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ABSTRACT The genomes of seven novel members of previously described DNA
and RNA virus families are described here. These viruses were recovered using a vi-
ral metagenomic approach from the stool of a drill monkey (Mandrillus leucophaeus)
housed in a sanctuary in Cross River State, Nigeria.

Zoonotic transmission of viruses between nonhuman primates (NHPs) and humans
and its impact on the emergence and reemergence of viral pathogens have been

well documented (1–3). Despite such studies, we are not aware of any metagenomic
exploration of virus diversity among NHPs in Nigeria. Hence, in an effort to explore virus
diversity among NHPs in Nigeria, we performed a metagenomic survey of virus diversity
in a stool sample from a drill monkey (Mandrillus leucophaeus) in a sanctuary in the
South South region of the country. Drills are among Africa’s endangered mammals
(because their current population in the wild may be �10,000) and are listed on the
high conservation priority list by the International Union for Conservation of Nature (4).
Here, we describe the genomes of novel members of previously described DNA and
RNA virus families in a stool sample from a drill monkey in Nigeria.

The fresh fecal sample analyzed in this study was collected from the floor of an
encampment housing drill monkeys in the Afi Mountain Wildlife Sanctuary in Cross
River State, Nigeria. The sample was resuspended (1:9) in phosphate-buffered saline
and subsequently subjected to the NetoVIR protocol (5). Briefly, after homogenization
and centrifugation at 17,000 � g for 3 min, the stool suspension was filtered (0.8-�m
filter), and the filtrate was treated with nucleases. The treated stool suspension was
then subjected to nucleic acid extraction using a Qiagen total nucleic acid extraction
kit, and both RNA and DNA were randomly amplified using the whole-transcriptome
amplification kit 2 (Sigma-Aldrich). Library preparation was subsequently done using
the Nextera XT DNA kit. The library was then subjected to paired-end sequencing (2 �

150 bp) using the NextSeq platform (Illumina). Trimming was done using Trimmomatic
(6), while assembly was done using SPAdes (7) and MEGAHIT (8). DIAMOND (9) was
used to annotate the contigs obtained using the NCBI nonredundant protein database
as the reference. The output was displayed using KronaTools to facilitate viral contig
identification. All software was used with default settings.

Citation George U, Simsek C, Faleye TOC,
Arowolo O, Oragwa A, Adewumi OM,
Matthijnssens J, Adeniji JA. 2020. Genome
sequences of novel members of previously
described DNA and RNA virus families, isolated
from feces of a drill monkey in Nigeria.
Microbiol Resour Announc 9:e00092-20.
https://doi.org/10.1128/MRA.00092-20.

Editor John J. Dennehy, Queens College

Copyright © 2020 George et al. This is an
open-access article distributed under the terms
of the Creative Commons Attribution 4.0
International license.

Address correspondence to O. M. Adewumi,
adewumi1@hotmail.com.

Received 29 January 2020
Accepted 3 April 2020
Published 23 April 2020

GENOME SEQUENCES

crossm

Volume 9 Issue 17 e00092-20 mra.asm.org 1

 on M
ay 28, 2020 by guest

http://m
ra.asm

.org/
D

ow
nloaded from

 

UNIV
ERSIT

Y O
F IB

ADAN L
IB

RARY

https://orcid.org/0000-0001-7706-9493
https://orcid.org/0000-0002-5172-5808
https://doi.org/10.1128/MRA.00092-20
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
mailto:adewumi1@hotmail.com
https://crossmark.crossref.org/dialog/?doi=10.1128/MRA.00092-20&domain=pdf&date_stamp=2020-4-23
https://mra.asm.org
http://mra.asm.org/


TA
B

LE
1

A
ss

em
b

ly
an

d
ch

ar
ac

te
riz

at
io

n
de

ta
ils

of
th

e
no

ve
l

ge
no

m
es

de
sc

rib
ed

in
th

is
st

ud
y

Fa
m

ily
G

en
us

(g
en

om
e

ty
p

e)
Sp

ec
ie

sa

G
en

B
an

k
ac

ce
ss

io
n

n
o.

G
en

om
e

si
ze

(n
uc

le
ot

id
es

)
C

ov
er

ag
e

(f
ol

d
)

N
o.

