Analysis of HIV Sequences
From Patients Data

By Patricia Buendia




Why study HIV data:

e Viruses have a high evolution rate

e Large amount of data in public
databases

e Evolutionary pattern closely related to
the immunological status of host

e Analysis of serially sampled data

significant to medical assessment of
disease



Drugs and the HIV Life Cycle
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Analysis of First Set of Data

e 1 Year study of 10 patients before
and during therapy

e Drug therapy: AZT(ZDV)-3TC-IDV

e 5 to 9 sequences per patient in
Genbank

Reference

Gunthard et al. — Journal of Virology 1998

Human immunodeficiency virus replication and genotypic resistance in
blood and lymph nodes after a year of potent anftiretroviral therapy
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geno2pheno

¢ Input: HIV-1 pol-gene DNA sequence

e Output: predictions of phenotypic
resistance to 17 antiretroviral drugs

e How: 2-class phenotype predictions
using decision trees and SVM

FOR MORE INFO...


http://217.89.67.10/cgi-bin/geno2pheno.pl/
http://217.89.67.10/cgi-bin/geno2pheno.pl/
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DV | §.5 resistant [0.90] resistant 13.6 ZDV | 8.5 resistant [0.90] resistant 26.7
ddC 2.5 susceptiible [0.830] | susceptible 1.5 ddc | 2.5 resistant [0.73] resistant 2.6
ddl 25 susceptible [0.86] susceptible 1.6 ddT | 2.5 resktant [0.58] resktant 24
d4T | 2.5 susceptible [0.71] | susceptible 1.8 daT | 2.5 | susceptible [0.71] | susceptible 1.9
3TC | 8.5 | susceptible [0.80] | susceptible 58 3TC | 8.5 resistant [0.98] resistant 211.0
ABC | 15 resistant [0.89] susceptiible 2.2 ABC | 2.5 resistant [0.89] resistant 4.0
TDF | 2.5 | susceptible [0.88] | susceptible 2.2 TDF | 2.5 resistant [0.76] susceptible 138
NVP | §.5 susceptible [0.39] | susceptible 1.5 HYP | 8.5 | susceptible [0.89] | susceptible 3.3
DLV | 8.5 suscepiible [0.39] | suscepiible 1.5 DLY | 8.5 | susceptible [0.89] | susceptible 1.5
EFV | 8.5 | susceptible [0.91] | susceptible 1.1 EF¥ | 8.5 | susceptible [0.91] | susceptible 2.2
SQV | 3.5 | susceptible [0.89] | susceptible 1.1 Q¥ | 3.5 resistant [0.88] susceptible 3.0
IDV | 35 susceptible [0.90] | susceptible 1.2 IDv | 3.5 resistant [0.87] susceptible 3.0
RTV | 3.5 | susceptible [0.91] | susceptible 1.1 RTV¥ | 3.5 resistant [0.89] susceptible 2.7
NFV | 3.5 | susceptible [0.89] [ susceptible 1.0 HEV | 3.5 resistant [0.93] susceptible 3.3
APV | 35 susceptible [0.92] | susceptible 1.3 APY | 3.5 | susceptible [0.92] | susceptible 1.7
LPV | 3.5 susceptible [0.86] | susceptible 1.1 LP¥ | 3.5 | susceptible [0.86] | susceptible 1.5
ATV | 3.5 | susceptible [0.84] | susceptible 1.4 ATV | 3.5 resistant [0.83] susceptible 2.0




Analysis of Second Set of Data

e 5 Year study of HAART therapy

— 2 patients under 3TC + d4T+ Idv drug
therapy

— 1 patient under 3TC + d4T + Nfv + Sqv
e approx. 250 sequences per patient

e Observation: Viral load increased after
discontinuation of therapy

Reference
Imamichi et al. — Journal of Infectious Diseases 2001

Human immunodeficiency virus Type 1 quasi species rebound after
discontinuation of higly active antiretroviral therapy...
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ML Protease Tree

Tree for Patient 2 was
constructed using DNAML

HIV-1 RNA HIV-1 DNA
in plasma in plasma

Baseline (-5 months O N
and prior to start of HAART)

0 mo - 1st documented HIV
RMNA <50 copiesimL

12 mo after 1st <50 copiesim_
18 mo after 1st <50copiesimL

29 mo - Time point of relapse ®
after discontinuation of HAART




Time 1: -5 months before
first count of <50 copies/m]L 2 B B 6l 23 26 27 50 51 54 35 57 58 59

&before therapy start M 52204 25 28 2936 40 #

Time 2: 0 months and first
documented count 199 4124 18 1348 7 2820 36 40 10 1144

of <50 copies/mL

Time 3: 12 months after

first count 122213283643 4249 14 44
of <50 copies/mL

Time 4: 18 months after 152228 16172936 1845 44
first count
of <50 copies/mL

Time 5: 29 months after
first count of < 50c0pies/mL 1922 25 20213348 3132 36 46 47 44

3 weeks after discontinuation of therapy & relapse



Find Closest Ancestor

e Use a distance matrix

¢ Find closest distance between sequences
from consecutive time periods
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Neutral and Darwinian Selective Evolution

e Detect positive selection by comparing rates of
nonsynonymous to synonymous substitutions o
= d,/dg

e assume the nonsynonymous substitutions are
proof of positive selection o > 1

e pairwise calculation of positive selection rate o is
done using Yang’s codon-based model
implemented in PAML



Algorithm for Analysis of serially
sampled data

1)
2)

3)
4)

5)

Calculate distance matrix for unique sequences
(DNADIST)

Calculate pairwise positive selection rate o
(PAML)

Separate sequences into time groups t,...,t
For each seq, < t. find seq, < t., so that
dist(seq,,seq,) = min(dist(seq,,seq;)) V seq; € t;

For each such pair found in 4), get ® from
matrix in 2), to determine positive selection

(o >1)

n



Time 1: -5 months before
first count of <50 copies/mL 2 B B 6 23 26 27 50 51 54 5557 38 59

&before therapy start LRy 28 2036 W
20% e N s e /s
Time 2: 0 months and first / v v
documented count 19 191 41 24 181 1348 1712820 36 40 o1 4
of <50 copies/mL K : ; ﬁ [:
30% \ 1AW
Time 3: 12 months after : RN
first count 12 22 13 28 3643 424p1444
of <50 copies/mL : P 3 K
10% /] [\: [
Time 4: 18 months after : [T\~ | ¥
first count 1522 28 161729 361845 44
of <50 copies/mL ; /1 \\
71.5% ;

Time 5: 29 months after

first count of <50 copies/mL 1# 2

/ | : :
25202133 48 31 32 36 46 47 44

3 weeks after discontinuation of therapy & relapse




Conclusion

e Reasons for drug therapy failure:
— appearance of multidrug-resistant virus:

— non-drug resistant virus continues to
replicate in virus reservoirs of special
cells

e New methods needed for analysis of
time consecutive HIV-1 data
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