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ABSTRACT
Mother-to-child HIV-1 transmission pairs represent a good opportunity to study the dynamics of 

CTL escape and reversion after transmission in the light of shared and non-shared HLA-alleles. 

Mothers share half of their HLA alleles with their children, while the other half is inherited from the 

father and is generally discordant between mother and child. This implies that HIV-1 transmitted 

from mother to child enters a host environment to which it has already partially adapted.

Here we studied viral evolution and the dynamics of CTL escape mutations and reversion of 

these mutations after transmission in the context of shared and non-shared HLA alleles in viral 

variants obtained from five mother-to-child transmission pairs. Only limited HIV-1 evolution 

was observed in the children after mother-to-child transmission. Viral evolution was mainly 

driven by forward mutations located inside CTL epitopes restricted by HLA alleles inherited 

from the father, which may be indicative of CTL pressure. 
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INTRODUCTION
During primary HIV-1 infection, the appearance of HIV-1 specific CTLs coincides with a decline 

in viral load and CTL responses contribute to control of viral replication [1-7]. HIV-1 can 

rapidly escape from CTL-mediated immune pressure by mutations within or flanking the CTL 

epitopes that disrupt peptide binding to HLA molecules or T cell recognition of the epitope 

[8-10], resulting in loss of control of viremia and disease progression [11-13]. Some CTL escape 

mutations, however, come at a fitness cost to the virus [14-16], which is reflected in their 

reversion after transmission to a new host with discordant HLA alleles [17,18].

Mothers share half of their HLA alleles with their children, while the other half is inherited 

from the father and is generally discordant between mother and child. This implies that HIV-1 

transmitted from mother to child enters a host environment to which it has already partially 

adapted. During HIV-1 infection of the mother, maternal immune pressure drives selection 

of CTL escape variants. When these escape variants are transmitted, CTL recognition of 

epitopes restricted by HLA alleles that are shared between mother and child will be hampered 

in the child. However, as the infant’s immune system has not yet developed, the transmitted 

escape mutations in the virus may rapidly revert due to a fitness disadvantage. The reverted 

epitopes can be presented and elicit a CTL response in the child, and subsequently viral escape 

variants may be selected again. Potential compensatory mutations restoring the loss of viral 

fitness associated with escape mutations in viral variants from the mother may be preserved 

after transmission to the child, resulting in the presence of CTL escape variants with optimal 

replication fitness already early after transmission. This may contribute, at least in part, to the 

fast progression of pediatric HIV-1 infection [19-21]. 

Transmitted virus variants with CTL escape mutations in epitopes restricted by non-shared 

HLA alleles have been described to revert to wild type sequence in some cases [17,22,23], 

however persistence of these mutations has also been described [24,25]. Furthermore, viral 

epitopes presented by HLA alleles inherited from the father may be able to elicit CTL responses 

in the child and de novo HIV-specific CTL escape mutations can arise in the infant shortly after 

birth [20,22,26,27].

Mother-to-child transmission pairs represent an opportunity to study the dynamics of 

CTL escape and reversion after transmission in the light of CTL epitopes restricted by shared 

and non-shared HLA alleles. Furthermore, viral evolution in children infected by their mother 

has not been studied extensively and mainly focused on escape in CTL epitopes restricted by 

protective HLA alleles, or in well-characterized CTL epitopes in the most common HLA alleles. 

To gain a better understanding of viral evolution and the dynamics of forward mutations and 

reversion of transmitted mutations after transmission, we here studied 5 mother-to-child 

transmission pairs and sequenced nef, gag, and env of HIV-1 variants obtained from both 

mothers and their children at time points close to delivery or birth, respectively. Genetic 

divergence and the number of synonymous and non-synonymous mutations were analyzed 

between viral variants obtained from mother and child, or from two successive time points 

from the child. The number of forward mutations and reversion of mutations in the viruses from 

the child were studied in the context of epitopes restricted by HLA alleles inherited from the 

mother or the father. 
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RESULTS
HIV-1 transmission from mother to child
Five mother-child pairs with documented vertical HIV-1 transmission were included and nef, 

gag and env sequences were generated from clonal HIV-1 variants. Patient characteristics and 

the number of viral sequences analyzed are summarized in Table 1. One of the mothers (M114) 

transmitted HIV-1 to her child during pregnancy, as could be concluded on the basis of the 

presence of virus in umbilical cord blood samples, where contamination with maternal blood 

could be ruled out [28,29]. For the other children the exact moment of transmission was unknown.

