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High-throughput Sequencing (HTSeq) Platforms

* 454 Sequencing / Roche

+ GSHunier-System
+ GSFEX+System

* [llumina
* NovaSeq System
* HiSeq System
* NextSeq
* MiniSeq/MiSeq
* iSeq
e lon Torrent / Thermo
* Personal Genome Machine
* Proton
» S5/S5XL

* Pacific Biosciences
* PacBio RS
e Sequel ll

* Oxford Nanopore Teechnologies
* MinlON
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NovaSeq System Specifications

Flow Cell Type sp*
2 x 50 bp 65-80 Gb

2 x 100 bp N/A*

2 x 150 bp 200-250 Gb
2x 250 bp 325-400 Gb

Specifications based on lilumina PhiX control library at supported ciuster densities.
$ N/A: not applicable

Flow Cell Type SP
Quality Scores

2 x 50 bp

2 x 100 bp

2 x 150 bp

2 x 250 bp

Run Time

2 x50 bp ~13 hr
2 x 100 bp N/A

2 x 150 bp ~25 hr
2 x 250 bp ~38 hr

S1

134-167 Gb
266-333 Gb
400-500 Gb

NA?

NovaSeq 6000 System
S2
333417 Gb
667-833 Gb
1000-1250 Gb
NA*
NovaSeq 6000 System
S1 s2
285%
2 80%
275%
275%
~13 hr ~16 hr
~19hr ~25 hr
~25hr ~36 hr
N/A N/A

S4

NA
1600-2000 Gb
2400-3000 Gb

NA?

N/A
~36 hr
~44 hr

N/A

* A quality score (Q-score) is a prediction of the probabillity of an error in base calling. The percentage of bases > Q30 is averaged across the entire run. Quality scores are based on NovaSeq Reagent Kits run on
the NovaSeq 6000 System using an lllumina PhiX control library. Performance may vary based on library type and quality, insert size, loading concentration, and other experimental factors.
T Run time Includes cluster generation, sequencing, and base calling. Run times are based on running 2 flow celis of the same type,; starting two different fiow cells will impact run time.



NovaSeq System Specifications

(

NovaSeq 6000 System
Flow Cell Type SP S1 S2 S4
Single-end Reads 650-800 M 1.3-1.68B 3.3B4.18B 8-10B
Paired-end Reads 1.3-168B 26-3.28B 6.6-8.2B 16-20 B

NovaSeq 6000 System

Flow Cell Type SP S2 sS4
Human Genomes per Run ~4 ~20 ~48
Exomes per Run ~40 ~200 ~500
Transcriptomes per Run ~32 ~164 ~400

* All sample throughputs are estimates and are based on dual flow cell runs. Human Genomes assumes > 120 Gb of data per sample to achieve 30x genome coverage. Exome assumes ~8Gb/100x.

Transcriptomes assume > 50M reads. Throughput may vary based on library preparation kit used.



Compare the lllumina High-throughput machine

Reads per
flowcell
(billion)

Lanes per
flowcell

Reads per
lane (million)

Throughput
per lane (Gb)

Throughput
per flowcell
(Gb)

Total Lanes

Total
Flowcells

Run
Throughput
(Gb)

Run Time
(days)

S1

1.6

800

240

480

960

2-2.5

S2

3.3

1650

495

990

1980

2-2.5

S3

6.6

1650

495

1980

3960

2-2.5

s4

10

2500

750

3000

6000

2-2.5

2500
HO

250

62.5

500

16

1000

4000

28

350

105

840

16

1680

35

X

3.44

430

129

1032

16

2064

X 10



Production-Scale Sequencer

L
=
e
NovaSeq 6000
NextSeq Series © HiSeq 4000 System HiSeq X Serles? System
Popular Applications & Methods Key Application Key Application Key Application Key Application
Large Whole-Genome Sequencing (human, plant, animal) @ 5 @
Small Whole-Genome Sequencing (microbe, virus) @ 9] ®
Exome Sequencing & =] (=]
Targeted Gene Sequencing (amplicon, gene panel) @ @ &
Whole-Transcriptome Sequencing & ® ®
Gene Expression Profiling with mRNA-Seq & @ @
miRNA & Small RNA Analysis & Q@ &
DNA-Protein Interaction Analysis 2] @ @
Methylation Sequencing @ @ ®
Shotgun Metagenomics [ @
~13 - 38 hours (dual SP flow cells)
comp  Zaroumidm S toncus
~44 hours (dual S4 flow cells)
Maximum Output 120 Gb 1500 Gb 1800 Gb 6000 Gb
Maximum Reads Per Run 400 million 5 billion 6 billion 20 billion

Maximum Read Length 2 x 150 bp 2 x 150 bp 2 x 150 bp 2 x 250"



Benchtop Sequencer

. W A
1Seq 100 System MiniSeq System MiSeq Serles © NextSeq Series ©
Popular Applications & Methods Key Application Key Application Key Application Key Application
Large Whole-Genome Sequencing (human, plant, animal) [9]
Small Whole-Genome Sequencing (microbe, virus) (%] Q@ @
Exome Sequencing @®
Targeted Gene Sequencing (amplicon, gene panel) (=] ) (=]
Whole-Transcriptome Sequencing (]
Gene Expression Profiling with mRNA-Seq o
Targeted Gene Expression Profiling @ )
Long-Range Amplicon Sequencing® @] @
mIRNA & Small RNA Analysis s % @
DNA-Protein Interaction Analysis Q
Methylation Sequencing ®
16S Metagenomic Sequencing @ ©
Run Time 9.5-37.5 hours 4-24 hours 4-55 hours 12-30 hours
Maximum Output 1.2Gb 75Gb 15 Gb 120 Gb
Maximum Reads Per Run 4 million 25 million 25 million T 400 million
Maximum Read Length 2 x 150 bp 2 x 150 bp 2 x 300 bp 2 x 150 bp



Product Information

S

Product Model

Features

Applications

Flow Cell Type

Lane/Flow Cell**

Operation Mode

Max. Throughput / RUN

Effective Reads / Flow Cell

Average run time

Min. Read Length

Max. Read Length

KZEE COMPLETE GENOMICS/AYE] | 2013438

“-

MG

CENTE

.

MGISEQ-T7

Ultra-high Throughput

Whole Genome
Sequencing,Deep Exome
Sequencing, Transcriptome
Sequencing,and Targeted
Panel Projects.

