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Preface

This Master thesis is part of the Master programme Plant Biotechnology, specialisédiecular Plant
Breeding and Pathologyhis projectould be gpromisingstart of collaboratiorbetween Plant Breeding of

the Wageningen UR and the Terrestrial Ecology group from the Netherlands Institute of Beibtig\the

field of epigeneticsNo real research is being done in the field of epigenetics within Plant Bgeadfithin
Terrestrial Ecology there & plant ecological genetics research growpere research is being donan
ecology epigenetics. In a time period from September 2014 to May 2015 | have investigated the role of DNA
methylation towards heritable traivariation, looking at genes in the flowering pathwagtween members

of an asexual plant lineage of Taraxacum.

Consequently the aim of the research reported in this thesis is to gain insight in the role of DNA methylation
in heritable flowering time vart&on by looking at gene expression levels. Traditionally it is accepted that all
heritable trait variation is ultimately caused by DNA sequence variation. However through new insights and
resent research it has become clear that epigenetic mechanismsasuBiNA methylation might play a part

in heritable differences in plant traits, even in absence of any DNA sequence variation. In this research we
continue on previous observation where flowering time differences were found between apomictic clone
members semingly dependent on DNA methylation differences. We would like to zoom in on the parts of
the flowering time pathway that are under DNA methylation control to find the true cause of the trait
variation. Logically this is the next step towards uncovettirgepigenetic basis of heritable flowering time
divergence within the apomictic lineage of Taraxacum.

Furthermore | looked further into the possibilities that epigenetic heritable trait variation could have
towards crop selection. If my research paitdwards proof for stable epigenetic eventhenit could turn

out to be beneficial to adapt the way we think about evolution and additionally the way we breed for new
varieties.A new era has arisen where scientists are starting to acknowledge theofieddigenetics, this
might as well be an epigenetic revolution.

Firstly, in this report | will introduce epigenetics with background information and the aim of my research. |
will describe in detail the methods used for the experiments. For some of thihaude a step by step
protocol will be describedand will be included in the appendiResults and data analysis will also be
presented with a discussion of the most important findings and a connection towards the literature will be
made. Lastly | will drawome conclusions and give recommendations for future research. This report strives
to be relevant for the research fields of Plant Breeding, Crop improvement, Epigenetics and Terrestrial
Ecology.

Hereby, | would like to express my gratitude towards myesuisors, dr. Koen Verhoeven and dr. ir. Herman
van Eck for their helpful and patient support. | hawved a difficult time during my thesis. The way this
affected my work was beyond my control. Luckily my supervisors had all the understanding of tliersitua
and gave me personal support in any way that was necesseajl. the work that | producedny best friend
gaveme eternal care and support and there are no words to describe how thankful 1 am for that. Finally |
would like to thank Juli€erreira deCarvalhcand Carla Oplaat for their help with the practical work.
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Abstract

Epigenetic trait variation can be observed within many populations during one generation. Thieatabis
variation ispossiblyinherited over two or multiple generations could give rise to a revision of the current
view of evolution or to interestingmportunities within the selection of crops, especiallittwan ever more
expanding understaridg of the mechanisms and role of epigenetic inheritance in plaRi®vious research
has showed that differentalatum accessions of apomictic plant lineages Taraxacum offinalishave
flowering time variation. These flowering time variations are potentially controlled by epigenetic
mechanisms and inherited over generations. Moreover, it has been observed that flowering time divergence
is nullified after demethylation treatment. This research aimed to find a similar pattern to the phenotypic
data within the flowering pathway on a gene expression level, to see if epiallelic variatiavblasd on
important flowering time associated loci, or regulatory genAscandidate approach was used and gene
expression levels were measured with a quantitative real time RE8ults are obtained from RNA samples
originating from leaf materials of young seedlings with the assumption that these samples are
representative for futher developmentA significant accession effegt=0.016)has been foundor TaFLC, a
homolog to theFLOWERING LOCUS C (@) ofArabidopsis thalianaHowever the gene expression was
not influenced by the denethylation treatment. Two genes that ar@mologues of meristem identity genes

in A. thaliang SOC1 and AP1 show a significamtragthylation treatment effect §<0.01). Although the
results obtained in this research do not asscei@t the phenotypic data directly it is clear that differences
exist between accessionBurthermorethere is a difference in zebularine response between the accessions.
The results in this research indicate that there is relevant epiallelic variatiortimwhe flowering pathway.

For further conclusions about thevel of genetic control ovehis epigenetic variatiorand the mechanism

of which these variances arise, more research is needed.

Keywords DNA methylation; Epigenetics; Howering time; Transgnerational; Taraxacum;
Zebularine
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Introduction

A look through History

Evolution, geneticsand genomics,which arecloselyconnected, have different patriarchs and emerge at
different time points throughout history. In 1859 CharlBsirwin publisheda theory about fithess and

natural selectiorinhiso 22 1 dahy (KS witduBahyknoglgdgef thiSnizahSnissof heredity

or the structure of genes and DNANBE 32 NJ aSy RSt Qa ¢ 2 Ndhara2tsfs piibksBed hy K S NJ
1865, was redisc&NBR Ay wmdnm FyR g1 a I (S NIhedoirélatich KedaRenA Yy w
Relatives on the Supposition of Mendelian Inheritaneesudcessful molecular model of DMAs described

(Watson & Crick, 1953n 1953. Epigenetics, a field which is closely related to geneticsyagagly given a
definition only 50 years ago arfitst seen aghe theory of inheritance of acquired characteristi@8.C)
publishedin 1809 the year Darwin was boriy JeanBagtiste LamarckL i A& RSol G106t S AT
Ffaz2 (1y26y |a Waz¥id AYKSNRGFYyOSQI gla LRAYGAYT 2«
adaptive phenotypic plasticitys there a connection between epigeneti¢gredity and evolution?With

genetic mutations athe base of alheritable phenotypic variation, and consequity the driving force of
evolution, the concept of trait variation deriving directly from the environment wdsteel and often seen

as a counter idea of the existing adution theory. Despite othe rejection of[ I YI N1 Qa G KS2 NJ
caused bya German biologist August Weismawith his theory of germ plasm argermlinesoma barrierit

was still adhered tpparticularlyin Russia for political reasonsorsenng the reputation of IAQKoonin &

Wolf, 2009. The idea of IAC did serve as an inspiration ®YsS 2 F 5 | NEawii,01868 IBEONJ

Darwin @ame up witha theory of how information was being transferred from generation to gm@tion

called the Pangenesis hypoth&sThis theory included small gemmules serving as a sort of cellular memory
(Geison, 196§ and they would be the molecular carriers of hereditary characteristics since they would fuse
together when an organism had intercourgelolterhoff, 2014. In line with Lamarck, the gemmules would

also be carriers of information obtained from the environment. With the lack of substawidénceat the

time,5 NHAyQa GKS2NEB 27F 3ASYYdzZ Sa gl a NB2SOGSRd ! FiSN
of DNA it was et to be clear that inherited information was transferrazkclusivelythrough genetic
information inthe germline. The integration opopulation and quantitatved Sy SG A O&4 A 0K 51 NB .
theory helped to give rise tthe modern synthesis of NeDawinism This discipline formalized the concept

of evolutionfuelled ultimately byrandom mutations occurringin the germlinewithout any environmental

influence Todayepigenetics is a dynamic and fast developing discipline challenging and potentiaipgevi

the traditional paradigm®f inheritance and evolution.

The field of epigenetics studies the processes and mechanisms that underlie developmental plasticity.
Conrad Waddington described the epigenetic landscape as a metaphor for the fact that gfargis are
specializing with different functions to form a functional organism from a single genome (Goldberg, Allis, &
Bernstein, 2007; Waddington, 2012). Epigenetic regulation is mitotically stable and responsible for, but not
limited to, X chromosomactivation, imprinting, silencing or boundary activities (Jenuwein & Allis, 2001).
Nowadays epigenetics stands for a much more detailed definition, namelyngahanismghat have the
potential to cause mitotically or meiotically stable changes in gexgression without changes in the
underlying DNA sequendg&ric J Richards, 200&pigenetic changes can affect the DNA sequehatis
potentially targeted to specifigene/function/tissue.If present in germline cellshése changes can be
passed on to the next generatiare. epigenetic inheritancekor this matter it can be asked: Does heritable
phenotypic variation only arise randomly or also by Lamarckian viewfotdsild we still prove the theories
ofLama®] (2 06S NARIAKIK ! yR gAff 5 NBamaQkan tthsyevialatiofal K
phenotypic plasticity is the most controversadpect of epigenetics and somayt quite limited evidence
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has beerfound so far to support itTransgenerational epigenetics in this sense has a high potential for crop
breeding and a lot of research is being domwever epigenetic inheritancacludes more than only
Lamarckiantransgenerational phenotypic plasticjty.e. environmentdirected modification to heritable

traits. Thus it is important todistinguish betweenuntargeted epigenetics and environmestirected
epigenetics.In comparison to targeted generated epigenetic differences, the mechanism of untargeted
generated epigenetic differences is completely different, which can be confusing since both mechanisms are
directed by DNA methylation (Shea et al.,, 201lWntargeted epigenetics include normal (random)
epimutations. These epimutations might have nothing to do with the environment but they have influence

on heritable trait variationwhen they are stably transmittedJust as with genetic mutatiorepimutations

could contibute to evolution of traitsvia selecto® Ly O2y aGN} ad G2 GKS [ YL
LIKSy20@LIAO LIXIFadAaoOArAde Fa | Oz yfdr Shicedy dlengeTexis yn@d A N2
Caenorhabditiselegansstudies(Rechavi et al., 2014Remy, 201)) in plantsthere iscurrentlymore evidence

for a role of random epimutations in evolutipa.g. Cortijo et al. (2014)Van Der Graaf et al. (2018)ith

regards tothis untargeted epigenetics it can be asked: In what lemel epimutationsstably transmitted

towards future generations? Are they DNA sequence independent? Can adaptation and selection take place
based on true epigenetic trait variation? Research repoitedhis thesis tries tashed light onthese last
guestions.

Epigenetic Mechanisms in Plants

An important feature of epigenetic mechanisms is that it affects how genomes are translated into
transcriptomes in or at a specifiicne, cell or situationPhenotypic variation can arise through differences in
gene expression that potentially refleahderlying epigenetic causeEpigenetic regulation of genesan be
achieval through methylation of cytosine basesalterations to the chromatin structure including,
modification of histone tails that derive from core of the nucleosoar® ATRdependent chromatin
remodelling andregulation bysmall and large nooding RNA&Berger, 2002Jablonka & Raz, 20p®bove
mentioned epigenetic modifications altehromatin condensation and dynamicdthechanicallyobstruct
accesdo the DNA and thereby modulate transcriptional activity of the gendibeal & Henikoff, 2011
Histone dterations include histone methylation of H3, acetylation of H4, phosphorylation of H2B and
unknown modificationsof H2A (Berger, 2002PDNA methylation is the most well studied component of
epigenetic mechanisms and will be the focus of this study.

