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Introduction 
This project’s purpose is to determine sites of positive selection in the gp120 envelope protein of 
the Human Immunodeficiency Virus (HIV).  Positive selection is defined as the fixation of 
changes in amino acid composition in a population.  A data set containing the envelope sequence 
from patients who contracted HIV while participating in a phase 3 efficacy trial of the 
AIDSVAXTM HIV vaccine was obtained from Vaxgen, the vaccine’s developer.  This data is 
being compared with data sets taken from Genbank to identify sites along the gp120 protein 
which have mutated, to allow the virus to escape the antibodies generated by the vaccine.  
Unfortunately, the data set is so large the analyses remain ongoing.  However, two separate data 
sets taken from Genbank were analyzed and yielded interesting results. 
 
Methods 
The two data sets consisted of 68 and 79 taxa.  The analysis of the data was performed with the 
following methods and programs.  The sequences were first aligned using the program ClustalX 
(4).  Using MacClade 4.05 the alignments were fine tuned and the correct reading frames were 
determined. The codon numbering was then standardized for each alignment using a lab strain 
sequence HXB2.  In the event that the HXB2 sequence did not have an amino acid at a certain 
position, the position was numbered by the previous codon’s number in addition to a letter of the 
alphabet. The data was then entered into PAUP 4.0b10 (3) where a model of evolution was 
determined using the program ModelTest 3.06 (2).  Using the selected model of evolution a 
neighbor-joining tree was generated for each data set.  The data and tree were then entered into 
TreeSAAP (5), a program that detects positive selection by comparing each sequence to a 
generated ancestral sequence at each node of the tree.  TreeSAAP compares changes in amino 
acids using 31 physicochemical properties.  Each change is assigned a category with 1 being the 
least amount of change and 8 the most dramatic.  TreeSAAP also identifies the individual 
properties that are undergoing positive selection at a certain category by comparing the ratio of 
observed substitution events for a particular category to the expected number of events.  If a ratio 
for a specific category is higher than the overall ratio, positive selection is occurring.  The 
program Gblocks (1) was also used to determine ambiguous regions in each alignment. 
   
Results 
TreeSAAP identified five properties that are undergoing positive selection in relation to category 
6, 7, or 8.  These are; alpha-helical tendencies, power to be at the C-terminal, solvent accessible 
reduction ratio, surrounding hydrophobicity, and turn tendencies. These properties are 
undergoing positive selection at category 8, 7, 7, 7, and 6 and 7 respectively.  The individual 
codons undergoing this selection were then determined and the codons appearing in both data 
sets are listed in Table 1 below. 
 
 



 
Alpha-Helical 

Tendencies 
Power to be at the C-

terminal 
Solvent Accessible 

Reduction Ratio 
Surrounding 

Hydrophobicity 
Turn Tendencies 

 
87 85 194 85 87 

 87 200 87 185 
 150 283 182 187 
 185 297 293 275 
 268 347  291 
 290 395E  339 
 291 415  369 
 293 467  403 
 343   446 
 347   464 
 351    
 403    
 429    

Table 1 
 

The codons that were identified by Gblocks were then removed and the codons still remaining in 
the data set were identified.  These are shown in Table 2 below. 
 

Alpha-Helical 
Tendencies 

Power to be at the C-
terminal 

Solvent Accessible 
Reduction Ratio 

Surrounding 
Hydrophobicity 

Turn Tendencies 
 

87 85 194 85 87 
 87 200 87 275 
 268 283 182 291 
 290 297 293 339 
 291 347  369 
 293 467  446 
 343    
 347    
 351    
 429    

Table 2 

 
Discussion 
While the data set consisting of the vaccinated individuals has yet to be fully analyzed by 
TreeSAAP, interesting points can be drawn from the other data sets.  Codons 85 and 87 are 
implicated as undergoing positive selection in 3 of the 5 properties.  These changes as well as the 
others should be mapped onto the 3-D structure of the gp-120 protein.  This would give a more 
complete picture of what these changes actually mean in terms of the protein.  The vaccine data 
should also be compared to these two control groups. 
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