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The Data Deluge
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Sequencing Experiments

De novo assembly

AGCTTCAGATGGACAGATAA
GGCATACAGACTTAGACATA
CCAGACAAGACAGACACAGTA
TACAAGACATAAGCAATACAGA
CCAGACAAGACAGACACAGTA

Genome Assembly

Re-sequencing
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Reference Genome

Enrichment
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Challenge 1

Large number of samples for comparison

“To systematically characterize the genomic changes in hundreds of
tumors...and thousands of samples over the next five years”

The Cancer Genome Atlas
www.cancergenome.nih.gov



enome Browsers

Stacked data tracks along a common genome x-axis

UCSC Genome Browser on Human Feb. 2009 (GRCh37/hg19) Assembly
move (OG> D(>>) zoom in (1.5%)(3x )(10x )(base ) zoom out (1.5x)

position/search chr7:27,099,139-27,206,250 gene (jump )(clear ) size 107,112 bp.
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UCSC Cancer Genomics Heatmaps

Glloblastoma Copy Number Abnormallty, Agllent 244A array (n= 200)
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Heatmap provides a more condensed view

Zhu et al., Nature Methods, 2009
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Challenge 1

Large number of samples for comparison

® Consider what information is needed

e.g. replace with biologically meaningful summary,
such as significant change between samples



UCSC Cancer Genomics Heatmaps

Glloblastoma Copy Number Abnormallty, Agllent 244A array (n= 200)
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Summary view (column averages)

Zhu et al., Nature Methods, 2009
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Challenge 2

Large number of data types



Genomic rearrangements in cancer
(complex representation)

SNU-C1 (colorectal): Chr 15 === Deletion-type == Tail-to-tail |nve-rted
=== Tandem dup-type === Head-to-head inverted

Non-inverted
orientation
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Stephens et al., Cell, 2011



17 mouse genomes (more compact representation)
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Still difficult to represent many data types ‘
in a general tool Keane et al., Nature, 2011
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Challenge 2

Large number of data types

® Compact, customized data encoding



ABYSS-Explorer

Represents sequence
- connectivity

- strand

- length

- mapping on reference

Interactively access
- sequence coverage
- scaffolding

reference human genome

(° : inversion event in a human lymphoma genome
8 S

Nielsen et al.
Best Paper Award at InfoVis 2009
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Challenge 3

Genomic features are sparse



Genome Browsers
LOCAL VIEW

UCSC Genome Browser on Human Mar. 2006 (NCBI36/hg18) Assembly
move zoom in (1.5x)(3x )(10x)(base ) zoom out

position/search chr1:10,402,107-11,920,661 gene (clear ) size 1,518,555 bp.

chrt pas.22) [T IT TH ISR DD4EETE 111 110 W T E NEE |

Refseq Genes

FGOD | < CAZZ1 [iFpceaea TARDEF || UBIADL H  FTCHDZ e+ AGTRAF H FLOGE: |
AFITO1-CORT | CAZZ1 Pfhescted MAzF2 FEX02 { MTHFRE §§
AFITDL H clorFi27 i MTOR I FEXO44 § CLCNE HI
AFITD1-CORT |H MASFZ | FEx044 | cLCME HI
AFITD1 MW SRM | FExO44 | cLCNE Hi
AFITO1-CORT EH Ex0zc1o [l FEXO44 | cLCNE HH
AFPITOD1-CORT KA Ex0zc1o [l FEXOG § NFFA |
corRT | ANGFTLT | MAD2LZ H NFFE |
oFFA I MADZLZ | KIAARZ813 |
oFFa |l Clorf1s7 e
FEX14  |ppaspassbd AGTRAF 4
AGTRAF H
AGTRAF {
AGTRAF H

Human chr1, 1 pt corresponds to 480 kb, which is larger than 98% of all human genes!

- Martin Krzywinski



Hilbert Curve

GLOBAL VIEW
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Chromatin states:

Kharchenko et al., Nature, 2011
Anders, Bioinformatics, 2009
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Challenge 3

Genomic features are sparse

® Need both overview and detalil
Functional axis (perhaps not full genome)



Spark — a genomic data exploration tool

1. Focus on regions of interest (e.g. transcriptional start sites)

H3K4me3 [ ;l__ W f
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3. Cluster matrices
1.0

