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RNA	  Seq	  analysis	  



Transcriptome	  annota;on	  



CAMERA	  (NCGR	  :	  na;onal	  center	  for	  genome	  
ressources)	  Annota;on	  process	  

Annota;on	  files	  based	  on	  hits	  to	  Swiss-‐Prot,	  Pfam-‐A,	  and	  
TIGRFAMs	  include	  InterPro	  associa;ons	  in	  the	  Ontology	  term	  
aRribute	  



Moore	  fonda;on	  pipeline	  

•  Transcriptome	  Annota/on	  
•  Coding	  sequences	  were	  predicted	  using	  ESTScan	  [1,	  2]	  
with	  a	  close	  organisms	  scoring	  matrix.	  	  	  

•  Sequence	  reads	  were	  aligned	  back	  to	  the	  nucleo;de	  
mo;fs	  of	  the	  predicted	  coding	  sequences	  using	  BWA	  
[3].	  	  	  

•  Pep;de	  predic;ons	  over	  30	  amino	  acids	  in	  length	  were	  
annotated.	  	  	  

•  BLASTp	  [4]	  was	  used	  to	  generate	  hits	  against	  the	  
UniProtKB/Swiss-‐Prot	  database.	  	  	  

•  Protein	  sequences	  were	  also	  func;onally	  characterized	  
using	  HMMER3	  [5]	  against	  Pfam-‐A	  [6],	  TIGRFAM	  [7],	  
and	  SUPERFAMILY	  [8]	  databases.	  



InterProScan	  

GO-‐Slim	  

GO	  Second	  Layer	  

Graph	  Visualiza/on	  

Enrichment	  
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Additional Features: 

BLAST	   MAPPING	   ANNOT.RULE	   Manual	  Cura/on	  

Main	  func;ons	  within	  Blast2GO	  



Blast2GO	  Schema	  











Blast2GO	  Annota;on	  Rule	  
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Lowest term satisfying the 
requirements EC weight

IC 1
TAS 1
IDA 1
IMP 0.9
IG I 0.9
IP I 0.9
ISS 0.8
IEP 0.8
NAS 0.7
IEA 0.7
ND 0.5
NR 0.5
RCA 0.5
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How	  to	  use	  blast2go	  

•  On	  your	  own	  computer	  -‐>	  

•  Via	  qlogin	  on	  ABIMS	  Cluster	  -‐>	  

•  On	  Command	  line	  B2G4Pipe	  on	  ABiMS	  cluster	  -‐>	  

•  Soon	  with	  Galaxy	  -‐>	  



The	  Database	  for	  Annota;on,	  Visualiza;on	  and	  
Integrated	  Discovery	  (DAVID	  )	  v6.7	   	  	  

•  Iden;fy	  enriched	  biological	  themes,	  par;cularly	  GO	  terms	  
•  Discover	  enriched	  func;onal-‐related	  gene	  groups	  
•  Cluster	  redundant	  annota;on	  terms	  
•  Visualize	  genes	  on	  BioCarta	  &	  KEGG	  pathway	  maps	  
•  Display	  related	  many-‐genes-‐to-‐many-‐terms	  on	  2-‐D	  view.	  
•  Search	  for	  other	  func;onally	  related	  genes	  not	  in	  the	  list	  	  
•  List	  interac;ng	  proteins	  
•  Explore	  gene	  names	  in	  batch	  	  
•  Link	  gene-‐disease	  associa;ons	  	  
•  Highlight	  protein	  func;onal	  domains	  and	  mo;fs	  	  
•  Redirect	  to	  related	  literatures	  	  
•  Convert	  gene	  iden;fiers	  from	  one	  type	  to	  another.	  



