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Outline:
 Example of a pipeline to analyse NGS data;
 QOverview of file formats and tools;

* Examples of filtering and validation
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an example of NGS data analysis

project

project:application (whole genomes? Exomes? Target capture?
Amplicon sequencing?)

project:application:aim (SNPs, indels, repeated elements,
CNVs...)

project:application:aim:coverage(SNPs, indels, repeated
elements, CNVs...)
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raw reads (.fastq)

@MO00725:28:000000000-AJ72K:1:1101:11561:1002 1:N:0:1
AGTCAACAACGGGAACAAAATCCTGAAGGTCATGGTATGTGTANNNNTNTTNNNNNCCNNNNNNA
TGTGTCNNNNNNNTNNNNNNTCTGAGTNNNNNNNCTCTCTTNNNNNNNAGTGGGTNNNNNNN
GCATCCANNNAGCACGATTTTNNNNNNNTATTCAGGAGACAANNNNNNNGTGGGCANNNNNNN
GTGTTGGNNNNNNNNNNNNNNGGAGAGANAAAAAANNNNNNNTGAAGTCNNNNNNNNNNN
NAGCGNNANNNNNNNTCNNNNNNNNNNNNNNATCANNNNNNNNNNGGTG

+
8ACCFGFGGGCDGGGGCFGGGGGGGFGGGGGFEFFGGGFFEGGHHHHOH  HHHHH O##HHHH.CD@
FGHAHBHHH HHHHHT, OOCF HHH#### . DBFDEHHH#HH#A . DFG>##H###H+OA=D @ F#H#H#88=+<FFF
FGGHH##HHH#++8 @8;EEFG8>DGHHtH#H#HH+6 @ DEFFHHHHHAH* AAD=, HHHHHHHHHHHH > [**2.*
H212 [SCHHHHHHHY * 2. [OHAHHHHHHHHHHR)- ) \HHOHHHHHHE, (HHHHHHEH O (( #HH - ((-



raw reads (.fastq)

Instrument
ID

|

{@ MOO72§:28:OOOOOOOOO-AJ72K:1:1101:11561:1002 1:N:0:1
AGTCAACAACGGGAACAAAATCCTGAAGGTCATGGTATGTGTANNNNTNTTNNNNNCCNNNNNNA
TGTGTCNNNNNNNTNNNNNNTCTGAGTNNNNNNNCTCTCTTNNNNNNNAGTGGGTNNNNNNN
GCATCCANNNAGCACGATTTTNNNNNNNTATTCAGGAGACAANNNNNNNGTGGGCANNNNNNN
GTGTTGGNNNNNNNNNNNNNNGGAGAGANAAAAAANNNNNNNTGAAGTCNNNNNNNNNNN
NAGCGNNANNNNNNNTCNNNNNNNNNNNNNNATCANNNNNNNNNNGGTG

+
8ACCFGFGGGCDGGGGCFGGGGGGGFGGGGGFEFFGGGFFEGGHHHHOH  HHHHH O##HHHH.CD@
FGHAHBHHH HHHHHT, OOCF HHH#### . DBFDEHHH#HH#A . DFG>##H###H+OA=D @ F#H#H#88=+<FFF
FGGHH##HHH#++8 @8;EEFG8>DGHHtH#H#HH+6 @ DEFFHHHHHAH* AAD=, HHHHHHHHHHHH > [**2.*
H212 [SCHHHHHHHY * 2. [OHAHHHHHHHHHHR)- ) \HHOHHHHHHE, (HHHHHHEH O (( #HH - ((-




raw reads (.fastq)

Run ID

Instrument
ID

|

{@ MOO72§:28:OOOOOOOOO-AJ72K:1:1101:11561:1002 1:N:0:1
AGTCAACAACGGGAACAAAATCCTGAAGGTCATGGTATGTGTANNNNTNTTNNNNNCCNNNNNNA
TGTGTCNNNNNNNTNNNNNNTCTGAGTNNNNNNNCTCTCTTNNNNNNNAGTGGGTNNNNNNN
GCATCCANNNAGCACGATTTTNNNNNNNTATTCAGGAGACAANNNNNNNGTGGGCANNNNNNN
GTGTTGGNNNNNNNNNNNNNNGGAGAGANAAAAAANNNNNNNTGAAGTCNNNNNNNNNNN
NAGCGNNANNNNNNNTCNNNNNNNNNNNNNNATCANNNNNNNNNNGGTG

+
8ACCFGFGGGCDGGGGCFGGGGGGGFGGGGGFEFFGGGFFEGGHHHHOH  HHHHH O##HHHH.CD@
FGHAHBHHH HHHHHT, OOCF HHH#### . DBFDEHHH#HH#A . DFG>##H###H+OA=D @ F#H#H#88=+<FFF
FGGHH##HHH#++8 @8;EEFG8>DGHHtH#H#HH+6 @ DEFFHHHHHAH* AAD=, HHHHHHHHHHHH > [**2.*
H212 [SCHHHHHHHY * 2. [OHAHHHHHHHHHHR)- ) \HHOHHHHHHE, (HHHHHHEH O (( #HH - ((-




raw reads (.fastq)
Run ID

flowcell ID
Instrument

ID

|

@MO00725:28:000000000-AJ72K:1:1101:11561:1002 1:N:0:1
AGTCAACAACGGGAACAAAATCCTGAAGGTCATGGTATGTGTANNNNTNTTNNNNNCCNNNNNNA
TGTGTCNNNNNNNTNNNNNNTCTGAGTNNNNNNNCTCTCTTNNNNNNNAGTGGGTNNNNNNN
GCATCCANNNAGCACGATTTTNNNNNNNTATTCAGGAGACAANNNNNNNGTGGGCANNNNNNN
GTGTTGGNNNNNNNNNNNNNNGGAGAGANAAAAAANNNNNNNTGAAGTCNNNNNNNNNNN
NAGCGNNANNNNNNNTCNNNNNNNNNNNNNNATCANNNNNNNNNNGGTG

A
8ACCFGFGGGCDGGGGCFGGGGGGGFGGGGGFEFFGGGFFEGGHHHHOM: it : Ot HiH::CD@
FGHHHHH S, OOCF 2HiH it #:: DBEDEHHHHIHHA: DFG>HA#HHHH+OA=D @ FH#H#88=+<FFF
FGGHHHHHH++8 @8;EEFG8>DGH#HH HH#+6 @ DEFFHHHHHHI* AAD= HHHH I /¥ %2 %
H212/SCHUHHIHI® *2: [ORHHIH MR- | HHORHIHHE (HHB IR0 (( HHE R ((-




raw reads (.fastq)
Run ID

flowcell ID
Instrument

1D Iane

|

@MO00725:28:000000000- AJ72R 11:1101:11561:1002 1:N:0:1
AGTCAACAACGGGAACAAAATCCTGAAGGTCATGGTATGTGTANNNNTNTTNNNNNCCNNNNNNA
TGTGTCNNNNNNNTNNNNNNTCTGAGTNNNNNNNCTCTCTTNNNNNNNAGTGGGTNNNNNNN
GCATCCANNNAGCACGATTTTNNNNNNNTATTCAGGAGACAANNNNNNNGTGGGCANNNNNNN
GTGTTGGNNNNNNNNNNNNNNGGAGAGANAAAAAANNNNNNNTGAAGTCNNNNNNNNNNN
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A
8ACCFGFGGGCDGGGGCFGGGGGGGFGGGGGFEFFGGGFFEGGHHHHOM: it : Ot HiH::CD@
FGHHHHH S, OOCF 2HiH it #:: DBEDEHHHHIHHA: DFG>HA#HHHH+OA=D @ FH#H#88=+<FFF
FGGHHHHHH++8 @8;EEFG8>DGH#HH HH#+6 @ DEFFHHHHHHI* AAD= HHHH I /¥ %2 %
H212/SCHUHHIHI® *2: [ORHHIH MR- | HHORHIHHE (HHB IR0 (( HHE R ((-




raw reads (.fastq)
Run ID

flowcell ID

Instrument _
ITD / |ane7Ile

@MO00725:28:000000000-AJ72K:1:1101:11561:1002 1:N:0:1
AGTCAACAACGGGAACAAAATCCTGAAGGTCATGGTATGTGTANNNNTNTTNNNNNCCNNNNNNA
TGTGTCNNNNNNNTNNNNNNTCTGAGTNNNNNNNCTCTCTTNNNNNNNAGTGGGTNNNNNNN
GCATCCANNNAGCACGATTTTNNNNNNNTATTCAGGAGACAANNNNNNNGTGGGCANNNNNNN
GTGTTGGNNNNNNNNNNNNNNGGAGAGANAAAAAANNNNNNNTGAAGTCNNNNNNNNNNN
NAGCGNNANNNNNNNTCNNNNNNNNNNNNNNATCANNNNNNNNNNGGTG

A
8ACCFGFGGGCDGGGGCFGGGGGGGFGGGGGFEFFGGGFFEGGHHHHOM: it : Ot HiH::CD@
FGHHHHH S, OOCF 2HiH it #:: DBEDEHHHHIHHA: DFG>HA#HHHH+OA=D @ FH#H#88=+<FFF
FGGHHHHHH++8 @8;EEFG8>DGH#HH HH#+6 @ DEFFHHHHHHI* AAD= HHHH I /¥ %2 %
H212/SCHUHHIHI® *2: [ORHHIH MR- | HHORHIHHE (HHB IR0 (( HHE R ((-




raw reads (.fastq) coordinates of the cluster

A
Run ID

flowcell ID

Instrument _
ITD / |ane7IIe

@MO00725:28:000000000-AJ72K:1:1101/11561:1002 1:N:0:1
AGTCAACAACGGGAACAAAATCCTGAAGGTCATGGTATGTGTANNNNTNTTNNNNNCCNNNNNNA
TGTGTCNNNNNNNTNNNNNNTCTGAGTNNNNNNNCTCTCTTNNNNNNNAGTGGGTNNNNNNN
GCATCCANNNAGCACGATTTTNNNNNNNTATTCAGGAGACAANNNNNNNGTGGGCANNNNNNN
GTGTTGGNNNNNNNNNNNNNNGGAGAGANAAAAAANNNNNNNTGAAGTCNNNNNNNNNNN
NAGCGNNANNNNNNNTCNNNNNNNNNNNNNNATCANNNNNNNNNNGGTG

A
8ACCFGFGGGCDGGGGCFGGGGGGGFGGGGGFEFFGGGFFEGGHHHHOM: it : Ot HiH::CD@
FGHHHH S, OOCF PHi i #:: DBFDEH#HHIHHA: DFG>HH#HH##HH+OA=D @ F##H#88=+<FFF
FGGHHHHHH++8 @8;EEFG8>DGH#HH HH#+6 @ DEFFHHHHHHI* AAD= HHHH I /¥ %2 %
H212/SCHUHHIHI® *2: [ORHHIH MR- | HHORHIHHE (HHB IR0 (( HHE R ((-




raw reads (.fastq) coordinates of the cluster

A
D : : :
Run | First mate in the pair

flowcell ID (paired-end reads)

Instrument _ A
TD / Iane}IIe

@MO00725:28:000000000-AJ72K:1:1101/11561:1002 1:N:0:1
AGTCAACAACGGGAACAAAATCCTGAAGGTCATGGTATGTGTANNNNTNTTNNNNNCCNNNNNNA
TGTGTCNNNNNNNTNNNNNNTCTGAGTNNNNNNNCTCTCTTNNNNNNNAGTGGGTNNNNNNN
GCATCCANNNAGCACGATTTTNNNNNNNTATTCAGGAGACAANNNNNNNGTGGGCANNNNNNN
GTGTTGGNNNNNNNNNNNNNNGGAGAGANAAAAAANNNNNNNTGAAGTCNNNNNNNNNNN
NAGCGNNANNNNNNNTCNNNNNNNNNNNNNNATCANNNNNNNNNNGGTG

A
8ACCFGFGGGCDGGGGCFGGGGGGGFGGGGGFEFFGGGFFEGGHHHHOM: it : Ot HiH::CD@
FGHHHH S, OOCF PHi i #:: DBFDEH#HHIHHA: DFG>HH#HH##HH+OA=D @ F##H#88=+<FFF
FGGHHHHHH++8 @8;EEFG8>DGH#HH HH#+6 @ DEFFHHHHHHI* AAD= HHHH I /¥ %2 %
H212/SCHUHHIHI® *2: [ORHHIH MR- | HHORHIHHE (HHB IR0 (( HHE R ((-




raw reads (.fastq) coordinates of the cluster

Run ID (- | |
First mate in the pair |5 the read filtered?

flowcell ID (paired-end reads) No (N) or Yes (Y)

Instrument _ A
TD / Iane}IIe

@MO00725:28:000000000-AJ72K:1:1101/11561:1002 1:N:0:1
AGTCAACAACGGGAACAAAATCCTGAAGGTCATGGTATGTGTANNNNTNTTNNNNNCCNNNNNNA
TGTGTCNNNNNNNTNNNNNNTCTGAGTNNNNNNNCTCTCTTNNNNNNNAGTGGGTNNNNNNN
GCATCCANNNAGCACGATTTTNNNNNNNTATTCAGGAGACAANNNNNNNGTGGGCANNNNNNN
GTGTTGGNNNNNNNNNNNNNNGGAGAGANAAAAAANNNNNNNTGAAGTCNNNNNNNNNNN
NAGCGNNANNNNNNNTCNNNNNNNNNNNNNNATCANNNNNNNNNNGGTG

A
8ACCFGFGGGCDGGGGCFGGGGGGGFGGGGGFEFFGGGFFEGGHHHHOM: it : Ot HiH::CD@
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FGGHHHHHH++8 @8;EEFG8>DGH#HH HH#+6 @ DEFFHHHHHHI* AAD= HHHH I /¥ %2 %
H212/SCHUHHIHI® *2: [ORHHIH MR- | HHORHIHHE (HHB IR0 (( HHE R ((-




raw reads (.fastq) coordinates of the cluster

Run ID (- | |
First mate in the pair |5 the read filtered?

flowcell ID (paired-end reads) No (N) or Yes (Y)

Instrument A
ID Iane tlle
/I\ / / /ContrOI inCIUdEd? 0=NO

@MO00725:28:000000000-AJ72K:1:1101/11561:1002 1:N:0-1
AGTCAACAACGGGAACAAAATCCTGAAGGTCATGGTATGTGTANNNNTNTTNNNNNCCNNNNNNA
TGTGTCNNNNNNNTNNNNNNTCTGAGTNNNNNNNCTCTCTTNNNNNNNAGTGGGTNNNNNNN
GCATCCANNNAGCACGATTTTNNNNNNNTATTCAGGAGACAANNNNNNNGTGGGCANNNNNNN
GTGTTGGNNNNNNNNNNNNNNGGAGAGANAAAAAANNNNNNNTGAAGTCNNNNNNNNNNN
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A
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FGHHHH S, OOCF PHi i #:: DBFDEH#HHIHHA: DFG>HH#HH##HH+OA=D @ F##H#88=+<FFF
FGGHHHHHH++8 @8;EEFG8>DGH#HH HH#+6 @ DEFFHHHHHHI* AAD= HHHH I /¥ %2 %
H212/SCHUHHIHI® *2: [ORHHIH MR- | HHORHIHHE (HHB IR0 (( HHE R ((-




raw reads (.fastq) coordinates of the cluster

Run ID (- | |
First mate in the pair |5 the read filtered?

flowcell ID (paired-end reads) No (N) or Yes (Y)

