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Genome Assembly
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Assembling a Genome

1. Shear& Sequenc®NA e

2. Constructassembly graph from overlappirgads
€ AGC CEPAGEGCGCGACACGT

GGATGCGCGACAWECATATCCGGTTTGGAACCTCGGACGGAC
CAACCTCGGACGGATCAGCGAA

3. Simplifyassemblgraph
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4. Detanglegraph with long reads, mates, and other links
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Assembly Complexity

Long Reads is the
solution!!!
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Long Read Sequencing Technolog
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PacBIGMRT Sequencing Roa}d M
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reads

S cerevisiaéN303

PacBIoRS llssquencing at CSHL by DidkcCombie
ASize selection using an 7 Kb elution window oBlaePippi devi c e
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Over 175x coverage in 2

Mean: 5910

83x over 10kbp

8.7x over 20kb

Max: 36,861bp
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PacBIcAssembly Algorithms

PBJelly

Gap Filling
and Assembly Upgrade

Englisket al(2012)
PLOS Oné(11):e47768
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Hybrid/PB -only Error Correction

Koren, Schatzet al(2012)
Nature Biotechnoldg.693700
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PacBidCoverage

HGAP & Quiver

Pr(R|T)
Quiver Performance Results
Comparison to Reference Genome
(M. ruber ; 3.1 MB ; SMRT® Cells)

Initial Assembly |Quiver Consensus
av 43.4 54.5
Accuracy 599.95540% 99.999564%
@ Differences 141 11

PB-only Correction &
Polishing

Pr(R| T) =[] PriRe| T)
.

Chinet al(2013)
Nature Method30:563569
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A How long should the read length be?
A What coverage should bejused?

Giventhe readlength and coverage,

A

ow longarethe contigs?
oW manycontigs?

OW many reads are in eacbntigs?

ow big are the gaps”?
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Previous Works

GENOMICS 2, 231-239 (1988)

Genomic Mapping by Fingerprinting Random
Clones: A Mathematical Analysis
Eric S. LANDER*T AND MICHAEL S. WATERMANTE
*Whitehead Institute for Biomedical Research, 9 Cambridge Center, Cambridge, Massachusetts 02142, tHarvard University,

Cambridge, Massachusetts 02138; and $Departments of Mathematics and Molecular Biology,
University of Southern California, Los Angeles, California 90089

Received January 13, 1988; revised March 31, 1988

Results from physical mapping projects have re-
cently been reported for the genomes of Escherichia
coli, Saccharomyces cerevisiae, and Caenorhabditis
elegans, and similar projects are currently being
planned for other organisms. In such projects, the
physical map is assembled by first “fingerprinting’’ a
large number of clones chosen at random from a re-
combinant library and then inferring overlaps be-
tween clones with sufficiently similar fingerprints.

11

available region of up to several megabases and of
studying its properties. In addition, the overlapping
clones comprising the physical map would constitute
the logical substrate for efforts to sequence an organ-
ism’s genome.

Recently, three pioneering efforts have investigated
the feasibility of assembling physical maps by means
of “fingerprinting” randomly chosen clones. The fin-
gerprints consisted of information about restriction
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L anderWaterman Statistics

G : Genome size
L : read Length
N : Number of reads

C : Coverage=

Note : Poisson distribution is assumed!
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P(No reads staiih a given position=""2 =

P(At leastl readstarts in a given position)F g
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| anderWaterman Statistics

P(No reads staii a given positiop="" =

P(At least 1 reads starts in a given positiop) =g F

Expected # of basas Gaps 3y
Expected # of bases Contigs= m
Expected of contigs =gg ™!

. M _ mf -
Mean ofcontigsize = - = A
L F F Food
(derivation) .-FJ L=f1 =R
. M PFo 4
Mean ofcontigsize = - = m—
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HG19 Genome Assembly Performance

by LandetWatermanStatistics

X 10° Lander-Waterman Statistics for HG19 TWO key Observatlons
ol e s 5o 1. Contigover genome size
meen ead ongh_ 10065 2. ReadLength vs. Coverage
g 2 Technology vs. Money
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Empirical Datadriven Approach

A We selected 26 species across tree of life and
exhaustively analyzed their assemblies using
simulated reads for dlifferent length (6 for
HG19) and 4 different coverage [@ecies

A Forthe extra long readsye fixed the Celera
Assembler(CAD support readsup to 0.5Mbp

Machine Learning
[))(at\a; / Algorithm L&?):jneeld
Y / (SVR)
Data / Learned Predictled
(X, ?)/ Model Resuft
\/_
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26 Species Across Tree of Life
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