
Stony Brook University                                                                     Dept. of Computer Science

Simons Center for Quantitative Biology

How long is long enough? 
- Modeling to predict genome assembly performance -

HayanLee@SchatzLab

Feb 26, 2014
Quantitative Biology Seminar

1



Stony Brook University                                                                                          Dept. of Computer Science

Simons Center for Quantitative Biology

Outline

Å Background
Å Assembly history
Å Recent sequencing technology + Algorithm

Å Motivation
Å Lander-Waterman statistics
Å Economical meaning (ROI)

Å Our approach 
Å Genome assembly challenges
Å Support Vector Regression (SVR)
Å Feature engineering
Å Model fitting 
Å Prediction : Genome assembly performance

Å Contribution
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Genome Assembly
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2000. Myers et al.
1st Large WGS Assembly.

Celera Assembler. 116 Mbp

1995. Fleischmannet al.
1st Free Living Organism
TIGR Assembler. 1.8Mbp

2010. Li et al.
1st Large SGS Assembly.
SOAPdenovo 2.2 Gbp

1977. Sanger et al.
1st Complete Organism

X5375 bp

2001. Venter et al., IHGSC

Human Genome

Celera Assembler/GigaAssembler. 2.9 Gbp

1998. C.elegansSC

1st Multicellular Organism

BAC-by-BAC Phrap. 97Mbp
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1. Shear & Sequence DNA

2. Construct assembly graph from overlapping reads

3. Simplify assembly graph

4. Detangle graph with long reads, mates, and other links

Assembling a Genome
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éAGCCTAGGGATGCGCGACACGT

GGATGCGCGACACGTCGCATATCCGGTTTGGTCAACCTCGGACGGAC

CAACCTCGGACGGACCTCAGCGAAé
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Assembly Complexity
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Long Reads is the 
solution!!!
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Long Read Sequencing Technology

PacBioRS II

CSHL/PacBio

Moleculo

(Voskoboyniket al. 2013)

Oxford Nanopore

Broad/OxNano@ AGBT
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PacBioSMRT Sequencing Road Map
October, 2013
The new P5 polymerase and C3 
chemistry combination (P5-C3) 
extends the industry-leading 
sequence read lengths to an 
average of approximately 8,500 
bases, with the longest reads 
exceeding 30,000 bases, doubling 
throughput
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S. cerevisiaeW303

83x over 10kbp

8.7x over 20kb

PacBioRS II sequencing at CSHL by Dick McCombie
ÅSize selection using an 7 Kb elution window on a BluePippinÊ device 

from Sage Science

Max: 36,861bp 

Mean: 5910

Over 175x coverage in 2 

days using P5-C3
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PacBioAssembly Algorithms

PacBioToCA
& ECTools

Hybrid/PB -only Error Correction

Koren, Schatz, et al (2012) 

Nature Biotechnology. 30:693ð700

HGAP & Quiver

PB-only Correction & 

Polishing

Chin et al (2013) 

Nature Methods. 10:563ð569

PBJelly

Gap Filling 

and Assembly Upgrade

English et al (2012) 

PLOS One. 7(11): e47768

< 5x > 50xPacBioCoverage
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Many Genomes AǊŜ {ŜǉǳŜƴŎŜŘΧ 
Many Questions AǊŜ wŀƛǎŜŘΧ

.ǳǘΧ
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ÅHow long should the read length be?

ÅWhat coverage should be used? 

Given the read length and coverage,  

ÅHow long are the contigs? 

ÅHow many contigs? 

ÅHow many reads are in each contigs? 

ÅHow big are the gaps? 
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Previous Works
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Lander-Waterman Statistics

G : Genome size

L : read Length

N : Number of reads

C : Coverage = 
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P(No reads start in a given position) = 
╒▄╒

Ȧ
=▄╒

P(At least 1 read starts in a given position) =ρ ▄╒

Note : Poisson distribution is assumed!
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Lander-Waterman Statistics
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P(No reads start in a given position) = 
╒▄╒

Ȧ
=▄╒

P(At least 1 reads starts in a given position) =ρ ▄╒

Expected # of bases in Gaps = ▄╒╖

Expected # of bases in Contigs= ▄╒╖

Expected # of contigs = ▄╒╝

Mean of contigsize = 
Π

Π
=  
▄╒ ╛

Ã

(derivation)  
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╝
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Mean of contigsize = 
Π

Π
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HG19 Genome Assembly Performance
by Lander-Waterman Statistics
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Two key observations
1. Contigover genome size
2. Read Length vs. Coverage

Technology vs. Money

=  
▄ Ᵽ╒ ╛
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Empirical Data-driven Approach

ÅWe selected 26 species across tree of life and 
exhaustively analyzed their assemblies using 
simulated reads for 4 different length (6 for 
HG19) and 4 different coverage per species
ÅFor the extra long reads, we fixed the Celera 

Assembler(CA) to support reads up to 0.5Mbp
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Data
(X, Y)

Machine Learning
Algorithm 

(SVR)

Learned  
Model

Learned  
Model

Data
(X, ?)

Predicted 
Result
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26 Species Across Tree of Life
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