In mammals, methylation of cytosireemainly occurs when a cytosine is next to a guanine (CpG site). In
plants however, there is alsnuchmethylation at CpHpG and CpHpH sitekere H is A, T or. Regions that

have a high number of cytosine base pairs and are next to a guanine base pair are called CpGnislands.
animals,/ LJD NAOK NB3IA2ya FINB dGdeLmAOrfte F2dzyR G GKS
methylations on these regions, pacially the promotor regions, are associated with gene silencing. With
DNA methylations, accessibility of transcription factors to their regulatory sites is diminished. The
methylated cytosines also recruit proteins like methyl CpG binding p@t@feCP2and teterochromatin
proteinl (HP1) HP1 and MeCP2 are thought to maintain methylation pattern, and therefore the repressive
state of chromatin, by inducing histone deacetylation by histone deacetylase (HDAC) and furthermore
histone tail methylation by hétone methyltransferase (HMTPazin & Kadonaga, 199Rea et al., 20Q0
Wade & Wolffe, 199% Tri-methylated histone H3 L§/s(H3K27me3) is one of the major determinants for
tissue specific gene regulation, either directly or indirectly, by blocking gene expression or repraszNA
respectively (Labs et al., 2011l Furthermore, a close relation between histom8K9 demethylation
(H3K9me2jand QoHpG methylation by chromomethylase3 (CM18)bservedDu et al., 201, indicating

that regulation of gene expression by methylation mechanisms can be very complex and dynamic. Besides
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the obvious function of gene regulation and determination of the transcriptome, methylated positions in the
genomecontribute to other imporant processesWhen a cytosine is methylatede. about ten percentn
Arabidopsisthere are from two to four times more differentially methylated positions (DMPs) than non
differentially methylated positions {®MPs) found on coding DNA sequence (AB&)ding non-coding
RNA, while he opposite is true for transposable elements (TE) and -igégric regiongBecker et al., 2001

CDS primarily containdie CpG type of methylation which requires only methyltransferasel (MET1) for
maintenance during replication. Tislencing of TE and other repetitive features are often directed by-RNA
directed DNA methylation (RdDM) which serves as a sequgpesfic guide to maintai@HpH methylation
(Gehring, 2018 DNA methylation serves an important job in controlling TEantplwhich explains the high
number of NDMPs. The function of the more dynamic DNA methylation within the coding sequence,
especially the exons, is still unknown but could potentially play a role in exon splicing leading to different
splicing variants.

Epigenetic Trait Variation

Epigenetidnheritance is a component of epigenetics and it stands for heritable trait variation that does not
stem from DNA base sequence variation and is stably transmitted to subsequent generations of cells or
organisms(Russo, Martienssen, & Riggs, 1p9henotypic variation could be due to difference in gene
expression regulated by DNA methylatidtowever, it is always hard to distinguish whether heritable trait
variation is only epigenetically controlled, esally in wild population§~. Johannes, Colot, & Jansen, 2008
Eric J. Richards, 201The level of genetic control over epigenetic variatiamies Epigenetic variation can

be completdy controlledi.e. obligate epigenetic variatiorthe epigenotype can be completely predicted by
the genotype Otherwise, forinstance transposable elements (TES) can trigger epigenetic differences at
nearby genes whose methylation status may be affected by Rd&3éd silencing of the TE, giving an
indirect genetic cause for the methylated related gene express$idgmpman et al., 2004 In this case the
epigenetic variation i®osely controlled.e. facilitated epigenetic variation: epigenetic polymorphisms occur
at specific loci due to a genetic signal such a&msert, but individuals differ whether or not these loci are
epigenetically imprintedHowever, there is growing evidence that epigenetiechanisms are widespread
and can provide a significant source of phenotypic variation that can be transmitted across generations,
independent of DNA sequence variatiodablonka & Raz, 2009n this case the epigenetic variation has
complete absence of genetic contrak. autonomous epigenetic variation: epigenetic differences are
completdy independent form the genotyp@ossdorf, Richards, & Pigliucci, 20B8c J Richards, 2008 he
epigenome can be the cause for trait variation within the same genetic backgrdonclassiagenetics
phenotypic variation is defined as the result of the interaction between genotype and enviror(ingmth &
Walsh, 1998 Thusonly genetic variation is the cause of heritable phenotypic variation, on which selection
and adaptation can take place. If autonomoapigenetic variation could lead to selection and adaptation
throughheritable phenotypic variatiothe way we look at classgieneticswould have to be revised

By means of epigenetic processes, plants have a metha@diapt their transcriptome in response to their
developmental stage, environmental history and current situation. Whenever plants need taufiae
certain processes, especially where there is an interaction with the environmental conditions, it $e#ms t
the epigenome plays a role in controlling the gene actigitynter, 2013. Epigenetic mechanisms have a
dynamic nature and play an essential role in modulating development, morphology and physiology, and
seem to be conserved through land plant evolutigviaari et al., 2005 After perceiving a change in
environment a specific phenotype can be formed due to silencing or activation of genes. The change in the
phenotype due to the environmenis called phenotypic plasticity. It is said that different epigenetic
mechanisms in plants can be used for memorigfagganuma & Workan, 201). Epigenetic memory is
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described to play a role on three different levels, i.e. cellular memory, transcriptional memory and
transgenerational memoryD'Urso & Brickner, 2034Thus when a stimulus is given, epigenetic mechanisms
allow an organism to adapt to changes and determine the future responsiveness to a stimulus not only over
a period of time but even over generatio(l3'Urso & Brickner, 2034However bringing forward the role of

the latter in evolution is controversiaknvironmentdirected epigeneticsi.e. detectionbasedor targeted
epigenetics gives rise tdheritable phenotypic plasticityHeritable epigenetic variations could be beneficial
for ecologically important plant trait€Zhang, Fischer, Colot, & Bossdorf, 20IT8e nheritance of targeted
generated epigenetic differences however becomes questionablén a natural corgxt as soon as the
environmental cues are no longer applicable, taking away teed to perform under this specific
environment For the purpose of plant breeding it could be of great interest to selecepmigenetic
differences that are stably inheritedhtoughout several generations (séppendixD, Epigenetics and crop
improvemen). In literature examples are found of stress induced heritable epigenetic varigBoyko et

al., 201Q Verhoeven, Jansen, van Dijk, & Biere, 30H3$ well as abundant héable DNA methylation
polymorphisms that arise spontaneougBecker et al., 2011Schmitz et al., 20211Van Der Graaf et al.,
2015. Stochastically obtained epigenetic variation is not under control of the environment but can be
selected upor{Hauben et al., 2009 Acomparison can be made with random DNA mutations which occur in
the germline andepigenetics couldhave a great contribution to evolution of speci@ossdorf et al., 2008
Shea, Pen, & Uller, 20L1f more evidence would bfund about stable random epimutations playing a role

in heritable trait variation, this might have great impact on the way evolution is thotaghé occurring.

Stability of epigenetic changes

Epigenetic alterations obtained during the lifetime of arplare mostly of dynamic nature which is in line
with the functionality of epigenetic mechanismdowever it cannot simply be assumed that all epigenetic
changes, both selectierand detectionbased, obtained during the liféme of a plant arere-set between
generations In mammals, arextensive DNA methylatioreset takes place between generationduring
gametogenesis and also early embryonic developmkmplants a similar process takes plasewever with
aless extensivelegree of reprogramming of thmethylome (Feng, Jacobsen, & Reik, 2010llien, Susaki,
Yelagandula, Higashiyama, & Berger, 20Mithout proper reprogramming of epigenetic state in the
gametes and embryos it is not possible for plants and mammals to develop colfestly et al., 200). In
Arabidopsis thaliananany different epialleles are observed between different wild strglBshmitz et al.,
2013 Vaughn et al., 20Q7s in expernental populationgCortijo et al., 2014Zhang et al.2013. However,
many of the withingene methylations are najuided byRdDM and this seems to account for the instability
of gene methylationLoci that are under control of RADM are mostly heavily methylated. Moreover Wwhen
someevent or processhe loci ges de-methylated the methylation will be actively restorédy RADM Small
interfering RNAs (siRNAs) make sure TEsampressed by epigenetic silencing in gametes also showing the
role of RADM in regulating the activity of TgSotkin etal., 2009. DNA methylation that is not guided by
RdDM,e.g. CpG methylation in gene bodies, shows much more variation between individuals compared to
CpG methylation in TE, since the epigenetic polymorphisms are not corrected to the originédBstter et

al.,, D11). The different DNA methylations in plants also have different stakidglakouras, Dadami,
Zwiebel, Krczal, & Wassenegger, 2Ma2mar, Kumari, Sharma, & Sharma, 20&szkowski & Grossniklaus,
2017). CpG sites are on average highly methylated compared to CpHpG and CpHpEb&iisset al., 2008
CpG sites are maintained by the enzyme DNA methyltransferase 1 (MET1) which seems to be still active
during gametogenesis, keeping the methylated sites from being erased by the epigensétiresome
cases. Therefore, there can be differences in stability in respect to transgenerational maintenance.
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Asexual reproduction and epigenetics

Epigeneticinheritance may have a larger impact on adaptive dynamics in plants that propagate through
asexual reprodection compared to sexual reproductiofVerhoeven & Preite, 2034 In vegetative
propagation such as through rhizomes or bulbtlse epigenetic inheritancenly involves mitotic stability of
epigenetic marks since no gametogenesis and embryonic development from zygotes is oc€harg.
forms of asexual reproduction, such as apomixigght bypass epigenetic reprogramming mechanisms that
are associated wit meiosis depending owhen during meiosis the resetting takes plaq®erhoeven &
Preite, 2014 Apomixis is a form of asexual reproduction which involeemétion of female gametes that
will then develop ito seedsparthenogenetically in absence of fertilizatiohhe seeds include a vital embryo
where the new plants are genetically identical to the female paf&oltunow, 1993If selection takes place
on functional gene expression, differences of important traits variation could build up asexual
generations in differentenvironments, which is observed in vegetative propagated offspfitaj et al.,
2011). Because of thehypothesked build-up of epigenetic variation in asexualthe differences in
phenotypic plasticitymay be particuldy important between and within generations. Second$fochastic
epigenetic events as contributiorier random heritable variation may play a bigger role in the evolution of
asexuals because asexual lineages lack the mechanismecdmbination and segregation to generate
heritable variation

Dandelion

Taraxacum officinalecommonly known as dandelion, has successfully invaded wide areas of Europe with
many differenttriploid gametophytic apomidt lineagegX=8, 2N=21 Apomicticlineages are derived from
sexual propagated lines which are diploid and grow in central Europe. Unable to undergo recombination and
segregation,individual dandelionslineageshave a limited potential for genetic adaptation. Successful
spreading in diffegnt environments would completely rely on phenotypic plasticity determined by the
genetic background and regulated by epigenetic mechanisms. However, if random epigenetic events would
provide heritable trait variation dandelions could go beyond their geiepotential anddivergethrough
selection on epigenetic heritable phenotypic trait variaticgven within a single apomictic lineagehe
apomictic lineages are considered to have very limited genetic variations which makes them very suitable to
study the effect of epigenetic variation as also seembidopsigFrank Johannes et al., 2Q08revious to

this study, it wa found that flowering time, a trait that can be rapidly adapted to new environneegt
climate changgAnderson, InouyeMcKinney, Colautti, & Mitche®Ids, 201) demonstrates asignificant
within-lineage variation.Moreover, heritable withidineage flowering differences were nullified after
experimental in vivo denethylation of the plants during germinatiafwilschut, 201} which suggest that
epigenetic divergence within the apomictic lineage is responsible for the observed flowering time
differences.The possibility that flowering time can be controlled by staf@igregating DNA methylation, in

the absence of DNA sequence variatiblas also beembserved in experimentafrabidopsispopulations
(Cortijo et al., 201 Sufficientevidence for the role of selectidmased epigenetics in the adaptive capacity

of natural plant populations has to be proven in order to make real conclusions.

