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Identification of HIV Mutation as
Diagnostic Biomarker through Next

Generation Sequencing

ABSTRACT

Introduction: Current clinical detection of Human immuno-
deficiency virus 1 (HIV-1)is used to target viral genes and proteins.
However, the immunoassay, such as viral culture or Polymerase
Chain Reaction (PCR), lacks accuracy in the diagnosis, as these
conventional assays rely on the stable genome and HIV-1 is
a highly-mutated virus. Next generation sequencing (NGS)
promises to be transformative for the practice of infectious
disease, and the rapidly reducing cost and processing time
mean that this will become a feasible technology in diagnostic
and research laboratories in the near future. The technology
offers the superior sensitivity to detect the pathogenic viruses,
including unknown and unexpected strains.

Aim: To leverage the NGS technology in order to improve current
HIV-1 diagnosis and genotyping methods.

Materials and Methods: Ten blood samples were collected
from HIV-1 infected patients which were diagnosed by RT PCR
at Singapore Communicable Disease Centre, Tan Tock Seng
Hospital from October 2014 to March 2015. Viral RNAs were

DOI: 10.7860/JCDR/2016/19760.8140

[ Microbiology Section ]

WEN HUI SHAW', QIANQIAN LIN?, ZIKRY ZHIWEI BIN ROSLEE MUHAMMAD?, JIA JUN LEE*, WEI XIN KHONG?®, OON TEK NG¢, ENG LEE TAN’, PENG LI®

extracted from blood plasma and reversed into cDNA. The
HIV-1 cDNA samples were cleaned up using a PCR purification
kit and the sequencing library was prepared and identified
through MiSeq.

Results: Two common mutations were observed in all ten
samples. The common mutations were identified at genome
locations 1908 and 2104 as missense and silent mutations
respectively, conferring S37N and S3S found on aspartic
protease and reverse transcriptase subunits.

Conclusion: The common mutations identified in this study
were not previously reported, therefore suggesting the potential
for them to be used for identification of viral infection, disease
transmission and drug resistance. This was especially the case
for, missense mutation S37N which could cause an amino acid
change in viral proteases thus reducing the binding affinity of
some protease inhibitors. Thus, the unigue common mutations
identified in this study could be used as diagnostic biomarkers
to indicate the origin of infection as being from Singapore.
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INTRODUCTION

HIV-1 virus has high mutation rate since they replicate their copies
using RNA polymerase, which could have high errors in the gene
copying [1]. This high mutation is very critical for the virus survival
and evolution. The mutation rate is responsible for conferring the
drug resistance during viral infection in the human host. Because
of its high mutation and recombination rates, HIV-1 always exists
as a diverse population in hosts. Therefore, many drug-resistance
mutations exist as quasispecies at a frequency of less than 20% of
the mix [2,3]. Also, it will lead to the variance of viral strains.

To date, viral culture or PCR has been regarded as the standard
metric because of its high sensitivity and the fact that it was the
method used to detect HIV-1 [4,5]. HIV-1 culture test, also named
as peripheral blood mononuclear cell micro-culture assay for HIV-1
isolation, is a laborious laboratory test invitro. The culture test uses
an antibody to detect the presence of the viral antigen in saliva,
urine or blood [6]. PCR is another preferred method for monitoring
the HIV-1 infection, and the specific PCR primer need to be
designed according to the specific region of the virus [7]. Thus, the
conventional methods like viral culture or PCR, rely on the stable
genome of the microbes. However, the mutated HIV-1 strain could
be missing the detection by general viral culture methods, due
to that it could be more difficult in growing. The mutated DNA
will also cause the primer design and classical PCR method to
become elusive. Furthermore, the biomarker protein expression
will change in the mutated strains. As a result, antibody-based
culture test can no longer detect virus accurately [8-10]. Thus, the
conventional methods lack robustness in the identification of the
mutated strains. This will lead to an urgent need for tools that can

rapidly detect and characterize them for infection management.

