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Abstract 

 

Novel Methods in HIV-1 Strain Detection and Clonal Population Identification 

Using Next-generation Sequencing Data  

 

HIV-1is a highly recombinant retrovirus that constantly mutates and diverges, thus giving 

rise to new clonal populations, as well as recombinant subtypes. There has not been one 

consistent pipeline established, that can not only identify what strains or populations are 

in a sample, but also the recombination rate and type, in addition to the occurrence of 

quasi speciation. The pipeline discussed in this paper does both these tasks using the 

High Performance Virtual Environment (HIVE).The result of the recombination analysis 

is that recombination events are clearly identified and represented in the mutual reading 

frame of all possible genomes. The clonal discovery utility presents all bifurcations 

among different populations within the sample; producing multiple quasi specie 

trajectories along the length of the mutual reading frame. The implications of this work 

are very significant with regards to HIV treatment and vaccine discovery. The hope is 

that by producing an HIV-1 detection pipeline that specifically identifies HIV strains, 

recombination and quasi speciation therapies can be more optimally planned and carried 

out, and vaccine research can advance at a faster pace.  
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Introduction 

Since its recognition in 1983, HIV has resulted in a steady increase of deaths, until the 

last few years, when increased knowledge of the virus and therapies has led to a slow 

decline in fatalities. According to the UN report, the number of HIV related deaths in 

2012 was roughly 1.6 million, which is a 15.7% decrease from 1.9 million deaths in 

2001[1]. While this decrease in fatalities is significant, due to HIV’s high mutation and 

recombination rates during replication caused by dual infection, treatment of the disease 

is not stable, and there is no cure or preventive measure. It is thus important to track the 

lineage and the evolutionary path of HIV[2].  

HIV-1  arose through zoonotic transmission from chimpanzees (groups M, N, and O) or 

gorillas (group P) in West and Central Africa, with the best estimates placing the origin of 

the current epidemic around the year 1920[3]. There are a multitude of studies that focus 

on the origins and the sub division of HIV-1 and its subtypes. 

HIV-1 group M (main) is responsible for the global pandemic, group O is only involved 

in tens of thousands of infections, and groups N and P are very rare[4-6]. HIV-1 groups 

M and N originated independent of each other [7, 8]. Group N has been largely isolated 

to Cameroon, [9] while HIV-1 group M has spread to become the main culprit in the 

global HIV-1 epidemic [2]. Within the three different groupings, there is continued 

distinction of subtypes. Figure 1, taken from the Los Alamos Laboratory website, depicts 

the distinctions between the different groups in a phylogenetic tree, as well as the 

continual divisions within each group. The figure depicts how HIV-1 is a continually 
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evolving retroviral pathogen, capable of rapidly developing drug resistance, escaping 

robust host immune response, and invading different anatomical compartments. 

Regardless of the type, strain, or group, the HIV-1 genome can be divided into 10 

different genomic regions (Figure 2).  These regions are: GAG, POL, ENV, TAT, REV, 

VIF, VPR, VPU, NEF, and VPX.  Each genomic region is responsible for a different 

function and has varying amounts of variation in between strain and group types. The 

GAG region is responsible for plasma membrane association. The POL region encodes 

for the reverse transcriptase and integrase portion of the HIV genome. The ENV 

completes the non-covalent complex of gp10 and gp41 necessary for viral DNA 

introduction into the host cell. These three regions are the main components of the HIV 

genome. Each region has a varying rate of mutation occurrence, and as such, this thesis 

will not look into these particular regions in detail. Future studies will analyze the 

specific regions to look at the likelihood of each region’s quasi speciation, both within 

groups and strains, and across the various groupings. It is important to note that the 

entirety of the HIV genome is roughly 9700 bp, however it is possible that some results 

may produce a larger mutual alignment frame due to the wide range of differences 

between the different genomes that are being used as the reference. 

