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* Hands on practice
— EMBOSS
— NGS data analysis: SRA read assembly



http://131.156.41.196:8080/

Hands on practice: EMBOSS

EMBOSS: European Molecular Biology
Open Software Suite
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NGS: QC and manipulation

NGS: Mapping
NGS: Indel Analysis

NGS: RNA Analysis
NGS: SAM Tools

NGS: GATK Tools (beta)

NGS: Peak Calling
NGS: Simulation

SNP/WGA: Data; Filters

SNP/WGA: QC; LD; Plots
SNP/WGA: Statistical Models

Phenotype Association

VCF Tools

Newbler
SRA tools

Create a new history

History
HISTORY LISTS
Saved Histories

|| Histories Shared with Me

i ; ;
o Copy Datasets
j Share or Publish
H|  Extract Workflow
i
21

| Dataset Security

Resume Paused Jobs

=! History = T

Tembosd |

|

0 bytes ¥

ﬂ Your history 1s empty. Click 'Get
Data’ on the left pane to start




Upload File (version 1.1.3)

File Format:

Auto-detect
Which format? See help below

File:

Choose File | Mo file chosen

TIP: Due to browser limitations, uploading files larger
URL method (below) or FTP (if enabled by the site ad

URL,/Text:

http://cys.bios.niu.edu/yyin/teach/PBB/nt-example.fa

p
Here yvou may specify a list of URLs {one per line) or ¢




Upload File (version 1.1.3)

File Format:

Auto-detect
Which format? See help below

File:

Choose File | Mo file chosen

TIP: Due to browser limitations, uploading files larger
URL method (below) or FTP (if enabled by the site ad

URL,/Text:

http://cys.bios.niu.edu/yyin/teach/PBB/cesa-pr.fa.aln

p
Here yvou may specify a list of URLs {one per line) or ¢




Copy & past only the first protein seq

Upload File (version 1.1.3)

File Format: o W

Auto-detect
Which format? See help below

r

= History

File: emboss

Choose File |Nc| file chosen 36.0 KB

TIP: Due to browser limitations, uploading files larger than 2GI
UEL method (below) or FTP {if enabled by the site administrat: 7: AtCeshA

URL,/Text:

»AT2G21770.1|AT2G21770.1|cesA &
MNTGGRLIAGSHNRNEFVLINADDTARIRS | 2: nucleotide seq
AEELSGQTCKICRDEIELTDNGEPFIACNE
CAFPTCRPCYEYERREGNQACPQCGTRYK | 1: CasA proteins
RIKGSPRVEGDEEDDDIDDLEHEFYGMDPE

Here yvou may specify a list of URLs {one per line) or paste ghe

6: Cesh alignment




Google o -

Web Images Maps Shopping Videos Mare = Search tools
About 1,420,000 results (0.25 seconds)
EMBOSS Homepage

emboss sourceforge_ net!

The European Molecular Biology Open Software Suite. An open source project started
by the EMBnet community in order to replace proprietary systems like ...

= C [’ emboss.sourceforge.net

recarb - Google Sea... | '] George Mason Univers... || CustomizeLinks £ Free Hotmal | '} RealPlayer ['] Windows Marketplace & Windows Media &Y

on?
-

About 4 Applications f GUIs ¢ Servers ¢ Downloads ¢ Licence ¢ User docs ¢ Devel
involved ¢ Support ¢ Meetings ® News ¢ Credits

EMBOSS was most recently funded from May 2009 to Dec 2011 by BBSRC grant B}

Funded from May 2006 to April 2009 by BBSRC grant BB/D018338/1

About EMBOSS (. crview . Uses: FAQ Citing EMBOSS

A high-quality package of free, Open Source software for molecular biology ... more =

Applications gy\poss. EMBASSY« Groups Proposed



EMBOSS Applications

Contents

* Introduction

+ Application groups (CVS & stable releases)

