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Novel Single-Stranded DNA Virus
Genomes Recovered from Chimpanzee
Feces Sampled from the Mambilla
Plateau in Nigeria
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ABSTRACT Metagenomic approaches are rapidly expanding our knowledge of the
diversity of viruses. In the fecal matter of Nigerian chimpanzees we recovered three
gokushovirus genomes, one circular replication-associated protein encoding single-
stranded DNA virus (CRESS), and a CRESS DNA molecule.

hrough metagenomic approaches, a plethora of novel viruses have been identified.

In the past five years, there has been a significant increase in the identification of
single-stranded DNA (ssDNA) viruses in a wide variety of ecosystems and organisms.
Animal feces have proven to harbor a rich population of viruses (1-6), and thus we
sampled the feces of wild chimpanzees from a small population on the Mambilla
Plateau of Nigeria to identify novel ssDNA viruses associated with chimpanzees.

The fecal matter was processed in the same manner as described previously (1-6)
and used to generate libraries for lllumina sequencing on an Illlumina 2000 platform at
Macrogen, Inc. (Republic of Korea). ABYSS version 1.9 was used to de novo assemble the
paired-end reads. Viral-like sequence contigs that were >750 nucleotides (nt) in length
were identified using BLASTx (7). Five contigs were identified with viral-like hits to
circular ssDNA viruses. Abutting primers were designed to recover the full viral ge-
nomes using KAPA HIFI HotStart DNA polymerase (Kapa Biosystems, USA), and the
resulting amplicons were cloned into the pJET2.1 vector (Thermo Fisher Scientific, USA)
and Sanger-sequenced by primer-walking at Macrogen, Inc.

Three of the molecules (4,851, 5,016, and 5,184 nt) are most closely related, based
on their capsid protein (CP) sequences, to members of the subfamily Gokushovirinae in
the Microviridae family, and we refer to these as Chimpanzee feces-associated mi-
crophages (CfaMPs) 1 to 3. Members of Gokushovirinae are known to infect obligate
intracellular parasites such as Chlamydia spp., Bdellovibrio spp., and Spiroplasma spp.
(8). Diverse microvirus-like sequences have been detected in a variety of samples,
including marine environments, soil, lakes, peatlands, dragonflies, humans, turkey,
methane seep sediments, and bats (9-19). The genome organizations of CfaMP-1 to
CfaMP-3 are similar to those of other members of the Gokushovirinae family. CfaMP-1
and CfaMP-3 are most closely related, sharing ~82% genome-wide pairwise nucleotide
identity, whereas CfaMP-2 shares ~60 to 61% identity with CfaMP-1 and CfaMP-3. The
major CP amino acid sequences of CfaMP-1 and CfaMP-3 share 81% identity with each
other and 56% identity with the CP-like sequence in the bacterium Chlamydia tracho-
matis (CRH84958) and the Eel River Basin pequenoviruses (KP087936 to KP087957) from
cold methane seep sediment (18). The major CP amino acid sequences of CfaMP-2 share
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69% identity with isolates from an uncultured bacterium (CDL65862) recovered from a
Rattus norvegicus isolate (20) and 47% with that of Eel River Basin pequenoviruses.

A circular replication-associated protein (Rep) encoding single-stranded (CRESS) DNA

virus (3,811 nt) was also identified, which we refer to as Chimpanzee feces-associated
circular DNA virus 1 (CfaV-1). The Rep of CfaV-1 is most closely related (68%) to that of
rodent stool-associated circular genome virus (RodSV; JF755404) (21), whereas its putative
CP shares 30% identity (58% coverage) with sequences of Entamoeba histolytica
(EMD46443). A 2,356-nt CRESS DNA molecule was also identified that has a Rep that shares
55% and 51% amino acid identities to those of CfaV-1 and RodSV, respectively.

Diverse ssDNA viruses have been identified in a number of environmental samples,
with those identified here further expanding our databases and knowledge of these
ssDNA viruses.

Accession number(s). The complete genome sequences of the CfaMP-1, CfaMP-2, and

CfaMP-3 microphages have been deposited in GenBank under the accession numbers
KR704913, KR704914, and KR704915, respectively. The genome sequences of CfaV-1
and the CRESS DNA molecule were deposited in GenBank under the accession numbers
KR704912 and KR704911, respectively.

ACKNOWLEDGMENTS

We thank the Nigerian Montane Forest Project for logistical help and the Taraba State

Government and Nigeria National Parks for permission to collect chimpanzee feces.

