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Tiivistelm& O Referat O Abstract

Molecular biology has created a new pathway fontplaeeding in cut flower industry. It focus
on studying flower gene functions and provides aardirect and effective way of breeding n
flower cultivars using genetic transformation. Blesi flower color, disease resistance, quality
vase life, modification of flower architecture is anportant target for flower breeding. Previd
studies have showed that various transcriptionofacencoded by the corresponding genes
involved regulating flower development and flowechitecture. The most studied are MAIL

BS
P\
and
us
are
DS

domain and TCP domain transcription factors. Fogeted breeding, it is crucial to study the

functions of the corresponding genes in detail.fsth MADS and TCP domain proteins, previd
studies have indicated that protein-protein intéoas are important for their function.

GhCYC1, GhCYC2, GhCYC3 and GhCYC4, isolated from gerberaGerbera hybrida), are
CYCLOIDEA -like genes affecting inflorescence developmeitte Protein-protein interactior
among these four genes have previously been stbgigeast two-hybrid system. The aim of t
thesis was to verify the interactions in living miecells, using both BiFC and split luciferd
assays. Protoplast electroporation and agroirtfiinawere used to introduce the gemegplanta.
The results from the two assays were compareddeardo find an effectivén planta method for,
detecting protein-protein interactions. The experitnalso provided information about DN
transformation efficiency using protoplast electnaiion and agroinfiltration.

The results of the split luciferase assay showatd BhCYC1+GhCYC4, GhCYC3+GhCY(
as well as GhCYC4+GhCYCiteracted quite strongly in plant cells while GhC¥GhCYC1,
GhCYC2+GhCYC2 as well as GhCYC4+GhCYC2 had almasinteractions. The interactio
between GhCYC3+GhCYC4, and GhCYC4+ GhCYC4 were shgiwn in yeast two-hybrid, b
the other results were different. According to Bi€&C assay, no signals of interactions w
detected from GhCYC2+GhCYC2, while strong signatsemobserved from GhCYC2+GhCYQ
and weak signals were seen from GhCYC2+GhCYC4. Timeractions betwee
GhCYC2+GhCYC3, GhCYC2+GhCYC4 were also observegedast two-hybrid, but the oth
results were unconfirmed. Large standard deviatiegr® observed in the split luciferase assay
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thereby reliable conclusions cannot be drawn franHowever, BiFC turned out to be a better

method to detect the protein-protein interactionglanta and clear signals from interactions co
be observed. Comparison of the transformation nasthiedicated that agroinfiltration is a bet

iid
er

way of introducing DNA into plant cells than protagt electroporation. For further study, BifC

assay still needs to be repeated to confirm theieficy of this assay, and factors affecting
transformation efficiency in protoplast electrofg@a need to be optimized in the future studies

the
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1 INTRODUCTION

1.1 Molecular breeding of cut flowers

1.1.1 Global situation of molecular breeding of cut flowers

The global flower industry has developed rapidlyretent years and cut flowers
account for one third of the global ornamental icatture market. Altogether, 50% of
the cut flower market is made up of roses, chrysamums and carnations (Tanaka et
al., 2005). Producing new and popular varietighasfirst and foremost target of flower
industry. Domestication of wild species and bregdig crossing and selection are two
primary methods to acquire new varieties. Howetee, disadvantages of these two
methods are gradually becoming obvious as compartd genetic engineering. The
domestication of wild species and classical bregdi® slow processes. For example, it
would take at least a thousand years for cerealsat® some obvious morphological
changes (Gepts, 2002). However, one of the maiddantages of domestication and
classical breeding is that the gene pool of oneispes too limited for all genes to be
found in it, which is also the reason why there rmvenatural orange petunias and blue
roses (Mol et al., 1995).

Biotechnology, including genetic modification anslstie culture, has been widely
applied in flower production industry. Tissue cu#tutechniques have greatly
contributed to mass production of ornamentals whéeetic modification technology
offers great advantages for modern plant breedihg.best example is the 'moon’ series
carnation, which is a new violet carnation cultipaoduced by genetic transformation.
It has great markets in North America, Australia aapan (Tanaka et al., 2005). In
European Union, however, area of commercial pradacof genetically modified
plants is much smaller, compared with the U.S. IL2@101, the total area in the EU for
genetically modified plant growth was just a fewubkand hectares, which was merely
0.03% of the global GM plant production (BrandtQ3 However, the 'moon’ series
carnation can also be found in many European cesnsince first introduced in
Australia in 1996 (Mol et al., 1999).



1.1.2 Applications of molecular breeding in ornamentals

Molecular breeding has been applied not only to ifgdtbwer colour, but also many
other important traits in flowers. A longer vade lis one of the most important features
of a high-quality cut flower. Together with floweolour, vase life is also highly
demanded by the consumers (Mol et al., 1999). Tnéhesis of ethylene is a crucial
factor in senescence of some cut flower speciethdmathway of ethylene synthesis,
ACC (1-aminocyclopropane-1-carboxylic acid) is vanportant and will be converted
to ethylene after oxidization with the help of AGRidase. The vase life could be
extended through a successful suppression of tinetaof ACC oxidase and ethylene
could not be synthesised anymore. In the experinoérBovy and the co-workers,
carnations without ACC oxidase activity were susbdy produced and the vase life
was twice the length of that of the wild type (Baatyal., 2004).

Disease has always been a significant problem adymtion of any plant species.
Today, disease resistant plants including variaisflowers can be produced with the
help of modern gene technology. For example in,rbtsckspot is one of the most
troublesome diseases, and is caused by the fubBgulscarpon rosae. The major
component of the fungal cell wall is chitin thaincbe hydrolysed with the help of
chitinase. Usually, a plant can synthesise soméiordo defend pathogen invasion.
However, none of the modern commercial rose cultiese completely resistant to the
pathogen causing the blackspot. One gene fromenceding chitinase was introduced
into a rose cultivar by Marchant's et al. (1998)d ahe severity of blackspot was
reduced by 13-43% (Marchant et al., 1998).

Although long vase life and disease resistanceeasential for high quality cut
flower, the ornamental and visual appearances,ceglpyeflower colour, are also vital
features of cut flowers. Flavonoids, carotenoidsl &etalains are the three major
substances contributing to various flower coloufhe pathway of flavonoid
metabolism has been widely studied in many floweecgees, such as snapdragon,
petunia, carnations and gerbera (Tanaka et al.8)198ew flower colours are
manipulated by modifying the flavonoid metabolictip@ay. Scientists manipulate
flower colours by modifying the related biosyntletienes involved in metabolic
pathways and secondary metabolism, but also tri@tiscr factors are crucial targets for

modification. These transcription factors activaterepress the expression of enzyme



encoding genes in specific metabolic pathways, wimakes it easier to manipulate the
whole metabolic pathways by modifying the relatexhs$cription factors (lwase et al.,
2009).

Besides the aspects of cut flower quality mentioakdve, plant morphology and
floral architecture can be modified by genetic eegring. Recent studies have focused
on transcription factors involved in development@dulation. Multiple transcription
factors are involved in regulating plant developtmanfunction through regulation of
plant hormone synthesis to regulate floral architecand plant morphology (Tanaka et
al., 2005). TheCENTRORADIALIS (CEN) gene is isolated fromAntirrhinum, and it
encodes the protein involved in the indeterminatavgh of Antirrhinum inflorescence.
When transformed and overexpressed in tobacco,lwiki@ determinate species, the
CEN protein prolong the vegetative growth and cleatige height and the number of
leaves of the plant (Amaya et al., 1999). Anothameple is the Lateral-shoot Inducing
Factor LIF) that is a zinc-finger type transcription factoorh petunia. Controlled by
the promoter CaMV35S, overexpressionLtf can change the cytokinin levels in the
leaves of petunia and makes the plant to produae tateral shoots than the wild type
suggesting that the LIF perform its function byeralthe phytohormone biosynthesis
(Nakagawa et al., 2005).

1.2 MADS-box genes and TCP transcription factors in plants

Transcription factors are proteins that bind taaarDNA sequences and control the
transcription of genetic information from DNA to RN(Zhang, 2003). Transcription
factors can perform their functions alone or togethith other proteins in a complex.
They can promote or block the recruitment of RNAypterase to specific genes. As in
case of other proteins, transcription factors rtedek transcribed from a certain gene on
a chromosome into RNA, which will then be trangflateto protein. In this process,
there is a high possibility that the transcriptifactors could be influenced by any
regulators. Based on this theory, the transcriptamtors can even regulate themselves
and the transcriptional level will affect the exgs®n of transcription factors (Liu et al.,
1999).

Regulation of metabolic pathways is not the onlyrkvtor transcription factors.
Some transcription factors regulate plant branghivigle some others regulate the leaf
and flower development (Crawford et al., 2004; AguMartinez, et al., 2007).



Transcription factors encoded by MADS-box gene mangontrol various plant
developmental processes ranging from flower devetog to root formation (Becker
and TheBen, 2003). The TCP-domain transcription factorebglto another important
gene family controlling floral symmetry, flower ddepment and growth of axillary
branches (Carpenter and Coen, 1990; Doebley €t98l7).

1.2.1 MADS - box genes and ABCDE model of flower development

MADS-box genes are a group of genes that are nanaedording to
MINICHOROMOSOME MAINTENANCEL (MCM1) genes in yeashGAMOUS (AG)

in Arabidopsis DEFICIENS (DEF) in Antirrhinum and serum response fact&RF) in
humans (Ng and Yanofsky, 2001). MADS-box genes lyidgist in many kinds of life
forms, including plants, animals and fungi. Thesaas can be categorized into two
MADS-box lineages (type | and type IlI) (Alvarez-Blayet al., 2000). Most plant
MADS-box genes belong to type Il lineage. The comrfeature of type Il lineage is
that all the proteins have a carboxy-terminal domaihich extends beyond the two
hundredth amino acid protein, and functions asuastictivation domain and to stabilize
the protein-protein interactions (Riechmann and éfewitz, 1997).

The MADS-box genes in flowering plants have varibusctions in different stages
of plant growth and development, such as, reguafiowering time, vegetative
development and flower architecture, and many MAIDR-genes are involved in
differentiation of meristems and floral primord&tudies of organ identity mutations in
Arabidopsis andAntirrhinum suggested that there are three classes of gesnmble
for regulating organ identity. These three clasgese originally described in the ABC
model of flower development (Coen and Meyerowi€91).
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Figure 1. ABCDE model of flower development and tinections of A, B, C, D and E
genes. If A gene express alone, the primordiadelielop into sepal, but together with
B and E function genes, the primordia will devetoppetal. If B, C and E genes all
expressed, the primordia will become a stamen, geBes are absent, C and E genes
will make primordia become a carpel. C, D and Eegeare all required for ovule
development.

The original ABC model of flower development wasséd on the studies of
Arabidopsis and Antirrhinum, and this model applies to the flower developmeint
many angiosperm plant species (Causier et al.,)20H@ angiosperm flowers usually
have four whorls of organs: sepals, petals, staareh carpel (ovules). A, B and C
function genes will induce the primordia to develo the four different organ whorls
by expressing alone or together. However, additiihand E function genes were
found and have been proven to be involved in floesgan development and the
ABCED model is the extension of the old ABC mod&b( 1) (Glover, 2007).

MADS box genes encode their corresponding protaimd the proteins perform
their functions by interacting with each other af@ming protein complexes.
According to TheiRen'sjuartet model of flower organ identity, the MAD Sxiqaroteins
perform their functions by forming higher order quexes (tetramers) (Theil3en, 2001).
The tetramers could be fined as “dimers of dimelsit, none of the putative tetramers
or higher order complexes were detected (Ruokahaiteal., 2010a). Based on the
studies on the structure of MADS domain, it hasnbeefined that the N- terminal half
determines the DNA-binding site while the C- teratirhalf is responsible for

dimerization. This structure allows the formationhomo- or heterodimers composed
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by different MADS box proteins (Shore and Sharrodl&95). In this case, most studies
of the MADS box protein-protein interaction werecéised on homo- or hetero-

dimeriazations in order to study the formation igfhler protein complexes.