Flowering pathway

Pants undergo a major phase change when they reach the point in their gk dyring whichthey shift
from a vegetative to a reproductive statiee. floral induction. In order to successfully reprodutiee
transition to flowering should be timed perfectly to have optimal pollination and seed produdiiost
studies about the lbwering pathway have been done Arabidopsis thalianashowing that the pathway
consisk of a sophisticated regulatoryetwork that control the specific timing of the developmental switch
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by interacting with multiple environmental and endogenous inp(fsrnara, de Montaigu, & Coupland,

2010 Simpson & Dean, 2092n this way flowering has developed as @iaal life-history trait where many

plants have adapted themselves during evolution to seasonal changes that occur in temperate climates
(Amasino, 201p A great amount of genes seem to be part of toenplex trait of floweringime control in

which most occur ira network of six major pathways (s€gure 1). ThéArabidopsisFLOWERING LOCUS C
(FLC) can be seen as a key regulator in the vernalisation and autonomous pathway that encodess@¥ADS
transaiption factor (Michaels & Amasino, 1999The floral inducer FLOWERING LOCUS T (FT) is nggativel
regulated by FLC, but active transcription is stimulated by CONSTANS (CO) under inductive conditions which
are determined by photoperiotight cues

- Flowering P
®fe > WA
TFL1 |AGL24 "

—> Direct activation \X | | /k SPLs Aging

— Direct repression

AP1£== [FY «—SOCT___ FLC

--> Indirect activation GA2 OX
> Long-distance transport ) FD/FT e SVP _/

A
Meristem FWA FD GA

Leaf

PHYA
PHYB E
Light quality G-A
¢ /"\ x‘
6~ ViN31[FR 1 'FCA FPA
IsvP  FLM VRN1 VRN LD FVE
I T  wev2wies FIP FIK e

cool warmth \RN5 ESD4 FY

Photoperiod Ambienttemp. Vernalisation Autonomous GA signaling

Figurel An overview of the flowering pathway Arabidopsis thalianaSix major pathways are regulating the transition to flowering:

Aging, Photoperiod, Ambient temperatures, Vernalisation, Autonomous andyititgerellin (GA signalling pathwayFLOWERING

LOCUS @LQis acting as a repressor of floral pathway integratonggincluding FLOWERING LOCUS T (FT) and SUPPRESSOR OF
OVEREXPRESSION OF CONSTANS 1 (SOC1), which botlveatenimapid floral inductionFLC is, among others, positively
regulated by FRIGIDA (FRI) and negatively regulated by LUMINIDEPENDENS @), FEOMWERING LOCUS D (FLD) of the
autonomous pathway and VERNALIZATION INSENSITIVE 3 (VIN3) of the vernalisation pathway. FRI can overrule the activity of the
autonomous pathway until it is antagonized by the vernalisation pathway FLC inhibitors. CGNEI@Npromotes the floral
transition by upregulation FT. FT is transported from the leaf to the apical meristem through the phloem and directly promote
transcription of APATALA 1 (AR)d SOC1, which on their turn promote expression of LEAFY TltEeYdansformation of the
vegetative meristem to an inflorescence meristem includes upregulation of floral meristertityjdganes, such as AP1, L&Yl
AGAMOUSIKE 24 (AGL24).
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Aim and Hypothesis

This researchimsto zoom in on the epiallelic differences that are responsible for flowering time differences
found between Taraxacum alatumaccessions.Without proof that methylation differences between
accessions areausing different gene expression levels within the #owg pathway a transcriptome
analysis needs to be conducted@heaefore the goal of this research is to confirnif the methylation
differences areresponsible for the observed flowering time divergertheough different gene expression
levels and to find He place where these DNA methylation differences are located on the genibrise.
hypothesised that withinTaraxacum alatumaccessions natural epigenetic differences are evolved on
important flowering time associated lgodr regulatory geneswhich are casal to the observed flowering
time divergenceMoreover it is hypothesised that by ewaethylation treatment the pattern that is observed

in the flowering time divergenceaullifying effect of the treatmentcan also be observed at gene expression
level. By selecting candidate genes within the flowering pathway and looking at gene expression level
differences with and without a deethylation treatment conducted on the plants, conclusions will be made
based on this hypothesis. Potentially this reseavdgh make a step towards answering the question if
heritable trait variation found betweemaraxacum alatunaccessions is due to autonomous epialleles or due
to epigenetics as a mechanism directed by genetic variation.
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Methods

Taraxacum

Apomictic microspeciesof Taraxacumofficinale are geographically widespread and therefore exposed to
different environments.Seeds from differentaccessions foTaraxacum alatumwere collected by several
Taraxacurrspecialists in Austria, Czech Republic, Finland@emnany These plants were growander a
common environment (14 h light, 10 h dark; 20°C, 15id)®eds were collected in a previous experiment
and clonal identity was confirmed by absence of any allelic variation at 8 polymorphic microsatellite loci
(Wilschut, 2013 In the following experimen6 different d 8 SO2 Yy R I&¢essiNds @ark grguiof
which4 accessionsvere selectedo obtain RNAor the RTPCR

Plant materials

For this experiment the seeds were sterilized by washing therd fomutes in a 0.5% sodium hypochlorite
solution with 0.05% tween. Subsequently the see@se rinsedtwice for 5 minutes in demi waterAbout 13
seeds were germinate@er accession of.8%agar plate(14 cm petridish)and placed in a climate chamber
(14h light, 60%relative humidity (RH, 20/15°C day/night cye). The seeds/seedlings were checked for
infection, any possible growth retardatiomnd the germination percentage was scored per .day
Transplanting of thdittle seedlings from the agar platés pots was done afterl2 daysand the seedlings
were placed in a climate chambét4h light, 60%RRH 20/15°C day/night cye). After the germination the
photosynthetically active radiation (PAR) was increased from 175 tquB®80photonsm?s™. Plants for the
RTPCR experiment were growvindividuallyin potsof 7x7 cmwith a soil mixture of 80%otting soil (Soil
nr.1) and 206 pumice. Seedlings had grown for 24 dayspwots whenleaf material was harvested (all
samples harvested between 12.80/1 and 1.00PM).

Experimental design

There are 6 differenalatum accessions used during this experiment and the experiment consists @ut of
different treatments.To take systemic differences into account a block system was used. \Withitks

which served as 5 biological replicatesndomization was used to avoid systemic confounding. During the
germination the experimental units werehé agar plates containindl to 15 seeds. The agar plates
containing different accessions were randomly assigned to an accession number. The block size was
designed based on theumber of treatments times thenumber ofaccessions and therefore the numbetr o
blockswere identical to thebiologicalreplication number per accession. Within the blocks thegdavere
randomized. A random number generator in Excel was used. Similar as in the germination experiment a
complete block design was usddr the seedligs grown in potsPer block8 plants per accessioper
treatment were present and randomly placed within the blo&tock size was the number of plants times

the number of accessions times the number of treatments. Similar to the design with the agar plates, the
number of blocks represents the number of biological replicates for the RNA extraction (see furtieuen).

to the small scale of this experiment no border rows were planted.

De-methylation treatment

Zebularineg originally developeds a cytidine deaminase inhibitaran be used as a dwaethylationtool for
testing the consequences of genomic methylati@wssdorf, Arcuri, Richds, & Pigliucci, 2010/ergeer &
Ouborg, 2012 DNA methylation gets inhibitegince thezebularine is a chemical analogue of cytosine and
forms covalent adducts with DNA methyltransferases therefdmsabling there role to maintain the
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epigenetic code in a proper way. Zebularine is considered &y beore stablehavinga half liveup to 3
weeksandto have less dramatic effects to young plant developmenimpared to other DNA methylation
inhibitors such asb-Azacytidine while still leading to reactivation of epigenetically silenced (Beiubec,
Pecinka, Rozhon, & Mittelsten Scheid, 2D0Ehere were 2 different treatments in this experiment, i.e.
growing on agar containingither 0 (control) or 10 M zebularine (Sigma Aldrich, Zwijndrecht, The
Netherlands) In this way the seedlings were exposed to zebularine for twelve, delyieh assumedly leads
to (partial) demethylation of the plant genom@aubec et al., 2009 Both control and with zebularine
treated plants were grown together in th@eviously describedandomizedblock design.

RNA extraction and cDNA synthesis

In order to have minimal variation in the gene expression levels from each bloekts per accession per
treatment were randomly selected andopled for RNA extractioteading to 40 samples:rom every plant
leaves of approximately the same developmental age were clipped@aodches of Gnmin diameterwere
obtained from the middle of the leaf. Ledissue was instantly frozen using liquiditrogen. For RNA
extractiona 20 step protocol was followed (séppendixC, Protocolsand the concentration and purity of
the RNA was determined. Samples were stored88C The average RNA concentratj@xamined using
the NanoDrop® 2000 spectrophotometavas 1350 ng/uwhich was in all cases sufficient for the RNA
cleaning protocolBesides theguantity also the qualitywasexamined and considered to be good (data not
included).

To make sure no genomic DNA was present in the samples before cDNA synthesis &rdaiNasat was
carried out using TURBO Ditée Kit (Ambion, AM1907) according to @levenstep protocol §ee Appendix
C, Protocols Samples were stored e80°Cprior to cDNA synthesig.o test if no genomic DNA was present
in the RNAt was tested in a PCR reactiifthe DNase treated RNWasnegative for aeferencegene.

The SUperScript Il FiStrand synthesis system for RTR (Invitrogen, 180&51) was used to carry out
cDNAsynthesigTable 1). DNase treated RNA samples were diluted fogin 8 uL DNase/RNaséree water

prior to the reactionand 1uL50 uM oligo(dT) and 1 pL M@as addedprotocol see Appendix C, Protocpls

All samples were stored aR0°C Both samples, treated and untreated with DNase, were run on an one
percent agarose gel faabout 30 minutes migration at about 110 volts, to check for the quality of the
samples. All samples were considered to be clean and of appropriate quality to continue for the gPCR
reaction (data not included).

