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Conclusions

Don’t be scared off!

Probably only applicable to smaller
genomes

All of the problems discussed are tractable

Take home message:

— Talk to us BEFORE you design your
experiment



Outline

Basic concepts in genome sequencing and
assembly

Alignment and assembly of next-generation
sequencing data
Sources of error in assemblies

Repeats
Sequencing errors



How do you assemble a genome?

2000 000

200 000
oLt g
il

Ly

s
. y;
iy, '%’o
" my Pz 2
fHrg Ity 2
w gy &

iz
oy,

1800 000

400 000

e L)
- =3 ﬂa‘
et “
- -
-

b
L

[T

Orentia tsutsugamushi,
strain Boryong
2,127,051 bp

1600 000

o1 i

Iy
Rl

600 000

(1]
-
T,
iy
&
iy
:g‘

#/
”
4%
“,
/;;::«

-]

=

|
- e
% {'4‘.
¥,
‘0
¥
R 05

@, Iy wd H‘ 1 ne "
Yy, 11 B <

17§00 0 poy gy gy V8 B
gy s 8 >

800 000

1200 000

1000 000

Sequencing Reads Genome



To align or to assemble?

Mapping / Alignment

— Useful if you have a reference
— Closely related

— High quality (i.e. “finished”)
Useful for various applications:
— RNA-seq

— ChlP-seq

— Methyl-seq

— CNV-seq

— SNP identification

Reference Sequence



Which alignment algorithm should |
use?

BFAST - Blat-like Fast Accurate Search Tool. Written by Nils Homer, Stanley F. Nelson and Barry Merriman at UCLA.

Bowtie - Ultrafast, memory-efficient short read aligner. It aligns short DNA sequences (reads) to the human genome at a rate of 25 million reads
BWA - Heng Lee's BWT Alignment program - a progression from Mag. BWA is a fast light-weighted tool that aligns short sequences to a sequence
ELAND - Efficient Large-Scale Alignment of Nucleotide Databases. Whole genome alignments to a reference genome. Written by Illumina author
Exonerate - Various forms of pairwise alignment (including Smith-Waterman-Gotoh) of DNA/protein against a reference. Authors are Guy St C Slz
GenomeMapper - GenomeMapper is a short read mapping tool designed for accurate read alignments. It quickly aligns millions of reads either v
GMAP - GMAP (Genomic Mapping and Alignment Program) for mRNA and EST Sequences. Developed by Thomas Wu and Colin Watanabe at Ger
gnumap - The Genomic Next-generation Universal MAPper (gnumap) is a program designed to accurately map sequence data obtained from nex
MAQ - Mapping and Assembly with Qualities (renamed from MAPASS2). Particularly designed for lllumina with preliminary functions to handle £
MOSAIK - MOSAIK produces gapped alignments using the Smith-Waterman algorithm. Features a number of support tools. Support for Roche FL
MrFAST and MrsFAST - mrFAST & mrsFAST are designed to map short reads generated with the lllumina platform to reference genome assemblie
MUMmer - MUMmer is a modular system for the rapid whole genome alignment of finished or draft sequence. Released as a package providing
Novocraft - Tools for reference alighment of paired-end and single-end lllumina reads. Uses a Needleman-Wunsch algorithm. Can support Bis-Se
PASS - It supports lllumina, SOLID and Roche-FLX data formats and allows the user to modulate very finely the sensitivity of the alignments. Spac
RMAP - Assembles 20 - 64 bp lllumina reads to a FASTA reference genome. By Andrew D. Smith and Zhenyu Xuan at CSHL. (published in BMC Bio
SeqMap - Supports up to 5 or more bp mismatches/INDELs. Highly tunable. Written by Hui Jiang from the Wong lab at Stanford. Builds available:
SHRiIMP - Assembles to a reference sequence. Developed with Applied Biosystem's colourspace genomic representation in mind. Authors are Mi
Slider- An application for the Illumina Sequence Analyzer output that uses the probability files instead of the sequence files as an input for alignr
SOAP - SOAP (Short Oligonucleotide Alignment Program). A program for efficient gapped and ungapped alignment of short oligonucleotides ontc
SSAHA - SSAHA (Sequence Search and Alignment by Hashing Algorithm) is a tool for rapidly finding near exact matches in DNA or protein databa:
SOCS - Aligns SOLID data. SOCS is built on an iterative variation of the Rabin-Karp string search algorithm, which uses hashing to reduce the set o
SWIFT - The SWIFT suit is a software collection for fast index-based sequence comparison. It contains: SWIFT — fast local alignment search, guar
SXOligoSearch - SXOligoSearch is a commercial platform offered by the Malaysian based Synamatix. Will align lllumina reads against a range of Rt
Vmatch - A versatile software tool for efficiently solving large scale sequence matching tasks. Vmatch subsumes the software tool REPuter, but is
Zoom - ZOOM (Zillions Of Oligos Mapped) is designed to map millions of short reads, emerged by next-generation sequencing technology, back 1

