Agenda for today
Genomic data and data formats 14:00-15:00
Break
Genomic tools on the cluster 15:00-15:50
AWK 15:50-16:30
Q&A session 16:30-17:00
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Genomic data formats

= Sequence
= fasta, fastq

= alignment formats
= SAM, BAM, CRAM

= Variant description
= VCF, BCF

= Annotation
= GTF, GFF

= Genomic ranges
= BED, WIG, bigWIG
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Raw sequence data: fasta

>read no 1
CGGCCTGGAGGCCCTGCAGAACCTGCTGGGCTACAGGTTCGGCGACGAGGG

>read no_2
CAGCGTGAGCGCCATCATGGGCAACCCCCAGGTGAAGGCCCACGGCARGA

>read_no_3
SGGAGACACCCGCACGTGTGGCCCGCATGTATGCTGAGCTCTTCCGCGGAT

>read_no_4
TTTGCCCCGCATCGAGCGGGCTGTIGCGGCGARATCCTTCTGGCTGTAGGCGA

>read no_5S
CCTGTGGGGCAAGGTGARCCCCGTGGAGATCGGCGCCGAGAGCCTGGCCAG

>read no 6
GAGGAGGGCCAGGATCCACCAGAGGARAGGGCCTGCTGTGGTTICATCCCCGEC

>read no 7
CTGCACAGCGACTACAACCTGACCTGGTACAGGAACGGCAGCAACATGCCC

>read no_8
GTGCTGGGCCTGGCCATCAGCCACTTICCTIGCTGGAGCAGTITCCCCGACTAC

>read_no_9
AACCTGGGCCGAGTACCTGCTCGCTGGCCARAGGCGCGAGGAGATGACCEGECGEC

>read no_10
GITCCCCGACTACAACGAGGGCGAGCTGAGCAGGCTGAGGAGCGCCATCGT

>read no_11
CTTCAGCAAGTTCGGCGACCTGAGCAGCCGTGAGCGCCATCATGGGCARCCC

>read no_12
ACCAGAGGAAGGGCCTGCTIGTIGGTITCATCCCCGCCGCCCTGGAGGACAGCE

>read no 13
AAGGGCGAGGAGATGACCGGCGGECAGGAGGAAGGCCAGCCTGCTIGGECCGAC

=0)
7

ID | SIS Michal Okoniewski, Scientific ITETH | 2/24/21 | 4



@y
il

7

A

]

N

Raw sequencing data: fastq

(700523F:164:CBESUANXX:5:2302:1186:20869 1:N:B8:TCCATTGC
NTCCCCATGCACAGAATATTCAGGCATTTGAAGCCTGCTTTAAGCACTCTAATTTGTTCAAAGTAATAGTACCGGCCCACAATAACACTCGTTTAAGAGCACTAATGCAGGTTTTTAGATCGGAAG
—
#<=BAGBGGGFGGGGGGGGGGGGG6G6G6GG6GGG6G>EGG1FGGGGGFGGGGGGGGGGGGGGGGGEDGGGG: : FGEGGEGGGFGGFGFGGGACGGFGGGGGGGGGABBC?FGGGGBGGGGGG/ FGBAFG,
(07008523F :164:CBESUANXX:5:2382:1247:2179 1:N:B8:TCCATTGC
CACCCAATTAAAATTCTACATGTCATTCCTTGGTCTTCCCTGTCTTTGTAACTTGGAATTCTTATGCAACTTTATAAAGGAAACATGTAATAAGAAAGCGTTTATAATTTAACAGCTCATTCTTGA
—

CCCCCGGGGGGGGGGGGGGGG6G6G6G6G6G66GGG66FGGGGGGGGCGFGGGEGGGGGEFGGGGGGGGGG: EE>GFFGGGGGGCDFCFGGGFGDGGGFDGFFFG; FGAFGGGGGGGCFG?GGCGGCFGF/ /
(700523F:164:CBESUANXX:5:2302:1328:2148 1:N:B8:TCCATTGC
CTGCAAGAAACGGATTGTCTGCCGCGATTCTCCAGCGACTGAACATCTCAACACTTGCAAGATCGGAAGAGCACACGTCTGAACTCCAGTCACTCCATTGCTCCGCTCTATCTCGTATGCCGTCTT
—