FC

Ultra-high Throughput

6Tb

S000M

PE150 within 24 hours

SES0

PE150

MGISEQ-2000

Adaptive

WGS, WES, Transcriptome

sequencing and more

FCL

4 lane

High Throughput

1080Gb

1800M

<48hours

SESO

PE150

MGISEQ-200

Effective

Targeted DNA, RNA,

Microbial sequencing

FCS

1 lane

Medium Throughput

60Gb

300M

<48hours

SESO

PE100

BGISEQ-500

Reliable

Targeted DNA, RNA,
Epigenetics and clinical
applications

FCL

2 lane

High Throughput

520Gb

1300M

<9days

SESO

PE100

BGISEQ-50

Fast

Pathogen Rapid tests, NIPT,

PGS and CNV tests

FCS

2 lane

Low Throughput

225Gb

375M

<15hours

SES0

SESO



DNA Nanoball Sequencing

Workflow: [ An iteration of the sequencing-
1. Isolate DNA by-ligation next-generation
s’
= approach, developed by
2. Fragment DNA \VZD Complete Genomics as a human
(400-500 bp) - /./A/ genome sequencing service.
3. Attach adapters & \”//) . .
s 4. Rolling circle replication

circularize fragments

- amplifies coils of ssDNA to form a

Pros

* Highly accurate

* Low cost- can generate ~45-
87 fold coverage at a
consumables cost of
$4400/genome

* Nanoballs loaded in an
organized array- high # of
reads per flow cell

chain of copies of the fragment

- the chain is compacted into a DNA
nanoball- folds on itself due to

: hybridizing palindromic sequences in
adapters

5. Adsorption onto a silicon flow
cell- a highly ordered microarray

Cons

* Chemistry is complex and
proprietary

* Short reads (35 base paired
end)- complex data analysis,
challenges with highly
repetitive DNA

* Not optimized for a wide
range of organisms

6. Sequencing using cPAL technology
-Combinatorial probe-anchor unchained ligation
- Flourescent detection of each hybridization &
ligation reaction

Probe for position 1- Subsequent
probes will interrogate other
positions adjacent to the adapter

Anchor

Unknown
sequence

Known adapter

Séquenceé  podified from Spencer Martin

https://cpb-us-el.wpmucdn.com/you.stonybrook.edu/dist/1/681/files/2015/08/DNA-nanoball-

sequencing-2b98g06.pdf



generation sequencing

PacBio? Oxford Nanopore?®
Instrument )
o RS II (P6-C4) Sequel MinION PromethION
Specifications
Average read ~ Variable (up to
10-15kb 10-15Kkb ‘ =
length 900 kb)3*
Error rate 10-15% 10-15 % 5 - 15 %%d .
Output 500Mb-1Gb | 5Gb-10Gb ~5 Gb4 .
Variable (upto
# of reads ~50k ~500k . ’
1M)°’
Instrument ~ .
e : $700k $350k $1000° $135k bundle®
price/Access fee?
Run price ~$400 ~$850 $500-$9007 .

Oxford Nanopore charges an access fee that gives users one MinlON/Promethlon instrument,

) starter pack of consumables, certain data services, and community-based support

https://blog.genohub.com/2017/06/16/pacbio-vs-oxford-nanopore-sequencing/



@ PACBIO"

PacBio Sequel system

* The Sequel System is based on our proven Single Molecule, Real-Time (SMRT)
Sequencing technology achieves:

* Generate up to 20 Gb per SMRT Cell with average read lengths up to 30 kb and achieve
high consensus accuracies (>99.999%) for whole genome sequencing projects

* Generate up to 500,000 long, single-molecule reads with high fidelity (>99% accuracy) for
amplicon and RNA sequencing projects

* >99.999% (QV50) consensus accuracy with data free of systematic errors

* With an efficient <1 day workflow


https://www.pacb.com/smrt-science/smrt-sequencing/
https://www.pacb.com/products-and-services/pacbio-systems/workflow/

SECLEL. 1/

@ I:)AC B IOO i

Long Epigenetics

SMRT W
[ ]
Sequencing

Molecule

Advantages \a

The HiFi Difference

Short Reads HiFi Reads

100 4@ @

You no longer have to choose between high
accuracy and long read lengths. With HiFi
reads, powered by the CCS method, you
get highly accurate long-read sequencing

90 4
data you can trust.

Long Reads

Accuracy (%)

Explore how HiFi reads are enabling
calling of all variant types in the human
genome. 80

0 10,000 20,000 30,000
Read Length (bp)

Learn more



__ JNANOPORE

| Which device is best for you?

SmidglON Flongle MinlON GridION PromethlON

512 nanopore channels
10—-20Gb per 48 hrs

Up to 48 flow cells, each with up to 3,000
nanopore channels (total up to 144,000)
volumes projects (Tb)

CF R ANA =
| L

MinlON Mk1C MinIT
A complete, portable 7 Preconfigured, portable
device for sequencing and < g replacement for your

sequencing laptop.

VoITRAX

Automatic library
preparation; get your
biological sample ready for analysis

analysis, hands-free. '
More info More info
More info

View all analysis solutions

View all prep solutions




MinlON™
Up to 30 Gb

GridION™ X5
Up to 150 Gb (all 5 flow cells sequencing)

PromethION™ 24 and 48
Up to 4,800 Gb (P24) or 9,600 Gb (P48) (all 24 or 48 flow cells sequencing respectively)t

0 10 100 1,000 10,000

Gigabases in 48 hours? (log,,)



Interpreting raw data




Raw Data Format: fasta
* fasta (Sanger) I

FASTA
Header line “>”
Sequence

Extension ¢ Meaning

fasta (.fas) generic fasta

190401-062 - Chromas =

File Edii Opton: Help

~loix]

| & B ¥ |58

| Open_-avc Export

Print

R ) F
Rl |— ——— e Ttk

[Bas= 340

|

itk

|

J

10 20 30 40 50 50 70 80
ICTAT 2 GGCGAXTCG & CTCGGT ACCCGGGG ACCTCT 4G BTCGM CTGCMHBG CATGCAAG CTTG AG TAT TCTATAGTGT

il U””} w
4L Al \ )I

|

H

>MCHU - Calmodulin - Human, rabbit, bovine, rat, and chicken
ADQLTEEQIAEFKEAFSLFDKDGDGTITTKELGTVMRSLGQNPTEAELQDMINEVDADGNGTID
FPEFLTMMARKMKDTDSEEEIREAFRVFDKDGNGYISAAELRHVMTNLGEKLTDEEVDEMIREA

DIDGDGQVNYEEFVQMMTAK*

>gi|5524211|gb|AAD44166.1| cytochrome b [Elephas maximus maximus]

LCLYTHIGRNIYYGSYLYSETWNTGIMLLLITMATAFMGYVLPWGQMSFWGATVITNLFSAIPYIGTNLV
EWIWGGFSVDKATLNRFFAFHFILPFTMVALAGVHLTFLHETGSNNPLGLTSDSDKIPFHPYYTIKDFLG
LLILTLLLLLLALLSPDMLGDPDNHMPADPLNTPLHIKPEWYFLFAYAILRSVPNKLGGVLALFLSIVIL
GLMPFLHTSKHRSMMLRPLSQALFWTLTMDLLTLTWIGSQPVEYPYTIIGQMASILYFSIILAFLPIAGX

IENY

$ Notes

Any generic fasta file. Other extensions can be fa, seq, fsa

<

fna fasta nucleic acid Used generically to specify nucleic acids.

ffn FASTA nucleotide of gene regions | Contains coding regions for a genome.

faa fasta amino acid Contains amino acids. A multiple protein fasta file can have the more specific extension mpfa.
frn | FASTA non-coding RNA | Contains non-coding RNA regions for a genome, in DNA alphabet e.g. tRNA, rRNA




