Genomic and phylogenetic characterization of Shuni virus

Charmaine van Eeden, Frank Harders, Jeroen Kortekaas, Alex Bossers, Marietjie Venter*

Abstract Shuni virus (SHUV), a member of the genus
Orthobunyavirus, has in a recent study been associated
with neurological disease in horses in South Africa. After
its first isolation in 1966 from an asymptomatic bovine,
very little attention was given to the genetic characterisa-
tion of SHUV. The association of SHUV with severe
neurological disease in several horses in South Africa
prompted us to determine the full genome sequence of a
horse neurovirulent isolate to compare it to other members
of the genus Orthobunyavirus, as well as the partially
sequenced genome of the prototype SHUV strain. The
availability of a full genome sequence will facilitate the
development of a reverse genetics system to study SHUV
molecular biology and pathogenesis.

Accession numbers: The GenBank accession numbers for SAE 18/09
are KC510272 for the S segment, KF153117 for the M segment and
KF153118 for the L segment.
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Introduction

Shuni virus (SHUV) belongs to the Simbu serogroup of the
genus Orthobunyavirus, family Bunyaviridae. Given the
importance of the orthobunyaviruses assigned to the Simbu
serogroup in both public and veterinary health, surprisingly
little genetic information is available for SHUV, with
limited clinical descriptions of disease dating back to the
1960s and 1970s, including isolation of the virus from a
febrile child [1]. The prototype SHUV strain (An10107)
was isolated during arbovirus surveys at an abattoir in
Nigeria in 1966 from an apparently healthy cow [2]. In
2012, an almost complete genome sequence of this strain
was submitted to the GenBank database as part of a phy-
logenetic analysis of the Simbu serogroup [3].

The identification of highly pathogenic strains of SHUV
from the brains of horses with severe neurological disease
in South Africa [1] raises several questions regarding the
difference in pathogenicity that full genome sequencing
may address. Although not yet fully characterised, the
prototype sequence gave us the opportunity to compare
SAE18/09, an isolate that had been associated with neu-
rological disease in an equine [4], to this isolate from an
asymptomatic bovine [2]. Factors such as spatial and
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temporal separation as well as possible recombination
events or point mutations could affect the genotypic and
phenotypic traits resulting in the observed pathogenic dif-
ferences between these two strains, and thus the need to
investigate the molecular biology of SHUV arose.

Orthobunyaviruses are enveloped and possess a genome
composed of three segments of negative-sense single-
stranded RNA, designated as large (L), medium (M) and
small (S) [5]. The L segment encodes the viral RNA
polymerase, which functions in replication and transcrip-
tion of the genomic RNA segments. The M segment codes
for a glycoprotein precursor, which is cotranslationally
cleaved into the viral envelope glycoproteins, Gn and Ge,
as well as a non-structural protein, named NSm [5, 6]. The
S segment encodes two proteins, the nucleocapsid
(N) protein and a smaller non-structural protein (NSs), in
overlapping reading frames [5, 7]. A characteristic feature
of orthobunyavirus genome segments is the complemen-
tarity of the 3’ and 5’ termini, the base pairing of which
results in so-called panhandle structures [5].

Alignments of S segments of viruses from the Simbu se-
rogroup have revealed nucleotide sequence identities between
65 % and 99.1 % [8]. The nucleotide sequence identity of the
M segment open reading frame (ORF) ranges from 47.9 % to
56.0 % between members of the Simbu serogroup. The
amino acid (aa) sequences are highly variable (37.3 %-
49.7 %), although several features are conserved. These
features include 59 of the 71 cysteine residues and a con-
served arginine (R) residue, which is located proximal to the
predicted cleavage site between Gn and NSm [9].

Analysis of the L protein has shown the nucleotide
sequence identity between members of the Simbu sero-
group to range between 60.4 % and 92.9 %. The conser-
vation at the aa level varies from 57.5 % to 98.4 % [3].
Four conserved regions have been identified in the L pro-
tein [10].

As in the case of other viruses that have segmented
genomes, the occurrence of genetic reassortments of or-
thobunyaviruses has been reported. Ngari virus (MRIV),
for instance, was generated as a result of reassortment
between BUNV and Batai viruses (BATV), resulting in
increased pathogenicity and outbreaks of haemorrhagic
fever [11, 12]. For the Simbu serogroup, the Jatobal
(JATV) and Tinaroo (TINV) viruses are likely reassortants
containing RNA segments from OROV and AKAYV,
respectively [13, 14]. Reassortment has also been reported
to occur between Australian field isolates of Aino (Al-
NOV) and Peaton (PEAV) viruses [15], which are closely
related to SHUV both serologically and phylogenetically.

The aim of this study was to provide a detailed genomic
and phylogenetic characterisation of SHUV (SAE18/09)
and to compare the sequence of this pathogenic strain to
that determined for the prototype strain (An10107).

Materials and methods
Virus isolate

SAE 18/09, originally isolated from the brain of a horse,
was cultured on Vero cells in EMEM containing 2 % foetal
calf serum (Gibco BRL, Invitrogen). Cultures were incu-
bated at 37 °C until 70-80 % cytopathic effect was
exhibited and harvested.

Genome sequencing

Forty-five milliliters of SAE 18/09 cell culture supernatant
was put through Amicon Ultra 10 K centrifugal filters
(Merck, Darmstadt, Germany). RNA was isolated from the
concentrate using TRIzol LS (Sigma-Aldrich, Missouri,
United States). The extracted material was purified using
an RNA Clean and Concentrator-5 kit (Zymo Research,
California, United States); the in-column DNase step was
included. The sample was prepared for shipping using the
GenTegra RNA system (IntegenX, California, USA).
Libraries were prepared using a ScriptSeqv2 RNA-Seq
Library Preparation Kit (Epicentre Biotechnologies, Wis-
consin, United States). Both the protocol for FFPE samples
and the protocol for alternative fragmentation (2 min at
85 °C instead of 5 min) were utilized according to manu-
facturer’s instructions unless otherwise stated. The quality
of the libraries was evaluated using a Bioanalyzer with a
High Sensitivity DNA Kit (Agilent Technologies, Cali-
fornia, United States), and the quantity was determined
using a Qubit dsDNA HS Assay Kit (Life Technologies,
New York, United States). Cluster generation and paired-
end 250-bp sequencing of the libraries was done on an
Illumina MiSeq V2 instrument. Raw sequencing data were
first trimmed and QC filtered using in-house scripts (http://
galaxy.wur.nl). Possible contaminants were identified (host
cell fragments) by short-read mapping using Bowtie2 [16]
and subsequent filtering.

Full de novo genome reconstruction was achieved by
sequence assembly using ABySS (version 1.3.3; Canada’s
Michael Smith Genome Science Centre). Repeated short-
read mapping using Bowtie2 and manual inspection of any
unusual mapping densities were done to reduce errors in
the assembly process. Finally, the full genome was
reconstructed using closely related reference sequences,
where we determined the synteny of the initial contigs from
ABySS. A mapping-based approach in which sequence
reads were mapped using Bowtie2 on the sequence frag-
ments of the three segments determined earlier was used to
confirm or refine earlier derived sequences. In addition, this
allowed the reconstruction of the full sequences of the 5’
and 3’ ends of all three segments. Further manual curation
by both complementary approaches into a single high-



quality sequence was performed using SeqMan (DNA-
STAR Lasergene version 11). Sequences were verified by
classical Sanger sequencing.

Phylogenetic and sequence analysis

Nucleotide phylogenetic analysis was carried out using the
Tamura-Nei model and amino acid analysis using the
Jones-Taylor-Thornton (JTT) model [17], both of which
are included in MEGA version 5, using 1000 bootstrap
analysis [18]. Alignments were carried out using the Clu-
stalW subroutine [19], which is included in the Bioedit
program. Sequence similarity was determined using the
distance estimation program of MEGA v5 [18], using the
p-distance model [20]. Analysis of cleavage sites, glyco-
sylation sites and transmembrane domains was done using
the following programs: SignalP (http://www.cbs.dtu.dk/
services/SignalP), NetNgly (http://www.cbs.dtu.dk/ser
vices/NetNGlyc) and TMHMM (http://www.cbs.dtu.dk/
services/TMHMM).

Results
Genome segment sequence analysis

The full genome sequence of SAE 18/09, isolated from the
brain of a horse that died with severe neurological signs
[1], was determined, and its conserved features and
domains were compared to those of available Simbu se-
rogroup viruses.

