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Accuracy

* base quality drops along read
Sanger > SOLID > lllumina > 454 > Helicos

* |ssue for Roche 454:
39% of errors are homopolymers
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Data format: fastq

FASTQ format was originally developed at the Wellcome
Trust Sanger Institute, and used for Sanger Method.

FASTQ is a text-based format for storing both a biological
sequence in a plain text file.

FASTQ has recently become the de facto standard for
storing the output of high throughput sequencing
instruments.

FASTQ has both the sequence and an associated per base
quality score.

Both the sequence letter and quality score are encoded
with a single ASCII character for brevity.

The FASTQ format has become widely used as a simple
interchange file format.

Lacks any formal definition to date, and exists in some
incompatible variants.



Data format: fastq

Example of one read (lllumina):

@HWI-EAS209 0006 FC706VJ:5:58:5894:21141#ATCACG/1
TTAATTGGTAAATAAATCTCCTAATAGCTTAGATNTTACCTTNNNNNNNNNNTAGTTTCTTGAGATTTGTT
+HWI-EAS209 0006 FC706VJ:5:58:5894:21141#ATCACG/1
efcfffffcfeefffcffffffddf feed] ] Ba = [YBBBBBBBBBBRTT\]][]dddd ddd”"dd

Line 1: “@” + identifier

Line 2: sequence

Line 3: “+” + identifier (optional)
Line 4: phred-based quality scores




Data format: fastq

‘@’ title line. This is a free format field with no length
limit, and allowing arbitrary annotation or comments
to be included.

the sequence line(s). Similar in the FASTA format, it
can be line wrapped. No explicit limitation on the
characters expected. White space such as tabs or
spaces is NOT permitted.

‘+’ line. Originally this is a full repeat of the title line
text. however, by common usage, this is optional and
the ‘+’ line can contain just this one character,
reducing the file size significantly.

quality line(s). Like the seq lines, it can be wrapped.
These use a subset of the ASCII printable characters
to represent sequence quality. The quality string
must be equal in length to the sequence string.




lllumina sequence identifiers

@HWUSI-EAS100R:6:73:941:1973#0/1

HWUSI-EAS100R |the unique instrument name

6 flowcell lane

73 tile number within the flowcell lane

941 'x'-coordinate of the cluster within the tile

1973 'v'-coordinate of the cluster within the tile

#0 index number for a multiplexed sample (O for
no indexing)

/1 the member of a pair, /1 or /2 (paired-end or
mate-pair reads only)




NCBI format

@SRR001666.1 071112 SLXA-EAS]1 s 7:5:1:817:345 length=36

GGGTGATGGCCGCTGCCGATGGCGTCAAATCCCACC
+SRR001666.1 071112 SLXA-EAS]1 s 7:5:1:817:345 length=36

ITTIITTIITIIITIIIIIIIIIIIIIIIIIIIIOIGIOIC

e Sequence read achieve ID
* holds the original identifier from sequencer

* the read length



Example (1)

@FAKEOQO0OQ7 Original version has lower case unambiguous DNA with PHRED scores from 0 to 40 inclusive (in that order)
ACGTACGTACGTACGTACGTACGTACGTACGTACGTACGTA

+

I"#5%&'()*+,-./0123456789:;<=>? @ABCDEFGHI

@FAKEOOQO08 Original version has mixed case unambiguous DNA with PHRED scores from 0 to 40 inclusive (in that order)
gTcatAGegTcatAGegTcatAGegTcatAGegTcatAGeg

+

I"#S%&'()*+,-./0123456789:;<=>? @ABCDEFGHI

@FAKEOOQ9 Original version has lower case unambiguous DNA with PHRED scores from 0 to 40 inclusive (in that order)
tcagtcagtcagtcagtcagtcagtcagtcagtcagtcagt

+

I"#S%&'()*+,-./0123456789:;<=>? @ABCDEFGHI

@FAKEO0010 Original version has mixed case ambiguous DNA and PHRED scores of 40, 30, 20, 10 (cycled)
gatcrywsmkhbvdnGATCRYWSMKHBVDN

+

[?5+1?5+1?5+1?5+1?5+1?5+I?5+?

