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New sequencing technologies...
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... offer vast throughput ...
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& enable personal genome sequencing
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The re-sequencing informatics pi
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GTT*a tkgTCG TACTCC*A TGTCTTTCAGGG*TC

aaxtactcc akcga CTtteaggexTC
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CCARTCTAACAATACCTGTGA

GIGABAYES

(IV) SV Calling St

(iii) SNP and short INDEL calling

calling

(v) data \/iewing,
hypothesis generation




... and they give you the
picture on the box

Unique pieces are easier to place than others...




Multiply-mapping reads

e Reads from repeats cannot

be uniquely mapped back to
their true region of origin

e “Traditional” repeat masking
does not capture repeats at the
scale of the read length

known repeat
exact 32mer

14462000 14463000 14464000 14465000
Chromosome V coordinate




Dealing with multiple mapping

Scenario A. Align only unique reads

B 8

Scenario C. Align randomly




Paired-end (PE) reads
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Korbel et al. Science 2007

PE reads are now the standard for whole-genome
short-read sequencing




Gapped alignments (for INDELS)

tttatttaggctgagcaataatag

tttatttaggctgagcaataatag

tttatttaggctgagcaataatag
tttatttaggctgagekktaatagacg
ttaggctgagcaataatagacg
aggctgagckktaatagacg
aggctogagckktaatagacg
gctgagocxkktaatagacg
tgagcxkktaatagacg
tgagcxxktaatagacg
tgagcaataatagacg
gagcxkxxktaatagacg
gagckxktaatagacg
yagckktaatagacg
agcaataatagacg
oCckktaatagacg




The MOSAIK read mapper

MosaikBuild MosaikAligner MosaikSort  MosaikAssembler

V y v

5 6 7 T 8 TQ

MosaikMerge GigaBayes

0 1 2 3 4
time (days)

Pilot 2 (January 2009) Pilot 1 (August 2009)

6 billion Illumina & 454 reads 28 billion Illumina & 454 reads
9 node cluster 31 node cluster

Alignment time: 6 days Alignment time: 7 days
169 reads/core/second 195 reads/core/second (+16%)

gapped mapper

option to report multiple map locations
aligns 454, Illumina, SOLID, Helicos reads
works with standard file formats (SRF, FASTQ, SAM/BAM)

mosaik -
assembler

Michael Stromberg




Actual base quali

Alignment post-processing
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Data storage requirements

Pipeline Disk Usage

e - I

o :- .

4.0 6.0 8.0

Disk space used relative to the original FASTQ file size

EFASTQ B MOSAIK read archive B MOSAIK alignment archive
OMOSAIK sorted alignment archive l BAM O BAM (recalibrated)

OMerged BAM (multiple runs, one individual) @ Merged BAM (duplicates removed)




Alignment visualization

Gambit | —ox

File Edit View Tools Help

Reference [seql V| Position: 0 Range [S000 w Jump
samples (0 O e s O O N SO S S U s o S S SUOS SG s SO S s s

Alias

+ :-
Samplel
Sample2

B7_595:7:166:203:416

Sample: Sample2

Orientation: -
PCR Duplicate?: no

« too much data - indexed browsing
« too much detail - color coding, show/hide




TTCATLT

SNP calling: old problem, new data

atcg]
aaaaaaa

GTTkACTHGTCGTTGTkAARXTACTCLC kA [jiyi'q TGTCTTTCAGGGkTCTCCkATARAGAT
GTTkACTkGLGTCLGTTGTkARKTACTCCkAKCGATLGTCTTTCAGGLKTCTCCKATARAGAT

ttkactxgt {
gTT*ﬁCT*GthTTGT*QQ*TQCTCC*a*cgatgtCTTTCQGGG*tctcc*atﬁQﬁGat

GTT*ACT*GTCGTTGT*AARXTACTCCkAXCGATGTCTTTCAGGG*TCTCC*ATAARGAT
mutkactkg gttg kaakxtactCoxaxcgATGTctttcablLLxTCTookalRRAGAT
GTT*ACT*GTCLGTTGT*AAXTACTCCkAXCGATGTCTTTCAGGG*TCTCC*ATARAGAT
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SNP calling in multi-sample read sets

v
P(SNP)

