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1. Introduction
The process by which viral RNA is copied into DNA by the viral enzyme reverse transcriptase is error-prone and
forms the basis for high genetic variability and for a high rate of evolution. In this paper, experimental design
techniques for serially sampled data are employed. The question is how to choose the isolation date for the next
sample to be sequenced in order to yield a more powerful test of the molecular clock hypothesis(MCH) or in order
to improve estimates of evolutionary rates or divergence times. Also, we observed negative correlation between
evolutionary rate and effective population size of HIV-1 within nine patients. We expect it gives us a clue to
unravel the adaptation process of HIV and the variation in the length of asymptomatic period.
2. Detecting rate variation and inferring population size
[A] Detecting rate variation
(1) Detecting deterministic trend of evolutionary rate
If we assume linearly increasing rate, r (t ) = a( t − t 0 ) + r , and Poisson process as evolutionary event,
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(2) Detecting random fluctuation of evolutionary rate
If we assume that the rate in each branch follows gamma distribution(mean: µ variance: δµ2 ), the
evolutionary process follows negative binomial distribution. Power to reject null hypothesis( H 0 : δ = 0 )
can be calculated as in the previous section with λ = −δ 2Vδδ− 1
(3) Estimating evolutionary rate and time of origin under MCH
The asymptotic variance of m.l.e. can be obtained with Fisher information matrix. As a function of
sampling time, the asymptotic variance enable us to find the next optimal sampling time for more
accurate inference.
[B] Inferring effective population size
We used coalescent theory to infer effective population size. The coalescent likelihood is
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applied to the estimated dates of coalescent events from the serially sampled data. The evolutionary rate is
estimated by the maximum likelihood method([1]) and the variance of estimated population sized were obtained
by Monte-Carlo simulation.
3. Result and Discussion
To detect linearly increasing evolutionary change, the additional sampling should be done before the oldest
sample or after the latest sample. This means that, in general, the more disperse the sampling times, the higher is
the power to reject null hypothesis. In detecting gamma-distributed rate, the longer is the additional branch, the
higher is the power to reject null hypothesis. Under the assumption of rate constancy, we obtained same result as
the case of linearly increase rate. As an example, we analyzed the data set published by Leitner and Albert([2]).
Assuming generation time as 1.2 day([3]), we estimated internal node times and population size with nine
patients(data were obtained from [4]). We observed negative correlation.

Figure 1 13 sequences from [3]. Additional
Figure 2 std error of estimate rate
sequences is added to thick line
additional sample is added to P7.6760(left) or
P10.9939

assuming

additional

Figure 3 negative correlation between estimated evolutionary rate and effective population size in nine patients
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Résumé
La puissance d'examiner l'horloge moléculaire est étudiée et la corrélation négative entre le taux évolutionnaire et
la taille efficace de population de Hiv-1 a été observée.