(%
)

of
m

ap
p

ed
re

ad
sb

G
C

co
n

te
n

t
(%

)
N

ov
el

ty
ty

p
e

C
ri

te
ri

on
fo

r
n

ov
el

ty
c

G
en

B
an

k
ac

ce
ss

io
n

n
o.

fo
r

m
os

t
si

m
ila

r
se

q
ue

n
ce

(s
)

(%
si

m
ila

ri
ty

)d

Li
ke

ly
h

os
t

Pi
co

rn
av

iri
da

e
En

te
ro

vi
ru

s
(R

N
A

)
En

te
ro

vi
ru

s
J

M
N

26
54

03
7,

28
2

39
.4

8
2,

29
4

(0
.0

3)
44

Se
ro

ty
p

e
�

88
%

aa
se

qu
en

ce
id

en
tit

y
in

VP
1

A
H

Y2
16

07
.1

(6
4.

04
)

M
am

m
al

Pi
co

rn
av

iri
da

e
Sa

pe
lo

vi
ru

s
(R

N
A

)
Sa

pe
lo

vi
ru

s
Ce

M
N

78
41

22
8,

20
7

18
2.

64
12

,0
36

(0
.1

4)
39

Sp
ec

ie
s

�
70

%
aa

se
qu

en
ce

id
en

tit
y

in
co

m
p

le
te

p
ol

yp
ro

te
in

A
C

G
63

54
5

(5
9.

15
)

M
am

m
al

Pi
co

rn
av

iri
da

e
Co

sa
vi

ru
s

(R
N

A
)

Co
sa

vi
ru

s
G

e
M

N
78

41
23

7,
71

4
79

8.
03

49
,3

16
(0

.5
9)

47
Sp

ec
ie

s
�

65
%

aa
se

qu
en

ce
id

en
tit

y
in

P1
FJ

43
89

07
(4

3.
59

)
M

am
m

al

D
ic

is
tr

ov
iri

da
e

A
pa

ra
vi

ru
s

(R
N

A
)

A
BP

V
co

m
p

le
x

M
N

29
62

83
9,

53
3

18
7.

16
14

,1
89

(0
.1

7)
39

St
ra

in
N

ot
ye

t
es

ta
b

lis
he

d
N

P_
85

14
03

.1
(7

8.
79

[N
S]

);
N

P_
85

14
04

.2
(8

3.
27

[S
P]

)
In

se
ct

Pa
rv

ov
iri

da
e

Pr
ot

op
ar

vo
vi

ru
s

(D
N

A
)

Bo
ki

PP
vi

ru
se

M
N

26
54

04
4,

31
0

94
.5

9
3,

28
5

(0
.0

4)
42

Sp
ec

ie
s

�
85

%
aa

se
qu

en
ce

id
en

tit
y

in
N

S1
Q

D
I0

60
29

.1
(7

1.
50

)
M

am
m

al

Pa
rv

ov
iri

da
e

A
m

bi
de

ns
ov

iru
s

(D
N

A
)

Bo
ki

A
D

vi
ru

se
M

N
78

41
24

5,
26

0
58

.9
9

2,
52

9
(0

.0
3)

37
Sp

ec
ie

s
�

85
%

aa
se

qu
en

ce
id

en
tit

y
in

N
S1

N
P_

04
68

13
.1

(7
1.

93
)

In
se

ct

Ci
rc

ov
iri

da
e

Cy
cl

ov
iru

s
(D

N
A

)
Bo

ki
C

vi
ru

se
M

N
78

41
25

1,
80

0
4,

60
4.