Instrument A
ID lane tile
T / Control included? 0=No
/ Adex

@MO00725:28:000000000-AJ72K:1:1101/11561:1002 1:N:0-1
AGTCAACAACGGGAACAAAATCCTGAAGGTCATGGTATGTGTANNNNTNTTNNNNNCCNNNNNNA
TGTGTCNNNNNNNTNNNNNNTCTGAGTNNNNNNNCTCTCTTNNNNNNNAGTGGGTNNNNNNN
GCATCCANNNAGCACGATTTTNNNNNNNTATTCAGGAGACAANNNNNNNGTGGGCANNNNNNN
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A
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FGHHHH S, OOCF PHi i #:: DBFDEH#HHIHHA: DFG>HH#HH##HH+OA=D @ F##H#88=+<FFF
FGGHHHHHH++8 @8;EEFG8>DGH#HH HH#+6 @ DEFFHHHHHHI* AAD= HHHH I /¥ %2 %
H212/SCHUHHIHI® *2: [ORHHIH MR- | HHORHIHHE (HHB IR0 (( HHE R ((-




raw reads (.fastq) coordinates of the cluster

Run ID (- | |
First mate in the pair |5 the read filtered?

flowcell ID (paired-end reads) No (N) or Yes (Y)

Instrument A
ID lane tile .
T / Control included? 0=No
/ Adex Vs read

@MO00725:28:000000000-AJ72K:1:1101/11561:1002 1:N:0-1
AGTCAACAACGGGAACAAAATCCTGAAGGTCATGGTATGTGTANNNNTNTTNNNNNCCNNNNNNA
TGTGTCNNNNNNNTNNNNNNTCTGAGTNNNNNNNCTCTCTTNNNNNNNAGTGGGTNNNNNNN
GCATCCANNNAGCACGATTTTNNNNNNNTATTCAGGAGACAANNNNNNNGTGGGCANNNNNNN
GTGTTGGNNNNNNNNNNNNNNGGAGAGANAAAAAANNNNNNNTGAAGTCNNNNNNNNNNN
NAGCGNNANNNNNNNTCNNNNNNNNNNNNNNATCANNNNNNNNNNGGTG

A
8ACCFGFGGGCDGGGGCFGGGGGGGFGGGGGFEFFGGGFFEGGHHHHOM: it : Ot HiH::CD@
FGHHHH S, OOCF PHi i #:: DBFDEH#HHIHHA: DFG>HH#HH##HH+OA=D @ F##H#88=+<FFF
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raw reads (.fastq) coordinates of the cluster

Run ID (- | |
First mate in the pair |5 the read filtered?

flowcell ID (paired-end reads) No (N) or Yes (Y)

Instrument A
ID lane tile .
T / Control included? 0=No
/ Adex Vs read

@MO00725:28:000000000-AJ72K:1:1101/11561:1002 1:N:0-1
AGTCAACAACGGGAACAAAATCCTGAAGGTCATGGTATGTGTANNNNTNTTNNNNNCCNNNNNNA
TGTGTCNNNNNNNTNNNNNNTCTGAGTNNNNNNNCTCTCTTNNNNNNNAGTGGGTNNNNNNN
GCATCCANNNAGCACGATTTTNNNNNNNTATTCAGGAGACAANNNNNNNGTGGGCANNNNNNN
GTGTTGGNNNNNNNNNNNNNNGGAGAGANAAAAAANNNNNNNTGAAGTCNNNNNNNNNNN
NAGCGNNANNNNNNNTCNNNNNNNNNNNNNNATCANNNNNNNNNNGGTG

A
8ACCFGFGGGCDGGGGCFGGGGGGGFGGGGGFEFFGGGFFEGGHHHHOM: it : Ot HiH::CD@
FGHHHH S, OOCF PHi i #:: DBFDEH#HHIHHA: DFG>HH#HH##HH+OA=D @ F##H#88=+<FFF
FGGHHHHHH++8 @8;EEFG8>DGH#HH HH#+6 @ DEFFHHHHHHI* AAD= HHHH I /¥ %2 %
H212/SCHUHHIHI® *2: [ORHHIH MR- | HHORHIHHE (HHB IR0 (( HHE R ((-

\

Quality values for each nucleotide




raw reads (.fastq)

@MO00725:28:000000000-AJ72K:1:1101:11561:1002 1:N:0:1
AGTCAACAACGGGAACAAAATCCTGAAGGTCATGGTATGTGTANNNNTNTTNNNNNCCNNNNNNA
TGTGTCNNNNNNNTNNNNNNTCTGAGTNNNNNNNCTCTCTTNNNNNNNAGTGGGTNNNNNNN
GCATCCANNNAGCACGATTTTNNNNNNNTATTCAGGAGACAANNNNNNNGTGGGCANNNNNNN
GTGTTGGNNNNNNNNNNNNNNGGAGAGANAAAAAANNNNNNNTGAAGTCNNNNNNNNNNN
NAGCGNNANNNNNNNTCNNNNNNNNNNNNNNATCANNNNNNNNNNGGTG

+
8ACCFGFGGGCDGGGGCFGGGGGGGFGGGGGFEFFGGGFFEGGHHHHAOH . #HH#HHH OftH#HIHH . .CD@
FGHHHHH T #HH ], OO CF#i##H## . DBFDEH######HA .. DFG>#######+9A=D @ F###88=+<FFF
FGGH#HHHH++8 @ 8; EEFG8>DGH it iHH+6 @ DEFFiitH#HHH* A4 D=, i HHHHHH > [** 2. *
H#212/SCHitHHHHH™ * 2. /Ot HHHHHH ) - ) BROHHHHHHH, (HHHHH T HO (( - (-

\

Quality values for each nucleotide

Lowest ASCII Highest

I"#S%& () *+,-./0123456789:;<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ [\]" “abcdefghijklmnopgrstuvwxyz{|}~

126

Illumina 1.8+ Phred+33, raw reads typically (0, 41)



raw reads (.fastq)

Lowest ASCI| Highest
T"#SSs" () *+,-./0123456789: ;<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ [ \] A_\ abcdefghijklmnopgrstuvwxyz{ |}~
33 126

0u ittt e e e e e e e e e e e 26...31 ..., 41

Illumina 1.8+ Phred+33, raw reads typically (0, 41)

Phred-scale value:
Q=-10*log_10P - P=10%10

Phred Quality Score Al sz

incorrect base call Base call accuracy
(Q)
(P)
10 1in 10 90%
20 1in 100 99%
30 1in 1000 99.9%
40 1in 10000 99.99%

50 1in 100000 99.999%



raw reads (.fastq) 6 alignment to a reference genomg

close reference? distant reference?

: o
1. Fastq quality O\ time limited?

control + trimming / bwa stampy

Adapters ? k /

Low quality bases?

[ aligned reads (.sam/.bam) J

o )

/4. bam check visualization\ 4 3. bam refinement N
duplicate metrics (picard) local base duplicate
flagstat (samtools) samtools realignhment recalibration removal
coverage distribution (GATK) IGV/tablet

GATK GATK picard

N DN /

[ aligned reads (.sam/.bam) } [ ready-to-use variants (.vcf) }
/ 5. variant calling \ variant score /6 variant filtering\
. ( . A recalibration and validation
SNPs/indels raw variants (.vcf)
single/multi-sample b . vcftools
known
SNPs/indels
samtools big datasets in silico vs in vitro

\ / \ J \ validation




1- Fastq quality control + trimming

Fastqc: quality control of the raw data coming out from the
seqguencer
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1- Fastq quality control + trimming

Fastqc: quality control of the raw data coming out from the
seqguencer

Evaluation of the quality of the generated data;
* Basic summary statistics of the raw data;

e Several modules to evaluate different features (i.e. adapters;
base quality, etc...)

* Feedback (green, orange, red): do not fully rely on that, think
what does it mean!!



1- Fastq quality control + trimming

@Basic Statistics

S S

Filename GN12738 original galeus L8@l R1 8Bl.fastq
File type Conventional base calls

Encoding Sanger / Illumina 1.9

Total Sequences 1266231

Sequences ftlagged as poor quality @
Sequence length 388

pAcls 45



1- Fastq quality control + trimming

Per base sequence quality:

Quality scores across all bases (Sanger f llumina 1.9 encoding)

N - D_DHD%DUHDHHHHHHHH HHH 3333"IIT

34 === B

26 £

20

14

1234567809 1519 30-34 45-49 60-64 20-84 100-104 120-124 140-144  165-160 185-189 205-209 225-229 245-249 265-269 ZB5-289 300
Fosition in read (bp)
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Read Trimming: removal of lower-quality 3' Ends with Low Quality Scores
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1- Fastq quality control + trimming

What can we do to improve the quality at the end of the reads?

Read Trimming: removal of lower-quality 3' Ends with Low Quality Scores

Juality scoras acrocss &l basas (Sanger riluming 1.9 arcadng)

@R BEREER S

14
12
10

HI

L r 3 4 5 & 7 B % 15-16 2526 3530 4540 5550 65-60 73-79 E5-60  B5-04
Postion in read [bp)



1- Fastq quality control + trimming

What can we do to improve the quality at the end of the reads?

Read Trimming: removal of lower-quality 3' Ends with Low Quality Scores

Juality scoras acrocss &l basas (Sanger riluming 1.9 arcadng)

HI

15-10 25-20 35.30 4540 5550 f5-60 J5-70 BS-60 05-04
read [bp)

L r 3 4 5 & 7 B %
Fosiion in

15
46
14
a1z
40
=8
i
Sd
a3z
a0
il
il
24
22
20
18
1@
14
12
10

£ koS

Quality seares across all basas (Sanger f lluming L8 ancoding)

Te=05EL
.l -E=.. !!E=i==u--l
|- = ... 7
=! [ h-nl
. ‘!il

1234387 8 & 1519 3024 4399 &0-949 7379 D0-84

Fosition in read (bp)

.



1- Fastq quality control + trimming

What can we do to improve the quality at the end of the reads?

Read Trimming: removal of lower-quality 3' Ends with Low Quality Scores

Quality seares across all basas (Sanger f lluming L8 ancoding)

Juality scoras acrocss &l basas (Sanger riluming 1.9 arcadng)
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L 2 3 4 5 & 7 B 9 15-18 2520 3530 4540 55-50 E£5-60 73-70 ES-BO 0504
Postion in read (ko) 1234387 8 & 1519 3024 4399 &0-949 7379 D0-84

Fosition in read (bp)
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1- Fastq quality control + trimming

Per sequence quality score: pass

Quality score distribution over all sequences

Average Quality per read
G00000

500000

400000

300000

200000

100000

12 13 14 15 1a 17 18 18 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37
Mean Sequence Quality (Phred Score)



1- Fastq quality control + trimming

Sequence length: pass

Distribution of sequence lengths over all sequences

Seqguence Length

1400000
1200000
1000000
s00a00
600000
400000

200000

2845 300 301
Sequence Length (bp)



1- Fastq quality control + trimming Adapters removal

% Adapter
100
llumina Universal Adapter

llurnina Srall RNA Adapter
90 Mextera Transposase Sequence

80
70 F -4
ailed
[=]0]
50
40
30

20

10 % Adapter

Nurina Universal Adapter
llurnina Srmall RMA Adapter
Mextera Transposase Seguence

1234567891519 3034 4549 8064 75-79 90-84 110-114 135-139 160-164 185-188 210-214 235-239
Position in read {bp)

Warning .

10

//

1234567891519 30-34 45-49 60-64 75-79 90-94 110-114 135-13% 160-164 185-18% 210-214 235-23%  260-264  285-288
Fosition in read (bp}




1- Fastq quality control + trimming Adapters removal

Pass

% Adapter
1640
lNurnina Universal Adapter

Numina Small RMA Adapter
a0 Mextera Transposase Sequence

a0
70
G0
50
40
30
20

10

1234567851518 30-34 4548 §0-64 75-79 2064 110-114 135-138 1a0-164 185-18% 210-214 235-23%  260-264 285-288
Positian in read {bp)



1- Fastq quality control + trimming

Overrepresented sequences

Overrepresented sequences

COGAAGAGCATTCAGCAGGAATGCCOAGACCGATCTCCGATGTTTATCTC 461 2.231945184462810878 Illumina Paired End PCR Primer 2 (96% over 2%9bp)

GOAAGAGCGOTTCAGCAGGAAT GCCOAGACCGATCTCCGATGTTTATCTC 213 2.18716819368764244 Illumina Paired End PCR Primer 2 (97% over 37bp)

Removal of overrepresented sequences (PCR primers).



FASTQC references:

e Software website:
http://www.bioinformatics.babraham.ac.uk/projects/fastqc/

 Manual:
https://insidedna.me/tool page assets/pdf manual/fastqc.pdf



raw reads (.fastq)

Adapters ?
Low quality bases?
\_ J

q. Fastq quality N
control + trimming

6. alignment to a reference genomg

close reference?
time limited?

distant reference?
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4. bam check

duplicate metrics (picard)
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coverage distribution (GATK)
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/ 5. variant calling \
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samtools
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variant score
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raw variants (.vcf)
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/6. variant filtering\

and validation

known
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big datasets
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in silico vs in vitro
validation




raw reads (.fastq)

Adapters ?
Low quality bases?
N J

q. Fastq quality )
control + trimming

6. alignment to a reference genomg

close reference?
time limited?

distant reference?

-

4. bam check

duplicate metrics (picard)
flagstat (samtools)
coverage distribution (GATK)

N

bwa stampy
[ aligned reads (.sam/.bam) J
visualization\ 4 3. bam refinement A
local base duplicate
samtools realignment recalibration removal
IGV/tablet
GATK GATK picard

NG

J

[ aligned reads (.sam/.bam) }

[ ready-to-use variants (.vcf) }

/ 5. variant calling \

SNPs/indels

single/multi-sample

samtools

- /

4 R

variant score
recalibration

( )

raw variants (.vcf)
J

g

/6. variant filtering\

and validation

known
SNPs/indels

big datasets

vcftools

. /

in silico vs in vitro
validation




2- Alignment to a reference genome

Alignment

. process of determining the most likely

location within the genome for the observed DNA read

~

raw reads \

I

J \_

reference genome




2- Alignment to a reference genome

the shorter the read the harder is to find its location in the genome

big amount of data: computationally challenging for memory and speed

trade-off: speed vs sensitivity — the higher the accuracy the longer the alignment run

two classes of methods:

-

* Fast

* |ess robust at high divergence
with reference genome

 e.g.bwa

o

Burrows-Wheeler

~

/

-

o

Hashing

slow (needs more memory)
robust at high divergence with
reference genome

e.g. stampy

~

/




2- Alignment to a reference genome
What if there are several possible places to align your sequencing read?

This may be due to:

- Repeated elements in the genome
- Low complexity sequences

- Reference errors and gaps



2- Alignment to a reference genome

What if there are several possible places to align your sequencing read?