Tablel An overview of the composition of the cDNA synthesis mixture.

cDNA synthesis mix

Master mixtimes 1x
10x RT buffer 2.0 pL
25 mM Mgdl 4.0uL
0.1IM DTT 2.0puL
RNaseOUT (40 U/uL) 1.0uL
SuperScript Il (200 U/pL) 1.0puL
Total 10.0 L

Targeting candidate genes
The process of selecting candidate genes and designing primers was done accordingly a step by step protocol
(see Appendix C, Protochlsirst aselection ofcandidategenes of which the function in regulation of
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flowering time inArabidgsisis demonstrated Table2), was compiled from the literature and the internet

data base. To get a general idea of the function of the potential homolog genes the flowering pathway was
studied in Arabidopsisand the behaviour of flowering time in the ges AsteraceaSeveral genes were
selected in different places of the flowering pathwaye. the vernalisation pathway, the@utonomous
pathway, CO and flowering pathway integratdrspe able to cover the most of thregulatory network(see

Fgure 1) With this wide coverage within the flowering time regulatory network it is assumed that DNA
methylation effects can be observed either directly on the selected genes or indirectly as a downstream
effect of epiallelic variation upstream of (one of) the sekticandidate genedhis approach thus zooms in
towards the relevant parts of the flowering time pathway that may harbour &gialvariationresponsively

for the previously observed zebularine effects on flowering time varidiiditschut, 2013

Table2 An overview of the genes selected form tiiewering pathway ofArabidopsis thalian@o determine the influence of DNA
methylation at gene expression level in the different Dandelion accessgarse names are shown as usedhe tUniversal Protein
ResourceKnowledgebaséUniProKB).Gene ID is obtained froffhe Arabidopsis Information Resrce (TAIRand the description of
the gene is given as found on the database of TAIR (hyperlink is active).

UniProtKB Gene Name Gene ID Description

CcoO AT5G15840 B-box type zinc finger protein with CCT domain

VIN3 AT5G57380 Fibronectin type Il domainontaining protein

FCA AT4G16280 RNA bindingabscisic acid binding

LD AT4G02560 Homeodomaidike superfamily protein

FLD AT3G10390 Flavin containing amine oxidoreductase family protein

FLC AT5G10140 K-box region and MADBoXx transcription factor family ptein
FT AT1G65480 PEBP (phosphatidylethanolamibending protein) family protein
SOC1 AT2G45660 MADSboxprotein AGAMOUSke 20

AP1 AT1G69120 K-box region and MADBox transcription factor family protein

The candidate genewere blasted against th&@araxacumntranscriptome 8 candidate genesvere found to
have a high alignment score and/or a highercentage identity matchwith a contigfrom the Taraxacum
transcriptome(Table 3). The ontigswere selected based on several qualities such as conserved start codon
site, splice site and conserved stop codon site.

Table3 Basic bocal Alignment Search ToollSTresults can be seen in overview in the tabktween theselected candidate gene
from Arabidopsis thalianand the contig from thélaraxacuntranscriptome The qualitiesthat were used to select the contigs are
shown. Open Reading Frar(@@RF) is given in base pairs, the alignment sanceidentities percentagis obtained from themultiple
sequence alignment metho@lustal W(Thompson, Higgins, & Gibsat994. Start, splice and codon sites were manually observed
using BioEdit Sequence Alignment Editdall, 1999.

ORF Alignment Splice

Candidate gene Contig (bp) score Identities Start codon sites  Stop codon
CO_1(112»p) c47006 gl i1 1134 861 60.30% conserved 1/1 conserved
VIN3 1 (1863 bp) ¢c48814 g2 i1 1848 1117 55.67% late (2) 1/4 conserved
FCA 3 (1602 bp) ¢50831 gl i3 1719 1083 57.50% conserved 10/12 no stop
LD_2(2862bp) ¢c51807_gl_ i1 1494 203 39.95% early 8/12 no stop
FLD_1 (2655 bp) ¢52882_g2 i1 2241 1623 56.39% late (1) 2/4 early (5)
FLC_1 (591 bp) ¢2282 gl i1 756 333 54.37% conserved  3/6 late
FT_1 (528bp) €c61026_g1 i1 525 532 67.61% conserved  3/3 conserved
SOC1 1 (64Bp) ¢39306 gl i1 657 700 70.37% conserved  6/6 late
AP1 1 (771bp) ¢48802_g2_i1 705 643 63.78% conserved  6/7 conserved
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http://plants.ensembl.org/Arabidopsis_thaliana/Gene/Summary?g=AT5G15840;r=5:5171182-5172758;t=AT5G15840.2;db=core
http://arabidopsis.org/servlets/Search?type=general&search_action=detail&method=1&name=AT5G15840&sub_type=gene
http://plants.ensembl.org/Arabidopsis_thaliana/Gene/Summary?g=AT5G57380;r=5:23246395-23249504;t=AT5G57380.1;db=core
http://arabidopsis.org/servlets/Search?type=general&search_action=detail&method=1&name=AT5G57380&sub_type=gene
http://plants.ensembl.org/Arabidopsis_thaliana/Gene/Summary?g=AT4G16280;r=4:9206597-9214825;t=AT4G16280.3;db=core
http://arabidopsis.org/servlets/Search?type=general&search_action=detail&method=1&name=AT4G16280&sub_type=gene
http://plants.ensembl.org/Arabidopsis_thaliana/Gene/Summary?g=AT4G02560;r=4:1123490-1128421;t=AT4G02560.1;db=core
http://arabidopsis.org/servlets/Search?type=general&search_action=detail&method=1&name=AT4G02560&sub_type=gene
http://plants.ensembl.org/Arabidopsis_thaliana/Gene/Summary?g=AT3G10390;r=3:3229293-3232345;t=AT3G10390.1;db=core
http://arabidopsis.org/servlets/Search?type=general&search_action=detail&method=1&name=AT3G10390&sub_type=gene
http://plants.ensembl.org/Arabidopsis_thaliana/Gene/Summary?g=AT5G10140;r=5:3173497-3179448;t=AT5G10140.1;db=core
http://arabidopsis.org/servlets/Search?type=general&search_action=detail&method=1&name=AT5G10140&sub_type=gene
http://plants.ensembl.org/Arabidopsis_thaliana/Gene/Summary?g=AT1G65480;r=1:24331428-24333934;t=AT1G65480.1;db=core
http://plants.ensembl.org/Arabidopsis_thaliana/Gene/Summary?g=AT1G69120;r=1:25982330-25986313;t=AT1G69120.1;db=core
http://arabidopsis.org/servlets/Search?type=general&search_action=detail&method=1&name=AT1G69120&sub_type=gene

Primer design

Primerswere desigred using Primer3Untergasser et al., 20)2nd PerlPrime(Untergasser et al., 20)2In

order to obtain uniquegene expression informatiotihe primers were blasted against the whdlaraxacum
transcriptometo confirm a single contig match. Primers were designed to obtain products with a size of
approximately100 bp. Splice variants an&ingle Nucletide Polymorphismm (SNPs) as documented in TAIR
was taken into account when choositige exons of the genes arille position of the primergespectively5
different primer pairs were designed per candidate gene. To know how weDtlamntitative reattime PCR
(gPCR) would work for each primer pair the primer efficiency was determined (data not shown). Primer pairs
were tested in5 different dilutions (10x, 20x, 50x, 100x, 200xus 1non template control NTG sample For

each candidate generimer pairs were selected when an efficiencyaobund 1 was confirmed using Linreg
(Ramakers, Ruijter, Deprez, & Moorman, 2003

Table 4 Taraxacumcandidate gene primer information: primer sequences, annealing temperatyeu§ed during thegPCRand
product size in base paiBF-lalpha and GAP are used as reference genes during the gPCR experiment.

Gene Forward Primer Reverse Primer Ta Size

TaCO TGGATCAGAGCAGTATCTTA CAAAGGTAGGCGTTGTCAG 65 114
TaVIN3 AAAGACATAGGAAATCGGAC AAACTCCACAACCTCCAAGTC 65 97
TaFCA TTACAACAATCCTTCGTCAG! AAAGGGAATTGACGTTTCTGG 65 104
TalLD CTCTGGTAGTACCGTCGAG TTGCATTGCCTTGAAACGA 65 114
TaFLD ATATCGCTTTATGTACGGTC( CGAACCCTAGACGTTTAATTCC 65 107
TaFLC CTAGGGATAAGGCCCGGAT/ CGCTTAGAAAAAGCCACTCG 65 143
TaSOC1 ATCCATACAGACCAAGGAAC TGGTCCAATGAACAATTCCGT 65 98
TaAP1 TCGGGATTATTGAAGAAAGC ATCGGTAGAGTACTCGCAG 65 104
EFlalpha CGAGAGATTCGAGAAGGAAC CTGTGCAGTAGTACTTGGTGG 60 + 150
GAP CGGTGTGAACGAGAAGGAA™ TCTGTGTAGCGGTGATGGAG 60 157

Quantitative real-time PCR

40 Samples were analysed for didferent genes with the gPCperformed usinga SensiFAST SYBR No
ROX Kit (2%, Bioline, B88020)mixture,400 nM of each primer an8 pLof cDNA in a final volume &0 L
(Table 5) A NTCwas addedfor each run to make surthe reagents were not contaminate® technical
replicates were performed for each gensing areattime PCR cycler, the Rot@ene Q (Qiagen, Incwith
the following parameters: 95°C f@rmin, and 40 cyclesf 95°C for 5ecand 60°C foBO sec, melting curve
65-95°C 1°Cper step.

Table5 An overview of the composition of thiuantitative realtime PCRnixture.

Real time gPCR mix

Mastermix times 1x
SensiFAST SYBR 10.0 pL
F Primer 0.8puL
R Primer 0.8puL
Dnase/Rnase free,B 3.4uL
cDNA sample (diluted) 5.0 uL
Total 20.0 pL
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Analysis of the expression datd the geneswas carried ouusing the LinRegPCR softwgRuijter et al.,
2009. Sample normalizationwas carried out against two reference gends. EFlalpha and GARith
adequate justificatiorusing an Excddased tool, BestKeepéPfaffl, Tichopad, Prgomet, & Neuvians, 2004
The average value for thesference genes upntification cycle (Cq), the nomenclature describing the
fractional PCR cycle used for quantificatieas used to correct the candidate genes leading to the delfa 0
Cq.The data was checked for technical errors and corrected for outliererder to know the treatment
effect the delta deltad n Cda was calculated of the candidate genBg. calculating the 3 n / tije fold
change was obtained and additionally the percentage chahgeto the treatmenti.g. 0.5 fold change is
50% decreaseand 2.0 fold change is 100% increas#ther to analysis of the melting curvesanger
Sequencing of the product was carried out to confirm that there was a di@iproduct in eachreaction.

