8 pl of cDNA into a reaction cocktail containing
1= PCR buffer (20 mM Tris-HCl, pH 8.4, 50 mM KCI), 1.5 mM MgCl,,
1 mM dNTP mix, 20 pmol of each primer, and 2.5 U Platinun®Tag
DMA Polymerase. The steps of thermal cycling were setup as fol-
lows: initial denaturation for 3 min at 94 °C, followed by 35 cycles
of 94°C for 1 min, 48 *C for 1 min, and 72 °C for 1 min, with a final
extension at 72 =C for 10 min.

The amplified products were analyzed by electrophoresis on a
2% agarose gel in TBE buffer, pH 8.4 (89 mM Tris, 89 mM boric acid,
2mM EDTA), with 0.5 pg/ml EtBr and visualized under UV light.

2.3. Sequencing and phylogenetic analysis

The amplified cDNA products from the VPG, VP4, VP7, and NSP4
genes of the RVH in diarrheic fecal samples were purified using the
GFX™ PCR DMA and Gel Band Purification Kit (GE Healthcare, Little
Chalfont, UK), quantified in a Qubit™ Fluorometer (Invitrogen Life
Technologies, Eugene, OR, USA), and sequenced using the BigDye
Terminator v3.1 Cycle Sequencing Reaction Kit (Applied Biosys-
tems, Foster City, CA, USA) on an automated sequencer (ABI3500).
Sequence quality analyses were performed using Phred and CAP3
software (http:f/aspargincenargen.embrapa.br/phph/). Similarity
searches were performed with sequences deposited in GenBank
using the basic local alignment search tool (BLAST) software
(http://blast.nchi.nlon.nih.gov/Blast.egi). Phylogenetic tree build-
ing based on nucleotide (nt) sequences was obtained using the
neighbor-joining method from the Kimura two-parameter model,
which provided statistical support via bootstrapping with 1000
replicates using the MEGA software package (version 6). The
sequence identity matrix was performed using BioEdit software
version 7.08.0.

Table 1
Primer sequences designed based on the sequence data of the rotavirus strain SKEA-1 (Wakuda et al, 2011}, and their position used for RT-PCR amplification of RVH genes.
Viral protein gene Primer Sequence (5°-37) Position PCR product (bp)
VPG VPE[RVN-1F TGCTACAAGTGACCCACAAGG 11-31 580
VPERVN-1R GOCATCTTITOCAGTGGOTCT S5E1-600
VPE[RVN-2F ACCACGTGGAGCAACAAATA 529-548 716
VPE[RVN-2R CAGTGOGTGACCAGATCTCA 12251244
WFT VPTRVH-fw GGAACTTTAAAGCCATGTTGTTC 1-23 E17
VPTRVH-v CGGGTATATTTGOCTGACATAALG T95-817
WP VPARVH-1F AGAACCCAGGTGAAGGGTCT 47-66 861
VP4[RVH-1R GGTGTAGTGACTLGTCLTTGE SEB- 1007
VP4 [RVH-2F TCATGGOTGOAACGTTTGGA B93-912 o914
VPA[RVH-2R CGCTACTCCGTTCACCITAC 1787-1806
VPA[RVH-3F ACATCAGGTATAATGTCTTITGCAT 167T8-1702 B13
VPARVH-3R AACGTCATGTACTAATGCOCACT 24E9-2490
MNEP4 MEPA RV H-fine TTCATCAAAGTCACGATGGA 10-29 70
MEPA{RVH-rv CAAGGCTCAACACTACCAAG 710-T29
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3. Results

Including the diarrheic fecal samples BR59, BR60, and BREG3,
porcine RVH was detected in 9 of the 59 (15.2%) fecal specimens
using the RT-PCR with the primer pair VPG/RVN-1F-VPG/RVMN-1E.
Six (BR59-BRE64) of the 9 positive specimens were selected for fur-
ther molecular assay analyses based on the quality of the amplified
products.

Group G

Group F

3.1. VPG gene

The pair-wise comparisons of the VPG nt sequences and the
inferred amino acid (aa) sequences of 5 positive specimens
(BR59-BRE63) revealed 100% nt and aa identities among themselves.
The specimen BRE4 showed 99.8% nt identity when compared
to the other 5 specimens, but the aa identity was 100%. The &
sequences were compared with those of other RV representative
strains and showed less than 35% nt identity (less than 13% aa iden-
tity) with groups A, C, D, and F RV. Similarities of 50.6-51.8% nt
[35.8-37.9% aa) and 51.4% nt (38.2% aa) were found for RVE and
RVG. respectively.

The specimens shared the highest identity with group H RV.
The highest identity was shared with the VPG gene of the porcine
RVH S5KA-1 strain (Table 2). Based on phylogenetic analysis, the tree
(Fig. 1) inferred from the VPG aa sequences could be subdivided
into 2 major clusters, one containing RVA, RVC, RVD, and RVF, and
the other containing RVE, EVG, and RVH. The BR59-BR64 samples
grouped closest to the EVH strains, independent of the other RV
groups, but were segregated into a different branch, closer to the
SKA-1 porcine RVH strain.

Group D

Group H
SKA-1

32 VP4 gene

The VP4 gene sequences of specimens BRG1, BRG62, and BRG64
showed a very small difference (99.9% nt and 100% aa identities)
when compared to BR59, BRE60, and BRE3. Based on the analysis
with representative RV strains, all 6 samples shared the greatest
simnilarity with BV strains belonging to group H. When compared
restricted to the SKA-1 porcine RVH strain the 6 samples showed
the highest identities, that were on average 88.66% at the nt level
and 93.23% at the aa level. The sequence analyses results from the
other RV groups are summarized in Table 2. The phylogenetic tree
including the 6 specimens (BR59-BR64) of porcine RVH and those
of representative RV strains showed the same pattern as that of the
VPG gene (Fig 1).

Group C

Cowden

33. VP7 gene

Group B
CAL-1

The identity analysis of the VP7 sequences of the & Brazilian
specimens revealed that the RVH present in the diarrheic fecal
samples BR59-BRG3 shared 100% similarity at the nt and aa levels
among themselves. In contrast, sample BR64 showed only 81.6% nt
identity and 83.4% aa identity when compared with the 5 speci-
mens above mentioned, and it shared the highest identity with the
porcine RVH strain SKA-1. In general, the 6 samples showed the
highest sirnilarity to the strains belonging to group H RV [(63-86.9%
at nt and 57 4-89.9% at aa levels). Comparisons with representative
strains from RV groups revealed low identities with RVA, RVC, RVD,
and RVF and relatively high identities with groups Band G (Table Z).
Samples BR59-BRG3 formed a new branch grouped into the same
cluster as the other RVH strains during phylogenetic analysis of
the deduced VP7 aa sequences. Closer to the 5 samples, the Brazil-
ian specimen BR64 belonged to the branch containing the Japanese
SKA-1 porcine RVH strain (Fig. 1).

Percentage of nucleotide (amino acid) sequence identity
Group A

sy

ProteinfRVH strains

Sequence identities of the 6 Brazilian porcine RVH genes to representative motavines strains from different groups.
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Fig 1. Phylogenetic trees constructed from the deduced aa sequences of (A) VPS, (B) VP7, (C) VP4, and (D) N5P4 genes of the 6 Brazillan specimens BRS9, BREO, BRE1, BREZ,
BRE3, and BRG4, and representative rotavirus strains belonging to groups A-D and F-H. The 4 trees were constructed using the neighbor-joining method and the Polsson
correction method. Bootstrapping was statistically supported with 1000 replicates. Scale bars indicate aa substiturions per site. Sequences used in the allgnment present
the following GenBank accession numbers: VPG genes: BRSO (KFO21619), BRED (KFO21620), BRG] (KM359479), BRE2 (KM359480), BRE3 (KFI21621), BREA (KM359481),
SKA-1(ABSTEE2E], J19 ([N113002), B219 (DQ168033 ), IDIR {ME4456), ADRY (M55982), CAL-1 (ABO37931), Bang373 (AY23E389), KU (ABOZ2768), OSU (AF317123), Eristol
(X59843), Cowden (MO4157), D5VD040 (GU733448), 03VOS68 (HQ403603 ), 03VO567 (HQ403604); VPT genes: BRSO (KM3594E2), BRED (KM359483), BRG] (KM350485),
BREZ (KM359486), BRE3 (KM359484), BRE4 (KM359487), SKA-1 (ABSTES27), J19 (DM)113905], 219 (DQ168034), IDIR (DO0O911), ADRY (M33872), CAL-1 (AF184083),
Bang373 (AY238385), KU (D16343), 05U (X04613), Bristol (X77257), Cowden (ME1101), 05V0049 (GUT33451), 03VDS6S (|Q919998), D3VOSE7 (JQ920007); VP4 genes:
BR5O (KM3504EE], BRED (KM359489), BRG] (KM359401), BRE2 (KM350402), BRE4 (KM359493), 5KA-1 (ABSTE625), |10 (DQ113899), B219 (EF453358), IDIR (X16949),
ADRV (M55982), CAL-1 [AF1B4084), Bang373 (AYZ3B38E), KU (ABZ22784), 05U (X13190), Bristol (X79442), Cowden (M7T4218), 05V0049 (GLT33445), 03V0D56E (10919997),
D3VOSE67 (JQ920006); NSP4 genes: BRSO (KM350494), BRED (KM359495), BRET (KM359497), BRE2 (KM350498), BRE3 (KM359496), ERGA (KM350490), SKA-1 [ABST6628),
119 (D113906), B219 (EF453359), IDIR (U03557), ADRV (AYS4B057), CAL-1 (AYZ38387), Bang373 (AY238384), KU (ABOZ2772), O5U (DEBE31), Bristol (XB3967), Cowden
(AFD93202), DSVODM9 (GU733452), 03V0568 (QU20002 ), 03VOSET (JQUI0011).

