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Overview

l. Introduction to sequence data and resources

Il. Tools for analyzing and visualizing sequencing data
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Overview: Learning Objectives

1.Sequence data
Databases and online resources for sequence data
Learn the common sequence data file formats
2.Tools for sequencing data
Tools to query, inspect, visualize an aligned sequence file
Learn the contents of sequence data files
Learn to generate sequencing metrics and to process sequence data
Learn about Python and R libraries/packages to read sequence data

£
'f,#/j‘ FRED HUTCH



Sequence Data: International Consortia and Projects

1000 Genomes Project (https://www.internationalgenome.org/)

UK10K (https://www.uk10k.org/) IGSR: The International Genome Sample Resource 2 _
Providing ongoing support for the 1000 Genomes Prolect data A

The 100,000 Genomes Project L
(https://www.genomicsengland.co.uk/) UK10K - .
Rare disease, cancer, infectious disease s 10 K Rare Genetic Variants in Health and Disease

Genome 10K Project (https://genome10k.soe.ucsc.edu/) Ge“?’mics c::,

Genomic “zoo” of 16,000 vertebrate species
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Exome Aggregation Consortium (ExAC) (http://exac.broadinstitute.org/)

Genome Aggregation Database (gnomAD) (https://gnomad.broadinstitute.org/) L~ ‘. %
The Cancer Genome Atlas (TCGA) (https://portal.gdc.cancer.gov/) Z’L-‘ 1%!
International Cancer Genome Consortium (ICGC) (https://icgc.org/) < ’_[M)M[

A International
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https://www.internationalgenome.org/
https://www.uk10k.org/
https://www.genomicsengland.co.uk/
https://genome10k.soe.ucsc.edu/
http://exac.broadinstitute.org/
https://gnomad.broadinstitute.org/
https://portal.gdc.cancer.gov/
https://icgc.org/

Sequence Data: Databases and Online Resources

Common Repositories/Databases for human sequence data

1.NCBI Sequence Read Archive (SRA)
Publicly available data submitted from studies (e.g. Gene Expression Omnibus [GEO])

https://www.ncbi.nlm.nih.gov/gds/

Controlled access (e.g. dbGaP)
2.European Genome Phenome Archive (EGA)
https://www.ebi.ac.uk/ega/home

3.NIH NCI Genomic Data Commons (GDC) Data Portal
https://portal.gdc.cancer.gov/

Harmonized Cancer Datasets
4.1CGC Data Portal
https://dcc.icgc.org/

£
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https://www.ncbi.nlm.nih.gov/gds/
https://www.ebi.ac.uk/ega/home
https://portal.gdc.cancer.gov/
https://dcc.icgc.org/

Sequence Data: Databases and Online Resources

EAI;I?:NI;; :;N;g:;;:i"TUTE Qi Projects 4% Exploration  &-Analysis & Repository Q Quick Search  Manage Sets %) Login = Cart [fRIf i GDC Apps

Harmonized Cancer Datasets
Genomic Data Commons Data Portal

Get Started by Exploring:

[0} | Projects %% Exploration @ Analysis £ | Repository

Q e.g. BRAF, Breast, TCGA-BLCA, TCGA-A5-A0G2

Data Portal Summary pata Release 19.0 - September 17, 2019

PROJECTS PRIMARY SITES CASES

[[i53 & 67 & 37,075
FILES GENES MUTATIONS
[ 427,407 £ 22,872 # 3,142,246

GDC Applications

The GDC Data Portal is a robust data-driven platform that allows cancer
researchers and bioinformaticians to search and download cancer data for analysis. The GDC applications include:

(4

~
a‘:-.
=

| FRED HUTCH 6
2 0/



Sequence Data: Databases and Online Resources

Cancer genomics data sets visualization, analysis Data Release 28 e s
and download.