Data analysis

Data obtained from the gPCR needed to be testeddifferences between accessions, treatment and an
accession*treatment effect. To test for significant differences a general linear model was used also taken a
possible block effect into account. The hypesis was tested via an independent univariaealysis of
variance For all data points the distribution of the residuals wesaved and examined for normal
distribution (Test of Normality: ShapireWilk Wtest). Secondly thd S@Sy SQa G Sadrror2 T S|
varianceswas carried out to test the null hypothesis that the error variance of the dependent variable was
equal across groups (Design: Intercept + Accession*Treatment + Accession + Treatment).
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Results

Germination

Seeds of the four different acssions,i.e. Ala_2, Ala_1237, Ala 12862 and Ala_12882, were
germinated on agar platesSeedlings that germinated from seedsthin the zbularine treatment could
clearly be distinguished from the contriveatment. Theseedlingsshowed sign of stress by red colouring of
the edges of the leaves and stehse to zebularineSeedlings seemed to be less tall than the control plants.
The average germination score was 78.03 per¢satHgure 2) The data of the germination was norriyal
distributed. There is a significar{p=0.011)accession effect on the germination percentagwever if the
zebularine treated seeds are analysed separately the difference between accessions is no longer significant
(p=0.306). Theaveragegermination grcentage was higher in the zebularine treated seeds compared to the
control treatment.However the treatment effectvas notfound to besignificant(p=0.089). There wasilso

no significant interactioeffect between the accession and the treatment in thigperiment(p=0.346).

Germination
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Figure2 The fraction of germinated seedsicluding the error bars are shown for the different accessions.

Gene expression levels

Gene expression levels of eight different genes TaCO,TaVIN3, Ta-CA,TaA.D,Ta-LD,TaLC,TeSOCland
TaAP1,in the flowering pathway were measureftom leaf samples taken from seedlings of the four
different accessiondAn overview of how the average gene expression levels of the candidate genes respond
to zebularine can be seen Fgure 3. 1 is notable that for Ala_1-237 all the genes, excefia-CAwhich

gives a similar resyltshow lower gene expression levels, whilla 2 and Ala_1237 show higher gene
expression levels omaCO, TaVIN3, TaFCATa.D andTaLD. All accessishave lower expression levelisie

to the zebularine treatmentor the genesTaSOC1 andaAP1.
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Figure 3 The effect ofthe treatment is presented in the percentage change in gene expres$ima.relative gene expression is
calculated as normalized target gene expression ldReicentages are obtained from the fold change due to treatment with the
formula 2n n /. Minus percentages are displaying a decrease in percentalgere 0.5 fold change is represents a 50% decrease
and relative gene expressi@an goup to aminus100 percenbf the original expression level

Statistical analysis

Gene expression data was dysed withthe average valudwo technical replicateof the gPCR, five
biological replicates, fouaccession and two treatments. An overview of the mean expression level
differences between candidate genes and accessionthe different treatmentscan be seen inFigure 4
and 5 All data was found to be normally distributed and the sample variances were eljiffeltence in
gene expression levelsetween the accessionsithin the control treatment wasonly significant folTaFLC
(p=0.016, as can be sean Table 6.

Table6 Summary of mixed effect models. Effects of accessiormelhylation treatment and there interaction on different genes
within the flowering pathway. d.f,; degrees of freedom of factor accessidreatment and accession*treatment, respectively.
{AIAYAFAOlL YU Ol tdz§&a o6h T noapd INBE AYyRAOFGSR Ay 062fR

Accession Treatment Accession*Treatment

Source d.fios F p-value F p-value F p-value

TaCO 3,1,3 1.100 0.367 0.734 0.399 0.469 0.707
TaVIN3 3,1,3 1.061 0.383 0.325 0.574 0.968 0.423
TaFCA 3,1,3 1.385 0.270 1.612 0.215 0.520 0.672
TalLD 3,1,3 0.845 0.482 2.614 0.118 1.506 0.236
TaFLD 3,1,3 0.472 0.704 2.039 0.165 0.767 0.523
TaFLC 3,1,3 9.360 <0.001 1.134 0.297 1.958 0.145
TaSOC1 3,1,3 0.324 0.808 52.171 <0.001 1.833 0.166
TaAP1 3,1,3 2.383 0.092 49.461 <0.001 3.516 0.029

19| Page



Within the zebularine treatment there was a significant accession effect for the candidate genes TaFLC

(p=0.042) and TaAPD=0.025) as can be seen ifable 7 On average the standard

deviation from the

zebularine treated samples is lower compared to the control sampldsglme 4 and e results from both
the control and the zebularine treatment can be seen in overvieve ffeatment was found to have a
significant effect for TaSOCp<Q.01) and TaAP1p&0.01), which is shown in Table. @here was a

significant accession*treatment interaction only for TaABdeTable 6)

Table 7 Summary of mixed féect models. Effects of accessiavithin the control group and the accession within the zebularine
group.d.f., »; degrees of freedom of factor accessioontrol and accession treatmentespectively{ A 3y A TA Ol y i @I t dzS &

indicated in bold

Accession Control Accession Treatmen
Source d.fo F p-value F p-value
TaCO 3,3 0.643 0.603 0.916 0.465
TaVIN3 3,3 0.521 0.677 1.515 0.265
TaFCA 3,3 0.903 0.471 0.592 0.633
TalLD 3,3 1.035 0.415 1.142 0.375
TaFLD 3,3 0.287 0.834 1.366 0.304
TaFLC 3,3 5.394 0.016 3.812 0.043
TaSOC1 3,3 0.783 0.528 1.083 0.397
TaAP1 3,3 0.034 0.991 4.624 0.025

Control treatment

MeannCq

TaCO TaVIN3 TaFCA TalD TaFLD TaFLC TaSOC1 TaAP1
Candidate gene

HAla_2
EAla_12-137
W Ala_1280-S2
HAla_1284-S2

Figure4 Mean gene expressidevelsof the candidate genes from the different accession$afaxacunobtained from the control
treatment. Differences found between the accessionsTaFLC are significanthe genesvere corrected with the reference genes
EFlalphaand GAP KA IKSNI n/lj RAaLIX l&a | f2¢SNJ IASyS SELINBaarzy fS@St
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Zebularine treatment

14

MeannCq

TaCO TaVIN3 TaFCA

TaLD

TaFLD TaFLC TaSOC1l TaAP1
Candidate gene

HAla 2
EAla_12-137
i Ala_1280-S2
HAla_1284-S2

Figure 5 Mean gene expression levetd the candidate genes from the different accessionsTafaxacumobtained from the
zebularine treatmentDifferences found between the accessions for FLC and AP1 are signifleagienes wereorrected with the
reference gene&F1lalpha and GAR M 3 K S Nibplays Bower gene expression levelhen comparing samples

The different accessions respond differerttiythe zebularine treatment as can be seen in figure 3. For each

of the accessions the gene expression levels are measured from five biological reglaraesing out of
pooled leaf samples of five different plantSome of these genes expression levdiews a significant
(p<0.01) positive correlation with one othefaple 8). The differences ojene expression level correlation
for the controltreatment andzebularinetreatment within accession can be seertlie AppendixB, Table 6

Table8. Inter-gene Pearson correlation efficients.

Gene TaCO TavVIN3 TaCA TdD TaFLD TaLC TaSOC1
TavIN3  0.78**

TaCA 0.86**  0.82**

TaLD 0.77*  0.85* 0.86**

Té&FLD  0.79**  0.84*  0.86** 0.87**

T&LC  0.65**  0.62** 0.69** 0.71**  0.56**

TaSOC1 0.12 0.32 0.15 0.15 0.02 0.45**

TaAP1 0.08 0.30 0.09 0.11 0.06 0.21 0.89**

** Significant correlation at P < 0.01.
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Discussion

Flowering time variation

FLC, which is an effective flowering represg¢Sheldon et al.,, 1999 is largely responsible for the
vernalisation requirement Hgure 1). Variations in flowering time found in natural accessions, with a
common FRI haplotype, agften associated with different expression levels of FLC, suggesting variation in
FLC or variation in genes involved in the regulation of(Mighaels, He, Scortecci, & Amasino, 2088indo

et al., 200%. In this experiment the gene expression levels of seedlingeewneasured pior to any
vernalisation treatment. fle gene expression levels of FLC found in thisearchturned out to be
significantly different between four different accessionsTafaxacumThese differences of gene expression
levels of T&-LC could possibly be the reason for flowering time differences found in a previous study
(Wilschut, 2013 However results shown in thistudy shows that gene expression levelsTaFLC do not
significantlychange after danethylation treatment of the genome. Therefofea=LC expression levels do
not explain the fact that flowering time differences were found torhlified between accessior{8Vilschut,
unpublished data)lf gene expression levels @8FLC are not regulated by DNA methylation, but by other
epigenetic regulatory mechanismde-methylation treatment would not affect gene expression level
Arabidopsid-LC is epigenetically etsduring embryogenesis to ensure the requirement for vernalisation in
every generation(Choi et al., 2009 Sheldon et al., 2008 The exact resetting mechanism of the
vernalisationresponsive gene FLC is unknown, but researétrabidopsis thalianand tobaccolicothiana
benthamiang showed that there could be an ancient role for H3K27me3 demethylation in the
reprogramming of sutepigenetic states in plan{€revillén et al., 2004 The fact thatthere is no significant
treatment effect for theTa=LC gene expression levieétween theTaraxacumaccessions could be indicating
that the de-methylationtreatment used in this researctioes not influence the epigenetic state of the TaFLC
gene Demethylation treatmentcould causenullifying of flowering time differences via other regulatory
pathwaysand genesHowever, the genes that are foundpstream toTaFLC, and therefore could affect the
gene expression levels afaFLC, are likely to be ruled out and cover both the vernalisation and the
autonomous pathway (seEigure 1). In Arabidopsighe FLOWERING WAGENINGBNA geneis delaying

the flowering transitiorby inhibiting the function ofFT by interacting with {Soppe et al., 20Q0The allelic
variation now present in hthe wildtype plants is stablynethylated, however once dmethylated it can

lead to changed vegetative FWA expressmrer multiple generationswhich potentially could be an
advantage(Fujimoto et al., 201l It can be speculated that a similar gene could be influencing flowering
time differences inraraxacunmafter demethylation treatment.