1.2.2 TCP domain transcription factors

TCP domain transcription factors, which can conplaint development, emerged quite
early in evolution in plant cells. THECP genes exist not only in angiosperms, but also
in other lower life forms, which suggest that TQRnscription factors are ancient
proteins (Navaud et al., 2007). The TCP proteine aamed afterTEOSNTE
BRANCHED 1 (TB1) in maize,CYCLOIDEA (CYC) in Anthirrinum majus, andPCF in
rice. The TCP proteins can be divided into two adbfies by the primary structure of
their DNA binding domain, which ar€YC/TB1 (TCP-C) subfamily andPCF1/PCF2
(TCP-P) subfamily (Cubas et al., 1999). In additiBRANCHED1 (BRC1) and BRC2
from Arabidopsis and CINCINNATA (CIN) gene from Antirrhinum are both important
members of CP-C subfamily (Crawford et al., 2004; Aguilar-Martinetzal., 2007).

The TCP domain is a region of DNA fragment encodimg basic helix-loop-helix
secondary structure of these transcription factalisthe transcription factors in TCP
family contain the secondary structure regionsechalbasic helix-loop-helix (bHLH).
However, these two subfamilies differ both insicel autside the TCP domain. Inside
the TCP domain, the basic region of the CYC/Tibfamily contains a bipartite NLS
(Doebley et al., 1997), while the basic regionte PCF subfamily contains only a part
of a bipartite NLS. Furthermore, the helix 1l oktiCYC/TB1lsubfamily is longer than
that of the PCF subfamily. On the other hand, detshe TCP domain, most members
of the CYC/TB1subfamily have an R-domain, which is predictedaionf a hydrophilic
a-helix and coiled coils, which are similar to tadermed by leucine zippers. These
coiled coils may mediate protein—protein interat$ioOn the other hand, all members
of the PCF subfamily have the same short regiojecadt to the bHLH domain (Cubas
et al., 1999).

So far, most studies have focused onT®-C subfamily and showed that they
are involved in plant morphological developmeht be more specificCYC gene is
involved in controlling floral symmetry (Carpentand Coen, 1990). There were some
Antirrhinum classical mutants which have fully ventralisedwiéos or flowers with

reduced floral dorsoventral asymmetry (Cubas, 200¥}jhe previous experiments of
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Coen and Carpenter, they generated transposondtaggéants and identified loci
involved in regulating flower dorsoventral asymmgetWith help of transposons it is
possible to isolate the corresponding genes duhiggprocess (Carpenter and Coen,
1990). In their studies, they mentioned G¥CLOIDEA (CYC) and DICHOTOMA
(DICH) control the DIVARICATA (DIV) gene, which codes for a MYB-type
transcription factor that is an essential key gesglating ventral petal identity. The
CYC and DICH genes are encoding TCP proteins that control theadl identity of
flowers and are the key point in the developmentzggomorphic flowers in
Antirrhinum. In Cubas’ experiment, there are three types dants. The first one isyc
mutants, which have partially ventralised floweasd the dorsal and lateral petals and
stamens are similar to the ventral ones. Furthemihiecyc flowers have one more
petals and stamens than the wild-type flowers. §émnd mutant idich mutants, of
which dorsal petals are bit of internal asymmetitye most extreme mutantegc/dich
double mutant. They have symmetrical flowers andenand fully ventralised petals

and stamens (Fig. 2).

%ok
&) &)

Wild type cyc: dich mutant

Figure 2. Wild type Antirrhinum flower and mutanower showing that theyc/dich
double mutanthave symmetrical flowers and more and fully veitesl petals and
stamenswhich is quite different from the wild type. (Figuwas modified from Cubas,
2004).

From these mutants, it can be concluded that thetiftns ofCYC andDICH is to
regulate the morphological differentiation of ddrpatals and stamens and to control
their number. At the early stage of the developméNC andDICH retard meristem
growing in the dorsal part of the flower and cohtitte number of organ primordia

which will be the future petal and stamens. At ker stage, the growth patterns of
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dorsal petals and stamens will be affected by tlam they will also promote the
formation of the dorsalmost stamen (Cubas, 2004).

Another important gene in TCP-C subfamily 1, which controls the
developmental evolution of maize. THB1 gene is responsible for arresting the growth
of some axillary buds, repressing internode eldngan branches, and arresting petal
and stamen development in female flowers (Doebtegl.e 1997). In Doebley’s early
research, he crossed maize with teosinte to crddferent genetic background
generations in order to find out the functiond’BL gene in morphology (Doebley et al.,
1995).

According to Doebley, there are mainly two quamtre trait loci (QTL) which
control the differences in plant phenotypes andorescence architecture between
maize and teosinte (Fig. 3). One of the loci ischnomosome arm IL, maize mutant
teosinte branchedl (tbl). This QTL influences the inflorescence sex, the rimades
number and length of the lateral branches and reglences, which were obvious
according to the phenotypes of each generation.edewy this QTL has strong effects
in teosinte background but not in maize backgroumtdle second QTL is on
chromosome arm X. It has the same influence a®fHeon 1L. However, the effect of
this QTL on several traits is not so strong in bathize and teosinte background
compared to a maize-teosinte F2 population. It ¢t&n concluded that genetic
background affect gene action for both QTL. Togethieese two QTL substantially

affect the developmental evolution of maize fanpilgnts (Doebley et al., 1995).



13

# Tassels /’#

Ears %

T~ ~

Teosinte Maize

Figure 3. Pictures of maize and teosinte show iffierent plant architectures. There are
many lateral branches in teosinte, each lateralidbraerminated by a branched male
inflorescence or tassel. On the contrary, maized&asively few lateral branches, and at
the end of each branch, there is an unbranchedesnale inflorescence (Figure was
modified by the picture from Doebley et al., 1995).

In the experiment done by Takeda in Japan, thelidegene OsTB1) was isolated.

In transgenic rice plants, in which tH@sTB1 gene is over-expressed, the lateral
branching was inhibited. Therefore, similarly to in@gaOsTB1 gene is a negative
regulator for lateral branching in rice (Takedalet2003).

CINCINNATA (CIN) genes encode the transcription factors belonirige TCP-C
family. Studies ofcin mutants inAntirrhinum have showed that the leaves @h
mutants are larger than normal ones because obwbegrowth in marginal regions.
Not only in leaf growth, thecin mutants also have effects on petal shape, which
suggests that th€IN transcription factors are involved in both plambwth and
differentiation (Crawford et al., 200BRANCHED1 (BRC1) andBRC2 genes, found in
Arabidopsis, areTB1 like genes. Developing buds are the place wHEREL is
expressed most, and the functionBBC1 is to arrest the bud development. According
to mutant experiment in Arabidopsisrcl mutants have more outgrowing branches
than normal plants (Aguilar-Martinez et al., 200BgsidesBRC1, BRC2 is the other
tbl-like gene in Arabidopsis. However, according te fthenotypic analysisf brcl
andbrc2 mutants,BRC2 gene is most likely not involved in axillary buéwklopment
(Poza-Carrion et al., 2007).
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Although there are not so many studies on TCP-Rasuly, it is known that they
are involved in organ border delimitation and iefige cell growth. The PCF1 and
PCF2 proteins were first identified from rice gdrezause they can bind precisely to the
promoter elements for the proliferating cell nucleatigen PCNA), which is involved
in meristematic cell divisions and expressed onlyneristematic tissue. Therefore, it
has been proposed that PCF1 and PCF2 most probabtyol the transcription of
PCNA, and influence the cell growth and prolifepat{Cubas et al., 1999).

1.3 Gerbera and MADS-box genes and TCP transcriptio n factors in

Gerbera

1.3.1 Gerbera hybrida

Gerbera Gerbera hybrida) is a famous cut flower belonging to tAsteraceae family.

It has been established as a new model plant tty $tower organ differentiation and
flower type specification irAsteraceae. Unlike the traditional model plants such as
Arabidopsis, Antirrhinum or Petunia that only contain single types of flowers; gerbera
inflorescence has more complex structure and varlowal types. The inflorescence of
Gerbera is composed of three different types ofidis, ray flowers, trans flowers and
disc flowers (Fig. 4). The ray flowers, which ardgaterally symmetrical, are in the
marginal area of gerbera inflorescence. They aleHave petals, of which three petals
are fused together and enlarge to form a showyelighape. Disc flowers are in the
central area of the whole inflorescences. They Isoet and separate petals so they are
radially symmetrical in morphology. Trans flowers & the areas between disk and ray
flowers. They are also bilaterally symmetrical, @rhis similar to ray flowers in shape
but smaller in size (Teeri et al., 2006). The ray &ans flowers are female flowers, in
which the stamens are not developed. However ik ti®vers, stamens are well
developed and form a fused structure covering et (Kotilainen et al., 2000;
Laitinen et al., 2006).
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Figure 4. The inflorescence of gerbera is compa$ddree types of floret. Ray flowers,
trans flowers and disc flowers comprise the threens of gerbera inflorescences.
http://www.mm.helsinki.fi/mmsbl/english/researchfBeralab/gerbera_structure.html

In order to explore the molecular mechanisms inedlin regulation of the complex
inflorescence structure, both MADS-box genes an® B€nes have been isolated from
gerbera in the previous studies. It has been shbatthe MADS-box genes in gerbera
regulate the flower organ identity while TCP genes involved in controlling flower
type specification (Yu et al., 1999; Kotilainenadt, 2000; Uimari et al., 2004; Laitinen
et al., 2006 Teeri et al., 2006; Broholm et al., 2008; Broholiak, 2009; Ruokolainen
et al., 2010a; Ruokolainen et al., 2010b).

1.3.2 MADS-box genes in Gerbera

MADS-box genes are encoding the A, B, C, D and ietions regulating flower organ
developmentAlso gerbera contains MADS-box genes that haveipdanctions to
regulate flower organ identityYSQUAMOSA (SQUA) is an A function gene from
Antirrhinum while APETALAL (AP1) and FRUITFULL (FUL) are both A function
genes fromArabidopsis (Riechmann and Meyerowitz, 1997; Egea-Cortines.etL999;
Litt and Irish, 2003). In gerbera, sBQUA-like genes GSQUAL1-6) have been identified,
among whichGSQUAL and GSQUAS belong to SQUA/AP1 clade, andGSQUA2,
GSQUA4, GSQUAS and GSQUAG are FUL-like genes. The locations of tHeSQUA
genes expression domains va@SQUAL was only expressed in the receptacle and
petals of the inflorescences. The expressionSIPUA2 and GSQUAS were detected
everywhere in the inflorescences. The expressigideof GSQUA3 andGSQUAG were
higher in gerbera leaves than in the infloresceacesthe expression @SQUA4 was

only found in the reproductive organs and the viasate (Ruokolainen et al., 2010b).
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Based on the expression patterns, none of theses gaem to control the classical A
function. Instead, the functional analysis ®8QUA2 showed that it is involved in
regulation of meristem transitions (Ruokolainemalet2010b).

The B function genes specify the petal and stamexeldpment. The B function
genes have been found Arabidopsis and Antirrhinum, which are two intensively
studied plant specie&PETALA3 (AP3) and PISTILLATA (P1) from Arabidopsis and
DEFICIENS (DEF) andGLOBOSA (GLO) are from theAntirrhinum are all B function
genes. Their function is mainly to promote stamed petal identity. (Mouradov et al.,
1999). There are also two paralogous lineages fA#8/DEF lineage,euAP3 and
TOMATO MADS BOX GENEG6 (TM6) belonging to the B function genes (Kramer et al.,
1998). Similar genes belonging to class B wereaisdl from gerberaGERBERA
GLOBOSA-LIKEL (GGLOL1) is aPI/GLO lineage geneDEF1 is aTM6-like gene and
GDEF2 andGDEF3 areAP3 class genes. Previous studies have showrGBa0O1 and
GDEF2 control the development of petals and stamenseibega, butGDEF1 is
different (Yu et al., 1999). Instead of determinthg petal identity, th&DEF1 gene is
responsible for regulating stamen development (&rohet al., 2009)According to
Broholm et al. (2009), GGLO1 protein can interaghwproteins GDEF1, GDEF2 and
GDEF3 and form heterodimers by using GAL4 yeastlwibrid assays (Yu et al., 1999;
Broholm et al., 2009).

