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ABSTRACT We report the draft genome sequences of five novel members of the family
Picornaviridae that were isolated from the stool of rhesus macaques (Macaca mulatta) with
chronic diarrhea. The strains were named NOLA-1 through NOLA-5 because the macaques
were residents of the Tulane National Primate Research Center.

Rhesus macaques are the most widely used primates in medical research and have
been critical for research on HIV, Zika virus, and tuberculosis. Rhesus macaques and

other nonhuman primates have been important for translational research because they are
the closest animal models to humans, genetically, physiologically, and behaviorally (1). Viral
infections of rhesus macaques can affect their health and also affect the results of experi-
mental studies.

In a previous study, the viromes of 15 rhesus macaques that had been hospitalized
with intractable diarrhea for at least 3months were analyzed (2). The genomes of NOLA-1
through NOLA-5 were detected in stool samples that had been sequenced following
enrichment for RNA and DNA viruses as described previously (2). Briefly, approximately
100 to 200mg of frozen stool was resuspended in buffer and filtered through 0.45-mm filters
until clarified. Clarified samples were subsequently treated with lysozyme to liberate bacte-
rial nucleic acid, followed by DNase treatment to remove nonencapsidated nucleic acid.
Total nucleic acid (both RNA and DNA) was extracted on a COBAS AmpliPrep instrument
(Roche), using the AmpliPrep total nucleic acid isolation kit, according to the manufacturer’s
recommendations. Purified total nucleic acid was reverse transcribed, and the second strand
was synthesized, PCR amplified using barcoded primers consisting of a base-balanced
16-nucleotide specific sequence, and used for NEBNext library construction (New England
BioLabs). Libraries were multiplexed (12 samples per flow cell) on an Illumina MiSeq instru-
ment (Washington University Center for Genome Sciences) using a paired-end 2 � 250-bp
protocol. Potential viral sequences were identified with VirusSeeker-Virome v0.063 and
assembled with VirusSeeker-Discovery v0.063 (3). Four of the genomes (NOLA-2, NOLA-3,
NOLA-4, and NOLA-5) were finished using the 39 RACE system for rapid amplification of
cDNA ends kit (Thermo Fisher Scientific).

Genomes were annotated and prepared for submission using VAPiD v1.6.6 (4), fol-
lowed by manual curation of the resulting GenBank files, including reassembly of the
raw reads by MEGAHIT v1.1.4 (5, 6) followed by metaFlye v2.7.1 (7, 8) as needed; the files
were then reformatted for submission via gbf2tbl.pl and tbl2asn, following instructions pro-
vided (https://github.com/jbadomics/genbank_submit/blob/master/README.md). This study
was approved by the Institutional Animal Care and Use Committee of Tulane University
National Primate Research Center (permission number IACUC R24OD019793).

The putative polyproteins encoded by these genomes are similar to those of other
enteroviruses. Enterovirus J strain NOLA-1 and enterovirus J strain NOLA-3 are 85% and
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82% identical, respectively, at the nucleotide level to simian picornavirus enterovirus
J strain POo-1 (GenBank accession number FJ007373.1). Enterovirus J strain NOLA-1
is 7,316bp in length with a GC content of 45%, while enterovirus J strain NOLA-3
is 7,243 bp in length with a GC content of 45%. Simian enterovirus SV19 strain NOLA-2 is
83% identical to simian enterovirus SV19 strain M19s (GenBank accession number
AF326754.2). Simian enterovirus SV19 strain NOLA-2 has a length of 7,232bp with a GC
content of 44%. Simian enterovirus SV19 strain NOLA-4 and simian enterovirus SV19 strain
NOLA-5 are 83% and 84%, respectively, identical to simian enterovirus SV19 isolate cg4006
(GenBank accession number KT961654.1). Simian enterovirus SV19 strain NOLA-4 is 6,907bp
in length with a GC content of 45%, while simian enterovirus SV19 strain NOLA-5 is 6,400bp
in length with a GC content of 46%.

Data availability. The draft genome sequences reported here were deposited in
DDBJ/ENA/GenBank under the accession numbers MZ312496, MZ312495, MZ312494,
MZ312493, and MZ312497. Raw data were deposited in the Sequence Read Archive (SRA)
(accession number PRJNA491509).