92
67

,3
07

(0
.8

)
49

Sp
ec

ie
s

�
80

%
ge

no
m

e-
w

id
e

nu
cl

eo
tid

e
se

qu
en

ce
id

en
tit

y

G
Q

40
48

54
(6

7.
82

)
M

am
m

al

a
A

BP
V,

ac
ut

e
b

ee
p

ar
al

ys
is

vi
ru

s;
Bo

ki
PP

vi
ru

s,
Bo

ki
A

fi
M

ou
nt

ai
n

p
ro

to
p

ar
vo

vi
ru

s;
Bo

ki
A

D
vi

ru
s,

Bo
ki

A
fi

M
ou

nt
ai

n
am

b
id

en
so

vi
ru

s;
Bo

ki
C

vi
ru

s,
Bo

ki
A

fi
M

ou
nt

ai
n

cy
cl

ov
iru

s.
b

Th
e

to
ta

l
nu

m
b

er
of

re
ad

s
ge

ne
ra

te
d

w
as

8,
41

6,
53

8.
c

aa
,a

m
in

o
ac

id
;N

S,
no

ns
tr

uc
tu

ra
l

p
ro

te
in

;S
P,

st
ru

ct
ur

al
p

ro
te

in
.A

ss
em

b
lie

s
w

er
e

p
rim

ar
ily

do
ne

us
in

g
SP

A
de

s.
M

EG
A

H
IT

as
se

m
b

ly
w

as
do

ne
to

re
so

lv
e

un
cl

ea
r

as
se

m
b

lie
s

(g
en

om
e

or
ga

ni
za

tio
ns

)
re

co
ve

re
d

fr
om

SP
A

de
s

(e
.g

.,
SP

A
de

s
as

se
m

b
le

d
Sa

pe
lo

vi
ru

s
C

w
ith

tw
o

op
en

re
ad

in
g

fr
am

es
,w

hi
le

M
EG

A
H

IT
as

se
m

b
le

d
it

w
ith

on
e;

th
e

tw
o

w
er

e
of

si
m

ila
r

le
ng

th
s,

ho
w

ev
er

).
d

A
ll

si
m

ila
rit

y
va

lu
es

ar
e

am
in

o
ac

id
si

m
ila

rit
ie

s
(d

et
er

m
in

ed
us

in
g

BL
A

ST
p

)
ex

ce
p

t
fo

r
th

e
va

lu
e

fo
r

th
e

Cy
cl

ov
iru

s
en

tr
y,

w
hi

ch
is

nu
cl

eo
tid

e
si

m
ila

rit
y

(d
et

er
m

in
ed

us
in

g
BL

A
ST

n)
.

e
Li

ke
ly

ne
w

sp
ec

ie
s.

George et al.

Volume 9 Issue 17 e00092-20 mra.asm.org 2

 on M
ay 28, 2020 by guest

http://m
ra.asm

.org/
D

ow
nloaded from

 

UNIV
ERSIT

Y O
F IB

ADAN L
IB

RARY

https://www.ncbi.nlm.nih.gov/nuccore/MN265403
https://www.ncbi.nlm.nih.gov/protein/AHY21607.1
https://www.ncbi.nlm.nih.gov/nuccore/MN784122
https://www.ncbi.nlm.nih.gov/protein/ACG63545
https://www.ncbi.nlm.nih.gov/nuccore/MN784123
https://www.ncbi.nlm.nih.gov/nuccore/FJ438907
https://www.ncbi.nlm.nih.gov/nuccore/MN296283
https://www.ncbi.nlm.nih.gov/protein/NP_851403.1
https://www.ncbi.nlm.nih.gov/protein/NP_851404.2
https://www.ncbi.nlm.nih.gov/nuccore/MN265404
https://www.ncbi.nlm.nih.gov/protein/QDI06029.1
https://www.ncbi.nlm.nih.gov/nuccore/MN784124
https://www.ncbi.nlm.nih.gov/protein/NP_046813.1
https://www.ncbi.nlm.nih.gov/nuccore/MN784125
https://www.ncbi.nlm.nih.gov/nuccore/GQ404854
https://mra.asm.org
http://mra.asm.org/


Seven near-complete genomes of novel members of previously described DNA and
RNA virus families were recovered (Table 1), representing 150,956 (1.79%) of the
8,416,538 reads generated. The three DNA viruses are members of the families Parvo-
viridae (Protoparvovirus and Ambidensovirus) and Circoviridae (Cyclovirus). Three of the
four RNA viruses are members of the Picornaviridae (Cosavirus, Enterovirus, and Sapelo-
virus), while the fourth is a member of the Dicistroviridae (Aparavirus). Unlike the other
five genomes, the Aparavirus (Dicistroviridae) and Ambidensovirus (Parvoviridae) repre-
sentatives might be insect viruses and are most likely relics from the diet of the drills
(Table 1).

The genomes of seven novel members of previously described DNA and RNA virus
families found in the stool of a drill monkey in Cross River State, Nigeria, are described
here. A number of novel partial genomes were also found (data not shown). Here, we
show that, by conserving drills, we might unknowingly have also conserved a previ-
ously undescribed virome. Whether these viruses are pathogenic in drills or might have
zoonotic potential remains to be investigated. Current efforts are directed at better
exploring virus diversity in this conserved ecosystem using a noninvasive approach,
and our preliminary data suggest that these viruses are circulating.

Data availability. The genomes described here have been deposited under
SRA number PRJNA599206 and GenBank accession numbers MN265403, MN265404,
MN296283, and MN784122 to MN784125.
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