R Oregon State
University

Long Noncoding RNA in the
North American Beaver

Amita Kashyap?’ 4; Adelaide C Rhodes* 4; and Stephen A Ramsey, PhD3 4

!BioResource Research, College of Agricultural Sciences
’Center for Genome Research and Biocomputing
3Department of Biomedical Sciences

“Oregon State University, Corvallis

Image Credit: Dreams of Animals. animal-dream.com/beaver.html (2015)



® North American Beaver G.. X | =+

wB 9 3% 49

e O www.beavergenome.org 67% c Q Search

Beaver Genome Project

, SeqTheBeav

Home

Sign up to

Access Genome
Data

BeavrbLOG News

* OSU Researchers release

first analysis of complete
beaver genome

¢ Researchers plan to

conduct first analysis of
the complete beaver
genome

More

BeavrbLOG Progress Outreachw | Gallery BeaverPUB

North American Beaver Genome
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Welcome to the home of the North American Beaver (Castor
canadensis) Genome Project.

The human genome project has dramatically increased our
knowledge of human biology and opened the door to many new
medical treatments. Genome projects for plants and animals such
as wheat, soybeans, horses and dogs have similarly expanded our
knowledge of these organisms. However, until now, Oregon State
University's (OSU) mascot and the state animal of Oregon, the
North American Beaver, y y
had no genome project!
0OSU's Center for Genome
Research and
Biocomputing has set out
to change that. A genome
project for OSU's
Benny/Filbert (see image)
the Beaver will greatly increase our knowledge of this industrious
engineer and the benefits it contributes to Oregon’s forest and
stream ecosystems. The project will also raise awareness among
the children and grownups of the Beaver Nation about the
contributions that genome science and OSU's researchers make to
understanding our environment.

The crowd-funding campaign ran September 16 - October 30, 2015
and was successful in raising the $30,000 needed to sequence the
beaver genome.
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@SeqTheBeav Tweets

» Dear @SeqTheBeav we
*are® connecting
tomorrow, yes? Let's find
each other at morning
coffee break. @
#BioGenomics2017 — 1
week 2 days ago

* Awesome to meet another
crowdfunded emblematic
community genome
project at
#BioGenomics2017:
@SeqTheBeav...
https:#it. co/lgTTC1M2YHwv
— 1 week 3 days ago

* OSU researchers release
first analysis of complete
beaver gename, via
@0OregonState.
https://t.co/odx4erwibT
@SeqTheBeav
@OregonZoo — 1 week 5
days ago

* RT @OregonZoo: Happy

158th birthday, Beaver

State! #O0regon

#statehoodday https i/t .co

1QxInz4JYAd — 2 weeks

3 days ago

Wood cellulose is

definitely Yummy for

#Beavers Lot of reports

on #microbiome and

#metagenome in play....

https://t.co/FAOedChNgv

— 3 weeks 1 day ago
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Image Credit: Genome Research Limited. An illustration showing the flow of information between DNA, RNA and protein. (2016).



11/29/2017 Amita Kashyap, Ramsey Lab

RNA —Protein

Transcription
DNA— RNA
Translation

I
|
¥

- @ D D O

DNA
RNA

Image Credit: Genome Research Limited. An illustration showing the flow of information between DNA, RNA and protein. (2016).
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Known Functions of Long Noncoding RNA

X chromosome inactivation (mammals)

Hypoxia response (human, therians)

DNA damage (human, mouse)

Osmotic regulation (rat)

Endoplasmic Reticulum stress (human, mouse)

Nitric Oxide pathway (mouse)

Starvation and growth arrest/apoptosis (human, mouse, rat)

* Tumor suppressor/oncogene (therians)
e Viral Infection (placental mammals)

Microbial Infection (mouse)
Oxidative Stress (mouse)

Amaral, P. P, Dinger, M. E. & Mattick, J. S. Non-coding RNAs in homeostasis, disease and stress responses: an
evolutionary perspective. Briefings in Functional Genomics 12, 254-278 (2013).
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Palazzo, A. F. & Lee, E. S. Non-coding RNA: what is functional and what is junk? Frontiers in Genetics 6, 2 (2015).
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Impact of Research

* Shed light on novel characteristics of the beaver

* Provide targets for experimental validation and further
research

* Provide insight into IncRNA, applicable across species
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RNA/DNA came from two beavers
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Image by Michael Durham, courtesy Oregon Zoo



RNA came from 16 tissues

* Heart e Kidney

* Liver * Brain

* Lung * Toe webbing
* Intestine * Spleen

* Ovaries * Blood
 Castor gland * Placenta

* Muscle * Tail

e Stomach * Tongue
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TAGTAATGCGGGTCTCGAAGTC
ACTCTCGGGCGTGTAGTAATGC
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Assemblers assemble by overlap

