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Original article
A new approach for sequencing virion genome of Chinese HIV-1
strains subtype B and BC from plasma
MENG Zhe-feng, ZHANG Xiao-yan, XIN Ruo-lei, XING Hui, HE Xiang, XU Jian-qing and SHAO Yi-ming
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Background Although it was widely accepted that full-length HIV genome sequences is important in studying virus
genetic evolution and variation as well as developing vaccine candidate, to directly sequencing HIV-1 genome of virion
RNA remains as a challenge worldwide. Up to date, no published genomic sequences from virion RNA are available for
Chinese prevalent HIV-1 strains due to the absence of specialized protocol and appropriate lab equipments. In this study
we developed a straightforward approach for amplifying and sequencing HIV virion RNA from plasma by modifying
published protocols and further confirmed it is suitable to process Chinese samples.
Methods The methods for viral RNA extraction and gene amplification was modified and optimized as could be widely
used in most Chinese labs. Gene alignment of Chinese HIV-1 strains was employed for designing specialized primer sets
for Thai-B and BC recombinant strains. Based on comprehensively consideration of high variable gene region and
recombinant breakpoints in BC recombinant strains, a three-amplicon strategy (including 4.3-kb gag-pol, 2.9-kb pol-env
and 2.7-kb env-nef) was developed. In addition, one amplicon (9 kb near full-length genome) was also used in 32
samples with varied viral loads. All amplicons were directly sequenced by DNA automated sequencer.
Results Twenty-five percent (8/32) amplification efficiency was achieved by the one-amplicon strategy and 65.6%
(21/32) by three-amplicon strategy. For one amplicon strategy, none of complete near full-length genome sequences was
obtained by DNA sequencing. For three-amplicon strategy, 75% sequences were achieved in DNA sequencing.
Amplification efficiency but not sequencing efficiency was closely associated with viral loads.
Conclusion Three-amplicon strategy covering all encoding regions of HIV-1 is suitable for Thai-B and BC recombinant
strains and could be potentially employed in less-well equipped Chinese labs.
Chin Med J 2011;124(2):304-308

U

p to now, the majority of HIV genome sequences
were generated by a three-step approach, amplifying
HIV sequence from peripheral blood mononuclear cells
(PBMCs) DNA or cultured cell DNA, cloning the
amplified fragment into plasmid and sequencing the
cloned fragment.1-5 Among 2223 sequences published in
HIV database, only 109 sequences are identified to be
derived from plasma and the majority of them were
generated by cloning strategy; less than 10 sequences are
explicitly generated from direct PCR amplification of
virion RNA and subsequent sequencing.4 So far, only 45
HIV-1 sequences >8.5 kb in length from Chinese
dominantly circulated strains are identified in HIV
database, none of them was directly derived from virion
RNA,2,4,5 which suggest that direct RT-PCR with virion
RNA as the template and sequencing large fragment has
been relatively challenging.
Currently, near full-length genome sequence has
becoming more widely used for the analysis of HIV-1
gene variation and genetic evolution.6-9 In China, HIV-1
infection and transmission remains to be one of the most
challenging public health problems. Although most
researchers realized the importance to generate HIV-1
near full-length genome sequences, the absence of
specialized protocol for Chinese prevalence strains and
appropriate lab equipments have restrained for further

exploration of genetic evolution and recombinant of
circulating HIV-1 strains. In recent years several
international protocols have been developed to generate
near full-length HIV-1 RNA genomes directly from
plasma by using prolonged RT-PCR.9,10 However, those
protocols may be confined to certain HIV-1 prevalent
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Table 1. Primers for the amplification of nearly full-length HIV-1 genome
Primers
1.5 (+)
POLMR1 (−)
MSF12 (+)
POLMR2 (−)
POLMF3 (+)
ED12MR1 (−)
POLMF4 (+)
ED8MR2 (−)
ED5MF3 (+)
1.3MR (−)
E7MF4 (+)
MSR12 (−)

Position
Sequences (5'→3')
552–581
AGTAGTGTGTGCCCGTCTGTTGTGTGACTC
4983–4956
GTATTACTACTGCCCCTTCACCTTTCCA
623–649
AAATCTCTAGCAGTGGCGCCCGAACAG
4925–4897
GTCTCTGCTGTCTCTGTAATAAACCCGAA
4618–4643
CTACAATCCCCAAAGTCAGGGAGTAG
7810–7785
GTGCTTCCTGCTRCTCCCAAGAACCC
4743–4770
CTTAAGACAGCAGTACAAATGGCAGTAT
7668–7641
CACTTCTCCAATTGTCCCTCATATCTCC
6557–6582
ATGGGATCAAAGCCTAAAGCCATGTG
9643–9618
CACTACTTGAAGCACTCAAGGCAAGC
6996–7023
CAACTACTGTTAAATGGTAGCCTGGCAG
9606–9635
GAAGCACTCAAGGCAAGCTTTATTGAGGCT
“+”: Sense primer. “−”: Antisense primer. Positions according to HXB2 numbering system.