http://sysbio.unl.edu/Teaching/BI0S426826 2015/



Examples, error format

@SLXA-B3 649 FC8437 R1 1 1 610 79
GATGTGCAATACCTTTGTAGAGGAA
+SLXA-B3_ 649 FC8437 R1 1 1 610 79
YYYYYYYYYYYYYYYYYYWYWYYSU

@SLXA-B3 649 FC8437 R1 1 1 397 389
GGTTTGAGAAAGAGAAATGAGATAA
+SLXA-B3_ 649 FC8437 R1 1 1 397 389
YYYYYYYYYWYYYYWWYYYWYWYWW

@SLXA-B3 649 FC8437 R1 1 1 850 123
GAGGGTGTTGATCATGATGATGGCG
YYYYYYYYYYYYYWYYWYYSYYYSY

@SLXA-B3 649 FC8437 R1 1 1 362 549
GGAAACAAAGTTTTTCTCAACATAG
+SLXA-B3_ 649 FC8437 R1 1 1 362 549
YYYYYYYYYYYYYYYYYYWWWWYWY

@SLXA-B3 649 FC8437 R1 1 1 183 714
GTATTATTTAATGGCATACACTCAA
+SLXA-B3_ 649 FC8437 R1 1 1 183 714
YYYYYYYYYYWYYYYWYWWUWWWQO

@SLXA-B3_ 649 FC8437 R1 1 1 610 79
GATGTGCAATACCTTTGTAGAGGAA
+SLXA-B3_ 649 FC8437 R1 1 1 610 79

@SLXA-B3 649 FC8437 R1 1 1 397 389
GGTTTGAGAAAGAGAAATGAGATAA
+SLXA-B3_ 649 FC8437 R1 1 1 397 389

@SLXA-B3 649 FC8437 R1 1 1 850 123
GAGGGTGTTGATCATGATGATGGC
+SLXA-B3_649 FC8437 R1 1 1 850 123

@SLXA-B3 649 FC8437 R1 1 1 362 549
GGAAACAAAGTTTTTCTCAACATAG
+SLXA-B3_649 FC8437 R1 1 1 362 549

@SLXA-B3_ 649 FC8437 R1 1 1 183 714
GTATTATTTAATGGCATACACTCAA
+SLXA-B3_ 649 FC8437 R1 1 1 183 714




H G H M ®n

phred-based quality scores

59 64 73 104
........................ 26...31.......40
-5....0000000. Dttt eeeessosososcsasescsccscsss 40
Ocevennnn ittt eeestcacsscanssennns 40
3eeen. Dttt eteeseescsoscascasccscnss 40
........................ 26...31........41
- Sanger Phred+33, raw reads typically
- Solexa Solexa+64, raw reads typically
— Illumina 1.3+ Phred+64, raw reads typically
— Illumina 1.5+ Phred+64, raw reads typically
— Illumina 1.8+ Phred+33, raw reads typically

126
(0, 40)
(-5, 40)
(0, 40)
(3, 40)
(0, 41)

