BF528 - Biological Data
Formats



Introduction

Many different types of data
Standard formats exist for many of them
Always use/extend standard formats

Don't save data in non standard formats when
standards are available - No .xslIx!

For complete list of formats see:
https://genome.ucsc.edu/FAQ/FAQformat.html



https://genome.ucsc.edu/FAQ/FAQformat.html

Nucleotide/amino acids sequences

Any sequence of nucleotides/amino acids is saved in
FASTA format.

>sequence_header [comments]
sequence_linel
sequence_line2
sequence_line3

Lower case letters means they have been masked.



FASTA format

>AT1G27360.1
AAGGTATCTATTTGCCTAGCCAGAGTTATATATAGGATTGATTGTCTAGTCTTTTCTTAT
ATGATTTTTGTTCTCATTTACTAATCAAAGTTCTGCAAACTTGTAGTTGTTGTAGGATTT
GTTGCTCTGGCTCTGGTGGETAGGTCTATGAAATCAACCCATATCGTGAATGGACTGCAAC
ATGGTATCTTCGTCCCAGTGGGA

>AT1G27360.4 sguamosa promoter-binding protein-like 11
CTGGGTGAARACATAGARAAGTTTCTCTTGCTCAAGTTAATGATARAAGGGTGAGAGCAAT
ARACGCTGATAAGCCTTGTCTGGTCCTTGGAATTTTGAATTTTCTTTTTCTATCTTACTT
ATAGTATTGGTAGTTGAGGGTGTCGTCGATAAGTTGTTGTAGGATTTGTTGCTCTGGCTC
TGGETGGET

>AT1G32140.1
ATGACGATGATGTCCGACCTTTCACTTGATTTAGTCGAAGAGATATTGTGTAGGGTTCCG
ATAACTTCTCTTAAAGCAGTGAGATCTAGTTGCAAACTATGGAACGTTCTTTCCAAGAAC
CG

>ath-miR398b

UGUGUUCUCAGGUCACCCCUG

>ath-miR398c¢

UGUGUUCUCAGGUCACCCCUG



Sequencing reads: FASTQ

Each read/read pair should have an unique name.

A read has the sequence and the quality of each
nucleotide sequences.

@read_name [comments]
sequences_nucleotides
+read_name [comments]
quality_of_each_nucleotide_in_ASCII



FASTQ format: single end

fastq_ SRR1997469.fastq

@SRR1997469.1 1 length=36
CAGTCTTCTTAGAAATATCCACTTCGGAATAAAAGA
+SRR1997469.1 1 length=36
BBBBBFFFFF<FFFFFFFFFFFFFBFFFFFFFFFFF
@SRR1997469.2 2 length=36
ACAGTTGAACGATCCTTTACAGANAGNAGNCTNGTA
+SRR1997469.2 2 length=36
<BBBBFFFBBF <BFF / <FFFFFF########H###H##




FASTQ format: paired end/mates

fastq. SRR1997469 1 .fastq

fastq SRR1997469 2.fastq

@SRR1997469.1 1 length=36
CAGTCTTCTTAGAAATATCCACTTCGGAATAAAAGA
+SRR1997469.1 1 length=36
BBBBBFFFFF<FFFFFFFFFFFFFBFFFFFFFFFFF
@SRR1997469.2 2 length=36
ACAGTTGAACGATCCTTTACAGANAGNAGNCTNGTA
+SRR1997469.2 2 length=36
<BBBBFFFBBF <BFF / <FFFFFF#######4#####

@SRR1997469.1 1 length=36
AGATAAGATGGTAATCTTTGATGGAGAACATTAAGA
+SRR1997469.1 1 length=36
BBBBBFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF
@SRR1997469.2 2 length=36
ACTGGGAANCCTTCTGTCTAGCCTTATATGAAAAAA
+SRR1997469.2 2 length=36
BBB/BFFB#BB/FFFF/FFFFFFBBFFFFFFFFFBF




Read alignments

Alignments are kept in SAM format
SAM is sorted and compressed into BAM or CRAM

One line per alignment

Use samtools to view, sort, merge, concatenate, index,
get statistics, ... on alignment files.