3.4 NSP4 gene

The sequences of the 6 Brazilian porcine RWH strains were com-
pared among themselves and among the RV representative strains.
In the analysis among themselves. only sample BR64 showed
some differences (99.3% nt identity), which were restricted to nt
sequences. The level of aa identity was 100% among each other. In
the analysis with the other RV strains, the highest identity was with
the RVH representative strains (59.5=-81.4% at nt and 32 4-280.6% at
aa levels), and the aa similarity among the 6 specimens and the RVH

J19and B219 human strains was on average only 34% The sequence
analyses results of RVA, RVE, RVC, RVD, RVF, and RVG are summa-
rized in Table 2. The phylogenetic tree inferred from the deduced
NSP4 aa sequences showed the same pattern as those from VPG and
VP4 genes (Fig. 1)

4. Discussion

In the present study. an RT-PCR assay using specific primers
for amplification of nearly the full length of porcine RVH VPG,
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VP7, VP4, and NSP4 genes was developed. Then, the sequences of
these 4 genes were determined for porcine RVH strains presented
in 6 (BR59-BRG64) diarrheic fecal samples. The nt and deduced
aa sequences of the 6 samples studied were remarkably distinct
from those of other (A-G) RV groups. To our knowledge, this is
the first report to describe the nucleotide and deduced amino acid
sequences of Brazilian porcine RVH strains VPG, VPY, VP4, and NSP4
ZENes.

Based on the extremely high sequence identities (>99%) of the
VPG, VP4, VP7, and MN5P4 genes among 5 of the studied fecal
specimens (BR59-BRG3), they are considered as virtually identi-
cal, suggesting that these specimens represented the same local
rotavirus strain denominated RVH/BRA-1. In contrast, although the
6 specimens were collected on the same farm, fecal sample BRG64
showed a relatively high difference (81.6% nt identity and 83.4%
aa identity) in the VP7 sequence when compared to the other 5
specimens and was named the RVH/BRA-2 strain.

Regardless of the differences found in the VP7 sequences, com-
parisons of the 6 Brazilian RVH samples with representative strains
from RV groups confirmed that the VPG, VP7, VP4, and N5P4
genes belonged to group H RV. These genes had higher identities
with RVH strains SKA-1, J19, and B219, and in the phylogenetic
trees they were grouped with these RVH strains in a cluster
clearly distinguished from those of RVA, RVB, RVC, RVD, RVF, and
RVG.

The VP&, VP4, VP7, and NSP4 nt and aa sequences of the 6
Brazilian samples shared low identities with representative strain
sequences from RV groups A, C, D, and F. However, when com-
pared with RV groups B and G, they showed a moderate level
of relatedness (30.6-51.8% nt identity and 8.7-38.2% aa iden-
tity). This similarity is also evident in the phylogenetic trees, in
which the 6 samples cluster closer to groups B and G than to the
other RV groups. In previous reports, based on sequence iden-
tities and structural similarities, a genetic relationship between
human RVH and RVB strains was suggested, as well as the pos-
sibility that these 2 rotavirus groups might have originated from
a common ancestral virus and have an animal as their reservoir
host (Alam et al, 2007; Jiang et al., 2008). Although in our study
RVH was detected from pigs, our molecular findings reinforce
the idea of a common ancestor between RVH and RVE. Ag this
virus has been described in humans and swine, the possibility of
pigs acting as an RVH reservoir cannot be ignored. However, fur-
ther studies are necessary to clarify the zoonotic potential of RVH
fransmission.

The genetic diversity of the VPT gene sequences has already
been studied for RVA-RVC. The Rotavirus Classification Waorking
Group established a sequence identity cutoff value of 89% in aa for
the definition of RVA G genotypes (Matthijnssens et al, 2008ab).
In addition, a cutoff value of 66% in aa identity was proposed for the
classification of RVE VP7 genotypes (Kuga et al., 2009). According
to Kuga et al. (2009, this difference between the RVA and RVB VP7
sequence cutoff value may reflect differences in the evolutionary
period or rate between the rotavirus groups. Taking into account
the considerable difference found between the identities of the
VP7 aa sequences from the RVH/BRA-1 and RVH/BRA-2 strains
and the fact that it shared the highest identity with the porcine
RVH strain SKA-1 (86.9% at nt and 89.9% at aa levels), we suggest
that the RVH/BRA-2 strain belongs to the same genotype as the
Japanese strain 5KA-1, which would be different from the other
Brazilian strain RVH/BRA-1. However, considering the genetic rela-
tionship proposed for RVH and RVE, and based on the cutoff value
proposed for RVE VP7 aa sequences, the cluster formed by human
and porcine RVH strains should be divided into just 2 genotypes,
one containing the human |19 and B219 RVH strains and, despite
their differences, the other containing all the porcine RVH strains
[5KA-1, RVH/BRA-1, and RVH/BRA-2). Based on VPT genotype

characterization, a specific classification system for RVH should be
established.

In conclusion, we determined the nt sequences of porcine RVH
VPG, VP4, VP7, and N5P4 genes and demonstrated their genetic
diversity. Very little information is available regarding this new
rotavirus group, which infects both humans and animals. To date,
these viruses have only been detected in small areas of Asia, USA,
and Brazil. which suggests that they are widely spread. The lack
of information on these viruses may be associated with misdi-
agnoses. These findings provide valuable information for future
studies regarding rotavirus evolution and infection, and its impact
on diarrheal diseases.
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Abstract

Rotaviruses (RVs), a common cause of viral gastroenteritis in
humans and animals, are classifiedinto 9 established groups/
species (RVA-RVI). Although RVE has been found in several
countries, genetic variation among RVE field strains remains
poorly characterized. RVE strains can be classified into G
genotypes based on a nuclectide (nt) hemology that ex-
ceeds a cutoff value of 80% for the gene that encodes the
structural protein WP7. In this study, we determinad the VF7
nt and deduced amino acid sequences of one RVE strain
(RE62) identified in a diarrheic fecal sample obtained from a
piglet in Brazil in 201 2. Comparative analysis of this strain
and the strains of the other 21 previously identified WVPT ge-
notypes showed that the highest nt identity (71.2%) was
found with the porcine PB-70-H5 strain within the G4 geno-
type. However, when compared with the nonclassified Viet-
namese RVE G genotype 14177_18 strain, the nt sequence

identity was of 82 9%. These results led us to conclude that
the Brazilian strain BR62 and the Wietnamese strain 14177_18

belong to a novel G genotype (G22). © 2018 5. Karges AG, Basel

Rotaviruses (RVs), which are members of the Reoviri-
daie famil}', are a common cause of viral gastroenteritisin
humans and animals. RVs consist of nonenveloped par-
ticles and possess a genome composed of 11 segments of
double-stranded RNA that encode 6 structural (VP1-
VP4, VP&, and VP7) and 6 nonstructural (NSP1-NSP5/6)
proteins [1].

RVs are classified into 9 established groups/species
(RVA-RVI) based on genetic and antigenic differences in
the structural VP6 protein [2-4]. RV strains from groups
A, B, C, and H are known to infect humans and various
animal species, whereas strains from the other RV groups
have been found to infect only animals [3-5].

Among animals, RVB has been found in pigs, cattle,
goats, and rats [1]. However, in contrast to RVA, porcine

RVE infections have been sporadically reported in pig
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herds in the UK [6], Australia [7], New Zealand [8], Japan
[9], the Czech Republic [10], Brazil [11], the USA [12],
and Vietnam [13]. The relatively few worldwide reports
of RVB infection in animals may be attributed to the fact
that small quantities of this virus are excreted in the feces
of infected animals, which affects the diagnosis of RVE
infections [9, 12, 14].

