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DIVERGENCE	
  TIME	
  VERSUS	
  MAPPING	
  EFFICIENCY:	
  A	
  CASE	
  STUDY	
  ON	
  DIPTERA

Percentage	
   of	
   simulated	
   Illumina	
   reads	
  
from	
  different	
  diptera	
  species	
  mapped	
  on	
  
D.	
   melanogaster	
   genome	
   (red	
   bars).The	
  
blue	
   line	
   indicates	
   the	
   divergence	
   >me	
  
based	
  on	
  D.	
  melanogaster.
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Hybrid	
  assembly classic	
  Assembly
RAM	
  (GB) 50
runtime	
  (minutes) 154

Total	
  nb	
  of	
  sequences 5262 2852
Total	
  length 4383480 4075304
Average	
  length 833 1428
Max	
  size 24796 24544
N50 1561 1972

≤6*
≤28*

*	
  by	
  job	
  (reads	
  cluster	
  	
  mapped	
  on	
  one	
  scaffold	
  of	
  D.	
  melanogaster)

The	
  hybrid	
  assembler	
  pipeline	
  was	
  
tested	
  with	
  simulated	
  D.	
  simulans	
  
Illumina	
   reads	
   mapped	
   on	
   D.	
  
melanogaster 	
  and	
   the	
   parallel	
  
step	
   was	
   performed	
   with	
   reads	
  
mapped	
   on	
   each	
   individual	
  
scaffold	
   of	
   D.	
   melanogaster	
  
separately.

-­‐	
  Allow	
  full	
  transcriptome	
  assembly	
  on	
  large	
  datasets
-­‐	
  Map	
  reads	
  on	
  genome/transcriptome	
  of	
  closely	
  related	
  species
-­‐	
  Parallel	
  de	
  novo	
  assembly
-­‐	
  Enhanced	
  final	
  transcriptome	
  quality
-­‐	
  Reduced	
  memory	
  (RAM)	
  and	
  CPU	
  Mme	
  requirement

INTRODUCTION
Major	
  challenges	
  have	
  emerged	
  with	
  the	
  popularisaMon	
  of	
  the	
  NGS	
  technology,	
  from	
  library	
  preparaMon	
  up	
  to	
  data	
  analysis.	
  Here,	
  we	
  present	
  two	
  tools	
  that	
  respecMvely	
  assess	
  the	
  complexity	
  of	
  the	
  sequenced	
  
library	
  and	
  improve	
  the	
  quality	
  and	
  feasibility	
  of	
  the	
  assembly	
  process.	
  The	
  presented	
  tools	
  facilitate	
  the	
  analysis	
  of	
  RNA-­‐Seq	
  for	
  non-­‐model	
  species	
  improving	
  the	
  feasibility	
  of	
  the	
  assembly	
  and	
  allowing	
  for	
  the	
  
post-­‐sequencing	
  evaluaMon	
  of	
  the	
  library	
  construcMon.

%CumR : cumulative % of reads: 

A	
  METRIC	
  TO	
  EVALUATE	
  LIBRARIES	
  COMPLEXITY

METRIC	
  WORKFLOW

RESULTS
Metric	
  applicaLon	
  to	
  Bemisia	
  tabaci	
  (hemiptera)	
  RNA-­‐Seq	
  experiment	
  and	
  various	
  publicly	
  available	
  
datasets	
  (RNA-­‐Seq	
  on	
  Illumina	
  HiSeq2000	
  plaKorm	
  paired-­‐end	
  library,	
  SRA	
  2013-­‐2014).

Plot	
  of	
  the	
  cumula>ve	
  %	
  of	
  unique	
  sequences	
  (%CumUS)	
  against	
  cumula>ve	
  %	
  of	
  reads	
  (%CumR)	
  from	
  42	
  
quality	
  controlled	
  datasets.	
  The	
  transcriptome	
  size,	
  total	
  reads	
  and	
  metric	
  values	
  are	
  shown	
  in	
  the	
  table.

