
Busseola	  fusca	  Genome	  Consor*um	  
Overview	  

	  
Using	  Bioinforma*cs	  and	  	  

Genomics	  Tools	  to	  	  
Develop	  Integrated,	  Reproducible,	  

Shareable	  Workflows	  



Agenda	  

•  Busseola	  fusca	  Genome	  Consor.um	  
	   	   	   	   	   	  (tea	  break)	  

•  The	  importance	  of	  reproducibility	  and	  
collabora.on	  
– Data	  cleaning/	  So@ware	  version/Parameter	  choice	  
– Record	  keeping	  
– Sharing	  workflows	  

•  Hands	  on	  exercise	  using	  Galaxy	  
	  



	  
Sequencing	  the	  Whole	  Genome	  and	  
Transcriptome	  of	  Busseola	  fusca	  

here	  at	  ILRI	  	  



Busseola fusca is a major crop pest, ���
 especially of maize	




B. Fusca devastates large proportions of both 
small & large-scale crops in sub-Saharan Africa	


Matama-‐Kauma	  et	  al.	  2007	  
	  
	  



Current Methods of Pest Management 	

Cultural	  control	  –	  destroying	  crop	  residues,	  intercropping,	  rota.on,	  etc.	  
Synthe.c	  pheromone	  traps	  –	  disrupt	  ma.ng	  
Breed	  resistant	  crops	  –	  but	  larvae	  evolve	  resistance	  to	  the	  resistance!	  

Tabashnik et al. 2008 



Parasitoid	  wasps	  use	  B.	  fusca	  larvae	  to	  lay	  eggs,	  	  
and	  simultaneously	  deposit	  viral	  par.cles	  	  

(the	  virus	  is	  embedded	  in	  the	  wasp’s	  genome).	  

Biological Control for Pest Management 	


Cotesia sesamiae	


Busseola fusca	


Fewer	  chemicals,	  affordable,	  widespread/sustainable,	  efficient.	  



Multiple Reasons to Sequence B. fusca	


Thomas,	  Schaack,	  &	  Pritham	  	  2010	  

•  Major	  crop	  
pest	  
threatening	  
food	  security	  
in	  East	  Africa	  

•  Previous	  cases	  
of	  HTT	  involve	  
the	  virus	  in	  the	  
parasitoid	  wasp	  
of	  B.	  fusca	  



Closely-Associated Species 	

Can Exchange DNA Horizontally	


The	  virus	  suppresses	  the	  
immune	  response,	  thus	  the	  
“infec.on”	  usually,	  but	  not	  
always,	  kills	  the	  larvae.	  



Thomas,	  Schaack,	  &	  Pritham	  	  2010	  

Nearly	  iden.cal	  transposable	  elements	  have	  been	  found	  in	  
the	  WGS	  of	  	  
various	  organisms	  
including:	  
	  
the	  viruses	  in	  Cotesia	  wasps	  
and	  the	  first	  sequenced	  
lepidopteran,	  	  
Bombyx	  mori	  	  

A	  TE	  is	  a	  piece	  of	  DNA	  that	  is,	  or	  
once	  was,	  capable	  of	  moving	  or	  
replica.ng	  and	  reinser.ng	  in	  the	  

genome.	  



Many	  different	  types	  of	  TEs	  
	  

Many	  species	  (>13)	  
	  

Spanning	  4	  phyla	  
	  

On	  4	  con.nents	  
	  
	  

Gilbert/Schaack	  et	  al.	  2010	  
Schaack/Gilbert	  et	  al.	  2010	  

Gilbert	  et	  al.	  and	  Schaack	  2013	  

Unexpectedly, many cases of horizontal 
transfer among eukaryotes found in WGS data	


But how?	




