o 00 A WD

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26

JGV Papers in Press. Published July 27, 2011 as doi:10.1099/vir.0.032649-0

Discovery of an orthoreovirus in the aborted fetus of a Steller sea lion (Eumetopias
jubatus)

Gustavo Palacios™, James F.X. Wellehan Jr.?, Stephen Raverty” Ana V. Bussetti',
Jeffrey Hui', Nazir Saviji*, Hendrik H. Nollens?, Dyanna Lambourn?, Christopher Celone®,

Stephen Hutchison®, Charles H. Calisher®, Ole Nielsen’, W. lan Lipkin®

1Center for Infection and Immunity, Mailman School of Public Health, Columbia
University, New York, New York, USA

“Marine Animal Disease Laboratory, College of Veterinary Medicine, University of
Florida, Gainesville, Florida, USA

3Animal Health Center, Abbotsford Agriculture Centre, Provincial Government of British
Columbia, Abbotsford, British Columbia, Canada

*Marine Mammal Investigations, Washington Department of Fish and Wildlife,
Washington, USA

® 454 Life Sciences, Branford, Connecticut, USA

® Arthropod-borne and Infectious Diseases Laboratory, Department of Microbiology,
Immunology and Pathology, College of Veterinary Medicine and Biomedical Sciences,
Colorado State University, Fort Collins, Colorado, USA

'Department of Fisheries and Oceans Canada, Winnipeg, Manitoba, Canada

Running Title: Orthoreovirus in Stellar sea lion
Number of figures: 6

Number of Supplementary Figures: 11
Number of tables: O

Word count: 3267 words

Abstract word count: 105 words



27
28
29
30
31
32
33
34
35
36
37
38
39

Corresponding Authors:

*Gustavo Palacios, PhD

Center for Infection and Immunity

Mailman School of Public Health, Columbia University

722 West 168th Street, Room 1709, New York, New York 10032

Voice: (212) 342-9034; Fax: (212) 342-9044

*Stephen Raverty, DVM
Animal Health Center

1767 Angus Campbell Road
Abbotsford, BC

Canada, V6M1A2

Voice: (604) 556-3003; Fax: (604) 556-3010



40
4
42

43

45
46
47
48
49
50

Abstract

An aborted mid-gestational male Steller sea lion fetus with an attached placenta
was recovered on the floor of an open floating capture trap located off Norris Rock near
Denman Island, British Columbia. Viral culture of the placenta demonstrated cytopathic
effect. Although no specific signal was obtained in microarray experiments using RNA
obtained from viral culture, elution and sequence analysis revealed the presence of a
reovirus. Complete genome pyrosequencing led to the identification of an orthoreovirus
that we have tentatively named Steller sea lion reovirus (SSRV). Phylogenetic analysis
revealed similarity between SSRV and orthoreoviruses of birds, bats and other

mammals that suggests potential for interspecies transmission.
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Introduction

Steller sea lions (Eumetopias jubatus) are large otariid pinnipeds found in the
northern Pacific. The genetically distinct eastern North American population of Steller
sea lions is comprised of animals born on rookeries from central California to northern
Southeast Alaska and is listed as a threatened species (Pitcher et al., 2007)

Systematic studies of neonatal mortality of pinnipeds have focused on antarctic
fur seals (Arctocephalus gazella), northern fur seals (Callorhinus ursinus), and harbor
seals (Phoca vitulina) (Baker & Doidge, 1984; Keyes, 1965; Steiger et al., 1989).
Reovirus-like particles were observed in one sample from Smith Island in Puget Sound,
Washington, from a harbor seal pup that was emaciated even though its stomach
contained fresh milk (Steiger et al., 1989). These particles were 80 nm in diameter and
appeared identical to others observed in tissues of California sea lions (Zalophus
californianus), Steller sea lions and northern fur seals in the northern Pacific (Steiger et
al., 1989).

The virus family Reoviridae includes 15 recognized genera of viruses (Mertens et
al., 2005), including the recently described Mimoreovirus and Cardoreovirus, and
Dinovernavirus, the genomes of which comprise 9-12 linear segments of dsRNA (Attoui
et al., 2006; Attoui et al., 2005; Day, 2009; Mohd Jaafar et al., 2008). Reoviruses have
been found in many organisms, including vertebrates, arthropods, protists, fungi and
plants. Those that infect aquatic organisms include members of the genera Aquareovirus
and Mimoreovirus, which have 11 segments, and Cardoreovirus, which have 12
segments. The International Committee on Virus Taxonomy (ICTV) recognizes five
species in the genus Orthoreovirus (Chappell et al., 2005). One species (Mammalian
orthoreovirus) includes all the nonfusogenic mammalian orthoreoviruses; all other
species induce syncytium formation. A second species comprises the avian reoviruses

(ARV), including those from chicken, Muscovy duck, turkey and goose. The third species
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is represented by Nelson Bay virus (NBV), an atypical syncytium-inducing mammalian
reovirus, isolated from a grey-headed flying fox (Pteropus poliocephalus). Recently,
viruses related to NBV were obtained from bats (Pulau virus, (Pritchard et al., 2006)) and
humans (Melaka virus, (Chua et al., 2007); Kampar virus,(Chua et al., 2008); and
HK23629/07, (Cheng et al., 2009)). Phylogenetic analyses of the few available genome
segments demonstrated that although NBV were more closely related to ARV isolates
than to other mammalian or reptilian orthoreoviruses, they represent a distinct species.
The main arguments were: (1) the extent of sequence divergence in the sigma-class
core and major outer capsid protein; (2) the absence of evidence for reassortment
between the ARV and NBYV isolates; and, (3) the classical notion that viruses in each
orthoreovirus species correspond to a specific or related host type. The two remaining
species of the genus are baboon orthoreovirus and reptilian reoviruses (Chappell et al.,
2005).

Here we report the isolation and characterization of an orthoreovirus recovered
from the aborted fetus and associated placenta of a Steller sea lion at Norris Rock near
Denman Island, British Columbia. Surprisingly, characterization of the full genome of this

virus identified it as a member of a clade that includes ARV and NBV.



95

96

97

98

99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119

RESULTS
Pathologic studies

The fetus was a mid-gestation male, in good body and post mortem condition
(code 2) with a total length of 50 cm, axillary girth of 29 cm with a mid-sternal blubber
thickness of 0.4 cm. A moderate amount of meconium was interspersed within the
chorioallantoic villi of the placenta and, microscopically, there was a necrosuppurative
placentitis. There was extensive hemorrhage with variable edema throughout the fetal
mediastinum, lung, hypodermis, heart, and nasal turbinates with mild, nonsuppurative
inflammation of the heart, adrenal gland, and lungs. The hemorrhage was attributed to
agonal or terminal trauma, presumably during or shortly after parturition. Moderate
hemosiderosis with florid extramedullary hematopoiesis was noted throughout the liver.
There were no apparent lesions within sections of the esophagus, larynx, trachea,
peripheral nerve, rib, peripheral vasculature, large blood vessel, urinary bladder, tongue,
umbilicus, salivary gland, urethra, small intestine, colon, bone, bone marrow, trachea,
pancreas, peripheral ganglia, lymph node, thymus, testes, epididymis, kidney, adipose
tissue, brain, spleen or thyroid gland.