The C function genes control the stamen and cadpality in flower development.
AGAMOUS (AG) in Arabidopsis andPLENA (PLE) in Antirrhinum are both important
genes in this clad&SAGAL andGAGA2 areAG-like C function genes found in gerbera.
They are expressed firstly in the central primordied control the development of
stamens and carpels. After the stamen and carelomaed, in the later developmental
stagesGAGAL andGAGA2 were responsible for ovules formation (Yu et a@99). In
the experiments of Ruokolainen (2010a), no int@vast were detected between
GAGAL1 and GAGAL were detected (Ruokolainen et24110a).

E function genes are involved in development ofvibrls of organs: sepals, petals,
stamens, carpels and ovules. For example SHRALLATA (SEP) genes are isolated
from Arabidopsis. According to Favaro et al (2003), the developmeftovules and
seeds were disrupted or changed into other stestmwrSEP1/sepl sep2 sep3 mutant
plants. Among all th&EP genes SEP3 is more efficient to promote the normal ovule
development than oth&EP genes (Favaro et al., 2008RCD1 and GRCD2 are SEP-

like genes fromGerbera, but they have different functionGRCDL1 is responsible for
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stamen development, whieRCD2 is important to carpel development (Uimari et al.,
2004; Teeri et al., 2006). In addition, Ruokolairet al. (2010a) has identified general
E function genesGRCD4 and GRCD5, comparable té\rabidopsis SEP proteins. They

show high activity in forming protein complexes lwigeveral gerbera MADS domain

proteins (Ruokolainen et al., 2010a).

1.3.3 TCP genes in Gerbera.

In gerberaCYCLOIDEA-like genes GhCYC) were isolated and four differe@hCYC
genes were found.

Among all theGhCYC genes in gerber&hCYC2 has been mostly studied. In the
gerbera inflorescenceShCYC2 is mainly expressed in the showy ray flower priciar
It has been shown to regulate the flower type ideraitgt to control the size of the
gerbera inflorescences. According to the phenotypefs transgenic gerbera,
overexpression dBhCYC2in the central disk flowers causes the disk flevéo
develop similar to ray flowers, which has enlargedtral petals and disrupted stamen
development (Broholm et al., 2008).

The functions ofGhCYC1, GhCYC3 and GhCYC4 have not been accomplished.
According to Broholm (2008), the putative GhCYC1liamacid sequence outside the
highly conserved TCP and R region is significardifferent from the GhCYC2-4
sequences. It is predicted that the amino acid esemuof GhCYC2, 3 and 4 include
nuclear localization signals (NLS), which meansytlmemplete the transcription in
nucleolus. However, GhCYC1 has no NLS, which ingplteat the GhCYC1 is not
localized in the nucleus. It may occur in othercpl® such as chloroplasts (Broholm et
al., 2008). However, the GhCYC proteins may perfdhair functions by forming
protein complexes. The interactions among GhCYQemme have been studied using
the yeast two-hybrid system (Sari Tahtiharju, peasonformation). The GhCYC
proteins were originated from plant; therefore, tbgults of protein-protein interactions
in yeast should be confirmad planta to avoid the drawbacks from yeast two-hybrid

system.
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1.4 Detecting protein — protein interactions in planta

1.4.1 BiFC (Bimolecular fluorescence complementation)

Protein interactions can be studied with the hdélmethods such as yeast two hybrid
system and proteomics analyses. However, some wabick and visible methods are
required to make researchers see the results efagtion (Hiatt et al., 2008). The
methods, which make the protein-protein interactiorsible, not only can reveal the
interactions, but also show the locations where itieractions happen (Weinthal &
Tzfira, 2009). This is of great importance to stuldg interactions among transcription
factors.

Bimolecular fluorescence complementation (BiFCaiselatively new method for
direct visualization of protein-protein interactsom living cells (Kerppola, 2006). The
fluorescent protein used in this method cannotdsn sunder visible light but can be
seen under UV light. However, when the fluorescemadein is split into N and C-
terminal halves, the molecule does not producedsmence. Based on this feature, the
fluorescence protein can be used to test protarpaviein interactions (Hu et al., 2005).
The mostly used fluorescence protein is the entthnadlow fluorescent protein
(EYFP), but also other fluorescence proteins ase alsed in some studies, such as
green fluorescent protein (GFP), cayan fluorespeotein (CFP) and blue fluorescent
protein (BFP). (Weinthal & Tzfira, 2009). The twomfluorescent fragments, YFP/C
and YFP/N, will be fused with the two putative ir#teting partners, therefore, if the
putative partners interact with each other, theofuf two fragments will restored
fluorescence (Fig. 6). This protein can absorb @tgrhof high energy and emit another
photon with longer wavelength (lower energy). Theergy difference between the
absorbed and emitted photons will be performed amynways, such as molecular

rotations, vibrations or heat (Fig. 5).
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High energy  absorbe emit
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Figure 5. Light emission theory of fluorescent pios. Fluorescent protein can absorb
high energy photon and emit low energy photon. @hergy differences between these
two photons were released in the form of rotatidoration or heat.

Normally, if the protein is illuminated by ultraved light, the emitted light will be
in the visible range. From this point of view, lifet interaction takes place, the emitted
visible light can be seen when the proteins areeunke ultraviolet light. Since the
interaction take place in the living cells, the rosrope can capture the image of the

whole cell and the localization could also be detsdc

Reconstructed

siganl
YFP-N W YFP-C @
No siganl

YFP @ YFP
YFP-N W YFP-C .

Figure 6. The theory of BiFC assay. X, Y and Z wpreteins that fused to N- or C-
terminal of the fluorescent protein fragments. Xl &hwere interacting proteins so the
fluorescent protein could be reconstructed andadsgoould be detected. X and Z were
non-interacting proteins, the N- and C- terminaisld not be fused to reconstruct the
fluorescent protein and no signals could be defedtégure was modified from
Weinthal & Tzfira, 2009).
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Usually, there are two places to split the YFP. Titst one is between the amino
acids 153 and 154 and the second option is betteamino acids 174 and 175. Many
previous experiments suggested that it would béebéd split YFP between amino
acids 174 and 175, therefore, the YFP signal vélihtiore consistent and stronger than
splitting YFP between amino acids 153 and 154
(http://www.bio.purdue.edu/people/faculty/gelvirf/fmedex.htm).  However, many
experiments are still being processed with thearsdhave the fragments split between
amino acids 153 and 154.

It has been reported that BIFC is a relatively $anpnd reliable method to
investigate protein-protein interactions and ishtecally simple in different plant
systems. And it is also very sensitive as it caeatehe protein-protein interaction at a

low expression level (Walter, et al., 2004).

1.4.2 Split luciferase assay

Another important method to test protein-proteit@iactions is split luciferase assay. In
this assay, the luciferase will be split to N- a@derminal fragments, which is quite
similar to BIFC assay, and these two fragments il fused to two target genes
respectively. However, the theory behind the reacs quite different from fluorescent
protein.

Luciferins can emit photons by oxidization, andntheecome oxidized luciferins.
However, this reaction is usually very slow. Theref it is often catalyzed by luciferase.
In the split luciferase assay, when the proteirdedoby the target genes interact with
each other, the N- and C- terminal of the luciferaazyme are reconstructed and the
complete luciferase can be produced. Luciferasablse to catalyze the luminescent
reaction and the photons emitted by the reactiam lwax detected by luminometer.
Various luciferins us different substrate lucifexjrthe most used luciferases are firefly
luciferase and Renilla luciferase and the luminesceactions are showed in figure 7
(Sherf et al., 1996).
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Firefly
luciferast

Beetle luciferin + ATP + @ W Oxidized luciferin + AMP + +PPi + COr light

Renilla
o ) luciferast ) ]
Coelenterate luciferin (coelenterazine) » ©% Oxidized coelenterazine + G@® light

Figure 7. Luminescent reactions of beetle lucifeid coelenterazine. Each luciferin
has its own corresponding luciferase. For beett@fdun, the firefly luciferase is
responsible to catalyze the luminescent reactionlewRenilla luciferase is for
coelenterazine (Figure was modified from Sherfl t1896).

The split luciferase assay method has been praved efficient assay of analyzing
protein - protein interactions by Fujikawa and Kato2007. Gene H2A and H2B
encoding histones, interacting with each other frArabidopsis, were used in split
luciferase assay (Fujikawa and Kato, 2007). Aceagdo Fujikawa and Kato, the split
luciferase assay can detect protein dissociatiomedls which can not be done by BiFC,
besides, the split luciferase assay doesn’t negdeg®rnal light to measure the results

which will not increase any background light in #ample (Fujikawa and Kato, 2007).
1.5 Transferring plasmid DNA into plant cells
1.5.1 Protoplast electroporation

The method of electroporation is widely used iniaia molecular experimental
researches. Cells, including bacterial, fungal, mahi and plant cells, can be
electroporated with the presence of DNA. The DNAI wien be introduced into the
cells and be expressed in the electroporated (@eltsjuin, 1997).

Electroporation is a membrane phenomenon. Pordem@ned at the cell membrane
by suddenly and significantly increasing in thectieal conductivity and permeability
of the cell membrane temporarily. During this shorte, the target substances will be
introduced into the cells (Weaver and Chizmadzli®g6). If all the parameters are
right, the cell membrane would heal and be stiltealHowever, the parameters vary in
different cells types, not only in plant a celle@roporation is used in bacterium, fungi

and animal cells as well. However, even in platisceells from different plant species
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may have different parameters for electroporatibarquin, 1997). Therefore, the
parameters of electroporation should be optimizedssure that the electroporation is
successful.

In both BiFC and split luciferase assay, two fragteeof DNA (N-terminal and C-
terminal) fused with the target genes are introduicéo the same protoplast and be
expressed there. The protoplasts would be alivedweral days and the proteins will be

encoded by transformed genes, and, detected bypsompe or luminometer.

1.5.2 Agroinfiltration and its application

Agrobacterium tumefaciens and other related\grobacterium species were know as
plant pathogens at the beginning of the 20th cgniliney cause crown-gall disease in
natural environment by their natural ability ofrisferring a T-DNA from the bacterial
tumor-inducing plasmid, which is known as Ti-pladmio the host cell. The T-DNA
will then be integrated into the host genome andx@essed in the cells of the host
(Tzfira et al., 2004). Based on this “natural gitif Agrobacterium, Agrobacterium
tumefaciens is intensively studied and widely used as a tddiransferring DNA into
many agronomically and horticulturally importantesfgs to create transgenic plants
(Gelvin S.B. 2003). HoweveAgrobacterium-mediated transformation is not successful
in all plant species, there are still plant speciasnot be infected. In this case, other
transformation methods are needed (Chung et #§)20

There are varioug\grobacterium-mediated methods of transferring T-DNA into
plant, such as agroinfection and floral dip. Howevgroinfiltration is found to be a
simpler and faster way to induce transient expoesaind analyse gene expression in
plant cells (Wydro et al., 2006). Briefly, this rhetl is to inject the suspension of
Agrobacterium, which contain the target gene, into plant organg, leaves or petals.
The agrobacterium strain containing the target gelasmid is cultivated in liquid
medium and then washed and suspended into therHdoffenjection. In the natural
environment, once entering through wounds of platite agrobacterium will be
activated when surrounded by low-molecular-weighterplic compounds and
monosaccharides released from wounded plant egltsa slightly acidic environment.
In this case, acetosyringone is crucial in the sospn buffer. It is because
acetosyringone can create a similar environmemia# wounding, in which situation

thevir gene will express (Kanneganti, 2006).
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The suspension oAgrobacterium will be injected into the airspaces of the plant
organs through stomata on the underside of theegefivig.8.). Sometimes, if the plant
organs are not suitable for injection, a tiny imascan be made to make the infiltration

easier.

