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SUMMARY

Title: Development of Transgenic Melon Plant Using Genes Related with Fruit Quality

and Registration of GMO Varieties

To development of high quality melon using a genes associated with fruit quality, we
cloned a genes by differential expression cDNA library screening and then the selected
genes were transformed into melon (Cucumis melo cv  Reticulatus) by
Agrobacterium-mediated transformation. The transgenic plants were evaluated by PCR
with inserted gene-specific primer, southern hybridization, RT-PCR and segregation
analysis using antibiotics. Among 1,103 primary candidate transgenic plants, we had
scleleted five transgenic plants in terms of characters associated with fruit quality such
as formation of abscission layer and chlorophyll contents during the developmental stage.
We could acquire the suitable transgenic plant that delayed ripening thought the analysis
of the agricultural characters which are firmness, soluble solid contents and production
of ethylene using the five selected transgenic plants. The transgenic plant which was
knockout the CmMyb2 shown 30% higher firmness compare to wild type as well as
high—-yield of fruit per plant. Many plant TFs are known for their specific regulatory
functions as well as cross-regulation under different biotic or abiotic conditions.
Downstream targets of TFs are not only related to environmental adaptation but they
also function in various aspects of growth and development such as pigmentation, cell
wall biogenesis, ethylene biosynthesis and fruit ripening. The results suggested that
CmMyb2 RNAI plant can be adequate to reduce the coast by increase the period of
storage and to increase farmer's income by high-yield. We have been try to registration
of this transgenic melon as new variety. Also this line can use to "event" for the

environmental risk assessment.
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Madd A O 7193t @A 7 A3t @A

O W2& d3 Al climateric 2 EA] ripening=ol FHFE = vhokst g2 el W3slo] &3}
o= vlud 2z dEA glom 53] Hol= HA 9 ripening T 59 ASE sk

|z o] ARy FnAdERE Q=0 FRste] w3k FAAYETA AF7F s 2 E S
S (Rose et al.,, 1998; Brummell and Harpster, 2001)

O IH9 d3tE xdsl= @42 EZE+ expansin, polygalacturonases(PGs), xyloglucan
endotransglycosylases (XETs) 5 B g4 50 #ost= Aoz 494 dS

O olgigt 2o Aste}l #Hd EHFHAE knock-outAl oz Halo] FAS FUjA|7]aL
B2 494 7HAE =Y due AR uYd AEdA AU JdHL e
(Hamilton et al., 1990; Oeller et al., 1991)

O XET (xyloglucan endotransglycosylase)©= &9 S8t AL 2 =F7F AMES AUs)
A A AAA AE ARV AFEES AE AEHES =EEH e aarA g A
203l (Rose et al., 2002), XET+= A=9] gHE =dst=d AHeHE B & (FH53] A
EP562836%)

O o83t XETE YulF(cauliflower), EvlE, o], of71&d], fFHyZiy SolA &g
o, 7193 AL Feoted Aol FU1E = Aol BHalE S (Redgwell and Fry,
1993).

O gy dA7FA XET7F H8 Hd9 dse A0 Ba f o8p gl o=l
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1995; Cosgrove, 1997)

g2#AA FAAE Hx2E 2499 o]3(Shcherban et al.,, 1995) vt A& Fozh
=a e

rx

H W2 T7Y FHdAEe] s4EReH ol5E2 UsHdA £ (multigene family)S
et soZ d4EA 5 (Sampedro and Cosgrove, 2005)

AL T B S 53], Mo EnES o Ak A Ao, &
doll= HollA AEH A wE Aol AlEE Y] el A 2dAl F-2F OsEXP49] A
AFA] 9ko] Z7}stttar B a1l (Kende et al., 2004)

EntEolA Z7]e] 9 V|7 BAEE Ad FdxA] AFolA ozl Akl
LeEXP18°] 'F@A¥tial ®il (Reinhardt et al., 1998)
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1. 32A%

O A FAAHE FAAZ A2 (Cucumus melo)? transcription factor?l CmMybld} 2,
xyloglucan endoglucantransferase (CmXET), expansin “18]3l superoxide dismutase
(CmSOD) & o]&ste] IEd (sense) ¥ RNAI AEFA ML HHE A2l

O dFdd38 WY+ Agrobacterium-mediated transformation§g o= W& FHAASES A

>

Agk & PCR % southern bloto & #eldte] FAHTAAS A (Fig. 1)