P(B;=aacc|Gy;=aa)
P(By=aacc|Gy=cc)
P(B;=aacc|Gy;=ac)

P(B,=aaaac|G;=aa)
P(B;=aaaac|G;=cc)
P(B;=aaaac|G;=ac)

P(B,=cccc|Gy=aa)
P(By=cccc|Gy=cc)
P(B,= |G,=ac)

“genotype
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P(G,=ac|B;=aacc; Bi=aaaac;

“genotype
probabilities”




Trio sequencing

ccccc

e the child inherits one chromosome

from each parent

e there is a small probability for a de
novo (germ-line or somatic) mutation

in the child
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Standard data formats

>B_TITR 1 1 668_35 TIME: Tue Feb 20 02:26:06 2007
ATATCGGATGACACAATATGGGAGGTTGAC
>B_TITR 1 2 843 _403 TIME: Tue Feb 20 02:26:06 2007
TGTAGCTTITCATCACAATTTTATAGETGT

AC | ()
O N T
27 27 27 27 27 27 27 27 27 27 27

26 26 26 26 26 26 26

LI A A B | T T
GGCTTGCTCTGCGTCTCGTATCATATTTTTCAGGACATCATCTATCGAAT TGATCT]

SAM/BAM

10Kb deletions

reads/100bp

0.52 0.54 0.56 058
chromosome position (Mb)




The 1000 Genomes Project

1000 Genomes

A Deep Catalog of Human Genetic Variation

P| |Ot 1 1. To evaluate the use of low-redundancy genome sequencing to characterize single nucleotide and
copy number variants, discovering all variants with frequency > 5% in the original HapMap
samples.

This pilot will evaluate the utility of low-redundancy genomic sequence from many individuals, using the
new sequencing technologies, including paired-end reads, for discovering SNP and structural variants

and inferring haplotypes. These data will guide evaluation and development of methods for imputation
from incomplete sequence data. In total 180 samples (60 unrelated samples from each of the HapMap
CEU, YRI, and CHB+JPT populations) would be sequenced to a coverage depth of 2X of high quality
mapped bases (1080 Gb total), and the resulting data analyzed to discover SNP and copy number variants.

P| I Ot 2 2. To evaluate the effect of coverage depth on project goals, based on deep sequencing of two sets of
trio samples.

This pilot will evaluate the relationship between coverage depth and the yield of variation data, based on
genomic sequence from a few individuals. A high level of redundancy will provide a solid basis for
assessing the coverage needed for discovering variants, inferring haplotypes, imputing non-typed variants,
and using paired-end reads for finding structural variants. Two trios (6 samples), one from each of the
HapMap YRI and CEU panels, would be sequenced to a coverage depth of 20X of high quality mapped
bases (360 Gh-tetaly

. To develop and evaluate technologies to perform targeted sequencing of exons and other functional
elements at genome-wide scale, and pilot deep sequencing in more than 1,000 DNA samples.

This pilot will develop and evaluate technologies to capture specific genomic 1e010ns and discover
variants. ade data on the frequency distribution of rare variants aleto ot Twith other
data enable the study of haplotype patterns around rare alleles. It will thus guide de\ elopment of
algorithms to impute less common alleles from SNP data. In total, 1000-2000 gene regions and
conserved elements would be sequenced at 20X of high quality mapped bases in 1085-1536 samples
(109-307 Gb).




