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Abstract
It is important to study the molecular properties of vertically transmitted viruses in early infancy to understand disease pro-
gression. P24 having an important role in virus assembly and maturation was selected to explore the genotypic characteristics. 
Blood samples, obtained from 82 HIV-1 positive infants, were categorized into acute (≤ 6 months) and early (> 6–18 months) 
age groups. Of the 82 samples, 79 gave amplification results for p24, which were then sequenced and analysed. Amino acid 
heterogeneity analysis showed that substitutions were more frequent. Several substitution mutations were present in some 
of the sequences of both the age groups in the functional motifs of the gene namely Beta hairpin, CyPA binding loop, resi-
dues L136 and L190, linker region and major homology region. In the acute age group, an insertion of Asparagine residue 
(N5NL6) was observed in the β hairpin region in one of the sequences. This insertion was accompanied with analogous 
substitutions of N5Q, Q7L and G8R. In the early age group, a deletion of two residues; VK181−182, was observed at the 
C-terminal end in one of the sequences. These mutations may impair the structure of the protein leading to defective virus 
assembly. Protein variation effect analyzer software showed that deleterious mutations were more in the acute than the early 
age group. Variability analysis revealed that the amino acid heterogeneity was comparatively higher in the acute than the early 
age group. Variability in the virus was decreasing with the increasing age of the infants indicating that the virus is gradually 
evolving under positive selection pressure. HLA class 1 binding peptide analysis showed that the epitopes TPQDLNTML 
and RMYSPVSIL may be helpful in designing epitope based vaccine.
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Introduction

Transmission of Human Immunodeficiency Virus type-1 
(HIV-1) (Species: Human Immunodeficiency Virus-1, 
genus: Lentivirus, Family: Retroviridae) infection from 
mother to her child is the most important mode of trans-
mission in the children [1, 2]. Disease progression in verti-
cally infected infants/neonates occurs rapidly as compared 

to the adults [3]. Although ART in HIV-1 infected pregnant 
women has significantly reduced the rate of mother to child 
transmission (MTCT), still it continues to remain a major 
concern in the children worldwide [4].

The P24 capsid protein of HIV-1 plays an important role 
in virus assembly, maturation and in early post-entry steps. 
It is released from the central part of HIV-1 group specific 
antigen (Gag) polyprotein, forming the conical shell of the 
virus and enclosing the viral genome [5–8]. The protein is 
made up of approximately 240 amino acids and is divided 
into two different domains, an N-terminal domain (NTD) 
and a Carboxyl-terminal domain (CTD). Both the domains 
are joined via a four residue inter-domain flexible linker 
region [6, 8, 9]. NTD is rich in proline residues and is essen-
tial in formation of functional mature virion core while CTD 
is significant in particle assembly and oligomerisation of 
Gag polyprotein [5, 10].

Identifying the genetic variability in vertically transmit-
ted viruses in early infancy is important to understand the 
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disease progression. Data on how heterogeneity in viral 
genes develops in the early and later ages of the infant are 
very limited. Previously, we have characterized HIV-1 nef 
gene from HIV-1 infected infants and reported a decreasing 
trend of amino acid variability with the increasing age of 
the infants [11]. In the present study molecular characteri-
zation of p24 gene in HIV-1 infected infants born to HIV-1 
infected mothers from northern states of India was carried 
out. Though p24 gene being conserved and under low evo-
lutionary pressure, it has a dominant role in gag specific 
CTL epitopes, and thus play a significant role for vaccine 
formulation [12]. Heterogeneity within subtype C strains 
in different population and their HLA profile influences the 
variety of epitopes recognized [13]. Therefore, identifica-
tion of different epitopes from different antigenic regions 
in different population is important for designing vaccine 
construct.

In the current study, patients were categorized in 
“acute age group” (≤ 6 months) and an “early age group” 
(> 6–18 months) to understand the evolutionary changes in 
the gene at very early age and at later age group. Functional 
motifs of the gene essential for p24 activity were analysed 
and evolutionary relationships were studied. Similarity anal-
ysis of the gene with the vaccine candidate sequences and 
HLA-binding motifs was also predicted that may provide 
useful data for designing an efficient multi-epitope vaccine.

Materials and methods

Study population

A total of 82 whole blood samples (WBS) of infants aged 6 
weeks to 18 months, born to HIV-1 positive mothers, were 
included in the present study. These samples were received 
from various ART centres of northern states of India to 
National Centre for Disease Control (NCDC), Delhi for early 
diagnosis of HIV-1. The study was carried out at NCDC 
with proper ethical clearance.

Sample preparation

WBSs were processed to obtains the pellet of PBMCs 
using the BLD Wash solution provided in the AMPLICOR 
HIV-1 DNA test kit, version 1.5 (Roche Molecular Systems) 
according to the manufacture instructions.

Genomic DNA extraction

Genomic DNA was extracted from the stored PBMCs using 
Qiagen DNeasy kit (Qiagen GmbH, Germany) according to 
the manufacturer’s protocol. Presence of the genomic DNA 
was confirmed by gel electrophoresis in 1% agarose using 

0.5× Tris–acetate EDTA (TAE) buffer. DNA was stored at 
− 20 °C till used.