 Next-generation sequencing (NGS) is used extensively in HIV-1 research. NGS allows 

for accurate characterization of the circulating viruses and the diversity seen within one 

host to predict the efficacy of therapy (e.g. 1-2% circulating variants with drug resistance 

mutations can cause treatment failure), to inform vaccine research (e.g. the high 

prevalence of dual infection in some settings and concomitant recombination can 
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accelerate immune escape), and to mitigate long term side effects of chronic HIV [10]. 

Numerous studies have investigated HIV-1 population diversity, divergence, and 

recombination [11-13]. Current approaches that attempt to identify population diversity 

and quasispeciations identify either gross genetic variations in different subclones of one 

or more samples, or variations at the nucleotide level in different subclones of different 

samples[14]. In addition, existing computational techniques rely on statistical models to 

further increase the complexity of the analysis [14-16]. The method used in this pipeline 

employs non-statistical approaches to report mutations and correlated mutations in order 

to identify subclones. In addition, this method uses the recombination analysis utility to 

identify recombination events. 
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Methods 

HIV strain identification, recombination analysis, and clonal identity of NGS samples 

will be the result of each iteration of the pipeline (Figure 3). The pipeline is carried out in 

HIVE [17].  

Procedures 

The pipeline was tested using reads produced through polymerase chain reaction (PCR) 

free full genome characterization of HIV -1 using RNA sequencing. The sample 

preparation involves the extraction of viral RNA, which was done through fluorometric 

quantification provided by Invitrogen Life Technologies. Roughly 100ng of each sample 

was then fragmented; reverse transcribed, and indexed using the Illumina Truseq RNA 

kit. All reads were single strands that were single barcode index tagged to each viral 

isolate and unidirectional sequencing was performed. Some samples were extracted from 

cultures of the list of circulating recombinant forms as published by Los Alamos National 

Laboratory (LANL).  

 

Below is an example protocol. 

Please note, the numbers listed in the example protocol below correlate to the numbers 

given to each step in the pipeline schematic in Figure 3.  

 

1. Upload data to HIVE: Read sequences are uploaded into HIVE. Additionally, de 

novo of these reads assembled externally is uploaded to HIVE. Finally, a 
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reference data set of HIV genomes is uploaded for potential use during 

censuScope[18]. Although the step-by-step directions in this document will focus 

on the aforementioned reads, the same steps can be applied to any reads. The 

underlying parallelization schema written into the file loader utility drastically 

reduces the time required for data transfer; removing the previously associated 

bottleneck, and facilitating a faster pipeline from experiment to conclusions. 

Robust bookkeeping checks assure that the entire contents of the source data are 

downloaded and validated. 

2. Automatic QC and Format Validation: As data is loaded into HIVE, a number 

of automatic validation and quality control checks are performed. Format 

recognition parses and indexes recognizable types of formats: such as fasta, fastq, 

sam, and bam, into objects optimized for internal HIVE analysis. Quality control 

checks allow visualization of ATGC content, length distribution of reads, 

positional entropy analysis, and quality (Phred) with respect to position along the 

read. Reads with a Phred score below the threshold (usually 20) will be thrown 

out. Quality requirements which are too stringent result in the loss of good 

information, whereas values that are too relaxed result in the inclusion of 

unreliable data. Reducing the pool of reads lessens the overall complexity of 

downstream computations. 

3. Align samples to de novo: All reads are strictly aligned to the de novo assembly 

using the HIVE-hexagon aligner. The definition of “strict” alignment parameters 

has to do with the minimum match length and mismatch percentage. For the data 
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that was tested through the system, a minimum match length of 60 was used along 

with a mismatch percentage of 15 percent. The average read length for the files 

that were used was roughly 150 base pairs. The reason that these specific 

parameters were used and changed was to accommodate the behaviors of the HIV 

genome. It is known that the HIV genome is highly divergent, and even with the 

use of nearest neighbors, only with the specified parameters can the best results be 

achieved and continue through the computational pipeline. 

