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1 INTRODUCTION

Living organisms possess cellular mechanisms which regulate physiologickhaetdpmental
processes in response to internal and external Suelsmechanisra areparticularly important
in plantsdue to their sessile lifestynd include control of gene expression, mRNA processing

and stability as well as protein posttranslational modifications and stability.

1.1 Proteasomal degradation of proteins

Majority of the intracellular proteins are degraded by the ubiquitin proteasome pathway (Fig.
1), and this pathway has emerged as a central playdre regulation of diverse cellular
processedJbiquitin isa highly conserved protein composed of 76 anaitids anderves aa
reusable tag for selective protein degradatiorthis pathway Specific protein targets are
designated for degradation lmpvalent attachment of palbiquitin chain totheir lysine
residuegSmalle and Vierstra, 2004)his ATP-dependentascade reaction &complished by
sequential action othree enzyme familiesyubiquitin-activating enzyme (E1), ubiquitir
conjugating enymes (E2) and ubiquitinligases (E3).Initially, E1 activates ubiquitin by
coupling ATP hydrolysis to théormation of thioester bondetween Germinal ubiquitin
glycine and Elcysteineresidue Activated ubiquitin is then transferred to an &&teinevia
transesterificationFinally, E3 bindsthe E2 and a dostrate protein to facilitate transfer of
ubiquitin moiety.As a resultisopeptide bond is formed betweefteEminal ubiquitin glycine
DQG IUHH-aming lglp i@ the targeReiterative trarfer of additional ubiquitin
molecules to lysine residudsypically lysine 48)on each previously attached udpitin
generates @adyubiquitin chain(Smalle and Vierstra, 2004Protein targets conjugated with
polyubiquitin chains are degraded in AfP-dependent process by the 26S proteasome, a
2.5-MDa proteolytic conplex. The 26S proteasome ¢®@mprised othe 20S core particlend

one or twol9S regulatory particke Core particlas a cylindrical stack created by the assembly
of four heptameric ngs and itscentral chamber housgsoteaseactive sites.Regulatory
particle binds to one or both erafshe core particle. It serves to recognize ubiquitylated protein
targets and participates in their unfolding and direction into the lumen of thearice for
breakdown After breakdown of protein targetpbind Wbiquitin moieties are releaseuhd thus

recycled by the activityof deubiquitylating enzymes (Smalle and Vierstra, 2004)e



importance of this pathwaw plantsis clearly demonstrated by the number of genes encoding
its components, which represent over 5% of the total proteonfgahbidopsis(Hua and
Vierstra, 2011) The specificity of this pathway is provided by E§ases which aralso its
most numerous ahdiverse component, with ov&b00 differenE3 complexes being predicted

by comprehensive genetical analyseéiabidopsis(Hua and Vierstra2011)
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Figure 1. The Ubiquitin proteasome pathway. Ubiquitin is bound to an E1 in an ATP-dependent
manner and subsequently transferred to an E2. The E2-ubiquitin conjugate assembles with an
E3 which facilitates ubiquitylation of substrate proteins. Substrates with a covalently attached
polyubiquitin chain become targets of the 26S proteasome. Protein targets are cleaved into
peptides, while the ubiquitin moieties are recycled by deubiquitylating enzymes (DUB). Image
acquired from Hua and Vierstra, 2011.

E2-sH

1.2CUL3 E3ligases

There are tw major classes @3 ligases: HECT E3 ligases whiidrm a thioester intermediate
with ubiquitin prior to transfer of ubiquitin moiety to the substiatetein and RINGFinger
E3 ligases(also called cullirRING ligases)which facilitate ubiquitylation by positioning



activated E2s nedhe substrat@roten. Multimeric RING-Fingerligasesare compised of a
cullin proteinas acentral andscaffoldingsubunit which recruitRING-finger proteinatits C-
terminal region while itdN-terminal region binds variety of substrate adapte(€hen and
Hellman, 2013 In plants, here are four knowmajor E3 ligase families that contain eittaer
cullin (CUL1, CUL3, CUL4) ora cullin-like protein (APC2) (Hua and Vierstra2011) The
CUL3 based EBgaseqFig. 2)are comprised of a CUL3 protein which functions as a cutée
scaffold by assemblingith RBX1 and employg BTB-domainprotein as a substrate adapter
The RBX1 protein binds the EZubiquitin conjugateand allosterically promotes the direct
transfer of ubiquitin moiety from the E2 to the substr@teteins witha BTB domain can bind
the N-terminal region of CUL3, while their secondary domain such as MATH functions as an
actual substratadapter, thus forming laridge between CUL3 and the target subst(@teen
and Hellman, 2013

Figure 2. Structure and organization of CUL3 E3 ligase. CUL3 recruits RBX1 at its C-terminal
region, while its N-terminal region binds substrate adapters via their BTB domain. The RBX1
protein binds the E2-ubiquitin conjugate and promotes transfer of ubiquitin moiety from the E2
to the substrate. Image acquired and adapted from Chen and Hellman, 2013.

1.3MATH BTB proteins

The BTB domainalso known as POZ domaiis a proteinprotein interaction matiwhich
enables dimerizatiomligomerization, asvell as interactions with neBTB proteins, such as
previously mentioned CUL3t is a sequence of approximat€y DPLQR DFLGV - IRUPLQ.
KHOLFH VsHe&. ®espite widely divergent sequences, the BTB fold is structurally well
conserved Stogios ¢ al., 2005) MATH domain is about 180 amino acids long fold 687



D Q WL S Ddhézts @nbit (participates in protgrotein interactionsAll different MATH
encompassing proteins subfamilies seem to have a role in the regulation of pratessing
(Zapata et a]2007) Among 80 BTB proteinsoundin Arabidopsis6 of them contain MATH
domain (BPM216; Chen and Hellman, 2013PM1 and BPM2 are primarilyptalizedinside

the nucleus, whil®PM3, BPM4, BPM5 and BPM6 can be found both inside and outside
the nucleugLechner et a] 2009 Morimoto et al., 201) It is demonstratethat dl Arabidopsis
BPM proteinsare involved in regulation ofabscisic acidABA) resporse. ABA regulates
certainaspects of plantrgwth and development such as seed dormancy and germination while
also being a key component in plant response to biotic and abiotic Skhessclassl|
homeodomain leucineipper (HD-ZIP) transcription factoATHBG6 is a negative regulator of
ABA responsesuch as sensitivity towards ABA during seed germination and stomatal closure
Via their MATH domain, BPM proteins interact with the leuckiygperdomain of ATHB6 and
consequently target it for proteasomal degradafi@chner et a] 2011). Members of the
ERF/AP2transcription factor family aralso shown to interact with BPM proteiVgeber and
Hellman (2009demonstratéhat RAR2.4 interacts vih BPM proteinsvia their MATH domain

and proposea woking model in which BPM proteinkind with ERF/AP2s, potentially
interfering with their DNAbinding ability, but which ultimatelyesults in the degradatiasf
ERF/AP2 proteinsThis isfurthermore demonstrated by Chen e{2013)who showthat BPM
proteinsassemble with WRI1 at the DNA level,usang its destalization and subsequent
degradationWRI1 isalsoamember of ERF/AP2 transcription factor family and an important
factor in fatty acid and carbohydrate metabolignrecent study reportdhat BPM proteins
interact with DREB2A, a key transcription factor in drought and heat stress tolerance and a
member of ERF/AP2 family. BPM proteins negatively regulate DREB2A stability and
therefore modulate the heat stress response and prevent adfieetseoé excess DREB2A on
plant growth (Morimoto et al., 2017} role of BPM proteins in regulation of floweririg
reported Transcription factor MYB56 isstablisheds a negative regulator fddwering locus

