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Methods

For validation purposes we used three

biologists to annotate a corpus of domain-
specific literature.

Collaborate with computer scientists?




PND project: text mining




ochronosis... caused by an inherited lack of homogentisic acid oxidase

Natural Language Processing




ochronosis... caused by an inherited lack of homogentisic acid oxidase

Renal fibrosis biopsies were digested with trypsin

Natural Language Processing




ochronosis... caused by an inherited lack of homogentisic acid oxidase

Disease or

Syndrome Finding Protein

Renal fibrosis biopsies were digested with trypsin

Natural Language Processing




ochronosis... caused by an inherited lack of homogentisic acid oxidase

Disease or

Syndrome Finding Protein

Renal fibrosis biopsies were digested with trypsin

Disease or Experimental

Syndrome Procedure Protein

Natural Language Processing




Methods

For validation purposes we used three

biologists to annotate a corpus of domain-
specific literature.

Methods, redux




</Intro>




T

w0
wgugRgs . S T ]
LT

sislifinEEREl SEREsT T
ﬁ“{.;»‘v -
L

agRgEgy’
L

.

Oliver Hofmann John Hutchinson

Rory Kirchner

Radhika Khetani Mary Piper Andreas Sjodin Winston Hide




Reference P L NI E V P K I S L H S L I S AV S F L DV S S V R G L K
GIT 264-1 P L N I E V P K I S L H S L I S AV S F L DV S S V R G L K

Sense 5’ -CCTCTCAACATTGAGGTCCCCAAAATCAGCCTCCACAGCCTCATT TTTCAGCAGTGTCCTTTCTTGATGTTTCTTCAGTGAGGGGCCTTAAA-3'
Antisense 3’'-GGAGAGTTGTAACTCCAGGGGTTTTAGTCGGAGGTGTCGGAGTAAGAGCTGAAAAGTCGTCACAGGAAAGAACTACAAAGAAGTCACTCCCCGGAATTT-5

3’-GGAGCGTTGTAACTCCAGGGGTTTTAGTCGGAGGTGTCGGAGTAAGAG;T-S'
3’ -GTTGTAACTCCAGGGTTTTTAGTCGGAGGTGTCGGAGTAAGAGTTGAAAA-S'
3’ -AACTCCAGGGTTTTTCGTCGGAGGGGTCGGAGTAAGAGTTGAAAAGTCGT-5"
S5’ -ctccaggggttttagtcggaggtgtcggagtaagagttgaaaagtcgtca-3’
3’ -CCAGGGGTTTTAGTCGGAGGTGTCGGAGTAAGAGTTGAAAAGTCGTCACA-5'
5’ -ggggttttagtcggaggtgtcggagtaagagttgaaaagtcgtcacagga-3’
3’ -TTTTTGGTGGGAGGTGTCGGAGTAAGAGTTGAAAAGTCGTCACAGGAAAG-5"
3’ -TTTAGTCGGAGGTGTCGGAGTAAGAGTTGAAAAGTCGTCACAGGAAAGAA-S'
3’ -GTCGGAGGCGTCGGAGTAAGAGTTGAAAAGTCGTCACAGGAAAGAACTAC-5"

5’ -cggaggtgtcggagtaagagttgaaaagtcgtcacaggaaagaactacaa=-3’

3’ -GGGGGGGTCGGAGTAAGAGTTGAAAAGTCGTCACAGGAAAGAACTACAAA-S'
5’ -gaggtgtcggagtaagagatgaaaagtcgtcacaggaaagaactacaaag-3’

3’ -GGGTCGGAGTAAGAGTTGAAAAGTCGTCACAGGAAAGAACTACAAAGAAG-S'
5’ -tcggagtaagagttgaaaagtcgtcacaggaaagaactacaaagaagtca-3’
3’ -GAGTAAGAGTAGAAAAGTCGTCACAGGAAAGAACTACAAAGAAGTCACTC-5'
5’ —agagttgaaaagtcgtcacaggaaagaactacaaagaagtcactccccgg-3’
3’ -GTTGAAAAGTCGTCACAGGAAAGAACTACAAAGAAGTCACTCCCCGGAAT-5'

