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v Folth(20154 49). w3k Zgoiwl A KA ADC FHdA7F A= ZE
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A B B ESHY 2Eg 2o o] @43t ¥ MAPK AlsddAAe] zdg W
FHx2 938 SCI AY Biochem. Biophys. Res. Commun®] “Putrescine regulating
by stress-responsive MAPK cascade contributes to bacterial pathogen defense in
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South Korea, 2008-2012" #}+= A2 2 Research in Plant Disease#] 2ol A A3}l th(2014
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g2 WA #H 20| galactinol synthasel(CsGolSI) A} thksk 2
¥l 315 defensin(Pep JI1-1) FAA7F =9d Foa JAHA3A=Z
S 1A $H FHAAS giFoz F&3h. Add glEe dsiAe
u _

2 BHEAS AAsG o AR ARG sFHEA RIS g3t} genomic
southern 4% taqg man PCR 4% AAsGT. £t 7H3 1dd dist WS 2=
| E5S FUrE JfEelr] flete] ZEY A #AEH= Fu R

Ao wHEeE ki) LsSAMDC, LsADC FAAEo] 2]E3 4% binary vectoré!
pCAMBIA 1300¢] =¥ Agrobacterium 55 247 A 25 Fgutol Fojaur 2@ b
of FAAZ 3} olE FAHE A EA= 123422 hygromycin®] % al
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AZHH total RNA F& 2 cDNA &4 &, 4 RING Zinc Finger 1(LsRZF1) A X}k
F2Y 3. dx 2Ed xR W LshRIZF] FAAe wd RS AmRy] 98k,
10-day-old FAEAZRE Ax2EH2S 253 Agd 5 total RNAS F%3 }Oﬂ
Sk LsRZF1 @l d o] M ] Y& &A87] 98+, LsRZF1-CFP constructE ¥
A ZHE FZ3F protoplastel] transient transfections =33Fe] Confocal microscopy &
A3, LsRZF1< CFP vector?r PdAdst A7l A dA e} mprtA = Alxde] 2
F AR Ax2EYaE A EA Y ABA TE2E t}?ﬂ% FE=3ta, ABA A% X%D‘iﬂr
ATHE Bl HolRd vl A A~EY A T289 ABA W] LskRIFI +4
e Anucton) AEAY ABA W, ¥t LsRZF1 329 755 ¢olr7|
ol 71 &t (Arabidopsis thaliana) =)= Ao s FAAINAES A#eA L, F
(OX18-2 ¥ 0OX32-5)E5& wglste] gHetAth o7 dd FEHSA=ZFE dx
] et LsRZFI FA79 A2 2 44 545 dvEgton,
AEZ2HY A22EH 2~ AP § 2EHE 34 v a5 $ds £4517]
#¥d PoCS1, ROS ## AOXla ¥ 243 2E# 2 #d ERDIS
Fo T4 LsRZF1 @A o] Al o Astshs 7lss w4st7] 91st
o], MBP-LsRZF1 construct& 243 ¥, auto-ubiquitination assayE <33}
& FAASAN(TO AHEZTEH LsRZF1 32 =< (antisense &2 A 3A]) o
7] 918t RT-PCRE F3d3s1em, LsRZF1 F 4t dAASNAEZEE  genomic
DNA-PCRE &3l & 759 §F &% flsEs A
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S-adenosylmethionine decarboxylase(SAMDC) +AAE Futo 2 By F24Yste] JAH3S
AlEstadth ek #uk g Frjeuto g o] sk g&o] wA @] "ol 53 F8%
LsADC +7d%Fe] A5+ of71gde Jddstste] 7 AESA 2 vAESA 7|5& g2l
ATt

CsGolS1 32 A HEAE gdrste] oS agstux Fejd 545 vusdn
A5 FH3 T FAE gF3sle] 49, 8Y, 129 Fo] LolsS FAEITH HE A EA
2 HE 1569 Fo AEES ol gt dnt oy HE F by 43, 9%, 9% 58
ZAE L 8 3 3 A 2ASEAT T3 Pep J1-1 @A ASA ] U F8& eSS
Pep JI-1 BAASA 9} ofAFE 7S wHjste] 4 Fig H5=E o83 HEsd, 55

, B35S A Y e dx Uil 9w digAd AAS & w2 Fel ois
chlorophyll content®} FEES o] &3t F oxysporium® ABSE ZAbsth 4+ F AARS
Ak wuj e CsGolSl Fd2 FAHASA L Pep JI-1 BAHSAE RAR o] &3l ofA
+AE TS AR oot wul F AqFTstA L, A AEH A B Fy A=A 2
A8 CsGolS1 12 HAHSA 9} Pep J1-1 AAHSAES wujsle] T2 A9} d2

Sd= = i e AAE RSt 2 81l Al 10A] Akelell 153
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L. CsGolSl 3z sdlad A4 g 2 dAsd A A

CsGolS1 ﬂx} ot JRASA NN Fur Wt (Didymella bryoniae)ol Ad/dS X
ol= AT T3z 4748 (GolS4-1-2, GolS4-2-2, GolS4-2-3, GolS4-2-5)3} T4ﬂ'° 4 AT
(GOlSl*Z*S*l, GolS10-21-2-4, GolS10-23-2-2, GolS10-25-4-4, GolS10-25-13-1)& g H &}
. Tgk oles AlF T GolS10-21-2-4, GolS10-25-4-4 Al WA I (Fusarium
oxysporinum)® 3|A % Etgdo] At CsGolSl FzF Fojaur 3 2 2 2hA) of A
WA NaCl 129 Ao dig el A=E F228 35 SAHAS &3 &4 43 T3
?l GolsS4-1-23F T4ekSl GolS10-25-4-10.= 24z} 1A Sl Weto] thx7-o Hlgto] el o
g Wido] va Aol 7t ‘/}E}"*O skt ejy el g Wde T Ao
F7H 2 CsGolSl  fdza FddxdgkAle] el gk wAdS Ad Tl 29
(GolS10-1-1, GolS13-1-1, GolS45-3-1%& d&stdvh. 7 2o gk g AAS
A3 T1 2k 3418 (GolS9-4, GolS13-1, GolS45-3)= &H T = A% 5
= Ao ds B8 T3 2l 3l FHst] sdd WHoR 1
skt

2. Pep Jl 1 A2 sdidr FadgAe WEAd 3 Asid Als A

Pep J1-1 +4d# F4H & } ok 3 (Didymella bryoniae)oll #3458 H
o= A& T4zl 1770 Aol WA A7]o] thaztol7b AW BF tiZ+to] Hluwdte] U
HAAS ASS Ak B3 olE Hdd F T4E]r?_ ﬁ}E(WJ121*34*24, WJ121-34-36)°ll
efM = SAETel e AFAE S =1 AR E=F o5 AlE T T4
2hel 241 %5 (W]J121-34-14, WJ121-34-15)0l A W=zt (Fusanum oxysporinum)®l| 3| A
L Aol SAHATh Pep J1-1 A2 i A A A A dA NaClat 19 A g
o g WdA AEE EFEEI FF FAS F FAHE A HF T4 &1 24E
(WJ121-34-14, W]J121-34-31)°] ¥l st Wdo] oS sttt
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3. T FAHSA TPHYE SR A
CsGolS1 82 2 Pep J1-1 FdA sdigd 24 Ald] 2 JPd8A] A2 12502 o
Ao =i += pBI121-1 binary vector W CaMV 35S promoter 9]¢} NPTII ol

mln

A primerE A 2F3te] 8elslgl o o]F genomic southern ¥4 3} tag man PCR 45 &
3 sEARA ARHAAS TPt HF 27418 (GolS13-1-1, GolS45-3-1)& Adstlom,
Pep J1-1 F4A Ao st e F718 22 tag man PCR 48 53 s FsA A

A9e  Fyse]  5AE(W]121-34-2-1-4, \VJ121—34—15—1—4; \VJ121—34—33—1—1
WJ121-34-33-1-4, WJ121-34-33-1-5)& A@atgde}. CsGolSl 4% 2 Pep J1-1 F2# &
ARG wgFe 20149 1474 wejzd F AL 34 B(WJ121-34-15-1-4 X GolS10-3-1-1
I WJ121-34-31-1-2 X GolS45-3-1-1, GolS10-1-1-1 X WJI121-34-2-1-5)& Autate] 44
Awq) @ A4S Aasa o



4. Agrobacterium "7 LsRZF1, LsADC 2 LsSAMDC FAA7F =49 54t
ek kA Ak
LsSAMDC F+3247F =49 FAASAE Aikstr] flste] sdidte] 4% 51,3897 A9
E=R13}e] o] 98970 A 7} hygromycin A% Ht 11.4%, EYw3 AE J2A &L 97
21](091 %ol FAA AAAFS AXA e AT A0MAZ o] T ELws AL A
327HZ1](8°/)°E el o w3 & ARG oA 5 DAEAT FEE g S o8 AL
%EP % 34070 A % hygromycin A% HF 51%= 1/]'E]'/~1\——~]/]' FAA AS AR A g
> 257HX1] 4?% 5 23l PAFGo A mAE AT LsRIZF] w3 A7F =09 A ASA YAk
TS Abgsle] F 4757 Al =Y 3e] hygromycin A Ht 12%, ELXE3E AE HF
Els

=

e

=

ol

A SRES 23%°I AT, LsADC F A2 A5 tifos2 Fuguts Agg 49 F 315
RA ] =%13Fe] hygromycin A% it 34%, ESwst & AES= AV s, ASEF
of BT nAE QT BUHe gEow ALEd 49 w9 AAS E MIAA T GAA AW &
[e]

&2 20A(53%) o Tl FdsHAl B estdgo 5 AAME AT LsRZF
FAAZE =l AEA 1A S tdte] CaMV35S promoter 919 LsRZF1 f A 9]

NA 717} primerE AAs] FAA RN AAT A REAAN FAAT w85
o 9ee & & AN EF o5 MMl el LshZFI FARS WARMG ANF 2
B RE e SRS & 5 ATk olsh gol AWE LAFL 243 AT

5. LsRZFI %44 7% 84 0 35 gadaazie gy e
[

LsRZF1& T¢HHo] C3HC4-type zinc finger domain(195-236aa)S ¥3tstal A omw, Ax
2EY 2o dg LskRZFI Ao Od e 2E#H~ Ae & AN 2Ry 56 A%
ZFastE Ago R eSS o £ ddrh =3k LsRZF1S CFP vector®t & A3 A7l
dFAA e} vp7HA 2 Az HAdE S & 7 AT LsRZFI FdA AAF @ =2 AT
2E# 2 st A 150 A A4S &0 & 4 i, ABA ZstelA] LI A= 7
AshS g9 3 4 QY. FEAFEAEY 2 | LsRZFI 3Ed ¥ atrzfl/LsRZF1 32
AAES w5 584

= ¢ T AUAAT B FA AW LsRZF] EAATA =S 20% ©
KX

st Aol H A H = whA, WT2 30%, atrzfl EdAWHolAlE F8 80%<2] F4&EA AFo
SAstEdSs 4 0 QT g ME/‘EEHZ:OH o sk atrZﬂ/LSRZFl FAARA =
cotyledon greening A3 % Ho}l LsRIF] 53R = AtRZF1 AR} A W FAFSE 715 &
gt Ao FAHEARG, LsRZFI 2t FAASTANELS WTH atrzfl =AWl A Bop 2EY X
7l FAAEe] AN FE SRRl HAads & g AT E=¥, RABIS RD29A H
RD29B A= 9 AL wddS EAe A3, LsRZFI 2t B3AASAES WTH atrzfl &=
AWolA Bt ABA w7 FAAES HAF f = S7FEC] ZAads o & AU LsRZF1&
=o)lr 1B S 3z o

™, o]e]g C3H2C3-type zinc
finger @@ 5 & ubiquitination E3 ligase activityS 7FA 1 ¢ttsE Bz © v Q7] wj&
o auto-ubiquitination assayS <33} t}. Anti-MBP @A S  o]& auto-ubiquitination
assay 23 LsRZF1 wilzae E1 ¥ E2 WAool £z 3o ubiquitination®] o]F @S &
T AT ol# st A= LsRZF1 @9 d 2 AtRZF1¥ Zo] AX o Ages 7524 E3
ubiquitin ligase¥ = & 4 AAG. @A 1152 T3A Y LsRZF1 38 A AIAEZ5H
F 759 4 v HesS Adsd o K5-5-3, K6-1-6, K7-6-75 % K9-8-11 #A &

Z - Ho C3H2C3-type zinc finger domaing ¥3%3lal 3o
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SUMMARY

[. Title
Studies on practical use of transgenic watermelon root-stock for coping with climate change
II. Research results reference

1. Applied for a patent [Transgenic plant with enhanced tolerance to heat stress and salt
stress by introducing CsGolS1 gene and wuse thereof] (South Korea Patent
No.10-2014-0070259).(2014. 06)

2. A technology transfer to Myungsan Seed Company, Inc. using the patent application
(South Korea Patent No.10-2014-0070259).(2015. 05)

3. Overexpression of L-type lectin—like protein kinase 1 confers pathogen resistance and
regulates salinity response in Arabidopsis thaliana (2013) Plant Science 203-204, 98-106.

4. Heterologus expression of the gourd E3 ubiquitin ligase gene LsRZF1 compromises the
drought stress tolerance in Arabidopsis thaliana (2014) Plant Physiology and Biochemistry
77, 1-14.

5. Putrescine regulating by stress-responsive MAPK cascade contributes to bacterial
pathogen defense in Arabidopsis (2013) Biochem. Biophys. Res. Commun 437, 502-508.

6. Involvement of the OsMKK4-OsMPK1 cascade and its downstream transcription factor
OsWRKY53 in the wounding response in rice (2014) Plant Pathology Journal 30, 168-177.
7. Effect of heat treatment around the fruit set region on growth and yield of watermelon
[Citrullus lanatus (Thunb.) Matsum. and Nakail(2013), Physiology and Molecular Biology of
Plants, 509-514.

8. Occurrence of Diseases and Case of Clinical Diagnosis on Watermelon in South Korea,
2008-2012 (2014), Research in Plant Disease, 8-14.

9. Effect of plant growth regulators on regeneration from the cotyledon explants in
Watermelon (Citrullus lanatus (thunb.) Matsum. & Nakai) (2014) Korean ]. Plant Research
27, 51-59.

10, Several poster presentation; Transgenic watermelon root stock plants overexpressing the
cucumber galactinol synthase showed enhanced resistance against fungal pathogen. The
Korean Society for Plant Biotechnology, The Isrzfl antisense transgenic line of the novel
Ring-type E3 ubiqutin ligase increase proline cotensts in Gong-dae watermelon cultivar.
The Korean Society for Plant Biotechnology, Cloning and expression analysis of an
arginine decarboxylase gene from bottle gourd (Lagenaria siceraria). The Korean Society

fro Plant Pathology, etc.
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II. Importance and objectives of the research

Gourd family(Lagenaria siceraria) is one of the most important agricultural crops in the
world. Water deficit is the major limiting factor for crop productivity. To improve gourd
tolerance to drought stress, identification of abiotic stress tolerance-related genes is
important. Proline accumulation is a common physiological response in higher plants
exposed to drought and salt stress [1]. Proline is considered to be an important osmolyte
that acts as a molecular chaperone to stabilize the structure of proteins, as well as a
regulator of cellular redox potential and an antioxidant controlling free radical levels [2].
Plants that are challenged by drought and salt stress recruit ABA as an endogenous signal
that initiates adaptive responses [3]. During late embryogenesis, ABA promotes the
acquisition of desiccation tolerance and seed dormancy, and inhibits seed germination [4, 5].
The molecular mechanisms underlying ABA-mediated plant tolerance to drought stress are
still not fully understood because of the complex nature of the plant response to ABA
signaling and drought stress. However, the study of stress-responsive transcription factors
has been one of the foci in studies on drought stress tolerance [6]. Protein ubiquitination is
an Important post—translational modification process that is employed by eukaryotes to
regulate diverse cellular and developmental processes [7]. In higher plants, ubiquitinated
proteins are involved in abiotic or biotic stress response, hormone response, cell cycle
progression and cell differentiation [8, 9, 10, 11]. RING (for Really Interesting New Gene)
motif-containing E3 ubiquitin ligase comprises one of the largest gene families in the plant
genome. The Cys-rich RING zinc finger was first described in the early 1990s [12]. It was
defined as a linear series of conserved Cys and His residues(C3HC/HC3) that bind two
zinc atoms In a cross brace arrangement. RING zinc fingers can be divided into two types,
C3HC4 (RING-HC) and C3H2C3 (RING-H2), depending on presence of either a Cys or a
His residue in the fifth position of the motif [13]. Recently, a number of Arabidopsis RING
E3 ubiquitin ligases were shown to be involved in various cellular processes, such as auxin
signaling, ABA signaling, brassinosteroid response, seed germination, seedling development,
adaptive pathway to nitrogen limitation, and sugar responses [9, 14, 15, 16, 17]. In
particular, RING proteins play a key role in the response to environmental stimuli. For
example, they participate in photomorphogenesis, defense signaling, senescence, and
tolerance mechanisms against cold, drought, salt and osmotic stress [6, 8, 18, 19]. Recently,
we described the functional characterization of a C3H2C3-type RING-HZ zinc finger
protein, designated Arabidopsis thaliana RING Zinc Finger 1(AtRZF1) [20]. Functional
studies demonstrated that AtRZF1 participates negatively in proline production under
drought condition. Water deficit response assays indicated that, while the atrzfl mutant
was less sensitive to drought, AtRZFl-overexpressing plants were more sensitive,
suggesting that AtRZF1 negatively regulates the drought response during early seedling
development. Furthermore, our previous data reported that AtRZF1 is a functional ubiquitin
E3 ligase [20]. In this research, an ortholog of the AtRZF1 gene in the gourd species

Lagenaria siceraria, LsRZF1, was cloned to examine the role of LsRZF1 by expression in
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Arabidopsis. The gene was reduced in response to drought stress and ABA phytohormone.
The response of constitutive expression, leading to both complementation and ectopic
expression of LsRZF1 in the atrzfl mutant and transgenic Arabidopsis plants, respectively,
against different abiotic stresses was studied. LsRZF1-ectopic expressing plants were
hypersensitive to osmotic stress in terms of cotyledon development due to the reduction in
the contents of proline and regulated the expression of stress-related genes. The
physiological processes of the drought induced phenotype began faster in the
LsRZF1-ectopic expressing lines than in the wild type(WT) and atrzfl complementation
plants. Additionally, ubiquitin E3 ligase activity and genetic data indicated that AtRZF1 and
LsRZF1 function in a similar pathway to control proline metabolism in Arabidopsis under
drought condition. Bottle gourd has been used as a source of rootstock for watermelon
against soil-borne disease and low soil temperature. However, the wilt of cucurbit crops in
the field was caused by abiotic stress such as drought. The improved stress tolerance of
bottle gourd rootstock will be needed for breeding program. Therefore, we tried to clone an
arginine decarboxylase(ADC) gene, which is involved in plant putrescine(Put) biosynthesis,
from bottle gourd and to analyze its expression in abiotic stress conditions. Transcripts of
LsADC and LsSAMDC in bottle gourd leaves were induced continuously in response to
drought and high salt treatment and pathogen infection as well. Taken together, LsADC
and LsSAMDC are stress-responsive genes and could be used as candidate genes for
bottle gourd genetic transformation in the future. In addition, polyamines in plants are
involved in various physiological and developmental processes including abiotic and biotic
stress responses [21,22]. We investigated the expression of ADCs, which are key enzymes
in putrescine(Put) biosynthesis, and roles of Put involving defense response in Arabidopsis.
Finally, the disease susceptibility of the adc? mutant was recovered by the addition of
exogenous Put [23,24]. Also, we were able to measure putrescine accumulation in
transgenic Arabidopsis plants harboring LsADC gene compared to wild type. The
transgenic LsADC Arabidopsis plants confers tolerance to drought stress. These results
suggest that Put is believed to have to have an osmoprotectant function in plants cells
inder water deficit. Management of irrigation in greenhouse is one of environmental factors
that affect on watermelon growth and fruit quality. Moreover, soil moisture provides
favorable environment for pathogens. Zoospore of olpidium moves to another host and
reproduce through water and it can be a vector of Melon necrotic spot virustMNSV). The
occurrence of MNSV is mostly observed in high soil moisture. Infected plants showed poor
growth led to reproduction of small fruits and sugar content and value of commodities
were decreased. Thus, the management of irrigation in greenhouse can reduce the
occurrence of fungal diseases as well as virus vectors. The utilization of drought tolerance
cultivar 1s one of methods to decrease water supply. Guard rootstocks have been used for
grafting of watermelon are sensitive to dry and high moisture. Therefore, the development
of new rootstocks is needed. Since MNSV has been found on watermelon that use guard

as rootstocks, the development of rootstocks resistant to MNSV is considered to be crucial.
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IV. Research contents and results

1. We produced several homozygous transgenic lines using the cucumber galactinol
synthase 1(CsGolS1) gene and pepper defensin(Pep JI-1) gene, respectively, and their
enhanced tolerance against several environmental stresses were discussed in these
experiments. In order to obtain large pools of transgenic lines that can be developed as
resistant root stock for the growth of watermelon against drought and fungal diseases, we

continue to produce transgenic Gongdae watermelon and gourd plants using gourd genes
such as LsRZF1, LsSAMDC, and LsADC.