T (FT), a central regulataf floweringtimein Arabidopsis Interaction of BPM proteins and
MYB56 results in instabilityand subsequent proteasomal degradaifoxYB56. Therefore,
BPM proteins positively affect floweringa their antagonistic functions with MYB56 on FT
expressior{Chen et al 2015. While previoudy mentioned studies establish and broatien

role of BPM proteins as regulators inrtsgriptional processes Arabidopsisvia CUL3-based

E3 ligase activitiesLeljak /HY D € 1dii(2012) report primarily nucleolarlocalization of
BPML1, a compartment which i® a large extentlevoid of CUL3, thus proposing a tal
independent rolef BPM proteins Furtherstudies (unpublished) fod proteinsDMS3 and

4



RDM1, members of th&NA-directed DNA methylation (RAM) pathway to be potend
interaction partners of BPM1

1.4RNA-directedDNA methylation

RdDM is an epigeneticpathwaywhich facilitatesde novoDNA methylationin plants It is
guidedby 24nucleotide small interfering RNAs (siRNAaihd involvegwo unique plant RNA
polymerases Pol IV and Pol.\Cytosine residues within all sequence contexts can be
methylated in this pathway (CG, CHG and CHH, H being A, T off@¢ RADM pathway is
implicated in transposon silencing, pathogen defense, stress responses, reproduction, and
interallelic and intercellular communicatiqgMatzke and Mosher2014) RdDM (Fig. 3)is
initiated by Pol IV which transcribes singlktranded RNAs (ssRNA) at itsrgget loci which

are primarily transposons and other repe@snerated ssRNA is theropied into double
stranded RNAdsRNA) by RNA-dependent RNA polymerase 2 (RDR2). Dicer endonuclease
DCL3 processes dsRNA into 2Wucleotide siRNA which arthen exportedo cytoplam and
incorporatednto AGO4. Formed siRNAAGO4 complexesare then reamported to the nucleus

The ssRNAAGO4 complex is guided by the ssRN#wards complementary scaffold
transcripts from Pol Vultimately leading to recruitment of methyltransferase DRM2 which
catalyzegle novaDNA methylation(Matzke and MosheR014) Subjects of this resedr, the
DMS3 and RDML1 pratins, arecomponents ofhe RdDMmachinerythat appear to be only
present in tbwering plantsThe DMS3 proteinpossesses hinge domain of thestructural
maintenance of chromosomgiMC) proteins. The SMC proteins are involved in modulating
higherorder chronosome organization and dynamics and form heterodimers via their hinge
domans. DMS3 is thought tetabilize the unwound state of the DNA duplex, which may ease
the Pol V tanscription (Matzke et al., 2005RDM1 is a small protein that has a unique fold
and a domain of unknown function. A nearly complete loss of DNA methylatiodnii
mutants indicates that RDM1 has a crucial role in RADM pathway. RDML1 is thought to act as
a bridging protein between AGO4 abdRM2 and facilitate PloV transcription as a part of a
complex with DRD1 and DMS3 (Matzke et al., 201l DM S3 and RDM1 proteinsinteract with

each other and are aso capable of forming homodimers (Sasaki et al., 2014).
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Figure 3. RADM pathway model. Pol IV transcribes ssRNA which is then copied into dsRNA
by the RDR2 with the assistance of CLSY1. The dsRNA is processed into 24-nucleotide
siRNAs E\ '&/ 7KH VL51%$V DUH PHWK\ODWHG DW WKHLU 9§ HQGV E\
AGO4. The SHH1 protein, which binds to histone H3 methylated at lysine 9, interacts with Pol
IV and recruits it to target loci. Pol V transcribes scaffold RNA that base-pairs with AGO4-
bound siRNAs. AGO4 interacts with C-terminal region of the largest Pol V subunit and with
KTF1. RDM1 protein links AGO4 and DRM2, which catalyzes de novo methylation of DNA.
Pol V transcription may be enabled by the activity of chromatin remodeler DRD1, which
unwinds the DNA duplex, while RDM1, DMS3 and MORC6 may help at generating and
stabilizing the unwound state. SUVH2 and SUVH9 bind methylated DNA and may assist in
recruitment of Pol V to some loci. Image acquired from Matzke and Mosher, 2014.

1.5Bimolecular fluorescence complementat{@i-C)

Protein interaction studies in living cells are of particular significanacknowledginghe
mechanisms of cellular process&hbe ineractions that occur imparticular cell depend on the

full complement of proteins present in the cell, their posttranslational modifications and the
external stimuli that influence the cell. Most protpiotein interactions are studied ioyvitro
methods (pull down) or in yeast (by yeast two hybrid system). BiFC an@hygis4) enables
direct visualization of protein interactions in livioglls and can be performedplant cells It

is based orthe formation of a fluorescemomplex by twononfluorescentiragments of the
yellow fluorescent protei{lY FP) brought together by assiation of interacting proteinsised

to these fragments (Hu et al., 2002)
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Figure 4. Formation of the bimolecular fluorescent complex. BiIFC method is based on
complementation between two non-fluorescent YFP fragments when they are brought together
by interactions between proteins fused to each fragment. Initial steps of complex formation are
mediated by contacts between proteins fused to the YFP fragments. The complex is stabilized
by assaociation of the YFP fragments. Reconstitution of the YFP complex is irreversible. Image
acquired and adapted from https://commons.wikimedia.org/w/index.php?curid=9646287



1.6 Thesis objective

The main objectie of this study is to establish the BiFC method in Laboratory of molecular
plant biology, Faculty of Scienc®ased ora recent study, a culimdependent function of
BPM proteins was proposed/ HOMDN /H Y,2QLR)an# @velidi@aryresearch found
DMS3, and RDM1the components of the RADM machinery, to be potential interactors of
BPM proteins(unpublished) The secondaim of this work was to analyze protginotein
interactions of BPM1, DMS3 and RDML1 in transiently sBimmmed tobaco cells via BiFC. A
positive result would strengthehe recent findings thasubstantially expand the role of BPM

proteins in plants.



2 MATERIALS AND METHODS

2.1 Materials

2.1.1Bacteria strainand growth conditions

2.1.1.1Escherichia coli

E. coli HSTO08 strain (Stellar™ Competent Cells)
(http://www.clontech.com/US/Products/Cloning_and_Competent_Cells/Competent_Cells/Ch
emically_Competent_Cellssupplied withIin-Fusion HD Cloning Kit was used forvector
cloning Bacteriawere cultued in liquid LB mediumoR Q /% DJDU SODWHYV DW

2.1.1.2Agrobacterium tumefaciens

A. tumefacien§&V3101pMP90strain(Koncz and Schell, 198&yas used for agroinfiltration
of Nicotiana benthamiankeaves This strain contains rifampiciresistance gene in its genome,
while pMP90 contains gentamidiasistancgene Bacteria were cultured in liquid LB medium
RU RQ /% DJDU SODWHV DW f&

2.1.2Plant material and growth conditions

2.1.2.1Nicotiana lenthamiana

N. benthamianglantswere grown ina climate chamber at 24 &nder a 161/8 h light/dark
F\FOH DQG OLJKW EQn Kiative av huRidity of4Q t&/60%