ErmineJ	  performs	  analyses	  of	  gene	  sets	  in	  expression	  microarray	  data	  or	  other	  
genome-‐wide	  data	  that	  results	  in	  rankings	  of	  genes	  

Ermine	  J	  
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Transdecoder	  

TransDecoder	  iden;fies	  likely	  coding	  sequences	  based	  on	  the	  
following	  criteria:	  
•  a	  minimum	  length	  open	  reading	  frame	  (ORF)	  is	  found	  in	  a	  transcript	  

sequence	  	  
•  a	  log-‐likelihood	  score	  similar	  to	  what	  is	  computed	  by	  the	  GeneID	  

sokware	  is	  >	  0.	  	  
•  the	  above	  coding	  score	  is	  greatest	  when	  the	  ORF	  is	  scored	  in	  the	  

1st	  reading	  frame	  as	  compared	  to	  scores	  in	  the	  other	  5	  reading	  
frames.	  	  

•  if	  a	  candidate	  ORF	  is	  found	  fully	  encapsulated	  by	  the	  coordinates	  of	  
another	  candidate	  ORF,	  the	  longer	  one	  is	  reported.	  However,	  a	  
single	  transcript	  can	  report	  mul;ple	  ORFs	  (allowing	  for	  operons,	  
chimeras,	  etc).	  	  

•  op/onal	  the	  puta;ve	  pep;de	  has	  a	  match	  to	  a	  Pfam	  domain	  above	  
the	  noise	  cutoff	  score.	  



Trinnotate	  pipeline	  

2.	  Capturing	  BLASTP	  and	  BLASTX	  Homologies	  :	  
uniprot-‐swissprot	  
	  
3.	  Running	  HMMER	  to	  iden;fy	  protein	  domains	  
	  
4.	  Running	  signalP	  to	  predict	  signal	  pep;des	  
	  
5.	  Running	  tmHMM	  to	  predict	  transmembrane	  
regions	  



Trinnotate	  pipeline	  

6	  Loading	  Results	  into	  a	  Trinotate	  SQLite	  Database	  
	  
7	  Threshold	  the	  blast	  and	  pfam	  results	  to	  be	  
reported	  

•  E-‐value	  :	  maximum	  blast	  E-‐value	  cutoff	  
•  'DNC'	  :	  domain	  noise	  cutoff	  (default)	  
•  'DGC'	  :	  domain	  gathering	  cutoff	  
•  'DTC'	  :	  domain	  trusted	  cutoff	  
•  'SNC'	  :	  sequence	  noise	  cutoff	  
•  'SGC'	  :	  sequence	  gathering	  cutoff	  
•  'STC'	  :	  sequence	  trusted	  cutoff	  



Trinnotate	  pipeline	  

0	  	  	  comp1507_c0	  
1	  	  	  comp1507_c0_seq1:405-‐1415(+)	  
2	  	  	  m.772	  
3	  	  	  sp|Q7Z8R5|PALI_YARLI`Q7Z8R5`Q:1-‐236,H:3-‐234`30.13%ID`E:3e-‐21`RecName:	  Full=pH-‐response	  
regulator	  protein	  palI/RIM9;`Eukaryota;	  Fungi;	  Dikarya;	  Ascomycota;	  Saccharomyco;na;	  
Saccharomycetes;	  Saccharomycetales;	  Dipodascaceae;	  Yarrowia.	  
4	  	  	  PF06687.7^SUR7^SUR7/PalI	  family^7-‐165^E:2.4e-‐18	  
5	  	  	  sigP:1`23`0.564`YES	  
6	  	  	  ExpAA=91.29`PredHel=4`Topology=i9-‐31o89-‐111i118-‐140o150-‐172i	  
7	  	  	  NOG12793^	  Calcium	  ion	  binding	  protein	  
8	  	  	  GO:0016021^cellular_component^integral	  to	  membrane`GO:0005886^cellular_component^plasma	  
membrane	  
9	  	  	  
MRIRSATPSLILLVIAIVFFVLAICTPPLANNLTLGKYGDVRFGVFGYCLNSNCSKPLVGYNSDYLDEHAKDGFRTSVIVRQ
RASYGLVIVPVSACICLISTIMTIFAHIGAIARSPGFFNVIGTITFFNIFITAIAFVICVITFVPHIQWPSWLVLANVGIQLIVLL
LLLVARRQATRLQAKHLRRATSGSLGYNPYSLQNSSNIFSTSSRKGDLPKFSDYSAEKPMYDTISEDDGLKRGGSVSKLK
PTFSNDSRSLSSYAPTVREPVPVPKSNSGFRFPFMRNKPAEQAPENPFRDPENPFKDPASAPAPNPWSINDVQANND
KKPSRFSWGRS*	  