S segment

The S segment of SAE 18/09 was found to be 850 nucle-
otides (nt) in length, with a 3’ untranslated region (UTR) of
33 and a 5" UTR of 115 nucleotides (Fig. 1a, Table 1).
Phylogenetically, the S segment of SAE 18/09 groups with
Aino (AINOV) and Kaikular (KAIV) viruses (Fig. 2a),
with percentage identities of 93.9 % (AINOV) and 93.7 %
(KAIV), respectively (Table 1). Certain regions of the N
protein are conserved amongst members of the genus
Orthobunyavirus, and these six domains were well con-
served between SAE 18/09 and other members of the
Simbu serogroup, as was observed by Saeed et al. [14]. Of
significance is the observation that within the first con-
served domain, the first Shuni isolate from Nigeria
(AF362405) had an asparagine (N) residue at position 9
while all other members of the serogroup had an aspartic
acid (D) residue at this position. The four residues involved
in the formation of the ribonucleoprotein complexes (P,s,
G131, Yisg and I,37) [21] were all conserved in SAE 18/09
(Fig. 1a). In the NSs, which has been shown to play a key

role in pathogenesis ([22-24], a single non-synonymous
codon difference (Lgy) was observed between the two
SHUYV isolates.

M segment

The M segment of SAE 18/09 was 4351 nt in length, with a
3’ UTR of 23 and a 5" UTR of 113 nucleotides (Fig. 1b).
Phylogenetic analysis of the M segment sequences of
members of the Simbu group demonstrated that SAE 18/09
was most closely related to Schmallenberg virus (SBV),
with 61.4 % nucleotide sequence identity (Fig. 2b). It had
51.8 % nucleotide sequence identity to JATV and 49.4 % to
SHAV (Table 1). The predicted signal peptide of the SAE
18/09 glycoprotein precursor as determined by SignalP 4.1,
was situated between aa 17 and 18 (GVP-IP). The Gn/NSm
cleavage site KSLRxAR, which is conserved amongst
members of the California and Bunyamwera serogroups [6,
25-27] (Fig. S1), is less well conserved within the Simbu
serogroup. Based on alignment with these viruses and
comparison to the data obtained by Yanase et al. [9], pro-
tease cleavage between Gn/NSm of SAE18/09 occurs after
the conserved arginine (R) 308 residue (Fig. S1).

The cleavage site between NSm and Gc is poorly con-
served amongst members of the Simbu serogroup [9], though
between other members of the genus Orthobunyavirus,
cleavage usually follows a conserved alanine residue [26-28].
SignalP predicts cleavage of SAE18/09 at VDA64-ND (Fig.
S1). Based on these analyses, the Gn protein comprises
291aa, NSm 156 aa, and Gc 940 aa — sizes that correlate well
with what was found previously for other Simbu viruses [28].
However, SHUYV isolate An 10107 differed at three positions
with SAE18/09 at the NSm/Gc cleavage site, resulting in a
predicted cleavage at AAS,es-DK, changing the size of the
NSm to 157 aa and that of Gc to 939 aa.

The number and positions of N-linked glycosylation
sites (N-X-S/T) are not well conserved amongst members
of the Simbu serogroup [9], and in this analysis using
NetNGlyc 1.0, four potential glycosylation sites were
identified in the glycoprotein precursor of both SAE 18/09
and An10107: two in Gn and two in Ge (Fig. 1b, Fig. S1).
The site at the amino terminus of Gn (Nyg) is well con-
served amongst members of the Simbu serogroup, as is
Nyo2, at the amino terminus of Ge. Our analysis showed 60
of 71 cysteine residues to be conserved between all Simbu
serogroup viruses analysed, which was one more than
originally found by Yanase et al. [9] (Fig. 1b).

Transmembrane domains were determined using
TMHMM. Two regions are identified in Gn (212-229) and
(234-253), which together form a very long hydrophobic
sequence (212-253) that is followed by charged amino
acids (254-267), similar to stop-transfer sequences seen in
the transmembrane domains of other viral envelope
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Fig. 1 Genome characteristics of Shuni virus (SAE 18/09). (a) The S
segment encodes the N and NSs proteins in overlapping reading
frames. The grey boxes indicate the conserved regions identified by
Saeed et al. [14], and the black diamonds indicate the four residues
involved in the formation of the ribonucleoprotein complexes. (b) The
M segment encodes the GPC, which is cotranslationally cleaved into

proteins [5, 6]. In NSm, three regions were identified (315-
337, 371-393, 445-462); and in Gc, one (1357-1379)
(Fig. 1b, Fig. S1). The latter likely functions as a mem-
brane anchor [6, 29].

L segment

The L segment of SAE 18/09 is 6910 nt in length with a
31-nt 3’ UTR and a 117-nt 5" UTR (Fig. 1¢). This is

{TYLTN~KEFVSLENIYGE

KCOKTAKDRE I FVGEFEAKMC LY LVERI SK~KIE INADMSKWSAQDOVL~VS IKRNWLOGN LNYTSSYLHSCC~ LVNSUVHSDDNHT S~ NQARMKKTYVTN~KEFVSLENIYGE
KCOKTAKDRE IFVCEFEAKMCLY LIERI SK~KIE INADMSKWSAQOV L~VE IKRNWLOGN LNY TS SY LHTCS ~ LVNSUVHSDONHT S~NQARMKKTY LTN~KEFVS LENIYCE
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Motif B Motif C Motif D Motif E

the Gn, NSm and Gc proteins. The black diamonds indicate potential
N-linked glycosylation sites, and the black boxes indicate the
transmembrane regions. (c) The L segment encodes the RdRp.
Regions I-IV are indicated by grey boxes and the pre-A, A, B, C, D
and E motifs from region III are indicated. Genome segments are
depicted in the antigenomic-sense orientation

comparable with other members of the Simbu serogroup,
although SAE 18/09 has a significantly longer 5 UTR.
Only three complete Simbu group L segments were
available for phylogenetic analysis. SAE 18/09 branched
separately from the other Simbu serogroup members
(Fig. 2¢). In terms of nucleotide sequence identity, the
complete L segment of SAE 18/09 was most similar to
SBV (66.2 %), followed by AKAV (65.8 %) and OROV
(61.8 %) (Table 1). A comparison of the L protein aa



Table 1 Characteristics of the S, M and L segments of five Simbu serogroup viruses compared with SAE 18/09

Virus S Segment
Nucleotide sequence Amino acid sequence
Total length* 3’ UTR 5" UTR N* NSs* N=+ NSs#+
SAEI18/09 (KC510272) 850 33 115 702 276 233 91
SHUV (HE800143) _ _ _ 702 (97.9) 276 (99.3) 233 (100) 91 (98.9)
KAIV (AF362394) 850 (93.7) 34 114 702 (93.6) 276 (99.3) 233 (98.3) 91 (98.9)
AINOV (HE795089) 850 (93.9) 34 114 702 (94) 276 (98.6) 233 (99.6)) 91 (96.7)
PEAV (HE795095) _ _ _ 702 (91.7) 276 (97.5) 233 (99.6) 91 (94.5)
SIMV (HE795110) 867 (71.5) 33 132 702 (72.2) 276 (83) 233 (79.8) 91 (62.7)
Virus M Segment
Nucleotide sequence Amino acid sequence
Total length* 3’ UTR 5 UTR Gn* NSm* Gce* Gn+ NSm#+ Ge#+
SAE18/09 (KF153117) 4351 23 113 873 468 2820 291 156 940
SHUYV (HE800142) _ _ 873 (99.2) 471 (97.9) 2817 (98.8) 291 (98.7) 157 (96.2) 939 (97.9)
AINOV (HE795088) _ _ _ 873 (92.5) 468 (70.3) 2820 (83.7) 291 (89.3) 156 (59) 940 (74.4)
SATV (HE795103) _ _ 873 (82.9) 468 (56.7) 2817 (68.4) 291 (73.4) 156 (39.3) 939 (53.8)
SBV (HE649913) _ 873 (82.7) 468 (57.6) 2817 (68.3) 291 (72.7) 156 (42.7) 939 (53.1)
SIMV (HE795109) _ _ 873 (78.5) 486 (57.4) 2814 (64.9) 291 (66.6) 162 (40.4) 938 (48.2)
Virus L Segment
Nucleotide sequence Amino acid sequence
Total length* 3’ UTR 5" UTR RdRp* RdRp#
SAE18/09 (KF153118) 6910 31 117 6762 2253
SHUV (HE800141) _ _ _ 6762 (93.5) 2253 (98.9)
AINOV (HE795087) _ _ _ 6762 (85.1) 2253 (95.2)
PEAV (HE795093) _ _ _ 6759 (78.1) 2252 (88.9)
SANV (HE795099) _ _ _ 6762 (78.7) 2253 (90.5)
SIMV (NCO018476) _ _ _ 6762 (67.9) 2253 (70.9)

* Values are lengths in nucleotides (percentage identity to SAE 18/09)
#+ Values are lengths in amino acids (percentage identity to SAE 18/09)

_ Not available

sequences of SAE 18/09 with those of other Simbu sero-
group members showed homology at the endonuclease
active site H...D...PD....DxK.....T at positions 34, 53, 76,
77, 90, 92 and 103 respectively [30]. Conserved regions I
and II, containing the conserved residues PD (aa 76-77)
and RY (aa 650-651), respectively, were also identified in
all members investigated. Pre-motif A as well as motifs A,
B, C, D and E, which make up region III (aa 947-1238), are
highly conserved, with the only significant difference being
that AINOV has a V — Ig;; substitution, which is not
shared by any other members, including SAE 18/09
(Fig. 1c). The four conserved residues of region IV —
G]274, Y1294, G]323 and G]336 [10] — showed 100 %
homology.