Aerobic culture yielded mixed alpha hemolytic streptococci and actinobacilli from
the lung, small intestine, and placenta with scant to light growth of alpha haemolytic
streptococci from the liver, brain, kidney and stomach contents. No bacteria were
recovered from the spleen or gastric mucosa. Enrichment cultures of the small intestine
did not yield Salmonellae or Brucellae. Based on the nature of the microbial isolates,
lack of attendant inflammatory infiltrate, and multiple percutaneous lacerations, the
bacteria that were found were not considered pathologically significant. PCR analysis of
pooled lung, spleen, lymph node, and brain did not detect influenza virus, Toxoplasma

gondii, Brucellae, phocid distemper virus, or canine distemper virus. Leptospirae
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sequences were detected by PCR in extracts of lung, spleen, lymph node and brain but

not placenta.

Virus isolation

Syncytial formation and rounding of individual cells were noted in both Vero and
Vero.DogSLAMtag flasks inoculated with clarified tissue homogenates 3-5 days after
inoculation (Figure 1). Infected cell sheets rapidly deteriorated thereafter, with CPE
detected in flasks from both cell lines from all the tissues sampled. Supernatant fluid
from infected cells was aliquoted and stored at -80°C for further testing. Typical sized

reovirus particles were observed by EM (Supplementary Figure 1).

Molecular characterization

PCR ampilification of the infected cell extract using the degenerate reovirus
primer pair resulted in a 549 bp product, after editing out the primer sequences. BLASTN
results showed the highest score with an ARV (strain 176, GenBank accession #
EU707936.1: 73% nucleotide identity).

Pyrosequencing libraries yielded approximately 60,233 reads. In concert these
reads represented approximately 9.2 kilobases (kb) of sequence distributed along the
reovirus genome scaffolds when aligned to the GenBank database

(http://www.ncbi.nlm.nih.gov/Genbank) using the Basic Local Alignment Search Tool

(BLASTN/BLASTX; (Altschul et al., 1990)). The sequences comprised singleton and
assembled contiguous fragments, representing approximately 39% of reoviral sequence.
Gaps between fragments and the termini of gene segments were completed by PCR,
cloning, and sequencing. The genomic sequence was verified by classical

dideoxynucleotide sequencing using primers designed using the draft sequence.
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Consistent with the genome organization characteristic for members of the genus
Orthoreovirus, the genome of SSRV comprises 10 RNA segments (GenBank Accession
numbers HM222971-HM222980).

Phylogenetic analysis of the polymerase in the context of representative
members of the Reoviridae family (Figure 2) and analysis of all other segments in the
context of representative members of the Aquareovirus and Orthoreovirus genera
(Figure 3, 4, 5 and Supplementary Figures 2, 3, 4 and 5) indicated that SSRV showed
consistent association with other ARV and with NBV. Interestingly, SSRV is most similar
to an orthoreovirus detected in a captive psittacine bird in Germany (eastern rosella,
Platycercus eximius, GenBank accession # EU252582 (S1), EU189200 (S2), EU189201
(S3), and EU189202 (S4)).

The genomic organizations of orthoreoviruses are disparate. Although
homologues of the AA, AB, AC, uA, uB, uNS, 6B and 6NS sequences of SSRV are found
in other orthoreoviruses, segments S1 and S2 differ (Supplementary Figure 6 to 11).
Some orthoreoviruses have polycistronic segments in either S1 or S2. Members of the
NBV, most ARV, and SSRV showed identical genomic organization in the S1 segment
with 3 ORFs called 6C, p10, and p17. The known exception is Muscovy duck ARV,
which contains only one ORF, ¢C (25). In contrast, mammalian orthoreovirus presents
two overlapping ORFs in S1 (called o1 and ¢1s); and reptilian orthoreovirus (RRV) and
baboon orthoreovirus (BRV) two in the analog segment 4 (called p14 and oC in RRV;
pl6 and pl5 for BRV).

Reovirus fusion-associated small transmembrane (FAST) proteins are
nonstructural, single-pass membrane proteins that induce cell-cell fusion and syncytium
formation (Shmulevitz & Duncan, 2000). With exception of the mammalian

orthoreoviruses, all orthoreoviruses have a FAST protein (Clancy & Duncan, 2009).
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There is evidence that FAST proteins are virulence factors (Brown et al., 2009). The
predicted structure of the SSRV p10 ORF is similar to FAST proteins of other reoviruses

(Figure 6).
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DISCUSSION

To our knowledge, this is the first characterization of an orthoreovirus in marine
mammals. SSRV was isolated from all tissues submitted for isolation, indicating a
pancytotropic infection within the developing fetus. Reovirus-like particles have
previously been seen in pinnipeds by electron microscopy but were not further
characterized (Steiger et al, 1989); a reovirus in the genus Rotavirus has been identified
in Galapagos sea lions (Zalophus wollebaeki) (Coria-Galindo et al., 2009).

Reoviruses have been demonstrated to cause abortion in mice (Hassan &
Cochran, 1969) hamsters (Kilham & Margolis, 1974), rats (Priscott, 1983) and swine
(Kirkbride & McAdaragh, 1978). Although this precedent suggests plausibility, and we
recovered SSRV from multiple tissues, we have not proven a causal relationship
between SSRYV infection and abortion. Leptospira sp. was detected by PCR in pooled
lung, spleen, lymph node and brain but not in placenta. Although the site of isolation
seems not related with the abortion, L. interrogans has been associated with
reproductive failure in California sea lions (Smith et al., 1974). Lesions seen in an
aborted California sea lion fetus with L. interrogans included a friable liver, subcapsular
hemorrhage of the liver and both kidneys, and unclotted blood in the peritoneal cavity
(Gilmartin et al., 1976). L. interrogans is not prevalent in Steller sea lions (Burek et al.,
2005), although significant diversity exists amongst L. interrogans serotypes (He et al.,
2007). Given that our findings only relate to one case, the prevalence of SSRV and role
as a potential cause of fetal loss and abortion in Steller sea lions and more broadly,
marine mammals needs to be further explored.

Virus isolation attempts from animals presenting unusual clinical signs remains a
powerful tool for the discovery of new and possibly emerging viruses of importance to

both human and animal health. Cell culture propagated virus isolates also provide
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abundant genetic material, thereby facilitating the identification and subsequent
phylogenic relationship to other virus family members.

Our findings may impact the view of host/virus relationships of viruses in the
family Reoviridae. It has previously been suggested that aquareoviruses and
orthoreoviruses and their respective hosts have co-speciated (Attoui et al., 2002), which
implies significant host fidelity. ARV and NBV have already been shown to form a clade
(Duncan, 1999; Wellehan et al., 2009). SSRV appears to be an additional member of
this clade, and represents the first complete genome available in this clade. Partial
genomic information (the 4 small segments) indicates that a reovirus isolated from a
psittacine bird in Germany (de Kloet, 2008) is very closely related to SSRV.