Neighbor joining (NJ) phylogenetic analyses showed pairwise clustering of the nef, gag 

and env sequences from mothers and their children with high bootstrap values. Four pairs were 

infected with HIV-1 subtype B viruses, whereas mother-child pair 127 was infected with HIV-1 

circulating recombinant form AG. Transmission of multiple viral variants was observed for pair 

137, with viral sequences from the child intermingled within viral sequences obtained from the 

mother. This was supported by sequences from all three viral genes under study. In the other 

four mother-child pairs, the viral sequences from the children formed monophyletic clusters, 

indicating outgrowth of one viral variant (supplementary figure 1). 

Evolution of virus variants after transmission from mother to child
To assess the evolutionary rate of HIV-1 after transmission, we analyzed the genetic divergence 

of viral isolates close to childbirth in mothers and children for pairs 102, 127 and 137 (Table 2). 

For pair 114 only a limited number of viral variants was available for the mother, therefore the 

genetic divergence was only analyzed for viral variants isolated at two successive time points 

from the child. From mother M133 only sequences from viral variants isolated after delivery 

were available, and we therefore analyzed the genetic divergence between sequences obtained 

from cord blood and 9.5 months after birth from the child (Table 2). Genetic distances between 

viral isolates obtained from the different pairs or from the children at different time points were 

low for nef and gag (0.5-2%) and somewhat higher for env (2-4%). 

To determine whether the genetic divergence observed was caused by selection 

pressure on the viruses, or whether the evolution was random due to the error-prone reverse 

transcriptase and high viral turn-over, we calculated the ratio of non-synonymous and 

synonymous mutations (dN/dS ratio). A dN/dS ratio smaller than 1 indicates negative selection 

pressure to retain protein function. A neutral dN/dS ratio around 1 indicates an equal amount 

of synonymous and non-synonymous mutations and thus no specific selective pressure on the 

protein. When dN/dS ratios are above 1 there is positive selection, indicating pressure on the 

protein to change amino acid composition to gain fitness or evade immune responses. When 

comparing nef sequences, mainly negative to neutral selection pressure was observed in viral 

variants obtained from children C102, C114 and C137, whereas viral sequences from child C133 

showed positive selection. No nef sequences were available for pair 127. When analyzing gag viral 

sequences, we mainly observed negative selection in viral variants obtained from all pairs, with 

some positive selection observed for sequences obtained from child C114.  In the gp160 of the 

envelope gene, negative to neutral selection was observed in viral isolates obtained from the 

different pairs and from the children at different time points. However, when comparing viral 
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sequences encoding the variable regions of env, positive selection was observed in the V1V2 

region for children C133 and C137 and in the region V4 for children C102 and C127. Comparing 

viral sequences from child C114 isolated from two different time points showed slight positive 

selection in regions V1V2 and V4 (Table 2). 

Reversions and forward mutations after transmission
As HIV-specific CTL responses are a major driving force for viral evolution after horizontal HIV-1 

transmission and selection for CTL escape mutations occurs widely, we analyzed the number of 

reversions and forward mutations in viral sequences from the children in the light of predicted 

CTL epitopes restricted by HLA alleles carried by mothers and children. Forward mutations 

were defined as amino acid mutations in viral sequences in the child that were not observed 

in the viral sequences from the mother. Reversion of mutations in viruses from the children 

were defined as amino acid mutations present in virus variants from the mother that were 

transmitted to the child and subsequent back mutation of this amino acid towards consensus 

sequence in viral variants from the child. The number of reversions and forward mutations were 

categorized as located inside CTL epitopes restricted by HLA alleles from the mother that are 

not shared with the child (maternal), HLA alleles that both mother and child carry (shared), or 

HLA alleles from the child that are not shared with the mother (paternal). 

Inside predicted CTL epitopes that were restricted by non-shared maternal HLA alleles, no 

reversion of transmitted mutations was observed in sequences from children 102 and 137. Only 

a low level of reversions was seen in sequences obtained from children 114, 127 and 133, with 

only 1 reversion taking place at an anchor residue of an CTL epitope restricted by non-shared 

HLA from the mother. The majority of reversions occurred in Env (Figure 1A). The number of 

forward mutations in epitopes restricted by non-shared HLA alleles was not determined, since 

these HLA alleles are not expressed in the children. These forward mutations are denoted as 

being located outside CTL epitopes. 