CCCCCGBG1BEDG/FGGGGGGCGRGGGGGFGGRFGGGDGGGGGGGGFGGG111EGGFGGGGBFGGGGGGGGGGGG: EGGGGGCFGFGGGGCBDFCCFGGGGGGFGFFCGGGGGB: CDGGGGGGGGE
700523F:164:CBESUANXX:5:2302:1462:2171 1:N:B8:TCCATTGC
TACATTATTCTATCGACTAGAGACTCTTCACCTTGGAGACCAGCTGCGGATATTAGTACGGCCTGTTGAGAAGTTTGCGTATCCCCACCATAAATTTTCAAGGTCCGAGGAGAAAATATCGAGATC
—
CCCCCGGGGGGGGGCGEGGGRFGGGGGGGCGGGGCFGGGGGGGGGGGGGGGGGFDGGGGEAGGGGGGEFFCFFGGG>GDEF=FEFGGGGGEGGGG; <FFGGC: CGGGRDGGGGG6>.5.67777,7
(07008523F:164:CBESUANXX:5:2382:1499:2246 1:N:B8:TCCATTGC
CCTGAATTTAAGCATATTAATTAGGGGAGGAAAAGAAACTAACAAGGATTTTCTTAGTAGCGGCGAGGGAAAAGAAAACAGTTCAGCACTAAGTCACTTTGTCTATATGGCAAAGATCAGAAGAGA
—
CCCCCGDGGFGGGG>1RFCGEFFGGGGGGGBGGGGGFG1>CFG1>CFFGGGG6=FGGGG11E/;EE9/=8;0>80<CF<<B;CACGGGA<<=CCGA<B:DDG=6GGGA95C<:GG6..5.77E.7B~
(700523F:164:CBESUANXX:5:2302:1628:2124 1:N:B8:TCCATTGC
CCTAAGACAGTATTAAAAACAGCCACATTTAGCTGTAAGCAGAGTTAAAGGCTGTGCTTTTATAATTTTGAAATATATATTAAAATATTTATTTTATTAAAAATAAGAGAAGTAAACTAGATTTAA
—

CCCCCGGGGFGGGGGGGGGGGG6GGGG6GGGG66G6G6G6G6G6GGGG6G6>EGGFFGGGG=EFGFFGC>GGGGGG>: =EFGFGGGFGGGGGGGGGGGGGGGGGGGGGRFGGGGA8/BGGGGG/ /<FEGG: FFC
(700523F:164:CBESUANXX:5:2302:2129:2178 1:N:B8:TCCATTGC
AATTTCCCTTGCAAAACTGCCTAGTATCTGCATTCTTAAGCTTCGTTTCTACTTCTGTGTGCGTTGACTGAGATCGGAAGAGCACACGTCTGAACTCCAGTCACTCCATTGCTCGAAGTGATCTCG
—
CCCCCFFGGGGGGGEGGGGGGGGGGGGGGG6>G6GGGGFGGGGGEGGGGGGGCGGGGRGGGEGGGD /8= ; EFEFGDDBG=C==FGGGGGGGGFGG6G=FGGGGGGEGGFGGGGGGGGRGGGGGGGG6—

i
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Fastqg record structure

Label

Sequence

@FORJUSPO2AJIWD1
CCGTCAATTCATTTAAGTTTTAACCTTGCGGCCGTACTCCCCAGGLCGGT

:09@: :: : ?2?@@: : FFAAAAACCAA: : : : BB@a?A?

Q scores (as ASCII chars)
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PHRED scores

= Quality as PHRED score

Phred Quality Score Probability of incorrect base call Base call accuracy
10 1in 10 90%
20 1in 100 99%
30 1in 1000 99.90%
40 1in 10,000 99.99%
50 1in 100,000 100.00%
60 1in 1,000,000 100.00%

= Phred+33 in ASCII:

PTHESSET () *+,-./0123456789:;<=>?Q@ABCDEFGHI
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Fastqc — per base sequence quality check

Quality scares across all bases (Sanger f lllumina 1.8 encoding)
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Fastqc — per base sequence quality check

Quality scores across all bases (Sanger / lllumina 1.9 encoding)
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What can be done with raw sequences

= Quality filtering and summaries (picard/htsjdk,...)