Next generation sequencing technology is a currently developed
DNA/RNA sequencing tool in gene identification [10]. Its current
applications include the targeted sequencing, which is used to
identify genes that are involved in diseases [10,11]. It is recognized
to be afar-reaching technology which can work as a tool for genomic
healthcare for patients. NGS has considerable advantages over
PCR in terms of improved accuracy of repeated regions, less cost
and capability to detect low-frequency alleles [12,13]. A study of
pathogenic Chlamydia trachomatis sample has demonstrated that
NGS confers 91% perfect matching to reference. The accuracy
of 95-100% coverage of a reference bacterial genome had been
reached [14]. Another advantage of NGS is that it has the ability to
process multiple sequencing reactions, millions in fact, in a parallel
fashion. Many fragments of DNA are able to be sequenced at the
same time, which allows the sequencing to be much easier with
this technological advancement.

MATERIALS AND METHODS

Clinical Specimens: Blood samples from patients were collected
from October 2014 to March 2015 at Singapore Communicable
Diseases Centre. The laboratory protocol details have been
published [15]. Patient plasma was separated from blood samples
and stored at -80°C. An in-house RT-PCR assay was used
to diagnose the HIV-1 positive patients [4]. Ten clinical positive
samples were chosen for the RNA isolation. Before the isolation, 1
mL of frozen plasma was thawed and was centrifuged at 24,000
x g for an hour at 4°C. A 600 uL of supernatant was discarded
and the remained 400 plL of plasma containing the viral particles
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were used for viral RNA isolation using the Magna Pure Compact
Nucleic Acid Isolation kit (Roche Applied Science, Switzerland),
according to the manufacturer’s manual. RNA was subsequently
eluted in 50 uL of the kit elution buffer. After RNA isolation, RNA
samples were reverse-transcribed into their complementary DNAs
(cDNA) using the One-Step RT-PCR kit (QIAGEN, Valencia, US).
The amplified primers were as following: forward primer: 5’- GAA
CAG ACC AGA GCC AAC AGC CCC ACC-3’ from HIV-1 genome
positions 2139 to 2165; reverse primer I1:5°-TTT GAC TTG CCC
AAT TTA GTT TTC CCA C-8’and II: 5’- TTT GAC TTG CCC AAT
TTA ACT TTC CCA C-3’ from HIV-1 genome positions 3330 to
3357 [4,16].

DNA clean up: cDNA was cleaned by PCR Purification Kit
(QIAGEN, Valencia, US) [17] as stated by the vendor’ instructions.
Different concentration of the purified DNA samples was then
quantified using the Picogreen [18].

DNA concentration quantification: cDNA sample concentration
was quantified with Quant-iT Picogreen dsDNA Reagent following
the company’s suggested protocol (Thermo Fisher Scientific,
Grand Island, USA). A 50 pL of the standards and samples were
added into wells of the Greiner 96 flat bottom black polystyrol
plate. The samples were aliquotted into the wells in triplicates.
Then they were mixed by tapping plate gently and after that 50uL
of diluted Picogreen were added to each plate well. Then the plate
was incubated in the dark for 2~5 minutes before being sent for
the fluorescence reading with the excitation wavelength at 480nm
and the emission wavelength at 520nm.

Agarose gel electrophoresis: A 1.2% agarose (Thermo Fisher
Scientific, Grand Island, US) gel was cast. 1.2 g of agarose powder
was added to 100 mL of 1X TAE buffer. A 2 L of Gel Red nucleic
acid gel stain (Biotium Inc. Hayward, US) was also added after the
mixture was completely dissolved by heating. A 3 uL of 6 X loading
dye was mixed with 15 pL of the amplified DNA templates and
loaded into the wells of the gel. DNA markers were used to estimate
the size of the amplified DNA. The agarose gel was run in TAE buffer
using the constant electric flow of 100 V for 90 mins [19].