When analyzing mutations occurring within CTL epitopes restricted by HLA alleles that are 

shared between mothers and children, a limited number of mutations were observed (Figure 

1B). In all children, the majority of these mutations were forward mutations. Approximately 16% 

of reversions and forward mutations were located at anchor positions of the CTL epitopes. 

Evolution in CTL epitopes restricted by HLA alleles from the children that were inherited 

paternally was mainly driven by forward mutations in 4 out of 5 children (Figure 1C). In sequences 

obtained from child C114 more reversions than forward mutations were observed in these CTL 

epitopes. Approximately 30% of mutations were located at anchor residues of CTL epitopes 

restricted by HLA alleles from the children inherited from the father. 

A limited number of reversions and forward mutations were observed outside of predicted 

CTL epitopes. Most of these mutations were observed in sequences from child C133 and the 

majority of the mutations were reversions of transmitted mutations (Figure 1D). 

Additionally, we compared the total number of reversions and forward mutations located 

in Nef, Gag and Env. After correction for the amino acid length of the proteins under study, the 

highest numbers of mutations were located in the Env protein in 4 children. For child C137, most 

of the mutations were located in Nef. 
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Table 2. Genetic divergence and dN/dS ratios of sequences obtained from mother and child, or from two 
successive time points of the child.

Mother-child 
pair

Time point after 
delivery / birth 

(months)
Gene

Divergence dN / dS

Mean SD 95% CIa Mean SD 95% CIa

102 Mother -0.5
Child +2.5

Nef 1.42 0.38 0.66 - 2.18 0.30 0.21 -0.12 - 0.71

Gag 1.36 0.24 0.88 - 1.84 0.14 0.11 -0.08 - 0.36

Env 2.67 0.2 2.27 - 3.07 0.52 0.10 0.31 - 0.73

V1V2 0.70 0.33 0.04 – 1.37

V3 0.30 0.37 -0.45 - 1.04

V4 2.35 1.79 -1.23 - 5.94

V5 1.00 0.17 0.66 - 1.34

114 Child +10
Child +25.5

Nef 1.96 0.39 1.18 - 2.74 0.73 0.53 -0.33 - 1.80

Gag 0.59 0.11 0.37 - 0.81 0.62 0.65 -0.68 - 1.91

Env 1.77 0.14 1.49 - 2.05 0.51 0.14 0.24 - 0.79

V1V2 0.71 0.43 -0.12 - 1.57

V3 0.93 0.20 0.53 - 1.34

V4 0.71 0.39 -0.06 - 1.49

V5 0.82 0.86 -0.90 - 2.55

127 Mother -0.5
Child +10.5

Nef NA NA

Gagb 0.99 0.23 0.53 - 1.45 0.22 0.08 0.06 - 0.39

Env 2.1 0.17 1.76 - 2.44 0.73 0.21 0.31 - 1.14

V1V2 0.57 0.57 -0.58 - 1.71

V3 0.86 0.24 0.37 - 1.35

V4 2.00 1.09 -0.12 - 4.18

V5 0.84 0.27 0.30 - 1.38

133 Child 0c

Child +9.5
Nef 1.86 0.42 1.02 - 2.70 1.39 0.81 -0.22 - 3.01

Gag 1.76 0.33 1.10 - 2.42 0.30 0.08 0.15 - 0.45

Env 3.92 0.34 3.24 - 4.60 0.66 0.06 0.54 - 0.79

V1V2 1.33 0.06 1.21 - 1.45

V3 0.62 0.42 -0.22 - 1.46

V4 1.01 0.24 0.53 - 1.50

V5 0.85 0.44 -0.04 - 1.74

137 Mother -1.5
Child +12.5

Nef 1.41 0.35 0.71 - 2.11 0.63 0.52 -0.42 - 1.68

Gag 1.11 0.22 0.67 - 1.55 0.07 0.03 0.00 - 0.13

Env 2.35 0.23 1.89 - 2.81 0.46 0.40 -0.34 - 1.26

V1V2 1.60 0.47 0.67 - 2.53

V3 0.36 0.16 0.04 - 0.68

V4 0.76 0.25 0.26 - 1.25

V5 0.76 0.36 0.04 - 1.48

a 95% confidence interval. b sequences from 7 months before delivery were used. c cord blood sample. NA: not 
available.
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Figure 1. Dynamics of CTL escape mutations after HIV-1 transmission from mother to child. Reversion of 
transmitted mutations (white) and forward mutations (grey) in HIV-1 variants obtained from the children. 
Mutations located at anchor residues of predicted CTL epitopes are depicted in black. A. Reversion of 
transmitted mutations located in predicted CTL epitopes restricted by non-shared maternal HLA alleles. B. 
Reversion of transmitted mutations and forward mutations located in predicted CTL epitopes restricted by 
HLA alleles that are shared between mother and child. C. Reversion of transmitted mutations and forward 
mutations located in predicted CTL epitopes restricted by paternal HLA alleles from the child. D. Reversion 
of transmitted mutations and forward mutations located outside of predicted CTL epitopes.