Stable release 6.4.0

o

Hundreds of useful commands

‘ ‘

About = Applications » GUIs » Servers » Downloads # Licence = Use
involved ¢ Support ¢ Meetings

Group

Description

Acd

Acd file utilities

Alignment

Sequence comparison and alignment

Alisnment consensus

Merging sequences to make a consensus

Alisnment differences

Finding differences between sequences

Alisnment dot plots

Dot plot sequence compatisons

Alignment global Global sequence alignment
Alisnment local Local sequence alignment

Alignment multiple

Multiple sequence alignment

Assembly fragment assembly

DNA sequence assembly

Data resources

Data resources

Data retrieval

Data retrieval

Data retrieval chemistry data

Chemistry data retrieval

Data retrieval feature data

Sequence feature data retrieval

Data retrieval ontology data

Ontology data retrieval

Data retrieval resource data

Resource data retrieval

Data retrieval sequence data

Sequence data retrieval 9



» banana Bending and
curvature plot in B-DMNA

banana (version 5.0.0)

On query:

Z2: nucleotide seq

banana predicts bending of a normal (B) DNA
double helix, using the method of Goodsell &
Dickerson, NAR 1994 11;22(24):5497-5503.
The program calculates the magnitude of local
bending and macroscopic curvature at each
point along an arbitrary B-DNA sequence

http://emboss.sourceforge.net/apps/release/6

4/emboss/apps/banana.html
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» geecee Calculates fractional GC
content of nucleic acid
sequences geecee (version 5.0.0)

Sequences:
| 2: nucleotide seq ;I

http://emboss.sourceforge.net/apps/cvs/embo
ss/apps/seecee.html

=

11
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dan (version 5.0.0)

On query:
» dan Calculates DNA RNA/DNA | 2: nudeotide seq =]
melting temperature Window Size:
20
Step size (shift increment): Create a graph:

1 I‘r’es ;I
DMA Concentration (nM}: -
Execute

50.0

Salt concentration (mM):
50.0

Output the DeltaG, DeltaH and Deltas values:
I‘r‘esj

Temperature at which to calculate the DeltaG, DeltaH ar
25

Dan calculates the melting temperature (Tm)
and the percentage of G+C nucleotides for
windows over a nucleic acid sequence,
optionally plotting them.

http://emboss.sourceforge.net/apps/release/6
4/emboss/apps/dan.html
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_ _ fuzznuc (version 5.0.1)
» fuzznuc Mucleic acid pattern

search Sequences:
| 2 nucleotide seq ;l

fuzznuc searches for a Sa‘ir;:t“““m
specified PROSITE-style __

Mumber of mismatches:

pattern in nucleotide ]

sequences. They can SpECIfy Search complementary strand:
a search for an exact [No =

sequence or they can allow  output Report File Format:
various ambiguities, matches | Searable [

to variable lengths of
sequence and repeated

subsections of the sequence.
One or more nucleotide
sequences are read from file.
The output is a standard
EMBOSS report file that
includes data such as location
and score of any matches

http://emboss.sourceforge.net/apps/release/6
A4 /emboss/apps/fuzznuc.html

FEEEEEEEERERERHRERFRER RN ERFRERHEERS
# Program: fuzznuc

# Rundate: Tue 13 Feb 2013 00:37:18

# Commandline: fuzznuc

# -seqguence Sgalaxy/main pool/poolé/files/00
# —outfile

Fgelaxy/main pool/pocld/tmp/job working directo

# -pattern aaaaat

# —pmizmatch O

# —complement no

# —rformatZ segtakble

# —auto

# Report format: segtakble

# Report file:

Fgelaxy/main pool/pocld/tmp/job working directo

FEEEEEEEERE R R RN RN R R R AL
Sequence: contig0O0008 from: 1 co: 262

HicCount: 1

Fattern name Mismatch Fattern
patternl 0 aaaaat

Complement: Ho

Ak AE Ak AE AE AR AE Ak AR e e



http://emboss.sourceforge.net/apps/release/6.4/emboss/apps/fuzznuc.html
http://emboss.sourceforge.net/apps/release/6.4/emboss/apps/fuzznuc.html
http://emboss.sourceforge.net/apps/release/6.4/emboss/apps/fuzznuc.html

plotorf (version 5.0.0)
» plotorf Plot potential open
reading frames Sequence:
| 2 nucleotide seq ;l