The	
   profile	
   of	
   the	
   different	
   libraries	
   seams	
   to	
   follow	
   a	
   transcriptome	
   size	
   paMern	
  with	
   the	
   excepLon	
   of	
  
"failed"	
  libraries	
  that	
  cluster	
  at	
  the	
  boMom	
  right	
  side	
  of	
  the	
  plot.	
  The	
  dataset	
  that	
  gave	
  the	
  highest	
  metric	
  
value	
  was	
  the	
  normalised	
  simulated	
  data	
  from	
  Drosophila	
  simulans.	
  Technical	
  problems	
  lead	
  to	
  sequence	
  
overrepresentaLon	
   (e.g.,	
   rRNA,	
   PCR	
   duplicates,	
   contaminant	
   RNA/DNA)	
   resulLng	
   to	
   poor	
   complexity	
  
libraries	
  that	
  tend	
  to	
  cluster	
  at	
  the	
  boMom	
  right	
  part	
  of	
  the	
  plot	
  with	
  a	
  low	
  metric	
  value.

CONCLUSION
This	
  metric	
  can	
  be	
  used	
  to	
  compare	
  the	
  library	
  construcLon	
  success	
  and	
  evaluate	
  mulLple	
  experiments	
  
while	
  it	
  can	
  be	
  used	
  as	
  a	
  decision	
  tool	
  included	
  in	
  the	
  	
  workflow	
  of	
  omics	
  analysis.	
  The	
  automaLc	
  procedure	
  
is	
  implemented	
  in	
  Perl	
  (with	
  embedded	
  R	
  code	
  for	
  plot	
  generaLon)	
  script.	
  

HYBRID	
  ASSEMBLY	
  STRATEGY

An	
   important	
   step	
   prior	
   to	
   the	
   analysis	
   of	
   RNA-­‐Seq	
   data	
   is	
   the	
   quality	
   assessment	
   of	
   both	
   the	
   library	
  
construcLon	
  and	
  the	
  sequencing	
  process.	
   Indeed,	
   technical	
   failures	
   in	
   these	
  steps	
  can	
   lead	
  to	
  biased	
  RNA	
  
representaLon	
   and	
   over-­‐sequencing	
   of	
   parLcular	
   molecules	
   (e.g.,	
   rRNA,	
   PCR	
   duplicates,	
   contaminant	
  
RNA/DNA)	
   that	
   do	
   not	
   represent	
   the	
   starLng	
   biological	
   sample.	
   This	
  may	
   reduce	
   the	
   	
   complexity	
   of	
   the	
  
library	
  and,	
   consequently,	
   the	
   coverage	
  of	
   the	
   transcriptome.	
  We	
  developed	
  a	
  new	
  metric	
   that	
   infers	
   the	
  
diversity	
  of	
  unique	
  sequences	
  and	
  assesses	
   the	
  complexity	
  of	
  a	
  given	
   library	
  using	
   two	
  clustering	
  steps	
  of	
  
idenLcal	
  reads.	
  A	
  diversity	
  index	
  is	
  calculated	
  as	
  the	
  raLo	
  of	
  cumulaLve	
  unique	
  sequences	
  over	
  cumulaLve	
  	
  
reads,	
  represenLng	
  the	
  point	
  at	
  which	
  the	
  maximum	
  percentage	
  of	
  unique	
  sequences	
  is	
  reached.	
  This	
  metric	
  
can	
  be	
  used	
  to	
  compare	
  the	
  library	
  construcLon	
  success	
  and	
  evaluate	
  mulLple	
  experiments	
  while	
  it	
  can	
  be	
  
used	
  as	
  a	
  decision	
  tool	
   included	
   in	
  the	
   	
  workflow	
  of	
  omics	
  analysis.	
  The	
  procedure	
   is	
   implemented	
   in	
  Perl	
  
and	
  R	
  scripts	
  and	
  results	
  can	
  be	
  viewed	
  as	
  a	
  plot.