= Trimming (cutadapt, trimmomatic,...)

= Alignment (bowtie, bwa, SHRIMP, STAR,...)

= De-novo assembly (Trinity, velvet, SPADES, SOAPdenovo...)
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Alignment formats - SAM

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

Vol. 25 no. 16 2009, 2078-2079
AP P Ll CATI ON s N o TE 0 doi:,;%. 1093/bioir?o%?ritics/btp352

Sequence analysis

The Sequence Alignment/Map format and SAMtools

Heng Li"t, Bob Handsaker? T, Alec Wysoker?, Tim Fennell?, Jue Ruan3, Nils Homer?,
Gabor Marth®, Goncalo Abecasis®, Richard Durbin®* and 1000 Genome Project Data
Processing Subgroup’

TWellcome Trust Sanger Institute, Wellcome Trust Genome Campus, Cambridge, CB10 1SA, UK, 2Broad Institute of
MIT and Harvard, Cambridge, MA 02141, USA, °Beijing Institute of Genomics, Chinese Academy of Science, Beijing
100029, China, “Department of Computer Science, University of California Los Angeles, Los Angeles, CA 90095,

SDepartment of Biology, Boston College, Chestnut Hill, MA 02467, 6»Center for Statistical Genetics, Department of
Biostatistics, University of Michigan, Ann Arbor, MI 48109, USA and http://1000genomes.org

Received on April 28, 2008; revised on May 28, 2009; accepted on May 30, 2009
Advance Access publication June 8, 2009
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Alignment formats - SAM

= Fields of a record in SAM format

Col Field Type Regexp/Range Brief description
1 QNAME String [!-7A-"1{1,254} Query template NAME
2 FLAG Int [0,2'%-1] bitwise FLAG
3 RNAME String \*|[!-0Q+-<>=-"][1-"]% Reference sequence NAME
4 POS Int [0,2%-1] I-based leftmost mapping POSition
5 MAPQ Int [0,2%-1) MAPping Quality

6 CIGAR String  \*| ([0-9]+[MIDNSHPX=])+ CIGAR string
7 RNEXT  String \*|=|[!-()+-<>-"]1[!-"1* Ref. name of the mate/next read

8 PNEXT Int [0,2*-1] Position of the mate/next read

9 TLEN Int [-2%'+1,2%-1] observed Template LENgth

10 SEQ String \*| [A-Za-2z=.]+ segment SEQuence

11 QUAL String [!-"]+ ASCII of Phred-scaled base QUALity+33
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SAM format — CIGAR strings

" Example: 26MY987N22M1S

Op BAM Description

M 0 alignment match (can be a sequence match or mismatch)
I 1 insertion to the reference

D 2 deletion from the reference

N 3 skipped region from the reference

S 4 soft clipping (clipped sequences present in SEQ)

H 5 hard clipping (clipped sequences NO'T present in SEQ)

P 6 padding (silent deletion from padded reference)

- 7 sequence match

X 8 sequence mismatch
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Alignment formats - SAM

@sQ SN:chrM LN:16571

@sQ SN:chrl LN:249250621

@sQ SN:chr2 LN:243199373

@sQ SN:chr3 LN:198022430

SRR1012931.32 0 chrl2 52632509 255 1s48M *
BP\cceeegggggiiiiiihiihihiiiiiiiiiiiihiiibghhiiii NH:i:1

SRR1012931.33 16 chrlé6 88925155 255 48M1S *
iiiihhheciiiiiiiiihiihgeiiiihhiiiiiigggggeeeeebab NH:i:1

SRR1012931.34 16 chrl?7 60111322 255 24M1478N24M1S

iiiiiiiiiiiigebihiiiihhhiiiiiiiiiiiigggggeceec\SB NH:1:1 HI:i:1

SRR1012931.35 16 chr20 20031227 255 43M6S *
fhfhhghehiiighfghgfhhgfhhgbfhihdihihgc feccecaYPB NH:i:1

SRR1012931.36 0 chr3 48680414 255 49M *
bbbeeeeeggggghfgbfgfhiiiihihhihiffcghiiihiiifgiih NH:1i:1