SAM/BAM/CRAM - header

The header lines start with @

e @HD — header definition

e @SQ — asequence in the reference file you used,
followed by how long it was and it's comment (from
the reference file)

e (@RG — read groups you assigned while mapping
the reads

e (@PG — programs used to obtain this bam, in order



SAM/BAM/CRAM - body

Each line keeps an alignment.

Each alignment has 11 mandatory fields:

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 \*|[!=-Q+-<>=-"][!1-"]* Reference sequence NAME
4 POS Int [0,2%-1] 1-based leftmost mapping POSition
5 MAPQ Int [0,2%-1] MAPping Quality
6 CIGAR String \*| ([0-9]+[MIDNSHPX=])+ CIGAR string
7 RNEXT  String \*|=|[!-Q+-<>-"]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%1-1] observed Template LENgth

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

11 QUAL String [!-"1+ ASCII of Phred-scaled base QUALity+33
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SAM/BAM/CRAM - flag

The flag is the summation of the following binary
attributes:

Binary (Decimal) Hex Description Exam p|e ﬂags:

00000000001 (1) 0x1 Is the read paired?

00000000010 (2) 0x2 Are both reads in a pair ed “properly” (i.e., in the correct Slngle end read mapped to +
orientation with respect to one strand: 0 (no ﬂags app|y)

00000000100 (4) 0x4 Is the read itself unmapped?
00000001000 (8) 0x8 Is the mate read unmapped?
00000010000 (16) 0x10  Has the read been mapped to the rever
00000100000 (32) 0x20  Has the mate read been mapped to the reverse str

Single end read mapped to -
strand: 16

00001000000 (64)  0x40 Is the read the first read in a pair? Unmapped, paired end first
00010000000 (128)  0x80  Is the read the second read in a pair;\ mate read with unmapped
00100000000 (256)  0x100 Is the alignment not primary? (A read with split matches may have mate: 69=1+4+8+64

multiple primary alignment records.)
01000000000 (512)  0x200 Does the read fail platform/vendor quality checks?
10000000000 (1024) 0x400 Is the read a PCR or optical duplicate?
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SAM/BAM/CRAM format

@HD VN:1.0 SO:coordinate
@sqQ SN:chr20 LN:64444167
@PG ID:TopHat VN:2.0.14 CL:/srv/dna_tools/tophat/tophat -N 3 --read-edit-dist 5 --read-rea
lign-edit-dist 2 -i 50 -I 5000 --max-coverage-intron 5000 -M -o out /data/user446/mapping tophat/index/chr
20 /data/userd446/mapping tophat/L6 18 GTGAAA LOO7 R1 001.fastq
HWI-ST1145:74:C101DACXX:7:1102:4284:73714 16 chr20 190930 3 100M * 0 0
CCGTGTTTAAAGGTGGATGCGGTCACCTTCCCAGCTAGGCTTAGGGATTCTTAGTTGGCCTAGGAAATCCAGCTAGTCCTGTCTCTCAGTCCCCCCTCT
C BBDCCDDCCDDDDCDDDDDDCDCCCDBC?DDDDDDDDDDDDDDDCCDCDDDDDDDDDDCCCCEDDDC?DDDDDDDDDDDDDDDDDDDDDBDHFFFFDC@E@
AS:i:-15 XM:i:3 X0:i:0 XG:i:0 MD:Z:55C20C13A9 NM:i:3 NH:i:2 CC:Z:= CP:1:55352714 HI:i:0
HWI-ST1145:74:C101DACXX:7:1114:2759:41961 16 chr20 193953 50 100M * 0 0
TGCTGGATCATCTGGTTAGTGGCTTCTGACTCAGAGGACCTTCGTCCCCTGGGGCAGTGGACCTTCCAGTGATTCCCCTGACATAAGGGGCATGGACGA
G DCDDDDEDDDDDDDCDDDDDDDCCCDDDCDDDDDEEC>DFFFEJJIJJIIGIIIIIHGBHHGIIIIIIIIGIII1IIIIIIHIIIIIIHHHHHFFFFFCCC
AS:i:-16 XM:i:3 X0:1:0 XG:1i:0 MD:Z:60G16T18T3 NM:i:3 NH:i:1
HWI-ST1145:74:C101DACXX:7:1204:14760:4030 16 chr20 270877 50 100M * 0 0
GGCTTTATTGGTAAAAAAGGAATAGCAGATTTAATCAGAAATTCCCACCTGGCCCAGCAGCACCAACCAGAAAGAAGGGAAGAAGACAGGAAAAAACCA
C DDDDDDDDDCCDDDDDDDDDDEEEEEEEFFFEFFEGHHHHFGDIIIHIJIJIJIIIIIIGGFIIIHIIIII]]IIIIGHHFAHGFHIHFGGHFFFDD@BB

