Sequence Assembly and Alignment
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Outline

Basic concepts in genome sequencing and assembly

Hierarchical vs. whole-genome shotgun methods

Sources of error in assemblies

‘Repeats
-Polymorphism
-Sequencing errors

Alignment and assembly of next-generation sequencing data

-Tiling reads onto reference vs. de novo assemblies
-some methods



Sequence assembly: the basic approach

Generate reads

Find overlapping reads l

Assemble reads into contigs l

contig
Join contigs into l
scaffolds using
matepairs _ - _ _ T __TT= _ T_
- o - _matepair
scaffold
Join scaffolds into l

“finished” sequence

AGTTGTATTATTAGAAACTGAGGGCTAAAAACTGTGCACATACACAGACACACATATTATTTTAATATAGATTTTCAATAATTGGTCTAGGATAAGGATAATATACAG

Terminology and concepts

genomic clone:
A vector containing an insert of
genomic DNA

BAC: 150-200 kb
Fosmid: 40 kb
Plasmid: 3-5 kb

mate pair:

reads from two ends of a clone
(plasmid, BAC or fosmid) containing
an insert physically mapped to the
genome; used to order and orient
contigs and scaffolds

coverage:
average number of reads covering a
particular position in the assembly



Hierarchical shotgun sequencing
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Assembling the human genome
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Whole genome shotgun sequencing
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ATTGGACTTCGGA
CGATCGATGACTG
CTTGATCGATCTA
ACTGGGATCCTAC
TCCCOGTATACCCC
AATCGATATCGAT
ATACAGCTTCTAT,

AGTTCGTAACCTA[

TCCCAATTCTACA
TAACCTGCATGCT
TGATCGATGTACT
GGATCTTACAAGT
GOATTAAAAACCA
AACGTTAGATCGA
TAGCACATCGCGT
ATAGCCCGTAGAT

CGATCOGATGACTA
CAGCTAGCGTGAT
ATGCTGACTGTAG
ATAACCTGCCTTG
CGAGCGTTGOCAG
ATCGATGTACTGG
ATCTTACAACTAA
CGTTAGATCGATA

Combined hierarchical - whole genome shotgun

Generate
whole-genome
shotgun reads

TAGATOGATGAAT| CGTGTATCIATAT| GCACATCGOGTAT

CGO

* Generate BAC
shotgun reads

Combine overlapping whole-genome-
| and BAC-derived reads I
Assemble
and finish




Assembly from individual reads

|dentify pairs of reads sharing a common sequence (k-mer; k > 20)

Extend to full alignment - discard if alignment < 98% identical

TACA TAGATTACACAGATTACT GA
1 11 errrrrrrrrrry I ——

TAGT TAGATTACACAGATTACTAGA

Create multiple alignment l
from overlapping reads

l Issues:

repeats
-sequence errors
-polymorphism

build contigs, scaffolds, etc.



Assembly from individual reads:

Repeats

issues

-a k-mer represented 1,000,000 times results in 1,000,0002 comparisons

-remove “overrepresented” k-mers
«increase read length = increase k

-problematic for short read methods

Sequencing errors

«increase coverage

ATT 8 A
3 %ﬁgﬁgﬁgﬁﬁ gﬁ
TRGAMACACACATTRCRCH

Polymorphism

-produce consistent high-quality mismatches in one contig

or multiple virtually identical contigs

TA TA ATT

i
«increase coverage
-sequence multiple people

TAGATTACACAGATTACTGA

TAGATTACACAGATTACTGA
TAGATTACACAGATTACTGA

TAG-TTACACAGATTATTGA
TAG-TTACACAGATTATTGA

repeats can also cause this



Assembly quality

Human draft

Table 7 Sequence level contiguity of the draft genome sequence

Chromosome Initial sequence contigs

Number N50 length (kb)
All 396,913 21.7

~7.5X coverage

Mouse draft

Sequence contigs Sequence-contig scaffolds

Number

149,821

NS0 length (kb) Number NS5O length (kb)
819 87,757 2743

Tanle 2 Basic statistics of the MGSCv3 assembly

Features Numbaer NS5O langth oJ

All anchorad contigs 1 176,471 259
All anchorad suparcontigs 77 18,600
Al utracontigs 88 50,600
Unanchored contigst 48242 23
Largest 200 suparcontigs 200 18,7C0

Largest 100 suparcontigs 100 22,900

~7/.7X coverage

Assemblers

Phrap
«Celera
«Arachne

designed for Sanger sequencing
(read length, errors, quality scores)

Basas (Gb)

2372
2372
2372
0.108
2.352

1.855

Basas plus gaps (Gb) Parcantage of ganome
2.372 849
2.477 99.1
2,483 99.7
0.106

2.455 8.2
2.039 8186

N50 length:

contig length containing a typical
nucleotide, i.e. the maximum length
L such that 50% of all bases lie in
contigs at least L bases long.