FINnding systematic differences

Choi, Genetic diagnosis by whole exome capture and massively parallel DNA sequencing, PNAS
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Precision Medicine... with Errors
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Error profiles

» PCR artifacts

» Error dependency on technology

llumina




llumina: mixed clusters




ACACACACACAC...

llumina: signal decay




Mean quality

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51 53 55 57 59 €1 63 65 €7 69 71 73 75

Read position

llumina: signal decay




llumina: cross-talk
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llumina: phasing correction




Software Highly accessed Open Access

Improved base calling for the Illumina Genome Analyzer
using machine learning strategies

Martin Kircher, Udo Stenzel and Janet Kelso™

* Corresponding author: Janet Kelso kelso@eva.mpg.de v Author Affiliations

Department of Evolutionary Genetics, Max Planck Institute for Evolutionary Anthropology,
Deutscher Platz, 04103 Leipzig, Germany

For all author emails, please log on.

Genome Biology 2009, 10:R83 doi:10.1186/gb-2009-10-8-r83

The electronic version of this article is the complete one and can be found online at:
http://genomebiology.com/2009/10/8/R83

llumina: phasing correction
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The need for test data




Genome in a Bo’r’rle
GenOme |r] a BOtﬂe ‘ Consortium

Highly confident variant calls for NA12878

Reference bioinformatic workflows

genomeinabottle.org Marc Salit Justin Zook



http://genomeinabottle.org
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SNPs
WVVC RC TP: 2748619 FN: 2940 FP: 15487

Hlumina I TP: 2750140 FN: 1403 FP: 13904 |

0% 01% 02% 03% 04% 05% 0% 01% 02% 03% 04% 05%

INDels

WwWCRC [ R -

0% 1% 2% 3% 4% 5% 0% 1% 2% 3% 4% 5%

False Negatives False Positives

Fvaluate different workflows




Positive
training
set

Found with n/n
callers

Without training data

Train SVM on total depth, called allele depth and the posterior likelihoods from the variant callers

32




Positive Neqgative
training

Found with n/n Supported by only 1 caller
callers Indels In low complexity regions
Novel, non-dbSNP variants with
low reads

Without training data

Train SVM on total depth, called allele depth and the posterior likelihoods from the variant callers

33




Positive
training
set

SVM filter

SNP concordance vs GiaB: 86.6% -> 87.4%

Marginal benefits

Train SVM on total depth, called allele depth and the posterior likelihoods from the variant callers

34




True positive heterozygous calls False positive heterozygous calls
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Read depth

Understand classification attributes

http://arxiv.org/abs/1404.0929
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http://arxiv.org/abs/1404.0929

Daniel Kuritzkes Jonathan Li

Detecting minority variants in HIV

Assess raltegravir-resistant minority variants in ACTG A526 using lllumina

36




gp120

Docking
Glycoprotein

Lipid
Membrane

gp41

Transmembrane
Glycoprotein

Reverse
Transcriptase (.




raltegravir

Targets HIV integrase gene

38




..CGTCCCTCAGAATGGAAACCTCGCTT...

A1V genome snippet




..CGTCCCTCAGAATGGAAACCTCGCTT...
..CGTCCCTCAGCATGGAAACCTCGCTT...

A1V genome snippet




Asparagine
[&3n]

..CGTCCCTCAGAATGGAAACCTCGCTT...
..CGTCCCTCAGCATGGAAACCTCGCTT...

Histidine

H
?"N




Variation changes binding to integrase




IAS-USA™ Drug Resistance Mutations Group

2011 Update of the Drug Resistance
Mutations in HIV-1

Victoria A. Johnson, MD, Vincent Calvez, MD, PhD, Huldrych F. Giinthard, MD,
Roger Paredes, MD, PhD, Deenan Pillay, MD, PhD, Robert Shafer, MD,
Annemarie M. Wensing, MD, PhD, and Douglas D. Richman, MD

N
Raltegravir } 155

H
\_

INnternational Antiviral Society




Global influenza 1996

S

HIV Amsterdam
cohort 1991

\
10% :

HIV diversity within a patient

Garber, David A, Guido Silvestri, and Mark B Feinberg. “Prospects for an AIDS Vaccine: Three Big Questions, No Easy Answers..” The Lancet
Infectious Diseases 4, no. 7: 397-413. doi:10.1016/51473-3099(04)01056-4.
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..CGTCCCTCAGCATGGAAACCTCGCTT...