Start codons:

ATG
plotorf plots potential open reading frames (ORFs)  stop codons:
for an input nucleotide sequence TAA

http://emboss.sourceforge.net/apps/release/6
4/emboss/apps/plotorf.html
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http://emboss.sourceforge.net/apps/release/6.4/emboss/apps/plotorf.html
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prettyseq reads a nucleotide sequence and
writes an output file containing in a clean
format the sequence with the translation

» prettvseq Qutput sequence
with translated ranges

1 taagatacctcgaaatattttatttgocattttattttgocattgagaatggtaactacate &0
i1+« b T 5 E ¥ F I C I L F € I E H G N ¥ I 19
61 acgcoctggottcoccactgagoacattotcaggoatyaaaaatgygacogaattoccageoctett 120
. 20T L A 5 T E H I L R D E B W T E F g B L 35
prettyseg (version 5.0.0)
Sequence: 121 ttacaaaatgccagocccaaaatttagoaagaggaccagttgtcaggatteaaggecace 180
Add a ruler- e e e e e e
IYES‘:J 181 tacacagaagctatgtacttgataaggtccaccacacggttigotgtagococccactegtta 240
12 Yy T E A M ¥ L I R 5 T T R L L = P H 5 L 4
Mumber translations:
[ves =] o -
241 tecataccacgcogacaaacttcocatgaatttttogtttaacgoaatgocoggectttgogtey 300
Number DNA sequence: 55 ¥ H 2 T W F M MW F 58 F MW A M P B F R 5 24
I"rfesll ______________________________________________________
Width of screen: 301 aagatactcgacctgotatcaccaatcaggtctgaagagacgaggtocctettoctgtgtat 360
) 28 ¥ I L. o0 L L 5 P I R 5 E E T R 5 5 58 Ww ¥ 44
a0
- 386l ccaagaatacctttcagtgotococctotgattoctttoctttataacagattttacttecteog 420
Execute 45 P R I P F S A P 5 D 8 F F I T DFT 5 5 &4

421 taagaagttgcoctttctcgagoccttacagtcagatocgacaactgatacatcagocagtagge 480
http://emboss.sourceforge.net/apps/release/6
.4/emboss/apps/prettyseq.html

15
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garnier is an implementation of the original

Garnier Osguthorpe Robson algorithm (GOR 1)

for predicting protein secondary structure

= garnier Predicts protein
secondary structure

garnier (version 5.0.0)

Seguences:

7 ARCesA

In their paper, GOR mention that if yc
you are analyzing, you can do better i
which provide 'decision constants’ (d
sheet (extend) terms. So, idc=0 says
various combinations of dch,dcs offse

| idc 0 =]
Output Report File Format:

=l

| Tagseq

Execute

http://emboss.sourceforge.net/apps/r
elease/6.4/emboss/apps/garnier.html

helix
sheet
turns

coil

helix
sheet
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coil
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pepinfo (version 5.0.0)

» pepinfo Plots simple amino acid Sequence:
properties in parallel I 7. AtCesA =]

Window size for hydropathy averaging:

9

Choose a plot type:

| Histogram of general properties ;l

http://emboss.sourceforge.net/apps/release/6

.4/emboss/apps/pepinfo.html

pepinfo plots various
amino acid properties in
parallel for an input
protein sequence

WNArQe FEEQUes 1IN CRSH TRAM RRsEITICn | T LS

u] 200 400 _ . EOO
Charged residuss

200 1020

Foaitive reaidues in cead from poaition 1 ko 1GBR

i} 200 400 . . &od
Pazitiva reaiduaa

© B0 ' © qoo0 '

