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Really? Why? 



The convergence of computer science and 
biology 

 DNA is a programming language and a computation device 

 



The convergence of computer science and 
biology 

 Drinking from the fire hose or … 

 



The convergence of computer science and 
biology 

 Striking similarities in concepts that can be shared both ways 
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Fighting HIV with machine learning (aka 
statistics) and high performance 
computing 

 HIV & immunology 101 

 PhyloD.net: A tool for studying HIV 

 Important discoveries toward a vaccine and possible treatments 



HIV is the virus that causes AIDS 

 AIDS kills 5,000 people every day 

 Drugs work fairly well but are expensive and need to be taken 
regularly 

 Vaccine is perhaps the best hope for developing countries 



HIV Lifecycle 



Our immune system fights viral infections 

 Innate (e.g., natural killer cells) 

 Adaptive 

 Antiboides (humral arm) 

 T cells (cellular arm) 

 

Vaccines pretrain the adaptive response thereby 

generating a stronger response that prevents 

infection or at least keeps the virus under control 

 

 
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Progression to AIDS 



Grenfell et al Science (2004) 

Shankarappa et al J Virol (1999) 



Slide from Richard Harrigan 

Adapted from Korber et al (2001) Br Med Bull 



Mechanisms of T-cell Escape 
Killer 
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Host Cell 





Spam filtering 

Goodman, Heckerman, & Rounthwaite 

Scientific American, April 2005 



From spam filters to vaccine design 

 Immune system attacks HIV: filter blocks spam 

 Problem: Spammers “mutate” their emails 

 Solution: Spam mail can’t be arbitrary – they are trying to sell you 
something 

 Look for disguised prodcut name (e.g., “V1AGRA”)  

 Follow the money 

 

 What is HIV’s Achilles’ heel? 
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Hypothesis: Certain parts of HIV are critical 
to its function 

If HIV mutates within these epitopes, it becomes less or non-functional 

Suggests a vaccine design… 



A design for an HIV vaccine 

x x x x x 

Left to its own devices, our immune system attacks at random epitopes 



A design for an HIV vaccine 

x x x 

A “whole protein” vaccine does little to help the situation (explains failure of 

Merck vaccine) 

vaccine 



A design for an HIV vaccine 

x x x x x 

A focused vaccine can show immune system where to attack 

vaccine 



A design for an HIV vaccine 

 Accumulating evidence for hypothesis and identifying these 
“protective epitopes” 

 Brute force testing of known epitiopes (Walker and Pereyra) 

 

 Continuing to search for these protective epitopes with more clever 
methods 



Fighting HIV with machine learning (aka 
statistics) and high performance 
computing 

 HIV & immunology 101 

 PhyloD.net: A tool for studying HIV 

 Important discoveries toward cures/vaccines 



HLA variability 

- Each person has up to 6 different HLA 
types:                (2 ‘A’, 2 ‘B’, 2 ‘C’) 

- HLA region is most variable region of 
DNA--rare for two people to have the 
same HLA types 



HLA Molecule 

Epitope 

Epitope variability 
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Use this variability to search for epitopes and the 
HLAs that attack them 

Example: 

 HLA B57 

…PPGQMREPRGSDIAGTTSTLQEQIGWMTSNPPIPVGEIYKRWIILGLNKIV…. 

…PPGQMREPRGSDIAGTTSNLQEQIGWMTSNPPIPVGEIYKRWIILGLNKIV…. 

HIV protein 



Straightforward approach 

 Sequence someone’s HIV when they first get infected and re-
sequence every month or so 

 

 Expensive, difficult to find subjects early infection (lucky to find 
100 in a year) 

 



Our approach: PhyloD.net 

 Take a single snapshot of a person’s HIV 

 Use the phylogeny of sequences among individuals to infer the 
infecting sequence 

 Requires machine learning algorithms and high-performance 
computing 

 Bottom line: much less expensive and can get data from thousands 
of subjects 

 



PhyloD.Net: Basic idea 

Phylogeny of HIV 

sequences 

Individuals with  

similar sequences 

Individuals with not so 

similar sequences 



PhyloD.Net: Basic idea 

lys 

lys 

Likely that this individual  

was infected with lys,  

which then mutated to arg 

due to HLA=B57 

 

arg 

Focus on single position 

HLA=B57 

HLAB57 

HLAB57 



Multiple positions, multiple HLAs 
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Science 2007 



Mutations are not independent 



Covariation Effects 
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Carlson et al., PLoS Comp Biol, 2008 



PhyloD on cover of PLoS Comp Bio, Nov 2008 



High performance computing a must 

Fortunately, the computations are pleasantly parallel 

HLA 

position within HIV aa 

Hundreds of thousands to millions of tests 



Fighting HIV with machine learning (aka 
statistics) and high performance 
computing 

 HIV & immunology 101 

 PhyloD.net: A tool for studying HIV 

 Important discoveries toward cures/vaccines 



PhyloD.net publications 
M. John, D. Heckerman, I. James, L. Park, J. Carlson, A. Chopra, S. Gaudieri, D. Nolan, D. Haas, S. Riddler,R. Haubrich and S. Mallal. Adaptive interactions between HLA and HIV-1: Highly divergent selection imposed by HLA class I molecules with common supertype motifs. J. Immunology, in press. 

