OPEN

JAIDS Journal of Acquired Immune Deficiency Syndromes Publish Ahead of Print
DOI: 10.1097/QA1.0000000000002246

plef/woo

61L02/80/1 L U0 Gp44ntIBIvWZagBAZINDSUAIPNSHOSYIIMWIMMNAAUSDWI L L YHAMHJSINAUE Ad

Complete genome sequence of CG-0018a-01 establiifes subtype L

Julie Yamaguchi, BS Carole McArthur, MB, Ana Vallari, MS, Larry Sthreshley, PhH)Gavin

A. Cloherty, PhD, Michael G. Berg, Phf) Mary A. Rodgers, PhD
Infectious Disease Research, Abbott DiagnostichoftPark; lllinois, USA
?School of Dentistry, University of Missouri — Karss&@ity, Kansas City, Missouri, USA

3Presbyterian Church (USA), Kinshasa, DemocraticuRbp of the Congo

Corresponding author: Mary A Rodgers, 100 AbbotkRRd, Abbott Park, IL 60064 Phone:

224-668-8936 Fax: 224-668-3271 e-mail: mary.rod@eisbott.com

Conflicts of Interest and Sources of Funding: JY, &AC, MGB, and MAR are employees and

shareholders of Abbott Laboratories. The study fwaded by Abbott Laboratories.

This is an open-access article distributed undeteéhms of the Creative Commons Attribution-
Non Commercial-No Derivatives License 4.0 (CCBY-ND), where it is permissible to
download and share the work provided it is propeitigd. The work cannot be changed in any

way or used commercially without permission frora jburnal.



Reprints address: same as above

Meetings at which parts of the data were presemeade

Running head (40 characters): A third subtype Logemis identified from DRC

Abstract

Background: The full spectrum of HIV-1 diversityrche found in central Africa, including two
divergent HIV-1 strains collected in 1983 and 189@emocratic Republic of Congo (DRC)
that were preliminarily classified as group M syd#\.. However, a third epidemiologically

distinct subtype L genome must be identified tdgleste L as a true subtype.

Methods: Specimen CG-0018a-01 was collected in 20@RC as part of an HIV prevention of
mother to child transmission (PMTCT) study. Priobsgenomic HIV-1 sequences from this
specimen branched closely with proposed subtypdrences. Metagenomic (MNGS) and
HIV-specific target enriched (HIV-xGen) librarieseve combined for next generation
sequencing (NGS) to extend genome coverage. mN&iS rgere analyzed for the presence of

other co-infections with the SURPI bioinformatidpegdine.

Results: A complete HIV-1 genome was generated anthverage coverage depth of 47,783x.
After bioinformatic analysis also identified HepetiB virus (HBV) reads, a complete HBV
genotype A genome was assembled with an averagegage depth of 73,830x. The CG-0018a-
01 HIV-1 genome branched basal to the two prevpuiative subtype L strains with strong
bootstrap support of 100. With no evidence of relmiiation present, the strain was classified as

subtype L.



Conclusions: The CG-0018a-01 HIV-1 genome estatdistubtype L and confirms ongoing
transmission in DRC as recently as 2001. Since GG38-01 is more closely related to an
ancestral strain than to isolates from 1983 or 1@€é@itional strains are likely circulating in

DRC and possibly elsewhere.

KEY WORDS: full-length genome, HIV-1 surveillance, subtypenext-generation sequencing,

xGen target enrichment, HIV diversity, phylogeneti@alysis

INTRODUCTION

The origins of the human immunodeficiency virus\{iHpandemic have been traced to the
Democratic Republic of Congo (DRC), where estimatase the emergence of HIV in the
19208 Consistent with an early expansion of HIV in trégion, strains from DRC exhibit
broad genetic diversity and include all of the gruaed subtypes, many circulating recombinant
forms (CRFs), and an abundance of unique recombioans (URFs) and unclassifiable
sequenced®. Current HIV nomenclature guidelines specify ttamnplete genome sequences
from at least three non-transmission linked casesegjuired to establish a new subtype or CRF
classification for HIV.. Two unclassifiable complete genome sequencesD888 (AF286236)
and 90CD121E12 (AF457101), form a distinct bramoimfother subtypes and CRFs that is
nearly equidistant from neighboring subtypes H &nahich led to a proposal that these
sequences are members of a new subtype,Tlhe proposal was further supported by 13.2-
14.5% nucleotide divergence of each genome froroth#r Group M subtypésThese strains
were collected in 1983 and 1990 in DRC and havéaeh identified elsewhere. Since subtype

L is not an official classification, these isolatae not typically included in reference sequence



alignments used to classify HIV sequences. Theegforemains possible that other subtype L

strains might be circulating, yet unclassified.

