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Genomic Applications
Epigenetics — scRNAseq

* | everaging environmental
memory mechanisms to
Improve phenotypes

* Developing alternatives to
sterility




WHAT IS EPIGENETICS?

ALTERS THE PHENOTYPE (WITHOUT CHANGING DNA CODE); HERITABLE

Nucleosome

& A

Histone Modification DNA Methylation

CAN BE INDUCED WITH ENVIRONMENTAL MANIPULATION
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DNA Methylation in Bivalves s

 Early-life Environment
* Epigenetic Selection

* Future Perspectives
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GEODUCKS AND 0A

bicellular tight junction assembly (MPPS; TBCD; PARD3)

oocyte karyosome formation (LOK)

tedomeric 3' overhang formation (MRE11)

coll wall organization (TAGD; DAC)

microtubule cytoskeleton organization (TBCD; TBA1; CK5P2; CAMP1; PARDS; TBB4B)
mANA 5'-splice site recognation (RU1C; PSIP1)

regulation of telomere maintenance (YLPM1; SMG1)

endothaolial cell morphogenesis (HEG1; NOTC4; MET)

histone exchange (SRCAP; TRA1)

endosomal veside fusion (VPSB, VPS4A; VPS11; VPS41)

ragulation of cell morphogenesis (ZMYM1; SH318; CAMP1; STRP1)

negative requlation of Rho protein signal transduction (HEG1; MET; RIPR1)

positive regulation of cGMP-mediated signaling (ANPRA)

negative regulation of G protein-coupled receptor signaling pathway (RGS12; FTM)

positive regulation of ephrin receptor signaling pathway (NOTC1)

negative regulation of thrombin-activated recaptor signaling pathway (MET)

negative regulation of SMAD protein signal transduction (PBLD; CILP1)

negative regulation of canonical Wnt signaling pathway (WNTSA; VNG2B; NOTC1; LATS1; LRP4; LRPS)
negative regulation of BMP signaling pathway (WNT5A; SORL; TRI33; NOTC1)

cAMP-madiated signaling (RPGF4; PDE4D; PDE2A; AGRGE)

positive regulation of calcineurin-NFAT signaling cascade (SL9A1; AKAPS)

Wit signaling pathway (WNT78; NXN; WNTSA; LRP4; APLP; TNKS1; NPHP3; KC1G3; AAPK2, LRPG; GSK3B, CSK2B)
positive regulation of transcription of Notch receptor target (NOTC1; NOTC4)

Wnt signaling pathway, cakcium modulating pathway (WNT5A; AGO2)

TRIF-dependent toll-like receplor signaling pathway (TBK1; BIRC2)

negative regulation of calcineurin-NFAT signaling cascade (CMYAS; FHL2; GSK3B)
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rescue of stalled nbosome (ZN598; NEMF)

protein transport to vacucle involved in ubiquitin-dependent protein catabolic process via the multvesicular body sorting pathway (DDI1)
positive regulation of protein sumaylation (TRAF7; HDAC4)

mIRNA mediated inhibition of translation (AGO2; NOTC4)

histone H2A acetylation (TRRAP; EPC1)

protein sulfhydration (CGL)

prolein-pyridoxal-5-phosphate linkage via pepticyl-Né-pyridoxal phosphate-L-lysine (CGL)
negative regulaticn of peptidyli-threonine phosphorylation (MET: PARDS)

regulation of complement activation, lectin pathway (FUCLS; FUCLT)

protein demethylation (ALKB4: KDM1A)

activation of MAPKKK activity (TAB1; TRAF7; KSR1)

dermatan sullate proteoglycan biosynthetic process (B3GA3)

protein lipoylation (LIPT2)

positive reguiation of peptidyl -lysine acetylation (AAPK2)

negative regulation of histone H3-K8 methylation (DNM38; KDM1A}

positive regulation of histone K3-K9 methylation (SIR1; JARD2)

neurotransmitter transport (ICAG9; VGLU1; EAA2)
D-aspartate import across plasma membrane (EAA2; EAA3)
positive regulation of recaptor-mediated endocytosis (TLN1T; DRK)
cytoplasmic transport, nurse cell o ococyte (ABL: FLNA)
negative regulation of ion transport (AKAPS; SLOB)

positive regulation of renal sodium excration (ANPRA)
plus-end-directed vesicle transport along microtubule (KIF23)
pinocytosis (SNX5; CLN3)

hormone secretion (LRP2)

sodium-independent organic anion transport (SC4C1)
aspartale transmembrane transport (CMC2; S13A3)

body fluid secration (ANPRA; RAB14)

organic anion transport (SC4C1)

membrane repolarization (KCNQ1)

regulation of gastric acid secretion (KCNQ1)

L-glutamate transmembrane transport (CMC2: EAA2: FAA3)
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New Results A Follow this preprint

