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Supplementary Information Text

Supplemental Methods

Multiple Displacement Amplification

MDA conditions described here are modified from previously established
protocols (1-4). Supplies and specialized reagents used for MDA reactions include phi29
DNA polymerase and 10x reaction buffer (New England BiolLabs), trehalose (Sigma;
T5251-10G), and Zymo-10 columns (Zymo Research; D4011). The random hexamer
primer (p6N), purchased from Integrated DNA Technologies, contains phosphorothioate
linkages at the ultimate and penultimate 3'-terminal positions, and is 5’ phosphorylated
(IDT synthesis code: /Sphos/NNNN*N*N). 8x D-solution (3.2 M KOH, 80 mM EDTA), 1x
N-solution (0.4 M Trizma-HCl). 0.8 M trehalose, 0.5 M KCI, and 10 mM dNTPs were
prepared prior to dilution and dispensation of extracted cellular DNA into 96-well plates
and stored at -20°C. 8x D-solution should be remade at least once every six months,
stored in small aliquots and diluted to 1x immediately prior to use. For each MDA plate,
extracted cellular DNA was diluted in 5ml Tris-HCL pH 8.0 to a concentration of 0.3
proviruses/2 pL solution as determined by the standard SGS endpoint, and 2 uL of this
dilution transferred to each well of a 96 well plate. Genomic DNA in each sample was
chemically denatured by addition of 2uL 1x D-solution followed by incubation at room
temperature for 3-6 minutes. Reactions were neutralized by addition of 4uL 1x N-
solution and immediately placed on ice to minimize partial renaturation of genomic
DNA. The nucleic acid mixtures (NA-mixes) were supplemented with 2uL 1 nmol/uL p6N
primer and kept on ice during preparation of the Enzyme Mixture (E mix). Sufficient E-
mix was prepared to permit the addition of 30 pL to all NA-mixes, with each aliquot
containing the following components: 4uL 10x phi29 DNA pol reaction buffer, 4uL 0.5 M
KCI, 4pL 10 mM dNTPs, 10uL 0.8 M trehalose, 7uL water and 1 pL phi29 DNA
polymerase. E-mixes were assembled and dispensed to NA-mixes on ice, and MDA
reactions incubated at 30°C for 18hr in a thermal cycler utilizing a heated lid to minimize
condensation. Completed reactions were incubated at 65°C for 10min to denature the
polymerase and stored at -20°C, as necessary.

Integration sites assay (ISA)

Prior to ISA, MDA reactions were purified using ZymolO0 DNA clean and
concentration (Zymo; D4011). ISA was performed as previous described (5-8) using
patient virus-specific primers to the 5’ and 3’ LTRs. All integration sites are reported
using the 3’ LTR mapped to hgl9. The primer sequences are as follows:

Outer PCR Primers:

Generic

5’LTR: None

3’'LTR: TGTGACTCTGGTAACTAGAGATCCCTC



Patient 1
5’LTR: TCAGGGAAGTAGCCTTGTGTGTGGT
3’LTR: TGTGACTCTGGTAACTAGAGATCCCTC

1683
5’LTR: CTGATCCCTGGCCCTGGTGTGT
3’LTR: TGTGACTCTGGTACTAGAGATCCCTC

2669
5’LTR: TCAGGGAAGTAGCCTTGTGTGTGGT
3’LTR: TGTGACTCTGGTAACTAGAGATCCCTC

3162
5’LTR: CTAGTCCCTGGCCCTGGTGTGT
3’LTR: GTGACTCTGGTAACTAGAGATCCCTC

R-09
5’LTR: AAGTAGCCTTGTGTGTGGTAGACC
3’LTR: AGAGATCCCTCAGACCATTTTAGT

Nested PCR Primers:

