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NGS Sequence preprocessing
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NGS Sequence preprocessing

= Genome sequencing
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NGS Sequence preprocessing
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NGS Sequence preprocessing

= Fasta and Fastqg formats

= Standard formats for sequence storage
= Text-based formats (easy to use!)
= (Almost) every programming language has a parser



NGS Sequence preprocessing

= Fasta format

= Nucleotide or peptide sequence

>gi | 5524211 |gb|AAD44166.1| cytochrome b [Elephas maximus maximus]
LCLYTHIGRNIYYGSYLYSETWNTGIMLLLITMATAFMGYVLPWGOMSFWGATVITNLESAIPYIGTNLV
EWIWGGEFSVDKATLNRFFAFHFILPFTMVALAGVHLTFLHETGSNNPLGLTSDSDKIPFHPYYTIKDFLG
LILILILLLLLLALLSPDMLGDPDNHMPADPLNTPLHIKPEWYFLEFAYAILRSVPNKLGGVLALFLSIVIL
GLMPFLHTSKHRSMMLRPLSQALFWTLTMDLLTLTWIGSQPVEYPYTIIGOMASILYFSIILAFLPIAGX
IENY

>BBTBSCRYR

tgcaccaaacatgtctaaagctggaaccaaaattactttctttgaagacaaaaactttca
aggccgccactatgacagcgattgcgactgtgcagatttccacatgtacctgagccgectg
caactccatcagagtggaaggaggcacctgggctgtgtatgaaaggcccaattttgctgg
gtacatgtacatcctaccccggggcgagtatcctgagtaccagcactggatgggecctcaa

= Some typical file extensions (.fasta, .fa, .fna, .ffn, .faa,...) 8



NGS Sequence preprocessing

= Fasta format

= Allow multi-sequence (typically different chromosomes)

>scaffold 1
CAAGGCTATAGCCCACCCGTTTTTGTGGCCTTTTTCCGCTGGACGAACTTGGCGCCCCGGCCTTCGGGTGGTTATTTTTG
GGTGCAGCCTAGTGCGCGGCCTATTTTTGGCACACGGAGGCCCCTCGCAAAGTCTCGCGGCATTCCGAGTCCGGCGGACG
AAGTTGGCCAGCCCCACCCCCCAAGGCTATAGCCCACCCGTTTTTGTGGCTTTTTTCCGCTGGACGAACTTGGCGCCCCG
GCCTTCGGGCGGTTATTTTTGGCCGCGGCTTCGTCCGTGGCCTATTTTTGGCACACGGAGGCCCCCCGCAAACTCTCCCG
GCATTCCGAGTCCGGCGGACGAAGTCGGCCAGCTTCACCACCCAGGCTGTTGCCCACCCCTTTTTGTGGCCTTTTTCCGC