strains and thereby unable to work for Chinese circulating
strains. The primer set for 9-kb amplicon strategy
developed by Rousseau et al was more suitable for
subtype C in the Africa according to the HIV-1 gene
alignment; the three-amplicon strategy is not reconciled
with the recombination pattern of BC recombinant forms,
because its primer binding sites lies on the breakpoints of
BC recombinant strains. Therefore, taking the genetic
properties of Chinese prevalence strains into
consideration, we developed a straightforward approach
for amplifying and sequencing HIV virion RNA from
plasma by modifying published protocols and further
confirmed it is suitable to process Chinese samples in
current study.
METHODS
Study subjects
Study subjects were recruited from commercial blood
donors and intravenous drug users in Anhui province and
Sichuan province of China, respectively. All individuals
were antiretroviral therapy naïve and signed informed
consent to participate in the study. Ten milliliters of blood
was drawn from each subject into an EDTA pre-filled
tube, the plasma was separated and stored at −80°C until
use. Samples were selected based on the viral loads (VL),
ranging from 5000 copies/ml to over 120 000 copies/ml.
VL was measured for each study subject with the
Amplicor Version 1.5 assay (Roche, Durham, NC, USA).
RNA extraction
The spin column from QIAmp DNA Blood Midi Kit
(QIAgen, Germany) and reagents from the QIAmp viral
RNA Mini kit was combined for viral RNA extraction.9
The ratio of plasma volume, AVL buffer and wash buffers
was used as instructed in the protocol of QIAmp viral
RNA Mini kit for QIAmp DNA Blood Midi Kit column.
HIV-1 positive plasma specimen 1 ml was used for RNA
extraction and the final elution volume was 120 μl.
Extracted RNA was either reverse transcribed into cDNA
immediately or stored at −80°C until use.
Reverse transcription
SuperScript™ III First-Strand Synthesis Supermix
(Invitrogen, USA) was used for cDNA synthesis.9-12 The

Length (kb)
30
28
27
29
26
26
28
28
26
26
28
30

mixture was heated to 65°C for 5 minutes and rapidly
cooled to 0°C. Reverse transcription reaction was
performed as previously described.9,10,13-15 Synthesized
cDNA was stored at −20°C.
PCR amplification
The Expand High Fidelity PCR System (Roche
Molecular Biochemicals, Mannheim, Germany) was used
to amplify HIV-1 virion genome from the synthesized
cDNA.5,9,10 For the primer design (amplification primers
are listed in Table 1), the most conserved regions were
chosen as the primer binding sites using the full-length
genome alignment of group M HIV-1 diverse strains
withdrawn from the HIV sequence database (Figure).2
For example, 7810–7785 and 6557–6582 (HXB 2 nts) in
env were conserved for almost all M group HIV-1 strains
in addition to the primer binding sites in gag and pol.
Moreover, the amplicon length was designed to be
associated with conservative or variation of targeted gene,
the largest gag-pol amplicon represents the most
conserved gene region in HIV-1; the high variable env
gene region was split into two fragments for amplification
(pol-env and env-nef). The selected sets of primers were
further examined to match the Chinese prevalent strains
Thai-B and BC recombinant strains.2,5,16-18 Specially,
recombinant pattern of BC recombinant forms were taken
into consideration as another important factor in
designing primers. The primers binding sites were
designed to avoid the recombinant breakpoints of BC
recombinant strains (Figure). In addition, degenerate
bases within the primers were also used to cover the
genetic diversity present at the primer binding sites.
For one amplicon strategy, the primers were designed to
obtain 9.0 kb near full-length sequences as follows:
primer 1.5(+) and 1.3MR as outer primer, primer MSF12
and MSR12 as inner primer. The amplification reaction
was performed as previously described.2,5
Three-amplicon strategy was performed as following. The
first amplicon was the gag-pol amplicon (nts 623–4925
HXB 2 ), the second spans pol to env (nts 4743–7668
HXB 2 ) and the third from env to nef (nts 6996–9635
HXB 2 ) (amplicon described as Figure and primers are
listed in Table 1). The cycling conditions for these three
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Figure. Nearly full-length RT-PCR design. Viral RNA
was reverse-transcribed to cDNA with primer 1.3MR
using SuperScriptTM III RNase H2 RT. Two different
strategies were employed to amplify the nearly
full-length genome: one amplified 9.0-kb, and the
other amplified three overlapping fragments of 4.3-kb
(gag-pol), 2.9-kb (pol-env) and 2.7-kb (env-nef),
respectively.