Cancer projects 86
m Cancer primary sites 22
Donor with molecular data in DCC 22,330

e.g. BRAF, KRAS G12D, DO35100, MU7870, FI998, apoptosis, Cancer Gene Census,
imatinib, GO:0016049 Total Donors 24,289
Simple somatic mutations 81,782,588

Advanced Search

& Download Release

(7
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Sequence Data: Databases and Online Resources

Sequence Read Archive (SRA) & GEO example (GSE71378)

0

Gene Expression Omnibus

HOME | SEARCH  SITE MaP GEO Publications FAQ MIAME Email GEO
NCBI > GEO > Accession Display 2 Not logged in | Login 2
GEO help: Mouse over screen elements for information.
Scope: [ sef 4] Format: Amount: GEO accession: [GSE71378 | Lkl
Series GSE71378 Query DataSets for GSE71378
Status Public on Nov 04, 2015
Title Cell-free DNA comprises an in vivo, genome-wide nucleosome footprint that
informs its tissue(s)-of-origin
Organism Homo sapiens
Experiment type Genome binding/occupancy profiling by high throughput sequencing
Summary Nucleosomes are the basic unit of packaging of eukaryotic chromatin, and
l."l" FRED HUTCH
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Sequence Data: Databases and Online Resources

Contributor(s) Shendure J

Citation(s) Snyder MW, Kircher M, Hill AJ, Daza RM et al. Cell-free DNA Comprises an In

e q u e n Ce e a Vivo Nucleosome Footprint that Informs Its Tissues-Of-Origin. Cell 2016 Jan
14;164(1-2):57-68. PMID: 26771485

Submission date  Jul 27, 2015
Last update date May 15, 2019

Contact name Jay Shendure
Organization name University of Washington
Department Genome Sciences

Lab Shendure

Street address 3720 15th Ave NE

City Seattle ' -
HOME | SEARCH  SITE Map e AME Email GEO

NCBI > GEO > Accession| ZlP/Postalcode  98195-5065 it logged in | Login &
Country USA
GEO help: Mouse over scree| Pplatforms (1) GPL11154 Illumina HiSeq 2000 (Homo sapiens)
Samples (60) GSM1833219 BHO1
Scope: | Self +| Forr = More... GSM1833220 1A01 :l -55
GSM1833221 IA02
Relations
Series GSE71378 BioProject PRINA291063 78
Status Pub SRA SRP061633
Title Cell| Dpownload family Format 1at
info SOFT formatted family file(s) SOFT @
MINIML formatted family file(s) MINIML @
Organism Hon| series Matrix File(s) T @
Expen ment ty pe Gen Supplementary file Size Download File type/resource
Summary Nuc GSE71378_BHO1.bb 311.8 Mb (ftp)(http) BB ind
| GSE71378_CA01.bb 325.0 Mb (ftp)(http) BB
GSE71378_CHO01.bb 319.7 Mb (ftp)(http) BB
21 GSE71378_IH01.bb 296.6 Mb (ftp)(http) BB
'I,,/.,‘ FRED HUTCH GSE71378_IH02.bb 248.3 Mb (ftp)(http) BB

SRA Run Selector @




Sequence Data: Databases and Online Resources

= NCBI SRARunSelector @ & Q Logi

Sequence Read gz B o 1378)
Py

BioProject PRIJNA291063
Consent PUBLIC
Assay Type OTHER
Center Name GEO

DATASTORE filetype SRA

DATASTORE provider GS,NCBI, S3

DATASTORE region gs.US, ncbi.public, s3.us-east-1
Instrument Illumina HiSeq 2000
LibraryLayout PAIRED
m Runs Bytes Bases Download
Total 60 586.86Gb 1.47T RuninfoTable or Accession List
Selected 0 0 0 or

< 1 1 2 >

X 2 Run ‘ S BioSample ’ S AssemblyName ’ s AngpotLer: s Experiment5 s MBasesn s MBytesI

1 SRR2129993 SAMNO03939176 GCA_000001405.13 200 SRX1120757 283506 136418

2 SRR2129994 SAMNO03939177 GCF_000001405.25 72 SRX1120758 3729 1445

3 SRR2129995 SAMNO03939178 GCF_000001405.25 75 SRX1120759 3069 1106

4 SRR2129996 SAMNO03939179 GCF_000001405.25 72 SRX1120760 3538 1357

l." » 5 SRR2129997 SAMNO03939180 GCF_000001405.25 73 SRX1120761 3543 1396
',',‘/.!: FRED HUTCH 6 SRR2129998 SAMNO03939181 GCA_000001405.13 196 SRX1120762 36595 9325