All Platforms have Errors

Nanopore

lllumina SolLiD lon Torrent Roche 454 PacBio
1. Removal of low quality bases/ Low complexity regions
2. Removal of adaptor sequences
3. Homopolymer-associated base call errors (3 or more
identical DNA bases) causes higher number of (artificial)
frameshifts
Technology Run Type Maximum Read Length | Quality Scores | Error Rates
Single-read | Paired-end | Mate-pair
[llumina X X X 300 bp > Q30 0.0034 - 1%
SOLID X X X 75 bp > Q30 0.01 -1%
IonTorrent X X 400 bp ~Q20 1.78%
454 X X ~700 bp (up to 1 Kb) >Q20 1.07-1.7%
Nanopore X 54-10Kb NAY 10 — 40%
PacBio X ~15 Kb (up to 40 Kb) <QI10 5-10%




Trace File

190401-062 - Chromas

=18l

File Edi Optonz Help

s H ¥V |8

| Open 55ve Export | Prit

“’N “ i 7 m
P e e

|Bas= 240

10 20 30 40 50 50 70
ICTAT A GGCGANTTCG & CTCGGT ACCCGGGG AMCCTCT 4G LTCG M CTGCHGG CATGCAAGCTTG AGTAT TCTAT AGTGT

it HTEH
i l

‘1 1 |

K} S 3

80
i

190401-062 - Chiomas
File Edt Opfiors Help

=1aix|

=2 I I T R T — s
JDpen e Evoot | it | Nest Find =1 S |

380 330 e 410 420 (e 440
L GCGAGCGGTAT CAGCTCAC .A GCGGTAATACHGNTATNCACAG 44T ﬁ G ATAACGCAGGAAAC

[ | \/ﬂ\ {\W 'N

190401-062 - Chromas
File Edi Opfiens Help
F W VIS8 N ah
| Open Szve Ewpot| Pint  Nex  Find [ ISamﬂe.UAhlgh

Base 340

] 820 830 340 850 860 870
GCBTGTOC AL ATGATGCTGGACTATGTA T GAGIT B X CACA GG TTTGGA CAC AL GA AMT

( us
Al )

High quality region - NO ambiguities (Ns)

Medium quality region - SOME ambiguities (Ns)

Poor quality region - LOW confidence



Accessing Quality: phred scores

Phred quality scores were originally developed by the program Phred to help in
the automation of DNA sequencing in the Human Genome Project. Phred quality
scores are assigned to each base call in automated sequencer traces."?! Phred
quality scores have become widely accepted to characterize the quality of DNA
sequences, and can be used to compare the efficacy of different sequencing
methods. Perhaps the most important use of Phred quality scores is the
automatic determination of accurate, quality-based consensus sequences.

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

Q P 1()10g10 P P=error probability of a

given base call

Genome Research 8: 175-185, 1998

Base-Calling of Automated Sequencer Traces
Using Phred. 1. Accuracy Assessment
Brent Ewing,' LaDeana Hillier,” Michael C. Wendl,” and Phil Green'*

"Department of Molecular Biotechnology, University of Washington, Seattle, Washington 98195-7730 USA;
“Genome Sequencing Center, Washington University School of Medicine, Saint Louis, Missouri 63108 USA

Genome Research 8: 186-194, 1998
Base-Calling of Automated Sequencer Traces
Using Phred. 1I. Error Probabilities

Brent Ewing and Phil Green'

Department of Molecular Biotechnology, University of Washington, Seattle, Washington 98195-7730 USA



An example of a base that has been
s * . given a very high Phred score of 50,
Accessin Qu alit icaingtht there s 5999%
® probability that this base has been
correctly assigned.
An example of a base that has been
p re S C O re S given a Phred score of 10, indicating
that there is only a 90% probability

that this base has been correctly
assigned.

An example of a base for which
no Phred score could be
calculated,, since the sequencer
could not determine which base
was present (therefore, an ‘N was
designated in the sequence).

[ ..... unuuuuum

GGG TAIGGGGGGGNIGC TTTTCCCAAGGCA
70 80 80

Phred score=20 —> ”“llllll
GAAT|TICTACC
60

A

Phred quality scores are logarithmically linked to error probabilities

Phred Quality Score Probability of incorrect base call | Base call accuracy

10 1in 10 90%

20 1in 100 99%

30 1in 1000 99.9%

40 1in 10,000 99.99%

50 1in 100,000 99.999%

£l ULUALEIALLE isiiiind https://en.wikipedia.org/wiki/Phred_quality_score




Raw Data Format: fastqg

@NA12878:1463 :NA12892:NA12891:F TL20 290:1:80:114:644
TTTGCATTTAACAAATAATATGAGAACCGTTGACTG
+
6@<?3@@5@7@AAABB1A; ; ; BBABABB<@==<9/ .

° FASTA @NA12878:1463:NA12892:NA12891:F TL20 290:3:97:342:584
GCATTTAACAAATAATATGAGAACCGTTGACTGAAA
+

L H ed d er I | ne ”>” @@AA@AAABAAABBABBABB > >BABAACA=@@AR<<
@NA12891:1463:::M IL6 344:6:73:359:297.2
TTTCAGTCAACGGTTCTCATATTATTTGTTAAATGC

* Sequence :

2222>>22@°@E@AAA; AGAAAD : GRAAQR; 44 :

* Add QVs encoded as single byte ASCII codes
* Most aligners accept FASTA/Q as input
* [ssue: data is volumous (2 bytes per base for FASTQ)

* Do PHRED scaled values provide the most
information?



Raw Data Format: fastg

@SEQ ID
GATTTGGGGTTCAAAGCAGTATCGATCAAATAGTAAATCCATTTGTTCAACTCACAGTTT
+

R Rt TS bt TS 5 ST Sttt N RS S S e e 55

@SRR001666.1 071112 SLXA-EAS1 s 7:5:1:817:345 length=36
GGGTGATGGCCGCTGCCGATGGCGTCAAATCCCACC
+SRR0O01666.1 071112 SLXA-EAS]1 s 7:5:1:817:345 length=36
ITTIIIIITIIIIIIIIIIIIIIIIIIIIIIOIGOIC

@HWI-E4_9 30WAF:1:1:8:308
TCCACATCAGAGGCCATGGCCACCAGGCCCAGGAT
+HWI-E4_9 30WAF:1:1:8:308
aaaaXaaabaa®aalaal La”a*VV\aaaaaaaa
@HWI-E4_9 30WAF:1:1:9:947
CCAATGTGGTCATAGGTGACAACCTTCTCCTCGCT
+HWI-E4_9 30WAF:1:1:9:947
aZaaaaaaaZaab”aaaWaaaaaaaaaaaaa\aaa
@HWI-E4_9_30WAF:1:1:9:1505
GGAAGCCAGGACCCACCATGAGTAGCATACATCTG
*€:1:1:9:1505

&



Raw Data Format: fastq

@EAS139:136:FC706VJ:2:2104:15343:197393 1:Y:18:ATCACG

EAS139 the unique instrument name
136 therunid
FC706VJ the flowcell id
2 flowcell lane
2104 tile number within the flowcell lane
15343 | 'x'-coordinate of the cluster within the tile
197393 'y'-coordinate of the cluster within the tile
1 the member of a pair, 1 or 2 (paired-end or mate-pair reads only)
Y Y if the read fails filter (read is bad), N otherwise
18 0 when none of the control bits are on, otherwise it is an even number

ATCACG index sequence



Fastg Quality

Qsanger =-10 IOglOp

Q score

Relationship between Q and p using the Sanger (red) and Solexa (black)
equations (described above). The vertical dotted line indicates p = 0.05, or
equivalently, Q = 13.