Figure 8. Suspension of agrobacterium is beingciapeinto the underside of a young
Nicotiana benthamiana plant by the syringe without a needle.
(http://commons.wikimedia.org/wiki/File:Agroinfiltion.jpg)

Usually, there are some detectable reporter gensisgbtransferred into
agrobacterium and injected into plant. The expoessif these genes can be detected
two to three days after infiltration; the specifdays depend on various genes
(Kanneganti, 2006).

1.6 Aims of the study

The GhCYC genes, especiallhCYC2, have been proved to play an important role in
regulating floral development and differentiatidtiowever, the study from Broholm
showed that at some stage, one gene is insuffiteemegulate floral development,
which implies that the interactions among these Bh@roteins might exist (Broholm
et al., 2008). The interactions among GhCYC1, GheYGhCYC3 and GhCYC4 have
been tested by using yeast two hybrid. Accordintpéoresults from Dr. Sari Tahtiharju,
GhCYC1 only interact with itself, while GhCYC2, GWC3 and GhCYC4 have
interactions with each other (Table 1.).
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Table 1. The results of GhCYCs interaction by ydasi hybrids (Sari Tahtiharju,
personal information).

AD ADGhCYC1 | ADGhCYC2| ADGhCYC3 | ADGhCYC4
BD - - - - -
BDGhCYC1 - + - - -
BDGhCYC2 - - + + +
BDGhCYC3 - - + + +
BDGhCYC4 - - + + +

However, in yeast two hybrid systems, sometimes pesein interactions occur,
such as 'false-positive’ and ‘false-negative' augons, which are not expected, and
sometimes the protein-protein interactions can betdetected (Ito, et al., 2001). In
several yeast two hybrid experiments, the resulisndt correlate even though the
authors are all dealing with the same GAL4 systenmm(ink, et al., 2002). Therefore,
the interactions among GhCYCs should be confirmgdother methods in a more
natural way.

The aim of this study is to detect and verify thetgin-protein interaction in plant
cells to avoid the drawbacks from yeast two hylsydtems. The interactions among
GhCYCs will be confirmed interacting in tobacco foqaasts as well as in tobacco leaf
epidermal cells. Electroporation and agroinfiltoatiare used to introduce the plasmid
DNAs into the plant cells and create an approprateironment for protein-protein
interactions. Split luciferase assay and BIFC (beoolar fluorescence
complementation) were used in this experiment tofiom the results of yeast two
hybrid systems and the location where the intevastiake place. In addition, these two
methods were compared to find out an efficient eelidble way of detecting protein-
protein interactiongn planta.

2 Materials and methods

2.1 Entry clones, destination vectors and DNA const  ruction

For both BIFC and split luciferase assay, DNA cangs were composed of one target
gene and either N-terminal or C-terminal fragmenYBP (yellow fluorescent protein)
or luciferase. The target genes were cloned irettiey vectors while the N- terminal or
C-terminal fragment of YFP (yellow fluorescent mio) and luciferase were in the
destination vectors.
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2.1.1 DNA constructs for protoplast electroporation

For protoplast electroporation, both BiFC assay spiit luciferase assay were used.
Two types of entry clones were used to make the DddAstructs with different
destination vectors (table 2 and table GhCYC genes CYCL1 to CYC4), isolated from
gerbera (Broholm et al., 2008), were in the entope. pPENTRCYC1 to pENTRCYC4
have stop codons at the end of @¥C gene. Therefore, the N or C terminal fragments
should be in the upstream positions. Entry vecpiEBITR2CYC1 to pPENTR2CYC4
have no stop codons, the C or N terminal can bthéndownstream positions (Sari
Tahtiharju. Personal information).

In BIFC assay, the target gen&yC1, CYC2, CYC3 andCYCY4 were in the entry
vectors. The destination vectors pARC233 and pARC28ntain N-terminal YFP
fragments, while vectors pARC234 and pARC236 con@Giterminal YFP fragments,
and the promoters in all these vectors are CaMV@&8Ich et al.,, 2007). The LR
recombination reaction (explained in 2.3.1) wilbguce the final constructs shown in
table 2.

Table 2. Entry clones, destination vectors andfth& constructs for BiFC assay in
protoplast electroporation (All the entry clonesl atestination vectors were obtained

form Sari Tahtiharju).

Destination pARC233 pARC234 pPARC235 PARC236
Entry clone tor (N-) (CH) (-N) (-O)
pENTRCYC1 N-CYC1 CCYC1 - -
pENTRCYC2 N-CYC2 C-CYec2 - -
pENTRCYC3 N-CYC3 CLCYC3 - -
pENTRCYC4 N-CYC4 C-CcYc4 - -
PENTR2CYC1 - - CYC1-N CYC1-C
PENTR2CYC2 - - CYC2-N CYC2-C
PENTR2CYC3 - - CYC3-N CYC3-C
PENTR2CYC4 - - CYC4-N CYC4-C

In split luciferase assay, pENTRCYC1 to pENTRCYQ#d goENTR2CYC1 to
PENTR2CYC4 were also used as entry clone. Howg¥@uyEx-Dc6 and pDuEx-D7
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containing C-terminal of luciferase and pDuEx-Amhtaining N-terminal of luciferase
are used as destination vectdtisA (histone 2A) andH,B (histone 2B) are genes from
Arabidopsis encoding histone 2A and 2B, and had been founishtezact with each
other (Fujikawa and Kato, 2007). Entry clone pENTLRHNnd pENTRHB were used
as positive control. The LR recombination reactigmeduced the final constructs
shown in table 3.

Table 3. Entry clones, destination vectors andfitm@ constructs for split luciferase

assay in protoplast electroporation.

Destination Bait Prey
Entry clone vecton  PDUEx-Dc6 pDUEx-D7 pDUEXx-An6
(-C) (C-) (N-)
PENTRCYC1 - CluccYC1 Nluc-CYC1
PENTRCYC2 - CluccyC2 Nluc-CYC2
PENTRCYC3 - CluccYC3 Nluc-CYC3
PENTRCYC4 - CluccyC4 Nluc-CYC4
PENTR2CYC1 CYC1-Cluc - -
PENTR2CYC2 CYC2-Cluc - -
PENTR2CYC3 CYC3-Cluc - -
PENTR2CYC4 CYC4-Cluc - -
PENTRHA - - Nluc-H,A
PENTRH:B H.B-Cluc - -

2.1.2 DNA constructs for agroinfiltration

For agroinfiltration, different constructs were readsing different entry clones and
destination vectors. Destination vectors were pSBYdthd pSPYCE (Walter et al.,
2004) containing the N-terminal and C-terminal jlitsY FP (yellow fluorescent protein)
fragment respectively, and the promoter in bothtarscwere CaMV35S. The entry
clones were pENTR2CYC1 to pENTR2CYC@GLO1, GDEF1 and GAGAL from
gerbera. The previous studies have shown that US4 yeast two-hybrid assays,
that GGLOL1 protein can interact with proteirfSDEF1, while GAGAL cannot interact
with itself (Kotilainen et al., 2000; Broholm et.,aP009; Ruokolainen et al., 2010).
FBP2 and FBP11 from petunia were included as well and they weoéhlfound to

express in the ovules and have interaction witth @dlcer (Immink et al., 2002). In this
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case, the combinations &GLO1+ GDEF1 and FBP2+ FBP1l1l were selected as
positive control an@GAGA1 self-interaction was the negative control (Table 4

Table 4. Entry clones, destination vectors andfih@ constructs for BiFC assay in

agroinfiltration (Entry clones were from gerberbdeatory).

Entry clone DeSti\r/]:gt%rr] PSPYNE (N) PSPYCE (&)
PENTR2CYC1 NEYC1 -
PENTR2CYC2 NEYC2 C-CyC2
PENTR2CYC3 - CeYCs3
PENTR2CYC4 - ccyc4

PENTRFBP2 NFBP2 -
PENTRFBP11 - G-BP11
PENTRGGLO1 NGGLO1 -
PENTRGDEF1 - OsDEF1
PENTRGAGA1 NGAGA1 C-GAGAl

However, before the LR recombination reactions am@ENTR2CYC1 to
PENTR2CYC4 and destination vectors pSPYNE and pSPY¥ere carried out, the
linearization reactions of pENTR2CYC1 to pENTR2CYGHould be performed.
Because all the pENTR2CYC entry clones, and pSP¥NE pSPYCE vectors contain
the same antibiotic (kanamycin) resistance gene,th&d the products of LR
recombination reactions contain two types of plasmNA, the constructs and
PENTR2CYC entry clones (pSPYNE and pSPYCE vecharge ccdB genes which
kills E.coli), that can maké&.coli grow on the selected medium. It was difficult to
select the right colonies containing the right ¢ongs. Once the pENTR2CYC entry
clones were linearized, it was impossible for thenexpress and replicate kcoli so

only theE.coli with constructs can survive.

2.2 Linearization of pPENTR2CYC entry clones and DNA  extraction

To linearize the entry clone, proper enzyme shbegldelected that does not cut the site
within the attL sites or the genes of interest. Thenponents and the volumes were

shown in table 5.
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Table 5. Components and volumes of linearizingedéit entry clones.

Components PENTR2CYC1 pENTR2CYCPENTR2CYC3 pENTR2CYC4

DNA Accordingto  Accordingto  Accordingto  According to
concentration concentration concentration concentration
MQ-H,0O Accordingto  Accordingto  Accordingto  According to
DNA volume  DNAvolume DNA volume DNA volume
Enzymes EcoRV 1l Hpal 1ul EcoRV 1yl EcoRV 1yl
Buffers Buffer B 2ul Buffer B 2l Buffer B 2l Buffer B 2 ul
Total 20yl 20 ul 20 ul 20 ul

After adding the component in table 4 together,rnietures were incubated at +37
C for one hour and loaded in 1% agarose gel, elgotnesed with 0.5xTBE buffer
(appendixl1) for one hour at 120 V.

DNAs were extracted from the gel after electrophisréby using GelJ&f Gel
Extraction Kit (Fermentas Inc., MA, U.S.), and thasted in the agarose gel with
different concentrations (5 ngd, 10 ng/ul, 25 ng/ul and 50 ng/ul) of ADNA to
estimate the amount by comparing the black bond®nIA.

2.3 LR recombination reaction and DNA transfer

The fusions of entry clones and destination vectogse made by LR recombination
reaction. The products of LR recombination reacti@re transformed into appropriate

competent cellsH.coli or Agrobacterium) to complete replication.
2.3.1 LR recombination reaction

All the DNA constructs were made by LR recombinatioeaction. The LR
recombination reactions were done by using Gatewa&lonas&" 1| Enzyme Mix
(Invitrogen Corporation, CA, U.S.). In each reactioone entry clone and one
destination vector (shown in table 2, 3 and 4) weeeded. Table 6 shows the
components and the corresponding volumes. All taponent were added to 1,5 ml
microcentrifuge tubes and then mixed withuRof LR Clonase™ Il enzyme. The
reactions were incubated at + 25°C for 1 hour, dreh, 1l of the Proteinase K
solution was added to each reaction. The react@mne incubated at + 37°C for further

10 minutes.
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Table 6. LR recombination reaction components aractbrresponding volumes.

Component Volumey()
Entry clone (100ng/reaction) 5
Destination vector (150ng) 1
TE buffer, pH 8.0 to 8

2.3.2 DNA transformation into E.coli by heat shock

DHa5 E.coli was used as the competent cell for the DNA coaostrshown in table 2
and table 3. The competent cells were stored @G &nd were thawed on ice before
use. 3ul DNA products from LR recombination reaction waidded to each competent
cell tube. The tubes were incubated on ice for 8tutas and then a heat shock at + 42
C for 30 to 90 seconds was given and further incdan ice for two minutes. 1000

of LB (Luria-Bertani) liquid medium (room temperat) was added into the tubes and
they were incubated at + 7for 1 hour with horizontal shaking at 200 rpm. é&fone
hour incubation, the tubes were centrifuged at 8@d0 for two minutes and 10Qd
supernatant was discarded. The cells were resusgeindthe remaining liquid and
plated on petri dishes containing L-broth mediurthveimpicillin and grown overnight
at + 37C.