Wikipedia



ASCII

Dec Hex Name Char Ctrl-char |Dec Hex Char |Dec Hex Char|Dec Hex Char
0 0 Null NUL CTRL-@ |32 20 Space|(f4 40 @ 9% 60
1 1 Start of heading SOH CTRL-A |33 21 ! 65 41 A 97 61 a3
2 2 Start of text STX CTRL-B 34 22 " 66 42 8 98 62 b
3 3 End of text ETX CTRL-C 35 23 & 67 43 C 99 63 ¢
4 4 Erd of xmit EOT CTRL-D |36 24 ¢ 68 44 D 100 64 d
) S Erquiry ENQ CTRL-E 37 25 % 69 45 E 101 65 e
6 6 Acknowledga ACK  CTRL-F 38 26 & 70 46 F 102 66 f
7 7 Bel BEL CTRL-G |38 27 71 47 G 103 67 ¢
8 B8 Backspace 8BS CTRL-H |40 28 ( 72 48 H 104 68 h
9 9 Horizonta tab HT CTRL-1 4 29 ) 73 49 | 105 69 |
10 0A Linefeed LF CTRL-) 42 2a ¢ 74 44 ) 106 64 )
11 0B Vertical tab VT CTRL-K 43 28 + 75 4B K 107 6B k
12 0C Form feed FF CTRL-L 4 2Cc 76 4C L 108 6C |
13 0D Carriage fead CR CTRL-M |45 20 - 77 4D M 109 6D m
14 (€ Shift out SO CTRL-N |46 26 . 78 4E N 110 6E n
15 (OF Shiftin SI CTRL-O |47 2F / 79 4 O 111 6F o
16 10 Dataline escape OLE CTRL-P 48 30 0 80 S0 P 112 70 p
17 11 Device control 1 DC1 CTRL-Q (49 31 1 81 51 Q 113 71 q
18 12 Device control 2 DC2 CTRL-R |50 32 2 82 52 R 114 72 r
19 13 Device control 3 DC3 CTRL-S |S1 33 3 83 S3 S 115 73 s
20 14 Device control 4 DC4 CTRL-T |52 34 4 84 S4 T 116 74 t
21 15 Negacknowedge NAK CTRL-U |53 35 5 BS 55 U 117 75 u
22 16 Synchronouside SYN CTRL-V |54 36 6 86 S6 V 118 76 v
23 17 Endof xmitblock ETBE CTRLW S5 37 7 87 S7 W 119 77 w
24 18 Cancel CAN CTRL-X 56 38 8 88 S8 X 120 78 ¥
25 19 Enrd of medium EM CTRL-Y 57 39 9 g9 59 Y 121 79 y
26 1A Substtute S8 CTRL-Z S8 3A 90 Sa 2 122 74 2
27 1B Escape ESC  CTRL-[ 59 38 91 SB | 123 78 {
28 1C File separator FS CTRL-\ |60 3C < 92 SC \ 124 7C |
29 10 Groupseparator GS CTRL-] |61 3D = 93 SD ] 125 70 }
30 1€ Recordseparator RS CTRL-~ |62 3E > 94 SE ~ 126 7/E  ~
31 IF Unit separator Us CTRL-b 63 3F ? 95 ©SF - 127 7F DEL




Quality scores

ASCIl range

0to93
Sanger 33-126 33 (ASCII-33) PHRED
Solexa\early -5to 62
llumina SRS o (ASCII-64) oIz
llumina 64-126 64 Oto 62 PHRED

1.3+ (ASCII-64)



Quality Score

* A quality value Q is an integer mapping of p
(i.e., the error probability that the
corresponding base call is incorrect. p is the
small, the better).

 Two different equations have been in use:

— Phred quality score -0
p=101
— Solexa quality score 0
L __j0m0

Ewing B, Green P. (1998) Genome Res. 8(3):186-194.
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Some 1ssues for fastq

* The lack of ownership of this emerging
standard by the Sanger Institute contributed
greatly to later confusion, such as the phred
scores. Users need to figure out which version
of the Solexa/lllumina pipeline was used.

* Lacks any formal definition to date, and exists
in some incompatible variants.

* The ‘@’ and ‘+’ characters have dual usage as
line markers or anywhere within the quality
string.

Cock et al. Nucleic Acids Res. 2010; 38(6):1767-71.



Some 1ssues for fastq

* The ‘@’ and ‘+’ characters have dual usage as
line markers or anywhere within the quality

string.

@FAKEOO0O05 Original version has PHRED scores from 0 to 62 inclusive (in that

order)
ACGTACGTACGTACGTACGTACGTACGTACGTACGTACGTACGTACGTACGTACGTACGTACG

+

@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]" ~abcdefghijklmnopgrstuvwxyz{|}~

@FAKEO006 Original version has PHRED scores from 62 to 0 inclusive (in that

order)
GCATGCATGCATGCATGCATGCATGCATGCATGCATGCATGCATGCATGCATGCATGCATGCA

+
~}| {zyxwvutsrgponmlkjihgfedcba™ " ]\[ZYXWVUTSRQPONMLKJIHGFEDCBA@

Cock et al. Nucleic Acids Res. 2010; 38(6):1767-71.



Manipulate FASTQ files

° faStX_tOO|kit (http://hannonIab.cshI.edu/fastx_toolkit/)

— The FASTX-Toolkit is a collection of command line

tools for Short-Reads FASTA/FASTQ files
preprocessing.

— “fastq_quality_converter” program can convert
lllumina to Sanger

- MAQ (http://mag.sourceforge.net)

— stands for Mapping and Assembly with Quality |t

builds assembly by mapping short reads to reference
sequences.