PCR amplification

All the samples which were included in the study (n = 82) 
were diagnosed by PCR technique using the primers SK145 
(5′-AGT​GGG​GGG​ACA​TCA​AGC​AGC CAT​GCA​AAT-3′) 
and SKCC1B (5′-TAC​TAG​TAG​TTC​CTG​CTA​TGT​CAC​
TTCC-3′). These primers amplified a sequence of 155 nucle-
otides within the highly conserved region of gag gene. All 
the 82 samples gave amplification results for 155 nucleotides 
in the gag gene. In these positive samples, the p24 gene 
with amplicon size 717 bp was amplified through nested 
PCR as described earlier [14]. Sequences of the forward 
and reverse primers used in the outer PCR were G00 (5′-
GAC​TAG​CGG​AGG​CTA​GAA​G-3′ nt. position 764–782) 
and G01 (5′-AGG​GGT​CGT​TGC​CAA​AGA​-3′ nt. position 
2264–2281) respectively. For the inner PCR the primer pair 
used was G60 (5′-CAG​CCA​AAA​TTA​CCC​TAT​AGT​GCA​
G-3′ nt. position 1173–1197) and G25 (5′-ATT​GCT​TCA​
GCC​AAC​TCT​TG-3′ nt. position 1867–1889). Amplifica-
tion was carried out using the Green Master Mix PCR kit 
(Promega, Madison, USA) according to the manufacturer’s 
instructions. The thermal profile for outer PCR was initial 
denaturation at 95 °C for 2 min followed by amplification 
30 cycles of 92 °C for 10 s; 55 °C for 30 s; 72 °C for 1 min; 
final extension at 72 °C for 7 min. For nested PCR, it was 
initial denaturation at 95 °C for 2 min followed by ampli-
fication 30 cycles of 92 °C for 10 s; 56 °C for 20 s; 72 °C 
for 1 min; final extension at 72 °C for 7 min. Quality of the 
PCR products was checked on 1% (w/v) agarose gel elec-
trophoresis in 1× Tris Acetate EDTA (TAE) buffer (40 mM 
Tris, 20 mM acetic acid and 1 mM EDTA), pH 8.3 (Merck). 
Agarose gels were stained with Ethidium Bromide and were 
visualized under UV transilluminator (Gel Documentation 
System, AlphaImager EC, USA).

Sequencing

Amplified PCR products were subjected to automated nucle-
otide sequencing separately with both forward and reverse 
primers of inner PCR. Sequencing was carried out using the 
Big Dye Terminator Cycle Sequencing Kit v 3.1 (Applied 
Biosystems, CA, USA) containing four dye labelled dide-
oxynucleotide terminators according to the manufacturer’s 
instructions. Cycle sequencing parameters included 25 
cycles at 96 °C for 10 s, 50 °C for 5 s and 60 °C for 4 min. 
Purification of the reaction mixture was carried out manually 
using 3M sodium acetate (pH 4.6) and ethanol precipitation 
method. Purified DNA was lyophilized and re-suspended 
in 12 µl Hi-Di formamide (Applied Biosystems) followed 
by heat (95 °C for 2–3 min) and immediate chilling on ice 
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(+ 4 °C) for 5–10 min. DNA was finally loaded onto 3130xl 
Genetic Analyzer (Applied Biosystems) for nucleotide 
sequencing and data collection.

Genetic analysis

All the sequences collected from Genetic Analyzer were 
resolved with the help of bioinformatics software MEGA 
v 6.06 [15] and BioEdit software v. 7.0.9.0 [16]. All the 
sequences were analysed for the peaks in the electro-
pherogram with the help of sequencing analysis software 
v 5.3. Only dominant peaks having high Normalized flu-
orescence intensity (peak values) were used for analysis. 
Resolved sequences were submitted to the GeneBank and 
accession numbers were obtained (KY926622–KY926694, 
KY930920–KY930924).

Virus subtyping

Subtypes of all the isolates were determined through NCBI 
Blast and RIP tool available at http://www.hiv.lanl.gov/conte​
nt/seque​nce/RIP/RIP.html.

Phylogenetic analysis and inter‑patient nucleotide 
distances

Phylogenetic tree was constructed using the sequences of 
the present study and previously reported sequences. The 
tree was constructed by maximum likelihood method using 
MEGA v 6.06 and the reliability of the branching orders was 
determined using bootstrapping. The inter-patient nucleotide 
distance and genetic diversity were calculated separately for 
both the age groups using MEGA, v 6.06 [15].

Synonymous/nonsynonymous substitution ratio 
(dS/dN)

This ratio helps in analysing regions of proteins evolving 
under positive selection. A value of dS/dN > 1 indicates 
amino acid conservation due to structural and functional 
constraints, whereas dS/dN < 1 suggests the diversity in 
amino acids [15]. The dS/dN substitution ratio was calcu-
lated separately for both the age groups using the SNAP 
programme available at http://www.hiv.lanl.gov/conte​nt/
seque​nce/SNAP/SNAP.html [17].

Multiple alignments

Multiple sequence alignment was carried out using BioEdit 
software v. 7.0.9.0 [16]. Alignment was done separately for 
both the age groups. All the study sequences were aligned 
with the consensus subtype C sequence consisting of 231 
amino acid residues (source: HIV sequence database) in both 

the age groups. Position numbering of amino acids in the 
sequences is according to their positions in HIV-1 subtype 
C consensus sequence.

Protein variation effect analyzer software 
(PROVEAN)

It is a software tool which is available at http://prove​an.jcvi.
org/index​.php. The tool predicts whether an amino acid 
mutation affects the protein function [18]. It can predict 
any kind of substitutions, insertions and deletions. When an 
amino acid sequence is submitted, the software tool searches 
it’s homologs against the NCBI database using BLAST 
that are clustered by software CD-HIT. On the basis of the 
selected homologs, the PROVEAN scores are computed for 
each of the mutation. The scores are then averaged within 
and across clusters to generate the final PROVEAN score. 
If the PROVEAN score is equal to or below a predefined 
threshold (e.g. − 2.5), the protein variant is predicted to have 
a “deleterious” effect. If the PROVEAN score is above the 
threshold, the variant is predicted to have a “neutral” effect. 
The default score threshold is − 2.5 for binary classification 
i.e. deleterious vs neutral [19, 20]. The PROVEAN score 
in this study was calculated for each amino acid mutation 
separately in both the age groups.