This may be due to:

- Repeated elements in the genome
- Low complexity sequences

- Reference errors and gaps

MQ is a phred-score of the quality of the alignment

4 raw reads ) / reference genome \
— W 1| ]
C——  low MQ: the probability of mapping to different
I locati is high, but no perfect multiple matches
EE—— ocations is high, bu p ultip
e — I high MQ: a single match
E— S——
ey TE—
e [ S . )
A
\ / k:l MQO: a perfect multiple match /




2- Alignment to a reference genome

This may be due to:

- Repeated elements in the genome
- Low complexity sequences

- Reference errors and gaps

Reference sequence

Element 1 Element 2




2- Alignment to a reference genome

This may be due to:

- Repeated elements in the genome
- Low complexity sequences

- Reference errors and gaps

Reference sequence

Element 1 Element 2

Sample_ 1




2- Alignment to a reference genome

This may be due to:

- Repeated elements in the genome
- Low complexity sequences

- Reference errors and gaps

Reference sequence

Element 2

Element 1
Sample 1
Reference sequence 1 copy
Sample_1 1 copy




2- Alignment to a reference genome

This may be due to:

- Repeated elements in the genome
- Low complexity sequences

- Reference errors and gaps

Reference sequence

Element 1 Element 1 Element 2




2- Alignment to a reference genome

This may be due to:

- Repeated elements in the genome
- Low complexity sequences

- Reference errors and gaps

Reference sequence

Element 1 Element 1

Sample 1

Element 2




2- Alignment to a reference genome

This may be due to:

- Repeated elements in the genome
- Low complexity sequences

- Reference errors and gaps

Reference sequence

Element 1 Element 1

Sample_1

Element 2




2- Alignment to a reference genome

This may be due to:

- Repeated elements in the genome
- Low complexity sequences

- Reference errors and gaps

Reference sequence

Element 1 Element 1 Element 2

L —
e
L

Sample_1




2- Alignment to a reference genome

This may be due to:

- Repeated elements in the genome
- Low complexity sequences

- Reference errors and gaps

Reference sequence

Element 1 Element 1

Element 2

L —
e
L

Sample 1

Perfect multiple matches - MQO
Not a perfect match - Low MQ




2- Alignment to a reference genome

This may be due to:

- Repeated elements in the genome
- Low complexity sequences

- Reference errors and gaps

Reference sequence

Element 1 Element 1

Element 2

L —
e
L

Sample 1

Perfect multiple matches - MQO Reference sequence

Not a perfect match - Low MQ

Sample_1

2 copies

1 copy




2- Alignment to a reference genome

This may be due to:

- Repeated elements in the genome
- Low complexity sequences

- Reference errors and gaps

Reference sequence

Element 1 Element 2

Sample_ 1




2- Alignment to a reference genome

This may be due to:

- Repeated elements in the genome
- Low complexity sequences

- Reference errors and gaps

Reference sequence

Element 1 Element 2

(D o

Sample_ 1

False heterozygous call
Cluster of heterozygotes



2- Alignment to a reference genome

This may be due to:

- Repeated elements in the genome
- Low complexity sequences

- Reference errors and gaps

Reference sequence

Element 1 Element 2

(D o

Sample_ 1

False heterozygous call Reference sequence

Cluster of heterozygotes
Sample_1

1 copy

2 copies



2- Alignment to a reference genome

This may be due to:

- Repeated elements in the genome
- Low complexity sequences

- Reference errors and gaps




2- Alignment to a reference genome

This may be due to:

- Repeated elements in the genome
- Low complexity sequences

- Reference errors and gaps

File Genomes View Tracks Regions Tools GenomeSpace Help

!phax3115_5574_8913_1ef_io...» phax3 — |phax31l.5_50tbp_|.p_down_ref:2,980~3,722 {Go‘ ft « » @ ® 32 Erorobhnn
I I
743 bp

00 by 0 by 200 by by 3,400 by 3,500 bp 3.600 3,700 bp

1 | | 1 | | I I | | 1 | | | I il
_—
047_NA18504_sorted_rg.bam C:
ae

18504, "

022_5257_sorted_rg.bam Cover.

022_5257_sorted_rg.bam




raw reads (.fastq) . alignment to a reference genome\

close reference? distant reference?
. time limited?
/1. Fastqg quality h
control + trimming bwa stampy
Adapters ? \ /

Low quality bases?

A Y,
4. bam check visualization 3. bam refinement
duplicate metrics (picard) local base duplicate
flagstat (samtools) samtools realignment recalibration removal
coverage distribution (GATK) IGV/tablet

\ / \ GATK GATK picard /

[ ready-to-use variants (.vcf) }

/ 5. variant calling \ g ) /6 \

variant score . variant filtering
- ’ . ) recalibration and validation
SNPs/indels raw variants (.vcf)
single/multi-sample ) . veftools
known
SNPs/indels
samtools big datasets in silico vs in vitro

\ / \_ Y, K validation /




aligned reads (.sam/.bam)

SAM/BAM format

SAM — sequence alignment map
BAM — binary alignment map

Standard formats for alignment
BAM is the binary version of SAM — reduced size, easier to store and
to access but the full information is not readable by human eye



aligned reads (.sam/.bam)

BAM format
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aligned reads (.sam/.bam)

We can “read” the header of the BAM file...



aligned reads (.sam/.bam)

We can “read” the header of the BAM file...

use samtools to check the header of the BAM

samtools view —-H cc gn2 R12 rg sorted.bam

1. How many chromosomes are present in your header?
2. Which version of the BAM is it?
3. lIsitsorted?



aligned reads (.sam/.bam)

@HD VN:1.4 SO:coordinate
@SQ SN:cc_refLN:1784076
@RG ID:1 PU:01  LB:cc_gn2 SM:shark PL:lllumina



aligned reads (.sam/.bam)

@HD SO:coordinate > Yes, by coordinate
@SQ SN:cc_refLN:1784076
@RG ID:1 PU:01  LB:cc_gr2 SM:shark PL:lllumina

1 chromosome (“artificial”)



aligned reads (.sam/.bam)

@HD
@SQ
@SQ
@SQ
@SQ
@SQ
@SQ
@SQ
@SQ
@SQ
@SQ
@SQ
@SQ
@SQ
@SQ
@SQ
@SQ
@SQ
@PG

VN:1.3
SN:I
SN:II
SN:III
SN:IV
SN:IX

SN:Mito

SN:V
SN:VI
SN:VII
SN:VIII
SN:X
SN:XI
SN:XII
SN:XIII
SN:XIV
SN:XV
SN:XVI
ID:bwa

SO:coordinate
LN:230218
LN:813184
LN:316620
LN:1531933
LN:439888
LN:85779
LN:576874
LN:270161
LN:1090940
LN:562643
LN:745751
LN:666816
LN:1078177
LN:924431
LN:784333
LN:1091291
LN:948066
PN:bwa VN:0.7.10-r789

CL:bwa mem -M



aligned reads (.sam/.bam)

SAM format

File Edit Search View Tools Macros Configure Window Help

Ij@ E%&I%@IQQIE *ﬂl@? %xﬁlcﬁo{bﬂﬁl * lle }=§Finc|incrrzmentall}r Il it [] Match case
- ce_gn2_R12.sam X

@sq S5N:cc_ref LN:1784076
MO0725:28:000000000-AJ72K:1:1101:11561:1002 77 = 4] 4] * * 4] 4] LGETCRALCRARCGEEED
MO0725:28:000000000-AJ72K:1:1101:11561:1002 141 = 1} a = = 1} 1} CCATTTCTNMNMNNNL
MO0725:28:000000000-AJ72K:1:1101:16946:1003 77 = [} 4] * * 0 0 CTCTICTCTCICTCI
MO0725:28:000000000-AJ72K:1:1101:16%46:1003 141 ® [} a * * o} o} GAGT GLGANNNNNE
MO0725:28:000000000-AJ72K:1:1101:16158:1004 73 cc_ref 882146 & 43M2535 = 882148 O GCGATATATTTCCE
MO0725:28:000000000-AJ72K:1:1101:16158:1004 133 cc_ref 882146 0 = = 882146 O AGAGCAGGHNNMNNHNY
MO0725:258:000000000-AJ72K:1:1101:21898:1004 121 cc_ref 187551 &0 256543M = 187551 0O TTGETNNNHNNNNNE
MO0725:28:000000000-AJ72K:1:1101:21898:1004 181 cc_ref 187551 O * = 187551 0O GNNNGGET TAGENHE
MO0725:28:000000000-AJ72K:1:1101:17325:1008 77 = 1} a = = 1} 1} AGRCCTITARCCARA]
MO0725:28:000000000-AJ72K:1:1101:17325:1008 141 = [} 4] * * 0 0 TGECCTTACHNNNNL
MO0725:258:000000000-AJ72K:1:1101:10378:1013 77 = 4} 4] * * 0 0 ATACTTAGGGRATI
MO0725:28:000000000-AJ72K:1:1101:10378:1013 141 = 4] 4] * * 4] 4] ACTCCTATHNNNNNE
MO0725:28:000000000-AJ72K:1:1101:12370:1013 77 = 1} a = = 1} 1} GAAGTTITACAGAGE
MO0725:25:000000000-AJ72K:1:1101:12370:1013 141 = 4} 4] * * 0 0 TGETGTCTGHNNNHNE
MO0725:28:000000000-RJ72K:1:1101:8888:1013 77 = 4] 4] * * 4] 4] LALCCTCRRCATTGEE
MO0725:28:000000000-AJ72K:1:1101:8888:1013 141 = 1} a = = 1} 1} TTTTITTGGHMNNNNE
MO0725:28:000000000-AJ72K:1:1101:9790:1017 77 = [} 4] * * 0 0 CTITCCTCCTIGCCTI
MO0725:25:000000000-AJ72K:1:1101:9790:1017 141 = 4} 4] * * 0 0 AGGCAGCGHNHNNNE
MO0725:28:000000000-AJ72K:1:1101:21494:1017 77 = 4] 4] * * 4] 4] LALAGLOLDDRGEERT
MO0725:28:000000000-AJ72K:1:1101:21494:1017 141 = 1} a = = 1} 1} CACCTAGANNMNNNY
MO0725:258:000000000-AJ72K:1:1101:20007:1019 77 = 4} 4] * * 0 0 GEGERLAGRARLLCT
MO0725:28:000000000-AJ72K:1:1101:20007:1018 141 = 4] 4] * * 4] 4] CTGCCCARNMNITNE
MO0725:28:000000000-AJ72K:1:1101:10951:1019 77 = 1} 4] * * 1} 1} AGRAACAGRAGRAGLGT
MO0725:28:000000000-AJ72K:1:1101:10951:1019 141 = [} 4] * * 0 0 GTTCTCTCHNHNHNE
MO0725:258:000000000-AJ72K:1:1101:10%926:1021 77 = 4} 4] * * 0 0 ATTGGRATGGCCAT
MO0725:28:000000000-AJ72K:1:1101:10926:1021 141 = 4] 4] * * 4] 4] GIGT CCATNHNIHNE
MO0725:28:000000000-AJ72K:1:1101:19080:1022 77 = 1} a = = 1} 1} ATCAGGGAGATCCC
MO0725:25:000000000-AJ72K:1:1101:19080:1022 141 = 4} 4] * * 0 0 CTGT GCACHNMNNNY
MO0725:28:000000000-AJ72K:1:1101:20830:1031 77 = 4] 4] * * 4] 4] LLGLELGRLTEERT
MO0725:28:000000000-AJ72K:1:1101:20830:1031 141 = 1} 4] * * 1} 1} CCCCALCCHNMNNNL
MO0725:258:000000000-AJ72K:1:1101:9459:1031 77 = [} 4] * * 0 0 TGECTITTCCCGCTGL
MO0725:258:000000000-AJ72K:1:1101:9459:1031 141 = 4} 4] * * 0 0 GAGCAGGANNNNHNE
MO0725:28:000000000-AJ72K:1:1101:10486:1032 77 = 4] 4] * * 4] 4] LGAGTIGIGRAGAGEE
MO0725:28:000000000-AJ72K:1:1101:10486:1032 141 = 1} a = = 1} 1} TCTATCT CHMNMNNHNY
MO0725:28:000000000-AJ72K:1:1101:10444:1033 77 = i} 4] * * 0 0 GGCTGATTTITTACE

J fmi’wn".r‘:'r.-".'P-nnr?[nnnnnn_?\.‘l".r‘n!-ﬂ =TINT =T NAadad- 103 141 *® n [a} = = 2] 2] T T - A NTRTRTRTRTE




aligned reads (.sam/.bam)

SAM - sequence alignment map
BAM — binary alignment map

They consist of two parts:
1. Header: contains information about the sample

2. Alignment: contains location and qualities for all the reads

You can find a detailed explanation in the sam/bam format specification
(http://samtools.sourceforge.net/SAMv1.pdf).



http://samtools.sourceforge.net/SAMv1.pdf

aligned reads (.sam/.bam)

SAM format

TextPad - EAbackuyy
File Edit Search View Tools Macros Configure Window Help

0 B&E&EE L Bl =20 % 4R FaglH e ) - i Findincrementally [l it [] Match case
- ce_gn2_Rl12.sam X

H e a d e r € [ch]e] SM:cc_ref LN:1784076
. MOO725:28:000000000-AJ7T2K:1:1101:11561:1002 77 “ o o - - o 0 AGTCAACARCGE
MOO725:28:000000000-AJT2K:1:1101:11561:1002 141 * o o * = o 0 CCATTTCTNNNE
MOOT725:28:000000000-AJT2K:1:1101:16946: 1003 77 * o 0 ® ® 0 0 CTCTCTCTCTCT
MOO725:28:000000000-AJ7T2K:1:1101:16346:1003 141 # o o # # o 0 GAGTGAGANNNE
MOO725:28:000000000-AJ72K:1:1101:16158:1004 73 cc_ref 882146 & 43M2535 = 882146 O GCGATATATTTC
MOO725:28:000000000-AJT2K:1:1101:16158:1004 133 cc_ref 882146 O * = 882146 0 AGAGCAGGNNNE
MO0725:28:000000000-AJT2K:1:1101:21898:1004 121 cc_ref 187551 60 256543H = 187551 0 TTSTHNNNNNHE
MOO725:28:000000000-AJ72K:1:1101:21898:1004 181 cc_ref 187551 0 - = 187551 © GNNNGGTTAGGE
MOO725:28:000000000-AJT2K:1:1101:17325:1008 77 * o o * = o 0 AGACCTTAACCE
MOO725:28:000000000-AJT2K:1:1101:17325:1008 141 * o 0 ® ® 0 0 TGCCTTACNNHE
MO0725:28:000000000-AJ7T2K:1:1101:10378:1013 77 * o o * * o 0 ATACTTAGGGAR
MOO725:28:000000000-AJ72K:1:1101:10378:1013 141 * o o = = o 0 ACTCCTATNNNE
MOO725:28:000000000-AJ72K:1:1101:12370:1013 77 * o o * = o 0 GARGTTTACAGE
M00725:28:000000000-AJT2K:1:1101:12370:1013 141 * o o * * o 0 TGTGTCTGNNNE
MOO725:28:000000000-AJT2K:1:1101:8888:1013 77 « o o - - o 0 BACCTCAACATT
MOO725:28:000000000-AJ72K:1:1101: 8888:1013 141 * o o * = o 0 TTTTTTGGNNNE
MOOT725:28:000000000-AJT2K:1:1101:9790:1017 77 * o 0 ® ® 0 0 CTTCCTCCTGCC
. MO0725:28:000000000-AJ72K:1:1101:9790:1017 141 * o o * * o 0 AGECAGCENNNE
AI Ig n m e nt == MOO725:28:000000000-AJT2K:1:1101:21494:1017 77 * o 0 # # 0 0 AAAGAALARAGE
MOO725:28:000000000-AJT2K:1:1101:21494:1017 141 * o o * = o 0 CACCTAGANNNE
M00725:28:000000000-AJ7T2K:1:1101:20007:1019 77 * o o * * o 0 GGGGAAGARAAD
MOO725:28:000000000-AJ7T2K:1:1101:20007:1019 141 « o o - - o 0 CTGCCCAANNNE
MOO725:28:000000000-AJT2K:1:1101:10951:1019 77 x o o * = o 0 AGRACAGAGAGE
MOO725:28:000000000-AJT2K:1:1101:10951:1019 141 * o 0 ® ® 0 0 GTTCTCTCNNNE
M00725:28:000000000-AJ7T2K:1:1101:10926:1021 77 * o o * * o 0 ATTGGARTGGCC
MOO725:28:000000000-AJ72K:1:1101:10926:1021 141 * o o = = o 0 GTGTCCATNNNE
MOO725:28:000000000-AJT2K:1:1101:19080:1022 77 * o o * = o 0 ATCAGGGAGATC
M00725:28:000000000-AJ7T2K:1:1101:19080:1022 141 * o o * * o 0 CTGTGCACNNNE
MOO725:28:000000000-AJ72K:1:1101:20830:1031 77 « o o - - o 0 AAGAGAGARTGE
MOOT725:28:000000000-AJT2K:1:1101:20830:1031 141 x o o * = o 0 CCCCRACCHNNE
MOOT725:28:000000000-AJT2K:1:1101:9459:1031 77 * o 0 ® ® 0 0 TGCTTTCCCGET
MOO0725:28:000000000-AJ72K:1:1101:9459:1031 141 * o o * * o 0 GAGCAGGANNNE
MOO725:28:000000000-AJ7T2K:1:1101:10486:1032 77 * o o = = o 0 AGAGTGTGAGAG
MOO725:28:000000000-AJT2K:1:1101:10486:1032 141 * o o * = o 0 TCTATCTCNNNE
MOO725:28:000000000-AJT2K:1:1101:10444:1033 77 * o 0 ® ® 0 0 GGCTGATTTTTR
MOANTIC « IR - AAOAAAAAA_TR.TTIW-1 1107 -1MN444-1N3%F 141 * 2] 2] *® * n [a} T T RTRINTR