4. Archive aligned and unaligned reads: Aligned and unaligned reads from 

alignment with de novo are archived. This archiving process automatically sends 

these new reads through the quality control steps.  

5. Analyze using CensuScope: Both aligned and unaligned reads from de novo 

alignment are queried against the National Center for Biotechnology Information 

(NCBI) non-redundant nucleotide database (NT) using the iterative CensuScope 

search to identify nearest neighbors for the input.  

6. Identify nearest neighbors and upload to HIVE: CensuScope results are 

analyzed to identify the genome identifier (GI) numbers of the nearest neighbors 

and uploaded to HIVE. To access the GI numbers, results must be downloaded in 

GI format. This will download a .csv file that contains GI numbers of all 

neighbors (Appendix table 1). The top 10 were chosen to be nearest neighbors for 

this example , but based on the sample and results, the number may need to be 

adjusted.  

7. Strictly align reads to neighbors: All reads are strictly aligned to all reference 
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genomes of identified neighbors using the HIVE-hexagon aligner tool.  

8. Multiple Alignment of all nearest neighbors: All nearest neighbors are aligned 

to the mutual frame using Clustal [19]. 

9. Recombinant mosaic discovery: Alignment results, along with the mutual 

alignment, are used as input for the recombination discovery engine, which allows 

for visualization of the recombination boundaries (if present).  

10. Clonal discovery: Single nucleotide variances (SNVs) are used to anchor and 

extend individual clones.  
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Results and Discussion 

 

The HIVE platform is a multicomponent cloud infrastructure where the distributed 

storage library and computational algorithms are linked, thus allowing for efficient large-

scale, next-generation sequence data analysis. HIVE is a robust, flexible, massively 

parallel computing environment. Reads and metadata are maintained on the same 

network, and by using the HIVE network, the various steps specified in the pipeline 

(Figure 3) can be carried out most efficiently and accurately. This environment provides 

web access for the deposition, retrieval, and storage of NGS data in a scalable and highly 

efficient fashion; as well as producing visualizations, and carrying out computations, in a 

reproducible and reliable manner. HIVE core is a set of operating system modules and 

databases intercommunicating by means of standardized data and configuration 

protocols. Through the concerted interaction of interoperable applications, scripts, and 

execution libraries, HIVE provides an interactive virtual execution environment for 

synchronous and asynchronous virtual services in heterogeneous compute clusters.  

The pipeline relies heavily on HIVE native tools and utilities. HIVE hexagon is a native 

aligner that allows users to run data in a variety of modes. More specific to the pipeline, 

HIVE hexagon allows the selection of loose or strict parameters and the specification of 

which alignments to maintain and show as results. The other components of the pipeline 

that are native to HIVE are discussed in further detail below [20]. 
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Taxonomic Composition   

 

This step involves the use of CensuScope[18]. In this step, NGS reads from a sample are 

randomly picked and mapped against the entire NCBI NT  database, and subsequently 

evaluated statistically [21]. The reads tested for the purpose of this paper were RNA seq 

reads, prepared using the aforementioned methods, which contained HIV data. As with 

any sample extraction methods, at times, some samples may contain chimpanzee or 

human DNA. Therefore, censuScope may need to be used to ensure only relevant HIV 

data is being analyzed.  It is our suggestion that, for some reads, it may be better to run 

censuScope against the full length genomes available from LANL instead of the NCBI 

NT database.  

Clonal Analysis 

 

To identify quasi speciation and clonal bifurcation, the clonal discovery tool is used. The 

clonal discovery utility in HIVE provides a visual representation of the clones in the 

sample, and also allows for generating fasta sequences of the clone for additional 

analysis. 

The consensus of each potential clone can be downloaded in fasta format.  