Viruses within the Reoviridae have been found to cause disease in hosts from
diverse taxa, illustrating their ability to replicate in cells of diverse hosts (Attoui et al.,
2006; Wellehan et al., 2009). The ability of SSRV to grow efficiently in cells from African
green monkey (Cercopithecus aethiops) origin, albeit in an in vitro setting, also
underscores its potential broad host range. One recent study scored the viruses
infecting mammals for biological properties that were considered advantageous to host
switching, and found that Reoviridae scored highest (Pulliam, 2008). The finding of
closely related reoviruses in sea lions, bats, and psittacine birds implies host switching
and lack of host fidelity.

According to the ICTV, conclusive species classification requires the direct
demonstration [or lack] of exchange of genetic material via reassortment of genome
segments (Chappell et al., 2005). Reassortment between avian orthoreoviruses has
been demonstrated (Liu et al., 2003), and further experiments are indicated to look for
genetic exchange between SSRV, ARV, and NBV. However, this criterion for species

delineation may need to be reconsidered; evidence for genetic exchange between two

11
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distinct reoviral genera, Aquareovirus and Coltivirus, has recently been published (Mohd
Jaafar et al., 2008).

Reassortment and reclassification pose challenges to viral classification; different
regions of viral genomes may not share common lineages. The advent of high
throughput sequencing technologies has facilitated full genome sequencing. Where
feasible, complete genome information should be obtained to allow analysis of the
evolution and relationships of all regions, providing greater understanding of virus

ecology and behavior.

12
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MATERIALS AND METHODS
Tissue sampling

As part of a study on foraging behavior, Steller sea lions were being captured
using a floating trap anchored off Norris Rock, near Denman Island British Columbia
(49°48'N 124°64'W). On January 25, 2005, a dead, freshly aborted mid-gestational male
Steller sea lion fetus with an attached placenta was found on the floor of the capture trap
prior to a capture event. An adult Steller sea lion assumed to be the mother of the
aborted fetus was subsequently captured and restrained for handling and processing.
Following being trapped the adult female attempted to eat or attack the dead fetus prior
to its removal from the trap at which time the fetal abdomen and head were punctured
and the placenta detached from the fetus. The aborted fetus and placenta were
removed from the trap and examined.

A full necropsy of the fetus was conducted in the field and portions of placenta
and of each major organ were preserved in 10% neutral buffered formalin for
histopathology examination. Representative samples of placenta, brain, lung, liver,
kidney, spleen, gastric mucosa and small intestine were cultured for aerobic bacteria.
Tissue homogenate of pooled brain, lung, spleen and lymph node were processed for
Toxoplasma gondii, generic Brucella spp., Leptospira sp., phocid distemper virus, and
canine distemper virus by polymerase chain reaction (PCR), and for virus isolation.
Additional samples of lung, spleen and mesenteric lymph node were also available for

virus isolation.

Cells and virus isolation
Tissues were homogenized in a MiniMix bag system homogenizer (Interscience,
Topac, Hingham, Massachusetts, USA) to give a 10% w/v suspension in Hanks

Balanced Salt Solution (HBSS) containing antibiotics (penicillin 200 International

13
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Units/ml, streptomycin 200 pg/ml and gentamicin 50 pg/ml). Suspensions were
centrifuged at low speed (2060g or 700 rcf) for 15 min to remove cell debris. Inocula
consisted of 250 pl of each cell free suspension added onto drained, 80% confluent
cultures of African green monkey kidney cells Vero C1008 (American Type Culture
Collection, Manassas, Virginia, USA) and Vero.DogSLAMtag cells (Vero cells stably
expressing canine SLAM; donated by Dr. Yasuke Yanagi, Kyushu University, Fukuoka,
Japan), all grown in 25 cm? flasks (Corning Inc., Corning, New York, USA). Adsorption
was allowed to continue for one hour at 37°C before the medium was removed and 5 ml
of fresh media (Dulbecco’s Modified Eagle’'s Medium/Ham’s F-12, DMEM/F-12,
respectively; with antibiotics and 2% Cosmic calf serum (HyClone Inc., Logan, Utah,
USA)) was added to each flask. Flasks were incubated at 37°C and observed daily for

signs of cytopathic effects (CPE). Flasks were subcultured at a ratio of 1:2 every week.

Molecular virus characterization

Using an RNeasy Tissue Kit (Qiagen, Valencia, California), RNA was extracted
from vero cells displaying CPE. The extracted RNA was analysed using GreeneChip
Vrl.5 (Palacios et al., 2007; Quan et al., 2007). Probe intensities were background
corrected, log,-transformed, Z-score converted, and their corresponding p-values
calculated. Positive hybridization events were selected as those spots with log,-
fluorescence values greater than two standard deviations above the mean signal.
Candidate viruses (defined by their TaxID identifier (Genbank, NCBI)) were ranked by
combining the p-values for the positive probes within that TaxID using the QFAST
method of Bailey and Gribskov (Bailey & Gribskov, 1998).

Microarray analysis using GreeneLAMP yielded no statistically significant viral
signal. Nonetheless, nucleic acid bound to the array was eluted with the intent of

enriching for cryptic hybridized viral sequences. One hundred pL of water at 90°C were

14
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added to the array and mixed 10 times. Eluate was recovered and re-amplified by PCR.
The library of DNA obtained was cloned into a plasmid vector (TOPO TA, Invitrogen,
Carlsbad, California). After transformation into Escherichia coli, colonies were screened
by sequencing, revealing the presence of reovirus nucleic acid. This finding was
subsequently confirmed by RT-PCR of tissue culture extracts using consensus primers
for orthoreoviruses and aquareoviruses (Wellehan et al., 2009). The protocol was
modified to use the primer 1607F as a forward primer and 2200R as a reverse primer in

the second round (Landolfi et al., 2010), thus yielding a 549bp product.

Viral genome sequencing and analysis of Open Reading Frames (ORFs)

RNA extracts from virus supernatant were amplified and prepared for unbiased
high-throughput pyrosequencing. Total RNA extracts were treated with DNase | (DNA-
free, Ambion, Austin, Texas) and cDNA generated by using the Superscript Il system
(Invitrogen) for reverse transcription primed by random octamers that were linked to an
defined 17-mer primer sequence (Palacios et al., 2007). The resulting cDNA was treated
with ribonuclease H and then randomly amplified by PCR (Palacios et al., 2008).
Products of >70 base pairs (bp) were selected by column purification (MinElute, Qiagen,
Hilden, Germany) and ligated to specific linkers for sequencing using the 454 Genome
Sequencer FLX (454 Life Sciences, Branford, Connecticut, USA) without fragmentation
of the cDNA (Cox-Foster et al., 2007; Margulies et al., 2005; Palacios et al., 2008).
Removal of primer sequences, redundancy filtering, and sequence assembly were
performed with software programs accessible through the analysis applications at the
GreenePortal website.