Phylogeny of the viral proteins

Since few full-genome sequences of members of the
Simbu serogroup were available, phylogenetic analysis
was also carried out for the individual viral proteins to
determine whether any reassortment had occurred. All
protein sequence comparisons resulted in clustering of
SAE 18/09 with the prototype SHUV isolate (An10107),
suggesting that no reassortment had occurred relative to
the two strains that would account for the varied patho-
genicity observed. Shuni virus showed the same relative
clustering to the members of the orthobunyavirus sero-
group for all proteins, which does not suggest
reassortment.



100 Akabane virus (NC_009896)

(a) 100 —E'I'maroo virus (AB000819)
= L Yaba-7 virus (AF362392)

Sabo virus (AF362396)
—— Douglas virus (AF362393)
100 Schmallenberg virus (JX853181)

100 [ Shamonda virus (NC_018464)

[— @ SAE 18/09 (KC510272)
100 Aino virus (M22011)

%20 Kaikalur virus (AF362394)
Simbu virus (AF362397)

Ingwavuma virus (AF362395)
Oropouche virus (NC_005777)

(b) Akabane virus (NC_009895)
Shamonda virus (NC_018467)
Schmallenberg virus (JX853180)
1001 & SAE 18/09 (KF153117)

Jatobal virus (JQ675602)
Oropouche virus (NC_005775)

0.1
() @ Akabane virus (NC_009894)
Schmallenberg virus (JX853179)
’7 & SAE18/09 (KC153118)
Oropouche virus (NC_005776)

Fig. 2 Phylogenetic relationship between the S (a), M (b) and L
(c) segments of SHUV (SAE 18/09) and those of other available
Simbu serogroup virus sequences. Maximum-likelihood trees were
constructed using the Tamura-Nei substitution model in the MEGA 5
program with representative full genome sequences of other Simbu
serogroup viruses. Estimates were based on bootstrap resampling
carried out with 1000 replicates and drawn to scale with bars
indicating 0.05, 0.1 and .05 nucleotide substitutions, respectively. The
GenBank accession numbers of reference strains are indicated

Nucleoprotein (N)

The N gene was found to comprise 702 nt coding for 233
amino acids. The N protein was analysed at both the nt and
aa levels. At the nucleotide level, SAE 18/09 grouped with
the prototype Shuni virus strain (An 10107) (97.9 %). In
the Aino/Kaikular clade, the grouping was similar to that
obtained with the whole S segment. At the amino acid
level, however, SAE18/09 grouped with Shuni, Peaton and
Sango viruses, but the bootstrap values for this branching
was low (55 %) (Fig. 3a). Distance analysis revealed the
sequence identity between the two SHUYV isolates to be
100 %, with interspecies values of 99.6 % (Peaton,
PEAV), 99.6 % (AINOV), 99.6 % (Sango, SANV) and
98.3 % (KAIV) (Table 1).

Non-structural protein S segment (NSs)

The NSs gene consists of 276 nt; and the encoded protein,
91 aa. Phylogenetic analysis of NSs revealed similar
groupings at both the nt and the aa level. SAE 18/09
grouped with SHUV (An 10107), AINOV, KAIV, and
SANYV, although bootstrap support was low. Analysis of
NSs at the nt level showed 99.3 % identity between the
SHUY isolates, and interspecies values of 99.3 % (KAIV)
and 98.6 % (AINOV). Amino acid analysis gave a similar
result, with a value of 98.9 % between the SHUV isolates
and interspecies values of 98.9 %. (KAIV) and 96.7 %
(AINOV) (Fig. 3e).

Glycoprotein precursor (GPC)

The M segment codes for a 1404-aa protein. Phylogenetic
analysis revealed that SAE 18/09 groups with SHUV and
AINOV at both the aa and nt level, with 100 % bootstrap
support for the complete GPC. Distance analysis at the nt
level showed identity values of 98.8 % between the SHUV
isolates and interspecies values of 84.9 % (AINOV) and
70.7 % (SATV). At the aa level, the SHUV isolates shared
97.9 % identity. The interspecies values were much lower,
with 75.9 % (AINOV) and 56.4 % (SATYV), reflecting the
low level of conservation in the orthobunyavirus GPC.

Gn

Amino acid (Fig. 3c) and nucleotide sequence analysis of
the Gn protein of SAE 18/09 resulted in the same topology
as the full GPC analyses, where SAE 18/09 grouped with
SHUV and AINOV within a clade including DOUYV,
SATV and SBV. Distance estimation showed the Gn pro-
tein to be more conserved than the precursor, with 99.2 %
nucleotide sequence identity between the SHUV isolates,
92.5 % to AINOV and 82.9 % to SATV. The amino acid
identity value between the SHUV isolates was 98.7 %,
followed by interspecies values of 89.3 % (AINOV) and
73.4 (SATV).

NSm

Analysis of the NSm sequence revealed a topology similar
to that of Gn. The genetic distance between the Simbu
group viruses is low for NSm [6, 9], and in the nt analysis
SAE 18/09 was 97.9 % identical to SHUV (An 10107) and
only 70.3 % similar to AINOV. At the aa level, the two
SHUYV isolates shared 96.2 % identity, followed by 59 %
identity to AINOV (Fig. 3f).
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<«Fig. 3 Relationship of Shuni virus (SAE 18/09) to other members of
the Simbu serogroup. Maximum-likelihood trees of the amino acid
sequences of the N (a), L (b), Gn (c), Gc (d), NSs (e) and NSm
(f) proteins were constructed using the Jones-Taylor-Thornton (JTT)
substitution model in the MEGA 5 program. Estimates were based on
bootstrap resampling carried out with 1000 replicates and drawn to
scale with bars indicating 0.05, 0.05, 0.1, 0.2, 0.1 and 0.2 nucleotide
substitutions, respectively. The GenBank accession numbers of
reference strains are indicated

Gc

Phylogenetic analysis of Ge resulted in the same topology
as was observed for Gn at both the nt and the aa level.
Nucleotide sequence identity between the two SHUV iso-
lates was 98.8 %, with an interspecies identity of 83.7 to
AINOV. Amino acid analysis showed 97.9 % identity
between the SHUV isolates and 74.4 % identity to AINOV.
The lower level of homology in the Gc protein is well
documented for the orthobunyaviruses [5, 6, 9] (Fig. 3d).

RNA-dependent RNA polymerase (RdRp)

The RdRp comprises 2253 aa. Phylogenetic analysis of the
RdRp protein of SAE 18/09 grouped it together with
SHUV (An 10107) in a clade with AINOV, with high
bootstrap support at both the nt and the aa level (Fig. 3b).
Sequence identity at the nt level demonstrated SAE 18/09
to be 93.5 % similar to SHUV, 85.1 % to AINOV, and
78.7 % to SANV. At the aa level, it was found to be
98.9 % similar to SHUV, 95.2 % to AINOV and 90.5 % to
SANV.

Fig. 4 Sequence comparisons

to identify highly conserved (@)
nucleotides in the non-coding
regions of the S, M and L
segments of SAE 18/09, with

conserved nucleotides W MIGRRDG. w0 xce
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M segment 3’

L segment
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Terminal sequences

The 5’ untranslated region (UTR) sequences of all three
SAE 18/09 genomic segments are identical for the first 10
nt, as are the corresponding 3" UTR sequences (Fig. 4a). In
addition, these 5" and 3’ sequences exhibit complementarity
for all but one of the first 11 nt; the mismatch at position 9 is
conserved amongst members of the Bunyaviridae [5, 31,
32]. Complementarity extended to 15 nt in the S segment, 17
nt in the M segment, and 19 nt in the L segment (Fig. 4b),
which was similar to what has been seen in Bunyamwera
virus, where complementarity extends to 15, 18 and 19 nt,
respectively [33, 34]. The AACA motif, which is associated
with minireplicon activity [35], was found to be conserved
for all three segments of SAE 18/09 (AACA,,).

Discussion

The genome sequence of the pathogenic SHUV strain
SAE18/09 was determined and compared with the proto-
type strain Anl0107, isolated from an asymptomatic
bovine. Though highly similar, distinct differences were
found between the sequences of these two strains.

Only a limited number of viral sequences were available
for the full segment analyses; however, the overall topol-
ogy for the S, M and L segments was uniform and reflected
the results seen in other partial genome studies [3, 8]. The
analysis of the viral proteins was more comprehensive, and
for all the proteins, SHUV SAE18/09 grouped with SHUV
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Anl10107 and AINOV, its closest serological relative, the
topology reflecting the original molecular analysis of the
Simbu serogroup viruses [8]. Sequence identity between
the two SHUYV isolates was high and ranged between 93.5
and 99.3 % at the nt level and 96.2-100 % at the aa level
for all viral proteins. In particular, for the N ORF, the
values of 97.9 % (nt) and 100 % (aa) were very high for
isolates from different geographic locations and isolated
decades apart but reflected what has been seen in other
bunyaviruses such as RVF. However, for Aino and Aka-
bane viruses, the identity between Australian and Japanese
strains can result in differences up to 7-8.9 % [36, 37]. The
highest variation existed in the NSm and Gc proteins, Gc is
exposed on the outer surface of the virion and is thus a
principal target of neutralizing antibodies. Such variation
may play a role in positive selection, resulting in drift and
potential immune evasion over time.

