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Coloris
Function
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[B Hayes,
Am. Sci.
(Jul.- Aug. '06)]

| The Semicolon Wars

L———————

IF YOU WANT TO BE a thorough-
- going world travelel_'hyou need to
Flearn 6,912 ways to say “Where is the I
toilet, please?” That’s the number of I

! g Tages RITOWH 10 D& SPORN By e~

peoples of planet Earth, according to
Ethnologue.com.

If you want to be the complete poly
glot you also have quite
a challenge ahead of you, learning all
the ways tosay: _
i
1
(This one 15 1n C.) A catalog maintained

by Bill Kinnersley of the University of
Kansas lists about 2,500
languages. Another survey, compiled

by Diarmuid Piggott, puts the total
even higher, at more than 8,500. And
keep in mind that whereas human lan-
guages have had millennia to evolve
and diversify, all the computer languag
es have sprung up in just 50 years. Even
by the more-conservative standards of
the Kinnersley count, that means we’ve
been inventing one language a week,
on average, ever since Fortran.

For ethnologists, linguistic diversity
is a cultural resource to be nurtured
and preserved, much like biodiversity.

Iprintf ("hello, world\n") ;

Brian Hayes

Every|programmer
knows there is one
truelprogramming
language. A new one
every week

a good-enough notation—for express-
ing an algorithm or defining a data
structure.

There are|programmers Jof my ac-
quaintance who will dispute that last
statement. I expect to hear from them.
They will argue—zealously, ardently,
vehemently—that we have indeed
found the right programming lan-
guage, and for me to claim otherwise
is willful ignorance. The one true lan-
guage may not yet be perfect, they’ll
concede, but it’s built on a sound foun
dation and solves the main problem:s,
and now we should all work together
to refine and improve it. The catch, of
course, is that each of these friends will

cide which end of a boiled egg to crack.
This famous tempest in an egg cup was
replayed 250 years later by designers of
computer hardware and communica
tions protocols. When a block of data is
stored or transmitted, either the least-
significant bit or the most-significant
bit can go first. Which way is better?
It hardly matters, although life would
be easier if everyone made the same
choice. But that’s not what has hap-
pened, and so quite a lot of hardware
and software is needed just to swap
ends at boundaries between systems.
This modern echo of Swift’s Endian
wars was first pointed out by Danny
Cohen of the University of Southern
California in a brilliant 1980 memo,
“On holy wars and a plea for peace.”
The memo, subsequently published
in Computer, was widely read and ad-
mired; the plea for peace was ignored.
Fnom feud—Ilargely Torgotten, ,
I think, but never settled by truce or
treaty—focused on the semicolon. In
Algol and Pascal, program statements
h&VeTo bﬁ?ﬁaﬂﬁﬁ'oy‘a%ﬂﬁcm
example, inx:=0; y:=x+1; z:=2the
semicolons tell the compiler where one
statement ends and the next begins. C



Non-coding Annotations: Overview

There are several collections of information "tracks" related to non-coding features

Sequence features, incl. Conservation

4 } -

Large-scale sequence
similarity comparison

Functional Genomics

ChiP-seq (Epigenome & seq. specific TF)
and ncRNA & un-annotated transcription

v

Identify large blocks of
repeated and deleted

sequence:

Signal processing of raw
experimental data:

» Removing artefacts
» Normalization
» Window smoothing

» Within the human
reference genome

{

» Within the human
population

+ Between closely related
mammalian genomes

Segmentation of processed
data into active regions:

* Binding sites

» Transcriptionally active

v

regions
Y

dentify smaller-scale
repeated blocks using
statistical models

Group active regions into
larger annotation blocks

. 4. N

OmE mm EE

—
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Comparative

« Broad sampling of conditions across
transcriptomes & regulomes for

ENCODE Functional human, worm & fly

— embryo & ES cells

Ge nom iCS RESOu rce — developmental time course (worm-fly)

(EncodeProject.org/comparative) * In total: ~3000 datasets (~130B reads)

Number of data sets

1,500

1,200

900

©00

300

m B Chromatin

features

‘y;\Q/K Regulatory-factor
binding

RRR B RNA transcripts
2012 Now 2010 Now 2010 Now

Human Worm Fly
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[Nature 512:445 ('14); doi: 10.1038/nature13424]

Time-course gene expression data of
worm & fly development

Worm

datasets: 219
factors: 93

N\

)

Qost-PuPae (19)

)

Organism

worm
(C. elegans)

Major developmental stages

33 stages: 0,0.5, 1, ..., 12 hours, L1, L2, L3,
L4, ..., Young Adults, Adults

datasets: 93
factors: 52

Late Embry©

fly
(D. mel.)

30 stages: 0, 2,4, 6, 8,..., 20, 22 hours, L1-
L4, Pupaes, Adults
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Comparative ENCODE

Previous studies have compared EUKARYOTES
RNA transcription between

closely related organisms (e.g. ‘
RNA-seq within mammals, |
Brawand et al. '11) ... ANIMALS

l
MAMMALS YEAST

500 MYO | |
75 MYO ‘

Fly Worm Human Mouse Fission Yeast Budding Yeast

RNA I
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Comparative ENCODE

... or integrated diverse —omic
information within each of several
species (eg modencode '10)

Previous studies have compared EUKARYOTES
RNA transcription between ‘

closely related organisms (e.g.
RNA-seq within mammals, |
Brawand et al. '11) ... ANIMALS

|
MAMMALS YEAST

500 MYO | |
75 MYO ‘

(‘S

Worm Human Mouse Fission Yeast Buddmg Yeast
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Comparative ENCODE

Previous studies have compared .. or integrated diverse —omic
RNA transcription between EUKARYOTES information within each of several

closely related organisms (e.g. species (eg modencode "10)
RNA-seq within mammals, |
Brawand et al. '11) ... ANIMALS A first effort to

‘ comprehensively integrate
| diverse data across distantly
MAMMALS related species YEAST

500 MYO | |
75 MYO ‘

(‘S

Fly Worm Human Mouse Fission Yeast Budding Yeast

RNA
TF

chromatin
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Comparing Diverse Transcriptomes to Determine Deeply
Conserved Aspects of Gene Expression

* Intro to Comparative ENCODE

- Lots of Matched Data for Comparative
Analysis

+ Expression Clustering, Cross-species

- Potts-model optimization gives 16
conserved co-expression modules
(which can potentially annotate
NcRNASs/TARS)

- Developmental 'hourglass' genes in 12
of these. They also exhibit intra-
organism hourglass behavior.

- Stage alignment of worm & fly
development, strongest with hourglass
genes

» State Space Models of Gene Expression

- Using dimensionality reduction to help
determine internal & external drivers

- Decoupling expression changes into
those driven by worm-fly conserved
genes vs species-specific ones. Also,
Conserved genes have similar
canonical patterns (iPDPs) in contrast
to species specific ones (Ex of
ribosomal v signaling genes)

Characterizing ncRNAs & TARs
- Not much news in canonical gene models
- Simple contig search (TARs) finds uniform density
of non-canonical transcription
- ML model shows few TARs similar to existing
ones, but some enrichment for eRNAs

 Pseudogenes
- Fundamentally repetitive elements
- Collaborative assignment in results in ~14K

- Impact of lineage-specific retro-transpositional
burst — ie human v other metazoans is dominated
(~80%) by retro-duplication ~40 MYA (Ribo.
Proteins).