Sequence gaps between the aligned fragments were filled by specific PCR
amplification with primers designed using the data from pyrosequencing. Terminal

sequences were generated by ligation (Potgieter et al., 2009). Sequence was verified by
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classical dideoxynucleotide sequencing, using primers designed based on the draft

sequence.

Phylogenetic analysis

The initial sequences were compared to those in GenBank (National Center for
Biotechnology Information, Bethesda, Maryland), EMBL (Cambridge, England), and
Data Bank of Japan (Mishima, Shizuoka, Japan) databases using BLASTN (Altschul et
al., 1990).

A set of sequences of viruses of the family Reoviridae was used to assess the
phylogenetic history of the Steller sea lion reovirus (SSRV). Polymerase amino acid
sequences of reoviruses were aligned using the programs PROMALS3D (Pei et al.,
2008) and 3DCoffee (O'Sullivan et al., 2004) with the purpose of obtaining an alignment
that not only considered primary sequence data but also the secondary structure of the
protein. To evaluate the robustness of the approach, the ability to find and align motifs
previously identified as conserved amongst Reoviridae was used as a marker.
Phylogenetic analysis was performed using p-distance as model of aminoacid
substitution as accepted by ICTV for analysis of the Reoviridae family (Attoui et al.,
2006; Mertens et al., 2005). MEGA (Kumar et al., 2004) was used to produce
phylogenetic trees, reconstructed through the Neighbor Joining (NJ) method (Saitou &
Nei, 1987). The statistical significance of a particular tree topology was evaluated by
bootstrap re-sampling of the sequences 1000 times. Identical results were obtained by
Bayesian phylogenetic analyses using the BEAST, BEAUti and Tracer analysis software
packages (Drummond & Rambaut, 2007) (data not shown). All other orthoreovirus and
aguareovirus segment sequences were aligned using a similar approach. The
evolutionary distances were computed using the Poisson correction method and are in

the units of number of amino acid substitutions per site. All positions containing
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alignment gaps and missing data were eliminated only in pairwise sequence

comparisons.

Sequence analysis

Programs of the Geneious package (Biomatters, Auckland, New Zealand) were
used for sequence assembly and analysis; p-distances were calculated using MEGAS.
Topology and targeting predictions were generated by employing SignalP, NetNGlyc,

TMHMM (http://www.cbs.dtu.dk/services), the web-based version of TopPred2

(http://bioweb.pasteur.fr/seganal/interfaces/toppred.html), and Phobius

(http://phobius.cgb.ki.se/index.html) (Bendtsen et al., 2004; Claros & von Heijne, 1994;

Kall et al., 2004; Krogh et al., 2001).

17



350
351
352
353
354
355
356
357
358
359
360
361
362
363
364

Acknowledgements

Funding for the Steller sea lion foraging studies was provided through the North
Pacific Marine Mammal Research Consortium and Fisheries and Oceans-Canada. The
health assessment and foraging studies were being conducted as part of a collaborative
project between the Department of Fisheries and Oceans-Canada, the University of
British Columbia, and the Washington Department of Fish and Wildlife, Peter Olesiuk
with Fisheries and Oceans-Canada and Dr. Andrew Trites with the University of British
Columbia supported these research efforts. Dr. Yasuke Yanagi, Department of Virology,
Kyushu University, Fukuoka, Japan for provided the Vero.DogSLAMtag cell line. The
work at the University of Florida was funded by Office of Naval Research grants No.
N00014-06-1-0250 and N00014-09-1-0252 to H.N. The work at the Center for Infection
and Immunity was supported by the National Institutes of Health awards Al051292, U54
AI57158 (Northeast Biodefense Center - Lipkin), and NO1 Al30027, and by Google.org

and the United States Department of Defense.

18



365
366
367
368
369
370
371
372
373
374
375
376
377
378
379
380
381
382
383
384
385
386
387
388
389
390
391
392
393
394
395
396
397

References

Altschul, S. F., Gish, W., Miller, W., Myers, E. W. & Lipman, D. J. (1990). Basic local
alignment search tool. J Mol Biol 215, 403-410.

Attoui, H., Fang, Q., Mohd Jaafar, F., Cantaloube, J. F., Biagini, P., de Micco, P. &
de Lamballerie, X. (2002). Common evolutionary origin of aguareoviruses and
orthoreoviruses revealed by genome characterization of Golden shiner reovirus,
Grass carp reovirus, Striped bass reovirus and golden ide reovirus (genus
Aquareovirus, family Reoviridae). J Gen Virol 83, 1941-1951.

Attoui, H., Jaafar, F. M., Belhouchet, M., de Micco, P., de Lamballerie, X. &
Brussaard, C. P. (2006). Micromonas pusilla reovirus: a new member of the
family Reoviridae assigned to a novel proposed genus (Mimoreovirus). J Gen
Virol 87, 1375-1383.

Attoui, H., Mohd Jaafar, F., Belhouchet, M., Biagini, P., Cantaloube, J. F., de Micco,
P. & de Lamballerie, X. (2005). Expansion of family Reoviridae to include nine-
segmented dsRNA viruses: isolation and characterization of a new virus
designated Aedes pseudoscutellaris reovirus assigned to a proposed genus
(Dinovernavirus). Virology 343, 212-223.

Bailey, T. L. & Gribskov, M. (1998). Combining evidence using p-values: application to
sequence homology searches. Bioinformatics 14, 48-54.

Baker, J. R. & Doidge, D. W. (1984). Pathology of the antarctic fur seal (Arctocephalus
gazella) in south Georgia. Br Vet J 140, 210-219.

Benavente, J. & Martinez-Costas, J. (2007). Avian reovirus: structure and biology.
Virus Res 123, 105-119.

Bendtsen, J. D., Nielsen, H., von Heijne, G. & Brunak, S. (2004). Improved prediction
of signal peptides: SignalP 3.0. J Mol Biol 340, 783-795.

Bisaillon, M. & Lemay, G. (1999). Computational sequence analysis of mammalian
reovirus proteins. Virus Genes 18, 13-37.

Brown, C. W., Stephenson, K. B., Hanson, S., Kucharczyk, M., Duncan, R., Bell, J.
C. & Lichty, B. D. (2009). The p14 FAST protein of reptilian reovirus increases
vesicular stomatitis virus neuropathogenesis. J Virol 83, 552-561.

Burek, K. A., Gulland, F. M., Sheffield, G., Beckmen, K. B., Keyes, E., Spraker, T.
R., Smith, A. W., Skilling, D. E., Evermann, J. F., Stott, J. L., Saliki,J. T. &

Trites, A. W. (2005). Infectious disease and the decline of Steller sea lions

19



398
399
400
401
402
403
404
405
406
407
408
409
410
411
412
413
414
415
416
417
418
419
420
421
422
423
424
425
426
427
428
429
430
431

(Eumetopias jubatus) in Alaska, USA: insights from serologic data. J Wildl Dis
41, 512-524.