NGS DNA library construction: A 1ng DNA was used, and
Nextera enrichment sample was followed for the NGS library
construction (lllumina, San Diego, US) [20]. Thirteen cycles of
PCR were applied for sample DNA amplification. Once the PCR
programme was completed, a real-time PCR run was done on the
amplified product to ensure that the target of interest has been
amplified followed by agarose gel running to check for the bands.
The samples were put into the ABI 7500 Fast Real-Time PCR
System following the thermocycling program.

Library pooling and sequencing: As preparation, a heat block
was set at 96°C, the sequencing reagent cartridge was thawed at
room temperature and an ice bucket was prepared by combining
3 parts ice and 1 part water. A new Eppendorf tube was used to
pool DNA library and 5 pL of the mixture from each DNA sample
were transferred into the pool tube, followed by pipetting up and
down 5 times to mix the sample. Following that, the pool tube was
incubated using a heat block, at 96°C for 2 minutes, inverted two
times to mix, and then immediately placed into the ice box for 5
minutes. After incubation, the contents of DNA pool library were
loaded into the thawed reagent cartridge’s sample reservoir and
placed into the MiSeq machine (lllumina, San Diego, US) [21] for
sequencing as multiplex two read libraries for 318 cycles (including
additional 16 cycles of index reads).

Data analysis: The quality of the sequencing results was verified
by Sequencing Analysis Viewer (llumina, San Diego, USA)
and by resequencing to reference sequences using lllumina
MiSeq Reporter. The HIV-1 reference sequence (Accession No.
AF033819.3) is from GeneBank. The results were further aligned
for quality and variance by website tool of the IGV (Integrative
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Lanes: 1 2 3 4 5 b6

[Table/Fig-1]: Agarose Gel Electrophoresis of HIV-1 sample VI and sample VII. Lane
1, ultra-low DNA ladder; Lanes 2 & 3, sample VI and sample VII before sequencing
library construction; Lanes 4 & 5, sample VI and sample VIl after sequencing library
construction; Lane 6, 1 kb DNA ladder.

Genomics Viewer, the Broad institute) [22]. The identified HIV-1
mutations were further examined through Basic Local Alignment
Search Tools (BLAST) from National Centre for Biotechnology
Information (NCBI). The common mutations were also evaluated

as potential biomarkers in disease transmission, pathogen
prevalence and drug resistance.
RESULTS

HIV-1 samples VI and VII were chosen for the gel electrophoresis
to ensure that the DNA libraries were successfully fragmented and
tagmented [Table/Fig-1]. The smear seen in the respective lanes
in the agarose gel indicates that the longer cDNA fragments had
been effectively fragmented into smaller pieces between 200 and
500 bp, as indicated by a smear through its lane [Table/Fig-1]. The
size of these DNA pieces was compatible with our sequencing
platform.

NGS confers 97.3% of the reads identified. The sequencing quality
of the base calling from the resulting images was verified by quality
score (Q). 95.1% of the reading sequencing results was >Q30,
which represents more than 99.9% accuracy for the base calling.
96.68% of Read 1 and 93.46% of Read 2 sequences were >Q30.
In comparison with the HIV-1 reference genome, we were able to
identify the mutations through the sequencing analysis.

The nucleotides indicated on the fragments were the mutated bases
that were different to the reported bases in the HIV-1 reference
genome. Based on our results [Table/Fig-2&3], only the mutated
bases with at least 90 percent base mutations corresponding to
the HIV-1 reference genome were recorded. The mutated bases
from all ten sequenced HIV-1 samples were collated. There were
various mutations identified from our HIV-1 NGS results. In order
to find the common mutation among the ten HIV-1 samples, all the
mutations for the ten HIV-1 samples were aligned and compared
with the reference genome. Ten individual HIV-1 sequencing and
analysing results are summarized in the tables [Table/Fig-2&3].
Two common mutations were observed in all ten samples and
were identified at the genome position 1908 and 2104.
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At HIV-1 genome position 1908 [Table/Fig-2], there was a base
change from Guanine (G) to Adenine (A). The base change
A1908G causes a missense mutation as the codon changes from
AGT to AAT. This results in the substitution of amino acid from
Serine (S) to Asparagine (N). The novel missense point mutation
of S38N was discovered in our studies. In addition, at HIV-1