A noteworthy variation that has been linked with differ-
ences in pathogenicity in other viruses was that, in the pro-
totype SHUV isolate (An10107), the predicted cleavage site
for NSm/Gc produced an NSm and a Gc protein one aa
longer and shorter, respectively, due to three aa changes at the
cleavage site. The significance of these changes will need to
be investigated in studies of expression and pathogenicity, as
they can lead to changes in the efficiency of signal peptide
cleavage, which in turn can affect the production of infectious
virions [38, 39]. The high level of conservation between these
two isolates — one of neurologic origin and the other
asymptomatic origin — further highlights the need to investi-
gate the factors that influence SHUV pathogenicity.

In summary, the genome of SHUV shared all of the features
and conserved domains previously identified for the Simbu
serogroup. Phylogeny of the viral proteins was similar
throughout, with no indication of genomic reassortment. This
genome sequence and phylogenetic analysis marks an impor-
tant step towards the establishment of a reverse genetics system
to analyse the biology and pathogenicity of SHUV, as well as
towards the further elucidation of the molecular relationship
between members of the Simbu serogroup. Nevertheless, more
full-genome sequences are required to fully elucidate the
relationship between the Simbu serogroup viruses, and the
mutations observed between the two SHUYV strains at the NSm/
Gc cleavage site need to be investigated further.
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NCSGYRALPRTRELCRSKLSNIVLCVIASLIFFSFITPIS-SQCIDIERLPEEY TACTRELDNIK-———-SLTINDTYSFIYSCVCIVVLIMIRNAIRYLL
NCSGYRALPRKTRELCKSKISNIVLCVITSLIFFSFITPIS-SQCIDIERLPDEY ITCKRELANIK- SLTIDDTYSFIYSCTCIIVLILLKEAARYIL
NCSGYRALPRTRELCRNRLSNIVLCITASLIFFSFITPIS-SQCIDIDRLPGEYTACTERLNSVN SLTFDDAYGFIYSCACTATILITIIRNAIRYLL

RMSELRVVLDIIIILLGCMTPFMTKILIKAL

NCTGYRALTHARIACKRRIPNAIMAIFTTILIFSFLTPVS-AECYNLSELPQDY INMVNYIGMRS -——- LLGYVVASLALLIATVVLLQNEKLAEQALKLY
NCTGYRALTKSRRLCKSKGWNIFLCICFGLIFFSFITPVQ-SECFRKFEDLTQEFKSCLSENAQIKERESNNIKTITAVIVILLTLMAFKIPIVNVYQMIT
NCTGFRSLTHTRS LCRRRLPNAALATMVTILFFSFITPIS-SKCYEEEQLVDEFRSALRDLQETT----IRNNVYICVLAGIIVLICMRLI IMRYYVRIR
NCTGFRSLTHTRS LCRRRLPNATLATMVTVLFFSFITPIS-ARCYEEEQLVDEFRSALNNLQQIT----IRNNIYICVLAGIITLICMRLI IMRYYVRIR
NCTGYRTLTKTRVLCKERIPNVILASLVTILFFSFITPIS-AQCYNYSSLPDDFKNAIDMSEKCN--—-MEHLIILGMLVSSILAFFLVLLITEVYIRYY

NCYGYRALSGARSMCRSRTSSFATAVFFCIIILSFITPLEGERTYRLSELPDDY IRLEMMIRNINTRETITDILNYALIFSIIIITVCQDYFFNFLYRGR
DCLGYRSLSKAROMCRSKSWSFTAATLTGLILMEFISPIAGERMYRLEELADEFIRLTEQVNI LEREMEVLEQSITVMFATILVLLLFENMIFNRLFRIF
NCVGYRKTLTKTRT LCKERKLPNMFLAATITVMFFSFITPIT-AQCYNYSTLPQDFQLVIDEEYSCK- LEQIAMSCIALLCISLLILSTMVINLYIRIR
NCTGYKTLTKTRY LCKERLPNMVLATISTVLFFTFITPIT-AECYNYTSLPADFQAAIDRNNSCT REQLIMIILTILCIASTIMVISAVHLYIRIY
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YVVCPFCGMLARRRGLRMADGMTNYCLMCICS TDRGL TYHRASTRCYSPTRIRI IYSWLLMLLITNALT IVDAND-RVDCTNLEDGDIA
YVVCPFCGMLHRRRGLRMADGMTN Y CLMCICS TDRG L-= = ===~ ===~ TYHRASTRCYSPTRIKI IYSWLLMLLITNALTIIAASD-KVDCTNLEDGDIA

YVVCPFCGMLHERHGLEMSGDMTNYCLVCVCSKDEGL TYHKVSSNCYSPVKIKIMYVWITILFLMNTTITVAAEN-KIDCLELKENEIG
YCNCAFCGMIHERRGLRITDNFTHNRCLSCVCAENRGL TIHRGSKRCLFRFESNYRRIGLVIFVILLIPTIVMSEEGSINCRNIRPAQLT
YCNCSFCGMVHERRGLEIMDNFTHRCLSCVCAENRGL---——=-—-——-— TIHRASERCLFRFESSYNRTGLIIFMLLLVPTIVMTQETSINCRNIQSTQLT
YCNCGFCGMIHERRGLEKIIDNFTNKCLSCICAENKGL TIHRGSERCLFRFESNYNRVGLAIFVILLVPTIVMSEEGTINCKNIQSTQLT
YVNCAFCGMIHERRNLILEQGFTNQCLTCICHDE- - NIHRATRECTIRYRWHITH-NIRWLVEVSILIIMPASIYPMQCLRSEE-ITN
ITRCRFCOGMLHYRRNLEVGEGY THRCLFCICSEDRGL-————————= = VAHTARESCRYYSTRNIDRVFTILLIVILVILIRPIYGTSTDCREFRVDEPT
YVVCNYCGLIHLEQGLILEQGFTNKCLTCICANK- NIHRATQDCLSHSEMESYR-YSHILILSLIALSLLSPVYSSPCLQPED-LSG
YVLCNYCGLIHLEQGLILEQGFTNRCLTCICSNE- NVHRATQDCLSHSEMESYR-YSHILILTLVAMSLLSPVYSSPCLQPEE-LNS
YIFCSYCGMIHSKRGMI LQGNFTSRYLTCICSNR----- MLHRSTRNCIISIRYRSAR-ITNIIFAVVIILAMSVPAMMS-CLDGED-VSS
FRFCSFCEMIHARRGLRIFSNMTNRCGTCICGFNQEIRSGFDYEIFIRDMHIARESCRYNY FRSYNVSMRILLILMLIPLIGTTVADDTVCLRYDL-NRG
YRSCSMCGLIHYRPGLEKIDLTRKTNRCGSCICGFDEQQSSGFEYEIF LKDMHVORESCKF SPRVNEFRNIKALLFALVICATIYTVYADEDCLSEDI-KIT
YVFCAYCGMVHERRGLI LHDNFTSHCLTCICTDR--—---——=--——-— SIHRSNNNCIMPLRHRTHR-YTSIVCAFLLVACATTPVFGR-CLDREE-ITS
YVFCAYCGMVHERRGLI LLDNFTSHCLTCICRDE- STIHRANNNCVTPMEYRTAR-YTHNLLCITILLITIIAVTPAFSA-CIQERE-IET

SHOV (KF153117)
SHOV (HES00142)
AINOV (HET95088)
SATV (HET95103)
SBV (HE649913)

DOUV (HE795091)
SHAV (HET95106)
SIMV (HE795109)
SANV (HE795100)
PEAV (HE795084)
SRBOV (HE795097)
JATV (JQ675602)
OROV (NCDO5775)
TINV (AB208700)
AKAV (NCO09895)

SHUV (KF153117)
SHUV (HE800142)
AINOV (HE795088)
SATV (HET95103)
SBV (HE649913)

DOUV (HE795001)
SHAV (HET95106)
SIMV (HET95109)
SANV (HET95100)
PEAV (HET95094)
SRBOV (HET95097)
JATV (JQ675602)
OROV (NCDOS5775)
TINV (AB208700)
AKAV (NCOO98S5)

SHUV (KF153117)
SHUV (HEB00142)
AINOV (HE795088)
SATV (HE795103)
SBV (HE649913)

DOUV (HE795081)
SHAV (HE795106)
SIMV (HE795109)
SANV (HET95100)
PEAV (HE795094)
SABOV (HET95097)
JATV (JQ675602)
OROV (NCOD5775)
TINV (AB208700)
AKAV (NCD098S5)