- Many Pseudogenes with Low Levels of
Biochemical Activity

~15% transcribed & 80% w/ some activity
» Value of publication patterns generated by the
consortium

- Co-authorship network statistics relate to
publication rollouts & show gradual adoption by a
diverse community

- Key role of brokers in data dissemination



Comparing Diverse Transcriptomes to Determine Deeply
Conserved Aspects of Gene Expression

« Intro to Comparative ENCODE

- Lots of Matched Data for Comparative
Analysis

+ Expression Clustering, Cross-species

- Potts-model optimization gives 16
conserved co-expression modules
(which can potentially annotate
NcRNAs/TARSs)

- Developmental 'hourglass' genes in 12
of these. They also exhibit intra-
organism hourglass behavior.

- Stage alignment of worm & fly
development, strongest with hourglass
genes

» State Space Models of Gene Expression

- Using dimensionality reduction to help
determine internal & external drivers

- Decoupling expression changes into
those driven by worm-fly conserved
genes vs species-specific ones. Also,
Conserved genes have similar
canonical patterns (iPDPs) in contrast
to species specific ones (Ex of
ribosomal v signaling genes)

Characterizing ncRNAs & TARs

Not much news in canonical gene models

Simple contig search (TARSs) finds uniform density
of non-canonical transcription

ML model shows few TARs similar to existing
ones, but some enrichment for eRNAs

Pseudogenes

Fundamentally repetitive elements
Collaborative assignment in results in ~14K

Impact of lineage-specific retro-transpositional
burst — ie human v other metazoans is dominated
(~80%) by retro-duplication ~40 MYA (Ribo.
Proteins).

Many Pseudogenes with Low Levels of

Biochemical Activity
~15% transcribed & 80% w/ some activity

Value of publication patterns generated by the
consortium

Co-authorship network statistics relate to
publication rollouts & show gradual adoption by a
diverse community

Key role of brokers in data dissemination



Expression clustering:
revisiting an ancient problem

Species A Species B

l [

Clustering Clustering

algorithm algorithm
co-expressed genes co-expressed genes
responsible for the same responsible for the same

function in a species O Q function in a species

Eisen MB et al. PNAS 1998 two independent sets
Langfelder P et al. BMC Bioinfo. 2008 of modules
Tamayo P et al. PNAS 1999

Kluger Y et al. Genome Res. 2003
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Expression clustering:

revisiting an ancient problem

Yan et al. Genome Biol. 2014

Species A

- Orthologous pairs |
between species

e

Species B

A novel unified framework to integrate co-
expression data acrass species

'
{ OrthoClust }

@ @ cross species modules

Q O

.GersteinLab.org
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Network modularity

e
‘. l;
A N

7 & ""\‘i
Vil

Dolphin social network Political books

. Newman Phy. Rev. E 2013
degree of node i

adjacency matrix

\ s
1 ki k-
Q - E M/zj [} 50z'0j whether or not

o IM, 2Im i, j are in the
1,7 same module
number of edges expected number of

edges between i and j
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Network modularity

=
%,/‘@ Q~0

degree of node i
adjacency matrix

whether or not

\ J
1 ik,
Q — % Z (WZJ 2m, ) 50%"73' i, j are in the

(2¥)

I

number of edges expected number of
edges between i and j

same module
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Network modularity

Q — Qmax

Optimization problem

degree of node i
adjacency matrix

\ ¢
Q — 1 W ) k'" kJ 5 whether or not
IM, z : L, IMm, Gi0j i jarein the
1,7 same module

I

number of edges expected number of
edges between i and j
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A toy example [orthoclust]

Every node i is assigned with a spin value o; (labels of modules: 1,2,...q).

co-expressed

[Yan et al. GenomeBiol 15:R100 ('14)]

orthologs

Species A

Species B reward an
orthologous
pair
with the

same value
& o ;

R Y RTINS Y E R N = I
[,]

rJ

i,] \ i,j")EO0rtho
reward a co-expressed punish a non co-expressed
pair with the same value pair with the same value
Favorableness = "Modularity" in species A + "Modularity" in species B + consistency betw. A & B :o

~



A toy example [orthoclust]

co-exp"essed

I
ortholqgs

species A specific conserved modules species B specific

Use Potts model (generalized Ising model) to simultaneously cluster co-expressed
genes within an organism as well as orthologs shared between organisms. Here, the
ground state configuration correspond to three modules: 1, 2, 4.
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Fly genes (13623) Worm genes (20377)

Cross-species clusters for

worm and fly

: 10
co-association
frequency

GO terms of conserved modules

semantic space Y

|
Qisponse to DNA damaae stimulus |

/\7 —— | biosynthesis |

cellular ar pound metabolism|

! | biological regulation '
— -
4. 1 ),

cellular process |

PN
‘m leoh taining pound metabol
24 Jnuclelc acld metabolism]|

developmental process\
i I S DN

macromolecule metabolism
\mtrogen compound metabolism

\cell cycle process |

RNA metabolism|
RNA biosynthesis |

rRNA processing |

transcription initiation, DNA- dependent\ ‘
macromolecule biosynthesis |

RNA spllcmg ||[RNA processing | O
|mRNA processing |

|regulation of cell cycle process |
| positive regulation of cellular process \
|regulation of biological process |

‘; A

semantic space X

GO terms of specific modules

worm specific  dauer entry

fly specific chitin activities

Yan KK et al. Genome Biology. 2014




Fraction of genes with orthologs within the module

0.5

More conserved modules

ra eula'thlon.mo!:og:g:vt:\‘ » NCRNA-processing
roTr————— RNA-metabolism post embryonic development
[N Vogmnere worstorten nﬁ'«"uﬁm""‘ prossimaipwervediil re,gulation of gromi‘rit.e
) FrEU T i
microtubule based process pelgivesice tanspea || enaden o
I olnte larval development
‘.'-n-n-‘ - .
: ch ncRNA-processin acecate ester metabolsm
translational elongation me P g —
“m—w-
| regulation of growth rate s
cebubae . "

carboxylic acid transport
cellular lipid metabolism

ion homeostasis localization metabolism

proteolysis

glycosylation

system

response to stimilus signaling

behavior

catecholamine metabolism

neuroloqgical

biclogical regulation

lecalization

FOCESS  rounstsmmersnn

regulation of locomotion

muicelular erganismal process

fesative reoulation of
quwsphlngdlpd metabolism

dna dependent |[protein catabolism
natomical structure Iniiatlon S | 5. epponicio s
acetyl-CQA eve opmen% | e ==
metab0|lsm atenaaemesbaisn || callular projection gt ""“m.
LRIRIRCHON o | 55
. organi 5
wosie — cellular metabolism oo cellar o
. . chemotaxis developmental process
cellular respiration s s
¢ process o s wec enersy transcnptlon froIn regulation of tubesize
glucose catabolism  sew wcien rna polymerase |l promoter
ositive regulation of growth e e
i g g wnrnes Catabolism % cisins
proton transport petmarymoniielirn SV S— et duc etttk e
Fip st s endageneds T us
mrdticelbdar organismal pracess reactive axypen species metabolsm representative horp Pe.ggptide mvvo::dm-tr‘lw 10
response to reactive oxygen species proteolysis tfansport
[.——-M:-:‘“w w”.‘ rr— wetbebe  trAnslation  peser b 20

