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1. Introduction. The genome of the human immunodeficiency virus (HIV) mutates rapidly enough to deplete
the immune system of the host. To make an effective vaccine against HIV, it is important to understand its mutation
process. The high error rate of the reverse transcriptase and high turnover rate in vivo generate vast numbers of
different viral mutants (1). Some of these substitutions help mutants to escape immune system, while others prevent
mutants from generating functional proteins, which are vital to their survival. However, if mutations at another
position help these proteins to keep their structure, they would be favorable for their survival (2).
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2. The Set-up.

For illustration (Table 1), consider two loci, i and

are predominant at loci i and

j , respectively.

j , and assume the nucleotides T and A

Hence, the (1,1)-cell is the consensus (the most frequent

configuration). The outer table, except for the (1,1)-cell, contains single mutations away from the consensus, and the
inner table pertains to double mutations. We are interested in testing whether mutations at locus i are independent of
those at locus j .
We are going to use only the inner table to test this hypothesis, but, in estimating αi ’s and β j ’s, it would be
reasonable to use only the outer table, because the outer table contains the pure information about single mutation rates
away from the consensus, while the inner table might be contaminated by possible correlations between the two loci.

3. The 2×2 Case. In this case, the test statistic pertains to the total number of mutations. Assume that all

cell counts have independent Poisson distribution with different means.

If we fix the sum of outer table

( n11 + n12 + n21 ), we can get the following multinomial likelihood function
L (α1 , β1 ; n11 , n12 , n 21 ) = C
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ˆ = n /(n + n ) . We verify that
ˆ1 = n11 /( n11 + n21 ) and β
From the above likelihood, we can get MLEs α
1
11
11
12

(N

1
n

22

)

ˆ2 βˆ2 is asymptotically normally distributed with mean 0 and variance γ22 , which is a function of α1
− nα

and β1 . We propose the following test statistic.
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where γˆ22 is obtained from γ22 by substituting α̂1 and β̂1 for α1 and β1 .
Simulations show that this test statistic behaves reasonably well as a normally distributed with mean 0 and unit
variance.
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4. The r×c Case. In this case, MLEs are α̂i = ni 1 / ∑ n i1 and β̂ j = n1 j / ∑ n1 j , and the following test
statistic is proposed.

~
~
~
ZvT {Vˆo (Zv )}−1 Zv
where

~
1
~
~
~
ˆi βˆj ) and Vˆo (Zv )
Zv = vec(Z T ) , Z ij =
( Nij − nα

is the covariance matrix of

n

~
Zv

under the null

hypothesis, which is obtained by substituting α̂i and βˆj for αi and β j . The above statistic follows asymptotic

χ 2 -distribution with (r-1)(c-1) degrees of freedom.

5. Data Analysis. This methodology is used to analyze 356 HIV sequences of the V3 loop of the envelope
protein, which spans 35 amino acids.
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RESUME
A Mutation may help a virus escape from the immune system, but it can also be deleterious to the virus, because
the mutation drastically alters the structure of a core protein. However, this structure may be preserved, if a specific
mutation occurs at another position. We construct a test statistic to detect such kind of mutational linkage between two
loci.