Measure of variability

Entropy measures the variability of amino acids at a given 
position. It takes into account possible amino acids and their 
frequency at a given position. Sequences from both the age 
groups were examined for variability in amino acids of the 
functional motif of the protein. Variability was calculated as 
entropy using the tool, Entropy-Two available at http://www.
hiv.lanl.gov/conte​nt/seque​nce/ENTRO​PY/entro​py.html. The 
tool uses Claude Shannon Entropy to measure the variation 
in protein sequence alignments. A Shannon entropy score 
was calculated for each amino acid in the alignment. Entropy 
of two age groups was compared to find the difference in 
variability between the alignments of two groups. Entropy 
plots of both the age groups and a plot showing the dif-
ference in amino acid residue with statistically significant 
difference in variability were constructed. Statistical signifi-
cance was calculated using Monte Carlo randomization (5 
out of 100) with replacement. The sign of entropy difference 
in the dataset indicates whether the observed variations/con-
servation was in acute age group or in early age group.

Prediction of host HLA class‑1 binding peptide motif

In Indian population, there is high occurrence of HLA-A1, 
A2, A-0201, A-0205, B-7, B-8, B-2705, Cw401 and Cw602 
alleles [21–24]. These HLA types were studied to identify 

http://www.hiv.lanl.gov/content/sequence/RIP/RIP.html
http://www.hiv.lanl.gov/content/sequence/RIP/RIP.html
http://www.hiv.lanl.gov/content/sequence/SNAP/SNAP.html
http://www.hiv.lanl.gov/content/sequence/SNAP/SNAP.html
http://provean.jcvi.org/index.php
http://provean.jcvi.org/index.php
http://www.hiv.lanl.gov/content/sequence/ENTROPY/entropy.html
http://www.hiv.lanl.gov/content/sequence/ENTROPY/entropy.html
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the binding epitopes in HIV-1 p24 sequences of the study. 
The software programme ProPred-I available at http://www.
imtec​h.res.in/ragha​va/propr​ed1/ was used for analysis of 
HLA-1 binding sites/epitopes in the p24 sequences [25]. 
Percentage of isolates showing conservation of each epitope 
was calculated and the epitopes which were most likely to 
be expressed in circulating HLA strains were identified. 
These epitopes were then compared with the potential vac-
cine candidate sequences AB023804 (93IN101), AY043175 
(DU422), AF286227 (97ZA012), U52953 (92BR025) and 
AF286224 (96ZM651) to assess which vaccine candidate(s) 
sequence encodes the largest number of relevant epitope 
sequences [26].

Results

Of the 82 HIV-1 positive samples amplified, 79 were found 
to be PCR positive for the p24 gene, which were then 
sequenced and analysed. NCBI Blast and RIP tool catego-
rized 74 sequences (93.67%) as subtype C; 3 (3.79%) as 
subtype A1 (IND_UP215, IND_PB67, IND_UP107), while 
2 (2.53%) were categorized as recombinants (A1C and 01_
AE). Further analyses were conducted using only subtype 
C sequences (n = 74). Out of the 74 subtype C sequences, 
24 belonged to the acute and 50 to the early age groups. In 
the Phylogenetic tree (Fig. 1), it was observed that subtype 
C sequences of the present study clustered together and were 
interdigitated with those of previously reported subtype C 
p24 sequences from India and other countries. Inter-patient 
nucleotide distances were 0.045 and 0.051 in acute and early 
age groups respectively. The average of dS/dN substitution 
ratio was 7.4081 and 8.1957 in acute and early age groups 
respectively.

Amino acid heterogeneity

Multiple alignment of the sequence data indicated that the 
p24 in the subtype C sequences ranged from 231 to 232 resi-
dues in the acute age group (≤ 6 months) while in the early 
age group, it ranged from 229 to 231 residues (Fig. 2A, B). 
All the sequences had an intact ORF indicating the presence 
of a functional protein. Substitutions were more frequent 
than insertion and deletions. Several substitution mutations 
were present in some of the sequences of both the age groups 
in the functional motifs of the gene namely Beta hairpin, 
CyPA binding loop, residues L136 and L190, Linker region 
and MHR.