AS:i:-11 XM:1:2 X0:1:0 XG:1:0 MD:Z:0A85G13 NM:i:2 NH:i:1
HWI-ST1145:74:C101DACXX:7:1210:11167:8699 0 chr20 271218 50 50M4700N50M . 0
0 GTGGCTCTTCCACAGGAATGTTGAGGATGACATCCATGTCTGGGGTGCACTTGGGTCTCCGAAGCAGAACATCCTCAAATATGACCTCTCG

accepted hits.sam
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SAM/BAM/CRAM format

Use samtools view to see the content of a
SAM/BAM/CRAM file.

Always sort and index them

Use samtools view -f (include) and -F (exclude) to filter
by flags

Use samtools view -q to filter by quality.
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Convert BAM to FASTQ

e Some public datasets are provided in BAM format
e Need to extract the reads to process the raw data
e BAM (usually) contains all information from FASTQ

samtools:

samtools bam2fq [-nO] [-s <outSE.fg>] <in.bam>
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Standard format for keeping tables

field1 field2 field3

Fields (columns) separated by a character on each line:

- Comma (or Character) Separated Vector (CSV)
- Tab Separated Vector (TSV)

- Some interpreters take any space (space or tab) as a separator (such as

awk, cut).

- Some have column name as first row (header), some don't



Genomic variants

Save them in VCF format

VCF: Variant Call Format

Current version: 4.0
http://www.internationalgenome.org/wiki/A

nalysis/vcf4.0/
Tab separated
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http://www.internationalgenome.org/wiki/Analysis/vcf4.0/
http://www.internationalgenome.org/wiki/Analysis/vcf4.0/

e Mandatory header lines: information about the fields

VCF format - header

(columns) starting with ##INFO
e Extra: filtering, metadata, tools,

HEADER

BODY

[ ##fileformat=VCFvd .1
##fileDate=20090805
#Htcgaversion=1.1
##vctProcessLlog=<InputVCF=<filel vcf>, InputVCFSource=<callerl>, InputVCFVer=<1.0>, InputVCFParam=<al.b>, InputVCFgeneAnno=<annol .gaf>>
##reference=ftp://ftp.ncbi . nih.gov/genbank/genomes/Eukaryotes/vertebrates_mammals/Homo_sapiens/GRCh37/special_requests/GRCh37-lite. fa
##contig=<ID=20, length=62435964, assenbly=B36 ,nd5=£126cdf 8abelc?{379d618ff66beb2da, species="Homo sapiens", taxonomy=x>
##phasing=partial

##¥INFO=<ID=NS, Number=1, Type=Integer, Description="Humber of Samples With Data">
##INFO=<ID=DP, Number=1, Type=Integer.Description="Total Depth">

##INFO=<ID=AF, Number=A4, Type=Float,h Description="Allele Frequency"> A 2
¥HINFO=<ID=A4A Number=1, Type=String, Description="Ancestral Allele"> INFO meta-information
##INFO=<ID=DE, Number=0, Type=Flag, Description="dbSNFP membership, build 129"
##INFO=<ID=H2, Number=0, Type=Flag.Description="Hapdap2 membership">

##¥FILTER=<ID=gl0,Description="Quality below 10"> _ 5
##FILTER=<ID==s50,Description="Less than 50% of samples have data"> FILTER meta-information

#HFORMAT=<ID=GT, Number=1, Type=String, Descrlptlon—"Genotype >

¥XFORMAT=<ID=GQ, Number=1, Type=Integer, Description="Genotype Quallty") a2 >
FAFORMAT=<ID=DP, Number=1, Type=Integer, Description="Read Depth"> FORMAT meta-information
FHFORMAT=<ID=HQ, Number=2, Type=Integer, Description="Haplotype Quality">