A. Bansal, J. Carlson, J. Yan, O. Akinsiku, M. Schaefer, S. Sabbaj, A. Bet, D. Levy, S. Heath, J. Tang, R. Kaslow, B. Walker, T. Ndungu, P. Goulder, D. Heckerman, E. Hunter, and P. Goepfert.  CD8 T cell response and evolutionary pressure to HIV-1 cryptic epitopes derived from antisense transcription.  
J. Exp. Med., 10.1084/J. Exp. Med..20092060, January 2010. 

C. Berger, J. Carlson, C. Brumme, K. Hartman, Z. Brumme, L. Henry, P. Rosato, A. Piechocka-Trocha, M. Brockman, P. Harrigan, D. Heckerman, D. Kaufmann, and Ch. Brander.  Viral adaptation to immune selection pressure by HLA class I-restricted CTL responses targeting epitopes in HIV 
frameshift sequences.  J. Exp. Med., 10.1084/J. Exp. Med..20091808, January 2010. 

S. Avila-Rios, C. Ormsby, J. Carlson, H. Valenzuela-Ponce, J. Blanco-Heredia, D. Garrido-Rodriguez, C. Garcia-Morales, D. Heckerman, Z. Brumme, S. Mallal, M. John, E. Espinosa, and G. Reyes-Teran.  Unique features of HLA-mediated HIV evolution in a Mexican cohort: a comparative study.  
Retrovirology, 6:72doi:10.1186/1742-4690-6-72, August 2009. 

Z. Brumme, M. John., J. Carlson, C. Brumme, D. Chan, M. Brockman, L. Swenson, I. Tao, S. Szeto, P. Rosato, J. Sela, C. Kadie, N. Frahm, C. Brander, D. Haas, S. Riddler, R. Haubrich, B. Walker, P. Harrigan, D. Heckerman, and S. Mallal.  HLA-associated immune escape pathways in HIV-1 subtype B 
Gag, Pol and Nef proteins. PLoS ONE, 4(8):e6687. doi:10.1371/journal.pone.0006687.  August 2009. 

Y. Kawashima, K. Pfafferott, J. Frater, P. Matthews, R. Payne, M. Addo, H. Gatanaga, M. Fujiwara, A. Hachiya, H. Koizumi, N. Kuse, S. Oka, A. Duda, A. Prendergast, H. Crawford, A. Leslie, Z. Brumme, C. Brumme, T. Allen, C. Brander, R. Kaslow, J. Tang, E. Hunter, S. Allen, J. Mulenga, S. Branch, T. 
Roach, M. John, S. Mallal, A. Ogwu, R. Shapiro, J. Prado, S. Fidler, J. Weber, O. Pybus, P. Klenerman, T. Ndung'u, R. Phillips, D. Heckerman, P. Harrigan, B. Walker, M. Takiguchi, and P. Goulder.  Adaptation of HIV-1 to human leukocyte antigen class I.  Nature, February 2009. 

J. Carlson, Z. Brumme, C. Rousseau, C. Brumme, P. Matthews, C. Kadie, J. Mullins, B. Walker, P. Harrigan, P. Goulder, D. Heckerman.  Phylogenetic dependency networks: Inferring patterns of CTL escape and codon covariation in HIV-1 Gag. PLoS Computational Biology, 4(11): e1000225, November 
2008. 

Y. Wang, B. Li, J. Carlson, H. Streeck, A. Gladden, R. Goodman, A. Schneidewind, K. Power, I. Toth, N. Frahm, G. Alter, C. Brander, M. Carrington, B. Walker, M. Altfeld, D. Heckerman, and T. Allen.  Protective HLA class I alleles restricting acute-phase CD8+ T cell responses are associated with viral 
escape mutations located in highly conserved regions of HIV-1.  Journal of Virology.  November, 2008.  

D. Yerly, D. Heckerman, T. Allen, T. Suscovich, N. Jojic, C. Kadie, W. Pichler, A. Cerny, and C. Brander.  Design, expression, and processing of epitomized hepatitis C virus-encoded CTL epitopes.  Journal of Immunology, 181:6361-6370, November, 2008.  