— J 4 LU




SAM - sequence alignment map

aligned reads (.sam/.bam)
BAM — binary alignment map

They consist of two parts:

1. Header: contains information about the sample

4 N

Header contains:
@HD — header line
@SQ — Reference sequence dictionary, one per chromosome,
SN (reference sequence name) and LN (reference sequence length)
@RG — Read group
@PG — Program, ID (identifier)
@CO — comment

/




SAM - sequence alignment map

aligned reads (.sam/.bam)
BAM — binary alignment map

They consist of two parts:

1. Header: contains information about the sample

4 N

Header contains:
@HD — header line
@SQ - Reference sequence dictionary, one per chromosome,
SN (reference sequence name) and LN (reference sequence length)
@RG — Read group
@PG — Program, ID (identifier)
@CO — comment

/




SAM - sequence alignment map

aligned reads (.sam/.bam)
BAM — binary alignment map

They consist of two parts:

1. Header: contains information about the sample

TextPad - E\backu n

e

File Edit Search View Tools Macros Configure
LeEH BSEE ¥ BR D2 | <

_/cc_g nd FlZ.=am X ]

@50 SH:cc ref LN:1784076

MOOQT725:28:000000000-AJ72K:1:1101:11561:10C
MOOQT725:28:000000000-AJ72K:1:1101:11561:10C
MOOQT725:28:000000000-AJ72K:1:1101:16%946:10C

il
[l




SAM - sequence alignment map

aligned reads (.sam/.bam)
BAM — binary alignment map

They consist of two parts:

1. Header: contains information about the sample

Reference Sequence Name
A

TextPad - E\bac n

File Edit Search View Tools Macros Configure
Le-EH B&EaBE| § BB | <
_/cc_gnE_HlE.sam r(]

@50 SH:cc ref LN:1784076

MOOQT725:28:000000000-AJ72K:1:1101:11561:10C
MOOQT725:28:000000000-AJ72K:1:1101:11561:10C
MOOQT725:28:000000000-AJ72K:1:1101:16%946:10C

il
[l




SAM - sequence alignment map

aligned reads (.sam/.bam)
BAM — binary alignment map

They consist of two parts:

1. Header: contains information about the sample

Reference Sequence Name Reference Sequence Length
A
TextPad - E\bac Un
File Edit Search View Tools Macros / Configure
=EH BSGE| BB S/ 2 EE
_/cc_gnE_HlE.sam r(]
@50 SH:cc ref LN:1784076

MOOT725:28:000000000-AJ72K:1:1101:11561:10C
MOOT25:28:000000000-AJT72K:1:1101:11561:10C
MOOT725:28:000000000-AJ72K:1:1101:16846:10C




aligned reads (.sam/.bam)

SAM format

TextPad - EAbackuyy
File Edit Search View Tools Macros Configure Window Help

0 B&E&EE L Bl =20 % 4R FaglH e ) - i Findincrementally [l it [] Match case
- ce_gn2_Rl12.sam X

H e a d e r € [ch]e] SM:cc_ref LN:1784076
. MOO725:28:000000000-AJ7T2K:1:1101:11561:1002 77 “ o o - - o 0 AGTCAACARCGE
MOO725:28:000000000-AJT2K:1:1101:11561:1002 141 * o o * = o 0 CCATTTCTNNNE
MOOT725:28:000000000-AJT2K:1:1101:16946: 1003 77 * o 0 ® ® 0 0 CTCTCTCTCTCT
MOO725:28:000000000-AJ7T2K:1:1101:16346:1003 141 # o o # # o 0 GAGTGAGANNNE
MOO725:28:000000000-AJ72K:1:1101:16158:1004 73 cc_ref 882146 & 43M2535 = 882146 O GCGATATATTTC
MOO725:28:000000000-AJT2K:1:1101:16158:1004 133 cc_ref 882146 O * = 882146 0 AGAGCAGGNNNE
MO0725:28:000000000-AJT2K:1:1101:21898:1004 121 cc_ref 187551 60 256543H = 187551 0 TTSTHNNNNNHE
MOO725:28:000000000-AJ72K:1:1101:21898:1004 181 cc_ref 187551 0 - = 187551 © GNNNGGTTAGGE
MOO725:28:000000000-AJT2K:1:1101:17325:1008 77 * o o * = o 0 AGACCTTAACCE
MOO725:28:000000000-AJT2K:1:1101:17325:1008 141 * o 0 ® ® 0 0 TGCCTTACNNHE
MO0725:28:000000000-AJ7T2K:1:1101:10378:1013 77 * o o * * o 0 ATACTTAGGGAR
MOO725:28:000000000-AJ72K:1:1101:10378:1013 141 * o o = = o 0 ACTCCTATNNNE
MOO725:28:000000000-AJ72K:1:1101:12370:1013 77 * o o * = o 0 GARGTTTACAGE
M00725:28:000000000-AJT2K:1:1101:12370:1013 141 * o o * * o 0 TGTGTCTGNNNE
MOO725:28:000000000-AJT2K:1:1101:8888:1013 77 « o o - - o 0 BACCTCAACATT
MOO725:28:000000000-AJ72K:1:1101: 8888:1013 141 * o o * = o 0 TTTTTTGGNNNE
MOOT725:28:000000000-AJT2K:1:1101:9790:1017 77 * o 0 ® ® 0 0 CTTCCTCCTGCC
. MO0725:28:000000000-AJ72K:1:1101:9790:1017 141 * o o * * o 0 AGECAGCENNNE
AI Ig n m e nt == MOO725:28:000000000-AJT2K:1:1101:21494:1017 77 * o 0 # # 0 0 AAAGAALARAGE
MOO725:28:000000000-AJT2K:1:1101:21494:1017 141 * o o * = o 0 CACCTAGANNNE
M00725:28:000000000-AJ7T2K:1:1101:20007:1019 77 * o o * * o 0 GGGGAAGARAAD
MOO725:28:000000000-AJ7T2K:1:1101:20007:1019 141 « o o - - o 0 CTGCCCAANNNE
MOO725:28:000000000-AJT2K:1:1101:10951:1019 77 x o o * = o 0 AGRACAGAGAGE
MOO725:28:000000000-AJT2K:1:1101:10951:1019 141 * o 0 ® ® 0 0 GTTCTCTCNNNE
M00725:28:000000000-AJ7T2K:1:1101:10926:1021 77 * o o * * o 0 ATTGGARTGGCC
MOO725:28:000000000-AJ72K:1:1101:10926:1021 141 * o o = = o 0 GTGTCCATNNNE
MOO725:28:000000000-AJT2K:1:1101:19080:1022 77 * o o * = o 0 ATCAGGGAGATC
M00725:28:000000000-AJ7T2K:1:1101:19080:1022 141 * o o * * o 0 CTGTGCACNNNE
MOO725:28:000000000-AJ72K:1:1101:20830:1031 77 « o o - - o 0 AAGAGAGARTGE
MOOT725:28:000000000-AJT2K:1:1101:20830:1031 141 x o o * = o 0 CCCCRACCHNNE
MOOT725:28:000000000-AJT2K:1:1101:9459:1031 77 * o 0 ® ® 0 0 TGCTTTCCCGET
MOO0725:28:000000000-AJ72K:1:1101:9459:1031 141 * o o * * o 0 GAGCAGGANNNE
MOO725:28:000000000-AJ7T2K:1:1101:10486:1032 77 * o o = = o 0 AGAGTGTGAGAG
MOO725:28:000000000-AJT2K:1:1101:10486:1032 141 * o o * = o 0 TCTATCTCNNNE
MOO725:28:000000000-AJT2K:1:1101:10444:1033 77 * o 0 ® ® 0 0 GGCTGATTTTTR
MOANTIC « IR - AAOAAAAAA_TR.TTIW-1 1107 -1MN444-1N3%F 141 * 2] 2] *® * n [a} T T RTRINTR

— J 4 LU




aligned reads (.sam/.bam) SAM - sequence alignment map
BAM — binary alignment map

They consist of two parts:

2. Alignment: contains location and qualities for all the reads

/ Alignment contains one line per read, and each line contains 12 columns: \

No. Name Description

1  QNAME Query NAME of the read or the read pair

2 FLAG Bitwise FLAG (pairing, strand, mate strand, etc.)
3 RNAME Reference sequence NAME

4 POS 1-Based leftmost POSition of clipped alignment
5 MAPQ MAPping Quality (Phred-scaled)

6 CIGAR Extended CIGAR string (operations: MIDNSHP)
/7 MRNM Mate Reference NaMe (‘=" if same as RNAME)
8 MPOS 1-Based leftmost Mate POSition

9 ISIZE Inferred Insert SIZE

10 SEQ Query SEQuence on the same strand as the reference
11

QUAL Query QUALIty (ASCII-33=Phred base quality) /

-




SAM - sequence alignment map
BAM — binary alignment map

aligned reads (.sam/.bam)

2. Alignment: contains location and qualities for all the reads

No. Name Description

1 QNAME Query NAME of the read or the read pair

2 FLAG Bitwise FLAG (pairing, strand, mate strand, etc.)

3 RNAME Reference sequence NAME

4 POS 1-Based leftmost POSition of clipped alignment

5 MAPQ MAPping Quality (Phred-scaled)

6 CIGAR Extended CIGAR string (operations: MIDNSHP)

7 MRNM Mate Reference NaMe (‘= if same as RNAME)

8 MPOS 1-Based leftmost Mate POSition

9 ISIZE Inferred Insert SIZE

10 SEQ Query SEQuence on the same strand as the reference

11 QUAL Query QUALIty (ASCII-33=Phred base quality)
MO00725:28:000000000-AJ72K:1:1101:18215:1102 99 cc_ref 1754677 60

300M 1754780 309

CTCCTTCACCAGATGGATTCTCGCCTTACAGTCCTGAGGAAACTAACCGCAGAGTCAACAAAG
TAATGCGAGNNNNNNNGTACTTGCTACAGCNANNNGGTCCAAATNNNTNNNTTATTGGNNNAGATGTT

CCCCCGGGGGGGGGGGGAEGGGGGEGEGEGEEGEGGEGGGEGGGGEGGEGGEGGEGEGAEGE
GGGGEGEGEGEGEGEGEGEGEGEGEGEGEGHHHHHHH . CFGGEGGEGEGEGEGEGGH HUHH 9BFGGGGGHHH #H . DFGDGHHHA+



SAM - sequence alignment map
BAM — binary alignment map

aligned reads (.sam/.bam)

2. Alignment: contains location and qualities for all the reads

No. Name Description

1 QNAME Query NAME of the read or the read pair

2 FLAG Bitwise FLAG (pairing, strand, mate strand, etc.)

3 RNAME Reference sequence NAME

4 POS 1-Based leftmost POSition of clipped alignment

5 MAPQ MAPping Quality (Phred-scaled)

6 CIGAR Extended CIGAR string (operations: MIDNSHP)

7 MRNM Mate Reference NaMe (‘= if same as RNAME)

8 MPOS 1-Based leftmost Mate POSition

9 ISIZE Inferred Insert SIZE

10 SEQ Query SEQuence on the same strand as the reference

11 QUAL Query QUALIty (ASCII-33=Phred base quality)

QNAME

MO00725:28:000000000-AJ72K:1:1101:18215:1102 99 cc_ref 1754677 60

300M 1754780 309

CTCCTTCACCAGATGGATTCTCGCCTTACAGTCCTGAGGAAACTAACCGCAGAGTCAACAAAG
TAATGCGAGNNNNNNNGTACTTGCTACAGCNANNNGGTCCAAATNNNTNNNTTATTGGNNNAGATGTT

CCCCCGGGGGGGGGGGGAEGGGGGEGEGEGEEGEGGEGGGEGGGGEGGEGGEGGEGEGAEGE
GGGGEGEGEGEGEGEGEGEGEGEGEGEGEGHHHHHHH . CFGGEGGEGEGEGEGEGGH HUHH 9BFGGGGGHHH #H . DFGDGHHHA+



SAM - sequence alignment map
BAM — binary alignment map

aligned reads (.sam/.bam)

2. Alignment: contains location and qualities for all the reads

No. Name Description

1 QNAME Query NAME of the read or the read pair

2 FLAG Bitwise FLAG (pairing, strand, mate strand, etc.)

3 RNAME Reference sequence NAME

4 POS 1-Based leftmost POSition of clipped alignment

5 MAPQ MAPping Quality (Phred-scaled)

6 CIGAR Extended CIGAR string (operations: MIDNSHP)

7 MRNM Mate Reference NaMe (‘= if same as RNAME)

8 MPOS 1-Based leftmost Mate POSition

9 ISIZE Inferred Insert SIZE

10 SEQ Query SEQuence on the same strand as the reference

11 QUAL Query QUALIty (ASCII-33=Phred base quality)
QNAME FLAG

MO00725:28:000000000-AJ72K:1:1101:18215:1102 99 cc_ref 1754677 60

300M 1754780 309

CTCCTTCACCAGATGGATTCTCGCCTTACAGTCCTGAGGAAACTAACCGCAGAGTCAACAAAG
TAATGCGAGNNNNNNNGTACTTGCTACAGCNANNNGGTCCAAATNNNTNNNTTATTGGNNNAGATGTT

CCCCCGGGGGGGGGGGGAEGGGGGEGEGEGEEGEGGEGGGEGGGGEGGEGGEGGEGEGAEGE
GGGGEGEGEGEGEGEGEGEGEGEGEGEGEGHHHHHHH . CFGGEGGEGEGEGEGEGGH HUHH 9BFGGGGGHHH #H . DFGDGHHHA+



aligned reads (.sam/.bam)

bitwise FLAG

It is an integer, but it represents the sum of
different values.

QNAME FLAG
MO00725:28:000000000-AJ72K:1:1101:18215:1102 99



aligned reads (.sam/.bam)

bitwise FLAG

It is an integer, but it represents the sum of
different values.

