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Glossina pallidipes salivary gland hypertrophy virus (GpSGHV; family Hytrosaviridae) can establish

asymptomatic and symptomatic infection in its tsetse fly host. Here, we present a comprehensive annotation of

the genome of an Ethiopian GpSGHV isolate (GpSGHV-Eth) compared with the reference Ugandan GpSGHV

isolate (GpSGHV-Uga; GenBank accession number EF568108). GpSGHV-Eth has higher salivary gland

hypertrophy syndrome prevalence than GpSGHV-Uga. We show that the GpSGHV-Eth genome has

190 291 nt, a low G+C content (27.9 %) and encodes 174 putative ORFs. Using proteogenomic and

transcriptome mapping, 141 and 86 ORFs were mapped by transcripts and peptides, respectively. Furthermore,

of the 174 ORFs, 132 had putative transcriptional signals [TATA-like box and poly(A) signals]. Sixty ORFs had

both TATA-like box promoter and poly(A) signals, and mapped by both transcripts and peptides, implying that

these ORFs encode functional proteins. Of the 60 ORFs, 10 ORFs are homologues to baculovirus and nudivirus

core genes, including three per os infectivity factors and four RNA polymerase subunits (LEF4, 5, 8 and 9).

Whereas GpSGHV-Eth and GpSGHV-Uga are 98.1 % similar at the nucleotide level, 37 ORFs in the

GpSGHV-Eth genome had nucleotide insertions (n517) and deletions (n520) compared with their homologues

in GpSGHV-Uga. Furthermore, compared with the GpSGHV-Uga genome, 11 and 24 GpSGHV ORFs were

deleted and novel, respectively. Further, 13 GpSGHV-Eth ORFs were non-canonical; they had either CTG or

TTG start codons instead of ATG. Taken together, these data suggest that GpSGHV-Eth and GpSGHV-Uga

represent two different lineages of the same virus. Genetic differences combined with host and environmental

factors possibly explain the differential GpSGHV pathogenesis observed in differentG. pallidipes colonies.
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INTRODUCTION

Tsetse flies (Diptera; Glossinidae) transmit African trypano-
somoses, a set of neglected tropical zoonotic diseases with
devastating socio-economic impacts in sub-Saharan Africa
(Jordan, 1986; Steelman, 1976). Due to a lack of effective vac-
cines and increasing drug resistance and counterfeits (i.e.
substandard drugs that mimic authentic drugs) (Barrett
et al., 2011), vector (tsetse fly) control is of critical import-
ance and represents a sustainable trypanosomoses control
method (Schofield &Kabayo, 2008). An effective vector con-
trol strategy is the application of the sterile insect technique
(SIT) as a component of an area-wide integrated pest man-
agement approach (Vreysen et al., 2013).

A prerequisite for the application of SIT programmes is
mass production of healthy and productive colonies of
the target tsetse species. A SIT programme was initiated
to eradicate Glossina pallidipes from the Rift Valley of
Ethiopia (Feldmann et al., 2005). For this programme, a
G. pallidipes colony was established at the UN Food and
Agriculture Organization/International Atomic Energy
Agency’s Insect Pest Control Laboratory (IPCL), Seibers-
dorf, Austria, using pupae collected from the target area.
However, this colony completely collapsed within 2 years
of its establishment (Abd-Alla et al., 2010) due to infection
by Glossina pallidipes salivary gland hypertrophy virus
(GpSGHV; family Hytrosaviridae) (Abd-Alla et al., 2007).
Up to 85 % of the flies in this colony had salivary gland
hypertrophy (SGH) syndrome – a phenomenon that was
first described in wild G. pallidipes populations (Whitnall,
1934) and later observed in other Glossina species (Kariithi
et al., 2013c).

GpSGHV can establish a chronic non-debilitating asymp-
tomatic infection and an acute symptomatic infection in
the adult insect host (Boucias et al., 2013). Whereas asymp-
tomatic virus infection has no apparent host fitness cost,
symptomatic infection, which is characterized by severe
and extensive SGH symptoms, causes reproductive
dysfunction and colony collapse (Abd-Alla et al., 2007;
Jaenson, 1978a, b). Overt SGH occurs in G. pallidipes,
although GpSGHV infection is largely asymptomatic in
other Glossina species (Kariithi et al., 2013a). Expression
of overt SGH in G. pallidipes can be successfully suppressed
by oral administration of antiviral drugs (Abd-Alla et al.,
2014), and by modification of fly feeding and colony hand-
ling protocols (Abd-Alla et al., 2013). Asymptomatic
GpSGHV infection potentially represents viral latency
(Kariithi et al., 2013c) and the occurrence of SGH symp-
toms is an exception rather than a rule.

GpSGHV pathogenesis and SGH prevalence differ from
one G. pallidipes colony to another. For instance, despite
a high prevalence of asymptomatic infection in the IPCL
G. pallidipes colony (originating from Uganda), SGH
prevalence averages at v10 % and the colony has been
stable for almost three decades (Abd-Alla et al., 2010).
This prevalence markedly differs from the 85 % SGH
prevalence in another IPCL G. pallidipes colony

(originating from Ethiopia in 2001), despite the two colo-
nies being maintained under the same insectary conditions
(Abd-Alla et al., 2010, 2011), suggesting that the different
pathogenesis could be the result of two different strains
of the same virus.

Here, we hypothesize that (viral and host) genetic factors
contribute to the expression of overt SGH symptoms.
We tested this hypothesis by complete genome sequence
annotation of GpSGHV isolated from an Ethiopian
G. pallidipes colony and compared it with the reference
GpSGHV genome (GenBank accession number EF568108),
which originated from Uganda (Abd-Alla et al., 2008).
We enhanced the GpSGHV genome annotations by
mapping onto the virus genomic sequence transcripts
and peptides obtained from RNA sequencing (RNA-Seq)
and MS data, respectively, which were analysed from
hypertrophied salivary gland (HSG) extracts.

RESULTS AND DISCUSSION

The current study was conceived from the observed differ-
ential pathogenesis of GpSGHV in different G. pallidipes
colonies. We used a combination of proteogenomic and
transcriptomic mapping approaches (Nesvizhskii, 2014)
to complement the annotation of ORFs in the GpSGHV-
Eth genome. In addition to using peptides identified
from flies infected by GpSGHV-Eth, we also included
data obtained from previous proteomics of the GpSGHV-
Uga (Kariithi et al., 2010, 2011, 2013b, 2016). Moreover,
we compared the GpSGHV-Eth genome to the GpSGHV-
Uga genome, which was annotated in silico (Abd-Alla
et al., 2008).

General features of the GpSGHV-Eth genome

The sequencing results revealed that the GpSGHV-Eth
genome had a size of 190 291 nt and a low (27.9 %) G+C
content (the GpSGHV-Uga genome has a size of 190 032 nt;
28.0 % G+C content). From this genomic sequence, a total
of 319 ORFs (methionine-initiated ORFs;i50 aa) were pre-
dicted, of which 174 ORFs had minimal overlaps and were
therefore considered to encode putative viral proteins
(Table 1). The 174 putative ORFs were evenly distributed on
both strands (51.15 % forward; 48.85 % reverse), mostly
arranged inunidirectional clusters (Fig. 1). The BLAST analyses
revealed that the majority of the putative GpSGHV-EthORFs
were nearly identical to the homologous GpSGHV-UgaORFs
with only minor differences at the amino acid level (Table S1,
available in the online Supplementary Material). Overall, the
GpSGHV-Eth andGpSGHV-Uga genomeswere 98.1 % iden-
tical at the nucleotide level (Fig. 2). Analysis of the nucleotide
sequences upstream of the first methionine residues revealed
that 89.7 % (n5156) of the GpSGHV-Eth ORFs contained a
putative TATA-like box promoter element. Furthermore,
83.9 % (n5146) contained the canonical polyadeny-
lation [poly(A)] signal, whilst 35.8 % (n562) had putative

Comprehensive annotation of the GpSGHV-Eth genome

http://jgv.microbiologyresearch.org 1011



T
a
b
le

1
.
A
nn

o
ta
tio

n
o
f
1
7
4
O
R
F
s
p
o
te
nt
ia
lly

ex
p
re
ss
ed

in
th
e
G
p
S
G
H
V
-E
th

g
en

o
m
e

H
o
m
o
lo
gi
es
o
ft
h
e
G
p
SG

H
V
-E
th
O
R
F
s
to
o
th
er
kn
o
w
n
vi
ru
s
an
d
/o
r
ce
llu
la
r
ge
n
es
an
d
to
th
e
co
rr
es
p
o
n
d
in
g
O
R
F
s
in
G
p
SG

H
V
-U

ga
ar
e
sh
o
w
n
in
co
lu
m
n
s
2–
7.
O
ft
h
e
17
4
p
u
ta
ti
ve
O
R
F
s,
p
ro
te
in
p
ro
d
u
ct
s
o
f8
6

O
R
F
s
w
er
e
d
et
ec
te
d
b
y
L
C
-M

S/
M
S.
O
u
to
ft
h
e
86

p
ro
te
in
s,
10
,1
5,
20

an
d
12

w
er
e
cl
as
si
fi
ed

as
en
ve
lo
p
e,
n
u
cl
eo
ca
p
si
d
,t
eg
u
m
en
ta
n
d
vi
ri
o
n
p
ro
te
in
s,
re
sp
ec
ti
ve
ly
,b
as
ed

o
n
th
e
d
et
ec
ti
o
n
o
ft
h
ei
r
h
o
m
o
lo
gu
es
in

h
ig
h
ly
p
u
ri
fi
ed

G
p
SG

H
V
-U

ga
vi
ri
o
n
s
b
y
L
C
-M

S/
M
S
(K
ar
ii
th
ie
ta
l.,
20
13
b
).
T
h
e
re
m
ai
n
in
g
29

o
ft
h
e
86

p
ro
te
in
s
w
it
h
o
u
t
sp
ec
ifi
c
lo
ca
li
za
ti
o
n
w
er
e
d
es
ig
n
at
ed

in
fe
ct
ed

ce
ll-
sp
ec
ifi
c
vi
ra
lp
ro
te
in
s
(I
C
SV

P
s)
.T
h
e

an
n
o
ta
ti
o
n
o
f
th
e
st
ru
ct
u
ra
l
fe
at
u
re
s
o
f
th
e
O
R
F
s,
th
e
p
re
se
n
ce

o
f
p
u
ta
ti
ve

tr
an
sc
ri
p
ti
o
n
al
si
gn
al
s,
th
e
p
ep
ti
d
e
an
d
/o
r
tr
an
sc
ri
p
t
m
ap
p
in
g
o
n
th
e
vi
ra
l
ge
n
o
m
e,
an
d
th
e
ex
p
re
ss
io
n
le
ve
ls
o
f
th
e
O
R
F
s
ar
e
al
so

in
d
ic
at
ed
.O

R
F
s
u
n
d
er
p
o
si
ti
ve

se
le
ct
io
n
p
re
ss
u
re
ar
e
in
d
ic
at
ed

in
b
o
ld
(s
ee
d
is
cu
ss
io
n
in
m
ai
n
te
xt
an
d
d
et
ai
ls
in
T
ab
le
S4
).
T
h
e
ge
n
e
ex
p
re
ss
io
n
le
ve
ls
w
er
e
n
o
rm

al
iz
ed

w
it
h
fr
ag
m
en
ts
p
er
ki
lo
b
as
e
o
fe
xo
n
p
er

m
il
li
o
n
m
ap
p
ed

re
ad
s
(F
K
P
M
).
T
h
e
m
ea
n
n
u
m
b
er
o
fr
ea
d
s
re
p
re
se
n
ti
n
g
a
gi
ve
n
n
u
cl
eo
ti
d
e
in
th
e
re
co
n
st
ru
ct
ed

se
q
u
en
ce
is
sh
o
w
n
as
m
ea
n
co
ve
ra
ge
.O

R
F
s
m
ar
ke
d
‘Y
es
’o
n
tr
an
sc
ri
p
t
(T
)
m
ap
p
in
g
w
er
e
th
o
se

m
ap
p
ed

b
y
ex
o
n
ic
tr
an
sc
ri
p
ts
,i
.e
.
re
ad

al
ig
n
m
en
ts
w
er
e
co
m
p
le
te
ly
(1
00
%
)
co
n
ta
in
ed

w
it
h
in

th
e
re
sp
ec
ti
ve

ex
o
n
s
d
efi
n
ed

b
y
th
e
d
at
ab
as
e
u
se
d
in

R
N
A
-s
eq

q
u
an
ti
fi
ca
ti
o
n
.

B
es
t
B
L
A
S
T
m
at
ch

(d
es
cr
ip
ti
o
n
o
f

h
o
m
o
lo
gi
es
)

T
ra
n
sc
ri
p
ti
o
n

si
g
n
al
s

T
ra
n
sc
ri
p
t
(T
)

an
d
p
ep
ti
d
e
(P
)

m
ap
p
in
g

T
ra
n
sc
ri
p
t
ex
p
re
ss
io
n

le
ve
ls

O
R
F
(p
o
si
ti
o
n

an
d
o
ri
en
ta
ti
o
n
)

H
o
m
o
lo
g
y
to

vi
ra
l

an
d
/o
r
ce
ll
u
la
r

p
ro
te
in
s

(l
o
ca
li
za
ti
o
n
)

B
es
t

m
at
ch

Id
en
ti
ty

(%
)

G
en
B
an

k

ac
ce
ss
io
n
n
o
.

E

va
lu
e

S
co
re

F
u
n
ct
io
n
al

an
d
/o
r

st
ru
ct
u
ra
l

an
n
o
ta
ti
o
n

T
A
T
A
-l
ik
e

b
o
x
(p
o
si
ti
o
n
)

P
o
ly
(A

)
si
g
n
al

(p
o
si
ti
o
n
)

G
/T
/A
T
A
A
G

la
te

m
o
ti
f

(p
o
si
ti
o
n
:
T
o
f

T
A
A
G
)

T
P

M
ea
n

co
ve
ra
g
e

R
aw

re
ad

co
u
n
t

F
P
K
M

S
G
H
V
-E
th
0
0
1

(1
R

2
0
8
8)

P
IF
-0

(P
7
4
)
S
p
od
op
te
ra

li
tu
ra

n
u
cl
eo
p
o
ly
h
ed
ro
vi
ru
s

(e
n
ve
lo
p
e
p
ro
te
in
)

S
G
H
V
-

U
ga
0
0
1

9
9
.7
1

Y
P
_
0
0
1
6
8
6
94
9
.1

0
.0

1
4
4
2

T
M
;
S
P
;
is
o
le
u
ci
n
e-
ri
ch

ac
ti
va
ti
o
n
m
o
ti
f

T
A
T
A
T
T

(1
9
0
2
0
5
)

A
A
T
A
A
T

(2
1
0
6
)

T
G
A
A
T
A
A
A
T
A
A
G

(1
9
0
2
8
6
)

Y
es

Y
es

1
1
2
6
.4

2
3
2
8
7

1
6
0
9
3

S
G
H
V
-E
th
0
0
2

(3
0
7
1
r
2
0
9
1
)

(T
eg
u
m
en
t
p
ro
te
in
)

S
G
H
V
-

U
ga
0
0
2

1
0
0
.0
0

Y
P
_
0
0
1
6
8
6
95
0
.1

0
.0

6
7
1

T
A
T
A
A
T

(3
1
0
0
)

A
A
T
A
A
A

(2
0
4
6
)

N
o
t
fo
u
n
d

Y
es

Y
es

3
1
0
.8

3
0
1
9

4
4
4
1

S
G
H
V
-E
th
0
0
3

(3
7
8
5
r
3
2
3
7
)

S
G
H
V
-

U
ga
0
0
3

1
0
0
.0
0

Y
P
_
0
0
1
6
8
6
95
1
.1

2
.0
0
e–

1
3
0

3
7
5

T
A
T
A
A
A

(3
8
3
9
)

A
A
T
A
A
A

(3
2
3
8
)

T
A
T
A
A
A
A
T
T
A
A
G

(3
8
3
1
)

N
o

N
o

1
2
6
.2

6
8
6

1
8
0
3

S
G
H
V
-E
th
0
0
4

(5
4
4
0
r
4
3
8
2
)

O
D
V
-E
6
6
p
ro
te
in

E
u
p
ro
ct
is
p
se
u
d
oc
on
sp
er
sa

n
u
cl
eo
p
o
ly
h
ed
ro
vi
ru
s

S
G
H
V
-

U
ga
0
0
5

9
9
.7
2

Y
P
_
0
0
1
6
8
6
95
3
.1

0
.0

7
2
4

T
M

h
el
ix
;
IN

M
-S
M
;

ch
o
n
d
ro
it
in

A
C
/

al
gi
n
at
e
ly
as
e

T
A
T
A
A
T

(5
4
5
3
)

A
A
T
T
A
T
T

(4
3
4
9
)

A
T
G
T
A
T
A
A
T
A
A
G

(5
4
4
8
)

Y
es

N
o

5
1
5
.6

5
4
0
6

7
3
6
6

S
G
H
V
-E
th
0
0
5

(6
5
8
0
r
5
4
9
5
)

L
ec
it
h
in
-c
h
o
le
st
er
o
l

ac
yl
tr
an
sf
er
as
e
P
se
u
d
om

on
a
s

sp
.
(I
C
S
V
P
)

S
G
H
V
-

U
ga
0
0
6

9
8
.9
0

Y
P
_
0
0
1
6
8
6
95
4
.1

0
.0

7
1
9

L
ec
it
h
in

:
ch
o
le
st
er
o
l/

p
h
o
sp
h
o
li
p
id

:

d
ia
cy
lg
ly
ce
ro
l

ac
yl
tr
an
sf
er
as
e

N
o
t
fo
u
n
d

A
A
T
A
A

(5
4
5
0
)

T
A
C
A
C
A
A
A
T
A
A
G

(6
5
9
0
)

Y
es

Y
es

7
7
.4

8
3
2

1
1
0
5

S
G
H
V
-E
th
0
0
6

(6
7
1
8
R
7
7
7
9
)

D
-3
-P
h
o
sp
h
o
gl
yc
er
at
e

d
eh
yd
ro
ge
n
as
e

C
lo
st
ri
d
iu
m

u
lt
u
n
en
se

(t
eg
u
m
en
t
p
ro
te
in
)

S
G
H
V
-

U
ga
0
0
7

9
8
.8
7

Y
P
_
0
0
1
6
8
6
95
5
.1

0
.0

6
9
1

T
A
T
A
A
A

(6
6
4
6
)

A
A
T
A
A
A

(7
8
0
0
)

A
T
A
A
A
T
C
T
T
A
A
G

(6
6
5
5
)

Y
es

Y
es

4
8
.5

5
1
0

6
9
3

S
G
H
V
-E
th
0
0
7

(8
6
2
1
r
7
8
0
9
)

(V
ir
io
n
p
ro
te
in
)

S
G
H
V
-

U
ga
0
0
8

9
7
.7
9

Y
P
_
0
0
1
6
8
6
95
6
.1

0
.0

5
2
9

T
A
T
A
T
T

(8
7
1
2
)

A
A
T
A
A
A

(7
7
9
8
)

G
T
T
G
C
T
G
A
T
A
A
G

(8
6
9
8
)

Y
es

Y
es

3
5
.3

2
8
4

5
0
4

S
G
H
V
-E
th
0
0
8

(8
6
3
4
R
1
0
8
6
8
)

M
A
L
7P

1
.1
3
2

P
la
sm

od
iu
m

fa
lc
ip
a
ru
m

3
D
7
(I
C
S
V
P
)

S
G
H
V
-

U
ga
0
0
9

9
2
.7
3

Y
P
_
0
0
1
6
8
6
95
7
.1

0
.0

1
3
4
7

S
W
I/
S
N
F
-r
el
at
ed

m
at
ri
x-
as
so
ci
at
ed

ac
ti
n
-d
ep
en
d
en
t

re
gu
la
to
r
o
f
ch
ro
m
at
in

T
A
T
A
A
T

(8
5
8
3
)

A
A
T
A
A
A

(1
0
8
8
0
)

N
o
t
fo
u
n
d

Y
es

Y
es

7
1
9
.3

1
5
9
1
6

1
0
2
7
6

S
G
H
V
-E
th
0
0
9

(1
4
1
8
4
r

1
0
8
9
4
)

O
R
F
M
S
V
1
5
6

M
el
a
n
o
p
lu
s
sa
n
gu
in
ip
es

en
to
m
o
p
o
x
vi
ru
s

(t
eg
u
m
en
t
p
ro
te
in
)

(d
es
m
o
p
la
k
in
)

S
G
H
V
-

U
g
a0
1
0

9
4
.0
4

Y
P
_
0
0
1
6
8
6
9
5
8
.1

0
.0

1
9
9
9

C
o
il
ed

co
il
s;
p
ro
li
n
e-

ri
ch
;
B
P
-N

L
S
;

P
P
as
e-
te
n
si
n

T
A
T
A
T
T

(1
4
2
5
9
)

A
A
T
A
A
A

(1
0
8
7
9
)

A
A
A
T
T
G
T
A
T
A
A
G

(1
4
2
4
2
)

Y
es

Y
es

5
9
1
.2

1
9
2
6
4

8
4
4
6

S
G
H
V
-E
th
0
1
0

(1
4
7
5
9
r
1
4
1
8
4
)

O
R
F
A
M
V
1
7
9

A
m
sa
ct
a
m
oo
re
i

en
to
m
o
p
o
xv
ir
u
s
(I
C
S
V
P
)

S
G
H
V
-

U
ga
0
1
1

9
8
.4
4

Y
P
_
0
0
1
6
8
6
95
9
.1

2
.0
0
e–

1
2
9

3
7
4

T
A
T
A
A
A

(1
4
8
1
3
)

A
A
T
A
A

(1
4
0
4
3
)

N
o
t
fo
u
n
d

Y
es

Y
es

1
6
0
.8

9
1
7

2
2
9
7

S
G
H
V
-E
th
0
1
1

(1
5
8
7
6
r
1
4
8
1
8
)

S
G
H
V
-

U
ga
0
1
2

9
9
.1
5

Y
P
_
0
0
1
6
8
6
96
0
.1

0
.0

6
9
1

T
A
T
A
T
T

(1
5
9
8
4
)

A
A
T
A
T
A
A

(1
4
8
1
5
)

N
o
t
fo
u
n
d

Y
es

N
o

1
3
.5

1
4
1

1
9
2

S
G
H
V
-E
th
0
1
2

(1
6
7
6
0
r
1
6
5
5
4
)

N
o
h
it
s

T
M

h
el
ix

N
o
t
fo
u
n
d

N
o
t
fo
u
n
d

N
o
t
fo
u
n
d

N
o

N
o

S
G
H
V
-E
th
0
1
3

(1
6
9
3
5
R
1
7
5
0
1
)

U
D
P
-g
lu
co
se
-6

d
es
h
yd
ro
ge
n
as
e

P
se
u
d
ob
u
ty
ri
vi
br
io

ru
m
in
is

S
G
H
V
-

U
ga
0
1
6

1
0
0
.0
0

Y
P
_
0
0
1
6
8
6
96
4
.1

4
.0
0
e–

8
3

2
5
3

T
M

T
A
T
A
T
A
A

(1
6
7
6
0
)

A
A
T
A
A
A

(1
7
5
0
4
)

A
G
A
T
A
A
G
A
T
A
A
G

(1
6
8
7
8
)

Y
es

N
o

4
8
7
.7

2
7
3
8

6
9
6
8

S
G
H
V
-E
th
0
1
4

(1
8
7
0
1
r
1
7
5
1
4
)

P
u
ta
ti
ve

u
b
iq
u
it
in

li
ga
se

F
el
d
m
a
n
n
ia

sp
.
vi
ru
s

S
G
H
V
-

U
ga
0
1
7

8
9
.3
9

Y
P
_
0
0
1
6
8
6
96
5
.1

0
.0

6
9
4

Z
in
c
fi
n
ge
r;
R
IN

G
/

U
-b
o
x
fo
ld

T
A
T
A
A
A

(1
8
7
9
5
)

A
A
T
A
A
A

(1
7
4
5
2
)

N
o
t
fo
u
n
d

Y
es

N
o

1
5
6
5
.5

1
8
4
1
4

2
2
3
6
6

S
G
H
V
-E
th
0
1
5

(1
9
0
8
7
r
1
8
9
2
3
)

N
o
h
it
s

T
M

h
el
ix

T
A
T
A
T

(1
9
2
1
4
)

N
o
t
fo
u
n
d

N
o
t
fo
u
n
d

N
o

N
o

2
8
.6

4
7

4
1
1

A. M. M. Abd-Alla and others

1012 Journal of General Virology 97



T
a
b
le

1
.
co

nt
.