ASCII TABLE Phred + 33

Decimal Hex Char Decimal Hex Char |Decimal Hex Char | Decimal Hex Char
0 0 [NULL] 32 20 [SPACE] 64 40 @ 96 60 :
1 1 [START OF HEADING] 33 21 | 65 41 A 97 61 a
2 2 [START OF TEXT] 34 22 " 51+ 42 B 98 62 b
3 3 [END OF TEXT] 35 23 - 67 43 C 99 63 C
4 4 [END OF TRANSMISSION] 36 24 1 68 a4 D 100 64 d
5 5 [ENQUIRY] 37 25 % 69 45 E 101 65 e
B B JACKNOWLEDGE] 38 26 & 70 46 F 102 66 f
7 7 {BELL] 39 27 ! 71 47 G 103 67 g
8 8 [BACKSPACE] 40 28 ( 72 48 H 104 68 h
9 9 {HORIZONTAL TAB] 41 29 ) 73 49 | 105 69 i
10 A [LINE FEED] 42 2A * 74 4A | 106 oA j
11 B IVERTICAL TAB] 43 2B + 75 4B K 107 6B k
12 C [FORM FEED] 44 2C ’ 76 4C L 108 6C I
13 D [CARRIAGE RETURN] 45 2D E 77 4D M 109 6D m
14 E [SHIFT OUT] 46 2E . 78 4E N 110 6E n
15 F [SHIFT IN] 47 2F ! 79 4F 0O 111 6F (]
16 10 [DATA LINK ESCAPE] 48 30 0 80 50 P 112 70 4]
17 11 [DEVICE CONTROL 1] 49 31 1 81 51 Q 113 71 q
18 12 [DEVICE CONTROL 2] 50 32 2 82 52 R 114 72 r
19 13 {DEVICE CONTROL 3] Ll 33 3 83 53 s 115 73 s
20 14 [DEVICE CONTROL 4] 52 34 4 84 54 T 116 74 t
21 15 [NEGATIVE ACKNOWLEDGE] | 53 35 5 85 55 U 117 75 u
22 16 [SYNCHRONOUS IDLE] 54 36 [ 86 56 v 118 76 v
23 17 [ENG OF TRANS. BLOCK] 55 37 7 87 57 w 119 77 w
24 18 [CANCEL] 56 38 8 88 58 X 120 78 x
25 19 [END OF MEDIUM] 57 39 9 89 59 Y 121 79 Yy
26 1A [SUBSTITUTE] 58 3A : a0 5A Zz 122 TA z
27 1B [ESCAPE] 59 3B H a1 5B [ 123 7B {
28 1C [FILE SEPARATOR] 60 3C < 92 5C \ 124 JC |
29 1D {GROUP SEPARATOR] 61 3D = Q3 5D 1 125 7D }
30 1E [RECORD SEPARATOR] 62 3E > 94 5E -~ 126 TE -
31 1F [UNIT SEPARATOR] 63 3F ? 95 5F _ 127 TF [DEL]




Fastq Quality Encoding

33 59 64 73 184 126
B P Ao s e E b s s - 40

-5 tncoooeoc Y scoomcoCCo0S0a0C00S000a0000C 40

tacooococ s CooCCOCC00C000000C0000000 0" 40
taiccomcoacooncaccoacoaoc 24Tcacibacoaccaon 41
S - Sanger Phred+33, raw reads typically (o, 40)
X - Solexa Solexa+64, raw reads typically (-5, 40)
I - Illumina 1.3+ Phred+64, raw reads typically (@, 40)
J - Illumina 1.5+ Phred+64, raw reads typically (3, 40
ith @=unused, 1=unused, 2=Read Segment Quality Control Indicator (bolc

NOtTe ee =11 o

L - Illumina 1.8+ Phred+33, raw reads typically (e, 41)



Quality Control

Read quality distribution
Library insert size
Mapping Rate
Duplication assessment

Base quakty
io'

2] 500 - fre L
+

L, /\
78 SER P O OV O P OO £ 5}

. Rate .
PR

0.003
Liss

0000 -
1 3

000t -

—+-# lane usage

o I Cumnlative lafie-usage o sosin ittt Sodngn siiodviae SR oRiniiia BT o

1. 2 3 4 5 6 7T 8 9 10 11 12 (3 14 15 16 17 18 19

Solexa Lane



Quality Control Tools

NGS QC FastQC PRINSEQ- :::I:t- SolexaQA TagCleaner CANGS
Feature\Tools Toolkit v2.2 v0.10.0 lite v0.17' TagDust v0.0.13  v1.10 v0.12’ vii
Supported NGS platforms lllumina, 454 FASTQ*  llumina,  Ilumina, Nlumina lllumina [llumina, 454
454 454 454
Parallelization Yes Yes No No No No No No
Detection of FASTQ variants Yes Yes Yes No No Yes No No
Primer/Adaptor removal Yes No® No Yes Yes No Yes® Yes
Homopolymer trimming (Roche 454 data) Yes No No No No No No Yes
Paired-end data integrity Yes No No No No No No No
QC of 454 paired-end reads Yes No No No No No No No
Sequence duplication filtering No No® Yes No Yes No No Yes
Low complexity filtering No No Yes No Yes No No No
N/X content filtering No No® Yes No Yes No No Yes
Compatability with compressed input data file ~ Yes Yes No No No No No No
GC content calculation Yes Yes Yes No No No No No
File format conversion Yes No No No No No No No
Export HQ and/or filtered reads Yes No Yes Yes Yes No Yes Yes
Graphical output of QC statistics Yes Yes No’ No Yes Yes No’ No
Dependencies Perl modules: - Perl R, matrix2png - BLAST,
Parallel:ForkManager, module: NCBI nr
String:Approx, GD::Graph database

GD:Graph (optional)




FastQC

F%? Babraham Bioinformatics

Institute l

\

About | People | Services | Projects | Training | Publications
FastQC

A quality control tool for high throughput sequence data.
Language Java

A suitable Java Runtime Environment
Requirements
The Picard BAM/SAM Libraries (included in download)

(o . RV E1T{1s"A Stable. Mature code, but feedback is appreciated.
(o Ts CHATCICEETO Ml Yes, under GPL v3 or later.