SHUV (KF153117)
SHUV (HE800142)
AINOV (HE795088)
SATV (HET95103)
SBV (HE649913)

DOUV (HE795001)
SHAV (HET95106)
STMV (HET95109)
SANV (HE795100)
PEAV (HET95094)
SRBOV (HET95097)
JATV (JQ675602)
OROV (NCDOS5775)
TINV (AB208700)
AKAV (NCO0O9895)

SHOV (KF153117)
SHUV (HE800142)
AINOV (HE795088)
SATV (HE795103)
SBV (HE649913)

DOUV (HE795091)
SHAV (HE795106)
SIMV (HE795109)
SANV (HE795100)
PEAV (HET95094)
SABOV (HET95097)
JATV (JQ675602)
OROV (NCDO5775)
TINV (AB208700)
AKAV (NCOOSS895)
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IEKVSQCIATHONYTEARKNLEDILNEYSIVDQQEKAEIKNANIN- -CKTINKATEGLSVLETQAFYEQVKSKMCPIDVND I TKPNSASNLOWKT LARTY

IEKVSQCIATHQNYTDAAKNLEDILNEYSIVDQQGKAEIKNADIN- -CKTINKAIEGLSVLETQAFYEQVKSKMCPVDVND I TKLNSASNLQWKT LARTY
IQKISQCIATHQNYTESAKS LEVILQEMSTVEQQEKEEIMSSEIR- -CTNINKI IESLTVLEAQVFYEQIKSKMCPSEVND I TRLNS GGNTQWKT LARTY
IDHLSKCMAFYQNKTNSPVGINEIISDAFPDEQ- - ~ELVKGLNLN- -CDVIDRFISEASVIETQVYYEY IKSQMCPTQVHD IFTIKSASNIQWKALARSF
IEHLSKCMAFYQNKTSSPVVINEIISDASVDEQ---ELIKSLNLN--CNVIDRFISESSVIETQVYYEYIKSQLCPLOQVHDIFTINSASNIQWKALARSF
IDHLSKCMAFYQNKTDSPMEIDAIISDASPDEK- - -ELIKGLNLN--CNVIDKFISEASVIETQVYYEYIKSQMCPAQVHDIFTIKSASNIQWKALARSFE
LEEASACISVYQNVTQRKOYHELTKSMSEQLSSDEVSILLPQVVPS-YINLIHEIENEND LHTAIVKEII LANLYPEIVRKYYSAAGPDTVKWRTILLNA
IEQISKCLAIYQNKTSSDRKEQVIESLKQYATK- - -EEIESLNIPDDYEELNTKIEQFTVLEGKIFLEYYKSQTLSEDVNGIKI LNDPQNIKWKMYIKHR
LEEISLCLALYQNQSQONIEYSQLMTKLKSHIHEDELNMLLPTTKPT-FRKEMIKKIETANDYHMSTIYEYVNGFMYPETLKALLKPAGETTIEWRTYFRNT
LEEMSLCLALYQNQTONVEY SQLMSQLKTHIHEDE LNVLLPKTKPT-FRKEMIKKIETANDYHISTIYEY INGFMYPETLRALLKPAGETTIEWRTYFRNT
IESASLCIGVYQNISRAKEYSTLNSELSEKISNHEVTALMPEQQPT-FDSLINKASTLRKDLHTATLFEY LAVSLYPLOMSKHLDPAGPNSIQWRAFLQVN
LGDLKNCYGLKLGISNYKSVDSAYNELTEKKLVSD LDKLDLSILKGSKEKIFDAIENS LNIHRMVFLEY LAYKTN - PKLKE I THNT GPYNVAWRAF THNN
¥YQELHNCIGPKIMGDTCVSKSELYSDLFSKNLVTEYDKKY FEP- -DTVNDQFNKIEFAQDAHRMI LLERI LYKTE -CEMLS LKKNS GPYNVAWRT Y LKNH
VEDASLCIGLYQNVTKAKTYQEYSAELSKKISSQEITILMPDRQPP-FDSVISKAQTTQDLHTATLYELIASNLY PENIKKHLDPAGPNSIQWRIYLQTN
IDDAERMCIGLYQNITQPKEYNTFVKELSSTLSSHEIEFLLPAVKPS-FDYLITKSSTSKD LHSATIHEFIAANLYPNNFRKHLASAGPGSIQWRTYIQNN
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TLALCNEHPHKHICKCMSAFTYCTS TNTDHGGEMRKE YEHKIDNFEHDVKIVLRI IKYMVEGLGS TLLOKIEESRKY SELVHIVGKL LPKAEKNI QMKGV
TLALCNEHPHKHICKCMSAFTYCTS TNTDHGGEMKKF YEHKIDNFEHDVKIVLRT IKYMVEGLGS TLLOKIEESRKY SELVHIVGKL LPKAEKNT QMKGV
TLGLCNQHPHKHICKCMS SETYCTSTLTDHADETKKY YTNKITNFEHD IKI ILRIVKYMVEGLGSMLIDKIKKSRRY TD LIHI TGKLIPKASENTQLKGE
TLGVCNTNPHKHICRCLESMOMCTS TKTDHAREMSMY YDGHADRFEHD IKI ILN IMRY IVPGLGRVLLDQIKQSKDY QA LRHIQGKLSPKSQSNLOLKGF
TLGVCNTNPHKHICRCLESMQMCTS TKTDHAREMS IYYDGHPDRFEHDMK I ILN IMRY IVPGLGRVLLDQIKQTKDY QALRHIQGKLSPKSQSNLQLKGE
TLGVCNTNPHKHICRCLESMQLCTS TRTDHAREMS IYYDGHPDLFEHD IKI ILN IMRY IVPGLGRVLLDQIKQTKDY QALRHIQCKLS PKSQSNLOLKGF
GLHICSEHVVKMICRCALLQQECQSVTSDDGNQIETYYKSHKEEFYEDMAS IFKVIYTAFPGLTKFLLVRSMSSKALODAVEVLGKLKY YTRNNNHLNGT
TMNLCMPHSYKY ICRCIHSFKYCSSTATDHESEI TTY YRDKAAE Y THD LNLLLDAIKY AVPGLGASI LDQ TKKDKDYDNIPHI TGKLQVYAKNNIHLLGT
GLHACDKNIKKMICRCVLEQKECDNTKVDAAKTLENYYTSKPGE LKEDMT I LAKG LSKAFPGLTTILLNQIVSSEKYELFPHITSKMKLASAENRQLTGT
GLHACDKNIEKMICRCILEQKECDNTKVDAZKTLENYYTSRPEELKEDMAT LTKRLSKAFPGLTATLLNQIVS SEKYELFPHI TFKMKLASADNRQLTGT
SPHICNEHITKMICRCVLKQEECKSTTSDHAQEIENYYKKNKLEYKADMSVLY STIGKAFPGLTGNLLNQILENEKYED SFFVIDKLLLYTEKNNQLTGT
NLEICGSYPYKLICYCINQKTHCENTTVDHGSQIQPYYTKHPNTYKADMEALLKTIQIAFRGIVKVLIQFYVENNKT SDLINLLTE LQTKMENNPQMKGT
NIDLCSRHNYKMICQCINTHSMCNNTDIDYNKEIETYYKSNARAYRADLNTIMDTLKTAFRGLTKVLIENYIEKDDSDALKALFSNITDSVQDNYQMIGT
SLYICNEHVTKMICRCILKQEECMTTTSDHAQEIENY YKSHKAHYRADMLVLY TAVGKAT PGLVENLLOQTLKNGNYED SKY I FDKLLEPVKHNNQLTGT
NLHLCNDHVVKMICRCVIKQEECSS TKVDDGEQIAQYYKRNKEFYKAD LEILYTVISRAI PGLVGNLLROVLKSQKY GESLHVLNKIKKDVSKNNQLNGI
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LOFATQLLTYNVS-IVSETPNIVAMS LIKSEGQSVTGKLPGTAPLNICTNSKKVICFS PRGISQPYDY IMCEDKLY-KWPQDGVYRHNKNS GEACARDTH
LOFATQLLTYNVS-IVSETPNIVAMSLIKSEGQSVTGKLPGTAPLNICTNSKKVICFSPRGISQPYDYIMCEDKLY-KWPQDGVYRHNKNSGEACARDTH
LEFTNKMLTYNVS-IVSEEPEISAMSLIKRDGQTVNSKI PGVTPINSCTGARKVICFS PRGVSQPYDYI ICNDKLY-KWPQDGVYKNNKNNGEACARDTH
LEFVDFILSTNVT-IKKSPQTLTTLSLVKGAHRNLDOKDPGQTPILVCKSPOKVICYSPRGITHPGDYISCESKIY-KWPSLGVYRYNKDQQQACSGDTH
LEFVDFILGENVT-IEKTPQTLTTLSLIKGAHRN LDQKD PGPTPT LVCKS PQKVVCYS PRGVTHPGDY I SCKSKMY-KWPS LGVYKHNRDQQQACSSDTH
LEFVDFILSTNVT-IEKSPQTLTTLSLVKGAHRS LDQRKDPGONPILICKLPQRVICYSPRGITHPGDYISCESKMY-KWPS LGVYKHNKDQQQACSGDTH
ITFAEHIISKNVT---SESRTIN-FEVRKLTGQQFTDRNVGSSGITTCQTPKLVTCTGKRLRS LQKEYTACSNNGV-KMYLKEDKI YCRVGADLCVGDKY
LKFIDHMRSLSVTGLOKGSARLKTIKSISSE-PVLRANTVGESPITSCYQAKKATCVS PKGVGTPNQYLLCQSKLY - LWPMDGVYVSNRNPSEHCADDTH
LNFLEFVADKNMT -- -KKEKQLRSLPSTRHLGDKF THKNAGEKN IKTCTD PKTVRCTGKRLRS LT IEFQACNSNGI-RLYKQPKYPRVMVGSVLC LADRH
LNFFEFVADRNMT -- -KKEKQLRSLPSIRHLGDKF THKS AGERN IKKCAEPKTVRCTGKRLRS LIIEFQACNSNGI-RLYKQPKYPRIMTGEVLC LADRH
LKFIKHINAKNIT-- -GELKKFEPRSDFRVTGSKYDTKTSGVPGIRRCETPLIVSCTGKRFRNI LKIFISCSS- - -—KLYKQTNLP LVYFDRKLCIGDRY
LRKFLCEFMKTPLQ-VPKTMKIN--VKPDISGANPFNNFSTSKENITKCVKIVKLRCITKSTLIEHN-YILCGESEK-KIYQWPTKPTIMENGNACLGDRKH
LKFASKLLDINLG-RSTRSAHHS IMTNE IPKSNPFTDYSY SNLNIKECMS PES LKCFKKRGS TPHTNHL LCKIDNKYKAFDWPE IETIQKGQKLC LGDSH
IKFLRHINEKNII---SIQSNFELRSEFKLQGNAYNTKTTGDTGVKECVSPLIVACTGKRYRNLVKKYISCSQ- - -—KLYVLPELPILYFDNKLCIGDRY
VEFLTHINSQNIT---EEVRELRIRPDLSIRGSKFTDKNPGIPD IKECQTPLFITCTGKRFRS LMKQYTACSNGGV-KLYQRPNKP LALVGNKLCIGDKY

