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Nanopore Sequencing for Characterization of HIV-1
Recombinant Forms
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Fig.1 A flowchart of the nanopore sequencing protocol applied to the near-full-length HIV-1 genome in this study.
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Fig. 2 Error rate (%) among raw reads and consensus sequences generated by nanopore sequencing. The proviral
DNA, pNL4-3, was used for analysis. Individual error patterns (substitutions, insertions, deletions, and their total) are
colored. Consensus sequences were estimated repeatedly from 10 different sets of 250 reads or from all reads (2,500

reads). No bar represents no error.
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Fig.3 Phylogenies of the RF sequences identified by nanopore sequencing and Sanger sequencing. Maximum
likelihood trees with the GTR model are shown for four regions: gag p17 (positions 790 to 1185 of HXB2), pol
PRRT (2253 to 3269), pol IN (4230 to 5093), and env V3C4 (7114 to 7589). The reference sequences (Ref.) of HIV-1
major subtypes (Al,A2,B, C,D, F1,F2, G, H, J, K, and CRF01_AE) and three SIVcpz strains are indicated in the tree.
The three SIVcpz sequences are used as outliers (GenBank no. DQ373064, DQ373063, and EF535994 for SIVcpzLB7,
SIVepzMB66, and SIVcepzMB897, respectively). Bootstrap values were calculated by 500 replicates. Branches with
bootstrap values of at least 0.95 are highlighted with asterisks. The viral full-genome sequences (closed circles)
identified by nanopore sequencing and the viral RNA (open circles) and proviral DNA sequences (triangles) identified
by Sanger sequencing are indicated.
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Fig.4 Characterization of the HIV-1 RFs. (A) Genome maps of the RFs. The numbers on each map denote the
nucleotide positions of the breakpoints according to the HXB2 reference numbering system. The colored stripes in the
maps indicate the intervals where the recombination breakpoints are estimated to be located. (B) Maximum likelihood
tree for pangenomic consensus sequences obtained by nanopore sequencing and complete genomes of the major
subtype references. The three sequences of SIVcpz are used as outliers. Branches with bootstrap values (based on 500
replicates) of at least 0.95 are shown with asterisks.
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Fig. 5 Ratio of mismatched bases between Sanger and nanopore sequencing. The viral genome sequences in the gag
pl7 (positions 790 to 1,185 relative to the reference HXB2), pol PRRT (2,253 to 3,269), pol IN (4,230 to 5,093), and
env V3C4 (7,114 to 7,589) regions were compared. The ratios at the nucleotide positions are plotted with dots.
Horizontal lines indicate the means with SDs shown as error bars. S, substitution. ID, insertion or deletion.
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Fig. 6 Phylogenies of consensus sequences determined by nanopore sequencing and Sanger methods. Maximum
likelihood trees generated with the GTR model are shown for four regions, gag p17, pol PRRT, pol IN, and env V3C4,
with the nucleotide numbers corresponding to those indicated in Fig. 3. The reference sequences of major HIV-1
subtypes (Al, A2, B, C, D, F1, F2, G, H, J, K, and CRFO1_AE) and three SIVcpz strains (LB7, MB66, and MB897)
are shown in the trees. Branches with bootstrap values (based on 500 replicates) of at least 0.95 are indicated with
asterisks. The viral RNA sequences obtained by Sanger sequencing and nanopore sequencing are indicated with open
and closed circles, respectively. The proviral DNA sequences generated by Sanger sequencing are shown with triangles.
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Fig. 7 Identification of dual-HIV-1 infection cases. (A) Genome maps of representative sequences obtained by
nanopore sequencing. Two different patterns of the genome sequences were identified as dual-infection cases in TRN8
and TRNO. The numbers on each map represent the breakpoints according to the HXB2 reference numbering system.
The colored stripes in the maps indicate the intervals where the recombination breakpoints are estimated to be located.
(B) Maximum likelihood tree for pangenomic consensus sequences determined by nanopore sequencing and complete
genomes of major HIV-1 references. Three sequences of SIVcpz (LB7, MB66, and MB897) are used as outliers.
Branches with bootstrap values (based on 500 replicates) of at least 0.95 are indicated with asterisks.





