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Summary of Research Interests

| am interested in the development and application of statistical and machine learning methods on
biological data, working in close collaboration with biological and medical researchers. | am especially
interested in applications in immunology, pathology and genetics, as well as the development of more
general techniques that transcend specific disciplines.

Education

Ph.D. candidate, Computer Science and Engineering, University of Washington, Computational Molecular
Biology track, 2004¢present. Title: Phylogenetic dependency networks for HIV evolution. Advisors: David
Heckerman (Microsoft Research) and Larry Ruzzo.

M.Sc. Computer Science and Engineering, University of Washington, 2006. Title: Leveraging phylogenetic
structure in association studies. Advisors: David Heckerman (Microsoft Research) and Larry Ruzzo.

B.A. Biology with Computer Science modification (High Honors, cum laudé, Dartmouth College, 2003.
Honors Thesis: Creation of a Relational Database for Identifying Functional DNA Sequence Motifs in A.
thalianaand Other Genomes. Research awards: Reed Biology Award, Kemeny Computing Prize, Presidential
Scholar. Advisor: Robert Gross.

Refereed Publications
Viral adaptation and computational immunology

Jonathan M. Carlson and Zabrina Brumme (2008) HIV evolution in response to HLA-restricted CTL selection
pressures: A population-based perspective. Microbes and Infectigrin press,
doi:10.1016/j.micinf.2008.01.013.

Zabrina Brumme, Iris Tao, Sharon Szeto, Chanson Brumme, Jonathan M. Carlson, Dennison Chan, Carl Kadie,
Nicole Frahm, Christian Brander, Bruce D. Walker, David Heckerman, P. Richard Harrigan (2008) HLA-
specific polymorphisms in HIV-1 Gag and their association with viral load in chronic untreated infection.
AIDSin press.

Paul Goepfert, Wendy Lumm, Paul Farmer, Philippa Matthews, Andrew Prendergast, Jonathan M. Carlson,
Cynthia A Derdeyn, Jianming Tang, Richard A Kaslow, Anju Bansal, Karina Yusim, David Heckerman, Joseph
Mulenga, Susan Allen, Philip Goulder, Eric Hunter (2008) Transmission of HIV-1 Gag Immune Escape
Mutations is Associated with Reduced Viral Load in Linked Recipients. Journal of Experimental Medicijrie
press.

Jonathan M. Carlson, Carl Kadie, Simon Mallal, David Heckerman (July 2007) Leveraging hierarchical
population structure in discrete association studies. PLoS One(7):e591.

Zabrina Brumme, Chanson Brumme, David Heckerman, Bette T. Korber, Marcus Daniels, Jonathan M.
Carlson, Carl Kadie, Tanmoy Bhattacharya, Celia Chui, James Szinger, Theresa Mo, Robert S. Hogg, Julio
Montaner, Nicole Frahm, Christian Brander, Bruce D. Walker, P. Richard Harrigan (July 2007). Evidence of
differential HLA class I-mediated viral evolution in functional and accessory/regulatory genes of Human
Immunodeficiency Virus (HIV) type-1. PLoS Pathogen3(7):e94.

Tanmoy Bhattacharya, Marcus Daniels, David Heckerman, Brian Foley, Nicole Frahm, Carl Kadie, Jonathan

M. Carlson, Karina Yusim, Ben McMahon, Brian Gashen, Simon Mallal, Jamers Mullins, David Nickle, Joshua
Herbeck, Christine Rousseau, Gerald H. Learn, Toshiyoki Miura, Christian Brander, Bruce D. Walker, Bette T.
Korber (March 2007) Founder effects in the assessment of HIV polymorphisms and HLA allele associations.

Sciencge315(5818):1583¢1586.



Transcription Factor Binding SReediction

Arijit Chakravarty, Jonathan M. Carlson, Rhadika S. Khetani, Robert H. Gross (July 2007) A novel ensemble
learning method for de novo computational identification of DNA binding sites. BMC Bioinformati¢g$:249.