1000G Pilot 3 - exon sequencing

1000 Genomes

A Deep Catalog of Human Genetic Variation

» Targets:
1K genes / 10K targets
» Capture:
Solid / liquid phase
« Sequencing:
454 / Illumina
SE / PE
« Data producers:
Baylor
Broad
Sanger
Wash. U.
« Informatics methods:
Multiple read mapping &
SNP calling programs

1080 fastq breakdown (fastq numbers shaded boxes)
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Coverage varies
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On/off target capture

Target region
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16,040,000 16,040,020 16,040,040 16,040,060 16,040,080 16,040,100 16,040,120 16,040,140 16,040,160 16,040,180 16,040,200
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CATTCGCCTGGGGCTTTTGAGGAATTCTTTGATTCCCTGCCATCCTTGAGT *T666TGAL GACAGAGGTGGCTTCTTGCATCCTTCTTCCA* *AGGC*CAGCTGAGGAGCTGGACTCTGATC*ACATGAGGTCTTTTATTTGGGGC6GCTCTGC*TCTACTC*CCCTCTGCCTTGGCAGCTGGCTGAACAGACACAGTGA*CAGCCACTCAT *TCAATGCATTGTTTATTGH

gcctggggettttgaggaattetttgattecctgecatecttgagt *tgggH
jgggcttttgaggaattctttgattececctgecatecttgagt*tgag
attctttgattccctgecatecttgagt*tgggtgacgacagaggtgget
tttgattccctgecatecttgagt*tgggtgaggacagaggtggettettyd
ccctgecatecttgagt*tgggtgacgacagaggtggettattgeatecttd
ccctgecatecttgagt*tgggtgacgacagaggtggettettgeatecttd
cctgccatecttgagt *tgggtgacgacagaggtggettettgeatecttet]
ccatccttgagt*tgggtgaggacagaggtggettettgeatecttetteca
ccatccttgagt*tgggtgacgacagaggtggettettgeatecttetteca
cttgagt *tgggtgaggacagaggtggettettgeatecttettecca**cgge*d
tgagt *tgggtgacgacagaggtggettettgeatecttettecca* *agge*cag
-*tgggtgaggacagaggtggettettgecatecttettecca**agge*cag
gacgacagaggtggcttcettgeatccttettecca**agge*cetgttaggaggt]
acagaggtggettettgeatecttetteca**aggc*caggtgagga*ctg
aggtygg g:c:ggca:cc::c::cca:::caggtgaggcgazggac:g: -
cttgcatccttctteca**agge*c gaggagctggactctgatc*acat]
ttc:zgca:cc::c::cca:::caqgtgaggagczggaczczga:c:aca
cttgcatccttctteca**agge*c gaggagctggactctgatc*acatga
tcgecatccttetteca**aggc*caggtgaggagetggactctgatc*acatgag
ccttcttcca**aggc*caggtgaggagetggactctgatc*acatgaggtetty
a‘*aggc:caggttgaggagczggac:c:qazc:aca:qaggczzgzazgggt
ggc*c. a actctgatc*acal c af
gc*cggtgzgaﬁtggactctgatc*acatgggtcttttatttggﬁ gg
c*caggtgaggagetggactectgatc*acatgaggtettttatttggggegy
caggt tggactccgatc*acatgaggtettttatttggggegget]
wgﬁﬁtgmctgatc*mtgaggtcmtamgggtcgt d
aggtgaggagetggactctgatc*acatgaggtettttatttggggeggetd
ggtgaggagctggactctgatc*acatgaggtettttatttggggeggetet]
aggagctggactctgatc*acatgaggtcttttatttggggeggetectge*td
agctggactctgatc*acatgaggtettttatttggggeggetetge*tetad
agctggactctgatc*acatgaggtettttatttggtgeggetettc*tetad]
ctggactctgatc*acatgaggtettttatttgggteggetetge*tetactd
tggactctgatc*acatgaggtcttttatttggtgeggetettc*tetacte*d
gactctgatc*acatgaggtcttttatttggggeggetetge*tetacte*ced
gactctgatc*acatgaggtcttttatttigggeggetetge*tetacte*ced
tgatc*acatgaggtcttttatttggggeggetetge*tetactn*nectettd
catgaggtcttttatttigggeggetetge*tetacte*cectettectt
aggtcttttatttggggeggetetge*tetacte*cectetgecttggeaget
ttggggcggetetge*tetacte*cectetgecttggeagetggettageag
cggetetge*tetactc*cectetgecttggecagetggectgaacagacaca
cggctctge*tetactc*cectetgecttggeagetggetgaacagacaca
tctge*tetactc*cectetgecttggecagetggectgaacagacaca
tgc*tctactc*cectetgecttggeagetggectgaacagacacagtga*cegd
tc*agtctecctetgecttggecagetggectgaacagacacagtga*cagd
tactc*ccctetgecttggecagetggetgaacagagacagtga*cagecactd
ctc*ccctetgecttggecagetggectgaacagacacagtta*cagecactceat]
cctctgecttggeagetggetgaacagacacagtga*cagecactect*teaa
tctgccttggecagetggetgaacagacacagtga*cagecacteatcetd
tgccttggecagetggectgaacagacacagtga*cagecactcac*tecatgea >
ttggcagetggetgaacagacacagtga*cagecactcat*tecaatgecttgt] o
agctggetgaacagacacagtga*cagecactcat*tcaatgeattgtttatt /
agctggctgaacagacacagtga*cagccactcat*tcaatgecattgtttat s ‘
ctggctgaacagacacagtga*cagecactcat*tcaatgeattgtttattty
tggctgaacagacacagtga*cagccactcat*tcaatgeattgtttattgd
agacacagtga*cagccactcat*tcaatgcattgtttattge
cacagtga*cagccactcat*tcaatgeattgtttattgg
AN