C.US.AY444800
C.ZA.AY838569

C.IN.AF067155
C.IN.KP109489

C.IN.KF766537
C.IN.KF766540

C.TZ.AY253304
C.ZM.KP715846

IND PB243
IND RJ184

IND DL42
IND UP162

IND RJ116
IND UP204

IND UP180
IND UP189

IND RJ77
IND UP211

IND RJ216
IND UP198

IND CHD47
IND PB179

IND UP240
IND CHD46

IND DL110
IND CHD239
IND RJ246

IND DL222
IND DL234

IND UP156
IND CHD236
IND DL150

IND RJ212
IND RJ217

IND RJ138
C.IN.AF533122
IND UP192

CONSENSUS C
IND DL64

IND PB244
IND UP130

IND UP203
IND RJ58

IND UP101
IND UP100

IND UP181
IND UP185

IND UP202
IND DL111

IND DL141
IND UTH57

IND DL131
IND RJ105

C.KE.AY945738
IND UP205

IND UTH66
IND UTH188
IND DL80

IND RJ76
IND UP69

IND DL210
IND RJ195

IND DL39
IND UP152

IND UP241
IND DL145

IND RJ183
IND UP106

IND DL237
IND DL238

IND DL250
IND UP79

IND UP208
IND RJ245

IND UP78
IND UP175

IND UP230
IND RJ187

IND DL249
IND UP163

IND RJ59
IND UP48

IND DL132
IND DL158

CONSENSUS B
IND UP129

CONSENSUS A2
Ref.01 AE.AF.GQ477441

IND UP201
CONSENSUS 01 AE

01 AE.CN.JQ028241
01 AE.CH.KJ689266

A1.CY.JF683782
A1.IN.KT152840

A1.IN.KT152841
CONSENSUS A1

A1.UG.AB253429
IND UP107

IND PB67
IND UP215

9 9

9 9

4 8

8 2

4 8

4 6

8 6

9 9

7 3

7 6

9 6

9 9

9 9

9 9

9 9

9 9

6 5

9 9

9 8

7 6

9 9

9 0

7 0

6 7

7 9

5 1

9 5

2 9

4 4

3 7

3 4

3 4

1 3

3 7

3 3

3 1

1

4 8

2 7

3 1

5 0

1 6

2 6

2 1

2 1

0

1
1 1

8

2 0

1 0

6

1 7

0

8

1 2

5 9

1

1 8

0

1

1 4

1

1 1

7

1 9

0

5

3

0

5

0

0

0

2

2

8

0

0

0

0

0

0

0

0

6

0.02

Fig. 1   Phylogenetic tree of p24 study sequences with other reported 
sequences. The horizontal branch length represents evolutionary dis-
tance and vertical represents relatedness. Reference and consensus 
sequences are shown by filled triangle symbol
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In the acute age group an insertion of Asparagine (N) 
residue between N5 and L6 was observed in the β hairpin 
structure formed by the residues PIVQNLQGQMVHQA1−14 
in the sequence IND_DL80. In the same sequence residues 
N5, Q7 and G8 were substituted by homologue Glutamine, 
analogues Leucine and Arginine respectively. In another 
sequence of the same age group, residue H12 was sub-
stituted by Tyrosine (IND_UP106) while in another two 
sequences; A14 was substituted by Proline (IND_RJ187 
and IND_UP208). In the early age group, residue L6 of 
the β hairpin was substituted in 3 of the sequences (IND_
DL39, IND_UP101 and IND_RJ216). Residues Q9 and H12 
were substituted by Leucine in IND_UP79 and IND_UP48 
respectively, while the residue Q13 was substituted by Ser-
ine in the sequence IND_UP79. Residue A14 was substi-
tuted in 12 sequences (Leucine in 2, Proline in 9 and Serine 
in 1 sequence).

In the NTD, a loop is formed by the residues 
PVHAGPIAPG85−94 which catalyzes the binding of CyPA 

(cellular peptidyl-prolyl cis–trans isomerase cyclophilin A) 
into the virion. In the acute age group, residue V86 in this 
loop was substituted in 5 of the sequences (Isoleucine in 4 
and Glutamine in 1 sequence); H87 was substituted in 2 of 
the sequences (Glutamine in 1 and Proline in 1 sequence); 
I91 was substituted in 7 of the sequences (Valine in 4, 
Asparagine in 2 and Leucine in 1 sequence) and A92 was 
substituted by Proline in 1 of the sequences. In the early age 
group, residue V86 was substituted in 13 of the sequences 
(Isoleucine in 6, Glutamine in 3, Alanine in 3 sequences and 
Threonine in 1 sequence); H87 was substituted in 15 of the 
sequences (Glutamine in 12 and Proline in 3 sequences); 
I91 was substituted in 24 of the sequences (Valine in 16, 
proline in 1, Asparagine in 2, Leucine in 2 and Alanine in 3 
sequences) and A92 was substituted by Proline in 3 of the 
sequences.

Glutamine at position 112, important in viral particle 
production, was conserved in all the sequences of acute 
age group while in the early age group this residue was 
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IND_RJ212 A...V...E. .......... .......... .......... .......... .......... .......E.. ....S..... .......... SI........ .......... .. 231
IND_RJ217 G...V...E. .......... .......... .......... .......... .......... .......E.. .......... .......... SI........ .......... .. 231
IND_RJ138 A...V...E. .......... .......... .......... .......... .......... .......E.. .......... .......... SI........ .......... .. 231
IND_RJ187 A...V..... .......... ........T. ....R..... .......... .......... .......... .......... .......... S......... .......... .. 231
IND_RJ195 N...V...E. .......... .......... .......... .......... .......... E......... .......... ...KS..... S......... .......... .. 231
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IND_UP156 ....V...E. .......... .......... .......... .......... .......... .......... .........R .......... SI........ .......... .. 231
IND_UP162 A...V...E. .......... ........T. .......... .......... .......... .......... .......... .......... .......... .......... .. 231
IND_UP163 ....V...E. .......... .......... .......... .......... .......... .......... .......... .......... .......... .......... .. 231
IND_UP180 ....V...E. .......... .......... .......... .......... .......... .......... .......... .......... .......... .......... .. 231
IND_UP189 ....V...E. .......... .......... .......... .......... .......... E......... .......... .......... .......... .......... .. 231
IND_UP208 ....V...E. .......... ........T. .......... .......... .......... .......... .......... .......... .......... .......... .. 231
IND_UTH66 N.......E. ..K...I... .......... .......... .......... .......... .......... .......... .......... S......... .....G.... .. 231
IND_UTH188 N.......E. ..K....... .......... .......... .......... .......... .......... .......... .......... .......... .......... .. 231

L136 Flexible linker region Epitope  DRFFKTLRAE

β hairpin loop CyPA Binding loopA

Fig. 2   A Multiple sequence alignment of p24 subtype C sequences 
of infants with the consensus sequence in the acute age group. The 
sequence names are shown on the left side. Dots indicate identity 
with the consensus sequence. A ruler with the block of 10 amino acid 
residues is shown. Motifs with mutations are highlighted in a box. B 

i Multiple sequence alignment of p24 subtype C sequences of infants 
with the consensus sequence in the early age group. Motifs with 
mutations are highlighted in a box. ii Multiple sequence alignment of 
p24 subtype C sequences of infants with the consensus sequence in 
the early age group. Motifs with mutations are highlighted in a box
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substituted by Alanine in 1 of the sequences (IND_UP202). 
Leucine residue at positions 136 and 190 are important 
for intracellular assembly of Gag precursor. In the acute 
age group, L136 was substituted by Isoleucine in 1 of the 
sequences (IND_UTH66) while in the early age group; this 
residue was substituted by Methionine in 1 of the sequences 
(IND_RJ216). In the acute age group, L190 was conserved 
in all the sequences while in the early age group this resi-
due was substituted by Methionine in 1 of the sequences 
(IND_UP130).

