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Motivation

?
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Typical analyses
Various types of next generation sequencing (NGS) data,
all with different protocols, targets, and analysis pipelines.

Whole genome sequencing (WGS)

Whole exome sequencing (WES)



|23.11.2015 5

Typical analyses

Today:
Focus on variant calling on targeted deep amplicon sequencing data

RNA-Seq

Gene
exons

Amplicons

Gene
exons

Transcripts

www.rna-seqblog.com
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Example exercise
Question:

8 breast cancer patients, treated with trastuzumab
4 responder, 4 nonresponder (rezidiv)
 Compare mutations of responders and nonresponders, identify genes 

distinguishing the categories

Targeted deep amplicon sequencing:

Gene panels: 
 Much higher coverage per base
 Variant calls with greater confidence

Genes of interest:
MPL NRAS NOTCH2 IRF6 ALK

CASP8 IDH1 ERBB4 VHL MLH1

CTNNB1 PIK3CA TP63



|23.11.2015 7

Pipeline

Fastq files Mapping
Variant call

+
Filtering 

Patient 
comparison
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Mapping
FASTA reference sequence

FASTQ read sequences
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Mapping
Mapper choice:
• Variety available

• Often specific purposes, e.g., RNA-Seq
read mapper or read mapper for long
reads

• Single end vs. Paired end

Popular mapper:
Bowtie2 (Langmead and Salzberg, 2012), 
BWA (Li and Durbin, 2010), Star (Dobin et 
al., 2013), SMALT 
(http://www.sanger.ac.uk/science/tools/sma
lt)…

 Data type, Benchmarks, Experience, 
Question at hand….?
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Mapping
Example call:
smalt index -s 3 referenceIndex referenceSequence.fa
smalt map -f bam -n 10 -o mapping.bam referenceIndex fastqFile.fastq

SAM file:
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Variant call

Deletion ? Insert of C ?

Look at differences between reads and
reference

Variety of variant callers

 Assess variant quality by nucleotide
coverage, variant frequency, base
quality,….

Somatic:
Matched samples Tumor vs. Normal

Popular callers:
GATK (McKenna et al., 2010), Mutect
(Cibulskis et al., 2013), VarScan
(Koboldt et al., 2012), Freebayes
(Garrison and Marth, 2012)…
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Annotation

Compare identified mutations with existing databases



|23.11.2015 13

Variant call
Example call:
samtools mpileup -R -d 100000 -l genePanel.bed -Q 1 -B -A -t DP,DP4,SP,DPR,DV -f 
referenceSequence.fa Mapping.bam |
--min-var-freq 0.01 --min-coverage 8 --output-vcf 1 --strand-filter 1 > varScan.vcf

java -jar snpEff.jar ann GRCh37.70 -dataDir snpEff/ -nodownload –onlyProtein
varScan.vcf > varScan_snpEffAnnotated.vcf

VCF file:

java –jar VarScan.v2.3.9.jar mpileup2cns --p-value 0.05
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Variant call

Getting some SNVs – easy!

Getting the real SNVs – not so easy!

 Caller choice based on data type, 
benchmarks, experience, question….

 Raw calls need to carefully filtered 
and annotated in order to identify 
false positives



|23.11.2015 15

Impact of post-processing and quality control

Example: matched tumor normal pair; identify true somatic SNVs
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Starting from the raw vcf…

Task 1:
(a)
Look at raw vcf files und use the provided script plotFreqPval_all.py to visualize the
data.

(b)
Discuss likely noise and the necessity of filtering.

(c)
Adapt the provided filtering script filterRawCalls_assignGenes.py to include different 
filters, visualize the filtered data and discuss the effects.
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Filtering
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Filtering
Most variant callers already provide
several filter options

Here: 
• Exclude Wild type variants
• Exclude strand bias errors
• Exclude likely InDel errors

Open and change the file
filterRawCalls_assignGenes.py in Spyder
or a text editor.
Test your script using the console.
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Filtering

General script
information

Import required
packages

Help message

Read in 
parameters



|23.11.2015 20

Filtering
Parse vcf files
present in 
given directory

Create filtered
outfile

Go through
lines of each
sample, 
process lines
with variant 
information

Variant to gene
assignment and
filter statistics
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Filtering
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Filtering

Gene

Mutated
Samples

All

MutatedS
amples_

Resp

MutatedSa
mples_Non

resp Nonresp_1 Nonresp_2 Nonresp_3 Nonresp_4 Resp_1 Resp_2 Resp_3 Resp_4
MPL 8 4 4 14 9 2 7 1 1 2 5