Fragment duplication

0.4

fraction of unique, non-duplicated reads
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Reference allele bias

ref allele*: 54%
non-ref allele*: 45%

non-reference allele count

40
reference allele count

(*) measured at 450 het
HapMap 3 sites overlapping

capture target regions in
sample NA07346




SNP calling findings

« based on a method comparison / testing exercise

« 80 samples drawn from the 4 Centers

Eron

3

i
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o

» read mapping / SNP calling by the Baylor pipeline (BCM/454 data);

the Broad and the BC pipelines (all 80 samples)

B ccvies

# Samples 32
|;::|)'asda:jneplcizh> 39 X

# SNPs called 7,200 — 8,400
% dbSNPs 39 - 55
Ts/Tv(#SNP) 17-26

# Novel SNPs 3,098

BI/SLX
23

62 X
4,500 - 4,700
65-72
1.9-23

1,550

WUGSC/SLX
16

117 X

3,700
68
2.3

1,947

SC/SLX
11

91 X

3,500 - 3,700

75 -85




Overlap between call sets

BC calls

# SNP calls:
# dbSNPs:

% dbSNPs:
Ts/Tv ratio:




The 1000G Structural Variation Discovery Effort

1000 Genomes

A Deep Catalog of Human Genetic Variation

Primary goals:
1. Discover variants (SNRs, copy-number variants, insertions, deletions, other structural variants).
As a genomic project the resource d_provide completeness; the resource shg
all accessible variants with allele frequencies as low as 1% across the genome and 0.1-0.5% in
gene regions. Currently the common SNPs are mostly known; the additional sequencing will be
especially valuable for the discovery and characterization of many more rare variants and structural
variants.




Structural variation detection

C‘ '!ml"‘(;h)

C-banding C-banding

Duplication
Duplication Common
(Chr16) »

Rare
inversion *

Copyright

Feuk et al. Nature Reviews Genetics, 2006

'

10 copies

17 copies

2006 Nature Publishing Group
Nature Reviews | Genetics




SV detection - resolution

Karyotype
Micro-array
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Detection Approaches

Reference

Read Depth:
good for big CNVs

Paired-end:
all types of SV

Split-Reads
good break-point
resolution

deNovo Assembly
~ the future

SV slides courtesy of Chip Stewart, Boston College




Read depth (RD)
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Statistical & systematic biases

coverage
unique reads/10kb

1kb window:
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10Kb duplications

reads/100bp
3 8
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o

1.82 1.84 1.86 1.88
chromosome position (Mb)