REFERENCES

1.

10.

11.

Volume 5

Male MF, Kraberger S, Stainton D, Kami V, Varsani A. 2016. Cycloviruses,
gemycircularviruses and other novel replication-associated protein encod-
ing circular viruses in Pacific flying fox (Pteropus tonganus) faeces. Infect
Genet Evol 39:279-292. https://doi.org/10.1016/j.meegid.2016.02.009.

. Sikorski A, Arglello-Astorga GR, Dayaram A, Dobson RC, Varsani A. 2013.

Discovery of a novel circular single-stranded DNA virus from porcine faeces.
Arch Virol 158:283-289. https://doi.org/10.1007/s00705-012-1470-0.

. Sikorski A, Massaro M, Kraberger S, Young LM, Smalley D, Martin DP,

Varsani A. 2013. Novel myco-like DNA viruses discovered in the faecal
matter of various animals. Virus Res 177:209-216. https://doi.org/
10.1016/j.virusres.2013.08.008.

. Steel O, Kraberger S, Sikorski A, Young LM, Catchpole RJ, Stevens AJ, Ladley

JJ, Coray DS, Stainton D, Dayaram A, Julian L, van Bysterveldt K, Varsani A.
2016. Circular replication-associated protein encoding DNA viruses identi-
fied in the faecal matter of various animals in New Zealand. Infect Genet
Evol 43:151-164. https://doi.org/10.1016/j.meegid.2016.05.008.

. Varsani A, Kraberger S, Jennings S, Porzig EL, Julian L, Massaro M, Pollard A,

Ballard G, Ainley DG. 2014. A novel papillomavirus in Adelie penguin
(Pygoscelis adeliae) faeces sampled at the Cape Crozier colony, Antarctica.
J Gen Virol 95:1352-1365. https://doi.org/10.1099/vir.0.064436-0.

. Varsani A, Porzig EL, Jennings S, Kraberger S, Farkas K, Julian L, Massaro

M, Ballard G, Ainley DG. 2015. Identification of an avian polyomavirus
associated with Adelie penguins (Pygoscelis adeliae). J Gen Virol 96:
851-857. https://doi.org/10.1099/vir.0.000038.

. Altschul SF, Gish W, Miller W, Myers EW, Lipman DJ. 1990. Basic local

alignment search tool. J Mol Biol 215:403-410. https://doi.org/10.1016/
S0022-2836(05)80360-2.

. Brentlinger KL, Hafenstein S, Novak CR, Fane BA, Borgon R, McKenna R,

Agbandje-McKenna M. 2002. Microviridae, a family divided: isolation, character-
ization, and genome sequence of ¢MH2K, a bacteriophage of the obligate
intracellular parasitic bacterium Bdellovibrio bacteriovorus. J Bacteriol 184:
1089-1094. https://doi.org/10.1128/jb.184.4.1089-1094.2002.

. Labonté JM, Suttle CA. 2013. Previously unknown and highly divergent

ssDNA viruses populate the oceans. ISME J 7:2169-2177. https://doi.org/
10.1038/ismej.2013.110.

Tucker KP, Parsons R, Symonds EM, Breitbart M. 2011. Diversity and
distribution of single-stranded DNA phages in the North Atlantic Ocean.
ISME J 5:822-830. https://doi.org/10.1038/isme;j.2010.188.

Reavy B, Swanson MM, Cock PJ, Dawson L, Freitag TE, Singh BK, Torrance
L, Mushegian AR, Taliansky M. 2015. Distinct circular single-stranded

Issue 9 e01715-16

20.

21.

DNA viruses exist in different soil types. Appl Environ Microbiol 81:
3934-3945. https://doi.org/10.1128/AEM.03878-14.

. Zhong X, Guidoni B, Jacas L, Jacquet S. 2015. Structure and diversity of

ssDNA Microviridae viruses in two peri-alpine lakes (Annecy and Bourget,
France). Res Microbiol 166:644-654. https://doi.org/10.1016/
joresmic.2015.07.003.

. Roux S, Enault F, Robin A, Ravet V, Personnic S, Theil S, Colombet J,

Sime-Ngando T, Debroas D. 2012. Assessing the diversity and specificity
of two freshwater viral communities through metagenomics. PLoS One
7:€33641. https://doi.org/10.1371/journal.pone.0033641.