2. Several lines of evidence show that AtRZF1 belongs to the C3H2C3-type RING-HZ zinc
finger gene family in the complete Arabidopsis genome, and its biochemical functions have
reported as one of the negative ubiquitin E3 ligase of stress responses [20]. In an effort to
gain an insight into the function of the RING-H? zinc finger gene in plants, we attempted
to isolate the gene in gourd species L. siceraria that encodes for sequences similar to the
isolated AtRZF1. The isolated cDNA sequence comprised 918 bp and encoded 305 amino
acids with a calculated molecular weight of 33.5 kDa. The protein harbored a predicted zinc
finger domain as shown by software program. The deduced amino acid sequence displayed
a considerable degree of homology with already identified AtRZF1. The L. siceraria gene
was therefore designated as LsRZF1. Overall homology values of 59% identity and 669
similarity were observed between LsRZF1 and AtRZF1 proteins. LsRZF1 contains a single
RING domain in its central region that is 83% identical to the corresponding region of
AtRZF1 proteins. To obtain clues regarding the functions of LsRZF1, accumulation of
LsRZF1 mRNA in 14-day-old gourd seedlings was assessed during drought and mannitol
treatment using qPCR. LsRZF1 transcripts were significantly reduced in response to
drought and slightly declined during osmotic stress. LsRZF1 mRNA was reduced 5.1- and
1.5-fold by drought and mannitol treatments, respectively. The AtRZF1 protein is a
member of the C3H2C3-type RING-HZ2 protein and has previously been tested for E3
ligase activity [20]. Thus, it was of interest to test the ability of LsRZF1 to function as an
E3 ligase in the ubiquitination process. Toward this end, LsRZF1 was tested for E3 ligase
activity using in vitro assays. Recombinant MBP-LsRZF1 protein was produced in E. coli
and affinity purified using amylase resin. In the presence of E1 and E2, ubiquitinated
MBP-LsRZF1 proteins were detected by immunoblot analysis using anti-Ub antibody. In
the absence of either E1 or EZ2, the ubiquitination activity was not observed with
MBP-LsRZF1. High-molecular-mass ubiquitinated bands were produced by LsRZFI,
indicating that LsRZF1 had Ub E3 ligase activity in vitro. MBP-AtRZF1 protein was used
as positive control for in vitro ubiquitin E3 ligase activity. To assess its function in vivo,
LsRZF1 ectopic expression was induced in Arabidopsis under the control of the 35S
promoter. Sixteen homozygous lines(T3generation) were obtained. Two lines(OX18-2 and

0X32-5) with high levels of transgene expression were selected for phenotypic
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characterization. In an effort to further evaluate the function of LsRZF1 in Arabidopsis, a
complementation test was done. LsRZF1 gene was ectopically expressed in the atrzfl
mutant. An independent complementation line was selected and confirmed by RT-PCR.
RT-PCR analysis revealed that LsRZF1 transgene was clearly expressed in atrzfl
complementation T3 transgenic plants. This T3 complementation line was used to analyze
stress—relatedphenotypes. To assess the effects of LsRZF1 expression on dehydration
stress, seeds of WT, atrzfl, atrzfl/LsRZF1 and LsRZFl-ectopic expressing plants were
germinated on MS medium. Macroscopically, there was little difference in terms of plant
growth among the WT, atrzfl, atrzfl/LsRZF1 and LsRZFl-ectopic expressing plants
(OX18-2, 0OX32-5). The germination ratio among WT, atrzfl, atrzfl/LsRZF1 and
LsRZF1-ectopic expressing plants was similar and not poor on MS medium. At 400 mM
mannitol, approximately 30% of the WT leaves expanded and turned green 10 days after
germination, as compared to less than 18% and 6-14% of the atrzfl/LsRZF1 and
LsRZF1-ectopic expressing lines (OX18-2 and OX32-5), respectively. On the contrary, 80%
of the atrzfl mutant line remained alive at 10 days after germination. To assess water loss
from leaves, leaves of similar size, age, and positions on WT, atrzfl, atrzfl/LsRZF1 and
LsRZF1-ectopic expressing plants were detached and measured for decreases in fresh
weight, as described previously [20]. After detachment, leaves from the atrzfl/LsRZFland
LsRZF1-ectopic expressing plants exhibited higher loss of fresh weight than those from
WT and atrzfl plants under ambient conditions. The difference occurred within 20 min, and
became more apparent following detachment. These results indicate that physiological
processes of drought induced phenotype began faster in the LsRZF1-ectopic expressing line
than in the WT and atrzfl plants. Since AtRZF1 participates negatively in proline
production under drought condition [20], we determined the proline content in rosette leaves
of WT and transgenic plants. To assess whether there were differences in the
accumulation of proline among WT, atrzfl, atrzfl/LsRZF1 and LsRZFl-ectopic expressing
plants, the proline contents of leaves were determined at 10 days after drought treatment.
Before stress, the contents of proline were at similarly low levels in all seedlings. Under
drought stress, a significant difference in proline content was observed among W', atrzfl,
atrzfl/LsRZF1 and LsRZF1l-ectopic expressing plants. With regard to proline, the atrzfl
mutant exhibited higher levels than the WT, atrzfl/LsRZF1 and LsRZF1-ectopic expressing
plants. The content of proline was slightly more induced by drought treatment in WT and
atrzfl/LsRZF1 plants than in the LsRZFl-ectopic expressing plants. To identify the
association between LsRZF1 and ABA response, accumulation of LsRZF1 mRNA in
7-day-old gourd seedlings was assessed during ABA treatment using qPCR. qPCR results
demonstrated that LsRZF1 mRNA showed 4.3-fold reduction by ABA treatment. As the
seeds of the WT, atrzfl, atrzfl/LsRZF1 and LsRZF1l-ectopic expressing plants(OX18-2 and
0X32-5) were germinated on MS medium containing 0 or 1 mM ABA, the relative
reduction in the cotyledon greening of the atrzfl/LsRZF1 and LsRZFl-ectopic expressing

lines in response to ABA treatment was more profound than was observed in the WT and

_14_



atrzfl plants at 10 days after germination. In the WT plants, the cotyledon greening
efficiency dropped to 26% relative to the untreated plants(100%), whereas the cotyledon
greening efficiency of atrzfl/LsRZF1 and LsRZFl-ectopic expressing lines was 19% and
11-14%, respectively, of control levels with the experimental concentration of ABA.
However, the cotyledon greening efficiency of atrzfl mutant lines was reduced to 68% of
that of untreated plants with the 1 mM ABA. The transcript levels of stress—inducible
genes including RABI18, RD29A and RD29B displayed less induction in atrzfl/LsRZF1 and
LsRZF1-ectopic expressing OX18-2 and OX32-5 lines than in the WT and atrzfl plants
following ABA treatment. However, expression of the three genes was more induced by
ABA treatment in the atrzfl mutant lines than in the WT plants.

3. The full length of LsADC gene was isolated through RT-PCR using primers designed
based on highly conserved region of cucumber ADC gene. Sequence analysis by BLASTX
program revealed that the putative amino acid sequence of LsADC shared high identities
with known ADCs from other plants, such as cucumber(96%), Nicotiana tabacum(76%),
Arabidopsis thaliana(71%) and rice(64%). The LsADC contained two well-conserved motifs
characteristic of decarboxylase and a potential chloroplast transit peptide in the N-terminal.
LsADC was expressed at high level in the stem, cotyledon and root, whereas a weak
signal could be detected in the leaves. Transcripts of LsADC in bottle gourd leaves were
induced continuously in response to drought and high salt treatment and pathogen infection
as well. Furthermore, the full length of LsSAMDC gene was also isolated through
RT-PCR using primers designed based on highly conserved region of cucumber SAMDC
gene. Sequence analysis by BLASTX program revealed that the putative amino acid
sequence of LsSAMDC shared high identities with known SAMDCs from other plants,
such as cucumber(48%), Nicotiana tabacum(71%), Arabidopsis thaliana(67%) and rice(55%).
The LsSAMDC contained one well-conserved PEST domain. LsSAMDC was expressed at
high level in the stem, cotyledon and root, whereas a weak signal could be detected in the
leaves. The expression of ADC2 was highly induced by Fst DC3000 inoculation, while the
transcript levels of ADC1 were slightly up-regulated. Compared to the WT plant, Put
content in the adc? knock-out mutant was reduced after Pst DC3000 inoculation, and
showed enhanced susceptibility to pathogen infection. The adc? mutant exhibited reduced
expression of PR-1 after bacterial infection and the growth of the pathogen was about
4-fold more than that in the WT plant. Also, we were able to measure putrescine
accumulation in transgenic Arabidopsis plants harboring LsADC gene compared to wild

type. The transgenic LsADC Arabidopsis plants confers tolerance to drought stress.

4. Generation advancement, investigation of growth characteristics and seed collection was
conducted using Galactinol transgenic plant. Collected seeds was seeded and then invested
germination rate 4, 8, 12 days after. Grafting compatibility is tested using survival rate 15

days after draft. Fruit qualities and plant height, internode length, leaf length, leaf width
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was investigated after grafting with general watermelon. Fruit qualities of watermelon was
produced using Defensin transgenic plant as rootstock was investigated. Grafting
compatibility, growth characteristics, fruit characteristics of F; from crossbreeding between
Defensin transgenic plant and wild wild species was investigated. To test dry tolerance
and disease endurance, chlorophyll content and growth of F. oxysporium on crossing parent
and F; extract. To develop superior F; Defensin and Galactinol transgenic plants were use
as mother plants and wild species of watermelon was wused as father plant for
crossbreeding. Reciprocal cross between Defensin and Galactinol transgenic plants were
conducted. Ultimately, seeds from all crosses were collected. To establish the method of
the irrigation management, growth and fruit characteristics on the basis of levels of soil
moisture were investigated in Defensin transgenic plant, and F; from mother transgenic
plant expressing Defensin. Water was supplied for 3min. at every 15min. intervals during
8 10a.m.. Soil moisture content was 16+2%, 20429, 24+29, 28+2% and 24+2%, 28+2%,
32+2%, 36+2%.

VI. Research scope

In an effort to identify the novel components involved in water deficit response in gourd
species L. siceraria, we have identified one drought stress-reducible gene, LsRZF1, for
functional analysis. The predicted LsRZF1 protein possessed C3H2C3-type RING-H2 zinc
finger motif, and phylogenetic analysis revealed indicated that LsRZF1 displays high
homology with other RING-H2 zinc finger protein watermelon family genes. RING
motif-harboring proteins have been shown to work as ubiquitin E3 ligases. Our
self-ubiquitination analyses demonstrate that the LsRZF1 protein is indeed an active E3
ligase based on the occurrence of autoubiquitination of the MBP-LsRZF1 fusion protein in
the presence of the E1 and E2 enzymes. As expected, atrzfl/LsRZF1 and LsRZF1-ectopic
expressing lines were more sensitive to osmotic stress than the WT, whereas atrzfl
mutant plants displayed enhanced tolerance to osmotic stress. These data suggest that the
biological function of LsRZF1 i1s a similar with AtRZF1 in the drought stress response.
Consequently, our study also demonstrates a distinct difference in water loss and proline
contents among atrzfl/LsRZF1, LsRZFl-ectopic expressing and atrzfl mutant lines.
Although plant RING motif-harboring ubiquitin E3 ligases have concerned much interest as
they are involved in diverse cellular and developmental processes, there are only a few
reports on the functional correlation between RING motif-harboring E3 ligases and
ABA-mediated drought stress responses. Overexpression of AtAIRP1 (for ABA Insensitive
RING Protein 1), encoding an Arabidopsis C3H2C3-type RING E3 ligase, resulted in
drought tolerance through enhanced ABA sensitivity during germination [11].
Overexpression of SDIR1 leads to ABA and salt hypersensitivity during seed germination
and stomatal closure, resulting in tolerance to drought stress. Most recently, RGLG2(for

RING domain Ligase 2), a RING E3 ligase, negatively regulates the drought stress
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response by mediating AtERF53 (for Ethylene Response Factor 53) transcriptional activity
in Arabidopsis. The atrzfl/LsRZF1 and LsRZFl-ectopic expressing plants were
hypersensitive to ABA in terms of cotyledon greening, supporting the notion that LsRZF1
is a component responsible for induction of drought sensitivity through the ABA-dependent
process. Furthermore, the transcript levels of ABA-inducible genes including RABIS,
RD29A, and RD29B displayed less induction in atrzfl/LsRZF1 and LsRZF1-ectopic
expressing lines than in WT and atrzfl plants following ABA treatment. Several of the
present results support the suggestion that LsRZF1 can regulate the drought stress
response through an ABA-dependent signal transduction pathway. A functional ubiquitin
E3 ligase, LsRZF1, is involved in drought-regulated seedling growth and act as a negative
regulator of the water deficit stress response. In the future, transcriptional profiling
analyses may provide additional insights into the mechanisms by which LsRZF1 exerts its
function. Particularly interesting challenges are to identify LsRZF1-interacting proteins by
yveast two—hybrid screening approach. The results of this experiment will provide a better
understanding of the cellular functions of LsRZF1 E3 ligase with regards to drought stress
responses in plants. The polyamine pathway is ubiquitous in living organisms. Polyamines
are low molecular weight polycationic molecules, which are thought to play important roles
in a number of physiological and developmental processes. Manipulation of polyamine
pathway in plants through molecular techniques 1s possible because of a significant
increase in our knowledge about the pathway. Transgenic plants we have generated
exhibiting increased tolerance to drought stress will be evaluated in field trials.
Development of dry tolerance transgenic rootstock for watermelon can reduce irrigation, so
it can lead to reduce the agricultural water use and irrigation labor. In addition to,
occurrence of pest and disease caused in high humidity can be reduced by irrigation
control. Low incidence of pest and disease conduce to save chemicals and labor for
prevention and control. Dry tolerance transgenic rootstock help to improve sugar content
through prolongation of water supply cut off period in harvest stage, and so increase high
quality watermelon production. In conclusion dry tolerance transgenic rootstock can lower

production cost and improve income of watermelon farm.
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2 AFHAE FstHA] o8 CsGolSl FAA7F =E Fdgu JAAsA] A&
of gk a2 B Aol e WA 7Iss rEste] ‘2ol el CsGolSl FAAE o] &3 1
EE ol gk yAgdo] SxE FHAS AEA H ole &7 #g 55E Zdsdon
(YW 3 10-2014-0070259), =¥€ #3t 535 &3t (MEAERE 20159 5490 7<=
olds Fsttt 1elal LsRZF1 @il de] o3 - ¥ oj#|= AtLPKl #+d2+e W+ 2

A&
FERAFJ2ED 2 AH AXE Y 7S TH3Y “Overexpression of L-type lectin-like
protein kinase 1 confers pathogen resistance and regulates salinity response in Arabidopsis
thaliana’” A& 2 SCI A<l Plant Science®l] AlA|3} 2™ (2013 49Y), &gk 3Hlo 2 B
FHF R B Z49l LsRZF1 9 de] AlX ] Asetd 7e 54 2% 7ha2Eds 3
22 4SS 19H3te] “Heterologus expression of the gourd E3 ubiquitin ligase gene
LsRZF1 compromises the drought stress tolerance in Arabidopsis thaliana’ A& 2.2 <A
SCI #4¥<l Plant Physiology and Biochemistryell AlAjstAth (2014d 4€€). 18] 3 ¥ E3
ubiquitin ligase LsRZF1 227} @ Ad3E Fojglto] A WA S E2ste] U 53 &9

o

A L
Add 2 Az WA 2R Bl dloew F e AADC w7 Aol Ede
stHA R A AEH R s 243 5= MAPK Azd2@Are] =4+

FHx2 938 SCI AY Biochem. Biophys. Res. Commun®] “Putrescine regulating

AT 1>

by stress-responsive MAPK cascade contributes to bacterial pathogen defense in
Arabidopsis’et AE o2 =5 AASFITH2013d 8¢Y). ok FAA3 Fo ks A=

st AT AN ADC Al o8] A H= EEobula AEAY sEeQ AW
(GA)e] A wwel FAAA Fu7b wlg o FFIM M2 74 FHTS 2
2dE 2=

el 7haah e A 2EY 2 WhEstE A& MAPK A dEA Al o s
AApzAIzLe]  AFE g7 33t SCIEF Adol  “Involvement of  the
OsMKK4-OsMPK1 cascade and its downstream transcription factor OsWRKY53 in the
wounding response in rice’°o|Zt= A Eo® =ES AAEI 2014 59). I A7 Ao
A gatel A 22498 LsADC A7 b A5 ADC A Atel vls) g aart
itk AdE gRlstdion 2 A&7 #d AFE wrgste] SCIH Addd Fis
H ol vk e FAds ko] Aabg s A4 FAS d-dE ek 2 A
MAS F3 ke FA-AMA g B AFE 83 A} “Effect of heat treatment
around the fruit set region on growth and yield of watermelon [Citrullus lanatus (Thunb.)
Matsum. and Nakai]l” A& 2 2 Physiology and Molecular Biology of Plants# 2ol A A3}
tH20131 10€). e eube] ®el, e, Auiy sol #d d4 AdE Eum s
AFAEANA FE&3 7 E2ARE AFsFaA “Occurrence of Diseases and Case of Clinical
Diagnosis on Watermelon in South Korea, 2008-2012” A& © 2 Research in Plant Disease#
o AlAstAoh2014d 3€). Hgh Fube] A dstet dHE AgdEde i A5 F 3

“Effect of plant growth regulators on regeneration from the cotyledon explants in

-]
N
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Watermelon (Citrullus Ilanatus (thunb.) Matsum. & Nakai)” A& 2% Korean J. Plant

Research#'dell Al AR TH2014d 3€Y). 2¥4A o2 §-73% SCly = 495 olv AA s}

o A 299 SCIH =& et AAE oAoltt E3h =ojAd

=l 38 AASAT T3 2 AFHA e 71l HWAFER A A FEE 3
.?_

£ F8%lY Lagenaria siceraria Standley &8

oty Mo
i
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o o
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g PRow Alger] @ o )
FEAS Cgrlob At FOEES SRskel Adeh SHArh0I5d 29). Tela ¥ AT E

#Ew oy dFAFE “Transgenic watermelon root stock plants overexpressing the

4

B=)

cucumber galactinol synthase showed enhanced resistance against fungal pathogen” %
“The lsrzfl antisense transgenic line of the novel Ring-type E3 ubiqutin ligase increase
proline cotensts in Gong-dae watermelon cultivar’” 2232 “Cloning and expression analysis
of an arginine decarboxylase gene from bottle gourd(Lagenaria siceraria)” &3 < A& 0
2 AP Eers] AEeE, AEed 5o mulle] oy 3l A ete] 203 o]
st gk nFA Fu LS 9% Au) 7)ol did wS 2 AHA"ES 139 A A
Alstaiown it Azt BEE $HRE 71 AT HY WEES AT AR F
it 2 i

o vtebl 2l

Aist X =

2414 4 REE
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M2d =U 7l g

2 AaAel A Fasgd A4 0g v AABYE FE5A 299 Baw 44
So AT BFS HAEW WA defensin FAAE TFE 484 WAFS W ol 7| 2o

jasmonic aicdy o2 A3 AFE o] immune response’l
53] 3R EAE (AT dANSS AAStHA drdd S et g
al

71 2 oA e cytokinin LHI BHEAES JFA L Ax 9 osalt stress tolerances
FEAZGE AGE BaEa )k [27]. o] E defensin F A BdE A AT EA A
ANES WA Aspergillus giganteusol A AEH ] F2A = (intergrity) & =312 Alxd Yo Z
#(Ca®)9 FEE Z7MA aequoring A 3HA7]aL o]E F3d fungiol o WeA wkEs
F AEE st A drk HZ 123 defensin FHAAPep J1-1)7F EPE 5 A A3
A= 15 SAHEA(C gloeosporides)oll tste] ¥R A3} fungal colonizations FFAaAlA A
S AT o] A AR FAAeE PR fFAAES] 2ES ST B
Hol vk 22} o] Y3k defensin FAAF =AE WA AtE A AN #E A= AH
Hauw vzp flom Aol #3k 7]z} salt stress9t @2 A AE o] #E AT= 3
¥ w7l glth 3 galactinol synthase - A= of 7| Ay FGufjoll A 13 AEAEY A
Ad e das o gol & Aot [28]. WH2AEQl WHE(CmGAS) T} grape berry(VvGolSI)
FHAAE FHrpdrd A7) galatinol®] =7 % 3L heat stressol WAS F2AZItt Haw
ATk [29, 30]. WE2] galactinol synthase F+HAHCmGAS2) = -1 oyt CMVel 74
NAS wWlE galactinol synthase &4 Aol F7iEttn Hudolx gk a2z{y o]k

(i,

galactinol A7} @rapztEo] EQlE o] Zhrd 22 SFHAEY Xz WS VHAHSE F

AgA e #Hek AF= Ay E vyt givh A& H2 B AP S 55t AdTFE T 3

Ad@A e A A= WEC] RNAHA 9&] #WES eukryotic translation initiation

factor(CmelF4E)S =¢iste] thdst SR/ vlolg e A S A7l Wiz ub b}
o

o]#] 2 coat proteing PTGS(programed transgene silencning)®¥ el s ule]] %<3}

vpolel 2o AFHE FEeks ATE] FeAm Ak (31, 32 1AW ol F ATERE =
Aadela e or wFAAT deAdE wAH e AA wHAs £ WY
T % g
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1) AEA=

oo e FUel(wild type), 115 defensin(Pep J1-1) #&A A T4l 34%
(WJ120-10, WJ121-34, WJ121-40)e] 120704, 2] galactinol synthasel(CsGolS]) &%
Fo) 5t 5345 (GolS1 ¢ 13718, GolS4 : 471, GolS10 : 3671%)5 =% 257N A% AHea4
o Tty dAAS Al HolE: ) PAEE Eoll 68X HAEE ¥ =2UE S

