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HOW STANDARDS PROUFERATE:

(6 A/C CHARGERS, CHARACTER ENCODINGS, INSTANT MESSAGING, £TC)

SITUATION:

THERE ARE
|4 COMPETING
STANDPRDS.

47! RiDICULOLS!

WE NEED To DEVELORP

ONE UNIVERSAL STANDARD

THAT COVERS EVERYONES
USE CASES. YERH!
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OCON:

SITUATION:

THERE. ARE
|5 COMPETING

STANDARDS.

. https://xkcd.com
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Overwhelming at first

Overview
FASTA — reference sequences
FASTQ - reads in raw form
SAM — aligned reads
BAM — compressed SAM file
CRAM — even more compressed SAM file
GTF/GFF/BED — annotations



Scil ifeLab FASTA
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Used for: nucleotide or peptide sequences
Simple structure

> header
sequence



GLifl ab FASTA

Used for: nucleotide or peptide sequences
Simple structure

> H.Sapiens chrl7:135135135-1313566

ACTCAGATCGGAAT AGCATACGCATACT CAGATCGGAAT AGCAT ACGCAT
GGATAGCTCACGACACATGACACT ACAGCCAGACTACACGACT ACACGAT
AAGGAT ATAGGACT ACGACT AGCATCGACT AACTAGCT ACATACG

>that random protein sequence 1 saw yesterday
ARGAEBAEUI RGHAERGI AEUAEI LHGAEI GAHEGLAEJKRGNAERBI AE
AEGHAEL GIHAEGOUI AENGAEBAERI OTYUGAEGHI LAEHRGAEIRGY U
AEHAEHAEI OGAEGAERT BETHUETHIRTHINRFS
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Just like FASTA, but with quality values

Used for: raw data from sequencing (unaligned reads)

@ header

sequence
+

quality
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Just like FASTA, but with quality values

Used for: raw data from sequencing (unaligned reads)

@SEQ_001

GATTTGGGGT TCAAAGCAGT ATCGATCAAATAGT AAATCCATTTGTTCAACTCACAGTTT
+

Lrok( (k) ) ster+) (%5651 1 1k ((((((#485) , 1akok k1 1) ) #KSSCCE ' * (D
@SEQ 002
GATTTGGGGTTCAAAGCAGTATTTGGGGTTCATTGGGGTTCATTGTTCAACTCACAGTTT
+

o ( () ) S>> CCCCCoH ( ( ( (#) | 1k 431 1) ) #4SSCCF>>>>>>C5
@SEQ_003

AAGCAGT ATCGAGATTTGGGGTTCAAAGCAGT ATAAGCAGTATCGATAAATCCATTTGTT

..|..
Povse( (v (%) (%%%%) . 1¥Fk_ 4% 1) ) **S5CCF>>>>>>%%%%) . 1BS
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Quality 0-40
40 = best
ASCII encoded

FAST

Dec Hex Char Dec Hex Char Dec Hex Char Dec Hex Char
0O 00  MNul 32 20 Space 64 40 @8 96 60
1 01 Startof heading 33NN | 65 41 A 97 61 a
2 02 Start of text F A ISR 66 42 B 98 62 b
3 03 Endoftext 35 23 # 67 437 C 99 63 ¢
4 04 Endof transmit 36 24 § 68 44 D 100 64 d
5 05 Enquiry 37 &b % 69: 45 E 101 65 e
6 06 Acknowledge 38 26 & 70° 86 F 102 BEooRN £
707  Audible bell 3.0 BTN ! 71 47 G 103 67 g
8§ 08 Backspace 40 28 | 72 48 H 104 68 h
9 09 Horizontal tab 41 29 ) 73 49 I 105 DN6SAN i
10 0& Line feed g2 & ¥ T4 AXT J 106 B6A 3
11 0B Vericaltab 43 ‘2B + 75 4B K 107 6B k
12 0OC Form feed 44: 2¢ ., 76 4C L 108 6C 1
13 0D Carriage return 45 2D - 7?77 4D M 109 6D mnm
14 O0E Shift out 46 2E . 78 4E N 110 6E ' n
15 O0OF Shiftin 47 2F [/ 79 4F O 111 EEETE O
16 10 Datalink escape 483 30 O 80 50 P 112 Bt p
17 11 Device control1 49 31 1 8.1 3NS5 aS. ) 143 G cf
18 12 Device control 2 S0T =32 52 825 5258 R 1150 BTN Y-
19 13 Device control 3 SINEF3E 3 S35 SE O 115 83 s
20 14 Device control 4 52 34 4 84 54 T 116 #4 't
21 15 Neg.acknowledge 535 #3578 :5 853 55U 117 RSN u
22 16 Synchronous idle 54 36 6 86 56 V 118 786 W
23 17 Endtrans. block S5 7 Lhe e 4 119 99 w
24 18 Cancel 56 38 8 88 58 X 120 EFENN X
25 19 Endof medium 57 39 9 89. 59 Y 121 PRSI 3
26 14 Substitution 58 3A 90 S&x Z 122 PESTA Z
27 1B Escape 59 ‘3B 91 5B [ 123 BEEN {
28 1C File separator 60 3C < 92 5C 123 BREFERN |
29 1D Group separator 61 3D = Q32 uhDha ] 125 B DaN )
30 1E Record separator 62 3E > 94 5 * 126 B ERENN ~
31 1F Unit separator 63. 3E 2 95. 5F 1277 SR O
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Quality 0-40 (llumina 1.8+ = 41)
40 = best

