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Introduction

The use of HIVHXB2 as the prototype reference strain for numbering nucleic acid and amino acid
sequences has provided a useful strategy for consistent and accurate determination of the locations of
nucleic and amino acid sequences of HIV-1 in the literature [1]. Because of the high frequency of
insertions and deletions, different HIV sequences have genes and proteins of varying lengths. Specifying
the sequence position relative to a unique reference strain, HIVHXB2, allows direct comparisons between
studies that use different strains, and easy retrieval of sequences of the gene of protein regions of interest
from the databases. Specification of sequence positions is often included in papers where epitopes are
defined, where primers are used, or where key functional elements are localized, and in these settings the
HXB2 numbering engine is a quick way to determine the precise location of the region of interest.

This exercise is manageable for sequences that are relatively closely related to HIVHXB2, but the
more divergent the sequence under study is from HIVHXB2, the harder it is to do the alignment to
determine accurately the relative positions vis-a-vis the prototype or reference strain. HXB2 can be used
readily for numbering sequences within the M group of HIV-1 viruses, and reasonably efficiently for the
more diverse viral sequences from chimpanzee, and the human O and N groups (Figure 1). But the
numbering of SIVs isolated from sooty mangabeys illustrates a situation where an alternative approach
for numbering the nucleic and amino acid sequences is required. The deduced amino acid sequence of
SIVmm239 is similar to that of SIVsmH4 by 91% in Gag, 92% in Pol, 84% in Env, 83% in Vif, 65% in
Tat, 73% in Rev and 66% in Nef. Within the same regions, SIVmm239 has a similarity score of 52%, 56%,
31%, 25%, 23% 28% and 29%, respectively, to HXB2 [2]. In addition, most SIVmm, SIV and HIV-2
strains have a vpx ORF instead of vpu, a region of potential problems for numbering SIVs relative to
HXB2 (Figure 2). Thus it is more practical to align and number SIVmm and HIV-2 isolates relative to
a strain that has the same genomic organization and which is more closely related. Another rationale for
adopting a new numbering prototype sequence for SIV is its increasing use in primate vaccine research.

After some deliberation and external consultation, we selected SIVMM239 as the prototype
reference sequence for numbering SIV strains at the Los Alamos database. There are reasonable
arguments for the use of different strain as the prototype. But the high frequency with which SIVMM239
is used in vaccine studies and the comparatively large number of epitopes that have been defined for
SIVMM239 was the determining factor for this choice. However, the original SIVMM239 clone [2]
deposited in GenBank (accession number M33262) has 256 nucleotides of flanking non-SIVMM
sequence. We have removed the flanking sequence and stored the resulting file as SIVMM239R in our
database. The original sequence of SIVMM239 contains a premature stop codon, TAA, at position 9353–
9355 within the nef coding sequence. In SIVMM239R we have replaced the TAA stop with the SIVMM
consensus codon GAA which codes for glutamate. Finally we have deleted the final “A” at position 10279
because we consider it a PCR artifact, giving the complete genome a length of 10278.

* This article has been revised (Oct. 22, 2002). The cleavage sites within the p2, p8, p6 and p1 segments
of Gag have been corrected based on Henderson et al., 1988 J. Virol. 62:2587–2595. The SDS-Page
mobility values of the Gag proteins have also been modified to agree with those in Ref [2]. We thank Dr.
Robert J. Gorelick (Retroviral Mutagenesis Laboratory, AIDS Vaccine Program) for bringing the errors
to our attention. The terminal A nucleotide was deleted Aug. 10, 2005.

(revised*)
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Figure 1. Phylogenetic tree of the primate lentiviruses showing the large distance between the SIVmac
group and the HIV-1 M group. Note also the wide divergence of SIVmac from other SIVs.

In dealing with deletions and insertions relative to SIVMM239, we have used the same method-
ology as for the numbering of HIV-1 relative to HIVHXB2 [1].The computer program at Los Alamos that
numbers HIV-1 sequences in relation to HXB2, known as the “HXB2 Numbering Engine,” has now been
extended to number SIV, or closely-related HIV-2 sequences, in relation to SIVMM239R. It can be found
at http://hiv-web.lanl.gov/content/hiv-db/LOCATE_SEQ/locate.html

[1] Korber, B. T., Foley, B. F., Kuiken, C. l., Pillai, S. K., and Sodroski, J. G., Numbering Positions in
HIV Relative to HXB2CG, in Korber et al., eds., Human Retroviruses and AIDS 1998,  pp. III-102–
III-111, Los Alamos National Laboratory, Los Alamos, NM, report LA-UR 99-1704.  Available
online at http://hiv-web.lanl.gov/NUM-HXB2/NUMBERING.html.

[2] Regier, D. A., and Desrosiers, R. C., The Complete Nucleotide Sequence of a Pathogenic Molecular
Clone of Simian Immunodeficiency Virus, AIDS Research and Human Retroviruses, 6(11):1221-
1231.
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