NRAS 8 4 4 7 2 5 7 4 5 4 6
NOTCH2 8 4 4 495 576 547 541 565 670 637 407

IRF6 8 4 4 90 105 90 103 113 129 111 77
ALK 8 4 4 10 11 7 12 9 10 7 16

CASP8 8 4 4 139 173 146 174 147 189 153 120
IDH1 8 4 4 6 5 4 6 5 3 3 7

ERBB4 8 4 4 17 18 21 22 21 22 19 22
VHL 8 4 4 10 10 9 17 9 8 7 9

MLH1 6 2 4 2 3 2 9 0 1 0 2
CTNNB1 7 3 4 4 2 3 1 3 3 0 1
PIK3CA 8 4 4 42 44 43 50 49 46 41 50

TP63 8 4 4 190 252 218 230 262 241 212 174
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Filtering
What other filter criteria are possible?
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Filtering
Frequency?
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Filtering
Synonymous?
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Filtering
Homopolymer? Ion Torrent data are known to be error

prone in homopolymer regions
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Filtering

Function
definition

Include
filter
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Filtering

Apply default, synonomous, and homopolymer filter, without filtering the frequency. 
(Frequency leads to loss of possible true positive mutations, e.g. c.464-27C>T in VHL in 
Resp1; overall amplicon coverage allows low frequency mutations) 
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Filtering

Gene
MutatedSa
mplesAll

MutatedSa
mples_Resp

MutatedSamp
les_Nonresp

MPL 8 4 4
NRAS 8 4 4

NOTCH2 8 4 4
IRF6 8 4 4
ALK 8 4 4

CASP8 8 4 4
IDH1 8 4 4

ERBB4 8 4 4
VHL 8 4 4

MLH1 6 2 4
CTNNB1 7 3 4
PIK3CA 8 4 4

TP63 8 4 4

Gene
MutatedS
amplesAll

MutatedSam
ples_Resp

MutatedSampl
es_Nonresp

MPL 3 1 2
NRAS 1 1 0

NOTCH2 8 4 4
IRF6 8 4 4
ALK 4 1 3

CASP8 8 4 4
IDH1 1 1 0

ERBB4 4 4 0
VHL 5 2 3

MLH1 2 1 1
CTNNB1 3 2 1
PIK3CA 6 3 3

TP63 8 4 4
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Fisher’s exact test
Fishers exact test is a statistical significance test to compare samples from two or
more different categories. We test for a significant difference between the number of
observations made for each category by computing the probability of the given
observations. [Fisher, J R Stat Soc,1922] 

Responder Nonresponder Row total

Mutated a b a+b

Not mutated c d c+d

Column total a+c b+d n=(a+b+c+d)

Probability p for such a set:

𝑝𝑝 =
𝑎𝑎+𝑏𝑏
𝑎𝑎

𝑐𝑐+𝑑𝑑
𝑐𝑐

𝑛𝑛
𝑎𝑎+𝑐𝑐

Observe a
mutated samples

Observe c not 
mutated samples

Proportion of
responder samples
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Fisher’s exact test

Task 2:
Adapt the script performFisherTest.py and perform test on the overview table
generated in Task 1. (Set correct entry for the ten INSERT_HERE dummy values)

Example:
4 responder samples, 4 nonresponder samples

Gene Mutated samples responder Mutated samples nonresponder
ALK 1 3

ALK Responder Nonresponder Row Total

Mutated 1 3 4
Not

mutated 3 1 4
Column

total 4 4 8

𝑝𝑝 =
4
1

4
3

8
4

= 0.49 



|23.11.2015 32

Fisher’s exact test
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Fisher’s exact test

Gene
MutatedSamples

All
MutatedSamples

_Resp
MutatedSamples

_Nonresp p-value
MPL 3 1 2 1.0

NRAS 1 1 0 1.0
NOTCH2 8 4 4 1.0

IRF6 8 4 4 1.0
ALK 4 1 3 0.48571

CASP8 8 4 4 1.0
IDH1 1 1 0 1.0

ERBB4 4 4 0 0.02857
VHL 5 2 3 1.0

MLH1 2 1 1 1.0
CTNNB1 3 2 1 1.0
PIK3CA 6 3 3 1.0

TP63 8 4 4 1.0

Issues:
Multiple testing correction still needs to be applied!
Sample size very small
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