B
es
t
B
L
A
S
T
m
at
ch

(d
es
cr
ip
ti
o
n
o
f

h
o
m
o
lo
gi
es
)

T
ra
n
sc
ri
p
ti
o
n

si
g
n
al
s

T
ra
n
sc
ri
p
t
(T
)

an
d
p
ep
ti
d
e
(P
)

m
ap
p
in
g

T
ra
n
sc
ri
p
t
ex
p
re
ss
io
n

le
ve
ls

O
R
F
(p
o
si
ti
o
n

an
d
o
ri
en
ta
ti
o
n
)

H
o
m
o
lo
g
y
to

vi
ra
l

an
d
/o
r
ce
ll
u
la
r

p
ro
te
in
s

(l
o
ca
li
za
ti
o
n
)

B
es
t

m
at
ch

Id
en
ti
ty

(%
)

G
en
B
an

k

ac
ce
ss
io
n
n
o
.

E

va
lu
e

S
co
re

F
u
n
ct
io
n
al

an
d
/o
r

st
ru
ct
u
ra
l

an
n
o
ta
ti
o
n

T
A
T
A
-l
ik
e

b
o
x
(p
o
si
ti
o
n
)

P
o
ly
(A

)
si
g
n
al

(p
o
si
ti
o
n
)

G
/T
/A
T
A
A
G

la
te

m
o
ti
f

(p
o
si
ti
o
n
:
T
o
f

T
A
A
G
)

T
P

M
ea
n

co
ve
ra
g
e

R
aw

re
ad

co
u
n
t

F
P
K
M

S
G
H
V
-E
th
0
1
6

(2
0
1
0
8
r
1
9
9
4
7
)

N
o
h
it
s

N
A
D
-s
p
ec
ifi
c
gl
u
ta
m
at
e

d
eh
yd
ro
ge
n
as
e
d
o
m
ai
n

T
A
T
A
T
A

(2
0
1
7
3
)

N
o
t
fo
u
n
d

N
o
t
fo
u
n
d

N
o

N
o

1
3
0
.8

2
1
0

1
8
7
0

S
G
H
V
-E
th
0
1
7

(2
0
6
1
3
r
2
0
3
1
4
)

U
n
ch
ar
ac
te
ri
ze
d

co
n
se
rv
ed

p
ro
te
in

(C
O
G
3
8
6
8
)

N
o
h
it
s

T
A
T
A
A
A

(2
0
7
0
3
)

A
A
T
A
A
A

(2
0
3
0
6
)

N
o
t
fo
u
n
d

N
o

N
o

4
9
.5

1
4
7

7
0
7

S
G
H
V
-E
th
0
1
8

(2
2
0
2
2
r
2
0
7
2
1
)

P
u
ta
ti
ve

u
b
iq
u
it
in

li
ga
se

F
el
d
m
a
n
n
ia

sp
.
vi
ru
s

S
G
H
V
-

U
ga
0
1
9

9
0
.9
7

Y
P
_
0
0
1
6
8
6
96
7
.1

0
.0

8
0
5

Z
in
c
fi
n
ge
r;
R
IN

G
/

U
-b
o
x
fo
ld

T
A
T
A
A
A

(2
2
1
0
1
)

A
A
T
A
A
A

(2
0
6
9
9
)

N
o
t
fo
u
n
d

Y
es

N
o

2
5
8
.7

3
3
3
5

3
6
9
6

S
G
H
V
-E
th
0
1
9

(2
2
9
4
3
r
2
2
6
7
7
)

N
o
h
it
s

T
M

h
el
ix

T
A
T
A
A
A

(2
3
0
3
2
)

N
o
t
fo
u
n
d

N
o
t
fo
u
n
d

N
o

N
o

S
G
H
V
-E
th
0
2
0

(2
3
4
4
3
R
2
3
9
7
0
)

S
G
H
V
-

U
ga
0
2
0

9
9
.4
3

Y
P
_
0
0
1
6
8
6
96
8
.1

2
.0
0
e–

1
2
3

3
5
7

T
A
T
A
A
A

(2
3
3
7
5
)

A
A
T
A
A
A

(2
4
1
5
0
)

N
o
t
fo
u
n
d

Y
es

N
o

5
2
.3

2
7
3

7
4
6

S
G
H
V
-E
th
0
2
1

(2
5
2
4
8
r
2
3
9
7
1
)

S
G
H
V
-

U
ga
0
2
1

9
9
.0
6

Y
P
_
0
0
1
6
8
6
96
9
.1

0
.0

8
5
6

T
A
T
A
T
A
A

(2
5
2
8
9
)

A
A
T
A
A
T

(2
3
9
2
1
)

N
o
t
fo
u
n
d

Y
es

N
o

8
3
.4

1
0
5
5

1
1
9
1

S
G
H
V
-E
th
0
2
2

(2
5
2
5
6
R
2
6
2
8
4
)

O
R
F
A
M
V
1
5
6

A
m
sa
ct
a
m
oo
re
i

en
to
m
o
p
o
xv
ir
u
s

S
G
H
V
-

U
ga
0
2
2

9
8
.8
3

Y
P
_
0
0
1
6
8
6
97
0
.1

0
.0

6
9
3

T
A
T
A
T
T

(2
5
1
4
7
)

A
A
T
A
A
A

(2
6
3
3
5
)

N
o
t
fo
u
n
d

Y
es

N
o

9
.1

9
3

1
3
0

S
G
H
V
-E
th
0
2
3

(2
6
3
4
1
R
2
7
4
6
8
)

O
R
F
A
M
V
2
53

A
m
sa
ct
a
m
oo
re
i

en
to
m
o
p
o
xv
ir
u
s

(p
o
ss
ib
le
su
rf
ac
e
p
ro
te
in
)

S
G
H
V
-

U
ga
0
2
3

9
9
.7
3

Y
P
_
0
0
1
6
8
6
97
1
.1

0
.0

7
4
2

A
A
R
P
2
C
N

(N
U
C
12
1
)

d
o
m
ai
n
S
M
0
0
7
85

T
A
T
A
T
A

(2
6
2
9
5
)

A
A
A
T
A
A

(2
7
5
8
9
)

N
o
t
fo
u
n
d

Y
es

N
o

4
.4

4
9

6
3

S
G
H
V
-E
th
0
2
4

(2
9
0
3
2
r
2
7
4
7
9
)

O
R
F
0
9
8
O
rg
yi
a
p
se
u
d
ot
su
ga
ta

n
u
cl
eo
p
o
ly
h
ed
ro
vi
ru
s

S
G
H
V
-

U
ga
0
2
4

9
6
.1
4

Y
P
_
0
0
1
6
8
6
97
2
.1

0
.0

9
9
0

T
M

h
el
ix

T
A
T
A
A
T

(2
9
0
5
8
)

A
A
T
T
A
A

(2
7
4
4
2
?)

N
o
t
fo
u
n
d

N
o

N
o

3
2
9
.8

5
0
7
5

4
7
1
2

S
G
H
V
-E
th
0
2
5

(2
9
1
2
4
R
2
9
8
7
3
)

O
R
F
5
5
L
eu
ca
n
ia

se
p
a
ra
ta

n
u
cl
eo
p
o
ly
h
ed
ro
vi
ru
s

S
G
H
V
-

U
ga
0
2
5

9
8
.0
0

Y
P
_
0
0
1
6
8
6
97
3
.1

2
.0
0
e–

1
7
6

4
9
7

T
A
T
A
A
T

(2
9
0
5
5
)

A
A
T
A
A
A

(2
9
8
8
5
)

N
o
t
fo
u
n
d

Y
es

N
o

1
6
.8

1
2
5

2
4
0

S
G
H
V
-E
th
0
2
6

(3
0
2
4
9
R
3
1
2
9
2
)

(P
o
ss
ib
le
su
rf
ac
e
p
ro
te
in
)

S
G
H
V
-

U
ga
0
2
6

9
9
.7
1

Y
P
_
0
0
1
6
8
6
97
4
.1

0
.0

6
9
8

T
A
T
A
A
A

(3
0
1
9
6
)

A
A
T
A
A
A

(3
1
3
1
0
)

N
o
t
fo
u
n
d

Y
es

N
o

1
2
0

1
2
4
0

1
7
1
4

S
G
H
V
-E
th
0
2
7

(3
1
3
1
8
R
3
2
6
8
8
)

O
R
F
0
1
0
P
ie
ri
s
ra
p
a
e

gr
an
u
lo
si
s
vi
ru
s
ty
p
e
II

ch
it
in
as
e
(v
ir
io
n
p
ro
te
in
)

S
G
H
V
-

U
ga
0
2
7

9
9
.3
3

Y
P
_
0
0
1
6
8
6
97
5
.1

0
.0

9
0
0

S
P
;
ch
it
in
as
e
fa
m
il
y
1
8

T
A
T
A
T
A

(3
1
1
9
4
)

A
A
T
A
A
A

(3
2
7
0
3
)

C
A
T
A
T
T
A
A
T
A
A
G

(3
1
2
9
6
)

Y
es

Y
es

2
8
9
2

3
9
2
5
7

4
1
3
1
7

S
G
H
V
-E
th
0
2
8

(3
3
0
5
9
r
3
2
7
7
2
)

N
o
h
it
s

R
ifi
n
_
ST

E
V
O
R
,

R
if
/S
te
vo
r
fa
m
il
y

T
A
T
A
T
A

(3
3
1
0
6
)

A
A
T
A
A
A

(3
2
7
3
3
)

N
o
t
fo
u
n
d

N
o

N
o

8
8
.2

2
5
1

1
2
5
8

S
G
H
V
-E
th
0
2
9

(3
3
1
8
6
R
3
3
7
7
6
)

O
R
F
0
9
1
R
in
ve
rt
eb
ra
te

ir
id
o
vi
ru
s
2
5

G
IY
-Y
IG

n
u
cl
ea
se
-l
ik
e

p
ro
te
in

S
G
H
V
-

U
ga
0
2
8

9
9
.4
9

Y
P
_
0
0
1
6
8
6
97
6
.1

5
.0
0
e–

1
3
7

3
9
3

C
o
il
ed

co
il
s;
G
IY
-Y
IG

su
p
er
fa
m
il
y

fa
m
il
y
d
o
m
ai
n

T
A
T
A
T
A

(3
3
1
0
1
)

A
A
T
A
A
A

(3
3
8
7
6
)

N
o
t
fo
u
n
d

Y
es

N
o

9
.9

5
8

1
4
2

S
G
H
V
-E
th
0
3
0

(3
3
8
0
7
R
3
4
4
8
7
)

N
A
D
H

u
b
iq
u
in
o
n
e

o
xi
d
o
re
d
u
ct
as
e

S
G
H
V
-

U
ga
0
2
9

9
8
.6
8

Y
P
_
0
0
1
6
8
6
97
7
.1

1
.0
0
e–

1
5
6

4
4
6

S
ta
p
h
yl
o
co
cc
al

A
gr
D

p
ro
te
in

T
A
T
A
A
A

(3
3
7
6
5
)

A
A
T
A
A
A

(3
4
4
8
6
)

A
C
T
G
T
T
T
G
T
A
A
G

(3
3
7
9
1
)

Y
es

N
o

3
4
.4

2
3
2

4
9
2

S
G
H
V
-E
th
0
3
1

(3
4
8
9
5
r
3
4
4
9
7
)

(V
ir
io
n
p
ro
te
in
)

S
G
H
V
-

U
ga
0
3
0

1
0
0
.0
0

Y
P
_
0
0
1
6
8
6
97
8
.1

2
.0
0
e–

9
3

2
7
7

D
N
A
b
re
ak
in
g-
re
jo
in
in
g

en
zy
m
e

T
A
T
A
T

(3
4
9
4
7
)

A
A
T
A
A
A

(3
4
4
5
1
)

N
o
t
fo
u
n
d

Y
es

Y
es

5
7
3
6
.1

2
2
6
6
0

8
1
9
4
8

S
G
H
V
-E
th
0
3
2

(3
5
8
3
4
r
3
4
9
8
0
)

(N
u
cl
eo
ca
p
si
d
p
ro
te
in
)

S
G
H
V
-

U
ga
0
3
1

1
0
0
.0
0

Y
P
_
0
0
1
6
8
6
97
9
.1

0
.0

5
7
5

L
eu
ci
n
e/
is
o
le
u
ci
n
e-
ri
ch
;

H
D
A
C
d
o
m
ai
n

T
A
T
A
A
A

(3
5
8
4
8
)

A
A
T
A
A
T

(3
4
9
3
8
)

N
o
t
fo
u
n
d

Y
es

Y
es

2
1
1
.8

1
7
9
3

3
0
2
6

S
G
H
V
-E
th
0
3
3

(3
6
6
6
1
r
3
5
8
8
5
)

L
E
F
-9

O
R
F
2
4
G
ry
ll
u
s
bi
m
a
cu
la
tu
s

n
u
d
iv
ir
u
s
(I
C
S
V
P
)

S
G
H
V
-

U
ga
0
3
2

9
9
.6
1

Y
P
_
0
0
1
6
8
6
98
0
.1

0
.0

5
2
6

C
o
il
ed

co
il
s

T
A
T
A
T
A

(3
6
7
9
7
)

A
A
T
A
A
A

(3
5
8
4
4
)

N
o
t
fo
u
n
d

Y
es

Y
es

8
7

6
6
9

1
2
4
2

S
G
H
V
-E
th
0
3
4

(3
8
0
0
3
r
3
6
9
6
0
)

L
E
F
-9

O
R
F
2
4
G
ry
ll
u
s
bi
m
a
cu
la
tu
s

n
u
d
iv
ir
u
s
(I
C
S
V
P
)

S
G
H
V
-

U
ga
0
3
3

9
9
.7
1

Y
P
_
0
0
1
6
8
6
98
1
.1

0
.0

7
0
5

T
A
T
A
A
A

(3
8
0
2
9
)

A
A
T
A
A
A

(3
6
8
7
0
)

N
o
t
fo
u
n
d

Y
es

Y
es

6
2
1
.7

6
4
2
7

8
8
8
3

S
G
H
V
-E
th
0
3
5

(3
9
1
0
5
r

3
8
0
5
6
)

O
R
F
A
M
V
2
6
0
A
m
sa
ct
a
m
o
o
re
i

en
to
m
o
p
o
x
vi
ru
s

(v
ir
io
n
p
ro
te
in
)

S
G
H
V
-

U
g
a0
3
4

9
8
.5
7

Y
P
_
0
0
1
6
8
6
9
8
2
.1

0
.0

6
5
9

T
A
T
A
T
A

(3
9
1
7
2
)

A
A
T
A
A
A

(3
8
0
4
6
)

T
A
T
C
A
A
A
A
T
A
A
G

(3
9
1
2
4
)

Y
es

Y
es

6
0
1
.5

6
2
5
3

8
5
9
3

S
G
H
V
-E
th
0
3
6

(3
9
3
7
8
r
3
9
1
1
8
)

O
R
F
M
S
V
2
3
8

M
el
a
n
op
lu
s
sa
n
gu
in
ip
es

en
to
m
o
p
o
xv
ir
u
s
(t
h
ym

id
yl
at
e

sy
n
th
as
e)

(I
C
S
V
P
)

S
G
H
V
-

U
ga
0
3
5

1
0
0
.0
0

Y
P
_
0
0
1
6
8
6
98
3
.1

1
.0
0
e–

5
4

1
7
5

T
M

h
el
ix
;
S
P

T
A
T
A
A
A

(3
9
4
8
4
)

A
A
T
A
A
A

(3
9
0
5
8
)

N
o
t
fo
u
n
d

Y
es

Y
es

9
4
4
.8

2
4
4
2

1
3
5
0
1

Comprehensive annotation of the GpSGHV-Eth genome

http://jgv.microbiologyresearch.org 1013



T
a
b
le

1
.
co

nt
.

B
es
t
B
L
A
S
T
m
at
ch

(d
es
cr
ip
ti
o
n
o
f

h
o
m
o
lo
gi
es
)

T
ra
n
sc
ri
p
ti
o
n

si
g
n
al
s

T
ra
n
sc
ri
p
t
(T
)

an
d
p
ep
ti
d
e
(P
)

m
ap
p
in
g

T
ra
n
sc
ri
p
t
ex
p
re
ss
io
n

le
ve
ls

O
R
F
(p
o
si
ti
o
n

an
d
o
ri
en
ta
ti
o
n
)

H
o
m
o
lo
g
y
to

vi
ra
l

an
d
/o
r
ce
ll
u
la
r

p
ro
te
in
s

(l
o
ca
li
za
ti
o
n
)

B
es
t

m
at
ch

Id
en
ti
ty

(%
)

G
en
B
an

k

ac
ce
ss
io
n
n
o
.

E

va
lu
e

S
co
re

F
u
n
ct
io
n
al

an
d
/o
r

st
ru
ct
u
ra
l

an
n
o
ta
ti
o
n

T
A
T
A
-l
ik
e

b
o
x
(p
o
si
ti
o
n
)

P
o
ly
(A

)
si
g
n
al

(p
o
si
ti
o
n
)

G
/T
/A
T
A
A
G

la
te

m
o
ti
f

(p
o
si
ti
o
n
:
T
o
f

T
A
A
G
)

T
P

M
ea
n

co
ve
ra
g
e

R
aw

re
ad

co
u
n
t

F
P
K
M

S
G
H
V
-E
th
0
3
7

(4
0
0
0
6
r
3
9
6
6
2
)

O
R
F
0
6
7
w
h
it
e
sp
o
t
sy
n
d
ro
m
e

vi
ru
s
d
ih
yd
ro
fo
la
te

re
d
u
ct
as
e-
th
ym

id
yl
at
e

sy
n
th
as
e
(e
n
ve
lo
p
e
p
ro
te
in
)

S
G
H
V
-

U
ga
0
3
6

1
0
0
.0
0

Y
P
_
0
0
1
6
8
6
98
4
.1

5
.0
0
e–

7
7

2
3
4

S
P
;
T
M

T
A
T
A
A
A

(4
0
0
4
8
)

A
A
T
A
A
T

(3
9
6
4
8
)

N
o
t
fo
u
n
d

Y
es

Y
es

2
8
8
.4

9
8
5

4
1
2
0

S
G
H
V
-E
th
0
3
8

(4
0
2
8
9
r
4
0
0
5
3
)

S
G
H
V
-

U
ga
0
3
7

8
8
.2
4

Y
P
_
0
0
1
6
8
6
98
5
.1

1
.0
0
e–

2
1

9
0
.1

T
A
T
A
T
T
T

(4
0
3
6
3
)

A
A
T
A
A
A

(4
0
0
3
8
)

N
o
t
fo
u
n
d

Y
es

N
o

1
7
8
6
6
.9

4
1
9
2
5

2
5
5
2
5
5

S
G
H
V
-E
th
0
3
9

(4
4
2
9
2
r
4
0
7
0
2
)

M
al
to
d
ex
tr
in

gl
yc
o
sy
lt
ra
n
sf
er
as
e

(t
eg
u
m
en
t
p
ro
te
in
)

S
G
H
V
-

U
ga
0
3
8

9
7
.7
0

Y
P
_
0
0
1
6
8
6
98
6
.1

0
.0

2
2
4
6

C
o
il
ed

co
il
s;
S
P
;

R
G
D

m
o
ti
f

N
o
t
fo
u
n
d

A
A
A
T
A
A

(4
0
6
4
4
)

T
T
T
A
A
T
A
A
T
A
A
G

(4
4
3
0
4
)

Y
es

Y
es

5
4
0
6
.5

1
9
2
2
2
5

7
7
2
4
0

S
G
H
V
-E
th
0
4
0

(4
5
3
6
0
r

4
4
3
5
9
)

H
S
P
9
0
-l
ik
e
A
T
P
as
e

(e
n
ve
lo
p
e
p
ro
te
in
)

S
G
H
V
-

U
g
a0
3
9

8
9
.6
0

Y
P
_
0
0
1
6
8
6
9
8
7
.1

4
.0
0
e–

1
6
6

4
7
8

T
M
;
S
P
;
th
re
o
n
in
e-
ri
ch

T
A
T
A
A
T

(4
5
3
8
3
)

A
A
T
A
A
T

(4
4
3
0
9
)

C
T
T
T
A
T
A
A
T
A
A
G

(4
5
3
7
8
)

Y
es

Y
es

1
4
5
5
9
.5

1
4
4
4
4
2

2
0
8
0
0
6

S
G
H
V
-E
th
0
4
1

(4
5
6
8
0
R
4
8
3
8
2
)

L
E
F
-8

S
p
od
op
te
ra

li
tu
ra

n
u
cl
eo
p
o
ly
h
ed
ro
vi
ru
s
(I
C
S
V
P
)

S
G
H
V
-

U
ga
0
4
0

9
9
.7
8

Y
P
_
0
0
1
6
8
6
98
8
.1

0
.0

1
8
4
9

T
A
T
A
T
T

(4
5
5
7
2
)

A
A
T
A
A
A

(4
8
4
0
2
)

N
o
t
fo
u
n
d

Y
es

Y
es

1
3
5

3
6
1
4

1
9
2
9

S
G
H
V
-E
th
0
4
2

(4
9
6
7
5
r
4
8
4
3
7
)

C
as
ei
n
k
in
as
e
is
o
fo
rm

I-
d
O
R
F
M
S
V
2
1
4

M
el
a
n
op
lu
s
sa
n
gu
in
ip
es

en
to
m
o
p
o
xv
ir
u
s

(e
n
ve
lo
p
e
p
ro
te
in
)

S
G
H
V
-

U
ga
0
4
1

9
8
.7
9

Y
P
_
0
0
1
6
8
6
98
9
.1

0
.0

8
3
1

P
D
-(
D
/E
)
X
K

n
u
cl
ea
se

fo
ld

T
A
T
A
A
T

(4
9
7
7
9
)

A
A
T
A
A
A

(4
8
4
1
3
)

N
o
t
fo
u
n
d

N
o

Y
es

4
6
.3

5
6
8

6
6
1

S
G
H
V
-E
th
0
4
3

(5
0
0
9
3
r
4
9
7
2
2
)

(I
C
S
V
P
)

S
G
H
V
-

U
ga
0
4
2

1
0
0
.0
0

Y
P
_
0
0
1
6
8
6
99
0
.1

2
.0
0
e–

8
3

2
5
1

C
o
il
ed

co
il
s;
T
M

h
el
ix

T
A
T
A
A
A

(5
0
2
2
6
)