Dynamic DNA methylation contributes to carryover
effects and beneficial acclimatization in geoduck clams

Hollie M. Putnam, "= Shelly A. Trigg, Samuel J. White, Laura H. Spencer,
Brent Vadopalas, Aparna Natarajan, Jonathan Hetzel, Erich Jaeger, Jonathan Soohoo,
Cristian Gallardo-Escarate, Frederick W. Goetz, 2/ Steven B. Roberts

doi: https://doi.org/10.1101/2022.06.24.497506
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Following four months of ambient
common-garden conditions, juveniles
Initially exposed to low pH
compensatorily grew larger, with
DNA methylation indicative of these
phenotypic differences, demonstrating
epigenetic carryover effects persisted
months after initial exposure.



GEODUCKS AND 0A

i

NOTC1
NOTC4

-

NPHP3 APLP @ D10
<« —v —— ®oi3s
Wnt CANNONICAL Wnt NON-CANNONICAL
4 . A )
@ Planar Cell Polarity [ Wnt Ca 2+
WNT78 ANPRA - WNT78
Wnti WNTSA  positive Wnt) wTsA
mgulator
R TRy T
s || s R R R
Frizzled
Dsh
-
FTM
inositol triphosphate
positive C Ca 2+ )
MET @ HEG1 —otor
MET ‘ CMYAS [Catcineurin] ARAPS
RIPR1 Calcineurinl 0 eive
r FHL2 NFAT | regulator
SL9A1

Target Gene Expression; Cell Polarity;
Cell Fate; Organ Formation Cell Growth and Proliferation;
Osteoblast/Bone formation Tissue Remodeling; V
Cytoskeletal Change AGO2
I\ epigenetic interplay y

-
-
“
-
"
-
-
-
-
-
-
| S

Muscle Growth

-,
.....
"
‘.- -
-

Functional enrichment analysis of
differentially methylated genes
revealed regulation of signal
transduction through widespread
changes in the Wnt signaling
pathways that influence cell growth,
proliferation, tissue and skeletal
formation, and cytoskeletal change.
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SELECTION POTENTIAL

CpG methylation clustering

0.30
1

0.25
1

0.20
1

Height

0.10 0.15
1 1

0.05
1

0.00
|

pf
pf
pf
pf

3 72h
3 _sperm
3 120h

1 72h
1 _sperm
1_120h

New Results

Indication of family-specific DNA methylation patterns in
developing oysters

Claire E. Olson , Steven B. Roberts
doi: http://dx.doi.org/10.1101/01283 |
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Indication of family-specific DNA methylation |
developing oysters

Claire E. Olson , Steven B. Roberts
doi: http://dx.doi.org/10.1101/01283 |

S=24.13

T=11.7

S=

27.63

0.6

0.5

04

0.3

0.2

0.1

0.0

ss2 9B e

CpG methylation clustering
| |
| |
1
® & & & & 4 o 4 " " " " % b 0
m © © o000 000~~~ OO M™ ™
|3NIPI2‘£”|3¢|2Plco'col'-lN|'—|ml
NP8 DTS2 2T DL
m‘ﬂm&a&mgoc £ 2 =
w w o
Samples

Distance method: "correlation™; Clustering method: "ward"

ss2 168 e



Epigenetic and genetic population structure is coupled in a
marine invertebrate

(® Katherine Silliman, ¢ Laura H. Spencer, ) Samuel |. White, Steven B. Roberts

doi: https://doi.org/10.1101/2022.03.23.485415
Pooulation @ Mood Cara A Souh Sound

EPIGENETIC AND GENETIC POPULATION STRUCTURE w

First characterization of genome-wide DNA

methylation patterns in the oyster genus Ostrea § "
& A%
Identified 3,963 differentially methylated loci between ey
populations. Clear coupling between genetic and o ®
epigenetic patterns of variation, with 27% of T pcesw
variation in inter-individual methylation s
differences explained by genotype.
Underlying this association are both direct genetic g et .

changes in CpGs (CpG-SNPs) and genetic variation | ‘e,
with indirect influence on methylation (ImQTLSs). °
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Epigenetic and genetic population structure is coupled in a y \ A
marine invertebrate i B3 o “q Fi ‘.

