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<intro>
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Training as bench scientist
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Why am I here… ?
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From bench…
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… to desk
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Collaborate with computer scientists?
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Methods 
For validation purposes we used three 
biologists to annotate a corpus of domain-
specific literature.



PhD project: text mining
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Natural Language Processing
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ochronosis… caused by an inherited lack of homogentisic acid oxidase



Natural Language Processing
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ochronosis… caused by an inherited lack of homogentisic acid oxidase

Renal fibrosis biopsies were digested with trypsin



Natural Language Processing
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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
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ochronosis… caused by an inherited lack of homogentisic acid oxidase

Disease or 
Syndrome Finding Protein

Renal fibrosis biopsies were digested with trypsin

Disease or 
Syndrome

Experimental 
Procedure Protein



Methods, redux 
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Methods 
For validation purposes we used three 
biologists to annotate a corpus of domain-
specific literature.



</intro>

14



15

Shannan Ho Sui

Rory Kirchner

Oliver Hofmann John Hutchinson

Brad ChapmanJohn MorrisseyMeeta Mistry

Winston HideMary Piper

Lorena Pantano

Radhika Khetani Andreas Sjödin 



Finding 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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Genome



18100 bases 100 bases“paired sequences”

Reference genome



Error profiles

PCR artifacts 

Error dependency on technology
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Illumina



Illumina: mixed clusters
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Illumina: signal decay
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Illumina: signal decay
22

Read position

M
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Illumina: cross-talk
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Illumina: phasing
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Illumina: phasing correction
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Illumina: phasing correction
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The need for test data
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Genome in a Bottle

Highly confident variant calls for NA12878 
Reference bioinformatic workflows 

genomeinabottle.org
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Marc Salit Justin Zook

http://genomeinabottle.org


Genome in a Bottle

11 WGS 
3 Exomes 

Illumina, SOLiD, 454, IonTorrent, CGI 
~3 million highly confident SNPs 
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Gold standards

30

Standard Testset

Concordant
Discordant extra 
(false positives)

Discordant missing 
(false negatives)



Evaluate different workflows

31

False Negatives False Positives

SNPs

InDels

WWCRC
Illumina

WWCRC
Illumina



Without training data
Train SVM on total depth, called allele depth and the posterior likelihoods from the variant callers
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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
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Positive 
training 

set

Negative 
training 

set

Found with n/n 
callers

Supported by only 1 caller 
Indels in low complexity regions 
Novel, non-dbSNP variants with 

low reads 
… 



Marginal benefits
Train SVM on total depth, called allele depth and the posterior likelihoods from the variant callers
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Positive 
training 

set

Negative 
training 

set

SVM filter 

SNP concordance vs GiaB: 86.6% -> 87.4%



Understand classification attributes
http://arxiv.org/abs/1404.0929
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Read depth

Va
ria

nt
 ra

tio
True positive heterozygous calls False positive heterozygous calls
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http://arxiv.org/abs/1404.0929


Assess raltegravir-resistant minority variants in ACTG A526 using Illumina

36

Detecting minority variants in HIV

Daniel Kuritzkes Jonathan Li
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raltegravir
Targets HIV integrase gene

38



HIV genome snippet
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...CGTCCCTCAGAATGGAAACCTCGCTT...



HIV genome snippet
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...CGTCCCTCAGAATGGAAACCTCGCTT...

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

...CGTCCCTCAGCATGGAAACCTCGCTT...

Asparagine

Histidine



Variation changes binding to integrase  
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International Antiviral Society
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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/S1473-3099(04)01056-4.
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Minority variants at different frequencies

45

...CGTCCCTCAGCATGGAAACCTCGCTT...



Minority variants at different frequencies
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...CGTCCCTCAGCATGGAAACCTCGCTT...

...CGTCCCTCAGCATGGAAACCTCGCTT...

...CGTCCCTCAGCATGGAAACCTCGCTT...

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

...CGTCCCTCAGCATGGAAACCTCGCTT...

...CGTCCCTCAGCATGGAAACCTCGCTT...
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40%20% 10%



Patient-specific recommendations
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The need for test data: internal control
51

Amplify Mix Frequency
Clone A

Clone B

Clone C

Clone D

Clone E

60%

33.5%

5%

1%

0.5%



Sequence & align vs majority sequence
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Source SequenceSequenceSequenceSequenceSequenceSequenceSequenceSequenceSequenceSequenceSequenceSequenceSequenceSequenceSequenceSequenceSequenceSequenceSequenceSequenceSequenceSequenceSequenceSequenceSequenceSequenceSequenceSequenceSequenceSequenceSequenceSequenceSequence

HXB2 ... G A A A G C A T T A G G A C C A G C A G C T A C A C T A G A A ...
60% ... G A A G G C A T T A G G A C C A G C A G C T C C A C T A G A T ...

33.5% ... G A A A G C A T T A G G A T C A G C A G C T A C A C T A G A G ...

IUPAC ... G A A R G C A T T A G G A Y C A G C A G C T M C A C T A G A D ...
5% ... G A A A G C A T T A G G A C C A G C A G C T A C A T T A G A A ...

1% ... G A A A G C G T T A G G A C C A A C A G C T A C A C T A G A A ...

0.5% ... G A A T G C A T T A G G A C C A G C A G C T A C A C T A G A A ...