17 | 18
19
12 1
21
6
3
9 7

16
1
13
4 8
15 Module IDs
14

Yan KK et al. Genome Biology. 2014

()
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Separation of modules in terms of GO

o
o)

o
~

similarity between pairs
o
o

0.2

» P=3x107%3

i
L

H+

+

|
pairs between modules

pairs within modules

Yan KK et al. Genome Biology. 2014
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Application for more than

1|

I
1
|
.0
ks
8
8 =
()]
-
:
-
(7]}
O]
o >

(1

No. of genes

5(I)0 0

Signal transduction, cytoskeletal
Morphogenesis, epidermal GF
Histone mRNA proc., nuc. export
Topoisomerase, RNA POL Il

.Cell cyc. ctrl, signal transduction
Ribosome
Translocase, folding, G1S cell cyc.
La autoantigen

Signal transduction, integrins

Spliceosome

SO|NPOW PaAIeSU0D) 9|

[Nature 512:445 ('14); doi: 10.1038/nature13424]

~55000 genes

21 = Lectures.GersteinLab.org



ncRNAs associated with modules

Non-canonical transcription (TARs):

* Identify TARs that are significantly correlated and anti-correlated with genes in the 16
modules.

Correlated Anti-correlated

HOXB4 vs. hsa-mir-10a SGCB vs. TAR chr19:7698570-7701990

5 lin-39 vs. TAR chrlll:8871234-2613 sgch-1 vs. TAR chrll:11469045-440
g AP8S2s ‘h\'__ ,
2 ” - - - —_ N e S
o
P~
w Dfd vs. mir-10
—pt" T 7 N ” -
<’ «” \-.( ~ ,\\.’ =
Stage/Sample Stage/Sample
Ortholog — — — -ncRNA / TAR

Human, Worm & Fly

[Nature 512:445 ('14); doi: 10.1038/nature13424]
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Conserved modules exhibit canonical hourglass behavior

Developmental stages that
show the basic architecture
of vertebrates Frog

Zebrafish B e Mouse

e e e . ‘ <_“

, Expression divergence across species is
lllustrations courtesy Naoki Irie minimized during phyIOtypiC Stage
(Kalinka et al. Nature 2010)

% - T Canonical Inter-organism Behavior
ER - iR ™| ¢ “Hourglass hypothesis™: all organisms go
s o L through a particular stage in embryonic
141 = |} "phylotypic”
Swo ° || development ("phylotypic" stage) where
£8 . , N inter-organism expression differences of
g% 91+ L T4 orthologous genes are smallest.
o We identify modules (12 out of 16) which
hl-. I N have this behavior at the phylotypic stage.
bl Stage
stage

[Nature 512:445 ('14); doi: 10.1038/nature13424]
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I rhylotypic stage

Hourglass Behavior

i Behavior also

ganism

Intra-or
Present

0.2 -

uoissaldx3 ajnpo A4

across 12 modules are the most tightly
coordinated at the phylotypic stage (fly).
« Strongly correlated correlation at

« We observe that the expression of genes
phylotypic stage (worm).

1 3 5 7 9 1 13 15 17 19 21 23

Bio-qeuislsiesainoe o HZ

80 90 %0 ZO 00 Z0
WAOM Ul S3[NPOW SSO.Jde
UO11e|2110D UoIssaldxa Uelpay

9 o 14 20 00
(pazijewsou) uoissaidxa w:wm Al

[Nature 512:445 ('14); doi: 10.1038/nature13424]



Alignment of Developmental Time-Course

All -fly orthol t l t . .r
- worm-fly orthologs m o tog. For worm & fly find stage-specific genes
£ 6
2 i
= | . .
] . _EF‘ 5 We can align developmental stages using
= ] fraction of shared orthologs between worm
Fly &3 o "J and fly amongst these
- 1 n - 3
3 i B Reuse of genes from LE in worm in fly pupa
= =
] l
Y Em!blryloysI e II_Ia!r\/!alelAdults Lo
Worm
FIy = [ SRR, SR o T = e %ﬂ't' ) W e 2
Embryos (hrs) Larvae Pupae (hrs) Male Adults (hrs)  Female Adults (hrs)

0 2 4 6 8 10 12 14 16 18 20 22 24 L1 L2 L3(w) L3puffstage 0 12 24 48 72 96 0 24 120 720 0 24 120 720
0 12 12 36 79

secondary alignment

L4 Young  Adult

0,114,223 3Y,44Y,55,66,77% 88,9097 10 107, 11 11V, 12 L1 L2 L3 L4 male adult spe-9
Embryos (hrs) Larvae Adults
AN TN~ N S ——— g

Worm

[Nature 512:445 ('14); doi: 10.1038/nature13424]



Alignment of Developmental Time-Course

stage alignment
A All worm-fly orthologs B Hourglass orthologs score (-log,, p)

ﬂ 6

IL

5

4

Fly o A Fly &

= s

I

Ck -
_ S I I - .

Embryos Larvae Adults Embryos Larvae Adults

== phylotypic stage
Worm Worm PIRASDPEEg

Larvae  Pupae Adults
|
Larvae Pupae Adults

Embryos
]
|
Eﬁ
Embryos

Using only orthologs in 12 "hourglass” modules show stronger
alignment except for absence of genes at the phylotypic stage

— By definition genes in hourglass modules are not phylotypic
stage specific, hence the gap

[Nature 512:445 ('14); doi: 10.1038/nature13424]



Comparing Diverse Transcriptomes to Determine Deeply
Conserved Aspects of Gene Expression

« Intro to Comparative ENCODE

- Lots of Matched Data for Comparative
Analysis

+ Expression Clustering, Cross-species

- Potts-model optimization gives 16
conserved co-expression modules
(which can potentially annotate
NcRNAs/TARSs)

- Developmental 'hourglass' genes in 12
of these. They also exhibit intra-
organism hourglass behavior.

