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Barbara McClintock
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An H3K27me3 demethylase-HSFA?2 regulatory loop
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The Honey Bee Epigenomes: Differential Methylation of
Brain DNA in Queens and Workers

Frank Lyko"®, Sylvain Foret®®, Robert Kucharski®, Stephan Wolf’, Cassandra Falckenhayn', Ryszard
Maleszka™
1Division of Epigenetics, DKFZ-ZMBH Allance, German Cancer Research Center, Heidelberq, Germany, 2ARC Centre of Excellence for Coral Reef Studies, James Cook

University, Townsvile, Australia, 3 Research Schoo) of Biolagy, the Australian National Universiy, Canberra, Australia, 4Genomics and Proteamics Core Facity, German
(ancer Research Center, Heidelbera, Germany

Queen Worker Drone

® Female - ® M:ie

Table 1. Cytosine DNA methylation in queens and workers in CG, CHG, and CHH genomic contexts (H=A, T, or C).

Total Methylated in Queens Methylated in Workers Methylated in Both Castes
CG 10,030,209 69,064 68,222 54312
CHG 8,673,113 14 130 0

CHH 45,072,611 561 3019° 0
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Epigenetic requlation of antagonistic receptors confers
rice blast resistance with yield balance

Yiwen Deng’, Keran Zhai'Z, Zhen Xie?, Dongyong Yang', Xudong Zhu*, Junzhong Liu', Xin Wang', Peng Qin°, Yuanzhu Yang®..
+ See all authors and affiliations
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Genome Biol. 2016; 17: 264.
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6mA modification in Arabidopsis Genome
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Liang et al, 2018, Developmental Cell



Strand-Specific Map of 6mA in Arabidopsis
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Widespread 6mA Methylation in Rice
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Zhang etal, 2018, Molecular Plant
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Diverse molecular functions of m6A, W, and m5C in coding RNAs.
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Vernalization leads to the stable repression of FLC by a plant PcG mechanism that
results in increased abundance of H3K27me3 at the FLC locus.
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Stress Signal:

Salt

Paosition along gene

Changes in expression

of epigenetic regulators:

histone modifiers

Changes in histone
modification: H3K27me3

Stress-responsive
gene regulation
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Stress response:
tolerant or sensitive

HMTs:

Glyma.16G207200,
Glyma.06G223300,
Glyma.17G215200,
Glyma.11G054100,
Glyma.13G 186800,
Glyma.07G056000,
Glyma.06G 151500,
Glyma.01G 188000,
Glyma.15G224400,
Glyma.20G005400,
Glyma.12G 196800

JmjC:
Glyma.10G029800,
Glyma.04G 192000,
Glyma.20G 181000,

| Glyma.206235300 |

K27 genes:

Welalalatad

Up-regulated:
Glyma.04G 131800,
Glyma.04G 187000,

Glyma.08G070700,
Glyma.08G 127000

@ I——) Glyma.07G 110300,
G ira. '

Glyma.12G104800...

de novo_K27 genes
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Down-regulated:

Glyma.14G213600
Glyma.11G204800,
Glyma.09G041000
Glyma.13G043800
Glyma.17g022500...

Pu etal., 2013
Sun et al., 2019
Yu et al., 2020
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Epigenetics and crop improvement

Nathan M. Springer

Microbial and Plant Genomics Institute, Department of Plant Biology, University of Minnesota, Saint Paul, MN 55108, USA

Cell Molecular Plant

PARTNER JOURNAL Review Article

Crop Epigenomics: Identifying, Unlocking, and
Harnessing Cryptic Varation in Crop Genomes

Lexiang Ji'-%2, Drexel A. Neumann'-® and Robert J. Schmitz'-*




Cell

—pigenetics for Plant
mprovement: Current
Knowledge and Modeling
Avenues

Philippe Gallusci,'®* Zhanwu Dai,'®* Michel Génard,?
Arnaud Gauffretau,® Nathalie Leblanc-Fournier,*
Céline Richard-Molard,® Denis Vile,® and

Sophie Brunel-Muguet”-8*

REVIEWS

.
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Exploiting induced and natural
epigenetic variation for crop
Improvement

Nathan M. Springer' and Robert J. Schmitz?
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LETTERS

nature
biotechnology

Targeted DNA demethylation in vivo using dCas9—peptide
repeat and scFv—TET1 catalytic domain fusions

Targeted DNA demethylation of the Arabidopsis
genome using the human TET1 catalytic domain

Javier Gallego-Bartolomé®”, Jason Gardiner®', Wanlu Liu>™", Ashot Papikian®“", Basudev Ghoshal®, Hsuan Yu Kuo?,
Jenny Miao-Chi Zhao?, David J. Segal®, and Steven E. Jacobsen®®2

ARTICLE
OPEN

TET-mediated epimutagenesis of the Arabidopsis
thaliana methylome

Lexiang Ji', William T. Jordan?, Xiuling Shi2, Lulu Hu?*5, Chuan He® 34> & Robert J. Schmitz2
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“Finally, we have developed a CRISPR/dCas9-based targeted demethylation system using the
TET1cd and amodified SunTag system. Similar to the ZF-TET1cd fusions, the SunTag—TET1cd
system is able to target demethylation and activate gene expression when directed to the FWA
or CACTAL loci. Our study provides tools for targeted removal of 5mC at specific loci in the
genome with high specificity and minimal off-target effects”.



