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Workshop Topics

HIV Intersubtype Recombination and Unique
Circulating Recombinant Forms

General introduction:
HIV, like all retroviruses, is effectively diploid, packages two 
copies of the viral genome per virion.

Mechanism of Recombination:
Template switching during reverse transcription, no DNA 
damage-repair enzymes needed.

Tools for detecting Intersubtype Recombination:

Overview of HIV-1 M group subtypes and CRFs:

Examples of what recombinants “look like”:



Recombinant viruses 
can be formed when 
one cell is infected 
with 2 viruses.

Distance or diversity 
between the two 
viruses can be large
(intersubtype) or
small (near identity
intrapatient).

Recombination
occurs by template
switching during 
reverse transcription
of heterodimeric
viruses



RIP: HIV-databases https://www.hiv.lanl.gov/content/sequence/RIP/RIP.html
Pros:     Adjustable window size, prebuilt test set, allows user input test set, 

adjustable significance threshold, contains consensus for each subtype.
Cons:    Does not output numerical breakpoint locations.

jpHMMer:  Gobics http://jphmm.gobics.de/submission_hiv.html
Pros:     Statistical support of precise breakpoints, outputs table of breakpoints.
Cons:    Does not have HMM models for CRFs, weak models for rare subtypes, 

does not include sububtypes (A3, A4, A6, F2), window size not adjustable.

REGA Genotyping: SANBI, REGA http://regatools.med.kuleuven.be/typing/v1/subtyping.html
Pros:    Accepts input of many sequences, phylogeny as well as other methods,

CRFs updated reasonably often.
Cons:   Window size not adjustable, 

RDP3, RDP4:  http://web.cbio.uct.ac.za/~darren/rdp.html

NCBI Genotyping: NCBI  https://www.ncbi.nlm.nih.gov/projects/genotyping/formpagex.cgi

SimPlot: Stuart Ray https://sray.med.som.jhmi.edu/SCRoftware/simplot/

Highlighter: HIV Databases 
https://www.hiv.lanl.gov/content/sequence/HIGHLIGHT/highlighter_top.html

Virus Recombination Detection Tools:



Many more recombination 
detection tools:

http://bioinf.man.ac.uk/robertson/recombination/programs.shtml



How to decide “which tool”?

The answer depends on many factors such as number of sequences which need to be 
screened, short or long sequences, diversity in the local population, etc…

No single tool does everything very well.  

There are trade-offs in speed vs accuracy, rate of false-positive vs false negative results,
etc…

Very fast methods can be simple, such as BLAST of each sequence against a small 
subtype reference set local database.  Parsing and interpretting the results may be the 
most difficult part.



HIV-1 subtypes and CRFs

■ Subtypes and subsubtypes: A1 – A6, B, C, D, F1 
– F2, G, H, J, K  

■ Circulating Recombinant Forms: CRF01_AE –
CRF98_06B

■ Both require a minimum of 2 complete genomes 
and at least one more partial genome with 
sequences from regions that can confirm the 
structure of the first 2.  



https://www.hiv.lanl.gov/content/sequence/HIV/CRFs/CRFs.html

CRF01_AE 

CRF04_cpx 



The NCBI “Window BLAST” 
genotyping tool

CRF03_AB CRF03_AB is 
recombinant
between A6, the 
subsubtype of A
found in the former
Soviet Union region
and B.

In this plot 2 
reference genomes
of CRF03_AB are 
included, along
with A1, A2, B, C,
F1, F2, and G
genomes.

Window size 150
bases and step of
50 bases



CRF03_AB SimPlot

Map from jpHMMer



CRF03_AB Maps

From publication describing CRF03_AB

From jpHMMer analysis at Gobics





AliView (free for Mac) or BioEdit (free for Windows) multiple sequence 
alignment editor view of CRF03_AB plus reference genomes.
http://ormbunkar.se/aliview/
http://www.mbio.ncsu.edu/BioEdit/bioedit.html





Aliview Control-Click on Sequence
to highlight differences from that
sequence



Positions or sites in HIV-1 genomes are numbered using alignment to the HXB2
reference genome as the standard.  The HIV Map drawing tool can be used
to create maps of the genome colored by region.
https://www.hiv.lanl.gov/content/sequence/DRAW_CRF/recom_mapper.html



jpHMM-HIV at Gobics
gives best recombination
site location numbering.

vs input query sequence 
location

vs HXB2 standard
sequence location

http://jphmm.gobics.de/submission_hiv



HIV recombination Map 
Drawing tool at HIV-DB
customizable to change 
colors used, and input your 
own numbers in cases 
where jpHMM (or another 
tool) did not give the 
correct sites.

https://www.hiv.lanl.gov/content/sequence/DRAW_CRF/recom_mapper.html



https://sray.med.som.jhmi.edu/SCRoftware/simplot/



Even a very small region of misalignment, hypermutation, or poor sequence quality can 
have a large impact on similarity plots, phylogenetic trees, and other analyses.  Similarity 
plots can be quite useful for identifying sites in a multiple sequence alignment that should be 
scrutinized, and corrected if in error, as this example shows.



Zoomed in on “A-like” central region, shows that it truly is most 
likely recombination and not just an aberrant region.

Other factors should also be considered too.  In this case for 
example we know that the recombinant was formed in a person 
dual-infected with A6 and B viruses, so a region of A6 is not at 
all unexpected.



Phylogenetic tree of 
A-like central region of 
CRF03_AB

B-FSU relatively diverse 
in this small region of the 
genome

F1 and F2, B and D 
widely separated in this
small region, indicates 
perhaps a lack of solid
phylogenetic information

CRF03 well within the 
A6 subclade



https://www.genomedetective.com/app/typingtool/hiv



HighLighter for intra-patient
recombination

https://www.hiv.lanl.gov/content/sequence/HIGHLIGHT/highlighter_top.html

Dual-infected patient.

Infected with two strains 
of the same subtype.



RAPR recombination analysis
program

https://www.hiv.lanl.gov/content/sequence/RAP2017/
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