Patient 1

5’LTR:
AATGATACGGCGACCACCGAGATCTACACTATAGCCTACACTCTTTCCCTACACGACGCTCTTCC
GATCTNNNNNNACGTCTCGTCCTGTCTTTTCTGGGAGTGAACTA

3’LTR:
AATGATACGGCGACCACCGAGATCTACACATAGAGGCACACTCTTTCCCTACACGACGCTCTTCC
GATCTNNNNNNATAGAGGCCCCTTTTAGTCAGTGTGGAAAATC

1683

5’LTR:
AATGATACGGCGACCACCGAGATCTACACTATAGCCTACACTCTTTCCCTACACGACGCTCTTCC
GATCTNNNNNNATATACACTCTTGCCTTTGCTGGGAGTAAATTA

3’LTR:
AATGATACGGCGACCACCGAGATCTACACTATAGCCTACACTCTTTCCCTACACGACGCTCTTCC
GATCTNNNNNNGACACTGACCCTTTTAGTCAGTGTGAAAATC

2669

5’LTR:
AATGATACGGCGACCACCGAGATCTACACTAATCTTAACACTCTTTCCCTACACGACGCTCTTCC
GATCTNNNNNNCGTTACTACTTGTCTTTTCTGGGAGTGAATTA



3’LTR:
AATGATACGGCGACCACCGAGATCTACACGGCTCTGAACACTCTTTCCCTACACGACGCTCTTCC
GATCTNNNNNNCTGCGTGTCCCTTTTAGTCAGTGTGGAAAATC

3162

5’LTR:
AATGATACGGCGACCACCGAGATCTACACGGCTCTGAACACTCTTTCCCTACACGACGCTCTTCC
GATCTNNNNNNCTGCGTGTTCTTGTCTTTTCTGGGACCAAACTA

3’LTR:
AATGATACGGCGACCACCGAGATCTACACCCTATCCTACACTCTTTCCCTACACGACGCTCTTCC
GATCTNNNNNNTAGCGAGTCAATTTAGTCAGTGTGGAAAATC

R-09

5’LTR:
AATGATACGGCGACCACCGAGATCTACACCAGGACGTACACTCTTTCCCTACACGACGCTCTTCC
GATCTNNNNNNAGAGTCACCTTGTCTCTTTTGGGAGTAAATTA

3’LTR:
AATGATACGGCGACCACCGAGATCTACACCCTATCCTACACTCTTTCCCTACACGACGCTCTTCC
GATCTNNNNNNTAGCGAGTCATTTTAGTCAGTGTAGAAAATC

Near-Full-Length Sanger Sequencing from MDA wells

Near-full-length (NFL) amplification was performed with 2 uL of a 1:8 dilution of
input DNA from an MDA well. PCR reactions (10 uL) were performed using the Ranger
enzyme (BIOLINE-BIO-25052). PCR1, denoted NFL1, was used to generate a 9kb
amplicon from U5-5’LTR to U5-3’LTR (primers in Table S2). NFL1 product, diluted 1:5,
was used as template for nested PCR to generate four 2.9-3.2kb genome-spanning
amplicons, denoted F1, F2, F3, and F4 (Figure S2). Alternatively, a 9kb NFL2 amplicon
was generated. Target amplicons sizes were confirmed by ethidium bromide gel
visualization and sequenced by Sanger sequencing or PacBio sequencing. The resulting
data were used to generate the sequence of an NFL genome.

Near-Full-Length PacBio Sequencing from MDA wells

Amplicon DNA generated from PCR was purified using PB AMPure beads (Pacific
Biosciences). Quality, concentration, and size were determined using the Nanodrop
8000 Spectrophotometer (Thermo Scientific) and the BioAnalyzer 2100 (Agilent). Each
set of samples was combined into an equimolar pool and subjected to library
preparation following the PacBio standard 2 kb protocol, using a-tailing and overhang
adapter ligation instead of blunt ligation. Each completed pool was then loaded onto a
SMRT Cell for sequencing. The libraries were sequenced on either the PacBio RSII
(Pacific Biosciences) using P6/C4 chemistry, a 0.15 nM MagBead loading concentration,
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and 360-minute movie lengths, or on the PacBio Sequel (Pacific Biosciences) using the
diffusion method, v2.0 or v2.1 chemistry, a 4 pM loading concentration, and 600 minute
movie lengths, both located at the Frederick National Laboratory for Cancer Research
(Frederick, MD, USA).