A
A
T
A
A
A

(4
9
5
8
6
)

A
A
T
G
T
T
A
A
T
A
A
G

(5
0
1
0
2
)

Y
es

Y
es

2
1
8
9
.8

8
0
6
6

3
1
2
8
7

S
G
H
V
-E
th
0
4
4

(5
0
5
6
2
r
5
0
1
3
1
)

(T
eg
u
m
en
t
p
ro
te
in
)

S
G
H
V
-

U
ga
0
4
3

9
9
.3
1

Y
P
_
0
0
1
6
8
6
99
1
.1

4
.0
0
e–

9
7

2
8
8

S
P
;
gl
u
ta
m
in
e-
ri
ch

re
gi
o
n

T
A
T
A
T
A

(5
0
6
7
2
)

A
A
T
A
T
T

(5
0
0
8
8
)

N
o
t
fo
u
n
d

Y
es

Y
es

1
2
1
3
.6

5
1
9
1

1
7
3
3
9

S
G
H
V
-E
th
0
4
5

(5
1
8
1
3
r
5
0
7
3
1
)

(N
u
cl
eo
ca
p
si
d
p
ro
te
in
)

S
G
H
V
-

U
ga
0
4
4

9
8
.3
4

Y
P
_
0
0
1
6
8
6
99
2
.1

0
.0

6
7
2

C
o
il
ed

co
il
s;
T
M
;

t-
S
N
A
R
E
s;
S
F
3
h
el
ic
as
e

T
A
T
A
A
T

(5
1
8
4
8
)

A
A
T
A
A
T

(5
0
6
9
0
)

N
o
t
fo
u
n
d

Y
es

Y
es

2
6
7
.3

2
8
6
6

3
8
1
9

S
G
H
V
-E
th
0
4
6

(5
6
9
5
6
r
5
1
7
7
3
)

L
E
F
-3

O
R
F
5
1
M
a
ru
ca

vi
tr
a
ta

m
u
lt
ip
le

n
u
cl
eo
p
o
ly
h
ed
ro
vi
ru
s

(e
n
ve
lo
p
e
p
ro
te
in
)

S
G
H
V
-

U
ga
0
4
5

9
9
.3
1

Y
P
_
0
0
1
6
8
6
99
3
.1

0
.0

3
5
1
1

P
P
as
e-
te
n
si
n

T
A
T
A
A
A

(5
7
0
0
2
)

A
A
T
A
T
A

(5
1
7
3
6
)

T
T
A
G
C
C
C
A
T
A
A
G

(5
6
9
7
5
)

Y
es

Y
es

7
2
.6

3
7
2
6

1
0
3
7

S
G
H
V
-E
th
0
4
7

(5
7
1
9
5
r
5
7
0
0
1
)

N
o
h
it
s

G
T
P
as
e-
ac
ti
va
to
r
p
ro
te
in

fo
r
R
as
-l
ik
e
G
T
P
as
e;
T
M

h
el
ix

T
A
T
A
T
A

(5
7
3
1
3
)

A
A
T
A
A
A

(5
6
9
3
6
)

C
T
T
A
T
T
T
A
T
A
A
G

(5
7
2
1
0
)

N
o

N
o

S
G
H
V
-E
th
0
4
8

(5
7
2
2
6
R
5
8
8
2
4
)

G
lu
ta
th
io
n
e
S
-t
ra
n
sf
er
as
e

(t
eg
u
m
en
t
p
ro
te
in
)

S
G
H
V
-

U
ga
0
4
6

9
9
.8
1

Y
P
_
0
0
1
6
8
6
99
4
.1

0
.0

1
0
9
8

P
P
as
e
(i
n
o
rg
an
ic

p
yr
o
p
h
o
sp
h
at
as
e)

T
A
T
A
A
A

(5
7
1
6
4
)

A
A
T
A
A
T

(5
8
9
9
9
)

C
T
T
A
T
A
A
A
T
A
A
G

(5
7
2
1
5
)

Y
es

Y
es

3
9
5
.2

6
2
5
7

5
6
4
6

S
G
H
V
-E
th
0
4
9

(5
8
8
4
3
R

6
0
0
6
0
)

C
el
lu
la
r
p
ro
te
in

C
B
G
2
2
6
6
2

C
o
en
o
rh
a
b
d
it
is
b
ri
gg
sa
e

(t
eg
u
m
en
t
p
ro
te
in
)

S
G
H
V
-

U
g
a0
4
7

9
8
.5
2

Y
P
_
0
0
1
6
8
6
9
9
5
.1

0
.0

7
5
8

N
U
D
IX

h
yd

ro
la
se

d
o
m
ai
n
-l
ik
e;

co
il
ed

co
il
s;
p
re
-m

R
N
A

sp
li
ci
n
g
fa
ct
o
r

9
-l
ik
e
p
ro
te
in

T
A
T
A
T
A

(5
8
7
5
6
)

A
A
T
A
A
A

(6
0
1
3
1
)

A
A
T
A
A
T
A
A
T
A
A
G

(5
8
8
3
7
)

Y
es

Y
es

1
8
0
.8

2
1
8
1

2
5
8
4

S
G
H
V
-E
th
0
5
0

(6
0
0
9
9
R
6
0
8
8
1
)

B
u
d
d
ed

vi
ru
s
en
ve
lo
p
e

p
ro
te
in

3
1
H
el
ic
ov
er
p
a
a
rm

ig
er
a

n
u
cl
eo
p
o
ly
h
ed
ro
vi
ru
s
N
N
g1

S
G
H
V
-

U
ga
0
4
8

9
7
.7
2

Y
P
_
0
0
1
6
8
6
99
6
.1

2
.0
0
e–

1
8
0

5
0
8

N
U
D
IX

su
p
er
fa
m
il
y

h
yd
ro
la
se
s
m
o
ti
f

T
A
T
A
A
T

(6
0
0
5
2
)

A
A
A
T
A
T

(6
0
8
8
3
)

A
T
T
T
T
T
A
A
T
A
A
G

(6
0
0
7
6
)

N
o

N
o

6
3
.7

4
9
4

9
1
0

S
G
H
V
-E
th
0
5
1

(6
0
8
3
3
R

6
2
0
8
0
)

(T
eg
u
m
en
t
p
ro
te
in
)

S
G
H
V
-

U
g
a0
4
9

9
0

Y
P
_
0
0
1
6
8
6
9
9
7
.1

6
.0
0
e–

4
9

1
6
8

T
A
T
A
T
T

(6
0
7
5
5
)

A
A
A
T
A
T

(6
2
1
1
4
)

T
A
T
A
T
T
A
A
T
A
A
G

(6
0
7
6
3
)

Y
es

Y
es

5
2
4
6

6
4
8
2
2

7
4
9
4
7

S
G
H
V
-

U
ga
0
5
0

9
8
.9
7

Y
P
_
0
0
1
6
8
6
99
8
.1

0
.0

5
8
7

S
G
H
V
-E
th
0
5
2

(6
4
0
6
9
r

6
2
0
9
6
)

L
E
F
-4

O
R
F
9
6
G
ry
ll
u
s

b
im

a
cu
la
tu
s
n
u
d
iv
ir
u
s
(I
C
S
V
P
)

S
G
H
V
-

U
g
a0
5
1

9
8
.9
4

Y
P
_
0
0
1
6
8
6
9
9
9
.1

0
.0

1
2
3
7

T
M

h
el
ix

T
A
T
A
A
A

(6
4
1
0
8
)

A
A
T
A
A
A

(6
2
0
9
7
)

N
o
t
fo
u
n
d

Y
es

Y
es

1
0
.7

2
0
8

1
5
2

S
G
H
V
-E
th
0
5
3

(6
5
1
1
3
r
6
4
1
9
6
)

O
R
F
M
S
V
1
5
2
p
u
ta
ti
ve

co
re

p
ro
te
in

(n
u
cl
eo
ca
p
si
d
p
ro
te
in
)

S
G
H
V
-

U
ga
0
5
2

1
0
0
.0
0

Y
P
_
0
0
1
6
8
7
00
0
.1

0
.0

6
0
3

T
M

h
el
ix

T
A
T
A
A

(6
5
1
3
0
)

A
A
T
A
A
A

(6
4
1
2
6
)

T
G
A
A
G
A
T
A
T
A
A
G

(6
5
1
2
8
)

Y
es

Y
es

4
6
.3

4
2
1

6
6
2

S
G
H
V
-E
th
0
5
4

(6
6
2
0
8
r
6
5
1
2
9
)

P
IF
-2

A
p
is
m
el
li
fe
ra

fi
la
m
en
to
u
s
vi
ru
s

(e
n
ve
lo
p
e
p
ro
te
in
)

S
G
H
V
-

U
ga
0
5
3

9
8
.8
9

Y
P
_
0
0
1
6
8
7
00
1
.1

0
.0

7
3
1

S
P

T
A
T
A
T

(6
6
2
9
5
)

A
A
T
A
A
A

(6
5
0
0
3
)

N
o
t
fo
u
n
d

Y
es

Y
es

1
9
2
0
.3

2
0
5
3
4

2
7
4
3
5

S
G
H
V
-E
th
0
5
5

(6
7
3
9
2
r
6
6
3
6
1
)

O
R
F
A
M
V
0
5
4
A
m
sa
ct
a
m
oo
re
i

en
to
m
o
p
o
xv
ir
u
s
p
u
ta
ti
ve

R
N
A
p
o
ly
m
er
as
e
T
F
(I
C
S
V
P
)

S
G
H
V
-

U
ga
0
5
4

9
9
.1
3

Y
P
_
0
0
1
6
8
7
00
2
.1

0
.0

6
6
5

T
A
T
A
A
A

(6
7
5
0
7
)

A
A
T
A
A
A

(6
6
3
6
2
)

N
o
t
fo
u
n
d

Y
es

Y
es

1
2
.6

1
2
9

1
8
0

A. M. M. Abd-Alla and others

1014 Journal of General Virology 97



T
a
b
le

1
.
co

nt
.

B
es
t
B
L
A
S
T
m
at
ch

(d
es
cr
ip
ti
o
n
o
f

h
o
m
o
lo
g
ie
s)

T
ra
n
sc
ri
p
ti
o
n

si
g
n
al
s

T
ra
n
sc
ri
p
t
(T
)

an
d
p
ep
ti
d
e
(P
)

m
ap
p
in
g

T
ra
n
sc
ri
p
t
ex
p
re
ss
io
n

le
ve
ls

O
R
F
(p
o
si
ti
o
n

an
d
o
ri
en
ta
ti
o
n
)

H
o
m
o
lo
g
y
to

vi
ra
l

an
d
/o
r
ce
ll
u
la
r

p
ro
te
in
s

(l
o
ca
li
za
ti
o
n
)

B
es
t

m
at
ch

Id
en
ti
ty

(%
)

G
en
B
an

k

ac
ce
ss
io
n
n
o
.

E

va
lu
e

S
co
re

F
u
n
ct
io
n
al

an
d
/o
r

st
ru
ct
u
ra
l

an
n
o
ta
ti
o
n

T
A
T
A
-l
ik
e

b
o
x
(p
o
si
ti
o
n
)

P
o
ly
(A

)
si
g
n
al

(p
o
si
ti
o
n
)

G
/T
/A
T
A
A
G

la
te

m
o
ti
f

(p
o
si
ti
o
n
:
T
o
f

T
A
A
G
)

T
P

M
ea
n

co
ve
ra
ge

R
aw

re
ad

co
u
n
t

F
P
K
M

S
G
H
V
-E
th
0
5
6

(6
9
2
8
3
r
6
7
3
8
8
)

O
R
F
A
M
V
2
5
3
A
m
sa
ct
a
m
oo
re
i

en
to
m
o
p
o
xv
ir
u
s

(p
o
ss
ib
le

su
rf
ac
e
p
ro
te
in
)

S
G
H
V
-

U
ga
0
5
5

9
9
.3
7

Y
P
_
00
1
6
8
7
0
0
3
.1

0
.0

1
2
5
7

T
A
T
A
A
A

(6
9
3
3
7
)

A
A
A
T
A
A

(6
7
3
6
9)

N
o
t
fo
u
n
d

Y
es

N
o

2
3
7

0

S
G
H
V
-E
th
0
5
7

(6
9
3
4
9
R
6
9
9
9
3
)

S
G
H
V
-

U
ga
0
5
6

9
9
.0
7

Y
P
_
00
1
6
8
7
0
0
4
.1

5
.0
0
e–

1
5
0

4
2
7

T
A
T
A
A
T

(6
9
2
9
2
)

A
A
A
T
A
A

(7
0
0
9
7)

N
o
t
fo
u
n
d

Y
es

N
o

0
.8

5
0

S
G
H
V
-E
th
0
5
8

(7
0
0
3
5
R
7
0
9
8
8
)

R
h
o
p
tr
y
p
ro
te
in

P
la
sm

od
iu
m

yo
le
i

st
ra
in

1
7
X
N
L

S
G
H
V
-

U
ga
0
5
7

9
9
.6
9

Y
P
_
00
1
6
8
7
0
0
5
.1

0
.0

6
1
7

T
A
T
A
T
A

(6
9
9
4
3
)

A
A
T
T
A
A
A

(7
1
0
5
9)

A
T
T
T
A
A
A
A
T
A
A
G

(7
0
0
3
1
)

Y
es

N
o

2
.1

1
9

0

S
G
H
V
-E
th
0
5
9

(7
0
9
9
7
R
7
1
2
0
3
)

N
o
h
it
s

N
if
E
/N

if
N

T
A
T
A
A
T

(7
0
9
7
7
)

A
A
T
A
A

(7
1
2
2
4)

T
A
A
T
T
T
A
A
T
A
A
G

(7
0
9
9
2
)

Y
es

N
o

4
7
2
1
.1

9
6
7
6

6
7
4
4
9

S
G
H
V
-E
th
0
6
0

(7
1
2
1
2
R
7
1
4
0
9
)

(I
C
S
V
P
)

N
o
h
it
s

A
m
in
o
ac
id

tr
an
sp
o
rt
er

T
A
T
A
A
T

(7
1
1
8
9
)

A
A
T
A
A
A

(7
1
4
0
8)

N
o
t
fo
u
n
d

Y
es

Y
es

1
2
2
0
.8

2
3
9
3

1
7
4
3
9

S
G
H
V
-E
th
0
6
1

(7
1
4
8
2
R
7
1
6
7
6
)

(I
C
S
V
P
)

N
o
h
it
s

D
o
m
ai
n
o
f
u
n
k
n
o
w
n

fu
n
ct
io
n
(D

U
F
3
5
5
7
)

T
A
T
A
A
T

(7
1
3
6
8
)

A
A
T
A
A
A

(7
1
7
0
4)

N
o
t
fo
u
n
d

Y
es

Y
es

5
.3

1
0

7
4

S
G
H
V
-E
th
0
6
2

(7
1
9
3
6
r
7
1
7
7
5
)

N
o
h
it
s

T
A
T
A
A
A

(7
2
0
4
0
)

N
o
t
fo
u
n
d

N
o
t
fo
u
n
d

N
o

N
o

S
G
H
V
-E
th
0
6
3

(7
2
2
1
6
R
7
2
4
8
8
)

N
o
h
it
s

N
o
t
fo
u
n
d

N
o
t
fo
u
n
d

N
o
t
fo
u
n
d

N
o

N
o

1
6
.3

4
4

2
3
3

S
G
H
V
-E
th
0
6
4

(7
3
4
1
1
R
7
3
7
1
3
)

S
ig
n
al
li
n
g
m
u
ci
n
H
K
R
1
-l
ik
e

X
en
o
p
u
s

(S
il
u
ra
n
a
)
tr
o
p
ic
a
li
s

N
o
h
it
s

3
7
.0
0

X
P
_
0
0
6
8
2
1
6
0
2
.1

9
.0
0
e–

0
7

5
3
.9

T
A
T
A
A
T

(7
3
3
4
4
)

A
A
T
A
A
A

(7
3
5
5
8
)

N
o
t
fo
u
n
d

N
o

N
o

6
.6

2
0

9
5

S
G
H
V
-E
th
0
6
5

(7
4
4
7
6
r
7
4
3
2
1
)

N
o
h
it
s

S
p
lB
;
D
N
A
re
p
ai
r;
T
M

h
el
ix

T
A
T
A
A
A

(7
4
5
1
4
)

N
o
t
fo
u
n
d

N
o
t
fo
u
n
d

N
o

N
o

S
G
H
V
-E
th
0
6
6

(7
5
5
7
6
r
7
4
6
0
2
)

R
p
o
D
-l
ik
e
p
ro
te
in

P
.
fa
lc
ip
a
ru
m

S
G
H
V
-

U
ga
0
5
9

9
8
.1
5

Y
P
_
00
1
6
8
7
0
0
7
.1

0
.0

6
1
9

T
A
T
A
A
T

(7
5
6
2
7
)

A
A
T
A
A
A

(7
4
5
9
1)

N
o
t
fo
u
n
d

Y
es

N
o

3
.8

3
7

5
5

S
G
H
V
-E
th
0
6
7

(7
6
2
0
9
r
7
5
5
8
6
)

(I
C
S
V
P
)

S
G
H
V
-

U
ga
0
6
0

1
0
0
.0
0

Y
P
_
00
1
6
8
7
0
0
8
.1

5
.0
0
e–

1
4
8

4
2
2

T
A
T
A
T
A

(7
6
2
4
8
)

A
A
T
A
A
T

(7
5
4
4
7)

N
o
t
fo
u
n
d

Y
es

Y
es

3
6
7
.9

2
2
7
3

5
2
5
6

S
G
H
V
-E
th
0
6
8

(7
7
7
5
2
r
7
6
2
6
8
)

A
ca
n
th
a
m
o
eb
a
p
o
ly
p
h
a
ga

m
im

iv
ir
u
s
(n
u
cl
eo
ca
p
si
d

p
ro
te
in
)

S
G
H
V
-

U
g
a0
6
1

9
9
.6
0

Y
P
_
0
0
1
6
8
7
0
0
9
.1

0
.0

1
0
0
7

T
M

h
el
ix

N
o
t
fo
u
n
d

A
A
T
A
A
A

(7
6
1
3
6
)

N
o
t
fo
u
n
d

Y
es

Y
es

1
0
6
.8

1
5
7
1

1
5
2
7

S
G
H
V
-E
th
0
6
9

(7
7
7
1
3
R
9
0
4
5
3
)

O
R
F
1
4
7
T
ri
ch
o
p
lu
si
a
n
i

as
co
vi
ru
s-
2
c
(n
u
cl
eo
ca
p
si
d

p
ro
te
in
)

S
G
H
V
-

U
g
a0
6
2

9
1
.5
9

Y
P
_
0
0
1
6
8
7
0
1
0
.1

0
.0

7
1
2
8

S
P
;
B
P
-N

L
S
;
G
B
D
-F
H
3
;

ez
rA

;
N
U
M
O
D
3

m
o
ti
fs
;
sp
ec
tr
in

re
p
ea
ts
;
t-
S
N
A
R
E
s

T
A
T
A
A
A

(7
7
6
6
0
)

A
A
T
A
T
A
A

(9
0
5
0
4
)

T
A
T
A
A
T
A
A
T
A
A
G

(7
7
7
0
4
)

Y
es

Y
es

6
9

8
7
0
7

9
8
6

S
G
H
V
-E
th
0
7
0

(9
1
8
5
2
r
9
0
4
6
1
)

S
G
H
V
-

U
ga
0
6
3

1
0
0
.0
0

Y
P
_
00
1
6
8
7
0
1
1
.1

0
.0

9
2
4

T
M

h
el
ix

T
A
T
A
A
T

(9
1
9
0
3
)

N
o
t
fo
u
n
d

N
o
t
fo
u
n
d

Y
es

N
o

5
4
.6

7
3
5

7
8
1

S
G
H
V
-E
th
0
7
1

(9
3
8
1
6
r
9
2
0
3
2
)

O
R
F
A
M
V
1
3
0
A
m
sa
ct
a
m
oo
re
i

en
to
m
o
p
o
xv
ir
u
s
A
B
C

tr
an
sp
o
rt
er

p
ro
te
in

(t
eg
u
m
en
t
p
ro
te
in
)

S
G
H
V
-

U
ga
0
6
4

9
9
.8
3

Y
P
_
00
1
6
8
7
0
1
2
.1

0
.0

1
1
9
2

C
o
il
ed

co
il
s;
P
U
M

re
p
ea
ts
;
zi
n
c

fi
n
ge
r
d
o
m
ai
n

T
A
T
A
A
T

(9
3
9
4
4
)

A
A
T
A
A
A

(9
1
9
9
1)

T
C
T
C
T
A
A
A
T
A
A
G

(9
3
8
2
6
)

Y
es

Y
es

1
2
3
.3

2
1
7
8

1
7
6
1

S
G
H
V
-E
th
0
7
2

(9
8
0
9
3
r
9
3
8
3
1
)

O
R
F
A
M
V
0
3
9
A
m
sa
ct
a
m
oo
re
i

en
to
m
o
p
o
xv
ir
u
s

A
T
P
as
e/
D
N
A

h
el
ic
as
e
p
ro
te
in

S
G
H
V
-

U
ga
0
6
5

9
9
.0
1

Y
P
_
00
1
6
8
7
0
1
3
.1

0
.0

2
8
2
5

T
A
T
A
T
A

(9
8
1
0
4
)

N
o
t
fo
u
n
d

A
A
T
A
T
A
T
A
T
A
A
G

(9
8
0
9
8
)

N
o

N
o

1
2
.4

5
2
4

1
7
7

S
G
H
V
-E
th
0
7
3

(9
8
1
3
9
R
9
8
4
5
3
)

S
G
H
V
-

U
ga
0
6
6

9
9
.0
6

Y
P
_
00
1
6
8
7
0
1
4
.1

2
.0
0
e–

6
7

2
0
9

a
-H

el
ix
–
b
-s
tr
an
d
–
a
-h
el
ix

T
A
T
A
T
A

(9
8
0
9
7
)

A
A
T
A
A
A

(9
8
4
5
9)

N
o
t
fo
u
n
d

Y
es

N
o

8
3
1
.6

2
5
9
4

1
1
8
8
3

S
G
H
V
-E
th
0
7
4

(9
9
2
7
9
r
9
8
5
0
3
)

H
el
ic
as
e

(t
eg
u
m
en
t
p
ro
te
in
)

S
G
H
V
-

U
ga
0
6
7

9
8
.4
6

Y
P
_
00
1
6
8
7
0
1
5
.1

2
.0
0
e–

1
8
0

5
0
8

T
M

h
el
ix

T
A
T
A
T
A

(9
9
3
0
5
)

A
A
T
A
A
A

(9
8
5
0
4)

A
T
A
A
T
A
A
G
T
A
A
G

(9
9
2
9
0
)

Y
es

Y
es

2
8
1
.5

2
1
6
5

4
0
2
1

S
G
H
V
-E
th
0
7
5

(9
9
6
2
5
r
9
9
3
0
2
)

R
ib
o
fl
av
in

u
p
ta
k
e
p
ro
te
in
,

ch
ai
n
A
(E
C
F
tr
an
sp
o
rt
er
)

(e
n
ve
lo
p
e
p
ro
te
in
)

S
G
H
V
-

U
ga
0
6
8

1
0
0
.0
0

Y
P
_
00
1
6
8
7
0
1
6
.1

2
.0
0
e–

7
0

2
1
7

T
M

h
el
ix
;
S
P

T
A
T
A
A
T

(9
9
7
4
6
)

A
A
T
A
A
T

(9
9
2
9
9)

T
T
A
A
T
A
A
A
T
A
A
G

(9
9
6
7
2
)

Y
es

Y
es

2
2
2
.8

7
1
5

3
1
8
4

S
G
H
V
-E
th
0
7
6

(1
0
0
4
9
6
r
9
9
6
8
7
)

C
a2

+
-
an
d
Z
n
2
+
-b
in
d
in
g

p
ro
te
in

(t
eg
u
m
en
t
p
ro
te
in
)

S
G
H
V
-

U
ga
0
6
9

1
0
0
.0
0

Y
P
_
00
1
6
8
7
0
1
7
.1

0
.0

5
4
2

T
A
T
A
T
T

(1
0
0
5
8
1
)

A
A
T
A
A
A

(9
9
6
4
4)

T
A
T
A
T
A
A
A
T
A
A
G

(1
0
0
5
0
0
)

Y
es

Y
es

1
3
4
0
.2

1
0
7
4
8

1
9
1
4
7

Comprehensive annotation of the GpSGHV-Eth genome

http://jgv.microbiologyresearch.org 1015



T
a
b
le

1
.
co

nt
.