SRR1012931.37 16 chrX 70510616 255

ihg fagfafcgfl\gggeigfeifhhhhfhiiiiiigggggcccaa\PB NH:i:1 HI:i:1

SRR1012931.38 0 chr5 139928964 255 1s48M *
BP\cceeegggggiiiiihiiiiiiiifhhihiiggfghhhihiiiihg NH:i:1

SRR1012931.39 16 chrll 6477532 255 49M * 0

eegggggiihgiffffiihhiiiiiiiiiihghiiigggggeeeeebbb NH:i:1 HI:i:1

SRR1012931.40 0 chr2 3502293 255 49M * 0

bbbeeeeegggggiiiiiiiiiihiiiihiiii efffffhhihhiehc NH:i:1 HI:i:1

SRR1012931.41 0 chr8 38099785 255 49M *
babeeeeeggggghiiiiiiiiiiiiiiiiihhiiiiiiiiiiiiihgh NH:i:1

SRR1012931.42 0 chrl 175891126 3 49M *
bbbeeeeegggggiihiiiheihhgighiiiihiihiiiiiihfggged NH:i:2

A
=S ID| SIS

0 0 NGTGGATGCCCTGAATGATGAGATCAACTTCCTCAGGACCCTCAATGAG
HI:i:1 AS:1:47 nM:1:0

0 0 GGAGCTGTACCTGGGCCTGCTCTACCCCACGGAGGACTACAAGGTATAC
HI:i:1 AS:1:45 nM:i:1

* 0 0 TTAGTCCAAATGGGCATAAGATAACTTGAAATGGGCTATTAGACTGTTN

AS:1:45 nM:1:0

0 0 CAGCAGTTATCTGTACCTCAGCCGGGGCTTTGTTTTTCACCTTGGCCAN
HI:i:1 AS:1:42 nM:1:0

0 0 GCCTTGCCTCCTCAGGCGCTGCCTTCCTGCCCAGACAGGCTGGCATCCA
HI:i:1 AS:1:48 nM:1:0

* 0 0 AAATGGGCAACAGGCCAGCAGCCAAAATGAAGGCTTGACTATTGACCTN

AS:i:45 nM:i:0
0 0 NTGACTTGTTAGTTCCAGGCCTCCTTTAGTTCTGAGGCAGCTAGACCAG
HI:i:1 AS:i:47 nM:i:0

0 CGGAAGACGAGCTCATCCTCAATTGGGTTGTCCTTTCGTTTGCCGCCTG
AS:1:48 nM:i:0

0 GTGGGAGCTCTTCCCCCTACCACTCCCCACCCCAAGGCATCATTTTGGA

AS:1:48 nM:1:0

0 0 GTTTCCTTGAACTTGCTACAGACACATTTTAAGAAAGCCCAAGAAAATC
HI:i:1 AS:1:48 nM:1:0

0 0 CTGTACTGGAGCCACCCGCGAARAATTCGGCCAGGGTTCTCGCTCTTGTC

HI:i:1 AS:i:48 nM:i:0

Michal Okoniewski, Scientific IT ETH
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Bitwise SAM flags

= https://broadinstitute.qgithub.io/picard/explain-flags.html

Picard

A set of command line tools (in Java) for manipulating high-throughput
sequencing (HTS) data and formats such as SAM/BAM/CRAM and VCF.

Decoding SAM flags

Latest Jar
Release

Source Code
ZIPFile

Source Code:
TARBall

iew On
GitHub

This utility makes it easy to identify what are the properties of a read based on its SAM flag value, or conversely, to find what the SAM Flag value would

be for a given combination of properties.

To decode a given SAM flag value, just enter the number in the field below. The encoded properties will be listed under Summary below, to the right.