2. Extract data matrices i 0.0
0.5

4. Interactive cluster visualization Nielsen et al. in preparation



Challenge 4

No longer one genome but many

1000 Genomes

A Deep Catalog of Human Genetic Variation




Single nucleotide variation
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CAAGACCACCATACTTCCCAG ! i’ AAGA
CAAGACCACCAGTCTTCCC CECGABACAAGA
CAAGACCAC
ACCAAGACCACCAGGC BTC E’; AAGA
CAAGACCACCAGTC GRCTTTC “.!
CAAGACCACCAGT ~ CCAGRCTTTC i”
ACCAAGACCACCAG CCAGRCTTTC i!' AAGA
G - : AAGA
CCTTAGTAGTAAGCTTAC G & 2’; AAGA
ACCTTAGTAGTAAGCTTAC GRCTTTC %
ACCTTAGTAGTAAGCTTAC GRCTTTC % AAGA
TTACCTTAGTAGTAAGCTT G w %
AAAACGTTACCTTAGTAGTAAGCTTAC GRCTTTC % AAGA
AAAACGTTACCTTAGTAGTAAGCTT GRCTTTC i’
CGAAAAACGTTACCTTAGTAGTAAGCTTAC GRCTTTC i”
ACGAAAAACGTTACCTTAGTAGTAAGCTT GRCTTTC % AAGA
ACGAAAAACGTTACCTTAGTAGTAAGCTTAC CCACCIGTCTTCCCAG CTTTC %
AACGAAAAACGTTACCTTAGTAGTAAGCTTAC ACCACCAGTCTTCCCAGRCTTTC -
AACGAAAAACGTTACCTTAGTAGTAAGCTTAC GACCACCAGTCTTCCCAGRCTTTC i,g AAGA
AACGAAAAACGTTACCTTAGTAGTAAGCTT AAGACCACCAGTCTTCCCAGRCTTTC %
AMAACGAAAAACGTTACCTTAGTAGTAAGCTTACG AAGACCACCAGTCTTCCCAGRCTTTC i’ .
TANAAACGAAAAACGTTACCTTAGTAGTAAGATTAC ccmz:cccm'rmccc GRCTTTC % A
ATAAAAACGAAAAACGTTACCTTAGTAGTAAGCTTA cc CAGTCTTCCCAGRCTTTC A
TAAAAACGAAAAACGTTACCTIAGTAGTAAGHT GCACCAAGACCACCAGTCTTCCCAGRCTTTC
TAAAAACGAAAAACGTTACCTTEGTAGTARGCT CAAGACCACCAGTCTTCC 'im
TAAAAACGAAAAACGTTACCTTAGTAGTAAGCT AC CAAGACCACCAGTCTTCCCAG .
TAAAAACGAAAAACGTTACCTTAGTAGTAAGCT ACCACCAGTCTTCCCAG
TAAAAACGAAAAACGTTACCTTAGTAGTA  TAC CAAGECCACCAGTCTTCCCAG
-

TAAAAACGAAAAACGTTACCTTCRTAGT TTAC ACCAAGACCACCAGECETCCC

TTCTTTATAAMAACCAAAAACGTTACCTTAGTAGTAAGCTTACGAGCACCAAGACCACCAGTCTTCCCAGACTTTCGCGAAACAAGA

Ossowski et al. Genome Research, 2008



Single nucleotide variation

Integrative Genomics Viewer (IGV)

000
File View Tracks Help
| hsRef

GV
3] lend $]  chrl:40,714-40,850

o PN

Buorrnirrnnfin @
40,790 by
aln.depth.taf

136 bp
20,760 bp
| |

40,750 bp
Coverage

1

—

}

1lin
e —
——————  —————— —
————————————
—— —
S —
e
| —
| ———————
N
——————
S —
S |

chrl:40782

L
:

S7M of 84M
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Structural variation

Muller Element
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Bhutkar et al., Genetics, 2008
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Challenge 4

No longer one genome but many

® Capture variation on a graph



Sequence variation on a graph

) a2 wp )

3 ) (X, Na) )
) ) )07 N )

Comeau et al., Mol. Biol. Evol., 2010

Users may require more time to learn how to interpret graph representations, but
such graphs are likely to scale better and may prove more powerful for analysis



Sequence variation on a graph

Paten et al., Genome Research, 2011
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Challenge 5

Human

Computational
Judgement

Analysis




Consed Genome Assembly and Finishing Tool
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David Gordon and Phil Green

Good example of integrated visualization and computational analysis functionality
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Challenge 5

Need to integrate computation

® High interactivity, low memory overhead
Avoid storing large data sets locally
Popularity of web-based tools

Evolving sequencing technologies



Summary

Large number of samples for comparison
Large number of data types

Genomic features are sparse

No longer one genome but many

Need to integrate computational analysis
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