P. Matthews, A. Prendergast, A. Leslie, H. Crawford, R. Payne, C. Rousseau, I. Honeyborne, J. Carlson, C. Kadie, C. Brander, J. Mullins, H. Coovadia, T. Nding.u, B. Walker, D. Heckerman, P. Goulder. Central role of reverting mutations in HLA associations with human immunodeficiency virus set 
point. Journal of Virology, 82:8548-59, September, 2008.  

Z. Brumme, C. Brumme, J. Carlson, H. Streeck, M. John, Q. Eichbaum, B. Block, B. Baker, C. Kadie, M. Markowitz, H. Jessen, A. Kelleher, E. Rosenberg, J. Kaldor, Y. Yuki, M. Carrington, T. Allen, S. Mallal, M. Altfeld, D. Heckerman, and B. Walker.  Marked epitope- and allele-specific differences in 
rates of mutation in human immunodeficiency type 1 (HIV-1) Gag, Pol, and Nef cytotoxic T-lymphocyte epitopes in acute/early HIV-1 infection.  Journal of Virology, 82:9216-9227, September 2008.  

T. Kuntzen, J. Timm, A. Berical, N. Lennon, A. Berlin, S. Young, B. Lee, D. Heckerman, J. Carlson, L. Reyor, M. Kleyman, C. McMahon, C. Birch, J. Schulze Zur Wiesch, T. Ledlie, M. Koehrsen, C. Kodira, A. Roberts, G. Lauer, H. Rosen, F. Bihl, A. Cerny, U. Spengler, Z. Liu, A. Kim, Y. Xing, A. 
Schneidewind, M. Madey, J. Fleckenstein, V. Park, J. Galagan, C. Nusbaum, B. Walker, G. Lake-Bakaar, E. Daar, I. Jacobson, E. Gomperts, B. Edlin, S. Donfield, R. Chung, A. Talal, T. Marion, B. Birren, M. Henn, T. Allen.  Naturally occurring dominant resistance mutations to hepatitis C virus 
protease and polymerase inhibitors in treatment-naïve patients.  Hepatology, 48:1769-1778, July 2008.  

T. Miura, M. Brockman, C. Brumme, Z. Brumme, J. Carlson, F. Pereyra, A. Trocha, M. Addo, B. Block, A. Rothchild, B. Baker, T. Flynn, A. Schneidewind, B. Li, Y. Wang, D. Heckerman, T. Allen, and B. Walker, Genetic Characterization of Human Immunodeficiency Virus type 1 in Elite Controllers: 
Lack of gross genetic defects or common amino acid changes, in Journal of Virology, pp. JVI.00535-08, 2008 

Z. Brumme., I. Tao, S. Szeto, C. Brumme, J. Carlson, D. Chan, C. Kadie, N. Frahm, C. Brander, B. Walker, D. Heckerman, and P. Harrigan.  HLA-specific polymorphisms in HIV-1 Gag and their association with viral load in chronic untreated, AIDS, 22(11):1277-1286, July, 2008.  

P. Goepfert, W. Lumm, P. Farmer, P. Matthews, A. Prendergast, J. Carlson, C. Derdeyn, J. Tang, R. Kaslow, A. Bansal, K. Yusim, D. Heckerman, J. Mulenga, S. Allen, P. Goulder, and E. Hunter.  Transmission of HIV-1 Gag immune escape mutations is associated with reduced viral load in linked 
recipients, Journal of Experimental Medicine, 205(5):1009-1017, April, 2008.  

C. Rousseau, M. Daniels, J. Carlson C. Kadie, H. Crawford, A. Prendergast, P. Matthews, D. Raugi, B. Maust G. Learn D. Nickle N. Frahm, C. Brander, B. Walker P. Goulder, T. Bhattacharya, D. Heckerman, B. Korber, and J. Mullins.  Class-I driven evolution of human immunodeficiency virus type 1 
subtype C proteome: Immune escape and viral load, Journal of Virology, doi:10.1128/JVI.02455-07, April 2008.  

D. Yerly, D. Heckerman, T. Allen, J. Chisholm, K. Faircloth, C. Linde, N. Frahm, J. Timm, W. Pichler, A. Cerny, and C. Brander.  Increased CTL epitope variant cross-recognition and functional avidity are associated with HCV clearance.  J. Virol, January 2008.  