www.jcdr.net

genome position 2104 [Table/Fig-3], a common base change of
Cytosine (C) to Thymine (T) was identified in the HIV-1 samples
as well. These two common mutations are located at HIV-1 gag-
pol region. There are other many random mutations in the HIV-1
genome which arise due to selective pressure. Random mutations
refer to any mutations that have more than 90% mutated base

that can be found at any HIV-1 genome location. For example,
the random mutations at 1870 were only identified in Sample |,

Mutated No of base

Sample ID Original Base Base Percentage counted but not in the other nine samples [Table/Fig-4]. The finding of the
| G A 97% 799 random mutations demonstrates that the overall sequencing was
I G A 97% 1129 correct and the common sequencing results were not due to cross
I G A 99% 5418 contamination.
: = 2 " | DISCUSSION

The advent of NGS technologies offering different chemistries,
v G A 100% 175 simplified sample preparation, faster processing times, and
Vi G A 99% 595 reduced cost per base pair sequenced prompted us to translate
il G A 99% 14218 currently available NGS technology into clinical diagnostics for
IX G A 99% 73364 HIV-1 studies. HIV-1 genomes had been previously sequenced
X G A 100% 13357 through Roche 454 pyrosequencing in the years 2012 [23] and

2013 [24], and some mutations were discovered in this deadly

[Table/Fig-2]: The nucleotide change at position 1908 among ten samples.

Mutated No of base Mutated No of base

Sample ID Original Base Base Percentage counted Sample ID Original Base Base Percentage counted
| C T 94% 216 I G A 97% 554

I C T 97% 156 Il G G 100% 799

Il C T 100% 146 I G G 95% 1816
vV C T 99% 26749 Y G G 100% 17862
\% ¢] T 100% 21 v G G 97% 156
VI c T 93% 43 Vi G G 99% 232
Vil C T 92% 161 Vil G G 100% 1861
Wil C T 99% 38452 VI G G 100% 20054
IX C T 98% 21067 IX G G 100% 40417
X C T 93% 43 X G G 100% 7207

[Table/Fig-4]: The nucleotide change at position 1870 among ten samples.
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[Table/Fig-5]: The graphic with various genes present in gag-pol in the given reference HIV-1 genome. The two common mutations at the position 1908 and 2104 were

highlighted in the green and blue respectively.
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virus. Here, we used lllumina Miseq platform to sequence the HIV-1
clinical samples. We took advantage of Nextera library construction
technology, which allows NGS a tiny amount input cDNA (1ng) as
opposed to general amplicon methodology (500ng) [23]. Thus, the
amplification cycles in the library preparation will be fewer and
the error from the PCR-induced amplification and recombination
will be minimized [25]. Furthermore, in the previous studies, the
HIV-1 samples were from America and UK [23,24]. As HIV-1 is a
globally spreading pathogen and there are various HIV-1 subtypes
in different regions around the world, it is conceivable that there
would exist different mutations in the other subtypes. In this study,
we sequenced ten HIV-1 clinical strains isolated in Singapore. Our
NGS results demonstrated that no two virions were exactly identical
among the various clinical samples. This suggests that HIV-1
always exists as a diverse population, due to its high mutation and
recombination rates. This is in consistent with other findings that
have shown that HIV-1 is one of the highest-mutated virus [23,26].
More importantly, as compared to their Western counterparts, two
specific common mutations were found here in the HIV-1 pol gene
[Table/Fig-5]. Since the pol gene itself consists of 3 factors for viral
replication and is one of the least variable regions, it has been the
main target for disease diagnosis and drug development [27].