The input for this portion of the pipeline is the nearest neighbors, as predicted by the 

taxonomy analysis. The mutual frame of all the nearest neighbors is used to visually 

represent clonal populations. Essentially, clonal analysis looks for a consistent pattern of 

SNVs and produces a trajectory of the divergent clone that the SNVs form (Figure 4).   
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In essence, all reads that are aligned to the nearest neighbors are mapped to the mutual 

reference frame of the nearest neighbors. These aligned reads are then positioned in this 

common coordinate system in increasing positional order. After the reads have been 

sorted, a window is constructed that scans the sorted and aligned reads. The window is a 

potential clone and its size is dynamically determined by the size of the alignments. After 

all of the alignments that fall inside this window are scanned, then a SNV profile is 

created. The profile is then searched for mutations (SNVs), and if one is detected to 

exceed a predefined threshold of reads supporting that variation, then the window is 

duplicated and the step is repeated, thus creating a bifurcation event. In this iteration, all 

alignments that include the detected SNV are included in the new window. After all of 

the alignments are scanned, then the two SNV profiles are scanned for mutations 

exceeding the specified threshold. This process is repeated until no mutations are 

detected in any of the windows. After all of the alignments in this range are grouped into 

a window, then the alignment moves on to the next range/step. If SNVs are detected in 

the alignment for a set of reads which map to the same coordinate of the reference 

genome, in exclusion of another set of reads which have a different SNV profile, then it is 

assumed that the two different groups of reads belong to different clones. Each alignment 

is compared to all consensuses and it is included in the clone with the closest consensus. 

Before the beginning of each step, all windows are scanned to ensure that all clones are 

well supported by mutated positions against all other clones. Since the algorithm 

proceeds in a step-wise fashion, two or more windows with consensuses, that are 
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identical for a region greater than the size of the step, will be merged. Similarly, windows 

that are of zero coverage inside the current step stop participating in the construction 

process. This idea of presence of clonal populations in viral genome has been discussed 

extensively, however there are no algorithms that accurately identify this available [22]. 

Recombination Analysis 

 

The recombination analysis step allows the determination of any potential recombination 

events between various genomes or strains.  

Recombination implies that there is a combination of two different genomes, however the 

division between them may not always be as clear as it is in Figure 5. The recombinant 

discovery engine is based on read mapping heterogeneity between multiple genomes 

(nearest neighbors) [23-25], More specifically, recombination events and boundaries will 

be determined based on individual reads that match partially to two genomes, and reads 

that match uniquely to a specific genome (HIVE-hexagon Signature mode) as shown in 

Figure 5. The recombination discovery engine depicts the percentage of reads that support 

recombination events. The key to this approach is to know the identity of the strains 

which are to be used as reference genomes. 

The significant outcomes of the pipeline can be summarized into three key components: 

identification of taxonomic composition of a given sample, quasi specie and bifurcation 

position discovery, and multiple strain recombination identification. 

This pipeline allows for recombination and clonal population identification without 

having any prior knowledge of the contents of the biological sample. This means that we 

can identify any complex or co-evolving genomes using this approach. Detecting the 
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presence of quasi species and recombination variability is important for therapeutic 

decisions and drug research.  

The first step involved in the pipeline is uploading the data and the automatic quality 

control. HIVE quality control allows for automatic calculation and visual representation 

of ATCG content, length, and quality score (when present) (Figure 6).  It is known that 

HIV-1 genome is more heavily populated by A and T nucleotides at about roughly 30% 

each while the G C content rest at about 20% each [26]. HIVE automatically checks for 

providing some confirmation that the data is accurate and represents HIV-1. In addition, 

if the AT or GC content are not similar it is clear that there are some issue with the 

sequencing or sample preparation. Additionally, the quality and length visuals confirm 

that the sequence is of high quality (above a phred score of 20) and long enough to make 

accurate and reliable conclusions. From experience with the pipeline minimum reads of 

150bp should be used so that the alignment parameters can be appropriately monitored.  