Megative residues in cesd from position 1 to 1033

Meantive residues

600

a0

10050


http://emboss.sourceforge.net/apps/release/6.4/emboss/apps/pepinfo.html
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» pepstats Protein statistics

pepstats (version 5.0.0)

Sequence:
1: Cesh praoteins x|
Include charge at N and C terminus:

I‘r’es;l

Molecular weight

Lvverage Residue Weigh

i
L2280 Extinction Coefficient lmg/ml = 1.72
I = 0,695
Molecular weight = £1558.14 Besidues = 534
Lvverage Residue Weight = 115.277 Charge = 20.0
I=zoelectric Point = 9.4005
L2B0 Molar Extinction Coefficient = 109&70

- —_

L2800 Extinction Coefficient Ilmg/ml = 1.78
Inprobability of expression in inclusion bodies = 0.780

18



» plotcon Plot quality of
conservation of a sequence
alignment

plotcon reads a sequence

alignment and draws a plot of the

sequence conservation within
windows over the alignment

http://emboss.sourceforge.n
et/apps/release/6.1/emboss
/apps/plotcon.html

Similarity

plotcon (version 5.0.0)

MNMumber of columns to average alignment guality over:

1.0

0.5

a.0

Similarity Plot of Aligred Sequences

E00 sac
Relative Residue Position


http://emboss.sourceforge.net/apps/release/6.1/emboss/apps/plotcon.html
http://emboss.sourceforge.net/apps/release/6.1/emboss/apps/plotcon.html
http://emboss.sourceforge.net/apps/release/6.1/emboss/apps/plotcon.html
http://emboss.sourceforge.net/apps/release/6.1/emboss/apps/plotcon.html

Basic NGS analysis on 454
transcriptome reads



QC and manipulation http://131.156.41.196:8080/

NGS: Mapping "1
NGS: Indel Analysis sto— L B

NGS: RNA Analysis
NGS: SAM Tools

NGS: GATK Tools (beta)
NGS: Peak Calling

2
NGS: Simulation

A Saved Histories

2.0 Histories Shared with Me

SNP/WGA: Data; Filters :lt  Copy History
SNP/WGA: QC: LD: Plots Cnnv Natasets
SNP/WGA: Statistical Models o

History
Phenotype Association
VCF Tools SRA
EMBOSS 442.0 MB

Newbler
SRA tools Not available at Galaxy main site!!! §




SRA tools

Fetch SRA by accession from
NCBI SRA.

= Extract SAM format reads from

NCBI SRA. Read
The sequences generated by

a sequencing machine from
a DNA/RNA fragment.

s Extract fastg format reads from
NCBI SRA.

Fetch SRA (version 1.0.0)

SRA run accession:

‘ SRRO72146 I http://www.ncbi.nlm.nih.gov/sra/SRX030762

Binary file (not text file) that are NOT human

m readable

22
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SRA tools

» Fetch SRA by accession from
NCBI SRA.

= Extract SAM format reads from
NCBI SRA.

Extract fastqg format reads from
NCBI SRA. sion 1.0.0)

sra archive:
[ 2: Fetch SRRO72146

A
| —

Split read pairs:

Specify alignment:
[ Al :)

m http://www.ncbi.nlm.nih.gov/books/NBK47528/
http://www.ncbi.nlm.nih.gov/Traces/sra/sra.cgi?view=software

This tool extracts fastgsanger reads from SRA archives using fastg-dump.
program is developed at NCBI, and is available at:
http://www.ncbi.nlm.nih.gov/Traces/sra/sra.cgi?view=software.