e30 240 850 B 70 se0 as0 s00
-1 Feeeeleennd - Sl

CISTFEPAT--RGVERRICESYETTYADDIYSNAISECIVTKFGTCT-VKS STWPFAVCQ-GVYYYTSARQHSKTHDITKYCLS STCKEKRYPFRSDYCS
CISTFEPAT--RGVERRICKSYETTYADDIYSNAISECIVTKEGTCT-VKS SIWPFAVCQ-GVYYYTSARQHSKTHDITKYCLS STCQEKRYPFRSDYCS
CISMFEPAT--RGIDRKICKSYEITYNEDAYSNS IAECVVEKFGTCT-VKSSTWSFAVCQ-GLYYYTSARQHAKTHDITKYCLSNTCQEQRFPFRSDYCS
CLEMFEPAE--RTISTKICKISDIAYSESPYSTGVPSCNVKRFGSCS-VRGHQWQIAECSNGLLYYVSAKSHSRTNDITLYCLSANCLD LRYAFRSTSCS
CLEMFEPAE--RTITTKICKVSDMTYSESPYSTGIPSCNVKRFGSCN-VRGHQWQIAECSNGLFYYVSAKAHSKTNDITLYCLSANCLD LRYAFRSSSCS
CLEMFEPAE--RTISTKMCKINDMSYSESPYSTGIPSCNVKRFGSCT-VRGHQRQIAECSNGLLY YVSAKTHSKSNDITLYCLSANCLD LRYAFRSTSCS
CLISFTPITDKENVDKLICYATEFRDQSNGMLKS SQSTRVKKLGSCA- LKGQLVNIAMS SENLLYKYDTIYHKKTPLVDEYCLSEKCTSDHYPYSSENLK
CHIPINPPK--DDISKKVCREHNIETNTDIYSKSVTECSVEKFGTCN-VKSVTWQIAVCN-GVY Y YTSARQHAKGHD ITSYCLTASCTEARY PFRKRLCT
CLODFIPISTEDSVEKLQCYASQSADESNGMLVAKSDIRLKKIGKCI-VNSGRKQIVKSKDGKY YEYKT LQHKKTALVDEYCLSPECDEQFYPYHLDNLK
CLODFVPISVDDNVEKLQCYASQSSDESNGMLVAKND IRLKKIGQCS- INSEKKS IVESKDGKFYEYRVLQHKKTALVDEYCLS SECDEQF YPYHPDNLK
CDIEFEPQIVDSNIQHLKCFASPPTDNSNGMNQETKSIKIAQLGECK-VNNFPSKIVKSASCKYYPYTTLVHKQEETIDEYCFSHDCQRALYPRHESKLT
CHLOFTPIENDEATKTVSCYKENFEQNPGPMNTQLKKCEALNVGICVTIKNENWPIVQCKTELY Y YADGRTHAKDGTINNYCFSEKCNVDRFPTHSDYIS
CNLEFTAITADKIMS LTNCYKESFTAQPADMQAGIKKCSADEIGECTTLEDKTWPIIFCG-GKYYYSDSKEHAKDGSINNYCLTNKCSEQRFPTHENWEK
CLLPLTPLOVNSDIQHLKCFASTPVDQSNGMNKAEATIRLEKLGECK- IEDKVVN IAVSMVSKHFPYDTVRHKQSELVDDYCLSQDCTKSFYPYHPNNLK
CMIAFDPMVIDENIQKLDCYSLAATDOSDGMLKPERSIRLLKTGECK- IAGALSRIAVS INOKNYKYSTIVHKKSGLVDEYCLSPNCDLDCYPYYPANLV
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NTVWDSTYRTKLNMKHISHPDIENYISALQSDIANDLTTHHFRPTKNLPS IRPTYNGITIQGDKI SSGIRNAFIEGKLPATAGLASGLDVHMPDGTNLFS
NTVWDSTYRTKLNMKHISHPDIENY ISALQSDIANDLTTHHFRPTKNLPS IAPTYNGITIQGDKISSGIRNAFTEGKLPATAGLASGLDVHMPDGTNLFS
GTVWDSTYRTKLNTRHISHPDIENYIAALQSDIANDLTIHHFRPTKNLPAIAPSYIGVTIKGDKVSSGVRNSYIESKLPAISGLATGVD IKMPDGNDLES
DIVWDTSYRNKLIPRSISHPDIENY IAALQSDIANDLTMHYFKPLKNLPATTPQYKTMT LSGDKVSNGIRNSYTESHIPAVNGLSAGINIATPNGDNLFS
DIVWDTSYRNKLTPKSINHPDIENY IAALQSDIANDLTMHYFKPLKNLPAIIPQYKTMT LNGDKVSNGIRNSYIESHIPAINGLSAGINIAMPNGESLES
DIIWDTSYRNKLMPRSISHPDIENYIAALQSDIANDLTMHYFKPLKNLPAIIPQYKTMTLSGDKVSSGIRNSYIESHIPAVNGLSAGINIATEPNGDNLFS
NCVWTITNHRFQSQLHIDHODIESFISGIKLSLHNDLITHNYRPTONMPHIIPNYKSISIAGSDNGNTITDAYVLFTIPLTTGLSQGFSVNTKTNKGLED
QTVWDTTYRDKVHIKKLSHTNIENY IAATQSELSNDLSTHSYRPLKNLPKVIPTYKSISIQGDE SKTGVRNAFVKSS LPAITGVSTGLNVKFKDGSELFS
SCTWRELTHNTVSQTKVVHNDIESFASAIKLS LKNDLTTHHFRPTD SLPHVVENYKGL S IKGTENENGIQNAFVLFNMPLOSGHSQGYTLVATNGIKIFD
SCTWHESTHGTTSQTKVVHND IESFASATKLS LHND LTTHHFKPTD SLPHVVENYRGI S TRGTENENGIQNAFVLFNIPLQSGHSQGYTLSDTNGAKIFD
ECNWDS SEHRVVD PRVMVHND IESFISSTKLS LHND LVTHHFKP LQNMPHIKPNFKSITLQGTI S SGKVQDSYIVFNVP LI TGVSQGY TVTAPDGKP LFD
TCNWQETAKDYQHVKEFTHLDIESYKRATESDIKTDLVIHKFRPTKNLPHVIPRY S SLILOGTETSDGIQNAFTQGS LPATSGLANGYHLYTPNSKQLFD
KCNWDKTHKEF STMRQINYNDITSYRKATE SE IGTDLMTHHYKP TKNLPHVVPRYHSIDVQGTE STEGI INGFIQNTI PATSGLGVGYHLNFQ-SNQLFD
ECTWSGSEHQTISQKFISHNDIESFISATKLSLHNDLVVHNFKP LANMPHVKPSYKSI S LOGTVAGGKVQDSYIVFNVPLITGLSQGYTITAPDGLPVMD
DCSWSESTHSTLNOKVISHTDIESFISSVKLSLHNDLIOHHFRPLSNMPHVKPNFKSINVOGTISGCKIODSYITFSIPLMTGLSOGFTLODHKGNTLFD
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SHUV (KF153117) IIIYVEKISIKSNYQYIYSTGPTVSINVRHNEYCTGRCPESIPSD-LNWLTFSREESSSWGCEEWGCIAINEGCVFGSCQDVIKPEMKVYRRIGSETKEV
SHUV (HEB800142) IIIYVRRKISIKSNYQYIYSTGPTVSINVEHNEHCTGRCPESIPSD-LNWLTFSREHSSSWGCEEWGCIAINEGCVFGSCQDVIRPEMKIYKRIGSETKEV
AINOV (HE795088) LVVYIKKITVRSNYQYIYSTGPTISVNVKHNEQCTGKCPTSIPAD-TNWLTFSRERSSTWGCEEWGCMA INDGCVYGSCOD I TRPELKI YRKI GSETKEA