To clarify how the pipeline allows identification of recombination events and presence of 

clonal populations, exemplary clonal analysis and recombination discovery is shown in 

Figure 8-10.  In addition to these an example of censuScope is also presented (Figure 7). 

The censuScope results were used to acquire a series of gi numbers used to identify the 

nearest neighbors.  This is important because HIV strain separation and identification is 

so difficult and without using the appropriate genomes and references the results of the 

remaining processes will not be as accurate or insightful. This in fact was one of the most 

difficult portions of the pipeline to finalize. It was found that it may be useful to use 
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either the LANL compendium HIV genomes, HIV RT/Protease Sequence Database or a 

similar database to acquire reference data set to cross check the results and confirm that 

the closest related list of genomes are used[27]. For the purposes of this pipeline each 

time the nearest neighbors were considered, the top 10 were used however this number 

will not always remain a constant. The genomes chosen should be chosen based on the 

strain variation in the overall list of gi numbers as produced by censuScope and their 

specific number of hits. 

Once the genomes needed were identified an alignment was carried out that allowed for 

the establishment of a mutual reading frame and hit counts necessary for the conclusion 

of the pipeline using recombination analysis and clonal analysis tools. Without the 

presence of this mutual alignment it would be difficult to accurately determine the 

recombining of the different strains or creation of quasi species.  

The recombination utility considers all genomes used for the alignment and produces a 

graphic that represents each genome with a different color on the mutual frame (Figure 

8).  The y axis represents the length of to the mutual frame while the x axis shows the 

recombination rate. Hovering over the graph will show detailed information regarding 

exact number of hits each strain received.  The utility identifies number of breakpoints, 

location of breakpoints, the genomes involved in the recombination and as such provides 

insight on the cofounding process by revealing what fragments are conserved among the 

different strains and if there is any convergence between the strains [28] . 

The clonal tool (Figure 9) uses different colors to represent each genome. It uses the 

mutual frame to establish the x axis and on the y axis it distributes different clones and 
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draws a Sankey diagram on these axes. The thickness of the bands representing each 

clone is used to identify the coverage for that particular clone; all alternative trajectories 

from left to right are potential clones. In certain instances it is not easy to identify how 

many total quasi species there are in the mixture however the use of this tool allows for 

some simple conclusions on the presence of differences in read sequences and mutation 

patterns even within the same strain.  The clonal tool uses a Bayesian model. The tool 

can be used to draw conclusions by collecting a pool of homologous sequences and 

looking at associations in SNV patterns among different sites based on a theory 

previously proposed [29]. 

In this example there is some discordance in the beginning part and the end parts of the 

sequences. This could potentially mean there are some issues in the sequencing 

techniques used. In Figure 9 there is clearly a main clone and multiple smaller sub 

clones. There are a number of trajectories that these sub clones with less coverage could 

undergo in order to accumulate another potential genome for the sample however the 

benefit of the clonal tool is that the depth of coverage can be used to identify how 

significant each clone may be in the treatment of HIV. 

A different application of the tool may involve the discovery of all strains and clonal 

populations not just within one host but in a specific population. There have been many 

studies that aim to identify strains found in geographical locations but not many that 

focus on clonal population discovery as it relates to regions of the genome to identify 

conservation of genomic regions [30-33]. As such another example (Figure 10) is 

presented that identifies multiple clonal populations in a synthetically generated sample 
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that contained an unknown mixture of strains. Figure 10 was produced based on reads 

aligned to consensus genome of each subtype. The computation revealed that the sample 

more heavily contained reads more closely related to HIV subtypes: C, B, A1, G, F2. 

These results also gives some clues about HIV-1 mutation and evolution  behavior among 

the different strains and within the strains; providing clues, a topic that is heavily being 

studied now and will have a great impact on drug and vaccine development  [34-36].  
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Conclusion 

The proposed methods in this paper aim to solve the problems associated with rapid, 

accurate and reliable HIV-1 strain identification necessary for therapeutic determination. 