##SAMPLE=<ID=NORMAL, Individual=TCGA-01-1000,File=TCGA-01-1000-1 bam,Platform=Illumina, Source=dbGAP, Accession=1234>
H#HSAMPLE=<ID=TUMOR, Individual=TCGA-01-1000,6File=TCGA-01-1000-2 bam,Platform=Illumina, Source=dbGAP, Accession=4567>
##PEDIGREE=<Nane_0=TUMOR, Nane_1=NORMAL>

Optional: FORMAT field specifying data type

Fixed fields + Per-sample genotype data
l¢cHROM POS ID REF ALT QUAL FILTER INFO | | FORMAT NORMAL TUMOR |
— 20 14370 rs6054257 G A 29 PASS NS=3:DP=14;AF=0.5:DB:H2 GT:GQ:DP:HQ 0|0:48:1:51,51 1|0:48:8:51,51
20 17330 1 T. A 3 qll NS=3:DP=11;AF=0.017 GT:GQ:DP:HQ 0|0:49:3:58,50 0|1:3:5:65.3
20 1110696 rs6040355 A G.T 67 PASS NS=2:DP=10:AF=0.333,0.667 DB GT:GQ:DP:HQ 1|2:21:6:23,27 2(1:2:0:18,2
20 1230237 . T 47 PASS NS=3:DP=13;AA=T GT:GQ:DP:HQ 0]0:54:7:56,60 0]0:48:4:51,51
20 1234567 microsatl GTC G.GTCTC 50 PASS NS=3:DP=9;AA=G GT:GQ:DP 0/1:35:4 0/2:17:2

17



VCF format - body

e REF and ALT fields contain nucleotides in case of SNP
and indels
e In case of large structural variants: <peL> <INs> <DUP> <INv>

VCF header

Body

( ##fileformat=VCFv4.0 == Mandatory header lines

##fileDate=20100707
##source=VCFtools
##reference=NCBI36
##INFO=<ID=AA,Number=1, Type=String,Description="Ancestral Alle
##INFO=<ID=H2 ,Number=0, Type=Flag,Description="HapMap2 member
##FORMAT=<ID=GT,Number=1, Type=String,Description="Genotype)
##FORMAT=<ID=GQ, Number=1, Type=Integer,Description="Genotyfe Quality (phred score)">
##FORMAT=<ID=GL, Number=3,Type=Float,Description="LikeljHoods for RR,RA,AA genotypes (R=ref,A=alt)">
##FORMAT=<ID=DP,Number=1,Type=Integer,Description="Re#d Depth">

##ALT=<ID=DEL ,Description="Deletion">
##INFO=<ID=SVTYPE,Number=1, Type=String,Descripti

Optional header lines (meta-data

about the annotations in the VCF body)

="Type of structural variant">

##INFO=<ID=END,Number=1,Type=Integer,Description="End position of the variant"> =

\ #CHROM POS ID REF ALT  QUAL FILTER INFO FORMAT SAMPLE1 SAMP Refarence allales (GI=0)
1 T ACG_ A,AT PASS : GT:DP 1/2:13  0/0%29
i 2 rsl RS L PASS H2; AA=T GT:GQ 0[1:100 2/2J0
1, 5 . A G N ASS 5 GT:GQ |0:77 1/1:9
1 100 i <DEL> '\, P SVTYPE=DEL;END=300  GT:GQ:DP /1:12:3 0/0:20 Alternate alleles (GT>0 is

an index to the ALT column)

Qeletion SNP T Insertion oshenovant Phased data (G and C above

Large SV are on the same chromosome)
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VCF format - example