2.1.2.2Allium cepa
Onion bulbs were bought in the market and were stored in the dark.
2.1.2.3NicotianatabacumBY -2 cell suspensian

Tobaco BY-2 cells(Brandizzi et al., 2003re nonrgreen, fast growing plant cells widely used
for examination of cell cycleCell suspensiawerecultivatedin vitro in BY-2 mediumin the
darkwith shaking at 12@pm.
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2.1.3 Plasmids

2.1.3.1 pSPYNE and pSPYCE

To observe the proteiprotein interactions in living plant cells viBiFC, pSPYNE and
pSPYCE (shorter fasgdit YFP N-terminal/C-terminal fragmengxpression were used (Figp)
(Walter et al., 2004)Both gasmidscontain kanamycin resistance gexseselectable marker in

bacteria
c-myc
N
pSPYNE-35S/pUC-SPYNE / 358 MCSI ( a;mss) NosT
HA
YFP®
pSPYCE-35S/pUC-SPYCE MCS (aa 156-239) ~ NosT

pulOI cc651 rmaI

f(baT alaI r Ftu! r\scT FpeI IBamHT lClaT rsalf r(hoI r f(pnI |Srr.a'l

CTCTAGAGTTAAC CGGGCTCAGGCC TGGC GCGC CAC TAGT GGA TCCA TCGA TAG TACT GTCGACC TCGAGGG TACCGCTC CCGGGAT G
S RV N RA Q A W T $ G s I b s TV DU LETGTAUPGM

Figure 5. Plant-compatible BiFC vectors used in this research. c-myc, c-myc affinity tag; HA,
hemagglutinin affinity tag; MCS, multi-cloning site; 35S, 35S promoter of the cauliflower mosaic
virus; NosT, terminator of the Nos gene; YFPN, N-terminal fragment of YFP reaching from
amino acid (aa) 1 to 155; YFPC, C-terminal fragment of YFP reaching from aa 156 to 239.
Image acquired from Walter et al., 2004.

2.1.3.2 pPB7TWGFGFP

To confirm the efficacy ofill usedplant transformation techniqugsB7WGFGFP (Fig. 6)
containing EGFP gene undercontrol of strong constitutive35S promote was used.This
plasmid containspectinomgin resistance gene as selectabker in bacteria.
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Figure 6. Map of pB7WGF-GFP. This plasmid contains EGFP gene under control of strong
constitutive 35S promoter. Its expression cassette is bordered by two 25-bp T-DNA repeats,
which make it suitable for plant transformation by A. tumefaciens.

2.1.3.3pCB301p19

To enhance the ovarxpression of transgenesCB301p19 was usedWin and Kamoun,
2004).The p19 proteifunctions as a suppressor of pusinscriptional gene silencing in certain
plants

2.1.4Primers

All primers used in this study are listed in TalillePrimer sequences were designed using
Snapgen& software and ordered from Macroge®Primers were prepared as 1081 stock
VROXWLRQV DQG —0 ZRUNLQJ VROXWLRQV B6WREN DQG ZI
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Table 1. Primers used in this study. (1-6) Primer used for generation of gene inserts. Each

primer contained 15bp H{IWHQVLRQV § KRPRORJRXV WR WKH HQGV RI
HQGY 1 KRPRORJRXV WR JHQH LQVHUWYV DUH XQGHUOLQHG

EHWZHHQ WKH 9§ RYHUOD SpécidiefRdd tDr@stre fhelpieekisting BamHI
restriction site (marked in blue). (7-9) Plasmid-specific primers used for amplification of gene
expression cassettes.

Primer name IXFOHRWLGH WHTXHQFH 1
1 | BPM1_BIFC_IFf CGCCACTAGTGGATC_ATGGGCACAACTAGGGTCTGC
2 | BPM1_BIFC_IFrev TACTATCGATGGATCCGTGCAACCGGGGCTTCACTC
3 | DMS3_BIFC_IFf CGCCACTAGTGGATC_ATGTATCCGACTGGTCAACAGA
4 | DMS3_BIFC_IFrev TACTATCGATGGATCCTCTGGGTGTGTTCATTGGCTG
5 | RDM1_BIFC_IFf CGCCACTAGTGGATC_ATGCAAAGCTCAATGACAATG
6 | RDM1_BIFC_IFrev TACTATCGATGGATCCTTTCTCAGGAAAGATTGGGTC
7 | BIFC_BY2fw CCCACTGAATCAAAGGCCATG
8 | BIFC_BY2rev GAATTCCCGATCTAGTAACATAGATGACAC
9 | 35S3 CACTGACGTAAGGGATGACGCAC

2.1.5 Mediaand buffers

2.1.5.1L.B medium

LB medium (10 g/L tryptone, 5 g/L yeast extract, NaCIg/L, pH 7.0) was used for growth of
bacteria. When needed, the medium was solidified with agar (1mgf_supplemented with

antibiotics.
2.1.5.2S0C medium

SOC medium (5 g/L yeast extract, 20 g/L tryptone, 10 mM NaCl, 2.5 mM KCI, 10 mMavigCI
MgSQs, 20 mM glucose) was usddr recovery of competent bacteria during the final stage of

bacterial transformation.
2.1.5.3BY-2 medium

The composition ofmodified MS (Murashige and Skoog, 196fpwth medium used for
cultivation of BY-2 suspension culture iadicatedin Table?2. Liquid medium was used for
BY-2 culture maintenance. For transformation via Biolistic-B¥ells were subcultivated on

the same medium solidified with agar.
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Table 2. BY-2 medium used for cultivation of BY-2 cells.

Sucrose 30 g/L
Myo-inositol 100 mg/L
Macroelements 1x MS
KH2PO4 0.21 g/L
Microelements 1IxMS
Thiamire 1 mg/L
2,4 D 0.2 mg/L
Agar (for growth on 8g/L
plates)

pH 5.6

2.1.5.4Seed germination medium

The @mposition of growth medium used fgermination olN. benthamianaeeds is indicated
in Table 3. Onion epidermis was placed on the same medium prior to transformation via

Biolistic.

Table 3. Seed germination medium used for germination of N. benthamiana seeds.

Sucrose 20 g/L
Myo-inositol 100 mg/L
Macroelements 1x MS
Microelements Ix MS
Thiamine 0.1 mg/L
Niacin 0.5 mg/L
Pyridoxine 0.5 mg/L
Glycine 2 mg/L
Agar 8.5g/L
pH 5.8

2.1.5.5Buffers

For agarose electrophoreslx, TAE buffer @0 mM Tris, 20 mM acetate, 1 mM EDTA) was

used.
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For preparation of washing and infiltration solution in agroinfiltration proceddre,

morpholinoethanesulfonic ac{ES) buffer (10 mM, pH 6.0)wvas used.