ASCII encoded

I I I I I I
33 59 64 73 104 126
Bt i i e 26...31....... 40
-5 0........ -2 . 40
O........ - I, 60 O 40
B. 2. . ccicicctinnntananans 26...31......... 41
S - Sanger Phred+33, raw reads typically (0, 40)
X - Solexa Solexa+64, raw reads typically (-5, 40)

I - Illumina 1.3+ Phred+64, raw reads typically (0, 40)

1

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

-
'
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Quality 0-40 (llumina 1.8+ = 41)
40 = best

ASCII encoded

@SEQ_001
GATTTGGGGTTCAAAGCAGT ATCGAT CAAAT AGT AAATCCATTTGTTCAACT CACAGTTT
+

Povsk((( (k) )9%%++ ) (%% 1 R ( (((((#495) L 1k ok 1) ) HRSSCCH! ¥ (D
@SEQ_002

GATTTGGGGTTCAAAGCAGT ATTTGGGGTTCATTGGGGTTCATTGTTCAACT CACAGTTT
+

Povske( (( (et ) ) %%>>CCCCCoqH+ ((( (%) | 13k 1 1 ) ) *S5CCFR>>>>>>C5
@SEQ_003

AAGCAGT ATCGAGATTTGGGGT TCAAAGCAGT AT AAGCAGT ATCGATAAATCCATTTGTT

-
P (((r v ((( (%) (%%%%) . Ldkk- %! 1) ) *ASSCCR>>>>>>%%%%) . 1BS



Probability (Percent)

Cl
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Phred Score

Functions

—e— Accuracy

—e— Emor

FASTQ

Phred
Quality Score

10
20
30
40
50

60

Error
1/10 = 10%
1/100 = 1%

1/1000 = 0.1%

1/10000 = 0.01%

1/100000 = 0.001%

1/1000000 = 0.0001%

Accuracy
90%
99%
99.9%
99.99%
99.999%

99.9999%
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Used for: aligned reads
Lots of columns..

SAM



___________________________________________________________________________________________________________________________________________________________________

Field Regular expression Range Description

ONAME [~ \t\n\r]+ Query pair NAME if paired; or Query NAME if unpaired 2

FLAG |[[0-9]+ [0,216-1] |bitwise FLAG (Section 2.2.2)

RNAME [[* \t\n\r@=]+ Reference sequence NAME 3

POS [0-9]+ [0,222-1] |1-based leftmost POSition/coordinate of the clipped sequence

MAPQ |[[0-9]+ [0,28-1] |IMAPping Quality (phred-scaled posterior probability that the mapping
position of this read is incorrect) 4

CIGAR|([0-9]+[MIDNSHP])+|\* extended CIGAR string

MRNM |[[" \t\n\r@]+ Mate Reference sequence NaMe; “=” if the same as <RNAME> 3

MPOS |[[0-9]+ [0,229-1] |1-based leftmost Mate POSition of the clipped sequence

ISIZE |-2[0-9]+ [-229,229] linferred Insert SIZE 5

SEQ [acgtnACGTN.=]+|\* query SEQuence; “=" for a match to the reference; n/N/. for ambiguity;
cases are not maintained 6.7

QUAL |[!=~]+|\* [0,93] |query QUALIty; AscI1-33 gives the Phred base quality 67

TAG [A-Z][A-20-9] TAG

VTYPE [[AifZH] Value TYPE

VALUE |[ “\t\n\r ]+ match <VTYPE> (space allowed)
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Used for: aligned reads
Lots of columns..

\ Start\position
bp chr Sequence Quality

Read name
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Binary SAM (compressed)
25% of the size