Although RVB has been found in several countries,
genetic variation among RVE strains remains puur]}r
characterized. Knowledge regarding the genome of por-
cine RV B remains restricted to information obtained via
analyses of the VP6, VP7, N5P1, NSP2, and NSP5 pro-
teins [3, 9, 11, 12, 14-16]. Similar to RV A strains, RVB
strains are categorized using a sequence-based classifica-
tion system [12, 16, 17]. RVE strains can be classified into
G genotypes based on a nucleotide (nt) cutoff value of
80% for the gene that encodes the structural protein VP7
[17]. To our knowledge, 21 RVB G genotypes have previ-
ously been described [13, 17].

In this study, we determined the VP7 nt and deduced
amino acid (aa) sequences of one RVE strain identified in
a diarrheic fecal sample obtained from a piglet in Brazil
in 2012. Comparative analysis of this strain and the strains
of the other 21 previously identified VP7 genotypes
showed that the Brazilian porcine RVB strain belongs to
a novel VP7 genotype, G22, and seems to be circulating
in different parts of the world.

A total of 50 diarrheic fecal samples, collected from
pigs 28 and 35 days of age, from a post-weaning diarrhea
outbreak that occurred in a pig herd located in Mato
Grosso do Sul, Brazil, in 2012, were subjected to reverse
transcription PCR to investigate the presence of RV
groups A, B, C, and H. According to Molinari et al. [18],
all samples were tested for RVE using the primer pair de-
scribed by Marthaler et al. [12], which was designed to
amplify a fragment (778 bp) of the VP7 gene of RVB. Six-
teen diarrheic fecal samples were positive for RVE [19].
Based on the quality of the amplified product, the RVE-
positive fecal sample identified as BR62 was selected for
further molecular analyses.

To confirm the specificity of the RVE amplicon, the
amplified product was purified using a GFX™ PCR DNA
and Gel Band Purification Kit {GE Healthcare, Little
Chalfont, UK), quantified on a Qubit™ Fluorometer (In-
vitrogen - Life Technologies, Eugene, OR, USA), and se-
quenced using a BigDye Terminator v3.1 Cycle Sequenc-
ing Reaction Kit (Applied Biosystems, Foster City, CA,
USA) on an automated sequencer (ABI3500; Applied
Biosystems). Sequence quality analyses were performed
using the Phred and CAP3 software packages (http://as-
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pargin.cenargen.embrapa.br/phph/). Similarity searches
were performed against sequences deposited in GenBank
using the Basic Local Alignment Search Tool (BLAST)
(http://blast.ncbhinlm.nih.gov/Blastegi). Phylogenetic
trees based on nt sequences were constructed using the
neighbor joining method from the Kimura two-parame-
ter model, which provided statistical support via boot-
strapping with 1,000 replicates in the MEGA software
package (version 6). Nt and aa sequence identity matrices
were constructed using BioEdit software version 7.08.0.
The nt sequence for the VP7 gene of the BR62 RVB strain
described in this study was deposited in the GenBank da-
tabase under accession No. MF072691.

A comparative sequence analysis involving the VP7
genes of the Brazilian RVB strain BR62 and strains be-
longing to the 21 known RVB G genotypes was per-
formed. Additionally, the VP7 gene of the unclassified
porcine RVB strain 14177_18, recently described in Viet-
narm, was included in this analysis [20].

Compared with the strains belonging to the 21 estab-
lished RVE G genotypes, the Brazilian wild-type porcine
RVB strain BR62 showed the highest nt identity (71.2%)
with the porcine PB-70-H5 strain within the G4 geno-
type. The lowest nt identity (54.6%) was observed with
the IDIR strain within the G1 genotype. Pairwise com-
parisons with the other genotypes showed similarities
ranging from 61.8 to 70.9% at the nt level (Table 1). In
contrast, a comparison of the BR62 strain and the Viet-
namese 14177_18 strain revealed an nt sequence identity
of 82.9%.

A phylogenetic analysis based on deduced aa sequenc-
es for RVE VP7 was also performed. This analysis indi-
cated that the BR62 strain showed the highest aa identity
(88.7%) with the Vietnamese 14177 18 strain. The BR&2
strain’s aa identity with other RVE strains ranged from
48.6 to 75.9% (Table 1).

In phylogenetic trees based on VP7 nt and aa sequenc-
es for VP7, the porcine field strain BR62 described in this
study constituted a branch separate from the strains be-
longing to the 21 previously identified RVB genotypes.
Additionally, the unclassified Vietnamese 14177_18
strain was clustered with the BR62 strain (Fig. 1).

Although less prevalent than RV A infections, RVB in-
fections in humans and pigs have been reported in differ-
ent regions throughout the world [19, 20-22]. However,
small quantities of this virus are excreted in the feces of
infected animals, and it is difficult to adapt RVB strains
to cell culture [9, 12, 14, 23]; as a result, the serological
and molecular characterization of RVB strains remains
limited.

Molinarif Alfierif Alfieri
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Table 1. Nucleotide and deduced amino
acid sequence identity of the VP7 gene of
the Brazilian strain BR62 and
representatives of the different RVBE G

genotypes

Strain Identity with the BRA2 strain, %
nucleotide amino acid
RVBFRA[-hl‘IP.FUSAﬂD IR/1984/G1P[X] 54.6 48.6
RVB/Human-wtfBGD/Bang373/2000/G2P[X] 64.3 64.1
RVB/Cow-wi/| PN/Nemuro/ 1997/G3P[X] 61.8 62.0
RVEB/Pig-wt/PB-70-H5/2007/G4P[X] 71.2 75.9
BRVB/Cow-wi/IND/DBELOL/2001/G5P[X] 63.8 62.0
RVB|"Pig-WUS\AFMNBB-JSQBBBFGﬁP[}C] 64.7 6l.4
RVB/Pig-wt/[PN/PB-515/2002/GTP[X] 64.3 636
RVBFPig-WUS&FCOﬂQ—l2ﬂﬂD9FG3P[I] 64.7 60.9
RVEB/Pig-wt/[PN/PB-68-E4/2007/ GP[X] 62.2 6.9
BVE/Pig-wt/USA/MO09-34/2009/G10P[X] 64.8 64.1
RVB/Pig-wt/[PN/PB-55/2002/G1 1P[X] 70.9 70.0
RVEB/Pig-wt/[PN/PB-524-11/2002/G12P[X] 69.1 689
RVBFPigGl3-W]PNH’E-ZS-MFZMEIGIBP[K] 64.1 65.2
RVB/Pig-wt/BRA/BRI1/2012/G14P[X] 67.9 67.3
RVEB/Pig-wt/JPN/PB-549-2/2003/G15P[X] 66.3 67.3
RVEB/Pig-wit/[PN/PB-68-C 17/2007/G16P[X] 66.1 641
BVEB/Pig-wt/USA/OKO9-51/2009/G17P[X] 66.6 625
RVEFPig-WUS&FTKﬂS\-tﬂIZM’Q.I’GlSP[X] 66.6 641
RVB/Pig-wt/IND/AN142129/2013/G19P[X] 64.3 6l.4
RVE/Pig-wt/JPN/PB-526-1/2002/G20P[X] 64.8 0.4
RVEB/Pig-wt/INDf AN142530/2013/ G2 1P[X] 64.8 631
BVB/Pig-wt/VNM/14177_18/2012/GXP[X] 329 BE.7

In 2009, Kuga et al. [9] proposed a classification system
of G genotypes for RVB strains based on analyses of the
VP7 genes of 38 porcine RVB strains. Using nt cutoffs of
67 and 76% (66 and 79%, respectively, at the aa level), they
proposed the creation of 5 genotypes divided into 12 clus-
ters. Several years later, after phylogenetic analyses of 68
new RVB VP7 sequences had been performed, Marthaler
et al. [12] proposed a modification to the cutoff values
established by Kuga et al. [9]. Using an nt cutoff value of
80%, they identified 20 RVE G genotypes. Additionally,
using this nt cutoff value proposed by Marthaler et al.
[12], Suzuki et al. [14] described a new RVE G genotype
(G21) isolated from pigs in India.

In our study, the VP7 sequence of the BR62 RVE strain
was compared with the VP7 sequences of representative
strains for all 21 previously described G genotypes. The
BR62 RVB strain had the highest nt identity (71.2%) with
the porcine RVE strain PB-70-H35, which belongs to the
G4 genotype. However, given that the VP7 gene sequence
of the Brazilian strain BR62 did not share =80% nt iden-
tity with any of the VP7 gene sequences of RVB strains
with previously identified genotypes, we propose the cre-
ation of G22, a new RVB G genotype.