2.2 Methods

2.2.1Generation of plasmid construatis: In-Fusion cloning technology

2.2.11 Generation of genmserts

In-Fusion Enzymduses DNA fragments (e.g., P@Rnerated inserts and linearizeatoes)

by recognizing 1%p overlaps at their end3 herefore, gnespecific primers with 15 bp
HIWHQVLRQV 1 KRPRORJR Xed pAFRNW &nid pSRYGE véttorOwefeH D U L |
designedTablel). pSPYNE and pSPYCE share the same multiple cloning site, thus pairs of
primers could be used interchangeably for gene cloning in both veBiach. gene was
amplifiedusing the 2>CloneAmp +L)L 3&5 3UHPL] —5 pmbi 6f Ra@hlg&hle W K
specific primer and 10 ng of template DNA (TaB)ePCR was performed in2¥20 Thermal

IRU
followed by 35 cycle ofdenaW X UDW LR Q D WaQ QHE OR@Q JorIA\Vs elonfation

DW f & dkiRdnda final elongationstep D W f & | RTétal rédctibn volume was

25 — [Gene inserts —Were analyzed oh% agarose geh 1x TAE bufferandthe rest was
purified usingheNucleoSpin Gel and PCR Cle&aipkit DFFRUGLQJ WR PDQXIDFWXU

(http://Iwww.mnnet.com/tabid/1452/default.agpxConcentrations of purifiednserts were

Cycler (Applied Biosysems). Initial denaturationstepwas performedD W f& PLQ

measured using NanoVlléspectrophotometer (GE Healthcare). Purified inserts were stored
at- fé&

Table 4. Gene inserts generated via PCR for In-Fusion cloning into pSPYNE and pSPYCE
vectors. Gene name, gene ID from the TAIR database, template DNA, primer name and
product size are indicated. Compared to their respective original coding sequences, gene
inserts lack stop codons and contain extensions homologous to linearized vectors at each end.

Gene name Gene ID Template DNA | Primer name Product siz€bp)
BPM1 AT5G19000.1 | pB7WGF2 BPM1_BIFC_IFf 1253
BPM1 BPM1_BIFGIFrev
DMS3 AT3G49250.1 | pB7WGF2 DMS3_BIFGIFf 1292
DMS3 DMS3_BIFC_IFrev
RDM1 AT3G22680.1 | pGEX5.:RDM1 | RDM1_BIFC_IFf 521
RDM1_BIFC_IFrev
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2.2.12 Cloningprocedure

Vectors(pSPYNE and pSPCE) were linearizedisingFastDigest BamH(Thermo Scientific)
restridion enzymeReaction mixtureZ LW K D WRWD O Ydt@irigtxRdstDigest
Buffer( —/ )DVW'LJHVW %DP +, —/ DQG S Oédaprdirtgubatgd —J
for30 minDW  Lih&arized vectorsverepurified with NucleoSpin Gel and PCR Cle&ip

kit. Concentrationsof purified linearized vectors were measured using Nano&™
spectrophotomete(GE Healthcare) Previously generated geineserts werecloned into
linearized vectorsisingthe In-Fusion kitas follows Each IrFusion reaction mixturewith a
WRWDO YR QXxvMadprdpared ina O-BnL reaction tube by adding PCR generated gene
insert (50 ng), linearized plasmid (100 ngx In-FusionHD Enzyme Premix b and
deionized waterThe reaction mixtues were incubated for 15 mah 50 £ and then placed on

ice.

2.22 Transformation othemically competent cells

Chemically competerttellar cells were thawed in anice bdfftHIRUH XV H $IQbfTXRWV
Stellar cds were transferred into 1L roundbottom tubes.In-Fusion reaction mixtures

25—/ FRQWDLQLQJ WKH SODYVP lat #iguigubtXvevdivcubatddH D G G H
on ice for 30 minTransformation waperformed by heashocking theStellarcells for 45 sat

42 £ and pacing them on ice for 2 miafterwards. SOC medium was warmed up tof3%
EHIRUH XVH DQ @dded te-elach Hibklth the heasshocked cells. Stellaelds were

incubated at 37f &or 1 hour with shaking at 250 rpm. Afterwaralls were spreadn LB

agar plates syglemented with kanamycin (5Q JL}and grown ovaright at 37 f &

2.23 Colony screening via PCR

Single E. coli colonies were picked and cultured overnight at 8& B @L of LB liquid
medium supplemented with appropriate antibioRortionsof culturedbacteria —/ ZHUH

transferred into 15nL microcentrifuge tubes and pelleteg centrifugation for 10 mirat

14 000rpm. Supernatant was discarded and pellets WekeV XVSHQGHG LQ —/ RI VW
7KH UHVXVSHQGHG EDFWHULD ZH5 bid Taéd @ebaivrsd) bhGerial W f
suspensions were used as templates for A&Hction mixtues were prepared by adding

12.5 —/ HEimeraldAmp MAX PCR Master MixTakarD —/ Rl GHQDWXUHG E
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VXVSHQVLRQ SPRO RI HDFK JHQH VSHFLIInte eathORMU DQG
reaction tubelnitial denaturationV HS ZDV SHU IR U P Hig f@dWed by 40cydres

of GHQDWXUDWLRQ MDWQHPHOLRU DSWHORKLIRWLRQ DM f& IR
andafinefO HORQJDWLRQ ViMH ST WD O fUSH DRFFW LR QFM&IYRGRH ZDV

mixtures were analyzed on agarose gel.

2.24 Plasmid DNA isolation

Remaining portions ofduid cultures positive for DNAnsertswere pelleted by centrifugation

for 10 min at 14 000 rpm. Plasmid DNA was isolated using th DUGS 30XV 69 OLQLS!
DNA Purification System (Promega) accordind WR PDQXIDFWXUHUYV
(https://worldwide.promega.com/resources/protocols/techbigédtins/O/wizardplus-sv-

miniprepsdnapurification-systemprotocol). Isolated plasmid DNA was stored-at f &

2.25 Restriction analysis

IsolatedplasmidDNA (500 ng)was digested usinipe FastDigest BamHiestriction enzyme
—ahd FastDigedBreenreactionbuffer. Digestion mixtures were incubateda W f& IRU
30 min After digestion plasmid DNA was analyzed di? agarose gein 1x TAE buffer.
Plasmid DNA samples that contained appropriate inserts were submitted to Macrogen for
sequencing.$IWHU VHTXHQFH DQDO\VLV YLD 6QDS*HQHS DSSU

subsequent transformation Aftumefacienand plants.

2.2 6 Glycerol stockpreparation

*O\FHURO —/ ZDV DGGHG LQWR D P/ WXEH %D
transerred into the same tube and vggtly mixed with glycerol. Stocks were frozen with

liquid nitrogen and stored at f &

2.27 Cultivation ofN. bentlamiana

Seeds were rinsed for 1 mm70% ethanol and then washed in an aqueous solution containing
,]JRVDQS * 30LYD DQG rdohireD GareGGMBHY bl 18 Raikfter
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removing the solution, seeds were rinsed in 1 mL of sterile water atekedr Seeds were

rinsed and vortexed 4 more timesei$ized seeds were plated on seed germinatedium
VROLGLILHG ZLWK bJbu 30DWHG VHHGYV ZHUH VWUDWLI
cultivated in climé&e chamber as stated in (2.1)2.After approximately 2 weeks, seedlings

were transferred into soil and were grown in the same conditions.

2.28 Preparation oA. tumefaciens clonder agroinfiltration

Premade electrocompeteit tumefaciendacteria —Were thawed in an ice batmto
each 1.5mL tube containing the bacteria, a differetdgmid construic(50 ng) was added
Mixtures were transferred to pohilled electroporation cuvettes. Outsides of the cuvettes were
wiped down to remove moisture anduvettes were inserted intothe MicroPulsefV
electropoator (BIO-RAD). Strermgth and duration of the pulse weB200V and 5 ns,
respectivelySOC medium —/ Added intoeach cuvetteMixtures were transferred
back into the tubes and incubate®at C for 2 hours with shakin(R200 rpm). Bacteria were

spreacbn LB agar platesupplemented withespective selective antibiotics (TaBle

SingleA. tumefaciensolony waspicked and cultured overnight 28 £ in 3 mL of LB liquid
medium supplementedith respective selective antibioti¢$able5). Bacterid cultures were

pelleted, esuspended, denatured and subpkto further PCR analysis as described.th3
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Table 5. Antibiotics added to LB medium for selection of transformed A. tumefaciens.