Quantitative Viral Outgrowth Assay on PBMC from donor R-09

Quantitative viral outgrowth assays (QVOA) were performed, as described
previously (9), with the following modifications: CD4+ cells were isolated from
Cryopreserved PBMC by negative selection (Stemcell Technologies), serially diluted 3-
fold from 1,000,000 cells per well to 30,000 cells per well, and seeded in individual wells
in 6 replicates. Cells were stimulated with PHA overnight and a 10-fold excess of
allogeneic irradiated feeder cells obtained from uninfected donors was added. CD4+
lymphoblasts from HIV-1-negative donors were added, and virus co-cultures were
carried out for 3 weeks. Supernatants were tested weekly to measure HIV-1 p24 antigen
by ELISA (Perkin Elmer). Aliquots of the supernatants were also frozen for sequencing
the recovered viruses. The frequency of HIV- 1 infected cells carrying a recoverable
infectious provirus (IJUPM) was determined by a maximum likelihood method, as
previously described (10).

Pipeline for analysis of HIV single-genome PacBio Sequencing

Fastqg files containing PacBio CCS reads were processed using the Robust Amplicon
Denoising algorithm (11), which attempts to extract error-free variants from complex
amplicon mixtures. These denoised variants were mapped, using USEARCH (12) to an
HIV-1 reference sequence (consensus B) to retain only HIV-1 reads, which were then
manually stitched together (merging overlapping ends) to construct near-full-length
contigs.
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Figure S1. Near-Full-Length (NFL) Amplification and Sequencing. PCR amplification
strategies used to screen MDA wells and to amplify and sequence near-full-length
proviruses by either amplifying as one (9kb) or four (3kb) overlapping amplicons.
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Figure S2. MDA and NFL Amplification Products. (A) MDA product (lane 2) fractionated
on 0.8% agarose eGel (Invitrogen) with E-Gel 1 Kb Plus Ladder, Invitrogen (lane 1). (B)
AMBI-1 near-full-length PCR product (lane 2). PCR products from fragment 1 (bp 634-
3528), fragment 2 (bp 1871-5267), fragment 3 (bp 4133-7349), and fragment 4 (bp
6445-9643) (lanes 3-6). PCR products from P6-PR-RT (bp 1871-3438), integrase (bp
4133-5267), and partial envelope (bp 6445-7349) (lanes 7-9).



Table S1.

Integration Sites Not Within Groups of Identical P6-PR-RT Sequences

. . Provirus orientation
PID Integration site (hg19) Chromosome Gene relative to gene
1 32540529 6 HLA-DRB1 intergenic
47990522 21 DIP2A intergenic
8525730 1 RERE intergenic
114652168 2 ACTR3 against
128513393 9 PBX3 against
1683 11883248 11 USP47 with
44856659 15 SPG11 against
67070298 16 CBFB with
123070995 104667510° 6,7 PKIB, MLL5 intergenic, with
151614674 1 SNX27 with
57646144 3 FAM116A against
128593815 9 PBX3 with
2669 6692768 12 CHD4 against
59361732 15 RNF111 against
153393371 X OPN1LW intergenic
139905034°, 100562724° 5,14 ANKHD1, EVL against, against
3162 404: 9651 17 STAT5B with
306003407, 53712797% 6,12 ATAT1, AAAS against, with