##fileformat=VCFv4.1

##fileDate=20140930

##source=23andme2vcf.pl https://github.com/arrogantrobot/2:
##reference=file://23andme_v3_hgl9_ref.txt.gz
##FORMAT=<ID=GT,Number=1, Type=String,Description="Genotype"
#CHROM POS ID REF ALT QUAL FILTER INFO FORMAT  GEN

chrl 82154 rs4477212 a : : A : GT 0/0
chrl 752566 rs3094315 g A ; . . GT 1/1
chrl 752721 1rs3131972 A G GT 1/1
chril 798959 rs11240777 ¢ . . . . GT 0/0
chrl 800007 1rs6681049 T C . " . GT 1/1
chrl 838555 rs4970383 C GT 0/0
chril 846808 rs4475691 C GT 0/0
chrl 854250 rs7537756 A . GT 0/0
chril 861808 1rs13302982 A G GT 1/1
chril 873558 rs1110052 G T GT 1/1
chrl 882033 rs2272756 G A GT 0/1
chrl 888659 1rs3748597 T C GT 1/1
chrl 891945 1rs13303106 A G GT 0/1



Genomic regions

A region is defined by three required fields
o sequence name (e.g. chromosome)
o start coordinate
o end coordinate

Define regions of interest: introns, exons, genes, etc.

Additional information saved as fields after the first three.

Three standard tab-separated formats: BED, GFF, GTF

No headers
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BED format

Mandatory fields:

1. chrom - Name of the chromosome/scaffold/reference sequence
2. chromStart - 0-based starting position of the feature on chrom
3. chromEnd - Ending position of the feature in the chromosome or scaffold.

- The chromEnd base is not included in the display of the feature.
= For example, the first 100 bases of a chromosome are defined as:
€ chromStart=0
€ chromEnd=100
€ spanthe bases numbered 0-99
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BED format

Optional fields:
4. Name
5. Score

6. Strand

7-12. Display options (thick starts and end, color, blocks...)
to control the view on the genome browser
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ehirl
chril
chril
chril
chril
chrl
chril
chril
chril
chril
chril
chrl
chril
chrl
chrl
chril
chril
chril
chrl

11873
11873
11873
14361
14361
14361
14361
14361
14361
14361
14361
14406
14406
15602
15795
16606
16606
16857
16857

BED format

14409
14409
14409
16765
19759
19759
19759
29370
29370
29370
29370
29370
29370
29370
18061
29370
29370
17751
19759

uc@0laaa.
ucflonxr.
uc@10nxq.
ucoo9vis.
ucoo9vit.
uco@9viu.
uc@laae.
uc@0laah.
ucoo9vir.
uc@09viq.
uc@0laac.
uc@O9viv.
ucoo9viw.
ucoO9vix.
ucoo9vijd.
ucoo9viy.
ucoo9viz.
uc@o9vjc.
ucP@laai.

RPRPNNNNNNPAPOWVWOWRARPOWVDLOWERRL,W

[SIIOT RO BRI IRO BN ORI RO BB B OIS B B ORI )

|+ + +

11873
11873
12189
14361
14361
14361
14361
14361
14361
14361
14361
14406
14406
15602
15795
16606
16606
16857
16857

11873
11873
13639
14361
14361
14361
14361
14361
14361
14361
14361
14406
14406
15602
15795
16606
16606
16857
16857
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BED file records are intervals

B Human chr22 - ucsc Ger x -
C | [) genome.ucsc.edu/cgi-bin/hgTracks?db=hg19&position=chr22%3A20100000-2010090... ¥ 72| @ ® =

) Genomes Genome Browser Tools Mirrors Downloads My Data View Help About Us

UCSC Genome Browser on Human Feb. 2009 (GRCh37/hg19) Assembly

move <<z <« s> | »»» | ZOOM N 1.5x | 8x 10x | base ' ZzOOmM out 1.5x | 3x 10x | 100x
chr2220,100,000—20,100,900 901 bp \ enter position, gene symbol or search terms ’ go
|cnr~ae a11.21) B [atif21 B  IETET 22¢12.3 [EFEIN o113, 2 IETERGY |
Scale 288 hases| | heig
J chraz: | 28,100,108 26,100,200 20,100,308] 20,100,4008] 20,100,500 20,100,600 20,100,708 =20,100,508|
J Color by strand demonstration
Chromosome coordinates list
izt
IS
|
/ T
Sta rt Item RGE demonstration
TOve Start Click ona fgatun_‘e for details. Click or drag in the .base position track to hove and
<ol zoom in. Click side bars for track options. Drag side bars or labels up or e P G

down to reorder tracks. Drag tracks left or right to new position.
track search default tracks | default order hide all manage custom tracks || track hubs configure reverse || resize || refresh

Use drop-down controls below and press refresh to alter tracks displayed.

