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Overview

•  Sequence analysis
•  Transcription factors
•  Pseudogene transcription
•  Chromatin features
•  Data summary
•  Conclusions & future work
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Data & Pipelines
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Human:
•  Havana
•  PseudoPipe & 

RetroFinder

Worm:
•  WormBase – 

release WS220
•  PseudoPipe

Fly:
•  FlyBase – build 5 

release 5.45
•  PseudoPipe

        

Manual Annota*on Automated Pipelines  

Level  
I 

Δ
Level  
II 

Δ
Level

III



Δ  FlyBase 5.45 
with Parents 

duplicated:  34 
processed:  31 
ambiguous  48 

Annotation
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Total  Duplicated  Processed  Ambiguous 

PseudoPipe on FlyBase 5.25  529  119  95  315 

PseudoPipe on FlyBase 5.39  312  46  75  191 

FlyBase 5.39 (Ensembl)  170 

IntersecGon 80% 
(PPipe5.39‐Flybase5.39)  114  33  32  49 

FlyBase 5.45 (flybase.org)  184 

Intersec*on 80% 
(PPipe5.39‐Flybase5.45)  113  34  31  48 

Δ – PseudoPipe 5.39  199  12  44  143 

Δ – FlyBase 5.45 with 
Parents  ~10 

Δ  
PseudoPipe 

5.39 

TO USE: 
113 + Δ FlyBase 
5.45 with Parents 



Annotation 
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Total  Processed  Duplicated  Ambiguous 

PseudoPipe ‐ WS201  1198  253  538  508(153) 

PseudoPipe ‐ WS220  2267  313  719  1235 

WormBase WS220 (Ensembl)  1441 

IntersecGon 80% (Ensembl –
PPipeWS220)  1014  164  445  405 

IntersecGon 80% 
(PPipeWS201‐PPipeWS220)  1138  235  521  382 

Intersec*on 80% (Ensembl – 
PPipeWS201‐PPipeWS220)  948  154  438  356 

Δ PseudoPipe WS220  440  159  281  ‐ 

Δ WS220 – with parents  TBD 

TO USE:
948 + Δ WS220
with parents


Δ – WS220 
with Parents 

duplicated:  154 
processed:  438 
Ambiguous  356 

Δ – 
PseudoPipe 
WS220 



Annotation
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Pseudogene  Human GENCODE v7 

Total  11240 

Duplicated  2158 

Processed  8715 

Ambiguous  23 

Others*  344 

Total EsGmated  14112** 

* Including  Unitary (138), IG (161) TR V (21) 
and polymorphic (24) pseudogenes

** Automatic pipelines accuracy is estimated 
using the manually annotated pseudogenes 
as a benchmark and the results are 
extrapolated to the whole genome   

```````` ```````` 