SATV (HE795103) IVIYVRKKVINKASYTFLYETGPTIGINAKHEEVCTGKCPTPIPHQ-DGWI TFSKERSSNWGCEEWGCLA INDGCLYGSCQDVIRPEYKI YKKSGIEQKDV
SBV (HE649913) ITIYVRRVINKASYRFLYETGPTIGINAI VCTGRCPSPIPHQ-DGCWVTF SKERSSNWGCEEWGCLA INDGCLYGSCQOD I IRPEVYKI YKKS STEQKDV
DOUV (HE795091)  IIIYVRKVINKASYKFLYETGPTIGINAKHEEVCTGKCPNPIPHQ-DGWITFSRERSSNWGCEEWGCLA INDGCLYGSCOD I IRPEYKI YRKSGVEQKDY
SHAV (HE795106) LVVYIKRAT IKAEYTFEYETGPTIGINAVHSERCTGFCPREI PHA-TNWLTF TRKEHTSSWGCEEWGCFAINTGCVYGSCQD I IKPEGKVYKKI GSEAIDA
SIMV (HE795109) LVVFVRKIIVRATYRHIYTTGPTVGINTKHNE ICTGTCPKTI PGE-KNWLTF SKEHTSNWGCEEWGCLA IGAGCLYGSCQD ILKPELRVYKKVGTETREV
SANV (HE795100)  IVVYVKQAKIKAQYVYQYSTGPTIGINVRHEELCTGSCPHDIPKD-ONWLTF SKEHTSAWGCE SWGCLA IGTGCVYGSCOD I IREEGYVYRKLGSEE IET
PEAV (HE795094) IVVYVRQARVRAQYVY QY STGPTIGINVRKHEELCTGSCPHDI PKD-QNWLTF SREHTSAWGCESWGCLAIGTGCVYGSCQOD I LIKEEGHVYKKLGSEE IET
SABOV (HE795097) TVVYIRLAQVRKASYAKEY TTGPTIAINIHHNERCTGNCFEI I PRKGETWLSF SKEHTSAWGCEEWGCLAVGTGCVYGSCQDVIRPEATVYRKKSNQEQFPDV
JATV (JQ675602) VILFLRRASYRAEYRRIYTTGPTIGINVEHNEQCTGSCPRTIEKK-QNWLTF SKEHTSQWGCEEY GCLAMDAGCVYGSCQD ITRPEIDI YKIYGSERSMV
OROV (NCOO05775) IVIFVRKKAVYRAQYOKAYTTGPSISINIEHNERCTGHCPEKI PAK-EGWLTFSKEHTSSWGCEEYGCLAIDTGCLYGSCQODVIRPELDVYKKIGSEVSLI
TINV (AB208700) AIVYIKSARLKATYSLEYQTGPTISINTDHNERCTGTCPTVI PKK-DNWLTF SKEHTSAWGCEEWGC IAIGTGCVYGSCODVIRPEAKVYRKKINQDQPDT . . .
AKAV (NC009895)  IIAYVRSARVIATYNHEYKTCPTVSINVOHNEQCTGSCPSSIPKK-DNWLTFSREHTSTWGCEEWGCLAIGTGCVYCSCODVIREEATVISRVNNEQLEY v Predicted SIgnal peptlde
1110 1120 1130 1100 1150 1160 170 1180 1280 2200
. 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 . .
SHUV (KF153117) EVCITTAHETFCNNVDVLOPLI SQRIQLDLOS ITTTNMPPIIAVKNGKIY TGDINDLGVTAKKCGSVQSTDNG ILGSGNVKFDYICHAFNRKD I IVRRCY LI Proteln cleavage sltes