N. Kholiswa, C. Day, Z. Mncube, K. Nair, D. Ramduth, C. Thobakgale, E. Moodley, S. Reddy, C. de Pierres, N. Mkhwanazi, K. Bishop, M. van der Stok, N. Ismail, I. Honeyborne, H. Crawford, D. Kavanagh, C. Rousseau, D. Nickle, J. Mullins, D. Heckerman, B. Korber, H. Coovadia, P. Goulder, and B. 
Walker.  Targeting of a CD8 T cell Env epitope presented by HLA-B*5802 is associated with markers of HIV disease progression and lack of selection pressure, AIDS Res Hum Retroviruses. 2008 Jan;24(1):72-82.  

Z. Brumme, C. Brumme, D. Heckerman, B. Korber, M. Daniels, J. Carlson, C. Kadie, T. Bhattacharya, C. Chui, T. Mo, R. Hogg, J. Montaner, N. Frahm, C. Brander, B. Walker, P. Harrigan.  Evidence of Differential HLA Class I-Mediated Viral Evolution in Functional and Accessory/Regulatory Genes of 
HIV-1. PLoS Pathogens, 3(7): e94, July 2007.  

J. Carlson, C. Kadie, S. Mallal, and D. Heckerman.  Leveraging hierarchical population structure in discrete association studies. PLoS ONE, 2(7): e591, July 2007.  

C. Rousseau, G. Learn, T. Bhattacharya, D. Nickle, D. Heckerman, S. Chetty, C. Brander, P. Goulder, B. Walker, P. Kiepiela, B. Korber, and J. Mullins.  Extensive intrasubtype recombination in South African Human Immunodeficiency Virus type I subtype C infections.  J Virol, 81(9): 4492-4500.  May, 
2007.  

T. Bhattacharya, M. Daniels, D. Heckerman, B. Foley, N. Frahm, C. Kadie, J. Carlson, K. Yusim, B. McMahon, B. Gaschen, S. Mallal, J. Mullins, D. Nickle, J. Herbeck, C. Rousseau, G. Learn, T. Miura, C. Brander, B. Walker, B. Korber.  Founder effects in the assessment of HIV polymorphisms and HLA 
allele associations, Science, 315, 1583-1586, March 16 2007.  