Minority variants at different frequencies




...CGTCCCTCAGCATGGAAACCTCGCTT...
..CGTCCCTCAGCATGGAAACCTCGCTT...
..CGTCCCTCAGCATGGAAACCTCGCTT...
..CGTCCCTCAGCATGGAAACCTCGCTT...

Minority variants at different frequencies




...CGTCCCTCAGCATGGAAACCTCGCTT...
..CGTCCCTCAGCATGGAAACCTCGCTT...
..CGTCCCTCAGCATGGAAACCTCGCTT...

..CGTCCCTCAGCATGGAAACCTCGCTT...
..CGTCCCTCAGCATGGAAACCTCGCTT...
..CGTCCCTCAGCATGGAAACCTCGCTT...




..CGTCCCTCAGCATGGAAACCTCGCTT...
..CGTCCCTCAGCATGGAAACCTCGCTT...
..CGTCCCTCAGCATGGAAACCTCGCTT...
...CGTCCCTCAGCATGGAAACCTCGCTT...
..CGTCCCTCAGCATGGAAACCTCGCTT...
..CGTCCCTCAGCATGGAAACCTCGCTT...

..CGTCCCTCAGCATGGAAACCTCGCTT...
..CGTCCCTCAGCATGGAAACCTCGCTT...
..CGTCCCTCAGCATGGAAACCTCGCTT...




..CGTCCCTCAGCATGGAAACCTCGCTT...
..CGTCCCTCAGCATGGAAACCTCGCTT...
..CGTCCCTCAGCATGGAAACCTCGCTT...
..CGTCCCTCAGCATGGAAACCTCGCTT...
...CGTCCCTCAGCATGGAAACCTCGCTT...
..CGTCCCTCAGCATGGAAACCTCGCTT...
..CGTCCCTCAGCATGGAAACCTCGCTT...

..CGTCCCTCAGCATGGAAACCTCGCTT...
..CGTCCCTCAGCATGGAAACCTCGCTT...
..CGTCCCTCAGCATGGAAACCTCGCTT...

20% 40% 10%




PHENOSENSE™ SUSCEPTIBILITY Net Assessment
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Patient-specific recommendations




Amplify Mix Frequency
»  060%

» 33.5%

5%

1%

0.5%

1he need for test gdata: internal control




19212086 18424 19168
790 1186 1878 2184 8379| 8797 |

p17 i p24  |ip7ip6 vif l nef

‘;’2 p1 2032 5618 #4569 G417
gag 5831 18062 8379 9086

HIV G o .@ iials

enome 6045 6310 rev 9719
2085 2253/ 2550 3870 4230 5550  [5970 [ 6225

protg p51 RT R%:fe p31 int vpr l] gp120 gpd1

pol 5086 5850 8045 env ‘ 8785

1 ObO ZObO 3000 4000 5000 6000 7000 8000 9000 9719

Source Sequence

HXB2 . GAAAGCATTAGGACCAGCAGCTACACTAGAA..
60% ...GAA.GCATTAGGACCAGCAGCTCCACTAGA

33.5% ...GAAAGCATTAGGAICAGCAGCTICACTAGA

IUPAC ...GAA.GCATTAGGA CAGCAGCTMCACTAGAD..
50 |.GAAAGCATTAGGACCAGCAGCTACATTAGAA..
1% |.GAAAGCGTTAGGACCAACAGCTACACTAGAA..
05% [.GAATGCATTAGGACCAGCAGCTACACTAGAA..