```````` ```````` 

Initial Pseudogene Information Pool

```````` 
Level 1 Level 2

Fe
ed

ba
ck

 L
oo

p

2-way 
consensus

1000G
Variant 
Data

ENCODE
Functional 
Genomics 

Data 

PseudoPipe 
18,046 

9,093 

7,186 4,054 1,907 

Polymorphic
Pseudogenes 

24
Surveyed 

Set
11,216



7,183 level 1
 4,033 level 2



Pseudogene 
Decoration
Resource

psiDR

Δ2-way

RetroFinder 
13,644 

HAVANA 
11,240 



per Chromosome Distribution
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per Chromosome Distribution (2)
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SEQUENCE ANALYSIS
- Gives an indication of the time line of pseudogene formation
- Comparison of CDS & 3ʼ UTR
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CDS Comparison
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CDS Comparison (2)
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TRANSCRIPTION FACTORS
Indicator of potential activity:

•  Worm: 47 TFs  within 2kb upstream of the pseudogenes start site 
•  Fly: 36 TFs  within 2kb upstream of the pseudogenes start site



TFBS Distribution
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CHROMATIN FEATURES
- Open Chromatin
- Histone Modifications
- Segmentation



Histone Modifications
•  Fly data:

–  Chip-chip: 30 assay factors 
–  Chip-seq: 6 assay factors

•  Worm data:
–  Chip-seq: 4 assay factors
–  Chip-chip: 21 assay factors 

•  Lesson from humans:
–  Histone modifications alone do not provide a direct 

understanding of pseudogene activity
 => use SEGMENTATION

08/08/2012  17 



08/08/2012  18 



Fly Chromatin Segmentation
•  9 chromatin states:

–  Promoter and TSS
–  Transcription elongation
–  Regulatory regions (enhancers)
–  Active introns
–  Active genes on the Male X
–  Polycomb-mediated repression
–  Pericentromeric heterochromatin
–  Heterochromatin-like embedded in euchromatin
–  Transcriptionally silent, intergenic

19 



Fly Chromatin Segmentation

20 

•  A 9‐state model of prevalent chromaGn states found in S2 and BG3 cells.  
•  Each chromaGn state (row) is defined by a combinatorial paZern of enrichment (red) or 

depleGon (blue) for specific chromaGn marks (first panel, columns; acGve marks in green, 
repressive in blue).  

•  The second panel shows average enrichment of chromosomal proteins.  
•  The third panel shows fold over/under‐representaGon of genic and TSS‐proximal (±1 kb) regions 

relaGve to the enGre Gled genome. The enrichment of intronic regions is relaGve to genic 
regions associated with each state. 

PV Kharchenko et al. Nature 000, 1-6 (2010) doi:10.1038/nature09725 
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TRANSCRIPTIONAL ACTIVITY
Human: - EST evidence

  - Human BodyMap
  - Encode cell lines

Worm: - RNAseq data
 



Transcribed Pseudogenes
•  Human – 876 transcribed pseudogenes:

  *  422  from EST evidence
  *  344 from PseudoSeq on BodyMap data
  *  110 from total RNA data from ENCODE cell lines

•  Worm WS201:
–   323 transcribed pseudogenes – using PseudoSeq

   * 191 have strong evidence
   * 132 have concordant expression patterns with the 
            parents

•  Worm WS220:
–   148 transcribed pseudogenes with strong evidence

 
•  Fly  – to be determined 
08/08/2012  22 



Transcribed Pseudogenes
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Pseudogene Activity
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Data Summary
Data  Worm  Fly  Human 

AnnotaGon 
        * Pseudogenes 
        * Parent Genes          
        * UTR 

Yes 
Yes 
Yes 
No 

Yes 
Yes 
Yes 
Yes 

Yes 
Yes 
Yes 
Yes 

TranscripGon Evidence  Yes  Not‐yet  Yes 

TFs  Yes  Yes  Yes 

Pol2  Yes  Yes  Yes 

Promoter  No  No  Yes 

DnaseI HypersensiGvity  No  No  Yes 

SegmentaGon  No  Yes  Yes 

Histone ModificaGons  Yes  Yes  Yes 

Developmental Stages  Yes  Yes  No 
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Conclusions & Future Work
•  Human Pseudogenes available in GENCODE v7 

–  To be updated to GENCODE v10
•  Creation of a comprehensive & reliable data set for Worm & Fly pseudogenes:

–  Level 1: validated using both manual and automated annotation
–  Level 2: validated manually only
–  Level 3: validated using computational pipelines only

•  Sequence similarity:
–  Worm processed pseudogens have similar pattern distribution to Human analogues, 
–  Worm duplicated pseudogenes peak around 50% similarity to parents
–  Pseudogenes with high sequence similarity to parents are less frequent in worm than in 

human
•  TFBS

–  Similar distribution for worm and human for transcribed vs non transcribed pseudogenes
–  Higher number of worm TFBS in the up

•  To Do:
–  Paralogues comparison for Human/Wrom/Fly
–  Upstream Elements: analyse Pol2 Binding & Promoters
–  Catalog transcribed pseudogenes in worm & fly
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