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fastg format

&= ubuntu@ip-10-110-9-174: ~fgenomics_tutorial/strain3/illumina_reads

File Edit View Search Terminal Help

@Edited EE41049 EE41534 E:0:0 0:0:08_1/1
AAAGTGGAGCAGCATTATTCCGGTGCTGCAATTGCTGTGTGTGGTGGGGCTGCTGCGTTCCGTGGOGTAACCCGATTGGTTCGCTGCETGAT
+

;3 : LHHHHHGGHGGGHHGHHGHGGHHHHHHGGGHGHGGGGHGGGGHGGGHGGGGHGHGGGGGGGHHHHHHGHHHGHGHHHGGHGHGHHHGG
@Edited E4346E1 _E435089 4:0:0 1:0:8_Ef1
ACATTTTCTGCGCCCCACAATGTGTCCAGATAGGTGGACATCCGTTGAGTCATCTCAAGCGTTGAGTTGTCGTGAGGGCCAAAGATTAAC
+

3 : LHHHHHGGHGGGHHGHHGHGGHHHHHHGGGHGHGGGGHGGGGHGGGHGGGGHGHGGGGGGGHHHHHHGHHHGHGHHHGGHGHGHHHGG
@Edited 4138041 413856E 1:0:0 E:0:8 3/1
TATCAGGACGCTTTAGCCCATGTCCCGCATTTTGATTTGTAGTTTTGCCCTGGTTTTACTTTATCCCGCAGGGATTGATATGTACCTCGT
+

3 : LHHHHHGGHGGGHHGHHGHGGHHHHHHGGGHGHGGGGHGGGGHGGGHGGGGHGHGGGGGGGHHHHHHGHHHGHGHHHGGHGHGHHHGG
@Edited 1603E9 160841 1:0:0_1:0:0_4/1
GGCGGTTACGTGCCTCAGGTAACTACAACTGGATGACCAATGTCCATAGCGATTACGATTTACAGAATCGCTATTTACAACGCGATCTTG
+

3 : LHHHHHGGHGGGHHGHHGHGGHHHHHHGGGHGHGGGGHGGGGHGGGHGGGGHGHGGGGGGGHHHHHHGHHHGHGHHHG GHGHGHHHGG
@Edited E351513 E35E083_1:0:0 4:0:0_5/1
AACCAGGATAACTTCAGGATAGTGCCATCGCCAAAATTCCAGCCAATATGTGTAGTGCCAATGAAGGCGCAAATCACCGGAATCGLCGCC
+

3 : LHHHHHGGHGGGHHGHHGHGGHHHHHHGGGHGHGGGGHGGGGHGGGHGGGGHGHGGGGGGGHHHHHHGHHHGHGHHHGGHGHGHHHGG
@Edited 6E0545 6E106E_0:0:0 0:0:0 _6/1
ACGAACACTGCCGGAACGCCCATCACGTTGCGATCGGTGATTTCGTTCTGGAAGGTGCCGCCGTCAATTGCAGTGTGCTTGATGCGCGGG
+

3 : LHHHHHGGHGGGHHGHHGHGGHHHHHHGGGHGHGGGGHGGGGHGGGHGGGGHGHGGGGGGGHHHHHHGHHHGHGHHHGGHGHGHHHGG
@Edited 4814930 4815379 0:0:0 E:0:8_7/1
TCCTCATTTTTAACAATTGTATCAACAACCACCAAACCAGTTATAACCCTGGTCTTCCCAGTACCCCCCCGGAAAATGATTAGTGACCTC
+

3 : LHHHHHGGHGGGHHGHHGHGGHHHHHHGGGHGHGGGGHGGGGHGGGHGGGGHGHGGGGGGGHHHHHHGHHHGHGHHHGGHGHGHHHGG
@Edited E497311 E497915 3:0:0 1:0:8_8/1