S Tracks with lots of items will automatically be displayed in more compact modes.

expand all
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bedtools

http://bedtools.readthedocs.io/

- sort (sort bed files)

- Intersect (get intersections of bed files)
- merge

- coverage

- overlap

- substract
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http://bedtools.readthedocs.io/en/latest/content/bedtools-suite.html

Interseet w/

Interseet w/
2 or more databases

bedtools - intersect

A infersect B

| database

A intersect B
(-wa)

A infersect B
(-v)

A Al A2 , A3

Bl | 81 @ B2 BL.3 Bl4
B2 B2.1 2.2

A interseet B1,B2

A iv}tsvr:e_(:’fv :)I,BZ Al A2 ¢ A3
w/ BL1, Bl.2 B21 w/ B2.2 w/ Bl1.3 Bl4
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Input (1)

bedtools - merge
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General features

9 mandatory fields, tab separated

©®NOOhAEWD -

seqname - The name of the sequence. Must be a chromosome or scaffold.
source - The program that generated this feature.

feature - The name of this type of feature (e.g. gene, exon, etc).

start - The starting position of the feature in the sequence (1-based)

end - The ending position of the feature (inclusive).

score - A score between 0 and 1000.

strand - Valid entries include "+", "-", or "." (for don't know/don't care).
frame - If the feature is a coding exon, frame should be a number between
0-2 that represents the reading frame of the first base. If the feature is not a

coding exon, the value should be ".".
group - All lines with the same group are linked together into a single item.
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General Feature Format (GFF) format

GFF2:

1V curated mRNA 5506800 5508917 . + Transcript B0273.1; Note "Zn-Finger"
IV curated 5'UTR 5506800 5508999 . + Transcript B0273.1
Iv curated exon 5506900 5506996 . + Transcript B0273.1
IV curated exon 5506026 5506382 . + Transcript B0273.1
IV curated exon 5506558 5506660 . + Transcript B0273.1
1V curated exon 5506738 5506852 . + Transcript B0273.1
IV curated 3'UTR 5506852 5508917 . + Transcript B0273.1

GFF3:

##gff-version 3

ctgi23 . exon 1300 1500 + ID=exon00001
ctgl23 . exon 1050 1500 + ID=exon0000O2
ctgl23 . exon 3000 3902 =+ ID=exon00O3
ctgl23 . exon 5000 5500 + ID=exon@0004
ctgi23 . exon 7000 9000 + ID=exon00OO5



Gene information

GTF (Gene Transfer Format, GTF2.2)

e Extension to GFF2, backwards compatible
e First eight GTF fields are the same as GFF
e feature field is the same as GFF, has controlled vocabulary:
o gene, transcript, exon, CDS, 5UTR, 3UTR, inter, inter_CNS, and
intron_CNS, etc
e group field expanded into a list of attributes (i.e. key/value pairs)

The attribute list must begin with the one mandatory attribute:

gene_id value - A globally unique identifier for the genomic source of
the sequence
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##description:

##prov

ider:

GTF

GENCODE

##contact: gencode-help@sanger.ac.uk
##format: gtf

##date:

chri

2017-08-01

HAVANA gene 923928 944581 . +
"protein_coding"; gene_name "SAMD11"; level 2; havana gene "0TTHUMGO0000040719.10" ;

seqname: chr1
source: HAVANA
feature: gene

start:

923928

end: 944581

score: .