http://seqanswers.com/forums/showthread.php?t=43


https://secure.genome.ucla.edu/index.php/BFAST
http://bowtie-bio.sourceforge.net/
http://seqanswers.com/forums/showthread.php?t=706
http://maq.sourceforge.net/
http://bioinfo.cgrb.oregonstate.edu/docs/solexa/
http://www.ebi.ac.uk/~guy/exonerate/
http://1001genomes.org/downloads/genomemapper.html
http://www.gene.com/share/gmap/
http://dna.cs.byu.edu/gnumap/
http://sourceforge.net/projects/maq/
http://bioinformatics.bc.edu/marthlab/Mosaik
http://mrfast.sourceforge.net/
http://mummer.sourceforge.net/
http://www.novocraft.com/index.html
http://pass.cribi.unipd.it/cgi-bin/pass.pl
http://rulai.cshl.edu/rmap/
http://biogibbs.stanford.edu/~jiangh/SeqMap/
http://compbio.cs.toronto.edu/shrimp/
http://www.bcgsc.ca/platform/bioinfo/software/slider
http://seqanswers.com/forums/showthread.php?t=740
http://soap.genomics.org.cn/
http://www.sanger.ac.uk/Software/analysis/SSAHA/
http://socs.biology.gatech.edu/
http://bibiserv.techfak.uni-bielefeld.de/swift/welcome.html
http://synasite.mgrc.com.my:8080/sxog/NewSXOligoSearch.php
http://www.synamatix.com/
http://www.vmatch.de/
http://www.bioinformaticssolutions.com/products/zoom/index.php

Assembling ‘short’ NGS reads

 Required If no reference sequence
available

o Typically uses very high coverage of short
read data (eg. 50 — 150bp reads)

— Sometimes interspersed with longer reads

» Useful for various applications:
— de novo genomics
— de novo transcriptomics
— CNV-seq
— SNP identification

 Requires some heavy-duty computing



Which assembly algorithm should |
use?

* ABYSS - Assembly By Short Sequences. ABySS is a de novo sequence assembler that is design
* ALLPATHS - ALLPATHS: De novo assembly of whole-genome shotgun microreads. ALLPATHS is
* Edena - Edena (Exact DE Novo Assembler) is an assembler dedicated to process the millions «
* EULER-SR - Short read de novo assembly. By Mark J. Chaisson and Pavel A. Pevzner from UCS
* MIRA2 - MIRA (Mimicking Intelligent Read Assembly) is able to perform true hybrid de-novo

* SEQAN - A Consistency-based Consensus Algorithm for De Novo and Reference-guided Seque
* SHARCGS - De novo assembly of short reads. Authors are Dohm JC, Lottaz C, Borodina T and

* SSAKE - The Short Sequence Assembly by K-mer search and 3' read Extension (SSAKE) is a ge!
* SOAPdenovo - Part of the SOAP suite. See above.

* VCAKE - De novo assembly of short reads with robust error correction. An improvement on €
* Velvet - Velvet is a de novo genomic assembler specially designed for short read sequencing

http://seqanswers.com/forums/showthread.php?t=43


http://www.bcgsc.ca/platform/bioinfo/software/abyss
http://www.broad.mit.edu/science/programs/genome-biology/computational-rd/computational-research-and-development
http://www.genomic.ch/edena.php
http://euler-assembler.ucsd.edu/portal/
http://chevreux.org/projects_mira.html
http://www.seqan.de/projects/consensus.html
http://sharcgs.molgen.mpg.de/
http://www.bcgsc.ca/platform/bioinfo/software/ssake
http://soap.genomics.org.cn/
https://sourceforge.net/projects/vcake
http://www.ebi.ac.uk/~zerbino/velvet/

The problem of repeats

NGS Alignment
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Annotated Reference Sequence

e 102 of the gaps in mapped
sequence due to 975bp-long IS
elements

« Equates to ~3% genome
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454 Mate Pairs
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Complementary Technologies?