B
es
t
B
L
A
S
T
m
at
ch

(d
es
cr
ip
ti
o
n
o
f

h
o
m
o
lo
gi
es
)

T
ra
n
sc
ri
p
ti
o
n

si
g
n
al
s

T
ra
n
sc
ri
p
t
(T
)

an
d
p
ep
ti
d
e
(P
)

m
ap
p
in
g

T
ra
n
sc
ri
p
t
ex
p
re
ss
io
n

le
ve
ls

O
R
F
(p
o
si
ti
o
n

an
d
o
ri
en
ta
ti
o
n
)

H
o
m
o
lo
g
y
to

vi
ra
l

an
d
/o
r
ce
ll
u
la
r

p
ro
te
in
s

(l
o
ca
li
za
ti
o
n
)

B
es
t

m
at
ch

Id
en
ti
ty

(%
)

G
en
B
an

k

ac
ce
ss
io
n
n
o
.

E

va
lu
e

S
co
re

F
u
n
ct
io
n
al

an
d
/o
r

st
ru
ct
u
ra
l

an
n
o
ta
ti
o
n

T
A
T
A
-l
ik
e

b
o
x
(p
o
si
ti
o
n
)

P
o
ly
(A

)
si
g
n
al

(p
o
si
ti
o
n
)

G
/T
/A
T
A
A
G

la
te

m
o
ti
f

(p
o
si
ti
o
n
:
T
o
f

T
A
A
G
)

T
P

M
ea
n

co
ve
ra
g
e

R
aw

re
ad

co
u
n
t

F
P
K
M

S
G
H
V
-E
th
0
7
7

(1
0
1
9
9
4
r
1
0
0
6
8
7)

O
R
F
A
M
V
1
5
6
A
m
sa
ct
a
m
oo
re
i

en
to
m
o
p
o
xv
ir
u
s

(n
u
cl
eo
ca
p
si
d
p
ro
te
in
)

S
G
H
V
-

U
ga
0
7
0

9
8
.3
9

Y
P
_
0
0
1
6
8
7
01
8
.1

0
.0

8
5
8

T
A
T
A
T
A

(1
0
2
0
2
0
)

N
o
t
fo
u
n
d

N
o
t
fo
u
n
d

Y
es

Y
es

1
0
.5

1
3
6

1
5
0

S
G
H
V
-E
th
0
7
8

(1
0
2
0
5
8
R
1
0
3
8
8
1)

P
ro
b
ab
le
ca
p
si
d
p
ro
te
in

3

A
ca
n
th
a
m
oe
ba

p
ol
yp
h
a
ga

m
im

iv
ir
u
s

(t
eg
u
m
en
t
p
ro
te
in
)

S
G
H
V
-

U
ga
0
7
1

9
9
.3
4

Y
P
_
0
0
1
6
8
7
01
9
.1

0
.0

1
2
2
5

N
U
D
IX

h
yd
ro
la
se

d
o
m
ai
n
-l
ik
e

T
A
T
A
T
A

(1
0
2
0
0
1
)

A
A
T
A
A
A

(1
0
3
9
2
7
)

A
C
T
T
A
T
T
A
T
A
A
G

(1
0
2
0
4
0
)

Y
es

Y
es

2
9
.1

5
2
5

4
1
5

S
G
H
V
-E
th
0
7
9

(1
0
4
6
7
6
r
1
0
3
8
7
0)

F
A
D
-d
ep
en
d
en
t
th
io
l

o
xi
d
as
e
A
fr
ic
an

sw
in
e
fe
ve
r

vi
ru
s
M
al
aw

i
L
IL

2
0
/1

(e
n
ve
lo
p
e
p
ro
te
in
)

S
G
H
V
-

U
ga
0
7
2

9
9
.6
3

Y
P
_
0
0
1
6
8
7
02
0
.1

0
.0

5
4
0

T
M
;
E
R
V
/A
L
R
th
io
l

o
xi
d
as
e
d
o
m
ai
n

(m
it
o
ch
o
n
d
ri
al
)

T
A
T
A
A
A

(1
0
4
7
6
0
)

A
A
T
A
A
A

(1
0
3
8
7
1
)

N
o
t
fo
u
n
d

Y
es

Y
es

8
7
9
.1

7
0
2
4

1
2
5
5
9

S
G
H
V
-E
th
0
8
0

(1
0
4
9
2
8
r
1
0
4
6
9
2)

S
G
H
V
-

U
ga
0
7
3

9
8
.7
3

Y
P
_
0
0
1
6
8
7
02
1
.1

2
.0
0
e–

4
6

1
5
4

T
A
T
A
A
A

(1
0
4
9
6
5
)

N
o
t
fo
u
n
d

N
o
t
fo
u
n
d

Y
es

N
o

1
0
2
3
.6

2
4
0
2

1
4
6
2
4

S
G
H
V
-E
th
0
8
1

(1
0
4
9
7
5
R
1
0
7
1
1
0)

H
el
ic
as
e
2
-l
ik
e
p
ro
te
in

S
p
od
op
te
ra

fr
u
gi
p
er
d
a

gr
an
u
lo
si
s
vi
ru
s

S
G
H
V
-

U
ga
0
7
4

9
9
.1
6

Y
P
_
0
0
1
6
8
7
02
2
.1

0
.0

1
4
3
9

P
-l
o
o
p
N
T
P
as
e
fo
ld

(W
al
k
er

A
/B

m
o
ti
fs
)

T
A
T
A
A
A

(1
0
4
7
7
1
)

A
A
T
A
A
A

(1
0
7
1
2
0
)

N
o
t
fo
u
n
d

Y
es

N
o

3
2
.5

6
8
7

4
6
4

S
G
H
V
-E
th
0
8
2

(1
0
7
9
6
9
r
1
0
7
1
5
7)

S
G
H
V
-

U
ga
0
7
5

9
9
.2
6

Y
P
_
0
0
1
6
8
7
02
3
.1

0
.0

5
2
6

T
A
T
A
A
A

(1
0
8
0
2
1
)

N
o
t
fo
u
n
d

N
o
t
fo
u
n
d

Y
es

N
o

6
5
.6

5
3
8

9
3
7

S
G
H
V
-E
th
0
8
3

(1
0
7
9
9
3
R
1
0
8
6
2
5)

P
IF
-3

E
u
p
ro
ct
is

p
se
u
d
oc
on
sp
er
sa

si
n
gl
e

n
u
cl
eo
p
o
ly
h
ed
ro
vi
ru
s

(v
ir
io
n
p
ro
te
in
)

S
G
H
V
-

U
ga
0
7
6

1
0
0
.0
0

Y
P
_
0
0
1
6
8
7
02
4
.1

3
.0
0
e–

1
4
8

4
2
3

T
M

h
el
ix

N
o
t
fo
u
n
d

A
A
T
A
A
A

(1
0
8
6
4
5
)

N
o
t
fo
u
n
d

Y
es

Y
es

4
7
8
.9

3
0
0
2

6
8
4
3

S
G
H
V
-E
th
0
8
4

(1
0
8
6
9
5
R
1
1
1
8
7
1)

O
R
F
A
M
V
1
3
0
A
m
sa
ct
a
m
oo
re
i

en
to
m
o
p
o
xv
ir
u
s

A
B
C
tr
an
sp
o
rt
er

p
ro
te
in

(I
C
S
V
P
)

S
G
H
V
-

U
ga
0
7
7

9
9
.7
2

Y
P
_
0
0
1
6
8
7
02
5
.1

0
.0

2
1
1
7

D
N
A
p
o
ly
m
er
as
e
(B
);

ex
o
n
u
cl
ea
se
/H

-l
ik
e

d
o
m
ai
n
s

T
A
T
A
T
A

(1
0
8
6
3
3
)

A
A
T
A
A
A

(1
1
1
9
7
9
)

C
A
A
A
C
A
A
A
T
A
A
G

(1
0
8
6
9
1
)

Y
es

Y
es

6
.6

2
0
8

9
4

S
G
H
V
-E
th
0
8
5

(1
1
1
8
8
6
R
1
1
2
0
4
1)

N
o
h
it
s

Y
cf
4
8
-l
ik
e
p
ro
te
in

(p
ro
vi
si
o
n
al
);
T
M

h
el
ix

N
o
t
fo
u
n
d

A
A
T
A
A
A

(1
1
2
2
4
1
)

N
o
t
fo
u
n
d

N
o

N
o

S
G
H
V
-E
th
0
8
6

(1
1
2
8
4
5
r
1
1
2
1
3
8)

O
R
F
0
0
4
O
ry
ct
es

rh
in
oc
er
os

n
u
d
iv
ir
u
s
A
c8
1-
li
k
e

p
ro
te
in

(I
C
S
V
P
)

S
G
H
V
-

U
ga
0
7
8

9
8
.3
1

Y
P
_
0
0
1
6
8
7
02
6
.1

2
.0
0
e–

1
6
6

4
7
1

T
M

T
A
T
A
T
T

(1
1
3
0
1
2
)

A
A
T
A
A
A

(1
1
2
1
3
3
)

A
T
A
A
T
A
A
A
T
A
A
G

(1
1
2
8
5
6
)

Y
es

Y
es

3
2
5
.7

2
2
8
3

4
6
5
3

S
G
H
V
-E
th
0
8
7

(1
1
2
8
9
6
R
1
1
5
7
5
4)

O
R
F
9
h
u
m
an

h
er
p
es
vi
ru
s
8
ty
p
e
M

D
N
A
p
o
ly
m
er
as
e

S
G
H
V
-

U
ga
0
7
9

9
9
.5
8

Y
P
_
0
0
1
6
8
7
02
7
.1

0
.0

1
9
5
5

D
N
A
/R
N
A
p
o
ly
m
er
as
es

(a
/b

m
u
lt
id
o
m
ai
n
s)

T
A
T
A
A
A

(1
1
2
8
2
0
)

A
A
T
A
A
A

(1
1
5
7
6
3
)

N
o
t
fo
u
n
d

Y
es

N
o

1
8
8
.2

5
3
2
7

2
6
8
9

S
G
H
V
-E
th
0
8
8

(1
1
6
3
7
8
r
1
1
5
7
7
6)

(I
C
S
V
P
)

S
G
H
V
-

U
ga
0
8
0

9
9
.5
0

Y
P
_
0
0
1
6
8
7
02
8
.1

1
.0
0
e–

1
4
1

4
0
5

T
A
T
A
A
A

(1
1
6
4
0
1
)

A
A
T
A
A
A

(1
1
5
7
7
7
)

N
o
t
fo
u
n
d

Y
es

Y
es

1
4
0
.7

8
4
0

2
0
1
0

S
G
H
V
-E
th
0
8
9

(1
1
6
8
9
9
r
1
1
6
3
8
7)

S
G
H
V
-

U
ga
0
8
1

9
9
.4
2

Y
P
_
0
0
1
6
8
7
02
9
.1

5
.0
0
e–

1
1
7

3
4
0

T
M

h
el
ix

T
A
T
A
A
A

(1
1
7
0
1
1
)

A
A
T
A
A
A

(1
1
6
3
8
5
)

A
T
T
A
A
C
T
A
T
A
A
G

(1
1
6
9
0
9
)

Y
es

N
o

2
8
.4

1
4
4

4
0
5

S
G
H
V
-E
th
0
9
0

(1
1
7
3
9
2
r
1
1
6
9
1
6)

(V
ir
io
n
p
ro
te
in
)

S
G
H
V
-

U
ga
0
8
2

1
0
0
.0
0

Y
P
_
0
0
1
6
8
7
03
0
.1

3
.0
0
e–

1
1
0

3
2
2

T
M

T
A
T
A
A
T

(1
1
7
4
4
5
)

A
A
T
A
A
A

(1
1
6
7
7
6
)

A
T
A
G
C
A
A
A
T
A
A
G

(1
1
7
3
9
7
)

Y
es

Y
es

1
1
2
.9

5
3
3

1
6
1
2

S
G
H
V
-E
th
0
9
1

(1
1
9
4
7
9
r
1
1
7
3
9
8)

O
R
F
A
M
V
2
1
4

A
m
sa
ct
a
m
oo
re
i

en
to
m
o
p
o
xv
ir
u
s

(n
u
cl
eo
ca
p
si
d
p
ro
te
in
)

S
G
H
V
-

U
ga
0
8
3

9
9
.4
2

Y
P
_
0
0
1
6
8
7
03
1
.1

0
.0

1
4
0
2

B
P
-N

L
S

T
A
T
A
A
T

(1
1
9
5
2
3
)

A
A
T
A
A
A

(1
1
7
3
8
9
)

N
o
t
fo
u
n
d

Y
es

Y
es

1
1
6
.5

2
4
0
1

1
6
6
4

S
G
H
V
-E
th
0
9
2

(1
1
9
5
7
1
R
1
2
0
2
2
7)

(V
ir
io
n
p
ro
te
in
)

S
G
H
V
-

U
ga
0
8
4

9
9
.0
9

Y
P
_
0
0
1
6
8
7
03
2
.1

3
.0
0
e–

1
4
9

4
2
6

T
A
T
A
T
T

(1
1
9
5
3
7
)

A
A
T
A
A
A

(1
2
0
2
4
6
)

T
A
T
A
A
A
T
G
T
A
A
G

(1
1
9
5
5
6
)

Y
es

Y
es

1
3
.9

9
0

1
9
8

S
G
H
V
-E
th
0
9
3

(1
2
0
4
4
7
R
1
2
1
2
1
1)

S
ig
n
al
li
n
g
p
ro
te
in

(t
eg
u
m
en
t
p
ro
te
in
)

S
G
H
V
-

U
ga
0
8
5

9
6
.4
7

Y
P
_
0
0
1
6
8
7
03
3
.1

0
.0

5
0
9

a
-H

el
ix
–
b
-s
tr
an
d
–
a
-h
el
ix

N
o
t
fo
u
n
d

A
A
T
A
A
A

(1
2
1
2
1
8
)

N
o
t
fo
u
n
d

Y
es

Y
es

6
4
4

4
8
7
7

9
1
9
9

S
G
H
V
-E
th
0
9
4

(1
2
1
3
0
4
R
1
2
3
0
7
9)

O
R
F
3
9
8
m
eg
av
ir
u
s

ch
il
ie
n
si
s
an
k
yr
in

re
p
ea
t
p
ro
te
in

(t
eg
u
m
en
t
p
ro
te
in
)

S
G
H
V
-

U
ga
0
8
6

1
0
0
.0
0

Y
P
_
0
0
1
6
8
7
03
4
.1

0
.0

1
2
0
1

a
-H

el
ix
–
b
-s
tr
an
d
–
a
-h
el
ix

T
A
T
A
A
T

(1
2
1
2
3
6
)

A
A
T
A
A
A

(1
2
3
0
7
8
)

T
A
G
A
T
A
T
A
T
A
A
G

(1
2
1
2
9
2
)

Y
es

Y
es

1
0
3
1
.3

1
8
1
3
4

1
4
7
3
3

A. M. M. Abd-Alla and others

1016 Journal of General Virology 97



T
a
b
le

1
.
co

nt
.

B
es
t
B
L
A
S
T
m
at
ch

(d
es
cr
ip
ti
o
n
o
f

h
o
m
o
lo
gi
es
)

T
ra
n
sc
ri
p
ti
o
n

si
g
n
al
s

T
ra
n
sc
ri
p
t
(T
)

an
d
p
ep
ti
d
e
(P
)

m
ap
p
in
g

T
ra
n
sc
ri
p
t
ex
p
re
ss
io
n

le
ve
ls

O
R
F
(p
o
si
ti
o
n

an
d
o
ri
en
ta
ti
o
n
)

H
o
m
o
lo
g
y
to

vi
ra
l

an
d
/o
r
ce
ll
u
la
r

p
ro
te
in
s

(l
o
ca
li
za
ti
o
n
)

B
es
t

m
at
ch

Id
en
ti
ty

(%
)

G
en
B
an

k

ac
ce
ss
io
n
n
o
.

E

va
lu
e

S
co
re

F
u
n
ct
io
n
al

an
d
/o
r

st
ru
ct
u
ra
l

an
n
o
ta
ti
o
n

T
A
T
A
-l
ik
e

b
o
x
(p
o
si
ti
o
n
)

P
o
ly
(A

)
si
g
n
al

(p
o
si
ti
o
n
)

G
/T
/A
T
A
A
G

la
te

m
o
ti
f

(p
o
si
ti
o
n
:
T
o
f

T
A
A
G
)

T
P

M
ea
n

co
ve
ra
g
e

R
aw

re
ad

co
u
n
t

F
P
K
M

S
G
H
V
-E
th
0
9
5

(1
2
3
3
9
2
r
1
2
3
1
0
5)

L
E
F
-5

O
R
F
9
9

C
u
le
x
n
ig
ri
p
a
lp
u
s

n
u
cl
eo
p
o
ly
h
ed
ro
vi
ru
s

S
G
H
V
-

U
ga
0
8
7

9
6
.8
8

Y
P
_
0
0
1
6
8
7
03
5
.1

7
.0
0
e–

6
2

1
9
4

T
F
II
S
-t
yp
e
zi
n
c
fi
n
ge
r;

R
N
A
p
o
ly
m
er
as
e

su
b
u
n
it
R
P
O
3
0

T
A
T
A
A
T

(1
2
3
4
5
6
)

A
A
T
A
A
A

(1
2
3
0
7
4
)

N
o
t
fo
u
n
d

Y
es

N
o

9
3
.1

2
6
5

1
3
2
8

S
G
H
V
-E
th
0
9
6

(1
2
3
5
1
4
R
1
2
5
4
6
6)

O
R
F
A
M
V
2
5
8

A
m
sa
ct
a
m
oo
re
i

en
to
m
o
p
o
xv
ir
u
s
va
cc
in
ia

G
1
L
m
et
al
lo
p
ro
te
as
e

(e
n
ve
lo
p
e
p
ro
te
in
)

S
G
H
V
-

U
ga
0
8
8

9
8
.1
6

Y
P
_
0
0
1
6
8
7
03
6
.1

0
.0

1
2
2
6

T
M

h
el
ix

T
A
T
A
A
T

(1
2
3
4
3
4
)

N
o
t
fo
u
n
d

T
G
T
T
G
T
T
A
T
A
A
G

(1
2
3
5
0
3
)

Y
es

Y
es

1
8
0
.6

3
4
9
2

2
5
8
0

S
G
H
V
-E
th
0
9
7

(1
2
5
4
8
4
R
1
2
6
0
2
3)

O
R
F
A
M
V
1
3
4

A
m
sa
ct
a
m
oo
re
i

en
to
m
o
p
o
xv
ir
u
s

le
u
ci
n
e-
ri
ch

re
p
ea
t
ge
n
e

fa
m
il
y
p
ro
te
in

S
G
H
V
-

U
ga
0
8
9

9
7
.7
8

Y
P
_
0
0
1
6
8
7
03
7
.1

2
.0
0
e–

1
1
7

3
4
2

C
o
il
ed

co
il
s

T
A
T
A
T
A

(1
2
5
4
3
1
)

A
A
T
A
A
A

(1
2
6
0
5
0
)

N
o
t
fo
u
n
d

Y
es

N
o

1
4
.4

7
7

2
0
6

S
G
H
V
-E
th
0
9
8

(1
2
6
2
1
1
r
1
2
6
0
2
6)

N
o
h
it
s

T
A
T
A
A
T

(1
2
6
2
9
1
)

A
A
T
A
A
A

(1
2
5
9
6
2
)

N
o
t
fo
u
n
d

N
o

N
o

S
G
H
V
-E
th
0
9
9

(1
2
6
3
9
8
R
1
2
6
6
3
1)

S
G
H
V
-

U
ga
0
9
0

1
0
0
.0
0

Y
P
_
0
0
1
6
8
7
03
8
.1

2
.0
0
e–

4
3

1
4
6

T
M

h
el
ix

T
A
T
A
A
A

(1
2
6
6
4
6
)

A
A
T
A
A
A

(1
2
7
6
1
1
)

N
o
t
fo
u
n
d

Y
es

N
o

S
G
H
V
-E
th
1
0
0

(1
2
6
7
3
1
R
1
2
7
5
3
4)

P
u
ta
ti
ve

ca
p
si
d
p
ro
te
in

3

C
a
fe
te
ri
a
ro
en
be
rg
en
si
s

vi
ru
s
B
V
_
P
W
1
(v
ir
io
n
p
ro
te
in
)

S
G
H
V
-

U
ga
0
9
1

9
9
.2
5

Y
P
_
0
0
1
6
8
7
03
9
.1

0
.0

5
4
1

T
M
;
P
S
;
R
N
A
-d
ep
en
d
en
t

R
N
A
p
o
ly
m
er
as
e

T
A
T
A
A
A

(1
2
7
5
4
6
)

A
A
T
A
A
A

(1
2
7
8
2
8
)

G
C
A
A
T
T
A
T
T
A
A
G

(1
2
6
5
5
6
)

Y
es

Y
es

3
3
.1

2
6
4

4
7
4

S
G
H
V
-E
th
1
0
1

(1
2
7
5
5
7
R
1
2
7
8
0
5)

(I
C
S
V
P
)

S
G
H
V
-

U
ga
0
9
2

1
0
0
.0
0

Y
P
_
0
0
1
6
8
7
04
0
.1

1
.0
0
e–

5
0

1
6
5

T
A
T
A
T
A

(1
2
7
2
5
2
)

A
A
T
A
A
T

(1
2
6
1
9
6
)

N
o
t
fo
u
n
d

Y
es

Y
es

5
4
9
6
.9

1
3
5
5
2

7
8
5
3
3

S
G
H
V
-E
th
1
0
2

(1
2
7
8
1
6
R
1
2
8
8
0
2)

H
yd
ro
la
se

(I
Ie

R
E
)

(t
eg
u
m
en
t
p
ro
te
in
)

S
G
H
V
-

U
ga
0
9
3

1
0
0
.0
0

Y
P
_
0
0
1
6
8
7
04
1
.1

0
.0

6
6
5

T
M

N
o
t
fo
u
n
d

A
A
T
A
A
A

(1
2
8
7
9
7
)

N
o
t
fo
u
n
d

Y
es

Y
es

1
1
8
8
.1

1
1
6
1
1

1
6
9
7
5

S
G
H
V
-E
th
1
0
3

(1
2
8
8
2
7
R
1
2
9
6
4
5)

(T
eg
u
m
en
t
p
ro
te
in
)