I I I [ I
lllumina data: chromosome 1 Mosaik read coverage

lllumina chr 20 read depth
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Single molecule sequencing?

reads/100bp
3 8 8 &8 3

GC Bias

readcounts/1 kb

04 06

llumina NA12878 GC content 11k

Coverage bias

dcountsi/1 kb

0.2 0.4 0.6 0.8
Helicos NA12878 GC content 11kb
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CNV events detected with RD

individual "NA12878"
Hiumina

Reads/kb
logz(o/e)

M

- 40 kb deletion

|
KVMMMWMWW%
1 |

o1t
2 3
° P
(0]

i i

0
4
LN

Reads/
2kb

. log>(e/e)

NN

34.5 35 35.5

"Chromosome 2 Position
[Mb]




SV detection with PE read map positions

Individual Reference

Deletion

Ldel

Tandem
duplication

Inversion




Fragment length distributions

|

— llumina i
AB
454

1000 2000 3000 4000 5000
fragment length LF (bp)

* long fragments ~ better fragment coverage and sensitivity

to large events (454)
* tighter distributions ~ better breakpoint resolution and |

sensitivity for shorter events (Illumina)




The SV/CNV event display

300 bp deletion in chromosome of NA12878 by Illumina
paired-end data from the 1000 Genomes project

chromosome

overview - |'L£lm~ . M P:HW h i "'T"l*lTlf. _ﬁﬁmﬂ
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event 0

track 25 2L -
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pos M)

Spanner # Chip Stewart




Deletion event lengths

10°
deletion lenath (bp)




Mobile element insertions: PE reads

Used with short-read data (Illumina, in our case)
Detect clusters of 5" & 3’ read pairs with one end mapping
to a mobile element

Clusters far from annotated elements are candidate
insertion events




Mobile element insertions: Split reads

Chromosome 1

454 Read

« Requires longer reads (454)

« Reads "mapping into” mobile element not present in the
reference genome sequence are candidate insertion events




Mobile element insertions: trio members

NA12892
564

/9

NA12878

/733
ALU insertions

Detection in 1000 G Pilot 2 CEU trio PE Illumina data




Mobile element insertions: PE vs. Split-reads

ALU insertions in NA12878




BC event lists in 1000 Genomes data

Pilot |
SV type, 140 samples
low coverage

deletions 5,555

tandem

. 540
duplications

mobile element

: : 3,276
insertions




SV calls / validation in 1000G datasets

Deletions validated in either aCGH, Fosmids or DGVIndels
(overlap > 50%)

Data in aCGH, Fosmid, DGVindels

8946

. B
I_I 456
- — I

WTSLRP  WashU.RP Seatie RP BCRP  SOULID.RP  Yale.RP YaleSR CSHLAD WTSILADYT WTSILAD2 WashU.RD Seattle.RD

Klaudia Walter. Matt Hurles

Owerlap of NA12878 Deletions with aCGH, Fosmid data and DGViIndels







SVs in exon sequencing data

NA18523

copy number estimate from RD

70 75 80 85 a0 95 100 105 110 115 120 125
NA18523 chr 1 pos (Mb)



Software access

THE MARTHLAB : SOFTWARE RELEASE
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Welcome

This is the site for the beta release of our suite of analysis tools for next-generation sequencing machines. If you are

a beta tester, you should have received the appropriate credentials to download the software, example data sets and
relevant documentation. We respectfully request that you do not distribute any of the software, data or
documentation to other parties.

Access
You will be able to access our beta software and serve as a beta tester by clicking on the following link: ot

1structions and creder s. This form will request that you fill out your contact information. After this an
automatically generated email will be sent to your email address with download instructions and credentia
nformation.

Software components

The following software is included in the "downloadable" packages below.

http://bioinformatics.bc.edu/marthlab/Software_Release
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Several positions are avaiIaAbAIe:
grad students / postodocs / programmers




