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Assembly 
Strategy 
Data and Algorithms 
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Long Reads is the 
solution!!! 
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Hiseq 2000 PE (2x100bp)  
-  575Gbp 
-  600x of monoploid genome 
Roche454  
-  9x of monoploid genome 
-  [min=20 max=1,168] 
-  Mean=332bp 

SOAPdenovo  
(De Bruijn Graph) 

Max contig = 21,564 bp 
NG50=823 bp 
Coverage=0.86x 
 

DATA 

Algorithm 

RESULT 



(1)  The DNA is sheared into fragments 
of about 10Kbp  

(2)  Sheared fragments are then diluted  
(3)  and placed into 384 wells, at about 

3,000 fragments per well.  
(4)  Within each well, fragments are 

amplified through long-range PCR, 
cut into short fragments and 
barcoded  

(5)  before finally being pooled together 
and sequenced.  

(6)  Sequenced short reads are aligned 
and mapped back to their original 
well using the barcode adapters.  

(7)  Within each well, reads are grouped 
into fragments, which are 
assembled to long reads.  

 



 

•  # of reads = 3,857,853 = 3.9M 
•  # of based = 19,018,083,427 bp = 19Gbp 
•  Coverage = 19x 
•  Min = 1,500  
•  Max = 22,904 
•  Mean = 4,930 
•  Median = 4,193 



Hiseq 2000 PE (2x100bp)  
-  575Gbp 
-  600x of haploid genome 
Roche454  
-  9x of haploid genome 
-  [min=20 max=1,168] 
-  Mean=332bp 

SOAPdenovo  
(De Bruijn Graph) 

Max contig = 21,564 bp 
NG50=823 bp 
Coverage=0.86x 
 

Moleculo 
-  19Gbp 
-  19x of haploid genome 
-  [min=1,500 max=22,904] 
-  Mean = 4,930bp 
 

Celera Assembler  
(Overlap Graph) 

Max contig = 467,567 bp 
NG50=41,394 bp 
Coverage=3.59x 
# of contigs = 450K 
 

DATA 

Algorithm 

RESULT 



K-mer Read 
Edge Node 
Eulerian path 
Visit every edge exactly once 

Hamiltonian path 
Visit each node exactly once 

P (easy) NP-Hard (hard) 
-  Many Eulerian paths are 

possible. 
-  Very sensitive to repeats 
-  Very sensitive to errors  
-  Uneven coverage 
-  Performance is limited to k in 

k-mer 

-  Overlap and consensus are 
time and/or memory intensive 
jobs. 

+   Repeats can be overcome by  
     long reads 
+   Performance depends on      
     reads length 

Unit 
Information 
Algorithm 

Complexity 
Performance in 
reality  

De Bruijn Graph Overlap Graph  
(Overlap-Layout-Consensus) 

Better choice for short reads Better choice for long reads 



Prots  %Completeness  Total  Average  %Ortho  

 Complete 219  88.31 827  3.78  89.04 

 Partial 242  97.58  1083  4.48  95.45 



Next Steps 
Extra Long Read 
Scaffolding 
 



Moleculo 

(Voskoboynik et al. 2013) 

•  Mean is around 5Kbp 
•  Very accurate (< 0.1% of error 

rate ) 

PacBio RS II 

PacBio (2014) 

•  Mean is over 14Kbp 
•  High error rate 10-15%, but 

can be corrected down to 1% 
by short reads or contigs  



•  Read Length is increasing (PacBio) 
•  Very informative whether it has high error rate or not 
•  More repeats resolved -> Assembly graph will be simpler 
•  We can get longer contigs without scaffolding 
•  Better scaffolding solution than long jumping library (PacBio) 

•  Cost 
•  Accuracy 

•  Overall assembly quality will improve  

PacBio’s 
Roadmap 

The average read length of the 
raw data set is >14 kb, with half of 
the bases in reads > 21 kb and the 
maximum read length of 64,500 
bases. 
 





1.  Simulate heterozygous 
polyploidy genome 

     - 10 copies with 5% of difference          
     from original chromosome 

2.  Simulate Moleculo reads 
from polyploidy genome 

    - Read length distribution      
    follows exactly real molecule  
    read distribution 

3.  Simulate PacBio reads 
from polyploidy genome 

    - Simulate P6-C4, the lastest  
    PacBio chemistry 

4.  Run Celera 
Assembler(CA) to 
assemble contigs with 
Moleculo reads 

5.  Run LRScf to scaffold 
the contigs with PacBio 
reads 

DnaSim 
--poly 10 --het 0.05 

ReadSim 

LRScf 
(Prototype) 

at9.chr1 
(30Mbp) 

10 copies of 
at9.chr1 

Moleculo reads 
200x of monoploid 

PacBio reads 
100x of monoploid 

? 

? 

CA 
(Celera 

Assembler) 
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