O F4AT 4BAEL 9FFA4 A4 W7 FAE AL

o
e

sto] T1 A=AE S48

4595

i

CmSODP:GUS

-y

Figure 1. Transformation of melon by gene assoiciated with quality of furit (CmSOD).
A; explants co-cultivation with Agrobacterium, B; callus induced by transformation, C;

regeneration plant, D; transgenic plant after harding.
2. JAEFFAAE FHA CmMybl, 29 FHAE )&% D& JAHAEA /g

O CmMybl(Cucumis melo Myb1)@} CmMyb2 FAAES o] &3 W2 FAAsA o /fs

3ste] o8 1Al vector (pCAMBIA2300(35S/NOS)::CmMybl(over-expression, S),

_14_



CmMybl (RNAi, AS), pCAMBIA3300 (35S/NOS):: CmMyb1(S), CmMyb1RNAi —12]aL
CmMyb2(S), CmMyb2RNADE #2532

O CmMyb 19 79§, pCAMBIA2300 (35S5/NOS):CmMybl1(AS), CmMyb1(S)%}
pCAMBIA3300 (35S/NOS): CmMyb1(S), CmMybl RNAiZ HAAIH 2EA= F 24
e Akl

O CmMyb2¢] 7%, pCAMBIA3300 (35S/NOS)::CmMyb2(S)ell A 12704, CmMyb2 RNAi]
A 1470AE Frske] S 28-S AASH S

3. CmXET (Cucumis melo Xyloglucan endoglucantransferase) FAAS o]&3 WAE 3

AgA A

O CmXET x5 o]&ste] #AE JAATS 9Iste] pCAMBIA3300 (35S/NOS):
CmXETRNAi®} 35S promoter thAle] WE Ao Eojx o udo] %= CmCP(C
melo Cucumisin promoter)E& *¥3%}3Fi= pCAMBIA3300 (CmCP/NOS)::CmXETRNAIE A|

A}
=

O pCAMBIA3300 (35S/NOS)::CmXETRNAIE o]&3slo] AHE & T /MAE Frs A
S 1 oA 127041
O Cucumisin promoterE ©o]&3F W2 PJAA A= 35S promoters ©]-&3F F & H3A B

O 27 @A FEVF g A AFEA o, HAFE 9RAA oAk 9] ol
5}

4., CmSOD (Cucumis melo Superoxie dismutase) FAA}ZS o]-&3 AEZ FAAZA /L
O AEHEAAsE g, pCAMBIA3300(35S/NOS)el CmSOD(S)2F CmSODRNAIE S =43}

o Agrobacterium 1L.BA4404°] A ASS 2A3 & PCR S$ES Ed4 FZ5 AES

o

-

O pCAMBIA3300(35S/NOS)::CmSOD(S)¢F pCAMBIA3300(35S/NOS)::CmSODRNAIZ &2
A3E  Agrobacterium 1BA4404E o] &3] wWEeo FAAHNIS AHAAs A},
pCAMBIA3300(35S5/NOS)::CmSOD(S)ell A 87HA], pCAMBIA3300(35S/NOS)::  CmSOD
RNAIE= 1470419 24842 R39S

1

O FAABAE A2 FHAse] GMO £F 52 A% /raxrd 794, 574

West] flekel Aol AEEA Ao FARY FPFAS 2AFHAL

olr
o
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A2 A FHAAYRA Y BAAYETE EA
1. CmMybld 22 FAAFE A EA EANESH 54 4
O CmMybl¥} 2 sense % RNAi constructs® HZAASHE AEAZEE RNAS 7319

AR UE PR BASAL, T S Bd ol Y ke Ad Y de AL

O CmMyble] 4% FAHEAE PCR (Fig. 2)¥ southern blotsS &3Fe] &R1s}3lal o] &

ABASS T AL Sate] Ego] Aujste] HFee

Figure 2. Confirmation of C. melo plants transformed by CmMyblRNAi using

Mybl-specific primer. Pc: Positive control, Nc: Negative control, Lanel-14:

Transgenic plants (T2 generation)

O Mybl® localization® A Haddro] wg THAFEES E487] 918 CmMybl
promoter region= w2]slo] Fuljol] A A & GUS assays A

O CmMybl upstream region< 2H3}7] ¢3ted CmMyble 5° coding region® = -
primerE A Ztste] genomic DNA (gDNA)E F3dow FZx 2HES pGEMT-easy
vectorol] 2493 ¥ sequencings E3d CmMyblel upstream region< &9l