2.3.3 DNA transformation into E.coli by electroporation

The constructs cannot be transferred iBimli efficiently if the sizes of the constructs
are too large. In this case, electroporation wobkl the best choice for DNA
transformation.

The competent cells Dib E.coli were stored at - 80 and were thawed on ice
before electroporation. 1,d of LR recombination reaction products were added
the competent cells and transferred into electmtpmr cuvette. The conditions for
electroporation were 200 ohms, gbD and 2.5 kV. 1 ml of SOC medium (2% (W/V)
Tryptone, 0.5% (W/V) Yeast Extract, 0.05% (W/V) NaZ5 mM KCI, 10 mM MgC},
20 mM glucose) was added into the electroporatiovette and the mixtures were
transferred into the enppendorf tubes, and thewbiaied in the shaker at + 87 for one
hour. The cells were harvested by centrifuging@rpm for two minutes, and most
of the supernatant was discarded. Cells were resdggal in the remaining medium (200
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ul) and plated on Petri dishes containing selectieedium LB (Luria-Bertani) with
kanamycin 50g/ml.

2.3.4 DNA transformation into agrobacterium

Agrobacterium tumefaciens (C58GV3101 (pM90)) strain stored at ‘80  waesed for
transferring DNA constructs in table 3. The cellerevthawed on ice and then 10-100
ng products of LR recombination reaction were addéal the cells, and incubated on
ice for one minute. The cell- DNA mixtures were addinto the pre-cooled
electroporation cuvette, and electroporate at tmelition of 200 ohms, 2pFD and 2.4
kV. After electroporation, cells were transferredoi an eppendorf tubes by rinsing the
cuvette with 1 ml of SOC medium(2% (W/V) Tryptor®5% (W/V) Yeast Extract,
0.05% (W/V) NaCl, 2.5 mM KCI, 10 mM Mggl 20 mM glucose) without antibiotics
and incubated in the shaker at +'28 for two holite cells were harvested by
centrifuging at 8000 rpm for two minutes, and mafsthe supernatant was discarded.
Cells were resuspended in the remaining medium ¢1P00 ul) and plated on Petri
dishes containing selected medium LB (Luria-Beltawith rifampicin 100ug/ml,
gentamicin 25ug/ml and carbenicillin 10Qg/ml (table 7). The cells were incubated for

2 - 4 days incubation at + ZBto obtain enough colonies.

Table 7. Antibiotics and concentrations induBogenzschioelected medium.

Antibiotic stocks and concentrations Concentratiorselected medium

Rifampicin (rif) (50mg/ml) 100g/ml)
Gentamicin (gen) (25mg/ml) 2ng/ml)
Carbenicillin (cb) (100mg/ml) 10Qug/ml)

2.4 Miniprep, Maxiprep harvest and enzyme digestion

2.4.1 Miniprep and Maxiprep harvest

Plasmid DNA from botHE.coli and Agrobacterium were isolated by using QIAGEN®
Plasmid Mini/Maxi Kit (QIAGEN, Hilden, Germany). Miprep was for low
concentrations of DNA while Maxiprep could isolateaich more DNA and acquire

higher concentration DNA solutions.
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2.4.2 Enzyme digestion

DNAs isolated by Miniprep were digested by enzyneetest if the LR recombination
reaction was successful. The components and volweee shown in table 8. The
enzyme varies according to various DNA construate] enzyme BsrG1l was used in

this experiment.

Table 8. Components and volumes in enzyme digesbartion.

Components Volumesu)
1 g DNA According to concentrations
MQ-water According to DNA volumes
10 NEB2 buffer 2
10 BSA buffer 2
Enzyme BsrG1 (uni) 1
Total volume 20

After adding the component in table 8 together, thgestion solutions were
incubated at +37C for one hour. The agarose gel electrophoresisusad to testing
the results of enzyme digestion. The gel percenteae 1%, and the buffer was 0.5x
TBE (appendixl).

2.5 DNA transformation into plant cells

Two methods, protoplast electroporation and agiltiation, were used to transfer

DNA into plant cells. However, the plant materiat €ach method was different.

2.5.1 Plant material and growing conditions

Tobacco plantsNicotiana tabacum SR1) were used as the source of protoplast, and
Nicotiana benthamiana was the suitable tobacco species for agroinfitratBoth two
species were grown at the temperature of #24h the daytime and + 2T at night.

The photoperiod was 16 hours and the relative hiiyniehs 65%. Plants were watered
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twice a week (every Tuesday and Friday) with saubttilizer SUBSTRAL® Vita plus,
which contains 6% N, 1.3% P and 5% K (Oy TransrétiFinland).

2.5.2 Protoplast isolation and electroporation

Leaves of 10 to 20 cm in length froNicotiana tabacum SR1 were appropriate for
protoplast isolation, as the cell walls were easgligest. During protoplast isolation, all
the steps were carried out gently, because theglests are fragile and easy to break.

Leaves were sterilized using 70% EtOH and dilutedhpochlorite, which was
made by one time commercial Na-hypochlorite (NaGI(b%) (Colgate-Palmolive
Company, Finland) and three times MQ water. Leavere cut into 1mm wide strips
and dipped in 1x Man-pp solution (appendix1) for @ihutes. Enzyme solutions
(appendix1) were freshly made and leaf strips Weftan enzyme solution and covered
with foil for 16 hours.

After the digestion was finished, the suspensioesewpipetted through 100m
nylon net into a 50 ml tube and then centrifug&G@ rpm for 5mins to get the pellet.
The pellet will then be re-suspended in 3 ml of G@étcoll solution (appendix1). Three
ml of 50% Percoll solution with protoplast was ptpd below 8 ml 20% Percoll
solution (appendix1) and 1 ml 1x Man-pp was addethe top of 20% Percoll solution
(Figure 9).
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Figure 9. Schematic presentation of setting ugPeoll gradient for isolation
of protoplasts.

The tube was then centrifuged at 1000 rpm for 19 amd the protoplasts on top of
the 20% percoll solution were pipetted into a neeighted 15 ml tube. And the new
tube was filled with Aa-buffer (appendix1) to 12.mhe new tube was then centrifuged
at 500 rpm for 10 min and supernatant was discartied tube was weighted again to
calculate the amount of protoplast (one million tppbast weigh 45 mg). The
protoplasts were used right away.

Electroporator was used to introduce DNA construict® protoplasts. The
electroporation system was crucial to transfer gi@smid DNA into plant cell
successfully. Different parameters and systems wsezl during this experiment to
optimize the system (Table 9) for the reconstrudddA and tobacco protoplast.
Plasmid DNA pHTT672 (full length Renilla lucifergsavas used as a control to

optimize the electroporation systems.
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Table 9. Electropotation systems and parametesfosg@rotoplast electroporation.

Voltage (V) CapacitanceifF) Resistance) Cuvette (mm)

175 750 0 4
220 250 o 4
300 325 o 4

DNA and protoplast densities were also importa@tud and 20ug plasmid DNA
were tested in electroporation respectively, an#i0¥/200 pl protoplasts were used for
every electroporation.

After electroporation, protoplasts were washed logl K3-Man-MES solution with
hormones (appendix1) and incubated in the dim ligh24 to 48 hours, depending on
the gene expression. If the time was too longptie¢oplasts would die and the proteins
would not be detected. If the time was too shdwy¢ would be not enough time for
DNA expression; the protein could not be detectetther. The ideal incubation time
was 24 hours, so the DNA can express and the preteuld have enough time to
interact with each other.

2.5.3 Agroinfiltration

Before infiltration, theAgrobacterium containing DNA constructs were incubated in
liquid LB medium without antibiotics at +28 for 20 hours. OD600 values were
measured and volumes of cultures needed for wfitin were calculated according to
the formula:

Vconstruct=n x Vfinal x 0.5/0D600

n is the number of leaves to infiltrate, Vfinal skibbe at least 3 ml per leaf.

The Agrobacterium containing different DNA constructs, the interaos of which
were investigated, were then mixed together anttibgged at 50009 for 15 minutes at
room temperature. Supernatant was discarded andnikieire was resuspended in
Vfinal of activation buffer (appendix1), and themcubated for at least two hours at
room temperature before infiltration. The mixturasainjected into the abaxial side of 5
- 6 week oldN. benthamiana by using a 1 ml syringe without needle. The plavitsbe
incubated for 2 - 6 days depending on the levgdrofein expression (Waat and Kudla,
2008).
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2.6 Methods of detecting and measuring gene express  ion

2.6.1 Split luciferase assay

After the incubation, 1.5 ml of K3-Man-MES solutiaras discarded and the protoplasts
were transferred into 1.5 ml eppendorf tubes witl ¢tut tip. 100ul modified Lux
buffer (appendixl) was added into the tubes andptbtoplasts were crushed with a
blue rod. Tubes were then centrifuged for 10min$=ft00 rpm at +4 to separate the
protein and the cell residues.

The split luciferase assay was done by using Du@fdrase® reporter assay system
(Promega Corporation, Madison, WI, U.S.). 1@0luciferase assay reagent Il pre-
dispensed into luminometer cuvette andiRliquid from top layers of the samples were
added into the luciferase assay reagent Il and drliyepipetting 2 to 3 times. The first
measurement was taken immediately, and fireflyféuase was measured at this time.
Then, 10QI Stop&Glo reagent was added and vortex brieflg, $econd measurement
for Renilla luciferase should be finished withisé&conds.

Both the first and second measurements were camwigd by luminometer,

luminoskan TL Plus Generation 1l (Thermo Lab SyseRinland).

2.6.2 Data analysing of split luficerase assay

The significant tests of some data from split ledke assay were analysed by SPSS
software (Statistical Package for the Social S@sneersion 17.0, SPSS Inc., Chicago,
IL, USA) (Fig. 15). Single sample test was used to detect the significances of the

results.

2.6.3 Detection of YFP under microscope fluorescent light

If the genes were expressitplanta and the proteins interact with each other, the C-
terminal YFP protein and N-terminal YFP protein v@ble to reconstruct to form the
entire YFP, which could be detected under the rsmwpe in UV-light.

Camera Leica DFC 420C was used for detecting YHbtatoplast electroporation,
and camera OLYMPUS DP50 was used for observing idigroinfiltration.
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3 Results

3.1 LR recombination reaction

Constructs for various assays were made by LR rbowtion reactions. They were
digested with the appropriate enzymes (BsrG1 is #xperiment) and tested in 1%

agarose gel. Gel pictures below showed the pufitii@constructs.

3.1.1 Enzyme digestions and testing of the constructs for BiIFC assay with

protoplast electroporation

Constructs of BIFC assay for protoplast electroppona were created by LR
recombination reactions. In order to confirm theufeof LR recombination reactions
and the purity of the constructs, all the constweere digested by enzyme BsrG1 and
tested in 1% agarose gel. Vectors pARC233, pARCRB&RC235 and pARC236 were

included in the enzyme digestion as controls (Ed).

marke Empty vectors
l pARC233 pARC234 pARC235 pARC236 pARC
cycl cye2 cyc3 cydicycl cyc2cycd cycs cycl cyc2 cyc3 cyc:| cycl cyc2 cyc3 cycd233 234 235 236
sl - ] - — e

Figure 10. Gel picture of enzyme digestion of cargs for BiFC assay in protoplast
electroporation. Inserts correspondingX¢C1, CYC2, CYC3 andCYC4, marked in red
oval, were shown clearly, which implied the LR rexmnation reactions were
successful and the purity of the constructs wak aigpugh.