DNA Methylation: a complicated role

Differentially methylated regions (DMRS) acting as epigenetic quantitative tidistem to account for a
great percentage of the heritability of flowering time AwabidopsiqCortijo et al., 2013 Flowering time is
found to be variable between dédfent accessions of the apomictic lineageTafaxacum alatunfWilschut,
2013. It is hypothesised in this research that there is epiallelic variation has evolved within the flowering
pathway. After demethylation treatment flowering time divergence between acdess was nullified
(Wilschut, unpublished data). According to this pbipic data on flowering time variation it is expected
that genes are differently expressed in the control treatment but similar under treatment with zebularine.
this researcha significant treatment effect has been found due to methylation for the gereAP1 and
TaSOC1 suggestingrale for methylation within the flowering pathwaylaFLC expression levels did not
show a significant treatmergffect; neither did theupstream genes in the vernalisation and the autonomous
pathway (se€lable 6 in theAppendix B). However, hese genes showd a consistent opposite effect of the
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treatment in case of the accessioAda_12137 verses Ala_12882 and Ala_12882 (seeFgure 3). The
difference intreatment response between the accessions could be due to eitheetgemr epigenetic
differences between the accession@verall theobservedupregulation of genes is in Ala_128@ and
Ala_1284S2 could be due to developmental advantages that the plants obtain due to the zebularine
treatment. Zebularine treatment couldctivate genes that are advantagés to overall plant development
therefore increasing gene expressioh multiple genes compared to the reference genes,it could just
increase specific gene expression levels due tendéhylation of these genesThe reatment effect for
Ala_12137 could be negative in this sense and therefore overall gene expression levels could bf tawver.
true effect of zebularine is not understood in detail at this poistsimilar effect regarding difference in
response to zebakine,is seen irbiomass measured in zebularir@ated plants and control planis there

is a different response to the zebularine treatment between the acces¢Wilschut, 2013

The most $riking outcome of this research is that the gemexpressionlevels of TéAP1significantly differ
between accessions in the treatment group, while they are not significantly different in the control group
(seeTable 6) This result i€ntirely opposite ofwhat is expected when regarding the phenotypic data from
previous experimentgWilschut, unpublished dateWwhere differences between accessions were nullified
after demethylation treatmentA speculativeexplanation could be thagenes are silenced by nigtlation

but to different quantitative degreedifferent quantitative methylation levels could cause variation in gene
expression levels when these previbusilenced genes are activated by a demethylation treatment.
Repressing genes that influence thgpression of TaAP1 this could be an explanation of the gene expression
levels found within this researctHowever it still remains unclear whgpecificallythis potential key
flowering integrator gene showsignificant gene expression level differenceshile flowering time
differences are nullified. Since the RNA samples are extracted from leaf tissue of seedlings previous to
vernalisation, it is not cleawhetherthese gene expression levels are also maintaiaker vernalisation or
during flowering ofthe plants. It is recommended that in future research gene expression levels should be
measured over time and in different tissyesich as the shoot apical meristein this way thainclearness

of the result obtained in this research compared to the phigpi data could be further researched.

Nevertheless gene expression levels found in leaves could indicate a pei#ers alsoseen in the apical
meristem (Blackman et al., 20}Jand therefore ould be used for analysis of the flowering pathway. The
expression levels of TaCO, TaFLCugstteamgenes of TaFLC do not seem to have a significant treatment
affect contrasting TaSOC1 and TaARareover gene expression levétsthe treatment groupof TaCO and
TaFLC are not significantly correlated withSOC1 an@laAP1(see Appendiy, while TaFLC is significantly
correlated withTaSOC1 and TaAP1 in the control group. These results suggest either that the zebularine
response is observedownstream of T&LC andipstream of TaSOC1 and TaAP1, or that another pathway is
influencing the gene expression levels of TaSOC1 and TahA@Xossible role of FWA to downregulate
SOC1 and AP1 gene expression levelsabidopsids suggested earlier in this discussitirhasalsobeen
observed inArabidopsighat GA was able to bypass the vernalisation requiren{@htandler & Dean, 19%4

If the activationor deactivationof GA is initiatedafter the zebularine treatmenthis could have a significant
effect on key flowering regulatory genes (sBgure 1) By triggering gene expression Giibberellin2-
oxidases (GA2oxs)nactivaton endogenous bioactiv&A might occur resulting itompact phenotypes and
delayed floweringGargul, Mibus, & Serek, 20130 et al., 2008Xiao, Fu, Li, Fan, & Yin, 215 owever
functions of GA seem to be spatially separated when looking at the meristem and th@Ptwaf Torti,
RomeraBranchat, & Coupland, 201.2f the function of GA is further investigatéds also necessary to take
samples of different tissues.
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Heritable trait variation

It becomesincreasinglyobvious that heritable trait variation can be under epigenetic control independent of
DNA sequence variatio@ablonka & Raz, 20090n the other hand genetically controlled methylation was
also found to be the cause of flowering timefferences (Zhai et al., 2008 When both genetic and
epigenetic variation exists it is hard to identify the epigenetic contribution to the trait variaitmotiis study

it is assumed that the accessions from the apomictic lin€eayaxacum alatunare genetically identical to
each oher. Howeverthis assumption has not been tested in this experiment. Genetic differences induced
by TE activitye.g. TE inserts at promoter regions, could be the reason for gene silencing by DNA methylation
and could accumulate differences within the apiotic lineages oTaraxacum TEs activity could also clarify
rapid adaptation with low genetic variation present, especially under influence of s{&iapley, Santure, &
Dennis, 201pexplaining the correlation found between DNA methylation patterns and flowering time (Data
not shown here). Genome sequence analysisecommended to clarify if the DNA methylation is under
genetic control and besides if the gene activity is correlated with this genetic controlled DNA methylation.

As noted in the recommendations, there aseveraluncertainties in this researciwhen t comesto
answeing the research questions. Therefore it canno¢ undoubtedly claimedhat DNA methylation
contributes to heritable trait variationWhile in literature it is confirmed that epigenetic control of flowering
time via H3K27 methylatioof FICcan be maintained over at least one generat{gwsin, Alonsdlanco, &
MartinezZapater, 2005Crevillén et al., 20%4Zografou & Turck, 20)3the results found in this research
cannot confirmthat DNA methylationas a transgenerational epigenetic mechanigtays an important role

for flowering time within Taraxacumvia TaFLCand thusan important role for evolution. However
significant differences in gene expgmaon levels of TaFlate a potentialclue for observed differences in
flowering time. By zooming in on the flowering pathway at gene expression level then® idirect
connection foundto the phenotypic data that was obtained prior to this research. Nevertheless there are
differences observed of gene expression levels betwieen different accessions and moreover there is a
difference in zebularine effect bhween these accessions. Consequently it is concluded tiatresults
obtained in this research strongly suggest that relevant epiallelic variation has arisen within the flowering
pathway.
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Appendix A

Glossary

1 5-azacytidine:A chemicalnalogue of cytidine used for DNA demethylation.

1 5-methylcytosine: Cytosine in its methylated form, the only one of the four DNA bases that gets
methylated.

1 APETALAl (AP1Floral homeotic gene encoding a MADS domain protein homologous to SRF
transcription factors. Specifies floral meristem and sepal identity. Requinethé transcriptional
activation of AGAMOUS. Interacts with LEAFY.Binds to promoter and regulates the expression of
flowering time genes SVP, SOC1 and A@di4ce: TAIR)

1 Apomixis:Clonal reproduction of a plant through seeds.

1 CDS (Coding DNA Sequenc&he caling regionof a gene, composed of exons which codes for
protein.

1 CG, CHG and CHH sitessitions in the genome that can be methylated (where His A, T or C)

1 Chromatin:a complex of macromolecules found in cells, consisting of DNA and assqmiateiths
(mainly histones).

§ Chromomethylase(CMT: SEI YLX S 2F |y SLIA ISy SiA Greaes hidkl (i S ND
maintains the epigenetic code at symmetrical’CHG contexts (' = methylated)

T CONSTANS (C@ncodes a protein showing similarities toczfinger transcription factors, involved
in regulation of flowering under long days. Acts upstream of FT and SOC1 (source: TAIR).

1 CpG islandsRegions where there is a high concentration of CpG motifs.

1 CpG motif:C base followed by a G in the DNA sequence.

1 Cycle threshold (¢ The point of time (or PCR cycle) at which the fluorescence intensity is greater
than the background fluorescence, meaning that the target amplification is detected.

1 De novoAn alteration in a genthat spontaneously arises from autation in the germline.

1 Differentially methylated positions (DMPsYositions in the genome that have a significant change
in methylation across generations or lines.

9 Differentially methylated regions (DMRsRegionsgn the genome that have a significagcthange in
methylation across generations or lines.

1 DNA methylation:The addition of a methyl group to another chemical, in this case DNA

 DNA methyltransferasd (MET):SEI YLIX S 2F |y SLIA ISy S iideatestddNA G S|
maintains the epigegtic code atat symmetrical’CGcontexts {' = methylated)

1 Dnmt3a:An enzyme that transfers methyl groups to DNA, to switch genes off.

1 EpiallelesGenes that are genetically identical but differ in their epigenetic state.

f 9LIAIASYSGAO f I yRahid) AdSmagezctedrdd by ChiradyWaddington to exemplify
concepts of developmental biology. The position of the ball represents different cell fates.

1 Epigenetic Recombinant Inbred Lines (epiRIL®)es that are generated for the purpost to study
the impect of epigenetic changens on the phonotypic variation

1 Epigenetic resettingReprogramming of the epigenome with the main purpose so the early embryo
can form every type of cdlle.totipotent.

91 Epigenetics (Arthur D. Riggs)the study of mitotically andr meiotically heritable changes in gene
function that cannot be explained by changes in DNA sequence."
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Epigenetics (Conrad Waddingtonk ¢ KS Ay G0SNJ} OGA2ya 2F 3ISySa 6AGK
0KS LIKSy2GeLIJS Ayid2 o0SAy3¢

Epigenetics (Greek prefigpi-): Above/on top or in addition to genetics, epigenetic traits are in
addition to the traditional molecular basis of inheritance.

Epigenetics (Jorg Tostft ¢ KS &G dzReé 2F KSNAGI of §suchfas ficddede Ay
expression profile of a cedlthat are not caused by changes in the nucleotide sequence of the DNA.
Epigenome:All methylation modifications found on the genome (DNA) and the associated histone
proteins.

Epistasisinteracting effects between alleles at different loci

Exon: The region of agene thatis potentially present in the in the final version of the mRNA
transcribed from the gene.

Fitness:An individual's ability to propagate its gertesthe next generation.

Floral induction: A process where the shoot apical meristempidints starts to produce flowers
instead of leafs.

Flower development:The process whose specific outcome is the progression of the flower over
time, from its formation to the mature structure. The flower is the reproductive structure in a plant,
and itsdevelopment begins with the transition of the vegetative or inflorescence meristem into a
floral meristem.

FLOWERING LOCUS C (HEAMOULIKE 25, CONTAINS InterPro DOMAIN/s: Transcription factor,
MADSbox (InterPro:IPR002100), Transcription facteboX (InterPro:IPR002487); BEST Arabidopsis
thaliana protein match is: AGAMOUe 31 (TAIR:AT5G65050(49urce: TAIR)

FLOWERING LOCUS D (AEmjodes a plant homolog of a SWIRM domain containing protein found

in histone deacetylase complexes in mammals. Lesions in FLD result in hyperacetylation of histones
in FLC chromatin, upegulation of FLC expression and extremely delayed flowering. Fi®eplkey

role in regulating the reproductive competence of the shoot and results in different developmental
phase transitions in Arabidopgisource: TAIR).