- Stage alignment of worm & fly
development, strongest with hourglass
genes

» State Space Models of Gene Expression

- Using dimensionality reduction to help
determine internal & external drivers

- Decoupling expression changes into
those driven by worm-fly conserved
genes vs species-specific ones. Also,
Conserved genes have similar
canonical patterns (iPDPs) in contrast
to species specific ones (Ex of
ribosomal v signaling genes)

Characterizing ncRNAs & TARs

Not much news in canonical gene models

Simple contig search (TARSs) finds uniform density
of non-canonical transcription

ML model shows few TARs similar to existing
ones, but some enrichment for eRNAs

Pseudogenes

Fundamentally repetitive elements
Collaborative assignment in results in ~14K

Impact of lineage-specific retro-transpositional
burst — ie human v other metazoans is dominated
(~80%) by retro-duplication ~40 MYA (Ribo.
Proteins).

Many Pseudogenes with Low Levels of

Biochemical Activity
~15% transcribed & 80% w/ some activity

Value of publication patterns generated by the
consortium

Co-authorship network statistics relate to
publication rollouts & show gradual adoption by a
diverse community

Key role of brokers in data dissemination



Internal & external
gene regulatory networks

L3 Ld I t 1 1 t.
How to identify gene € Intemal regulation
. . <& External regulation
expression dynamics
driven by
internal/external )
regulation? o

y;.

!
- :—_ Cross-species conserved  Conserved Non-conserved TFs
> genes transcriptional factors
—7F TFs

[/ - i i W) .

X ) Protein-coding genes TFs micro-RNAs
egjolslﬁggm . Individual’s protein Wild-type TFs Somatic mutated TFs

coding genes
Protein-coding genes in ~ Commonly expressed Brain-specific expressed

brain TFs TFs
External force Protein-coding genes in ~ House-keeping TFs Developmental TFs
development

[Wang et al. PLOS CB (in revision, ‘15)]
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State-space model for internal
and external gene regulatory networks

. . L <& Internal regulation
— gu
How to identify gene - L
expression dynamics . € Bxtomal xegulation
driven by .
internal/external » 3
1ion?
regulation? o m B
Control: Gene
expression
vector of
State external factors
at time ¢
space
model
B, captures temporal
casual influence from
State: Gene expression A;; captures temporal State: Gene ex‘Femal factor k to Gene /
vector of Group X at casual influence from expression vector of in internal group
time £+1 Gene i to Genej in internal group at
internal group time ¢

[Wang et al. PLOS CB, ‘16]
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Effective state space model for meta-genes

".
\

\ .
e .

\AWAW,:"'

Not enough data to estimate state

space model for genes
(e.g., 25 time points per gene to estimate 4
million elements of 4 or B for 2000 genes)

X,,=AX,+BU,

.

Dimensionality reduction from
genes to meta-genes (e.g., SVD)

X

Effective state space model for meta-genes
(e.g., 250 time points to estimate 50 matrix elements

if 5 meta-genes) I—il + ./I

~ ~ o~

X, =AX +BU

r+1

[Wang et al. PLOS CB, ‘16]
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Decomposition of internal and external-related
dynamic components

Xt - AXt—l + BUt—l

— A(AXt_z + BUt—Z) + BUt—l

- AZXt_Z + ABUt_z + BUt—l
— ABXt_g + AZBUt_g + ABUt—Z ~+ BUt—l

=A"X |+

¥IN

t—2

2.

k=1

A*BU;y

«INTER

h T, Internally driven

dynamic component

_I_

= A"1X, + A*2BU, + A*3BU, + -+ ABU,_, + BU,_,

ti]t;} /XtEXT: externally driven dynamic component
xEXT

\ XtINTER: dynamic components driven by

interactions between internal and external terms

* Subdivision of the rest of the terms Y.t 2% AXBU,_,_, + BU,_, is completely arbitrary

[Wang et al. PLOS CB, “16]
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Canonical temporal expression trajectories from effective

[Wang et al. PLOS CB, ‘16]

iPDP expression

state space model

I=-Hi+Hi
X A X B U

t+1 . t t
Internal driven

dynamics

p™ internal principal dynamic pattern
(iPDP): [4,) A2 o 7
where 4, is p™ eigenvalue of 4.

Canonical temporal expression trajectories
(e.g., degradation, growth, damped oscillation, etc.)

o ] e o
E o e E
< i < o <
E £ ° £ 7
-
§ o - g
5 1 5 =] 5 °7
2 o4 2 < 2
g ° 2 g o«
g g g
2 2 2
o | e | [
S = ;
25

||||||||||||||||
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Are gene regulations among orthologs conserved
across species?

Are gene regulatory
networks among
orthologs conserved
across species?

orthologs co-expressed

&— Regulation among orthologs (internal)

&— Regulation from species-specific factors (external)

Orthologous genes (orthologs)

Species-specific transcription factors

To what degree can’t ortholog expression levels
be predicted due to species-specific regulation

[Wang et al. PLOS CB, ‘16]
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Are there any conserved regulatory networks between

Dataset Internal External Group Developmental stages # of unknown # of available
Group parameters in 4 and  time samples
B

worm N,=3147 N,=509 worm-specific ~ T=25 time points: 0, | 3147*3147+3147*50 3147*25+509 ||
(C. elegans) worm-fly transcription factors 0.5,1,...,12 hours = 9=11.5M *25=91400 |.
orthologs I |
fly h(lln"l'T . N,=442 fly-specific ~ T=12 time points: 0, 2, ; 3147*3147+3147%44  3147%25+442 |
(D. mel.) ortholog TFs) transcription factors 4,6, 8,..., 20, 22 hours _ 2=11.3M *25=89725 I

If Aw\a‘nd Ashave similarities, crossf/ Embryonic stem
species conserved regulatory networks » cells (ESCs)
in embryonic development

34 -



[Wang et al. PLOS CB, ‘16]

Flowchart
A. Gene state-space model C. Meta-gene state-space model

B. Dimensionality Reduction

1=AXABU,

Genes of X

Meta-genes of X

E. Gene’s internal (INT) and external

gi);;l’;:sr‘ia\‘ljegfel:),(g;esssion dynamics time D. Internal/External Principal

Dynamic Patterns (PDPs)

L BN D ep————
J | S ‘5
INT = ¢ WM’VV +c; | “— @ ; .
1_ 2 | uo) g [l ], 2 pT] [ U(p) U,(p) U, (p) }
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Orthologs have similar internal but different external
dynamic patterns during embryonic development

Worm’s effective state space model
x.=4x,+50, I=H1+ N

ePDPs: [ in worm

iPDPs: time exponentials
of A eigenvalues in

worm
1=iPDP  20YiPDP  37iPDP  4"iPDP . 1%ePDP 29ePDP 3 ePDP 4%"ePDP 5% ePDP
C - S g o A (e =]
o °] > 1 B o o T 7]
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gL B L '-”$ Ny S o o o Bl o o o o
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Similar iPDPs Different ePDPs
o= ~2™iPDP  3"iPDP 4t iPDP _ 1%tepDP 2w 31 ePDP 4 ePDP 5t oPDP
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g Ny AR : s34\ 3
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iPDPs: time exponential ePDPs: Uin fly

of A eigenvalues in fly

Fly’s effective state space model

[Wang et al. PLOS CB, ‘16]



Orthologs have correlated iPDP coefficients

[Wang et al. PLOS CB, ‘16]