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DISCUSSION
In mother-to-child-transmission pairs, at least half of the HLA alleles are shared between 

mother and child. This may have implications for the adaptive cellular immune response to 

HIV-1 in the infant, as CTL escape mutations in HIV-1 that developed in the mother may have 

been transmitted to the child. Here, we studied viral evolution and the dynamics of CTL escape 

and reversion after transmission in the context of shared and non-shared HLA alleles in viral 

variants obtained from five mother-to-child transmission pairs. 

The genetic divergence of sequences obtained from mother and child from time points close 

to delivery or birth, respectively, or from two successive time points of the children was around 

2% for nef and gag, and around 3% for env. The ratio of non-synonymous and synonymous 

mutations was calculated to determine whether the sequence divergence observed could be 

the result of selection pressure. Negative to neutral selection was mainly observed for Nef, Gag 

and Env gp160, with positive selection in the V1V2 and V4 variable regions of the viral envelope. 

When analyzing the dynamics of CTL escape mutations and reversion of mutations after 

transmission, we observed large variation between the children. In two of the children studied 

(children C102 and C137), virtually no reversions and forward mutations were seen. As child C102 

died 3.5 months after birth, an effective immune response may not have developed, thus explaining 

the extremely low evolution of the virus. In child C137, we found that at least 3 viral variants were 

transmitted from the mother. Since only a limited number of viral sequences from child C137 could 

be analyzed, it is possible that even more viral variants were transmitted. The lack of viral evolution 

observed in this child may be due to the low number of viral sequences analyzed and the high 

number of transmitted viral variants. Viral variants obtained from children C114 and C127 displayed a 

higher evolution rate, whereas most evolution was observed in viral variants from child C133. 

Inside predicted CTL epitopes restricted by non-shared maternal HLA alleles, the number 

of reversions of transmitted mutations in viral sequences was very low (0-2 reversions) in 4 out 

of 5 children in all 3 viral genes under study. In sequences from child C133 more reversions of 

transmitted mutations were observed, with the majority located in Env.

Limited evolution was seen in CTL epitopes restricted by HLA alleles that are shared 

between mother and child. The low number of forward mutations in these epitopes suggests a 

relatively low selective pressure on epitopes restricted by shared HLA alleles, which may be the 

consequence of adaptation to immune pressure in the mother and subsequent transmission 

of adapted viral strains to the child. Furthermore, the limited number of reversions observed 

during the early phase of infection in the children indicates that CTL escape mutations that 

developed in the mother did not come at a fitness cost or that the fitness cost has been 

compensated for before the transmission event. Within predicted epitopes restricted by HLA 

alleles from the children inherited paternally, more evolution was observed. Viral evolution 

was dominated by forward mutations, which suggests CTL pressure on the presented epitopes 

leading to escape mutations. In line with this, child C133, who inherited HLA-B*2705 from the 

father, displayed a relatively high number of forward mutations. HLA-B*2705 is associated 

with slower disease progression [30-33]. Indeed, known HLA-B*2705-associated CTL escape 

mutations were observed in this child, and may account for the relative high number of forward 

mutations. The highest number of reversions of transmitted mutations and forward mutations 

84



5

HIV-1 EVOLUTION AFTER MOTHER-TO-CHILD TRANSMISSION

outside predicted CTL epitopes was also observed in child C133. These mutations might be 

compensatory mutations to restore viral fitness associated with escape from CTL pressure. 