Chappell, J., Duncan, R., Mertens, P. & Dermody, T. (2005). Genus Orthoreovirus. In
Virus Taxonomy: Eight Report of the International Committee on Taxonomy of
Virus. Edited by C. M. Fauquet, M. A. Mayo, J. Maniloff, U. Desselberger & L. A.
Ball. London: Elsevier Academic Press.

Cheng, P., Lau, C. S, Lai, A, Ho, E., Leung, P., Chan, F., Wong, A. & Lim, W.
(2009). A novel reovirus isolated from a patient with acute respiratory disease. J
Clin Virol 45, 79-80.

Chua, K. B., Crameri, G., Hyatt, A., Yu, M., Tompang, M. R., Rosli, J., McEachern,
J., Crameri, S., Kumarasamy, V., Eaton, B. T. & Wang, L. F. (2007). A
previously unknown reovirus of bat origin is associated with an acute respiratory
disease in humans. Proc Natl Acad Sci U S A 104, 11424-11429.

Chua, K. B., Voon, K., Crameri, G., Tan, H. S., Rosli, J., McEachern, J. A., Suluraju,
S., Yu, M. & Wang, L. F. (2008). Identification and characterization of a new
orthoreovirus from patients with acute respiratory infections. PLoS One 3, e3803.

Clancy, E. K. & Duncan, R. (2009). Reovirus FAST protein transmembrane domains
function in a modular, primary sequence-independent manner to mediate cell-cell
membrane fusion. J Virol 83, 2941-2950.

Claros, M. G. & von Heijne, G. (1994). TopPred II: an improved software for membrane
protein structure predictions. Comput Appl Biosci 10, 685-686.

Coria-Galindo, E., Rangel-Huerta, E., Verdugo-Rodriguez, A., Brousset, D., Salazar,
S. & Padilla-Noriega, L. (2009). Rotavirus infections in Galapagos sea lions. J
Wildl Dis 45, 722-728.

Costas, C., Martinez-Costas, J., Bodelon, G. & Benavente, J. (2005). The second
open reading frame of the avian reovirus S1 gene encodes a transcription-
dependent and CRM1-independent nucleocytoplasmic shuttling protein. J Virol
79, 2141-2150.

Cox-Foster, D. L., Conlan, S., Holmes, E. C., Palacios, G., Evans, J. D., Moran, N.
A., Quan, P. L., Briese, T., Hornig, M., Geiser, D. M., Martinson, V.,
vanEngelsdorp, D., Kalkstein, A. L., Drysdale, A., Hui, J., Zhai, J., Cui, L.,
Hutchison, S. K., Simons, J. F., Egholm, M., Pettis, J. S. & Lipkin, W. I.
(2007). A metagenomic survey of microbes in honey bee colony collapse
disorder. Science 318, 283-287.

20



432 Day, J. M. (2009). The diversity of the orthoreoviruses: molecular taxonomy and

433 phylogentic divides. Infect Genet Evol 9, 390-400.

434  Day, J. M., Pantin-Jackwood, M. J. & Spackman, E. (2007). Sequence and

435 phylogenetic analysis of the S1 genome segment of turkey-origin reoviruses.
436 Virus Genes 35, 235-242.

437 de Kloet, S. R. (2008). Sequence analysis of four double-stranded RNA genomic

438 segments reveals an orthoreovirus with a unique genotype infecting

439 psittaciformes. Avian Dis 52, 480-486.

440 Drummond, A. J. & Rambaut, A. (2007). BEAST: Bayesian evolutionary analysis by
441 sampling trees. BMC Evol Biol 7, 214.

442  Duncan, R. (1999). Extensive sequence divergence and phylogenetic relationships
443 between the fusogenic and nonfusogenic orthoreoviruses: a species proposal.
444 Virology 260, 316-328.

445  Gilmartin, W. G., Delong, R. L., Smith, A. W., Sweeney, J. C., De Lappe, B. W.,
446 Risebrough, R. W., Griner, L. A., Dailey, M. D. & Peakall, D. B. (1976).

447 Premature parturition in the California sea lion. J Wildl Dis 12, 104-115.

448 Hassan, S. A. & Cochran, K. W. (1969). Effects of reovirus type 1 on the developing
449 mouse embryo. Am J Pathol 55, 147-161.

450 He, P., Sheng, Y. Y., Shi, Y. Z, Jiang, X. G, Qin, J. H., Zhang, Z. M., Zhao, G. P. &
451 Guo, X. K. (2007). Genetic diversity among major endemic strains of Leptospira
452 interrogans in China. BMC Genomics 8, 204.

453 Hsiao, J., Martinez-Costas, J., Benavente, J. & Vakharia, V. N. (2002). Cloning,
454 expression, and characterization of avian reovirus guanylyltransferase. Virology
455 296, 288-299.

456  Kall, L., Krogh, A. & Sonnhammer, E. L. (2004). A combined transmembrane topology
457 and signal peptide prediction method. J Mol Biol 338, 1027-1036.

458 Kapczynski, D. R., Sellers, H. S., Simmons, V. & Schultz-Cherry, S. (2002).

459 Sequence analysis of the S3 gene from a turkey reovirus. Virus Genes 25, 95-
460 100.

461 Keyes, M. C. (1965). Pathology of the northern fur seal. J Am Vet Med Assoc 147,
462 1090-1095.

463 Kilham, L. & Margolis, G. (1974). Congenital infections due to reovirus type 3 in
464 hamsters. Teratology 9, 51-63.

21



465
466
467
468
469
470
471
472
473
474
475
476
477
478
479
480
481
482
483
484
485
486
487
488
489
490
491
492
493
494
495
496
497
498

Kim, J., Tao, Y., Reinisch, K. M., Harrison, S. C. & Nibert, M. L. (2004). Orthoreovirus
and Aquareovirus core proteins: conserved enzymatic surfaces, but not protein-
protein interfaces. Virus Res 101, 15-28.

Kirkbride, C. A. & McAdaragh, J. P. (1978). Infectious agents associated with fetal and
early neonatal death and abortion in swine. J Am Vet Med Assoc 172, 480-483.

Krogh, A., Larsson, B., von Heijne, G. & Sonnhammer, E. L. (2001). Predicting
transmembrane protein topology with a hidden Markov model: application to
complete genomes. J Mol Biol 305, 567-580.

Kumar, S., Tamura, K. & Nei, M. (2004). MEGA3: Integrated software for Molecular
Evolutionary Genetics Analysis and sequence alignment. Brief Bioinform 5, 150-
163.

Landolfi, J. A, Terio, K. A., Kinsel, M. J., Langan, J., Zachariah, T. T., Childress, A.
L. & Wellehan, J. F., Jr. (2010). Orthoreovirus infection and concurrent
cryptosporidiosis in rough green snakes (Opheodrys aestivus): pathology and
identification of a novel orthoreovirus strain via polymerase chain reaction and
sequencing. J Vet Diagn Invest 22, 37-43.

Le Gall-Recule, G., Cherbonnel, M., Arnauld, C., Blanchard, P., Jestin, A. & Jestin,
V. (1999). Molecular characterization and expression of the S3 gene of muscovy
duck reovirus strain 89026. J Gen Virol 80 ( Pt 1), 195-203.