7 SRR2129999 SAMNO03939182 GCF 000001405.25 197 SRX1120763 32298 7856



Sequence Data: File formats

Sequences
- Genome sequences - FASTA (.fasta or .fa)
»  Sequenced reads - FASTQ (.fastqg or .fq)

Sequence Alignment/Map Format
https://samtools.qgithub.io/hts-specs/SAMv1.pdf
Sequence Alignment - SAM (.sam)

Binary Alignment - BAM (.bam) or CRAM (.cram)

'I[;;ZZ‘ FRED HUTCH 11


https://samtools.github.io/hts-specs/SAMv1.pdf

Sequence Data:

Databases and Online Resources

Sequence Read Archive (SRA) & GEO example (GSE71378)

SRA Toolkit required to download and extract .sra files

Download .sra file

prefetch SRR2130004

Convert . sra file to fastq

fastg-dump SRR2130004 # use accession
fastg-dump SRR2130004.sra # use file if already downloaded

Convert . sra file to SAM/BAM file

# will write data
sam-dump --header
# will write data
sam-dump --header

l‘/.l FRED HUTCH
L/

to a SAM file

SRR2130004.sra > SAMN03160688.sam
to a BAM file

SRR2130004.sra | samtools view -bS - > BRCA IDC cfDNA.bam

For your reference.

12



Sequence Data: Sequence alignment

Burrows-Wheeler Aligner, bwa (http://bio-bwa.sourceforge.net/)
aln - for 35bp to 100bp reads

mem - for reads with length 70bp to 1Mb (Recommended for most)

# If two fastqg files, one for each mate of paired-end reads
bwa mem -M reference.fa BRCA IDC cfDNA R1l.fqg BRCA IDC cfDNA R2.fqg > BRCA IDC cfDNA.bam

# If single fastqg file with paired-end reads interleaved
bwa mem -M -p reference.fa BRCA IDC cfDNA.fqg > BRCA IDC cfDNA.bam

Li H. and Durbin R. (2009) Fast and accurate short read alignment with Burrows-Wheeler Transform.
Bioinformatics, 25:1754-60. [PMID: 19451168]

’f/’f FRED HUTCH For your reference. 13


http://bio-bwa.sourceforge.net/
http://www.ncbi.nlm.nih.gov/pubmed/19451168

Tools for Sequencing Data: Overview

1. Inspecting and Reading SAM/BAM files

SAMtools
2. Interactive Visualization

Integrative Genomics Viewer (https:/software.broadinstitute.org/software/igv)
3. Sequencing metrics and Processing

SAMtools

Genomic Analysis Toolkit (GATK) and Picard Tools

£
v/#/jt FRED HUTCH
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https://software.broadinstitute.org/software/igv

Tools for Sequencing Data: Overview

1. Inspecting and Reading SAM/BAM files
- SAMtools

'?171‘ FRED HUTCH

014
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https://software.broadinstitute.org/software/igv

1. Inspecting and Reading BAM Files

SAMtools (http://www.htslib.org/)

Demo & Exercise

e
'I,f/f‘ FRED HUTCH


http://www.htslib.org/

Sequence Data: Inspecting and Reading BAM Files

SAMtools (http://www.htslib.org/)

Indexing
samtools index BRCA IDC cfDNA.bam #required for all BAM files

File operations

samtools sort BRCA IDC cfDNA.bam #sort by coordinate

Statistics

samtools flagstat BRCA IDC cfDNA.bam #get general alignment metrics
Viewing

# view header information
samtools view -H BRCA IDC cfDNA.bam

# view aligned reads at chrl17:37844393
samtools view BRCA IDC cfDNA.bam 17:37844393

l‘/‘ FRED HUTCH
L/ ®
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http://www.htslib.org/