W e gl AA 393 30T 7)ol gl Tt

ot

(e}

=

WA FAASAE 2389 ot7] A& T ESHAAR dFE I sEuAAEAAA

] 3 1ol AAE vpe} o] oF wrol ALEEIT 1A} oH] HIAEE S35

wild type FUlgHr A EAC WH{AHol AT IF  Didvmela bryoniac(KACC40669),
Colletotrichum orbiculare(KACC40809)& A3ttt wiA 2% PDA(potato dextrose agar,
Difco)& AF&38taL, o]& 25TAA 7d3F vl S48 £ Potato dextrose broth(PDB)E ©]
&3ato] Al flelA HAE 3gstal ddE A=E ol&ote] dANE AYd o EARS

o U & wFAow, ANEA @A A Didvmela bryoniae (KACC40669)2] 7% 2.5
x 10° cfu/m e sX2 Colletotrichum orbiculare(KACC40809)2] % 2 x 10° cfu/m<]
YA E NS wEAT 9F § Qo] 273 AAsty] Alze uf 7} A EA e Zb 2zp
et S 20 ul® drop HEFste] BMAddwS AFAAHY. olF F4A A EdhaE &7 ¢

A %3¢ A

Wy g pRegon 7

@

Rl

¥ 11 BREEuARAEKACORZRE ) Bue #5 55

No. KACC Strain Host
KACC 40809 Colletotrichum orbiculare(Berkeley &Montagne) =}
KACC 40903 Colletotrichum orbiculare(Berkeley &Montagne) =}
KACC 40940 Monosporascus cannonballusPollack &Uecker =}
KACC 40669 Didymella bryoniae(Auerswald) Rehm Z=u}
KACC 40937 Didymella bryoniae(Auerswald) Rehm ur
KACC 40053 Fusarium oxysporumSchlechtendahl Q9]
KACC 40576 Cladosporium cucumerinumEllis &Arthur Q0]

KACC 40901 R1 Fusarium oxyspoum Spp Sl
KACC 40901 R2 Fusarium oxyspoum Spp =k
KACC 40905 Fusarium oxyspoum spp =t
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(3) &Ed #1A
vt gte] Aol Feld Qo] galactinol synthasel(CsGolS1) HAHSA S} 113

defensin (Pep J1-1) dAAZIAE Aozy wMAS FZH3o Fusarium oxysporum
(KACC40901 R1, KACC40901 R2, KACC40905)°l tigt gyad s3s ZARSHZ] 218
microtiter plate inhibition assay(Cavallain et al., 1998)5 =33} th. F. oxysporum =8 %
2 HE=do v A9 WHA AR 53 W ow £3stdnt. Z2F 2 AsA 2 oo
Z9 FogE AEA A @A FELS extraction buffer(50mM Tris-HCl pH 7.5, 50mM
NaCDE ol&stdon F&9 dide A=t 2 A=A did F5E5S o] &%
G AT 96-well microtiter platetoll Al FastA . EHjE 2} 79 EAIAHE NS
Potato dextrose broth(PDB) 50uol] ¥ i wg] 8AIZF Eapdels A7l & S3EE =43
o oo] & 7} AEAe @A FZEG0u) ol buffers plate well 231 484 7F HE-g-A[71 %
OD, 59%5mel §3%5 S4strh

(4) 1HOﬂ/H 7&1}(3

g 3~45F F A9 %
NaCl#} mannitol®] 5ml® % 6 well microtiter plate©l
S 2 ¥ chlorophyll &S 74399t Chlorophyll %
o AET 95% EtOH 100ulE #7Fstal 80CeolA 30&1F 7HEd 5 e
FFEAE ol&ate] e Aol e FFE Ass?t Asscl Al SA43HA T

ANFH 8] cork-borer® H3sFal A

&l
oo
r&ﬂ ﬂllO

>~1
Flo o
o K

B) 22 174

2ol 4757 AE A=AE FE7F 90%01d A E = wgrlol A 55TCE 3ARE Al
A& shal 25T WA= &A 397k widstdnh aelar & AFHS] cork-borer= A
Tl FAE A3 T chlorophylls F&3Fe] Aoz 2E9 124 ALE B4
sttt Chlorophyll %8 v o] Fdstdtt. 1 mg o ME9 95% EtOH 100uls
7betar 80Tl Al 307t 7HEs & S ARts FHodth B3 FEAE ol &ste] A o
F FFE Ass I Asss oI SAHBAH

g0l e FHAASAEY s AMASA genomic DNAE #e3t% PCR 4]
of o]3] FHA =PdAFE FAsFA T PCR 45 9314 AHEHE primerd] 552 3% 29
21t PCR 3 %71-2 Taq polymerase’} 3 7¥ PCR premix(Bioneer, Korea)&

re-denaturation & 95C oA 1%, 58T A 1%, 72TCAA 1%
o7 72TCAA 7% post-extension*] 1 PCRE F g3} %t}

o
>
N
ol
B
o
ﬁi -
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¥ 1-2. Genomic PCR +4& ¢l3] A& % primer &5

Primer name Primer sequence H] 3L
CsGolS1(Reverse) 5'-GGGGTACCGGAATATTTATTTTGTCACT-3'
PepJI1-1(Forward) 5'-GATATGATGGCGGAGGCAAAG-3’ defensin gene
PepJ1-1(Reverse) 5'-AGAGTTAATTAAGCACAGGGC-3’ defensin gene
CaMV35S(Forward) 5-GACCTAACAGAACTCGCCG-3 "

CaMV35S(Reverse) 5-ATATAGAGGAAGGGTCTTGCG-3 "

NP TII(Forward) 5-ACTGAAGCGGGAAGGGAC-3~

NP TII(Reverse) 5-CAAGAAGGCGATAGAAGGC-3 "

Cl-actin(Forward) 5-GATA TGATGGCGGAGGCAAAG-3’

Cl-actin(Reverse) 5-TCGTAGTTTTTCTCAATGGAGGAACTG-3 '

(7) Semi—quantative RT-PCR £
Defensin(PepJ1-1) FAA7F =9
As AHsE HA AR 5
g A4S A AL 5 WEAIA ofF wAEA Ffste] 2
mini kit(QIAGEN)E A}-&3}o] total RNAE ¥ sdch £ AdS $3317] 98] cDNA
skA & AccuPower RT-premix(Bioneer, Daejeon, Korea)ES ©]-83}% 1 total RNAYE 0.5ugS
&Fslsto] ALE3Fth Semi-quantative RT-PCR-2 defensin 2] 5452l A forward
primer(5'~-GATATGATGGCGGAGGCAAAG-3")¢} reverse primer(5'~AGAGTTAATTAAGC
ACAGGGC-3")E A& st A3t o, 74HF actin 7 XHGenebank ID @ ADD84832.1)¢]
primerE  forward primer(5'-CATTCTCCGTTTGGACCTTGCT-3")8} reverse primer
B'-TCGTAGTTTTTCTCAATGGAGGAACTG-3")& A| 2}s}o internal standard =
o] &atutlt. cDNA &4 % #FHdAY FEREE 25 o] WwEHE 94TeM 3BbBx &3t
denaturationS 3t 3L, 58TolA 30% &< annealing, 72ColA 1% &<t extensions
st o 35 cycles AlEsIA PCRe Aldstdth o]$ PCR AH=<S 0.7% agarose gelolA]
EtBr 948 &3l UVstolAl &lstsitt

) F==" stz
3F 345 3 ANE EFS AQFHS] cork-borer®z H-Fsle] 250 mM NaCl £<4o] 3
mlA ¥ 6-well microtiter-plated] €31 549 FEAEE A&t HY AR FX

total chlorophyll $t#2 =% 3} t}.

o

U d7dx

(1) CsGolS1 HAA3 Tl 2124 4

wtaH o] tis] ke A3 or Ty AEe FHAAEYS Felr] Y 7zt A=A
AF 3k genomic DNAE FZ319ith ©l5 genomic DNAE ] dted PCR #41S sl Ay
B dAFAAE =939 binary vector(pBI121-1)¢] CaMV35S promoter %919} kanamycin
Wb AFAAR] NPT IT 327 At w0l FIE A 2d 1-1).

oMy He
T C e
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Figure 1-1. Genomic DNA PCR analysis of transgenic Gongdae watermelon plants using
the CaMV35S promoter region(left) and NPTII gene(right) specific primers in binary
vector pBI121-1. M, size marker (1kb ladder, bioneer). PC, positive control (plasmid); NC,
negative control (non-transgenic plant); GolS4-1-2, GolS4-2-2, GolS4-2-3, GolS4-2-5:
four independent T3 lines. GolS1-2-3-1, GolS10-21-2-4, GolS10-25-4-4, GolS10-25-13-1:
four independent T4 lines, putative transgenic plants.

(2) CsGolS1 72k Fd 3 Foute] wharel digh A34d H4

Ty 249 39 A Wura7](lesion diameter)E SA 3 A¥ 2l Foigule] A9 wiuk
WAool 439+33mre.= YERE WEA CsGolS1 HZAHSA T332kl 441%5(GolS4-1-2, GolS4-2-2,
GolS4-2-3, GolS4-2-5), T4zl 445 (GolS10-21-2-4, GolS10-23-2-2, GolS10-25-4-4,
GolS10-25-13-1) ®WwHhHA o] 0.3+0.3m' ©|3t= YEhY} Agdo=w FFdu(ad 1-2), 7641%
2 FEAYAA(1520m 8}, GolS1-2-3-1 2}els X353 161A41%-2 HRFAA (=30mr )o)del 3+
Ao eSS 2183 th(Data HAIAD).

—~ 60
a
E
E
e
[3
2
o
E
=
Golsd-12  GoIS422  GolS4-23  GolSd-2-6 ji
b 2
[}
Q
= ;
~ N 2 » o 2 8
g g P P
N B O B & YoV GV
£ & & & & gQ o2& \QI\'
GolS12:3-1 GolS10-212-4 GolS10-23-22 GoIS10-25-4-4 GolS10-25-13-1 © & & & &,_,\‘-’

Figure 1-2. Disease resistance induced in T3 and T4 lines of the CsGolSI-overexpressing
Gongdae watermelon against ). bryoniae infection. Induced resistance was estimated by
symptoms (A) or by lesion diameter (B) produced with D. bryoniae infection.
Two-week-old transgenic plants grown on soil in pots were infected with D. bryoniae.
Wild type: Gongdae watermelon (non- transgenic plant), GolS4-1-2, GolS4-2-2, GolS4-2-3,
GolS4-2-5: four independent T3 lines. GolS1-2-3-1, GolS10-21-2-4, GolS10-21-2-4,
GolS10-25-4-4, GolS10-25-13-1: five independent T4 lines Vertical bars indicate + standard
deviation.
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(3) CsGolSl S#x sAAZ Zud=ul
UM wruygate] gk Aol el CsGolSl 7AF FAASA Az 9 3ol o3|
AE AL el =AY oBE gelslr] 938, NaCl 250mM &de] dAs LA} =4
s @ F 5ol AHE s Td dY F EERED §EEs SAHSAY. 1 A% o

Chl.a+b (mglg)
=] k2 £ &
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Figure 1-3. Chlorophyll content in leaf discs of T3 or T4 lines of CsGolSI-overexpressing
Gongdae watermelon 5 days after dipping in the 50 mM NaCl solution. Chlorophyll content
in plants in the absence of salt treatment was determined. Wild type: Gongdae watermelon
(non—transgenic plant), GolS4-1-2, GolS4-2-2, GolS4-2-3, GolS4-2-5: four independent T3
lines. GolS1-2-3-1, GolS10-21-2-4, GolS10-25-4-4, GolS10-25-13-1: four independent T4
lines Vertical bars indicate + standard deviation.
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Figure 1-4. Genomic DNA PCR analysis of transgenic Gongdae watermelon plants using
the specific primers in the cucumber galactinol synthase 1 gene(CsGolSI). M, size marker
(kb ladder, bioneer). WT, wild type (non-transgenic plant); GolS10-21-2-4,
GolS10-25-4-4, GolS10-25-13-1: four independent T4 lines, putative transgenic plants.
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Figure 1-5. A semi-quantitative RT-PCR profile measuring the expression of CsGolSI
gene and NPTII gene specific primers in binary vector pBI121-1 in transgenic Gongdae
watermelon and actin gene as a control. NC, negative control (non-transgenic plant);
GolS10-21-2-4, GolS10-25-4-4, GolS10-25-13-1: four independent T4 lines, putative
transgenic plants.
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Figure 1-6. Effect of total protein extract of the CsGolSI-overexpressing gongdae
watermelon(T4 line) on in vitro growth of the fungal pathogen F. oxysproum KACC 40901
RI1(A), KACC 40901 R2(B) and KACC40905(C). F. oxysproum was grown in the presense
of protein extracts from transgenic plants. Control sample [Extraction buffer (50 mM Tris
pH 7.5, 150 mM NaCl)] + spores (1x10°%fu/ml). Fungal growth in the presence of protein
extracts from wild type(WT), untransfromed gongdae watermelon plants was taken as
100%. GolS10-21-2-4, GolS10-25-4-4, GolS10-25-13-1: three independent T4 lines Vertical
bars indicate * standard deviation.
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Figure 1-7. Chlorophyll content in leaf discs of T1 lines of the CsGolSI-overexpressing
Gongdae watermelon 5 days after dipping in 250 mM mannitol solution. Chlorophyll content
of plants without salt stress were determined. Wild type: Gongdae watermelon
(non-transgenic plant), CsGolSI-3 CsGolS9-4, CsGolS10-1, CsGolS13-1 CsGolS45-1,
CsGolS45-3. six independent T1 lines Vertical bars indicate + standard deviation.
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Figure 1-8. Comparison of chlorophyll content between in wild type and in
CsGolS1-over-expressing transgenic Gong-dae (T1) lines after heat stress. Heat stress
was induced by heat treatment for 3 hr at 55C and then the seedlings were cultivated
under the normal condition (28C) up to 3 days. Afterward, chlorophyll content was
determined. Wild type: Gongdae watermelon (non-transgenic plant), CsGolSI-3,
CsGolS9-4, CsGolS10-1, CsGolS13-1 CsGolS45-1, CsGolS45-3. six independent T1 lines
Vertical bars indicate * standard deviation.
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Figure 1-9. A semi—quantitative RT-PCR profile using the ClAsp70 gene specific primers
in the CsGolsl transgenic Gongdae watermelon. Wild type(WT): Gongdae watermelon
(non-transgenic plant), CsGolSI1-3 CsGolS9-4, CsGolS10-1, CsGolS13-1 CsGolS45-1,
CsGolS45-3. six independent T1 lines.
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Figure 1-10. Chlorophyll content in leaf discs of T3 lines of the CsGolSI-overexpressing
Gongdae watermelon 5 days after dipping in the 250 mM NaCl solution. Chlorophyll
content of plants without salt stress were determined. Wild type: Gongdae watermelon
(non-transgenic plant), CsGolS10-1-1, CsGolS13-1-1, CsGolS45-1-1. Three independent T3
lines. Vertical bars indicate * standard deviation.
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Figure 1-11. Comparison of chlorophyll content between in wild type and
CsGolS1-over—expressing transgenic Gong-dae (T3) lines after heat stress. Heat stress
was induced by heat treatment for 3 hr at 55C and then the seedlings were cultivated
under the normal condition (28°C) up to 3 days. Afterward, chlorophyll content was
determined. Wild type: Gongdae watermelon (non-transgenic plant), CsGolS9-4-1,
CsGolS13-1-1 and CsGolS45-3-1: three independent T3 lines. Vertical bars indicate +
standard deviation.
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Figure 1-12. Disease resistance induced in T4 lines of the Pepper defensin
(J1-1)-overexpressing Gongdae watermelon against D). bryoniae infection. Induced
resistance was estimated by symptoms (A) or by lesion diameter (B) produced with D.
bryoniae infection. Two-week-old transgenic plants grown on soil in pots were infected
with D. bryoniae. Wild type: Gongdae watermelon (non- transgenic plant), WJ120-10-3,
WJ120-10-10, WJ120-10-12, WJ121-34-2, WJ121-34-4, W]J121-34-8,  W]J121-34-14,
WJ121-34-15, WJ121-34-23, WJ121-34-24, W]J121-34-31, WJ121-34-33, WJ121-40-22,
WJ121-40-25, WJ121-40-27, W]J121-40-28, W]J121-40-30: seventeen independent T4 lines.
Vertical bars indicate *+ standard deviation.
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Figure 1-13. Disease resistance induced in T4 lines of the Pepper defensin
(J1-D)-overexpressing Gongdae watermelon against C. orbiculare infection. Induced
resistance was estimated by symptoms (A) or by lesion diameter (B) produced with C.
orbiculare infection. Two-week-old transgenic plants grown on soil in pots were infected
with D. bryoniae. Wild type: Gongdae watermelon (non- transgenic plant), WJ]121-34-23,
WJ121-34-24, W]J121-34-36 : three independent T4 lines. Vertical bars indicate * standard
deviation.
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Figure 1-14. A semi—quantitative RT-PCR profile measuring the expression of PepJIl-1
gene in transgenic Gongdae watermelon. M, size marker (100bp ladder, Bioneer); NC,
negative control (non-transgenic plant); WJ120-10-12, WJ120-10-31, WJ121-34-14,
WJ121-34-15, W]J121-34-31, W]J121-34-32, WJ121-40-30 : seven independent T4 lines,
putative transgenic plants.
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Figure 1-15. Effect of total protein extract of the Pep/JIl-I-overexpressing gongdae
watermelon(T4 line) on in vitro growth of the fungal pathogen F. oxysproum KACC 40901
R1(A), KACC 40901 R2(B) and KACC40905(C). F. oxysproum was grown in the presense
of protein extracts from transgenic plants. Control sample [Extraction buffer (50 mM Tris
pH 75, 150 mM NaCl)] + spores (1x10°fu/ml). Fungal growth in the presence of protein
extracts from wild type(WT), untransfromed gongdae watermelon plants was taken as
10096. WJ121-34-14, W]J121-34-15, W]J121-34-31: three independent T4 lines Vertical bars
indicate * standard deviation.
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Figure 1-16. Chlorophyll content in leaf discs of T4 lines of Pepper defensin
(J1-D-overexpressing Gongdae watermelon 5 days after dipping in the 50 mM NaCl
solution. Chlorophyll content in plants in the absence of salt treatment was determined.
Wild type: Gongdae watermelon (non-transgenic plant), WJ121-34-14, W]J121-34-15,
WJ121-34-31: three independent T4 lines Vertical bars indicate + standard deviation.

=]
14

r

TR FAAS FoFere] fA 2
g8 a9t NaCl()oll WAdS HATHY Pep J1-1 A7 =94
vt AAAIA 3AT WJI21-34-14 WJ]121-34-15 W]121-34-31 A&l AN AAA 22z}
S AZEHete] FHA BdSES stk ol 7 AEAY] total RNAE &t
Semi- quantatlve RT-PCR vﬁr*—*ﬁo“ AAE A iz wildy type AEA el W&l Pep J1-1 4

oL
[e)
Z

Pepsi-1 | |

Nptli

Actin P . - —

Figure 1-17. A semi—quantitative RT-PCR profile using the PepJl1-1 gene and NPTII
gene specific primers in transgenic Gongdae watermelon. NC, negative control
(non-transgenic plant); WJ121-34-14, W]J]121-34-15, WJ]121-34-31, W]J]121-34-3I- four
independent T4 lines, putative transgenic plants.
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WE o] 83ty gRT-PCRS T3t A3} CsGolSl Aol d-$- WTol H|s] 2 @& o] wH]
sk Aoz Yehytomn Pep J1-1 Fd8A= HA oF 05 fold oA ZH| 80 fold 7FA & o]

Ws) Zrbse Aow vEhdth 53 WI21-34-33-1 A% A9 steld 47) gl %
370 ol A wdo] =A HE o= YEGTH Y 1-19).

fielative expression(fold)

Relative expression (fold)

wWT Gois1-3- Gois 10-1-1 Golsd5-3-1

sample name

a9 1-19. CsGolSl F%1#E Pep J1-1 4
tagman copy number assay <372 3}

(3) CsGolS1 % Pep J1-1 3zl wz FAA8A A

iAslgol ¢k CsGolS1 % Pep JI-1 #F3xbe] wif FA-ARA A=
st Mg AE el ElEl S Pep JI-1 #FdA A
CsGolS1 7342 dAdeA 2Rles & 4o AA= nhe} ol ] =
sote]  wEjskivh wElgE = 20149 Pep JI-1 A dAASAl WJ121-34-2-1-5,
WJ121-34-15-1-4 283 WJ121-34-31-1-2°] 3716 ¥ CsGolSl 3z FAH3HA
GolS1-3-1, GolS10-1-1 Z2¥]al  GolS45-3-1¢] 37A15E ol &3 147 =& wwjste] A=
kit 20158 AW7] o5 wulxd T 9AlFel diE TS AP dA HEF u
g 2718 WJ121-34-15-1-4 X GolS10-3-1-1% WJ121-34-31-1-2 X GolS45-3-1-1,
GolS10-1-1-1 X WJ121-34-2-1-5& Awsle] 32k Zejoi-of WAs)yd 715 Ea X3
shar gt

1

N
—
hine)
offt
N
ALY

¥ 1-7. CsGolS1 F+3d A gt JAHA3A(GolS) & Pep J1-1 F31%F Foguk 32 2k
ekl BE R FAs
1 JH o) = 14 A [} =
%‘iﬂ 2014 —”—Hﬂh 72”0 S %—Z]"/F‘ 20154 »U—Hﬂ'x_]_ 75”0 ¢} %‘X]"/F‘
(T4xT3 or T3xT4) (T4XT4)
1 WJ121-34-2-1-5 X GolS10-1-1 209
2 WJ121-34-2-1-5 X GolS1-3-1 207 -
3 WIJ121-34-2-1-5 X GolS45-3-1 12 -
4 WJ121-34-15-1-4 X GolS10-1-1 144 WJ121-34-15-1-4 X GolS10-1-1-1 642
5 WJ121-34-15-1-4 X GolS1-3-1 319 WJ121-34-15-1-4 X GolS1-3-1-1 635
6 WJ121-34-31-1-2 X GolS45-3-1 58 WJ121-34-31-1-2 X GolS45-3-1-1 2
7 WJ121-34-31-1-2 X GolS1-3-1 362 WJ121-34-31-1-2 X GolS1-3-1-1 623
8 WJ121-34-31-1-2 X GolS10-1-1 206 WJ121-34-31-1-2 X GolS10-1-1-1 527
9 GolS1-3-1 X WJ121-34-2-1-5 38 GolS1-3-1-1 X W]J121-34-2-1-5 38
10 GolsS10-1-1 X WJ121-34-31-1-2 206 -
11 GolS10-1-1 X WJ121-34-2-1-5 183 GolS10-1-1-1 X WJ121-34-2-1-5 650
12 GolS1-3-1 X WJ121-34-15-1-4 75 GolS1-3-1-1 X W]J121-34-15-1-4 734
13 GolS1-3-1 X WJ121-34-31-1-2 159 GolS1-3-1-1 X WJ121-34-31-1-2 646
14 GolsS45-3-1 X WJ121-34-2-1-5 - -

_42_



20156 wfjElelel S4S Sa grE F 9AE T HF Add 27459 FAd W FAS
&

e AN A3 FAY] FA7E wild type?! S
lom, B £ FrlERo wobgol vl Yot Ao YETH(E 1-8).
3E 1-8. CsGolS1 F4# soja JAd8A4 2 Pep J1-1 A2 sdiul 2 dEA vl
ol Auel A% Ao Fejd 54 2AAR

) Seed Seed Seed No. " ination(%)

sample name ercent germination

P length(mm) width(mm) thickness(mm) seed/fruit P £ °
WJ121-34-31-1-2 X Gols10-1 13.81 7.66 2.92 527 1/50 (2%)
Gols10-1 X WJ121-34-2-1-5 12.62 7.34 2.63 650 14/50 (28%)
Gong-Dae watermelon(WT) 12.71 7.14 3.18 450 28/30 (93%)
WJ121-34-31-1-2 12.31 6.98 2.83 1025 18/50 (36%)

ok &ol3t CsGolS1 A9t Pep J1-1 Fdx dAAskA o] wnfjalelo] thalk Fxjo) of
5 EXZALS} HEo] F3 AFPS 93 wwjgtele] FHF M-S 9] genomic DNA
23 G4z =98 st $a- oz wuekel Golsl0-1 X WJ121-34-2-1-59

p FAA 42 e gelst Axp wujetelol A F HHA

5 Z¢o]l ® Aoz T F5 AA wmujeiele] tigh fFAA =S g0E A Fo)

.