However, it can also be applied to vaccine discovery and HIV-1 evolutionary predictions 

based on common sites of mutations, bifurcations or recombination. As such this work 

has implications in other viral populations as well as non-viral diseases such as cancer, 

because of the clonal nature of cancer. Currently, much work is being conducted to make 

a similar pipeline for cancer quasi specie population discovery as well as environmental 

viral samples. It is the hope that the tools and utilities describe in this paper can be used 

to make appropriate pipelines for these other applications. 
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Figure 1 HIV Phylogenetic tree. The phylogenetic tree shows the evolutionary 
relatedness of the different HIV-1 groups and the subdivisions within the groups. 
Taken from http://www.hiv.lanl.gov/content/sequence/HIV/REVIEWS/PEETERS2000/Peeters.html 
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Figure 2 HIV gene map. The gene map of the HIV-1 genome identifying various genomic regions of 
HIV. 

Taken from http://www.hiv.lanl.gov/content/sequence/HIV/MAP/landmark.html 

 

 

 

 

 

 

 

  



 

24 

 

Figure 3 HIV-1 Analysis Pipeline.The HIV-1 analysis pipeline as it is carried 
out using the HIVE platform and HIVE compatible tools.  
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Genome
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Clone A consensus

Clone B consensus

C

Every trajectory 
Is a possible clone

Width denotes read support for clone

Sankey plots

Reference
Genome

Figure 4 Clonal discovery algorithm. A) Green and Red lines represent two possible 
clones in one sample. Thinner green and red lines represent reads that would match 
the two theoretical clones. The mutations in these reads which are specific to clone A 
or clone B are marked A1, A2… and B1, B2… respectively.  The thick black line 
represents the mutual reading frame and the reads from the two clones mapped to it. 
B) The clone specific mutations are used to anchor the reads and extend the clonal 
specific consensus. C) Sankey plots/diagrams can be used to show the clonal 
diversity and the read support for each clone. 
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Reference 
genome  1

Reference
genome 2

Recombination genome 1 and 2

Paired-end reads

Reference 
genome  1

Reference
genome 2

A

B

Figure 5. Recombination detection algorithm. A) Blue and red thick lines represent two 
reference genomes to which paired-end reads are being mapped. Thin blue and red lines 
represent reads that would match the two reference genomes. B) The block diagram 
shows the recombination point in the genome and the width represents read support. 
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A 
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 A 

C 

Figure 6. HIVE automatic quality control A) ATCG content pie chart in percentage with 
respect to over all nucleotide content, as shown A content is 28.9% T content is 29.3% C 
content is 20.6% while G content is 21.2%   B) Number of reads at various length, above 
sample shows a peak at 150 indicating most reads are about 150bp C) shows quality score 
as an average of all reads at specific length it is clear that all reads are above the minimum 
quality score of 20 
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Figure 7 CensuScope taxonomy tree. The taxonomic tree produced using default 
parameters and the NCBI nucelotide database in the HIVE instalment of CensuScope. 
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Figure 8 Result view of the recombination analysis utility. The different colors represent 
various genomes that were selected based on nearest neighbors present across the 
mutual frame. The rate at which the various genomes are present is represented by the 
height of the peaks 
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Figure 9 Visualization of the clonal analysis results example 1. The graph shows each 
genome in a different color with relation to its ID as reflected in the key on the right. These 
genomes were the nearest neighbors. As shows there is a major clone with various other 
bifurcating clones though they occur in a much smaller percentage than the main clone as 
depicted by the thickness of the bands.  
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Figure 10 Visualization of the clonal analysis results example 2. Clonal discovery 
results of a mixed HIV sample revealing multiple clones within strain type and 
some more conserved regions that may carry some clues about HIV evolution.  
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Appendix 

 