Gene fragments shown by the red oval corresporgei@sCYC1, CYC2, CYC3
and CYC4, which were in entry clones before LR recombinatieeactions and
combined with various destination vectors. In thembinations with different
destination vectors, ea€¥C gene showed the same pattern which means thathmoth
LR recombination reaction and the enzyme digestiwere successful. Empty
destination vectors pARC233 to pARC236 were usedasrols and they showed
different patterns from the constructs as expected.
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3.1.2 Enzyme digestions and testing of the constructs for split luciferase assay
with protoplast electroporation

The constructs for split luciferase assay were assated by LR recombination
reactions. The enzyme BsrG1 digestion and 1% agages$ test were performed to
confirm the success of the LR recombination reastiand the purity of the constructs.
Destination vectors, pDuEx-D7, pDuEx-An6 and pDuBo6, and entry clones
PENTRHA and pENTRHB were included as controls (Fig. 11 and Fig. 12).

2B

pDuUExD7
pDUEXAn6
pDUEx-Dc6
PENTRH,A
pEN TRH
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s

Figure 11. Destination vectors pDuEx-D?, pDuEx-AaBd pDuEx-Dc6, and entry
clones pENTRH2A and pENTRH2B were digested as ottr

Ex-Dc€6H.B
ExAn6H,A
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Figure 12. Gel picture of enzyme digestion of cards of split luciferase assay in
protoplast electroporation. Patterns of ge@¥€1, CYC2, CYC3 andCYC4, marked in
red oval, were clear and showed the same pattamfagire 10. The LR recombination
reactions were successful and the constructs weee p
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CYC genes were digested from the constructs and dmeildeen clearly from the
picture.CYC gene restriction patterns were the same as therpatin figure 10, which
convinced the success of LR recombination reactiGasmstructs pDUEx-An6jA and
pDuUEx-Dc6HB were positive controls for split luciferase assBgtterns of pDuEx-
An6H,A and pDuUEx-Dc6kHB in figure 12 showed the genes,Adand HB were
identical as the WA and HB patterns in figure 11, which means the LR recaration
reactions were successful and pDuUEx-Ap&kand pDuEXx-Dc6BHB could be used as

reliable positive controls

3.1.3 DNA constructs for BiFC assay with agroinfiltration

The DNA constructs for BiFC assay of agroinfiltcatiwere made by LR recombination
reactions. Linearization of the entry clones weompleted by digesting the entry
clones with selected enzymes. All the constructseevmeade successfully and tested by

agarose gel electrophoresis (gel pictures not shown

3.2 Optimization of conditions for protoplasts elec troporation

Protoplast electroporation is one of the basic wadhto introduce the plasmid DNA
into plant cells. In this study, tobaccliotiana tabacum SR1) protoplasts were used
as the material for electroporation. The efficienéyelectroporation is crucial and has
direct impact on the results of the experiment. réfege, the conditions of
electroporation should be optimized beforehand.rdtaee many important parameters
for electroporation, such as the voltage (V) anpac#&ance ((F), the concentration of
tobacco protoplasts and plasmid DNA and even theubation time after
electroporation.

3.2.1 Voltage (V) and capacitance (uF)

To obtain the optimal combination of voltage angamatance, pHTT672 plasmid DNA
containing the full length Renilla luciferase gewas used. The pHTT672 plasmid
DNA was introduced into protoplasts by electropiorat Three sets of voltage and
capacitance were tested. The space of the elecatimo cuvette was 4 mm. The
relative light unit (RLU) was the unit to measureetlight emission from the

luminescent reaction; higher RLU indicated sucadsstpression of the luciferase.
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The concentration of protoplasts for each electrajan was 1x18200ul, which
was also optimized. Three different concentratiohs13/200ul, 1x1G/200ul and
0.5x16/200ul, were tested. The concentration of 5%¥20ul had the lowest RLU,
while the concentration of 1x3@200ul had the highest RLU, which was more than ten
times higher than the lowest one. This suggestattkt®e concentration of 1x3¥200ul
protoplasts may have the highest transformatioitieffcy and it was selected as the
proper concentration for electroporation.

The RLU obtained with the combination of 170V/ 7d® was the highest among
all the three sets of parameters (Fig.13). The nildd of the combination of 170V/
750 uF was almost 500000. The combination of 300V/3#5 had the lowest
transformation efficiency, the RLU of which was ZBhe option of 220V/ 25QF
worked, but the RLU value was not high enough, Whigeans the transformation

efficiency was not very high in this combinationg®3.).

RLU
900000 -
800000
700000
600000

n=4
500000
400000
300000
200000
100000
n=3 n=3
0 : e :
170V 750uF 220V 250F 300V 32pF

Figure 13. Means of RLU +/- SD in the Renilla lecdse assay with different
combinations of voltage (V) and capacitangE)(in electroporation. The 170V 7%®

is the best option among all the three sets ofrparars. Protoplast concentration of
1x10/200ul was used.
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3.2.2 Amount DNA (ug) and incubation times

Optimal voltage and capacitance (175V/iBY was the key to an efficient DNA
transformation by electropration. In addition, #traount plasmid DNA and incubation
times would be the crucial factors for detectiorpadtein-protein interactions. To find
out the best amount of DNAs for interaction and timeubation times after
electroporation, plasmid DNA pSOT1 (pDuUEx-AngAj and pSOT7 (pDuEx-Dc6 iB)
were used. pSOT1 and pSOT7 contéigA and H,B genes with an N-terminal of
luciferase fragment and C-terminal of luciferasggment respectively, and these two
genes encoding histone proteinsAirabidopsis, have been proved to interact with each
other (Fujikawa and Kato, 2007). In this case,graein-protein interactionis planta
could be studied and high RLU value would suggeshg interactions.

Three different concentrations of DNA amounts, amd different incubation times
were tested. Each treatment was performed at feeest times (Fig 14.). For 24 hours
incubation, the mean RLU of 10+1@/20Qul DNA was 98.31, which was the highest
among all the combinations. The mean value negatwérol was 23.89, which was the
lowest among all the combinations. The treatment.5#7.5ug/20Qul DNA also had a
rather low RLU value 28.67, which was slightly heghthan the negative control.
Therefore, for 24 hour incubation, protein-protémteractions from the treatment of
7.5+7.5 ug/20Qul DNA were not very intensive. And for the treatrhesf 10+10
ug/20Qul DNA, protein-protein interactions were relativelstronger than other
treatments.

For 48 hours incubation, the mean value of pgB0Q DNA was 89.00, which
was the highest among all the treatments. Agam,nigative control had the lowest
RUL value (22.67) and RLU value of 7.5+7u8§/20Qul DNA was 36.00, which was
slightly higher than the negative control. The photprotein interaction after 48 hour
incubation was quite strong in the treatment of hg&20Qul DNA, but still not strong
enough with the treatment of 7.5+7.§/20Qul DNA.

In comparison of 24 hour and 48 hour incubatios, tieatments of 5+hg/20Qul
DNA and 7.5+7.5ug/20Qul DNA in 48 hour incubations led to mean RLU valuds
89.00 and 36.00 respectively. These are higher ttieatvalues obtained in 24 hour
incubations, which were 68.75 and 38.67. However, l0+10 ug/20Qul DNA, the
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mean RLU value in 24 hours incubation (98.31) waghédr than that of 48 hour
incubation (69.33), and it was the highest valuergrall the treatments.

RLU

250

200

150 )
Incubation
time
100 n=1C @ 24 hours
M 48 hours
n=4 n=3

50

n=3 n33

=~/
7

7.5+7.¢ 10+10

0 T

Negative control 5+
(0+0)

DNA Amount @g/200ul)

Figure 14. The average values of different treatm&he option of 10+1Qug/20Qul
DNA with 24 hours incubation has the highest regdwhile the treatment of 7.5+7.5
ug/20Qul DNA with 24 hours incubation has the lowest valaenong all the
combinations.

However, for the combinations of 5+5 and 10+i§20Qul DNA, the standard
deviations were very large, which indicated thag¢ tlesults were variable. It was
difficult to determine the optimal combination bynply comparing the means. These
results suggested that the protein-protein intemastcould be affected by various
factors, and it might be unreliable to affirm theotgin-protein interactions by

measuring the RLU values.

3.2.3 Interactions of GhCYC genes in protoplasts

In order to investigate the protein-protein intéi@ts of GhCYCin planta, constructs
containing GhCYC genes and N or C terminal of the luciferase, méageLR
recombination reactions, were introduced into tabaprotoplasts by electroporation.

Interactions, including self-interactions, among@ly CYC2, CYC3 and CYC4 were
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tested, and 10ug/20Qul DNA for each GhCYC constructs were used for one
electroporation. All the electroporations were eatout in the conditions of 170V/ 750
uF using the 1x1W200ul concentration of protoplasts. The measuremeniLef were
taken after 24 hours incubation.

The mean RLU values in figure 15 showed that thalinations of N-CYC1 and
C-CYC4, N-CYC3 and C-CYC4 as well as N-CYC4 and ¥&4 had relatively high
value, which indicated that the interactions betw&YC1 and CYC4, CYC3 and
CYC4 as well as CYC4 and CYC4 were relatively sgemthan other combinations.
The combinations of N-CYC1 and C-CYC1, N-CYC2 an€¥C2 as well as N-CYC4
and C-CYC2 had relatively low RLU values, which @@&ven lower that the negative
controls. These suggested that there were no sirdatactions between CYC1 and
CYC1, CYC2 and CYC2 as well as CYC4 and CYC2.

However, the standard deviations were quite langenfost of the combinations,
which means the RLU values in different replicatesied a lot. The large standard
deviations implied the unstable results and theragtions cannot be decided by simply
comparing the means.

The significant valuesdR) of the combinations N-CYC1 and C-CYC4, N-CYC3 and
C-CYC4 as well as N-CYC4 and C-CYC4 showed that thsults from those
combinations were not significar®%0.05), which implies that the interactions in thos
combinations may not occurred. However, the sigaift value of the control®€0.05)

suggested that the interaction between the,A Hand HB occurred.
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Figure 15. Protein-protein interactions betweeffediint combinations of GhCYC genes. Judged by thens, the combinations of N-CYC1 and C-CYC4, N-
CYC3 and C-CYC4 as well as N-CYC4 and C-CYC4 hddtireely high value. And the combinations of N-CY@fid C-CYC1, N-CYC2 and C-CYC2 as well
as N-CYC4 and C-CYC2 had relatively low RLU valuétowever, the large standard deviations implied dinstable interactions and thee values of
combinations of N-CYC1 and C-CYC4, N-CYC3 and C-C¥&5 well as N-CYC4 and C-CYC4 suggest the diffeesrwere insignificant.
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3.3 BiFC with protoplast electroporation

In order to compare the results from split luciferaassay, bimolecular fluorescence
complementation (BiFC) was used as another metlwdddtect protein-protein
interactionsin planta. In addition, the results from split luciferasesag were unclear,
and the reactions of forming the luciferase wekergble, so it is not very easy to get
clear and stable results. In this case, BIFC mayige another good choice. It is a
visible method to detect the protein-protein intéans in planta, in addition, the
reaction of forming YFP is an irreversible reactiomhich means the low-level
expressed protein-protein interactions could bedet by BiFC (Walter et al., 2004).

To investigate protein-protein interactions in ppiast by using BIFC assay,
vectors pARC246 and pARC249 were used as positiveérals. They contained the
genes FBP2 and FBP11 respectively, and were ma@atgway cloning on the vector
PARC235 and pARC23&-LORAL BINDING PROTEIN (FBP) genes are MADS box
genes isolated frorRetunia. Both FBP2 and FBP11 protein were found to be wvedl
in ovule formation and have been proven to intewith each other (Immink et al.,
2002).