= Genomic DMA-PCR analysis

A: CsGolS1 F1 + CsGolsl R1 (368bp) 1 : NC{Gong-DaeWT)

B: CaMV 355 F3 + CsGolsl R1 (1200bp) 2 : PC(PCR Product)

C: NPT F + R (529bp) 3 : Gols10-1 X WJ121-34-2-1-5
D:Call-1 F+R (222bm) 4 : Gols1-3

g 1-20. Ao A wwje}el o] genomic DNA PCRS ©] €3F CsGolS1 & 42 2 Pep J1-1
q

(4) Fattf s SR 54474
A7 WAFEERYH BYWS FHEE 2EFF(FFTH: Aoz, dE 1)
SAxEd 2o dig g HAS A8 L2 AL KEHXC A § A2 A W
35 Gty 1-21). Auoprxle e 9 AxAFA, oS A7 A4
o] $3% FFor A7 dxyE dA AdTd 2%
~E %
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weightol 4] tzFto] M]3 53 Aoz ‘/}E]r‘fxiuﬂ Root fresh weight, Root dry weight:
TUE Aoz YERTh vbH AHmoprxle = dE&=FQ gl vls] a2 tig Injury

—[o

™
rating ¥ A5o] HdubHow "ojx= Aow ‘/PE}ME}(J& 1-5).

E 19 FARE EF nE D AL 2Edze] e YSAst 24

Treatment . Root Root
Sample Injury Shoot Shoot
temperature ) ) ) fresh dry
name . rating* | fresh weight(mg)| dry weight(mg) . .
() weight(mg) weight(mg)

=g 4 1.8 31.10 0.14 26.30 0.01
25 1 53.30 0.26 39.00 0.02

o 4 14 33.50 0.15 26.30 0.01
oFELR 25 1 6597 0.37 52.30 0.02
" E 45 2.2 38.27 0.13 33.00 0.02
B 25 1 62.33 0.32 56.60 0.03
skl 45 4.6 27.90 0.16 30.30 0.01
A=} 25 1 71.90 0.41 74.30 0.04

*Injury rating scale, 1= normal, 2=trace, 3= slight, 4= moderate, 5= severe injury.
AL 2EY 2 3 Injury rating 2 AS SAAZXAI g Eo] AEAU F

BEHATh o A5 MulolAs) elobEasl 22Eu o b W & @l o
A B YA el 2% FEAE AR Uehiek ol 45 ARRRL BOAN

® 110, FRRE FEO 1e 9 AL AEdsd @ 2zed g 2A4A9

Sample Treatment Chl.a Chl.b Chla+b
name temperature(C) (mg/g F.W) (mg/g F.W) (mg/g F.W)
= 4 18.08 8.37 26.44
25 20.34 8.27 28.60
Qe op g 4 20.08 7.67 2754
25 22.30 9.74 32.03
e 45 22.43 26.69 49.10
- 25 18.30 6.98 25.28
45 22.43 41.41 65.61
24 X 7]
Hrobe R % 19.15 751 26.66
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m

[ ¥
[=JN

Injuriy rating
-
Chl a+b mg/g-FW
o
o W

FES(A)  ddHeFA =AF(H) HAgckER

=Y |

a9 1-22. THEE(ETY 9o )Y 2T (EFEE s FT)Y 4T A=A gl s
24 el re o mE S22 35F v a4 Y (Injury rating scale, 1= normal, 2=trace,
3= slight, 4= moderate, 5= severe injury.)

3. Agrobacteriums ©| &3 FAAE Fulg & A4

7F. AU &

(D) A=Az 2 gz

71 A& 4 inbred lineS FTRMIAIE Fo A F&F whol AFE3A Y. FA= embryo?
A7 YA s FIE AASL Ha gl HASE T 70% EtOHO 33 FH A gk

A

S Tween 20™ 29F8S wojrdl 2% NaOCloll 587F A te] W Agegde. 39
ArE FAE H SHTE 53] MFHS & Hirst ZE ¥ o] (110mm Dia, Whatman, USA)
Yol 10%-7F W3] FES AASAY. FRo] AAY FAE germination medium(GM;
MS salt 44 gl!, sucrose 30 gl!, 2-(N-Morpholino) ethanesulfonic acid(MES) 05 gl
phytagel 3 gl Hol|l xAste] 747 25T hxAo A wolE § %381 th(Murashige and Skoog,
1962). olgt ¥ Petri-dishE #x3 HH=Z &4 79 A= A FEY AP 1 x 05em
AER 25% F4d 39, WFS 05em HA o2 ddste] dAAE AFEsto] AFE-SHATH
A AEAFzAAS] Ao uwel petri-dish(SPL, South Korea)d 15742 2Z+7}+
AZdskelal 26 £ 2°C, 16A13F F57], 2000 Lux@=2] vl ol A ulf Fshad

(2) BFzxdA A2 B2 AEA4 &3t

715w A= MS7]EufA o] 30 gl sucrose, 3 gl'! phytagels H7}etgon pHE 5.8%
zAQ4stAn. Bz AAE A Gl wol AREHE SAY Ato]ETUS AMESHATH
S0 2= Indole-3-Acetic  Acid(IAA)E  AR&3tlom  Alo]E7|Uo 2=  BAPE
Abgsth w43 Fo  E3E shootd FE FANIYeH E3ld AEA =
AFZHAZ 1 mgl! BAS @83 vixo] A wigste] Axs AFAHAow #jd(SPL,
Korea)ol A S2atdth. A1 %7F 3emold 2" /MAlE AF=EdAE H7MeA & MS
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Hj ZJof]  wjeFstA A EHEAAHES FESIAT. BErt A" JiAE Had JAFHUE
(perlite: F-E, 3:1 v/v)oll o]23te] EF <=3}3} ¢t}

(3) SukA A =3 9 Agrobacterium =)

AEAE FAZA3E  binary vector= WA CaMV 35S promoteret 3 A
kanamycing selection marker] NPT F3AAE XEstelal l&= pBII21-15 A&3HS
Tt FdAAS A8 Agrobacteriume  disarmed Ti-vectorE A Y=
Agrobacterium tumefaciens LBA4404 #F5 A&t A 2 A FA o A % " E
A A5 S binary vectordl] A Z&3se] Agrobacterium® =943 F FulglE A

o 859

@) AzF ewAle] Foee 2 gt £9 9 skl
a0 Foe GAARS K= 98] LsADC FAA7F £3¥ pCAMBIA 1301-7

vectoro| =¥  Agrobacterium tumeficiens LBA4404 5 25 pug/ml rifampicin@ 50
reg/ml kanamycin®] #7Fe YEP(10g of yeast extract, 20g of bacto peptone) <Y A ulj =] o] A
ke & ek g ot fFHRO AY Ady Feudsdn AE AYE=dAV
A7 E R 2 MS 7| EujR|o A 247 FEuldS 250 pg/ml carbenicillin® 3 mg/L BAP
2 0.1 mg/L TAA7F H7FE MS 7] wjx]oll A 3~4F3F sttt olF ddd Ax&E
250 pg/ml carbenicillin®} 1 mg/LL BAP " #H7IE MS 7|EujRlz Zo] AFE
Frestd e 5~10 pg/ml hygromycine] H7tg wjA| A st 7hsAd A= FHAEA

ol FAA&A genomic DNAS #esto] PCRE 3 st3ith. PCR 4 & ¢8ke]
binary vector RIRe) CaMV 35S promoter 99 forward
primer(5'-GACCTAACAGAACTCGCCG-3")e LsADC A=A EAHFELA  reverse
primer (5'-CAAATGCCGACTGGAGAGAT-3")A|ztslo] ALg3std . PCR 3 =712 pfu
DNA polymerase(Fermentas, USA)E o|&3lo] Hx 95T A 5%3FF pre-denaturation$
95CAA 30%, 58CAlA 30x%, 72TCAlA 1#30%3F 353 WSAIF HFHoz 72TAA
ZF post-extension AlAH PCRE FTE3IAT. PCR AH=EE& 0.7% agarose geld A
719438kl glsk .

3. 4723

(D F82 =9 T g 3 i

b g Fgieel TS Ame & AW A Tle 3 AXYE X Adste] ol A7l o
& Agrobacterium®™ 3 ZwWYF st om 7

cgiq_ =3k 63;0 J:Q_L



it TF = X HY Ok
3. robacienurru% DAHdo 3. Agrobacterium3t S EHY¥

& A0 Wy e
FUFE FAT 259 F AQPPeIN 71ET AANY Al wel A vk 24 %ol

A AZE LsSAMDC, LsRZF1, LsADC F+3AA7F =99 Agrobacterium¥f & 2w &34 &
A= 250 pg/ml carbenicillin® 3 mg/L BAP 2 0.1 mg/L IAA7} H7Fd MS 7] 2 nj ] o
A 3~4F7F A xE FAAALY. o]F FAHE AxE 250 pg/ml carbenicillin® 1 mg/L
BAP® H7Fd MS 7|EuixE o]l AAHAE fFEsdew olF A 5~10 pg/ml
hygromycing Z7tete]l 7beA e A AA Ads FAddct. 1 A g5t
S9H LsSAMDC, LsRZFI, LsADC A AF2] hygromycin &4 &2 3% 119 #|A]¥ d}
of Zr} MAste FHAgolA Hir 90% o]/de] AWMEHAY  WH A Esta v AggH <l
A5 =] T A j*}ﬂoiﬂr(l%‘ 1-24). &3 LSSAMDC‘/} LSADC 7372
io} Edes & AEd JNAS v o] 747 2 s

FAHZA o] APA] hygromycin
1

JJr

o gelste] Frhdon FAHAA A
A
A

¥ 1-11. LsSAMDC, LsRZFI1, LsADC 737 =% sdga 2 43k4 A 2yt
(A: 393}, 492 YaAs F3, B 3dar A4 C 433 A

A.
hygromycin A& X9 @& hygromycin Egsst
=YHAR Z=AAA A7) A4 AdE AAs 2 AdE
5 ug/mé 10 pg/m (%) (%)
542 74 - 13.7 9(0.9)
LsSAMDC 447 - 39 8.7 '
Z88 7 - 61 -
2 - 16.
LsRZF1 %12 é 17 Zg 11(2.3)
7 - X
LsADCI1 140 = 3 51 -
B.
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hygromycin A& sxd n& hygromycin Egcs
E=dFAA EJAAF A AT AurE MAF & Ads
5 ug/mb 10 pg/ml (%) (%)
487 69 - 14.1
LsSAMDC o - 5 < 9(0.96)
260 42 - 16.1
LsRZFI S = = o 11(23)
175 8 - 4.6
LsADCT 140 - 3 2.1 )
C.
hygromycin A& &% w& hygromycin EY¥s3)
EAFAA ZGAAF A A4 A& MAF 2 AdE
5 ne/ut (%) (%)
55 5 0 0(0.0)
LsSAMDC
400 - - 32(8.0)
% 1-24. Hygromcino] FH7he A ajx]o Al 2= AvH(A) AESILB) A= LsSAMDC
P PREE
Aot e AH}Z LsSAMDC 2 LsADC w73A =9 Fdlgure] FAAZA ALk
0] A4 £Y F AEE) 2A BAF Gehbe ASR weld FH o AU o
&3 FAASA IS dAEAT 2del AA A FHA =Y FAASA Y BEES
2 A% ool we) osel Be AEES weTol FAANA Al FAR
g 3Fo] Wo] MR AowE AHEJATHE 1-12)

3% 1-12. LsSAMDCS®} LsADC G327 =44 3 &4
(A: 3k, 492 Aabd st F3t, B 3d A Ak 3t

A
hygromycin A& Fxd m2 hygromycin Egcst
EYFAA EQAA T AukA) A4 Aug AAs R ALE
5 ug/nk 10 pe/ml %) %)
LSSAMDC b 10 - >l -
LsADC 447 24 - 5.3 -
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hygromycin A g7 # 4 hygromycin E&cst
=dHAR =dAAS AeE AAs 2% ALE
5 ug/mb 10 pg/mé (%) ©6)
LsSAMDC e ! - 0.02 -
25 - - - -
hygromycin hygromycin EFF3f
=Y AR =AM A A AL E MAF 2 AdE
5 pg/mk (%) (%)
LsSAMDC 265 15 15(5.6%) -
LsADC 447 24 24(5.3%) -

(2) LsSAMDC, LsADC 3t LskRZF1 Ft2t @A A48A o a4 =g &<l

Am 2 o] 7l vpel o]l Fojgut gl Fube] E¢deke] hygromycin A A H 7t
Hjj =] of] A MAES] FHAY A
genomic DNAE & 3te] PCRE 38 A3} Lsrzfantisense dx7F =<
A Aes AR 5970A 5 1170A7F gDNA-PCRS F& HFH oz gaxAau(ady
1-25), LsSAMDC B LsADC +73d A7} =dd 7fAl= gQl= A ok

A olelat FAARAE
]

A 4e @

LsRZF1-3

LsRZF1-2

LsRZF1-1

LsRZF1-8

Figure 1-25. Photograph of eleven independent putative T, RZF1-antisense (Lsrzf])
transgenic Gongdae watermelon.

LsRZF1-9

Hptl

Figure 1-26. Genomic DNA PCR analysis of transgenic Gongdae watermelon plants using
the specific primer in watermelon RZF1l-antisense gene(LsrzfI). M, size marker (1kb
ladder, bioneer). WT, wild type (non-transgenic plant); lane 1~11 putative Lsrzf]

antisense transgenic plants.
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gDNA-PCRE &3l Lsrzfantisense A7 E91o] gl¥ 1171419 Fdx HdAFE
golstr] f&l 24 AEA9 total RNAE #3389 semi—quantative RT-PCR #+41S AA]gH Ay}

272 wildy type AEAo W] LsRZFI 3R] o] 11704 B5olA S7HaS E2ls3
ctH(2g 1-27).

5 6 7 8 9

WT 1 2 3 4 10 11
T - - - - - - -

CRACHT s s s e — — S G WS SN -

Figure 1-27. A semi—quantitative RT-PCR profile measuring the expression of
RZF1-antisense gene(Lsrzfl) in transgenic Gongdae watermelon and actin gene as a

internal control. WT, wild type (non-transgenic plant); lane 1~11 : putative Lsrzf]
antisense transgenic plants.

T3 LsSAMDC +AA =9 Fulgdr 444 EF £3l5 T F 414A9 AEAE

g R, 134082 gDNA-PCRS %3 hptll @ LsSAMDC F+4A =4S g<lste] 27)

A HET A Hd 1-28). HF s 2MAE EdolA Fx #Fsd o, Kol
al

N

27 AAHA ga ool F8h sWA A% wAbse] LsSAMDC a4t HEA Y 4o
We 9% F JoR ARHAHIY 1-20).

27 28 29 30 31 32 33 34 35 36 37 38|39 40 41 NC PC

‘- - ' htpll (hygromycin)

i
I — . 355-F2 + LsSAMDC-R
“—-—--—__*-A-%- * LsSAMDC(full)

Figure 1-28. Genomic DNA analysis of transgenic Gongdae watermelon plants using the
specific primer in watermelon SAMDC(LsSAMDC). NC, wild type (non-transgenic plant);
PC, LsSAMDC plasmid DNA; 2 lane 27~41 : putative LsSAMDC transgenic plants.

Figure 1-29. Photograph of eleven independent putative TO LsSAMDC transgenic Gongdae
watermelon.
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F 1-11 Coll A Eelgojx= A ALS 53] FHE LsSAMDC FZAASA 15704 <+
LSADC 2470 A1 digh fA2 A4S &21s7] 98l gDNA-PCRS 3 A¥, zhzh 7714
Aol [sSAMDC® LsADC EAAINAEAR JAHE AEAE R 5+ YA (1d

& | il

[¢] L4 L A
1-30). gDNA-PCRZE e JRAES w44l wz Fefste] A5ol x7go] {7 T3
t}.
NC PC 1 2 3 4 5 6 i 8 9 10 M1 12 13 | 14 .1 5
_ e —— — W | Hipll (hygromycin)
—“ e — | LsSAMDC
— — — - | 35S-F2+LsSAMDC-R

NC PC 1 2 3 4 5 6 7 8 9 10 P11 |12 13 | 14| 16 16 17| 18 |19 20 21 222 23| 24

. - A _ ; _— htpll (hygromycin)
B .