Table 1 

Excerpt  of censuscope result table containing gi numbers of the nearest neighbors  

ginumber taxid matchname path 

67291924
6 

1167
6 

Human 
immunodeficiency virus 
1 

/all:1:no rank:14/Viruses:10239:superkingdom:5/Retro-transcribing viruses:35268:no 
rank:3/Retroviridae:11632:family:7/Orthoretrovirinae:327045:subfamily:6/Lentivirus:11646:genus:4/Pri
mate lentivirus group:11652:no rank:6/ 

29749956
5 

1167
6 

Human 
immunodeficiency virus 
1 

/all:1:no rank:14/Viruses:10239:superkingdom:5/Retro-transcribing viruses:35268:no 
rank:3/Retroviridae:11632:family:7/Orthoretrovirinae:327045:subfamily:6/Lentivirus:11646:genus:4/Pri
mate lentivirus group:11652:no rank:6/ 

22003832 
1167

6 

Human 
immunodeficiency virus 
1 

/all:1:no rank:14/Viruses:10239:superkingdom:5/Retro-transcribing viruses:35268:no 
rank:3/Retroviridae:11632:family:7/Orthoretrovirinae:327045:subfamily:6/Lentivirus:11646:genus:4/Pri
mate lentivirus group:11652:no rank:6/ 

11937012
8 

1167
6 

Human 
immunodeficiency virus 
1 

/all:1:no rank:14/Viruses:10239:superkingdom:5/Retro-transcribing viruses:35268:no 
rank:3/Retroviridae:11632:family:7/Orthoretrovirinae:327045:subfamily:6/Lentivirus:11646:genus:4/Pri
mate lentivirus group:11652:no rank:6/ 

16820853
5 

1167
6 

Human 
immunodeficiency virus 
1 

/all:1:no rank:14/Viruses:10239:superkingdom:5/Retro-transcribing viruses:35268:no 
rank:3/Retroviridae:11632:family:7/Orthoretrovirinae:327045:subfamily:6/Lentivirus:11646:genus:4/Pri
mate lentivirus group:11652:no rank:6/ 

28119116
5 

1167
6 

Human 
immunodeficiency virus 
1 

/all:1:no rank:14/Viruses:10239:superkingdom:5/Retro-transcribing viruses:35268:no 
rank:3/Retroviridae:11632:family:7/Orthoretrovirinae:327045:subfamily:6/Lentivirus:11646:genus:4/Pri
mate lentivirus group:11652:no rank:6/ 

45360178 
1167

6 

Human 
immunodeficiency virus 
1 

/all:1:no rank:14/Viruses:10239:superkingdom:5/Retro-transcribing viruses:35268:no 
rank:3/Retroviridae:11632:family:7/Orthoretrovirinae:327045:subfamily:6/Lentivirus:11646:genus:4/Pri
mate lentivirus group:11652:no rank:6/ 

10096710
0 

1167
6 

Human 
immunodeficiency virus 
1 

/all:1:no rank:14/Viruses:10239:superkingdom:5/Retro-transcribing viruses:35268:no 
rank:3/Retroviridae:11632:family:7/Orthoretrovirinae:327045:subfamily:6/Lentivirus:11646:genus:4/Pri
mate lentivirus group:11652:no rank:6/ 

22947099
6 

1167
6 

Human 
immunodeficiency virus 
1 

/all:1:no rank:14/Viruses:10239:superkingdom:5/Retro-transcribing viruses:35268:no 
rank:3/Retroviridae:11632:family:7/Orthoretrovirinae:327045:subfamily:6/Lentivirus:11646:genus:4/Pri
mate lentivirus group:11652:no rank:6/ 

45738210 
1167

6 

Human 
immunodeficiency virus 
1 

/all:1:no rank:14/Viruses:10239:superkingdom:5/Retro-transcribing viruses:35268:no 
rank:3/Retroviridae:11632:family:7/Orthoretrovirinae:327045:subfamily:6/Lentivirus:11646:genus:4/Pri
mate lentivirus group:11652:no rank:6/ 