Coefficients of orthologs on fly iPDPs

0 5 15

-5 0 5

-10

-10 —5

15t iPDP 2nd iPDP
o ®
— ®
° ":.’
2 o =g "
|.. r=+0.33 ;<2
s, . o®
.: ° d ° ﬂ
E’i-’.,. oo ] r=+0.66
S . .
I I I T
O 5 10 15 0 5 10
31 iPDP 4t iPDP
° o | °
T $000
r=+0.67 ® 00 - i o o
» s
© ‘. o’
)
o o N J’/
P2 7 ? N?
o- O % r—+0 73

10

Coefficients of orthologs on worm IPDPs
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Evolutionarily conserved and younger genes exhibit
the opposite internal and external PDP coefficients

| p<2.6e-13 -
p<2.2e-16 ,—i—| o g
t_l_\ 1 8

3000

2500

||
|

Rank values of gene PDP coefficients in ascending order
500 1000 1500
l l

[
S
&_[*
N
o
il
o
sl
1 L1 ]

P<8.3e-4
. - O Ribosome
o - O Signaling
T T T T
iPDP ePDP iPDP ePDP
Worm Fly

Ribosomal genes have significantly larger coefficients for the internal
than external PDPs, but signaling genes exhibit the opposite trend

[Wang et al. PLOS CB, ‘16]
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Breast cancer cell cycle under hormonal stimulation

Dataset Group X (internal) Group U (external) Time samples of a full cell
cycle
Human breast cancer 1132 metazoan conserved 1870 non-conserved T=12 time points: 0, 4, 6, 8, 12, ...,
cell cycle under genes incl. 150 orthologous metazoan transcription 28, 32 hours
hormonal stimulation = TFs factors
= ? ’ , ‘7‘ “" V .“‘ : Q“‘ ) \ :
FAANI .| H o\ Oscillated iPDP by
B | AVAVANAR RN R / . conserved TFs
E -’ R I T O a full cell cycle:
P ’ : : : ‘l‘ : i ® e e e 0 0 0 0 o T q : L] : :
ePDP{ e s I A
'% Q _ Oscillated ePDP by
o . 3 < non-conserved TFs
% o | ~ - © :
s ° ° ] S 9 faster cycle due:
< | 8 <] < to hormone :
N ! Q7 oS :
3 . L T 1T T 1T 1 1 1T T 1T 1 :
S 2468 12 : 2468 12 2468 12 2468 12 :
é Time point 1
------------------------------------------------------------------------------------------------------------------------------------ - m

[Wang et al. PLOS CB, ‘16] 139]



Comparing Diverse Transcriptomes to Determine Deeply
Conserved Aspects of Gene Expression

« Intro to Comparative ENCODE

- Lots of Matched Data for Comparative
Analysis

+ Expression Clustering, Cross-species

- Potts-model optimization gives 16
conserved co-expression modules
(which can potentially annotate
NcRNAs/TARSs)

- Developmental 'hourglass' genes in 12
of these. They also exhibit intra-
organism hourglass behavior.

- Stage alignment of worm & fly
development, strongest with hourglass
genes

» State Space Models of Gene Expression

- Using dimensionality reduction to help
determine internal & external drivers

- Decoupling expression changes into
those driven by worm-fly conserved
genes vs species-specific ones. Also,
Conserved genes have similar
canonical patterns (iPDPs) in contrast
to species specific ones (Ex of
ribosomal v signaling genes)

Characterizing ncRNAs & TARs

Not much news in canonical gene models

Simple contig search (TARSs) finds uniform density
of non-canonical transcription

ML model shows few TARs similar to existing
ones, but some enrichment for eRNAs

Pseudogenes

Fundamentally repetitive elements
Collaborative assignment in results in ~14K

Impact of lineage-specific retro-transpositional
burst — ie human v other metazoans is dominated
(~80%) by retro-duplication ~40 MYA (Ribo.
Proteins).

Many Pseudogenes with Low Levels of

Biochemical Activity
~15% transcribed & 80% w/ some activity

Value of publication patterns generated by the
consortium

Co-authorship network statistics relate to
publication rollouts & show gradual adoption by a
diverse community

Key role of brokers in data dissemination



doi: 10.1038/nature13424]

[Nature 512:445 ('14);

Protein-coding gene counts in worm, fly & human
have stabilized & have remained fairly constant
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Discovering Transcriptionally Active
Regions (novel RNA contigs)

e Cluster reads setting minimum-run and maximum

gap parameters for newly identified transcribed
regions (TARs)

* Assess exon discovery rates for known genes and
noncoding RNAs

mbs ks
[ Known exon | [ Known exon |
TAR TAR TAR
novel TAR correct identification possible exon extension

ENCODE RNA-Seq Data



[Nature 512:445 ('14); doi: 10.1038/nature13424]

Uniform Annotation of non-coding Elements

« Uniformly processed the RNA-seq expression
compendium and for identification of pervasively
transcribed regions

098 e
0

g 096F o
Py
(]
3

by 0 94 AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
2
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i

0.9 offm ------------------- ------------- —Human

: : Worm |:
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0.88 ‘ : : :
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Novel TAR discovery Rate
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Annotated ncRNAs

Human Worm Fly
Elements Genome Coverage Elements Genome Coverage Elements Genome Coverage
mRNAs (exons) 20,007 86,560 3.0 21,192 34,437 34.3 13,940 35,970 28.0
Pseudogenes 11,216 27,089 0.95 881 1,343 13 145 155 0.12
pri-miRNA 58 44 43 300 0.23
& g pre-miRNAs 1,756 221 236 22 0.02
2 (8]
% g tRNAs 624 609 314 22 0.02
2 g snoRNAs 1,521 141 287 34 0.03
1]
N S snRNAs 1,944 114 47 7 0.006
c (&)
< IncRNAs 10,840 233 852 868 0.68
Other ncRNAs 5,411 40,104 376 2,103 1.6
nPENA T g8 35,329 27 1473 1
Total 22,154 17,770 0.62 41,466 2,611 2.6 2,155 3,279 2.6

Identify non-canonical transcription in regions
of the genome excluding mRNA exons,
pseudogenes or annotated ncRNAs.

[Nature 512:445 ('14); doi: 10.1038/nature13424] 44



& Non-Canonical Transcription

Human

Elements

Genome Coverage

Elements

Worm

Genome Coverage

Elements

Fly

Genome Coverage

Total ncRNAs 22,154 17,770 0.62 41,466 2,611 2.6 2,155 3,279 2.6
Regions Excluding
mRNAs,
283,816 2,731,811 95.5 143,372 63,520 63.3 60,108 89,445 69.6
Pseudogenes or
Annotated ncRNAs
Transcription
Detected 708,253 916,401 32.0 | 232,150 37,029 36.9 83,618 44,256 34.5
(TARs)
z‘r‘e”;z::":: 104,016 13,835 0.48 2,525 392 0.39 = 164 0.13
e Similar fraction of non-canonical transcription of non-
canonical transcription in human, worm and fly
— 32-37% of each genome
45

[Nature 512:445 ('14); doi: 10.1038/nature13424]



IncRNA:
Machine-learning
Identification of
many candidate
ncRNAs through
evidence integration

* No single feature
(e.g. expr. expts.,
conservation, or
sec. struc.) finds all
known ncRNAs =>
combine features in
stat. model

* 90% PPV, 13 of 15
tested validate

[Lu et al. Genome Res. 2011;21:276-285]
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TAR Characterization

Non-canonical transcription (TARs):

* Mostly transcribed at lower levels
than protein-coding genes.