HIV Genome

Defined mix of gag 
and RT clones

Source SequenceSequenceSequenceSequenceSequenceSequenceSequenceSequenceSequenceSequenceSequenceSequenceSequenceSequenceSequenceSequenceSequenceSequenceSequenceSequenceSequenceSequenceSequenceSequenceSequenceSequenceSequenceSequenceSequenceSequenceSequenceSequenceSequence

HXB2 ... G A A A G C A T T A G G A C C A G C A G C T A C A C T A G A A ...
60% ... G A A G G C A T T A G G A C C A G C A G C T C C A C T A G A T ...

33.5% ... G A A A G C A T T A G G A T C A G C A G C T A C A C T A G A G ...

IUPAC ... G A A R G C A T T A G G A Y C A G C A G C T M C A C T A G A D ...
5% ... G A A A G C A T T A G G A C C A G C A G C T A C A T T A G A A ...

1% ... G A A A G C G T T A G G A C C A A C A G C T A C A C T A G A A ...

0.5% ... G A A T G C A T T A G G A C C A G C A G C T A C A C T A G A A ...

HIV Genome

Defined mix of gag 
and RT clones



Re-alignment

53

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

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


Re-alignment

54

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

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


Filtering reads before calling frequencies

Base quality score 

Read mapping score 

kmer abundance (13 nucleotides around position) 

Combined into linear classifier
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Monitor variation: 0.5% frequency
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Nagging question...

... can we do better?
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Add a 0.1% frequency clone
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Optimization: Crowd sourcing
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Problem definition & test set
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TopCoder Challenge
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Crowd Sourcing at work

63

> 200 competitors 

> 600 submissions



Crowd Sourcing at work

64

> 200 competitors 

> 600 submissions

Version 
2.0



Random forest classifier

Decision tree-based 

Expanded 3 metrics to 14 features 

Random forest of 120 trees 

Reference implementation provided

65
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Reliable up to 0.095% minority variants 

Stable between experiments
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RF with 15 input parameters 

Determine filtering cutoff through downsampling 

Cutoff at 0.095% removes 99% false positives 

Stable between experiments
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Ongoing work: to the clinic
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Pediatric Intensive Care Unit Monitoring
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Classifier to predict apnea events

O2 

CO2 

Blood pressure 

Heart rate 

Waveform of measurements
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Plenty of fun problems to solve
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Take-home messages

Wide applicability for ML approaches 
Good training sets still a problem 

Talk with the community
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Thank you for listening!

oliver.hofmann@glasgow.ac.uk 
@fiamh 

73

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


74



Variation in patient HIV int genes
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Variation: minimum allele frequency (%)

synonymous & non-synonymous

S1
S2
S3
S4
S5

5152
G

53
Q

54
V

55
D

56
C

57
S

58
P

59
G

60
I

61
W

62
Q

63
L

64
D

6566
T

67
H

68
L

69
E

70
G

71
K

72
V

73
I

74
M

7576
A

77
V

7879
V

80
A

81
S

82
G

83
Y

8485
E

868788
V

89
I

90
P

91
A

92
E

9394
G

95
Q

96
E

97
T

98
A

99
Y

10
0

F
10

1
L

10
2

L
10

3
10

4
L

10
5

A
10

6
10

7
R

10
8

10
9

P
11

0
V

11
1

K
11

2
T

11
3

I
11

4
H

11
5

11
6

D
11

7
11

8
G

11
9

S
12

0
N

12
1

F
12

2
T

12
3

S
12

4
A

12
5

T
12

6
V

12
7

K
12

8
A

12
9

A
13

0
C

13
1

13
2

13
3

A
13

4
G

13
5

I
13

6
K

13
7

Q
13

8
13

9
F

14
0

G
14

1
I

14
2

14
3

14
4

14
5

P
14

6
Q

14
7

S
14

8
14

9
15

0
V

15
1

V
15

2
15

3
S

15
4

M
15

5
N

15
6

K
15

7
E

15
8

L
15

9
K

16
0

K
16

1
I

16
2

16
3

G
16

4
Q

16
5

V
16

6
R

16
7

D
16

8
Q

16
9

A
17

0
E

17
1

17
2

L
17

3
K

17
4

17
5

17
6

V
17

7
Q

17
8

17
9

18
0

10203040

non-synonymous

S1
S2
S3
S4
S5

5152
G

53
Q

54
V

55
D

56
C

57
S

5859
G

60
I

61
W

6263
L

64656667686970
G

7172
V

7374
M

757677787980
A

8182838485868788899091
A

92939495
Q

96
E

97
T

98
A

9910
0

10
1

L
10

2
10

3
10

4
10

5
A

10
6

10
7

10
8

10
9

P
11

0
11

1
11

2
T

11
3

I
11

4
11

5
11

6
11

7
11

8
11

9
S

12
0

N
12

1
12

2
T

12
3

12
4

A
12

5
T

12
6

12
7

12
8

A
12

9
13

0
13

1
13

2
13

3
A

13
4

13
5

I
13

6
13

7
13

8
13

9
14

0
14

1
I

14
2

14
3

14
4

14
5

14
6

14
7

14
8

14
9

15
0

V
15

1
V

15
2

15
3

S
15

4
M

15
5

15
6

15
7

15
8

L
15

9
16

0
K

16
1

I
16

2
16

3
G

16
4

16
5

16
6

16
7

D
16

8
16

9
17

0
17

1
17

2
17

3
17

4
17

5
17

6
17

7
Q

17
8

17
9

18
0

2468
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