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Algorithm	
  

Scalability	
  

Itera've	
  scaffolding	
  of	
  the	
  20	
  Gbp	
  Picea	
  glauca	
  (white	
  
spruce)	
  assembly	
  using	
  dra?	
  assemblies	
  of	
  two	
  genotypes	
  

Genotype	
  1	
  (GCA_000411955.3)	
  4.2M	
  scaffolds	
  
Genotype	
  2	
  (PRJNA242552)	
  4.3M	
  scaffolds	
  

-­‐  Found	
  84,529	
  total	
  merges	
  
-­‐  Validated	
  final	
  LINKS	
  assembly	
  with	
  MPET	
  reads	
  and	
  	
  

a	
  gap-­‐filling	
  tool	
  (Sealer,	
  Paulino	
  et	
  al.,	
  in	
  review)	
  

Performance	
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Scalable	
  Algorithms	
  for	
  Long	
  Read	
  
Assembly	
  and	
  Scaffolding	
  	
  

René	
  L.	
  Warren,	
  	
  
Chen	
  Yang,	
  Benjamin	
  P.	
  Vandervalk,	
  	
  

Bahar	
  Behsaz,	
  Albert	
  Lagman	
  Steven	
  JM	
  Jones,	
  	
  
Inanç	
  Birol	
  

 1"

QUAST analysis of a baseline E. coli assembly and re-scaffolded assemblies 

using Oxford Nanopore 2D (R7 chem.) or raw (R7.3 chem.) reads 

Stats based on 
sequences ≥ 500 bp 

A. ABySS  
Contigs 

B.  ABySS  
Scaffolds 

C.  LINKS  
k15d4000 

D.  LINKS  
k15d4000  

E. SSPACE 
-LR g200 

F.  LINKS 
30x 
k15d500-
16kbp 

G.  LINKS 
30x 
k15d500-
16kbp 

H. LINKS 
30x 
k15d500-
16kbp  

Input Data Illumina 
MiSeq 

A. +MiSeq A. +ONT 
Full 2D R7 

B.+ONT 
Full 2D R7 

B. +ONT 
Full 2D R7 

B. +ONT 
Full 2D R7 

B. +ONT 
All 2D R7 

B. +raw 
ONT R7.3 

Time  (h:mm:ss) - - 0:01:35 0:01:32 0:01:09 0:17:43 1:50:25 3:04:11 

Memory (GB) - - 2.1 2.1 0.7 4.3 27.2 46.7 

Total sequences  67 61 49 48 43 27 16 26 

Largest (bp) 358,719 406,793 633,204 633,147 628,411 1,057,556 1,286,148 1,286,419  

NG50 length (bp) 179,720 206,356 270,992 293,925 226,696 633,147 1,197,321 645,796  

Misassemblies 5 5 5 5 8 11 20 9 

Genes + parts 4,442 + 63 4,443 + 62 4,443 + 62 4,443 + 62 4,448 + 57 4,443 + 62 4,440 + 62 4,443 + 62  

Max.alignment (bp) 358,223 405,659 486,572 486,527 405,659 760,934 760,934 759,131  

NGA50 (bp) 177,531 179,569 228,879 228,879 226,324 299,206 299,206 486,527  

NA50 (bp) 146,850 177,531 226,324 226,324 215,056 293,772 294,667 344,280 

Genome	
  Sciences	
  Centre	
  !	
  Bri>sh	
  Columbia	
  Cancer	
  Agency	
  !	
  100	
  –	
  W	
  7th	
  Ave	
  Vancouver	
  BC	
  V5Z	
  4S6	
  Canada	
  !	
  tel.	
  604-­‐707-­‐5900	
  !	
  fax.	
  604-­‐876-­‐3561	
  !	
  www.bcgsc.ca	
  

 Mismatch Insertion Deletion 

 am lm pm ai li ki pi ad ld kd pd 

E. coli R7 0.248 0.480 0.711 0.850 1.004 0.968 0.418 0.870 0.986 1.026 0.403 

E. coli R7.3 0.138 0.441 0.476 0.900 1.045 1.473 0.272 0.959 1.059 1.682 0.249 

S. cerevisiae R7  0.177 0.499 0.479 0.961 1.024 1.613 0.194 0.891 1.066 1.814 0.207 

 

Error	
  Model	
  
Mismatch: 	
  Pm	
  ~	
  am	
  Poisson(lm)	
  +	
  (1-­‐am)	
  Geometric(p)	
  
Inser'on: 	
  Pi	
  ~	
  αi	
  Weibull(li	
  ,	
  κi)	
  +	
  (1-­‐αi)	
  Geometric(pi)	
  
Dele'on: 	
  Pd	
  ~	
  αd	
  Weibull(ld	
  ,	
  κd)	
  +	
  (1-­‐αd)	
  Geometric(pd)	
  

Abstract	
  
Rou'ne	
  reconstruc'on	
  of	
  complex	
  genomes	
  from	
  experimental	
  data	
  is	
  not	
  a	
  solved	
  problem,	
  owing	
  
to	
  long	
  repeats	
  that	
  are	
  not	
  resolvable	
  by	
  short	
  reads.	
  Established	
  and	
  emerging	
  long	
  read	
  
technologies	
  hold	
  the	
  poten'al	
  to	
  address	
  present	
  limita'ons,	
  but	
  their	
  current	
  high	
  errors	
  typically	
  
require	
  base	
  correc'on	
  and/or	
  addi'onal	
  pre-­‐processing	
  before	
  use.	
  Here	
  we	
  present	
  LINKS,	
  a	
  
method	
  that	
  exploits	
  the	
  sequence	
  proper'es	
  of	
  long	
  reads	
  for	
  scaffolding	
  high-­‐quality	
  genome	
  
dra?s.	
  

Point	
  size	
  is	
  propor'onal	
  to	
  number	
  of	
  resul'ng	
  scaffolds,	
  normalized	
  from	
  baseline	
  assembly	
  

Computational efficiency 
E.#coli#!! v1.3! v1.5!

!me$(mm:ss)$ 1:10! 1:33$

RAM$(GB)$ 6.4$ 2.1!

Benchmark:$Intel(R)$Xeon(R)$CPU$E5C2699$v3$@$2.30GHz,$72$CPUs,$132GB$RAM$

BF!size!(elements)!es6mated!using!file!size!and!FPR!0.01%!

S.#typhi! v1.3!(x11)! v1.5!(x11)!

!me$(mm:ss)$ 28:43$ 21:28!

RAM$(GB)$ 26.4$ 8.2!

W303! v1.3!(x27)! v1.5!(x27)! AHA! SSPACE!

!me$(h:mm:ss)$ 6:18:54$ 3:15:20$ 10:02:21$ 2:04:49!

RAM$(GB)$ 118.0$ 35.1$ 115.7$ 6.8!

S288c! v1.3!(x29)! v1.5!(x29)! AHA! SSPACE!

!me$(h:mm:ss)$ 6:28:33$ 3:26:36$ 9:06:07$ 1:53:46!

RAM$(GB)$ 117.9$ 35.1$ 115.6$ 6.4!

S.
#ce

re
vi
sia

e#

E.#coli# v1.3!(x30)! v1.5!(x30)! AHA! SSPACE!

!me$(mm:ss)$ 22:02$ 17:43$ 48:34$ 7:15!

RAM$(GB)$ 13.3$ 4.3$ 1.57$ 0.3!
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