* Enrichment for overlap of TARs with
ENCODE enhancers and distal HOT
regions -> potential enhancer RNAs
(eRNAs).

Human, Worm & Fly

[ENCODE-modencode
Transcriptome paper, Nature (in
press), doi: 10.1038/nature13424]

Human

Woarm

Hunman

Wharm

[—TARs :
- | ———Protein-Coding Exons

log{Frequency)

10
log, (RPKM+1)

Enhancers Total

T 5 et 192,386

-IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII:5: l 18,320
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Comparing Diverse Transcriptomes to Determine Deeply
Conserved Aspects of Gene Expression

« Intro to Comparative ENCODE

- Lots of Matched Data for Comparative
Analysis

+ Expression Clustering, Cross-species

- Potts-model optimization gives 16
conserved co-expression modules
(which can potentially annotate
NcRNAs/TARSs)

- Developmental 'hourglass' genes in 12
of these. They also exhibit intra-
organism hourglass behavior.

- Stage alignment of worm & fly
development, strongest with hourglass
genes

» State Space Models of Gene Expression

- Using dimensionality reduction to help
determine internal & external drivers

- Decoupling expression changes into
those driven by worm-fly conserved
genes vs species-specific ones. Also,
Conserved genes have similar
canonical patterns (iPDPs) in contrast
to species specific ones (Ex of
ribosomal v signaling genes)

Characterizing ncRNAs & TARs

Not much news in canonical gene models

Simple contig search (TARSs) finds uniform density
of non-canonical transcription

ML model shows few TARs similar to existing
ones, but some enrichment for eRNAs

Pseudogenes

Fundamentally repetitive elements
Collaborative assignment in results in ~14K

Impact of lineage-specific retro-transpositional
burst — ie human v other metazoans is dominated
(~80%) by retro-duplication ~40 MYA (Ribo.
Proteins).

Many Pseudogenes with Low Levels of

Biochemical Activity
~15% transcribed & 80% w/ some activity

Value of publication patterns generated by the
consortium

Co-authorship network statistics relate to
publication rollouts & show gradual adoption by a
diverse community

Key role of brokers in data dissemination



Pseudogenes are among the most
interesting intergenic elements

 Formal Properties of Pseudogenes (YG)
— Inheritable
— Homologous to a functioning element — ergo a repeat!
— Non-functional
* No selection pressure so free to accumulate mutations
— Frameshifts & stops
— Small Indels
— Inserted repeats (LINE/Alu)
 What does this mean? no transcription, no translation?...

1
[Mighell et al. FEBS Letts, 2000] o\
Ay



Identifiable Features of a Pseudogene
(yRPL21)

Synonymous
Premature stop codon mutation
AA N V R I E H I K BN BSE BEN BSH (BER BOR SN RN RN BEm EBE X

AAAAACATGA

RPL21 AATGTGCTATTGAGCACAATAAGCACTCTAAGACGCGAGATAGCTTCCTAAACGTGTGA
A

WRPL21 AATGTGCIATATTGAGCACATTAAGCACTCCAAGACGTGAGATAACTCCCT

AA N V| H I BN BEN Wim NES NEN BSH BSW BSE R MO N BB B EEM S S
Nonsynonymous
mutation

Gross deletion

K E N D 0 K K K E A K E K G T W v 0 L K R 0 P A P P R E A H F V' R
AGGAAAATGATCAGAAAAAGAAAGAAGCCAAAGAGAAAGGTACCTGGGTTCAACTAAAGCGCCAGCCTGCTCCACCCAGAGAAGCACA CTTTGTGAGA

’AGGAAAATGATCAGAAAAAG ——————————————— |AAA[-[6CCAAAGAGTTCAACTGAAGTGCCAGCCTGCTCTACCAAGAGAAGTCCAACTTTGTGAGA
K E N D 0 K K K 0 R v 0 L K € 0 P A L P R E \' F v R
Base deletion and Base insertion and
frameshift frameshift
1
. . o
[Gerstein & Zheng. Sci Am 295: 48 (2006).] 1



Two Major Genomic Remodeling
Processes Give Rise to Distinct Types
of Pseudogenes

Duplication and mutation

Promoter Exon Intron Dupllcatedlpseudogene
|
cious \ el () ot = o e

DNA - ] ]

|
Gene

| &1

|
Processed pseudogene

Transcription

Reverse transcription

RNA transcript and mutation
I

— Processing

mRNA
[Gerstein & Zheng. Sci Am 295: 48 (2006).]
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Genome-wide Annotation of Pseudogenes

—

T

— PseudoPipe A

Protein
Sequence

Reference
Genome

T~

Six-frame blast

A

Eliminate redundant hits
Remove hits overlapping exon

v

Merge hits and identify

parents

v

FASTA re-alignment

/\

Processed
Pseudogenes

Duplicated
Pseudogenes

\

/

-

Pseudogene Information Pool

2-way
consensus
9,772

Feedback Loop

Level 2&3

5,347

Polymorphic
Pseudogenes
45

8,814 level 1
5,347 level 2&3

@ 14520 (14,206
-> PseudoPipe RetroFinder HAVANA

1000G ENCODE

Pseudogene
Decoration
Resource
12,358
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EX: Number of
pseudogenes for each
glycolytic enzyme

[Liu et al. BMC Genomics ('09)]

Large numbers of processed
GAPDH pseudogenes in

Glucose

ATP
ADP iy
Glucose 6-‘)hosphate
GPI
A\
Fructose 6-phosphate
ATP
ADP
Fructose l,&{)isphosphate

Y
Glyceraldehyde-¢ 5. Dihydroxyacetone

Lactate
NAD*
H NADH
Pyruvate
ATP
ADP
Phosphoenolpyruvate

ENOI

rl;r!ammals cc:»r_nprise one of the 3-phosphate phosphate 2-Phosphoglycerate
ot obviously correlated with NAD*
mRNA abundance. 3-Bisphospho- 3-Phospho-

glycerate glycerate
Processed/Duplicated NADH ADP  ATP

Human Chimp Mouse Rat Chicken Zebrafish Pufferfish  Fruitly Worm

HK 1/0 1/2 0/1 - 0/2 - - - -
GPI - - 1/0 - - - - - -
PFK - - - - - 1 - - -
ALDO 1/1 1/1 11/0 710 0/1 - - - -
TP 30 2/1 6/1 VI ; ; i - i 5
GAPDH ||| 60/2  47/3 28546 32935 | 0/1 : : - - 5
PGK I/ 12 2/0 12/0 - - . - - 5
PGM 12/0 13/1 9/0 30 - - - - - k:
ENO 1/0 1/2 12/1 36/3 - - - . - g
PK 2/0 3/0 10/3 4/1 - - - - - £
LDH 10/2 o 217 25/ - - - - - .
Total 97 91 422 463 4 1 0 0 0 f?,