! — J— 35S-F2+LsADC-R

29 1-30. LsSAMDCS LsADC +7d A7F AFiel 49t g2 d e o] gDNA-PCR 32 3}

Aol gDNA-PCRS al =eld 7} f32 JAHeA ] Aus A3 4
LsSAMDC®] 789 A2 mlad & 108 wglon Azto] Adss AFo] Folga ol
aste] wAbskE Aow yEy Fdigdyt v AIFAE BoFATRER T AA]).
LsADC A8 A = w2 Gl 22 Al7]el A2 WToll Bl 1 o] v =A== A
o2 YEstH(2d 1-31). WT A=Ak vugs o dd8 A4 49 dAdez ¢

% = Ao®

do] =2 Fom Bozlon, 53 ujx|Fol|A 45 o] AlFlel& Qo] AW
© 7

UElSth ol LsADC A7t

>
b
)
2
BUREOY

FAAGA Aol B2 dFS F= Aow

.
NS

o] Agrobacterium< ©]-83% A =9 Fuigu 2 3k FAAZA A A3
n
|

o gk ulles
|o
O

o
o oflt

, ASTHOR LsRZF] +AAE =9 FddskA 114
AgkA o] AR oF 10% olske] wi-¢ v A HALES Helow
3 SrwE MAVE B £3E IE =

Yoh(E1-13). 53] HEATE LsRZF1 A 3HA)

i,

off
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3% 1-13. Agrobacteriums ©]-&3 32 =9 oo 2 8k FAHSA AN A9 F
A (hyg) A LS EYsds HF
= FAX EFRE EYAA
A * A (%) (%) AL A S
T o gaf 1,389 8.15(113714)) 2.95(41 74 A)) -
LsSAMDC
oy 340 47001674 A) - -
R 315 349(11744) - -
LsADC
Zhak 447 5.37(2471A)) - -
LsRZF1 Fo5ut 475 12.42(597) ) 2.32(1171A) 11704
7 2,966 - - 1170 A

(3) LsSAMDC 3 LsADC ¥ FAHdSA o] T2 A ¢

AYATE Fall LsSAMDCS LsADC 32 =91 FAdA o] Aikel o 7Hd & &
A WA W EgelAe] W] YL Wi 2 Ak mebA WG A IBA,
Jo] WEfE AYe AYsHATh Fuol
LSAMDC §AA% 58 BANBAL cJ8a 4 smEsl prdd 25 AT 7
483 @&g % BTRE ) 5, ;
=]

@ Ash A el U fEt 94 g Ao »}Emlsu#, i
1) A

I 1-14. %L u}— LsSAMDC FAA £ FAASA ] IBA, NAA 2 JAA T E2E AHgd g
A d B ase A
IBA &= (ug/ml) 1 3 5 10
Al A 4 4 6 6 4
A EIN A 5 3 3 3 1
Elane e B B 0 0 0 0
NAA ¥ %= (ug/ml) 1 3 IAA &%= (ug/ml) 1 3
Al g A 5 5 5 Al A 5 5
A=A 4 4 0 A E N A4 1 1
WA S 0 0 Ll = b B 0 0

1 2= )

CESEI—L_sSAMDC NAA ‘=== ) (ELR— L sSAMIDC LAA ===
22— S e test (1= 25 )0 = u = test (=) 2= =)

a9 1-32. %“i} LsSAMDC w32 =91 A4 IBA, NAA B JAA =22 A




TUs MHO R [SADC 734 ¢ JAASAE o] 8ol T2 Fho mE AE L
dobf s 2AE A3} LsSAMDCSE 43 A2 wrh wobdas AEE] Hopxlon
W GE g9E 3018 = QATHE 1-15). T3 A EAE= 28 25 TRE zZWyo HEF
o2 JdAPSFATH Y 1-33)
¥ 1-15. F8-LsADC 73X =9 dAAEA 9] IBA, NAA 2 JAA 328 Ao
A Y dofE A

IBA %% (ug/ml) 1 3 5 10

AN A 6 4 7 7

AENA 5 4 2 2 0

w AR 0 0 0 0
NAA%F % (ug/ml) 1 3 IAA &= (ug/ml) 1 3
A @A 8 10 Al A 8 9
AENA 7 0 AENA T 3 2
2N A S 0 0 w8 A A S 0 0

(EE-1L sADC IAA 's=22
==g = test (N1=] 23 X))

13kA1 o] IBA, NAA % TAA S 2 Ao &

gen g Axs £33 A3 AgrobacteriumsS £33 A £ FAATA AL
Lsrzfantisense 42 £9 Al F11 NMAE R3] AAAE S8 =5 A+E P&
T AN LsSAMDCSY LsADCS 7% F3x¢] ddo] AEAUY A5 F3s dFS
A S dbto] o9 FE s AAAdE FATE BA T Ao R ALE EH AT

_53_



WAAE L BEI5A S S AL L 285

1. LsRZF1 & % AtRZF1 A& A3 37

ek LsRZF1 @9 a 2 central region® RING H2-type zinc finger =w|Ql (177-217 aa)
(L9 2-1A)°] HEH ARNem ofnwil Ad 4 A of7] 4] AtRZF1 @# A3} 66%
oj’del s du(zd™ 2-1B)e] vwi§- =k EF, FHE LsRZFI % AtRZF12

C3H2C3-type?] ring zinc motif7} & HEHO 9SS & & A€ 2-10).

A Ring Ha-typs
zine finger domain
I Tr 217 305 aa

LSRZF1 NH,
B

LsR2ZPY 4 E =

AIRZF1 1

BISEEIR - s} _i‘Q I} PCNP 1'T'I'E'CLDI-!D"’nI}IRI)[—ll'.!
A EH = AR T GPSRAHE 1\_KPI FDL
SR - -ESLF SI—‘EE‘[E ELL T E
¥ IEGRLGSAG FENL S 5 LAGGB‘NSSE

LskzF1 a1 [i
MRZF1 57 &

LsREF1 112 L
ARZFT 11T : 5 L TOH
LsRzF1 168 EEET = T
AREF1 17T L 8= s cnfiome Ml nsoc (v Ly ginsc pycrfi Lo .
LsRZF1 228 GEGGGGGE GH:E ‘\YN’ B L HEFRS 55555 I
ARZFA 237 —mmeee e 1-:. ss Qs S| T G S5 T
LsRZF1 281 ——————————— GGAGSS 51:-;‘-" “N

ARZF1 281 NTATAEEGHYH CODOOHQHE Q B3 154

C Ring H2-type zinc finger domain
C

Al

a9 2-1. F LsRZF13% o714t AtRZF1 s dase] d# #A%. (A) 32 LsRZF1
o] 22 #x A% (B) #9 LsRZF1 2 AtRZF1 opbw]xat A d wja 4 (C) #¥h LsRZF1
I of 714 AtRZFL Zd5-FAAE31e] C3H2C3-type?] ring zinc motif X2 %,

2. ABA A %, 3 LsRZF1 4 x}sﬂ AAL 2 Fd 4

ABA ZE2%o] )3t vk LsRZF1 4RSS 7]5S dolrr] ¢3te], 9 quantitative
PCR(qPCR)& %3] LsRZF1 f+Axe] & s 3
AES ABAE AElste] PCR3 A3}, LsRZF1 FAAE <]
) control Hoh #HAES o ¢ AT qPCRS &3 AT 4 43, LsRZF1
HE g ABA A5kl A 51 A= 7ags & 3 4 U™ 2-2).

L LERZF1
= 10 A
=}
E 06 A
ﬂﬁ.l- 06 A
£ 04 A
3 =
R |
ﬂ : 3
ABA,
a9 2-2. ABA AHd F, LsRZFl FARES] W A 1098 Fu A EAZEEH ABA
T2 A HA(control) 2 ¥ total RNAE F&3%F b PCRS T3 LsRZF1 AA} @4
P 74,
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717t AtRZF1 promoter*GUS %‘é‘x g};ﬂ~:ﬂ,— o] & ABA g jr, Yz
GUS 23S Ay B Ay GUS 28 S-S A H20 #z2]) A ¥
ATHH 2-3b % 2-3¢). =3 7] FAE GUSZF HdES & A
ANES BEUZ 2%S W, LsRZF17 AtRZF1 §31AE2 ABA WH3-o #d€ES &4 5 U
=3

&
Lo
I

©

: .
N s
=
—‘*W’ ¢
HO ! ﬁ\E_lA (108 uM, & hr)

19 2-3. GUS w3 24, (a) AtRZF1 promoter-GUS d @ ASAZHE 7oA GUS 4t
d B4 (b 2 ¢ 2% AtRZF1 promoter-GUS #ZA A A ZHE H20 2 ABA A7 F,
GUS w&g 74,

4. LsRZF1 2 ASA =25 ABAe| digk W74

grRE 7t JAHSASETYH ABAC tigk Ag
AFAES] TAES 1 uM ABA7F H7FE MS iAol #tE e 109 -, 2 FAEA
cotyledon greening= Wlxl FAFSF T 19 4A 2 4B} 7ol WTol M]3 atrzfl &<
|= ABA®] disl] WAdS AWom, LsRZF1 #¢d 2 atrzfl/LsRZF1 3 E A &A &2 v

e 2e7) fskel, WD % 2

o 1o m>i
N
RS HE

e Ho (B omt ot
o

9SS & ¢ JAr A™ B4 A LsRZF1 2+ A A ELS 20% olske] #F o]
sl = HbAE WTS 25%, atrzfl Ed®olAl= F8 70% 2 =4 Aol wAstdE S

2~ 0l9o)

TR A

ihd

IcH( 2y 2-4C). ®3 ABAC] o3 atrzfl/LSRZFl FAASA 52  cotyledon
greening 232 Hol LsRZF1 #d A& AtRZF1 A9l A ) A3 752 & o=
FA 5oz

120

1004 — o ey —

40

20 : :
o 1 L L i -_I
s —% —4 = = =%

WT atrzf1  atrzfff  LsRZFY [sRZF1
LsREFT QX182 0OX32-5

Cotyledon greening (%)

TR Y
I
|
I
I
|

A_m
lox182 0X325
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% 2-4. LsRZF1 3AAIAEZEE ABA dist Ui 4. (A, B) WT % 7} LsRZF1
FAAGA =Y TAES 1 1M ABAVF 7 A 22 (A) &2 H7HE (B) MS A =8 Ao
w23 109 3, ZF FAEAEY cotyledon greening Bl FAF (C) WT % 7z} LsRZF1 34
A =9 TS 1 uM ABA7ZF H7MHA &8 &2 H7FE MS A =ujA|el] #F3 104

—

5 7 FAEAE9 cotyledon greening A= A

5. Ax2EHZE A §F, 2EHE A v RS AA T 24
WT 2 7} LsRZF]1 AASJAEZRE Ax~Ed 2~ A & ~Ef 2~ #d vy §4%

=9 HdS FA487] fste], ZEH §4 ™ P5CSI, ROS ## AOXla ¥ 43 2E
g2 & ERDIS A5 A ddws Bt (e 2-5). 1% M2 ¥, PCRE +
st A3} LsRZF1 7 FHASAELS WTH atrzfl AW A By ~2EH X vpA] {FHAAE
o] AA e FTheo] #AaTe & ¢ AAT(ZE 2-5).

° P5CS1 AOXT1a : ERD15

¥ O wr

4 - W atrzf1

4 atrzf1/LsRZF1
LsRZF1 OX18-2
LsRZF1 OX32-5

o
&

PR

|
+

|
+

|
+

Drought stress treatment
5 2EYa Ag F 2EY2s @¥ P5CS1, AOXla 2 ERDI5 459 AA}
A WT, atrzfl EdWelA 2 7k LsRZF1 FAASFAEZNTH dx Ay d (o) 5
(+), total RNAE F&3% thg, gPCRS &3 ~Ed 2~ #d vy FHAAES] A 3

o 1 M
'1°\‘ e o
BN

o2
o
M
1%

M}

6. ABA #& v FAAES AAF A A4
WT % 7} LsRZF1 2 AsA523E ABA Ag ¥ ABA +% 71 w7l 459
W3S BAs7] 93ke], RABIS, RD29A 2 RD29B #AAE9 #AAL @ #e B4
(19 2-6). ABA Az ¥, qPCRE F3d3 A3} LsRZF1 7} FAdANES WTH atrzfl =
AwolA] Hrh ABA kA FHAES A FE S/ ATS & AT 2-6).

25

RAB18 RDZ29A

20 1 ] wt

W =tz

15 o atrzf1/LsRZF1
LsRZF1 OX18-2
LsRZF1 OX32-5

10 A

Relative mRNA expression

PR

+

ABA treatment
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6. ABA #¥] ¥, ABA f%= <7} #¥ RABI8 RD29A % RD29B F37259] HAL
Rl v‘i—éi WT, atrzfl =A™l Al 2 7} LsRZF1 g SA=ZHH ABA A A () &
(+), total RNAE F&¢ T, qPCRS 5% ABA #d w7 fHAE5<] HA 2d &
.]

_4

o

’

7. LsRZF1 @l Aol M xZ U A3srd 7)s B4

1% 2-10 19} 2ol LsRZF12 Sl C3H2C3-type zinc finger domain(177-217 aa)
S xgetal glew, ol#fgt C3H2C3-type zinc finger @ Z &2 ubiquitination E3 ligase
activity & 7}11 Qrbs ®Wasl "ukglS. LsRZFL @ulde] A%  Asiels /)5S 28
7] 18k, MBP-LsRZF1 construct® %43 §, auto-ubiquitination assayE 33t
a7 2-791 49k o] Anti-MBP & A& ©]-§, auto-ubiquitination assay 2%}, LsRZF1 w32
S El 9 E2 @do] ZA 3lol| ubiquitination®] o] F]F< <k 4 gt} ol¥ e A=
LsRZF1 ©@9d2 AtRZF1Y o] AlxX ) Asted 7)o 24 E3 ubiquitin ligased S &

/\ }\}\}\}\q—

MBP- MBP-

MBP AIRZF1  LsRZF1
E1 + T + - -
E2 + + + + -
Ub + + + + +

(Ub)n

anti-Ub
a9 2-7. LsRZF1 ©@¥ A 9] aquto—ubiquitination assay. Amylase resin®] 2]3] LsRZF1 9=
S AAE 3 anti-MBP & A E o] 83 Westerne 33ttt AtRZF1-S positive control %

MBP+= negative control .

8. LsRZF1 42 =9 TO Aldl &diHt a5 FEA48A A4
A 1 AFHA o8 wrEoizl Foigut gy FAHSA (TO MA)EZEFH LsRZF1
A =9 (antisense FHAHAEA) o F-5 EA3t7] 918t RT-PCRS T3ttt &8t
HE 1059 gdAdskA T1-1, T1-2, T1-3, T1-4, T1-5, T1-6, T1-7, T1-8, T1-9, T1-10 ¥
T1-11(Z2¥ 2-8A) 2 T2 (control, WIS ZHE T1-10 G2 AIAE A3 7+ F4A
24 total RNA =+ 2 ¢cDNA &4 &, RT-PCRE 33t Ay Fuguta A= LsRZF1
e

=
PCR productsZ T gllon wkHol 1059 antisense F A A A ES LsRZF1 transcript
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bandsE< & 4 AJTHTH 2-8B). T, ol FAAZ AEAEZEEH Ux AL

S =A% Ax T1-1, -2, -4, -6, 8 % 3 H
T1-3, -5, -7 & -11 A &4 Bty €53 259 o] v A ST 2 E
2-8C). olfﬂ;} ANES AHE UGS W, T1-1, -2, 4, 6, 8 ¥ -9 FAAIAHEL =9
LsRZF1 3zt & ZEd UrE Z2d-ste Aoz o AZITh

7

LsRZF1

(©) Isrzfi-antisense lines
WT 1 2 3 4 5 6 7 8 =] 11
Control o o o (o} o] o (o] (o] o 0O O
Isrzfi-antisense lines
WT 1 2 3 4 5 8 7 8 9 "
Drought | g1 _1'(@ IR AL {0 ) =) o o o (o] (o] )
- e Lipad -

a9 2-8. LsRZF1 4 =% oiet tis gadaA A4, (A) LsRZF1 4 =9

sub g2 @A TI-1, T1-2, T1-3, T1-4, T1-5, T1-6, T1-7, T1-8, T1-9, T1-10
T1-11 A=A (B) WT (did) 2z JAHASAEZFH total RNAE F=3 5,
RT-PCRS &3 2] &EA2 genotype +4]. LsActin %A= loading control 4. (C) WT %
7z} LsRZF1 @233 Fd5 AEAE25H 13 A8 A (control) 52 % (Drought),
29 3 4.

U

We, ol

[kl o

9. LsRZF1 #+3d2F =91 T2 At &oiat dis gad84 H2A

S 259 T2-1 2 T2-3 &2 i% AZHFEH T2 Ald E2F 7+ & LsRZF1 & X4?<]—7]- =
‘?JO] HA=AE Felst7] fsto, 24 FAHASA =9 FA=AZHE genomic DNA & %
35S promoterol] & Fst= & prlmer@r LsRZF1 74 #}e] 3% primerE 7}A 3 PCRES 43
Atk 19 2-99F%o] wild-type(WT)olA+= PCR productsE & 4 gllow, whHo] T2-1
FAHZA AAAY F T2-1-45 AL 5704 EF PCR productsE & F JATh
T2-3 FAAEA e AAAY T T2-3-2&5 AL 47/ Ao A =5 PCR product bandsE =
A = A} (2E 2-9). olH g AHES AR (S wf, LsRZF1 Fd A7 T2 /H]EHE z
AERqom ofulx o] 2 Fo] T2-1 % T2-3 SAAIAEL single copy2] LsRZF1 & A =F7}
EAE Ao oA,
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T2-1 transgenic line T2-3 transgenic line

WT 1 2 3 4 5 6 1 2 3 4 5

29 2-9. LsRZF1 47 =9 T2 Al FadaA A24. T2-1 3 T2-3 A= #
&
hed

, PCRS 53 2 &42] genotype +4.

10. 1159 T3AM Y LsRZF1 U458 JAHAIFAEZRE 5 &F A A
1129 T3M W LsRZF1 Fdisdt d A d3 A S 25 E genomic DNA-PCRS 53] & 7%
o] &4 £F FAES AEsAH(ZE 2-10).

T3 hBornosyEos antisciise Thcs ™

T3A] HLine | Tz Homozygous T3 Homozygous T4 Homozygous
P limes lLines lines WT 116-8 331 412 5-5-3 616 7-6-75 9-S-

Kia-Ki-zo K116-8 K1-16-8 Seeds amplifying GARZF:
Kza-K2-20 None None None
= sacr
K31-K3-20 Kz-z-1 K331 Seeds amplifying
K4-1~-Kg-20 Kg-1-2 Kg-1-1 Seceds amplifying
o = Genomic DNA-PCR analysis
Esa &5 =0 Ks-5-3 K553 Sccdsamphiyicg - 20 seeds/1 line x 99 lines = 1,980 lines
K6-1~K6-20 K6-1-6 K6-1-6 Seeds amplifying
— =T3ML 25 =32l der
Ky-a-Ky-20 Ky-6-75 K7-6-75 Seeds amplifying = i g anoTl = ;Er =
K8-3~K8-20 None None None
e = RT-PCR analysis
K — o — 8- Kg-8- Seed: P])&xng = 4 “
Soee s gt = SEm -1 line x 7 lines x 3 times= 21 times
Kio-1-Kio-2o None None None
Ku-i- K20 MNone None Nons
P e _J

2% 2-10. 1159 T3AH LsRZF1 s di<+1t 24845278 genomic DNA-PCRS 53l

5 739 95 £F FAES AU,

11. 7&°] T34 LsRZF1 -+ «Feloezig WAl vt 8% &4
7E°] T3AW LsRZF1 ¢ <cFeide=iyg iiddd did xddS B4 A

K1-16-8, K3-3-1 % K4-1-1 #aE5L gx=+<¢ WT 38z
K6-1-6, K7-6-75 % K9-8-11 #¢l&5L WT
AATHZH 2-11).

=2 Mol e B2HEE =

Drought (6 days) ) Drought
= 5 £
782 T3AM0l 2= =Fatel=o] = Line# | phenotype
Lz e ~32|d —

- 1 Kia6.8 Similar to
452 T3MC & = F A (K5,6,7,9) | Similar to
e aFabel Mo gl TaMic] S = wT

Similar to
Drought (4 days) I nE wWT
K5-5-3 Strong > WT
K626 Medium =
K7-6-75 Strong > WT
Ko-8-m Medium >

% 2-11. 7F¢] T34t LsRZF1
A2l 49 2 6d F, WA 2d Y
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12. 2] T34 LsRZF1 - 2
K5-5-33% K6-1-6 =Fetdozie Adx
o, ZE 2712004 YHE

!
Axgol A4 2o & 5
o
=

250 AT 24 25219150 Dkt
74N M2 mole 24
4%0] T3MC] SAFEA (K567.9) 5-days
24 2Ferol Mu 9 TAND SN

homozygous Drought response
line #
K5-53 Insensitive (strong) 6-days
Ké-1-6 Insensitive (medium)
K7-6-75 Insensitive (strong)
Kg-81 Insensitive (medium)
5 - 8-days
Drought WT K6-1-6

Relative water contents (%}

9-days 9-days

. - ---4 \
a8 2-12. 229 T3AW LsRZF1 $<¢

Al 5-99 F, WAY 5AYS B9

Drought treatment (days) /

o we 539 4. Ax

2-1. YA A T4

HEM™MEA MICHE =X} S &

—-
00

A= HEH | 2a3H | SKEE 24 == atol HE Sxp
K1l K1 Fxd 107 Kl-1-K1-20 Kl1-16-8 13 Ki1-16-8 924
K2 K2 3:1 110 K2-1-K2-20 None - K3-3-1 1.315
K3 K3 3:1 173 K3-1-K3-20 K3-3-1 48 K4-1-1 1.933
K4 K4 3:1 141 K4-1-K4-20 K4-1-1 155 K5-5-3 952
K5 K5 3:1 207 K5-1~-K5-20 K5-5-3 142 K&-1-6 3.741
K6 K6 =l 186 Ko6-1-Ko6-20 K6-1-6 469 K7-6-T5 2270
K7 K7 5 | 45 K7-1~-K7-20 K7-6-75 2B K9-8-11 2,717
KSs KS8 3:1 167 K8-1-K8-20 MNone -

Ko Ko 3:1 229 K9-1-K9-20 K9-8-11 448
K10 K10 3:1 162 Kl10-1-K10-20 None -
K11 K11 3:1 158 K11-1-K11-20 None -
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A= el wdlE
K1-16-8 Similar to WT
K3-3-1 Similar to WT
K4-1-1 Strong > WT
K5-5-3 Strong > WT
K6-1-6 Strong > WT
K7-6-75 Strong > WT
Ka-8-11 Medium > WT

13. Zgoll A #AH LsADC ¢ LsSAMDC 37 229 2 A Z0dE A2}
Eg]opdle] A HA @Al Putrescines ¥ASHE &42 Arginine decarboxylase(ADC) <}
Putrescine®} Spermidine®] aminopropyl groupE Al&3d Fo=EH  Z+ZF Spermidine¥}
Spermine°] AAEH =W =983 IJIdFS = &4 S-adenosylmethionine decarboxylase
(SAMDO) = B=4 9 A& ~Eg 2o #ofro] 9= Aom de#fA Qo] WAl s
&otal Ak A E AFHAdA A FowE WA
o] Zstdl FAAZ Fut dE5S FEe7] Al ADC A} SAMDC 7 AE o] &3zt
< o2 ol ofgstal fle FHewiE Ux AEYLE

Aegk % total RNA % 3 cDNA @43 ths, 22 "3 2=< Q0] Al dHolgHo]x
25 F48 ADC ¥ SAMDC 349 primerg ©]43t¢] RT-PCRE &3l 7247 LsADC
S} LsSAMDC #3745 pTOP #WEd Z24daii. 22dd 52 713 opr =
b AESs A A9, LsADCE A8 ADC 342 Hdo] afH o= 7FAa & 2719
o] 7hax e A A

Wkes F9% EAeke A 2o ofn Al oA e vl & Ad, LsADC
= 20]9] CsADCS 96%, EHle] NtADCSF 76%, of717%te] AtADCIl1¥+= 70%, AtADC2<}
= 71%, 1813l B9] OsADC+= 64% A% FsdS YeEpl At (g 2-13).
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a9 2-13. 2499 LsADC? pyridoxal phosphate attachment site (motif 13} motif 2: %3+
FArE wAD9F ADC @il d o] 7ha s HA oA ZAeuvris 9 (33 A g o= 3A])
o

L
2% 9 e ABe ADCSe AEA B4 A

83 LsSAMDC 9A] tf-#¢ SAMDC7F 7FA a2l 9+ proenzyme cleavage siteZ} A&
o gwdol Rajel #HEo] 9lE PEST domaing 3ty 7FA a2 Atk &3k ofm] it 5
ol ] AsAdS vud] 2 Ay, LsSAMDCE 99 CISAMDCSF 97%, wHle] NtSAMDCS}
1%, o717 AtSAMDCI®=  67%, ®<9] OsSAMDCl¢b= 55%, 18lal 2909
CsSAMDC2%}+= 48%AE A5AAS YeElA T (2d 2-14).