Searching WGS Data for Evidence of HTT	
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But who cares if TEs are exchanged horizontally?	
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•  After HT,  TEs can 
replicate to very high 
copy number	


•  TEs can jump in the 
future and interrupt host 
gene function	


•  TEs can be domesticated 
by the new host genome 
and perform a function	




In	  bacteria,	  we	  knew	  HTT	  was	  frequent	  and	  important.	  
In	  eukaryotes,	  	  

we	  now	  know	  that	  HTT	  is	  not	  uncommon.	  	  	  
What	  are	  the	  mechanisms?	  	  	  

How	  are	  TEs	  incorporated	  into	  the	  germline?	  	  
What	  is	  the	  impact?	  

How	  o@en	  does	  this	  happen?	  



WGS and Transcriptome 
Sequencing	


Genome	  sequencing:	  
DNA	  extracted	  from	  a	  single	  larva	  (1	  run,	  ~15x	  coverage	  of	  900	  MB)	  
	  	  
	  



WGS and Transcriptome 
Sequencing	


Genome	  sequencing:	  
DNA	  extracted	  from	  a	  single	  larva	  (2	  runs,	  ~30x	  coverage)	  
	  
Transcriptome	  sequencing:	  
S2_S1_L001_R1_001.fastq	   	  B.	  fusca	  unexposed;	  larvae	  (1)	  	  
S3_S2_L001_R1_001.fastq	   	  B.	  fusca	  exposed	  to	  CSM;	  larvae	  (1)	  	  
S6_S3_L001_R1_001.fastq	   	  B.	  fusca	  female	  thorax	  (1)	  	  
S7_S4_L001_R1_001.fastq	   	  B.	  fusca	  male	  thorax	  (1)	  	  
S10_S5_L001_R1_001.fastq	   	  B.	  fusca	  female	  ovipositor	  (1)	  	  
1_S1_L001_R1_001.fastq	  	   	  B.	  fusca	  neonates	  (350)	  	  
2_S2_L001_R1_001.fastq	   	  B.	  fusca	  eggs	  (700)	  	  
3_S3_L001_R1_001.fastq	   	  B.	  fusca	  male	  antennae	  (60)	  
4_S4_L001_R1_001.fastq	   	  B.	  fusca	  female	  antennae	  (60)	  	  
5_S5_L001_R1_001.fastq	   	  B.	  fusca	  exposed	  to	  CSK;	  larvae	  (1)	  	  
	  



Genes	  upregulated	  in	  different	  
developmental	  stages,	  organs,	  males	  
versus	  females,	  and	  exposed	  and	  

unexposed	  to	  wasps	  

Cataluyud	  et	  al.	  2006	  



Cotesia	  sesamiae	  
Mombasa	  (CsM)	  causes	  
an	  immune	  response	  

and	  can’t	  infect	  B.	  fusca	  
successfully	  

Cotesia	  sesamiae	  Kitale	  
(CsK)	  CAN	  infect	  B.	  fusca	  



Genomics and Transcriptomics of B. fusca	

integrating research and capacity building	


•  Animals reared at icipe and sequencing at ILRI	

•  Transcriptomes from 10 different tissues 	

•  Assembly and annotation jamboree in Nairobi 2 weeks ago	


Participants from past bioinformatics and genomics 
workshops were invited to gain hands-on experience with 

real data– 54 people from 5 African countries came!	  



What	  Have	  We	  Found	  So	  Far?	  
Genes	  upregulated	  male	  versus	  female	  antennae,	  	  
endogenous	  viruses	  and	  cases	  of	  horizontal	  transfer	  

female	   male	  

female	   male	  
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Zerbino	  et	  al.	  2012	  

Ques.ons	  in	  Biology	  Range	  from	  Simple	  to	  Complex	  



Many	  Studies	  Focus	  on	  Understanding	  
Differences	  in	  Gene	  Expression	  	  

Within	  a	  Species	  

Different	  cells	  
with	  different	  jobs	  
•  Neurons	  
•  Skin	  cells	  
•  Intes.nal	  cells	  
•  Liver	  cells	  
•  Blood	  cells	  
•  Fat	  cells	  
•  Germ	  cells	  
•  Muscle	  cells	  

Same 
DNA! 