S
G
H
V
-

U
ga
0
9
4

9
8
.9
0

Y
P
_
0
0
1
6
8
7
04
2
.1

0
.0

5
4
1

T
M
;
a
-h
el
ix
–
b
-s
tr
an
d
–
a
-

h
el
ix

N
o
t
fo
u
n
d

A
A
T
A
A
T

(1
2
9
7
3
1
)

N
o
t
fo
u
n
d

Y
es

Y
es

2
7
8
.7

2
2
6
0

3
9
8
2

S
G
H
V
-E
th
1
0
4

(1
2
9
6
5
9
R
1
3
0
1
2
9)

(V
ir
io
n
p
ro
te
in
)

S
G
H
V
-

U
ga
0
9
5

9
8
.0
9

Y
P
_
0
0
1
6
8
7
04
3
.1

2
.0
0
e–

1
0
3

3
0
5

T
A
T
A
T
A

(1
2
9
5
5
9
)

A
A
T
A
A
A

(1
3
0
1
3
2
)

T
A
A
A
G
A
A
G
T
A
A
G

(1
2
9
5
9
0
)

Y
es

Y
es

3
3
.1

1
5
4

4
7
2

S
G
H
V
-E
th
1
0
5

(1
3
0
1
6
9
R
1
3
1
3
1
1)

M
et
al
-b
in
d
in
g
p
ro
te
in

(t
eg
u
m
en
t
p
ro
te
in
)

S
G
H
V
-

U
ga
0
9
6

9
8
.1
6

Y
P
_
0
0
1
6
8
7
04
4
.1

0
.0

7
4
7

T
M

h
el
ix

T
A
T
A
A
A

(1
3
0
0
9
6
)

A
A
T
A
A
A

(1
3
1
3
2
1
)

T
C
A
T
T
A
G
A
T
A
A
G

(1
3
0
1
5
6
)

Y
es

Y
es

7
9
6
.3

9
0
1
2

1
1
3
7
7

S
G
H
V
-E
th
1
0
6

(1
3
1
3
0
1
R
1
3
2
4
8
2)

V
es
ic
le
-a
ss
o
ci
at
ed

m
em

b
ra
n
e
p
ro
te
in

(t
eg
u
m
en
t
p
ro
te
in
)

S
G
H
V
-

U
ga
0
9
7

9
8
.9
8

Y
P
_
0
0
1
6
8
7
04
5
.1

0
.0

8
0
0

T
M

h
el
ix
;
R
N
A

p
o
ly
m
er
as
e

T
A
T
A
T
T

(1
3
1
2
6
2
)

A
A
T
A
A
A

(1
3
2
5
8
0
)

N
o
t
fo
u
n
d

Y
es

Y
es

1
8
4
3
.2

2
1
5
7
1

2
6
3
3
3

S
G
H
V
-E
th
1
0
7

(1
3
2
5
0
5
R
1
3
2
8
4
9)

(N
u
cl
eo
ca
p
si
d
p
ro
te
in
)

S
G
H
V
-

U
ga
0
9
8

9
6
.5
2

Y
P
_
0
0
1
6
8
7
04
6
.1

9
.0
0
e–

7
3

2
2
3

T
M

N
o
t
fo
u
n
d

A
A
T
A
A
A

(1
3
2
8
7
4
)

N
o
t
fo
u
n
d

Y
es

Y
es

1
0
1
5
.7

3
4
6
9

1
4
5
0
9

S
G
H
V
-E
th
1
0
8

(1
3
3
5
4
4
r
1
3
3
0
6
5
)

S
G
H
V
-

U
g
a0
9
9

9
8
.7
5

Y
P
_
0
0
1
6
8
7
0
4
7
.1

3
.0
0
e–

1
0
9

3
2
0

P
D
-(
D
/E
)
X
K

n
u
cl
ea
se

fo
ld

T
A
T
A
T
A

(1
3
3
6
3
8
)

A
A
T
A
A
T

(1
3
3
0
3
0
)

T
A
T
A
A
C
T
A
T
A
A
G

(1
3
3
5
5
5
)

Y
es

N
o

3
9
9
.8

1
9
0
0

5
7
1
2

S
G
H
V
-E
th
1
0
9

(1
3
3
5
6
6
R
1
3
3
8
5
6)

H
yp
o
th
et
ic
al

co
n
se
rv
ed

p
ro
te
in

P
R
K
0
6
1
2
6
(I
C
S
V
P
)

N
o
h
it
s

N
o
t
fo
u
n
d

N
o
t
fo
u
n
d

N
o
t
fo
u
n
d

Y
es

Y
es

6
1
6
0
.8

1
7
7
5
0

8
8
0
1
5

S
G
H
V
-E
th
1
1
0

(1
3
3
9
7
0
R
1
3
4
2
2
7)

(I
C
S
V
P
)

N
o
h
it
s

S
er
p
en
ti
n
e
ty
p
e
7
T
M

G
P
C
R

ch
em

o
re
ce
p
to
r
S
rx
;
T
M

h
el
ix

N
o
t
fo
u
n
d

A
A
T
A
A
A

(1
3
4
3
5
6
)

N
o
t
fo
u
n
d

Y
es

Y
es

2
0
6
3
.8

5
2
7
2

2
9
4
8
5

S
G
H
V
-E
th
1
1
1

(1
3
4
3
0
8
R
1
3
4
6
2
5)

(N
u
cl
eo
ca
p
si
d
p
ro
te
in
)

S
G
H
V
-

U
ga
1
0
1

1
0
0
.0
0

Y
P
_
0
0
1
6
8
7
04
9
.1

3
.0
0
e–

6
7

2
0
9

T
M

h
el
ix

T
A
T
A
A
T

(1
3
4
2
6
5
)

A
A
T
A
A
A

(1
3
4
6
7
3
)

N
o
t
fo
u
n
d

Y
es

Y
es

4
7
3
.3

1
4
9
3

6
7
7
5

S
G
H
V
-E
th
1
1
2

(1
3
4
6
8
1
R
1
3
6
6
3
6)

P
IF
-1

N
eo
d
ip
ri
on

a
bi
et
is

n
u
cl
eo
p
o
ly
h
ed
ro
vi
ru
s

(e
n
ve
lo
p
e
p
ro
te
in
)

S
G
H
V
-

U
ga
1
0
2

9
9
.5
4

Y
P
_
0
0
1
6
8
7
05
0
.1

0
.0

1
3
3
2

T
M

h
el
ix
;
S
P
;
E
G
F
-l
ik
e

d
o
m
ai
n

T
A
T
A
T
A

(1
3
4
6
4
4
)

A
A
T
A
A
A

(1
3
6
7
0
0
)

T
T
A
T
A
T
A
A
T
A
A
G

(1
3
4
6
5
1
)

Y
es

Y
es

6
0
8
.1

1
1
7
7
6

8
6
8
7

S
G
H
V
-E
th
1
1
3

(1
3
7
8
5
8
r
1
3
6
7
3
1)

V
ir
al

ca
p
si
d
-a
ss
o
ci
at
ed

p
ro
te
in

1
0
5
4

N
eo
d
ip
ro
n
a
bi
et
is

n
u
cl
eo
p
o
ly
h
ed
ro
vi
ru
s

S
G
H
V
-

U
ga
1
0
3

9
7
.8
7

Y
P
_
0
0
1
6
8
7
05
1
.1

0
.0

7
4
3

T
A
T
A
A
A

(1
3
7
9
3
5
)

A
A
T
A
A
A

(1
3
6
7
3
2
)

N
o
t
fo
u
n
d

Y
es

N
o

2
9
.6

3
3
1

4
2
3

S
G
H
V
-E
th
1
1
4

(1
3
7
9
0
7
R
1
3
9
8
8
6)

(N
u
cl
eo
ca
p
si
d
p
ro
te
in
)

S
G
H
V
-

U
ga
1
0
4

9
9
.3
9

Y
P
_
0
0
1
6
8
7
05
2
.1

0
.0

1
3
3
5

T
M
;
co
il
ed

co
il
re
gi
o
n

T
A
T
A
A
A

(1
3
7
8
5
9
)

A
A
T
A
A
A

(1
3
9
8
9
6
)

N
o
t
fo
u
n
d

Y
es

Y
es

3
1
.9

6
2
5

4
5
5

S
G
H
V
-E
th
1
1
5

(1
4
0
9
4
7
r
1
4
0
0
7
2)

(V
ir
io
n
p
ro
te
in
)

S
G
H
V
-

U
ga
1
0
5

9
8
.9
7

Y
P
_
0
0
1
6
8
7
05
3
.1

0
.0

5
6
2

C
o
il
ed

co
il
s

T
A
T
A
T
T

(1
4
1
0
3
1
)

A
A
T
A
A
A

(1
3
9
9
6
5
)

T
A
A
T
A
T
A
T
T
A
A
G

(1
4
0
9
6
3
)

Y
es

Y
es

1
1
0
.1

9
5
5

1
5
7
3

Comprehensive annotation of the GpSGHV-Eth genome

http://jgv.microbiologyresearch.org 1017



T
a
b
le

1
.
co

nt
.

B
es
t
B
L
A
S
T
m
at
ch

(d
es
cr
ip
ti
o
n
o
f

h
o
m
o
lo
gi
es
)

T
ra
n
sc
ri
p
ti
o
n

si
g
n
al
s

T
ra
n
sc
ri
p
t
(T
)

an
d
p
ep
ti
d
e
(P
)

m
ap
p
in
g

T
ra
n
sc
ri
p
t
ex
p
re
ss
io
n

le
ve
ls

O
R
F
(p
o
si
ti
o
n

an
d
o
ri
en
ta
ti
o
n
)

H
o
m
o
lo
g
y
to

vi
ra
l

an
d
/o
r
ce
ll
u
la
r

p
ro
te
in
s

(l
o
ca
li
za
ti
o
n
)

B
es
t

m
at
ch

Id
en
ti
ty

(%
)

G
en
B
an

k

ac
ce
ss
io
n
n
o
.

E

va
lu
e

S
co
re

F
u
n
ct
io
n
al

an
d
/o
r

st
ru
ct
u
ra
l

an
n
o
ta
ti
o
n

T
A
T
A
-l
ik
e

b
o
x
(p
o
si
ti
o
n
)

P
o
ly
(A

)
si
g
n
al

(p
o
si
ti
o
n
)

G
/T
/A
T
A
A
G

la
te

m
o
ti
f

(p
o
si
ti
o
n
:
T
o
f

T
A
A
G
)

T
P

M
ea
n

co
ve
ra
g
e

R
aw

re
ad

co
u
n
t

F
P
K
M

S
G
H
V
-E
th
1
1
6

(1
4
2
4
1
0
r
1
4
0
9
5
3
)

O
R
F
M
S
V
1
5
6

M
el
a
n
o
p
lu
s
sa
n
gu
in
ip
es

en
to
m
o
p
o
x
vi
ru
s

(n
u
cl
eo
ca
p
si
d
p
ro
te
in
)

S
G
H
V
-

U
g
a1
0
6

9
8
.2
9

Y
P
_
0
0
1
6
8
7
0
5
4
.1

0
.0

9
1
9

C
o
il
ed

co
il
s;
se
ri
n
e/

th
re
o
n
in
e/

g
lu
ta
m
in
e-
ri
ch

st
re
tc
h
es

T
A
T
A
A
T

(1
4
2
4
6
6
)

A
A
T
A
A
A

(1
4
0
8
3
9
)

N
o
t
fo
u
n
d

Y
es

Y
es

5
2
2
.8

7
5
.4
7

7
4
.6
9

S
G
H
V
-E
th
1
1
7

(1
4
3
9
3
5
r
1
4
2
3
7
3)

C
el
l
d
iv
is
io
n
p
ro
te
in

4
8
ly
m
p
h
o
cy
st
is

d
is
ea
se

vi
ru
s

(C
h
in
a
is
o
la
te
)

(n
u
cl
eo
ca
p
si
d
p
ro
te
in
)

S
G
H
V
-

U
ga
1
0
7

9
7
.8
9

Y
P
_
0
0
1
6
8
7
05
5
.1

0
.0

1
0
4
6

S
P
;
A
A
A
+
-A

T
P
as
e;
P
A
N

T
A
T
A
A
A

(1
4
3
9
6
0
)

A
A
A
T
A
A

(1
4
2
3
3
4
)

N
o
t
fo
u
n
d

Y
es

Y
es

8
0
6
.7

1
2
4
8
4

1
1
5
2
5

S
G
H
V
-E
th
1
1
8

(1
4
5
5
5
0
r
1
4
3
9
1
6)

C
el
l
d
iv
is
io
n
p
ro
te
in

4
8
ly
m
p
h
o
cy
st
is
d
is
ea
se

vi
ru
s

(C
h
in
a
is
o
la
te
)

(n
u
cl
eo
ca
p
si
d
p
ro
te
in
)

S
G
H
V
-

U
ga
1
0
8

9
9
.0
8

Y
P
_
0
0
1
6
8
7
05
6
.1

0
.0

1
0
9
6

S
P
;
P
-l
o
o
p
/A
A
A
+
-

A
T
P
as
e;
P
A
N

T
A
T
A
C
A

(1
4
5
5
7
4
)

N
o
t
fo
u
n
d

N
o
t
fo
u
n
d

Y
es

Y
es

3
0

4
8
6

4
2
9

S
G
H
V
-E
th
1
1
9

(1
4
5
6
2
8
R
1
4
5
8
0
4)

N
o
h
it
s

P
h
ag
e
sh
o
ck

p
ro
te
in

B
;

T
M

h
el
ix

T
A
T
A
A
A

(1
4
5
5
7
1
)

A
A
T
A
A
A

(1
4
5
9
0
0
)

N
o
t
fo
u
n
d

N
o

N
o

S
G
H
V
-E
th
1
2
0

(1
4
6
7
9
1
r
1
4
5
9
3
7)

(V
ir
io
n
p
ro
te
in
)

S
G
H
V
-

U
ga
1
0
9

9
9
.3
0

Y
P
_
0
0
1
6
8
7
05
7
.1

0
.0

5
6
7

T
M

h
el
ix
;
C
B
S
d
o
m
ai
n

N
o
t
fo
u
n
d

A
A
T
A
A
A

(1
4
5
8
5
3
)

N
o
t
fo
u
n
d

Y
es

Y
es

6
0
1
.6

5
0
9
3

8
5
9
5

S
G
H
V
-E
th
1
2
1

(1
4
7
4
3
3
r
1
4
6
8
3
1)

S
p
od
op
te
ra

li
tu
ra

gr
an
u
lo
si
s
vi
ru
s
m
at
ri
x

m
et
al
lo
p
ro
te
in
as
e-
3
8

(M
P
-N

A
S
E
-l
ik
e
p
ro
te
in
)

(t
eg
u
m
en
t
p
ro
te
in
)

S
G
H
V
-

U
ga
1
1
0

9
9
.5
0

Y
P
_
0
0
1
6
8
7
05
8
.1

9
.0
0
e–

1
4
5

4
1
3

T
M

h
el
ix
;
S
P
;

h
el
ix
–
tu
rn
–
h
el
ix

d
o
m
ai
n

T
A
T
A
A
T

(1
4
7
4
9
0
)

A
A
T
A
A
A

(1
4
6
7
0
1
)

T
T
G
T
A
T
T
T
T
A
A
G

(1
4
7
4
6
3
)

Y
es

Y
es

2
3
3
1
.8

1
3
9
2
1

3
3
3
1
2

S
G
H
V
-E
th
1
2
2

(1
4
8
1
8
9
r
1
4
7
5
3
3)

M
P
-N

A
S
E
-l
ik
e
p
ro
te
in

(I
C
S
V
P
)

S
G
H
V
-

U
ga
1
1
1

9
8
.6
3

Y
P
_
0
0
1
6
8
7
05
9
.1

7
.0
0
e–

1
5
3

4
3
5

T
M
;
S
P
;
zi
n
c
p
ro
te
as
e

T
A
T
A
T
T

(1
4
8
2
8
0
)

N
o
t
fo
u
n
d

C
T
G
T
T
T
A
A
T
A
A
G

(1
4
8
1
9
4
)

Y
es

Y
es

6
6
6
1
.1

4
3
3
3
0

9
5
1
6
4

S
G
H
V
-E
th
1
2
3

(1
4
8
8
2
6
r
1
4
8
3
0
2
)

R
eg
u
la
to
ry

p
ro
te
in

(t
eg
u
m
en
t
p
ro
te
in
)

S
G
H
V
-

U
g
a1
1
2

9
4
.8
6

Y
P
_
0
0
1
6
8
7
0
6
0
.1

2
.0
0
e–

1
1
0

3
2
3

T
M

h
el
ix
;
S
P

N
o
t
fo
u
n
d

N
o
t
fo
u
n
d

N
o
t
fo
u
n
d

N
o

Y
es

2
4
4
4
.4

1
2
7
0
6

3
4
9
2
2

S
G
H
V
-E
th
1
2
4

(1
4
9
6
6
2
r
1
4
8
8
2
0)

C
el
lu
la
r
p
ro
te
in

P
Y
0
0
5
93

P
la
sm

od
iu
m

yo
el
li
st
ra
in

1
7
X
N
L
(n
u
cl
eo
ca
p
si
d
p
ro
te
in
)

S
G
H
V
-

U
ga
1
1
3

9
8
.9
3

Y
P
_
0
0
1
6
8
7
06
1
.1

0
.0

5
5
3

T
A
T
A
T

(1
4
9
8
0
6
)

N
o
t
fo
u
n
d

T
T
T
A
A
T
A
G
T
A
A
G

(1
4
9
7
8
8
)

Y
es

Y
es

1
1
6
2

9
6
9
9

1
6
6
0
2

S
G
H
V
-E
th
1
2
5

(1
4
9
9
2
5
r
1
4
9
6
6
8)

N
o
h
it
s

V
p
s5
2
/S
ac
2
fa
m
il
y

T
A
A
T
A
T

(1
5
0
0
3
6
?)

A
A
T
A
A
T

(1
4
9
6
6
6
?)

N
o
t
fo
u
n
d

N
o

N
o

S
G
H
V
-E
th
1
2
6

(1
4
9
9
5
6
R
1
5
1
2
7
5)

O
R
F
M
S
V
0
1
6

M
el
a
n
op
lu
s
sa
n
gu
in
ip
es

en
to
m
o
p
o
xv
ir
u
s
le
u
ci
n
e-
ri
ch

re
p
ea
t
ge
n
e
fa
m
il
y

p
ro
te
in

S
G
H
V
-

U
ga
1
1
4

9
9
.7
7

Y
P
_
0
0
1
6
8
7
06
2
.1

0
.0

8
6
8

L
eu
ci
n
e-
ri
ch

re
p
ea
t

p
ro
te
in
-l
ik
e
p
ro
te
in

T
A
T
A
T
T

(1
4
9
8
0
3
)

A
A
T
A
A
A

(1
5
1
3
0
6
)

T
G
T
T
C
T
T
A
T
A
A
G

(1
4
9
9
3
7
)

Y
es

N
o

8
.9

1
1
6

1
2
7

S
G
H
V
-E
th
1
2
7

(1
5
1
3
3
2
R
1
5
2
5
6
1)

S
G
H
V
-

U
ga
1
1
5

9
9
.2
7

Y
P
_
0
0
1
6
8
7
06
3
.1

0
.0

8
3
0

F
-b
o
x/
R
N
I
su
p
er
fa
m
il
y

T
A
T
A
T
A

(1
5
1
2
8
1
)

A
A
T
A
A
A

(1
5
2
6
5
3
)

N
o
t
fo
u
n
d

N
o

N
o

8
2
.5

1
0
0
4

1
1
7
8

S
G
H
V
-E
th
1
2
8

(1
5
2
5
8
2
R
1
5
3
6
5
5)

O
R
F
A
M
V
1
3
4

A
m
sa
ct
a
m
oo
re
i

le
u
ci
n
e-
ri
ch

re
p
ea
t

ge
n
e
fa
m
il
y
p
ro
te
in

S
G
H
V
-

U
ga
1
1
6

9
8
.8
8

Y
P
_
0
0
1
6
8
7
06
4
.1

0
.0

6
9
6

R
N
as
e
in
h
ib
it
o
r

T
A
T
A
T
A

(1
5
2
4
4
5
)

A
A
T
A
A
A

(1
5
3
7
2
2
)

N
o
t
fo
u
n
d

Y
es

N
o

2
1
.4

2
2
7

3
0
5

S
G
H
V
-E
th
1
2
9

(1
5
4
3
7
8
r
1
5
3
6
6
2)

IS
K
N
V
O
R
F
0
9
9
L

R
IN

G
fi
n
ge
r
p
ro
te
in

P
h
a
eo
cy
st
is
gl
ob
os
a
vi
ru
s

S
G
H
V
-

U
ga
1
1
7

9
7
.9
1

Y
P
_
0
0
1
6
8
7
06
5
.1

1
.0
0
e–

1
5
8

4
5
1

E
3
-u
b
iq
u
it
in
-

p
ro
te
in

li
ga
se

T
R
A
IP

T
A
T
A
A
A

(1
5
4
4
0
6
)

N
o
t
fo
u
n
d

N
o
t
fo
u
n
d

Y
es

N
o

5
7
8
.3

4
1
0
5

8
2
6
1

S
G
H
V
-E
th
1
3
0

(1
5
4
6
5
0
r
1
5
4
4
0
5)

O
R
F
1
0
3L

sc
al
e
d
ro
p

d
is
ea
se

vi
ru
s

S
G
H
V
-

U
ga
1
1
8

9
8
.7
8

Y
P
_
0
0
1
6
8
7
06
6
.1

5
.0
0
e–

5
2

1
6
8

C
o
il
ed

co
il
s;

E
3
-u
b
iq
u
it
in
-p
ro
te
in

li
ga
se

T
R
A
IP

T
A
T
A
A
A

(1
5
4
7
4
2
)

A
A
T
A
A
A

(1
5
4
2
6
4
)

N
o
t
fo
u
n
d

Y
es

N
o

9
0
6
.3

2
2
0
7

1
2
9
4
5

S
G
H
V
-E
th
1
3
1

(1
5
5
3
4
5
r
1
5
4
6
9
5)

S
G
H
V
-

U
ga
1
1
9

1
0
0
.0
0

Y
P
_
0
0
1
6
8
7
06
7
.1

6
.0
0
e–

1
5
2

4
3
2

R
N
as
e
in
h
ib
it
o
r

N
o
t
fo
u
n
d

N
o
t
fo
u
n
d

N
o
t
fo
u
n
d

Y
es

N
o

1
5
9
.3

1
0
2
6

2
2
7
4

S
G
H
V
-E
th
1
3
2

(1
5
5
3
7
4
R
1
5
6
4
2
6)

S
G
H
V
-

U
ga
1
2
0

9
7
.7
2

Y
P
_
0
0
1
6
8
7
06
8
.1

0
.0

6
9
6

T
A
T
A
T

(1
5
5
2
3
8
)

A
A
A
T
A
A

(1
5
6
4
8
9
)

T
A
A
T
G
T
T
T
T
A
A
G

(1
5
5
2
9
1
)

Y
es

N
o

1
1
4
.2

1
1
9
0

1
6
3
1

S
G
H
V
-E
th
1
3
3

(1
5
6
7
1
5
R
1
5
7
4
7
3)

S
G
H
V
-

U
ga
1
2
1

1
0
0
.0
0

Y
P
_
0
0
1
6
8
7
06
9
.1

0
.0

5
2
3

T
M

T
A
T
A
A
T

(1
5
6
5
9
8
)

A
A
A
T
A
A

(1
5
7
5
4
1
)

A
T
T
A
T
T
T
T
T
A
A
G

(1
5
6
6
1
0
)

Y
es

N
o

5
2
.1

3
9
1

7
4
3

A. M. M. Abd-Alla and others

1018 Journal of General Virology 97



T
a
b
le

1
.
co

nt
.