FLOWERING LOCUS T (FT):together with LFY, promotes flowering and is antagonistic with its
homoogous gene, TERMINAL FLOWERL1 (TFL1). FT is expressed in leaves and is induced by long ds
treatment. Either the FT mRNA or protein is translocated to the shoot apex where it induces its own
expression. Recent data suggests that FT protein acts as-adoge signal. FT is a target of CO and
acts upstream of SOC4ource: TAIR)

Flowering time control protein (FCARutative uncharacterized protein (source:UniProtKB).

Gene expressionThe proces®f DNA translation where the information of the genome le&adls
synthesis of a functional gene product

Gene therapyGiving a patient cells that have been genetically modified.

Genome:All the genetic material of the organism, DNA or RNA in case of RNA viruses, including the
genes and noftoding sequences.

Histonecode: The pattern of modifications that either push gene expression up or drive it down.
Histone modification: The addition of a chemical group to the histone proteire.g. addition of

acetyl to a lysine on the floppy tail of one of the histones (ac&onia

Histone octamer:A tight structure formed by two copies of each of four particular histone proteins
called H2A, H2B, H3 and H4. DNA is wrapped around it and it forms the basic unit of chromatin
called the nucleosome.
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Histone tail: long tails thatstick out from the nucleosome, which can be covalently modified at
several places.

Inbreeding depressionThe negative fithess effects of inbreeding. Classical genetic theories: due to
homozygosity in recessive alleles that are deleterious; the loss efisuheterozygote genotypes.
Induced pluripotent stem (iPS) cellReprogrammed cells that can turn into ectoderm, mesoderm
and endoderm to form any organ of the mammalian body.

Inhibitors: an enzym that can bind to other enzymes or genomic regions toedse the activity of

its target

Intergenic regionsThe DNAegions that are between genes.

LUMINIDEPENDENS (LBjcodes a nuclear localized protein with similarity to transcriptional
regulators. Recessive mutants are late flowering. Expression o kétdced in LD mutants (source:
TAIR).

Methyl CpG binding protein 2 (MeCP2) protein that binds to the methylated CpG motif, which
enable the cell to interpret the modification on a DNA region.

Methylation-sensitive amplification polymorphism (MSAP&¢hnique:

Non-coding RNA (ncRNAA RNA molecule that is translated from the genome which is not
translated into a protein but can have a function by itself.

Non-differentially methylated positions (DMPs)Positions in the genome that do not have a
signficant change in methylation across generations or lines.

Phenotypic plasticitythe ability of an organism to change its phenotype in response to changes in
the environment.

Pluripotent: The potential to form every cell in the body, except the placenta.

RNAdirected DNA methylation (RADMA formof methylation and maintains CHH methylation
Scabiosa colmbariaPerennial plant

Somatic cell nuclear transfer (SCNA):technique that makes it possible to clone an organism by
replacing the cell nucleus of amfertilized egg cell. First proven to be successful by John Gurdon
who worked withXenopus laevis.

SUPPRESSOR OF OVEREXPRESSION OF CO Coi8f&ljtowering and is required for CO to
promote flowering. It acts downstream of FT. Overexpressiof8QfC1) AGL20 suppresses not only
the late flowering of plants that have functional FRI and FLC alleles but also the delayed phase
transitions during the vegetative stages of development. AGL20/SOC1 acts with AGL24 to promote
flowering and inflorescence mistem identity. AGL20 upregulates expression of AGL24 in response
to GA (source: TAIR).

The four Yamanaka factorsfthe genes calle@ct4, Sox2, KIfdnd c-Myc which are used to turn
normal cells into pluripotent cells.

Totipotent: The potential to form eve cell in the body, including the placenta.

Transgenerational epigenetic inheritance:

Transgenerational inheritanceThe phenomenon of transmission of an acquired characteristic, i.e.
an epigenetic modification is transferred along with the genetic code.

Transposable elements (TE):f a2 OF f ft SR a2dzY LAy 3 3Indve BaéabiliyttNS 5 b
move ther position in the genome, potentially leading genetic disruption.

Trim28: Forms a complex with a number of other epigenetic proteins whigetiver add specific
modifications to histones, creating the right environment for DNA methylation.

Vegetative propagationA form of asexual reproduction in plants.
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1 VERNALIZATION INSENSITIVE 3 (MEN8)des a plant homeodomain protein VIN3. In planta VIN3
and VRN2, VERNALIZATION 2, are part of a large protein complex that can include the polycomb
group (PcG) proteins FERTILIZATIODNEPENDENT ENDOSPERM (FIE), CURLY LEAF (CLF), ant
SWINGER (SWN or ExAhe complex has a role in establishing FLC repression during vernalisation
(source: TAIR).

1 Vernalization: A process where the coolingf seed during germination or a plant during the
vegetative state is used in order to accelerate flowering when iiaisted or grown

1 Zebularine:A cytidine deaminase inhibitowhich can be used as a -tieethylation tool for testing
the consequences of genomic methylatio
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Appendix B

Figures and Tables

Table1 An overview of the gene expression leveBifferences found between the accessions for FLC and AP1 are significant. The
genes were corrected with the reference genes EFlalpha

Accession TaCO TaVIN3 TaFCA TaLD TaFLD TaFLC** TaSOC1 TaAP1*
C Z C Z C Z C Z C Z C 7= C Z c Z*
Ala_2 407 393 6.92 7.02 6.32 6.33 9.46 944 835 8.01 11.0111.54 8.35 8.01 8.2611.43

Ala_12-137 4.14 428 7.12 7.45 6.61 659 9.72 9.94 8.17 840 11.7012.12 8.17 8.40 8.2910.14
Ala_1280-S 458 420 7.69 7.07 6.96 6.61 1044 9.61 8.78 8.28 12.2711.99 8.78 8.28 855 9.14
Ala_1284-¢ 4.18 390 7.10 6.66 6.75 6.18 10.32 897 8.54 7.67 11.3410.85 854 7.67 8.2811.04
** Significant correlation at P < 0.(
* Significant correlation at P < 0.10.

Table2 A complete overview of all the statistical tests performed on the sample data.

Interaction Equal Test of
Gene  Treat*Acc Sig Acc Sig treat variance Normality
VIN 0.423 0.383 0.574 0.226 0.629
VIN_C - 0.556 - 0.289 0.907
VIN_Z - 0.266 - 0.474 0.985
FCA 0.672 0.27 0.215 0.439 0.772
FCA _C - 0.471 - 0.456 0.05
FCA Z - 0.633 - 0.366 0.439
LD 0.236 0.482 0.118 0.058 0.814
LD_C - 0.415 - 0.084 0.194
LD z - 0.375 - 0.265 0.601
FLD 0.523 0.704  0.165 0.039 0.192
FLD_C - 0.834 - 0.072 0.962
FLD_Z - 0.304 - 0.771 0.592
CO 0.707 0.367  0.399 0.637 0.147
CO_C - 0.603 - 0.416 0.724
CO 7 - 0.465 - 0.75 0.789
FLC 0.145 0 0.297 0.865 0.985
FLC_C - 0.016 - 0.962 0.763
FLC Z - 0.043 - 0.404 0.869
AP1 0.029 0.092 0 0.218 0.217
AP1 C - 0.991 - 0.649 0.047
APl Z - 0.025 - 0.073 0.684
SOC1 0.166 0.808 0 0.116 0.396
SOC1_C - 0.528 - 0.366 0.219
SOC1 zZ - 0.397 - 0.044 0.9
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Table3 ANOVA: Gene expression levels AP1

Source DF F Value p
Block 4 1.89E 0.141:
Treatment 1 49.461 <0.000:
Accession 3 2.38¢ 0.092¢
Accession*Treatment 3 3.51€ 0.0291
Error 26

Table4 ANOVA: Gene expression levels SOC1

Source DF F Value p
Block 4 2.38¢ 0.076¢
Treatment 1 52.171 <0.000:
Accession 3 0.324 0.808:2
Accession*Treatment 3 1.83¢ 0.165¢
Error 26

Table5 ANOVA: Gene expression levels FLC

Source DF F Value p
Block 4 35.454 <0.000:
Treatment 1 1.134 0.2967
Accession 3 9.36C 0.000Z
Accession*Treatment 3 1.95¢€ 0.1451
Error 26
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Table6 Inter-gene Pearson correlation coefficients with control and zebularine treatment separated.

Control

Gene TaCO TavVIN3 TaFCA TdD TaFLD TaLC TaSOC1
TaVIN3  0.74**

TaFCA 0.87**  0.80**

Td.D 0.77** 0.83* 0.89*

TaLD 0.81**  0.82** 0.84** 0.86**

T&LC  0.61**  0.52* 0.68*  0.67** 0.41

TaSOC1 0.25 0.57* 0.42 0.50* 0.16 0.74**

TaAP1 0.45 0.84**  0.62** 0.76** 0.61**  0.54* 0.78**
** Significant correlation at P < 0.01.

* Significant correlation at P < 0.05.

Zebu

Gene TaCO TaVIN3 TaFCA TaD TaFLD TaLC TaSOC1
TaVIN3  0.83**

TaFCA 0.83*  0.86**

Td.D 0.77**  0.92**  0.80*

T&LD  0.75**  0.89**  0.89**  (0.89*

T&LC  0.75**  0.81*  0.75** 0.87**  0.91*

TaSOC1 0.38 0.59** 0.44 0.47* 0.48* 0.45

TaAP1 0.07 0.26 0.08 0.12 0.07 0.03 0.82**

** Sjignificant correlation at P < 0.01.
* Significant correlation at P < 0.05.
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Figurel An overview of the gene expression levels of the different accessions for the different genes used in this research.
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Appendix C

Protocols

Quantitative PCR (gPCR)araxacumnmversion 2
General tips

1 Think about the design of all your gPCR experiment before you start. Preferably you run all the
samples that you would like to compare in the same run. For example, one gene per run for all
samples and next run next gene for all samples or all ways theehold genes and GOI in one run.

1 Test different cDNA dilutions, to check the dilution which will work for your experiment. You want
to do as many runs as possible on your cDNA, but also want a good signal.

1 Furthermore it is good to think about all podsitzontrols:

0 Add a no template control (NTC) for each gene/run to make sure your reagents were not
contaminated

0 Test if your DNase treated RNA is negative for a housekeeping gene. Or teRTaciiNA
sample. Some people test both, to check for gDNA amimiation which could affect your
relative gene expression.

0 Check the melting curve and some of the REdtiucts on an agarose gel to confirm that
there is a single product. In case of doubt Sanger Sequencing of the product might be an
option.

Householdgene primers

You would like to use multiple household genes in your experiment. There are different opinions about the
number of household genes you should use. Afterwards you analyze with for example GeNORM which ones
you can use in your particular exji@ent. In our case it is not so easy to find good household genes with
corresponding primers, since the genome it not known. Be careful that you take the right primers when you
need to dilute new ones, we tried several combinations see table 1.

PCR effiencies

The PCR efficiency gives you information on how well a PCR works (is in each cycle the PCR product doubled)
and can be determined in different ways.