0	  	  	  #component	  
1	  	  	  trans_derived	  
2	  	  	  prot_id	  
3	  	  	  TopBlastHit	  
4	  	  	  Pfam	  

5	  	  	  SignalP	  
6	  	  	  TmHMM	  
7	  	  	  eggnog	  
8	  	  	  gene_ontology	  
9	  	  	  prot_seq	  



Not	  yet	  implemented	  on	  the	  cluster	  
….	  

Trinotate	  web	  :	  Graphical	  Interface	  for	  Naviga/ng	  
Trinotate	  Annota/ons	  and	  Expression	  Analyses	  
Note,	  Trinotate	  is	  not	  yet	  a	  full-‐featured	  applica;on,	  
but	  is	  instead	  in	  a	  very	  early	  state	  of	  development	  





Plo|ng	  Pairwise	  Differen;al	  
Expression	  Data	  	  

Significantly	  differently	  expressed	  transcripts	  have	  FDR	  <=	  0.001	  
(shown	  in	  red)	  



Comparing	  Mul;ple	  Samples	  	  

Heatmaps	  provide	  an	  effec;ve	  tool	  
for	  naviga;ng	  differen;al	  expression	  across	  
mul;ple	  samples.	  
Clustering	  can	  be	  performed	  across	  both	  axes:	  
-‐cluster	  transcripts	  with	  similar	  expression	  
paRerns.	  
-‐cluster	  samples	  according	  to	  similar	  
expression	  values	  among	  transcripts.	  



Examining	  PaRerns	  of	  Expression	  
Across	  Samples	  

Can	  extract	  clusters	  of	  transcripts	  and	  examine	  them	  separately.	  	  





hRp://bioinfo.genotoul.fr/RNAbrowse.	  RNAbrowse	  

Con;gs	  overview	  figures	  



RNAbrowse	  

The	  Venn	  diagram	  shows	  the	  number	  
of	  con;gs	  shared	  between	  libraries	  

Variants	  overview	  figures	  



RNAbrowse	  
Blast	  interface	  

The	  con;g	  depth	  view	  
enables	  to	  visualise	  the	  
coverage	  of	  the	  reads	  of	  
the	  different	  libraries	  



TRAPID:	  Rapid	  Analysis	  of	  Transcriptome	  Data	  

hRp://bioinforma;cs.psb.ugent.be/webtools/trapid/	  

TRAPID	  system	  offers	  func;onal	  and	  compara;ve	  analyses	  for	  transcriptome	  data	  sets	  

Describe	  your	  experiment	  

•  ORF	  detec;on,	  	  
•  frameshik	  correc;on	  	  
•  includes	  a	  func;onal,	  

compara;ve	  and	  
phylogene;c	  toolbox	  

	  Two	  reference	  databases:	  	  
-‐  for	  plants	  and	  green	  algae	  PLAZA	  2.5,	  	  
-‐  for	  Alveolata,	  Amoebozoa,	  Euglenozoa,	  Fungi,	  Metazoa	  and	  prokaryotes	  

(Bacteria	  and	  Archaea)	  OrthoMCL-‐DB	  version	  5	  is	  available.	  