B
es
t
B
L
A
S
T
m
at
ch

(d
es
cr
ip
ti
o
n
o
f

h
o
m
o
lo
gi
es
)

T
ra
n
sc
ri
p
ti
o
n

si
g
n
al
s

T
ra
n
sc
ri
p
t
(T
)

an
d
p
ep
ti
d
e
(P
)

m
ap
p
in
g

T
ra
n
sc
ri
p
t
ex
p
re
ss
io
n

le
ve
ls

O
R
F
(p
o
si
ti
o
n

an
d
o
ri
en
ta
ti
o
n
)

H
o
m
o
lo
g
y
to

vi
ra
l

an
d
/o
r
ce
ll
u
la
r

p
ro
te
in
s

(l
o
ca
li
za
ti
o
n
)

B
es
t

m
at
ch

Id
en
ti
ty

(%
)

G
en
B
an

k

ac
ce
ss
io
n
n
o
.

E

va
lu
e

S
co
re

F
u
n
ct
io
n
al

an
d
/o
r

st
ru
ct
u
ra
l

an
n
o
ta
ti
o
n

T
A
T
A
-l
ik
e

b
o
x
(p
o
si
ti
o
n
)

P
o
ly
(A

)
si
g
n
al

(p
o
si
ti
o
n
)

G
/T
/A
T
A
A
G

la
te

m
o
ti
f

(p
o
si
ti
o
n
:
T
o
f

T
A
A
G
)

T
P

M
ea
n

co
ve
ra
g
e

R
aw

re
ad

co
u
n
t

F
P
K
M

S
G
H
V
-E
th
1
3
4

(5
7
6
6
9
R
1
5
8
0
1
6
)

S
G
H
V
-

U
ga
1
2
2

1
0
0
.0
0

Y
P
_
0
0
1
6
8
7
07
0
.1

8
.0
0
e–

7
9

2
3
9

T
M

h
el
ix

T
A
T
A
A
A

(1
5
7
6
0
5
)

A
A
T
A
A
A

(1
5
8
1
9
3
)

N
o
t
fo
u
n
d

Y
es

N
o

1
7
0
.1

5
8
6

2
4
3
0

S
G
H
V
-E
th
1
3
5

(1
5
8
0
7
6
R
1
5
8
2
2
5)

N
o
h
it
s

C
R
IS
P
R
/C
as

sy
st
em

-

as
so
ci
at
ed

R
A
M
P

su
p
er
fa
m
il
y

p
ro
te
in

C
sb
3

T
A
T
A
A
T

(1
5
8
0
5
8
)

A
A
T
A
A
A

(1
5
8
2
3
6
)

N
o
t
fo
u
n
d

Y
es

N
o

1
1
.5

1
7

1
6
4

S
G
H
V
-E
th
1
3
6

(1
5
8
8
4
0
R
1
5
9
3
0
7
)

ch
m
u
1
4
8
C
h
o
ri
st
o
n
eu
ra

m
u
ri
n
a
n
a

al
p
h
ab
ac
u
lo
vi
ru
s

S
G
H
V
-

U
g
a1
2
3

9
4
.8
7

Y
P
_
0
0
1
6
8
7
0
7
1
.1

1
.0
0
e–

1
0
2

3
0
3

C
o
il
ed

co
il
s;
zi
n
c
fi
n
g
er

(C
2
H
2
)
d
o
m
ai
n

T
A
T
A
T
A

(1
5
8
7
9
4
)

N
o
t
fo
u
n
d

N
o
t
fo
u
n
d

Y
es

N
o

3
4
.5

1
6
0

4
9
3

S
G
H
V
-E
th
1
3
7

(1
6
0
8
6
6
R
1
6
2
3
8
6)

ch
m
u
14
8
C
h
or
is
to
n
eu
ra

m
u
ri
n
a
n
a

al
p
h
ab
ac
u
lo
vi
ru
s

S
G
H
V
-

U
ga
1
2
4

3
4
.9
5

Y
P
_
0
0
1
6
8
7
07
2
.1

4
.0
0
e–

8
6

2
8
9

C
o
il
ed

co
il
s

T
A
T
A
A
T

(1
6
0
6
9
5
)

A
A
T
A
A
A

(1
6
2
4
3
7
)

N
o
t
fo
u
n
d

Y
es

N
o

0
.6

9
0

S
G
H
V
-E
th
1
3
8

(1
6
2
5
4
9
r
1
6
2
3
7
3)

N
o
h
it
s

P
ro
te
in

tr
af
fi
ck
in
g
P
G
A
2

T
A
T
A
A
A

(1
6
2
6
3
8
)

A
A
T
A
A
A

(1
6
2
2
5
9
)

N
o
t
fo
u
n
d

N
o

N
o

S
G
H
V
-E
th
1
3
9

(1
6
2
6
7
9
R
1
6
4
4
7
2
)

O
R
F
0
6
7
E
co
tr
o
p
is

o
b
li
q
u
a
n
u
cl
eo
p
o
ly
h
ed
ro
vi
ru
s

C
g
3
0
p
ro
te
in

S
G
H
V
-

U
g
a1
2
5

8
3
.8
2

Y
P
_
0
0
1
6
8
7
0
7
3
.1

6
.0
0
e–

8
5

2
7
3

C
o
il
ed

co
il
s

T
A
T
A
A
C

(1
6
2
6
3
5
)

A
A
T
A
A
A

(1
6
4
4
7
8
)

G
T
T
A
A
T
C
T
T
A
A
G

(1
6
2
6
6
8
)

Y
es

N
o

2
2
.3

3
9
6

3
1
9

S
G
H
V
-E
th
1
4
0

(1
6
4
5
7
1
R
1
6
4
8
1
3
)

O
R
F
1
4
9
A
n
ti
ca
rs
ia

ge
m
m
a
ta
li
s

n
u
cl
eo
p
o
ly
h
ed
ro
vi
ru
s

P
e3
8
-l
ik
e
p
ro
te
in

S
G
H
V
-

U
g
a1
2
6

9
8
.7
2

Y
P
_
0
0
1
6
8
7
0
7
4
.1

2
.0
0
e–

4
3

1
4
7

C
o
il
ed

co
il
s

T
A
T
A
T
G

(1
6
4
5
1
6
)

A
A
T
A
A
A

(1
6
4
8
1
9
)

A
A
T
A
A
T
T
A
T
A
A
G

(1
6
4
5
6
3
)

Y
es

N
o

6
7
.2

1
6
2

9
6
2

S
G
H
V
-E
th
1
4
1

(1
6
5
7
8
3
R
1
6
6
0
4
6
)

S
G
H
V
-

U
g
a1
2
7

8
8
.8
9

Y
P
_
0
0
1
6
8
7
0
7
5
.1

8
.0
0
e–

4
6

1
5
2

T
A
T
A
A
A

(1
6
5
7
2
5
)

A
A
T
A
A
A

(1
6
6
0
5
9
)

C
T
T
A
T
A
G
T
T
A
A
G

(1
6
5
7
5
7
)

Y
es

N
o

2
6
5
.7

6
9
4

3
7
9
3

S
G
H
V
-E
th
1
4
2

(1
6
6
6
1
6
r
1
6
6
4
6
1)

N
o
h
it
s

Z
in
c
fi
n
ge
r
R
IN

G
o
f

B
A
R
D
1
-t
yp
e
p
ro
te
in

d
o
m
ai
n

T
A
T
A
A
T

(1
6
6
6
5
9
)

A
A
T
A
A
A

(1
6
6
4
6
2
)

N
o
t
fo
u
n
d

Y
es

N
o

1
4
7
.9

2
2
8

2
1
0
9

S
G
H
V
-E
th
1
4
3

(1
6
6
6
0
2
R
1
6
6
7
8
4)

S
G
H
V
-

U
ga
1
2
8

8
7
.3
0

Y
P
_
0
0
1
6
8
7
07
6
.1

2
.0
0
e–

2
2

9
1
.7

Z
in
c
fi
n
ge
r
(C

2
H
2
)
d
o
m
ai
n

T
A
T
A
T
T

(1
6
6
5
3
2
)

A
A
T
A
A
A

(1
6
6
9
1
3
)

N
o
t
fo
u
n
d

N
o

N
o

1
8
9
4
.6

3
4
3
3

2
7
0
6
9

S
G
H
V
-E
th
1
4
4

(1
6
7
0
3
2
R
1
6
7
2
9
2)

(I
C
S
V
P
)

S
G
H
V
-

U
ga
1
2
9

1
0
0
.0
0

Y
P
_
0
0
1
6
8
7
07
7
.1

7
.0
0
e–

4
3

1
4
5

C
o
il
ed

co
il
s

T
A
T
A
A
A

(1
6
7
0
0
7
)

N
o
t
fo
u
n
d

G
T
T
A
A
C
A
A
T
A
A
G

(1
6
7
0
2
6
)

Y
es

Y
es

4
.1

1
1

6
1

S
G
H
V
-E
th
1
4
5

(1
6
7
4
4
5
R
1
6
7
9
6
9)

S
G
H
V
-

U
ga
1
3
0

9
3
.7
1

Y
P
_
0
0
1
6
8
7
07
8
.1

2
.0
0
e–

1
1
1

3
2
6

T
A
T
A
T
A

(1
6
7
3
0
0
)

A
A
T
A
A
A

(1
6
8
0
2
0
)

C
C
G
A
G
T
T
G
T
A
A
G

(1
6
7
3
4
8
)

Y
es

N
o

7
3
0
.3

3
7
9
6

1
0
4
3
3

S
G
H
V
-E
th
1
4
6

(1
6
8
0
8
4
R
1
7
0
5
1
0)

O
R
F
M
S
V
1
5
6

M
el
a
n
op
lu
s
sa
n
gu
in
ip
es

en
to
m
o
p
o
xv
ir
u
s

S
G
H
V
-

U
ga
1
3
1

8
6
.6
6

Y
P
_
0
0
1
6
8
7
07
9
.1

0
.0

1
4
1
5

C
o
il
ed

co
il
s

T
A
T
A
A
A

(1
6
8
0
3
6
)

N
o
t
fo
u
n
d

N
o
t
fo
u
n
d

Y
es

N
o

8
5
.5

2
0
5
5

1
2
2
2

S
G
H
V
-E
th
1
4
7

(1
7
0
6
3
5
R
1
7
0
8
3
2)

S
G
H
V
-

U
ga
1
3
2

1
0
0
.0
0

Y
P
_
0
0
1
6
8
7
08
0
.1

1
.0
0
e–

3
9

1
3
5

T
A
T
A
T
A

(1
7
0
5
8
7
)

A
A
T
A
A
A

(1
7
0
8
5
9
)

N
o
t
fo
u
n
d

N
o

N
o

2
1
2
5
.9

4
1
6
8

3
0
3
7
5

S
G
H
V
-E
th
1
4
8

(1
7
1
0
2
3
R
1
7
2
2
7
9)

S
G
H
V
-

U
ga
1
3
3

9
9
.2
8

Y
P
_
0
0
1
6
8
7
08
1
.1

0
.0

8
6
5

E
G
F
-l
ik
e
d
o
m
ai
n

si
gn
at
u
re

1

T
A
T
A
A
T

(1
7
0
9
6
6
)

N
o
t
fo
u
n
d

N
o
t
fo
u
n
d

Y
es

N
o

5
5
2
.5

6
8
7
6

7
8
9
3

S
G
H
V
-E
th
1
4
9

(1
7
2
4
2
3
R
1
7
2
7
1
9)

T
ai
l
le
n
gt
h

ta
p
e-
m
ea
su
re

p
ro
te
in

O
en
oc
oc
cu
s

p
h
ag
e
p
h
i9
8
05

(I
C
S
V
P
)

S
G
H
V
-

U
ga
1
3
4

9
7
.9
8

Y
P
_
0
0
1
6
8
7
08
2
.1

2
.0
0
e–

6
1

1
9
4

C
o
il
ed

co
il
s

T
A
T
A
A
A

(1
7
2
3
9
5
)

N
o
t
fo
u
n
d

N
o
t
fo
u
n
d

Y
es

Y
es

4
1
8
.9

1
2
3
2

5
9
8
6

S
G
H
V
-E
th
1
5
0

(1
7
2
7
4
2
R
1
7
2
9
6
9)

(I
C
S
V
P
)

S
G
H
V
-

U
ga
1
3
5

1
0
0
.0
0

Y
P
_
0
0
1
6
8
7
08
3
.1

2
.0
0
e–

4
5

1
5
1

C
o
il
ed

co
il
s;
h
el
ix

h
ai
rp
in

b
in

T
A
T
A
A
G

(1
7
2
7
1
8
)

A
A
T
A
A
A

(1
7
2
9
9
0
)

T
A
G
T
T
T
T
A
T
A
A
G

(1
7
2
7
2
0
)

N
o

Y
es

3
3
7
.6

7
6
2

4
8
2
2

S
G
H
V
-E
th
1
5
1

(1
7
3
2
1
0
r
1
7
3
0
1
0)

N
o
h
it
s

T
A
T
A
T
T

(1
7
3
3
4
9
)

A
A
T
A
A
A

(1
7
3
0
0
4
)

T
T
T
T
C
G
T
T
T
A
A
G

(1
7
3
3
2
0
)

Y
es

N
o

1
3
5
9
.2

2
7
0
5

1
9
4
1
9

S
G
H
V
-E
th
1
5
2

(1
7
3
2
8
7
R
1
7
3
4
4
8)

(I
C
S
V
P
)

S
G
H
V
-

U
ga
1
3
6

1
0
0
.0
0

Y
P
_
0
0
1
6
8
7
08
4
.1

1
.0
0
e–

2
9

1
0
9

C
o
il
ed

co
il
s

T
A
T
A
A
A

(1
7
3
2
4
7
)

A
A
T
A
A
A

(1
7
3
4
4
7
)

G
A
T
A
T
A
A
A
T
A
A
G

(1
7
3
2
5
3
)

N
o

Y
es

2
8
6
.2

4
5
9

4
0
8
8

S
G
H
V
-E
th
1
5
3

(1
7
3
5
1
5
R
1
7
3
7
8
4
)

(I
C
S
V
P
)

S
G
H
V
-

U
g
a1
3
7

9
3
.3
3

Y
P
_
0
0
1
6
8
7
0
8
5
.1

3
.0
0
e–

5
3

1
7
2

C
o
il
ed

co
il
s

T
A
T
A
A
A

(1
7
3
4
5
7
)

A
A
T
A
A
A

(1
7
3
7
8
3
)

C
A
T
A
T
A
A
A
T
A
A
G

(1
7
3
4
6
3
)

N
o

Y
es

3
3
.8

9
0

4
8
1

S
G
H
V
-E
th
1
5
4

(1
7
3
8
0
0
R
1
7
4
1
5
9)

(I
C
S
V
P
)

S
G
H
V
-

U
ga
1
3
8

1
0
0
.0
0

Y
P
_
0
0
1
6
8
7
08
6
.1

6
.0
0
e–

8
0

2
4
2

C
o
il
ed

co
il
s

T
A
T
A
T
A

(1
7
3
7
4
7
)

A
A
T
A
A
A

(1
7
4
2
0
9
)

N
o
t
fo
u
n
d

Y
es

Y
es

2
1

7
5

3
0
1

S
G
H
V
-E
th
1
5
5

(1
7
4
4
4
2
R
1
7
4
6
3
6)

(I
C
S
V
P
)

S
G
H
V
-

U
ga
1
3
9

1
0
0
.0
0

Y
P
_
0
0
1
6
8
7
08
7
.1

1
.0
0
e–

3
7

1
3
0

C
o
il
ed

co
il
s

T
A
T
A
A
A

(1
7
4
3
1
3
)

A
A
T
A
A
A

(1
7
4
6
3
5
)

A
G
T
A
G
T
G
G
T
A
A
G

(1
7
4
3
8
1
)

N
o

Y
es

4
8
2
.5

9
3
2

6
8
9
7

Comprehensive annotation of the GpSGHV-Eth genome

http://jgv.microbiologyresearch.org 1019



T
a
b
le

1
.
co

nt
.

B
es
t
B
L
A
S
T
m
at
ch

(d
es
cr
ip
ti
o
n
o
f

h
o
m
o
lo
gi
es
)

T
ra
n
sc
ri
p
ti
o
n

si
g
n
al
s

T
ra
n
sc
ri
p
t
(T
)

an
d
p
ep
ti
d
e
(P
)

m
ap
p
in
g

T
ra
n
sc
ri
p
t
ex
p
re
ss
io
n

le
ve
ls

O
R
F
(p
o
si
ti
o
n

an
d
o
ri
en
ta
ti
o
n
)

H
o
m
o
lo
g
y
to

vi
ra
l

an
d
/o
r
ce
ll
u
la
r

p
ro
te
in
s

(l
o
ca
li
za
ti
o
n
)

B
es
t

m
at
ch

Id
en
ti
ty

(%
)

G
en
B
an

k

ac
ce
ss
io
n
n
o
.

E

va
lu
e

S
co
re

F
u
n
ct
io
n
al

an
d
/o
r

st
ru
ct
u
ra
l

an
n
o
ta
ti
o
n

T
A
T
A
-l
ik
e

b
o
x
(p
o
si
ti
o
n
)

P
o
ly
(A

)
si
g
n
al

(p
o
si
ti
o
n
)

G
/T
/A
T
A
A
G

la
te

m
o
ti
f

(p
o
si
ti
o
n
:
T
o
f

T
A
A
G
)

T
P

M
ea
n

co
ve
ra
g
e

R
aw

re
ad

co
u
n
t

F
P
K
M

S
G
H
V
-E
th
1
5
6

(1
7
4
6
4
7
R
1
7
5
8
7
0)

O
R
F
1
4
8
C
h
or
is
to
n
eu
ra

m
u
ri
n
a
n
a

al
p
h
ab
av
cu
lo
vi
ru
s

(v
ir
io
n
p
ro
te
in
)

S
G
H
V
-

U
ga
1
4
0

9
9
.5
1

Y
P
_
0
0
1
6
8
7
08
8
.1

0
.0

8
4
0

C
o
il
ed

co
il
s

T
A
T
A
A
A

(1
7
4
5
2
0
)

A
A
T
A
A
A

(1
7
5
9
0
8
)

G
A
A
A
T
A
A
A
T
A
A
G

(1
7
4
6
4
1
)

Y
es

Y
es

3
4
1
.4

4
1
3
7

4
8
7
7

S
G
H
V
-E
th
1
5
7

(1
7
6
0
5
2
r
1
7
5
7
8
9)

L
E
F
-8

P
en
a
eu
s
m
on
od
on

n
u
d
iv
ir
u
s

S
G
H
V
-

U
ga
1
4
1

9
6
.5
9

Y
P
_
0
0
1
6
8
7
08
9
.1

3
.0
0
e–

5
1

1
6
7

T
M

T
A
T
A
T
T

(1
7
6
1
9
0
)

A
A
T
A
A
A

(1
7
5
6
2
0
)

N
o
t
fo
u
n
d

Y
es

N
o

1
2
4
.1

3
2
4

1
7
7
1

S
G
H
V
-E
th
1
5
8

(1
7
6
2
5
2
R
1
7
7
3
2
2)

S
G
H
V
-

U
ga
1
4
2

9
9
.7
2

Y
P
_
0
0
1
6
8
7
09
0
.1

0
.0

7
3
0

T
A
T
A
A
A

(1
7
6
2
0
0
)

A
A
T
A
A
A

(1
7
7
3
7
7
)

T
T
A
T
A
A
T
T
T
A
A
G

(1
7
6
2
3
0
)

Y
es

N
o

5
3
.1

5
6
3

7
5
9

S
G
H
V
-E
th
1
5
9

(1
7
7
3
6
6
R
1
7
8
6
5
5)

S
G
H
V
-

U
ga
1
4
3

9
8
.6
0

Y
P
_
0
0
1
6
8
7
09
1
.1

0
.0

8
6
6

C
o
il
ed

co
il
s

T
A
T
A
A
A

(1
7
7
3
2
1
)

N
o
t
fo
u
n
d

N
o
t
fo
u
n
d

Y
es

N
o

1
0
.2

1
3
0

1
4
5

S
G
H
V
-E
th
1
6
0

(1
7
9
7
5
0
r
1
7
9
3
7
9)

O
R
F
A
M
V
1
9
3

p
ro
te
in

p
h
o
sp
h
at
as
e
1

A
m
sa
ct
a
m
oo
re
i

en
to
m
o
p
o
xv
ir
u
s

S
G
H
V
-

U
ga
1
4
4

1
0
0
.0
0

Y
P
_
0
0
1
6
8
7
09
2
.1

5
.0
0
e–

8
0

2
4
3

P
P
1
(r
eg
u
la
to
ry

su
b
u
n
it
s

1
5
A
/B
)

T
A
T
A
A
A

(1
7
9
8
5
3
)

A
A
T
A
A
A

(1
7
9
3
8
7
)

N
o
t
fo
u
n
d

Y
es

N
o

3
7
1
.7

1
3
6
9

5
3
1
0

S
G
H
V
-E
th
1
6
1

(1
8
0
0
4
0
R
1
8
0
7
2
6)

O
R
F
1
7
9
sh
ri
m
p

w
h
it
e
sp
o
t
sy
n
d
ro
m
e
vi
ru
s

S
G
H
V
-

U
ga
1
4
5

7
0
.7
4

Y
P
_
0
0
1
6
8
7
09
3
.1

6
.0
0
e–

9
6

2
9
1

T
A
T
A
A
A

(1
8
0
0
2
9
)

A
A
T
A
A
A

(1
8
0
7
5
6
)

N
o
t
fo
u
n
d

Y
es

N
o

5
.9

4
0

8
4

S
G
H
V
-E
th
1
6
2

(1
8
0
7
4
5
R
1
8
1
3
7
7)

(V
ir
io
n
p
ro
te
in
)

S
G
H
V
-

U
ga
1
4
6

9
8
.5
8

Y
P
_
0
0
1
6
8
7
09
4
.1

2
.0
0
e–

1
3
9

4
0
0

R
N
A
-d
ep
en
d
en
t
R
N
A

p
o
ly
m
er
as
e

T
A
T
A
A
T

(1
8
0
6
9
0
)

A
A
T
A
A
A

(1
8
1
3
7
6
)

T
A
T
A
A
T
A
A
T
A
A
G

(1
8
0
7
3
3
)

N
o

Y
es

6
.2

3
9

8
9

S
G
H
V
-E
th
1
6
3

(1
8
1
8
2
8
R
1
8
2
4
9
6)

O
R
F
1
7
9
sh
ri
m
p

w
h
it
e
sp
o
t
sy
n
d
ro
m
e
vi
ru
s

S
G
H
V
-

U
ga
1
4
8

7
0
.2
3

Y
P
_
0
0
1
6
8
7
09
6
.1

1
.0
0
e–

9
0

2
7
9

T
A
T
A
G
A

(1
8
1
7
0
1
)

A
A
A
T
A
A

(1
8
2
5
2
5
)

N
o
t
fo
u
n
d

N
o

N
o

5
.9

3
9

8
4

S
G
H
V
-E
th
1
6
4

(1
8
2
9
2
2
R
1
8
3
4
9
1
)

