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Data & Pipelines

Human: Worm: Fly:
 Havana « WormBase — « FlyBase — build 5
«  PseudoPipe & release WS220 release 5.45

RetroFinder  PseudoPipe * PseudoPipe
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% Annotation
I T e e e

PseudoPipe on FlyBase 5.25

PseudoPipe on FlyBase 5.39 312 46 75 191
FlyBase 5.39 (Ensembl) 170
Intersection 80%
(PPipe5.39-Flybase5.39) 114 = 22 &
FlyBase 5.45 (flybase.org) 184
Intersection 80%
(PPipe5.39-Flybase5.45) 113 = oL &=
A — PseudoPipe 5.39 199 12 44 143
A — FlyBase 5.45 with
~10

Parents
TO USE: A '~ duplicated:
113 + A FlyBase PseudoPipe | processed: A F lyBase 5.45

) . with Parents
5.45 with Parents 5.39 ambiguous
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A nn Otat I0ON
—

PseudoPipe - WS201 1198 508(153)
PseudoPipe - WS220 2267 313 719 1235
WormBase WS220 (Ensembl) 1441

Intersection 80% (Ensembl —

PPipeWS220) 1014 164 445 405
Intersection 80%

(PPipeWS201-PPipeWS220) 1138 235 >21 382
Intersection 80% (Ensembl —

PPipeWS201-PPipeWS220) 948 154 438 356
A PseudoPipe WS220 440 159 281 -
A WS220 — with parents TBD

TO USE: A— duplicated: 154
948 + A WS220 PseudoPipe | processed: 438 At; ‘:/522?
with parents Ws220  J| Ambiguous 356 JL T
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Initial Pseudogene Information Pool

Annotation

9,093
Total 11240
Duplicated 2158
Processed 8715 1000G Ell\ulrgtsc?rglE

v Variant  Genomics

Ambiguous 23 Data Data
. A2-way|[ Level 14  Level 2
Others 344 1,007 || 7.1864' 4,054

Total Estimated 14112** "

Feedback Loop

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

Polymorphic
Pseudogenes
24

Surélee/ed
€

** Automatic pipelines accuracy is estimated 11,216
using the manually annotated pseudogenes 5033 lovel 2

as a benchmark and the results are L NN

extrapolated to the whole genome Pseudogene
Decoration
Resource —
psiDR
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SEQUENCE ANALYSIS

- Gives an indication of the time line of pseudogene formation
- Comparison of CDS & 3’ UTR

08/08/2012
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CDS Comparison
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Frequency of Processed Pseudogenes

CDS vs UTR

Processed Pseudogenes
Duplicated Pseudogenes

Frequency of Duplicated Pseudogenes
3'UTR identity

T
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%Sequence Similarity

75

CDS identity




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

08/08/2012
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- Processed Pseudogene

- Duplicated Pseudogene

lLl ILLJLJ
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TFBS counts
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CHROMATIN FEATURES

- Open Chromatin
- Histone Modifications
- Segmentation

08/08/2012
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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



Unsupervised pattern discovery in human chromatin
structure through genomic segmentation
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Comprehensive analysis of the chromatin landscape in
Drosophila melanogaster
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Fly Chromatin Segmentation

9 chromatin states:
- Promoter and TSS
- Transcription elongation
- Reqgulatory regions (enhancers)
- Active introns
- Active genes on the Male X

| Polycomb-mediated repression
- Pericentromeric heterochromatin

Heterochromatin-like embedded in euchromatin
Transcriptionally silent, intergenic

2L T A e e e e
2R R T T

SL MR RO T iy /o
SR LR 0RO A e D e
4 Il

X A g AT A ]
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A 9-state model of prevalent chromatin states found in S2 and BG3 cells.

Each chromatin state (row) is defined by a combinatorial pattern of enrichment (red) or
depletion (blue) for specific chromatin marks (first panel, columns; active marks in green,
repressive in blue).

The second panel shows average enrichment of chromosomal proteins.

The third panel shows fold over/under-representation of genic and TSS-proximal (+1 kb) regions
relative to the entire tiled genome. The enrichment of intronic regions is relative to genic
regions associated with each state.

PV Kharchenko et al. Nature 000, 1-6 (2010) doi:10.1038/nature09725 20



TRANSCRIPTIONAL ACTIVITY

Human: - EST evidence
- Human BodyMap
- Encode cell lines
Worm: - RNAseq data

08/08/2012
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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



Adipose

Adrenal

Brain

Breast

Colon

Heart

Kidney

Liver

Lung

Lymph Node
Ovary

Prostate
Skeletal Muscle
Testes

Thyroid

White Blood Cells

Transcribed Pseudogenes

Full-length Pseudogene

Pseudogene/ Parent Alignment

Pseudogene: ENSG00000232553.2
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Parent: ENSG00000176444.13

L1
L1 (lin-35)
L2
L3

dauer entry (daf-2)

dauer (daf-2)

dauer exit (daf-2)

L4
L4 male

YA

Parent Gene
Y-Scale: [0.0, 3.6] DCPM

Pseudogene

Y-Scale: [0.0, 8.6] DCPM

I

Al

T01B11.7.1

chrlV: 8,464,749 - 8,472,587 chrlV: 8,461,023 - 8,463,781
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Transcribed?
B Yes OO No

Additional
Activity?
a8 Yes O No

Constrained?
B Yes O No
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Total Pseudogenes (11,216)

T

/-\
- 643

181 -

501

10,340

1,038

9,222

ﬁ\ Pseudogene Activity

8,527

Active
Chromatin

DNasel.
Hypersensitity

Promoter

Pol2 4
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Data Summary
_m—m

Annotation

* Pseudogenes Yes Yes Yes

* Parent Genes Yes Yes Yes

*UTR No Yes Yes
Transcription Evidence Yes Not-yet Yes
TFs Yes Yes Yes
Pol2 Yes Yes Yes
Promoter No No Yes
Dnasel Hypersensitivity No No Yes
Segmentation No Yes Yes
Histone Modifications 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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