Defined mix of gag
and RT clones

Seqguence & align vs majority sequence




[CAAAATGCCAGCAGATTCTAAGTCTGCGTG+++++ACGET+++++CCACTCTCTGCTTCATA?
[CAAAATGCCAGCACGATTCTAAGTCTGGTG*****AGG
ICAAAATGCCAGCAGATTCTAAGTCTGGTG*****AGG

ICARAAATGCCAGCAGATTCTAAGTCTGGTG*****AGGG
ICARAATGCCAGCAGCTTCTAAGTCTGCTG*****ACGG
ICAAAATGCCAGCAGATTCTAAGTCTGGTG***** AGGGTAGGGCCGCACTCTCTGCTTCATAL
[CARAATGCCAGCAGATTCTAAGTCTGGTGC**** *ACGGT*****AGGGTGC
ICAAAATGCCAGCAGATTCTAAGTCTGGTGAGGGTAGGGT*****GCACTCTCTGCT
ICAAAATGCCAGCAGATTCTAAGTCTGGTGAGGGTAGGGT*****GCACTCTCTGCTTCATAZ
I[CAAAATGCCAGCAGATTCTAAGTCTGGTGAGGGTAGGGT*****GCACTCTCTGCTTCATAZ
GTCTGGTCGAGGGTAGGGT*****GCACTCTCTGCTTCATAZ

Re-alignment

via http://biocinformatics.ca/workshops/201 1/informatics-high-throughput-sequencing-data

53



http://bioinformatics.ca/workshops/2011/informatics-high-throughput-sequencing-data

ICAAAATGCCAGCACGATTCTAAGTCTGGTG+++++ACGGCGTGCACTCTCTGCTTCATAAATGGC

ICAARAATGCCAGCAGATTCTAAGTCTGGTGAGG
TCARAATGCCAGCAGATTCTAAGTCTGGTGAGG
[CARAATGCCAGCAGATTCTAAGTCTGGTGAGGG
[CARAATGCCAGCAGCTTCTAAGTCTGCTGAGGG
ICAAAATGCCAGCAGATTCTAAGTCTGGTGAGGGTACGGGCGCACTCTCTGCTTCATAAATGGC
[CARAATGCCAGCAGATTCTAAGTCTGGTGAGGGTAGGGTGC
I[CARAATGCCAGCAGATTCTAAGTCTGGTGAGGGTAGGGTGCACTCTCTGCT
I[CAAAATGCCAGCAGATTCTAAGTCTGGTGAGGGTACGGGTGCACTCTCTGCTTCATAAATGGCE
ICAARAATGCCAGCAGATTCTAAGTCTGGTGAGGGTAGGGTGCACTCTCTGCTTCATAAATGGC
GTCTGGTCGAGGGTAGCGGTGCACTCTCTGCTTCATAAATGGC

Re-alignment

via http://biocinformatics.ca/workshops/201 1/informatics-high-throughput-sequencing-data
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http://bioinformatics.ca/workshops/2011/informatics-high-throughput-sequencing-data

~lltering reads before calling frequencies

» Base quality score
» Read mapping score

» kmer abundance (13 nucleotides around position)

» Combined into linear classifier

..CQG]
..CGTCCC]
[ CCC
[ CCC
[ CCC]
[CCC

...CG]
..CG]
..CG]
..CG]

..CQG]
..CQ]

[CCC]

..CGTCCCH
o0
o0

(CAGCA!
[CAGCA]

GG
(GG

[CAGCATGG
[CAGCATGG
[CAGCATGG
[ CAGCAIGG
..CGTCCCTCAGCATGG
[CAGCATGG
[CAGCATGG
[CAGCATGG

CC]
CC]
CC
CC
CC]
CCl
CC]
CC]
CC

CGC
CGC
CGC
CGC
CGC

(CGCTT...
CGC
[CGC
[CGC

CC

CGC




0.5% Variants

Genomic position

Monitor variation: 0.5% frequency




Genomic position

Background noise




Nagging question...

» ... can we do better?