O
R
F
1
7
9
sh
ri
m
p

w
h
it
e
sp
o
t
sy
n
d
ro
m
e

vi
ru
s

S
G
H
V
-

U
g
a1
4
8

6
4
.5
8

Y
P
_
0
0
1
6
8
7
0
9
6
.1

7
.0
0
e–

6
9

2
2
2

N
o
t
fo
u
n
d

N
o
t
fo
u
n
d

N
o
t
fo
u
n
d

N
o

N
o

5
.9

3
6

8
3

S
G
H
V
-E
th
1
6
5

(1
8
5
0
0
6
r
1
8
4
0
2
3
)

(I
C
S
V
P
)

S
G
H
V
-

U
g
a1
5
0

9
7
.5
7

Y
P
_
0
0
1
6
8
7
0
9
8
.1

0
.0

6
5
3

T
A
T
A
T
T

(1
8
5
0
4
8
)

A
A
T
A
A
A

(1
8
4
0
2
1
)

N
o
t
fo
u
n
d

Y
es

Y
es

3
6
2
.8

3
5
4
5

5
1
8
3

S
G
H
V
-E
th
1
6
6

(1
8
5
1
2
8
R
1
8
5
3
7
3)

S
G
H
V
-

U
ga
1
5
1

9
8
.7
8

Y
P
_
0
0
1
6
8
7
09
9
.1

3
.0
0
e–

4
9

1
6
1

T
A
T
A
A
A

(1
8
5
0
8
1
)

A
A
T
A
A
A

(1
8
5
4
1
4
)

N
o
t
fo
u
n
d

N
o

N
o

3
2
4
.9

7
9
1

4
6
4
0

S
G
H
V
-E
th
1
6
7

(1
8
5
4
7
6
R
1
8
5
8
4
4)

B
cr
–
A
b
l-
li
k
e
p
ro
te
in

S
G
H
V
-

U
ga
1
5
2

1
0
0
.0
0

Y
P
_
0
0
1
6
8
7
10
0
.1

1
.0
0
e–

8
2

2
4
9

C
o
il
ed

co
il
s;
B
cr
–
A
b
l

(a
-1
/2
)

T
A
T
A
A
A

(1
8
5
4
6
1
)

A
A
T
A
A
A

(1
8
5
9
4
2
)

N
o
t
fo
u
n
d

Y
es

N
o

1
0
9
.8

4
0
1

1
5
6
8

S
G
H
V
-E
th
1
6
8

(1
8
5
8
4
7
R
1
8
6
0
7
7)

S
G
H
V
-

U
ga
1
5
3

1
0
0
.0
0

Y
P
_
0
0
1
6
8
7
10
1
.1

2
.0
0
e–

4
9

1
6
1

T
A
T
A
T
A

(1
8
5
8
2
3
)

A
A
T
A
A
A

(1
8
6
0
8
0
)

N
o
t
fo
u
n
d

Y
es

N
o

1
3
2
.5

3
0
3

1
8
9
3

S
G
H
V
-E
th
1
6
9

(1
8
6
1
3
4
R
1
8
7
1
4
7)

O
R
F
0
2
6
W
is
ea
n
a

ir
id
es
ce
n
t
vi
ru
s

(n
u
cl
eo
ca
p
si
d
p
ro
te
in
)

S
G
H
V
-

U
ga
1
5
4

9
9
.1
1

Y
P
_
0
0
1
6
8
7
10
2
.1

0
.0

6
6
8

G
lu
ta
m
in
e-
ri
ch

re
gi
o
n

T
A
T
A
A
A

(1
8
6
0
9
8
)

N
o
t
fo
u
n
d

N
o
t
fo
u
n
d

Y
es

Y
es

3
7
.2

3
7
4

5
3
2

S
G
H
V
-E
th
1
7
0

(1
8
7
2
1
2
R
1
8
7
4
0
9)

S
G
H
V
-

U
ga
1
5
5

9
8
.4
8

Y
P
_
0
0
1
6
8
7
10
3
.1

1
.0
0
e–

3
5

1
2
5

T
A
T
A
A
A

(1
8
7
1
5
1
)

A
A
T
A
A
A

(1
8
7
4
0
8
)

N
o
t
fo
u
n
d

Y
es

N
o

5
2
.2

1
0
8

7
8
7

S
G
H
V
-E
th
1
7
1

(1
8
7
7
3
7
r
1
8
7
5
7
0
)

S
G
H
V
-

U
g
a1
5
6

9
6
.4
9

Y
P
_
0
0
1
6
8
7
1
0
4
.1

5
.0
0
e–

2
6

1
0
0

T
A
T
A
A
A

(1
8
7
7
9
6
)

A
A
T
A
A
A

(1
8
7
4
3
3
)

N
o
t
fo
u
n
d

Y
es

N
o

2
8
2
.3

4
7
0

4
0
3
7

S
G
H
V
-E
th
1
7
2

(1
8
8
1
1
9
r
1
8
7
8
9
2)

S
G
H
V
-

U
ga
1
5
7

1
0
0
.0
0

Y
P
_
0
0
1
6
8
7
10
5
.1

9
.0
0
e–

4
6

1
5
2

N
o
t
fo
u
n
d

A
A
T
A
A
A

(1
8
7
7
9
2
)

N
o
t
fo
u
n
d

Y
es

N
o

9
.8

2
2

1
3
9

S
G
H
V
-E
th
1
7
3

(1
8
8
9
1
6
r
1
8
8
2
4
8)

S
G
H
V
-

U
ga
1
5
8

1
0
0
.0
0

Y
P
_
0
0
1
6
8
7
10
6
.1

6
.0
0
e–

1
5
4

4
3
9

T
A
T
A
T
A

(1
8
8
9
4
7
)

A
A
T
A
A
A

(1
8
8
0
6
6
)

N
o
t
fo
u
n
d

Y
es

N
o

1
7
.7

1
1
7

2
5
2

S
G
H
V
-E
th
1
7
4

(1
8
9
0
9
7
R
1
9
0
2
8
1)

O
R
F
A
M
V
2
5
3

A
m
sa
ct
a
m
oo
re
i

en
to
m
o
p
o
xv
ir
u
s

(p
o
ss
ib
le
su
rf
ac
e
p
ro
te
in
)

S
G
H
V
-

U
ga
1
6
0

9
9
.4
9

Y
P
_
0
0
1
6
8
7
10
8
.1

0
.0

7
8
9

F
-b
o
x
p
ro
te
in

7
-l
ik
e

d
o
m
ai
n

T
A
T
A
T
A

(1
8
9
0
3
4
)

A
A
T
A
A
A

(1
9
0
2
8
0
)

N
o
t
fo
u
n
d

Y
es

N
o

3
3
.9

3
9
7

4
8
3

T
M
,
T
ra
n
sm

em
b
ra
n
e
d
o
m
ai
n
;
S
P
,
si
gn
al
p
ep
ti
d
e;
IN

M
-S
M
;
in
n
er

n
u
cl
ea
r
m
em

b
ra
n
e
so
rt
in
g
m
o
ti
f;
S
W
I/
S
N
F
,
ge
n
e
fa
m
il
y
th
at

af
fe
ct
s
m
at
in
g-
ty
p
e
sw

it
ch
in
g
(S
W
I)

an
d
su
cr
o
se

fe
rm

en
ta
ti
o
n
[s
u
cr
o
se

n
o
n
-f
er
m
en
ti
n
g
(S
N
F
)]

p
at
h
w
ay
s;
B
P
-N

L
S
,
b
ip
ar
ti
te

n
u
cl
ea
r
lo
ca
li
za
ti
o
n

si
gn
al
/s
eq
u
en
ce
;
A
A
R
P
2
,
as
p
ar
ag
in
e
an
d
as
p
ar
ta
te
-r
ic
h
p
ro
te
in

2
d
o
m
ai
n
;
A
gr
D
,
p
ro
-p
ep
ti
d
e
p
re
cu
rs
o
r
o
f
th
e
au
to
-i
n
d
u
ci
n
g
p
ep
ti
d
e
(A

IP
)
o
f
th
e
ac
ce
ss
o
ry

ge
n
e
re
gu
la
to
ry

p
ro
te
in

(A
gr
);
H
D
A
C
,
h
is
to
n
e
d
ea
ce
ty
la
se
;
R
G
D
,
ar
gi
n
yl
-g
ly
cy
l-
as
p
ar
ti
c
ac
id
;
P
D
-(
D
/E
)
X
K
,
co
n
se
rv
ed

d
o
m
ai
n
o
f
n
u
cl
ea
se

su
p
er
fa
m
il
y
in
vo
lv
ed

in
va
ri
o
u
s
as
p
ec
ts
o
f
n
u
cl
ei
c
ac
id

m
et
ab
o
li
sm

;
A
B
C
,
A
T
P
-b
in
d
in
g
ca
ss
et
te
;
G
P
C
R
,
G
-p
ro
te
in
-c
o
u
p
le
d
re
ce
p
to
r;
E
G
F
,
ep
id
er
m
al

gr
o
w
th

fa
ct
o
r;
E
zr
A
,
se
p
ta
ti
o
n
F
ts
Z
ri
n
g
fo
rm

at
io
n
re
gu
la
to
r;
N
U
M
O
D
3
,
n
u
cl
ea
se
-a
ss
o
ci
at
ed

m
o
d
u
la
r

d
o
m
ai
n
3
;
P
U
M
,
p
u
m
il
io

h
o
m
o
lo
gy

d
o
m
ai
n
;
E
R
V
/A
L
R
d
o
m
ai
n
,
E
rv
1
(e
ss
en
ti
al
fo
r
re
sp
ir
at
o
ry

an
d
ve
ge
ta
ti
ve

gr
o
w
th

1
)
an
d
A
L
R
(a
u
gm

en
te
r
o
f
li
ve
r
re
ge
n
er
at
io
n
)
d
o
m
ai
n
;
T
F
II
S
-t
yp
e
zi
n
c
fi
n
ge
r;
zi
n
c
fi
n
ge
r
m
o
ti
f
fo
u
n
d
in

tr
an
sc
ri
p
ti
o
n
fa
ct
o
r
II
s;
B
cr
–
A
b
l,
an

o
n
co
ge
n
e
ar
is
in
g

fr
o
m

th
e
fu
si
o
n
o
f
th
e
b
re
ak
p
o
in
t
cl
u
st
er

(b
cr
)
ge
n
e
w
it
h
ch
ro
m
o
so
m
al
A
b
el
so
n
m
u
ri
n
e
le
u
k
ae
m
ia

(c
-a
bl
)
p
ro
to
-o
n
co
ge
n
e;
G
A
D
D
,
gr
o
w
th

ar
re
st
an
d
D
N
A
d
am

ag
e
p
ro
te
in
;
R
ifi
n
,
re
p
et
it
iv
e
in
te
rs
p
er
se
d
fa
m
il
y;
S
te
vo
r,
su
b
te
lo
m
ic
va
ri
an
t
O
R
F
;
N
if
E
/N

if
N
,
b
if
u
n
ct
io
n
al
n
it
ro
-

ge
n
as
e
fi
xa
ti
o
n
p
ro
te
in
s
E
/N

.

A. M. M. Abd-Alla and others

1020 Journal of General Virology 97



baculovirus upstream late (T/G/A)TAAG transcription
initiation motifs (Table 1).

Proteogenomic mapping of the GpSGHV-Eth
genome

We authenticated the assignment of the GpSGHV-Eth
ORFs by mapping transcripts and peptides onto the virus
genomic sequence. After quality filtering of the transcrip-
tome data, *40 million paired reads remained, of which
*12.3 million mapped to the host (tsetse fly) and were
therefore discarded from further analysis. The remaining
reads mapped onto the viral genome and were used to con-
struct 545 putative transcripts (represented by transcript

isoforms). Of these, 431 transcripts were predicted to con-
tain protein-coding regions and were used in the functional
gene mapping; they mapped onto 141 of the 174 predicted
GpSGHV-Eth ORFs (Table 1).

Similarly, filtering out reverse hits, contaminants and host-
specific peptides from the liquid chromatography (LC)-
MS/MS data resulted in 1314 unique viral peptides.
These peptides mapped to 86 of the 174 predicted
GpSGHV-Eth ORFs (Table 1). Of the 86 ORFs, 68 ORFs
had ATG as the start codon, whilst 13 ORFs had either
CTG or TTG as the start codon (see Table S2). Addition-
ally, some of these ORFs contained mapped peptides on
sequences upstream of the first methionine residues
(Table S2). Non-AUG codons are mostly exhibited by

Repetitive regions ORFs with insertions (n=17) 

Deleted ORFs (n=11) ORFs with deletions (n=20) 

Novel ORFs (n=24) ORFs without changes (n=112)

chitinase

trap

bcr–abl

185000 190000

desmoplakin?odv-e66 paxp-1
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Fig. 1. Linear representation of the GpSGHV-Eth genome: The linearization is presented starting with the ATG initiating
codon of p74 (SGHV-Eth001). The arrows indicate the positions and orientations of the transcription potential of each ORF.
In total, 112 ORFs in the GpSGHV-Eth genome were identical in length (amino acid residues) to the homologous ORFs in
the GpSGHV-Uga genome; 37 ORFs had insertions and/or deletions, 11 ORFs were deleted and 24 ORFs were novel in
the GpSGHV-Eth genome compared with the GpSGHV-Uga genome. The ORFs are colour-coded to show their homology
to the corresponding ORFs in the GpSGHV-Uga genome. The abbreviations used are explained in the footnote to Table 1.
The figure is drawn to scale.
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viral mRNAs encoding regulatory proteins (Corcelette
et al., 2000). Non-canonical translation initiation is a rare
event that occurs in addition to initiation at a downstream
AUG (Gupta et al., 1994), possibly resulting in translation
of multiple related proteins from a single ORF. Five of the
13 GpSGHV-Eth ORFs with non-AUG start codons were
homologues to known regulatory proteins, i.e. SGHV-
Eth008 (MAL7P1.132), SGHV-Eth033 (lef-9), SGHV-
Eth036 (ts), SGHV-Eth117 (cd-48) and SGHV-Eth122
(mp-nase).

Overall, 45.4 % (n579) of the 174 GpSGHV-Eth ORFs had
both peptides and transcripts mapped onto their
sequences, whilst only seven ORFs had peptide mapping
only. Taking into account the proteomic datasets from
GpSGHV-Uga (Kariithi et al., 2010, 2011, 2013b, 2016)
and the strong homologies between the two virus isolates
(Table S1), additional homologous ORFs could be
functionally annotated in the GpSGHV-Eth genome

(Table 1). Furthermore, of these 79 ORFs, 68 had appropri-

ately upstream positioned TATAA-like box and/or (G/T/A)

TAAG transcriptional signals of early and late baculovirus

genes, respectively (Chen et al., 2013), whilst 70 ORFs

had poly(A) signals. A total of 60 ORFs contained both

the TATA-like box and poly(A) signals, and had mapped

transcripts and peptides. Only one ORF (SGHV-Eth109)

remained without any transcriptional signals. It is worth

mentioning that all the ORFs harbouring the TAAG pro-

moter motif were of the (G/T/A)TAAG type characteristic

of baculovirus late promoters (Chen et al., 2013; Rohr-

mann, 2013). This motif was present upstream of 80 %

of the 45 ORFs encoding proteins identified in purified

virus particles and thus assumed to correspond to late

genes (see Table 1). The experimental validation by 59–39
RACE sequencing of whether these motifs correspond to

functional transcription and polyadenylation signals is cur-

rently ongoing.
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Fig. 2. Genome synteny visualization of the relationship between GpSGHV-Eth and GpSGHV-Uga. The positions of the gen-
omes are shown between the thick black lines, which represent the dsDNA viral genomes. (a) The dot-plot was generated
from the whole-genome DNA homology alignments between GpSGHV-Eth and GpSGHV-Uga genomic sequences. The red
and blue colours indicate the sequence direction (reverse and forward). (b, c) Syntenic maps show the overall collinearity of
GpSGHV-Eth and GpSGHV-Uga compared with Musca domestica salivary gland hypertrophy virus (MdSGHV). The red
lines (b, c) indicate identity levels between the viruses, whilst the blue lines (c) indicate instances of inversions. The bands
represented in the thick black lines do not necessarily indicate the ORFs, but rather the conserved genomic regions.
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Functional elements in the GpSGHV-Eth genome

The peptides from the experimentally derived proteomics
data helped us to identify potential functional ORFs in
the GpSGHV-Eth genome and to improve the genome
annotation. In particular, the GpSGHV-Eth genome con-
tained homologues to 12 out of the 31 so-called core
genes of baculoviruses and nudiviruses that are involved
in five main processes of baculovirus infection, i.e. (i) repli-
cation, (ii) transcription, (iii) packaging, assembly and
release, (iv) cell cycle arrest and/or interactions with host
proteins, and (v) oral infectivity (Miele et al., 2011).
Of the 12 GpSGHV-Eth ORFs homologous to the core
genes, nine contained both TATA-like box and poly(A) sig-
nals, and had both mapped transcripts and peptides,
implying that they were functional in GpSGHV. The
remaining three ORFs lacked peptide mapping only
(Table 1). The homologues to the core genes in
GpSGHV-Eth included one of the four baculovirus core
genes involved in DNA repair and recombination, i.e.
SGHV-Eth081, a homologue to helicase 2-like protein
(Spodoptera frugiperda granulosis virus) (Wang et al.,
2007). Other homologues were five genes involved in tran-
scription, i.e. SGHV-Eth052, SGHV-Eth095, SGHV-Eth041
and SGHV-Eth033/34, which are homologues to the tran-
scription factors LEF-4, LEF-5, LEF-8 and LEF-9, respect-
ively. Homologues to desmoplakin (Ac66) and to Ac81,
which are involved in egress of baculovirus virions and in
virus–host interactions at late infection stages (Miele
et al., 2011), respectively, were identified in GpSGHV
(SGHV-Eth009 and SGHV-Eth086, respectively). Finally,
five of the baculovirus per os infectivity factors (PIFs), i.e.
SGHV-Eth001, SGHV-Eth054, SGHV-Eth112, SGHV-
Eth083 and SGHV-Eth004, which are homologues to bacu-
lovirus P74 ( 5 PIF-0), PIF-1, PIF-2, PIF-3 and ODV-e66
(Slack & Arif, 2007), respectively, were detected (Table 1).
These homologies to the core genes suggest that hytrosa-
viruses share with baculoviruses and nudiviruses similar
modes of entry and transcription of their late genes,
which strongly supports the hypothesis that they are
derived from a common ancestor (Jehle et al., 2013).
We also detected homologues to other viral genes that
are potentially functional in GpSGHV, notably SGHV-
Eth087 (homologue to herpesvirus DNA polymerase),
SGHV-Eth095 (homologue to LEF-5 of Culex nigripalpus
nucleopolyhedrovirus) and SGHV-Eth053 (homologue to
a putative core protein encoded by ORF152 of Melanoplus
sanguinipes entomopoxvirus) (Tables 1 and S2).

The expressed proteins provide experimental evidence that

the viral genes are transcribed and translated to produce

functional proteins. Nevertheless, some of the putative

ORFs remained without peptide and/or transcript map-

ping. The lack of equivalence between the transcripts and

peptides could be due to several reasons. The most import-

ant reasons are that not all mRNAs are actively translated at

any particular time, and that the protein content is depend-

ent on both synthesis of new proteins and degradation of

existing proteins. Further, the intrinsic MS/MS peptide

properties (e.g. abundance, ionization efficiency, solubility,
etc.), incorrect assignment of peptides harbouring multiple
coding mutations (Dresang et al., 2011) and post-transla-
tional modifications may result in under-representation
of the full protein repertoires. It is, however, worth men-
tioning that most of the ORFs without peptide or tran-
script mapping are of small size (v100 aa residues) and
at least some of them could correspond to non-functional
ORFs.

Genetic heterogeneity of the GpSGHV-Eth
genome

Various insertions and deletion events were detected in the
genome of GpSGHV-Eth (Tables 2 and S3). A 111 nt
deletion was observed in the 89 508–89 648 nt region in
30 % of reads (Fig. 3a). This deletion was not detected in
GpSGHV-Uga. The nucleotide variation in this region
was within ORF SGHV-Eth069, which is homologous to
the structural protein ORF147 of Trichoplusia ni ascovirus
2c (Cui et al., 2007) (Table 1). Notably, compared with its
SGHV-Uga062 homologue, ORF SGHV-Eth069 contains
indels (Table S3); overall, the latter is 126 nt shorter than
the former.

Similarly, two repeat sequences, 27 nt each, occur two and
three times, in 65 and 35 %, respectively, of the reads in the
183 153–183 354 nt region (Fig. 3b). The nucleotide vari-
ations in this region occur in ORF SGHV-Eth164, which
was annotated as a trophozoite antigen-like protein and
homologous to shrimp white spot syndrome virus ORF94
(Table 1). Compared with its homologous ORF SGHV-
Uga148, SGHV-Eth164 has two deletion events encompas-
sing a total of 57 nt (Table S3). However, this nucleotide
region has more repeat sequences in GpSGHV-Uga than
GpSGHV-Eth, making SGHV-Uga148 longer than
SGHV-Eth164 by a total of 255 nt. It is, however, doubtful
whether this ORF is expressed as it contains no transcrip-
tional signals and remains without any peptide or tran-
script mapping (Table 1).

Likewise, 75 and 25 % of the reads in the 165 386 nt region
contained two and one C repeats, respectively. This
nucleotide region occurs between ORFs SGHV-Eth140 and
SGHV-Eth141. Whereas the 967 nt between these two
ORFs did not have any predicted ORF in the GpSGHV-Eth
genome, the corresponding region in the GpSGHV-Uga
genome (containing 1052 nt between ORFs SGHV-Uga126
and SGHV-Uga127) contained a predicted ORF (159 nt)
which was not annotated during the sequencing of the
GpSGHV-Uga genome (Abd-Alla et al., 2008).

Such nucleotide deletions potentially result in a change at
the ORF position or destroy the ORF if they are located
in non-coding regions or coding regions, respectively.
The apparent genetic heterogeneity observed within the
GpSGHV-Eth genome could be attributed to the fact that
the virus sample was isolated from HSGs collected from
many symptomatically infected G. pallidipes individuals.
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Table 2. Sequence polymorphisms in the GpSGHV-Eth genome: the table shows the positions with nucleotide polymorphisms in
the genome detected from pyrosequencing reads

Genome position A* C* G* T* Nucleotide sequence MaximumD Secondd Percentage§ P||

22760 2 2 2735 91 ACTTGGAAATAAG/TTCGCAATAAGTT 2735 91 3.33 1e–37

31111 5 2112 1 94 TTGTCGAATTTAC/TTTTTCTATTGCA 2112 94 4.45 2e–37

32379 51 1 2208 0 TCATTCAAAACAG/ACAATCGGCGCAA 2208 51 2.31 2e–24

62381 82 1 1533 1 AGCAAATCTTTCG/ACCACCACTAAAA 1533 82 5.35 4e–36

72054 72 3 1893 4 GGACAAACTTTCG/AGATAAGGCTACC 1893 72 3.80 4e–26

88953 11 3174 2 308 AGATGAATTATCC/TAAAGAGCAAGAA 3174 308 9.70 8e–128

101549 270 4 2228 1 GAAACTTCACTTG/ATAGCAATATTTA 2228 270 12.12 5e–120

101553 13 2219 2 106 CTTCACTTGTAGC/TAATATTTATTTG 2219 106 4.78 3e–36

130384 2 2140 0 100 AAAAAAATTACGC/TTGTGGACTAACA 2140 100 4.67 2e–46

137360 57 2701 0 1 CCTTTATATTATC/ATCCATTGAATAG 2701 57 2.11 2e–27

160377 0 182 2 2349 ACTGATCACACAT/CGTGTAGGGTGCC 2349 182 7.75 4e–85

163075 114 2 2400 3 GGATCATCCATTG/ACAACAAATTGGA 2400 114 4.75 5e–47

164395 11 3178 1 89 AAGCAAGAGATTC/TGTCATTTGAAAG 3178 89 2.80 2e–31

164892 2487 4 211 0 GCTGAGACATTCA/GTTCGCATTATTC 2487 211 8.48 4e–96

179546 2 1777 1 110 CAAAGTCCCAAGC/TAATTATTTTATG 1777 110 6.19 8e–48

183486 4 2981 4 220 ATAAAAAAGACGC/TAAATATGAATGA 2981 220 7.38 5e–92

185137 147 2603 1 4 GACATGGAAGAGC/AGATATGAATTAA 2603 147 5.65 1e–62

*Number of reads of each of the four bases at the stated position. Only reads matching exactly the flanking sequences in the column ‘Nucleotide

sequence’ are included in the count.