. Quaiser A, Dufresne A, Ballaud F, Roux S, Zivanovic Y, Colombet J,

Sime-Ngando T, Francez AJ. 2015. Diversity and comparative genomics
of Microviridae in Sphagnum- dominated peatlands. Front Microbiol
6:375. https://doi.org/10.3389/fmicb.2015.00375.

. Rosario K, Dayaram A, Marinov M, Ware J, Kraberger S, Stainton D,

Breitbart M, Varsani A. 2012. Diverse circular ssDNA viruses discovered in
dragonflies (Odonata: Epiprocta). J Gen Virol 93:2668-2681. https://
doi.org/10.1099/vir.0.045948-0.

. Minot S, Sinha R, Chen J, Li H, Keilbaugh SA, Wu GD, Lewis JD, Bushman FD.

2011. The human gut virome: inter-individual variation and dynamic response
to diet. Genome Res 21:1616-1625. https://doi.org/10.1101/gr.122705.111.

. Zsak L, Day JM, Oakley BB, Seal BS. 2011. The complete genome se-

quence and genetic analysis of wca82 a novel uncultured microphage
from the turkey gastrointestinal system. Virol J 8:331. https://doi.org/
10.1186/1743-422X-8-331.

. Bryson SJ, Thurber AR, Correa AM, Orphan VJ, Vega Thurber R. 2015. A

novel sister clade to the enterobacteria microviruses (family Microviri-
dae) identified in methane seep sediments. Environ Microbiol 17:
3708-3721. https://doi.org/10.1111/1462-2920.12758.

. Li L, Victoria JG, Wang C, Jones M, Fellers GM, Kunz TH, Delwart E. 2010.

Bat guano virome: predominance of dietary viruses from insects and
plants plus novel mammalian viruses. J Virol 84:6955-6965. https://
doi.org/10.1128/JV1.00501-10.

Jorgensen TS, Xu Z, Hansen MA, Sgrensen SJ, Hansen LH. 2014. Hun-
dreds of circular novel plasmids and DNA elements identified in a rat
cecum metamobilome. PLoS One 9:e87924. https://doi.org/10.1371/
journal.pone.0087924.

Phan TG, Kapusinszky B, Wang C, Rose RK, Lipton HL, Delwart EL. 2011.
The fecal viral flora of wild rodents. PLoS Pathog 7:€1002218. https://
doi.org/10.1371/journal.ppat.1002218.

genomea.asm.org 2


https://www.ncbi.nlm.nih.gov/nuccore/KR704913
https://www.ncbi.nlm.nih.gov/nuccore/KR704914
https://www.ncbi.nlm.nih.gov/nuccore/KR704915
https://www.ncbi.nlm.nih.gov/nuccore/KR704912
https://www.ncbi.nlm.nih.gov/nuccore/KR704911
https://doi.org/10.1016/j.meegid.2016.02.009
https://doi.org/10.1007/s00705-012-1470-0
https://doi.org/10.1016/j.virusres.2013.08.008
https://doi.org/10.1016/j.virusres.2013.08.008
https://doi.org/10.1016/j.meegid.2016.05.008
https://doi.org/10.1099/vir.0.064436-0
https://doi.org/10.1099/vir.0.000038
https://doi.org/10.1016/S0022-2836(05)80360-2
https://doi.org/10.1016/S0022-2836(05)80360-2
https://doi.org/10.1128/jb.184.4.1089-1094.2002
https://doi.org/10.1038/ismej.2013.110
https://doi.org/10.1038/ismej.2013.110
https://doi.org/10.1038/ismej.2010.188
https://doi.org/10.1128/AEM.03878-14
https://doi.org/10.1016/j.resmic.2015.07.003
https://doi.org/10.1016/j.resmic.2015.07.003
https://doi.org/10.1371/journal.pone.0033641
https://doi.org/10.3389/fmicb.2015.00375
https://doi.org/10.1099/vir.0.045948-0
https://doi.org/10.1099/vir.0.045948-0
https://doi.org/10.1101/gr.122705.111
https://doi.org/10.1186/1743-422X-8-331
https://doi.org/10.1186/1743-422X-8-331
https://doi.org/10.1111/1462-2920.12758
https://doi.org/10.1128/JVI.00501-10
https://doi.org/10.1128/JVI.00501-10
https://doi.org/10.1371/journal.pone.0087924
https://doi.org/10.1371/journal.pone.0087924
https://doi.org/10.1371/journal.ppat.1002218
https://doi.org/10.1371/journal.ppat.1002218
http://genomea.asm.org

	Accession number(s).
	ACKNOWLEDGMENTS
	REFERENCES