SAM Flag: [272 | [Explain |

Switch to mate | Toggle first in pair / second in pair

Find SAM flag by property:

To find out what the SAM flag value would be for a given combination of properties, tick the boxes

for those that you'd like to include. The flag value will be shown in the SAM Flag field above.

read paired

read mapped in proper pair
read unmapped

mate unmapped

read reverse strand

mate reverse strand

first in pair

second in pair

not primary alignment

read is PCR or optical duplicate
supplementary alignment

000/’ 000®80000

read fails platform/vendor quality checks

Summary:
read reverse strand (0x10)
not primary alignment (Ox100)

> table(tmp2[,1])

©
1922350

4
5354679

16 256

Michal Okoniewski, Scientific IT ETH
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Alignment formats - BAM

= BGZF compressed SAM

* |Indexed with R-tree (BAI file)

= BAM and BAI must be placed together

= BAM files may be viewed in the IGV browser
= QOther formats available: CRAM, ADAM

I
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What can be done with the alignments

= Processing formats (samtools)
= http://www.htslib.org/

= Genomic feature extraction
= Variant calling (samtools pileup, GATK,...)
= Counting reads according to annotations (HTSeq, featureCount)
= Junction and isoform discovery (cufflinks, MISO,...)

= Visualization (IGV,...)

£ = Michal Okoniewski, Scientific IT ETH 2/24/21 17
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Annotation formats — GTF/GFF

= segname - name of the chromosome or scaffold; chromosome names can be given with or without the 'chr'
prefix. Important note: the segname must be one used within Ensembl, i.e. a standard chromosome name
or an Ensembl identifier such as a scaffold ID, without any additional content such as species or assembly.
See the example GFF output below.

= source - name of the program that generated this feature, or the data source (database or project name)
= feature - feature type name, e.g. Gene, Variation, Similarity

= start - Start position of the feature, with sequence numbering starting at 1.

= end - End position of the feature, with sequence numbering starting at 1.

= score - A floating point value.

= strand - defined as + (forward) or - (reverse).

= frame - One of '0", '1' or '2'. '0" indicates that the first base of the feature is the first base of a codon, '1' that
the second base is the first base of a codon, and so on..

= attribute — (column 9) A semicolon-separated list of tag-value pairs, providing additional information about
each feature.

2N ID | SIS Michal Okoniewski, Scientific ITETH |~ 2/24/21 | 19



Annotation formats — GTF/GFF

number "2"; gene biotype

"ENSMUSP00000035423";

number "2"; gene biotype

id "ENSMUST00000049272";

number "1"; gene biotype

exon number "2";
transcript id

11 protein coding CDS 96166204 96166448 . + 2 exon
"protein coding”; gene id "ENSMUSG00000038700"; gene name "Hoxb5"; p id "P37298"; protein id
transcript id "ENSMUST00000049272"; transcript name "Hoxb5-001"; tss id "TSS63862";

11 protein coding exon 96166204 96167434 . + . exon_
"protein coding"™; gene id "ENSMUSG00000038700"; gene name "Hoxbb5"; p id "P37298"; transcript
transcript name "Hoxb5-001"; tss id "TSS63862";

11 antisense exon 96166296 96166395 exon
"antisense"; gene id "ENSMUSG00000085645"; gene name "O6lOO4OBO9le"' transcrlpt id "ENSMUST00000140952";
transcript name "0610040B09Rik-002"; tss id "TSS16113";

11 protein coding stop codon 96166449 96166451 . + 0

gene biotype "protein coding"; gene id "ENSMUSG00000038700"; gene name "Hoxb5"; p id "P37298";
"ENSMUST00000049272"; transcript name "Hoxb5-001"; tss id "TSS63862";

11 antisense exon 96168051 96168224
"antisense"; gene id "ENSMUSG00000085645"; gene name "O6lOO4OBO9le"'
transcript name "0610040B09Rik-001"; tss id "TSS73537";

exon

11 protein coding exon 96177998 96180537 . + . exon_
"protein coding"; gene id "ENSMUSG00000038692"; gene name "Hoxb4"; p id "P29329"; transcript
transcript name "Hoxb4-001"; tss id "TsSS19948";

11 non coding exon 96178479 96178588 exon

"non coding™; gene id "ENSMUSG00000092205"; gene name "MirlOa"; transcrlpt id "ENSMUSTOOOOOI73319"'

"Mirl0a-001"; tss id "TSS15362";
11 miRNA exon 96178479

gene_ id "ENSMUSG00000065519"; gene name
tss id "TSS15362";

11 protein coding CDS 96180084
"protein coding"; gene id "ENSMUSG00000038692";
transcript id "ENSMUST00000049241"; transcript name