QNAME FLAG
MO00725:28:000000000-AJ72K:1:1101:18215:1102 99

Open Firefox > google.co.uk > Type “bitwise flag broad”

There is a tool online which provides a quick “translation”
(https://broadinstitute.github.io/picard/explain-flags.html)



aligned reads (.sam/.bam) cAM Flac: [ =

Switch to mate | Tezgls first in pair / s=cond in pair

Find SAM flag by property:

bitwise FLAG

¥ read mapped in proper pair

It is an integer, but it represents the sum of reedunmappet
different values. e

# mate reverse
# fir pal
econd In |
prima Znm
read fails platform/vendor qua
read 1s PCR or optical duplicate
supplementary alignment

QNAME FLAG
MO007/25:28:000000000-AJ72K:1:1101:18215:1102 99

There is a tool online which provides a quick “translation”
(https://broadinstitute.github.io/picard/explain-flags.html)



SAM - sequence alignment map
BAM — binary alignment map

aligned reads (.sam/.bam)

2. Alignment: contains location and qualities for all the reads

No. Name Description

1 QNAME Query NAME of the read or the read pair

2 FLAG Bitwise FLAG (pairing, strand, mate strand, etc.)

3 RNAME Reference sequence NAME

4 POS 1-Based leftmost POSition of clipped alignment

5 MAPQ MAPping Quality (Phred-scaled)

6 CIGAR Extended CIGAR string (operations: MIDNSHP)

7 MRNM Mate Reference NaMe (‘= if same as RNAME)

8 MPOS 1-Based leftmost Mate POSition

9 ISIZE Inferred Insert SIZE

10 SEQ Query SEQuence on the same strand as the reference

11 QUAL Query QUALIty (ASCII-33=Phred base quality)

QNAME FLAG RNAME

MO00725:28:000000000-AJ72K:1:1101:18215:1102 99 cc_ref 1754677 60

300M 1754780 309

CTCCTTCACCAGATGGATTCTCGCCTTACAGTCCTGAGGAAACTAACCGCAGAGTCAACAAAG
TAATGCGAGNNNNNNNGTACTTGCTACAGCNANNNGGTCCAAATNNNTNNNTTATTGGNNNAGATGTT

CCCCCGGGGGGGGGGGGAEGGGGGEGEGEGEEGEGGEGGGEGGGGEGGEGGEGGEGEGAEGE
GGGGEGEGEGEGEGEGEGEGEGEGEGEGEGHHHHHHH . CFGGEGGEGEGEGEGEGGH HUHH 9BFGGGGGHHH #H . DFGDGHHHA+



SAM - sequence alignment map
BAM — binary alignment map

aligned reads (.sam/.bam)

2. Alignment: contains location and qualities for all the reads

No. Name Description

1 QNAME Query NAME of the read or the read pair

2 FLAG Bitwise FLAG (pairing, strand, mate strand, etc.)

3 RNAME Reference sequence NAME

4 POS 1-Based leftmost POSition of clipped alignment

5 MAPQ MAPping Quality (Phred-scaled)

6 CIGAR Extended CIGAR string (operations: MIDNSHP)

7 MRNM Mate Reference NaMe (‘= if same as RNAME)

8 MPOS 1-Based leftmost Mate POSition

9 ISIZE Inferred Insert SIZE

10 SEQ Query SEQuence on the same strand as the reference

11 QUAL Query QUALIty (ASCII-33=Phred base quality)

QNAME FLAG RNAME POS

MO00725:28:000000000-AJ72K:1:1101:18215:1102 99 cc_ref 1754677 60

300M 1754780 309

CTCCTTCACCAGATGGATTCTCGCCTTACAGTCCTGAGGAAACTAACCGCAGAGTCAACAAAG
TAATGCGAGNNNNNNNGTACTTGCTACAGCNANNNGGTCCAAATNNNTNNNTTATTGGNNNAGATGTT

CCCCCGGGGGGGGGGGGAEGGGGGEGEGEGEEGEGGEGGGEGGGGEGGEGGEGGEGEGAEGE
GGGGEGEGEGEGEGEGEGEGEGEGEGEGEGHHHHHHH . CFGGEGGEGEGEGEGEGGH HUHH 9BFGGGGGHHH #H . DFGDGHHHA+



aligned reads (.sam/.bam)

SAM - sequence alignment map
BAM — binary alignment map

2. Alignment: contains location and qualities for all the reads

No. Name Description
1 QNAME Query NAME of the read or the read pair
2 FLAG Bitwise FLAG (pairing, strand, mate strand, etc.)
3 RNAME Reference sequence NAME
4 POS 1-Based leftmost POSition of clipped alignment
5 MAPQ MAPping Quality (Phred-scaled)
6 CIGAR Extended CIGAR string (operations: MIDNSHP)
7 MRNM Mate Reference NaMe (‘= if same as RNAME)
8 MPOS 1-Based leftmost Mate POSition
9 ISIZE Inferred Insert SIZE
10 SEQ Query SEQuence on the same strand as the reference
11 QUAL Query QUALIty (ASCII-33=Phred base quality)
QNAME FLAG RNAME POS MAPQ
MO00725:28:000000000-AJ72K:1:1101:18215:1102 99 cc_ref 1754677 60
300M = 1754780 309

CTCCTTCACCAGATGGATTCTCGCCTTACAGTCCTGAGGAAACTAACCGCAGAGTCAACAAAG
TAATGCGAGNNNNNNNGTACTTGCTACAGCNANNNGGTCCAAATNNNTNNNTTATTGGNNNAGATGTT

CCCCCGGGGGGGGGGGGAEGGGGGEGEGEGEEGEGGEGGGEGGGGEGGEGGEGGEGEGAEGE
GGGGEGEGEGEGEGEGEGEGEGEGEGEGEGHHHHHHH . CFGGEGGEGEGEGEGEGGH HUHH 9BFGGGGGHHH #H . DFGDGHHHA+



aligned reads (.sam/.bam)

SAM - sequence alignment map
BAM — binary alignment map

2. Alignment: contains location and qualities for all the reads

No. Name Description

1 QNAME Query NAME of the read or the read pair

2 FLAG Bitwise FLAG (pairing, strand, mate strand, etc.)

3 RNAME Reference sequence NAME

4 POS 1-Based leftmost POSition of clipped alignment

5 MAPQ MAPping Quality (Phred-scaled)

6 CIGAR Extended CIGAR string (operations: MIDNSHP)

7 MRNM Mate Reference NaMe (‘= if same as RNAME)

8 MPOS 1-Based leftmost Mate POSition

9 ISIZE Inferred Insert SIZE

10 SEQ Query SEQuence on the same strand as the reference

11 QUAL Query QUALIty (ASCII-33=Phred base quality)

QNAME FLAG RNAME POS MAPQ
MO00725:28:000000000-AJ72K:1:1101:18215:1102 99 cc_ref 1754677 60

CIGAR
300M = 1754780 309

CTCCTTCACCAGATGGATTCTCGCCTTACAGTCCTGAGGAAACTAACCGCAGAGTCAACAAAG
TAATGCGAGNNNNNNNGTACTTGCTACAGCNANNNGGTCCAAATNNNTNNNTTATTGGNNNAGATGTT

CCCCCGGGGGGGGGGGGAEGGGGGEGEGEGEEGEGGEGGGEGGGGEGGEGGEGGEGEGAEGE
GGGGEGEGEGEGEGEGEGEGEGEGEGEGEGHHHHHHH . CFGGEGGEGEGEGEGEGGH HUHH 9BFGGGGGHHH #H . DFGDGHHHA+



aligned reads (.sam/.bam)

SAM - sequence alignment map
BAM — binary alignment map

2. Alignment: contains location and qualities for all the reads

No. Name Description

1 QNAME Query NAME of the read or the read pair

2 FLAG Bitwise FLAG (pairing, strand, mate strand, etc.)

3 RNAME Reference sequence NAME

4 POS 1-Based leftmost POSition of clipped alignment

5 MAPQ MAPping Quality (Phred-scaled)

6 CIGAR Extended CIGAR string (operations: MIDNSHP)

7 MRNM Mate Reference NaMe (‘= if same as RNAME)

8 MPOS 1-Based leftmost Mate POSition

9 ISIZE Inferred Insert SIZE

10 SEQ Query SEQuence on the same strand as the reference

11 QUAL Query QUALIty (ASCII-33=Phred base quality)

QNAME FLAG RNAME POS MAPQ
MO00725:28:000000000-AJ72K:1:1101:18215:1102 99 cc_ref 1754677 60

CIGAR MRNM
300M = 1754780 309

CTCCTTCACCAGATGGATTCTCGCCTTACAGTCCTGAGGAAACTAACCGCAGAGTCAACAAAG
TAATGCGAGNNNNNNNGTACTTGCTACAGCNANNNGGTCCAAATNNNTNNNTTATTGGNNNAGATGTT

CCCCCGGGGGGGGGGGGAEGGGGGEGEGEGEEGEGGEGGGEGGGGEGGEGGEGGEGEGAEGE
GGGGEGEGEGEGEGEGEGEGEGEGEGEGEGHHHHHHH . CFGGEGGEGEGEGEGEGGH HUHH 9BFGGGGGHHH #H . DFGDGHHHA+



aligned reads (.sam/.bam)

SAM - sequence alignment map
BAM — binary alignment map

2. Alignment: contains location and qualities for all the reads

No. Name Description

1 QNAME Query NAME of the read or the read pair

2 FLAG Bitwise FLAG (pairing, strand, mate strand, etc.)

3 RNAME Reference sequence NAME

4 POS 1-Based leftmost POSition of clipped alignment

5 MAPQ MAPping Quality (Phred-scaled)

6 CIGAR Extended CIGAR string (operations: MIDNSHP)

7 MRNM Mate Reference NaMe (‘= if same as RNAME)

8 MPOS 1-Based leftmost Mate POSition

9 ISIZE Inferred Insert SIZE

10 SEQ Query SEQuence on the same strand as the reference

11 QUAL Query QUALIty (ASCII-33=Phred base quality)

QNAME FLAG RNAME POS MAPQ

MO00725:28:000000000-AJ72K:1:1101:18215:1102 99 cc_ref 1754677 60

CIGAR MRNM  MPOS
300M = 1754780

309

CTCCTTCACCAGATGGATTCTCGCCTTACAGTCCTGAGGAAACTAACCGCAGAGTCAACAAAG
TAATGCGAGNNNNNNNGTACTTGCTACAGCNANNNGGTCCAAATNNNTNNNTTATTGGNNNAGATGTT

CCCCCGGGGGGGGGGGGAEGGGGGEGEGEGEEGEGGEGGGEGGGGEGGEGGEGGEGEGAEGE
GGGGEGEGEGEGEGEGEGEGEGEGEGEGEGHHHHHHH . CFGGEGGEGEGEGEGEGGH HUHH 9BFGGGGGHHH #H . DFGDGHHHA+



aligned reads (.sam/.bam)

SAM - sequence alignment map
BAM — binary alignment map

2. Alignment: contains location and qualities for all the reads

No. Name Description

1 QNAME Query NAME of the read or the read pair

2 FLAG Bitwise FLAG (pairing, strand, mate strand, etc.)

3 RNAME Reference sequence NAME

4 POS 1-Based leftmost POSition of clipped alignment

5 MAPQ MAPping Quality (Phred-scaled)

6 CIGAR Extended CIGAR string (operations: MIDNSHP)

7 MRNM Mate Reference NaMe (‘= if same as RNAME)

8 MPOS 1-Based leftmost Mate POSition

9 ISIZE Inferred Insert SIZE

10 SEQ Query SEQuence on the same strand as the reference

11 QUAL Query QUALIty (ASCII-33=Phred base quality)

QNAME FLAG RNAME POS MAPQ
MO00725:28:000000000-AJ72K:1:1101:18215:1102 99 cc_ref 1754677 60

CIGAR MRNM MPOS ISIZE
300M = 1754780 309

CTCCTTCACCAGATGGATTCTCGCCTTACAGTCCTGAGGAAACTAACCGCAGAGTCAACAAAG
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Input: BAM

Three main steps:

1. Local realignment

2. Base quality recalibration — Output: BAM

3. Duplicate removal
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Problem: Short indels in the sample relative to the reference sequence can pose
difficulties for alignment programs. Indels occuring towards the ends of the reads
are often not aligned correctly, introducing an excess of SNPs
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Problem: Short indels in the sample relative to the reference sequence can pose
difficulties for alignment programs. Indels occuring towards the ends of the reads
are often not aligned correctly, introducing an excess of SNPs
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3- Bam refinement — Local realignment

It uses the full alignment context to determine whether the indel
exists.
Two-step process:

1. RealignerTargetCreator: it determines the small suspicious intervals
which are likely in need of realignment

2. IndelRealigner: it runs the realignment on those intervals

notes:
- having a list of known indels helps
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3- Bam refinement — Base Quality Recalibration

Each base call has an associated base call quality (phred-scale).
Rule of thumb: anything less than Q20 is not useful data.

The quality of a call depends on multiple factors (e.g. position in the
read, sequence context).

In addition, the alignment can provide useful information.

Mismatches to the reference are considered errors (unless they are
described polymoprhisms).

It requires a catalogue of variable sites!

How does it work?
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1789 C/G BQ covl cov2 cov3...
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BAM files with variants

@ o
1298 G/T
1789 C/G
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BQ_1
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BQ_1

BQ: base quality
Covariates: position in the read, end of read with worse calls!
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3- Bam refinement — Base Quality Recalibration

We will not run the Base Quality Recalibration because of time and list of variants
available.

Few more details:

It supports several platforms: lllumina, SOLiD, 454, Complete Genomics, Pacific
Biosciences (stated on the website) and lonTorrent (stated in the GATK forum).

You can find how to do it at:

https://www.broadinstitute.org/gatk/gatkdocs/org_broadinstitute gatk tools_walk
ers_bqgsr_BaseRecalibrator.php
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3- Bam refinement — Duplicate removal
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1 NA12005 - chr20:8660-8790

Possible heterozygote, SNP call
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Why is it important to do it?

|t can resultin false SNPs calls.

* Duplicates may fake a high coverage thus giving high support to
some variants.

 PCR-free protocols exist but require a large amount of DNA.
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Number of duplicates varies according to the complexity of the
library:

* whole genome experiments (<5%)

e custom enrichment ones (<30%)

It must be done after alignment and at the library level.

How does it work?

It identifies read-pairs where the outer ends map to the same
position on the genome and removes all but one copy.
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How much average coverage do | have?
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Is the coverage evenly distributed along my region? 5



3- Bam refinement — BAM check: duplicate removal

## net.sf.picard.metrics.StringHeader

# net.sf.picard.sam.MarkDuplicates
INPUT=[/media/pier/pierWD/backup/freecom/work/teaching/Unife_bioinfo_122016/material/white_shark_fastq_gn2/whi
te_shark/DD10/final_files/cc_gn2_R12_rg_sorted.bam]
OUTPUT=/media/pier/pierWD/backup/freecom/work/teaching/Unife_bioinfo_122016/material/white_shark_fastq_gn2/w
hite_shark/DD10/final_files/cc_gn2_R12_rg_sorted_rmdup.bam
METRICS_FILE=/media/pier/pierWD/backup/freecom/work/teaching/Unife_bioinfo_122016/material/white_shark_fastq_g
n2/white_shark/DD10/final_files/dupl_metrics.txt PROGRAM_RECORD_ID=MarkDuplicates
PROGRAM_GROUP_NAME=MarkDuplicates REMOVE_DUPLICATES=false ASSUME_SORTED=false
MAX_SEQUENCES_FOR_DISK_READ_ENDS_MAP=50000 MAX_FILE_ HANDLES_FOR_READ_ENDS_MAP=8000
SORTING_COLLECTION_SIZE_RATIO=0.25 READ_NAME_REGEX=[a-zA-Z0-9]+:[0-9]:([0-9]+):([0-9]+):([0-9]+).*
OPTICAL_DUPLICATE_PIXEL_DISTANCE=100 VERBOSITY=INFO QUIET=false VALIDATION_STRINGENCY=STRICT
COMPRESSION_LEVEL=5 MAX_RECORDS_IN_RAM=500000 CREATE_INDEX=false CREATE_MDS5_FILE=false

## net.sf.picard.metrics.StringHeader

# Started on: Thu Nov 10 18:37:26 GMT 2016

## METRICS CLASS net.sf.picard.sam.DuplicationMetrics

LIBRARY UNPAIRED_READS_EXAMINED READ_PAIRS_EXAMINED UNMAPPED_READS
UNPAIRED_READ_DUPLICATES READ_PAIR_DUPLICATES READ_PAIR_OPTICAL_DUPLICATES
PERCENT_DUPLICATION ESTIMATED_LIBRARY_SIZE

cc_gn2 12953 53727 379573 7026 8687 8687 0.202646

l

We have 20.3% of PCR
duplicates in our experiment
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5095 ' | (QC-passed reads + QC-failed reads)
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\
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509594 + 0 paired in sequencing
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115180 + 0 with itself and mate mapped

14841 + 0 singletons (2.91%:-nan%)

0 + 0 with mate mapped to a different chr

0 + 0 with mate mapped to a different chr (mapQ>=5)

BEFORE
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100420 + 0 properly paired (19.71%:-nan%)
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AFTER
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24400 + 0 duplicates

LIBRARY UNPAIRED_READ_DUPLICATES READ_PAIR_DUPLICATES PERCENT_DUPLICATION
cc_gn2 7026 8687 0.202646

(8687*2) + 7026 = 2400
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Depth of Coverage — The number of reads that spans a given DNA sequence of
interest. This is commonly expressed in terms of “Yx” where “Y” is the number of
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100x)
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3- Bam refinement — BAM check: coverage estimation

Why is important to check the coverage?