In the flexible linker region between the NTD and CTD, 
YSPVSIL145−151, the residue V148 was substituted in 8 of 
the sequences of acute age group (Threonine in 6, Serine 
in 1 and Alanine in 1 sequence) and 22 of the sequences in 
early age group (Threonine in 17, Alanine in 2 and Serine in 
3 sequences). Residue S149 was substituted by Glycine in 1 
of the sequences of early age group (IND_RJ216).

A conserved epitope with the sequence DRFYKTL-
RAE166−175 present at the C-terminal end of the Major 
Homology Region (MHR) was found to be changed at Y 
position (DRFFKTLRAE) in the current study. In the acute 
age group T171 in this epitope was substituted by Cysteine 

in the sequences IND_CHD46 while in the early age group 
this residue was substituted in 4 of the sequences (by 
Cysteine in 1 and Valine in 3 sequences). In the early age 
group residue K170R was also substituted in the sequence 
IND_RJ105. At C-terminal to this MHR, a deletion of 2 resi-
dues, VK181−182, was also observed in 1 of the sequences of 
early age group (IND_RJ105). Summary of isolates showing 
mutations in various functional motifs of the gene is shown 
in Tables 1 and 2. Mutations observed in each motif of the 
gene were compared in both the age groups and were tested 
for statistical significance. Statistical analysis of sequences 
in each age group displaying variability in each motif of p24 
gene is shown in Table 3.

Protein variation effect analyzer software 
(PROVEAN)

The PROVEAN score was calculated for each amino acid 
mutation separately in both the age groups (Tables 4, 5). In 
the acute age group there were a total of 18 types of amino 
acid mutations. Out of the 18 mutations, 11 were deleterious 
(61.1%) and 7 were neutral (38.9%). While in the early age 

Table 1   Summary of isolates showing mutations in various functional motifs of p24 gene in acute age group (≤ 6 months)

Sample ID Beta hairpin1−14 CyPA binding loop85−94 Q112 L136 and L190 Linker 
region145−151

MHR152−172

IND_CH46 – – – V148T T171C
IND_CH47 – – – – – –
IND_CH236 – V86I – – –
IND_DL80 N5Q, Q7L, G8R, insertion 

of N bet. N5 and L6
– – – V148T –

IND_DL111 – H87Q, I91V – V148S –
IND_DL131 – H87P, I91V – – – –
IND_DL150 – – – – – –
IND_DL210 – – – – V148T –
IND_PB179 – – – – – –
IND_RJ138 – V86I, I91N – – – –
IND_RJ187 – A92P – – V148T –
IND_RJ195 – – – – – –
IND_RJ212 – V86I – – – –
IND_RJ217 – V86I, I91N – – – –
IND_UP69 – – – – – –
IND_UP106 H12Y – – – V148A –
IND_UP156 – V86Q, I91L – – – –
IND_UP162 – – – – V148T –
IND_UP163 – I91V – – – –
IND_UP180 – I91V – – – –
IND_UP189 – – – – – –
IND_UP208 – – – – V148T –
IND_UTH66 – – – L136I – –
IND_UTH188 – – – – – –
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Table 2   Summary of isolates showing mutations in various functional motifs of p24 gene in early age group (> 6–18 months)

Sample ID Beta hairpin1−14 CyPA binding loop85−94 Q112 L136 and L190 Linker 
region145−151

MHR152−172

IND_CH239 – V86I, I91V – – – –
IND_DL39 L6F – – – – –
IND_DL42 – – – – – –
IND_DL64 – – – – V148A
IND_DL110 – – – V148T T171C
IND_DL132 – – – – V148T –
IND_DL141 – V86Q, H87Q – – V148S
IND_DL145 – – – – V148T –
IND_DL158 – – – – V148T –
IND_DL210 A14L H87Q, I91N, A92P – – V148T –
IND_DL222 – V86Q, H87Q, I91L – – – –
IND_DL234 – V86Q, H87Q, I91L – – – –
IND_DL237 A14L H87Q, I91N, A92P – – V148T –
IND_DL238 A14P – – – V148T –
IND_DL249 A14P H87P, I91V – – V148T –
IND_DL250 A14P – – – V148T –
IND_PB243 – V86A, H87Q, I91V, A92P – – – –
IND_PB244 – I91P – – –
IND_RJ58 – – – – – –
IND_RJ59 – V86I, H87Q, I91V – – – –
IND_RJ76 – – – – – –
IND_RJ77 – – – – – T171V
IND_RJ105 – V86T, H87Q, I91V – – – –
IND_RJ116 – I91V – – V148S –
IND_RJ183 A14P – – – V148T –
IND_RJ184 – H87Q, I91V – – –
IND_RJ216 L6A

A14S
V86A, H87Q – L190M S149G –

IND_RJ245 A14P – – – V148T –
IND_RJ246 – V86I, I91V – – T171V
IND_UP48 H12L – – – V148T –
IND_UP78 – H87P, I91V – – V148S
IND_UP79 Q9L, Q13S, A14P – – – – –
IND_UP100 – I91V – – – –
IND_UP101 L6F I91V – – – –
IND_UP130 – I91V – L136M – –
IND_UP152 – I91A – – –
IND_UP175 A14P I91V – – V148T –
IND_UP181 – I91A – – –
IND_UP185 – I91A – – – –
IND_UP192 A14P H87Q – – V148A –
IND_UP198 – V86I, I91V – – – –
IND_UP202 – – Q112A – –
IND_UP203 – – – – – –
IND_UP204 – I91V – – – –
IND_UP205 – – – – V148T –
IND_UP211 – V86I – – – T171V
IND_UP230 A14P I91V – – V148T –
IND_UP240 – V86I, H87P – – –
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group there were a total of 30 types of amino acid mutations. 
Out of the 30 mutations, 14 were deleterious (46.7%) and 16 
were neutral (53.3%).