Specimen CG-0018a-01 was collected in 2001 at heedl&hepard Hospital, located 12
kilometers from Kananga, Kasai-Occidental Provimcthe DRC, and was previously classified
as a putative subtype L based on the sequenced®-afenomic PCR fragments amplified from
thegag, polymerasépol) integrase and envelope immunodominant (DR) region&: Prior
efforts to obtain a full genome at that tithevere hampered by low viral load (<4 {egopies

/ml) and limited sample volume, which have now beearcome. Here, we describe the
assembly and classification of the complete CG-@ddB genomic sequence obtained by

application of the HIV-xGert method of target enrichment.
METHODS

Specimen. Plasma specimen CG-0018a-01 was collected as pdyidescribetland as
approved by the University of Missouri — Kansag/&esearch Board with informed consent.
The sample was identified as HIV reactive with ARCHITECT HIV Combo Ag/Ab test
(Abbott Diagnostics, Wiesbaden, Germany) with aaigo cutoff (S/CO) of 118.9. A viral load
of 3.89 logo copies/ml was determined by the HIV Reat€itest (Abbott Molecular

Diagnostics, Des Plaines, IL, USA).

M etagenomic library preparation and target enrichment. The previously described methods
for nucleic acids extractidfy library preparation and HIV-xGen target-enrichénere
followed with modifications to accommodate enricimnef a single library. One-half (v/v) of
the metagenomic next generation sequencing (MN@S)exh library (~25§g) was subjected to

HIV-xGen hybridization. Hybridized targets were Ibduo streptavidin beads, washed to



remove unbound DNA, and then amplified by 20 cyoeBCR. Post-capture DNA fragments
were purified off the streptavidin beads and angaiby 37 cycles of PCR until a library was
visible on the 2200 TapeStation (Agilent, Santa&I&A). PCR amplification after removing
the library fragments from the streptavidin beadsgsential to generating sufficient DNA for
NGS. Both the mNGS and HIV-xGen target-enrichbdalies were loaded onto the same

MiSeq run.

Genome assembly and phylogenetic analysis. The NGS raw data processing and sequence
analysis workflow to build a complete viral genohss been described previods{ After the
two putative subtype L references and the CG-0@I8BHV genome were merged into a subset

of the 2016 Los Alamos HIV Database full genomgraient (www.hiv.lanl.gov) containing

HIV-1 subtypes A-K and at least one each of CRBS8 1Neighbor-joining phylogenetic and
recombinant analyses were completed as previoesigribed®. A simplified Maximum
Likelihood tree was prepared for Figure 2A aftenozal of uninformative CRF references from
the alignment using MEGA v6.06 and the GTR+G+I rotide substitution model with 500
bootstrap replicaté$ The trees were rooted to outgroup strain SIVX{&2(.54). Hepatitis B
virus (HBV) phylogenetic analysis was completedhwiference strains A-l as previously
described® and HBV escape and resistance mutations wereatealusing Geno2Pheno hbv
(2.0)"*. Raw NGS data also was uploaded to the SURRH(fence-basadltrar apid pathogen
identification”) pipeliné” for analysis and identification of any other hunpathogens that

might be present in the sample. The HIV and HBXagees have been deposited in Genbank

under accession numbers MN271384 and MN544634ectsply.



RESULTS

To obtain a complete genome from sample CG-0018a-@drget enrichment (HIV-xGen)
method was applied to a cDNA library (mNGS) follagy sequencing of both metagenomic
and HIV-xGen target-enriched libraries with a senghrcode. Iterative refinement of the
consensus sequence identified 4,363,031 of 11,826¢kal reads (39.5%) which mapped to the
final 9681 bp complete genome sequence of CG-0018#-an average coverage depth of

47,783x (Figure 1).

A basic local alignment search tool (BLASTn) quefyhe CG-0018a-01 sequence to the NCBI
nt database retrieved 90CD121E12, a putative sehltygequendce as the top hit (92% identity,
e-value 0.0). Phylogenetic analysis indicates C®8@801 branches with L-83CD003 and L-
90CD121E12 with a bootstrap value of 100 (Figure.28onsistent with our previous
evaluation of sub-genomic sequeffcésii-length CG-0018a-01 branched basal to L-83GB0
and L-90CD121E12, suggesting it may be ancestridigse strains or that it represents a
recombinant sequence. Simplot analysis shows peidentity remains highest to the putative
subtype L sequences across the entire genome,terdbp well-conservedol region where
percent identity is 90-95% among all group M subgy/fFigure 2B). Bootscanning confirmed
the absence of a recombination event (Figure 2By an individual tree of th@l region
(positions 3500-4600 in the gap-stripped alignmdetponstrates that CG-0018a-01 still
branches with the putative subtype L isolates witlootstrap of 97 (Figure 2C). Therefore, we
classify the sequence of CG-0018a-01 as the tlundtransmission linked genome of HIV-1

Group M subtype L.