Liu, H.J., Lee, L. H., Hsu, H. W., Kuo, L. C. & Liao, M. H. (2003). Molecular evolution
of avian reovirus: evidence for genetic diversity and reassortment of the S-class
genome segments and multiple cocirculating lineages. Virology 314, 336-349.

Luongo, C. L., Reinisch, K. M., Harrison, S. C. & Nibert, M. L. (2000). Identification of
the guanylyltransferase region and active site in reovirus mRNA capping protein
lambda2. J Biol Chem 275, 2804-2810.

Lupas, A., Van Dyke, M. & Stock, J. (1991). Predicting coiled coils from protein
sequences. Science 252, 1162-1164.

Mabrouk, T. & Lemay, G. (1994). Mutations in a CCHC zinc-binding motif of the
reovirus sigma 3 protein decrease its intracellular stability. J Virol 68, 5287-5290.

Margulies, M., Egholm, M., Altman, W. E., Attiya, S., Bader, J. S., Bemben, L. A,,
Berka, J., Braverman, M. S., Chen, Y. J., Chen, Z., Dewell, S. B., Du, L.,
Fierro, J. M., Gomes, X. V., Godwin, B. C., He, W., Helgesen, S., Ho, C. H.,
Irzyk, G. P., Jando, S. C., Alenquer, M. L., Jarvie, T. P., Jirage, K. B., Kim, J.
B., Knight, J. R., Lanza, J. R., Leamon, J. H., Lefkowitz, S. M., Lei, M., Li, J.,

22



499
500
501
502
503
504
505
506
507
508
509
510
511
512
513
514
515
516
517
518
519
520
521
522
523
524
525
526
527
528
529
530
531
532

Lohman, K. L., Lu, H., Makhijani, V. B., McDade, K. E., McKenna, M. P,
Myers, E. W., Nickerson, E., Nobile, J. R., Plant, R., Puc, B. P., Ronan, M. T.,
Roth, G. T., Sarkis, G. J., Simons, J. F., Simpson, J. W., Srinivasan, M.,
Tartaro, K. R., Tomasz, A., Vogt, K. A, Volkmer, G. A., Wang, S. H., Wang,
Y., Weiner, M. P., Yu, P., Begley, R. F. & Rothberg, J. M. (2005). Genome
sequencing in microfabricated high-density picolitre reactors. Nature 437, 376-
380.

Martinez-Costas, J., Grande, A., Varela, R., Garcia-Martinez, C. & Benavente, J.
(1997). Protein architecture of avian reovirus S1133 and identification of the cell
attachment protein. J Virol 71, 59-64.

Mertens, P., Attoui, H., Duncan, R. & Dermody, T. (2005). Family Reoviridae. In Virus
Taxonomy: Eight Report of the International Committee on Taxonomy of Virus.
Edited by C. M. Fauquet, M. A. Mayo, J. Maniloff, U. Desselberger & L. A. Ball.
London: Elsevier Academic Press.

Mohd Jaafar, F., Goodwin, A. E., Belhouchet, M., Merry, G., Fang, Q., Cantaloube,
J. F., Biagini, P., de Micco, P., Mertens, P. P. & Attoui, H. (2008). Complete
characterisation of the American grass carp reovirus genome (genus
Aquareovirus: family Reoviridae) reveals an evolutionary link between
aquareoviruses and coltiviruses. Virology 373, 310-321.

Nibert, M. L. & Fields, B. N. (1992). A carboxy-terminal fragment of protein mu 1/mu 1C
is present in infectious subvirion particles of mammalian reoviruses and is
proposed to have a role in penetration. J Virol 66, 6408-6418.

Notredame, C., Higgins, D. G. & Heringa, J. (2000). T-Coffee: A novel method for fast
and accurate multiple sequence alignment. J Mol Biol 302, 205-217.

O'Sullivan, O., Suhre, K., Abergel, C., Higgins, D. G. & Notredame, C. (2004).
3DCoffee: combining protein sequences and structures within multiple sequence
alignments. J Mol Biol 340, 385-395.

Palacios, G., Druce, J., Du, L., Tran, T., Birch, C., Briese, T., Conlan, S., Quan, P. L.,
Hui, J., Marshall, J., Simons, J. F., Egholm, M., Paddock, C. D., Shieh, W. J.,
Goldsmith, C. S., Zaki, S. R., Catton, M. & Lipkin, W. . (2008). A new
arenavirus in a cluster of fatal transplant-associated diseases. N Engl J Med 358,
991-998.

Palacios, G., Quan, P. L., Jabado, O. J., Conlan, S., Hirschberg, D. L., Liu, Y., Zhai,
J., Renwick, N., Hui, J., Hegyi, H., Grolla, A., Strong, J. E., Towner, J. S.,

23



533
534
535
536
537
538
539
540
541
542
543
544
545
546
547
548
549
550
551
552
553
554
555
556
o557
558
559
560
561
562
563
564

Geisbert, T. W., Jahrling, P. B., Buchen-Osmond, C., Ellerbrok, H., Sanchez-
Seco, M. P., Lussier, Y., Formenty, P., Nichol, M. S., Feldmann, H., Briese, T.
& Lipkin, W. I. (2007). Panmicrobial oligonucleotide array for diagnosis of
infectious diseases. Emerg Infect Dis 13, 73-81.

Pei, J., Tang, M. & Grishin, N. V. (2008). PROMALS3D web server for accurate
multiple protein sequence and structure alignments. Nucleic Acids Res 36, W30-
34.

Pitcher, K. W, Olesiuk, P. F., Brown, R. F., Lowry, M. S., Jeffries, S. J., Sease, J. L.,
Perryman, W. L., Stinchcomb, C. E. & Lowry, L. F. (2007). Abundance and
distribution of the eastern North Pacific Steller sea lion population. Fish Bull 107,
102-115.

Potgieter, A. C., Page, N. A,, Liebenberg, J., Wright, I. M., Landt, O. & van Dijk, A.
A. (2009). Improved strategies for sequence-independent amplification and
sequencing of viral double-stranded RNA genomes. J Gen Virol 90, 1423-1432.

Priscott, P. K. (1983). The growth of reovirus 3 in cultured rat embryos and implications
for human reproductive failure. Br J Exp Pathol 64, 467-473.

Pritchard, L. I., Chua, K. B., Cummins, D., Hyatt, A., Crameri, G., Eaton,B. T. &
Wang, L. F. (2006). Pulau virus; a new member of the Nelson Bay orthoreovirus
species isolated from fruit bats in Malaysia. Arch Virol 151, 229-239.

Pulliam, J. R. (2008). Viral host jumps: moving toward a predictive framework.
Ecohealth 5, 80-91.

