Evaluation of

“near-coding” elements:
UORFs & RBP sites

M Gerstein
(Gencode call)



Coding v Non-coding

» Coding
- Easily interpretable, particularly related to structure
- Available in large quantities

- Exomes have the current potential for great scale (Scale of
EXAC, >60K exomes [Lek et al. “16])

* Non-coding
- Not as interpretable & hard to connect to genes

* “Near coding”
- Bits of non-coding, close to genes & readily linked to them
- EX: Splice sites, promotors, uUORF



Evaluation of “near-coding” elements

+ UORFs:
Feature integration to find small subset of upstream mutations that potentially alter translation

- RADAR:
prioritize variants based on post-transcriptional regulome using ENCODE eCLIP
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Upstream open reading frames (UORFs) regulate
translation are affected by mutation
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UORFs regulate the translation of downstream
coding regions.

This regulation may be altered by somatic
mutation in cancer.

In Battle et al. 2014 data uORF gain & loss
assoc. protein level change.
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Upstream open reading frames (UORFs) regulate
translation are affected by mutation
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[McGillivray et al., NAR (“18)]

UORFs regulate the translation of downstream
coding regions.

This regulation may be altered by somatic
mutation in cancer.

In Battle et al. 2014 data uORF gain & loss
assoc. protein level change.
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ribosome profilng labeled uORFs

From a “Universe” of
1.3 M pot. uORFs

The population of functional
uORFs may be significant

population size unknown

functional uORFs & ribosome profiling labeled UORFs

known population size

high false negative rate high false positive rate

all uORFs

&

all uORFs

Ribosome profiling experiments have
low overlap in identified uORFs.

This suggests high false-negative rate,
and more functional uORFs than
currently known.

[McGillivray et al., NAR (‘18)]
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A comprehensive catalog of functional uORFs
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Somatic alteration of uUORFs disproportionately affects

certain cancers and molecular pathways

e UuORF gain and loss occurs in cancer (incl. in cancer associated genes, e.g., MYC, BCL2, etc.).

e Alteration of translation may contribute to cancer.

e These changes are concentrated in certain cancers and pathways.

e Mutations leading to uORFs diff in somatic vs. germline.
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Evaluation of “near-coding” elements

+ UORFs:
Feature integration to find small subset of upstream mutations that potentially alter translation

- RADAR:
prioritize variants based on post-transcriptional regulome using ENCODE eCLIP
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https://www.ncbi.nlm.nih.gov/pubmed/29339797

Schematic of RADAR Scoring
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RNA Structure Cons. from Evofold

High Phastcon in RBP-overlapped annotations

[J excl. eCLIP M incl. eCLIP

L F----A

eCLIP

O Coding

O Noncoding

80

90

i |

HI]---4

T
14

%dvQ aded

ceccscnscnnnad

Intron Dist.

Intron Prox.

80

90

O I |

U

1.0

0.2 0.4 0.6 0.8
Phastcon

0.0

RBP RBP-+Evofold

genome

6.10°(eUI9}SI99) S8IN}IDT = PT

Enriched rare DAF in eCLIP peaks

00%s o
%

o

- s0dx
- 142419
|- 2d80N
- 12410
- 1asma
- vozinv4
- 1dsHD
- 24180
- VHsoHa
- oexHa
- 1dau3s
- xexaa
- 18dvHIV
- esxaa
= EMIN
- SNIW3D
- ONON
- 2Nux

= MdNHNH
= wis

- WANHNH
- iddld
- 11eAdns
- 9xaa
|- exoday
- z3nodL
- 210N
- zovdi3
= LWST
|- 6dsus
- evxaa
- 1iSdy
= DVHMA
- bddn
- ssxaa
- 2dgod
- L

- ssdy
- zdviaw
- zaNvHZ
- 1dsus
- oLd

- Zduvn
- 1ova
- zani43
- 1OaNWS
)

- swway
N A

[~ canad
x

[~ Oldd

— LONS

— vduvl
[~ V9OHUNL
[~ cuXxd

[~ 284vs
— vlidd

— L8Ed4S
[~ 8dddd
[~ 2d8c4dol
— €iLang
— +8ns

[~ vEeds
[~ COM.LSvd
— vodal
— dvdlW
— 900X
— aedi3
I~ EX8A

— €d8c4ol
[~ £4d4SHS
— EVEd4S
[~ vexaa
— 2nnd
— +AMEO
[~ SHvv
[~ STHON
[~ 94Sd0
— ©82NI
[~ 2294NZ
— 0vdad
[~ dHSH
— cdven
— kdven
LE]

[~ 482491
I~ 2dons
— 499V
— Vevdl
[~ MOMdO
[~ d8advl
— AN
— 410H

— €IND

T T 1 T T 1
S0 990 SS0

4v(Q aley

S0

[Zhang*, Liu* et al., Genome Biology (in review ‘18)]



Co-binding of RBPs form biologically relevant complexes

Literature supported RBP complexes
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TCGA
Expression Profile
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Visualization of RADAR Features and Scoring

Germline Variants are Score Using a
Universal Scoring Scheme
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Visualization of RADAR Features and Scoring

Input Variants
eCLIP
GERP

Tissue Specific:

Variants
Expression

Regulatory Potential

A 4
=
=
=

Motif

v

[Zhang*, Liu* et al., Genome Biology (in review ‘18)]

Ti Specifi
Si

—_—

||| :

aaaaaaaaaaaaaaaa

Full RADAR
S
—_—
- PPIG
; tif
| —

Somatic Variant Scored with Universal + Tissue

specific context score

18 - Lectures.GersteinLab.org



- DOWNLOADS DOCS EXAMPLE

RADAR can be run on the command line by following the instructions
on the Docs page or through the web here. Running RADAR through
the website will print the results after several moments. You can try
running RADAR through the web form with a sample file with one
variant. Alternatively, you may also input a list of variants into the form
as text. If variants are provided in both file and text formats, the
variant file will be scored and the text field will be ignored.

More details on the RADAR inputs can be found on the Docs page.

e Variants: a list of variants
o BED file: a BED file containing the variants
o Text format: type variants directly into a text box, lines may
be tab- or space-delimited
e Cancer type: a TCGA cancer type, only needed if any tissue-
specific scores are to be included.
e Tissue-specific scores: which tissue-specific scores should be
included along with the universal scores for each variant.

Variants:
Choose File no file selected

E.g. chr1 13506 13507 G A

Cancer type:
Select a cancer

Tissue-specific scores:
Key genes
Mutation recurrence
RBP-regulation power

Score variants

<4




Evaluation of “near-coding” elements

+ UORFs:
Feature integration to find small subset of upstream mutations that potentially alter translation

- RADAR:
prioritize variants based on post-transcriptional regulome using ENCODE eCLIP
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