ACKNOWLEDGMENTS
This work was supported by the National Institutes of Health Office of the Director

(grant R24 OD019793).
We thank Brian Koebbe and Eric Martin from the High Throughput Computing Facility

at the Center for Genome Sciences and Systems Biology for providing high-throughput
computational resources and support and Jessica Hoisington-Lopez from the DNA
Sequencing Innovation Lab at the Center for Genome Sciences and Systems Biology for her
sequencing expertise.

REFERENCES
1. Harding JD. 2017. Nonhuman primates and translational research: pro-

gress, opportunities, and challenges. ILAR J 58:141–150. https://doi.org/10
.1093/ilar/ilx033.

2. Zhao G, Droit L, Gilbert MH, Schiro FR, Didier PJ, Si X, Paredes A, Handley
SA, Virgin HW, Bohm RP, Wang D. 2019. Virome biogeography in the lower
gastrointestinal tract of rhesus macaques with chronic diarrhea. Virology
527:77–88. https://doi.org/10.1016/j.virol.2018.10.001.

3. Zhao G, Wu G, Lim ES, Droit L, Krishnamurthy S, Barouch DH, Virgin HW, Wang
D. 2017. VirusSeeker, a computational pipeline for virus discovery and virome
composition analysis. Virology 503:21–30. https://doi.org/10.1016/j.virol.2017
.01.005.

4. Shean RC, Makhsous N, Stoddard GD, Lin MJ, Greninger AL. 2019. VAPiD: a
lightweight cross-platform viral annotation pipeline and identification tool
to facilitate virus genome submissions to NCBI GenBank. BMC Bioinfor-
matics 20:48–56. https://doi.org/10.1186/s12859-019-2606-y.

5. Li D, Liu CM, Luo R, Sadakane K, Lam TK. 2015. MEGAHIT: an ultra-fast single-
node solution for large and complex metagenomics assembly via suc-
cinct de Bruijn graph. Bioinformatics 31:1674–1676. https://doi.org/10
.1093/bioinformatics/btv033.

6. Li D, Luo R, Liu CM, Leung CM, Ting HF, Sadakane K, Yamashita H, Lam TK.
2016. MEGAHIT v1.0: a fast and scalable metagenome assembler driven by
advanced methodologies and community practices. Methods 102:3–11.
https://doi.org/10.1016/j.ymeth.2016.02.020.

7. Lin Y, Yuan J, Kolmogorov M, Shen MW, Chaisson M, Pevzner PA. 2016. As-
sembly of long error-prone reads using de Bruijn graphs. Proc Natl Acad
Sci U S A 113:E8396–E8405. https://doi.org/10.1073/pnas.1604560113.

8. Kolmogorov M, Bickhart DM, Behsaz B, Gurevich A, Rayko M, Shin SB, Kuhn K,
Yuan J, Polevikov E, Smith TPL, Pevzner PA. 2020. metaFlye: scalable long-read
metagenome assembly using repeat graphs. Nat Methods 17:1103–1110.
https://doi.org/10.1038/s41592-020-00971-x.

Mihindukulasuriya et al.

Volume 10 Issue 31 e00699-21 mra.asm.org 2

https://www.ncbi.nlm.nih.gov/nuccore/FJ007373.1
https://www.ncbi.nlm.nih.gov/nuccore/AF326754.2
https://www.ncbi.nlm.nih.gov/nuccore/KT961654.1
https://www.ncbi.nlm.nih.gov/nuccore/MZ312496
https://www.ncbi.nlm.nih.gov/nuccore/MZ312495
https://www.ncbi.nlm.nih.gov/nuccore/MZ312494
https://www.ncbi.nlm.nih.gov/nuccore/MZ312493
https://www.ncbi.nlm.nih.gov/nuccore/MZ312497
https://www.ncbi.nlm.nih.gov/bioproject/PRJNA491509
https://doi.org/10.1093/ilar/ilx033
https://doi.org/10.1093/ilar/ilx033
https://doi.org/10.1016/j.virol.2018.10.001
https://doi.org/10.1016/j.virol.2017.01.005
https://doi.org/10.1016/j.virol.2017.01.005
https://doi.org/10.1186/s12859-019-2606-y
https://doi.org/10.1093/bioinformatics/btv033
https://doi.org/10.1093/bioinformatics/btv033
https://doi.org/10.1016/j.ymeth.2016.02.020
https://doi.org/10.1073/pnas.1604560113
https://doi.org/10.1038/s41592-020-00971-x
https://mra.asm.org

	Outline placeholder
	Data availability.

	ACKNOWLEDGMENTS
	REFERENCES