DCount of the dominant residue.

dCount of the second most frequently observed base.

§Percentage of all reads with the second most frequent base.

||Probability that the second most frequent base occurs at this frequency or greater due to random sequence reading error calculated by the

log-likelihood ratio test.
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Fig. 3. Repeat status and genetic heterogeneity in the GpSGHV-Eth genome. (a) Approximately 30 and 70 % of the
89 508–89 648 nt region were covered by short repeats of 30 and 26 nt, respectively. (b) Two repeat sequences, 27 nt
each, occur two and three times in 65 and 35 %, respectively, of the reads in the 183 153–183 354 nt region.
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This notwithstanding, deletions and/or insertions are
known to result in several virus strains, e.g. for baculo-
viruses (Barrera et al., 2013; López-Ferber et al., 2003;
Virto et al., 2014). Furthermore, such variation may play
important roles in virus pathogenesis (Bernal et al., 2013;
Clavijo et al., 2010; Simón et al., 2004, 2005). The high
error rate observed in high-throughput sequencing is well
known and the observed single nucleotide polymorphisms
(SNPs) could be due simply to read errors. To test this, the
probability of obtaining the number of reads observed,
assuming that read errors are random, was calculated by
the log-likelihood ratio test (Sokal & Rohlf, 2012) and is
presented in Table 2. All of the observed SNPs are highly
significant.

Repetitive regions in the GpSGHV-Eth genome

We detected several repetitive regions with head-to-tail
tandem repeat sequences (TRSs) and one inverted repeat
sequence in the GpSGHV-Eth genome (Fig. 4). These
repeat elements were found to be distributed throughout
the GpSGHV-Eth genome, representing *3 % of the gen-
omic sequence. The lengths of the repetitive regions ranged
from 171 to 556 nt and consisted of 78 TRS minifragments.
Most of these TRS segments were highly homologous to
each other and clustered in two genomic regions
(86 000–88 000 and 179 000–183 000 nt). The sizes of the
TRS varied from 52 to 246 nt and the number of TRSs
per repetitive region varied from 2.7 to 14.5. Within the
same repetitive region, the identity of TRS was w80 %,
but the sequence identity amongst the different repetitive
region varied from 21.2 to 96.2 %. TRS9, 11 and 13, and
10, 12 and 14 shared w80 % sequence identities amongst
each other. Occurrence of repeat sequences at multiple
locations along the genomes has been reported in baculo-
viruses (Cochran & Faulkner, 1983), nudiviruses (Wang
et al., 2011) and whispovirus (Syed Musthaq et al., 2006).
Potentially, the repetitive elements may serve as regulators
of viral gene expression (Schnitzler et al., 1987).

Comparison between the GpSGHV-Eth and
GpSGHV-Uga genomes

We observed a strong collinearity between GpSGHV-Eth
and GpSGHV-Uga genomic sequences (Fig. 2), which
was corroborated by BLAST searches in that only 24 of the
174 GpSGHV-Eth ORFs remained without any hits to
GpSGHV-Uga ORFs (Table 1). The major differences
between the genomes of the two viruses are depicted in
Figs 1 and 5. Compared with the GpSGHV-Uga genome,
the GpSGHV-Eth genome had an insertion of *500 nt
in the 20 000 nt region, which is immediately followed by
a deletion of *600 nt. Similarly, a short insertion was
observed in the 72 000 nt region and a long deletion
(*400 nt) was observed in the 87 000 nt region. Several
other insertions of a combined length of almost 1250 nt
were observed in the 150 000–161 000 nt region, followed
by several deletions in the 162 000–1 90 000 nt region

(see summary in Fig. 5). Combined, these insertions and
deletions make the GpSGHV-Eth genome 249 nt longer
and more ORF-dense than the GpSGHV-Uga genome.
Taken together, our analyses of the two virus genomes
led us to omit 10 small ORFs (four in the 16 000–
18 000 nt region and six dispersed along the sequence)
reported in the GpSGHV-Uga genome. On the same
note, we included 24 new small ORFs (five in the
16 000–22 000 nt region and 19 dispersed along the
sequence) in the GpSGHV-Eth genome (Fig. 1).

We then determined which specific ORFs contained de-
letions and/or insertions. We found that, compared with
GpSGHV-Uga, a total of 37 ORFs in the GpSGHV-Eth
ORFs contained several nucleotide insertions and/or
deletions, of which 17 and 20 ORFs had insertions and de-
letions, respectively (Table S1; compare with Fig. 1). As can
be observed in Fig. 1, the ORFs with insertions and de-
letions appeared to occur in clusters. For instance, the
5000–25 000 nt region contains three ORFs with insertions
(SGHV-Eth005, SGHV-Eth013 and SGHV-Eth014) and
three ORFs with deletions (SGHV-Eth008, SGHV-Eth009
and SGHV-Eth018). Interestingly, this region also con-
tained four ORFs that lack homologues in GpSGHV-Eth
(SGHV-Uga013, SGHV-Uga14, SGHV-Uga015 and
SGHV-Uga018) and five novel ORFs (SGHV-Eth012,
SGHV-Eth015, SGHV-Eth016 and SGHV-Eth019) (Fig. 1).
Another notable region is the 70 000-90 000 nt region,
which contains two ORFs with insertions (SGHV-Eth064
and SGHV-Eth068), a high-molecular-mass ORF with de-
letions (SGHV-Eth069) and seven novel ORFs (SGHV-
Eth059–SGHV-Eth065). Similarly, the 150 000–170 000 nt
region contains three ORFs with insertions, six ORFs
with deletions and three novel ORFs (Fig. 1). The
162 000–190 000 nt region contains six ORFs with inser-
tions, nine ORFs with deletions, three novel ORFs and
two missing ORFs (Fig. 1). Finally, except for ORF
SGHV-Eth073 (with deletion) and a small novel ORF
(SGHV-Eth085), the remaining 24 ORFs in the 90 000–
123 000 nt region did not have any variations when
comparing the two virus genomes.

Putative novel ORFs in the GpSGHV-Eth genome

A total of 24 ORFs in GpSGHV-Eth had no homologues to
any known gene, including to GpSGHV-Uga (Table 1),
implying that they are novel. However, notable motifs/
domains were detected in some of the novel ORFs. For
instance, ORF SGHV-Eth016 contained an NAD-specific
glutamate dehydrogenase (GluDH) motif, whilst ORF
SGHV-Eth028 contained the subtelomic variant ORF and
repetitive interspersed family (Rif/Stevor) domain. Stevor
and Rif family proteins are implicated in the regulation
of antigenic variations and gene duplication events in
some pathogens (Joannin et al., 2008; Niang et al., 2009),
but their role in viruses is not well studied. ORF SGHV-
Eth110 contained a viral small hydrophobic protein
(v-SHP) domain, which is a retention signal for
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intracellular microvesicles (McCarthy & Theilmann, 2008)
potentially involved in virus docking. ORF SGHV-Eth155
contained a repeat-associated mysterious proteins (RAMPs)
domain – a protospacer sequence targeted by Cas nucleases
to cleave viral genomes (Heler et al., 2015). Other notable
domains detected in the putative novel ORFs are shown in
Table 1. Out of the 24 novel ORFs, 14 contained both puta-
tive transcriptional signals [TATA-like box and poly(A)
signals]. Four of these ORFs (SGHV-Eth060, SGHV-
Eth061, SGHV-Eth109 and SGHV-Eth110) showed both
transcripts and peptides mapping onto their sequences,
implying that these ORFs are functional.

Selection pressures acting on GpSGHV ORFs

We estimated numbers and rates of synonymous and
non-synonymous substitutions in the ORF sequences of
GpSGHV-Eth in comparison with the homologous ORFs
in GpSGHV-Uga (Table S4). Mutation and selection have

different effects on silent (dS) and amino acid replacement
(dN) substitutions. The dS/dN ratios amongst sites provide
insights into the functional constraints at different amino
acid sites and are useful in detection of sites under positive
selection (Nielsen & Yang, 1998). A dS/dNv1.0 or
dN/dSw1.0 is considered to be a convincing indicator of
genes that are under purifying or positive selection pres-
sure, respectively (Kreitman & Akashi, 1995). Based on
this criterion, a total of 21 ORFs were considered to be
under positive selection pressure. Of the 21 ORFs under
positive selection, 11 ORFs had significant homologies to
known viral genes. These include three homologues to
baculovirus genes (SGHV-Eth136, SGHV-Eth139 and
SGHV-Eth140), four homologues to entomopoxvirus
genes (SGHV-Eth009, SGHV-Eth035, SGHV-Eth096
and SGHV-Eth116), and homologues to nudivirus
(SGHV-Eth052), ascovirus (SGHV-Eth069), mimivirus
(SGHV-Eth68) and nimavirus (SGHV-Eth164) genes
(Table 1). Two ORFs (SGHV-Eth049 and SGHV-Eth064)

R9
R10
R11
R12
R13
R14

TypeNameDistribution Location on
the genome (nt) 

Size (nt)
(copy no.) 

DRR1

(a)

(b)

101 (2.3) 22621–22853

DRR4 147 (2.6) 86362–86750

DRR5 147 (2.4) 87570–87926

DRR3 99 (2.7) 86030–86298

DRR2 63 (5.2) 73360–73688

DRR13 54 (11.5) 182937–183555

DRR9 54 (11.3) 180078–180688

DRR10 52 (5.3) 181519–181793

DRR11 54 (11.8) 181837–182472

DRR12 52 (3.5) 182704–182887

DRR14 52 (4.5) 183699–183934

IRR8 79 178998–179271

DRR6 72 (2.8) 87908–88263

DRR7 102 (2.3) 89626–89864

CATTATAGAAAAAGACAAAAATATAAATGATTTTAATATACCAAATGACCCGGGA 
GAAGATAGATTTTTTGTAAGGTGATGTATAGAAGATAGGTTGGTGATGAGTG 
CATTTTAGAAAAGACAGAAATATGAATGGTTTCAATATATCAATTGTCCCGGGA 
TTGGTGATGGTTGGAAGATAGAATTTTTGCAATATGAATTATAGTAGATAGG 
AGAAAAGACAGAAATATGAATGATTCTGGTATAACAAAACACCCGGGTCATCAG 
TTGGTGATGATTGGAAGATAGAATTTTTGCAATATGAATTATAGTAGATAGG

Fig. 4. Loci of the GpSGHV-Eth genome with repeating elements. (a) The arrows represent the repeat core elements in the
indicated directions. The name, type, size, copy number and genomic location of the repeat are indicated on the right.
DR, direct repeat; IR, indirect repeat. Parameters: length .50 nt, n.2. (b) Alignment of the consensus nucleotide sequences
of the direct repeats R9, R10, R11, R12, R13 and R14.
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were homologous to known cellular genes, whilst the
GpSGHV envelope and tegument proteins encoded by
ORFs SGHV-Eth040 and SGHV-Eth123 were annotated
to be HSP90-like ATPase and regulatory proteins, respect-
ively (Table 1). The remaining six ORFs (i.e. SGHV-
Eth051, SGHV-Eth108, SGHV-Eth141, SGHV-Eth153,
SGHV-Eth165 and SGHV-Eth171) remained without
homologies to known genes. It is thought that genes encod-
ing virulence factors undergo intensified episodes of posi-
tive selection to maintain or improve the advantage of
pathogens over their hosts (adaptive evolution) (van der
Ende et al., 1998; Wolf et al., 2006). In this case, some of
the notable GpSGHV genes under positive selection pres-
sure include SGHV-Eth139 and SGHV-Eth140 (homo-
logues to baculovirus cg30 and pe38 involved in
maximum production of occlusion bodies and apoptosis,
respectively), SGHV-Eth052 (homologue to the nudivirus
very late gene transcription factor lef-4), and SGHV-
Eth069 (homologue to the ascovirus 2c ORF147)
(Table 1). Negative selection occurs in conservative viral
genes that are maintained under structural and/or func-
tional constraints to avoid reproductive and other fitness
disadvantages (Doi, 1991; Wilson et al., 1977). Knowledge
of viral genes under positive selection pressure is critical in
the identification of genes involved in virulence/pathogen-
esis without prior knowledge of the exact mechanism(s)
that govern virulence and pathogenesis. Our analysis may
clarify the driving force of Hytrosaviridae evolution.

Differential pathogenesis of GpSGHV-Eth and
GpSGHV-Uga

The differential pathogenesis of GpSGHV in different tsetse
colonies could be attributed to the nucleotide variations
described above or to the susceptibility of the host itself
to virus infection. It has been demonstrated that insect
host-encoded factors have an impact on virus pathogenesis,
e.g. in the baculoviruses (Asser-Kaiser et al., 2010, 2011).
It should be noted that whereas the Ugandan

G. pallidipes fly population has been maintained at the
IPCL for many generations (i30 years), the Ethiopian
G. pallidipes population is quite recently colonized.
Consequently, the prolonged exposure of the Ugandan
G. pallidipes population to GpSGHV infections could
have resulted in establishment of a virus–host equilibrium
and co-existence. Alternatively, colony handling and feed-
ing regimes practised in different mass production facilities
could influence expression of SGH, as recently reported by
Abd-Alla et al. (2013).

CONCLUSIONS

Based on our data, we draw the following conclusions.
(i) With a size of 190 291 nt and encoding 174 putative
ORFs, the GpSGHV-Eth genome is 98.1 % identical to
the reference genome of GpSGHV-Uga. (ii) The combined
proteogenomic and transcriptomic mapping significantly
improved the annotation of the GpSGHV-Eth genome,
allowing the detection of 141 transcripts and 86 proteins.
Of the 86 ORFs that were proteogenomically mapped on
the virus genome, 13 ORFs appear to contain non-canon-
ical start codons; four of the 13 ORFs had peptides map-
ping upstream of the first methionine residues. (iii) Of
the 132 ORFs that contained transcriptional signals
[TATA-like box promoter elements and poly(A) signals],
60 ORFs had both mapped transcripts and peptides, imply-
ing that these ORFs are translated into functional viral pro-
teins. Compared with the GpSGHV-Uga genome, where
only 47 ORFs could be annotated, 114 ORFs could be
annotated in the GpSGHV-Eth genome, including 61
structural proteins. (iv) Amongst the potentially functional
elements in the GpSGHV-Eth genome were homologues to
the core proteins of the baculoviruses, nudiviruses and her-
pesvirus that are important in various virus replication
cycles. (v) Over 10 % (n521) of the GpSGHV genes are
potentially under positive selection pressure, implying
that these genes may have evolved new functions in
GpSGHV-Eth compared with the reference GpSGHV-
Uga. (vi) As the characteristics of virulence are often due
to the synergistic effects of various genomic loci, the cohe-
sive activities of the genetic heterogeneity presented here
potentially result in the differential pathogenesis of the
two GpSGHV isolates. In addition, it is possible that
G. pallidipes colonies maintained under different insectary
conditions may vary in their susceptibility to GpSGHV
infections and may therefore influence the occurrence of
overt SGH symptoms. Our data provide a foundation for
future investigations of the Hytrosaviridae family of insect
viruses.

METHODS

Isolation, purification, extraction and sequencing of viral
genomic DNA. G. pallidipes flies were obtained from a tsetse pro-
duction facility at the National Institute for Control and Eradication
of Tsetse Fly and Trypanosomosis (NICETT), Addis Ababa, Ethiopia.
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Fig. 5. Inserted and deleted nucleotides in the GpSGHV-Eth
genome compared with the GpSGHV-Uga genome. Positive and
negative numbers indicate insertions and deletions, respectively,
in the two virus genomes.
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The virus sample was purified from HSGs (dissected from naturally
infected 4-week-old males) and the viral DNA sequenced as described
by Abd-Alla et al. (2008), with slight modifications. Briefly, after
extraction from purified virus suspension, viral DNA was released by
Sarkosyl/proteinase K treatment (Qiagen), followed by phenol/
chloroform extraction. Based on the genomic sequence of the refer-
ence GpSGHV genome, 136 primer pairs were designed and used to
amplify 1500 bp amplicons covering the entire virus genomic sequence
(Abd-Alla et al., 2007). Each of the PCR products was then purified
using a High Pure PCR Purification kit (Roche Biochemicals). The
respective PCR primers were used to sequence the PCR products from
both ends by the Sanger method (MWG-Biotech). In certain cases,
PCR products were cloned into pGEM-T/pGEM T-Easy vector sys-
tems (Promega), and then sequenced using T7 and SP6 universal
primers according to standard protocols. To cover the sequence of the
AT-rich regions of the virus genomic sequence, 10 mg intact DNA was
subjected to pyrophosphate-based sequencing (pyrosequencing) (454
Life Sciences) according to Margulies et al. (2005). Repeat regions were
resolved by DNA sequencing at Macrogen using the HiSeq 2000
platform (Illumina). Sequencing reads were trimmed by Trimmomatic
tools version 0.36 (Bolger et al., 2014), and assembled by SeqMan
(Lasergene version 7.0; Dnastar) and Vector NTI version 9.0 (Invi-
trogen) packages. Sequence assembly was validated using a set of
routines as described by Parker & Parker (2008).

Protein extraction, fractionation and MS/MS data acquisition.
Preparation of G. pallidipes salivary gland proteins and MS analyses
were performed as described by Kariithi et al. (2013b). Briefly, pro-
teins were extracted from HSG extracts, fractionated using 12 % SDS-
PAGE and subjected to in-gel trypsin digestion. The resultant tryptic
peptides were analysed by LC coupled to electrospray ionization and
high-accuracy LTQ-Orbitrap XL tandem MS (LC-MS/MS). The MS/
MS spectra were searched against Glossina hytrosavirus and tsetse fly
protein databases downloaded from UniProt (version May 2014), a
database containing sequences of common contaminants and a decoy
database created by reversing the database sequences. The MS
searches were performed using MaxQuant version 1.3.0.5 (Cox &
Mann, 2008) with the Andromeda search engine (Cox et al., 2011).
The default false discovery rate of j0.01 was used at protein and
peptide levels during the searches. Any peptide hits to the decoy
sequences and hits with modified peptides only were excluded from
further analyses.

Deep sequencing of RNAs, assembly and annotation of viral
transcriptome. Total RNA was extracted from HSGs (obtained from
4-week-old males as described above) using TRIzol reagent
(Invitrogen) and treated with DNase I to remove residual DNA
contaminants. RNA samples were purified using a RNeasy Plus Mini
kit (Qiagen). Then, RNA libraries were constructed using a TruSeq
RNA Sample Prep kit version 2 (Illumina), and the pooled libraries
sequenced using the Illumina HiSeq2000 platform in high-through-
put mode. To map the RNA-Seq reads onto the GpSGHV genomic
sequence, residual Illumina sequencing adapters, low-quality read
pairs with average Phred +33 quality scores v30 and low-quality
bases (v30) on the ends of the reads were removed using EA-Utils
software (Aronesty, 2013). To ascertain from which part of the
GpSGHV genome the sequencing reads occurred, the paired reads
were aligned to the virus genome sequence using Bowtie 2 (Langmead
et al., 2009). Estimation of the virus gene expression levels from the
RNA-Seq data was done using EDGE-pro (Magoc et al., 2013).

Prediction, validation and annotation of virus ORFs. The com-
position and features of the virus genome were analysed as described
by Abd-Alla et al. (2008), with modifications. The modifications were
that, in addition to selection of ORFs containing i50 aa and with
minimal overlaps (v100 nt), the coding regions of the ORFs pre-
dicted in the GpSGHV genome were delineated by mapping RNA-Seq

transcripts and LC-MS/MS peptides onto the virus genome
(Armengaud, 2009). For the transcript mapping, the transcripts were
mapped on to the virus genome sequence translated into all six
reading frames using BioEdit local BLAST alignment. For proteo-
genomic mapping, the validated unique peptides derived from the
LC-MS/MS spectral matches were mapped back to the virus genome
(translated in all six reading frames) using the Proteogenomic
Mapping Pipeline (PMP) (Sanders et al., 2011). Briefly, three files
were inputted into the PMP: a FASTA file containing validated unique
MS/MS peptides, a FASTA file of the GpSGHV genome and a text file
containing the National Center for Biotechnology Information
(NCBI) genetic code (genetic_code_table). The output file was used to
analyse the expressed protein sequence tags created after the peptides
had mapped to the virus nucleotide sequence (Sanders et al., 2011).
Gene ontology annotation of the predicted ORFs was performed
using Blast2GO version 3.0.4 (Conesa et al., 2005). Protein domain
analyses were performed using various databases, including Pfam
(Finn et al., 2008), InterPro (Mitchell et al., 2015) and the NCBI
conserved domain database (Marchler-Bauer et al., 2015).

Comparative analysis and genomic synteny of viral genomes.
After the annotation, the genomic sequence of GpSGHV-Eth was
compared with that of the reference GpSGHV-Uga. For this, the
predicted GpSGHV-Eth ORFs were used as query sequences to BLAST

against the nr (non-redundant) NCBI protein database. The Artemis
comparison tool (Carver et al., 2005) was used to analyse the gene
synteny of GpSGHV-Eth compared with GpSGHV-Uga and the
closely related hytrosavirus of the house fly, Musca domestica salivary
gland hypertrophy virus (Garcia-Maruniak et al., 2009). The occur-
rence of insertions, deletions and SNPs in the protein-coding regions
of the GpSGHV-Eth genomic sequences compared with those of
GpSGHV-Uga was investigated by aligning the nucleotide sequences
of the homologous ORFs using MegAlign (Dnastar). The pair-wise
alignments were visualized within MegAlign and descriptions of the
nucleotide variations were based on a previously described nomen-
clature system (den Dunnen & Antonarakis, 2001).

Analysis of positive and negative selection pressures. The
occurrence of selection pressures in the protein-coding regions of the
GpSGHV-Eth genome in comparison with the GpSGHV-Uga genome
was assessed by analysing the rates of non-synonymous substitution
per synonymous site (dN) versus synonymous substitution per
synonymous site (dS). For this, codon-aligned nucleotide sequence
sets of GpSGHV-Eth and GpSGHV-Uga ORFs were analysed using
SNAP version 2.1.1 (Korber, 2000). SNAP computes the nucleotide
substitution differences (codon by codon) between pairs of
homologous sequences based on the Nei–Gojobori method (Nei &
Gojobori, 1986). Evidence for the occurrence of negative or positive
selection pressures is indicated when dS/dNw1.0 or dN/dSw1.0,
respectively.

Nucleotide/protein sequence databases and accession num-
bers. The accession numbers for the ORFs presented in this paper are
from the GenBank, UniProt, or PIR databases. The GpSGHV-Eth
genome sequence has been deposited in GenBank.
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