SAMtools to convert

.bai = BAM index

BAM



Contents

1
1.1
12
1.3
14
1.5
1.6
1.7
1.8
19
1.10

oo
—

T I ORI 5. <. visiis s b SemSr SrrSr i Tidind bt 1
Connecting to UPPMAX . . .. _ . oo ... .. 1
Getting anode of yourown . ... . ... ... ..ol 2
Moving and Looking Around . . . ... .. ... . 3
Copying files needed for laboratory . . . .. .. .. ... .. G
Unpack-Riles oy sosme soams cams cuieTe SibEe SEKE SO0SE Lds 7
Copying and Moving Files . . .. ..o oo oo voa o 8
Deleting:Pileges oz inievinil ois SUSSRimse i v o 11
Opeincdiles: oA oRaARR SN SENSACIAGIAN SR S 13
MWHABHEOR v o v 8o vidig boAng bobns S SrehSr oGy vidi bodng 15
OO CONIIIMINIS 5. <. 0ol b.0ns b 8nmSr 5 Sr st #rbeg bt 16
Advanced Linux . . . . .. o0 o000 Lo Lo 20
Ownership & Permissions . . .. . ... .. ..o 0w 20
AL OWHEER o vrem s suvrn sapeie SR AT SN e 20
T2 PERASIONS o s curn s wee RSt BESE S 20
2.1.3 Interpreting the permissions of files and directories . . 21
2.1.4 Editing Ownership & Permissions . . . . .. .. ... 23
2055 ~Assipnment e i s SUSTRERTE TG TR S0 24
Symbolic tinks < Files: oo ool Sl i s s s 24
220l CASSIETEHE O ST SRR A R S 25
Symbolic links - Directories . . . .. .. .. .. .. ...... 26
231 Assignment . ... oL oL e e e 27
Grep <Searching or t8kb ..o o aue oooniece szmce s siara e 27
DAY  ASSERMENE . o ann o ey snmsei s daNn A 28
PRI v s e s SIS S R AT S Sl 29
WORd oI - sis s sivmy 55055 coms Cmare’ Sakive SE3EE S0EE A 30
261 Assimnamentoiss i SR SIEDEOIERS PG S Sus 31
Bxdbracomaberial:l; e o sUSTRnEE TG TR s 31
Extraomaberial 2! socosis s sSmtRnate e v s 32
Bictra:mateniagl 35 Lol o Sl SRR S Sl 32
RPN AR o <. vaii Sions rvns s SisiSrvisid sndeg bodns H
Copying files needed for laboratory . . . . . .. .. .. .. .. 3
Running aprogram . . . . .. .. 0.0 oL oo 35
MOOUIERS . oacineysozmeyaney woany cxezpmeyssnmcyains uasy Laae 38
SUBHIEHEANOD wem ey s seie snee wms SEgE e 38
Viewing-the qUeme .. ssacs cam csmee Sakime sodss soass oam 39
Interachive - s sesa i S SaRa EERE UERG Oa SR 40

Extra, if you finish too fast . . . .. .. .. .00 0000 41
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o Random order
» Have to sort before indexing



Scil ifLab BAM

o Random order
» Have to sort before indexing

Chr1 Chr2 Chr3 Chr4 Chr5
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Unsorted BAM
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Unsorted BAM

AAAA

samtools sort

—

Sorted BAM

BAM
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Unsorted BAM Sorted BAM Sorted BAM BAM index

Chrl 1536
Chr2 2846
Chr3 5687
Chr4 6468
Chr5 8346

samtools sort

—

samtools index

—

T
1
T
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Very complex format
Used together with a reference genome

AGGCTGAGTCACGACGTGTTGAGA
Reads TAGATCGAGGCTGAGTCACGACG

ATTCGGACGTAGATCGAGGCTGAG ACGTGTTGAGAGAGCCGTA
Ref: ATTCGGACGTAGATCGACGCTGAGTCACGACGTGTTGTGAGAGCCGTAGAC
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Quality scores?

3 modes:
Lossless
Binned
No quality

CRAM



1234567891011 121314 ... 3233 34 3536 37 38 39 40 41

1-5 6-10 11-15 16-20 21-25 26-30 31-35 35-40 41-45

=> Reducing the number of quality values increases shared blocks and improves compression.
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Quality scores?

3 modes:
Lossless
Binned
No quality

(= B N w o o o~ (s}

Not widespread, yet

SAM

CRAM

CRAM 8 bins

CRAM lossless

CRAM no quality scores

W File size (GB)
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Used for: annotations
Column structure
one line = one feature (match, exon, etc)
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BED format:

3-12 columns
3 mandatory fields

chr start stop

chrl 213941196 213942363
chrl 213942363 213943530

GTF/GFF/BED

+ 9 optional fields

extra info



Scil ifeLab GTF/GFF/BED

UuPPSALA

BED format:

© optional fields

4. name - Label to be displayed under the feature, if turned on in "Configure this page".
5. score - A score between 0 and 1000.

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

7. thickStart - coordinate at which to start drawing the feature as a solid rectangle

8. thickEnd - coordinate at which to stop drawing the feature as a solid rectangle

9. itemRgb - an RGB colour value (e.g. 0,0,255). Only used if there is a track line with the value of itemRgb set to
"on" (case-insensitive).

10. blockCount - the number of sub-elements (e.g. exons) within the feature
11. blockSizes - the size of these sub-elements

12. blockStarts - the start coordinate of each sub-element

chr7 127471196 127472363 Posl 0 + 127471196 127472363 255,0,0
chr7 127472363 127473530 Pos2 0 + 127472363 127473530 255,0,0
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GFF/GTF format:
9 columns

2. source 4. start 6. score 8. phase

| ooy

Ctg123 cufflinks Gene 1000 9000 . + . ID=gene1; Name=EDEN

! ! (.

1. sequence id 3. feature type 5. end 7. strand 9. attribute(s)
tag=value
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Laboratory time! (et again)

https://uppsala.instructure.com/courses/76870/pages/linux-3-file-types-in-bioinformatics-lab
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