Ref.

Alignment and assembly with short reads

AATACTAATCTAATCAAAACCAAGAAC
AACAAATACTAATCTAATCAAAACCAAGAAC
AACAAATACTAATCTAATCAAAACCAAGAAC
AACAAATACTAATCTAATCAAABCCAAGAAC
AACAAATACTAATCTAATCAAAACCAAGA
AACAAATACTAATCTAAT
AACAAATACTAATCTAATCAAA
AACAAATACTAATCTAATCAA
AACAAATACTAATC
AACAAATACTAG
AACAAATACTAA
AACAAATACTAA
AACANATACT
AACAAATACTA
AACAAATACTA
AACAAATACT
AACAAATAC

carfic

AACA
AATACTAATCTAATCAAAACCAAGAAC
AMATACTAATCTAATCAAAACCAAGAAC
AAATACTAATCTAATCAAAACCAAGAAC
ACAAATACTAATCTAATCAAAACCAAGAAC
AACAAMATACTAATCTAATCAAAACCAACAACH
AACAAATACTAATCTAATCAAAACCAAGAAC
AACAAATACTAATCTAATCAAAACCAAGAAC
MCMAT;\CTMTCTMTCMMCC»\'GA
AACAAATACTAATCTAATCAAAACCAA
AACAAATACTAATCTAATCAAAACCAA

ATT

TAC ACCAAGACCACCAGTCTTCCCEG CTTTC

TAAGCTTAC! ACCAAGACCACCATACTTCCCAG G

GTAAGCTTAC ACCAAGACCACCAGTCTTCCC G

GTAGTAAGCTTAC ACCAAGACCACCAGHEATC CTCG
TTAGTAGTAAGCTTAC! ACCAAGACCACCAGGC cTeTClcG,
TTAGTAGTAAGCTTAC ACCAAGACCACCAGTC CA cG
CTTAGTAGTAAGCTTAC ACCAAGACCACCAGT CCM jcG.
CTTAGTAGTAAGCTTAC! ACCAAGACCACCAG CCA ICG.
CCTTAGTAGTAAGCTTAC! ACCAAGACCACCAC CCA cG.
CCTTAGTAGTAAGCTTAC! ACCAAGACCACCAG  TCCCA ICG.
ACCTTAGTAGTAAGCTTAC ACCAAGACCACCA  TGCCCA ICG.
ACCTTAGTAGTAAGCTTAC ACCAAGACCACCA  TTCCCA lcG
TTACCTTAGTAGTAAGCTTAC ACCAAGACCAC CTTCCCA CG.
AAAACGTTACCTTAGTAGTAAGCTTAC ACAAA CTTCCCA C
AAAACGTTACCTTAGTAGTAAGCTTAC ACCAA GTCTTCCCA ICG.
CGAAAAACGTTACCTTAGTAGTAAGCTTAC AC AGTCTTCCCA ICG.
ACGAAAAACGTTACCTTAGTAGTAAGCTTACGTGCE CAGTCTTCCCA G
ACGAAAAACGTTACCTTAGTAGTAAGCTTACGTGC CCACCTGTCTTCCCA CG.

AACGAAAAACGTTAC C?TAGTAGTMGCTT}\CG!‘C
AACGAAAAACGTTACCTTAGTAGTAAGCTTAC
AACGAAAAACGTTACCTTAGTAGTAAGCTTACGTGC
AAAACCAAAAACGTTACCTTAGTAGTAAGCTTACG
TANAAACGAAAAACGTTACCTTAGTAGTAAGATTAC
ATAAAAACGAAAAACGTTACCTTAGTAGTAAGCTTA

ACCACCAGTCTTCCCA
GACCACCAGTCTTCCCA
AAGACCACCAGTCTTCCCA
AAGACCACCAGTCTTCCCA
CCAACACCACCAGTCTTCCCA
CCAACACCACCAGTCTTCCCA

TARAAACGAAAAACGTTACCTIAGTAGTAAGHT
TAAAAACGAAAAACGTTACCTTIGTAGTARGCT

GCACCAAGACCACCAGTCTTCCCA
ACCAAGACCACCAGTCTTCCCAGTCTTTC

TAAAAACGAAAAACGTTACCTTAGTAGTAAGCT AC
TAAMAACCAAAAACGTTACCTTAGTAGTAAGCT AC

TAAAAACGAAAAACGTTACCTTAGTAGTA
TAAAAACGAAAAACGTTACCTTCITAGT

ICG
jC
1CG.
ICG
1CG.
ICG.
ICGA
icG

ACCAAGACCACCAGTCTTCCCAGHCT
ACRAAAGACCACCAGTCTTCCCAGECT
TACGEGCRCCAAGECCACCAGTCTTCCCAGRCT
TTACGIGCACCAAGACCACCAGECETCCCAGECT