Initial Contact Simon Andrews

Download Now



Example Reports

Summary @Pper base sequence quality Summary Oper base sequence quality
Om Quality scores across ol bases (llumina 1.5 encoding) OW Qualty scores across all bases (ilumina 1.5 encoding)
L) L0
(@Per base sequence quality @ rer base sequence quality
o te sequence quaity @ e tite sequence auality
Qmm Qmmm
QW OW
Omm ewm
@per base N content @ror base N content
@ seauence Length Distribution @ sequence Length Distribution
Ommmm OW
@ overrepresented sequences @ overepresented seuences
OW Ommm
Omnr_m ow
1234567 910 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 12345678910 12 14 16 18 20 22 24 26 28 30 32 34 36 38
Position In read (bp) fooin o ey
Sy @per base sequence quality Summary Qper base sequence quality
@ sasic statistics Qualty scores across o bases (Senger / humina 1.9 encoding) @asic statistcs o Qualy scoresacross o bases (Sanger /B 1.9 sncodech
me emm 38
38
€@ Per seauence quality scores (@) per sequence quality scores 2
€ Per base sequence content 05 5
Per sequence GC content 28
o @ per base N content -
- — (@) sequence Length Distribution 2
@ seauence Duplication Levels 3
gw Qmmnnmm.unn 200
‘Overrepresented sequences 29
@ adapter Content o -
@) Kmer Content @ dopter Content 1
€ <mer content 12
10
8
6
4
2
0

"400509 12001399 22002399 3200-3399 42004399 52005399 62006399
Posttion in read (bp)

1234567865099 250209 450499 650-699 650-899 11001149 13501399 16001649 18501899
Position in read (5p)



SRA

Sequence Read Archive (SRA) makes biological sequence data available to the research community to enhance reproducibility
and allow for new discoveries by comparing data sets. The SRA stores raw sequencing data and alignment information from

high-throughput sequencing platforms, including Roche 454 GS System®, lllumina Genome Analyzer®, Applied Biosystems
SOLID System®, Helicos Heliscope®, Complete Genomics®, and Pacific Biosciences SMRT®.




Iln Sequence Read Archive

Browse | Sear | Downioad | Subm | Documentaton | ofvare Trace Assembly | Trace BLAST

Overview

The Sequence Read Archive (SRA) stores raw sequence data from "next-generation" sequencing technologies
including lllumina, 454, lonTorrent, Complete Genomics, PacBio and OxfordNanopores. In addition to raw
sequence data, SRA now stores alignment information in the form of read placements on a reference sequence.

SRA is NIH’s primary archive of high-throughput sequencing data and is part of the international partnership of
archives (INSDC) at the NCBI, the European Bioinformatics Institute and the DNA Database of Japan. Data
submitted to any of the three organizations are shared among them.

Please check SRA Overview for more information.

Submitting to SRA

Making data available to the research community enhances reproducibility and allows for new discovery by
comparing data sets.

e Submission Quick Start
o Frequently Asked Questions
e Submitter Login

Using SRA Data with SRA Toolkit
Use SRA data to validate experimental results, increase sample sizes, determine variance and open up new

avenues of research.

e Documentation Sequence Read
e Usage Guide Archive Handbook
o Download

NCBI Help Manual

Nationol Center
A
Biotechnology Information

» Get sources code on GitHub (for developers using SRA)

U.S. Nationol Library of Medicine




SRA database growth

26,103,842,957, 657,219 total bases
925369690,119,075, 888 open access bases

1000

terabases

100

Size,

10

';0
2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 201

Total bases
Open access hnses

The Sequence Read Archive (SRA) stores raw sequence data from "next-
generation" sequencing technologies including lllumina, 454, lonTorrent,
Complete Genomics, PacBio and OxfordNanopores.



SRA

A Sequence Read Archive (SRA) makes biological sequence data available to the research community to enhance reproducibility
CAG and allow for new discoveries by comparing data sets. The SRA stores raw sequencing data and alignment information from
high-throughput sequencing platforms, including Roche 454 GS System®, lllumina Genome Analyzer®, Applied Biosystems
SOLID System®, Helicos Heliscope®, Complete Genomics®, and Pacific Biosciences SMRT®.

dbGaP

Gy

bt
T iz

The database of Genotypes and Phenotypes (dbGaP) was developed to archive and distribute the data and results
from studies that have investigated the interaction of genotype and phenotype in Humans.

e,

'l

BioProject

| A BioProject is a collection of biological data related to a single initiative, originating from a single organization or from
Y ‘ | a consortium. A BioProject record provides users a single place to find links to the diverse data types generated for that
project.

BioSample

The BioSample database contains descriptions of biological source materials used in experimental assays.



https://www.ncbi.nlm.nih.gov/sra

SRA Data Structure

SRR 000001

Read
Quality Score

Intensity
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NCBI Sequence Read Archive (fastq)

an NCBI-assigned identifier, and the description holds the original identifier

from Solexa/lllumina (as described above) plus the read length. Sequencing was performed in
paired-end mode (~500bp insert size), see SRRO01666. Notably in the above output the
paired-end information was lost when the data was extracted from the NCBI SRA using fastqg-
dump with default settings.

$ /opt/sratoolklt 2.5.7-centos_linux64/bin/fastq-dump SRROO1666

1 ©71112 SLXA-EAS1 s 7:5:1:817:345 length=72
GG( GCTGCCGA CGTCAAATCCCACCAAGTTACCCTTAACAACTTAAGGGTTTTCAAATAGA
+SRROO1666.1 071112 SLXA-EAS1 s 7:5:1:817:345 length=72

ITTITTITITTITITTITTITITITIITITIITITITITITIONGS I"IIIIIIIII III IIIII DITIITITII>ITIIII,
@S 0 2 971112 SLXA-EAS1 s 7:5:1:801:338 len /2

GGATACGACGTTTGTATTTTAAGAATCTGA (
2 ©71112 SLXA-EAS1 s 7:5:1:86 :
ITTTTITTITITTTITTITTITTITITTITITITITTITITT6IBITITIIIIIITI II IIIIIIII,AI ITITI-TI)8I

ACGCGTCGTTTTATCAT

SRX000430: lllumina sequencing of Escherichia coli str. K-12 substr. MG1655 genomic paired-end library
1 ILLUMINA (lllumina Genome Analyzer) run: 7M spots, 507.4M bases, 5.8Gb downloads

Design: Standard lllumina paired-end library construction protocol. Genomic DNA was randomly fragmented using nebulisation and a 500 bp fraction
was obtained by gel electrophoresis.

Submitted by: lllumina Cambridge Ltd. (ILLUMINA)

Study: Model organism for genetics, physiology, biochemistry
PRJNA30551 « SRP000220 - All experiments * All runs

SampleGenenc ;amwe from Escherichia coli str. K-12 substr. MG1655 $ -/p refetc h S R ROO 1 6 6 6

SAMNO0000749 « SRS000537 « All experiments * All runs

L'bmorlyg:amsm: Escherichia coli str. K-12 subsir, MG1655 S . / fa Stq -d um p S R ROO 1 666

Name: 500bp-insert library
Instrument: lllumina Genome Analyzer
Strategy: WGS

Source: GENOMIC

Selection: RANDOM

Layout: PAIRED

Spot descriptor:

forward reverse
1 36

Runs: 1 run, 7M spots, 507.4M bases, 5,8Gb
Run #of Spots # of Bases Size Published
SRR001666 7,047,668 507.4M 5.8Gb 2008-07-14

1D: 431


https://en.wikipedia.org/wiki/Solexa
http://www.ncbi.nlm.nih.gov/sra/SRR001666

NCBI Sequence Read Archive (fastq)

Further to note, with newer fastg-dump the extracted sequences have double-length and it
turns out fastg-dump concatenates sequence of the forward and reverse reads together into
a non-sense:

Better approach is to preserve original accessions and split into two or three files (forward,
reverse, singletons)

/opt/sratoolkit.2.5.7-centos_linux64/bin/fastq-dump --origfmt --split-3 SRROO1666
ead SRROP1666_1.fastg SRREOL666_2.fastq
SRROO1666_1.fastq <==
112 SLXA-EAS1 s 7:5:1:817:345
GTGATGGCC C(I(LCCATCUCGTCPAH CCCACC
3,1112_-Lxh-:H51_> 7:5:1:817:345
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIQIGQLL
@071112 SLXA-EAS1 s 7:5:1:801:338
GTTCAGGGATACGACGTTTGTATTTTAAGAATCTGA
+071112 SLXA-EAS1 s 7:5:1:801:338