TGGACGAACTTGGCGCCCCAGCCTTTGGGCTGTTATTTATGGGTGCGGCTTTGTCTACGGCCTATTTTTGGCAGACGCAG
GCCCCTCGCAAAGTCTCGCGGCATTCCGAGTCCGGCGGACGAAGTCGGCCAGCCCCACCCCCCAAGGCTATAGCCCACCC
GTTTTTGTGGCCTTTTTCCGCTGGACGAACTTGGCGCCCCGGCCTTCGGGCGGTTTTTTTCTGGTGCGGTTTTGCCCGCG
GCCTATTTTTGGCACTTGGAGGCCCCTCGTAAAGTCTCGCGGCATTCCGAGTCCGGCGGAAGAAGTTGGCCAGCCCCACC
CTCCAAGGCTATAGCCCACCCGTTTTTGTGGCCTTTTTCCGCTGGACGAACTTGGGGCCCCGGCCTTCGGGCGGTTATTT
>scaffold 2
ACGGTCCGGGGGCATCGGGGTGGGGGGGTAGCCGCGCGGCAGTTTGAACGGCGAARAAATGGGCAAGATCGGGGGCCGCTT
AGTAGGCTTTGCCGGTTTCGGCCGTAACTCATGATCCGGGCCTCCGATTCCGTTTCCGTTTGGTCCCACGGGACCAGCGG
TCCGGGGGCATCGGCAAGGGGGGGTAGCCGTGCGGCGGTTTGATCGCCGAAAAATGGGTAAGATCGGGGCCGTTTGGCCC
GTTTTGCCGGTTTCGGCCCCCCGGGGGGCGGTTCATGCCCCGGGGGGGACAGCGGGGCGGGATCGGCACACGGCGGGTGA
GGTGATCGGGTTCAGGCGGGTGCGGTCGGCGGCGGEGGEGCGCCCGGGGGEGCTATAGCGCACCGCCTCGGGGGCCGCAAATT
GGGGGCCGTAACTCATGATCGGGGCCCCCGATTCCGTTTCCGTTTCGTACCACGGGACCAGCGGTCCGGGGGCATCGGGA
TGGGGGGGTAGCCGCGCGGCAGTTTGAACGGCGAAAAATGGGAAAGATCGGGGGCCGCTTAGTAGGCTTTGCCGGTTTCG
GCCGTAACTCATGATCCGGGCCTCCGATTCCGTTTCCGTTTGGTCCCACGGGACCAGCGGTCCGGGGGCATCGGGATGGG
GGGGTAGCCGTGCGGCGGTTTGATCGCCGARAARATGGGTAAGATCGGGGCCGTTTGGCCCGTTTTGCCGGTTTCGGCCCC
CCGGGGGGCGGTTCATGCCCCGGGGGGCGGTTCATGCCCCGGGGGGGACAGCGGGGCGGGATCGGTACACGGCGGGGGAG
>scaffold 21
ACATATATAAAGTATTGTACTAGAAAACATTGTAAATGTATGCCTATTTAAACTTCAAGTATATGTAACACTTTCAAAGT
CATAAGTGTAAAACTATTATATTTAAGATGTTTTGAGTTTATAAAAATAAACAACTTAACACTTCTACTCAGACGTTAAA
AAATAAAAAACAAACATATTATTCTAATATATACATTCATACCCACTTAGACTCATTCAAGTTTAAGATATAAAAAAAAA 9
AAAAGTGCTACCTAGAAATCCTTAATAGCAAGTCTTGTCTTTTATTTCATTAAGGGTAAAATCCTAAATGTGGCAAATGG
CGTGTTATAAGAATTTTTGAGGGGTGCCAAATGCCCAATTCATTCATATTAGGCTTCTGAAAGAAGGCCCATTCATTCAC
GACTTCGGGTCGCCCACCTGCTTGAATCCGTTTGTGTTTTTAACGTTGCAAGTATACCCATGTAAGTAAAAACAAACAAA