SHUV (HEB800142) EVCITTAHETFCNNVDVLQPLI SQRIQLDLOS ITTTNMPPI IAVKNCKIYTCDINDLGVTAKKCGSVQSTDSCGILGSCNVKFDYICHAFNRKD I IVRRCY
AINOV (HE795088) EVCITTAHETFCNTVDVLOPLISQRIQLDLOTVITANMPNIIGVKDGKIYSGDINDLGTTAKKCGSVOMTDNS I1GTGNVRFDYICHAFNRKD 11VRKCE
SATV (HE795103) EVCITMAHESFCSTVDVLQPLISDRIQLDIQTIVOMDSMPNIIAVKNGKIYVGDINDLGS TAKKCGSVQLYSEGVIGSGNPRFDY ICHAFNRKDVI LRRCF . .
SBV (HE649913) EVCITMAHESFCSTVDVLOPLI SDRIQLDIQTIQMD SMPNI IAVKNGKVYVGDINDLGS TAKKCGSVQLYSEGIIGSGTPRFDYVCHAFNRKDVI LRRCF - N Glycosylatlon sltes
DOUV (HE795091) EVCITMAHESFCSTVDVLQOPLI SDRIQLDIQTVQMESMPNI IAVKNCGKIYVGDINDLGS TAKKCCSVQLYSEGVI GSCNPRKFDY I CHAFNRKDVI LRRCF
SHAV (HE795106) EICITDSSETFCTEITSYNPILGERKVQIEIMSODSSLLPSNIFQKNNNIYKCDINPRKGTFAKKCGSVQRVQDQ IYVGSCEPRFDYICHAASRKDVVVRRKCY
SIMV (HE795109) EVCITMPHETFCNLVDVLQPLI SERVQISLETVDVKQLPTLIGIKNGKVLVGDINDLGNTAKKCGSVQITSDSVIGSCTPRKFDYICHAAQRKDVIVRRCY .
SANV (HE795100)  EICISDPYETLCNKIDVLEP ILTDTMOVEITSOQTNLLKEIVFVKDRNIYSGDINPRGTYARKCGSVORVGGLISGI GNPRFD YHCHAMSRRD 11 LRRCY = Trans-membrane regions
PEAV (HE795094) EICISDPYETLCNKIDVLEPVLTDTMQVEI TAQQTNLLKEVLFVKDRKNIY SGDINPRGTYAKKCGSVQRVDGLISGIGNPRFDYHCHAMSRRKD I I LRRCY
SABOV (HE795097) ELCVTDPTGTLCNKIDALEPIIGEHFQVELTTVQTNFLPDVILEKNKNIYVGSINRKGTFSQGCGSVQQFGGDTY GVGNPRFD YVCHAMSRKD IVVRKCY
JATV (JQ675602) ELCITLPHETFCNDLDVLEPIIGDKIQAAFQTVQSTHMPRLIAIKNNKAFTCQINDLGNTASYCCSVQRKFNGT ILGQCDPRKFDY I CHLLKRKD I IVRRCY
OROV (NCOO05775) EICITLPHETYCNDMD ILEPIIGDKLSASFONTQTNQLPTLIAYKKCKIYTCGQIND IGNTALQCGSIQVINGSTIGTGSPKFDYICHAMRRKDVI VRKCF
TINV (AB208700) ELCVTDPSGTLCNTIDALEPIIGEHFQVEIHTTQTNLLPDRILEKNKLIYTCQINAKGTFNPGCCSVQLFDSNTYGICNPRFDYICHALSRED IVVRKCY
AKAV (NC009895)  EFCVSEPTSTMCNTINVLEPVLCEHMQFEVHSVQTNLLPEVALIKNRRVYKCSINKKGVFNPQCCSVQOSFDCKLYGIGNPRFDYICHALSRKD IVVRECY
iz 1220 s230 1240 220 szen iz70 2200 sz 1200
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SHUV (KF153117) ENAYE SCKFLDMREDLAMMS G-MSNEVHMKISNVGT ISYKIMLGDFDYDLFTEHAS LNLDALKCGGCKSCPDCMHCS FKANTDKIVLCKIVSNCVSFLNN
SHUV (HE800142)  ENAYESCKFLDMREDLAMVSG-TSNEVHMKISNVGT ISYKIMLGDFDYDLFTEHAS LNLDALKCC GCKS CPDCMHCS FRANTDKIVLCKI I SNCVSFLNN
AINOV (HE7925088) DNAYESCKYLDLRNDLLMQAT-TNNE IHMKVSNVGT INYKVMLGDFDYDMFRESAALTVDVLRKCGGCLSCPDGMHCAFRATTDRATLCKIVSNCI SFLNN
SATV (HE795103) DNSYQSCLLLEQDSTLTIAST-NHMEVHKKVASVGT INYKIMLGDFDY TAYSTQAT ITIDEVRCGGCYGCPEGMACSLKITTNSIGSCPIKSNCDTY IKI
SBV (HE649913) DNSYQSCLLLEQDNTLTIAST-SHMEVHKKVS SVGT INYKIMLGDFDYNAYSTQATVTIDEIRCGGCYGCPECMACATLKLSTNTIGSCSIKSNCDTY IKI
DOUV (HE795091)  DNSYQSCLLLEQDSTLNIAST-SHMEVHKKVTSVGT INVKIMLGDFDYNAYSTQAVVAIDEIRCGOCYSCPEGMACSLKITTNTIGSCPIRSNCDAY IKI
SHAV (HE795106) DNAYISCSTLESIQNMDLIKDESKWYLRODTGLYGSVRKVKLLLGDLNYKQDDTTTTRITAKAVCGGCTDCFDDVSCRVDVI SNNIASCSVESTCSPY INR
SIMV (HE795109) DNAYDSCRFLOEDPNYNIAQG-TATELHLKTANIGQ IDFRKVMLGDFDYDVVSRDSTVI INS IKCAGCSDCVEEMACALN IQAESSTTCKVT SNCELYMDR
SANV (HE795100) DNEYISCSTLOSEPDLKI IKDNDKTY ILNDGQLLGSAATRLNLGDIKYKSVSAAEIQISCGFGTCCGCIQCFTD IACKLE ITSTCIKQCEITSHNCY VY TNN
PEAV (HE795094) DNEYVSCSALQLEPDLKI TKDNGKILILNDGNLLGGAAIRLNLGDIKYKS ISAAEIQISCGIGTCCGGCVQCFTD IACKLE ITSTGIKQCEVT SNCYVY TSN
SABOV (HE795097) ENHYFACKTLELRQDLKFQKTKDNQHLTNDNIMLGS AKVRMI LGDIQF SQMOPSRAQLSCHAICCGCQDCFNDVVCKVTLTAESSYRCKIASNCI SY IEN
JATV (JQ675602)  NNNYESCKFLTPRPDIIIDKKNDILQAS IVGMNLGOMNFKIMLGDINYNQYTETEN-LEITCQCVCCIDCSEDI1CSIKISSQSESVCKITSECRLY IEN
OROV (NCOO05775) NDNYQSCTRLEKRNDLIPYRKGDVIEVSKTGSNMGOMI FRIELGDINYKI FTRS ID-LOMSGICAGCIDCAEGISCS INAEVPAETVCHCKTNCEDF INN
TINV (AB208700) ENHYYACSTLTRRTDLRFVHSKDKQQVTNENI IIGTATVRKMILGDIQYKSMS PVVADLS INAVCGGCPDCFTDVI CKLTTT SNTVTRCKVE SNCI SY TDN
AKAV (NCO09895) ENHYY SCATLKEAVEIKPNITNSKTMLYNDNALLGSASVKIMLGDLIYQQTSVQEKDIRCHATCCGCTDCFNDVACKISMT SNGVYQCPIVSSCDSY INN
a1 1320 1330 1320 130 s 1270 1200 1320 1a0s
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SHUV (KF153117) IIIDPEQNDYSLKLDCSELISDIE INICNAK.LKAR.PTLIKQVPKISLASIDESTYIEWDDRCSTWLCRVR.DEGINAILSPIFGKm
SHUV (HE800142) IIIDPEQNDYSLKLECSELIADIE INICNAKLKARPTLIKQVPKISLASIDESTYIEQHDDRCSTWLCRVRDEGINAILSPIFGRKLSYYWMVTIYTILAT
AINOV (HE795088) IIIDPQOSEYS IKLECSQLIND IEISLCCLKLKARPSITRKOQNPKISLASLDESTYIEQHDERCATWLCRVRDEGI SAIFSPIFCGGLSYYWATIAMY SFLAT
SATV (HE795103) IAVDPMQSDYS IKLNCPLATDT IS INVCSASVSTKPSI SKNHPKIVLNSLDETSYIEQHDKRC STWLCRVYEEGI SVIFQSLFCNLSFYWKLTIYIILSL
SBV (HE649913) IAVDPMQSEYS IKLNCPLATETVSVSVCSASAYTKPS I SKNQPK VLN SLDETS Y I EQHDKKC STHLCRVYKEGT SVIFQPLFGNLSFYRRLT IV I I ISL
DOUV (HE795091) IAVDPMQSDYS IKLNCPLAADI ISISVCSASTTTKPSISKNHPKIVLNSLDETSYIEQYDKKCSTWLCRVYEEGI SVIFQPLFGNLSFYWKLTIYIIISL
SHAV (HE795106) LSLVEGSQQLHLKFKC--KMEAIAFSICGIKAEIRSEIVKSHKI LDLASLSQTSYIREYDKKCGTWLCRVYNEGIEGIIGP IWNKEFN IWLKYGTVVVVLI
SIMV (HE795109) IILDPAVNDYSLKLSCKKDIKI IKVAVCKSASET IPILKQSSVKLDLT SLDESAY I QEHDKKCGTWLCRVKEEGLSI IFEPIFGRKISYYWKIFIAVTSAT
SANV (HE795100) ILIQEGVNTLS IKLKC--LSKEFKVS ICKTNIDLKS LVVEDHSVLDLTSSDQTSYIKEYDKKC STWLCRVYDECGLGF IFKPFWSEINLWGKYILI IVCGLC
PEAV (HE795094) ILVQEGLNTLNVKLKC - -LSKEVKIS ICKTNIDLKS SVVEDHSVLDLTSSDQTSYIKEYDKKC STWLCRVYDECGLGF IFKPFWSE INLWGKYILI IVCGLC

SABOV (HE795097) VQVIEGTICGDISLKFRC--STNVITLDLCSIPINVKSEI IRTSQKLDLTSADQSSYIKEFDNKCNTWLCRAYNEGISFILQPIWCGEFT IWGKYLLIVAIIL

JATV (JQ675602) ILIQPSVNDYNIKLTCRSKSDKLK INICKQEFVLPLTIKSHNQKIDLSKLDESNY IKEEDLRCETMLCKVKDEGI SFITEGIFGGISYFWKTI IISLATI
OROV (NCOD5775) IVFSPQIKNYN IKVHCKSKVEK ITAHICGRDIDLQLTIKPYNQK IDLSQLDESNY I REEDLQCGTWLCKVQKEGIDI IFKGLFSGLGRYWT ILIYSI IGV
TINV (AB208700) IQIPDGSSEINLKFRC--SSTKID IKVCNT PVSVKSEIVKDDRKLDLT SADQTS Y I KEFDKKCGTWLCRAYNEGVSF ILGPLWNE IG INGRKYVLI ISGSL
AKAV (NCOD09895) VYINEGTNDVNLKFRC-—-LKAETKISICGKEI PVKSEI IKDTKKLDWASADQTSY I KEFDKKCATWLCRAYNEG]T GFVLEPLWNELS LAGKYVLLALATT
1810 1s20 1830
B B e P R I
SHUV (KF153117) FSTTTILYVLI PFCKRIKGT LEYNERVY QT ENKFK
SHUV (HEB00142) ISLIILLYVLIPFCRRIKGILEYNERVYQIENKFK
AINOV (HE795088) LLIVFLLFILVPFCKRIKGVLEYNERIYQIENKSK
SATV (HE795103) FILILTLYILIPLCKRLKGLLEYNERIYQMENKFK
SBV (HE649913) IMLILFLYILIPLCKRLKGLLEYNERIYQMENKFK
DOUV (HE795091) FTLILILYILIPLCKRLKGLLEYNERIYQMENKLK
SHAV (HE795106) FSVILIVKVINPLIKLIINTLKHNEQMYLLESKQK
SIMV (HE795109) IGLLALVYICFPVCRRLKGLLEQNERIYOMETKFK
SANV (HE795100) LLIVIVAKLIAPFVKYVISTLKYNDY IYKIENKMH
PEAV (HE795094) LLITITAKLIAPLIKYIISTLKYNDYVYKIENKMH
SABOV (HE795097) ILILIFAKVLKPLAFAIITLLKRNDEIYRLENKIK
JATV (JQ675602) GILVIFYYIGLPLFKI LKDY LKRNELEYLAERKLK
OROV (NCO05775) VIIVILVYILLPIGRLLKAFLIRHEIEYAMEQKIK
TINV (AB208700) IIIVLFAKRIIKPLSIYLISLLKRNEEIYRLENKIK

AKAV (NC009895) ISVLILVKVIRPLARYVVAVLKENDKVYKLENKLK
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