TRAPID:	  Rapid	  Analysis	  of	  Transcriptome	  Data	  

Start	  the	  analysis	  



TRAPID:	  Rapid	  Analysis	  of	  Transcriptome	  Data	  

General	  sta;s;cs	  
Func;onal	  enrichment	  analysis	  
Phylogene;c	  analysis	  



To	  infinity...	  and	  beyond	  



With	  ref.	  vs	  de	  novo	  
Improved	  reconstruc;on	  with	  deeper	  sequencing	  depth	  and	  Genome-‐based	  
reconstruc;on	  is	  more	  sensi;ve	  than	  de	  novo	  methods	  	  



The	  PASA	  Pipeline	  for	  Genome	  Annota;on	  

Developed	  (in	  2003)	  to	  integrate	  ESTs	  and	  full-‐length	  cDNAs	  
into	  gene	  structure	  annota;ons.	  

Compa;ble	  with	  RNA-‐Seq	  via	  Trinity.	  

PASA:	  	  Program	  to	  Assemble	  Spliced	  Alignments	  



PASA	  Pipeline	  

Align to Genome 

Cluster overlapping alignments 

Assemble alignment clusters 

Cluster transcript isoforms 

Report Gene Structures 
and/or 

Update existing annotations 

Trinity-assembled Transcripts 



PASA	  Pipeline	  
GMAP, BLAT, sim4 

 spliced transcript alignments 

Valid alignment criteria: 
 
•  min 95% Identity 
  min 75% transcript length aligned   
   (configurable) 
• Canonical splice sites 

• GT-AG 
• GC-AG 
• AT-AC 

Align to Genome 

Cluster overlapping alignments 

Assemble alignment clusters 

Cluster transcript isoforms 

Report Gene Structures 
and/or 

Update existing annotations 

Trinity-assembled Transcripts 



PASA	  Pipeline	  
spliced alignments 
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Cluster overlapping alignments 
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Trinity-assembled Transcripts 



PASA	  Pipeline	  
spliced alignments 

Align to Genome 

Cluster overlapping alignments 

Assemble alignment clusters 
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Trinity-assembled Transcripts 



PASA	  Pipeline	  
spliced alignments 

Align to Genome 

Cluster overlapping alignments 

Assemble alignment clusters 

Cluster transcript isoforms 

Report Gene Structures 
and/or 

Update existing annotations 

Trinity-assembled Transcripts 



PASA	  Pipeline	  

Annota/on	  output	  

Annota/on	  Updates	  
-‐exon	  modifica;ons	  
-‐alt	  splice	  isoform	  addi;ons	  
-‐gene	  merges	  
-‐gene	  splits	  
-‐new	  genes	  

Align to Genome 

Cluster overlapping alignments 

Assemble alignment clusters 

Cluster transcript isoforms 

Report Gene Structures 
and/or 

Update existing annotations 

Trinity-assembled Transcripts 

-‐gene	  structures	  
-‐alt	  splice	  isoforms	  
-‐predicted	  coding	  regions	  
	  
(fasta,	  bed,	  gff3,	  g~	  formats)	  



Evalua;ng	  Genome-‐based	  Transcript	  Reconstruc;on	  
Using	  Reference	  Genomes	  +	  Transcriptomes	  
	  

Schizosaccharomyces	  	  
pombe	  

Drosophila	   Mouse	  

12.5	  Mb	  
5k	  

170	  Mb	  
14k	  

2.7	  Gb	  
20k	  	  
	  

Genome	  size	  
Approx.	  #	  genes	  

50M	  Paired-‐end	  Illumina	  ~75	  base	  reads,	  each.	  
(100M	  total	  reads,	  each).	  



Nearly	  all	  (>98%)	  Trinity	  transcripts	  	  
map	  to	  reference	  genomes	  

93%	  

5%	   2%	  
S.	  pombe	  

92.9%	  

7.0%	   0.1%	  
Drosophila	  

95.1%	  

4.7%	   0.2%	  
Mouse	  

Valid	  

Error	  

Missing	  

~5%	  to	  7%	  of	  assembled	  transcripts	  are	  problema;c	  

14,548	   36,320	   81,516	  #	  Trinity	  
Transcripts	  



Number	  of	  genes	  	  with	  	  
full	  length	  transcripts	  

Total	  pombe	  genes	  
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Full-‐length	  Reconstruc/on	  by	  Expression	  Quin/le	  
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