A.tumefacienglones | Supplemented antibiotics
pSPYNEBPM1 .DQDP\FLQ QJ -
pSPYCEBPM1 S5LIDPSLFLQ QJ
pSPYNEDMS3 GHQWDPLFLQ Q
pSPYCEDMS3
pSPYNERDM1
pSPYCERDM1
pPSPYNE
pSPYCE
pCB301p19 .DQDP\FLQ QJ -

Rifampicin QJ —/
pB7WGFGFP 6SHFWLQRP\FLQ

S5LIDPSLFLQ QJ

GHQWDPLFLQ Q

2.29 Agroinfiltration procedure

EachA. tumefaciescolony (Table 5.) wagrown separatelyvernight at 28 with shaking
at 200 rpmin 5 mL of LB liquid medium supplemented witlespective selective antibiotics.
Bacteria were pelleted by centrifaigon at 4000 rpm for 20 miat room temperature.
Supernatant was discardettigellets were resuspende®id mL of washing solutio(l0 mM
MgClz, 10 mM MES) Bacteria were pelleted and resuspendgdin,as described in the
previous step. Acetosyringond00 PO VWRFN final-w@s added to bactelia
suspensios) which werethenincubated for 3 hours at room temperaturDilutions (1:1)
were made im total volume of 1 mL to measure tbetical density of each suspension.
Agroinfiltration mixtureswith desired combinations of clonegere preparedby calculating
required volumes of bacteliguspensiomiso that each clonm the mixturehad an optical
density of 0.5Table6). The ptal volume of eactagroinfiltration mixture was 3 mLSmall
holeswere created oN. benthamianéaves using needleMixtures wereanjectedinto leaves
by asyringe(without a needle) Syringe was pressed on the hole from the underside of the leaf
while applying countepressurdrom the opposite side with a fing&ach plant was filtrated
with a different mixturg2-3 leaves per plantlPlants were watered and placetbithe climate

chamber.
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Table 6. Agroinfiltration mixtures used for analysis of protein-protein interactions. Each clone
had an optical density of 0.5 in 3 mL of infiltration mixture.

Proteinprotein interaction analyze| Clones in infiltration mixture
BPM1 tDMS3 pSPYNEBPM1 | pSPYCEDMS3 | pCB30%pl9
pSPYCEBPM1 | pSPYNE-DMS3 | pCB301p19
BPM1 +RDM1 pSPYNEBPM1 | pSPYCERDM1 | pCB301p19
pSPYCEBPM1 | pSPYCERDM1 | pCB30%p19
DMS3 tRDM1 pSPYNEDMS3 | pSPYCERDM1 | pCB30%p19
pSPYCEDMS3 | pPSPYNERDM1 | pCB30%p19
DMS3 +tDMS3 pSPYNEDMS3 pSPYCEDMS3
Positive control pB7WGRGFP pCB30%p19
Negative control pSPYNE pSPYCE pCB301p19

2.2.10 Microparticle bombardment

2.2.10.1 Preparation of gold particles

Forty milligrams of *ROG OLFURFDUULHUV -RAB)WRer® adoé&itios AL
microcentrifugetube andthoroughlyresuspended id mL of 96% ethanol. Theube was

%,2

centrifuged at 14 000 rpm for 30adthe supernatant was discarded. This washing step was
repeatedwice. The pelleted gld particles wereresuspended in 1 mbf sterile water and

divided into 50 —&liquots —J RI1 JROG 8 H.YmD @icrdckriRriMgetubes. Tubes

with gold particleswere sonicated for 2 mibesired ombinations of plasmid cstructswere

added tceach tubgTable7). $SFFRUGLQJ WR HVWDEOL\WKIHG cauldiR&VRFR O
loaded on gold particle§permidine —/ M) andcalcium chloride —/ M) were

placed on thenner side ofhetubelid. In a quickmanner, the lid waslosed and the tube was

vortexed for 2 minDNA-coated particles we pelleted by centrifugation.uernatant was

discarded while pgéiclesweUH UHV XV SHQ GH G -étlanol. ThisgteR Was repeated

one more timeFinally, gold articles were pelldd G DJDLQ DQG UHMULXVMBHQGHG L

ethanol.
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Table 7. Plasmid combinations used for transformation of onion epidermal cells and BY-2 cells

via Biolistic.

Proteinprotein interaction analyzed | Plasmid combination

BPM1 tDMS3 pSPWE-BPM1 pSPYCEDMS3
pSPYCEBPM1 pSPYNE-DMS3

BPM1 tRDM1 pSPYNEBPM1 pSPYCERDM1
pSPYCEBPM1 pSPYNERDM1

DMS3 tRDM1 pSPYNE-DMS3 pSPYCERDM1
pSPYCEDMS3 pSPYNERDM1

DMS3 +tDMS3 pSPYNEDMS3 pSPYCEDMS3

Positive control pB7WGRGFP

Negative control pSPYNE pSPYCE

2.2.10.2 Plant materiapreparation

A thin layer of onion epidermizas peeled from the inner sidéthe onionbulb and was laid
flat on the seed germinati@yarplate and subsequently transformed by Biolistic.

BY-2 cells were transferrelom 3 days old suspension cultumesolidified BY-2 medium
(agar plates E\ VSUHDGLQJ —/ Rl FHOO VXVSH®@ViaRe®erLQ D FLI
Transferred cells ere grown overnighD W inft@e dark and then transformed by Biolistic.

2.2.10.3 Bombardment procedure

To transforntheplantcells,PDS 1000/Hebiolistic system(BIO-RAD) was usedDNA-coated
particles —werespreadn thecentral part of thearrier disk by a micnquipette. The disks
were left to dryfor 10 minand were installed into the microcarrier launch assenitig
assembly was inserted on the highest slot within the chamberl 108¢si rupture disks were
usedto achieve the desirdalirst strengthPlant samples were placed on the target plate shelf,
6 cm beneatlthelaunch assemblyfo increase the efficiency of the process, the chamber was
evacuated to sultmospheric pressure (27 mmHg on th@cuum gauge) before each

bombardment procedurgach plant sample was bombardetihzes.
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2.2.11 Microscopy

2.2.121 Plant sample preparation

Infiltrated area oN. benthamianéeaf was excised around the needle mark. Leaf samples were
gently evacuated using a syringe filled with water. Epidermis was peeled amdkrside of
theleaf samples and placed iradrop of 0.IM MES buffer on a slide and was covered with a

cover slip.

Onion epidermis was removed from the agar plate and placed into a drop of 0.1 M MES buffer

on a slide and was covered with a cover slip.

Transfected BY2 cells were rinsed off the agar plateith 2 mL ofliquid BY-2 medium bya
pipette and were cultured as cell suspensior8simm cell culture dishes. Transfected-BY

cell suspensions were stdran the dark with shaking at 12Pm. To olserve the transfected
BY- FHOOV RQ D PLF&f &WsuBo8rision wastransferred onto a slide and covered

with a cover slip.