regions were identical to the described one for 9 kb
amplicon, except the incubation time at 68°C in each
cycle was 5 minutes or 3 minutes rather than 10 minutes.
A hot-start using DynaWax (Finnzymes, Espoo, Finland)
was employed in each PCR, with two layers separated by
wax. In the bottom layer were the dNTPs and template
cDNA while the top layer contained the PCR buffer, DNA
polymerase and primers.
Sequencing
Eight samples achieved in success of 4 amplicons
(including 9 kb amplicon and three amplicons
simultaneously) were selected to perform sequencing
reaction using a primer-walking approach.2,5 To ensure
the single template used for sequencing reaction, 4
dilutions (1:5, 1:10, 1:20, 1:50) of synthesized cDNA was
amplified and the resulted positive PCR products with the
highest dilution were used in direct automated fluorescent
sequencing (BigDyeH Terminator v3.1 Cycle Sequencing
Assay, Applied Biosystems, USA) in an automated
3730xl sequencer (Applied Biosystems). The nearly
full-length genome sequence was assembled by
overlapping the sequences of the three amplicons and
merging them into one sequence as long as the two
overlapping sequences were greater than 99%
homologous.19,20
Amplification and sequencing of C2V3 of env
The synthesized cDNAs from 22 samples were amplified
using primer E7 (5′-CTGTTAAATGGCAGTCTAGC-3′)
and E8 (5′-CACTTCTCCAATTGTCCCTCA-3′) and
purified PCR products were used for sequencing env
C2V3 region. In order to identify the subtype or CRF,
phylogenetic analysis were performed for the generated
sequences as described previously.2,5,19-22
Statistical analysis
Chi-square test was used for the statistical analysis with
SPSS 11.0 (USA). P value less than 0.05 was considered
statistically significant.

RESULTS
Efficacy of PCR amplification
The amplification efficacies for four different fragments
obtained from 32 samples are shown in Table 2. For the
9-kb amplification, 8 positive PCR reactions were
obtained from 32 samples. For the three-amplicons
strategy, 65.6% success (21/32) was achieved in all PCR
reactions. In details, the positive amplifications of
gag-pol fragment were 75% (24/32), 65.6% (21/32) for
pol-env and 68.75% (22/32) for env-nef, respectively. The
significant difference of PCR efficiency between 9-kb
and three-amplicon strategy was detected by chi-squared
test (P=0.003).
Table 2. Amplification efficacy of HIV-1 RNA fragments Sensitivities of
by different detections with varied HIV-1 viral loads in plasma samples
PCR regions
Thai-B
Sample number (n)
gag-nef (9 kb)
gag-pol (4.3 kb)
pol-env (2.9 kb)
env-nef (2.7 kb)
BC recombinant strain
Sample number (n)
gag-nef (9 kb)
gag-pol (4.3 kb)
pol-env (2.9 kb)
env-nef (2.7 kb)

Viral load (copies/ml)
>80 000 (PCR efficiency)
<80 000 (PCR efficiency)
3
1/3
3/3
3/3
3/3