Jonathan M. Carlson, Arijit Chakravarty, Rhadika S. Khetani, Charles E. DeZiel and Robert H. Gross (July

2007) SCOPE: A web server for practical de novomotif discovery. Nucleic Acids Resear@3(Web Server
issue):W259¢264.

Arijit Chakravarty, Jonathan M. Carlson, Rhadika S. Khetani, Charles E. DeZiel and Robert H. Gross. SPACER:

Identification of cis-regulatory elements with non-contiguous critical residues (May 2007) Bioinformatics,
23(8):1029¢1031.

Jonathan M. Carlson*, Arijit Chakravarty*, Rhadika S. Khetani and Robert H. Gross (May 2006) Bounded
search for de novo identification of cis-regulatory elements. BMC Bioinformati¢cs(1):254.

Jonathan M. Carlson*, Arijit Chakravarty* and Robert H. Gross (April 2006) BEAM: A beam search algorithm

for the identification of cis-regulatory elements in groups of genes. Journal of Computational Bamy,
13(3):686C701.

* Joint first-author papers.

Awards and Honors
Microsoft Research Graduate Fellowship, 2007¢2009, full support.
Young Investigator Award, Conference on Retroviruses and opportunistic infections (CROI), 2008.
Intelligent Systems in Molecular Biology travel grant, 2008, $1500.
NIH Genome Training Grant, 20052006, full support.
Kemeny Computing Prize for outstanding undergraduate computer science research, 2003.
Reed Award for outstanding undergraduate biology research, 2003.
Dartmouth College Presidential Scholar Research Assistant, 2001 ¢ 2003.
Dartmouth College Cargill Undergraduate Research Grant, 2001, $2000.

Invited Talks

Phylogenetic dependency networks for HIV evolution. Fred Hutchinson Cancer Research Center, Seattle
area computational biology meeting, February 27, 2008.

Leveraging phylogenies to better understand viral adaptation. UBC Centre for Excellence in HIV/AIDS, St.
t FdzZf Qa | 2aLIAGFET | YAOGSNBRAGE 2F . NARGAAK [/ 2fdzYoAl X

Learning phylogenetic dependency networks for HIV adaptation. Microsoft Research Workshop on
Computation Aspects in Biological Information (CABI), December 5, 2007.

Leveraging phylogenies to better understand viral adaptation. Partner's AIDS Research Center,
Massachusetts General Hospital, Harvard Medical School, November 27, 2007.

Biology Conference and Workshop Abstracts

Jonathan M. Carlson*, Philippa Matthews, Zabrina Brumme, Chanson Brumme, Christine Rousseau, Jamers
Mullins, Bruce D. Walker, P. Richard Harrigan, Philip Goulder, David Heckerman. Phylogenetic dependency
networks: modeling complex escape pathways in HIV-1 Gag in the context of HLA linkage disequilibrium,
codon covariation and lineage effects. Poster, 15" International workshop on HIV dynamics and evolution,
April 2008.

David Heckerman**, Chanson Brumme*, Mina John*, Jonathan M. Carlson, Richard Haubrich, S Riddler, L
Swenson, Iris Tao, Sharon Szeto, Dennison Chan, Carl Kadie, Nicole Frahm, Christian Brander, Bruce D.
Walker, Zabrina Brumme*, P. Richard Harrigan®, Simon Mallal®. Relationship between HLA class I-driven



evolution in Gag, Pol and Nef and clinical markers of HIV disease: a multi-center collaborative study. Poster,
15" International workshop on HIV dynamics and evolution, April 2008.

Morgane Rolland*, Jonathan M. Carlson, Wengie Deng, Christine Rousseau, Dana Raugi, Hoosen Coovadia,
Karen Bishop, Philip Goulder, Bruce D. Walker, Christian Brander, David Heckerman, Jamers Mullins. Co-
variation and HLA-restricted selection pressure in HIV-1 Gag. Poster, 15" International workshop on HIV
dynamics and evolution, April 2008.