PLANT SCIENCE

Synthetic glycolate metabolism
pathways stimulate crop growth and

productivity in the field
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Engineering Epigenetic Regulation Using Synthetic

Read-Write Modules
FAAL

N6-methyladenine (mBA)

A synthetic epigenetic
regulatory system in
mammalian cells
based on m6A DNA
modification

. establish

WRITER Y me6A states

protein 3
@M /NITIATE m
U engineer epigenetic
memory with read-write

PROPAGATE T‘mU'USmemory

READER - read m6A,
protein 7

&&Q&

EAD OUT
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with read-write

READ-WRITE
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cell state

time

regulate txn.
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Review
Retrospective and perspective of plant epigenetics in China

Cheng-Guo Duan * 7, Jian-Kang Zhu *" ", Xiaofeng Cao ©"

R EV | EW National Science Review
3:309-327, 2016

doi: 10.1093/nsr/nww042

MOLECULAR BIOLOGY & GENETICS
Special Topic: Rice Breeding SER
Epigenetic regulation and epigenomic landscape in rice

Xian Deng', Xianwei Song', Liya Wei'-2, Chunyan Liu' and Xiaofeng Cao'-*

REVIEW

Epigenomic landscape and epigenetic regulation in maize

JiaYu'. Fan Xu' - Ziwei Wei? - Xiangxiang Zhang' - Tao Chen® - Li Pu’
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eRice database

#eRice g i o e Q&% i :

Rue Epepomcrc & Epopemoma: it Sarch our st Search = s

Ref-genome  SMRT-seq BS-seq Artificial Intelligence ChliP-seq RNA—seq

HOME Gene Annotation BLAST Mult JBrowse DMA Metirylabon GmA Al Predictor Download

R cascn Sk Rice Epigenomic & Genomic Annotation ¥ ¥ A ¥
News
August 3, 201 Epigenetic marks played an essenisl role in various pethways, including Franscription (GemAnnominn\ rDMI\lhltalh),llla!iun B6mA Al Predictor Mulﬁdﬂmwsa\ BLAST )
proved eRoe welsile Srsgn reguiation, DNA replcation and repar, development and differentiation as well as response o k ) k J J
May 1, 2019 b i fososk T"“‘:__‘;I“' ”“'::x::t;f::xmﬁfﬁ; Input Input Input Input Input

Pt o et e i o vkl el Wb Moo LOC ID or Kevwords Chr code, Start & Sequence (fastq Start & End position Sequence (fasig
March 25, 2019 Output End position format) Qutput format)
Updabe 6mA Al Preccion - - - = S
P e Seamence infmation Ou!put‘ . Oul.put F:;rm "m.L.' 6n3;‘\ Ou.lput )
January 29, 2019 ? w} N é RN Promoter. SUTR. CDS. 6mA or SmC site Predicted listone modifications, § § Sequence information
efce v1 0 s ordne /(§% ™ /(# - (Promoter, 5 LS, SmA SmCsite Predicted 6mA
=R (A= \_URee) WP iV Q y.
November 17, 2018 | eSS TN HESSt
A paper descibing DNA  BmA \‘;‘ ‘_J ‘7 \‘;_l. 4 .jn‘ ' " '
n ansccIation \ .
i o i g NS s N ——\ [~ -
been putished on Moleculs Plant
August 14, 2018 In rice (Oryza satva). genome-wide GmA dstnbubion Bt sngle-nuciectide resolubon has been T
A..“...:Tamnm:: reported in hwo main and parental cullivars (Nipponbare, japonics group: S3-11, indice group), k _J J t_ _"j \ s J
teen putikshed on Mokcuty Plant which were regarded as reference genomes of japonics and indica groups. Here. we have L 5 1 J
developed 8 speces-specific epgenomic database, eRice (an Epgenomic & Genomic

Moy 8, 2013 Annotation Database for Rice), 1o faciitate efficient epigencmic studses for both japonica and

N Groups.

— 7 eRice

Rice Epigenetic & Epigenomic Database
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(Zhang et al., 2019)
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6mA Predictor Overview

Machine and deep learning approaches have been largely responsible for a recent paradigm shift in image and
natural language processing, which are among the fundamental enablers of modern artificial intelligence advances such
as facial recognition, speech recognition, and self-driving vehicles. These deep-learning methodologies have been
applied to biology such as agriculture and genetics. Here, we first developed a deep leaming models trained with
previous released 6mA data for predicting and memorizing on both the motifs and the functional evolutionary history of
GmA in rice. With these deep learning of trained data, we tested 6mA in two Nip and 93-11 cultivars for predicting 6mA
site from the whole rice genome region. The architectures will allow all rice researchers easily enguiry and predict the

potential GmA site on targeted genes or regions.

Type/Pater the gene sequence with the Fasta format below:

[N
2N A
LN G
A -
N T
; N C 0
LN
Component
Motif Search: Japonica group cultivar Nip ¥ | Input keyword Please entry the keyword
MOTIF Lege RC Logo E-value Type Cultivar
T w A a :LAGCL 32617472 6ma o311
ANMGA |M ) § A :-‘Tc ¢ T 1.6e-5289 Gma. 93-11
CATVYA ':EAT»;A |]TA£AT 1.6e-2618 6ma. 93-1
GAWGYA |:|_ AI ?A |]TAC$TE 1.5e-1684 6ma. 931
TGRGTYR J]T \:é T % !]?AAG?CA 5.7e-1052 GmMA 93-11
GAKGYR l] A 9“ IlEAcQTc 1.2e-13905 6ma, Nip
ANCBA '14 ] C1A I]T‘z U. T 2.2e-4890 BmA. Nip
AAGGYR IM { ?n I:LIAGGTT 1.7e-2302 BmaA Nip
ARWBAK, IM? AT I:IQLI” 1.4e-2185 BmaA Nip
CATRTR hAT“T»‘\ 'hAIAT 3.0e-1268 BmA Nip

(Zhang et al., 2019)
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SMART Crop
Self-Monitoring, Adapted and Responsive Technology
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