2.2.11.2 Plant sample imroscopy

Microscopy of plant amples was performed using Axiovert 200MZeisg inverted
fluorescence microscopdhe microscope was equipped with AxioCam MRcC microscope
cameravhich was, coupled with th&xioVision imagng software (version 4.5), used for image
acquisition The fluorescence of reconstituted Yplant cellsvas observedsng Filter Set

13 (excitation BP 470/20emission BP 50%30). Plant ells were also observed using Filter
Set 14 (excitation BB10-560, emission LP 59Qp distinguishtrue YFP signalfrom false
positives caused hylant cellautofluorescencé\cquired images were further processed using

ImageJ software
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3 RESULTS

3.1Generation of plasmid construdts BiFC

To analyzeinteractions between BPM1, DMS3 and RDML1 in living plant cells, 6 plasmids
were constructed. Each genBPM1, DMS3,and RDM1) was cloned into pSPYNE and
pSPYCE.BPM1, DMS3and RDM1 gene insertsvere amplifiedvia PCR and pSPNE and
pSPYCE were linearizedy BamHI restriction enzymeAfter analysisn 1% agarose gel, it

was determined that the obtained gene insertsiaedrized phsmids matched their expected
size (Fig. 7). Bends that correspond to linearized plasmids were excised from the gel and
purified by using Nucleospin Gel and PCR ClegnKit. The same kit was used to purify

amplified genes.

Figure 7. Amplified gene inserts and linearized plasmids. (A) Gene inserts generated via PCR.
PCR mixtures —elach) were loaded on 1% agarose gel. 1 +BPM1 (1253 bp); 2 +tRDM1
(521 bp); 3 - DMS3 (1292 bp). (B) Visualization of vectors linearized by BamHI restriction
enzyme. M + *HQH5 X OHU@NA Ndter (ThermoScientific); 1,2 - linearized pSPYNE
duplicates; 3,4 - linearized pSPYCE duplicates.

Appropriate amount of purifiegeneinsert (50 ng) was mixed with appropriate linearized

plasmid (100 ng) and treated for 15 minutes witlfrlision enzymeChemically competert.

coi ZHUH WUDQVIRUP H &ugibr'weaction ard pRited @h selective LB agar plates
supplemented with kanamycin. PlatecsSHUH LQFXEDWHG DW doze&s YHUQLJ
bacterialcolonies developedingle colonies were picked and cultumcernight in liquid LB

PHGLXP DW f& VXSSOHPHQWHG. & lpwitkn DfSeathBaSteliaD WH D C
suspension was denatured at f &nd used as a template in PCR to scteerbacteria for
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presence ofjene insertg¢Fig. 8). A combination of plasmigpecific(35S3) and genespecific

primers was use(lable 1) In analysis orll% agarose gel, all gene inserts wsuecessfully
detected. Plasmid DNA was isolated from bacterial colothasvere PCRpositive for gene
inserts. Additional proof of successful cloning was digestadrplasmid DNA with the BamHI
restriction enzymeThe analysis of restriction mixtur@n 1% agarose gekhowed expected

bands of desired gene inserts and linearized plasmids.

Figure 8. PCR analysis of plasmid constructs using a combination of gene-specific reverse and
plasmid-specific (35S-3) primers (Table 1). 3&5 PL[WXUHYV —/ HDFK ZHUH ORD((
agarose gel. M + *HQH5XOHUE NE 'IBhebSeientifid); 1 + pSPYNE-BPM1

(1378 bp); 2 +pSPYNE-RDML1 (646 bp); 3 +pSPYNE-DMS3 (1417 bp); 4 +pSPYCE-BPM1

(1378 bp); 5 +pSPYCE-RDML1 (646 bp); 6 +pSPYCE-DMS3 (1417 bp).

As a final mean of verification, plasmid constructs were submitted for sequencing. After
analysis of sequences via SnapGene software, it was determined that all plasmid constructs
contained the appropriate gene sequeasavell as fusion tagwithin the appropriate reading

frame. Thus, 6 plasmid cstiucts ()SPYNEBPM1, pSPYCEBPM1, pSPYNEDMS3,
pSPYCEDMS3, pSPYNERDM1 and pSPYCERDM1) were successfully generatéfelg. 9.
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Figure 9. Expression cassette maps of plant-compatible BiFC vectors (pSPYNE and pSPYCE)
carrying BPM1, DMS3 and RDM1 gene inserts. A +pSPYNE-BPM1; B +pSPYNE-RDM1; C
+ pSPYNE-DMS3; D +pSPYCE-BPM1; E +pSPYCE-RDM1; F +pSPYCE-DMS3. Gene
inserts are under control of strong constitutive 35S promoter and contain C-terminal fusion
tags. In pSPYNE constructs, c-myc affinity tag and N-terminal fragment of YFP are fused to
gene inserts, while HA affinity tag and C-terminal fragment of YFP are fused to gene inserts in
pSPYCE constructs. Gene inserts are bordered by BamHI restriction sites.

24



3.2Reggeneration ofA. tumefacienfor agroinfiltration

To transiently transfornN. benthamianglants via agroinfiltrationl0 differentA. tumeaficens

clones were first establisheBlesides 6 clones wth carriedplasmid constructgenerated in

this study(pSPYNEBPM1, pSPYCEBPM1, pSPYNEDMSS3, pSPYCEDMS3, pSPYNE

RDM1 and pSPYCERDML1), clones carrying pB7WGKEFP, pCB301pl19 and empty

pSPYNE and pSPYCHRkectors were also established. Electrocompeterttimefaciensvere
transformedwith 50 ng of appropriate plasmid via electroporation and selected on LB agar
plates supplemented with respective antibiotics (Tablafgr GD\V RI LQFXEDWLRQ D
dozens of bacterial colonies develop&thgle colony wagicked and cultured owveight in

liquid LB medium DW suypflemented with appropriate antibiotiés portion of each
EDFWHULD VXVSHQVLRQ ZDV GHQDW Xib PGR.Pasmid spgekifid QG XVt
primersBiFC_BY2fw and BIFC_BY2rewvere used (Table 1As expectedplasmid constructs

were deteted in transformed agrobacte(ig. 10.

Figure 10. Screening of agrobacteria suspensions via PCR. Presence of plasmid constructs

was detected by PCR and 1% agarose gel electrophoresis. Agrobacteria suspensions were

used as templates for amplification of transgenes with plasmid-specific primers (BiFC_BY2fw

and BiIFC_BYZ2rev) (Table 1). M £+ *HQH5XOHUE NE '1$ ODGGHU 7KHUPRG6FL
pPSPYNE-BPM1 (2643 bp); 2 +pSPYCE-BPM1 (2427 bp); 3 +pSPYNE-RDM1 (1911 bp); 4 +
pSPYCE-RDML1 (1695 bp); 5 +pSPYNE-DMS3 (2682 bp); 6 +pSPYCE-DMS3 (2466 bp); 7 +

pPSPYNE (1416 bp); 8 +pSPYCE (1200 bp).

3.3 Agroinfiltration of N. benthamiana

EachA. tumefaciensolonywasF XOW X UH G R 'Y Hrliquldl R kvedduw suppletnented

with appropriate antibioticsAppropriate agroinfiltration mixtures with desired combinations
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of A. tumefacienslones were preparddable 6) Mixtures were injected intN. benthamiana
leaves. Each plant was infiltratedth an exacmixture (23 leaves per plantl.eaf epiderns
of agroinfiltrated plantsvas subjected to fluorescence microscdpyingthe following days.

Overall,strongest fluorescence signals were observadi@ys after the agroinfiltration.