Science 

Nature 

J. Exp. Med. 

bing.com
http://jem.rupress.org/cgi/content/abstract/jem.20092060
http://jem.rupress.org/cgi/content/abstract/jem.20092060
http://jem.rupress.org/cgi/content/abstract/jem.20092060
http://jem.rupress.org/cgi/content/abstract/jem.20091808
http://jem.rupress.org/cgi/content/abstract/jem.20091808
http://jem.rupress.org/cgi/content/abstract/jem.20091808
http://jem.rupress.org/cgi/content/abstract/jem.20091808
http://www.retrovirology.com/content/6/1/72
http://www.retrovirology.com/content/6/1/72
http://www.retrovirology.com/content/6/1/72
http://www.plosone.org/article/info:doi/10.1371/journal.pone.0006687
http://www.plosone.org/article/info:doi/10.1371/journal.pone.0006687
http://www.plosone.org/article/info:doi/10.1371/journal.pone.0006687
http://www.plosone.org/article/info:doi/10.1371/journal.pone.0006687
http://www.plosone.org/article/info:doi/10.1371/journal.pone.0006687
http://www.plosone.org/article/info:doi/10.1371/journal.pone.0006687
http://www.nature.com/nature/journal/vaop/ncurrent/abs/nature07746.html
http://www.nature.com/nature/journal/vaop/ncurrent/abs/nature07746.html
http://www.nature.com/nature/journal/vaop/ncurrent/abs/nature07746.html
http://www.ploscompbiol.org/article/info:doi/10.1371/journal.pcbi.1000225
http://www.ploscompbiol.org/article/info:doi/10.1371/journal.pcbi.1000225
http://www.ploscompbiol.org/article/info:doi/10.1371/journal.pcbi.1000225
http://jvi.asm.org/cgi/content/abstract/JVI.01061-08
http://jvi.asm.org/cgi/content/abstract/JVI.01061-08
http://jvi.asm.org/cgi/content/abstract/JVI.01061-08
http://jvi.asm.org/cgi/content/abstract/JVI.01061-08
http://jvi.asm.org/cgi/content/abstract/JVI.01061-08
http://jvi.asm.org/cgi/content/abstract/JVI.01061-08
http://www.jimmunol.org/cgi/content/abstract/181/9/6361
http://www.jimmunol.org/cgi/content/abstract/181/9/6361
http://www.jimmunol.org/cgi/content/abstract/181/9/6361
http://jvi.asm.org/cgi/content/abstract/JVI.00580-08v1
http://jvi.asm.org/cgi/content/abstract/JVI.00580-08v1
http://jvi.asm.org/cgi/content/abstract/82/18/9216
http://jvi.asm.org/cgi/content/abstract/82/18/9216
http://jvi.asm.org/cgi/content/abstract/82/18/9216
http://jvi.asm.org/cgi/content/abstract/82/18/9216
http://jvi.asm.org/cgi/content/abstract/82/18/9216
http://jvi.asm.org/cgi/content/abstract/82/18/9216
http://jvi.asm.org/cgi/content/abstract/82/18/9216
http://jvi.asm.org/cgi/content/abstract/82/18/9216
http://jvi.asm.org/cgi/content/abstract/82/18/9216
http://jvi.asm.org/cgi/content/abstract/82/18/9216
http://jvi.asm.org/cgi/content/abstract/82/18/9216
http://jvi.asm.org/cgi/content/abstract/82/18/9216
http://jvi.asm.org/cgi/content/abstract/82/18/9216
http://www3.interscience.wiley.com/journal/121356368/abstract
http://www3.interscience.wiley.com/journal/121356368/abstract
http://www3.interscience.wiley.com/journal/121356368/abstract
http://www3.interscience.wiley.com/journal/121356368/abstract
http://research.microsoft.com/apps/pubs/default.aspx?id=80561
http://research.microsoft.com/apps/pubs/default.aspx?id=80561
http://www.aidsonline.com/pt/re/aids/abstract.00002030-200807110-00004.htm
http://www.aidsonline.com/pt/re/aids/abstract.00002030-200807110-00004.htm
http://www.aidsonline.com/pt/re/aids/abstract.00002030-200807110-00004.htm
http://www.aidsonline.com/pt/re/aids/abstract.00002030-200807110-00004.htm
http://www.aidsonline.com/pt/re/aids/abstract.00002030-200807110-00004.htm
http://www.jem.org/cgi/content/abstract/205/5/1009
http://www.jem.org/cgi/content/abstract/205/5/1009
http://www.jem.org/cgi/content/abstract/205/5/1009
http://www.jem.org/cgi/content/abstract/205/5/1009
http://jvi.asm.org/cgi/content/abstract/JVI.02455-07v1
http://jvi.asm.org/cgi/content/abstract/JVI.02455-07v1
http://jvi.asm.org/cgi/content/abstract/JVI.02455-07v1
http://jvi.asm.org/cgi/content/abstract/JVI.02455-07v1
http://jvi.asm.org/cgi/content/abstract/JVI.02252-07v1
http://jvi.asm.org/cgi/content/abstract/JVI.02252-07v1
http://jvi.asm.org/cgi/content/abstract/JVI.02252-07v1
http://www.ncbi.nlm.nih.gov/pubmed/18275350
http://www.ncbi.nlm.nih.gov/pubmed/18275350
http://www.ncbi.nlm.nih.gov/pubmed/18275350
http://www.ncbi.nlm.nih.gov/pubmed/18275350
http://pathogens.plosjournals.org/perlserv/?request=get-document&doi=10.1371/journal.ppat.0030094
http://pathogens.plosjournals.org/perlserv/?request=get-document&doi=10.1371/journal.ppat.0030094
http://pathogens.plosjournals.org/perlserv/?request=get-document&doi=10.1371/journal.ppat.0030094
http://pathogens.plosjournals.org/perlserv/?request=get-document&doi=10.1371/journal.ppat.0030094
http://pathogens.plosjournals.org/perlserv/?request=get-document&doi=10.1371/journal.ppat.0030094
http://pathogens.plosjournals.org/perlserv/?request=get-document&doi=10.1371/journal.ppat.0030094
http://www.plosone.org/article/fetchArticle.action?articleURI=info:doi/10.1371/journal.pone.0000591
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=1900147
http://www.sciencemag.org/cgi/content/abstact/sci;315/5818/1583
http://www.sciencemag.org/cgi/content/abstact/sci;315/5818/1583


What do they tell us? 

 Identifying more normal epitopes (11) 

 Identifying novel class of epitope targets (2) 

 Identifying novel immune responses (1) 
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Major errors in translation 
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Translation 



Alternate reading frames lead to gibberish 



This gibberish produces a lot of epitopes targeted 
by the immune system  

Berger, J. Exp. Med., 2010 

Bansal, J. Exp. 

Med., 2010 



First evidence that innate arm of immune system 
drives HIV evolution 
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Points of attack by natural killer cells 



Summary and next steps 

 HIV is not invulnerable 

 We can use machine learning and HPC to find HIV’s Achilles’ heel(s) 

 

 Test the vaccine (with Jim Mullins) 
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