18924 tores
wre| e |

nef

8260 9417
088

HIV Genome @ Sl o

g7res

8000 9000 9719

Sequence
HXB2 |.GAAAGCATTAGGACCAGCAGCTACAGCTAGAA..
60% |.GAAGGCATTAGGACCAGCAGCTCCACTAGA
33.4% [.GAAAGCATTAGGATCAGCAGCTAICACTAGA
UPAC |.GAARGCATTAGGAYCAGCAGCTMCACTAGA
5% [.GAAAGCATTAGGACCAGCAGCTACATTAGAA..
1% |.GAAAGCGTTAGGACCAACAGCTACACTAGAA..
05% [.GAATGCATTAGGACCAGCAGCTACACTAGAA..

0.1% ...GAAAGCATTAGGACCAGCAGCTACACTAGAA...I

Defined mix
of clones

Add a 0.1% frequency clone




AND TRANSLATIONAL National CTSA Consortium Events
\ / CATALYST

W SCIENCE CENTER Contact Us Spotlights

People & Collaboration | Consulting & Advice | Education & Training | Funding Research Resources Programs

oo thrason crovasouren. | Algorithm Development Through Crowdsourcing
At a glance
Sponsoring Program
Key Features Submissions Due Novel Clinical and Translational
‘ -, - Pilot service to develop a solution for your - November 18, 2011, with [1;{’{'_“:"_4._‘[%';; CoTEE
1O . computational algorithmic problems rolling decisions as of ST
| - Solutions are developed by engaging a world-wide October 30, 2011
community of elite software developers who compete
\0\ .;5%'.*‘&&;3: to solve your problem on a crowdsourcing platform
O S S - Full funding for platform access and prize money for
O competing software developers
Overview - Full s'upport for problem statement development Note: The submission
- - Solutions ready in about a month process has closed.
Contacts Please check back for
Useful for future opportunities.
Solving Algorithmic Problems - Obtaining a computational algorithm for advancing
Thf']LlQh Cro ‘."‘J'ljS':ll.lrl:il.lQ one's research

Optimization: Crowd sourcing




Marathon Maitch Problem Statement

v Competitions
» Overview

» Copliot Opportunities
» Design

» Development Problem Statement

» Ul Development We have a mixture of genomes. Each genome can be treated as a sequence of nucleotides denoted using characters 'A’, 'C', 'G', T". Consider a certain fixed position
» QA and Maintenance within each genome and nucleotides atthat position. It is known that one of two possible cases holds:

Contest: HMS Challenge #1 Printable view
Problem: MinorityVariants

vAlgorshm 1. Each genome has the same nucleotide at this position. In this case, we call this position constant.

y Single Round Matches 2. There are two different nucleotides at this position. Let's call them X and Y. Suppose that X occurs more often than Y. In this case, nucleotide Y is called

SRM) . . . . , . . L o .
: minonity vaniant at this position. The fraction of nucleotides that contain Y at this position is called the frequency of this minority variant.
v Marathon Match

Given a lot of sequencing calls for this mixture, we would like to identify which positions are constant and which have minority variants. Also, we are interested in

frequencies of minority variants. This seems to be trivial to do, however, some sequencing calls have low quality and we can't trust to their results. The goal of this
problem is to develop an approach to separate low quality sequencing calls from real calls, and thus improve the detection ability of minority variants.

Training data

» High School
The Digital Run
Submit & Review

We provide some data in order to help you develop the solution. It consists of 3 files, all in TSV format.

Problem definition & test set




P Goto Community Portal » Go to Platform Portal
[TDPCDDER] | I
aplaceto create”™ agiste

What Can |1 Do? How Does It Work? Who Uses TopCoder? Blog About Us

The world's largest competitive community for software development and digital creation

The TopCoder Community is 389,023 strong.

Why TopCoder?

Your online community competes to solve your
toughest challenges. You will love the results.

Learn More about what you can do.

Or talk with us now to Get Started.