AACAAATACTAATCTAATCAAAACCAAGAACCGAGAAGCTAAGCTATAATTCTTTATAAMAACCAAAAACGT TACCTTAGTAGTAAGCTTACGAGCACCAAGACCACCAGTCTTCCCAGACTTTCGCGAAACAAGA

(Chr 5: 18988052 to 18988137)

Two tasks:

Map to reference genome

smany tools

De novo assembly
-much harder

-reference-guided assembly (MOSAIK)
“true” de novo assembly (Velvet)



Analysis depends on application

Mapping to reference genome

-useful for interrogating the “known” genome
*RNA sequencing

«ChlIP sequencing

-SNP detection (targeted and whole-genome)
-methyl-seq

«CNV detection (sometimes)

De novo assembly
*'NO genome sequence

sunbiased ascertainment of variation in
known genome by whole-genome reseq



Mapping short reads to a reference

Eland

aligner for lllumina data

alignment policies:

«allows up to 2 mismatches/alignment
-non-unique alignments are discarded

Maq
-quality aware - takes seq quality into
account

«allows non-unique alignments

Index methods

-reference genome is loaded into active
memory as k-mers
-very fast alignments

«SOAP
-Bowtie

ATAGGTTATAGCACAGGAAGAAGGARTAGGAGA

SNP detection, paired-end mapping, RNA-seq, ChIP-seq, etc.

A

AARRACAARAGTATCTACATAGARCTTTCAGTGTAARARAART CCCARARARACCGGTTGACAATTGLCA!




Maq dataflow

fasta2bfa

reads (.fasta)

fastg2bfa

cns2fg

cnsZref

consensus
sequences and
qualities {.fastq)

reference
sequences
(.fasta)

reference (.bfa) reads (.bfq)
statistics on tet
reads and their opcheck maren mopmerge
alignments
v
) - :
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.map mapvie plain tex
read bases and pyview
qudlities at each —
position assemble
. . improved
mf%mcstig; RS | (.cns) bec ¥ consensus by
using dbSNPs

cns2win

~averaged
informationin a
window

alignment
information

( input , | key files I

consensus
information



De novo assembly

-Segquencing a new genome
-Resequencing an existing genome

-Accomodate repeats, polymorphism, sequence errors

“Reference guided” assembly

-use pairwise alignments to mosaik x00000
reference genome to guide assembly assembler

-allows gapped alignments

“True” de novo assembly

Velvet: graph-based analysis observed k-mers,
rather than pairwise alignment of reads



Velvet assembly process

TAGTCGAGGCTTTAGATCCGATGAGGCTTTAGAGACAG

1. Sequencing
AGTCGAG CTTTAGA CGATGAG CTTTAGA
GTCGAGG TTAGATC ATGAGGC GAGACAG (e.g. Solexa, 454...))
GAGGCTC ~ ATCCGAT AGGCTTT GAGACAG
AGTCGAG  TAGATCC ATGAGGC TAGAGAA
TAGTCGA CTTTAGA CCGATGA  TTAGAGA
CGAGGCT AGATCCG TGAGGCT AGAGACA
TAGTCGA GCTTTAG TCCGATG GCTCTAG
TCGACGC  GATCCGA GAGGCTT AGAGACA
TAGTCGA  TTAGATC GATGAGG TTTAGAG
GTCGAGG TCTAGAT  ATGAGGC TAGAGAC
AGGCTTT ATCCGAT AGGCTTT GAGACAG
AGTCGAG  TTAGATT ATGAGGC  AGAGACA

GGCTTTA TCCGATG TTTAGAG 2. Hashlng Linear stretches
CGAGGCT TAGATCC TGAGGCT GAGACAG
AGTCGAG TTTAGATC ATGAGGC TTAGAGA
GAGGCTT GATCCGA GAGGCTT GAGACAG
(IX)

/— \

TGAG ATGA GATG CGAT CCGA TCCG ATCC GATC) | AGAT
(9x) (8x) (5x) (6x) (7x) (7x) (7x) (8x) --.(8x)
B . T S T

.
( L B - /AGAA
“GCTC CTCT TCTA CTAG-. (1x)
Y . . . . — Py (zx) (1x) (zx) (zx) . pr— Py ——— .

TAGT AGTC GTCG TCGA CGAG GAGG AGGC GGCT 'I‘AGA AGAG GAGA AGAC GACA ACAG

(3x) (7x) (9x) (10x) (8x) (16x) (16x) (11x) gcrT CTTT TTTA TTAG (16X) (9x) (12x) (9x) (8x) (5x)
CGAC GACG ACGC (8x) (8x) (8x) (12x) T
(1x) (1x) (1x)

3. Simplification of linear stretches

TAGTCGA CGAG

4. Error removal AGATCCGATGAG

\

. P -

TAGTCGAG GAGGCTTTAGA AGAGACAG