Sequence Data: SAM Format

https://samtools.github.io/hts-specs/SAMv1.pdf
A. Header information

samtools view -H BRCA IDC cfDNA.bam

@HD VN:1.2 SO:coordinate
@sQ SN:1 IN:249250621
@sQ SN:2 ILN:243199373
@sQ SN:3 ILN:198022430
@sQ SN:4 IN:191154276
@sQ SN:5 LN:180915260
@sQ SN:6 LN:171115067
@sQ SN:7 LN:159138663
@sQ SN:8 IN:146364022
@sQ SN:9 ILN:141213431

l‘/.‘ FRED HUTCH
L/ ®


https://samtools.github.io/hts-specs/SAMv1.pdf

Sequence Data: SAM Format

https://samtools.github.io/hts-specs/SAMv1.pdf
A. Header information

 @HD: Header line

* S0: Sorting order of alignments (unknown, unsorted, coordinate, queryname)

* @SD: Reference sequence dictionary

* SN: Reference sequence name - typically, one row for each chromosome
» LN: Length of reference sequence

* @RG: Read group
* ID: Read group identifier (must be unique)
« PL: Platform or technology used (e.g. ILLUMINA)
»  SM: Sample ID and/or pool being sequenced

*  @PG: Program/tool information

* ID: Unique name, PN: Program name; CL: Command line

£P08
v/',/.;t FRED HUTCH
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https://samtools.github.io/hts-specs/SAMv1.pdf

Sequence Data: SAM Format

https://[samtools.github.io/hts-specs/SAMv1.pdf
B. Alignment information

samtools view BRCA IDC cfDNA.bam 17:37844393-37844393

41976152 163 17 37844359 60 39M
157

ACTCTCCGCTGAAGTCCACACAGTTTAAATTAAAGTTCC .AAAAFFFFFFFFFFFF)FAFFFFFFFFFFFFFFFFFEFE
RG:Z:P12.17.7 Breast NH:i:1l NM:1:0

37844477

l‘/.l FRED HUTCH
L/
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https://samtools.github.io/hts-specs/SAMv1.pdf

Sequence Data: SAM Format

s:/[samtools.github.io/hts-specs v1.
B. Alignment information

samtools view BRCA IDC cfDNA.bam 17:37844393-37844393

Query (Read) Read Mate’s
--- Name Reference and Position Reference and Position

41976152 163 17 37844359 60 39M = 37844477
57
ACTCTCCGCTGAAGTCCACACAGTTTAAATTAAAGTTCC| .AAAAFFFFFFFFFFFF ) FAFFFFFFFFFFFFFFFFFEFE

RG:Z:P12.17.7 Breast NH:1:1 NM:1:0 Read Sequence

B )

07.
f /I; FRED HUTCH 21
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https://samtools.github.io/hts-specs/SAMv1.pdf

Sequence Data: SAM Format

https://[samtools.github.io/hts-specs/SAMv1.pdf
B. Alignment information

samtools view BRCA IDC cfDNA.bam 17:37844393-37844393

Template Length =~ Mapping CIGAR
(Insert Size or Flag Quality  string

Fra%t}ﬂg Slze 63 17 37844359 - 39M
= GE

ACTCTCCGCTGAAGTCCACACAGTTTAAATTAAAGTTCC .AAAAFFFFFFFFFFFF)FAFFFFFFFFFFFFFFFFFEFE
RG:Z:P12.17.7 Breast NH:i:1l NM:1:0

37844477

SSN
_™
1

I FRED HUTCH
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https://samtools.github.io/hts-specs/SAMv1.pdf

Sequence Data: SAM Format

https://samtools.github.io/hts-specs/SAMv1.pdf
B. Alignment Format
1. QNAME: query (read) template name

2. FLAG: bitwise value describing the alignment
* e.g.4 -read is unmapped; 2 - proper pair; 1024 - PCR duplicate
 https://www.samformat.info/sam-format-flag

RNAME: reference sequence name (i.e. chr1 or 1)

POS: position of aligned read (leftmost; 1-based)

MAPQ: Mapping quality

CIGAR: Code string to describe read alignment sequence match to reference
RNEXT: reference sequence name of mate read

PNEXT: position of mate read

TLEN: template (read) length; O if mates on different chromosomes

10.SEQ: sequence of mapped reads on forward genomic strand

%%%LEJAIG;CEase qualities (Phred-scale) 23
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https://samtools.github.io/hts-specs/SAMv1.pdf
https://www.samformat.info/sam-format-flag