"\\Jvz'

ITTTITIITITTITTIITITTITTIITITITITITIGIBI

S ./fastgq-dump --origfmt --split-3 SRR001666

=> SRRO@1666 2.fast
@071112 SLXA-EAS1 s
AAGTTACCCTTAACAACTTAAGGGTTTTCAAATAGA
+071112 SLXA-EAS1 s 7:5:1:817:345
ITITIITIITITITIITITIITTIDITITIIITI>IIIIITL/
@071112 SLXA-EAS1 s 7:5:1:801:338
AGCAGAAGTCGATGATAATACGCGTCGTTTTATCAT
+071112 SLXA-EAS1 s 7:5:1:801:338
ITITIITIITTIITITTITITINIIGIIOIIINI-T)8I

)_,
00
[y
\J
J
n
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How deep should we go?
coverage

cted
o

Number of O

20 40 | 60 /0

Number of uniquely mapped tags (million) Number of mapped tags (million)

Nature Reviews | Genetics

* a | 80% of yeast genes (genome size ~¥120 Mb) were detected at 4 million uniquely
mapped RNA-Seq reads, and coverage reaches a plateau afterwards despite the

increasing sequencing depth. Expressed genes are defined as having at least four
independent reads from a 50-bp window at the 3' end.

* b | The number of unique start sites detected starts to reach a plateau when the
depth of sequencing reaches 80 million in two mouse transcriptomes. ES,
embryonic stem cells; EB, embryonic body.

doi:10.1038/nrg2484



Applications on Biomedical Sciences

Temporal Populations
changes
— S | (’
a Mutation
- s (S
s - & profiling
= ——
- Protein-DNA i H Copy number
P Interactions i varfation
Environmental
—T W§
/ A DNA bar codes
Y
/ | I |
( , gy
X / A
~ g
\ libraries
mICroRNA OCJ’ O ,-'::,d '
sowmin T AEGENEE
e On 06 oF
Alternative e g o ow
DNA . o0
& allele-specific

—_u R =

* Whole Genome Sequencing

e Exome Sequencing

* De novo Genome Sequencing
e Metagenome Sequencing
¢ ChIP Sequencing

e Small RNA Sequencing

e Transcriptome Sequencing

* De novo Transcriptome Sequencing
e Metatranscriptome Sequencing




HTseq Experiment

{ DNA Prep }

4

[ Library Prep J

v

£

\

Chip Prep

J

{

Sequencing |

T

¢

[ Raw Analysis }

Randomly shear DNA + end repair + size select

Append sequencing adapters

Layout of library on sequencing slide or wells

For each library fragment — determine the order
and identity of bases at either end of the

fragment 1
( )
. I——> «—

p

Image processing + base calling
» Base calls + associated quality: Fastqg/BAM



Data Format Types

* Raw Sequence Data e.g. fasta/fastq

>Xyz some other comment
ttcctctttctcgactccatcttcgeggtagetgggaccgecgttcagtcgccaatatgc
agctctttgtccgcgcccaggagetacacaccttcgaggtgaccggccaggaaacggtcg
cccagatcaaggctcatgtagecctcactggagggcatt

 Alighed data e.g. SAM/BAM SAM format

® SAM @equence AIignment/ﬂap) format };2215005642.1108861@109974;47 266 161099954 60
has become the de fOCtO standard fOl” TTTTCTGAACAGGGATGATATTTGTAATTTCATAGAATTAAGAGATATCTGACT
) _ 89=<; @>EECFCBBFFCAEFBGB=FFFC?@ABRG=FFB@CABABA?AR<>>=;=
S‘tor‘]ng a||gnment data' XT:A:U NM:i:0 SM:i:37 AM:i:37 X0:i:1 X1:1:0 XM:i:0
X0:i:0 XG:i:0 MD:Z:54 RG:Z:ERR005646 0Q:Z:D?
- : : : FFEEEFFFFFFFFFFEFFDFECFFFE; EEEEFCFFEEEEFEFECEEC=E; EF
E BAM I5a mary version Of SAM aIIowmg ERR005646.5518024 147 1 161099956 60
more efficient storage. 54M = 161099847 -163

TTCTGAACAGGGATGATATTTGTAATTTCATAGAATTAAGAGATATCTGACTCT -
68=<AQRQRA??2?AB?A>ABBB>QCABCAAA>BEBABRBARARARAR=A=A=>;<
XT:A:U NM:i:0 SM:i:37 AM:i:37 X0:i:1 X1:i:0 XM:i:0
X0:i:0 XG:i:0 MD:Z:54 RG:Z:ERR005646

® P ro C e S S e d d ata e . g . B E D 0Q: 7 : ECEEEEEEEEDEEEEE>EEEEEEEEEEEEE @EEEEEBEEEEEEEEECCCBEEEE




Analysis Strategies:

Reference Sequence Alignment (Mapping) vs de novo Assembly

=2 [ — = \
— — (o [ — i — e =
s e — /= = —= = —
| a— PR s [ s QL s J S | — -
B e = e _— e R =D
=  — | D 3 —
= c— o = o :
Align reads to Assemble transcripts
genome de novo
ot oc — (e T T Y
O 86— OO O o0——8& e [ _ 5 J
OO B——mma 0, 0O —e e [ I I
o | e = |0 G—i  S— | — |
— O 66— OO0 cCcoOsEsS—8 oo
= | EB—A/,0 6 O———a Tt [t
Genome
Assemble transcripts Align transcripts
from spliced alignments to genome
—=——f____ ] More abundant e—-———u |
e {0 ] h————- ]
O el ] Less abundant

L Process ] Software & Algorithms

Preprocessing step homemade script (N/A)
MAQ http://mag.sourceforge.net
BWA http://bio-bwa.sourceforge net/bwa.shtml
BWA-SW (SE only) http://bio-bwa.sourceforge.net/bwa.shtml

) PERM http://code.google.com/p/permy/

(1.1) Alignment BOWTIE http://bowtie-bio.sourceforge.net
SOAPv2 http://soap.genomics.org.cn
MOSAIK http://bioin formatics.bc.edu/marthlab/Mosaik
NOVOALIGN http://www.novocraft.com/
VELVET http://www.ebi.ac.uk/%7Ezerbino/vel vet

(1.2) De novo Assembly SOAPdenovo http://
ABYSS http://www.bcgsc.ca/platform/bioinfo/software/abyss

S0ap.genomics.org.cn




de novo
Assembly

* Genomics assembly:
* Velvet,
* SOAPdenovo

* Transcript assembly:
* Trinity

http://player.slideplayer.com/27/9065734,

b de Bruijn

OO0 O00000 O0O0O0OOOoOOOO

oo (SIS T 1)
(@lolelololelolololw]
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Nature Reviews | Genetics

QN - >



http://www.ebi.ac.uk/~zerbino/velvet/
http://soap.genomics.org.cn/soapdenovo.html
http://trinityrnaseq.sourceforge.net/

a Generate all substrings of length k from the reads

- k-mers (k=5)

reee - cone
(o B o o et TR 08 R0 GO A R B

GG!