(® Katherine Silliman, @ Laura H. Spencer, {2 Samuel J. White, Steven B. Roberts ) Lopes Inlbre ,1 T" ' o
doi: https://doi.org/10.1101/2022.03.23.485415 , ° pe By Vel ‘.5.-\

EPIGENETIC AND GENETIC POPULATION STRUCTURE
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SUMMARY

Epigenetics is an attractive lens through which to consider manipulation of
traits through environmental memory or selection.
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Genomic Applications
Epigenetics — scRNAseq

* | everaging environmental
memory mechanisms to
Improve phenotypes

* Developing alternatives to
sterility (Gavery)
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Triploid Oysters are more susceptible

Summer Mortality Syndrome
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Benefits of Sterility

Year-round
Marketability
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Germ Cell Elimination
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Single Cell RNA Sequencing

1. Fertilize, monitor development,
sample: cleavage through gastrula stage

2. Dissociate the embryos into a single
cell suspension

3. Prepare the single-cell RNA-Seq
libraries and sequence the expressed
genes in each cell

4. Group the cells according to gene
expression patterns (“clustering”)
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Candidates uniquely expressed in PGC
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Next Step

* We have identified candidate genes involved in primordial germ cell
development in Pacific oysters
* Next Steps:

* Develop methods to deliver gene silencing molecules to (small) bivalve
embryos

» Evaluate the effect of silencing candidate genes on reproductive
phenotypes

* Long-term Goal: work collaboratively to develop protocols to induce
sterility via germ cell elimination at a hatchery-scale

Mackenzie Gavery - NOAA
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MarineOmics

A dynamic web resource for robust and reproducible genomics
in nonmodel species: marineomics.io

Best Principles Contributions ~ Population Genomics ~ Functional Genomics ~ Genome-Phenome ~ Panel Seminars Discussion Forum

Topics covered within RADSeq

tutorial
Samuel N. Bogan' @ | Jason Johns® | JoannaS. Griffiths?® | Danielle Davenport®® | / wore

Sara J. Smith*>®® | Sara M. Schaal’® | Alan Downey-Wall® | Runyang Nicolas Lou®°® | RADseq

Katie Lotterhos! ® | Megan E. Guidry'? | HannyE. Rivera®® ® | Joseph A. McGirr*® | s i b el

(RADseq/GBS) Katherine Silliman, Danielle Davenport —_— ;
Jonathan B. Puritz}?® | Steven B. Roberts>® | Katherine Silliman!®?’ Considerations During Lab Work , i il i s
Principles for Analyzing Your Data Setu p for rU nnin g COd e

Steps for a robust RAD analysis If you would like to run the R code examples that are scattered throughout the guide (recommended but not required!), you will need

R W T VS to install some R packages. Only need to run this code once:
Irst, a aw data!

Run an assembly pipeline install.packages("tidyverse")
Evaluate potential sources of error AL ( %requlreNamespace( glocr-lanaqer , quietly = TRUE)) ;
install.packages("BiocManager") Example code to run using
“Bad"” samples real data

The power of PCA B%ocManager: : }nstall( SeqArray")
BiocManager::install("SNPRelate")

Batch effects

Cryptic Now load those packages, if using:

species/contamination/clones
library(SeqArray) # efficient storage and filtering of genomic data
Test a range of key parameters

l ing threshol . .
IR ## Loading required package: gdsfmt

Mapping parameters


http://marineomics.io

Bioinformatic Approaches in non-model species

Received: 29 March 2023 Accepted: 11 September 2023

BOGAN ET AL.

DOI: 10.1111/2041-210X.14219 : :
Ol: 10.1111/2041-210 Methods in Ecology and Evolution EE?&'JS&:.L
Methods in Ecology and Evolution EEEETSEM

Open Access,

SOCIETY

Open Access SOCIETY

APPLICATION

Tabs for website topics

MarineOmics

A dynamic web resource for robust and reproducible genomics
in nonmodel species: marineomics.io

Best Principles Contributions ~ Population Genomics ~ Functional Genomics ~ Genome-Phenome ~ ENEEEUGES Discussion Forum

Topics covered within RADSeq

tutorial
Samuel N. Bogan' © | Jason Johns' | JoannaS. Griffiths’© | Danielle Davenport®® | / el

Sara J. Smith*>®® | Sara M. Schaal’® | Alan Downey-Wall® | Runyang Nicolas Lou®°® | RADseq

Katie Lotterhos! ® | Megan E. Guidry'? | HannyE. Rivera®® ® | Joseph A. McGirr*® | s i b el

(RADseq/GBS) Katheri 1IN '
. . . orine Silliman, Danielle Davenport - :
Jonathan B. Puritz'?® | Steven B.Roberts!®>® | Katherine Silliman®’ Corialdentions DG Lab Work . Rescriptioniofiutorlakstens
Principles for Analyzing Your Data Setu p for runnin g COd €
Steps for a robust RAD analysis If you would like to run the R code examples that are scattered throughout the guide (recommended but not required!), you will need
evat ok actaradatd to install some R packages. Only need to run this code once:
Run an assembly pipeline install.packages("tidyverse")
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Batch effects
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robertslab.github.io/resources

Test a range of key parameters
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Clustering threshold ## Loading required package: gdsfmt

Mapping parameters
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