Exercise: SAMtools

ml SAMtools/1.10-GCCcore-8.3.0
cd /fh/fast/subramaniam a/tfcb

1. Run samtools view header command on BRCA IDC cfDNA.bam
a. What is the read group (@RG) ID?

2. Run samtools view at 17:7579472-7579472
a. What is the insert size?

£
,f/,t FRED HUTCH
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Tools for Sequencing Data: Overview

2. Interactive Visualization
* Integrative Genomics Viewer (https://software.broadinstitute.org/software/igv)

L4,
v/w FRED HUTCH

)
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https://software.broadinstitute.org/software/igv

2. Interactive Visualization

Integrative Genomics Viewer

(https://software.broadinstitute.org/software/igv)

Demo + EXxercise

7
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https://software.broadinstitute.org/software/igv

Tools for Sequencing Data: Interactive Visualization

Integrative Genomics Viewer (https://software.broadinstitute.org/software/igv)

00O IGV
Human hg19 chr17 chr17:37,861,540-37,874,650 Go Fr <« » @ [ = =2 | oo
| — I | | _I [ 1 I N I I
p132 pli3l  pl2 pilZ pill qi12 ql2 @211 q2131 q2133  q22 q23.1 q23.3 Q242 Q251 q253
= 12 kb -
% g 37,862 kb 37,864 kb 37,866 kb 37,868 kb 37,870 kb 37,872 kb 37,874 kb
% 1% 3 | | | | | | | | | | | |
0184864976_llumina_P5-Zecan_ ]
Yexic.bam Coverage i » . \
I I 1 I || 10 | I |
(11T [ D AR | [ I LR | [ I
I I 1 11 I 1 | [ |
I | 1] | |
I | I I 1
| DAY B TR IO | LRI
| | |
I | |
I TP |
0184864976_llumina_P5-Zecan_ I I I I 1
Yexic.bam
| [ [
I I
| I |
il
I I I I | I
| I l I
I I 1] II 1
| I Il |
THIT
Sequence -—p
1~ 1—i HE2——H =
RefSeq Genes . - U
ERBB2
<0,
7P/ FRED
ol
l4 tracks loaded ||®lfenr17:37,873,702 [l | l289M of 436M



https://software.broadinstitute.org/software/igv

Tools for Sequencing Data: Interactive Visualization

Integrative Genomics Viewer (https://software.broadinstitute.org/software/igv)

e0e IGV
Human hg19 chrl7 chr17:37,868,133-37,868336  Go Tr « » @ [ = =2 | S nininnnifn

| T | | _I I [T [ T I
p132 pI13I  pl2 pllZ plll q112 q12 qZ11 q2131 q2133  q22 q23.1 q233 q242 q25.1 q253

- 204 bp -

37,868,140 bp 37,868,160 bp 37,868,180 bp 37,868,200 bp 37,868,220 bp 37,868,240 bp 37,868,260 bp 37,868,280 bp 37,868,300 bp 37,868,320 bp 37
3 I | | | | I | | | | | | | | | | I I | |

dataType
cell

antibody

0184864976 _[lumina_P5-Zacan_ Ay
Yexic.bam Coverage

Hap name: null

| Dist: 0

| Read name = 111993812

| Sample = MBC_288.TM

| Library = 0184864976_lllumina_P5-Zecan_P7-Yexic
| Read group = C86U5.8

IRead length = 76bp

0184864976 _llumina_P5-Zecan_ I I

Yexic.bam | Mapping = Primary @ MAPQ 60

| Reference span = chr17:37,868,227-37,868,302 (+) = 76bp
| Cigar = 76M
}Chppmg None

| Mate is mapped = yes
| Mate start = chr17:37868375 =)
Insert size = 225

Second in pair

Pair orientation = F2R1

(FEREEEE e EmEmEEEr

Sequence g LU LECEEE T CRE O O LR LR LT LRI R LR CEC LR RN RO LR TR T CRCET R LR R TR T :H it

0
NYLSTDVGSETLVEPLHNQEVTA ED (nrreesmry 3

ERBB2 ' Location = chr17:37,868,259
- Base = C@QV 37

RefSeq Genes

4 tracks loaded |[®fenr17:37,868,259 Il |314M of 436M


https://software.broadinstitute.org/software/igv

Tools for Sequencing Data: Interactive Visualization

Integrative Genomics Viewer (https://software.broadinstitute.org/software/igv)