Quan, P. L., Palacios, G., Jabado, O. J., Conlan, S., Hirschberg, D. L., Pozo, F.,
Jack, P. J., Cisterna, D., Renwick, N., Hui, J., Drysdale, A., Amos-Ritchie, R.,
Baumeister, E., Savy, V., Lager, K. M., Richt, J. A., Boyle, D. B., Garcia-
Sastre, A., Casas, |., Perez-Brena, P., Briese, T. & Lipkin, W. I. (2007).
Detection of respiratory viruses and subtype identification of influenza A viruses
by GreeneChipResp oligonucleotide microarray. J Clin Microbiol 45, 2359-2364.

Saitou, N. & Nei, M. (1987). The neighbor-joining method: a new method for
reconstructing phylogenetic trees. Mol Biol Evol 4, 406-425.

Schiff, L. A. (1998). Reovirus capsid proteins sigma 3 and mu 1: interactions that
influence viral entry, assembly, and translational control. Curr Top Microbiol
Immunol 233, 167-183.

24



565
566
567
568
569
570
571
572
573
574
575
576
577
578
579
580
581
582
583
584
585
586
587
588
589
590
591
592
593
594
595
596

Shmulevitz, M. & Duncan, R. (2000). A new class of fusion-associated small
transmembrane (FAST) proteins encoded by the non-enveloped fusogenic
reoviruses. EMBO J 19, 902-912.

Smith, A. W., Brown, R. J., Skilling, D. E. & DeLong, R. L. (1974). Leptospira pomona
and reproductive failure in California sea lions. J Am Vet Med Assoc 165, 996-
998.

Steiger, G. H., Calambokidis, J., Cubbage, J. C., Skilling, D. E., Smith, A. W. &
Gribble, D. H. (1989). Mortality of harbor seal pups at different sites in the inland
waters of Washington. J Wildl Dis 25, 319-328.

Su, Y. P, Su, B. S, Shien, J. H., Liu, H. J. & Lee, L. H. (2006). The sequence and
phylogenetic analysis of avian reovirus genome segments M1, M2, and M3
encoding the minor core protein muA, the major outer capsid protein muB, and
the nonstructural protein muNS. J Virol Methods 133, 146-157.

Tamura, K., Dudley, J., Nei, M. & Kumar, S. (2007). MEGA4: Molecular Evolutionary
Genetics Analysis (MEGA) software version 4.0. Mol Biol Evol 24, 1596-1599.

Thompson, J. D., Gibson, T. J. & Higgins, D. G. (2002). Multiple sequence alignment
using ClustalW and ClustalX. Curr Protoc Bioinformatics Chapter 2, Unit 2 3.

Timinskas, A., Butkus, V. & Janulaitis, A. (1995). Sequence motifs characteristic for
DNA [cytosine-N4] and DNA [adenine-N6] methyltransferases. Classification of
all DNA methyltransferases. Gene 157, 3-11.

Touris-Otero, F., Martinez-Costas, J., Vakharia, V. N. & Benavente, J. (2004). Avian
reovirus nonstructural protein microNS forms viroplasm-like inclusions and
recruits protein sigmaNS to these structures. Virology 319, 94-106.

Varela, R. & Benavente, J. (1994). Protein coding assignment of avian reovirus strain
S1133. J Virol 68, 6775-6777.

Varela, R., Martinez-Costas, J., Mallo, M. & Benavente, J. (1996). Intracellular
posttranslational modifications of S1133 avian reovirus proteins. J Virol 70, 2974-
2981.

Wellehan, J. F., Jr., Childress, A. L., Marschang, R. E., Johnson, A. J., Lamirande,
E. W., Roberts, J. F., Vickers, M. L., Gaskin, J. M. & Jacobson, E. R. (2009).
Consensus nested PCR amplification and sequencing of diverse reptilian, avian,

and mammalian orthoreoviruses. Vet Microbiol 133, 34-42.

25



597
598
599
600
601
602
603
604
605
606
607
608
609
610

611

Xu, W. & Coombs, K. M. (2008). Avian reovirus L2 genome segment sequences and
predicted structure/function of the encoded RNA-dependent RNA polymerase
protein. Virol J 5, 153.

Xu, W. & Coombs, K. M. (2009). Conserved structure/function of the orthoreovirus
major core proteins. Virus Res 144, 44-57.

Zhang, X., Tang, J., Walker, S. B., O'Hara, D., Nibert, M. L., Duncan, R. & Baker, T.
S. (2005). Structure of avian orthoreovirus virion by electron cryomicroscopy and
image reconstruction. Virology 343, 25-35.

Zhang, Y., Guo, D, Liu, M., Geng, H., Hu, Q., Liu, Y. & Liu, N. (2007).
Characterization of the sigmaB-encoding genes of muscovy duck reovirus:
sigmaC-sigmaB-ELISA for antibodies against duck reovirus in ducks. Vet
Microbiol 121, 231-241.

26



612
613
614
615
616
617
618
619
620
621
622
623
624
625
626
627
628
629
630
631
632
633
634
635
636
637

Figure legends

Figure 1

Syncytia formation in SSRV-infected Vero cells.

Figure 2

Phylogenetic analysis of the RNA-dependent RNA-polymerase of Reoviridae. Full
length amino acid sequences were aligned using the ClustalX (Thompson et al., 2002)
implementation on the MEGA software (Tamura et al., 2007) and further refined using T-
Coffee (Notredame et al., 2000) to incorporate protein structure data on the alignment.
Phylogenetic analysis was performed using p-distance as model of amino acid
substitution as implemented by ICTV for analysis of the Reoviridae family (Mertens et
al., 2005). MEGA was used to produce phylogenetic trees, reconstructed through the
Neighbor Joining (NJ) method. The statistical significance of a particular tree topology
was evaluated by bootstrap re-sampling of the sequences 1000 times. Gaps in the
alignment were treated as unknown characters.

Figure 3-5. Phylogenetic analysis of the (3) Lambda-1, (4) Mu-1, and (5) Sigma-A
ORFs of the Aquareovirus and Orthoreovirus. Neighbor-joining phylogenetic
analyses of nucleotide sequence differences among A1, ul, and cA, were conducted
using MEGA 3.0. The black dot indicates SSRV and the white dots indicate the closely
related psittacine virus.

Figure 6. p10 ORF in S1 of SSRV has characteristics similar to FAST proteins.
Hydrophobicity plot of ARV, NBRV, and SSRV obtained using the Kyle-Doolittle
algorithm implemented in the program TopPred (available at http://mobyle.pasteur.fr/cgi-
bin/portal.py?form=toppred). Sequence analysis show that SSRV contains the
components for a FAST protein: hydrophobic region (HP), transmembrane domain (TM),

and basic region (BR).
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Supplementary Figure 1. Electron micrograph of negative stained SSRV. Scale
bar= 100 nm.

Supplementary Figure 2-4. Phylogenetic analysis of the (2) Lambda-2, Lambda-3
(3) Mu-2, Mu-3 and (4) Sigma-B and Sigma-NS ORFs of the Aquareovirus and
Orthoreovirus. Neighbor-joining phylogenetic analyses of nucleotide sequence
differences were conducted using MEGA 3.0. The red dot indicates SSRV and the white
dots indicate the closely related psittacine virus.