Jonathan M. Carlson*, Zabrina Brumme, Chanson Brumme, L Swenson, Sharon Szeto, Iris Tao, Carl Kadie,

Bruce D. Walker, P. Richard Harrigan, David Heckerman. Phylogenetically corrected networks of correlated
evolution. Poster, Keystone Symposium: Molecular and Cellular Determinants of HIV Pathogenesis, March
2008.

P. Richard Harrigan*, Jonathan M. Carlson, L Swenson, B Wynhoven, Robert S. Hogg, David Heckerman,
Chanson Brumme, K Fernandes, Zabrina Brumme. HIV Evolution after Therapy: Integration of HLA Class 1-
associated and antiretroviral drug selection pressures. Poster, Keystone Symposium: Molecular and Cellular
Determinants of HIV Pathogenesis, March 2008.

Zabrina Brumme*, Chanson Brumme, Jonathan M. Carlson, Hendrick Streeck, Mina John, Carl Kadie, B
Baker, Q Eichbaum, Martin Markowitz, Heiko Jessen, Anthony Kelleher, Eric Rosenberg, John Kaldor, Mary
Carrington, Todd Allen, Marcus Altfeld, Simon Mallal, David Heckerman, Bruce D. Walker. HLA class I-
associated immune selection pressure drives a major portion of HIV-1 evolution in early infection. Poster,
Keystone Symposium: Molecular and Cellular Determinants of HIV Pathogenesis, March 2008.

Chanson Brumme?*, Iris Tao, Sharon Szeto, Zabrina Brumme, Jonathan M. Carlson, Dennison Chan, Carl
Kadie, Nicole Frahm, Christian Brander, Robert S. Hogg, Bruce D. Walker, David Heckerman, P. Richard
Harrigan. CTL Escape Mutations in HIV-1 Gag and their correlation with clinical markers of HIV disease.
Poster, Keystone Symposium: Molecular and Cellular Determinants of HIV Pathogenesis, March 2008.

Jonathan M. Carlson*, Zabrina Brumme, Chanson Brumme, L Swenson, Sharon Szeto, Iris Tao, Carl Kadie,
Bruce D. Walker, P. Richard Harrigan, David Heckerman. Dense Networks of Correlated Substitutions
Accompany Adaptations to HLA-Restricted CTL Epitopes. Poster, 14" Conference on Retroviruses and
Opportunistic Infections (CROI), February 2008.

Chanson Brumme?*, Iris Tao, Sharon Szeto, Zabrina Brumme, Jonathan M. Carlson, Nicole Frahm, RS, Bruce

D. Walker, David Heckerman, P. Richard Harrigan. Mapping escape mutations selected under HLA-restricted
CTL selection pressure in HIV-1 Gag: correlations with plasma viral load and CD4 count in untreated chronic
infection. Oral presentation, 14™ Conference on Retroviruses and Opportunistic Infections (CROI), February
2008.

Zabrina Brumme*, Chanson Brumme, Hendrick Streeck, Jonathan M. Carlson, Martin Markowitz, Heiko
Jessen, Anthony Kelleher, Mina John, David Heckerman, Bruce D. Walker. Kinetics of Escape within HLA-
restricted CTL Epitopes in the First Year of HIV Infection Is Consistent with Early Immunodominant CTL
Response Patterns. Oral presentation, 14" Conference on Retroviruses and Opportunistic Infections (CROI),
February 2008.

Mina John*, David Heckerman, Larry Park, Sylvana Gaudieri, Abha Chopra, Jonathan M. Carlson, James |,
Nolan D, Richard Haubrich, Simon Mallal, The ACTG 5142 team. Genome-wide HLA-associated selection in
HIV-1 and protein-specific correlations with viral load: An ACTG5142 study. Poster, 14" Conference on
Retroviruses and Opportunistic Infections (CROI), February 2008.