00O IGV )
Hap name: null |
Human hg19 chr17 chr17:37,868,133-37,868336 Go T < » (Djst: 0 |
Read name = 111993812 |
E pI31 p* iz i iz mlu PaT 1 Sample = MBC_288.TM |
Library = 0184864976_lllumina_P5-Zecan_P7-Yexic |
Read group = C86US5.8 {
|
|
|

- 204 bp
§ g’ 37,868,140 bp 37,868,160 bp 37,868,180 bp 37,868,200 bp 37,868,220 bp 37,868,240 bp 7 Read |ength = 76bp
é?,ﬁﬁ | | | | | | | | | | | -
= Mapping = Primary @ MAPQ 60
. Reference span = chrl17:37,868,227-37,868,302 (+) = 76bp
Cigar = 76 M |

Clipping = None |l

Mate is mapped = yes |

Mate start = chr17:37868375 (-) |

0184864976_llumina_P5-Zecan_ I I Insert size = 225 l
yexieibam Second in pair |
Pair orientation = F2R1 }
|

I

NH =
NM =0
Hidden tags: RG
e—— - T ECLDEO TR Lo L LR L LR L LT DO DD L L R Lo LR T L OO I L L L )
— 'é‘a’:ea“fg ég‘\; 137;37'868'259
ERBB2 -
2P0,
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https://software.broadinstitute.org/software/igv

Exercise: IGV

Instructions:
Load IGV on your laptop/desktop.
File > Load From File > select BRCA IDC_cfDNA.bam
Questions:
1. Go to location chr17:7,579,517
a. Which gene and exon # is at this location?
b. How many reads match the reference? How many don’t? What are the nucleotides bases?
2. Go to location chr13:32,912,062
a. Which gene and exon # is at this location?
b. What is the “Read length”, “Insert size”, and “CIGAR” for the read found here?
c. File > Load from Server > Annotations > Variation and Repeats > check dbSNP
i. What is the “Name” (rs ID) and “Class” of the SNP located at this position?

'l[;??zﬁ FRED HUTCH 29



Tools for Sequencing Data: Overview

3. Sequencing metrics and Processing
- SAMtools
- Genomic Analysis Toolkit (GATK) and Picard Tools

penN

-

.z'o

7/: FRED HUTCH
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https://software.broadinstitute.org/software/igv

3. Tools for Sequence Data Processing

PICARD and GATK
https://broadinstitute.qithub.io/picard/
https://software.broadinstitute.org/gatk/best-practices/

Demo + EXxercise

£P08
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https://broadinstitute.github.io/picard/
https://software.broadinstitute.org/gatk/best-practices/

Tools for Sequencing Data: Processing

Picard Tools & GATK4: Best practices Raw Unmapped Reads
1. Mark Duplicates UBAM or FASTQ

1. MarkDuplicates + SortSam (Picard)
2. Base Quality Score Recalibration (BQSR)

1. BaseRecalibrator (GATK4)
2. ApplyBQSR (GATK4) Raw Mapped Reads

|

[ Map to Reference ]

java -jar picard.jar MarkDuplicates \ MarkDuplicatesSpark
\ I J

INPUT=BRCA IDC cfDNA.bam \ p |
REMOVE_DUPLICATES=false \ Recalibrate Base
OUTPUT=BRCA IDC cfDNA.marked duplicates.bam \ Quality Scores

METRIC FILE=BRCA IDC cfDNA.markDupMetrics.txt

Analysis-Ready Reads

{«

102,
i} FreD HUTCH https://software.broadinstitute.org/gatk/best-practices/ 32


https://software.broadinstitute.org/gatk/best-practices/

Tools for Sequencing Data: Sequencing Metrics

Picard Tools & GATK4: Best practices

3. Generate alignment metrics
a. CollectMultipleMetrics
°* CollectAlignmentSummaryMetrics
* CollectInsertSizeMetrics
b. Collect assay-specific metrics
* CollectWgsMetrics - Whole genome sequencing
* CollectHsMetrics - Hybrid Selection (i.e. whole exome)
* CollectRnaSegMetrics - RNA-seq
* CollectTargetedPcrMetrics - Targeted PCR amplicon sequencing
C. EstimatelLibraryComplexity
a. Estimates the number of unique molecules in the library

https://broadinstitute.github.io/picard/command-line-overview.html
kfir FrED HUTCH http://broadinstitute.qithub.io/picard/picard-metric-definitions.html 33



http://broadinstitute.github.io/picard/picard-metric-definitions.html
https://broadinstitute.github.io/picard/command-line-overview.html