GTGCTAACCTTAGCGCCCGCACATTTGCGTTTTATTTTTTATGTGGT GAACGTGACAGCAAATTCCGCGCTCTGGCGGCGGAACTGGETG
+

3 : LHHHHHGGHGGGHHGHHGHGGHHHHHHG GGHGHGGGGHGGGGHGGGHGGGGHGHGGGGGGGHHHHHHGHHHGHGHHHGGHGHGHHHGG
@Edited_3E0O760_3EO1EEE_0:0:0_1:0:0_9/1
ATGCGGGGOTTGAACACGCTCGTTCGTTGGGCATTCCGGTTATTGTTACCGATCACCATTTGCCAGGCGATACATTACCCGCAGCGGAAG
strain3 readl.fastqg




fasta

* Most basic file format to represent nucleotide or amino-acid
seguences

* Each sequence is represented by:

— Assingle description line (shouldn’t exceed 80 characters):

e Starts with “>”
* Followed by the sequence ID, and a space, then
* More information (description)

— The sequence, over one or several lines (the number of characters per
line is generally 70 or 80, but it does not matter)

>Proteinl Description of protein 1
ETE ITAAMVKELRESTGAGMMDCKNALSETNGDFDKAVQLLREKGLGK
LVSVKVSDDFTIAAMRPSYLSYEDLDMTEFVENEYKALVAELEKENEER
>DNA1l Description of dna segment 1
AACTCTCGCGTAGCTCAGAGAAGAGCTTGATCGATCGTGCTGCTGCTA
CCGCTAGTAGCTGTAGATCGTGCTAGTCAGCATCGATGCTAGCTAGCT.




fastg

e same as fasta file but including quality scores

* contains 4 lines:
— “@” and the sequence ID

— the sequence
— “+” (and the sequence ID)

— the quality score

EHWI-STO0747:162:CO03AJACXX:3:1108:19763:106771 1:N:0:
TTTGTCTGCAGGGGGACACGTCARAGTCAAACGCAGGCAAGTTTGTGTTTATGTCCAGTGGATCTTTTGATTTT

+
<?EDDDDDHFHHFBBEGGIACFHGGHBGHGCDHBEAHACHI=QRCH.=7ACAHHADECDBCCGEE (6>BC>58CACCA




ASCIl encoding of phred scores

e one number : one leter

40:0 90:7 141:a
41 : A 91l : 1 142 :b
42 :B 92 :\ 143:c
43:C 93:] 144 :d
44:D 94 :" 145:e
45:F 95: l46:f



quality — Phred scores (Q)

* Most comonly used representation of qualities

* Related to the probability of errors (P) in a

particular base

Q — —1[] lﬂglﬂp

Quality Score

Probability of
incorrect base call

Base call accuracy

P =101

10 | in 10 90%
20 | in 100 99%
30 | in 1000 99.9%
40 | in 10000 99.99%




Different scoring systems

59 64 T3 104
........................ 26 31.......40
s SRR | [ i 40
I . 40
2 it i i e e s e 2. ..31........ 4]
- Sanger Phred+33, raw reads typically (0, 40)
— Solexa Solexa+e4, raw reads typically (-5, 40)
— Illumina 1.3+ Phred+é&4, raw reads typically (O, 40)
- Illumina 1.8+ Phred+33, raw reads typically (0, 41)

http://en.wikipedia.org/wiki/FASTQ_format



You need to know the quality
score encoding

STACKS:

- E: specify how quality scores are encoded, 'phred33' (lllumina 1.8+,
Sanger, default) or 'phred64' (lllumina 1.3 - 1.5)

BOWTIE:

--phred33-quals input quals are Phred+33 (default)

--phred64-quals input quals are Phred+64 (same as --solexal.3-quals)
--solexa-quals input quals are from GA Pipeline ver.< 1.3
--solexal.3-quals input quals are from GA Pipeline ver. >= 1.3
--integer-quals qualities are given as space-separated integers (not ASCII)



Quality control is important

* Some of the artefacts/problems that can be detected
with QC

— Sequencing
* Sequence quality

— Library preparation problems
* Contaminations
* Overrepresented sequences
e Adaptor sequence presence



Sequence quality control

1. Look at how the data looks like

Impossible to look at a >10 GB file to check if quality
scores are adequate!