Measure of variability

The entropy score of amino acids in the sequence alignment 
were plotted for the two age groups (Fig. 3). It was found 
that the number of residues in the functional motifs of p24 
having high entropy score were more in early age group (14 
residues) as compared to the acute age group (6 residues) 
as shown in Table 6. The entropy difference between acute 
and early age groups was tested for statistical significance 
using Monte Carlo randomization. The amino acid residues 
with significant p values were determined (Table 7). It was 
observed that 8 amino acids namely A15, S45, M69, E76, 
H88 (part of the CyPA Binding loop), E129, R133 and 
L212 had statistically significant p values. Out of these 8 
significant residues, 5 residues had high entropy score and 

Table 2   (continued)

Sample ID Beta hairpin1−14 CyPA binding loop85−94 Q112 L136 and L190 Linker 
region145−151

MHR152−172

IND_UP241 – – – – V148T –
IND_UTH57 – V86A, H87Q, I91V – – V148T –

Table 3   Statistical analysis of p24 sequences in both the age group 
displaying variability in each motif of the gene

S. no. Motifs No. of sequences 
showing mutations in 
each motif

p values

Acute age 
group
(n = 24)

Early age 
group
(n = 50)

1 Beta hairpin1−14 2 14 0.055
2 CyPA binding loop85−94 10 30 0.139
3 L136 and L190 1 2 0.973
4 Linker region145−151 8 23 0.302
5 MHR152−172 1 4 0.539
6 Q112 0 1 0.486

Table 4   PROVEAN score of amino acid mutations in acute age group

Amino acid mutation PROVEAN score Prediction 
(cut-
off = − 2.5)

T29I − 2.642 Deleterious
Y35F − 2.739 Deleterious
Y35I − 5.443 Deleterious
L38I − 0.073 Neutral
L38W − 3.826 Deleterious
L39R − 2.129 Neutral
L39K − 2.001 Neutral
L39A − 1.816 Neutral
E53Q − 2.146 Neutral
D57G − 5.132 Deleterious
S70G − 2.846 Deleterious
L78V − 1.795 Neutral
L78I − 1.117 Neutral
R79G − 2.710 Deleterious
L81V − 1.748 Neutral
R54_E56del − 18.255 Deleterious
V73_D74insDM − 9.185 Deleterious
V73_D74insG − 8.842 Deleterious
H77_L78insGH − 8.841 Deleterious
H77_L78insH − 6.670 Deleterious

Table 5   PROVEAN score of amino acid mutations in early age group

Amino acid mutation PROVEAN score Prediction 
(cut-
off = − 2.5)

1. T29I − 2.642 Deleterious
2. E34Q − 2.165 Neutral
3. Y35I − 5.443 Deleterious
4. L38F − 2.172 Neutral
5. L38Y − 2.838 Deleterious
6. L38I − 0.073 Neutral
7. L38W − 3.826 Deleterious
8. L39K − 2.001 Neutral
9. L39A − 1.816 Neutral
10. L39R − 2.129 Neutral
11. L39Q − 2.299 Neutral
12. S70E − 3.064 Deleterious
13. S70A − 1.036 Neutral
14. L78I − 1.117 Neutral
15. R79G − 2.710 Deleterious
16. L80I − 1.218 Neutral
17. L81W 0.282 Neutral
18. L81M − 0.656 Neutral
19. V83_N84del − 11.502 Deleterious
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belonged to the acute age group while only 3 residues having 
high score belonged to the early age group. A plot showing 
difference in entropy at each amino acid between the two age 
groups was also plotted (Fig. 4).

Predicted HLA‑binding peptide motif

Study sequences of p24 gene were compared with the circulat-
ing HLA types to identify the binding epitopes. A total of 11 
epitopes namely YVDRFFKTL, IILGLNKIV, WIILGLNKI, 
KRWIILGLN, DRFFKTLRA, YKRWIILGL, DLNT-
MLNTV FRDYVDRFF, TPQDLNTML, SPRTLNAWV 
and PFRDYVDRF were present in > 90% of the sequences. 
Out of these 11 epitopes, 4 (FRDYVDRFF, TPQDLNTML, 
SPRTLNAWV and PFRDYVDRF) were present in all the 74 

sequences. Epitope RMYSPVSIL was present in only 56.75% 
sequences, but it was present in maximum number of circu-
lating HLA types (HLA-A2, HLA-A*0201, HLA-A*0205, 
HLA-B*2702, HLA-B*2705). Searching all the epitopes in 
potential vaccine candidate sequences, it was observed that 
the epitopes TPQDLNTML, DLNTMLNTV, KIVRMYSPV, 
RMYSPVSIL, FRDYVDRFF, YVDRFFKTL, DRFFKTLRA 
and EMMTACQGV were present in all the 5 vaccine candi-
date sequences as shown in Table 8.

Fig. 3   a Entropy plot of p24 
amino acid sequences in acute 
age group. The bars indicate 
the entropy score of each amino 
acid in the sequence align-
ment. The entropy score of 
amino acids, which are part of 
functional protein motifs are 
shown by horizontal brackets. 
The motifs are numbered from 
1 beta hairpin, 2 D51, 3 CyPA 
binding loop, 4 Q112, 5 L136, 
6 linker region, 7 MHR, 8 WM, 
9 L190. b Entropy plot of p24 
amino acid sequences from 
early age group
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Table 6   Entropy score of 
important amino acids in the 
sequences of acute and early age 
groups in p24 gene sequences

Amino acid 
position

Amino acid in func-
tional motifs

Entropy of acute age 
group (HAAG​)

Entropy of early age 
group (HEAG)

Entropy 
difference 
(HAAG​ − HEAG)