} 10 20 30 a0 50 60 70 80 ! 90 100 110 120 13?
SLFVYPYKFIIKYCGTTKLLLSIP“LLKLRDTLSLTUKSVRYTRESF

LsSARDC HTFPTSHIGF{GYEKRLEVSFFEPSIFHDPRGHGLRHLSKHHLHEILTLHEETIVDSLSNDVLBSVVLSE

C1lSANDC PTSAIGFEGYEKRLEVSFFEPSYFADPRGHGLRALSKAQLDEIL TLAECTIVDSLSNDYLDSYVLSES! IIKTCGTTKLLLSIPALLKLADSLSLTVKCYRY TRGSF
NeSAHDC hl}sﬁLPVsaIﬁFE GF EKRLETSFFEPGLFADPNGKGL RSLSKAGLDETL GPA ECTIVDSLSNDDVDSY‘JLSESSLFVYSYKII IKTCGTTKLLLRIPPILkLﬁETLSLKUQD\' RYTRGSF
ALSAHDC1 HALSAIGFEGYEKRLEVTFFEPSIFQDSKGLGLRALTKSOLDEIL TPARCTIVSSLSNDQLDSYVLSESSFFVYPYKVIIKTCGT TKLLL SIPPLLKLAGEL SLSVKSVKYTRGSF
OsSARDCL NGVLSAADPP==PVSALGFEGYEKRLEITFSEAPVFADPDGRGLRALSRAGIOSVLDLARCTIVSEL SNKDFDSYVLSESSLFIYSDKIVIKTCGT TKLLL TIPRILELREGLSHPLAAVKYSRGHF

CuSAHDC2 HNTYLTKLTDASAPEQPPSPIGFEGFEKRLELTFSEPPIFQDPEGLGLRALTRTOLDSILEPACCT IVSHLSNSDFDSYVLSESSLFYYPRALIILKTCGT TKLLLSIPITLQLADSLSLAARYSYKYSRGTFE
ConsSensus ..cessesssecsssP.SalGFEGKXEKRLEILFFfEp.iFalp.G.GLRalskalllle!L . .pA. CTIVssLSNDd . DSYVLSESSLF ! Yp. kil iKTCGTTKLLLSIP . iLkLA. . LS%.v.sYKYLRGSF

131 140 150 160 170 180 190 200 210 220 230 240 250 ZB?
1
LsSARNDC IFPGAOGSFPHRSFSEEVAVLDGYLAKLGLNGSAYVHGGPDE T -RKHHVYSACANAGSOSHNNPYYTLERCHT GLDKEKASYFFKTDA-———SSARANTENSGIRKILPKSEICDFEFDPCGYSHNATEGDA
C1SAnDC IFPGRGSFPHRSFSEEVRULDGYLRKLGLKGSRIVHGSPDET—RK“HVVSRCEHHESRSNNPVYTLE"EHTGLDKEKRSVFFKTBR— SSARANTENSGIRKILPKSEICDFEFDPCGYSNMNATEGDA
NHESANDC  IFPGAGSFPHRHFSEEVAYLDGYFGKLAAGSK A-0K ASAGP—-IASNDPYYTLEHCHTGLDREKASYF YKTI ~=SSAAHNTYRSGIRKILPNSEICDFEFEPCGYSHNSIEGAR
ALSAHDC1 LCPGGHPFPHRSFSEEVSVLDGHFTﬂLELNSVHVLNGNDDEI—KK"HVVRHSHQDSSMCNNNVYT EHBHTGLDREKHRVFVKDEﬂ————DKTGSﬂ DNSGIRKILPKSEICDFEFEPCGYSHNSIEGDA

0sSANDC1 IFPSAOPAPHRSFSEEVAVLNRYFGHLKSGGNAYVIGDPAKPGOKMHIYYATQHPEQ:
CuSARDCZ IFPDYOPAPHRSFSEEVTALNVYFGHFHS—--EAYVLGDPAVPNRNMHIYSAVKTHSN
Consensus ifPgallpfPHRsFSEEVavl #gyfg.l. +AyvnG.pd....kMH!YsA.a... N.pvytLENCHTGL 8rEKASYFAKL .2, 4o o 5524 HT . . SgIrkI1P .seICDF #F #PCGYSHN . TeG.A

?51 270 280 230 300 310 320 330 340 350 360 370 380 39?

LsSAHMDC

C1SAnDC

(T THVTPEDGF SYASFERAGYDFDDHNLSKL IVRVLACFQPSDF SYALHSDVVGENLEDLLC-LELKGYEGGEKSCELLGE-NGTVIYQSFHKTGGDYASSPRSTLLKCCHSEDEKDEEVGKY
[TTHVTPEDGFSYASFERAGYDFDDINLSKLIVRVLACFOPSOF SYALHSDLYGENLEDLLC-LELKGYEGGEKSCENLGE-NGTVIYOSFVKTGGDYASSPRSTLLKCCHSEDEKDEEVGKY

E!
E
NLSAMDC L TIHITPEDGFSYHSFE VEYBHKIHKLEPLVERVLﬂCFQPDEFSIﬂLHHDVﬁTKLLERVCS—LDYKEYSLRE“SPEE GK-GGSIYYOKF TRT—-PFCGSPKS—YLKGCHKEDEEKEEKE
ALSAHDC1 IQTIHVTPEDGFSYAS! DFNTLDLSQLVTRYLSCFEPKOF SYAVHSSYGANSYKPEIT-VDLEDYGCRERTFESLGEESGTVHYQTFEKLG-KYCGSPRST-LKCEMSSNNSCSSEDEKDEGT
OsSANDC1  F! TIHVTPEDGFSTHSYE VGFﬂﬂSILRYEBL?KRVLREFEPSEFSVHVTIFEGHGHRGI"HKELNHHHYKENNHVEQELPE—GELLIYHSFEHIEEVPVHVGSPKSVLHEFEHENHVHPHPVKEGKLG“
CuSAHDC2 YPTVHVTPEDGFSYASYERHGF DTHEL PFSELVNRVLRCFSPAEF SIAT TCGDGDNSRSHAYDHADYEGY TCENYVYKOENYG~GELYYYRTYSYDRRRCYEAPACKTLLHOCHKEARANARE-EEYVLRR
Consensus QT H! TPEDGFSYASKERVEAD . st ¥ dls L ! cRVL.CF P #F S AP ceBennernneeelfeeglec it felge BBV Yoo ctbeneeeesPeSeelkeCHe e feneeennnccnnens
391 400 a8
———————— e |
LsSAHDC
C1SANDC
NESARDC
ALSAHDCL
OsSANDC1 LLPHGEDALEENDGVFDE
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ek 10-day-old A EA Az, 19, Wy 2 eSHYS Al &

B total RNAE F -PCR¥} quantitative real time PCR
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A2 Qo] e tE 4o Hls| e om ofetA Uetoy dxel 19 ~Eq
2o tisf Aot FREHE AS g9 & 7 AT =3 o] Ao AS HAETA 2E
g2~ Eatolye} wtuw 9 g Wy 2o AEsA 2EH A g E AEHHom A
FE H &S FAT F A o)yt A= B A7 ofrIgie  AtADC FH
A7F ARG AdEH] ASE w7 WES HHH dFeE AR o] fFHAE & A
T U Brtelygl yHAdE B8 & 7 e UAEdY dHdAE g5S 2T 5 9

9 12 24 48 72

a2y LsSAMDC 73 7= LsADC + Aok vh27 th& 2ol njste] SlelA 7Hg Trdol
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FetAl vEbstem Hx 2Bz geEiM s Az Ay § 8d ol Fd A wEHE A
gl & Ao 2 udd wad 5 gAYl o3k B S LsADC Aol
3k visekA 2dEa JlEe B & AT olHd A= LsSAMDC Fd A GA] v
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15 5§ Fubst FPFUORRE ARsEdS WY 1A

A4 S Eom g wel ASHR gl AMe AxiEdATt AYHE AT vl
2] AFste]l 15U Fe] et Fowhd, FrlFue ARsEdsst Ad 0UFAA AE
SATH LY 2-18A). EF AxAEd2s Ao EG JUFRIFS A4S dn, B
AxzEds ALYF 1590 54 Q0] FUFRIFo] 3202 e FRIFL Bl Wy T
gute dxsEdszt AeE 159 FAE A9 FRFRTT 60%s FAE P2 ¥
A ekskom 209 6] Abof i gl = A2 FARATHLY 2-18B). w3

2

ZEY (putrescine)s FAdsH= EAQ Arginine decarboxylase(ADC)9F ZE
291 9 (spermidine)®l  aminopropyl groupE A& FomM 2z Adu gy Amw
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a9 2-18 F gBOR o §¥w i Fubsd Fusue] dxiEdsT AW F
EAYL 9 @ A (A% FURFE TS S A9 B) 2 FohUS TLCE 75
43 (©

16. N7 oA E2jolvl A Id ADC FA A2 WHA
H A Fopadtd S FE317]7F 932 knock-out EolH o] A&

o,
A
e
R
o,
)

Ir

s YW 2]
EQ 71l ADC Ak BATAd 2 dx gy B4 5
71U A= ADCIZ ADC2 4AA7} A3 =d ADCIS) ASE Fz2 AL o3
T HE Aoz dEA Jdov ADC2= 7tad 19, 18la AA Sol g fFEEe AE
Aoz d#A vk 1eyh of7kA] W] whgstE ADC Ao V)sel disiAe ©
2 AT AYHEA e Aotk wEkA 2 AFgAloA oAU F ADC fFRAE F
Alet ATl Pst DC3000e] ol&f ZatAl ffe Tdxe Aoz gle ADC2 A7t

knock-out® adc? EQWOIAE W3t WAL oRE HASNI 2 A3 wild-type 2
Ao Ml adc2 Aol A7 Pst DC3000] W] #ZrAdS HAom HATe] ST 4
Wl A= = e 2-19A). E3F ade? =AW o)A o &

# %3 chemical complementation 282 $ad A3} Aol E@%OT Wﬂd*tYD'BTﬂL s
S RdFoR IEFHE S AT 7 AT 2-1 s
Zkzy CaMV 35S ZREE|S AFAA ADC7Y Iopddd s = s
of thet HAAS AAe A3 19 2-19BAA &9l 3 4 dxo] 35S5:ADC1¥ 35S:ADC2 ¥
A 7F wild-typed}t adc2 AR ol Aol v} Axol tigh g WS HERHAT o]y g
=5 T8 Y of71gdie] ADC FdA7E Adsts ZEGA ] HARAY 2 Ax WA

WwT adc2 ade2 + Put

awT
Qadc2
8 @ adc2 +Put

Log (cfu/mg T'W)
a

Days after inoculation

19 2-19. of71F AN ADCY knock-out EH ol A9 ADC FHrprd A S o] &3
Hdo] thak A (A) D Ax WA B) W3k 715 EAS F
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17. LSADC ¢ LsSAMDC #op#dd FA s 3 9 i A48 A2 92 g1
1A S 2Yste] 2EH 2 H =

LsSAMDC +-Ax4& AE3ddd3 WM<l pCAMBIA3301e] 2438 o3& 1453
o7 it Fofeute] FAAS shgivh a2 Fofgubs o] &3 &% ¥4
S 2] Y& A=Y vA o7 Agrobacterium™ co-culture 7 H 32

A & 300070 ol el FHh Ad @ 250070 oo FHiaEt APS o83
StATHIE 2-20A). dAl FEHE WME S EFo]A<l forward primer(5'-GAC CTA ACA
GAA CTC GCC G-3")9 LsADC A 5o]AQl reverse primer(5'-CAA ATG CCG ACT
GGA GAG AT-3)E ©o]&3to] genomic DNA PCRE 433 A3 LsADC Zephdd 2uk g
AAsA 2 s = 37 2SS Addste] wjFde A wdsoel vk (29 2-20A 9 2-20B
obiig). Yy Fuleute] Aev Fate] Hle FHHE mEo] mof FAlAR x|
genomic DNA PCRE F33le] 2719 LsADC FHohtd Fojsdr A HASAE AAdksle] )
FAAA 71 9t7F dAl= 1@ 537 Befstar e 1 FuA ] ddd8 48 sk
2o 7193l = FoltH(1d 2-20A). 53] o] 27 Q1o 2Ry & WEHe LsADC
F A2 Eo]lA el forward primer(5’-CTG GGA ATA TGG CTG TTG GT-3)¢ reverse
primer(5'-CAA ATG CCG ACT GGA GAG AT-3)& o]&3to RT-PCRE F 33 2
wild-typeell H|& HAALA 7} Ho] HHE= Ao QAT (TH 2-20A% 2-20B S113).
E3] LsADC2 FAAA HAASA I LsADCIol w8 ZatA Haws Aow golxdoh
of 27§9] Q1S ¥l 2-20A(3ha ol A &l & F Qo] olw Fulo] d¥ AEjolm® X
drols T1 A5 grste FAd8dAAdS Ax &< 3 o5 g 2 iy A4s 4
Alg = ot Azgth wgk Ho FAAQ FAAIAR BAE = LsADCY, LsADCS,
LsADC7, 718131 LsADCI1I #R1E% wjFdoA Fo 71 & 1% FuUAEd 922 &
% RT-PCR= Fd3dte] LsADC F3#ke]l 23S #ld Aot azja dA
LsSAMDC #3dx& o83 FAHsko] AEHAHS =
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LsADC w327 Aopdrd s = of 7|l M = vepykoh 3 g
A AoddAE ety A oh7IE A FAASS FAE o

I 2 Az, of71 g AtADC 327 A% 3
A FAASE 7| Fd FAASA I FHE*%
S adc2 knock-out EAWolAle] FAAMAFTEL FH oz EHlolvle] ghaFo
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2-1. 39 ADC 3=kt of 7] 3] ADC2 7 =ke] o712 o] JAHd3a s o

K

Plants  Construct  No.ofscored seedlings' No. of transformed seedlings  Transformation efficiency (%)

Col-0  338:Ls4DC 1000 10 1

ade?  338:LsADC 1000 21 Zd
Col-0  338:4t4DC2 1000 46 4.6
ade?  338:4t4DC?2 1000 55 5.5

U T1 seeds of transgenic Arabidopsis were selected on MS mediim with hygromyein(15mg/ml).

18. LSADC 3 A7} Bopad e JAAE 7| FdE o] &3 g 174
byl Foiguto e FAAS #Yglol ARG SdE B8k
T glojA I o2 RE FRYS LsADC FAAE o 714 ol %Q;ﬂ%‘ra@ a 71%
olstarz}l sttt AA7NA F OXLsADC-1, OXLsADC-3, OXLSADC
Z 471 k1S g KR TZ/H]EHOHH genomic PCR¥} RT-PCRE &3 JZAHIIAE g<2ls}
on 5 FHHAFAZEE ZoulS FEse FEYRY FUHE —r{\j TLCZ &eld
¥ 29 2-23914 Felst £ e AAY WTS Col-00] Bld] FEZAQ $haFo] @Wo] A
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a9 2-23. WTS Col-0°l Wl FEZNS ge] Wol AEE= OXLsADC-13
OXLsADC-5 <§7178dl &4 8AE TLC= 113 A}

g o] w2 LsADC H3d FAAE o #JE T F /) e Adsie] A
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] 7 g 2-24A). =3 AU FETFHRWO)S 43 4
I, Az 1Y T ADC2 }¢d JA Ao A s col-0°l ®]3] ¢ =4
= | = st ags 2k
tHE 2-24). 3 LsADC 323 FAASA ) LsADC 5-3 2423 AtADC2 3¢d 34
AZA AtADC2 15-8810& Z42F ddste] Az Aol digt 24 At (e 2-25).
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3. Fl 74]5 J—Jr_uﬂzz‘ﬂ- z]-/H g.l Z:x]_ Q’E

Pep J1-1 x4z d2dgd 5AleS AR stal ofATAE 19 3 Aes FAR 3§
ol 157F uwfjzsh& #Adsto]l nlufek Az 57 awjzgtelM Fy SAE 2807l 2L 824

ERE

A s om, 3 Ae] LAl HLA Ao R et rhE 3-1).

i 3-L Fy Al wezd Ad 9 AR

EAZ(CE) FAZ(E) EAZCE) FAZ(E)

WJ121-34-14 x K044733-1-3-1 :
WJ121-34-31 x KOINI&-H-YF)-A4-1| 366 [t

WJ121-34-15 x KOINI8-5H-YF)-A4-1

WJ121-34-31 x K909350

4 Pep JIo fA0A} S99 JAAE AE 9% T AT 5
Pep JI-1 442 82989 AES 0oz 0§31 o
kS ;(HHHG]— = 3} 7&—1;1_}—1’4] o 3
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ARE AHEE Fure

5 14
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§ & & P -
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9 35 Pep JI-1 £AA7F B4 BAAD AE 0% o] & 4B ¥ HFAFD 54
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¥H(2013. 5.30 F=AH

A% 5 ARzgel 445t FUAKS 24T A3 dw Fuoimel vse el

A7V ko S A wep sy FHutdE Hoh SR e 5doA e 4

ol o ol o F, ¥ olw thshA 2AHA of A} Aust BB Y dE
QAL 2% PE7 Bed Aow Azt
¥ 32 F AT fEolg AEF FHAS

Hyphcotyl Plant Internode Leaf Leaf  Petiole

Line diameter of peighe  Iepeth of - NO. OF pength  Width  Length

() (cm) (cm) (cm) (cm) (cm)
Gongdae 47 97.3£4.0 55+0.2 135205 149+0.2 152+03 8.2+0.2
WJ121-34-14 x K044733-1-3-1 45 81.7+42  48+0.3 137109 11.4+0.3 11503 85%0.2

WJ121-34-15 x K019018-25-8(YF)-A-4-1 44 71768  71+06 101205 13606 14506 7404
W]J121-34-31 x K909350 46 63649 5104 107208 125x04 12804 6.8%0.3
WJ121-34-31 x K019018-25-8(YF)-A-4-1 5.0 83151  43+03 127206 13.0+0.3 13.0+0.3 8.0+0.3
WJ121-34-33 x K019018-25-8(YF)-A-4-1 5.3 1117430 6.0+02 148403 153+0.3 15.7£0.3 9.1£0.2
Bullojangsaeng 6.4 745t40 4102 145206 12604 123+04 7604

Values are meanzS.E.