96178588 + exon number
"MirlOa"; transcrlpt id "ENSMUSTOOOOOOB3585"'

96180537 . + 0 exon
gene name "Hoxb4"; p id "P29329"; protein id
"Hoxb4-001"; tss id "TSS19948";

11 protein coding start codon 96180084 96180086 . + 0
gene biotype "protein coding"; gene id "ENSMUSG00000038692"; gene name "Hoxb4"; p id "P29329";
"ENSMUST00000049241"; transcript name "Hoxb4-001"; tss id "TsSS19948";

!
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transcript name

number "1"; gene biotype

transcrlpt id "ENSMUST00000150698";

number "1"; gene biotype

id "ENSMUST00000049241";

number "1"; gene biotype
transcript name

"1l"; gene biotype "miRNA";

"Mirl0a-201";

number "1"; gene biotype
"ENSMUSP00000048002";

exon number "1";
transcript id

Michal Okoniewski, Scientific IT ETH
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Annotation formats

= There are “dialects” of those formats
= |n particular they differ on the structure of field 9

= Conversion is not always possible
= GFF2<GTF <GFF3

= Parsing or filtering often needed

NV
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Annotation repositories

000 -
S

J €l Ensemb Genome Browser x \ &

ensembl.org/index.html

Login/Register

BLASTIELAT | BioMart | Tools | Downloads | Help & Documentation | Blg | Mimors

Search: [Allspecies  ¢]for @] What's New in Ensembl Release 81 (July
e.g. BRCAZ or rat 5:62797383-63627669 or coronary heart disease 2015)
©00 /% Hows - caver:cioval... % \ & <

ENCODE data in ncbi.nlm.nih.gov/ ga: "B O3 A
Browse a Genome Ensembl
& NCBI  Resources © HowTo & Sign in to NCBI
The Ensembl project produces genome databases for ENCODE!
vertebrates and other eukaryotic species, and makes this 71 Search NCBI databases Help
information freely available online. 1) _A;/
| HOXB4 Search
Popular genomes |
Gene expression in Results found in 27 databases for "HOXB4"
Human Mouse different tissues
GRCN38 p3 GROm38.p4
= \?i?* Literature Genes
X 5 00

Zebrafish i Books 2 books and reports EST /B Human (omo sapiens) G +

%» GRO210 1 MeSH 2 ontology used for PubMed indexing Gene o ucsc.edu/cgi-bin/hgGateway? B v ¢ (Q serch PAAr=T A )