The positions of the gaps differ between the
two technologies:

Enmtry: [vw] S5_CDS.tab [¥] 55_w_4545denovo_gaps_modified.tab [wl S5_v_d454mapped_gaps.tab [l S5_w_3730_gaps.tah
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Schematic showing the positions of the gaps
present in the different assemblies.



Shotgun Sequencing

1. Generate reads
2. Find overlaps

3. Identify contigs

3. Scaffold Contigs
(long range data)
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How to close gaps?
Closing NGS generated genomes

o SFFfile split 454 MID tags
— Multiple genomes in a single run may be
preferable?

 Assembly with Newbler
« Convert ACE format to GAP

o Editin GAP

With thanks to Alistair Darby
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How to close gaps?
Closing NGS generated genomes

o SFFfile split 454 MID tags
— Multiple genomes in a single run may be
preferable?

o Assembly with Newbler
o Convert ACE format to GAP
e Editin GAP

« Examine ‘cutoff data’ due to high sequence depth
 Design Primers and Sanger sequence gaps
« Combine with ‘other’ NGS datasets for SNP calling

With thanks to Alistair Darby



Remember this?
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Tools now available!
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PAGIT - Post Assembly Genome Improvement Toolkit

Tools to generate automatically high guality sequence by ordering contigs, closing gaps, correcting sequence

errors and transferring annotation. 'CGATGG"I'I’GGAT TG G TGAATTCG c TGGACGGTGAC

With the advent of next generation sequencing a lot of effort was put into developing software for mapping or aligning short SGATGGTTGGA T G c TGGACGGTGAC
reads and performing genome assembly. For genome assembly the problem of generating a draft assembly (i.e. a set of CGATGGTTGEA TT cG CTGGACGGTGM
unordered contigs} has now been very well addressed - but for users who need high guality assemblies for their analyses

CGATGGTTGGA 'r T G c TGGACGGTGAC

there are still unresolved issues: this is where PAGIT is used.
PAGIT addresses the need for software to generate high quality draft genomes. It is based on a series of programs that we ceateeTreea T A reantice Crscaceetac

developed:
cateeTTeeA T 16 A roanrrcaC resacesTeac

1. ABACAS, that is able to contiguate contigs from a de novo assembly against a closely related reference.

2. IMAGE, an iterative approach for closing gaps in assembled genomes using mate pair information. It is able to close gaps
left open by the assembler in a draft genome, even when using the same data sets as used by the original assembler.

3. iCORN, that enables errors in the consensus sequence to be corrected by iteratively mapping reads to the current

assembly.
4. RATT, a tool to transfer the annotation from a reference genome, or an earlier assembly, onto the latest assembly.

[Genome Research Limited]

PAGIT bundles these software and makes them more accessible for users.

We have a mailing list for announcements and questions. PAGIT mailing list.

Please note that we submitted a protocol paper that will explain each step of the toolkit. Extra care must be taken, when
working with genome bigger than 200mb.

m Download ABACAS IMAGE iCORN RATT FAQ

How to Get PAGIT:
We have bundled the four tools together with some other helpful scripts. In the download area they can be downloaded as precompiled versions, or pre-installed on a virtual

machine.




Abacas (order and orient scaffolds)
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\ , /
lcorn (correction at nucleotide level)
e

reference

updated reference

s
error
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1
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more reads are mapped
with subsequent iterations



Conclusions

To assemble or to align?

— Largely down to whether you have an
acceptable reference sequence

Which analysis software to use
— Publicly available? It’s free!
— Commercial? Nice GUIs

Don’t be scared off!
All of the problems discussed are tractable



What haven’t | covered?

Experimental design

Sample preparation
— “Rubbish in / Rubbish out”

How do | extract my useful data?
— Genome Annotation
— SNP extraction

How do | write my Nature paper?

Take home message:
— Talk to us BEFORE you design your experiment
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