Sequence quality

@BENM 2011 0526 022:2:1:299:100/1
ATGGTGAACGCACATTGCCGTAATGGTCTGCGACTGTTCGCCAAAAGGCAATTCAATTAATTCTCCGCACTTGAACTCTTTTAC
+
FEFFFEEEFEFEFFEEFFEEFFFEREFEFFEFFFFFEFEEFEFEEEFEFEEFFEFEFEFFEEFEEFFEFFEEFEEEFFFFEFERE]
@BENM 2011 0526 022:8:2:303:100/1
GGCATTACGTTTTGCTACCATCGTGCCGAGGCGCTTATTGCTGGCATCATGCTCATGATAATGAATTTGAATCAGGGGTGATA!
+
EDEDDEEEEEDEDDEEDEDEDDDEDEEEEEDDEEEEDDDDDDDDDDDDDEEEDDEEDDEEEDEEEEDDDEEDDEDEEEDDEDDI
@BENM 2011 0526 022:4:3:307:100/1
ATTCATAATGGCGCTGCAGCAATTGCTGGTTGAGGTTGTAACTGCGCACCAACATACCGATTTCATCGTCCTGATGCAGACGCC
+
GGHGHHGHHGGHHHHGHGGHGHHHGGHHGHGHGGGGHGHGHHHGGHGHGGHGHHHGGHHGGHGGHHGHGHHHGGHGHHGGGHHC(
@BENM 2011 0526 022:7:4:292:100/1
TTCGACCGCATCCCACGGCACCCCACTGATCCCGGAAACACCAGCGGTTTCAATGCGGGTCAGCCTATGGTGAAGGCCGTGAC!
+
ITHIHHITHHHHIHITHHHIHHIHHTIHIHIHITHHHITHITHITHHIHHITHITIIIT I THHHHITHHTIHHITTHIHHHHHTIHHT:
@BENM 2011 0526 022:4:5:317:100/1
TTTTCACGCTGGGGCGTGACGGCATTCATTAACCCGCTTTCTTTGGCGATCTTCTCGATCTTCGCTTTCTCGCTTTCCGGCACK
_|_
BBBBCCCBCBBBBCBBCCCCCCBBCBCCCCBBBCBBBBBBCCCBCCBCCCCCCCCBCCBBBCBCCCCBCCBBBBCBBCBCCCHEB(
@BENM 2011 0526 022:2:6:309:100/1
GATGGGAAAAGTAAAGTGACAGTTCGCGCATCCACCGCGACAACGGTTCCAAGTCCCAATTCGCTTTCTGTATCACTGATCCAC
_l_

ITHHIHITHHTHHHHHHI I I T T THHHITHTI I T T THHIHHTIHIITHI T I THI T THHITHHI T I TTHHHHHHITIITITHITHITHHTI



Quality values

Quality plots

Position
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Sequence quality control

1. Look at how the data looks like

Impossible to look at a >10 GB file to check if quality
scores are adequate!

2. Decide what to do:
Nothing (some programs take quality into account)
Clean:
Trim all reads to a certain length
Trim bad quality bases
Discard bad quality reads



Data cleaning

Trimmomatic:

http://www.usadellab.org/cms/?page=trimmomatic

Fastx-toolkit:

http://hannonlab.cshl.edu/fastx toolkit/index.html

FastgMcf:

http://code.google.com/p/ea-utils/wiki/FastgMcf



http://www.usadellab.org/cms/?page=trimmomatic
http://hannonlab.cshl.edu/fastx_toolkit/index.html
http://hannonlab.cshl.edu/fastx_toolkit/index.html
http://code.google.com/p/ea-utils/wiki/FastqMcf
http://code.google.com/p/ea-utils/wiki/FastqMcf
http://code.google.com/p/ea-utils/wiki/FastqMcf
http://code.google.com/p/ea-utils/wiki/FastqMcf
http://code.google.com/p/ea-utils/wiki/FastqMcf