In contrast, an analysis comparing the Brazilian BR62
strain and the unclassified Vietnamese RVB 14177 18

New EVE G Genotype

strain revealed an nt sequence identity of 82.9%. This re-
sult led us to believe that strain 14177_18 and the Brazil-
ian strain BR62 belong to the same genotype (G22). This
assumption is supported by our nt-based phylogenetic
tree, in which strains BR62 and 14177_18 are clustered
together but placed in a different branch than strains be-
longing to the other 21 RVB G genotypes. Moreover, this
reasoning suggests that porcine RVE strains with geno-
types distinct from previously described genotypes might
be circulating in several countries, which may interfere
with the control and prophylaxis of RV infections, as well
as the zoonotic role of the virus. Therefore, screening for
RVE should be actively incorporated into porcine RV
studies, and RVB should receive increased research atten-
tion.

Regarding analyses of the deduced aa sequences for
VP7 for the BR62 strain and other RVB strains, the BR&2

Fig. 1. Phylogenetic trees constructed based on the nucleotide (a)
and deduced amino acid (b) sequences of the VP7 gene from the
porcine REVE strain BR62 described in this study, as well as repre-
sentative strains for the 21 previously identified RVE genotypes.
The scale bars indicate nt/aa substitutions per site. The bootstrap
values are shown at branch nodes (values <30% are not shown).
The Brazilian porcine RVE strain is marked with a filled circle.

{For figure see next pages.)
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12

i RVB/Pig-wt/JPN/PB-S26-1/2002/G20P[X]
- RVB/Pig-wt/USAMNOS-37/2009/G20P[X]
RVB/Pig-wi/JPN/PB-68-G4/2007/G19P[X]
w'—Rvsmg-wmo/muzm/zowGwP[xl

£

RVB/Pig-wl/USA/OK09-51/2009/G17P[X]

76 [ RVB/Pig-wt/USA/NC08-41/2009/G16P[X]

100 ——— RVB/Pig-wt/JPN/PB-68-C17/2007/G16P[X]

RVB/Pig-wt/JPN/PB-S49-2/2003/G15P[X]
RVB/Pig-wt/USA/MN08-58/2009/G14P[X]

98 RVB/Pig-wt/BRA/BR31/2012/G14P[X]

RVB/PigG13-wt/JPN/PB-23-44/2005/G13P[X]

RVB/Pig-wt/JPN/PB-S24-11/2002/G12P[X]
96 RVB/Pig-wt/USA/MN08-54/2009/G12P[X]

3

2|

98 RVB/Pig-wt/JPN/PB-S5/2002/G11P[X]

100 RVB/Pig-w/USA/OH09-60/2009/G11P[X]
RVB/Pig-w/PB-70-H5/2007/G4P[X]

W[ ORvargweRaziacze
100 RVB/Pig-wt/VNM/14177_18/2012/G22P[X]

[ RVB/Human-wt/CHN/ADRV/1982/G2P([X]

100 L——— RVB/Human-w/BGD/Bang373/2000/G2P{X]

18

mlmcmnommovzom/esppq
100 RVB/Cow-wt/IND/DB180/2001/G5P[X]
RVB/Cow-wt/JPN/Nemuro/1997/G3P[X]
[ RVB/Pig-wi/USA/C008-12/2009/G8P[X]

87

100 ——— RVB/Pig-wilJPN/PB-S49-13/2003/G8P[X]
il RVB/Pig-wt/JPN/PB-68-E4/2007/GOP[X]
RVB/Pig-w/JPN/PB-815/2002/G7P[X]

RVB/Pig-w/IND/AN142530/2013/G21P[X]
RVB/Pig-wt/USA/MO09-34/2009/G10P[X]

99 _{ RVB/Pig-wt/JPN/PB-F18/2001/G6P[X]
87 RVB/Pig-wt/USA/MN09-35/2009/G6P[X]

RVB/Rat-hhp/USA/IDIR/1984/G1P[X]

0.05

G19

G18

G14
Je13

G12

Gi1

Je1o

Ja1
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100 RVB/Pig-w/JPN/PB-S26-1/2002/G20P[X] |
& RVB/Pig-WUUSAMNOS-37/2000/G20P(X] |
RVB/Pig-wt/JPN/PB-68-G4/2007/G19P[X] |
w Tzl— RVB/Pig-wt/IND/AN142128/2013/G19P[X] J =
i RVB/Pig-wt/JPN/PB-23-5/2005/G18P[X] ] -
9 RVB/Pig-w/USA/TX09-47/2009/G18P[X] J
RVB/PIig-wt/USA/OK09-51/2009/G17P[X] Jer?
58] g _E RVB/Pig-wt/USA/NC09-41/2009/G16P[X] ] i
100 RVB/Pig-wi/JPN/PB-68-C17/2007/G16P[X] J
RVB/Pig-wt/JPN/PB-S49-2/2003/G15P[X] Jeis
— 3 % _{:Rvamig-wwswms-sslzooweuﬂ)q .
72 RVB/Pig-w/BRA/BR31/2012/G14P[X] J
RVB/PigG13-wi/JPN/PB-23-44/2005/G13P[X] Je13
e8| RVB/Pig-wt/JPN/PB-S24-11/2002/G12P[X] ] i
98 RVB/Pig-wt/USAMN09-54/2009/G 12P[X] J
— 82 —{_— RVB/Pig-w/JPN/PB-S5/2002/G11P[X] T s
100 — RVB/Pig-wt/USA/OH09-60/2009/G11P[X] J
RVB/Pig-w/PB-70-H5/2007/G4P[X] Jes
P l:. RVB/Pig-wt/BR62/2012/G22P[X] T .
— 99 RVB/Pig-wt/VNM/14177 18/2012/G22P[X] J
100 [ RVB/Human-wt/CHN/ADRV/1982/G2P[X] T
L — RVB/Human-w/BGD/Bang373/2000/G2P[X] I
100 | RVB/Cow-w/IND/DB101/2001/G5P[X] -
= 100 RVB/Cow-wt/IND/DB180/2001/G5P[X] J
RVB/Cow-wt/JPN/Nemuro/1997/G3P[X] Jes
74 RVB/Pig-wt/JPN/PB-68-E4/2007/G9P[X] Jeo
] o7 97 RVB/Pig-w/JPN/PB-S15/2002/G7P[X] Je7
RVB/Pig-wt/IND/AN142530/2013/G21P[X] Jeu
100 [ RVB/Pig-wt/USA/CO08-12/2009/G8P[X] :IG"
RVB/Pig-w/JPN/PB-S49-13/2003/G8P[X]
RVB/Pig-wt/USA/MO09-34/2009/G10P[X] Je1o
a7 —{_—- RVB/Pig-wt/JPN/PB-F18/2001/G6P[X] ]“
99 RVB/Pig-wt/USAMN09-35/2009/G6P[X]
RVB/Rat-hhp/USA/IDIR/1984/G1P[X] Jet
—
0.05
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strain exhibited the highest (88.7%) aa identity with the
Vietnamese 14177_18 strain. According to Kuga et al. [9],
aa cutoff values of 66 and 79% produced good correla-
tions between G serotypes and G genotypes. Given this
assumption, the Brazilian BR62and Vietnamese 14177_18
strains could be classified as belonging to the same sero-
type. In contrast, Marthaler et al. [12] indicated that an aa
cutoff value =89% is appropriate for most RVB strains
belonging to the same genotype, with certain exceptions
(strains belonging to genotypes G6, G7, G12, and G16).
Thus, two hypotheses seem reasonable: either the BR62
strain does not belong to the same serotype as the
14177 _18 strain, or the new proposed G22 genotype isin
the group of RVB genotypes with sufficient aa diversity
such that the applicable cutoff threshold is lower than the
suggested value of 89%. If the second hypothesis is cor-
rect, the BR62 and 14177_18 strains would belong to the
same serotype. The aa phylogenetic tree shows evidence
that might support this conclusion; once again, the BR62
and 14177_18 strains are clustered together, but placed in
a different branch than the other 21 RVB G genotypes.
However, future serological assays should be performed
to confirm these assumptions and provide more informa-
tion about the viral immunology.

In conclusion, the genetic diversity observed among
porcine RVB strains may be underestimated. In this
study, two strains from different countries that belong to
G22, a new RVE G genotype, could be identified. Al-
though RV A infections are more prevalent and patho-
genic than RVB infections, constant monitoring of RV
infections is necessary to detect the emergence of new
genotypes within various RV groups. Future studies of
the epidemiology and molecular evolution of RVB genes
should be developed to better understand and prevent RV
infections. In addition, the idea that certain RV genotypes
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may exhibit a zoonotic potential and that animals can

serve as reservoirs of such viruses reinforces the need for
further studies.
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4 CONCLUSOES

A RT-PCR com os primers selecionados para os genes VP4, VP7 e NSP4 possibilitou
a amplificacdo dos produtos esperados para as amostras de RVH incluidas neste
estudo.