Supplementary Figure 5. Phylogenetic analysis of the Sigma-C, p10, and p17
ORFs of the Avian and Nelson Bay Reovirus. Neighbor-joining phylogenetic analyses
of the nucleotide sequence differences among the oC, p10, and p17 were performed
using MEGA 3.0. The red dot indicates SSRV and the white dots indicate the closely
related psittacine virus.

Supplementary Figure 6

Protein AA: The 1303 aa AA protein (143.4 kDa, pl=6.70) is the only protein product from
the L1 gene, which functions as the core shell scaffold. The hydrophilic amino-terminal
region is distinct from all other ARVs and is clearly divergent when compared with the Al
from MRVs (Xu & Coombs, 2009). Unfortunately, no Nelson Bay virus is available for
comparison. Xu and Coombs identify many conserved regions between MRV and ARV,
all of which are conserved in SSRV (Xu & Coombs, 2009). The hypervariable region of
the N-terminal domain (orange box), its hypervariable region, the six previously identified
helicase domains (green box) (Bisaillon & Lemay, 1999), the potential 5’ RNA
triphosphate domains regions (Bisaillon & Lemay, 1999), the characteristic C,H, zinc-
binding motif and other areas of high conservation (but without assigned biological
function; light blue) (Xu & Coombs, 2009), among ARV, MRV, and AgRV were
recognizable. In all cases, SSRV domains were closely related with the ARVs.

Supplementary Figure 7
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Protein AB: The 1259 aa RNA dependent RNA polymerase AB protein (140 kDa,
pl=8.37) is encoded by the L2 segment. The aa sequence is least conserved in the N-
terminal and C-terminal bracelet domains whereas most conserved aa were found within
canonical fingers, palm, and thumb polymerase motifs. The polymerase motifs I, Il and
I1l, the classical Ggo7DD polymerase motif (Bisaillon & Lemay, 1999) (not shown), and
additional residues shown to be important for a variety of polymerase functions (Argsz,,
Argszs, Argszs, Alasgz needed to properly position the incoming NTP triphosphate [red
arrow]; lles;7 and Pros,e, Needed to help position template nucleosides [green arrow]; and
Thrssz, Sersss, Glysse, Serseo, and Valse,, portion of a loop that maintains priming NTP;
[blue arrow] and Aspsgg, Sergs1, and Glnzz; (Kim et al., 2004; Xu & Coombs, 2008)) are
all conserved.

Supplementary Figure 8

Protein AC: The L3 segment encodes the AC protein (142.7 kDa, pl=5.92), which
extends from the inner core to the outer capsid of the avian reovirion (Martinez-Costas et
al., 1997; Zhang et al., 2005) and is comparable to the A2 protein of MRV. Although the
ATP/GTP-binding site motif A in ARV (residues 379 to 386) or the equivalent in MRV
(residues 893 to 900) (Hsiao et al., 2002) are not conserved in SSRV (data not shown),
Lysi70 and Lysigo, [black arrows] which are believed to be important contributors for the
guanylyltransferase activity by acting as the GMP-acceptor the of AC capping enzyme
(Hsiao et al., 2002; Luongo et al., 2000), the S-adenosyl-_-methionine (SAM) binding
pocket [green box], and the K;5DAT surrounding the putative GMP-acceptor site (Hsiao
et al., 2002; Luongo et al., 2000) are all recognizable in SSRV.

Supplementary Figure 9

Protein pA: The 737 aa M1-encoded pA protein (83.3 kDa, pl=8.68) is a minor
component of the inner capsid (Martinez-Costas et al., 1997). Computer searches by Su

et al. revealed that the PA possesses a sequence motif LLALDPPF (aa 458-464)
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characteristics for N-6 adenine-specific DNA methylases (Timinskas et al., 1995);
however, such a sequence is only conserved in SSRV in three amino acids, shown in
bold (V450 TKLSPDF). Fifteen cysteines are conserved in all ARVs (Su et al., 2006);
SSRYV shows only 13 (purple marks), although 10 are conserved, suggesting similar
topology.

Protein uB: The primary translation product of the ARV M2 is the uB protein (73.5 kDa,
pl=5.09) (Varela & Benavente, 1994). A large proportion of the uB molecules
synthesized are cleaved to form a myristoylated amino terminal peptide, termed uBN,
and a large carboxy-terminal protein, termed uBC (Benavente & Martinez-Costas, 2007;
Su et al., 2006; Varela et al., 1996). The cleavage site in SSRV is conserved and
predicted to occur between Ng, and P43. The site of trypsin cleavage between Argsg; and
Glysg,, identified in other ARVs is also conserved (Nibert & Fields, 1992; Su et al., 2006).
Similar topology for SSRV uB to the AVR counterparts is suggested by conservation of
all cysteine residues (purple marks).

Protein pC: Encoded by the M3 segment of the ARV, the uC (71.9 kDa, pl=5.43) is a
nonstructural protein that is predicted to be cleaved into a small ~15 kDa N terminal
peptide and larger ~55 kDa carboxy terminal peptide (Benavente & Martinez-Costas,
2007). Although these products have been detected in vitro, the position of the cleavage
and the protease responsible has yet to be identified. There are two coiled-coil regions
identified in ARVs from positions 451-472 and 540-599 (Touris-Otero et al., 2004).
These two coiled-coil regions are present in SSRV from positions 455-484 and 559-611,
but a third regions is predicted, using the program COILS (Lupas et al., 1991), from
positions 422 to 449. This third coil is located in a similar position in MRV.
Supplementary Figure 10

Protein oC: Encoded by the 3’-proximal cistron of the S1 gene, the ¢C (34.5 kDa,

pl=4.74) is the viral cell attachment protein. Several conserved aromatic amino acids in
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the C-terminal portion were previously identified (Day et al., 2007); all are conserved in
SSRYV (black arrows).

Protein p17: This protein (10.3 kDa, pl=9.10), encoded by the second ORF of the S1
gene, has no sequence homology with any other viral or cellular proteins. The only
functional domain identified in p17 (Costas et al., 2005), a nuclear localization signal
(NLS), is conserved in SSRV (position 119-128).

Supplementary Figure 11

Protein oB: Encoded by the S3 segment, oB (40.8 kDa, pl=6.75) is a major component
of the reovirion outer capsid. The transmembrance predictions graphs show the
probability of a region being inside of the cell (red), outside the cell (blue) or a
transmembrane region (green).The hydrophobic region predicted for duck reovirus
(Zhang et al., 2007) and the conserved zinc finger domain (position 51-77) (Kapczynski
et al., 2002; Le Gall-Recule et al., 1999; Mabrouk & Lemay, 1994; Schiff, 1998) are both
conserved in SSRV. However, the basic stretch from aa 287-293 in DRV is not present
in SSRV.

Protein oNS: The nonstructural protein NS (40.4 kDa, pl=7.06) is encoded by the avian
reovirus S4 segment. The 12 aa conserved region at the N terminus of this protein has
been implicated in the ssRNA binding and aa 135-270 is a central region of conserved

secondary structure in addition to highly conserved hydropathy profiles (Duncan, 1999).
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