Quality control is important

* Some of the artefacts/problems that can be detected
with QC

— Sequencing
* Sequence quality
— Library preparation problems

e Contaminations
* Overrepresented sequences

» Adaptor sequence presence




Nucleotide composition

GILLUMINA-GA 0000 +1:1:2771:1022#0/1
TGACATHNAAGCACTGTAGCTCATCTCGTATGCCETCTT
*IwFLIImb_:A 0000:1:1:2771:102240/1
faaWa]lB\ ] 3‘?:dfd_f_cd_f:d_bfaaaﬁﬁdfb
EILLUMINA-GA 0000:1:1:3203:1022#0/1
TGAGATHALGCACTGTAGCTCTATCTCGTATGCCETCT
+ILLUMINA-GA 0000:1:1:3203:1022#0/1
degga”BY_"\blb ggggffgeggodegygggegacy
EILLUMINA-GA 0000:1:1:4878:1023#0/1
TGAGGTHGTAGGTTGTATAGTATCTCGTATGCCETCTT
+ILLUMINA-GA 0000:1:1:4878:1023#0/1
cdaed | Eﬂ“KE]‘hhffffﬁfffﬁfffffﬁffffffff
GILLUMINA-GA 0000:1:1:3393:1022+%0/1
TTCACTHATGAGAGCATTETTCTGAGCATCTCGETATGE
+ILLUMINA-GA 0000:1:1:5393:1022#0/1
hhhhheBdeeffffehhhhhhhhhfgfhhhffffefff
EILLUMINA-GA 0000:1:1:5523:1022#0/1
TGAGGTHGTAGGTTGTATACGTTATCTCGTATGCCETCT
I::LIIJE_:n 0000:1:1:5523: 1322# f1

ﬂ:lﬂ:"-dmih.hmm—l'g
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[
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W 0O =d T

.""\._{: ount
4184726
2493254
12278501
A511884
11248562
J0E4.384
48F3ERS
118585464
aaToT1a
5375008
A04.3455
12620424
2845268
ATE2088
4504143
ABED216
12274317
A04TEE2
4852380

C_Count
A536289
4480289
BR4ETAT
4517200
058447
J183655
3544477
1042283
J4BETOL
2761608
11638364
EOT3041
10564820
2704055
4720705
3R54647
2566650
8016803
D040534

'C'-_E-G_I'ﬂ
2803640
13722137
A522T52
12764502
G544 T2
&0a9404
11822757
G20T1T2
2745084
12817981
SB35805
45324804
a711228
3207438
13525064
3303337
4261812
10623524
3884574

T_Count
14529850
4551065
2825158
44TEAES
38BETTO
13022653
BOTa405
E2E4332
10252623
43146580
3B52527
3034882
E548937
156146598
24208588
14352850
&2687332
EGTET23
TE42Ta4




Nucleotide composition graphs

Nucleotide frequency

Position



100

90

ga

70

a0

50

40

3o

20

10

Nucleotide composition graphs
Are they what you expect?

Sequence content across all bazes

T
HalC

25% A, T, G, C

Yol

1 2 3 4 5 o6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 20 27 28 29 30 31 32 33 34 35 3Jo 37 358 39 40
Position in read (bp)



100

S0

g0

70

a0

50

40

30

20

10

Nucleotide composition graphs
Are they what you expect?

gz allbases

seque

AT rich genome

ntent a

e~ ——— —

T
il
Yol
il

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 268 29 30 31 32 33 34 35 36 37 38

Positioninre

ad (bpj




Nucleotide composition graphs
Are they what you expect?