A anélise filogenética das sequéncias obtidas a partir dos genes VP4, VP7 e NSP4

confirma a classificacdo das cepas estudadas como pertencentes a espécie RVH.

A deteccdo de cepas de RVA em um rebanho vacinado (Cepa OSU — G5P[7])
demonstra que a imunidade cruzada existente entre genotipos diferentes de uma

mesma espécie ndo é suficiente para protecéo integral.

A grande variedade genética existente entre as cepas de rotavirus pode comprometer a
implantacéo de programas de controle vacinal efetivos.

O RVH participa dos quadros clinicos de diarreia quando em associacdo com outras
espécies de rotavirus.

A andlise filogenética da sequéncia de nucleotideos do gene VP7 da cepa de RVB
BR62 confirmou que a mesma pertence a um novo genotipo, G22.

A elevada similaridade entre o0 gene VP7 da cepa brasileira BR62 e da cepa vietnamita
14177 18 sugere que o genotipo G22 pode estar circulando silenciosamente em

diferentes paises.

O presente estudo reforca a necessidade de pesquisa de forma rotineira dos rotavirus
espécies B, C e H em surtos de diarreia.
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5 PERSPECTIVAS

Considerando a importancia da sadde intestinal no sistema atual de producdo de suinos, o
monitoramento de micro-organismos entéricos com potencial enteropatogénico é de grande
importancia para a manutencdo das taxas de producéo e de produtividade da cadeira produtiva
de suinos. O uso de programas de vacinagdo para controle e profilaxia de diarreia neonatal em
leitdes lactentes é uma das ferramentas mais importantes e tem-se mostrado eficiente na
reducdo das taxas de morbidade e de mortalidade de leitbes na maternidade. Com relagédo ao
RV, as vacinas comerciais brasileiras contemplam apenas duas cepas de RVA (G4P[6] e
G5P[7]. No campo, provavelmente devido a pressao de selecdo exercida pelo programa de
vacinacdo, observa-se a recorréncia de focos de diarreia por RV em leitdes. Devido a
diversidade de genotipos e espécies de RV passiveis de infectar suinos, o presente estudo,
caracterizado pela multiplicidade de espécies virais presentes em um mesmo surto de diarreia,
abre a perspectiva da implantacdo de sistemas de monitoramento das espécies de RV
circulantes em rebanhos suinicolas. Para isso, além de RVA é fundamental que o diagnéstico
contemple outras espécies virais, como RVB, RVC e RVH. Adicionalmente, além do
diagnostico etiologico de focos e/ou surtos de diarreia neonatal em leitdes, a definicdo tanto
dos genotipos G e P quanto, principalmente, da constelacdo de genes que constituem os RV é
fundamental para a compreensdo da epidemiologia classica e molecular dessa virose. Sem
duvida, estudos nessa direcdo impactam na saude intestinal e, consequentemente, na salde
animal. Por fim, considerando a possibilidade da ocorréncia de infec¢bes heterdlogas e a
caracterizacdo do aspecto zoonoOtico, estudos nessa direcdo também podem apresentar

importantes reflexos em saude publica.
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6.1 Numero de acesso em base publica de dados (GenBank) das sequéncias
gendmicas das cepas de Rotavirus descritas no estudo

Porcine rotavirus H strains BR 59 VP6 gene, partial cds
1197 bp linear RNA

Accession: KF021619.1

Porcine rotavirus H strain BR60 VVP6 gene, partial cds
1197 bp linear RNA

Accession: KF021620.1

Porcine rotavirus H strain BR61 VVP6 gene, partial cds
1199 bp linear RNA

Accession: KM359479.1

Porcine rotavirus H strain BR62 VVP6 gene, partial cds
1199 bp linear RNA

Accession; KM359480.1

Porcine rotavirus H strain BR63 VVP6 gene, partial cds
1197 bp linear RNA

Accession; KF021621.1

Porcine rotavirus H strain BR64 VVP6 gene, partial cds
1199 bp linear RNA

Accession: KM359481.1

Porcine rotavirus H strain BR59 VVP7 gene, partial cds
760 bp linear RNA

Accession; KM359482.1

Porcine rotavirus H strain BR60 VVP7 gene, partial cds
760 bp linear RNA

Accession: KM359483.1

Porcine rotavirus H strain BR61 VVP7 gene, partial cds
801 bp linear RNA

Accession; KM359485.1

Porcine rotavirus H strain BR62 VVP7 gene, partial cds
778 bp linear RNA

Accession: KM359486.1




Porcine rotavirus H strain BR63 VVP7 gene, partial cds
760 bp linear RNA

Accession: KM359484.1

Porcine rotavirus H strain BR64 VVP7 gene, partial cds
787 bp linear RNA

Accession; KM359487.1

Porcine rotavirus H strain BR59 VP4 gene, partial cds
2398 bp linear RNA

Accession; KM359488.1

Porcine rotavirus H strain BR60 VP4 gene, partial cds
2398 bp linear RNA

Accession; KM359489.1

Porcine rotavirus H strain BR61 VP4 gene, partial cds
2423 bp linear RNA

Accession: KM359491.1

Porcine rotavirus H strain BR62 VP4 gene, partial cds
2423 bp linear RNA

Accession; KM359492.1

Porcine rotavirus H strain BR64 VP4 gene, partial cds
2415 bp linear RNA

Accession; KM359493.1

Porcine rotavirus H strain BR59 NSP4 gene, complete cds
696 bp linear RNA

Accession; KM359494.1

Porcine rotavirus H strain BR60 NSP4 gene, complete cds
696 bp linear RNA

Accession; KM359495.1

Porcine rotavirus H strain BR61 NSP4 gene, complete cds
691 bp linear RNA

Accession: KM359497.1

Porcine rotavirus H strain BR62 NSP4 gene, complete cds
715 bp linear RNA

Accession: KM359498.1




Porcine rotavirus H strain BR63 NSP4 gene, complete cds
696 bp linear RNA

Accession: KM359496.1

Porcine rotavirus H strain BR64 NSP4 gene, complete cds
704 bp linear RNA

Accession; KM359499.1

Porcine rotavirus A strain RVA/Pig-wt/BRA/BR43/2012/G5P[13] VP7 gene, partial cds
937 bp linear RNA

Accession: KX376970.1

Porcine rotavirus A strain RVA/Pig-wt/BRA/BR54/2012/G9P[23] VP7 gene, partial cds
928 bp linear RNA

Accession: KX376971.1

Porcine rotavirus A strain RVA/Pig-wt/BRA/BR55/2012/G9P[23] VP7 gene, partial cds
946 bp linear RNA

Accession: KX376972.1

Porcine rotavirus A strain RVA/Pig-wt/BRA/BR43/2012/G5P[13] VP4 gene, partial cds
830 bp linear RNA

Accession: KX376973.1

Porcine rotavirus A strain RVA/Pig-wt/BRA/BR54/2012/G9P[23] VP4 gene, partial cds
808 bp linear RNA

Accession: KX376974.1

Porcine rotavirus A strain RVA/Pig-wt/BRA/BR55/2012/G9P[23] VP4 gene, partial cds
810 bp linear RNA

Accession: KX376975.1

Porcine rotavirus B strain RVB/Pig-wt/BRA/BR31/2012/G14P[X] VP7 gene, complete cds
771 bp linear RNA

Accession; KX376976.1

Porcine rotavirus C strain RVC/Pig-wt/BRA/BR33/2012/GXP[X] VP6 gene, partial cds
1239 bp linear RNA

Accession: KX376977.1

Porcine rotavirus B isolate BR62 VVP7 gene, complete cds
777 bp linear RNA
Accession: MF072691.1
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ANEXO A: Lista de Reagentes

a ~ w e

© © N o

Acetona, P.A. (CH;COCHj3) P.M. 58,08 (Dinamica®)

Acido acético glacial, P.A. (CH;COOH) P.M. 60,05 (Nuclear®)

Acido bérico (H3BO3) P.M. 61,83 (Sicalab®)

Acido cloridrico (HCI) P.M. 36,46 (Reagen®)

Acido etilenodiaminotetraacido sal di-sodico — EDTA, P.A. (C1oH14N20gNa2H,0) P.M.
372,24 (Reagen®)

Acrilamida P.M. 71,08 (Gibco BRL®)

Agar Noble (Difco®)

Agarose (Invitrogen™ Life Technologies)

Agua DEPC (Dietil pirocarbonato) (Invitrogen Life Technologies®)

. Alcool etilico absoluto (C,H,0OH) P.M. 46,07 (Nuclear®)
11.
12.
13.
14,
15.
16.
17.
18.
19.
20.
21.
22.
23.
24,
25.
26.