NGS Sequence preprocessing

= Fastq format
= Let's say "fastq is a fasta with qualities”

@SEQ ID
GATTTGGGGTTCAAAGCAGTATCGATCAAATAGTAAATCCATTTGTTCAACTCACAGTTT
_|_

PUYX((((F**4) ) $33++) ($5%%) . 1*¥*x*x—+*1 1)) **55CCF>>>>>>CCCCCCCBS

= Fasta storages genomes...and fastq fragments

http://www.ncbi.nIm.nih.gov/pmc/articles/PMC2847217/
10


http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2847217/

NGS Sequence preprocessing

= Sequence quality encoding
= Base quality must be encoded in just 1 byte!

@SEQ ID
GATTTGGGGTTCAAAGCAGTATCGATCAAATAGTAAATCCATTTGTTCAACTCACAGTTT

_|_
LUUx ((((**%4)) $3%++) ($3%%) L 1x*x—+x 1 1)) xx55CCF>>>>>>CCCCCCCE5

O 000

= Each base has a corresponding quality value
(quality in position n, corresponds to base of position n)

= How is the encoding?

Error probability s Phred transformation m=) ASCIl encoding
(inversed integer value) "



NGS Sequence preprocessing

= Sequence quality encoding

Dec HxOct Char Dec Hy Oct Himl Chr [Dec Hy Oct Himl Chrl| Dec Hx ©Oct Himl Chr
0 0 000 NUL (rull) 32 20 040 s#32; Space| 64 40 100 s#64; [ | 95 60 140 =#96;
1 1 001 50H (start of heading) 33 21 041 =#33; ) G5 41 101 &#65; L | 97 g1 141 £#97; a
2 2 002 5TH (start of text) 34 2z 042 s§3d; " g6 42 102 «#66; B | 93 62 142 &#98; b
3 3 003 ETY (end of text) 35 23 043 &#35; # 67 43 103 «#67; C | 99 63 143 &#99; «©
4 4 004 EOT {end of transmission) 36 24 044 #3673 65 44 104 «#658; D |100 &4 144 &#l00; d
5 5 005 ENQ (enquiry) 37 25 045 &837: % 69 45 105 «#69; E |101 65 145 &#101; e
6 6 006 ACE [acknowleddge) 38 26 046 &#38; = 70 45 106 «$70; F |102 66 145 &#102; £
7 7 007 BEL (hell) 39 27 047 &#39; 71 47 107 &#71; G |103 67 147 &#103; o
& 8 010 B% (backspace) 40 28§ 050 &$40; | 72 43 110 «#72; H |104 &5 150 &#104; h
90 9 011 TAE (horizontal tab) 41 29 051 &#41; ) 73 49 111 &#73; I |105 69 151 &#105; 1 4 Phr9d + 33
10 & 012 LF (NL line feed, new line)| 42 2& 052 &#42; * 74 4h 112 «#74; 7 |106 64 152 &#106; ]
11 B 013 VT (wertical tab) 43 ZB 053 &#43; + 75 4B 113 «#75; K |107 6B 153 &#107; k
12 © 0l4 FF (NP form feed, new page)| 44 2C 054 &#44: , 76 40 114 s#76: L |108 60 154 &#108: 1 Sanger [0,40]
13 D 0l5 CE (carriage return) 45 2D 055 &#45; - 77T 4D 115 &#77: M 109 6D 155 &#1l09; I .
14 E 016 50 (shift out) 46 ZE 056 s#46; . 76 4E 116 s#78: W |110 6E 156 &#110; n lllumina 1.8 [0,41]
15 F 0l7 3T  (shift in) 47 2F 057 &#47; / 79 4F 117 &#73; 0 |11l 6F 157 &#l11; o
16 10 020 DLE (data link escape) 43 30 060 &#45; 0 G0 50 120 «#30; P |112 70 160 &#112: b
17 11 021 DC1 (dewice control 1) 49 31 061 &#49; 1 &1 51 121 s#31; 0 |113 71 161 &#113; q 4 Phred + 64
15 12 022 DCZ (dewice control 2) 50 32 062 &#50; 2 Gz 52 122 &#82; B |114 72 162 &#114; ¢
19 13 023 DC3 (device control 3) 51 33 063 &#51; 3 B3 53 123 «#83; 3 |LLS 73 163 &#115; = Hlumina 1.3 [0,40]
20 14 024 DC4 (dewice control 4) 52 34 064 sf52r 4 G4 54 124 «#84; T |116 74 164 &#ll6; ©
Z1 15 025 NAE (negatiwve acknowledoe) 83 35 0R5 &#33:; 5 85 55 125 &#35; T [117 75 1a5 &#l17: ”lumina 1 5 [3 40]
22 16 026 3YN (synchronous idle) 54 36 066 &§54; 6 G6 56 126 &«#86; V |115 76 166 &#ll8; ¥ : z
23 17 027 ETE (end of trans. block) 55 37 067 &#55: 7 87 57 127 &#87; W |119 77 167 &#l19; W
24 18 030 CAN (cancel) 56 38 070 856 8 G5 58 130 «#88; ¥ |120 78 170 &#120; x
25 19 031 EM  (end of medium) 57 39 071 %#57; 9 §9 59 131 &#39; T |12l 79 171 &#121:; ¥
26 l& 032 3UE (substitute) 53 34 072 &#58; : 90 54 132 &#90; I |122 7A 172 &$l2Z; =
27 1B 033 E5C (escape) 59 3B 073 &#59; ; 91 5B 133 &«#91; [ |123 7B 173 &#123; : D "
28 1C 034 FS (file separator) 60 3C 074 &#60: < 92 5C 134 s#92: Y 124 7C 174 c#l124; | http://en.wikipedia.org/wiki/FASTQ_format
29 1D 035 G5  (group separator) gl 3D 075 &#al: = 93 5D 155 &#937 ] 125 7D 175 &#125; |
30 1E 036 B3 (record separator) 6z 3E 076 s#6Z; > 94 S5E 136 «#94; *~ |1Z6 TE 176 &#lZ6; ~
31 LF 037 U3 [(unit separator) 63 3F 077 &#63; 7 95 5F 137 «#95; _ [127 7F 177 «#127; DEL