13414250
9 

1167
6 

Human 
immunodeficiency virus 
1 

/all:1:no rank:14/Viruses:10239:superkingdom:5/Retro-transcribing viruses:35268:no 
rank:3/Retroviridae:11632:family:7/Orthoretrovirinae:327045:subfamily:6/Lentivirus:11646:genus:4/Pri
mate lentivirus group:11652:no rank:6/ 

56193039 
1167

6 

Human 
immunodeficiency virus 
1 

/all:1:no rank:14/Viruses:10239:superkingdom:5/Retro-transcribing viruses:35268:no 
rank:3/Retroviridae:11632:family:7/Orthoretrovirinae:327045:subfamily:6/Lentivirus:11646:genus:4/Pri
mate lentivirus group:11652:no rank:6/ 

68522043 
1167

6 

Human 
immunodeficiency virus 
1 

/all:1:no rank:14/Viruses:10239:superkingdom:5/Retro-transcribing viruses:35268:no 
rank:3/Retroviridae:11632:family:7/Orthoretrovirinae:327045:subfamily:6/Lentivirus:11646:genus:4/Pri
mate lentivirus group:11652:no rank:6/ 

66642704
8 

1167
6 

Human 
immunodeficiency virus 
1 

/all:1:no rank:14/Viruses:10239:superkingdom:5/Retro-transcribing viruses:35268:no 
rank:3/Retroviridae:11632:family:7/Orthoretrovirinae:327045:subfamily:6/Lentivirus:11646:genus:4/Pri
mate lentivirus group:11652:no rank:6/ 

38351202
8 

1167
6 

Human 
immunodeficiency virus 
1 

/all:1:no rank:14/Viruses:10239:superkingdom:5/Retro-transcribing viruses:35268:no 
rank:3/Retroviridae:11632:family:7/Orthoretrovirinae:327045:subfamily:6/Lentivirus:11646:genus:4/Pri
mate lentivirus group:11652:no rank:6/ 

56193074 
1167

6 

Human 
immunodeficiency virus 
1 

/all:1:no rank:14/Viruses:10239:superkingdom:5/Retro-transcribing viruses:35268:no 
rank:3/Retroviridae:11632:family:7/Orthoretrovirinae:327045:subfamily:6/Lentivirus:11646:genus:4/Pri
mate lentivirus group:11652:no rank:6/ 

995580 
1167

6 

Human 
immunodeficiency virus 
1 

/all:1:no rank:14/Viruses:10239:superkingdom:5/Retro-transcribing viruses:35268:no 
rank:3/Retroviridae:11632:family:7/Orthoretrovirinae:327045:subfamily:6/Lentivirus:11646:genus:4/Pri
mate lentivirus group:11652:no rank:6/ 

5668954 
1167

6 

Human 
immunodeficiency virus 
1 

/all:1:no rank:14/Viruses:10239:superkingdom:5/Retro-transcribing viruses:35268:no 
rank:3/Retroviridae:11632:family:7/Orthoretrovirinae:327045:subfamily:6/Lentivirus:11646:genus:4/Pri
mate lentivirus group:11652:no rank:6/ 

32693696
4 

1167
6 

Human 
immunodeficiency virus 
1 

/all:1:no rank:14/Viruses:10239:superkingdom:5/Retro-transcribing viruses:35268:no 
rank:3/Retroviridae:11632:family:7/Orthoretrovirinae:327045:subfamily:6/Lentivirus:11646:genus:4/Pri
mate lentivirus group:11652:no rank:6/ 

63081177 
1167

6 

Human 
immunodeficiency virus 
1 

/all:1:no rank:14/Viruses:10239:superkingdom:5/Retro-transcribing viruses:35268:no 
rank:3/Retroviridae:11632:family:7/Orthoretrovirinae:327045:subfamily:6/Lentivirus:11646:genus:4/Pri
mate lentivirus group:11652:no rank:6/ 

 