Beta hairpin
 1 P 0 0 0.000
 2 I 0 0 0.000
 3 V 0 0 0.000
 4 Q 0 0 0.000
 5 N 0.173 0 0.173
 6 – 0.173 0 0.173
 7 L 0 0.265 − 0.265
 8 Q 0.173 0 0.173
 9 G 0.173 0 0.173
 10 Q 0 0.098 − 0.098
 11 M 0 0 0.000
 12 V 0 0 0.000
 13 H 0.173 0.098 0.075
 14 Q 0 0.098 − 0.098
 52 D 0 0 0.000

CyPA binding loop
 86 P 0 0 0.000
 87 I 0.616 0.893 − 0.277
 88 H 0.345 0.761 − 0.416
 89 A 0 0 0.000
 90 G 0 0 0.000
 91 P 0 0 0.000
 92 V 0.882 1.218 − 0.336
 93 A 0.173 0.227 − 0.054
 94 P 0 0 0.000
 95 G 0 0 0.000

Q112
 113 Q 0 0.098 − 0.098

Linker region (YSPVSIL145−151)

 146 Y 0 0 0.000
 147 S 0 0 0.000
 148 P 0 0 0.000
 149 V 0.882 0.989 − 0.107
 150 S 0 0.098 − 0.098
 151 I 0 0 0.000
 152 L 0 0 0.000

MHR152−172

 153 D 0 0 0.000
 154 I 0 0 0.000
 155 R 0.377 0.593 − 0.216
 156 Q 0 0 0.000
 157 G 0 0 0.000
 158 P 0 0 0.000
 159 K 0 0 0.000
 160 E 0 0 0.000
 161 P 0 0 0.000
 162 F 0 0 0.000
 163 R 0 0 0.000
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Discussion

The p24 gene is significant in virus assembly and maturation 
and plays important role in early post entry steps. Molecu-
lar characterization of this gene will help in dissecting the 
epidemiology of the virus strains and genomic heterogene-
ity in young infants. As observed in earlier reports from 
Indian subcontinent, in this study too, the virus belonged 
to the subtype C (93.67%) followed by subtype A1 (3.79%) 
[27, 28]. In the phylogenetic tree, interdigitated sequences 
of the present study with those of previously reported varied 
subtype C sequences suggested that the source of infection 
was not common. The inter-patient nucleotide distance was 
low in both acute and early age groups suggesting that virus 

population in both the groups was genetically related. Also 
the difference in nucleotide distances between both the age 
groups was narrow indicating that the viruses in two age 
groups were not genetically diverse too [29]. The average 
dS/dN substitution ratio, an indicator of sequence conserva-
tion was > 1 in both the age groups, confirming that synony-
mous substitutions were more frequent signifying a purify-
ing selection towards robust viral population [30].

Analyses of heterogeneity of amino acid sequences in 
infant groups revealed that most of the functional motifs 
of the gene were conserved. An insertion of Asparagine 
(N) residue between N5 and L6 was observed in 1 of the 
sequences of acute age group. This insertion was accompa-
nied with the substitution of N5Q, Q7L and G8R residues. 
This was the unique finding in the study. These mutations 
were present in the β hairpin structure, which is formed by 
the residues PIVQNLQGQMVHQA1−14 present at the NTD 
of the protein. It is reported that the mutations present in the 
NTD can interfere in the formation of capsid in early phases 
of the virus [31, 32]. Therefore, we may predict that the 
insertion of N and substitutions of N5Q, Q7L, G8R, H12Y 
and A14P may distort the loop structure and functioning of 
the protein.

In the Proline-rich loop (PVHAGPIAP85−93), residues 
V86, H87, I91, A92 were substituted in 4 and 10 sequences 
of acute and early age groups respectively. This loop cata-
lyzes the incorporation of CyPA into the virion. The CyPA 
regulates the protein folding and prevents the aggregation 
of protein folding intermediates [33–35]. Reports have sug-
gested that the mutations near the CyPA binding site reduce 
the interaction between the virion and CyPA [36]. Therefore, 

Statistically significant residue is given in bold (p ≤ 0.05)

Table 6   (continued) Amino acid 
position

Amino acid in func-
tional motifs

Entropy of acute age 
group (HAAG​)

Entropy of early age 
group (HEAG)

Entropy 
difference 
(HAAG​ − HEAG)

 164 D 0 0 0.000
 165 Y 0 0 0.000
 166 V 0 0 0.000
 167 D 0 0 0.000
 168 R 0 0 0.000
 169 F 0 0 0.000
 170 F 0 0 0.000
 171 K 0 0.098 − 0.098
 172 T 0.173 0.324 − 0.151
 173 L 0 0 0.000

WM
 185 W 0 0 0.000
 186 M 0 0 0.000

L136 and L190
 137 L 0.173 0.098 0.075
 191 L 0 0.098 − 0.098

Table 7   Details of amino acid residues with statistically significant 
(p ≤ 0.05) difference in entropy in p24 gene

Bold residue is part of functional motif

Amino acid 
position

Amino acid Entropy difference 
between two age groups

p value at 
this posi-
tion

15 A − 0.437 0.02
45 S 0.287 0.04
69 M 0.414 0.01
76 E 0.279 0.03
88 H − 0.416 0.04
129 E − 0.480 0
133 R 0.287 0.04
212 L 0.335 0.02
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the substitutions are suggestive of altered binding of the 
virion with and CyPA that may disturb the protein folding.