Although we only found limited viral evolution after mother-to-child transmission in our 

study, the observed viral evolution was dominated by forward mutations rather than reversion of 

transmitted mutations. This finding is surprising, since it has been reported that viral adaptation 

after horizontal transmission is mostly driven by reversions in the initial phase of HIV-1 infection 

[34-36]. However, a recent study on mother-to-child transmission pairs also reported a 

surprisingly low reversion rate of transmitted mutations [37]. These findings may indicate that 

the fitness cost of the transmitted mutations is low and therefore does not lead to reversion of 

these mutations. Alternatively, compensation of the fitness cost may occur by forward mutations 

in the child, or may have already occurred in the mother before transmission to the child. 

The majority of the observed mutations in viral variants obtained from the children were located 

in the Env protein, and positive selection was observed in the variable regions V1V2 (C114, C133 and 

C137) and V4 (C102, C114 and C127). Evolution in these regions may be driven by the development 

of neutralizing antibodies. However, only a very limited antibody response against autologous viral 

variants was observed in serum from the children (data not shown). For mother-child pairs 114 and 

133 we did observe a small increase in the sensitivity of viral variants from the children to antibodies 

in the serum of the mother (data not shown). This may suggest that evolution in the Env region in 

the children might be driven by changes to a more optimal conformation when antibody pressure is 

relieved, or may involve regions that play a role in receptor binding and target cell entry.

Although the level of viral evolution during the early phase after vertical transmission varied 

widely between the children, a limited number of mutations (both reversions and forward 

mutations) was observed overall in viral sequences obtained from the 5 children. This may 

indicate low selection pressure on the virus, which may be partially explained by viral adaptation 

to CTL pressure to epitopes restricted by HLA alleles that are shared between mother and child. 

It has been reported that children who acquired HIV-1 through mother-to-child transmission 

tend to have a worse prognosis than children who acquired infection through blood transfusion, 

suggesting that adaptation to shared HLA alleles influences the clinical outcome [38]. 

CTL epitopes were predicted with the online prediction program Motif Scan on the Los 

Alamos Database website. This tool predicts the binding of epitopes in the binding pockets 

of HLA alleles. However, proteasomal cleavage and TAP transport are not taken into account 

with the Motif Scan tool. The cleavage and transport of viral proteins can be calculated with 

the online prediction program ImmuneEpitope [39,40]. When this program was used for CTL 

epitope prediction, similar results on the dynamics of reversion and forward mutations in viral 

sequences from the children were obtained. However, not all the HLA alleles expressed by 

the mothers and children studied were included in the ImmuneEpitope program, therefore 

we chose to use the Motif Scan tool for our analysis. To make sure no described epitopes 

were missed in our analysis, known epitopes published in the HIV Molecular Immunology 

compendium 2009 were additionally analyzed. Published CTL epitopes are mainly composed 

of epitopes presented by either protective HLA alleles or HLA alleles best studied, and in a 

recent study by Ryland et al. [37], a high degree of mismatch between viral sequences studied 

and the sequences published in epitope databases was observed, which suggests limitations 

for the sole use of published CTL epitopes to study evolution within epitopes targeted by CTLs. 
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An important advantage of using CTL epitope prediction programs is the opportunity to study 

epitopes presented by HLA alleles that have not been extensively studied. However, prediction 

of viral epitopes that can be presented by HLA molecules does not give information about 

whether the predicted epitopes do in fact elicit CTL responses. In a paper by Schellens et al. 

most of the predicted epitopes tested elicited good IFNγ responses in patient CTLs, suggesting 

that epitope prediction programs can be a good means to study evolution in CTL epitopes [41]. 

Our sequence analysis was performed on clonal HIV-1 variants isolated from single 

productively infected cells as this allows the comparison of sequence dynamics in different 

genes of a single virus variant. One could argue that these viruses may not be fully representative 

of the total replication competent viral quasispecies in plasma, since the PBMC-associated 

viruses represent recent and archived viruses. However, recently we demonstrated that 

viral sequences from PBMC-DNA, PBMC clonal variants and serum belong to the same viral 

population and clonal variants may equally represent the viral quasispecies in blood in vivo [42]. 