The vectors pARC246 and pARC249 were introduced iptotoplasts by
electroporation, and after two days incubation, flnerescent protein was observed
clearly in protoplasts under the UV light but naider the normal light (Fig. 16). The
fluorescent protein could be seen clearly in figue¢ (al), which indicates that
PARC246 and pARC249 were successfully transfeméal protoplasts and expressead
planta. Proteins encoded 5yBP2 andFBP11 were interacting and fluorescent proteins
were successfully reconstructed. Figure 16 (bljveldothe same protoplast in normal
light, and chloroplasts could be seen clearly.alt @also be found that the fluorescent
proteins can only be observed in UV light by conmmarthe central part of the
protoplast in al and bl.
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Figure 16. Photos of the same protoplasts takererudd light and normal light. (al
and a2) Protoplast under UV light. Fluorescent gairotould be observed clearly; (b1
and b2) Protoplast under normal light. Only theoabyblasts could be observed. All the
photos were taken with 25X objective, and timexgiasure was two seconds.

For one electroporation, not all the protoplastsensiccessfully transformed with
plasmid DNA. To make a comparison of the transfatmend non-transformed
protoplasts, photos of several protoplasts in #mesfield were taken (Fig. 16. (a2) and
(b2)). In figure 16 (a2), under the UV light, oneofoplast could be clearly observed
and it was filled with fluorescent protein, whicheams the plasmid DNA were
introduced and expressed in the protoplasts. I {(b2Zhe normal light, more than one
protoplast was observed in the same field, andetpostoplasts which cannot be seen in

(a2) indicated that there were no fluorescent jmstmside.

3.4 BiFC assay with agroinfiltration

Agroinfiltration is another efficient method foatisforming DNA into living plant cells

and for studying protein-protein interactioms planta. To study protein-protein
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interactions in plants’ epidermal cells by usindg-8iassay, agrobacterium containing
the target genes were infiltrated into plants’ lovepidermis and the genes will be

transferred into living plant cells and express#d proteins.

3.4.1 BiFC assay with agroinfiltration using control genes from gerbera

To confirm that the BiFC assay works efficientlydgoroperly, MADS-box genes from
gerbera were used as control genes to optimizé3ith€ assay. Proteins coded by B
function genessGLO1 and GDEF1 in gerbera have been found to interact with each
other by using GAL4 yeast two-hybrid assays (Brohet al., 2009), and while the C
function geneGAGAL encode proteins that do not interact with itsElbt{lainen et al.,
2000). In this case, MADS-box gené&LO1, GDEF1 and GAGAL, were selected as
control genes, and the combination of GDEF1+GGL@¥ whe positive control while
the combinations of GDEF1+GAGA1l, GGLO1+GAGANhd GAGA1+GAGA1 were
the negative controls.

For the positive control (GDEF1+GGLO1), YFP signalsre detected clearly
under the UV light with both 25x and 40x magnifioai especially in nuclei, the
signals were much stronger than other parts ofefhidermal cells (marked in white
circles) (Fig.17.). The detection of the YFP signahplied that the target genes were
successfully transformed into the plant cells byoadiltration. Strong signals from
YFP indicated that the proteins coded BPEF1 and GGLOL interacted with each
other and strong protein-protein interactions exisn the nucleuses of the epidermal
cells.

For the negative controls (GDEF1+GAGADhd GGLO1+GAGAl), the shape of
epidermal cells could be observed under the UVtliplat no YFP signals could be
detected (Fig. 17). This indicated the YFP proteas not reconstructed because the
protein fromGAGA1 had no interactions with the proteins fréBDEF1 and GGLOL.
However, for the combination of GAGA1+GAGA1, wealgrsals could be detected
under 40x magnification (marked in white circlesfich suggests the potential weak

interactions of the proteins fro@AGAL1+GAGAL or a false positive result.
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25x 40x

GDEF1+
GGLO1

GDEF1+
GAGAl

GGLO1+
GAGAl

GAGAl+
GAGA1

Figure 17. BiFC assays of protein-protein inteattifrom the gerbera control genes. For
the combination of GDEF1+GGLQYFP signals from the nucleuses of the epidermiid ce
could be detected, which implies the DNAs were dfaimed into the plants’ cells the
successfully and strong protein-protein interadienisted between GDEF1 and GGLOL1.
For the combinations of GDEF1+GAGANhdGGLO1+GAGAL no YFP signals could be
detected, which indicated no protein-protein intécas in the combinations of
GDEF1+GAGAland GGLO1+GAGA1lFor GAGA1+GAGAL, weak signals were found
with 40x magnifier, which suggested weak interawior a false positive result.
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3.4.2 BiFC assay with agroinfiltration using GhCYC genes from gerbera

To study the protein-protein interactions fréhCYC genes, agrobacterium containing
GhCYC2, GhCYC3 and GhCYC4 genes were infiltrated into tobaccdicotiana
benthamiana). GhCYC1 was not included because of the faildfr&R recombination
reaction. Combinations of CYC2+CYC2, CYC2+CYC3 &MC2+CYC4 were tested.
For the positive contro-BP2 and FBP11 from petunia MADS-box gene group were
used. These two genes encode proteins that weresseal in ovules and interact with
each other to regulate the development of ovulasnfhk et al., 2002). For the negative
control, CYC2 and GAGA1 were used, which encoded TCP and MADS domain
transcription factors in gerbera respectively aachdt interact with each other.

For the positive control (FBP2+FBP11), strong sigrieom YFP were detected by
microscope under UV light with both 25x and 40x mégation. Similar to the
combination of DEF1+GGLO1, the signals from thelauses (marked in white circles)
were stronger than other parts of the epidermds ¢Elg.18.). In addition, some small
signal spots were observed in the cytoplasm (nevsha the photos). The success of
detecting the signals from YFP indicated that tipe@imfiltration was successful and the
agrobacterium transformed the target genes intotptlls successfully. For the
negative control (CYC2+GAGALl), no signals were aled under UV light, which
suggested no interaction occurred between theipsoéecoded bZYC2 andGAGAL.

For the combination of CYC2+CYC2, no signals weetedted, which indicated
that no YFP were reconstructed and there were tevactions between CYC2 and
CYC2 itself. However, for the combination of CYC2¥C3, signals from YFP were
clearly detected, and the signals were from nuelemarked in white circle) of the
epidermal cells (Fig.18.). This suggested that itlteractions occurred between the
proteins encoded b8YC2 andCYC3, and the locations of the interactions were in the
nuclei. For the combination of CYC2+CYC4, signatenfi the YFP were observed
under UV light with both 25x and 40x magnificatias well, but the signals were not as
strong as those found in the combination of CYC2&3YIt might be that interaction

between CYC2 and CYC4 exist, but is not very strong
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FBP2+
FBP11

CYC2+
GAGAl

CYC2+
CyC2

CYC2+
CYC3

CYC2+
CYCA

Figure 18. BiFC assays of the protein-protein exd@ons fromGhCYC genes. FBP2+FBP1Wwas the
positive control, and signals from YFP were obsérirem the photos. CYC2+GAGAWas the negative
control, and no signals were detected. Photos dEZrCYC2have no signals detected, which indicated
that no interactions between CYC2 and CYC2. Inphetos of CYC2+CYCaind CYC2+CYC4, signals
were detected, but the interactions between CY(d CYC3 were stronger th CYC2 and CYC¢
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4 Discussions

4.1 Optimization of electroporation conditions

Electroporation is a membrane phenomenon. Pore®amed at the cell membrane by
a sudden and significant but temporary increasdhef electrical conductivity and
permeability of the cell membrane. During this $hione, the target substances will be
introduced into the cells (Weaver and Chizmadzi®86). If all the parameters are
right, the cell membrane would heal and be stillealHowever, the parameters may
vary in different cell types. Electroporation isedsin bacterium, fungi animal cells as
well as plant cells, for which optimal parametess €lectroporation varies with plant
species. (Lurquin, 1997).

4.1.1 Optimization of voltage and capacitance of protoplasts electroporation

The data from optimization of voltage and capaci#ashowed that the highest RLU
mean value was from the combination of 170V/ ¥60 This suggested that 170V/ 750
uF was the optimal combination for tobacco protdpésctroporation among all three
combinations in this experiment (170V/ 7B, 220V/ 250uF and 300V/32%uF). The
transformation efficiency decreased when the veltagd capacitance increased, which
indicated that high voltage and capacitance weappropriate for tobacco protoplasts
in this experiment.

In Fromm’s article (1985), however, best result whtained by using 350V electric
pulse, and in his conclusion, higher voltage armghcaance led to higher transformation
efficiency (Fromm et al., 1985). According to Batéks995), the most effective
transformation voltage for plant cells is betwedd0-51000V/cm, which means the
voltage should be between 200~400V in the 0.4 cvettel (Bates, 1995). This is quite
close to the voltage 170V used in this experim@nid according to Sagi (1994), the
DNA would have the high transformation efficienchen the voltage ranged from 800
to 900 V/cm, which was 200-225 V for 4 mm cuvefadi et al., 1994).

Other factors which are likely to affect the optimange of voltage should also be
taken into consideration. For example, Planckaed &valbot (1989) found that
protoplasts with different diameters have their ayptimal voltages for electroporation.
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In their experiment with maize protoplasts, theimopt voltage for 60um protoplasts
was 450 V/cm, at the capacitance of 1550 and for 20-5@um protoplasts, the voltage
was 600 V/cm (Planckaert and Walbot, 1989).

4.1.2 DNA amount, incubation time and electroporation solution in protoplasts

electroporation

The data of RLU from optimization of DNA amount amdubation time showed that
the combination of 10+1@g/20Qul DNA with 24 hours incubation resulted in the
highest RLU value among all the treatments, whiobgested that more DNA was
helpful for the higher efficiency of the transfortie@ and protein-protein interactions.
Sagi et al. (1994) found that the optimal DNA cartcation for electroporation was
60ug/ml, which was 129/20Qul. Fewer DNA resulted in unstable and highly valeab
results (Sagi et al., 1994). Higher concentratioh©NA have also been shown to
express more protein in living protoplasts (Frontrale 1985).

Incubation time, together with the electroporathmrffer, affected the viability of
protoplasts, which directly influenced gene expmssin living protoplasts. The
protoplasts had higher viability in chloride-freéearoporation buffer with shorter
incubation times. The number of surviving protofdasgaried irregularly in the chloride
electroporation buffer, which resulted in unstatdsults (Sagi et al., 1994). According
to Fromm (1985), however, the presence of Ga@l the electroporation buffer

increased electroporation efficiency and protoplebility (Fromm et al., 1985).

4.2 Split luciferase assay of the interactions of G  hCYC proteins in

protoplasts

The data of split luciferase assay of the inteocactif GhCYC proteins indicated that the
interactions between CYC1 and CYC4, CYC3 and CY€4vall as CYC4 and CYC4

were comparatively stronger than the other comlmnat This confirmed the results
detected by yeast two hybrid systems that intevastiexisted between CYC1l and
CYC4, CYC3 and CYC4 as well as CYC4 and CYCA4.

On the other hand, the split luciferase assay atdit no strong interactions
between CYC1 and CYC1, CYC2 and CYC2 as well as €¥46d CYC2, while the
results from yeast two hybrid systems detecteceitigence of the interactions between
CYC1 and CYC1, CYC2 and CYC2 as well as CYC4 ancCe2Y
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The problems of 'false positive' and 'false negatiwhich are inevitable in the yeast
two hybrid system, have negatively influenced #lebility of the interactions detected
(Ito et al., 2001). In this study, however, thanstard deviations from split luciferase
assay were very high, which suggested that the Isiferase assay was not able to
provide stable results in this experiment. In tase, the existences of the interactions
between CYC1 and CYC1, CYC2 and CYC2 as well as €¥ad CYC2 could not be
defined.

4.3 Large standard deviations of split luciferase a  ssay

In this experiment, the high standard deviationisted in most results of split luciferase
assay. TheP values of the combinations of N-CYC1 and C-CYC4CNC3 and C-
CYC4 as well as N-CYC4 and C-CYC4 suggested thigmifscant interactions. Based
on these facts, the transformation efficiency &fttremost thing to consider. In general,
electroporation can introduce DNA into protoplasthvhigh transformation efficiency.
However, there are many factors that are likelyntake the transformation efficiency
fluctuate. Besides the voltage and the diamet@ratbplasts, the source of protoplast is
another important factor. According to Planckaed &valbot’'s experiment with maize,
the protoplasts isolated from suspension cellstosk isolated directly from callus had
different optimal voltages for electroporation, waiwill affect the transformation
efficiency (Planckaert and Walbot, 1989).