O CmMybl promoter ¥9=E Hindll$} BamHl A|3FE Q259
Ztete] FEe & pCAMBIA2300(GUS/NOS)o| &=

O CmXETS} CmSOD9| upstream region® &xH % ZF2Y % CmMybl promoter cloning¥}
2o r gadto] SH el

O pCAMBIA2300(CmMybl1P/ NOS)::GUS=Z A A3LH Agrobacterium L.BA4404E o] &3}

ol v (Nicotiana tabacum cv. Xanti)ol]l dAASIE] o] A& Aol 9o g g
&

rulm
ke

L SHS= primers A

histochemical GUS assaysS 2A|gt A3}, A= CmMybl gene©o| 3

g2l (Fig. 3)
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(-)Control CmMyb1P:GUS CmXETP:GUS CmSODP:GUS

Figure 3. Histochemical GUS assay from leaf transfomed by pCAMBIA2300(CmMyblP/
NOS)::GUS, pCAMBIA2300(CmXETP/NOS)::GUS,and pCAMBIA2300(CmSODP/NOS)::GUS

O CmMybl¥®} CmMyb2 FA=}e] 7]%5L ols)st7] $98te] yeast two-hybridE =&l Az =
| FAAE g

O Yeast two hybrid el AFg¥ Zlo]H 2]g]+= ArabidopsisolA daF AES ¢ste] A3
& 3 A3 CmMyblh F3a-gehs ke weAA @ekoyt CmMyb2st 4354

43 4 A+E chitinaseZ 98 %o (Fig. 4)

Master plate

Bait Prey
1:CmMyb1+CmChi1
2:CmMyb1+CmChi2
3:CmMyb1+CmChi3
4:CmMyb2+CmChi1
5:CmMyb2+CmChi2
6:CmMyb2+CmChi3

- : Negative control
+ : Positive control

lacZ expression URAS3 expression ADE2 expression

Filter assay SD-LWU SD-LWA
Figure 4. Yeast two-hybridization with CmMybl and CmMyb2 using library of

Arabidopsis. The Myb?2 interat with chtinase 3.
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ol st WHY LS Mybly Myb27F X5 Ao wdde #odskA| vk Myb2& A9 A=
T = 359 #o]3l= downstream FAAS BAIZIA| ] 02 A 3pA o] whdof] Folshi= o
2 o

Fruit L MFFF S T
0 9 18 27 36

CmMybl T ,a

CmMyb2 s —

A ———— o - oo

Figure 5. Expression of the CmMybl and the CmMyb2 in male flower (MF), female

flower (FM), stem (S) and tendril (T). Both of Mybl and 2 shows highly expression at

the early stage of development of furit but Myb2 was only expressed right after

pollination.

2. CmXET (Cucumis melo Xyloglucan EndoglucanTransferase) ¥2a A& A o] EXAES

2 B4 4

O CmXETHAAZ gAddga A=Ale FodM #ad fixe] 2ddds w43 24
PGe] #x# Tdle] dAs] 2o A== & F AU+

O 7}7+9] constructE o] 83 FAAZNAE /sy on, o5 AEAE  Southern Blot

Z3 JAAS]HE 2l (Fig. 6)
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Probe: CmXET Probe: GUS

Xbal/Sacl RI Xbal/Sacl RI
()1 2 3(+)(-)1 2 3 ()1 2 3(+)(-)1 2 3

2.8Kbbp

Figure 6. Southern hybridization of C. melo plants transformed by pCAMBIA3300
(35S/NOS)::CmXETRNAI using CmXET- and GUS-specific probe
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O FU& g13 32 olg AEAZTYH oF FHdx9 4ol homozygotest 2 &A1& T
Al Adrel F S 851e] Sjo A PCRS E3to] o fAAte] 449 oF-= Fol
(Fig. 7)

Figure 7. PCR amplification of C. melo transformation by pCAMBIA3300 (35S/NOS)
CmXETRNAI (T2 generation). Pc: Positive control, Nc: Negative control, Lanel-14:

transgenic plants

3. CmSOD (Cucumis melo Superoxide Dismutase) ZAAFA < EANESH EFJEA
O pCAMBIA3300(35S/NOS)::CmSOD(S)¢} pCAMBIA3300(35S/NOS)::CmSOD RNAiZ 3
AAsE A e o AYFHAe CmSODE o] &3] PCRS AA|gh Az &7