Alcool isoamilico ((CH3),CHCH,CH,0H) P.M. 88,15 (Synth®)

Azul de bromofenol (Sigma®)

Bicarbonato de sédio P.A. (NaHCO3) P.M. 84,01 (Biotec®)

BigDye Terminator v3.1 Cycle Sequencing kit (Applied Biosystems®)

Bis-acrilamida P.M. 154,2 (Sigma®)

Borohidreto de sédio P.M. 37,83 (Sigma®)

Brometo de etideo (Co1H20N3Br) P.M. 394,3 (Sigma®)

Cloreto de célcio puro (CaCly) P.M. 110,94 (Invitrogen™ Life Technologies)

Cloreto de magnésio 50 mM (MgCl,) (Invitrogen Life Technologies®)

Cloreto de potéssio, P.A. (KCI) P.M. 74,56 (Reagen®)

Cloreto de sédio, P.A. (NaCl) P.M. 58,45 (Reagen®)

Cloroférmio, P.A. (CHCIs) P.M. 119,38 (Dinamica®)

Di6xido de silica (SiO,) P.M. 60,08 (Sigma®)

Dithiothreitol (DTT-10 mM) (Invitrogen Life Technologies™)

DNA Ladder (123 bp) (Invitrogen Life Technologies™)

dNTP Set (100 mM), 4 x 250 pL; 25 pmol each (100 mM dATP Solution, 100 mM dCTP
Solution, 100 mM dGTP Solution, 100 mM dTTP Solution) (Invitrogen Life

Technologies™)



27.

28.
29.
30.
3L
32.
33.
34,
35.
36.
37.
38.
39.
40.

41.

42.

43.

44,

45.

Dodecil sulfato de sodio — Lauril Sulfato de Sodio — SDS (C12H25NaO,4S) P.M. 288,38
(Synth®)

Fenol (C¢HsOH) P.M. 94,11 (Invitrogen Life Technologies™)

Fosfato de sdio dibasico anidro (Na;HPO,) P.M. 141,96 (Synth®)

Fosfato de sdio dihidratado (Na,HPO4.2H,0) P.M 177,99 (Merck®)

Fosfato de sédio monobasico (NaH,PO, . 2H,0) P.M. 155,99 (Reagen®)

GFX PCR DNA and Gel Band Purification Kit (GE Healthcare, UK)

Glicina, P.A. (Nuclear®)

Glicose (CsH1206) P.M. 180,16 (Reagen®)

Hidréxido de sédio, P.A. (NaOH) P.M. 40,00 (Dinamica®)

Hidroximetil amino metano — TRIS 99% P.M. 121,14 (Inlab®)

Isotiocianato de guanidina P.M. 118,16 (Gibco BRL®

Metanol P.A. (CHsOH) P.M. 32,04 (Allkimia®)

Nitrato de Prata (Sinth®)

Oligonucleotideo iniciador (primer) VP6/RVN-1F (VP6/RVH) (foward,;

67

5-

TGCTACAAGTGACCCACAAGG -3) — MOLINARI et al. (2014) - 200 pmol

(Invitrogen™ Life Technologies®, EUA)
Oligonucleotideo iniciador (primer) VP6/RVN-1R (VP6/RVH) (reverse;

5-

GCCATCTTTCCAGTGGCTCT -3) — MOLINARI et al. (2014) - 200 pmol

(Invitrogen™ Life Technologies®, EUA)
Oligonucleotideo iniciador (primer) VP6/RVN-2F (VP6/RVH) (foward,;

5-

ACCAGGTGGAGCAACAAACA -3) — MOLINARI et al. (2014) - 200 pmol

(Invitrogen™ Life Technologies®, EUA)
Oligonucleotideo iniciador (primer) VP6/RVN-2R (VP6/RVH) (reverse;

5-

CAGTGCGTGACCAGATCTCA -3) — MOLINARI et al. (2014) - 200 pmol

(Invitrogen™ Life Technologies®, EUA)
Oligonucleotideo iniciador  (primer) VP7/RVH-fw (VP7/RVH) (foward,;

5-

GGAACTTTAAAGCCATGTTGTTC -3°) — MOLINARI et al. (2015) - 200 pmol

(Invitrogen™ Life Technologies®, EUA)
Oligonucleotideo iniciador  (primer) VP7/RVH-rv  (VP7/RVH) (reverse;

5-

GGGTATATTTGCCTGACATAACG -3") — MOLINARI et al. (2015) - 200 pmol

(Invitrogen™ Life Technologies®, EUA)
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Oligonucleotideo iniciador (primer) VP4/RVH-1F (VP4/RVH) (foward; 5'-
AGAACCCAGGTGAAGGGTCT -3°) — MOLINARI et al. (2015) - 200 pmol
(Invitrogen™ Life Technologies®, EUA)
Oligonucleotideo iniciador (primer) VP4/RVH-1R (VP4/RVH) (reverse; 5'-
GGTGTAGTGACTGTCGTTGC -3°) — MOLINARI et al. (2015) - 200 pmol
(Invitrogen™ Life Technologies®, EUA)
Oligonucleotideo iniciador (primer) VP4/RVH-2F (VP4/RVH) (foward; 5'-
TCATGGGTGGAACGTTTGGA -3°) — MOLINARI et al. (2015) - 200 pmol
(Invitrogen™ Life Technologies®, EUA)
Oligonucleotideo iniciador (primer) VP4/RVH-2R (VP4/RVH) (reverse; 5'-
CGCTACTCCGTTCACCCTAC -3) — MOLINARI et al. (2015) - 200 pmol
(Invitrogen™ Life Technologies®, EUA)
Oligonucleotideo iniciador (primer) VP4/RVH-3F (VP4/RVH) (foward; 5'-
ACATCAGGTATAATGTCTTTTGCAT -3") — MOLINARI et al. (2015) - 200 pmol
(Invitrogen™ Life Technologies®, EUA)
Oligonucleotideo iniciador (primer) VP4/RVH-3R (VP4/RVH) (reverse; 5'-
AACGTCATGTACTAATGCCACT -3) — MOLINARI et al. (2015) - 200 pmol
(Invitrogen™ Life Technologies®, EUA)
Oligonucleotideo iniciador (primer) NSP4/RVH-fw (NSP4/RVH) (foward; 5-
TTCATCAAAGTCACGATGGA -3°) — MOLINARI et al. (2015) - 200 pmol
(Invitrogen™ Life Technologies®, EUA)
Oligonucleotideo iniciador (primer) NSP4/RVH-rv (NSP4/RVH) (reverse; 5'-
TTCATCAAAGTCACGATGGA -3) — MOLINARI et al. (2015) - 200 pmol
(Invitrogen™ Life Technologies®, EUA)
Oligonucleotideo iniciador (primer) VP4/RVAcon3-fw (VP4/RVA) (foward; 5°-
TGGCTTCGCCATTTLATAGACA -3°) — GENTSCH et al. (1992) - 200 pmol
(Invitrogen™ Life Technologies®, EUA)
Oligonucleotideo iniciador (primer) VP4/RVAcon2-rv (VP4/RVA) (reverse; 5'-
ATTTCGGACCATTTATAACC -3°) — GENTSCH et al. (1992) - 200 pmol
(Invitrogen™ Life Technologies®, EUA)
Oligonucleotideo iniciador (primer) VP7/RVABeg9-fw (VP7/RVA) (foward; 5°-
GGCTTTAAAAGAGAGAATTTCCGTCTGG -3") — GOUVEA et al. (1990) - 200 pmol
(Invitrogen™ Life Technologies®, EUA)



o7.

58.

59.

60.

61.

62.

63.
64.

65.

66.
67.
68.
69.