On way is to make a dilution series from your cDNA, 10 times dilution should give an incr8z32 iof Ct
value. In that way you can make a calibration line and determine the slope/regression and the PCR
efficiency.

Another way, which is often used is LinReg PCR. This is a program which determines the PCR efficiency basec
onasingle PCRreactidn2 21 Ay 3 + G GKS aft2L)S 2F GKS fAySeo {2 K
dilute each sample or have to assume that is is the same for all samples if you only determine it for a few
samples (because it is not the same for all samples). More intaman linreg can be found in Ramakers et

al., 2003 and Ruijter et al., 2009.

The primers for EFlalpha and GAPDH seem fine in the test gPCRS (PCR efficiency according to LinReg arour
1.9) and expression is nice and high. Expression of actin and Ubi@hdower and also PCR efficiencies are
fine (PCR efficiency according to LinReg 1.98 and 1.87). 2
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gPCR reaction

If you would like to prepare the PCR reaction using the robot and gPCR for the first time, please ask someone
to help you out (Carla, Aggta

1. Design your gPCR experimerask Koen for advice
a. all random or in blocks
b. how many technical duplicates
c. One run fits 72 samples.

2. Information on the household gene primers and corresponding sequences, in table 1.

Prepare the PCR mix according tbléa2.

4. PCR program for household genes: 2 min 95°C, 40x (5s 95°C, 30s 60°C*), melting edBve: 65
degrees, 1°C per step.
*acquire

a. meltingcurve after the gPCR reaction gives the you the opportunity to check if there is a single PCR
product. When there is doubt always check on an agarose gel.

5. Gain settings: you can do choose gain optimalisation or usually gain 8 is fine. My feelingy@uthat
would like to keep de gain the same for all runs that you do for one experiment.

w

Tabel 1. Household genes primers. So far it seems that EFlalpha and GAP are the best, most stable and highest expression,
household genes. Howereve also have primers for actin and UbiQ which might be worth to try in some cases.

primer { Sljdz2Syo@S5 pQ Annealing | design Product
temp size (bp)

EFlalpha_fwd CGAGAGATTCGAGAAGGAAG, 60 Group of Janina Post + 150

EFlalpha_rev CTGTGCAGTAGTACTTGGTG( 60 Group of Janina Post

GAP_fw2 CGGTGTGAACGAGAAGGAAT| 60 Carla 157

GAP_rv2 TCTGTGTAGCGGTGATGGAG| 60 Carla

Actin_realtime_fw | CGACCTCATACCTATTCCCA(Q 60 Group of Janina Post

d

Actin_realtime_rev| CAGCCTTCACCATTCCAGTT(Q 60 Group of Janina Post

UbiQ fwl CCTTACCGGGAAGACAATCA| 60 Carla 117

UbiQrvl AATCAGCTAGGGTTCGTCCA | 60 Carla

38| Page



Tabel2 PCR mix for household genes.

component t SNI NBI OliAz2y o Final .
concentration
DNase/RNaséfree
34

water
SensiFASHSYBR No
ROX Kit

— 10 1
(2x, Bioline, BIO X
98020)
t NAYSNI F6 |08 400 nM
t NAYSNI NP |08 400 nM
cDNA (diluted) 5
total 20

Total RNA Isolation Taraxacugwversion 4
Needed:
1 Cover the with aluminum foil and bake > 4 hours at°t30
o0 RNasdree mortar and pestles
o RNasdtree spoons for transferring the sample from the mortar to a tube
DNase/RNasé&ee pipette tips
DNase/RNasé&ee 1.5 mL microcentrifuge tubes
Refrigerated microcentrifuge
Liguid nitrogen
TRIzol® Reagent (Ambiorigltechnologies, 15596026)
Chloroform:isoamylalcohol (24:1)
Isopropanol
DNase/RNaséee water ( e.g. DEP@ated or Sigma W4502L)
75% ethanol (prepared with DNase and RNase water)
3M Sodium Acetate (pH 5.2). Prepare the 3 M Sodium Acet®é&lasdree water in an RNase
free container; adjust the pH with acetic acid and autoclave before using.

E B TE_RE

Protocol:
1. Homogenize leaf tissue in liquid nitrogen.

a. Chill mortar with liquid nitrogen.

b. Add tissue after nitrogen has evaporated to emaf of its original volume.

c. Grind tissue quickly but carefully, make sure tissue keeps frozen.

d. Produce a fine talike powder. Add more liquid nitrogen if necessary between grinding.

Transfer powder to DNase/RNageNBS S (dzo SaT FAff GKS (GdzoS 9 dzy

a. You can store the powder é80°C before going into the RNA isolation.

Add 1 mL Trizol and mix well using the vortex.

a. You can store the well mixed tissue powder in Tra¢e80RC before going into the RNA
isolation.

Incubate for 5 min at room temperature (RT).

Add 0.2 mL chloroform:isoamylalcohol (24:1), and vortex for 15 sec.

Incubate for 1 min at RT.

Centrifuge at 15,000xg for 10 min &Ct

N

w

No ok
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8. Transfer the aqueous pise to fresh DNase/RNafiee tubes, and put on ice.
a. You should see two layers. Remove the top layer, starting from the very top and side of
tube, leaving a broad zone separating the lower layer.
9. Repeat steps-#B (optional).
10.t NBOALIAGFGS o6& FRRAY3 |y Sldzat @2ftdzyS 2F 02f
a. Mix by inverting twice and incubate for 43 min on ice.
11. Centrifuge at 15,000xg for 10 min &C4
12. Wash pellet with 1.0 mL cold 75% ethanol.

a. Discard the supernatant cangfy.

b. Add 1.0 mL 75% ethanol and loosen the pellet

c. Centrifuge at 15,000xg for 5 min &Gl

d. Discard the supernatant. Be careful; the pellet may be loose.

e. Air dry the pellet for 5 minCaution:do not let it dry for longer than 5 min, since the
pellet will become very difficult to resuspend.

13.!' RR mnn >[ "fedwaerSkwbl &S

a. Incubate the tubes on ice for at least 1 h, with occasional resuspension.
14. Spin at 20,000xg for 20 min atGlto remove the debris.
15. Transfer supernatant to a clean DNase/RNfzse tube.

a. Note: You will not always get a clear distinction between the supernatant and the
unwanted debris layer at the bottom of the tube. To avoid transferring debris, pipette
slowly from the surface of theupernatant.

16.t NSBOALMAGFGAZ2Y wb! F3FAYy o0& FTRRAY3 mn > oa a
isopropanol.

a. Precipitate on ice for 1 h or overnight @20°C.

17. Spin at 20,000xg for 20 min atGl
18. Repeat step 12.
19.Dissolve in5mnn > 5 b-frea Gatenobetni@hdin the fridge on ice.

a. Choose the volume based on the RNA concentration you need.

20. Determine the concentration and purity of the RNA and store the RNA samp&®at

DNA quality and quantification
Agarose Gel Electrophoresis
1. Run a qick agarose gel to check RNA integrity:
a. 1% agarose gel in 1X TBE in a DNase/RiXzsgel tray.
b.[2F/R w >[ &alYLXS IyR n > f2FRAy3 R&$S LISN
c. Run at 110 V until the dye reaches the end of the gel (~40 min).
d. Make a picture of the RNA gel using the imaging system
2.l ylrftel S mIp >t 2F GKS &l YLX Sa 2y (KS bl y2RNER
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Figure 1 Total RNA analyzed using agarose gel electrophoresis. Critical is tseneaned appearance of the major bands, efhi
correspond to ribosomal RNA.

Total RNA Analysis using the Bioanalyzer

Total RNA quality can also be analyzed by the Experion (BioRad), using the Experion RNA StdSens
Analysis kit according to protocol (73203, BioRad). The Experi@guires very small quantity of RNA
(50-150 ng) for analysis whereas Agarose gel electrophoresis requizes1

o

o .
1000 S S e — — — — —

t : A 'y h ! : ') L 1 2 El 1 13 B i e a m 1 L

= 3 = - b F 3 & 3 &

Figure2 Total RNA from leaf tissue was analyzed using the Biorad Experion.
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DNase treatment and cDNA synthesis
Needed:

=4 =4 -4 =4 4 -4 -5 -9

TURBO DN#ee Kit (Ambion, AM1907)

SuperScript Il Firsgtrand synthesis system forRTR (Invitrogen, 1808151)
DNase/RNasé&ee free water

DNase/RNaséee pipette tips

DNase/RNasé&ee 1.5 mL microcentrifuge tubes

DNase/RNasé&ee 0.2 mL PCR tubes

Microcentrifuge

Heat block at 37C

DNase treatment protocol (read manual):

1.

Thaw the 10x TURBO DNase buffer and DNase inactivation reagent

2.5AfdziS GKS wb! &l YLX S -free2waten >3 Ay np >f 5bl a
3. I RR p URBO DINm&e buffer to each sample

4. 'RR m >f ¢!w.h 5blaS o6n ! yAlGak>t0X YAE ONARST
5.
6
7
8
9

Incubate samples 30 min at 37°C

.I'RR p >t 5DblasS AyFrOGAGrGA2Y NBIF3ASyYy

. Incubate 5 minutes at room temperature, flick the tub& 2imes

. Spin the samples 1 min 0,000 g

.CNFYAaFSNI Ann >f adzZISMgetwei G2 | ySé 5blaSkwbl

10. Check the RNA quality and quantity on a gel and the Nanodrop
11. Proceed with cDNA synthesis and/or store the DNase treated RMNA“al

If higher RNA concentrations are needed read the manual carefully. In short:@dd2f ¢} w. h 5b |
YR dzaS wmn >t 5blaS AylFIOGAGlIGA2Y NBF3ISYyde p

cDNA synthesis protocol (read manual):

1.

ok wnN

Thaw the dNTP, Oligo(dT), RT buffer, MgCI2, DTT

Dilute the DNase tréa SR wb! & YL Sa (2 fweewaler Ay y >f 5bl ;
l'RR M >f pn >a 2fA320R¢0 YR m >f mMn Ya Rb¢t
Put samples on a PCR block for 5 min at 65°C followed with a pause step at 4°C

Put tubes on ice

Prepare R-mix (prepare a mix for all the sampleadlding the components in the indicated

order:

Component Volume
10x RT buffer H >
25 mM MgCI2 n >f
0.IMDTT H >f
RNaseOUT (40
| . Mmoo >t
k>t 0
§uperScr|ptI RT M >t
OHNN | K>f
7. | RR mfthe ¢éDNA synthesis mix to each sample and mix briefly.

8.

Incubate the samples on a PCR block: 50 min at 50°C, 5 min at 85°C, pause at 4°C
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9. tdzi Al YLX S& 2y A0S FyR RR mM>f wbl as$]
10. Incubate 20 min at 37°C
11. Store the cDNA aR0 °C

12. Make a tendilution series obne of the samples and run a gPCR to estimate the desired dilution.
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Appendix D

Epigenetics and crop improvement
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