Retrieve gene sequence NLM Catalog 1 books, journals and more in the NLM Collections ‘GEO DataSets.
* Log in to customize this list PubMed 308 ‘scientific & medical abstracts/citations ‘GEO Profiles
Log in to customize this list
PubMed Central 113 fulltextjournal arices HomoloGens | Human (Homo sapiens) Genome Browser Gateway
All genomes
Health PopSet The UCSC Genome Browser was created by the Genome Bioinformatics Group of UC Santa Cruz.
e : e o Sofware Copyright (c) The Regents of the Universy of Calforia. Al rights reserved.
| ClinVar 7 human variations of clinical significance niGong group genome assembly position search term
Miew Il st of a | Ensemb species Use my own data in docaP ° genatypelphenotype interacton studies Proteins Vammal %) (Fuman +)((Dec. 2013 @RCh38/hg38) +] chr:133,252,000-133,280,861 | crter positon, gene symbol or search terms bt
Ensembl oTR 3 geneli testing registry =
Other species are available in Ensembl Pre!¢& and
MedGen o medical genetics erature and inks Conserved Dot ) ;
EnsembiGenomes® — Click here to reset the browser user interface setlings to their defaults. hg38 replaces hq19 as default human assembly
omm 13 oniine mendelian nheritance in man == e
e ack search ) ( add custom twacks )  tack hubs |  congure wracks and dis
h PubMed Health o clinical effectiveness, disease and drug reports Protein Clusté a —
1 Structure
Ensembl supports data from external projects through 1 Genomes I e R = DO R sy
UEEsivis i Chenmicals.
www.ensembl.org /info/website/tutorials/gene_snps.html Did you know...? Assembly o ‘genome assembiy information =
BioProject 1 logeal projects poviing data to NCBI Siosystems | UCSC Genome Browser assembly ID: hg38
- , ° Sequencing/Assembly provider ID: GRCh38 Genome Reference Consortium Human Reference 38 (GCA_000001405.15)
BioSample 2 descriptions of biological source materials PubChem BioA Assembly date: Dec. 2013
Clons 1,963 genormic and cDNA clones GenBank accession ID: GCA_000001305.2
dovar ) genome structural varation studies PubChem Com  NCBI Genome information: NCBI genome/51 (Homo sapiens|
Assembly information: NCBI assembly/883148 (GRCh38/GCA 000001405.15)
Epigenomics 3 epigenomic studies and display tools
i Pla Play PubChem Subd ject ion: NCBI Bioproject: 31257
Genome 2 genome sequencing projects by organism
Gss o ‘genome survey sequences
Nucleotide 466 DNA and RNA sequences T A
Probe 127 sequence-based probes and primers « By position or search term: Use the "position or search term" box to find areas of the genome associated with many
NP 1,762 shortgeneic variatons different attributes, such as a specific chromosomal coordinate range; mRNA, EST, or STS marker names; or keywords
SRA 2 high-roughput DNA and RNA sequence read archive from the GenBank description of an mRNA. More information, including sample queries. preeepeeres
wew.ncbinim i govigeoprofiles erm=HOKE4 nomic dlassifcaton and pomenciatur « By gene name: Type a gene name into the "search term’" box, choose your gene from the drop-down list, then press (Quagic cautens o CoSE)
"submit" to go directly to the assembly location associated with that gene. More information.
« By track type: Click the "track search" button to find Genome Browser tracks that match specific selection criteria. More information.
Download sequence and annotation data:
« Using rsync (recommended)
« Using FTP
« Using HTTP
« Data use conditions and restrictions
« Acknowledgments
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Genomic ranges formats: BED, WIG, bigWIG

I ; Q Genomes Genome Browser Tools Mirrors Downloads My Data Projects Help About Us

Frequently Asked Questions: Data File Formats

General formats

)
I

Y
il

ID | SIS

7

m Axt format

m BAM format

m BED format

m BED detail format

® bedGraph format

® barChart and bigBarChart format
m bigBed format

m bigGenePred table format

m bigPsl table format

m bigMaf table format

®m bigChain table format

m bigNarrowPeak table format
m bigWig format

® Chain format

FEAIAANE il i ndn

m CRAM format

m GenePred table format

m GFF format

m GTF format

m HAL format

Hic format

Interact and biginteract format
MAF format

Microarray format

Net format

Personal Genome SNP format
PSL format

VCF format

m WIG format

Michal Okoniewski, Scientific IT ETH



Genomic ranges formats: BED, WIG, bigWIG

browser position chr7:127471196-127495720

browser hide all

track name="ItemRGBDemo" description="Item RGB demonstration" visibility=2 itemRgb="On"

chr?7
chr?7
chr?7
chr7
chr?7
chr?7
chr?7
chr7
chr?7

127471196
127472363
127473530
127474697
127475864
127477031
127478198
127479365
127480532

ID | SIS

127472363
127473530
127474697
127475864
127477031
127478198
127479365
127480532
127481699

Posl
Pos2
Pos3
Pos4
Negl
Neg2
Neg3
Pos5
Neg4

0

OO OO OOoOOoOOo

+

+ o+ o+

St

127471196
127472363
127473530
127474697
127475864
127477031
127478198
127479365
127480532

127472363
127473530
127474697
127475864
127477031
127478198
127479365
127480532
127481699

255,0,0
255,0,0
255,0,0
255,0,0
0,0,255
0,0,255
0,0,255
255,0,0
0,0,255
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Trends to watch GA4GH

= GA4GH is for genomic and health data like W3C standards for the web

Work streams: cloud, regulatory, clinical, scaling, security...
Driver projects
Annual conference

Various level of ,hard evidence” S ,
> vt Global Alliance

o for Genomics & Health

= (Genomic data toolkit
= https://www.ga4gh.org/genomic-data-toolkit/
= a mix of old and new formats

Collaborate. Innovate. Accelerate.
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Genomic formats...