23



10: Extract fastqondata2 @ § ¢
5.1 MB

format: fastgsanger, database: ?
fhome/yyin/galaxy-

dist/database/files/000/dataset_281
.dat Written 4724 spots total

SOLY =
Fastg format (sequence + quality score)

@Fetch SRR072146.1 GJ66JUQ0LIA6PVK length=494
TCAGTTCGTCGACGCACGTCACGCGCTCNCGTCAAATGACNTCAGCAATCACTGAACNTGNAG
+Fetch SRR072146.1 GJ66JU001A6PVK length=494
447:994/,/ /11110001 THPT T 7420 1172, , 407/ 144/ -=471//T-=/1//1/4

24



NGS: QC and manipulation

GENERIC FASTQ
MANIPULATION

= Filter FASTQ reads by quality

score and length

FASTQ Trimmer by column

FASTQ Quality Trimmer by
sliding window

FASTQ Masker by quality score

FASTQ interlacer on paired end
reads

FASTQ de-interlacer on paired
end reads

Manipulate FASTQ reads on
various attributes

= FASTQ to FASTA converter

s FASTQ to Tabular converter

= Tabular to FASTQ converter

FASTQ to FASTA (version 1.0.0)

FASTQ file to convert:
[ 10: Extract fastgon data2 4 |

127 XA ,
TfﬁfTTf:Tf:Ef:fﬁf:Tfﬁf:fffTZHZCTZEEET:EZHTCE::;}TCECTCELCHT-H;::T:;TIHE:T

»Fetch SER07Z144.2 GJ4eJU001DRASTE length=440
TCRGTT AR AT AT RO T T GRCH G THAS T T CACHACCEAN CAR T TR R DGR AGETTGRAR R AGTHTAR
>Fetch SERO72144.3 GJoeJU0O01DSELY length=529
I AGT OO GRAN CCT GG T GCT G T GECT T GG T CEH o CGCT GOGH CTAT CRAT GAGHT COGENT CGEER

»Fetch SER072144.4 GJaaJUO01BELUI length=504
TR e AT A AT AT R T TR AR GO D AR TR TAGT AT CT GEGACTAT GEAR GIAT GEACATE
»Fetch SER07Z21446.5 GJ4eJUO01BDTUJ length=522

I ART T I OO GRAC AT AT RO CT IO OGAT RO T AR GOGEARGREARCCTICATANCGATCAGS

25



Text Manipulation

>Fetch

» Manipulation of text lines
with regular expressions

(sed)

SRRO72146.1 GJ66JUOO01A6GPVK length=494

Manipulation (version 0.0.1)

Replace lines from:
| 3: FASTQ to FASTA on data 2 ;l

patter s/>Fetch />/

5/ =Fetch /=/
here you can enter vour sed expression (Mo syntax check or sanitising!)

Execute

Use with caution! Its a plain wrapper around sed and the input is not sanitized.

What it does

Changes every line of a text file according to a given regular exprassion.

Syntax
Use the sed-syntax -= s/find-pattern/replace-pattern/
Example

s/x/-f Replace all x with -.

s/ _*J/ Splits a string after _ and replaces the rest with nothing.

s/[~_1*_*/f/ Splits a string after _ and replaces the first part with nothing.
s/\s.*// Splits a string after whitespaces and replaces the rest with nothing.
s/A\S*¥\s* [ [ Splits a string after whitespaces and replaces the first part with nothing.

26



Newbler runAssembly cDNA (version 1.0.0)

= runMapping Map Roche/454
reads to a reference using
Newbler

Newbler version:
L'J default

Unpaired Reads Sff Files

n Sff File Select reads to include o

exclude from one or more inpui
Sff files Unpaired Reads Fasta Files

| Add new Unpaired Reads Sff Files |

| Add new Unpaired Reads Fasta Files |

runAssembly De novo assembly

of Roche/454 reads using Paired Reads Sff Files

Newbler | Add new PaijUnpaired Reads Fasta Files

= runMapping cDNA Map Paired Reads| Unpaired Reads Fasta Files 1

Roche/454 reads to a reference | Add new Paj SE Fasta file:
using Newbler |4: Manipulation on data 3~