In conclusion, we here show limited viral evolution in the early phase of HIV-1 infection 

after mother-to-child transmission. Viral genetic divergence was low in nef, gag and env in all 

children and negative to neutral selection was observed. Positive selection pressure (dN/dS>1) 

was observed in the V1V2 and V4 variable regions of Env. Furthermore, a limited number of 

reversions was observed inside CTL epitopes restricted by non-shared maternal HLA alleles and 

by HLA alleles that are shared by mother and child, which suggests CTL escape mutations that 

have been transmitted did not come at a fitness cost or that the fitness cost had already been 

compensated for in the mother. A low number of forward mutations was observed in epitopes 

restricted by shared HLA alleles, which is indicative of a low CTL pressure on these epitopes 

in the children. The highest numbers of reversions and forward mutations in viral sequences 

from these children were found within predicted CTL epitopes associated with HLA alleles 

inherited paternally, indicating that viral evolution in the children is at least in part driven by 

CTL responses restricted by paternal HLA alleles.

METHODS
Study participants
Five mother-child pairs participating in a Dutch prospective study of HIV-seropositive women 

and their children, between whom vertical HIV-1 transmission was documented, were included 

[28]. The children were born between 1989 and 1991. None of the mothers received antiretroviral 

therapy during pregnancy, and the children were not breast fed. Four mother-child pairs were 

infected with HIV-1 subtype B, the fifth pair was infected with HIV-1 circulating recombinant 

form AG, as was confirmed by phylogenetic analysis of nef, gag and env sequences. 

This study was approved by the Academic Medical Center Amsterdam institutional 

medical ethics committee and written consent was obtained. Experiments were conducted in 

accordance with the ethical principles set out in the Declaration of Helsinki.

Isolation of clonal HIV-1 variants
Isolation of biological virus clones was performed as previously described [43,44]. Patient PMBC 

obtained from varying time points during pregnancy (mother) and after delivery (both mother 
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and child) were co-cultivated with 3 day PHA-stimulated PBMC from healthy donors for 35 days. 

Culture supernatants were tested weekly for virus production in an in-house gag p24 antigen 

capture ELISA, and one-third of the culture volume was transferred to a new 96-well plate and 

fresh PHA-stimulated PBMC were added to propagate the culture. If less than one-third of the 

cultures were p24-positive, cultures were considered to be infected by progeny of a single HIV 

infected cell [28] and these samples were used for DNA isolation.

DNA isolation, PCR amplification and sequencing
Total DNA was isolated from PBMC infected with clonal HIV-1 isolates using the modified L6 

isolation method [45,46]. For the amplification of gag, a nested PCR approach was performed 

using the following primer combinations: Gag-fw (5’-CGACGCAGGACTCGGCTTGCTG-3’) 

and Gag-outer-rev (5’-GCCTGTCTCTCAGTAC-3’) followed by 2 different nested PCR primer 

sets, Gag-BssHII-fw (5’-TGCTGAAGCGCCCGCACGGC-3’) in combination with Gag-P17-rev 

(5’-CAAAACTCTTGCCTTATGG-3’) and Gag-P17-fw (5’-TGCTAAACACAGTGGGGGGACAT-3’) 

in combination with Gag-ApaI-rev (5’-TTCCTAGGGGCCCTGCAA-3’). For the amplification of 

nef primers Nef-1-fw (5’-AGCCATAGCAGTAGCTGAGG-3’) and Nef-1-rev (5’-GCTTATATGCAGG

ATCTGAGG-3’) were used. Env was PCR amplified using the following primer combinations: 

for the primary PCR primers EnvA-fw (5’-GGCTTAGGCATCTCCTATGGCAGGAAGAA-3’) and  

Env3Rlong-rev (5’-GGTGTGTAGTTCTGCCAATCAGGGAAGWAGCCTTGTGTG-3’) were used, the  

nested PCR was conducted with primers Env_2Flong-fw (5’-GGTTAATTGATAGAATWAG 

RGAAAGAGCAGAAGACAGTGGCAATG-3’) and Nef5-rev (5’-CCCWTCCAGTCCCCCCTT TTCTTT 

TAAAAAG-3’). 