Jonathan M. Carlson*, Carl Kadie, Zabrina Brumme, Chanson Brumme, P. Richard Harrigan, Heckerman H. A
phylogenetically-corrected dependency network for HIV immune-adaptation. Oral presentation, NIPS
Workshop on Machine Learning and Computational Biology (MLCB), December 9, 2007.

Zabrina Brumme*, Jonathan M. Carlson, Chanson Brumme, Heiko Jessen, Martin Markowitz, Anthony
Kelleher, John Kaldor, Eric Rosenberg, Quentin Eichbaum, Brett Baker, Hendrick Streeck, Bette T. Korber,
Todd Allen, David Heckerman, Bruce D. Walker. Longitudinal evaluation of Human Leukocyte Antigen (HLA)



class I-mediated sequence evolution in HIV-1 Pol and nef in the first two years of infection: a multicenter
study. Oral presentation, AIDS Vaccine, August 2007.

Jonathan M. Carlson*, Zabrina Brumme, Chanson Brumme, Carl Kadie, Martin Markowitz, Heiko Jessen,
Anthony Kelleher, John Kaldor, Eric Rosenberg, Harrigan R, Bruce D. Walker, David Heckerman. A novel
graphical model approach for identifying host mediated selection pressure on viral evolution reveals the
surprisingly strong influence of HL class | alleles on HIV-1 evolution. PLoS Track oral presentation, ISMB, July
2007.

Chen-Hui Chen, Jonathan M. Carlson, Arijit Chakravarty, Jennifer J. Loros, Jay C. Dunlap, Robert H. Gross.
Computational prediction and biological verification of light response regulatory motifs in Neurospora
crassausing SCOPE, an ensemble motif finding program. Poster, ISMB, July 2007.

Jonathan M. Carlson, Chanson Brumme, Carl Kadie, Marcus Daniels, Tanmoy Bhattacharya, Simon Mallal,
Bruce D. Walker, P. Richard Harrigan, Zabrina Brummel, Bette T. Korber, David Heckerman*. Estimate of the
proportion of within-host sequence evolution in HIV-1 mediated by Human Leukocyte Antigen (HLA) class |
selective pressures. Oral presentation and poster, Keystone Symposium: Molecular and Cellular
Determinants of HIV Pathogenesis, March 2007.

Zabrina Brumme*, Chanson Brumme, Carl Kadie, Bette T. Korber, C Daniels, Tanmoy Bhattacharya, Jonathan
M. Carlson, Theresa Mo, Celia Chui, Julio Montaner, Bruce D. Walker, David Heckerman, P. Richard Harrigan.
Accumulation of HLA-class I-association CTL escape mutations in vivo during chronic infection is correlated
with clinical markers of HIV-1 disease progression in a dose-dependent manner. Poster, Keystone
Symposium: Molecular and Cellular Determinants of HIV Pathogenesis, March 2007.

Zabrina Brumme?*, Chanson Brumme, Carl Kadie, Jonathan M. Carlson, Celia Chui, Theresa Mo, Julio
Montaner, Bruce D. Walker, David Heckerman, P. Richard Harrigan. Presence of HLA class l-associated CTL
escape mutations in chronic untreated HIV infection is significantly correlated with clinical markers of more
severe disease progression. Presentation, 14™ Conference on Retroviruses and Opportunistic Infections
(CROI), February 2007.

Chanson Brumme, Zabrina Brumme, Jonathan M. Carlson, Carl Kadie, Celia Chui, Julio Montaner, Bruce D.
Walker, Harrigan P, David Heckerman*. Application of two bioinformatic methods to asses populational HIV
evolution in response to HLA class-I mediated selection pressure reveals unprecedented levels of HLA-
associated escape mutations across HIV Nef. Poster, 14™ Conference on Retroviruses and Opportunistic
Infections (CROI), February 2007.