* To check how your experiment performed (one of the ways
to assess the quality of your experiment);

* To understand how confident can you be with your data;

* To decide on filtering after variant calling;

* To look for structural variation.
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4- BAM check: visualisation

Different tools to visualise aligned NGS data:
e |GV: https://www.broadinstitute.org/igv/;

* Tablet: https://ics.hutton.ac.uk/tablet/;

e Samtools tview



4- BAM check: visualisation

Samtools tview:

e Basic visualization tool;
 Terminal based;

* No need of RAM/Java/extra packages;
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5- Variant calling

Variant calling:
Examine the bases aligned to position and look for differences

What we are looking for:
Polymorphic sites / monomorphic sites

Factors to consider:

- Base call qualities of each supporting base

- Proximity to indels and homopolymer run

- Mapping qualities of the reads supporting the SNP (increased
read length or paired-end help MQ scores)

- Sequencing depth

- Individual vs multi-sample calling
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variants (.vcf)

Standardised format for storing DNA polymorphism data
- SNPs, indels, SV
- Rich annotations

Can be indexed for fast data retrieval of variants from a range of
positions

Can store variant information over many samples

Record meta-data about the site
- dbSNP accession, filter status

Very flexible
- Tags can be introduced to describe new types of variants
- Different VCF files may contain different information/annotations



variants (.vcf)

Osamples_scatter_MQ30_BQ20 _ref2..

#fileformat=VCFwd 2

¥RFILTER=<ID=FPAS5,  Description="4ll filters pas=sed":

##=zantoolsVersion=1.1+ht=lib-1.1

fH=zantoolsCommand==antools mpileup —-AI -0 20 —g 30 —output—-tag=s LDF,DV,DFR.INFC-DFR.SF —g -0 —= —f ~“media-L
ttreference=file: v mediaspier-DATA-sharks data-reference-srefszeq patched 1077exons introns_nogaps 200bpH= . f
¥Hcontig=<ID=ref_=seq exonz= introns_200H=_from_patched_ref. length=1724510:

¥4I T=<ID=¥, Description="REepresent= allelei(=) other than ob=zerved. ":
#HINFO=<ID=INDEL . Humnber=0, Type=Flag. Description="Indicate=s that the wvariant i= an INDEL.":
FRIHFCO=<ID=IDV, Hunber=1, Type=Integer, Description="Hazinun number of reads supporting an indel":

FRIHFO=< ID=IMF, Hunber=1,Type=Float, Description="Maximun fraction of reads supporting an indel":
¥#INFO=<ID=DF. Hunber=1. Type=Integer. Description="Rawv read depth":
¥HINFO=<ID=VDB, Humber=1. Type=Float . Description="Variant Di=tance Bia=s for filtering =plice-=ite artefacts 1
##INFO=<ID=FFB. Humber=1. Type=Float . Dezcription="MHann-WThitney T te=t of Fead Po=ition Bia= (bigger i= better
#HIHFCO=<ID=MQOB. Hunber=1, Type=Float,Description="Mann-Whitnevy U test of Mapping Quality Bias {(bigger 1= bett
FRIHNFO=<ID=BQE, Hunber=1, Type=Float ,Description="Mann-Whitney U te=st of Basze (QJualitvy Bia= {(bigger 1= better)
¥HINFO=<ID=MQSE. Humber=1, Type=Float . Description="Mann-WThithey U test of MHapping (nality w= Strand Bia= (big
¥HINFO=<ID=5GE, Humber=1, Type=Float . Description="S5=gregation ba=szed mnetric.":
#HINFO=<ID=MQOF . Humnber=1, Type=Float . Description="Fraction of MQ0 read=s (=maller i= better)":

FRFORHAT =< ID=PL. Hunber=G, Type=Integer,.Description="Li=t of Phred-scaled genotvype likelihood=":
FRFORHAT=<ID=DF, Hunber=1, Type=Integer.Description="Hunber of high-gualitv basze=":
FRFORMAT=<ID=DV . Numnber=1, Type=Integer. Description="Humber of high-gqualitv non-reference baze=":

¥HRFORMAT =< ID=DFPR. Hunber=F. Type=Integer . Description="Hunber of high-gquality basze= cb=erved for sach allele":
#HINFO=<ID=DFE . Humber=RK. Tyvpe=Integer.Description="Humber of high-gualitv base= ob=erwved for each allele":
FRFORHAT =< ID=5F. Hunber=1, Type=Integer,Description="Phred-=caled =strand bias P-walus":
FRFORHAT=<ID=GT, Hunber=1, Type=String, Description="Genotype" »
FHINFO=<ID=ICEB, Humber=1,. Type=Float . Description="Inbreeding Coefficient Binomial te=st (bigger i= better)]':
¥HINFO=<ID=HOB, Humber=1, Type=Float . Description="HBia=s in the number of HOM= number (=maller i= better)":
FHINFO=<ID=AC Humber=4. K Tvpe=Integer.Description="Allele count in genotypes for sach ALT allele. in the =ams
FRIHFO=<ID=AN, Hunber=1, Tyvpe=Integer,Description="Total number of allele=s in called genotype=z":
FRIHNFO=<ID=DP4, Humnber=4,K Type=Integer, Description="Humnber of high-guality ref-forward . ref-reverse. alt-for
FHINFO=<ID=MQ Humber=1. Type=Integer.Description="Average mapping dgquality":
##bocftools_callVersion=1.1+ht=lib-1.1

t#boftools_callCommand=call -m -

#CHREOH POS ID REF ALT QUAL FILTEE IHFO FORMAT GH2Zel_ 510 GH1175_ 54 GH3
ref =seq exons introns 200H= from_patched ref 437 ) A ) 23.5133 . DP=763;5SGE=
ref_seq exons _introns_ A00H=s_from_patched_ref 433 T 999 . DF=774 ; MSE
ref_seq exons _introns_ A00H=_from_patched_ref 439 (3 999 . DF=793; MOSE
ref_seq exons _introns_A00H=s_from_patched_ref 4910 3 939 . DEF=807; MOSE
ref =seq exons _introns 200H= _from_patched_ref 491 3 14,3217 . DEP=818;VDE=
ref =seq exons introns 200H= from_patched ref 492 C 23,5252 . DP=824;5GE=
ref_seq exons _introns_ A00H=s_from_patched_ref 433 A 999 . DF=855; MOSE
ref_seq exons _introns_ A00H=_from_patched_ref 494 i) 999 . DF=8619; MOSE
ref_seq exons _introns_A00H=s_from_patched_ref 495 T 939 . DFPF=876; MOSE
ref =seq exons introns 200H= from_patched ref 496 A 999 . DE=904; HOSE
ref =eg exons introns 200H= from patched ref 497 A 999 : DE=9219; HQSE
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(|| ##fileformat=VCFwd 2
¥RFILTER=<ID=FPAS5,  Description="4ll filters pas=sed":
##=zantoolsVersion=1.1+ht=lib-1.1
fH=zantoolsCommand==antools mpileup —-AI -0 20 —g 30 —output—-tag=s LDF,DV,DFR.INFC-DFR.SF —g -0 —= —f ~“media-L
ttreference=file: v mediaspier-DATA-sharks data-reference-srefszeq patched 1077exons introns_nogaps 200bpH= . f
¥Hcontig=<ID=ref_=seq exonz= introns_200H=_from_patched_ref. length=1724510:
¥4I T=<ID=¥, Description="REepresent= allelei(=) other than ob=zerved. ":
#HINFO=<ID=INDEL . Humnber=0, Type=Flag. Description="Indicate=s that the wvariant i= an INDEL.":
FRIHFCO=<ID=IDV, Hunber=1, Type=Integer, Description="Hazinun number of reads supporting an indel":
FRIHFO=< ID=IMF, Hunber=1,Type=Float, Description="Maximun fraction of reads supporting an indel":
¥#INFO=<ID=DF. Hunber=1. Type=Integer. Description="Rawv read depth":
¥HINFO=<ID=VDB, Humber=1. Type=Float . Description="Variant Di=tance Bia=s for filtering =plice-=ite artefacts 1
##INFO=<ID=FFB. Humber=1. Type=Float . Dezcription="MHann-WThitney T te=t of Fead Po=ition Bia= (bigger i= better
L . #HIHFCO=<ID=MQOB. Hunber=1, Type=Float,Description="Mann-Whitnevy U test of Mapping Quality Bias {(bigger 1= bett
Q FRIHNFO=<ID=BQE, Hunber=1, Type=Float ,Description="Mann-Whitney U te=st of Basze (QJualitvy Bia= {(bigger 1= better)
Ne ¥HINFO=<ID=MQSE. Humber=1, Type=Float . Description="Mann-WThithey U test of MHapping (nality w= Strand Bia= (big
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O #HINFO=<ID=MQOF . Humnber=1, Type=Float . Description="Fraction of MQ0 read=s (=maller i= better)":
Q FRFORHAT =< ID=PL. Hunber=G, Type=Integer,.Description="Li=t of Phred-scaled genotvype likelihood=":
:I: FRFORHAT=<ID=DF, Hunber=1, Type=Integer.Description="Hunber of high-gualitv basze=":
FRFORMAT=<ID=DV . Numnber=1, Type=Integer. Description="Humber of high-gqualitv non-reference baze=":
¥HRFORMAT =< ID=DFPR. Hunber=F. Type=Integer . Description="Hunber of high-gquality basze= cb=erved for sach allele":
#HINFO=<ID=DFE . Humber=RK. Tyvpe=Integer.Description="Humber of high-gualitv base= ob=erwved for each allele":
FRFORHAT =< ID=5F. Hunber=1, Type=Integer,Description="Phred-=caled =strand bias P-walus":
FRFORHAT=<ID=GT, Hunber=1, Type=String, Description="Genotype" »
FHINFO=<ID=ICEB, Humber=1,. Type=Float . Description="Inbreeding Coefficient Binomial te=st (bigger i= better)]':
¥HINFO=<ID=HOB, Humber=1, Type=Float . Description="HBia=s in the number of HOM= number (=maller i= better)":
FHINFO=<ID=AC Humber=4. K Tvpe=Integer.Description="Allele count in genotypes for sach ALT allele. in the =ams
FRIHFO=<ID=AN, Hunber=1, Tyvpe=Integer,Description="Total number of allele=s in called genotype=z":
FRIHNFO=<ID=DP4, Humnber=4,K Type=Integer, Description="Humnber of high-guality ref-forward . ref-reverse. alt-for
FHINFO=<ID=MQ Humber=1. Type=Integer.Description="Average mapping dgquality":
##bocftools_callVersion=1.1+ht=lib-1.1
t#boftools_callCommand=call -m -

UL #CHROM  POS ID REF ALT QUAL FILTEE IHFO FORMAT GH2Zel_ 510 GH1175_ 54 GH3
ref =seq exons introns 200H= from_patched ref 437 ) A ) 23.5133 . DP=763;5SGE=
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¥#INFO=<ID=DF. Hunber=1. Type=Integer. Description="Rawv read depth":
¥HINFO=<ID=VDB, Humber=1. Type=Float . Description="Variant Di=tance Bia=s for filtering =plice-=ite artefacts 1
##INFO=<ID=FFB. Humber=1. Type=Float . Dezcription="MHann-WThitney T te=t of Fead Po=ition Bia= (bigger i= better
#HIHFCO=<ID=MQOB. Hunber=1, Type=Float,Description="Mann-Whitnevy U test of Mapping Quality Bias {(bigger 1= bett
FRIHNFO=<ID=BQE, Hunber=1, Type=Float ,Description="Mann-Whitney U te=st of Basze (QJualitvy Bia= {(bigger 1= better)
¥HINFO=<ID=MQSE. Humber=1, Type=Float . Description="Mann-WThithey U test of MHapping (nality w= Strand Bia= (big

— ¥HINFO=<ID=5GE, Humber=1, Type=Float . Description="S5=gregation ba=szed mnetric.":

Header

Data

#HINFO=<ID=MQOF . Humnber=1, Type=Float . Description="Fraction of MQ0 read=s (=maller i= better)":

FRFORHAT =< ID=PL. Hunber=G, Type=Integer,.Description="Li=t of Phred-scaled genotvype likelihood=":
FRFORHAT=<ID=DF, Hunber=1, Type=Integer.Description="Hunber of high-gualitv basze=":
FRFORMAT=<ID=DV . Numnber=1, Type=Integer. Description="Humber of high-gqualitv non-reference baze=":

¥HRFORMAT =< ID=DFPR. Hunber=F. Type=Integer . Description="Hunber of high-gquality basze= cb=erved for sach allele":
#HINFO=<ID=DFE . Humber=RK. Tyvpe=Integer.Description="Humber of high-gualitv base= ob=erwved for each allele":
FRFORHAT =< ID=5F. Hunber=1, Type=Integer,Description="Phred-=caled =strand bias P-walus":
FRFORHAT=<ID=GT, Hunber=1, Type=String, Description="Genotype" »
FHINFO=<ID=ICEB, Humber=1,. Type=Float . Description="Inbreeding Coefficient Binomial te=st (bigger i= better)]':
¥HINFO=<ID=HOB, Humber=1, Type=Float . Description="HBia=s in the number of HOM= number (=maller i= better)":
FHINFO=<ID=AC Humber=4. K Tvpe=Integer.Description="Allele count in genotypes for sach ALT allele. in the =ams
FRIHFO=<ID=AN, Hunber=1, Tyvpe=Integer,Description="Total number of allele=s in called genotype=z":
FRIHNFO=<ID=DP4, Humnber=4,K Type=Integer, Description="Humnber of high-guality ref-forward . ref-reverse. alt-for
FHINFO=<ID=MQ Humber=1. Type=Integer.Description="Average mapping dgquality":
##bocftools_callVersion=1.1+ht=lib-1.1

t#boftools_callCommand=call -m -

:,__#CHRDH PoS ID REF ALT QUAL FILTEE IHFO FORMAT GH2Zel_ 510 GH1175_ 54 GH3
ref =seq exons introns 200H= from_patched ref 437 ) A ) 23.5133 . DP=763;5SGE=
ref_seq exons _introns_ A00H=s_from_patched_ref 433 T 999 . DF=774 ; MSE
ref_seq exons _introns_ A00H=_from_patched_ref 439 (3 999 . DF=793; MOSE
ref_seq exons _introns_A00H=s_from_patched_ref 4910 3 939 . DEF=807; MOSE
ref =seq exons _introns 200H= _from_patched_ref 491 3 14,3217 . DEP=818;VDE=

—_= ref =seq exons introns 200H= from_patched ref 492 C 23,5252 . DP=824;5GE=
ref_seq exons _introns_ A00H=s_from_patched_ref 433 A 999 . DF=855; MOSE
ref_seq exons _introns_ A00H=_from_patched_ref 494 i) 999 . DF=8619; MOSE
ref_seq exons _introns_A00H=s_from_patched_ref 495 T 939 . DFPF=876; MOSE
ref =seq exons introns 200H= from_patched ref 496 A 999 . DE=904; HOSE

JU_ref s=eg exons introns 200Hs from patched ref 497 A 999 : DE=9219; HQSE



variants (.vcf)

Header

Osamples_scatter_MQ30_BQ20 _ref2..