EX: Number of
pseudogenes for each
glycolytic enzyme

[Liu et al. BMC Genomics ('09)]

Large numbers of processed
GAPDH pseudogenes in

Glucose

ATP
ADP i

Glucose 61)hosphate
GPI

Fructose 6-'phosphate
/\TF’%1

ADP <—/v
Fructose l,&{)isphosphate

A\
Glyceraldehyde- ¢ Dihydroxyacetone

Lactate
NAD"
o NADH
Pyruvate
> ATP
ADP
Phosphoenolpyruvate

ENO

g!ammals cc:»(nprise one of the 3-phosphate phosphate 2-Phosphoglycerate
mot obviously correlated with

mRNA abundance. 3-Bisphospho- 3-Phospho-

glycerate glycerate
Processed/Duplicated NADH ADP  ATP
Human Chimp Mouse Rat Chicken Zebrafish Pufferfish  Fruitly Worm

HK 1/0 1/2 0/1 - 0/2 - - - -
GPI - - 1/0 - - - - - -

PFK - - - - - V1 - - -
ALDO 1/1 1/1 11/0 710 0/1 - - - -

P 3/0 /1 6/1 31 i i . : - 5
| GAPDH [INISPINNN /3 285/46 32935 | 0/ ; . : : g
PGK 1/1 172 20 1200 - - - - - | 2
PGM 12/0 13/1 9/0 3/0 - - - - - g
ENO 1/0 1/2 12/1 36/3 - - - - - g
PK 2/0 3/0 10/3 41 - - - - - &
LDH 10/2 o/ 217 25/ - - - - - .
Total 97 91 422 463 4 1 0 0 0 N




Distribution of human GAPDH pseudogenes

|

[Liu et al. BMC Genomics ('09, in press)]

.
2

1o A

3

4

5

WYY

6

7

Large numbers of processed

GAPDH pseudogenes in mammals

comprise one of the biggest
families but numbers not
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Annotation of Human Pseudogenes in
Comparison to those in other Model Organisms

. . . . : Completed
Organism Total Biotype Distrbution = ENCODE Functional Marr:ual
Pseudogenes Proc.essed Duplll:cl:ated Genomics Data Annotation
Human 12,358 v v
Worm 911 159 566 I v v
Fly 145 109 | v v
Zebrafish 229 21 177 I v v
Macaque 11,136 6570 172 X X
Mouse 13,169 7811 % X

56 - Lectures.GersteinLab.org

[Sisu et al. PNAS ("14); doi: 10.1073/pnas.1407293111 ]



Frequency of
Processed Pseudogenes

[Sisu et al. PNAS ("14); doi: 10.1073/pnas.1407293111 ]

0

500 1000 1500

- H
Evolution =t
W Fly
N ol
0C> ()
(O]
-
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o | —
B 1 8% e 1
T3 .
O I
© o]
<50 60 70 80 90 <50 60 70 80 90

% CDS Similarity % CDS Similarity

Defect / Pseudogene x MB

Organism ] ]

Insertion Deletion Stop
Human 4.4 4.9 2.4
Worm 25.8 7.45 2.5
Fly 7.9 12.7 1.1
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Orthologous

Case Study: Ribosomal Protein RpS6 Pseudogenes
® Gene < Duplicated =\Fllvl:)rprﬁn
<« Processed T Transcribed R . M Fly
‘ S i-: Mouse
ﬂ I] ” H U % 140774, 55) 15758 ;
i1l e OO
| nmmiv v X 2L 2R 3L 3R 4 U X
| Z Great divergence in
' ﬂ ﬂ ﬁ pseudogenes in terms of
. Orthologs & Paralogs
1 2 34 5 6 7 9 10 11 12
Orthologous Parent Genes
Genes amongst 1935
ﬂ ﬂ H H 1-1-1 orthologs

13 14 15 16 17 18 19 20 21 2
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[Sisu et al. PNAS ("14); doi: 10.1073/pnas.1407293111 ]



[Sisu et al. PNAS ("14); doi: 10.1073/pnas.1407293111 ]

Divergence but
More interpretable Patterns in terms of Families

Human Macaque Mouse Zebrafish Worm
ZnF

DUF 7tm 46

ZnF 24

RRM 280 Struct 26

HGM 275 Kin 23

ol 251 Kin
Krupel | 249 ZnF

242 Kin

197 - tRNAsyn 5 10
Kin Ribo 167 ® tRNAsyn| 4 3
Ploop 103 Struct | 151 2
Ribo Ribo 142 Lectin 3 2
VNO | 130 1 2
EFG 124 © 1 ® 34
124 1 . 8+
Struct | 118
Ubq 112

109

95

X

His 86

EdiE

Ribo 54 e
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Examples & speculation
on the function of
pseudogene ncRNAs:

Regulating their parents

via acting as endo-siRNAs
[ex. in fly & mouse, ‘08 refs.]

via acting as miRNA decoys
[PTEN]

via inhibiting degradation of
parent's mMRNA [makorin]

Functional candidates:

- SLIT-ROBO Rho GTPase activating
protein 2B pseudogene

- PRKY-004, Y-linked protein kinase
pseudogene

- Fer-1-like 4 (C. elegans), pseudogene

E ..‘ ‘ _5‘ " g Antisense

= i t
transcrip 5
mrmm m Hairpin
m '
21-nucleotide
SiRNA
mRNA cleavage
[Sasidharan & Gerstein, Nature ('08)]
A|tern ative|y, Czech et al. Nature 453: 798 (‘08).

Ghildiyal et al. Science 320: 1077 (‘08).

just last gasps Kawamur et al. Nature 453: 793 (‘08).
Okamura et al. Nature 453: 803 (‘08).

of a dying gene Tam et al. Nature 453: 534 (‘08),
Watanabe et al. Nature 453: 539 (‘08).