Jonathan M. Carlson, Carl Kadie, David Heckerman*. Identifying the effects of human immune pressure on
the evolution of HIV. Oral presentation, NIPS Workshop on Computational Biology, December 2006.

Robert H. Gross*, Arijit Chakravarty, Jonathan M. Carlson. Identification of cis-regulatory elements in
S.CerevisiaePoster, TIGR Genomics conference, October, 2004.

Peter W. Rapp, Jonathan M. Carlson, Todd P. Michael, C. Robertson McClung, Robert H. Gross*.
Examination of Arabidopsis thalianapstream regions for possible promoter motifs. Poster, TIGR Genomics
conference, November, 2001.

* Presenting author; * Equal contributions.

Research / Work Experience

Research Intern, Microsoft Research, Redmond, Washington, March 2006¢present

eScience group (formerly, Machine Learning and Applied Statistics) manager: David Heckerman

Focus on modeling HIV adaptation to better inform vaccine design as part of PhD dissertation. Projects

include modeling and visualizing HLA escape in the context of codon covariation, correlating patterns of

escape to clinical markers of disease progression, tracking patterns of escape in acute infection, population
O2NNBOUGAZ2Y Ay 3ISy2YS H6ARS aa20AFGA2ya ailidzRASasz |
exact test, among others.

Summer Intern, Virtify, Inc., Cambridge, Massachusetts, Summer 2005



Life Sciences Group, principal investigator: Arijit Chakravarty

Designed and implemented an image processing library for automatic feature detection in high-throughput
microscopic assays. Library includes classical image morphology, segmentation and feature extraction
algorithms.

Research Associate, Dartmouth College, Hanover New Hampshire, Sept. 2003¢June 2004

Department of Biology, principal investigator: Robert Gross

Research on ab initiodiscovery of regulatory motifs by comparing regulate promoters to background.
Developed SCOPE ensemble motif finder, which uses an ensemble approach to accurately identify a large
range of biologically relevant motifs without the need for nuisance parameters. Designed and implemented
Java library of efficient data structures and algorithms for modeling and predicting motifs.

Research Assistant, Oregon Health Sciences University, Portland, Oregon Summer 2003
Department of Computer Science and Engineering, Oregon Graduate Institute, advisor: Melanie Mitchell
Research on the use of genetic algorithms in motif-finding.

Undergraduate Research Assistant, Dartmouth College, Hanover, New Hampshire 20012003
Department of Biology, advisor: Robert Gross

Research on abinitio discovery of regulatory motifs based on position distribution relative to gene starts.
Created SQL Sybase database for storage and data mining of genomic motifs. Developed JSP web interface
for database.

Assistant Database Administrator, Dartmouth Medical School, Hanover, New Hampshire,

Fall 2001, Summer 2002, Bioinformatics Division

Helped develop and maintain ASP web front ends, Java middle-tier objects, and Sybase back ends for
medical research databases.

Teaching and Academic Service
Reviewer for Microsoft Research RFPs.
Graduate admissions committee, Dept. of Computer Science and Engineering, 2008.

Teaching Assistant for Computational Biology Senior Capstodeiversity of Washington, Fall 2006.
Set up datasets and helped guide students in comparative genomics project.

Teaching Assistant for Introduction to Computer Scie®dniversity of Washington, Fall 2004¢Spring 2005.
Led 50 students in twice-weekly tutorials, tutored one-on-one, graded assignments and exams.

Teaching Assistant for Introduction to Computer Sciendartmouth College, Fall 2003.
Led group of 10 students in weekly lectures, tutored one-on-one, graded assignments and exams.

Relevant Technical Skills

Expert C# user; extensive hands-on experience in Java and SQL; familiar with Matlab, Mathematica, C/C++,
Lisp, Perl, JSP, HTML and LaTeX.