A Glutamine residue at position 112, important in viral 
particle production, was substituted with analogue Alanine 
(Q112A) in 1 of the sequences of early age group. Q112A 
mutation reduces the viral particle production, abolishes 

capsid formation and blocks the viral infectivity [34]. There-
fore, it may be predicted that the substitution of this resi-
due in this study may also contribute in blocking the viral 
infectivity. Another substitution was observed in Leucine 
residue at positions 136 and 190. The L136 was substituted 
in 1 sequence each in both the age groups while L190 was 

Fig. 4   Plot showing differ-
ence in entropy between 
acute and early age groups in 
p24 sequences. Statistically 
significant residues with p 
values ≤ 0.05 are shown by 
bold bars. Significant residues, 
which is part of functional 
motifs is also labelled

Table 8   HLA-Binding epitopes in p24 gene sequence

Epitope sequence Residue 
start posi-
tion

Conservation fre-
quency in sequences 
(%)

Presence of epitope in HLA alleles Vaccine candidate sequences possessing the 
epitope

SPRTLNAWV 16 100 HLA-B7, HLA-B8 Ab023804, AY043175, AF286227, 
AF286224

TPQDLNTML 48 100 HLA-B7, HLA-B8, HLA-Cw*0401, HLA-
Cw*0602

Ab023804, AY043175, AF286227, U52953, 
AF286224

DLNTMLNTV 51 98.64 HLA-Cw*0602 Ab023804, AY043175, AF286227, U52953, 
AF286224

YKRWIILGL 130 95.94 HLA-Cw*0602 Ab023804, AY043175, U52953, AF286224
KRWIILGLN 131 95.94 HLA-B*2702, HLA-B*2705 Ab023804, AY043175, U52953, AF286224
WIILGLNKI 133 95.94 HLA-A*0205 Ab023804, AY043175, U52953, AF286224
IILGLNKIV 134 95.94 HLA-A*0201, HLA-A*0205 Ab023804, AY043175, U52953, AF286224
KIVRMYSPV 140 56.75 HLA-A2, HLA-A*0201, HLA-A*0205 Ab023804, AY043175, AF286227, U52953, 

AF286224
RMYSPVSIL 143 56.75 HLA-A2, HLA-A*0201, HLA-A*0205, 

HLA-B*2702, HLA-B*2705
Ab023804, AY043175, AF286227, U52953, 

AF286224
PFRDYVDRF 160 100 HLA-Cw*0401 Ab023804, AY043175, U52953, AF286224
FRDYVDRFF 161 100 HLA-B*2702, HLA-B*2705 Ab023804, AY043175, AF286227, U52953, 

AF286224
YVDRFFKTL 164 91.89 HLA-A2, HLA-A*0201, HLA-A*0205, 

HLA-Cw*0602
Ab023804, AY043175, AF286227, U52953, 

AF286224
DRFFKTLRA 166 91.89 HLA-B*2702 Ab023804, AY043175, AF286227, U52953, 

AF286224
EMMTACQGV 213 98.64 HLA-A2 Ab023804, AY043175, AF286227, U52953, 

AF286224
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substituted in 1 of the sequences of early age group. Both 
the residues are reported to be highly conserved in HIV-1 
database. Substitutions of these residues may affect the virus 
assembly as these residues are important for intracellular 
assembly of Gag precursor [37].

In the flexible linker region (YSPVSIL145−151), residue 
V148 was substituted in 8 and 22 of the sequences of acute 
and early age group respectively while residue S149 was 
substituted in 1 of the sequences of early age group. This 
linker region is important for correct core assembly, viral 
replication and infectivity [32]. Mutations in this region are 
reported to abrogate the correct core assembly of capsid [9], 
therefore, the substitutions of V148 and S149 observed in 
the current study may also alter the assembly of the virus 
particle.

In the highly conserved, immunodominant CTL epitope 
(DRFFKTLRAE166−175) present at the C-terminal end of 
the MHR, residue T171 was substituted in 1 and 4 of the 
sequences of acute and early age groups respectively and 
residue K170 was substituted in 1 of the sequences of early 
age group. Reports suggest that variability in these two resi-
dues results in impaired viral replication [38]. The substi-
tution of K170 and T171 observed in this study may also 
diminish the CTL recognition leading to immune escape 
and disease progression. Another unique finding of the study 
was the deletion of 2 residues, VK181−182, at C-terminal to 
the MHR in one of the sequences of early age group. It is 
reported that the sequences within the C-terminal of HIV-1 
capsid protein are important for particle formation and the 
deletions in this region causes defects in viral replication, 
reducing the ability to form viral particles [39].

PROVEAN score analysis revealed that percentage of 
deleterious mutations were more in the acute age group 
(61.1%) compared to the early age group (46.7%). Simi-
lar kind of results was also observed in one of our previ-
ous study on nef gene [11]. This suggested that amino acid 
mutations which may give nonfunctional protein were more 
in the acute age group and less in the early age group indi-
cating that the virus is gradually evolving towards positive 
selection pressure. Entropy analysis revealed that out of the 
8 statistically significant residues which were having high 
entropy score, 5 belonged to the acute and only 3 belonged 
to the early age groups. This suggested that heterogeneity of 
the residues was higher in the acute than the early age group. 
This indicated that the infants have received heterogeneous 
virus from their mothers and the virus is gradually evolving 
towards positive selection. Similar kind of result has also 
been found in our previous study on nef gene [11]. Analysis 
of HLA-binding peptide motif suggested that the epitopes 
TPQDLNTML and RMYSPVSIL may be helpful in design-
ing an epitope based vaccine suitable in Indian subcontinent 
as the same were present in maximum number of circulating 
HLA types and vaccine candidate sequences.

In conclusion the study revealed that the amino acid vari-
ability was comparatively higher in the acute age group and 
the variability in the virus gene was decreasing with the 
increasing age of the infant signifying the positive selection. 
Deleterious mutations in the gene were more in the acute 
than the early age group. The unique finding of this study 
were, insertion of Asparagine in 1 of the sequences of acute 
age group accompanied with substitution of N5Q, Q7L and 
G8R residues and deletion of 2 residues (VK181−182) in 1 of 
the sequences of early age group. Epitopes TPQDLNTML 
and RMYSPVSIL may be a good candidate for vaccine 
design suitable for subtype C strains in Indian subconti-
nent. More studies, however, with inclusion of more HIV-1 
genes and with the larger cohort of infants may provide bet-
ter understanding of genetic characteristics of the virus in 
early age groups.
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