G e el (Fig. 8)
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CmSOD OE CmSOD RNAi
M NC #7-1 PC NC #7-1 PC

Figure 8. PCR amplification of C. melo transformation of pCAMBIA3300 (35S/NOS)::
CmSOD(S)e} CmSODRNAI (T2 generation). Pc: Positive control, Nc: Negative control,

7-1: transgenic plants

O CmSOD upstream regione #33}7] ¢&] W& genomic DNAE F3 S % genome
walkingS &3 promoter regions +&]dtal CmSODe] promoter region® sequence©l
X5 o]0 motifE ¥4 (Table 1)

O CmSOD¥] promoter region®l+ 5% 72| transcription factor’} 33}
A3l Abso HE2-3l= asl/ocs motif¢t ethylene responsive element

transcription factor motif7} &<l

O
A

3], asl/ocs motify A3 2429 quenching ¥ scavenging 32 W33 ##Ho] 9]
= 121d uj, CmSOD A gk A oA BFAxe} vsTA BLhe S48t g 2

#eo] 9g Row

o

X
o
o
¢ <l
(RUB)

Table 1. The motif analysis of the promoter region of the CmSOD

Name of cis—element | Type of transcription factor Database Annotation

TGAC asl/ocs Hydrogep peroxide
responsive elements

TTCAA bZIP, TGA-type Tomato ethylene
responsive elements

TTTTC GA Myb Barl‘ey pyl.”lmldme—box for
GA 1induction

ACCT Myb-like Myb responsive elements

AGGAGATC Myb2 Tobacco wound responsive

elements
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A 3 FAAZRA S FIFE A

1. FUAAS A3 FAAS A EA Al

O ® FAY 1xd=HE grd FAASAZRE =83 T2, T3 Aol TAe] A=
2 gste] (F)oZMu o] GMO %% v v dd-$2 (Fig. 9, 10)oA] Auiste] 2+ &4

AgAe) AA 4% ARd 54 2Aaen T gAe 99 242 o

BN
>

o Bae Aol FAE Fu

modified organism at the FnP Co.,

Ltd.

Figure 10. Cultivation of the transgenic melon for the evaluation of the generations
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Table 2. The list of planting of the transgenic melon for the evaluation of generation in

this project.

=4 Line 2= A AAF | IAFR/FHTTE
Mybl OE 1-5 24 A/ A
Mybl OE 1-9 25
Mybl OE 1-11 24
' Mybl RNAi 2-2 20
Mybl RNAi 2-7 11
Mybl RNAi 2-18 14 At/
Myb2 OE 3-7 28 At/
Myb2 OE 3-12 26 2/ 5 el
1% 2 Myb2 OE 3-15 34
Control 17
Mybl RNAi 2-18 15 At/
CmSOD 19-2 19
CmSOD 19-1-2 32
CmSOD 9-3-1 22
’ CmSOD 15-2 31
CmSOD 3-3-3 14
Control 12
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S
Chlorophyll a= 0.01261+*A661-0.001023+*A534-0.00022+A643
Chlorophyll b= 0.02255%*A643-0.00439%A534-0.004488+*A661

O dAdA S 54 FFsts AT 23, Hdo] F53 DA dde] 3l

lo

o] 2xhd

O Myb2 RNAI FAHEA ] A5, A54 o] I dA7F Ao x g A sty

Aol gR1EN e, overexpression FAAZA| e} 2Tl = HEAT =¥ 7

A BaERAG V17 FhE Thae] el
A7t (53] Myb2)e] RNAI ¥

5 2
AGAN A Q24 G Pgsish e Fhol AAH T JF VS DAL 5

of

0.15

Chlorophyll a (mg/Cm?)

WT li2 10E1 2i6 20E 3 Xi5

Figure 11. The content of chlorophyll according to the stage of development at each
transgenic plants. The overexpression plants shown decrease of chlorophyll at late

developmental stage, whereas RNAI plants were delayed decomposition of chlorophyll.
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CmMyb1(S) CmMyb1(AS)  CmMybl(s) CmMyb1(AS)

Figure 12. C. melo fruit transformed by overexpression of pCAMBIA2300(35S/NOS)::
CmMybl1(S) and knockdwon of CmMybl(AS).
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Control Myb1(OE)