ACTCTCGGGCGTGTAGTAATGC TAGTAATGCGGGTCTCGAAGTC

TAGTAATGCGGGTCTCGAAGTC
ACTCTCGGGCGTGTAGTAATGC

ACTCTCGGGCGTGTAGTAATGCGGGTCTCGAAGTC



Assemblers assemble by overlap

ACTCTCGGGCGTGTAGTAATGC TAGTAATGCGGGTCTCGAAGTC

TAGTAATGCGGGTCTCGAAGTC
ACTCTCGGGCGTGTAGTAATGC

ACTCTCGGGCGTGTAGTAATGCGGGTCTCGAAGTC
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BUSCO Assessment Results

. Complete (C) and single-copy (S) . Complete (C) and duplicated (D)
Fragmented (F) issing (M)

All Transcripts .36 [S:1250, D:1386

Binpacker 82], F:1321, M:1204, n
Maker Gene Models , D:34], F:1230, M:98
Trinity paired with orphans F:1429, M:1390, n:4104

Velvet Oases k39 23, n:4104

40 60

%BUSCOs
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* Known
IncRNA

e Other
Known

Transcripts

Merged
Transcriptome

* 99.4% eliminated
e 182 contigs left
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Merged
Transcriptome

/N
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e Other

Known
IncRNA

Known
Transcripts

Not Putative IncCRNA
(FDR < 0.01) (Coding Potential Too High)

99.4% eliminated

182 contigs left
* 0% eliminated

* 182 contigs left
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Contig 41254.1

Institute for Theoretical Chemistry, University of Vienna. RNAfold WebServer.

11/29/2017 Amita Kash R Lab
129/ R, B http://rna.tbi.univie.ac.at/cgi-bin/RNAWebSuite/RNAfold.cgi



The novel IncRNA have the expected relationship
between length and predicted stability

MFE vs Contig Length
(Novel IncRNA)
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MFE (kcal/mol)

The novel IncRNA have similar characteristics
to the known IncRNA

MFE vs Contig Length MFE vs Contig Length
(Novel IncRNA) (Known IncRNA)

g 0

-20 -200

-40 -400

60 e -600
=

-80 § -800

-100 W .1000
=

120 -1200

y = -0.3458x + 26.117 -1400 y =-0.2953x + 6.0424
-140 R?=0.3813 R2 =0.9659
T -1600
150 200 250 300 350 400 0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000

Contig Length (nt) Contig Length (nt)



The novel IncRNA represent the lower 40t
percentile by length of the known IncRNA

Length Distribution of Novel IncRNA Length Distribution of Known IncRNA
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The novel IncRNA represent the lower 40t
percentile by length of the known IncRNA
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Contig Length (nt)
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The novel IncRNA have similar characteristics
to the 40t" percentile IncRNA

Length Distribution of Novel IncRNA Length Distribution of 40th Percentile IncRNA
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MFE (kcal/mol)

The novel IncRNA have similar characteristics
to the known IncRNA

MFE vs Contig Length MFE vs Contig Length
(Novel IncRNA) (Known IncRNA)
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MFE vs Contig Length
(Novel IncRNA)
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Coverage

Coverage (#mapped reads/contig length)
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Coverage

Coverage

100

10

100

10

150

150

Coverage vs Contig Length
(Novel IncRNA)
Without "Outliers"

200 250 300
Contig Length (nt)

Coverage vs Contig Length
(40th Percentile IncRNA)
Without "Outliers"

200 250 300
Contig Length (nt)

y = 5.6533¢0-003x

R?=0.044

350

400

y= 4.39760'0045’(

R?=0.1773

350

400

Coverage

Coverage (#mapped reads/contig length)

1000

100

10

10000

1000

100

=
o

Coverage vs Contig Length
(Known IncRNA)
Without "Outliers"

y = 18.541¢0-0008x
R? = 0.4347

500 1000 1500 2000 2500 3000 3500 4000 4500 5000
Contig Length (nt)

Coverage vs Contig Length
(Pooled IncRNA)
"Without Outliers"

y = 11.758¢0-0011x
R%?=0.3508

500 1000 1500 2000 2500 3000 3500 4000 4500 5000
Contig Length (nt)



I Genome | |

novel IncRNAs (contigs)

11/29/2017 Amita Kashyap, Ramsey Lab



Genome

novel IncRNA (contig)

11/29/2017 Amita Kashyap, Ramsey Lab



Most contigs aligned with the genome along
most of the contig’s length

Length of Gapped Alignment to Draft Genome as a Percent of Contig
Length (Novel IncRNA)
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Nine IncRNAs particularly warrant further
Investigation

Measure

Contig Length |MFE |Coverage |BLASTn alignment length | Intronic

contigd1254.1

contigd3610.1

contigd4966.1

contigd6102.1

contigd5799.1

contigd6542.1

contigd6174.1

contig59927.1

contig62060.1
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