(no score)

strand: +
frame: . (not coding feature)

attrib

O

o0 O O O

utes:

gene_id: ENSG00000187634 .11
gene_type: protein_coding
gene_name: SAMD11

level: 2

havana_gene: 0OTTHUMGO0000040719.10

evidence-based annotation of the human genome (GRCh38), version 27 (Ensembl 90)

gene_id "ENSGO00O0O187634.11"; gene_type
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GFF/GTF encodes relationships

e Features are hierarchical, e.g.:

o Agene has 1 or more transcripts

o Atranscript has 1 or more exons

o Anexonis a coding sequence (CDS)
e Relationships encoded in attributes

##description: evidence-based annotation of the human genome (GRCh38), version 27 (Ensembl 90)

##provider: GENCODE

##contact: gencode-help@sanger.ac.uk

##format: gtf

##date: 2017-08-01

chri HAVANA gene 923928 944581 . + gene_id "ENSGO0000187634.11"; gene_type
"protein_coding"; gene_name "SAMD11"; level 2; havana_gene ”0TTHUMG00000040719 10";

chr1 HAVANA transcript 923928 939291 . + gene_id "ENSG0O0000187634.11";
transcript_id "ENST00000420190.6"; gene_type "protein_ cod1ng ; gene_name "SAMD11"; transcript_type
"protein_coding"”; tran1fript_name "SAMD11-203";

chr1 HAVANA exon 923928 924948 . + . gene_id "ENSG0O0000187634.11";
transcript_id "ENST0O0000420190.6"; gene_type "protein_coding"; gene_name "SAMD11"; transcript_type
"protein_coding"; transcript_name "SAMD11-203"; exon_number 1; exon_id "ENSE00001637883.2";

chr1 HAVANA CDS 924432 924948 . + 0 gene_id ”EN§?§0000187634.11”;
transcript_id "ENST0O0000420190.6"; gene_type "protein_coding"; gene_name "SAMD11]; transcript_type
"protein_coding"; transcript_name "SAMD11-203"; exon_number 1; exon_id "ENSE00001637883.2";
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Example

Align reads to the reference, sort
and index, call SNPs, extract the
SNPs on chromosome Y

overlapping with all the Alu
elements.



Example

Align reads to the reference, sort
and index,|___FAsTQformat __|ct the

SNPs on chromosome Y

overlapping with all the Alu
elements.




Example

Align reads to the reyerence, sort
and indej  Fastaformat  fact the

SNPs on chromosome Y

overlapping with all the Alu
elements.




Example

Align reads to the reference, sort
and index, call SNPs, extract the
SN PS on save in BAM format

overlapping with all the Alu
elements.




Exaple

Align reads to the reference, sort

and index, call SNPs, extract the
\\s

SNPs on VCF format

overlapping with all the Alu
elements.




Example

Align reads to the reference, sort
and index, call SNPs, extract the
SNPs on chromosome Y

overlapping with all the Alu
elements. —

Read from GTF/GFF/BED




Example

-w(jads to the reference, sort
and in : B tract the

SNPs on chromosome Y

overlapping with all the Alu
elements.



Example

Align reads to the reference, SOkt

~call SNPs, extract the
SNPs o Y

overlapping with all the Alu
elements.




Example

Align reads to the reference, sort

and index, ~extract the
SNPs on chromo

overlapping with all the Alu
elements.




Example

Align reads to the reference, sort

and index, call SNPs the
SNPs on chrona
overlapping with all the Alu
elements.



Example

Align reads to the reference, sort
and index, call SNPs, extract the
SNPs on chromosome Y

with all the Alu
elements.




Summary

format data tool(s)

FASTA sequence of nucleotides samtools faidx

FASTQ sequenced reads -

SAM/BAM/CRAM aligned reads samtools

VCF variant calls vcftools
bedtools

BED / BED-PE genomic regions bedtools

GFF general features -

GTF gene features -
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Summary

format data tool(s)
FASTA sequence of nucleotides samtools faidx
FASTQ sequenced reads -

rd
SAM/BAM/CRAM aligned reads samtools
VCF variant calls vcftools

bedtools
-

BED / BED-PE Contalns Sequences bedtools
GFF of ACTG :
GTF genc reat -
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Summary

format Contains positions:

FASTA chromosome, start idx

FASTQ and end

SAM/BAM/CRAM aligned reads samtools

VCF variant calls vcftools
bedtools

BED / BED-PE genomic regions bedtools

GFF general features

GTF gene features
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Summary - data formats

Always use standard data formats
view/edit the data with standard tools.

Cite the tools you used, along with the yversion, to make
your work reusable.

If you find a bug:

- Make sure it's a bug!

- If it's actually a bug, politely report it to the author
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