Tools for Sequencing Data: Sequencing Metrics

Picard Tools & GATK4: Best practices

3. Generate alignment metrics
a. CollectMultipleMetrics
°* CollectAlignmentSummaryMetrics

° CollectInsertSizeMetrics

b. Collect assay-specific metrics
* CollectWgsMetrics - Whole genome sequencing

* CollectHsMetrics - Hybrid Selection (i.e. whole exome)
* CollectRnaSegMetrics - RNA-seq
* CollectTargetedPcrMetrics - Targeted PCR amplicon sequencing
C. EstimateLibraryComplexity
a. Estimates the number of unique molecules in the library

https://broadinstitute.github.io/picard/command-line-overview.html
kfir FrED HUTCH http://broadinstitute.qithub.io/picard/picard-metric-definitions.html 33



http://broadinstitute.github.io/picard/picard-metric-definitions.html
https://broadinstitute.github.io/picard/command-line-overview.html

Tools for Sequencing Data: Sequencing Metrics

Picard Tools & GATK4: Best practices

3. Generate alignment metrics: (a) CollectWgsMetrics

java -Xmx1G -jar SEBROOTPICARD/picard.jar CollectWgsMetrics \
INPUT=/fh/fast/subramaniam a/tfcb/BRCA IDC cfDNA.bam \
OUTPUT=GavinHa BRCA IDC cfDNA.alignMetrics.txt \

REFERENCE SEQUENCE= /fh/fast/subramaniam a/tfcb/hs37d5.fa \

VALIDATION STRINGENCY=LENIENT

GENOME_TERRITORY MEAN COVERAGE SD COVERAGE MEDIAN COVERAGE PCT EXC_MAPQ PCT EXC_DUPE PCT 1X  PCT 5X

2900340137 1.053882 1.383867 1 0.137741 0 0.578236 0.015963

https://broadinstitute.github.io/picard/command-line-overview.html
https://broadinstitute.github.io/picard/picard-metric-definitions.html#Collect\WWgsMetrics.\WWgsMetrics

34
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https://broadinstitute.github.io/picard/picard-metric-definitions.html#CollectWgsMetrics.WgsMetrics
https://broadinstitute.github.io/picard/command-line-overview.html

Exercise: PICARD

Run CollectAlignmentSummaryMetrics for BRCA IDC cfDNA.bam

# load PICARD
ml picard/2.21.6-Java-11

# go to your home directory
cd ~/

java -Xmx1G -jar SEBROOTPICARD/picard.jar CollectAlignmentSummaryMetrics \

How many PF_ READS ALIGNED for PAIR Category?

b FreD HUTCH https://broadinstitute.github.io/picard/command-line-overview.html
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Tools for Sequencing Data: Accessing BAM files in R & Python
Python

+ PySam

https://pysam.readthedocs.io/en/latest/api.html

R and Bioconductor (more in next lecture)
- Rsamtools
- Import BAM files into R
- View the header information
- Accessing read sequences, aligned positions, CIGAR, read names, etc
- Large BAM files can be read in chunks to optimize memory
- Create new BAM files using “Views” of a subset of reads

https://bioconductor.org/packages/release/bioc/vignettes/Rsamtools/inst/doc/Rsamtools-Overview.pdf

{[;;2;‘ FRED HUTCH 36


https://bioconductor.org/packages/release/bioc/vignettes/Rsamtools/inst/doc/Rsamtools-Overview.pdf
https://pysam.readthedocs.io/en/latest/api.html

Preparations for Lecture 16

Install R Bioconductor packages:
- Rsamtools

» VariantAnnotation

- GenomicRanges

- plyranges

Install additional packages:
»  Pandoc (nttps://pandoc.org/installing.html)

Get familiar with R Markdown (https://rmarkdown.rstudio.com/lesson-1.html)
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