[-paired_reac

runAssembly cDNA De novo (e)no | Remove Unpaired Reads Fasta Files 1 |
[-paired_rq

assembly of Roche/454 cDNA
reads using Newbler

[-pair] Output pairwise overlaps:

(e)no
[-pair] yes

= Sff to Fastg Converter Convert
SFF to FEI.S‘[E] [-it] Specify the maximum number of isotigs in an iso«

100




o The following job has been successfully added to the queue:

4: runAssembly cDMA on data 3

5: Read Status

&: Alignment Info

7: All Contigs (Fasta)

3: All Contigs (Qual454)
9: Contig Graph

10: Trim Status

11: Isotigs (Fasta)

12: Isotigs {Qual454)
13: Isotigs (Agp)

14: Isotig Layout

You can check the statl —————

History pane. When th
if completed successfull

Consensus contig

[-mlI] Minimum overlap length - The minimu
alignment step. The value can eitherbe a
length. In the case of a percentage, simply
value. Allowed values: 1 or greater:

40

[-mi] Minimum overlap identity - The perce
alignment step. Allowed values: 0 or greate

o0

R R TS I TS R R S RS

| ACGCGATTCAGGTTACCACG
GCGATTCAGGTTACCACGCG

Aligned reads

GATTCAGGTTACCACGCGTA
TTCAGGTTACCACGCGTAGC
CAGGTTACCACGCGTAGCGC
GGTTACCACGCGTAGCGCAT
TTACCACGCGTAGCGCATTA
ACCACGCGTAGCGCATTACA
CACGCGTAGCGCATTACACA
CGCGTAGCGCATTACACAGA
CGTAGCGCATTACACAGATT
TAGCGCATTACACAGATTAG

ACGCGATTCAGGTTACCACGCGTAGCGCATTACACAGATTAG

Overlap:
The relationship

between two reads,
the ends of which
have highly similar
sequences. The
minimum length
allowed for the
corresponding
sequence is an
important
parameter in
assembly.



15: Isotig Layout @ (] %

14: Isotigs (Agp) @ (] 2

3: Isotigs (Qual454) @ (] 8
12: Isotigs (Fasta) @ (] 2
11: Trim Status @ R
10: Contig Graph @ (] 2

: All Contigs (Qual454 @ R

8: All Contigs (Fasta) @ (] 32

7: Alignment Info @ R

6: Read Status @ ] ]

: runAssembly cDNA on @ (] 8
data 4

R R R R O R R Y R R R Y R R Y Y Y R R R R R R R Y Y R R R R R R R R R e W

-

- 454 Life Sciences Corporation

ke Newkler Metrics Results

i Date of Rssembly: 2013702720 23:45:43
i Project Directory: Sfhome/vyyin/galaxy-
dist/database/files/000/datazset 402 files

ok Software Belease: Z.7 (Z01Z20228 1408)

-

R e e e e e e e e e R R R R R e e e e e e [

;¥

": Input information. Contigs = exons

' Isotigs = transcripts
ranData

: Isogroups = genes

1
file
r
1

path = "/home/yyin/galaxy-
dist/datakbase/files/000/dataset 401.dat";

numkberDfReads = 4724, Z587;

numkberCfBazes = 2455416, 1330324;
i
*¥% QOperation metrics.
1.-«-.',-'

runMetrics

http://contig.wordpress.com/category/newbler-output/
http://contig.wordpress.com/2010/09/21/running-newbler-de-novo-transcriptome-

assembly-ii-the-output-files/
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WA G CGTTT T TACHCG T CHC GO GCN G T CGT ACGTACGT O T CET O T CGTI CGT T CGCECGORIGCEGEGORIGECTE