69

Oligonucleotideo iniciador (primer) VP7/RVAEnd9-rv (VP7/RVA) (reverse; 5'-
GGTCACATCATACAATTCTAATCTAAG -3") — GOUVEA et al. (1990) - 200 pmol
(Invitrogen™ Life Technologies®, EUA)

Oligonucleotideo iniciador (primer) VP7/RVB-fw (VP7/RVB) (foward; 5'-
GGAAATAATCAGAGATGGCGT -3°) — MARTHALER et al. (2012) - 200 pmol
(Invitrogen™ Life Technologies®, EUA)

Oligonucleotideo iniciador  (primer) VP7/RVB-rv  (VP7/RVB) (reverse; 5'-
TCGCCTAGTCYTCTTTATGC -3°) — MARTHALER et al. (2012) - 200 pmol
(Invitrogen™ Life Technologies®, EUA)

Oligonucleotideo iniciador (primer) VP6/RVC-fw (VP6/RVC) (foward; 5°-
GGCTTTAAAAATCTCATTCACAA -3°) — STIPP et al. (2015) - 200 pmol
(Invitrogen™ Life Technologies®, EUA)

Oligonucleotideo iniciador  (primer) VP6/RVC-rv  (VP6/RVC) (reverse; 5'-
AGCCACATAGTTCACATTTCA -3°) — STIPP et al. (2015) - 200 pmol (Invitrogen™
Life Technologies®, EUA)

PCR-buffer (10x) (200 mM Tris-HCI, pH 8.4, 500 mM KCI) (Invitrogen Life
Technologies™)

Platinum Tagq DNA Polymerase recombinant 500 units (Invitrogen Life Technologies™)
PureLink™ Quick Gel Extraction and PCR Purification Combo Kit (Invitrogen Life
Technologies™)

RT-Buffer (5x) (250 mM Tris-HCI pH 8.3, 15 mM MgCl,, 375 mM KCI) (Invitrogen Life

Technologies™)

ITM TM)

SuperScript I
QuantIT ™ dsDNA BR assay kit (Invitrogen Life Technologies™)
Triton x-100 (Synth®)

Tris (Nuclear®)

Reverse Transcriptase 200 U/uL (Invitrogen Life Technologies
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ANEXO B: Solugdes e Tamp0es

Diluicdo de dNTP

- Solucéo estoque (100 mM) — 100 uL de cada dNTP

- Solucdo uso (10 mM) — 10 pL da solugdo estoque + 90 pL de agua ultrapura autoclavada

e Fenol/ cloroférmio — alcool isoamilico (25:24:1)
- 25 mL fenol saturado
- 24 mL cloroférmio

- 1 mL alcool isoamilico

e Gel de agarose 2%
- 1,0 g de agarose
- 50 mL de tampdo TBE 1x
- 20 pL de brometo de etidio

e Gelinferior (7,5%) da PAGE
- 5 mL de Lower TRIS
- 3 mL de acrilamida/bisacrilamida
- 50 uL de TEMED
- 560 pL persulfato de aménio 2%
- 11,44 mL de agua bidestilada

e Gel superior (3,5%) da PAGE
- 2,5 mL de Upper TRIS
- 1 mL de acrilamida/bisacrilamida
- 100 pL de TEMED
- 600 pL de persulfato de aménio 2%
- 6,20 mL de agua bidestilada

e Hidratacéo da silica
- 6 g de silica (SIGMA®)



- Adicionar 50 mL de &gua ultrapura autoclavada

- Agitar lentamente e manter em repouso durante 24 h
- Por succéo, desprezar 44 mL do sobrenadante

- Ressuspender a silica em 50 mL de &gua bidestilada
- Manter em repouso durante 5 h para sedimentar

- Desprezar 44 mL do sobrenadante

- Ajustar o pH (pH 2,0)

- Aliquotar

Lower TRIS pH 8,8 para PAGE
- 36,34 g de TRIS (1,5 M)
- Agua bidestilada g.s.p. 200 mL

SDS 10%

- 5 g dodecil sulfato de sodio — Lauril sulfato de sédio — SDS (C12H2sNa0,S)

- 4gua bidestilada g.s.p. 50 Ml

Solugéo Acrilamida / Bisacrilamida
- 1,3 g de bisacrilamida
- 50 g de acrilamida

- Agua bidestilada g.s.p 100 mL

Solugéo conservadora para PAGE
- 15 mL de alcool etilico P.A.
- Agua bidestilada g.s.p. 300 mL

Solucéo de prata para PAGE
- 0,55 g de nitrato de prata
- Agua bidestilada g.s.p. 300 mL

Solucéo fixadora para PAGE
- 30 mL de alcool etilico absoluto

- 1,5 mL de acido acético
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- Agua bidestilada g.s.p. 300 mL

Solucéo L6

- 120 g de isotiocianato de guanidina (GUSCN)
- 100 mL de TRIS-HCI 0,1 M pH 6,4

-22mL de EDTA 0,2 M pH 8,0

- 2,6 g de Triton x-100

Solucéo L2
- 120 g de isotiocianato de guanidina (GUSCN)
- 100 mL de TRIS-HCI 0,1 M pH 6,4

Solugéo reveladora para PAGE
- 9 g de hidroxido de sodio

- 2,5 mL de formaldeido

- 0,06 g de borohidreto de sodio

- Agua bidestilada g.s.p. 300 mL

Solucéo stop da coloracéo para PAGE

- 15 mL de 4cido acético P.A.

- Agua bidestilada g.s.p. 300 mL

Tampao de amostra para eletroforese em gel de agarose

- 0,25 g de azul de bromofenol 0,25%
- 45 g de sacarose — sucrose (C12H2,011) 45%

- 4gua bidestilada ¢.s.p.100 mL

Tampéao de amostra para eletroforese em gel de poliacrilamida (PAGE)

- 0,2 mL de azul de bromofenol 0,25%
-6 mL de SDS 10%

- 1 mL de 2-mercaptoetanol

-2,5mL de TRIS-HCI 0,5 M
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e Tampao de corrida— TBE (Tris — Acido borico — EDTA) 10x
- 107,78 g de TRIS 0,89 M
- 55,03 g de acido borico 0,89 M
-7,459gde EDTA 0,02 M
- 4gua bidestilada g.s.p. 1 litro
- ajustar o pH (pH 8,4)

e Tampéo de corrida para PAGE
-3gdeTRIS0,24 M
- 14,4 g de &cido amino acético (glicina) NH,CH,COOH 0,19 M
- 4gua bidestilada g.s.p. 1 litro

e Tampdo de estabilizacio para o rotavirus (TRIS/Ca*™) 10 x — pH 7,2
-12,12 g de TRIS 0,89 M
- 2,2 g de de cloreto de célcio 1,5 mM
- 4gua bidestilada g.s.p. 1 litro

e Tampado Fosfato Salina — PBS
- 137 mM Cloreto de sodio (NaCl)
- 3 mM Cloreto de potasso (KCI)
- 8 mM Fosfato de sddio dibasico anidro (Na,HPO,)
- 15 mM Fosfato de potassio monobaésico anidro (KH,PQO,)

- Agua ultrapura autoclavada g.s.p. 500 mL

e Upper TRIS pH 6,8 para PAGE
-12,12 g de TRIS (0,5 M)
- Agua bidestilada g.s.p 200 mL
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ANEXO C: Protocolo de Técnicas

e Extracéo do &cido nucléico pela associacdo das técnicas fenol/cloroférmio/alcool
isoamilico e silica/isotiocianato de guanidina

1. Suspenséo fecal — extracéo bruta

- 100 uL ou 100 mg de fezes

- 500 puL de PBS

- Vortexar

- Centrifugar a 5000 x g / 3 min

- Utilizar 400 pL do sobrenadante para extragao
2. Extracdo do acido nucléico

Fase | — Fenol

- 400 pL da suspenséo fecal

- Adicionar 40 uL de SDS 10%

- Homogeneizar em vortex

- Banho-maria 56 °C /20 min

- Centrifugar 10.000 x g /30 s

- Adicionar 400 pL de fenol/cloroférmio-alcool isoamilico (25:24:1)
- Homogeneizar em vortex

- Banho-maria 56 °C /15 min

- Homogeneizar manualmente por 15 s
- Centrifugar 10.000 x g /10 min

- Recolher o sobrenadante em outro microtubo

Fase Il — Silica / isotiocianato de quanidina

- Adicionar 500 pL da solucéo L6

- Adicionar 25 uL de silica hidratada

- Homogeneizar em vortex

- Agitar em temperatura ambiente /30 min
- Centrifugar 10.000 x g /30 s

- Desprezar o sobrenadante em solucao contendo NaOH 10 M
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- Adicionar 500 pL de solucédo L2

- Homogeneizar em vortex

- Centrifugar 10.000 x g /30 s

- Desprezar o sobrenadante em solucdo contendo NaOH 10 M
- Adicionar 500 pL de solucéo L2

- Homogeneizar em vortex

- Centrifugar 10.000 x g /30 s

- Desprezar o sobrenadante em solucdo contendo NaOH 10 M
- Adicionar 1000 pL de etanol 70% gelado