TopCoder Challenge




Crowd Sourcing at work

P12 [Get Time]

Statistics

nhzp339

Algorithm Rating:

Conceptualization Rating: not rated
Specification Rating: 1440
Architecture Rating:

Design Rating: 2410
Development Rating:

Assembly Rating: not rated
Test Suites Rating: not rated
Test Scenarios Rating:

Ul Prototype Rating: not rated

RIA Build Rating: not rated "Believe in the ideal,not the idol"
Content Creation Rating:

Reporting Rating: not rated
Marathon Matches Rating: 2616

Member Since: 11.20.2004

» > 200 competitors

[Send a message
[Forum post history]
[Achievements]

| n
' > 600 Su bl I IISS'OI IS Algerithm m Specification Architecture | Design Development “% Test Scenarics mm Content Creation ﬂ
Marathon Matches

Ratl n g . Rating Distribution
2616

[competition history]

Percentile:

Rank:

Country Rank:
Volatility:
Maximum Rating:
Minimum Rating:
Best Rank:

Wins:

Top Five Finishes:
Top Ten Finishes:
Avg. Rank:

Avg. Num. Submissions:

Competitions:




Crowd Sourcing at work '

» > 200 competitors

» > 600 submissions

Statistics

Algorithm m Specification

Marathon Matches

nhzp339

Algorithm Rating:
Conceptualization Rating:
Specification Rating:
Architecture Rating:
Design Rating:
Development Rating:
Assembly Rating:

Test Suites Rating:

Test Scenarios Rating:

Ul Prototype Rating:

RIA Build Rating:

Content Creation Rating:
Reporting Rating:
Marathon Matches Rating:

Member Since:
Country:

[Copilot Profile]
[Send a message
[Forum post history]
[Achievements]

Rating:
2616

[competition history]

Percentile:

Rank:

Country Rank:
Volatility:
Maximum Rating:
Minimum Rating:
Best Rank:

Wins:
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Random forest classifier

E Is sex male'? ,,

» Decision tree-based / \

is age > 9.5? ( survnved )

» Expanded 3 metrics to 14 features \ 0.73 36%
» Random forest of 120 trees 4
is sibsp > 2 57?

0.17 61%
» Reference implementation provided
surwved l

005 2% 0.89 2%




Random forest classifier

Unfiltered

1.5% -

» Determine filtering cutoff through downsampling
1.0% -

0.5%-

Variant frequency

0.1% — A Sens T et NN o o it

0 100 200 300 400
Genomic position

® Background Called False positive




Random forest classifier

Unfiltered

» RF with 15 input parameters - 1:5%-

» Determine filtering cutoff through downsampling § 1.0% -

» Cutoff at 0.095% removes 99% false positives § 0.5%-

» Stable between experiments 0 e e
0 100 200 300 400

Genomic position

® Background Called False positive




- BRIGHAM AND
Y WOMEN'S HOSPITAL

A Teaching Affiliate of Harvard Medical School

DEPARTMENTS DISEASES AND HEALTH PATIENTS AND

HOME LSRN e AND SERVICES CONDITIONS INFORMATION VISITORS

Home > Departments and Services > Medicine > Services > Division of Infectious Diseases

Infectious Diseases Division of Infectious Diseases

> Overview

The Division of Infectious Disease
> AboutUs at Brigham & Women's Hospital
Our Division . (BWH) is a part of the Brigham

Medical Specialties (BMS) and is
affiliated with Harvard Medical
School. We provide the highest
quality patient care and

» Our Services \ oy A exceptional consultative service to
the Brigham and Women's
Hospital community, while also
Staff Physicians advancing the hospital’s goals of creative biomedical research and teaching.
The division consists of a diversified group of clinicians, clinical and research
investigators, epidemiologists, and social scientists.

Ongoing work: to the clinic

Our Physicians
Faculty

> For Patients

Referral Information
Your First Visit
While You Are Here

HSPH Bioinformatics Core




Pediatric Intensive Care Unit Monitoring




Classifier to predict apnea events

> O2

» CO2

» Blood pressure
» Heart rate

» \Waveform of measurements

Time

Inhalation Trough (Baseline)
Initial Expiratory Phase
Expiratory Plateau

Initial Inhalation Phase
ETCO2 Value

Takeoff Angle

Elevation Angle
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lake-nome messages

Wide applicability for ML approaches
Good training sets still a problem

Talk with the community




[ hank you for listening!

oliver.nofmann@glasgow.ac.uk
@fiamh



mailto:oliver.hofmann@glasgow.ac.uk?subject=
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