Poliseno et al. Nature 465:1033 (’10).
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Pseudogene Transcription:
interesting but tricky to ascertain

Parent Gene Pseudogene
Y-Scale: [0.0, 3.6] DCPM Y-Scale: [0.0, 8.6] DCPM
o ki -« Difficultyin
L1 (in-35) . ascertainment
Ll I because of
s mis-mapping
v parent
d try (daf-2
auer entry (daf-2) . One

dauer (daf-2)

approach to

this confound
is look across
mult. samples

dauer exit (daf-2)

L4

L4 male

YA

oo e (e & : AVEEEEEN
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1 2 3 4 5 6 7 8 9 10 1 2 3 4 5 6 9 10
ncRNA N N
TO1B11.7.1 PP00501 _
chrlV: 8,464,749 - 8,472,587 chrlV: 8,461,023 - 8,463,781 [Science 330:6012]



[Sisu et al. PNAS ('14); doi: 10.1073/pnas.1407293111 ]

Pseudogene Activity

H Highly-Active
P Partially-Active
D Dead

HMYes
CINo
B Human
B\Worm
HWFly
O
[\
é\ ﬁ\)
w
&
| _I

1%

&&&&

—
U'l

116

78%

ﬁ?i

4%

66%

30% 5%

63%

32%

21%

5% of pseudogenes

are transcribed in

each organism
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Comparing Diverse Transcriptomes to Determine Deeply
Conserved Aspects of Gene Expression

« Intro to Comparative ENCODE

- Lots of Matched Data for Comparative
Analysis

+ Expression Clustering, Cross-species

- Potts-model optimization gives 16
conserved co-expression modules
(which can potentially annotate
NcRNAs/TARSs)

- Developmental 'hourglass' genes in 12
of these. They also exhibit intra-
organism hourglass behavior.

- Stage alignment of worm & fly
development, strongest with hourglass
genes

» State Space Models of Gene Expression

- Using dimensionality reduction to help
determine internal & external drivers

- Decoupling expression changes into
those driven by worm-fly conserved
genes vs species-specific ones. Also,
Conserved genes have similar
canonical patterns (iPDPs) in contrast
to species specific ones (Ex of
ribosomal v signaling genes)

Characterizing ncRNAs & TARs

Not much news in canonical gene models

Simple contig search (TARSs) finds uniform density
of non-canonical transcription

ML model shows few TARs similar to existing
ones, but some enrichment for eRNAs

Pseudogenes

Fundamentally repetitive elements
Collaborative assignment in results in ~14K

Impact of lineage-specific retro-transpositional
burst — ie human v other metazoans is dominated
(~80%) by retro-duplication ~40 MYA (Ribo.
Proteins).

Many Pseudogenes with Low Levels of

Biochemical Activity
~15% transcribed & 80% w/ some activity

Value of publication patterns generated by the
consortium

Co-authorship network statistics relate to
publication rollouts & show gradual adoption by a
diverse community

Key role of brokers in data dissemination



The Human
Genome Project

Worm
Genome
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The Human

THE
HUMAN 7

ENCODE
Pilot

DING
"THEBLUEPRINT

e LI

genome function

(

Worm modENCODE

Genome

ENCODE
Production
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The Huma_n ENCODE ENCODE Comparative
Genome Project Pilot Production ENCODE

THE
HUMAN
GENOME

Worm modENCODE
Genome
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The Human
Genome Project

THE
HUMAN 7
GENOM

ENCODE
Production

(I/‘

Worm
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The Human ENCODE ENCODE Comparative Epigenome
Genome Project Pilot Production ENCODE Roadmap
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With help of M Pazin at NHGRI, identified: 702 community papers that used ENCODE
data but were not supported by ENCODE funding &

558 consortium papers supported by ENCODE funding
(https://www.encodeproject.org/search/?type=Publication for up-to-date query)

Then identified 1,786 ENCODE members & 8,263 non-members .
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Dynamics of co-
authorship network
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Similar findings in terms of slow growth trends & broker
scientists in the modENCODE consortium as for ENCODE
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Comparing Diverse Transcriptomes to Determine Deeply
Conserved Aspects of Gene Expression

« Intro to Comparative ENCODE

- Lots of Matched Data for Comparative
Analysis

+ Expression Clustering, Cross-species

- Potts-model optimization gives 16
conserved co-expression modules
(which can potentially annotate
NcRNAs/TARSs)

- Developmental 'hourglass' genes in 12
of these. They also exhibit intra-
organism hourglass behavior.

- Stage alignment of worm & fly
development, strongest with hourglass
genes

» State Space Models of Gene Expression

- Using dimensionality reduction to help
determine internal & external drivers

- Decoupling expression changes into
those driven by worm-fly conserved
genes vs species-specific ones. Also,
Conserved genes have similar
canonical patterns (iPDPs) in contrast
to species specific ones (Ex of
ribosomal v signaling genes)

Characterizing ncRNAs & TARs

Not much news in canonical gene models

Simple contig search (TARSs) finds uniform density
of non-canonical transcription

ML model shows few TARs similar to existing
ones, but some enrichment for eRNAs

Pseudogenes

Fundamentally repetitive elements
Collaborative assignment in results in ~14K

Impact of lineage-specific retro-transpositional
burst — ie human v other metazoans is dominated
(~80%) by retro-duplication ~40 MYA (Ribo.
Proteins).

Many Pseudogenes with Low Levels of

Biochemical Activity
~15% transcribed & 80% w/ some activity

Value of publication patterns generated by the
consortium

Co-authorship network statistics relate to
publication rollouts & show gradual adoption by a
diverse community

Key role of brokers in data dissemination
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* Intro to Comparative ENCODE

- Lots of Matched Data for Comparative
Analysis

+ Expression Clustering, Cross-species

- Potts-model optimization gives 16
conserved co-expression modules
(which can potentially annotate
NcRNASs/TARS)

- Developmental 'hourglass' genes in 12
of these. They also exhibit intra-
organism hourglass behavior.

- Stage alignment of worm & fly
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- Using dimensionality reduction to help
determine internal & external drivers

- Decoupling expression changes into
those driven by worm-fly conserved
genes vs species-specific ones. Also,
Conserved genes have similar
canonical patterns (iPDPs) in contrast
to species specific ones (Ex of
ribosomal v signaling genes)

Characterizing ncRNAs & TARs
- Not much news in canonical gene models
- Simple contig search (TARs) finds uniform density
of non-canonical transcription
- ML model shows few TARs similar to existing
ones, but some enrichment for eRNAs

 Pseudogenes
- Fundamentally repetitive elements
- Collaborative assignment in results in ~14K

- Impact of lineage-specific retro-transpositional
burst — ie human v other metazoans is dominated
(~80%) by retro-duplication ~40 MYA (Ribo.
Proteins).

- Many Pseudogenes with Low Levels of
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» Value of publication patterns generated by the
consortium

- Co-authorship network statistics relate to
publication rollouts & show gradual adoption by a
diverse community

- Key role of brokers in data dissemination
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Info about content in this slide pack

 General PERMISSIONS

- This Presentation is copyright Mark Gerstein,
Yale University, 2016.

- Please read permissions statement at

www.gersteinlab.org/misc/permissions.htmi .

- Feel free to use slides & images in the talk with PROPER acknowledgement
(via citation to relevant papers or link to gersteinlab.org).

- Paper references in the talk were mostly from Papers.GersteinLab.org.

« PHOTOS & IMAGES. For thoughts on the source and permissions of many of the photos and

clipped images in this presentation see http://streams.gerstein.info .

- In particular, many of the images have particular EXIF tags, such as kwpotppt , that can be
easily queried from flickr, viz: http://www.flickr.com/photos/mbgmbg/tags/kwpotppt
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