— can convert from Solexa to Sanger



SFF file format for 454

e Standard flowgram format (SFF) is a binary
file format used to encode results from the
454 plat form.

* Need special tool to display.

e Can be converted to FASTQ format

— sff2fastq (https://github.com/indraniel/sff2fastq)

— sff extract (http://bioinf.comav.upv.es/
sff_extract/)



Sequence quality control

Is this good sequence? (essentiall)

Different platforms can introduce varied level
of sequence reads error.

There can be significant lab-to-lab, batch-to-
batch and even within chip/slide variations.
Errors significantly effect the quality of
downstream analysis.

* FastQC tool (http://www.bioinformatics.bbsrc.ac.uk/projects/fastqc/)




Sequence quality control

per base per sequence quality
(foronereadonly) Bad

———— by A ———— ———— -

Position in a read (bp) Position in a read (bp)
Very high score, indicating

- Very low scor€, indicating
low error possibility.

high error possibility.



Sequence quality control

per base average sequence content
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Sequence quality control

Distribution of phred scores in all

Good positions of all reads

Number of nt

Q (Phred Score)

Most bas calls have high quality scores

Bad

Q (Phred Score)

Quality scores have a wide range
Many base calls have low scores
Overall, reads have low quality



Sequence quality control

Per sequence GC content
Good 9 Bad

Mean GC content per read (%) Mean GC content per read (%)

Distribution of GC contents over all reads




Sequence quality control

Read 2

O 5 10 15 20 25 30 35
Read 1

Low correlation indicates low quality.



Example of QC result

* http://sysbio.unl.edu/Teaching/BI0S426826 2015/



Get high Quality reads

remove reads from problematic tiles that may
not be reliable due to sequencing chip quality

remove reads with low quality, such as mean Q
score < 20 for illumina RNA-seq.

remove low quality bases at two ends of the
reads until the quality score reaches a given
threshold, such as mean Q score = 20.

remove short reads.



Tools for getting high quality reads

* Trimmomatic (http://www.usadellab.org/cms/?page=trimmomatic)

* NGSQC: Cross-Platform Quality Analysis Pipeline for Deep Sequencing Data.
* http://brainarray.mbni.med.umich.edu/brainarray/ngsqc/

 HTQC: a fast quality control toolkit for lllumina sequencing data
* https://sourceforge.net/projects/htqgc




Trimmomatic

e java -jar trimmomatic-0.30.jar SE -phred33 input.fg.gz
output.fg.gz ILLUMINACLIP:TruSeq3-SE:2:30:10
LEADING:3 TRAILING:3 SLIDINGWINDOW:4:15
MINLEN:36

— Remove adapters (ILLUMINACLIP:TruSeq3-PE.fa:2:30:10)

— Remove leading low quality or N bases (below quality 3)
(LEADING:3)

— Remove trailing low quality or N bases (below quality 3)
(TRAILING:3)

— Scan the read with a 4-base wide sliding window, cutting
when the average quality per base drops below 15

(SLIDINGWINDOW:4:15)
— Drop reads below the 36 bases long (MINLEN:36)



Trimmomatic

v
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Then discard




Data Management

 Raw data are large
— 5Gb to 20Gb per lane.
— Do not try to open it with Windows notepad.

— Convert fastq file to Processed data (e.g., BAM files)
are manageable.

* Whole-genome sequencing:
— A 30X coverage genome pair (tumor/normal): ~500GB
— 50 genome pairs: ~“25TB
* We need high-performance, replicated storage
— ~S700/TB; but non-redundant storage: $200/TB
— to be kept for > 36 months?



Transfer data

 FASTQ files will be compressed with gzip prior to
delivery.

It is difficult to download data via http or ftp (15Mb/s,
about 1 terabyte per day).

* A commercial software/protocol is become popular
— Aspera “next-generation file transport”

— transfer protocol that leverages existing WAN
infrastructure and commodity hardware to achieve speeds
that are up to hundreds of times faster than FTP and HTTP.

— This can give 400-800Mb/s. It takes 30 seconds to move a
24-GB data file.

— 1000 Genomes Project, BGI etc. applied this method for

their data transport.
Nature 498, 255-260 (2013)
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