#fileformat=VCEFwd 2

¥RFILTERE=<ID=FPAS5,  Description="4ll filters passed":

f¥=zantoolsVersion=1.1l+ht=lib-1.1

fHzantoolsCommand=santools mpileup -AI -0 20 —g 30 —output—-tags DF.DV,DFE. INFO-DFR.SF —g -0 —= —f ~media-pier-]
tHreference=file: vrmedia-pier-DATA-shark=s data-reference-refzeq patched_1077exon=s_introns_nogaps Z200bpH=. fa
ftHocontig=<ID=ref =eq exons=_ introns 200H= from_patched ref.length=1724510:

#RALT=<ID=¥ Description="Represent= allelei{=) other than obszerved.":
¥HINFO=<ID=INDEL. Humnber=0, Type=Flag.Description="Indicates that the wvariant i= an INDEL.":
FRINFO=<ID=IDV, Humber=1. Tvpe=Integer.Description="Hazinumn number of reads supporting an indel":

#RIHF D=« ID=IMF, Hunber=1, Type=Float, Description="Maximumn fraction of reads supporting an indel":
¥#INFO=<ID=DF. Hunber=1. Type=Integer. Description="Rawv read depth":
¥HINFO=<ID=VDBE, Humber=1. Type=Float . Description="Variant Di=stance Bia=s for filtering =plice-=ite artefact=s in EH,
#HIHFO=<ID=FFE. HHunber=1, Type=Float,Description="Hann-Thitney U te=st of Fead Po=ition Bias (bigger is= better)":
FRIHFO=<ID=MQB Humber=1,L Type=Float, Description="Mann-Whitney U test of Mapping Quality Bia= {(bigger i= better)"
¥HINFO=<ID=BQB. Humber=1, Type=Float . Description="Mann—-Whitney T te=st of Baze Uuality Bia= (bigger i= better)":
#HINFO=<ID=MQSE. Hunber=1, Type=Float . Description="Manhn-Thitney T te=t of Mapping Quality w= Strand Bia=s (bigger
#RIHFO=<ID=5SGE, Hunber=1, Type=Float . Description="Segregation based metric.":
FHINFO=<ID=MQOF . Hunber=1,. Type=Float . Description="Fraction of MO0 reads (=maller i= better)":

FHRFORMAT =< ID=FPL. Hunber=G, Type=Integer Description="Li=t of Phred-=scaled genotype likelihood=":
FRFORHAT=<ID=DF. Hunber=1, Type=Integer.Description="Hunber of high-gualitv base=s":

FRFORHAT =< ID=DV, Hunber=1, Type=Integer,. Description="Hunber of high-quality non-reference baze=z":

FHRFORMAT =< ID=DFPR. Hunber=F. Type=Integer . Description="HNunber of high-quality bases ob=served for esach allele":
#HINFO=<ID=DFE . Humber=RK. Tyvpe=Integer.Description="Humber of high-gualitv base= ob=erwved for each allele":
FRFORHAT =< ID=5F. Hunber=1, Type=Integer,Description="Phred-=caled =strand bias P-walus":
HFRFORHAT=<ID=GT, Hunber=1,. Type=5String,. Description="Genotype" >
FHINFO=<ID=ICE, Humber=1, Type=Float . Description="Inbreeding Coefficient Binomial test (bigger i= better)]':
##INFO=<ID=HOB, Humber=1. Type=Float . Description="HBia=s in the number of HOM= number (=maller i=s better)":
FRIHFO=<ID=AC, Humnber=A K Tvpe=Integer,Description="Allele count in genotypes for esach ALT allele., in the =szame ord
FHINFO=<ID=AN Humber=1. Type=Integer.Description="Total number of allelesz in called genotvypes":

##INFO=<ID=DF4  Humber=4,K Type=Integer.Description="Humber of high-guality ref-forwvard . ref-rever=ze. alt-forward
FRIHNFO=<ID=HQ, Hunber=1, Type=Integer,Description="Average mapping qualitvy":
ttboftools_callVersion=1.1l+ht=lib-1.1

t#bocftool=s_callCommand=call -m -

#CHROH POS 1D REF ALT QAL FILTEE IHFO FORMAT GH2e1_510 GH1175_54 GH3599_!




variants (.vcf)

Header

Lines starting with ##: arbitrary number of meta-information lines

FHINEFQO=<ID=AN, Humber=1,Tvpe=Integer . Description="Total number of alleles in called genotvpes":
##INFQO=<ID=DF4 ., Humber=4 Type=Integer. Description="Humber of high—-quality ref-forward . ref-reversese. alt—forward and a.
FHINFO=<ID=H Humber=1.Tvpe=Integer . Descripticn="Averagse mapping qualitvy':

##INFO=<ID=AN,Number=1,Type=Integer,Description="Total number of
alleles in called genotypes">

##INFO=<ID=DP4,Number=4,Type=Integer,Description="Number of
high-quality ref-forward , ref-reverse, alt-forward and alt-reverse
bases">

##INFO=<ID=MQ,Number=1,Type=Integer,Description="Average
mapping quality">



variants (.vcf)

Header

line starting with #: column definition — mandatory columns include:

Ssamples_scatter MQ30_BQ20 _ref2..

##fileformat=VCFw4 2

¥RFILTER=<ID=PASS . Description="4ll filter=s passed":

f¥=zantoolsVersion=1.1+ht=lib-1.1

tE=zantool=Command==antools mpileup —-AI —Q 20 —g 30 —output—tag=s LDF.DV.DPFR.INFCO-DFR.5F —g -0 —= —f smedia-piers]
ttreference=file: vmedia<pier-DATA-sharks data-reference-refszeq patched 1077exon= introns nogaps 200bpH=. fa
fHcontig=<ID=ref_seq exon=_introns_200H=_from_patched_ref . length=1724510:

##AIT=<I1D=¥, Description="REepresent= allelei(=) other than ob=zerved. ":

##IHFCO=< ID=INDEL ., Hunber=0, Type=Flag,Description="Indicates that the wariant 1= an INDEL.":

#RIHFO=<ID=IDV Humber=1,Type=Integer. Description="MHaximumn number of reads supporting an indel":
¥HINFO=<ID=IMF . Humber=1. Type=Float . Description="Maximum fraction of read=s =upporting an indel":
##INFO=<ID=DF. Humber=1. Type=Integer. Description="Raw read depth":
FRIHFO=<ID=VDE,k Hunber=1, Type=Float ,Description="Variant Distance Bia=z for filtering splice-=ite artefact= in EH.
¥#INFO=<ID=FFB. Humber=1. Type=Float . Description="MHann-WThitney 1T te=st of Fead Position Bias (bigger is better)":
#HINFO=<ID=MQB. Humber=1. Tyvpe=Float . Description="Mann—-Whitney T te=t of Mapping Qualitvy Bia= (bigger i= betterl"
#HIHNFO=<ID=BQE. Hunber=1, Type=Float,Description="Hann-Thitney U te=st of Base Quality Bias (bigger 1= better)":
#RIHFO=<ID=HQSE. Hunber=1, Type=Float Description="Mannh-Whitney U test of Mapping Quality w= Strand Bia=z (bigger
¥HINFO=<ID=5GE, Humber=1, Type=Float . Description="S5=gregation ba=szed mnetric.":
FHINFO=<ID=MQOF . Hunber=1, Type=Float . Description="Fraction of MQ0 reads (=maller is better)":
FRFORHAT=<ID=PL. Hunber=G, Type=Integer . Description="Li=t of Phred-=scaled genotype likelihood=":
FHRFORMAT=<ID=DF. Hunber=1, Type=Integer . Description="Humnber of high—-quality base=s":

FHRFORMAT =< ID=DV . Hunber=1, Type=Integer. Description="Humber of high-gqualitv non-reference baze=":

#RFORHAT=< ID=DFR. Hunber=F,. Type=Integer.Description="Hunber of high-gualitv basze=z cob=served for =sach allele":
#RIHFO=<ID=DFR. Hunber=R,. Type=Integer,. Description="Humnber of high-guality basze= ob=zerwved for =ach allele":
FRFORMAT=+<ID=5F. Humnber=1, Type=Integer. Description="Phred—-=scaled =strand bias P-walus":
FHRFORMAT=<ID=GT. Hunber=1, Type=5tring. Description="Genhotyps" >
#RIHFO=<ID=ICE, Hunber=1,K Type=Float, Description="Inbreeding Coefficient Binomial te=st (bigger 1= better)":
¥HINFO=<ID=HOB, Humber=1. Tvpe=Float . Description="HBia=s in the number of HOM= number (s=maller i= better)":
FHINFO=<ID=AC Humber=4. K Tvpe=Integer.Description="Allele count in genotype=s for =ach ALT allele. in the =ame ord:
FRIHFO=<ID=AN, Hunber=1, Type=Integer, Description="Total number of allele= in called genotypes":

#RIHFO=<ID=DP4 Humber=4, K Type=Integer.Description="Humnber of high-quality ref-forward . ref-reverse. alt-forward
FHINFO=<ID=MQ Humber=1. Type=Integer.Description="Average mapping dgquality":
##bocftool=s_callVersion=1.1l+ht=lib-1.1

#tboftools_callCommand=call —-mn -

F¥CHROH POS ID EEF ALT QAL FILTEE IHFO FORMAT GH261_510 GH1175_54 GH3599_¢




variants (.vcf)

Header

line starting with #: column definition — mandatory columns include:
#tbcftools callCommand=call -m —
FCHROM  FOS ID REF ALT QUAL  FILTER INFO  FORMAT




variants (.vcf)

Header

line starting with #: column definition — mandatory columns include:

DDlE :allCDmmand call —m —
| EEF ALT QUAT FILTER IHFO FORMAT

CHROM chromosome



variants (.vcf)

Header

line starting with #: column definition — mandatory columns include:

##EEEtéZ" f:IIcéﬂﬁéﬂﬁ call -m —
#CHROM(_POS ) REF ALT QUAL  FILTER INFO  FORMAT

CHROM chromosome
POS position of the start of the variant



variants (.vcf)

Header

line starting with #: column definition — mandatory columns include:

##bcftools callCemmand=call —-m —
$CHROM POS ﬂ REF ALT QUAL  FILTER INFO  FORMAT

CHROM chromosome
POS position of the start of the variant
ID unigue identifier of the variant (e.g. rs number for SNPs)



variants (.vcf)

Header

line starting with #: column definition — mandatory columns include:

##bcftools_callCommand=satd—n —
$CHROM POS ID @ ALT QUAL  FILTER INFO  FORMAT

CHROM chromosome
POS position of the start of the variant
ID unigue identifier of the variant (e.g. rs number for SNPs)

REF reference allele



variants (.vcf)

Header

line starting with #: column definition — mandatory columns include:

##h:f£DD15::éllCDmmand=:éli-;m
FCHROM P05 ID EEF QITAL FILTEE INFO FOREMAT

CHROM chromosome

POS position of the start of the variant

ID unigue identifier of the variant (e.g. rs number for SNPs)
REF reference allele

ALT comma separated list of alternate non-reference alleles



variants (.vcf)

Header

line starting with #: column definition — mandatory columns include:

##h:f£DD15::éllCDmmand=:éli-;m -
FCHROM P05 ID EEF ALT FILTEE IHFOQ FOREMAT

CHROM chromosome

POS position of the start of the variant

ID unigue identifier of the variant (e.g. rs number for SNPs)
REF reference allele

ALT comma separated list of alternate non-reference alleles

QUAL phred-scaled quality score



variants (.vcf)

Header

line starting with #: column definition — mandatory columns include:

»{ il‘il‘]:i:f 151:1:15]:51 ltnmmand=:éli -—-m -

#CHROM POS ID REF ALT QUAL INFO  FORMAT

CHROM chromosome

POS position of the start of the variant

ID unigue identifier of the variant (e.g. rs number for SNPs)
REF reference allele

ALT comma separated list of alternate non-reference alleles
QUAL phred-scaled quality score

FILTER site filtering information



variants (.vcf)

Header

line starting with #: column definition — mandatory columns include:

##h:f£DD15::éllCDmmand=:éli-;m -
FCHROM P05 ID EEF ALT QTAL FII.TEE FOREMAT

CHROM chromosome

POS position of the start of the variant

ID unigue identifier of the variant (e.g. rs number for SNPs)
REF reference allele

ALT comma separated list of alternate non-reference alleles
QUAL phred-scaled quality score

FILTER site filtering information

INFO user extensible annotation (e.g. samtools and GATK may differ in this)



variants (.vcf)

Header

line starting with #: column definition — mandatory columns include:

»{ il‘il‘]:i:f 151:1:15]:51 ltnmmand=:éli -—-m -

FCHROM  FOS ID REF ALT QUAL  FILTER INFO

CHROM chromosome

POS position of the start of the variant

ID unigue identifier of the variant (e.g. rs number for SNPs)

REF reference allele

ALT comma separated list of alternate non-reference alleles

QUAL phred-scaled quality score

FILTER site filtering information

INFO user extensible annotation (e.g. samtools and GATK may differ in this)

FORMAT how the information for each sample is presented (i.e. GT:DP:DV:SP:DPR)



variants (.vcf)

Header

line starting with #: column definition — mandatory columns include:
#tbcftools callCommand=call -m —
FCHROM  FOS ID REF ALT QUAL  FILTER INFO  FORMAT

CHROM chromosome

POS position of the start of the variant

ID unigue identifier of the variant (e.g. rs number for SNPs)

REF reference allele

ALT comma separated list of alternate non-reference alleles

QUAL phred-scaled quality score

FILTER site filtering information

INFO user extensible annotation (e.g. samtools and GATK may differ in this)
FORMAT how the information for each sample is presented (i.e. GT:DP:DV:SP:DPR)

samples follow



variants (.vcf)

Header

line starting with #: column definition — mandatory columns include:

QUAL ~ FILTER INFO  FORMAT GN1175_54 GN3599_58

CHROM chromosome

POS position of the start of the variant

ID unigue identifier of the variant (e.g. rs number for SNPs)

REF reference allele

ALT comma separated list of alternate non-reference alleles

QUAL phred-scaled quality score

FILTER site filtering information

INFO user extensible annotation (e.g. samtools and GATK may differ in this)
FORMAT how the information for each sample is presented (i.e. GT:DP:DV:SP:DPR)

samples follow



variants (.vcf)

Data
one line per site (all columns described above per line);

useful information per site and per sample;



variants (.vcf)

Data

one line per site (all columns described above per line);

useful information per site and per sample;

FCHROM PoOS ID EEF ALT QUAL
ref =g exons introns Z200H= from patched ref
ref =g exons introns 200H= from patched ref
ref =g exons introns Z200H= from patched ref

FILTEE INFOQ
437
454
439

FOR

1G]



5- Variant calling

#CHROM POS ID REF ALT QUAL FILTER INFO FORMAT shark
cc_ref 1610669 . G A 140 . DP=10;VDB=6.833620e 02;AF1=1;AC1=2;
DP4=0,0,6,1;MQ=47;FQ=-48 GT:PL:DP:SP:GQ 1/1:173,21,0:7:0:39

INFO: user extensible annotation (e.g. samtools and GATK may differ in
this)

INFO: DP=10;VDB=6.833620e 02;AF1=1;AC1=2;DP4=0,0,6,1;MQ=47;FQ=-48

DP:  "Raw read depth"
DPR: "Number of high-quality bases observed for each allele"

DP4: "Number of high-quality ref-forward , ref-reverse, alt-forward
and alt-reverse bases"

MQ: "Average mapping quality”



5- Variant calling

#CHROM POS ID REF ALT QUAL FILTER INFO FORMAT shark
cc_ref 1610669 . G A 140 . DP=10;VDB=6.833620e 02;AF1=1;AC1=2;
DP4=0,0,6,1;MQ=47;FQ=-48 GT:PL:DP:SP:GQ 1/1:173,21,0:7:0:39

INFO field regards the SITE and NOT the specific samples in
multisample calling!!!