Figure 13. The characterization of transgenic plant transforemed by Mybl. A)
Trangenic melon growth in the GMO greenhouse, B) and C) ripening difference

between the overexpression and the knockdown of Mybl
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Myb2(OE) Myb2(i)

(0))

Figure 14. The characterization of transgenic plant transformed by Myb2. A)
Transgenic melon growth in the GMO greenhouse, B) and C) ripening difference
between the overexpression and the knockdown of Myb2. Myb2 knockdown transgenic

plant shows delayed ripening compare to that of overexpression plants.
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Figure 15. The melon transformed by Myb2 knockdown shows high-yield. The

transgenic melon can bearing 4 or 5 fruits per plant

Control CmXETRNAI
(36DAP) (45DAP)

1Cm

Figure 17. C. melo fruit transformed by pCAMBIA2300(35S/NOS):CmXETRNAI.
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Control CmXET(i)

®)

Figure 17. The characterization of transgenic plant transformed by  xyloglucan
endoglucantransferase (CmXET). A) Transgenic melon growth in the GMO greenhouse,
B) and C) different ripening between the overexpression and the knockdown of

CmXET.
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Figure 18. Fruit of melon transformed by pCAMBIA3300(35S/NOS): CmSOD(S) and
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Figure 19. Fruit weight of the melon transformed by each vectors. A; Result from

2007 cultivation, B; Result from 2008 cultivation.
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Figure 20. The characterization of transgenic plant transformed by xyloglucan

endoglucantransferase (CmXET).
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Figure 21. Comparison of the firmness in transgenic plants transformed by Myb1l (1i2 and
10E1), Myb2 (2i6 and 20E3) and CmXET (Xi5) during fruit ripening. i; RNAi knockout, OE;

overexpression, WT; wild type, number (2, 1, 6, 3, 5); serial number of transgenic plants.
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Figure 22. Comparison of the soluble solid contents in transgenic plants transformed by
Mybl (1i2 and 10E1), Myb2 (2i6 and 20E3) and CmXET (Xi5) during fruit ripening. i; RNAi
knockout, OE; overexpression, WT; wild type, number (2, 1, 6, 3, 5); serial number of

transgenic plants.
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Figure 23. Comparison of the ethylene contents in transgenic plants (35DAP) transformed

by Mybl (1i2 and 10E1), Myb2 (2i6 and 20E3) and CmXET (Xi5) during fruit ripening. i;

RNAi knockout, OE; overexpression, WT; wild type, number (2, 1, 6, 3, 5); serial number

of transgenic plants. DAP; days after pollination.
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Table 3. Characterization of transgenic plants transformed by genes associated with

development of fruit ripening

Transgenic Melon Cultivation Character Physiological Character
OE#1 Similar to wild type Premature, Early abscission
Mybl
RNAi#2 Similar to wild type Late ripening
o ) Premature, Early abscission,
OE#3 Similar to wild type .
5 Open fruit
Myb ) o ) Late ripening, High-vyield, Bigger
RNAi#6 Similar to wild type .
fruit
) Delayed development at . . ) )
CmXET RNAi#5 Late ripening, Bigger fruit
the early stage

O v S48 AAE A% A8E s feid= A4 2~3de] 2a¥a d3t

5~10% €19} oito] A3 Wt A7 g
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O Melon Genomic Resources
- Melon® physical map %3
- PI X PD DHL92 o 2XE BAC libraryE A2tsle] 23,000 clones 85
- H+F insert sizes= 139 kbe|™, 6X coverage
- F o] Physical map¥} genetic map< integration Al7]% 23S A%
O Cucuribit Genomic Database (www.icugi.org)
- Melon®] EST cellection
- Melon® Maps %
- MicroarrayS &3 functional genomic A<

- Melon EST Collection version 2.0 (Oct 2007)

Sequences used for assembly

Total number of high quality ESTs (after cleaning) 34,313
Total number of published genes from GenBank (10/02/07) 138
Total number of sequences used for assembly 34,451

Unigene information

Total number of contigs (MU3270-MU9721) 6,452
Total number of singletons (MU9722-MU19397) 9,676
Total number of unigenes (MU3270-MU19397) 16,128

- Melon cDNA array (ver 1.0)

The melon ¢cDNA microarray (ver 1.0) was designed based on the melon unigene build
version 1.0. The array contains 9,216 spots among which 12 consist of only printing
buffer and serve as negative controls, while the remaining 9,204 spots represent 3068

unique genes with each gene printed in triplicate on the array
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