The missense mutation identified at HIV-1 genome position 1908
is located in the pol gene coding for aspartic peptidase, leading to
the mutation at S37N on the virus’s aspartic proteinase and S93N
on the pol peptide [Table/Fig-5]. Aspartic protease is responsible
for the cleavages in the Gag-Pol polyprotein. Antiviral drugs like
ritonavir and saquinavir are protease inhibitors which cause the
dysfunction of these enzymes, and ultimately stop viral replication
[28]. The missense mutation at genome position 1908 confers
to the mutation at the codon S37N of the aspartic protease
gene. The mutation identified would have led to a change in the
conformation of the enzyme which allows the potential resistance
to the inhibitory effects of the drug and encourages the expansion
of HIV-1 population in the hosts. The location of this common
mutation has not been reported in other papers [23,29,30]; of those
reported, these were at amino acid codons 24, 32, 46, 47, 48,
50, 54, 76, 82, 84, 88, 90 from the Stanford HIV Drug resistance
Database [31]. Therefore, the identification of the mutation at a
new location may suggest that there may be an emergence of a
potentially new resistant HIV-1 strain.

Another mutation at genome position 2104 which leads to a silent
mutation on reverse transcriptase subunits was also identified from
our results. This mutation was within the reverse transcriptase
subunits, p51 and p66, which leads to mutation at S3S on the
p51/p66 reverse transcriptase subunits and S158S on the Pol
peptide. The p51 subunit is encoded in the first 440 amino acids of
the p66 subunit which corresponds, although not precisely, to the
polymerase domain while the rest of the p66 contains the RNAse H
(enzymatic) domain [26]. Generally, the coding of the same amino
acid through silent mutation would maintain the protein sequence
of the enzyme, hence preserving its activity. However, silent
mutations can also lead to the altered folding pattern of mRNA,
and thus alter the translational efficiency and protein expression
level [32]. This minor alteration in protein structure has been
observed in particular cancers in humans. The silent mutation in
the MDR gene at exon 26 produces polymorphic P-glycoprotein
which enables the effective pumping of chemotherapy drugs out of
the cell [33]. The common mutation identified codes for the same
amino acid, and therefore it is highly possible that the HIV-1 virus
from Singapore is easily mutated at this position under selection
pressure, such as the host defense systems in local patients.
The presence of this pressure may have been the stimulus for
the virus to develop its survival ability by mutation and at the
same time preserve the activity of its viral enzymes. As a result,
the identification of these common mutations could be used as
diagnostic biomarkers for the strain of HIV-1 in Singapore. As
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these common mutations are different compared to the reference
genome and are only identified in virus from Singapore, this makes
them promising biomarkers for local HIV-1 strains. Additionally, the
HIV-1 strain with its unique mutated location could have resulted
from drug interactions with the unique immunologic response of
the local patients [34]. During antiviral drug treatment, most HIV-1
viruses can be killed. However, if a drug-resistant HIV-1 strain is
present, even in small numbers, it can proliferate and dominate the
HIV-1 viral pool [35]. This information could be used as evidence
for health agencies to put in place more stringent control measures
that can slow the transmission of the virus. The findings of the
study suggest that the identification of these common mutations
could be used as diagnostic biomarkers for the strain of HIV-1 in
Singapore and further studies are required to confirm the same. In
the future work, we need to confirm that these common mutations
are not predominantly found in other Asian countries, therefore
they could be potential biomarkers which enable the tracing of
HIV-1 strains that originate within the country.

CONCLUSION

In essence, NGS gives vastly superior information for the accurate
detection of HIV-1 genomic mutations. Thus, NGS could set to
be the next standard of healthcare method for HIV-1. This study
outcome holds great potential for helping to provide clinicians
with deeper insights into disease diagnosis and pathogen
transmission. This information can serve as an indicator that allows
the monitoring of the spread of HIV-1 infections based on their
origin of infection. The assumption would be that the spread of
HIV-1 strains carrying these common mutations is localized within
Singapore. Additionally, the novel common mutation identified
from this study would also be helpful to examine their involvement
in conferring antiviral drug resistance in HIV-1.
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