8. Pep J1-1 #2327 =% 3
N5 2AF A3 FoidE
2o = ota It YA EES FE = A
2 o A gEe REgAun BFe ¥ANL $EE 2RU4s dEoz A8d
o 74 =kt

3% 33 F AS dFold JA&5%F EFd 54
L Frui(t length  Fruit width  Fruit weight 52(1)111%16
cm) (cm) (kg) (“Brix)
Gongdae 96.240.4 929406 9.2+05 11.3+0.2
W] 121-34-14 x KO44733-1-3-1 28,0403 215405 6.9+0.3 111403
W] 121-34-15 x KO19018-25-8(YF)-A-4-1 286406 931408 8705 11.0£0.3
WJ 121-34-31 x K909350 97.140.4 227406 77404 11.240.2
WJ 121-34-31 x KOI9018-25-8(YF)-A-4-1  28.3+03 23.005 7.9+04 11.3+0.2
W] 121-34-33 x KO190I8-25-8(YF)-A—4-1  26.7+0.4 224406 71403 11.5403
Bullojangsaeng 29.140.4 245405 6.9+0.3 11.640.3

Values are meantS.E.
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9. CsGolS1 A7 =d 448 As HE & AEE
CsGolS1 F+827F =9l FdAde 9ASl diste] sty S AAE A3 5 5 8dA A=
&2 95% oo wild type? suiet dnk Al I EETA ERFAYHL Ao FAR E
< BEAoH ™ 3-8).
100.0 I’Ilﬁ.’lﬁ-wysgsﬁ-ss
& o""gh B.»‘fﬁs oﬁb,n"’ \Gﬁq.v" A 5 .P-JJ* E )‘Pﬁb”' - d@"’ ¢¢°°#
c,s@ a&"" A S T A O
77 38, CsGolST FaA7F B8 BA48 A% A% F AL AFEEQ013. 226 %, 313
M5, 321 2Ah
10, CsGolS1 #4747 E9d D43 A% % ol A5 8 F FHYK2AL A3t
A% 5 Aexgel skl FUAKL AR A3 Ak FubjEd] ujste] 279 T
A7 sksrom A% ABel mek edld R no FYsE sgor] 58949 A
ol g Zel, § % 4 Qo= dAR FEshl 2AHAT o A Aurt dBe o
@ MEAAE 5 PE/ 2aw ow 44wy
3 4 CsGolSl #AA7F =gdd JdHE diFold HE & S5
. Stem Plant Leaf Leaf Petiole
Line T heet UVl © e emh Widh L
Gongdae 4.7 97.3+4.0 55+0.2 135805 149402 152+03 8.2+0.2
Gols 10-21-2-4 4.1 57.0+7.3 6.2+0.0.4 10.5#04 13.3£05 14.6£05 7.24#05
Gols 10-25-4-4 35 76.6%6.3 5.2%0.3 12511 13.2#03 13.1+04 8.8+04
Gols 10-25-13-1 3.8 88.2+8.7 6.5%0.3 13.2406 156105 16.4+04 9.5+0.3
Gols 10-26-9-3 3.8 94.1+5.4 6.6%0.7 13.1+08 15.0£04 15505 8.9+05
Gols 10-26-1-5 4.1 101.244.8 5.2+0.4 140105 14.6+03 14.8#03 9.8£15
Gols 10-30-12-1 4.1 88.3+6.3 6.5+0.2 11.8406 14.8+06 15406 8.3+0.3
Gols 10-31-12-2 4.3 98.5%6.7 5504 13.5+0.7 14.3+05 14.9404 8.0+0.3
Gols 10-36-8-4 4.0 85.3+5.1 75105 11.1#06 13.7#05 144206 8.1+0.3
Gols 10-39-16-5 3.7 89.9+10.6 5.9+05 14.3+0.7 13.4+0.7 135207 8.0+05
Bullojangsaeng 6.4 74.5+4.0 4.1+0.2 145+06 12604 123+04 7604

Values are meantS.E.
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11. CsGolS1 FxAA7F = e FddHd8 Als dE Adtrrlt HES REE S 2AL

54 2AF A I il HEg suke] dFo] b FAY e, FEAS ATs o
HOZ 3RS w Awrdoe=z dnt ek g5l EEAAAET HFo] FANT dEE Gols
10-21-2-5& UlHo =2 A&3dS v 7H =sked 28 E Ad3 g5 TEAF A
Ak Fukrf o] wjste] Hxe] g 5A4S HAS dho] 38k d o 7S v 2
FUe W PES Y 5 ot Ae goduy A58 99 W nYgE S AN ¥ 4
e Ao Azt

# 5 CsGolSl #4847 =98 F248 t%olg 45 F BEL 54
Line Fruit length Fruit width Fruit weight Soluble solid
(cm) (cm) (kg) (“Brix)

Gongdae 26.2£0.4 22.2£0.6 9.2£05 11.3+0.2
Gols 10-21-2-5 27.9+04 23.4+0.7 8.3+0.4 11.9+0.2
Gols 10-25-4-4 28.5+0.3 23.1£06 8.1+0.3 11.1£02
Gols 10-25-13-1 45.6+0.3 22.60.4 7.1+02 11.1+£0.2
Gols 10-26-9-3 27.1+0.3 23.5+0.4 7505 10.9+0.2
Gols 10-26-1-5 26.3£04 22.2+0.6 6.9+0.3 11.2+0.2
Gols 10-30-12-1 26.1£0.6 21.8+1.0 6.8£0.7 10.5£0.2
Gols 10-31-12-2 28.1£0.7 23.9+09 8.6x0.9 11.0£0.3
Gols 10-36-8-4 27.3+0.3 22.2+0.7 7.1+0.3 11.0+0.3
Gols 10-39-16-5 28.2+0.6 22.3+0.9 7.6+0.7 10.2+0.2
Bullojangsaeng 29.1+0.4 24.5+0.5 6.9+0.3 11.6+0.3
Values are mean=S.E.

12. Pep J1-1 +3A47F =€ F2dg wnjx 2 Fy Al Chlorophyll content

Pep J1-1 F4dA7F =€ FAdSA 4 wulst F, Asel 1dx 2 agdd ez A
& UEEAe o8 S9187] 98], NaCl 250mM &olo] A4 F A A& T F 5
o] Ae & T 9o F FEEF FFS =AYt 1 A7 ) 2T¢ wild type & U

ko) H] &) Defensin & & A A2 ETA RIS

WJ121-34-14¢F  WJ121-34-33,

K044733-1-3-1-2, F; Al%&Q WJ121-34-31 x K909350 Z3telA F F==2" o] o =7
vepdo]l gRlEATHH 3-9). BAZ SR AEstA ™ WJ121-34-15% Woprl o] F2=d
Fe Ak Reslon), du FUEE Fed dgel ¥ et wRAYe Ua
3 Aoz gt}
-:%h =o.o
é i15-o i L
CRE BN . |
L=t 2
. PR s | 2> —
o -‘3.& o = —ﬂ;::'.’ q,"‘e;b "-"“P = :-.'-"a}h e = > .0556“9 e , o™ {—g e
- @5"”‘5’;‘_}4"‘?654“ —_3:’{;- .,p‘-"'"’“; * \.559'{— i apq»q‘-oa?,._‘-_.: ,:‘,Gé{-r ﬂ;;:;-ﬂF 3 ‘é:f-f‘f 9 %gf‘r..vv o
:c‘FP i 3}1_.,,-&-:_{_0_99"*“*95{;: 4*'&@9'3’;‘_&.:93’
e aad S g
,;c“"? ,;:e'h ,:'-{‘55‘
P e &



19 3-9. Pep J1-1 %
13. Pep J1-1 #AA7F =94
e AAS 98 2z wnH 3AET

AA7E =9

40905, KACC 40901 R1, KACC 40901 R2)o.& #A}¢]
3% F KoM733-1-2-12 AH8-8 3709 |Fzz) W ol

ARt v - Fp AlSES

Fungal growthise)

Fungal growth{®)

Fusregal ggrossthn ™)

A FJAHSA G Fy Al 222 =
3 weE 2 F A A7 (Antifungal activity)
FAHE A=A wejgt Fy 34182 TAE g
o} BT F oxysporium (KACC
ASHEE ZARIA T wjo = ARt
tiste] B dAMES AAEATE A
g HolA k(1™ 3-10).

120
100 b p=—
&0
60
40
20
0
WT K044733-1-2-1  K019018-25-8 K309350
KACC 40805
125
100 —
75
50 F
25
0
wr K44733-1-2-1  K019018-25-8 K&09350
KACC 40805
150
—
120
%0
60
30
i
wr WI21-34-14%  WILH-34-15x WIL21-34-31%

KD44733-1-2-1  KO15018-25-8 K209350

Fungal growth™s)

Fungal growth%:)

Fungal growth(?s)

wild typeoll H]3}e] 3] A&

KACC40901R2

120
o0
3 F
60 b
40 3
20 -
0 i
WT KD44733-1-2-1  KD19018-25-3 K309350
KACC40901R1
150
100 —
50
0
WT WILH-34-14x  WI21-34-15x  WILN-34-31x
MO44733-1-2-1  KD19018-25-8 K909350
KACCA0801R2
120
100 T
a0
&0 }
[T
N L
1]
WT WILH-34-14% WILM-34-15x  WIL21-34-31%
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12.0
10.8
167 104 106 181y,
e 14
= 100 ik
o . :
E E.i] o
= BB BB
[F5 ]
a
L]
=
[}
(7]
6.0 -
1 a4 ¥ 3 3N 5 5 23N B T8 3N G b
16+ 2% 20 2% 241+ 2% 281 2%
.0
5
4
5.7 3.7 5.8
3.2 31 33
— : 32
_'g ol 2.8
e
=
a3
=z
=
el | | B
i 3 4{:.1’51'.1' W 3 4{.-"5".-" 23N B
16+2% 20+2% 24+ 2% 2B8x2%

a9 3-12. ESTE T wE U g 9 g R VI WJ121-34-33, V2 K044733-1-3-1-2,
V3:.K909350-4, V4: W]J121-34-14xK044733-1-3-1, V5. W]J121-34-31xK909350, V6: Gongdae, V7:
Ojackgyo, V&: Bullojangsaeng

16. L 2 F U5 o8 AFEA va2014d = A 0)
= 5

Pep J1-1 §4dx7F =98 FAAS AeH o5 REORE o|&3ld UE F ATEY
EYTrT ¥9d AS554S AR 23 ZE FE 234 WI21-34-338 iR o® o &
atol Auer Fube] A GFo] vhE Al wste A W AEFES Bt Pep J1-1
FAAE 29 FAAS ABI oS REOR olgdle] wE F AEEY EUFE I
H ASELE I 16+2% ATl E WJ121-34-338 diE o= o] g3te] Aju|st

ol A om 20+2% = QAuet B2 gEET Hgo] F
2 9kgrom 24+2% Az FoAE WJ121-34-3341% S tEoz e uw ASo] Egu
282960 A 5= M3 A Fel 9l
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16:2% | 20:2% |
35.0 — 35.0 —
m08-May ml6-May m23-May H08-May m16-May M 23-May
30.0 300
250 -
20.0
15.0 -
100 -
ViooV2 V3 V4 VS Ve V7 V8 ve Vi Vil ViooV2 V3 V4 VS Ve V7 V8 ve Vi Vil
| 2422% | | 2822% |
555 i——crte| 555 =000 |
H08-May m16-May mH23-May m08-May ®m16-May mE23-May
30.0 30.0
25.0
20.0
15.0
10.0
Vi VZ V3 V4 VS Ve V7 Ve Ve VID Vil
L 16%2% L 20%2%
35.0 — 35.0 —

m08-May ®W16-May m23-May

M08-May m16-May m23-May

V1 vz V3 Va4 V5 Va6 \' V& V9 Vil il V1 vz V3 Va4 V5 Va6 \' V& V9 Vil il
% 2%
35.0 —_—————— 35.0 —————
W08-May MI16-May W 23-May H03-May HI16-May M23-May
30.0 T
5.0
20.0
15.0
10.0
Vi V2 Vi Va4 V5 Vé V7 va Ve ovio wvil Vi Va4 V5 Vé V7 va Ve ovio wvil
a% 3713 EGTE e mE JHAAS sRE 2 OF AedE o ASSEA. VI
WJ121-34-33, V2: K044733-1-3-1-2, V3: KO909350-4, V4: WJ121-34-14xK044733-1-3-1, V5:

WJ121-34-15xK019018-25-8(YF)-A-4-1,
WJ121-34-33xK019018-25-8(YF)-A-4-1,

V6. WJ121-34-31xK909350, V7: W]J121-34-31xK909350, V&:
V9: Gongdae, V10: Ojackgyo, V11: Bullojangsaeng
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35.0

B

Number of node

35.0

m08-May w16-May mZ3-May

‘ mO08-May m16-May m23-May

V2oV oov4 VW3 OWE VT VB Ve VLD

O 2482% |

200 -

Numberof node

15.0

10.0

Vil

V8

V10

T

30.0

Mumberof node

10.0

400.0

300.0

200.0

Plant heighticm)

0.0

400.0

300.0

200.0

Plant height{cm)

100.0

0.0

100.0 -

W08-May H16-May M23-May

‘ m03-May m16-May m23-May

o 1682%

Numberof node

L 082% |

400.0
B08-May m16-May m23-May
300.0
E
u
=1
)
1 22000
T
£
m
o
100.0
ki 0.0
Vi vz v3 va Vs Ve V7 V8 V9 viD Vil Vioov2z vi va V5 V6 V7 VB V9 WD V11
L 4% o 28:2%
e it S 400.0 e
W08-May W1o-May E23-May H08-May M16-May M23-May
300.0
£
fuet
5
22000
o
o
m
o
100.0°
0.0 +
Vi vz va V4 V3 Ve V7 VB V3 VD Vil Vioova va v vo Ve Vi VB Ve VID VI
2~H 5 =2 5 5. = (o3 = .
a9 3-14. B el wE dEdE SRE 2 F A 4554 VI

W]J121-34-33, V2: K044733-1-3-1-2, V3: K909350-4, V4: W]121-34-14xK044733-1-3-1, V&:
WJ121-34-15xK019018-25-8(YF)-A-4-1, V6: W]121-34-31xK909350, V7: W]121-34-31xK909350, V8:
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WJ121-34-33xK019018-25-8(YF)-A-4-1, V9: Gongdae, V10: Ojackgyo, V11: Bullojangsaeng
17. Fy alvl£39 244
FAQl AH *6§—°~ At SR FAFEY AR F ASS a7 9] B
Pep J1-1 F3dx7F =¥ 23 245 (WJ121-34-14, WJ121-34-33) 3% CsGolS1 Xj 2+ 3
A3 241% (Gols 107217274 Gols 10-25-4-4), F-&o 2 R FHaxd T A&7 4
U] g 3715 (K 044733-1-2-1, K 019018-25-8(YF)-A-4-1, K 909350 4)& nvjste] Fat

£ Fg3dth =3 Pep J1-1 34 24 A3 3453 CsGolSl F3A4 243 3A5S A
2 gAunste] FAE &3
£ 36 GAATAG wilEF A4 L EAdE 95
2AN(P) RAA(S) SRR EIES RAAS) o
WJ121-34-14 x K044733-1-2-1 112 WJ121-34-33 x K044733-1-2-1 781
KO019018-25-8(YF)-A-4-1 56 K019018-25-8(YF)-A-4-1 436
K909350-4 281 K909320-4 1,574
Gols 10-21-2-4 x K044733-1-2-1 1,250 | Gols 10-25-4-4 x K044733-1-2-1 3%
KO019018-25-8(YF)-A-4-1 674 KO019018-25-8(YF)-A-4-1 1,241
K909350-4 581 K909350-4 424
WJ121-34-2-1-5 Gols10-1 626 |W]J121-34-15-1-4 Gols10-1 431
Gols1-3 828 Gols1-3 638
Gols45-3 24 Gols45-3 -
WJ121-34-31-1-2 Gols10-1 206 Gols10-1 WIJ121-34-2-1-5 183
Gols1-3 362 WIJ121-34-15-1-4 -
Gols45-3 58 WIJ121-34-31-1-2 -
Gols1-3 WJ121-34-2-1-5 6 Gols45-3 WIJ121-34-2-1-5 -
WJ121-34-15-1-4 226 WIJ121-34-15-1-4 -
WJ121-34-31-1-2 318 WIJ121-34-31-1-2 -
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18. Pep J1-1 427 299 #4AH3 FRE 2 F gjZol g FAEA Hw (20149 =
A 6l

2014 =AM Pep JI-1 A7 =949 S RO wujsl]
TE P AISES UEoR olfsle] EGFE T sk A3 WJ121-34-33%
&0 o] 835t ZHHHKL *HLOI 1642% A& +5 ALt 7Hg FAST 1642% A 2 7ol

14.0

8.0

120

e
—
1

T+ 10.0

Fruitweight{kqg)
'_:'}—|
i 'y ol
—
—
—
Soluble solid(Brix)

+ 8.0
SR

1612%

a9 3-15. ESTE @ mE JEHS SUHEE D F ASE Y5, VI W]121-34-33,
V2 K044733-1-3-1-2, V3 K909350-4, V4 WJ121—34—14XKO44733—1—3—1, Vo
W]J121-34-15xK019018-25-8(YF)-A-4-1, V6: W]J121-34-31xK909350, V7: W]121-34-31xK909350, V&:
WJ121-34-33xK019018-25-8(YF)-A-4-1, V9: Gongdae, V10: Ojackgyo, V11: Bullojangsaeng

19. Pep J1-1 A7 =¥ FAA% SR E 9 F diFe]§ J54 w0149 7

A )
2014 7FE AR REH A7) AR S EdE FRd RS 2442%, 28+2%, 32+2%, 36+2%
zAste] A9e FARAT Pep JI-1 A7 298 FAAR AT o5 muow

FEO EYSE 338 YRE54S 24T A3 KI090-4S vBow

i3 <h
boube] 3042007 €] 8 ASStn AMAoR Ggn 4E the Aol v



Leaf lengthicm)

Leaf widthicm)

Leaf widthicm)

M T

| EOct.13 WOct.20 MOct27 || | EOct.13 mOct.20 ®Oct.Z7
30.0 1 30.0 1

Leaflengthicm)
Leaflengthicm)

Vi vz V3 V4 V5 V6 V7 VB V3 VD V11 Vvi2

o 36:2%
35.0 - ——
£
&
<
(53
L
(]
—
[
(]
=
VI V2 V3 V4 VS Ve V7 VB V3 V1D Vi1 V12 Vi vz v3i vd Vs Ve V7?7 ve V9 vio wvil vi2
L 4%
35.0 . s— 35.0
30.0 30.0
t
5.0 - 2 B0
£
T
200 4 E 200 +
m
o
—
15.0 15.0
10.0 4 10.0 4
VI v2 V3 v4 V5 V6 V7 VB V3 VID Vi1 Vvi2 Vi vz V3 V4 V5 Ve V7 VB V9 ViD vil w12
| os2t2% | | 36t2% |
35.0 T 35.0 ——
30.0 30.0
T
25.0 - < 250
=
T
200 2 200
m
A
15.0 A 15.0
10.0 10.0
V1 Vi v v4 V5 V6 V7 VB V9 VviD wvil wvi2
= = == o= .
= . A3t TR 9 Al ASEA. VI WJI121-34-33,




V2 KO4733-1-3-1-2, V3 K909350-4, V4 WJ121-34-14xK044733-1-3-1, V5. W]121-34-15<K019018-25-8(YF)-A-4-1,
V6. WJ121-34-31xK909850, V7: WJ121-34-31xK019018-25-8(YF)-A-4-1, V8 W]J121-34-33xK019018-25-8(YF)-A~4-1, V9.
(Gals1-3, V10 Golsdb-3, V11: Ojackgyo, V12 Bullojangsaeng

2. Pep JI-1 §847 2% B4R FORE U B oj2ol g HASA w014 7}

<= A1)

A

Pep J1-1 FAA7F =€ FEAS Ale o5& EEo=z wujste] ¥ F, ASES
5o o]gsle] BEsR g HEAS A A3 WJ121-34-31xK909350S W&o 2
o] g-3lo] M3 F=ulo] 33~42kgo ® IFFo] trE AEF Ml A 7+ F Zolrt U
ALY BEE Ad, ASY 24F 29 AAAT AAdon B o EPRR gl
o545 Yol A4S naln

5.0 140

afa
an 32 4
o , ajo
: a3 38 3
o] 35
+im¥E s
~ " 120
g l i A ¢ =
£ 2l6 o,
B 25 - I b '8, ofs %
g ‘4 B V12 A ! o B :
py= o M | Ry 'g
E o AL 1003
n-A b o
* 0
*
00 - - 80
slaleslelalclelelnloTaals eleclelala] o s el elsTn lu o ool slalsleTal o]
RS 55 RS S5
2442% 28+2% 3242% 3622%

Oy 317, EdTE el wE dEdds FrRE 2 OF A$dH HYSsA. Vi
WJ121-34-33, V2! K044733-1-3-1-2, V3! K909350-4, V4: W]J121-34-14xK044733-1-3-1, V5:
WJ121-34-15xK019018-25-8(YF)-A-4-1, V6: W]J121-34-31xK909350, V7: W]J121-34-31xK909350,
V& WJ121-34-33xK019018-25-8(YF)-A-4-1, V9: Gongdae, V10: Ojackgyo, V11: Bullojangsaeng

21. Pep J1-1 +3827F =9dd @2 SR E 2 F dE5e]s d5A Ha20159 =4

o] &3t whE Fy AlEE9

5 =
EGSE F9E ASEYS 2AR Ad R AelTolA  K044733-1-3-1-29
K909350-4% thZOo2 ol gstel A ubel A%o] Bysgim A nAbsarh Gt
QE AwH o 2422004 ThE Aol PRk Fu Fkok



242%  2842%

35 33
30 WMayls EMay22 mMay29 | | 30 | NMayl>s WMay22 mMay29 | |
- —
b & T . : 5 ol
S N
=) =
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[ U
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Vi ov2 vi vda Vs Ve VI Ve V9 Vil Vil vi2 Vioovio Vi w4 V5 Ve V7 OVE V3 vlD wvil VI2
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30 ! EMayls EMay22 mMay23 ‘_ a0 I EMayls EMay22 WMay29 ‘—
E E
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E pis) ye 25
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o o
5 5
= = 2
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3 5
15 15
10 10
VIoov2 V3 ¥4 Vioove V7o ovE vl ovio Vil vi2
2412% 2812%
35 - 35 -
‘ EMayls BEMay22 lMay29|
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ik I
E E
g 5 <5 A
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i i
15 15
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Vi V2 V3 V4 V5 ve V7 VB V8 Vvi0 Vil Vvi2 VI V2 V3 v4 V5 Ve V7 VB V3 VID V11 VI2
32:2% 3612%
mMayl5 mMay22 mMay29 ‘ W Mayl5 mMay22 lMayZ‘}‘
30 g - T
g = § -
= =
=2 2
E 20 E 20
o o
3 ko
15 4 15
10 - 10
V1 v2 V3 V4 V3 ve V7 Va V9 V1o vil vi2 V1 V2 VES V4 V3 Ve V7 VE V9 V1o vil vi2

ol 3-18. EgFR fel wme JHAS FURE % OF AsE AS54. VI
WJ121-34-33, V2: K044733-1-3-1-2, V3: K909350-4, V4: W]J121-34-14 x KO044733-1-3-1,
V5 WJ121-34-15 x  KO019018-25-8(YF)-A-4-1, V6: WJ121-34-31 x K909350, V7:
WJ121-34-31 x KO019018-25-8(YF)-A-4-1, V& W]J121-34-33 x KO019018-25-8(YF)-A-4-1,
V9: Golsl-3, V11: Gongdae, V12: Ojackgyo, V13: Bullojangsaeng
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IAdE A58 CsGolSl 47 =9d dadedA9 & SURE Aol o&
Aeto] wu B dFaHd BAddHAAS AAsde 7 Pep J1-1 #4847 =€ ¥
A aure BHdAd AAd R FFHTA AEE AAST CsGolST Fdx7F md =
FAAEA ¢F FHRE ALE 93 HATE S FHF SR A AH(KACCO)ZFE 778 413t
W 279 @o] WAdds EFwol ol Hdde] e ©AHT(KACC 40809)¥F whaL

b sttt Mg AAd dA Biska =

H 1 (KACC 40669)2 ©]-&3}
CsGolS1 #4727 =4 AAeA T3 4415 (GolS4-1-2, GolS4-2-2, GolS4-2-3,
GolS4-2-5)3 T4EFQl 4718 (GolS1-2-3-1, GolS10-21-2-4, GolS10-23-2-2, GolS10-25-4-4,
GolS10-25-13-1)5 o] &3}lo] pBI121-1 binary vector 4 CaMV 35S promoter %2} NPTII
F-9loll A primergs A ZEte] FAA EYEAS AASHATE g vtuwar W7 Ay