Sequence content across a Il bases

£ oFF R
[ e |




Data cleaning

Trimmomatic:

http://www.usadellab.org/cms/?page=trimmomatic

Fastx-toolkit:

http://hannonlab.cshl.edu/fastx toolkit/index.html

FastgMcf:

http://code.google.com/p/ea-utils/wiki/FastgMcf
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http://hannonlab.cshl.edu/fastx_toolkit/index.html
http://code.google.com/p/ea-utils/wiki/FastqMcf
http://code.google.com/p/ea-utils/wiki/FastqMcf
http://code.google.com/p/ea-utils/wiki/FastqMcf
http://code.google.com/p/ea-utils/wiki/FastqMcf
http://code.google.com/p/ea-utils/wiki/FastqMcf

DATASETS

DATASET 1: Genome sequencing of Bartonella

DATASET 2: Amplicon sequencing of 16S rRNA
DATASET 3: RAD-sequencing data of 12 samples

DATASET 4: Shotgun metagenomics sequencing

DATASET 5: microRNA sequencing



PROGRAMS

* fastqc:
— User interface
— Command line

° Trimmomatic:
— Command line

For command line, check synopsis!



Synopsis
How you call a program: program_name [SOMETHING]

fastqc [-o output dir] [--(no)extract] [-f fastq|bam|sam]
[-c contaminant file] seqfilel .. seqfileN

trimmomatic-0.32.jar PE [-threads <threads>] [-phred33|-
phred64] [-trimlog <trimLogFile>] [-basein <inputBase> |
<inputFilel> <inputFile2>] [-baseout <outputBase> |
(<outputFilelP> <outputFilelU> <outputFile2P> <outputFile2U>]
<trimmerl>...

or:

trimmomatic-0.32.jar SE [-threads <threads>] [-phred33]|-
phred64] [-trimlog <trimLogFile>] <inputFile> <outputFile>
<trimmerl>...



Exercise

http://evomics.org/learning/quality-
assessment-and-control-of-sequence-data/
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Exercise 1: DATASET 1

There are 10000 sequences of 38 nucleotides length.
The total GC content is 37%.

Quality score is ~37 (Q=37 = P =1/5011)

=g
P = 10710
The sequences are average good quality

Sequences are AT rich — this is expected in Bartonella

There is an adaptor contamination that is recognized
by the program



Exercise 1: DATASET 2

* Conserved sequence at the beginning of the reads:
— TACAGAGG

e Sequences from a conserved region of the 16S rRNA
 Some sequences are more frequent than others

— Frequencies of the different bacteria in the sample are
different



Exercise 1: DATASET 3

e fastgc —h
* RAD-tag

66

(o)
ﬁfa“' READ



Exercise 2: Dataset 4

trimmomatic-0.32.jar PE -phred33 -trimlog samplel.log sample_1 R1.fastq \

sample_1 R2.fastq sample_1 P1.fastq sample 1 Ul.fastq sample_1 P2.fastq\
sample_1 U2.fastq \

SLIDINGWINDOW:size:score \

LEADING:3 \ Forward Reverse
TRAILING:3 \
MINLEN:80 ]
 [FRkeep |Fheep | Rkeep |FRerop
4:35 0 0 0 100
4:32 83.6 8.9 6.7 0.7 ]
10:35 43.5 20.8 23.9 11.7

10:32 96.6 1.9 1.4 0



Exercise 2: DATASET 5

* The quality of some sequences drops down
towards the end of the read

* The per base sequence content plot show that
there are sequences that are more frequent
than others

* The sources of the overrepresented sequences
dare.
— lllumina adaptor /sequencing primer sequences
— microRNAs that are more frequent than others



Exercise 2: DATASET 5

trimmomatic-0.32.jar SE -phred33 -trimlog SRR026762.log \

SRR026762-sample.fastg SRR026762-sample_trim.fastqg \
ILLUMINACLIP:adapters/microRNA.fa:2:30:10

ADAPTER:
Surviving: 98966 (98.97%) Dropped: 1034 (1.03%)

ADAPTER+SEQUENCING PRIMER
Surviving: 93163 (93.16%) Dropped: 6837 (6.84%)

ADAPTER+SEQUENCING PRIMER+POTENTIAL DIMER
Surviving: 70934 (70.93%) Dropped: 29066 (29.07%)



Exercise 2: DATASET 5

—— A\ TCTCGTATGCCGTCTTCTGCTTG
AGTTCTACAGTCCGACG
CGACAGGTTCAGAGTTCTACAGTCCGACGATCGA
_—— CTCGTATGCCGTCTTCTGCTTG