To determine the efficacy dfansformation via agroinfiltratigrN. benthamiandeaves were
infiltrated with A. tumefaciensvhich carried pPB7WGHFsFP (Fig. 11A) Strong fluorescence
signal was observedith a high occurrencén cells indicating asatisfactory transformation

rate.

As a negative control for BiFC analyské, benthamianao-transformed wth empty pSPYNE

and pSPYCE wassed.As expected, no fluorescence signal whserved in such plants.

As a positive control for BiFC analysill, benthamianavas co-transformed with pSPYNE

DMS3 and pSPYCHRDML1 (Fig. 11B)as well as with pPSPYNIPMS3 and pSPYCEOMS3

(Fig. 11C)constructsAs expectedfluorescence signal was detected in both cases, proving
vivoDMS3-RDML1 interaction an@®MS3 dimerization iN. benthamiangeaf epidermal cells.

In analysis of DMS&RDML1 interaction, luorescence signal was mostly concentrated in the
nuclei, although it was also present in the cytopldsranalysis of DMS3 dimerization, intense
fluorescencavas concentrated in certain areas of cytoplasm, while pale fluorescence was also

present in the nuclei.

In explants agroinfiltrated withSPYNEDMS3 and pSPYCBPMIlconstructs, fluorescence
signal was detected, indicatirtige existence ofnteraction betwen BPM1 and DMS3Fig.
11D). Cells which exhibited fluorescemavere scarce. Signal was equally distributethe
nucleiand cytoplasm.

In any of the three performed agroinfiltration experimermitgraction between BPM1 and
RDM1 was not defcted.
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Figure 11. BiFC fluorescence of transiently transformed N. benthamiana leaf epidermal cells.
Leaves were agroinfiltrated with: A +pB7WGF-GFP; B +pSPYNE-DMS3 and pSPYCE-RDM1;
C +pSPYNE-DMS3 and pSPYCE-DMS3; D +pSPYNE-DMS3 and pSPYCE-BPM1. Scale
EDUV . —P

3.4 Microparticle bombardment &. cepa

Gold particlescoated with desired combinations of plasmids (Tableefe preparedA. cepa

epidermis was bombarded with tpeeparedDNA-coated particles. The epidermis samples
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were subjected tihuorescencenicroscopy during the following days. Strongest fluorescence

was observe@ days after the bombardment

To checkthe efficacy ofA. cepatransformation via microparticle bombardmepB7WGF
GFP(Fig. 12A)was used

As a ngative control for BiFGnalysisA. cepaepidermis was bombarded with particles coated

with empty pSPYNE and pSPYCE plasmids. Fluorescence signal was not observed.

To determine the efficacy of BiFC analysisiincepaepidermis samples were bombarded with
particles coated with pSPYNBMS3 and pSPYCHRDM1 (Fig. 12B) as well as with
pSPYNEDMS3 and pSPYCIOMS3 (Fig. 12C). Fluorescence signal was detected in both
types of positive control, proving vivo DMS3-RDM1 interactionand DMS3 dimerizatiom

A. cepaepidermal cells. Fluorescence signal was most intengee nuclei, while also being

present in the cytoplasr@ellswhich exhibited fluorescence signal were scarce.

Interaction between BPM1 and DMS3 as welirdgeraction between BPM1 and RDM1 were

not detected i\. cepaepidermal in any of the 4 performed experiments.
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Figure 12. BiFC fluorescence of transiently transformed A. cepa epidermal cells. Cells were
bombarded with gold particles carrying: A tpB7WGF-GFP; B +pSPYNE-DMS3 and pSPYCE-
RDM1; C +pSPYNE-DMS3 and pSPYCE-DMS3. 6 FDOH EDUV —P

3.5 Microparticle bombardmemf BY-2 cells

Same gld particles prepared for microparticle bombardmenAotepawere used fothe
bombardment of BY2 cells After biolistic transformationBY-2 cells were observed via
fluorescence microscopy during the following 2 da$srongerfluorescence signal was

observedne day after the bombardment procedure.

To determine the efficacygf BY-2 cell transformatiovia microparticle bombardment, BY
cells were bombarded with gold particles coated with pB7VBEP (Fig. 13A). StrongGFP

signal was observed thecytoplasm andh thenuclei
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BY-2 cotransformed with empty pSPYNE and pSPYCE plasmids were used astiv@eg

control for BiFC analysis and as expected, no fluorescence signdetessed.

As a positive controlBY-2 cells were cdransformed with pSPYNIBPMS3 and pSPYCE
RDM1 as well as wh pSPYNEDMS3 and pSPYCIDMS3. DMS3 +tRDM1 interaction was
detected(Fig. 13B) although cells which exhibiteffuorescence were scarce. Fluorescence
signal waspresent throughout the cytoplasm and in the nuBIMS3 dimerization was not
detected in BY2 cells.

Interaction between BPM1 and DM@dg. 13C)was detected in B2 cells via BiFC analysis.
Fluorescent cellgvere scarce. Signal was most inteimséhe nuclei, while a weagignal was

also observable in the cytoplasm.

After perfoming the experiment 3 times, BPMRDM1 interaction was not detectenl BY-2

cells.

Additionally, with the aim to improve transformation efficiendyY-2 cells were also
bombarded with gold particles coated with R@Rducts that contained expression cassettes
(amplified withBIFC_BY2_fw andBIFC_BY?2_rev primers) of approgie recombinant gene,

but no fluorescent cell waketected.
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Figure 13. BiFC fluorescence of transiently transformed BY-2 cells. Cells were bombarded with
gold particles carrying: A +pB7WGF-GFP; B £pSPYNE-DMS3 and pSPYCE-RDML1; C +
pSPYNE-DMS3 and pSPYCE-BPM1. 6 FDOH EDUV —P
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4 DISCUSSION

4.1BiFC establishment

BiFC method was firstsablished by Hu et al. (200®)r determination of the locations of
protein interactions in livingnammaliarcells. To enable BiFGnalyses in plants, Walter et al.
(2004) generated complementary sets of expression vectors which enable protein interaction
studies in transiently or stably transformed plant cells. One of the aims of thisnaerto
establish BiFC method ibaboratoryof molecular plant biology, Faculty of Sciend® check

the efficacyof transformation methods performed in this study, pB7W&H was used.
Transformation rate was higher when agroinfiltration was performed compared to micropatrticle
bombardment, and GFMHuorescence was observable during longer time peatdr
transformationBased on thesuccessfutietection of interaction among DMS3 and RDJNtie
efficacy of BIFC method in all three expression systems eeedirmed. Both DMS3 and
RDML1 proteins aré@mportantcomponents of the RdDdathway (Matzke et al., 2014&hown

to interact with each other and to form homodim&asgki et al., 2014kluorescence signal
produced by DMS3 and RDML1 interactiavas most intense in the plant cell nucleus, a
compartmat where RdDM occurs. These results additionally confivat BiFC analysisan
indeedbe a useful tool instudying subcellular localization of protein interactiofbe pale
fluorecence signal in the cytoplasm wasobably caused byverexpression of stied
proteins, considering that they wetender control of 35S promoteinterestingly, the
occurrence of detection of DMS3 dimerization was significantly lower compared to detection
of interaction between DMS3 and RDMThis suggests that DMS3 dimers dess stable or