To identify any additional viruses present in th8-3018a-01 specimen, all NGS reads were
processed by the SURPI bioinformatics tadUnexpectedly, Hepatitis B virus (HBV) reads

were also present, comprising 23.4% (N=2,588,71#)e@NGS reads and indicating that patient



CG-0018a-01 was co-infected with HIV and HBV. A qadate HBV genotype A sequence was
assembled with an average coverage depth of 73,8B0are are no HBV probes in the HIV-
xGen probe set, and only 96 reads were mappeddtorpositive control library spiked with 4
logio HBV copies/ml, suggesting the HBV viral load in @G18a-01 is high (>>5 log),

although quantitation could not be performed duémded specimen volume. The HBV surface
antigen (HBsAQ) “a” determinant region did not ede@ny known escape mutations, and

resistance mutations were absent from the reveassdriptase region of tipel gene.
DISCUSSI ON

The complete genome sequence of CG-0018a-01 frerDéimocratic Republic of Congo has
been assembled from NGS of metagenomic and HIV-x&eet-enriched libraries. The HIV-
xGen method has been described previously for tamgchment of a pool of barcoded
libraries?, but the work described here also shows the mathnde successful for a single
library if additional post-capture amplificationdsne. By loading both the mNGS and the HIV-
xGen target enriched libraries on one MiSeq runyweee able to obtain complete genome
coverage despite divergent viral sequences whighlrage posed a challenge to probe capture.
The mNGS approach also enabled identification dfiBN co-infection and the assembly of a

complete HBV genome with comparable deep read egeer

We conclude that the epidemiologically unlinkedases CG-0018a-01, 83CD003, and
90CD121E12 may now be classified as HIV-1 groupsihtype L. This is the first new subtype
classification identified since the nomenclaturéglines were established in 200Despite
being the most recently sequenced subtype L sttdsp018a-01 branched basal to the two

older strains from 1990 and 1983 (Figure 2A), cstesit with CG-0018a-01 being more closely



related to the ancestral subtype L strain tharother two isolates. Therefore, the CG-0018a-01
sequence will be important for determining the imsgand age of subtype L. Furthermore, our
identification of CG-0018a-01 decades after thet Bubtype L strain was collected also suggests
that ongoing transmission of subtype L is likeljpedt poorly sampled. Although CG-0018a-01
was one of 172 specimens sequenced in this $tudyexpect the prevalence of subtype L is
much lower than was found in this small cohort. M/lsubtype L is currently restricted to the
DRC, it remains possible that future sequence aealthat include this clade as a reference may
identify more subtype L infections in DRC or els@m Continued molecular surveillance will

be essential to determining the true prevalensibfype L and other rare or emerging strains of

HIV.
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Figure 1. Coverage plot of NGS data for the CG-0018a-01 HG£R library illustrates the
average

coverage depth of 47,783 across the length of ¢hemge.

Figure 2. Sequence analysis of the CG-0018a-01 complete genanHIV-1 group M

maximum likelihood phylogenetic tree (7578 bp) skdte sequenece of CG-0018a-01 groups
with the two putative subtype L sequences with at$teap of 100. B. SimPlot (Window: 500 bp,
Step: 50 bp) and BootScan (Window: 500bp, Stepk)&Ghow % identity is highest to the
putative subtype L reference sequences excepeiwéhi-Conserved pol region (approximate
positions 3500-4600). C. Results of Neighbor-Jajrphylogenetic analysis of positions 3500-
4600 show that the sequence of CG-0018a-01 corstitaugroup with the putative subtype L

sequences with a bootstrap of 97.
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Figure 1. Coverage plot of NGS data for the CG-0018a-01 HIV-xGen library illustrates the average
coverdg@dept 647783 dcres thé e gth o ehelgerdive/Volters Kluwer Health, Inc.
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Figure 2. Sequence analysis of the CG-0018a-01 complete genome. A. HIV-1 group M maximum likelihood phylogenetic tree
(7578 bp) shows the sequence of CG-0018a-01 groups with the two putative subtype L sequences with a bootstrap of 100.

B. SimPlot (Window: 500 bp, Step: 50 bp) and BootScan (Window: 500bp, Step: 100 bp) show % identity is highest to the putative
subtype L reference sequences except in the well-conserved pol region (approximate positions 3500-4600). C. Results of
Neighbor-Joining phylogenetic analysis of positions 3500-4600 show that the sequence of CG-0018a-01 continues to group with
the putative subtype L sequences with a bootstrap of 97.
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