e Assembled isoforms

Nature Reviews | Genetics



Reference Genome Example:

assembly Genome VEETS
GRCh38/hg38 Human Dec. 2013
GRCh37/hg19 Human Feb. 2009
NCBI36/hg18 Human Mar. 2006
NCBI35/hgl7 Human May 2004
NCBI34/hgl6 Human July 2003
GRCmM38/mm10 Mouse Dec. 2011
NCBI37/mm9 Mouse July 2007
NCBI36/mmS8 Mouse Feb. 2006
NCBI35/mm7 Mouse Aug. 2005
RGSC 6.0/rn6 Rat Jul. 2014
RGSC 5.0/rn5 Rat Mar. 2012
Baylor 3.4/rn4 Rat Nov. 2004
BDGP R6+I1SO1 MT/dm6 D. melanogaster Aug. 2014
BDGP R5/dm3 D. melanogaster Apr. 2006




GFF/GTF File Format

Fields

Fields must be tab-separated. Also, all but the final field in each feature line must contain a value; "empty" columns should be denoted with a "'

1.

seqname - name of the chromosome or scaffold; chromosome names can be given with or without the 'chr' prefix. Important note: the seqname must be one used within Ensembl,
such as species or assembly. See the example GFF output below.

. source - name of the program that generated this feature, or the data source (database or project name)
. feature - feature type name, e.g. Gene, Variation, Similarity

. start - Start position of the feature, with sequence numbering starting at 1.

. end - End position of the feature, with sequence numbering starting at 1.

. score - A floating point value.

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

frame - One of '0', '1' or '2". '0' indicates that the first base of the feature is the first base of a codon, '1' that the second base is the first base of a codon, and so on..

. attribute - A semicolon-separated list of tag-value pairs, providing additional information about each feature.

Note that where the attributes contain identifiers that link the features together into a larger structure, these will be used by Ensembl to display the features as joined blocks.

XK X X X X

Ensembl Repeat 2419108 2419128 42 v 3 hid=trf; hstart=1; hend=21

Ensembl Repeat 2419108 2419410 2502 = . hid=AluSx; hstart=1; hend=303

Ensembl Repeat 2419108 2419128 0 = . hid=dust; hstart=2419108; hend=2419128
Ensembl Pred.trans. 2416676 2418760 450.19 - 2 genscan=GENSCAN00000019335
Ensembl Variation 2413425 2413425 . +

Ensembl Variation 2413805 2413805 . + .



A2 SHNTA Chi m Genome Browser

(3) Genomes Genome Browser Tools Mirrors Downloads My Data Help About Us l | < S ( | a b ‘ e
Our tools

= Genome Browser

interactively visualize genomic data
= BLAT

rapidly align sequences to the genome
= Table Browser

download data from the Genome Browser database

Genomes Genome Browser Tools Mirrors Downloads My Data Help About Us

Table Browser

Use this program to retrieve the data associated with a track in text format, to calculate intersections between tracks, ¢
form, the User's Guide for general information and sample queries, and the OpenHelix Table Browser tutorial for a nar
examine the biological function of your set through annotation enrichments, send the data to GREAT. Send data to Ge
data. All tables can be downloaded in their entirety from the Sequence and Annotation Downloads page.

clade: | Mammal 4| genome: Human 4| assembly: | Dec. 2013 (GRCh38/hg38) $
group: | Genes and Gene Predictions 4| track: | NCBIRefSeq 4 add custom tracks  track hubs
table: | RefSeq All (ncbiRefSeq) 4 describe table schema

region: @ genome  position chr9:133252000-13328086° lookup  define regions
identifiers (names/accessions): pastelist upload list

filter: create

subtrack merge: create

intersection: create

correlation: create

output format: | GTF - gene transfer format 41 Send output to ~ Galaxy GREAT GenomeSpace

output file: (leave blank to keep output in browser)
file type returned: ~ plain text @ gzip compressed

getoutput  summary/statistics

To reset all user cart settings (including custom tracks), click here.



Passion

DynMap
RUM

Bismark

Reference Sequence Alignment (Mapping)

GMAP
Exonerate

Mummer 3

Blat

SSAHA
[

SHRIMP 2
Stampy

MapSplice
REAL

BS Seeker
Supersplat
SpliceMap
BFAST
GNUMAP
GenomeMapper
mrFAST
PerM
RNA-Mate
BSMAP
RazerS
SHRIMP
BWA

CloudBurst
ProbeMatch
TopHat
Bowtie
MOM
PASS
Slider
QPALMA
SOCS
MAQ
SegMap
ZOOM
PatMaN
RMAP
SOAP
BWT-SW

I
2007

mrsFAST
X-Mate
MicroRazerS
BWA-SW

LI

WHAM
Bowtie2

L

Slider-ll

LI |

SOAP2 SOAPSplice
GSNAP

2011 2013

2009

2001 2003 2005

bisulphite mappers in purple.

Years

DNA mappers are plotted in blue, RNA mappers in red, miRNA mappers in green and

PMID: 23060614



Comparison of Ma

#mapped / total (%)

pping tools (ROC curve)

100 e . y : : —
subread (101s)
gem 4263;
gg |-| bwa-mem (467s |
bowtie2 (582s)
seqalto (850s 1
cushaw?2 296753 —— " gsnia;‘). (5553s)
9 | bwa-sw (1002s) —& JERISS A
bwa 10553; —— R (
smalt (3859s) —v—
94 | novoalign (3960s) —e— y -
last (4302s) - : |
- @"A@- |
92 8
90 "
88 | .
86 i
84 M i .lr " bl e A
107 10° 10° 10 102 102

#wrong / #mapped (2x1 0% x 101 bp SE, 1.5% sub, 0.2% indel; correct = within 20bp)

* ChIP, RNA-seq =>» bowtie2 = cufflinks
* SNP, Indels, methylation = BWA = GATK

http://seqanswers.com/forums/showthread.php?t=15200&page=5



Multi®C

Aggregate bioinformatics results across many samples into a single report.

Read QC & pre-processing  Aligners / quantifiers = Post-alignment processing  Post-alignment QC

Cutadapt Bismark Bamtools methylQA

FastQC Bowtie Bcftools Peddy

FastQ Screen Bowtie 2 GATK Preseq

Skewer HiCUP HTSeq Qualimap

Trimmomatic Kallisto Picard QUAST
Salmon Prokka RSeQC
Slamdunk Samblaster BUSCO
STAR Samtools goleft
Tophat SnpEff

Subread featureCounts

MultiQC: Summarize analysis results for multiple tools and samples in a single report
Philip Ewels, Mdns Magnusson, Sverker Lundin and Max Kdller

Bioinformatics (2016)
doi: 10.1093/bioinformatics/btw354

PMID: 27312411



http://dx.doi.org/10.1093/bioinformatics/btw354
http://www.ncbi.nlm.nih.gov/pubmed/27312411

Multi®C

RNA-Seg

* This report was generated using logs from an
analysis accidentally run on ChIP-Seq data from
the Bl Human Reference Epigenome Mapping
Project: ChIP-Seq in human subject dataset
(SRP001534).