their formationoccurs less frequentypMS3 dimerization was not observed in EYcells,
either due to unsatisfactory-t@nsformation rates or such complexes do not formigctil
typeor in dividing cells Since no fluorescence signal was detected in any of the three plant cell
typesco-transformed witlemptypSPYNEand pSPY CE vectors the reliability of BiFC analysis
was showrand thereby can conclude that this method wasccessfully establishe@he rae

of observable fluorescent cells BIFC positive contrad was much lower in plant samples
transformed via Biolistic compared to plants transktmaia agroinfiltration. This might be
caused byhe usageof suboptimal concentrations of plasmid constructs when prepgoiag
particles for bombardment, as | hptbblems in achieving highly concentrated samples of

plasmid DNA that are required for this transformation methdshge of different bacteria
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strainsfor vector cloningor different plasmid DNA isolation methods midpa helpfulin future
experiments at achieving desirable plasmid concentratioassformation via microparticle
bombardment is more efficient when linear DNA is used compared to ciiaNlar(Glick et

al., 2009).Using PCRproducts that contain expression cassettes of appropriate recombinant
genes might improve efficiency of BiFC analysis. However, when this approach wdseused

no fluorescence signal was detected in bombarded celiwasmdbandoned after fluorescence
signal was successfully observed in cells transformed with circular DNA.

Two key steps that affect the efficienf BiFC analysisin plants transformed via
agroinfiltrationare proper induction ofA. tumefaciend®y acetosyringone anithclusion ofA.
tumefacienghat harbor the B301-p19 plasmid in the infiltration mixtures. Acetosyringone

is aphenolic compound that inducésnscription of virulencevir) genes inA. tumefaciens

Vir genes are necessdoy T-DNA transferand subequent transformation of plant cefor
successful detection of protegmmotein interaction via BiFC, at least two differeADNAs must

be transferred into the same plant cell. One from agrobacterium carrying recombinant pSPYNE
plasmid, and anotherDNA from agrobacterium carrying recombinant pSPYCE plasmid. This
double FDNA transformation has a significantly lower rate of occurrence compared to single
T-DNA transformation (as in control transformation with pB7WGFP). For aditional signal
enhancemenpl9 proteinthatfunctionsasa suppressor of pogtanscriptionalgene silencing

in plants and significantly enhances transient expression of transgéhdsenthamiang@win

and Kamoun, 2004yas usedTherdore, 3 differentT-DNAs have tabe transferred into the
plant cell to achieve optimal fluorescence in BiFC analysis.

4.2 BPML1 interacts with DMS3

Recent studies found DMS3 and RDM1 to be potential interaction partners of BPM1
(unpublished). In accordance with these findings, interaction between BPM1 and DMS3 was
detected via BIiFC in this work, albeit very low number of cellsHere | musimention that
fluorescence signal was only obserweglant cells which were transformed with pSPY:NE
DMS3 and pSPYCEBPM1 constructs.In plant cells transformed with the opposite
combination (pSPYNBPM1 and pSPYCEOMS3), no fluorescencesignal was deteetl A

fused protein might interfere with the ability ofYP and CYFP fragments to assemble, and

this might be the case in BPMIMS3 interactionThis shows that usage of both combinations

of constructs is crucial when studying protein interactions JlCBanalysis.Here, the
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interaction between BPM1 and RDM1 was not deteictedty of the three expression systems
indicating thatBPM1 protein either does not interact with RDM1 in plaelis used in this
researchor complexes formed by their interaction are not stable entmugtoduce observable
fluorescencesignal Since low transformation rate was achieved in my experiments after
biolistic transformation, additional BiFC experiments should be performed irefstudies
before ruling out the existence of RDMBPM1 interaction.Recently, BPM proteins are
described to interact witltDREB2A transcription factor and are involved in DREB2A
ubiquitylation by CUL3 E3 ligase (Morimoto et al., 201There interaction beveen BPM
proteins and DREB2A is confirmed via -parification and yeast two hybrid assays, but
fluorescence signal is not observed when BPM proteins and DREB2A are subjected to BiFC.
Morimoto et al.(2017) suggest thaipon formatiorof BPM-DREB2A complex both proteins
may degrade, hindering the observation of the BiFC interaction sigjpabverome this
problem, they generatBPM proteins which lackhe BTB domain Such truncated BPM
proteins are unable to interact with CUL3 and as such cdaniitate ubiquitylation of
DREB2A. After BTB domain deletion,nteraction betweetruncated BPM2 and DREB2A is
clearly oberved via BiIFQMorimoto et al., 2017)Similar approaclktould be conducted in the
follow-up of this work. First it will be necessato find out which BPM1 domain is responsib
for interaction with DMS3 oRDM1. This could be discovered by performing yeast two hybrid
assays with truncated forms of BPMAlternatively, to overcome the problem of rapid
degradation of BPM complexes I3 mutantscould be used as expression systems for BiFC
or plant samplesould be treated with 26S proteasome inhibitors prior to microsddmse
approaches nygprove effective regardless which domain (MATH or BTBB&M1 interacs
with DMS3.

4.3 BPM1activity may affecde novaDNA methylation

It is notclearhow does BPM1 affect RADM pathway thréumteraction with DMS3Both
DMS3 and RIM1 are key components of RADM considering filanhts defective in their genes
experiencesignificant loss ofde novomethylation(Matzke et al., 2015)This implies that
BPM1 may have a considerable rolerggulationof the RdADM pathway BPM proteins are
known to interact withtranscription factors by interferingith their activity and ultimately
targding them for degradation via 26S proteasqdiioechner et al., 2011; Chen et al., 2013;
2015; Morimoto et al., 2017)t is possible tat BPM1 affects DMS# the sane manner. In
this scenario, BPM1 would ke negative regulator of RADM anidls activity would probably
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leadto thereduction of cytosine miaylation inloci targeted byle novamethylationin plants.
The other possibility is that BPM1 guiddse RdDM complextowards the loci oagied by
transcription factors, thusinctioning as anediabr between Pol Hbased transcription and Pol
V-basedde novamethylationin plant cellsSuch activity might lead tanincrease ircytosine
methylation in regions that surround the sites occupied by BélRted transcription factars
BPM proteinsand RdDMpathway are both linked to abiotic stress response in pBRR{g.
proteins control transcription factors that regulate strehscible genessuch as DREB2A
(Morimoto et al., 2017)While response to abiotic stress increases the chaptano$urvival,

it hindersthelong-term plant growth. Upodestabilizatiorof transcription factors that induce
transcription of stresselated genes, BPM proteins may additionally guide the RdDM
machinery towards the stressdated genes, further silencing their transnal activity.
Methylation and transcriptiorstudies of regionshat surround streselatedgenesthat are
regulated by activity oBPM proteinsmight shed some new ligloh the connection between
BPM proteins and RdDM
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5 CONCLUSION

BiFC analysis method in epidermidlbenthamianaells, onion epidermal cells and tobacco

BY-2 cells was established in the Laboratory of molecular plant biology, Faculty of Science.

In vivointeraction between DMS3 and RDM1 was confirmed in epidekhiarthamianacells
after agroinfiltration, and in onion epidermal cells and tobacce2Bdtlls after biolistic

transformation.

In vivo dimerization of DMS3 was confirmed in epidermidlbenthamianacells after

agroinfiltration, and in onion epidermal cells after biolistic transformation.

Interaction between BPM1 and DMS3 was detected via BIiFC analysis in epidermal
N.benthamianaells after agroinfiltration, and in tobacco BYcells aftertransforméon via
biolistic.

Interaction between BPM1 and ROMvas not detecteda BiFC analysisn this study
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