Responses	  to	  
different	  condi.ons	  
•  Heat/Cold	  
•  Food/Hunger	  
•  Disease	  
•  Stress	  
•  Danger	  
•  Development	  
•  Aging	  
•  Damaging	  chemicals	  
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RNA	  
Transcription produces mRNA polymers 

Also rRNAs, tRNA, siRNA, etc. 
 
RNA is typically single-stranded, but can fold back on itself, making 
small hairpins, and therefore is capable of forming complex structures 
 
Thus, mRNAs are messengers, but many other RNA molecules are 
functional and act much like proteins do 



Coding	  DNA	  à	  proteins	  à	  us	  

DNA	  

RNA	  

PROTEIN	  

THE	  CENTRAL	  DOGMA	  





Synonymous	  vs.	  nonsynonymous	  
differences	  

 
 

Proline 
four-fold degenerate amino acid 

 
  C C UU  
  C C CC          Synonymous changes 
  C C AA          Nonsynonmous changes 
  C C GG 
 
     Arginine 
 
     C GG T     



Protein	  Structure	  

3⁰ structure 

2⁰ structure 

1⁰ structure 



Central	  Dogma	  



How	  Can	  Transcrip.on	  Levels	  Be	  Quan.fied	  
Using	  Bioinforma.cs	  and	  Genomics?	  

•  DNA	  availability	  (methyla.on	  and	  
acetyla.on)	  
–  Bisulfite	  sequencing	  

•  Transcrip.on	  Ini.a.on	  and	  
Elonga.on	  
–  ChIP-‐Seq	  

•  Transcript	  termina.on,	  processing	  
and	  export	  
–  RNA-‐Seq	  

	  
34	  



ChIP-‐Seq	  
•  Take	  cells	  of	  interest	  and	  

cross-‐link	  (fix	  proteins	  to	  the	  
DNA	  that	  they	  bind	  to	  while	  
“in	  ac.on”)	  

•  Shear	  DNA	  
•  Immunoprecipitate	  YPOI	  

(your	  protein	  of	  interest,	  
here	  the	  blue	  protein)	  and	  
discard	  everything	  else	  

•  Release	  the	  protein	  from	  the	  
fragments	  it	  was	  bound	  to	  

•  Sequence	  the	  DNA	  
•  Map	  the	  data	  to	  the	  genome	  

to	  see	  what	  genes	  nearby	  
might	  be	  regulated	  by	  YPOI	  





10	  Simple	  Rules	  for	  Reproducibility	  



10	  Simple	  Rules	  for	  Reproducibility	  
•  Rule	  1:	  For	  Every	  Result,	  Keep	  Track	  of	  How	  It	  Was	  Produced	  
•  Rule	  2:	  Avoid	  Manual	  Data	  Manipula.on	  Steps	  
•  Rule	  3:	  Archive	  the	  Exact	  Versions	  of	  All	  External	  Programs	  Used	  
•  Rule	  4:	  Version	  Control	  All	  Custom	  Scripts	  
•  Rule	  5:	  Record	  All	  Intermediate	  Results,	  When	  Possible	  in	  Standardized	  

Formats	  
•  Rule	  6:	  For	  Analyses	  That	  Include	  Randomness,	  Note	  Underlying	  Random	  

Seeds	  
•  Rule	  7:	  Always	  Store	  Raw	  Data	  behind	  Plots	  
•  Rule	  8:	  Generate	  Hierarchical	  Analysis	  Output,	  Allowing	  Layers	  of	  

Increasing	  Detail	  to	  Be	  Inspected	  
•  Rule	  9:	  Connect	  Textual	  Statements	  to	  Underlying	  Results	  
•  Rule	  10:	  Provide	  Public	  Access	  to	  Scripts,	  Runs,	  and	  Results	  