* Initial QC was done using FastQC, followed by
trimming with TrimGalore! (a wrapper
around cutadapt). Reads were aligned
using STAR and overlaps counted
with featureCounts.



http://trace.ncbi.nlm.nih.gov/Traces/sra/?study=SRP001534
http://www.bioinformatics.babraham.ac.uk/projects/fastqc/
http://www.bioinformatics.babraham.ac.uk/projects/trim_galore/
https://github.com/marcelm/cutadapt
https://github.com/alexdobin/STAR
http://bioinf.wehi.edu.au/featureCounts/

Multi®C

Whole-Genome Sequencing

* The data from this report comes from an analysis of
HapMap trio samples, run by the National
Genomics Infrastructre(NGl) at SciLifeLab, Sweden.
Initial quality control was done
using FastQC and FastQ Screen. Reads were
processed with GATK and the aligned reads
analysed using Picard. Downstream QC was done
using Qualimap BamQC andSnpEff.



https://www.scilifelab.se/platforms/ngi/
http://www.bioinformatics.babraham.ac.uk/projects/fastqc/
http://www.bioinformatics.babraham.ac.uk/projects/fastq_screen/
https://www.broadinstitute.org/gatk/
http://broadinstitute.github.io/picard/
http://qualimap.bioinfo.cipf.es/
http://snpeff.sourceforge.net/

SRA & FastQC Exercise

SRX2599962: Other Sequencing of E. coli
1 ILLUMINA (lllumina MiSeq) run: 1.4M spots, 644 2M bases, 374Mb downloads

External Id: PNUSAE005405:wgs
Submitted by: Centers for Disease Control and Prevention Enteric Diseases Laboratory Branch (edlb-cdc)

Study: PulseNet Escherichia coli and Shigella genome sequencing
PRJNA218110 - SRP046387 - All experiments « All runs

hi act
PulseNet STEC genome reference library

Sample:
SAMNO06456783 » SRS2006447 - All experiments « All runs
Organism: Escherichia coli

Library:
Name: NexteraXT
Instrument: lllumina MiSeq
Strategy: WGS
Source: GENOMIC
Selection: RANDOM
Layout: PAIRED
Construction protocol: NexteraXT

Runs: 1 run, 1.4M spots, 644.2M bases, 374Mb
Run # of Spots  # of Bases Size Published
SRR5297773 1,358,043 644.2M 374Mb 2017-02-28

ID: 3762726



Il Sequence Read Archive

an | Trace Assemb | Trace BLAST

Studies Samples Analyses BiULE:I{) -1 Run Selector Provisional SRA

(SRR5297773)

|Meh|lah’ Reads Download

Run Spots Bases Size GC content Published Access Type
SRR5297773 14M  6442Mbp 3922M 512% 2017-02-28 public

This run has 2 reads per spot:

=237, 0=35.0, 100% =237, 0=35.0, 100%
& Legend

Experiment Library

SRX2599962  Name Platform Strategy Source Selection Layout

to BLAST | NexteraXT lllumina  WGS GENOMIC RANDOM PAIRED

Biosample Sample Description Organism Links

SAMNO06456783 (SRS2006447) Escherichia coli PRJNA218110 [Enterobacteriaceae]

Bioproject SRA Study Title
PRINA218110 SRP046387 PulseNet Escherichia coli and Shigella genome sequencing

Abstract:
PulseNet STEC genome reference library




(SRR5297773)

Metadata = Reads Download

Filter: \ | | Find H Filtered Download |9What does it do?

< 1]

| 135805 | > |

1. SRR5297773.1 SRS2006447

name: 1, member: 7

2. SRR5297773.2 SRS2006447

name: 2, member: 7

3. SRR5297773.3 SRS2006447

name: 3, member: 7

4. SRR5297773.4 SRS2006447

name: 4 member: 7

9. SRR5297773.5 SRS2006447

name: 5, member: 7

6. SRR5297773.6 SRS2006447

name: 6, member: 7

7. SRR5297773.7 SRS2006447

name: 7, member: 7

8. SRR5297773.8 SRS2006447

name: 8, member: 7

9. SRR5297773.9 SRS2006447

name: 9. member: 7

10. SRR5297773.10 SRS2006447

name: 10, member: 7

View: ¢ biological reads | ' technical reads
Reads (separated)

>gnl|SRA|SRR5297773.1.1 1 (Biological)
TGGCTACGTTGATCAAGCGACAGCTTGTCGAAGCTTTCCACATCGGTGGTCAACATACCT
TTCAGGCGGCTGAGCGCGTTAATGGTATTCGACGGATGGCAGTGGAACTCCGCAGGTTGG
GTTGCGCCAGCTTCCGGAGCCGGTACTAACTGATCAGCACCAGTAGCTTGTTTCAGCAGC
GCAGGATGCTGCTCAAAGTAAGCTTCGACGTTGTTGATGGCATCACGGGTACGGGTGATT
TCGTAGCCAGT

>gnl|SRA|SRR5297773.1.2 1 (Biological)
GTCAGAAAGGCATTGGTCTGGTTATGTTGGTATTGATTGGTGTCGCACCAGCAGGCTTCG
TGGTGAACATGAATGCCACTGGCTACGAAATCACCCGTACCCGGGATGCCATCAACAACG
TCGAAGCTTACTTTGAGCAGCATCCTGCGCTGCTGAAACAAGCTACTGGTGCTGATCAGT
TAGTACCGGCTCCGGAAGCTGGCGCAACGCAACCTGCGGAGTGCCACTGCCATCCGTCGA
ATACCATTAA

S prefecth SRR5297773
S fastg-dump SRR5297773
S fastg-dump --split-files SRR5297773




* Install
* “Putty” http://www.putty.org/
o “filezilla” https://filezilla-project.org/

1IP:120.126.1.41
ID: std01 ~std12


http://www.putty.org/
https://filezilla-project.org/
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sample Name % GC Length
'SRR5297773_1 ] 7 231

SRR5297773_2 237

FastQC

FastQC is a quality control tool for high throughput sequence data. written by Simon Andrews at the Babraham Institute in Cambridge.

Sequence Quality Histograms

The mean quality value across each base position in the read. See the FastQC help. Y-Limits: [ R0

Mean Quality Scores ¥ Export Plot
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Created with MultiQC




Homework

bifidobacterium longum

& NCBI Resources ¥ How To ¥

SRA SRA % bifidobacterium longum |

Create alert Advanced

[Usratoolkit &k X T~ 51 IF # iR pifastgig I (7R SE or PE)

* SRR7627776

» SRR7627777

e SRR7101170

* SRR7030683

* SRR7030686

« fFHfastqciEfTF5IE =0

« PlmultiqgceHER

o Emultiqgc B F &E petang@mail.cgu.edu.tw ; =8 :  “[HTS02]Ei5E”

© FREFR BT R F12:00574132


https://trace.ncbi.nlm.nih.gov/Traces/sra/?run=SRR7627776
https://trace.ncbi.nlm.nih.gov/Traces/sra/?run=SRR7627777
https://trace.ncbi.nlm.nih.gov/Traces/sra/?run=SRR7101170
https://trace.ncbi.nlm.nih.gov/Traces/sra/?run=SRR7030683
https://trace.ncbi.nlm.nih.gov/Traces/sra/?run=SRR7030686
mailto:petang@mail.cgu.edu.tw
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