Source: www.LookupTables .com 12


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

NGS Sequence preprocessing

= Sequence quality encoding
= Phred scores

Phred score
2 ]
-
Q——].D lﬂglﬂp <:> P =101 -
o
Phred quality scores are logarithmically linked to error probabhilities % © |
Phred Quality Score Probability of incorrect hase call Base call accuracy 3 °
o
10 1in 10 90 % a
5 T
20 1 in 100 93 % p =
30 1 in 1000 939.9 %
40 1 in 10000 99.99 % g 7]
50 1 in 100000 99,993 % ..
L]
= R AL LI TR TTTTIPS:
| | | T | T |
0 5 10 15 20 25 30
quality

13



NGS Sequence preprocessing

= Sequence quality encoding

= Phred scores

Error probability s Phred transformation m=) ASCIl encoding
(inversed integer value)

Q = —1[] lﬂglﬂp

@SEQ 1D
GATTTGGGGTTCAAAGCAGTATCGATCAAATAGTAAATCCATTTGTTCAACTCACAGTTT

_|_
PPUx((((F**4) ) $3%+Ht) ($5%%) . 1***x—4* " 1)) **55CCF>>>>>>CCCCCCCBS

P=0.01 ) Q =-10*0g10(0.01) = 20 EEN)  ASCII33+20=53=>5
Phred+33

p=1 mm)  Q=-10%0g10(0.01) =0 ) ASCl 33+0=33=>! "
Phred+33



NGS Sequence preprocessing

= Evaluation of sequence quality

Primary tool to assess sequencing

If we evaluate our sequence quality in deep...
... then we will known how reliable are our results

QC determines posterior filtering

We must be consistent with any filtering decision...
...If not, dowstream analysis will suffer the consequences

QC must be test after every critical step

15



NGS Sequence preprocessing

= Evaluation of sequence quality

= How? quality per base

= Quality (or error probability) will be also a topic in next
pipeline steps

16



NGS Sequence preprocessing

= Quality control tools

= FastQC

22500

20000

4@ FastQC
Eile Help

E=N R =

bad_sequence.txt | good_sequence_short.txt

Basic Statistics

Per base sequence quality
Per sequence quality scores 30
Per base sequence content
Per base GC content

Per sequence GC content |22
Per base M content
Sequence Length Distribution| 16
Sequence Duplication Levels

Overrepresented sequences |1

OOO00OO00LO

Kmer Content

GQuality scores across all bases (Ilumina =v1.3 encoding)

ML L LT T T T

T

MR o m

11 153 15 17 19 21 23 25 2F 29 31
Pasition in read {bp)

O3 O3 3

GC distribution over all sequences

GC count per read
Theoretical Distribution

1 15 19 23 27 31 35 39 43 47 51 55 5% 63 67 71 75 79 83 B8Y 91 95 99
Mean GC content (%)

17

http://www.bioinformatics.babraham.ac.uk/projects/fastqc/


http://www.bioinformatics.babraham.ac.uk/projects/fastqc/

NGS Sequence preprocessing

Nucleotides distribution for Hy Library

= Quality control tools
= fastx-toolkit

Al

Quality Scores for Hy Library

8 1 2 3 4 5 6 7 8 9 18 11 12 13 14 15 16 17 18 19 28 21 22 23 24 29 26 27 28 29 38 31 32 33 34 39 36 37
I T T R T T T T N T T T Y T A N M N T T Y Y N SR B N

Quartiles —— ~ 4
Hedi —

7 8 9 18 11 12 13 14 15 16 17 18 19 28 21 22 23 24 25 26 27 28 29 38 31 32 33 34 35 36
read position

fQuality Score (Solexa Scale; 48=Highest, -15=Louest)

1 1 1 T 1 T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
a 1 2 3 4 5 6 7 8 9 18 11 12 13 14 15 16 17 18 19 28 21 22 23 24 25 26 27 28 29 38 31 32 33 34 35 36 37
read position

18
http://hannonlab.cshl.edu/fastx_toolkit/download.html


http://hannonlab.cshl.edu/fastx_toolkit/download.html

NGS Sequence preprocessing

= Quality control tools
= NGS QC Toolkit

singleEndfastqg

a0
g 35
w30 Pty
E- - W
Base composition for singleEnd.fastq

2500000 .
g g
2000000 gf‘- "
F'EHEE §
3
EIEDDDDD = -% Eﬁ
- -
3 =
0 [
€3 000000 b
T o s =B o T S S s = S o T N o = SO o T o O s T
R R I TR TR S T B T S S S
KOO OO0

Base position

A T & T Mor-ATGC ingleEnd.fastg - singleEnd.fastq_fitered
M singleEnd.fastq M singleEnd.fastg_fitered