T42k9l 1A5(GolS1-2-3-D Alelstn w3 Wygael 9eg Slstarh =g vy of

. H

A g A o 1771 T4eklol diste] wharwatol] gk WA A4 A3
BA A7) taAfel7b JARE Bt ol Bluldte] WA S AdeS stk E3E o
S " T T4ERQ) 2415 (W]J121-34-24, WJ121-34-36)° thalA = eAH o] = A
A4S UEES g0 4 At = ZEHU I ADHI A FEASA AS Faba
TG FAE o] &3k wol ¥ Agrobacterium &Y, BAAZA AL tx] FAA
gz dys AA sk

2209 AFEEE FAAA F gy S FUEE B4 Y 2 uiAEid S AA-s
12} A ol E H3te] CsGolSl FdAF 2 Pep J1-1 FdA7F =d® FAASA T A
Ho A e FEAAS AAsAT 1A kAl 7HE EAA Ha e ESTd He
ol dEx2AYTS KACCEHH 37FA(KACC40901 R1, KACC40901 R2, KACC40905)E - <F
ol WA A o] &ttt 1xbd o] wraitol] thete] Aol ¥ CsGolSl Fd =t
7 =AE FdEASA T4E] 3AE (e thsto] =dgAabe] SRS =3 Felsii o o
5 37415 (GolS10-21-2-4, GolS10-25-4-4, GolS10-25-13-1)ell wiste] W=z AW o 37149
st dagdds 2AEIEY. "dexdws KACC40901 Rlol  distodAM = 2 AlE

(GolS10-21-2-4, GolS10-25-4-4)°l 4, KACC409050 thaix = 1712 7% (GolS10-25-4-4)°]
ol vt S Hole S Fod F ATk =3 1zxbde] wruw iy gAY
ol B AddAEeE EHAY Pep JI-1 #AAVE E=dE FEASAS T4 3AlE
(WJ121-34-14, WJ121-34-15, WJ121-34-31)¢] thsle] 7] @@z u i 3714 o st st
48 =43 A T4 < 245 (WJ121-34-14, WJ121-34-15)e1 4 2 HAF 7] o
fo] A EAdS HAFS FAT = AAgrh TF o5 37 A T 2 AT (WJ121-34-14,
WJ121-34-31)°] el gt WAdo] A5S dlstdnh E=3k =& 3 ADHI Fx2 Fd4d

o



A ARE Ak Winratl, WindDHI #8747k =99 JUARA AFADE Skl
W F7b oz Eelolyl Aol BHE FHR LADC B LsSAMDC 4% =4 stol
e

FAASA Ak AldS A 3Ad AR 29 dE-d8A 2 defensin G2
3

3} 34 Agrobacteriums ©] &3
LsRZF1, LsADC % LsSAMDC +327F =€l @2 d 84 AgAikol .
AEE AFERTE CsGolSl 427 =9)8 2 AA T3 2 T4gkd =0 diske] W<l
A dkgol Al vElhd Ao dlste] FrhH o

ol
2L
K
30

r = Tigkl 641%(GolS1-3,
GolS9-4, GolS10-1 GolS13-1, GolS45-1, GolS45-3)°l w3} A ALs AHAAST 1
A3 T12F) 3415 (GolS10-1, GolS13-1, GolS45-3)o sl Ao
A UYEbES gl 7 Ak 3 ol & 6719 Algel st
Alet A3} 3758 (GolS9-4, GolS13-1, GolS45-3)el tjsle] a1
(GolS13-Dwte] i3} o] EF WAde veus As S48 = Atk a2 dg W
A ARL A Y #EH heatshock protein 70 (Clhsp70) F-AAEE S =8 A= AA
At} Agrobacteriumrs ©)83¢ LsRZF1, LsADC 2 LsSAMDC FAA7F =% d4
MALE LSSAMDC Aol A9 oz Fuuks AF&3s 249 &= 9347 %
hygromycin A% it 114%, B3 AE HFTHA &L 096%° ATt LsRIZFI
28 A dEow sgdts ARES A% T 4757KAlYl =<]idte] hygromycin A 33
12%, Edws S HTAA FRES 23%C|Uth LsADC AR 45 ﬂ%ﬂog Gl
kS AE-3 A9 F 315700 =Y 3ol hygromycin AW Ht 34%, EY3 T AE5)
MAZE AL, AFEF BF ALE AT ]T LsRZF1 3247 =944 A=A 1U/HAE
of Wste] CaMV35S promoter ¥ LsRZFI A H-Y oA 22 primers A 281
Az =QiAe AAE A3 EENAAA A EE deS o oA E=3
E NACl st LsRZFI 7] ddiAs AAg 243 25 7FsHA ‘?a”?i%% o
AU o]} o] AteE 11A4l5S 2459 <A
4739 A5+ CsGolSl 317 == 68‘ il
EAS 713l A genomic southern 4S5 T3 A
Bl Zlolw WARA B WAlsfdol 43 CsGolSl ) 7,<j S
b Sk 3 CsGolS1 % Pep J1-1 f 327 =91d 2 A3 wgs S8 d2 A3z
FA4sr WAHE FFE Qs FrhHow Agrobacterzum*o“ 01%5& LsADC %
LsSAMDC +3#7F e a4 Aakskainh. 1A CsGolSl +d#7F =dd d2dd
A T3 <2 3415 (GolS1-1-1, GolS10-1-1, GolS45-3-1)o t3}e] genomic southern <
AAg A¥ band HE o] ofstA vERES Qe F7HA 982 Tag man PCR #4& &
 sFHFA ARAF S skl 248 (GolS10-1-1, GolS45-3-1)= A5kt E3 Pep
JI-1 734247 =48 Alsel tstod®= F7F4 2% tag man PCR &4 & &3 I EA
AbA s S Fdste] F TAE(WJ121-34-2-1-5, WJ121-34-15-1-2, W]J121-34-31-1-2,
WJ121-34-33-1-1, W]121—34—33—1—2, WJ121-34-33-1-4, WJ121-34-33-1-5)= A3}t
CsGolS1 ¥ Pep J1-1 FAx7F =€ A3 wxdES 201449 147H4] wwjzgo =z A&
=  FASAL 2015d AWyl 97bA wejEds SAstda adga HE o 3AE
(WJ121-34-31-1-2 X Gols45-3-1-1, WJ121-34-31-1-2 X GolS10-1-1-13} GolS10-1-1-1 X
WJ121-34-2-1-5)% A@stdct. Agrobacteriums ©1-§3 LsADC 2 LsSAMDC 3#7}
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=d AR Adang Sdh WA LsSAMDC §A74e A% fEow Foiue
AEE A 3ol SRE A% B 4del FF ORAE Fuan £ #5E B

a F 4MAe AEASE R, 138 o2 gDNA-PCRS %38l hpll 2 LsSAMDC
A2 B91s gste] 2AE HF Al HE AdE 2MAE Bl A # s
o, Aol AA WA eFar ¢lo] &3t WA Ax IALE O] LsSAMDC AR A&
A AFe B TS F Ao ARHJT. ES LsSAMDC 379 25 d&Fo=z 3
S AREE A9 3t 7570, 4dAkel] 265702 F 34070 A0l =] olF 315 AA=
hygromycin®. & 5ug FE=Z710A A Al 1670A(5.1%) A o1}, BF IALE A 7] vl 257)
Al tiste] FAARZ AdstA] gFstort Edest Aol BF A AT LsADC FH A
o] A% Fto] m=d¥ A=A F hygromycin A Al A A oFe el A quH A
JARE g Ax 4dxtel 24702 F TAAI HEHoR

AbsEeiTE. gDNA-PCRE 3l &€ 72 f§xx JAASA ] AFS G Ay
LsSAMDC?®] 725 &L vad & 8 ot Al o
ZWste] uAbetE Aoz ettt LsADC ¥ A A3

Hlsﬂ a "31‘7 o W =A== 7

[¢] L
NAA % 1AM AREAA ERd sEd AzAs o

THE APs st Ay Fhulbo
LsSAMDC §3x5 =9 FddAdA] 49 Aqust T/ AF2dANE {7
HA ok, A=t E5E 23y AEEVA WolA i A EA = Aol AErE AW
o] IAHE Ao Btk HUI WHOR [sADC FAA £ FAASAZ o] &dto] A
F2EA T7E v AE D I FEE 2ANS 23 LsSAMDCS 5dd FFoz A
27 FHE AWy HEHoz uAES & F ATk o= LsSAMDCS LsADC 7 #12]
745 Fvtoluy Fuinl =y g&oy ATEs&E Axsgoer T FoHT olE FAA
7 EdE A=A Ag AR Aol oFAA ol FAHIUAE A A=l oy gl
A7 Wil 1 A9dE FrHEE FHAS A7V 2 Ao R AmETh

2. WASY % BIH Sk oE A R 485

A% SFREE ZEA GUTIE B SF GANG AG N29 768 AeH)

93t =k FAEA ZEE total RNA F5 2 cDNA A4 %, #v RING Zinc Finger 1
AR

N' OHH
:Oé

_l_uo

(LsRZF1D) A=} 24 s}t oAt IS EAE A LsRZF1S T UHE
C3HC4-type zinc finger domain(195-236aa)< :TL_?E}&J"—’ AN Ax 2EH Y sk
LsRZFI 37 wd s sz §lste], $8 10-day-old FAEAZFH Hx2Ed

2 253 A8 e ¥ total RNAE F=3F3th Quantltatlve real time PCR(qPCR)S G 3 3}7]
9 &] Gongdae Actin 7(GAACT7) 4 AF2] primer setE& 2H.3}$ 3, internal control® A}-83}
Aot AxZ2Ed 2z Uist LsRZFI Ao B8 e 2By Ay § A4 21HY 5
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vl Ax ftAaste AFow dEues ¢ AN ES LsRZF1 @] A U A&
AsE7] ¢38te], LsRZF1-CFP construct® 49 F2]EAZHE FZ3F  protoplastol
transient transfections <33} th. Confocal microscopy® AHE Ay LsRZF12 CFP
vector?t A S A7 AFAA S} mpR AR AEL dHES & 7 AT

T WAsgdel AstE dAAS s 5SS =S s ADC A}y SAMDC
AAE F2Ystat shdth v =<l o] Am dHeolHHol22REH  FAHE ADC #
SAMDC A #+e] primerE o] &3to] RT-PCRE %a 22t LsADC ¢ LsSAMDC 73 A<
pTOP My Z=Ystart. F29dd FHA5e F7IAEH ofnet AEE AA4s A
LsADCE A& ADC #4x HAvo] unfAHoz 71xa dE= 2709 pyridoxal phosphate
attachment site7} 1o Zst ADC @9 do] 7has = HAdA dEyrtes F9% &4
kAl Atk g al ofu| At oA eSS vlud] 2 A LsADCE 2.0]9 CsADCS}
96%, THle]l NtADCSF 76%, o712 AtADCl1¥+= 70%, AtADC29+= 71%, 18|31 99
OsADCe}= 64% 4= deds Wetlidu. 22l LsSAMDC 94 ti§-¢] SAMDC7} 7}
A3l 9)¥E proenzyme cleavage site”} ﬁii’ioﬁl g o] Fajel #d#E o] = PEST
domains &ttb 7FA AL AAT. HEF op] 4l FFEo A A e Hlws] 2 A3, LsSAMDC
= 9] CISAMDCS}F 97%, &l 2] NtSAMDCQr 71%, o717t e] AtSAMDCI1$}+= 67%, H
9] OsSAMDCI19}t+= 55%, 18]al 20l CsSAMDC2¢= 48% A% AsAdS YER AL
Phylogenetic treeE 23l 2 A3}, LsADCY 745+ 20]¢9 CsADCS Fxd o=z wjg 7}
7h& WA LsSAMDCE $4He] CISAMDCS} 7FE 717k Aoz A=At LsADC F4d 2
= oA HEe tE x40 vl ”fﬂﬁoi oko}ﬂ] UER o et a1y AEY 2
el AstA fFEEe AS g0 T 7 AT E=F o] FHAe] Ae vAESA ~EHA
n

wobolUel whny W wqwa 2o ARSY AEdsd geldE A&Hon Fehi

glol 3k =k gl & LsRZF1 frAxte Aels &4 4
1 4 A3, LsRZF1 42 AAF @ e AE A

Aste A 158 AE 7AAFES &l & 7 A =S Ax2Edas AEA 4

friestal, ABA A1S ey DR dyto] e Hark Hojxl uh g

ABAY W3l LsRZFI a2kl &d Fds A9E A3, LsRZF1 #4

BA z7stelA 1.1 A% 7HAES <9 & 5 AAJnh A=A AA

, A8k LsRZFI 3 73ke] 75 golr 7] flstol, of 713Ul (Arabidopsis thaliana) 2} < Aol

d FHAHIAES Xﬂ;‘—laoﬂ?—“ﬂ T % ZFol(0X18-2 % 0X32-5)ES w73ty &H

AL, 3 LsRZF1 &A1 o 71%t) AtRZFI 73 A7 T-DNA Aol ols] doj=

atrzfl EARWONAE ol & LskZFI §HA7 =dd %‘élﬂﬂxﬂ#% Az sto| %? =%

A <

A

)
2
>~
)
i)
ol
oZ
0=
1 Ho fo ro M
=

°l (atrzfl/LSRZFl)e S FE et RT-PCRS &3 &

= A, wild-type(WT) of 714t AEAE ALt A il

gl @ F Al A Skl A, ol d FAAAEAAEY FA F

AH8S WT A=A vl #43 A3 Aozt A keS¢ 5 AT g1

SAERNYH 8 A9 2EdZ id WAy 52 B
A ASAE2] FAES 400 mM mannitolo] H7FE MS A E8jA]o] 353k 74

5 7 FAEAEY cotyledon greeningS Hl L ZAFSE A WTeol B8 atrzfl AWl A=

o >
— e
E-lru_&
T
m’“nﬁ

N byt

= rBL

F

= o
S N
oI

g

1
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o

T

A wWomr, LskRZFI1 333 2 atrzfl/LsRZF1 2 A3 A&
T AL S & F A A B AW, LskRZF] SAHNTAELS 20% o] A4 o]
0

H, WT2 30%, atrzfl EaWolAl= F2 80%2 A=A Aol =A35tdS

o
==

o

A
= 3 L EE AEAEY 2 3t atrzfl/LsRZF1 @A A 8459 cotyledon greening 2
2 Kol LsRZFI wAA+ AtRZF1 A2 AA Wl FARSE 7S & o= FH5 oz
o}

i
i)

o
L
2

1>

ol
o

v

o
& o
sy

o my oft [y o
oL (M
2,

2 Agrobacterium?¥ co-culture 231 ¥ &
A9 3 2,50070 ool st A9 S o]&ste] ¥
AASFAZRY ARAEH 2 U8t LsRIF] Ao Ag
W LsRZF] BAASNAEL WTH atrzfl =AW A H} &
0% wads & 5 dglon, 2538 3= E£3 LsRZF] FAA8A =S WT
° HEm Grstol, LskRZFI 74
olgd Ror FAHEIt WT
Z2EH A AY & 2EY S 3" wbA fFAxEY T
#H P5CSI, ROS #&H AO0XIa 2 w49 2Eyx #
AL S BT Ax AP §F, gPCRE F3s A
LsRZF1 7t BAARAES WTH atrzfl EAWA Hrh 2E# 2 npA] {FHARES] AAF F
AR w3k WT 2 2y [skRZF] A AIFA =25 ABA A
S7F A wFAAEY HAE EA 6] 91skel, RABIS RD29A 3 RD29B
S AT A LsRZFI 2t BAABAESE WTH atrzfl &A% ) A|
Bt} ABA v A=Y A 2 SUHEo]l #ATS 4 4 AT LsRZF1S T4+
o] C3H2C3-type zinc finger domain< X3tstal o, o]t C3H2C3-type zinc finger %
W2 £©  yhiquitination E3 ligase activityS 7}X AttE HarzlE ®@ owp glr] wiEo
LsRZF1 &g el Az f Aststs 7155 BAs7] 9ste], MBP-LsRZF1 constructs 2%
J3t 3 auto-ubiquitination assayE T 33FAth. Anti-MBP A £ ©]&, auto-ubiquitination
assay 2%, LsRZF1 @ ad2 E1 ¥ E2 dwldo] & 3k ubiquitinationo] o] FoAHS &
T AT ol# st A= LsRZF1 @9 d 2 AtRZF1¥ Zo] AX o Ages 7524 E3
ubiquitin ligase¥ < & T ATk Al 1 AF-FGA o] o3 wrEolx Foigu iy A 3HA)

(TO AltHERFE LskRZF1 32 E%Y(antisense FAALA]) AFE A 3t7] 9t

lo mo = ot of
92
w & ooft mfn

Mo

hg

e

X

o
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RT-PCR< sttt s dis 1059 JdA3kA Ti-1, T1-2, T1-3, T1-4, T1-5,
T1-6, T1-7, T1-8, T1-9, T1-10 ¥ T1-11 ¥ F " (control, WT)o. 255 TI1-10 A=A
FAEZ A9 Z+ FAPDA total RNA F+F L cDNA 4 F, RT-PCRS 33 Ay, &
rﬂ*moﬂ M LsRZFI PCR products® & 4 flolomn, wky °ﬂ 10Z-29] antisense 274
< LsRZF1I transcript bandsE< Q& = AUJATh =3 ol FAAS AEA==5H
745: A & ZEd RS SAS A9 T1-1, -2, 4, 6, 8 % -9
), T1-3, -5, -7 9 -11 A &EA By €53 &5 5ol l»:‘i‘:}%
th ooy ARES AHEYS W T1-1, -2, 4, 6 -8 @ -9 FAHIAEL =49
LsRZFI 37 o& ZEd gabE 2dste 3oz AT 4 2% T2-1 ¥ T2-3
FAAGAZTY T2 A T2 5 § LsRZF] #3447 =940 HA=AE F2lstr] ¢
stof, 7t %@%ﬂ%ﬂ]*—é«] 2 E A Z25E genomic DNA % % 35S promoterol] 3
Z primer®} LsRZF1 722l 3% primerS 71A3l PCRS 33 23 WTolA+= PCR
productsE =  glow, wHAd T2-1 FAAZA ] A At T T2-1-45 At 571 A
o 4 =% PCR productsa B AT T2-3 FAAEA ] AAAY T T2-3-2&58 A9
ANA A 25 PCR product bandsEs 0 4 Ak oldfst AAES AHEUS o,
LsRZFI 447} T2 Adz A= en, ofnte o] 2 Fo] T2-1 3 T2-3 FLAFA =2
single copy®] LsRZFI X7} EA18 Ao 2 of AXIt,
EE 23 d o] FAHAST LsADC Hrprd Aul FAASA R Qe fels Aet
Agel gg&o] wjg v AAR AIAF A} FA B
]

714de] F ADC FAAE F MAd WdEd Pst DC3000 9&l AshA f= 23
o2 glE ADC2 A7) knock-out® adc? &AW o)A E SR sle] YA o F
} TSt ADCIZ ADC2 +3AE 242y CaMV 35S Z=2HE 9} AFAIAH ADC7F #rh
AE = _éﬂzj_?l'iﬂg‘ e S Ax Uil gk JAES AAIgE A3 35S:ADC1Y 35S:ADC2
FA% I wild-type?} adc2 =R ol Aol vls] HAxol gk g WS et ATh

A AAPd o = 1159 T3A W LsRZF1 a8 J A A3 A S 25 E genomic DNA-PCR
= T3 T 7FY v =F dES AdEdoen, 79 T3AlW LsRZF1 ¢4 =5l e
ZRE A dig 2835 F4¢ A7 KI1-16-8, K3-3-1 3 K4-1-1 A 5L gjz=<l
WT 238383 fFAS A K5-5-3, K6-1-6, K7-6-75 % K9-8-11 152> WT X2t ¢ 7
st Yid nddgo] YElES & F AT K5-5-37 K6-1-6 A2 HYH AxAEd
|3 A%k A3 K5-5-3% K6-1-6 &F&AES x4 WT

]

3t LsADC ¢AAES o 7)1 & ge] dAAZste] 1 7)5S sholst
e 1S g Hsle] T2A4Hol A genomic PCR¥} RT-PCRE &3 &
AE Fdeon 5 FHEASARTYH Egoiuls FEote] FEHA 27}3 A
TLC= &Rlgk A3} WTSl Col-0° Hl&| FEZAS dhiFo] Wo] A H = OXLsADC-13%
5 Al 3teko] =8 LsADC ¥EE FAAS o]
ek AR AAe AT FAAS of7] g e
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