- Homogeneizar em vortex

- Centrifugar 10.000 x g /30 s

- Desprezar sobrenadante em descarte comum

- Adicionar 1000 pL de etanol 70% gelado

- Homogeneizar em vortex

- Centrifugar 10.000 x g /30 s

- Desprezar sobrenadante em descarte comum

- Adicionar 1000 uL de acetona P.A. gelada

- Homogeneizar em vortex

- Centrifugar 10.000 x g /30 s

- Desprezar sobrenadante

- Secar o pellet em termo bloco a 60 °C (aproximadamente 2 min) ou banho-maria a 56 °C
(15 min)

- Adicionar 50 uL de 4&gua DEPC

- Homogeneizar em vortex

- Banho-maria 56 °C/15 min

- Homogeneizar em vortex

- Centrifugar 13.000 x g /4 min

- Recolher o sobrenadante em microtubo de 500 uL

- Estocar a -20 °C até a utilizacéo

e Transcrigdo reversa (RT)
Genes VP6, VP4, VP7, NSP4 RVH e VP7 RVB




Desnaturacéo (97°C /5 min)
Reagentes Volume (uL)
Primer foward (20 pmol) 1
Primer reverse (20 pmol) 1
Agua ultrapura 5
RNA )
Volume final 12

Transcricdo reversa (42°C / 30 min; 95°C / 5 min)
Reagentes Volume (uL)
Buffer 5X 4

DTT 2

dNTP 1
SuperScript™ II (200 U/uL) 0,5
Agua 0,5
Produto da desnaturacéo 8
Volume final 20

e Reacdo em cadeia pela polimerase (PCR)

Genes VPG, VP4, VP7, NSP4 RVH e VP7 RVB

Reagentes Volume (uL)
Buffer 10 x (pH 8,4) 5
MgCl, 15
dNTP (2,5 mM) 2
Platinum®Taq DNA Polymerase (5U/uL) 0,5
Primer foward (20 pmol) 1
Primer reverse (20 pmol) 1
Agua ultrapura 34
cDNA 5
VVolume final 50




- Ciclos de tempo e temperatura da PCR

Reacao Temperatura (°C) Tempo (min) N° de Ciclos
Desnaturacéo 94 3 1
Desnaturacéo 94 1 35
Anelamento 48 1 35
Extensao 72 1 35
Extenséo final 72 10 1

- Tamanho esperado dos produtos amplificados

Agente Gene Tamanho em pb
VP6/RVN -1 590
VP6/RVN -2 716

VP7 /RVN 817

RVH VP4/RVN-1 961
VP4 /RVN -2 914

VP4 /RVN - 3 813

NSP4 / RVN 720

RVB VP7 778

Eletroforese em gel de agarose a 2%

- 1,0 g de agarose

- 50 mL TEB buffer (Tris 89 mM; acido boérico 89 mM; EDTA 2mM) pH 8,4

- 20 uL de brometo de etideo (0,5 png/mL)

Sé&o utilizados 5 pL do amplicon e 1 uL do tampdo de amostra. A eletroforese sob

voltagem (100V) e amperagem (80A) constantes por aproximadamente 45 min.

Purificacdo de produto de PCR excisado do gel

1. Pesar o fragmento excisado do gel em microtubo de 1,5 mL.
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2. Adicionar 3 volumes do tampéo de solubilizacdo em gel (L3) para cada 1 volume de
gel.

3. Incubar o tubo a 50 °C / 15 min, homogeneizando a cada 3 min.

4. Transferir o gel dissolvido com o amplificado de interesse para um tubo coletor com

coluna.

Centrifugar a 13.000 x g / 1 min.

Descartar o filtrado e recolocar a coluna no mesmo tubo.

Adicionar 500 uL do Wash buffer 1 (W1) na coluna com tubo coletor.

Centrifugar a 13.000 x g / 1 min.

© © N o o

Descartar o filtrado e recolocar a coluna no mesmo tubo.

10. Centrifugar o tubo novamente a velocidade méxima por 3 min.

11. Descartar o tubo coletor e transferir a coluna para um microtubo de 1,5 mL.
12. Adicionar 30 uL do Elution buffer 1 (E1) no centro da coluna.

13. Incubar a temperatura ambiente por 1 min.

14. Centrifugar a 13.000 x g / 1 min.

15. Estocar o fragmento de DNA purificado a -20°C.

Quantificacdo de produto de PCR

(Certificar-se de que todos os reagentes estdo em temperatura ambiente)

1 Preparar a solucdo Quant-iT™ Working Solution diluindo o reagente Quant-iT™ em
Buffer Quant-iT™ 1:200. Sd0 necessarios 200 uL desta solugdo por amostra e para 0s
padrdes 0 e 100.

2 Homogeneizar em vortex.

3 No microtubo das amostras adicionar 198 uL da solucdo Quant-iT™

Working Solution
a 2 pL do fragmento de DNA purificado.

4, No microtubo do padréo 0 adicionar 190 uL da soluc&o Quant-iT™ Working Solution a
10 pL do padréo 0.

5 No microtubo do padrdo 100 adicionar 190 pL da solugdo Quant-iT ™ Working
Solution a 10 pL do padrao 100.

6. Homogeneizar os microtubos em vortex por 2-3 s

7. Incubar os microtubos em temperatura ambiente por 2 min

8 Realizar a leitura usando Qubit™ fluorometer (Invitrogen™ Life Technologies, EUA)

9. Multiplicar pelo fator de dilui¢do para determinar a concentracdo correta da amostra
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e Sequenciamento pelo método Sanger

Preparo de amostras para 0 sequenciamento

As amostras e os primers devem estar na concentragdo demonstrada na tabela abaixo:

Tamanho do fragmento Concentracdo da amostra  Concentracao do primer
(pares de base) (ng/pL ou pg/mL) (pmol/uL ou pM)
<300 2 5
300 — 700 4 5
>700 10 10

Mix do sequenciamento

Reagente” Volume
BigDye Terminator v3.1 2,0 uL
Tampdo 5x 1,5puL
Agua ultrapura autoclavada 0,5 uL
Volume final 4,0 L

“BigDye Terminator v3.1 Cycle Sequencing Kit

O volume final de mix do sequenciamento ¢ adicionado a 5 uL de amostra purificada + 1 pL
de primer.

Ciclos de tempo e temperatura da reacdo de sequenciamento”

Reacéo Temperatura (°C) Tempo N° de ciclos
Desnaturacao inicial 96 1 min 1
Desnaturacéo 96 15 seg 35
Anelamento 50 15 seg 35
Extenséo 60 4 min 35

Programa recomendado pela Applied Biosystems.



https://www.thermofisher.com/order/catalog/product/4337455

Precipitacdo com EDTA e Etanol

- Adicionar os 10 pL da reacéo de sequenciamento em um poco de uma placa MicroAmp®
Optical 96-Well Reaction (0,2 mL) (Applied Biosystems).

- Adicionar 2,5 pL de EDTA (acido etilenodiamino tetra-acético) 125 mM pH 8,0.
- Adicionar 30 pL de etanol 100%.

- Homogeneizar lentamente a placa.

- Incubar a placa por 10 minutos em temperatura ambiente.

- Centrifugar a 2720 x g durante 30 min a 20 °C.

- Desprezar o contetdo da placa.

- Centrifugar a 2720 x g durante 1 min a 20 °C com a placa invertida sobre papel.
- Adicionar 100 pL de etanol 70%.

- Centrifugar a 2720 x g durante 1 min a 20 °C.

- Desprezar o contetido da placa.

- Centrifugar a 2720 x g durante 1 min a 20 °C com a placa invertida sobre papel.
- Cobrir a placa com papel e deixar em temperatura ambiente por 10 min.

- Adicionar 10 pL de formamida (HIDI).

- Adicionar a septa.

- Homogeneizar a placa em vortex.

- Submeter & placa a um spin no miniplate spinner.

- Colocar a placa em termociclador (tampa aberta) por 95 °C por 5 min.

- Colocar a placa em cooler ou banho de gelo por 1 min.

- Apos a precipitacdo com EDTA e etanol, a placa ¢ inserida no sequenciador (ABI 3500

Genetic Analyzer - Applied Biosystems) para realizar a eletroforese capilar.
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ANEXO D: Lista de Softwares

e Electropherogram quality analysis - Phred e CAP3

(http://asparagin.cenargen.embrapa.br/phph/)

e BLAST The Basic Local Alignment Search Tool

(http://blast.nchbi.nlm.nih.gov/Blast.cqi)

e MEGA package software version 6

(http://lwww.megasoftware.net/mega4/meqga4l.html)

e BioEdit software version 7.1.11

(http://www.mbio.ncsu.edu/bioedit/bioedit.html)



http://asparagin.cenargen.embrapa.br/phph/
http://blast.ncbi.nlm.nih.gov/Blast.cgi
http://www.megasoftware.net/mega4/mega41.html
http://www.mbio.ncsu.edu/bioedit/bioedit.html