2063

o

BA (2922) HT(2833% WG (19.90%) BC(20.12%) ENon-ATGC (243%)
BA (3033%) HT(2918%  HG (20.10%) BC(20.35%)  ENon-ATGC (0.04%)

http://www.nipgr.res.in/ngsqctoolkit.html 19


http://www.nipgr.res.in/ngsqctoolkit.html

NGS Sequence preprocessing

= Quality control tools
= Example

GOOD quality

http://www.bioinformatics.babraham.ac.uk/projects/fastqc/good
sequence_short_fastqc/fastqc_report.html

POOR quality

http://www.bioinformatics.babraham.ac.uk/projects/fastqc/bad
_sequence_fastqc/fastqc_report.html

20



NGS Sequence preprocessing

= Typical artifacts
= Sequence adapters

Sequence content across all bases

100
T
Wl
a0 R
i3
Quality scores across all bases (llumina 1.5 encoding)

40 80

a8

35 ] 70

34 |

32

20 T[Tt | 80

28 -\/

25 50

24

22

20 40

18 T

. 30 e ———

14

12

10 20 e

a8

& 1

4 10

2 e L

° 1 2 3 4 5 5 7 8 S 10-14 20-24 30-34 40-44 50-54 80-64 F0-74 a0 O

1 2 2 4 5 <] 7 =] g 10-14 20-24 20-24 40-44 50-34 60-64 70-74 20
Position in read (hp}

Position in read (bp}

21

http://rowley.mit.edu/BMC_illumina/120414_DOY3C_423F/120414_SN333_0250_ADOY3CACXX/120414_SN333_0250_ADOY3CACXX_pipeline/120414_D


http://rowley.mit.edu/BMC_illumina/120414_D0Y3C_423F/120414_SN333_0250_AD0Y3CACXX/120414_SN333_0250_AD0Y3CACXX_pipeline/120414_D0Y3C_423F_all_fastqc/120414_D0Y3C_423F_L7_1_sequence_fastqc/fastqc_report.html

40
38
36
34
32
30
28
26
24
22
20
18
16
14
12
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NGS Sequence preprocessing

= Typical artifacts
= Poor quality data

Quality scores across all bases (Sanger / lllumina 1.9 encoding)

| 1]

T | .

1000000

800000

600000

400000

200000

123456789 11 13 15 17 18 21 23 25 27 29 31 33 35 37 39 41 43 45 47 48 51
Position in read (bp)

23456780910

12

Quality score distribution over all sequences

14 16 18 20 22 24
Mean Sequence Quality (Phred Score)

26

28

30

http://cbio.mskcc.org/~lianos/files/scott/2011-11-21/qc/hESr2_CGATGT _L001_R1_001_fastqc/fastqc_report.html

Average Quality per read

32 34 36 38

22


http://cbio.mskcc.org/~lianos/files/scott/2011-11-21/qc/hESr2_CGATGT_L001_R1_001_fastqc/fastqc_report.html

NGS Sequence preprocessing

= Typical artifacts

= Platform dependent

Quality scores acress all bases (Sanger / lllumina 1.9 encoding)

IAHLL

34

TR e
30 ] u

28 u L -

28 a | |

2-:1“ L 1A

22 & UT

20

18

23

Fosition in read {(bp)



NGS Sequence preprocessing

= Sequence filtering (and editing)

Quality scores across all bases {llumina 1.5 encoding) Quality scores across all bases (llumina 1.5 encoding)

il

1 J{

| ——

=)

uuuuuuuuuuuuuuuuuu
Fosition in read (bp)

= remove bad quality data
= Improve confidence of downstream analysis 2



NGS Sequence preprocessing

= Sequence filtering (and editing)

= Tail quality trimming

Quality scores across all bases {lllumina 1.5 encoding)

I !

hneshold

Position in read (bp)

25



NGS Sequence preprocessing

= Sequence filtering (and editing)
= Mean quality

Read length

Read length after trimming

Percentage of bases above Q

Adapter trimming

Adapter reads

26



NGS Sequence preprocessing

= Sequence filtering tools

= Fastx-toolkit
Galaxy (https://main.g2.bx.psu.edu/)
SeqTK (https://github.com/In3/seqtk)
Cutadapt (http://code.google.com/p/cutadapt/)
And more....

27


https://main.g2.bx.psu.edu/
https://github.com/lh3/seqtk
http://code.google.com/p/cutadapt/

NGS Sequence preprocessing

Any question?

28
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