Env PCR products were gel purified using the QIAquick Gel Extraction Kit (Qiagen) and cloned 

into the pCR4-TOPO vector from the TOPO TA Cloning Kit for Sequencing (Invitrogen) according 

to the manufacturer’s protocol. Next, transformation into One-shot TOP10 chemically competent 

E.coli was performed, followed by culture in the presence of ampicillin. Gag and nef PCR products 

were purified with EXOSAP-IT (USB, Cleveland, Ohiao, USA) and sequenced with the ABI prism 

Bid Dye Terminator v1.1 Cyclesequencing kit (Applied Biosystems) using the PCR primers Gag-

BssHII-fw, Gag-P17-rev, Gag-P17-fw and Gag-ApaI-rev and Nef-1-fw and Nef-1-rev. Sequencing 

of env was performed on an Applied Biosystems 3730xl Genetic Analyzer using the following 

primers: M13F-fw (5’-GTAAAACGACGGCCAG-3’), M13R-rev (5’-CAGGAAACAGCTATGAC-3’), 

Senv5-fw (5’-GGTACCTGTGTGGAAAGA-3’), F112-fw (5’-CAGTACAATGYACACATGGRAT-3’) and 

EnvSeqF-fw (5’-TTCAGACCTGGAGGAGGARATATGA -3’). 

Phylogenetic analysis
Sequences of nef, gag and env were aligned with ClustalW in the BioEdit package software  

(BioEdit v 7.0.5, Tom Hall, Ibis Therapeutics, Carlsbad, CA) [47] and checked manually. Neighbor 

joining phylogenetic trees were made under the Hasegawa-Kishino-Yano (HKY85) model of 

evolution [48] with PAUP* 4.0 beta 8 software [49]. Phylogenetic confidence was assessed by 

bootstrap with 1000 replicates.
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Genetic divergence and selection pressure
Genetic divergence between viral sequences generated from mothers and their children or from 

children generated at two successive time points were analyzed with the Kimura-2 parameter 

model of evolution in the MEGA 4.1 software package [50]. Genetic selection pressure on the 

viruses was analyzed by determining the number of synonymous (dS) and non-synonymous 

(dN) mutations with the SNAP tool from the Los Alamos database website (http://www.hiv.

lanl.gov) [51]. dN/dS ratio’s were calculated comparing viral variants isolated from the mothers 

around the time of delivery and from their children or, when available, comparing viral variants 

from the children isolated from two successive time points. 

Dynamics of forward mutations and reversions of transmitted mutations
The number of amino acid substitutions in the nef, gag and env regions of viral sequences from 

the children compared to viral sequences from the mothers before delivery was counted and 

the number of forward mutations and transmitted mutations that reverted in viral variants 

in the children were analyzed. Forward mutations were defined as amino acid mutations in 

viral sequences in the child that were not observed in the viral sequences from the mother 

before delivery. Reversion of mutations in viruses from the children were defined as amino acid 

mutations present in virus variants from the mother that were transmitted to the child and 

subsequent back mutation of this amino acid towards consensus sequence in viral variants from 

the child. The number of reversions and forward mutations were categorized as being outside 

or inside CTL epitopes restricted by HLA alleles from the mother that are not shared with the 

child (maternal), HLA alleles that both mother and child carry (shared), or HLA alleles from 

the child that are not shared with the mother (paternal). For the prediction of potential CTL 

epitopes, the Motif Scan tool on the Los Alamos database website was used [52-55]. Four digit 

genotyping of HLA class I loci was performed for all mothers and children by sequence-specific 

primers (SSP) PCR as described elsewhere [56] and the HLA alleles expressed by mothers 

and children were used to predict CTL epitopes in the viral proteins with a length of 9 amino 

acids. Not all of the HLA alleles from our study participants were included in the Motif Scan 

tool. Therefore, custom motifs described in literature for HLA alleles A*2301[52], A*7401[57], 

B*1801[58] and B*4501[58] were used for prediction of CTL epitopes. In addition, the best-known 

HLA-restricted CTL epitopes published in the HIV Molecular Immunology compendium 2009 

[59] were included in our analysis. 
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Supplementary Figure 1. Neighbor joining phylognetic tree of env sequences isolated from mothers 
and children. Large symbols represent viral sequences obtained from mothers; small symbols represent 
viral sequences isolated from children. l pair 102, o pair 114, m pair 127, n pair 133, + pair 137. Numbers 
represent bootstrap values in percentages.
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