Viability of protoplasts after electroporation, whidirectly affect the level of DNA
expression, is another possible factor that mage#oe large standard deviations DNA
can only be successfully expressed into proteinnwihe protoplasts stay alive after
electroporation. As mentioned before, the electrajpan buffer was crucial for the
viability of protoplasts. The chloride electropaoat buffer caused irregular change of
viability of protoplasts (Sagi et al., 1994).

The electroporation buffer in this experiment Adfbu(appendix1) did not contain
chloride. The incubation buffer K3-Man-MES solutiovith hormones (appendixl),
however, contained chloride that may affect thetqplast viability and DNA
expression into proteins. Studies of electroponatiave shown that heat shock before
electroporation may affect the transformation éficy and gene expression. In
Tautorus’ study in 1989, positive effect of genepression was found when the

protoplasts were heat shocked before electroparéiiautorus et al., 1989).



53

4.4 Agroinfiltration and BiFC assay of control gene s from gerbera

The pictures of BIFC assay of control genes frommbge showed that both the
agroinfiltration and BIiFC assay were successfulttees DNAs were expressed and
successfully transferred into plant cells, whilgoflescent signals were clearly detected
under UV light. GDEF1 and GGLO1 encode proteins that have interactions with each
other (Broholm et al., 2009) and signals from restaurcted fluorescent proteins were
detected. The signals were from nuclei which in@idathat the protein-protein
interactions occurred in the nuclei and these prstghould be encoded by transcription
factor genesGDEF1 and GGLOL1. However, in the recent meeting of the gerbera
laboratory, the vectors containif@DEF1 and GGLOL1 were found to be incomplete,
which means the proteins coded by these vectorse wer able to interact with each
other. In this case, the signals detected fromctimabination of GDEF1 and GGLO1
should be a false positive result. For further Esidthe interactions between GDEF1
and GGLOL1 need to be confirmed again.

As for the combination of GAGA1+GAGA1, weak signdtem nucleuses could
also be detected which confirms the results fromiil&oen that weak interactions
existed between GAGAl and GAGAl (Kotilainen et &000). According to
Ruokolainen’s study in 2010, however, no interactexists between GAGAl and
GAGAL1 (Ruokolainen et al., 2010). In this case, ftherescent signals detected in this
experiment might be from other interactions or #swa false positive result. In the
combinations of GGLO1+GAGAl and GDEF1+GAGAL, nooflescent signals were
detected which suggested no interactions occuredden the proteins.

4.5 BIiFC assay with  GhCYC genes

The photos of BIFC assay GhCYC genes suggested that the agroinfiltration and gene
transformation were successfully performed. Therattions of the positive control
(FBP2+FBP11) in this experiment had been confirtmgdnany studies, yet there were
still problems about the localization of the intdrans between FBP2 and FBP11.
Expressed individually, FBP2 is localized in nudewhile FBP11l in cytoplasm.
However, the proteins encoded by FBP11l were trategppanto nuclei where the
interactions occurred (Immink et al., 2002). Thealnsignal spots in cytoplasm
observed in this experiment might be the interastiof FBP11 proteins with other
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proteins in cytoplasm. As for the negative controkhis experiment, results were in
accordance with the expected. CYC2, which is onthefTCP transcription factors, is
not expected to interact with GAGAL, coded by thduBction gene of MADS box
genes in gerbera (Kotilainen et al., 2000; Brohetral., 2008).

Photos of CYC2+CYC2 indicated that no interactionwred in the epidermal cells,
which confirmed the result of split luciferase gstaat the RLU value of CYC2+CYC2
was the lowest among all combinations (even lowan the negative control). However,
the unpublished results from yeast two-hybrid systghowed the existence of the
interaction between CYC2 and CYC2 (Sari Tahtihagersonal information). In this
case, while the possibility that the interactiotveen CYC2 and CYC2 in yeast two-
hybrid system is a false positive result could betsafely excluded, it could also be
possible that CYC2 was not even able to interath wself properly, as shown by the
resultin planta.

From the photos of CYC2+CYC3, strong signals cooéd seen clearly, which
suggested strong interactions between CYC2 and CY@8& fact that both CYC2 and
CYC3 have NLS and express themselves in nucleuptma®d the occurrence of the
interactions inside nucleus. Similarly, interacBowere also observed in yeast two-
hybrid system. However, the low RLU value of CYC2C3 in split luciferase assay
indicated the existence of the weak interaction.

Signals from the photos of CYC2+CYC4 suggested th&ractions between
CYC2 and CYC4, although not as strong as thosed®mtvCYC2 and CYC3, occurred
and were localized in nucleus. The results of yeasthybrid system also showed a
positive result of the existence of the interadiohese two results confirmed the
results from split luciferase assay that the irtéoas between CYC2 and CYC4
existed, but were not strong.

The protein-protein interactions of GhCYC genesenggrformed only once due to
time limitation in the schedule of the whole expent. In order to reach a higher
stability and reliability of the results, the saimnéltration should be done for at least

twice and more.

4.6 Comparison of split luciferase assay and BiFC

The split luciferase assay and BIFC assay were tsezbnfirm the protein-protein

interactions ofGhCYC genes. Judging from the results of the two as€Bys; assay
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appears to be not only easier but also more relidtdbwever, this does not necessarily
suggest the inferiority of the luciferase assagmsanalytical method, as the failures to
obtain better results might be ascribed to thelprob in protoplast electroporation.

Regardless of the methods of DNA transformationthbBiFC assay and split
luciferase assay have in themselves advantagedisaaivantages as analytical methods.
The BIFC assay is a visible assay where the prgetein interactions can be seen and
visually scored. During this process, the fluorescprotein is irreversible once
reconstructed. According to Walter (2004), BiFCaivery sensitive method that can
detect protein-protein interactions at a very lewel (Walter et al., 2004). Sometimes,
the interactions occurred even when the fluoresgmitein fragments were separated by
a very short distance (Hu et al., 2002). In additialse positive results can be detected
if there are proteins in plant cells that interatth the proteins encoded by the foreign
DNA. It was pointed out by Fujikawa and Kato (20@7at an external light is needed in
the BIFC assay, which has inevitably increasedbtiekground light of plant cells and
thus made it harder to distinguish the light frone tfluorescent proteins when the
interactions are weak (Fujikawa and Kato, 2007).

Split luciferase assay can be used to detect tb&eipr dissociation taking the
advantage of the reversibility of the luminescesacations. However, this is made
possible only when the data is collected at antexae. Besides, failure to specify the
location of the protein-protein interactions is trew disadvantage of the split luciferase

assay (Fujikawa and Kato, 2007).

4.7 Comparison of protoplast electroporation and ag roinfiltration

Protoplast electroporation and agroinfiltration &¢he two methods applied in this
experiment for transferring DNA into plant cellsy Bomparing the results of these two
methods, it can be concluded that agroinfiltratiormore likely to lead to stable and
reliable results and it is much easier to use firatoplast electroporation.

As shown in figure 13, 14 and 15, the large stashdawiations in the results of split
luciferase assay indicated that protoplast eleonaton is not an ideal method to obtain
stable results. The problem might be that the DN&®ot be transferred into protoplast
efficiently or the DNAs were not able to exprestertklectroporation. As discussed
before, there are many factors affecting transftiona efficiency of protoplast

electroporation and protoplast viability after eteporation, such as voltage and
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capacitance, DNA concentration, electroporatiomtsmh and even the size and source
of the protoplasts (Fromm et al., 1985; Planckaed Walbot, 1989; Sagi et al., 1994).
Newell also pointed out in his review in 2000 ttia protoplast electroporation is more
suitable for single copy of plasmid DNA than for ltjple copy of DNA, which
suggested that protoplast electroporation is notidaal method of detecting protein-
protein interactions (Newell, 2000).

The problem of killing cells is one of the majosailvantages of electroporation not
only in plant studies but also in animal studiesFenton’s study with lymphoblastoid
(1998), he pointed out that the survival rate ofifjroblastoid cells after electroporation
was from 1% to 10%, and only 10% of the survivdlsc&ere successfully transformed
with DNAs (Fenton et al., 1998).

Another disadvantage of protoplast electroporati@s in the preparation of
protoplast. Successful electroporation and highsfiamation efficiency demand high
quality of protoplasts. Newell mentioned in his iesv in 2000 that the protoplasts
culture and preparations are highly time-consunaing many methods with protoplasts
have already been replaced by faster systems (IN&06D).

Agroinfiltration, an Agrobacterium mediated transformation method, is relatively
simpler and faster as compared to protoplast elatation. It was performed directly
on the plants without the procedure of preparing gootoplasts. Genes were then
transferred into plant cells in a more natural vaaig the transformation efficiency is

also higher than in electroporation.

5 Conclusions

The protein-protein interactionrShCYC genes were confirmed in this experiment by
using two different assays. BiFC assay providedrtiwege stable and reliable results
than split luciferase assay. Based on BIiFC results,protein-protein interactions
existed between CYC2 and CYQ&hich wascontrary to the results obtained in yeast
two-hybrid. The protein-protein interactions betwe€YC2 and CYC3 were quite
strong, and this confirmed the results from thevijoes yeast two hybrid assays. CYC2
and CYC4 might interact but not very strongly, siranly weak signals were detected
from the BiFC assay.

From this experiment, the BiFC assay seemed to bettar method of detecting

protein-protein interactions planta, since it detected the protein-protein interadion
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successfully and specified the localizations whee interactions occurred. For split
luciferase assay, the results were unstable angpaaific conclusions could be made.
The failures in obtaining good results may be doethte problems of protoplasts
electroporation. Therefore, another new method MADRransformation could be used

together with the split luciferase assay in oroefirtd out its reliability.
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Appendixl

1 x TBE buffer

90 mM Tris
90 mM Boric
2 mM EDTA

The pH value should be close to pH 8.3.

1 x Man-pp solution (for 500 ml)

B5 salts (sigma G-5893) 194¢g
500 mM mannitol (MW 182.2g/mol) 456 ¢g
2% sucrose 10g
0.5% MES pH5.7 (KOH) 2590

Autoclave 15 min at + 120
2 X Man-pp solutions was prepared for Percoll sohs

K3-Man-MES solution with hormones (for 10 ml)

1x Man-pp 2 X 5ml
1% adjunct salts 100 x 10Ql
0.1ug/ml NAA (1 mg/mlis 10 000 x) 1ul
0.2pug/ml BAP (1 mg/mlis 5 000 x) 2ul

This solution should be made just before use.

Aa-buffer

550 mM mannitol

35 mM aspartic acid monopotassium salt
35 mM glutamic acid monopotassium salt
5mM calsium gluconate

5mM MES, Ph 7.0 (KOH)

Autoclave 15 min at + 120

Adjunct salts
75 mg/ml Cagk 2H,0 (510 mM)
25 mg/ml NENO;3 (312 mM)

Autoclave 20 min at + 120
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Enzyme solution

1x Man-pp
0.5% cellulose (750 mg/150ml)
0.2% macerase (300 mg/150ml)

Mix 30 — 60 min to dissolve, be made just before, gserilize by filtration

Percoll solutions

50% 220
2 X Man-pp 2 mi 5 mi
100% Percoll 2 ml 2 ml
DDW - 3ml

Be made just before use.

Modified Lux buffer

50 mM Na — phosphate Ph 7.0
4% soluble PVP (MW 360.000)
2 mM EDTA

20 Mm DTT

The PVP should be dissolved at room temperaturd. Wds added just before use.

Activation buffer

1 M MgCiI2, autoclaved 10 mM
0.5 MES/KOH (pH5.6), filter- sterilized 10 mM
0.5 M Acetosyringone in DMSO, stored at ‘20 15uM