Depending	
   on	
   the	
   availability	
   of	
   high-­‐quality	
   reference	
   sequences,	
   transcriptomes	
   are	
   either	
   assembled	
  
following	
   	
   	
   reference-­‐based	
  or	
  de	
  novo 	
  strategies.	
   For	
  non-­‐model	
   species	
  where	
  a	
  high-­‐quality	
   reference	
  
transcriptome/genome	
   is	
  absent,	
  a	
  closely	
   related	
  species	
   reference	
  sequence	
  can	
  be	
  used	
  as	
  a	
  guide	
  to	
  
improve	
  the	
  quality	
  of	
  the	
  reconstructed	
  transcriptome	
  and	
  decrease	
  the	
  computaLonal	
  requirements.	
  By	
  
combining	
   the	
   two	
  complementary	
  assembly	
   strategies,	
  we	
  can	
   take	
  advantage	
  of	
   the	
  high	
   sensiLvity	
  of	
  
reference-­‐based	
  assemblers,	
  while	
  leveraging	
  the	
  ability	
  of	
  de	
  novo	
  assemblers	
  to	
  detect	
  novel	
  transcripts.	
  
The	
   de	
   novo 	
  assembly	
   requires	
   important	
   compuLng	
   resources,	
   parLcularly	
   memory.	
   The	
   proposed	
  
strategy	
  solves	
  the	
  problem	
  of	
  intensive	
  memory	
  requirements	
  of	
  a	
  de	
  novo	
  assembly	
  and	
  greatly	
  reduces	
  
the	
  computaLonal	
  Lme	
  by	
  parallelising	
  the	
  process.	
  Here,	
  we	
  test	
  this	
  strategy	
  on	
  a	
  simulated	
  Drosophila	
  
group	
   dataset	
   using	
   various	
   reference	
  model	
   species	
   in	
   a	
  wide	
   range	
   of	
   divergence	
   Lmes	
   to	
   assess	
   the	
  
mapping	
  success.	
  

in	
  silico	
  study	
  evaluaLon	
  of	
  the	
  mapping	
  success	
  of	
  simulated	
  paired-­‐end	
  reads	
  from	
  several	
  diptera	
  species	
  
on	
  a	
  reference	
  genome	
  with	
  different	
  divergence	
  Lmes	
  (1).	
  We	
  generated	
  25M	
  paired-­‐end	
  reads	
  2X100	
  bp	
  
from	
  cDNA	
  of	
  each	
  species.	
  Each	
  simulated	
  data	
  set	
  was	
  mapped	
  on	
  the	
  Drosophila	
  melanogaster	
  genome	
  
using	
  the	
  CRAC	
  mapper	
  (2).

HYBRID	
  ASSEMBLER	
  PIPELINE

CONCLUSION
Our	
  hybrid	
  strategy	
  pipeline	
  significantly	
  improves	
  the	
  standard	
  assembly	
  procedure,	
  not	
  only	
  in	
  quality	
  but	
  
also	
   in	
  reducing	
  the	
  computer	
  resources	
  required.	
   It	
  facilitates	
  the	
  analysis	
  of	
   large	
  datasets	
  especially	
  of	
  
non-­‐model	
  species.	
   In	
  order	
  to	
  decrease	
  the	
  proporLon	
  of	
  unmapped	
  reads	
  we	
  plan	
  to	
   include	
  a	
  second	
  
round	
  of	
  mapping	
  with	
  consensus	
  reference	
  sequences	
  based	
  on	
  SNPs	
  detecLon.	
  

RESULTS:	
  run	
  test	
  on	
  D.	
  simulans

%CumRi=
∑

1

i

US i⋅CRC i

TotalReads
⋅100

%CumUS i=
∑

1

i

US i

TotalReads
⋅100

%CumUS : Cumulative % of 
unique sequences: 
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First clustering
Read clustering 

by sequence identity
=>vector of read count by unique seq. 

(based on fastx_collapser)

Second Clustering
based on count Reads vector

=> matrix of classes of read count (CRC)

 Cumulative sum of reads
CRC x US (CumR)

Cumulative Sum

 Cumulative sum 
of Unique sequences US (CumUS)

Normalisation
 1) Percentage of cumulative sums based on    
      Total reads. (%CumR and %CumUS)

 2) %CumR breaks by class of 0.1%.
     To facilitate the inter-sample comparison
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Mouse 162 18-29 1.7-2.25
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Sparidae

- 36-44 0.13-0.17B. tabaci 
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Species Trans. size 
(Mbp)

Total 
reads 

(M)

Metric 
range

- 25 20.2
D. simulans 
(Normalised 
simulated)

Yeast 9.1 19 0.19

- 27-36 0.67-0.86
Diptera 76 19-58 0.43-1.36

B. tabaci
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