7
1/7
3/7
3/7
3/7

10
4/10
10/10
10/10
10/10

12
2/12
7/12
5/12
6/12

No significant difference between 10 Thai-B and 22 BC
recombinant strains was observed in the efficacy of long
RT-PCR. Three amplicons for Thai-B was 60% (6/10) and
for BC recombinant strains was 68% (15/22). Positive 9
kb amplicons for Thai-B and for BC recombinant strains
were 20% (2/10) and 27% (6/22), respectively.
Sensitivities for successful PCR amplification and
sequencing among different groups of HIV-1 VL
For both Thai-B and BC recombinant strains, the positive
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amplifications of four different fragments obtained in the
32 samples were closely associated with VL (Table 2).
The success for generating all three amplicons were
100% in samples with a VL greater than 80 000 copies/ml,
and around 42% in samples with VL less than 80 000
copies/ml (P=0.0015). The amplification from virion
RNA failed in the sample with VL less than 20 000
copies/ml. However, for the amplicons present in strong
bands, it remains as a challenge to sequence the nested
PCR products even VL is high.
For the three-amplicon strategy, 6 full-length sequences
of 8 samples were achieved, another two failed in pol-env
fragment sequencing. Four sequences were derived from
high viral load samples (VL greater than 120 000
copies/ml), 2 sequences with VL less than 80 000.
Amplicons from other two high VL samples resulted in
unavailable chromatography pictures in the sequencing
reaction. The resulting sequences were around 9 kb (nts
623–9635 HXB 2 ) and contained the complete HIV-1
coding region. All of the reading frames were open
without apparent insertion, deletion, or rearrangement.
For the 9-kb PCR products, none of complete and clear
full-length sequences was achieved in sequencing
chromatography pictures; most assembled fragments
were less than 7.5 kb and failed in sequencing env gene.
DISCUSSION
Thai-B, BC recombinant strain and CRF01_AE are
currently the dominant circulating strains of HIV-1 in
China; the former two accounts for more than 70%
infection in population.23-28 The unique constitution of
HIV-1 prevalence strains in China and different genetic
characteristics of viral gene may disable the published
international protocols for generating full-length genome.
Therefore, specialized primers for Chinese prevalence
strains are prerequisite for success to generate near
full-length genome from plasma. The relatively close
evolution relationship between Thai-B and BC
recombinant strain render it possible to design a set of
primers suitable for both subtypes strains; indeed, we
designed a set of primers and successfully tested them in
the present study. Although the primers were almost
conserved among the diversity strains for entire HIV-1 M
group, the one amplicon strategy (9 kb amplicon) was
proved unable to reconcile with directly sequencing
virion RNA. On the contrary, the three-amplicon strategy
specialized for particular strains showed high efficiency
in amplifying and sequencing.
The primers listed in Table 1 were designed by using the
full-length genome alignment of group M HIV-1 diverse
strains from the HIV sequence database and particularly
matched the genetic variation characteristics of Thai-B
and BC recombinant strains currently circulating in China.
Moreover, not only the most conserved regions but also
no breakpoints were considered as the binding sites for
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primers.2,5 As described in Figure and Table 1, there
exists no breakpoint within 500 bp at the binding sites of
primers, which helps to avoid PCR recombination and
unsuccessful assembled sequences. Through this rational
design, a similar efficacy of long RT-PCR was achieved
for Thai-B and BC recombinant strains.
The gene variation would undoubtedly affect the efficacy
of prolonged RT-PCR. The presented strategy of three
amplicons was designed to tackle with this issue and to
ensure a similar efficacy of different viral gene
amplification. Conserved gag-pol amplicon was the
longest fragment (4.3 kb), while a high variable gene
region (such as env) was separately amplified with 2.7 kb
and 2.9 kb. As described in Table 2, three amplicons
showed similar efficiency for RT-PCR and sequencing.
The optimization of extraction of RNA and cDNA
synthesis was also essential for the accurately direct
sequencing of full-length HIV RNA. Considering
ultracentrifugation is unavailable in most Chinese labs,
RNA extraction approach recommended by Rousseau et
al9 was explored. In fact, most HIV-1 infected individuals
have a viral RNA load above 20 000 copies/ml in plasma
if untreated or if they are on a non-suppressive
antiretroviral therapy,6 the presented method here without
ultracentrifugation in this study could be applicable for a
number of Chinese labs and was able to obtain viral
genome directly from plasma with relatively high efficacy.
For cDNA synthesis, priming with Oligo dT and 1.3MR
resulted in much better yields for synthesizing full-length
cDNA than random hexamer, and whereas 1.3MR tended
to generate more consistent results than Oligo dT.
Therefore, 1.3MR was used for all reverse transcription
reactions in our experiments.
The accuracy of direct sequencing of full-length virion
RNA from HIV-1 relies on the abundant and
homogeneous DNA copies. For the amplicons present in
strong bands, the quality of chromatography picture in
sequencing is independent on viral loads. Multiple
sequencing templates due to the presence of quasispecies
viruses in one fluorescent sequencing reaction were the
major challenge. Quasispecies viruses with equal or
unequal high virus loads, which showed strong band in
RT-PCR, could result in an obviously overlapping peak in
chromatography pictures. The highest diluted cDNA was
used in amplification, which could partially decrease the
overlapping peak in chromatography picture. However,
under certain circumstance, even with series dilution, it
remains impossible to sequence amplicons directly from
virion RNA, which may suggest that the high diversified
quasispecies in vivo existed.
In summary, the modified and optimized protocol in this
study was primarily proved to be suitable for amplifying
and sequencing nearly full-length genome of HIV-1
Thai-B and BC recombinant strains. In addition, the
three-amplicon strategy without ultracentrifugation
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renders this protocol feasible in laboratory of molecular
epidemiology for HIV/AIDS.
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