adolavollvoliloliJolUollololUslol gl olologliguioliolc

1aEET T ACT AGE AN GHNMHN NN N N NN HE R

T CEET GCGET O o GAR L CERCCGAC A NI TAC GO GT CGI CCT OGO CT OGO CTAR AR A RCOGTAGEET

uuuuuuuuuuuuuuuuuuu T T T LN

R T OGN G I G T T GO T GO T GO T T AT A T AT T AT A T A CT AT AG T GT GET G TAGTAGTAGTATAGTARTE

AT TTEAGCCT O CGACGT G EC R A TTTAGCGERAT TTGHECGHGEGHEN G T GT GT L GEoGEOREAGT GOGIECED

CECEECEECEEARTECG0RCR! These Ns are unknown
JGAGNGNGNGN G NN N NN NN NN bases that were not read
TTNCTCHCHANNACATCHCNCACGGNACNNGNAGNACGAGNGAGNGNNGHNINN NN NN out by the sequencing

- machines.

A T A T O T O T eI O o A DA G T A G T e T AL G T ORI OGO AT A GAGAGT ACGT TAGT TAGT TAGT

They have the worst

quality and we want to get
ride of them

ARG TITIACTIIAR T TAR T AT AR T AR O T TAC G T AR CTAGETAR R CT AR CTAGTAGTAGTACEITATTIIAL

AT GGG T Go GO I CoGT OO T AL C AL O T AL GG T ACGEI CGT O T AGRAC G T ACGOGACRACGRACGACGACT

b

GAGTGTCGTCEICTNI GT T GoGAC AL GACGACEACGRAGAG L CH G HEEH
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&mhess NUCLEIC (

Predictions of genes and other genomic features

Program name Description

checktrans Reports STOP codons and ORF statistics of a protein

getorf Finds and extracts open reading frames (ORFs)

marscan Finds matrix/scaffold recognition (MRS) signatures in DNA sequences
plotorf Plot potential open reading frames in a nucleotide sequence

showorf Display a nucleotide sequence and translation i pretty format

sixpack Display a DNA sequence with 6-frame translation and ORFs

SVCO Draw synonymous codon usage statistic plot for a nucleotide sequence
tcode Identify protein-coding regions using Fickett TESTCODE statistic
wabble Plot third base position variability in a nucleotide sequence
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Technology Read length (bp) Error rate Native paired-end read support Refs

ABI/Solid 75 Low (~2%) Yes 93
[llumina/Solexa 100-150 Low (<2%) Yes 04
lonTorrent ~200 Medium (-4%)* No 04
Roche/454 400-600 Medium (~4%)* No 94
Sanger Up to ~2,000bp Low (~2%) Yes

Pacific Biosciences Up to ~15,000% High (~18%) Yes (in strobe read mode) 39

*454 and lon Torrent technologies are prone to errors in homopolymer regions, which are segments of the genome in which the same
nucleotide is repeated multiple times®. *Pacific Biosciences instruments produce reads with an exponential distribution of read
lengths, only a few of which reach the multi-kb range®!!.,

NATURE REVIEWS | GENETICS
VOLUME 14 | MARCH 2013 | 157
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Sequencer 454 GS FLX HiSeq 2000 SOLiDv4 Sanger 3730x1
Sequencing : Sequencing by  Ligation and two-base Dideoxy chain
_ Pyrosequencing o . o
mechanism synthesis coding termination
50SE, 50PE, 50 + 35bp or
Read length 700b ' ' 400 ~ 900 b
ead leng p 101PE 50 + 50 bp 400 ~ 900 bp
Accuracy 99.99%* 98%, (100PE) 99.94% *raw data 99.999%
Reads 1M 3G 1200~1400 M —
Output data/run 0.7Gb 600 Gb 120Gb 1.9~84Kb
: 7 Days for SE
Time/r 24 Hour 3~10 Day ’ 20 Mins~3 Hour
ime/run ours ays 14 Days for PE ins ours
Advantage Read length, fast High throughput Accuracy ngij;ifgtﬁong
Disadvantage Error rate with polybase more than 6, high cost, Short read Short read assembly High cost low
low throughput assembly : throughput

http://www.hindawi.com/journals/bmri/2012/251364/tab1/
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Next class: Bioinformatics
softwares run on Windows