5- Variant calling

#CHROM POS ID REF ALT QUAL FILTER INFO FORMAT shark
cc_ref 1610669 . G A 140 . DP=10;VDB=6.833620e 02;AF1=1;AC1=2;
DP4=0,0,6,1;MQ=47;FQ=-48 GT:PL:DP:SP:GQ 1/1:173,21,0:7:0:39

FORMAT: how the information for each sample is presented
(i.e. GT:PL:DP:SP:GQ)

Each sample (multisample calling) has its own FORMAT field,
information are sample specific!!

GT:PL:DP:SP:GQ



5- Variant calling

FORMAT: how the information for each sample is presented
(i.e. GT:PL:DP:SP:GQ)

GT:PL:DP:SP:GQ

GT: genotype

0/0: homozygote reference;
0/1: heterozygote;
1/1: homozygote alternative;

0: reference allele;
1:alternative allele;



5- Variant calling

FORMAT: how the information for each sample is presented
(i.e. GT:PL:DP:SP:GQ)

GT:PL:DP:SP:GQ

GT: genotype

0/0: homozygote reference; 1/1:173,21,0:7:0:39
0/1: heterozygote;

1/1: homozygote alternative;

0: reference allele;
1:alternative allele;



5- Variant calling

FORMAT: how the information for each sample is presented
(i.e. GT:PL:DP:SP:GQ)

GT:PL:DP:SP:GQ

GT: genotype

0/0: homozygote reference; @173,21,0:7:0:39
0/1: heterozygote;

1/1: homozygote alternative; Homozygote alternative

0: reference allele;
1:alternative allele;



5- Variant calling

FORMAT: how the information for each sample is presented
(i.e. GT:PL:DP:SP:GQ)

GT:PL:DP:SP:GQ

PL: List of Phred-scaled genotype likelihoods;



5- Variant calling

FORMAT: how the information for each sample is presented
(i.e. GT:PL:DP:SP:GQ)

GT:PL:DP:SP:GQ

PL: List of Phred-scaled genotype likelihoods;

Approximate likelihood = 10~(-PL/10)



5- Variant calling

FORMAT: how the information for each sample is presented
(i.e. GT:PL:DP:SP:GQ)

GT:PL:DP:SP:GQ

PL: List of Phred-scaled genotype likelihoods;

Approximate likelihood = 10~(-PL/10)

1/1:173,21,0:7:0:39

P(0/0) = 107(-173/10) = 10~(-17.3) = 0.000000000000000005011872
P(0/1) = 10~(-21/10) = 10~(-2.1) = 0.0007943
P(1/1) = 10~(-0/10) = 107(0) = 1



5- Variant calling

FORMAT: how the information for each sample is presented
(i.e. GT:PL:DP:SP:GQ)

GT:PL:DP:SP:GQ

DP: Number of high-quality bases;



5- Variant calling

FORMAT: how the information for each sample is presented
(i.e. GT:PL:DP:SP:GQ)

GT:PL:DP:SP:GQ

DP: Number of high-quality bases;

1/1:173,21,0@):39

DP=7



5- Variant calling

FORMAT: how the information for each sample is presented
(i.e. GT:PL:DP:SP:GQ)

GT:PL:DP:SP:GQ

SP: Phred-scaled strand bias P-value;



5- Variant calling

FORMAT: how the information for each sample is presented
(i.e. GT:PL:DP:SP:GQ)

GT:PL:DP:SP:GQ

SP: Phred-scaled strand bias P-value;

Strand bias p value= 10”*(- SP /10)



5- Variant calling

FORMAT: how the information for each sample is presented
(i.e. GT:PL:DP:SP:GQ)

GT:PL:DP:SP:GQ
SP: Phred-scaled strand bias P-value;
Strand bias p value= 10”*(- SP /10)

0.05=10%(- SP /10) - -10*Log 0.05=SP - SP =13.01



5- Variant calling

FORMAT: how the information for each sample is presented
(i.e. GT:PL:DP:SP:GQ)

GT:PL:DP:SP:GQ
SP: Phred-scaled strand bias P-value;
Strand bias p value= 10”*(- SP /10)

0.05=10%(- SP /10) - -10*Log 0.05=SP - SP =13.01

Would you keep sites with SP > 13 or sites with SP £13?



5- Variant calling

FORMAT: how the information for each sample is presented
(i.e. GT:PL:DP:SP:GQ)

GT:PL:DP:SP:GQ

SP: Phred-scaled strand bias P-value;
Strand bias p value= 10”*(- SP /10)

0.05=107(- SP /10) - -10*Log 0.05=SP - SP =13.01
Would you keep sites with SP > 13 or sites with SP £13?
e ISP -> U pvalue = there is a statistical significant difference in

the number of alleles coming from the two strands;

U SP > 1 pvalue = there is NOT a statistical significant
difference in the number of alleles coming from the two strands.



5- Variant calling

FORMAT: how the information for each sample is presented
(i.e. GT:PL:DP:SP:GQ)

GT:PL:DP:SP:GQ
SP: Phred-scaled strand bias P-value;
Strand bias p value= 10”*(- SP /10)
0.05=10~(- SP /10) - -10*Log 0.05 =SP - SP =13.01

If we assume a p value threshold of 0.05,
we will keep all sites with SP<13



5- Variant calling

FORMAT: how the information for each sample is presented
(i.e. GT:PL:DP:SP:GQ)

GT:PL:DP:SP:GQ
SP: Phred-scaled strand bias P-value;
Strand bias p value= 10”*(- SP /10)
0.05=10~(- SP /10) - -10*Log 0.05 =SP - SP =13.01

If we assume a p value threshold of 0.05,
we will keep all sites with SP<13

1/1:173,21,0:7@39

SP=0



5- Variant calling

FORMAT: how the information for each sample is presented
(i.e. GT:PL:DP:SP:GQ)

GT:PL:DP:SP:GQ

GQ: conditional genotype quality, encoded as a phred quality;



5- Variant calling

FORMAT: how the information for each sample is presented
(i.e. GT:PL:DP:SP:GQ)

GT:PL:DP:SP:GQ
GQ: conditional genotype quality, encoded as a phred quality;
GQ=-10log10 P(genotype call is wrong)

P(genotype call is wrong) = 10~(-GQ/10)



5- Variant calling

FORMAT: how the information for each sample is presented
(i.e. GT:PL:DP:SP:GQ)

GT:PL:DP:SP:GQ

GQ: conditional genotype quality, encoded as a phred quality;
GQ=-10log10 P(genotype call is wrong)

P(genotype call is wrong) = 10~(-GQ/10)
1/1:173,21,0:7:0:@

P(genotype call is wrong) = 107(-39/10)=10-3.9=0.00012589



5- Variant calling

#CHROM POS ID REF ALT QUAL FILTER INFO FORMAT shark
cc_ref 1610669 . G A 140 . DP=10;VDB=6.833620e 02;AF1=1;AC1=2;
DP4=0,0,6,1;MQ=47;FQ=-48 GT:PL:DP:SP:GQ 1/1:173,21,0:7:0:39

FORMAT: how the information for each sample is presented
(i.e. GT:PL:DP:SP:GQ)

GT:PL:DP:SP:GQ

GT: Genotype;

PL: List of Phred-scaled genotype likelihoods;
DP: Number of high-quality bases;

SP: Phred-scaled strand bias P-value;

DPR: Genotype quality.



5- Variant calling

Useful references and resources:

https://samtools.github.io/hts-specs/VCFv4.2.pdf

https://gist.github.com/inutano/f0a2f5¢219ab4920c5b5

https://faculty.washington.edu/browning/beagle/intro-to-
vcf.html

http://gatkforums.broadinstitute.org/gatk/discussion/1268/wh
at-is-a-vcf-and-how-should-i-interpret-it



https://samtools.github.io/hts-specs/VCFv4.2.pdf
https://gist.github.com/inutano/f0a2f5c219ab4920c5b5
https://faculty.washington.edu/browning/beagle/intro-to-vcf.html
http://gatkforums.broadinstitute.org/gatk/discussion/1268/what-is-a-vcf-and-how-should-i-interpret-it

5- Variant calling

We have our raw variants but now we need to refine our dataset...how?

e \Variant score recalibration;
* Variant filtering;

e Validation
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5- Variant calling: Variant quality score recalibration

Available in GATK.
It aims at producing well-calibrated probabilities for the variants called.

It develops a continuous, covarying estimate of the relationship
between SNP call annotations ( e.g. MQ, QD...) and the probability that
a SNP is a true genetic variant versus a sequencing or data processing
artifact.

It needs “true sites” to be trained (i.e. HapMap Phase 3 data, OMNI 2.5
M, etc...).

We are not going to use it, because it needs big datasets (either many
samples, or whole genome data) to work properly.

You can find more information at
http://gatkforums.broadinstitute.org/discussion/39/variant-quality-
score-recalibration-vqsr
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raw reads (.fastq)

close reference?

/2. alignment to a reference genome\

distant reference?

. time limited?
/1. Fastqg quality h
control + trimming bwa stampy
Adapters ? \ /
Low quality bases?
AT Y
4. bam check visualization\ 3. bam refinement
duplicate metrics (picard) local base duplicate
flagstat (samtools) samtools realignment recalibration removal
coverage distribution (GATK) IGV/tablet
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5- Variant filtering and validation

WHY filtering???

* Each caller tends to call as many sites it can but it provides
useful information on several parameters;

 Many calls are “guesses”;

e Artifacts;

* Presence of sequencing error;

* To create a high quality dataset;

WHY validation???

 An error-free dataset is unrealistic;
* To estimate the % of error within our high quality dataset;
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Filtering is all about finding the right balance:
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5- Variant filtering and validation: FILTERING

General approach:

Try different thresholds for each parameter and draw a distribution;

If possible, look for sudden changes in the distribution and set a
threshold;

No fixed rule on which thresholds you should use;

It is data and project specific;

It is a crucial step to create a high quality dataset.
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5- Variant filtering and validation:

Common cautions:

- Base quality BQ20

- Depth (min and max) very dependent on your average

- Mapping quality MQ40/50 (minimum MQ30)

- Strand-bias p-value>0.05

- SNP density dependent on the genome [e.g. no
more than 1 SNP/4bp]

- Indel proximity not closer than 10bp to an indel

- Missing data?

- Some filters may be applied during the variant calling while others
are applied afterwards.



5- Variant filtering and validation:
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5- Variant filtering and validation: FILTERING

MQ distribution

MQ distribution, mg0_bq13_1286958sites_exons+introns
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5- Variant filtering and validation: FILTERING

Coverage: distribution per run

boxplot average coverage per individual per run
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5- Variant filtering and validation: FILTERING

Coverage: distribution per population
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5- Variant filtering and validation: FILTERING

VCFtools (http://vcftools.sourceforge.net/)
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. time limited?
/1. Fastqg quality h
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Adapters ? \ /
Low quality bases?
AT Y
4. bam check visualization\ 3. bam refinement
duplicate metrics (picard) local base duplicate
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5- Variant filtering and validation: VALIDATION

e Why?
 An error-free dataset is unrealistic;
* To estimate the % of error within our high quality dataset;

e How to doit:

| Sanger Sequencing| vs NGS (our) dataset;
| Public dataset VS NGS (our) dataset;
* | SNPchip VS NGS (our) dataset;

“gold” dataset

|High quality dataset ]
|
SAME SAMPLE(S)!!!
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5- Variant filtering and validation: VALIDATION

Compare our sample to a “gold” dataset (same sample!!l):

e All sites, site by site;

e TRUE: concordant site;

 FALSE: discordant site;

* POSITIVE: polymorphic site (compared to reference sequence);

 NEGATIVE: reference site (compared to the reference sequence
carrying a variant at that position);



5- Variant filtering and validation: VALIDATION

SAME SAMPLE(S)!!!

our sequenced sample



5- Variant filtering and validation: VALIDATION

SAME SAMPLE(S)!!!

our sequenced sample

“Gold” dataset — same sample



5- Variant filtering and validation: VALIDATION

SAME SAMPLE(S)!!!

our sequenced sample
—

“Gold” dataset — same sample



5- Variant filtering and validation: VALIDATION

SAME SAMPLE(S)!!!

our sequenced sample
—

—
“Gold” dataset — same sample



5- Variant filtering and validation: VALIDATION

SAME SAMPLE(S)!!!

our sequenced sample
—

l

TP
true positive

|

—
“Gold” dataset — same sample



5- Variant filtering and validation: VALIDATION

SAME SAMPLE(S)!!!

our sequenced sample
%

l

TP
true positive

|

—
“Gold” dataset — same sample



5- Variant filtering and validation: VALIDATION

SAME SAMPLE(S)!!!

our sequenced sample
%

l l

TP FP
true positive false positive

| T

—
“Gold” dataset — same sample



5- Variant filtering and validation: VALIDATION

SAME SAMPLE(S)!!!

our sequenced sample
%

l l l

TP FP TN
true positive false positive true negative

| T T

—
“Gold” dataset — same sample



5- Variant filtering and validation: VALIDATION

SAME SAMPLE(S)!!!

our sequenced sample
%

l l l

TP FP TN
true positive false positive true negative

| T T

-——
“Gold” dataset — same sample



5- Variant filtering and validation: VALIDATION

SAME SAMPLE(S)!!!

our sequenced sample
%

l l l l

TP FP TN FN
true positive false positive true negative false negative

| T T |

-——
“Gold” dataset — same sample



5- Variant filtering and validation: VALIDATION
SAME SAMPLE(S)!!!

our sequenced sample

_

l l l l

TP FP TN FN
true positive false positive true negative false negative

| T T |

¥ W —

“Gold” dataset — same sample —
True positive
False positive
True negative

False negative

=— % :0-100




5- Variant filtering and validation: VALIDATION

SAME SAMPLE(S)!!!

our sequenced sample

TP FP TN FN
true positive false positive true negative false negative

| T T |

“Gold” dataset — same sample




5- Variant filtering and validation: VALIDATION

SAME SAMPLE(S)!!!

our sequenced sample

TP FP TN FN
true positive false positive true negative| false negative

T T T |

“Gold” dataset — same sample




5- Variant filtering and validation: VALIDATION

SAME SAMPLE(S)!!!

our sequenced sample

TP FP TN FN
true positive false positive true negative| false negative

T A l

“Gold” dataset — same sample




5- Variant filtering and validation: VALIDATION

SAME SAMPLE(S)!!!

our sequenced sample

TP FP TN FN
true positive false positive true negative| false negative

i A g

“Gold” dataset — same sample




5- Variant filtering and validation: VALIDATION

True positive

False positive
True negative
False negative



5- Variant filtering and validation: VALIDATION

True positive
True negative

True positive

False positive
True negative
False negative

False positive
False negative



5- Variant filtering and validation: VALIDATION

True positive

False positive
True negative
False negative

True positive
True negative

!

Correct calls

False positive
False negative



5- Variant filtering and validation: VALIDATION

True positive

False positive
True negative
False negative

True positive
True negative

!

Correct calls

False positive
False negative

!

False calls /
Sequencing error



5- Variant filtering and validation: VALIDATION

Human X chr

True calls (%)

False calls (%)

lon Torrent vs Complete Genomics
(427,000 genotypes)

99.9995

0.0005

lon Torrent vs lllumina
(3.65*%10"° genotypes)

99.99997

0.00003



5- Variant filtering and validation: VALIDATION

Human X chr

True calls (%)

False calls (%)

lon Torrent vs Complete Genomics

(427,000 genotypes) 939.9935 0.0005
lon Torrent vs lllumina

(3.65*10"6 genotypes) 99.99997 0.00003
Shark autosomal data Concordant calls | Sequencing

(%)

error (%)

2 samples (independent runs)
~741,000 genotypes

99.986

0.014



5- Variant filtering and validation: FILTERING and VALIDATION

After filtering and validation we have a high quality vcf file
ready for downstream analyses

(population genetics, medical genetics, association studies,
SNP discovery, etc...)