*Mixture of two proviruses within single MDA well



Table S2. Primers for NFL PCR amplification and Sanger sequencing

Amplification Primers

Name PCR Reaction Primer Sequence

611(+) NFLA1 AGTCAGTGTGGAAAATCTCT*A*G
9675(-) NFLA1 GAGGGATCTCTAGTTACCAG*A*G
618(+) NFL2 GTGGAAAATCTCTAGCAGT*G*G

9662(-) NFL2 TTACCAGAGTCACACAACAG*A*C
634(+) F1 AGTGGCGCCCGAACAGGGAC

3500(-) F1 CTATTAAGTATTTTGATGGGTCATAA
1870(+) F2 GAGTTTTGGCTGAGGCAATGAG

5248(-) F2 TCTCCTGTATGCAGACCCCA

4133(+) F3 GGAAAAGGTCTACCTGGCATG

E125(-) F3 CAATTTCTGGGTCCCCTCCTGAGG
E30(+) F4 GTGTACCCACAGACCCCAGCCCACAAG
R-519(-) F4 GCACTCAAGGCAAGCTTTATTGAGGCTTA

Amplification Primers

Name PCR Reaction Primer Sequence

3996(+) WIPF1 3'1 CATCTAGCTTTGCAGGATTCG

WIPF1 +329(-) WIPF1 3'1 TGACAGAAAGTTAATCGGTGAACG
4133(+) WIPF1 3'2 GGAAAAGGTCTACCTGGCATG
WIPF1 +199(-) WIPF1 3'2 CTTCCTTGGTAAGCCTTTCCCAA
1849(+) XPO6 3'1 GATGACAGCATGTCAGGGAG

XPO +371(-) XPO6 3'1 GAGGTCCTCAAAACACTTTGTAAG
1870(+) XPO6 3'2 GAGTTTTGGCTGAGGCAATGAG

XPO +279(-) XPO6 3'2 CTGTGATGAACCCATTACATATTAACAG
1849(+) TMCO5A 3'1 GATGACAGCATGTCAGGGAG

TMC +252(-) TMCO5A 3'1 GCTAGAATGACTCACAGAACTCAC
1870(+) TMCO5A 3'2 GAGTTTTGGCTGAGGCAATGAG

TMC +177(-) TMCO5A 3'2 GATTAAATCAGCCAAGGGAAGAACAC
Sequencing Primers

Name PCR Reaction Primer Sequence

1061(+) For1 Seq GGATAGAGGTAAAAGACACCAA
1488(+) For2 Seq AAGTGACATAGCAGGAACTACTAG
2012(+) For3 Seq CTAGGAAAAAGGGCTGTTGGAAATG
2385(+) For4 Seq AAAATGATAGGGGGAATTGGAGGTTT
2869(+) For5 Seq CAGTACTAGATGTGGGGGATGCATA
3298(+) For6 Seq ACAGCTGGACTGTCAATGATATACA
3676(+) For7 Seq CCACAGAAAGCATAGTAATATGGGG
4162(+) For8 Seq CACACAAAGGGATTGGAGGAAATGA
6552(+) For14 Seq TATGGGACCAAAGCCTAAAGCCATGTG
6961(+) For15 Seq CAGCACAGTACAATGTACACATGGAA
7807(+) For17 Seq AGCAGCAGGAAGCACTATGGGCGC
8257(+) For18 Seq CATATCAAATTGGCTGTGGTATAT
8517(+) For19 Seq GGAACCTGTGCCTCTTCAGCTACC
9021(+) For20 Seq CCACAGGTACCTTTAAGACCAATGAC
895(-) Rev1 Seq AATTTTTCCAGCTCCCTGCTTGCCCA
1294(-) Rev2 Seq CTGATAATGCTGAAAACATGGGTAT
1606(-) Rev3 Seq GACAGGGCTATACATTCTTACTAT
2557(-) Revb Seq TTACTGGTACAGTTTCAATAGGAC
5451(-) Revi12 Seq AGAGATCCTACCTTGTTATGTCCT
5955(-) Rev13 Seq CTTCCTGCCATAGGAGATGCCTAAG
6497(-) Revi14 Seq ACCATGTTATTTTTCCACATGTTAAA
7001(-) Rev15 Seq CTGCCATTTAACAGCAGTTGAGTTGA
7531(-) Rev16 Seq ATGGGAGGGGCATACATTGCT
7943(-) Rev17 Seq CCTGGAGCTGTTTAATGCCCCAGAC
8352(-) Rev18 Seq GGTGAGTATCCCTGCCTAACTCTAT

* Phosphorothioate bond
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