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Development of anti—senescence varilety in hot pepper
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SUMMARY

Development of anti—senescence variety in hot pepper

We developed the method of gene transformation 1n hot pepper, and
transformed [PT (Isopentenyl Transferase) gene, which was fused with heat
shock promoter (hsp), into pimento and hot pepper to increase cytokinin content
and delay plant senescence.

[n this study, we used Capsicum annuum cv. Hyang Chon and Oriental
Clory pimento as plant sources, pMONOYH as plasmid donated from Monsanto
Company, LBA4404 as Agrobacterium tumefaciens strain, and HBI10l as
Fscherichia colt host.

MS media supplemented with 10 mg/L spermine and various concentrantions
of zeatin and [AA were experimented with to find the optimum condition for
shoot Induction, likewise, MS media supplemented with 10 mg/LL. AgNQOs; and
various  concentrations of zeatin and [AA for shoot elongation, then wvarious
concentrations of kanamycin on each optimum medium for shoot differentiation
and shoot elongation were tested for transformant selection.

The procedures for gene transformation in hot pepper was as follows. Hot
pepper seeds were sown I MS medium with 12-15 seeds per petri dish, about
1O davs after sowing, the cotviledon explant was excised including 1-2 mm
petiole at the base for gene transformation, these explants were cultured in MS
medium supplemented with 1 mg/L zeatin, 5 mg/L [AA and 10mg/L spermine
for 72 hrs as a pretreatment, then immersed in hquid YEP media containing
A. tumefaciens, 300 mg/L. streptomycin and 100 mg/L spectinomycin for 10
nin.  After that, the explants were cocultured 1n the pretreated medium
contamimng 100 uM acetosyringone for 2 days, transferred to the pretreated
medla supplemented with 250 mg/L carbenicillin and 100 mg/L kanamycin for 4
davs, and tranferred to MS medium containing 2 mg/L zeatin, 0.5 mg/L IAA,
10 mg/L AgNOs, 250 mg/l. carbenicillin and 100 mg/L kanamvcin for shoot
nducton, 1mduced shoots were transferred to shoot induction medium
containing 2 mg/L GA; for shoot differentiation and MS media with 10 mg/L
spermine, 10 mg/L AgNO; and 250 mg/L carbenycillin for shoot elongation

orderiv.  After these procedures, PCR was used to confirm whether the IPT
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gene was successfully transformed into the plants or not. We used nptll gene
as a primer, whose sequences are 5 -GAGGCTATTCGGCTITGACTG-3" and
O ATCGGGAGCGGCGATACCGAT-3 .

There were two optimum conditions for shoot and callus induction (IAA 0.5

zeatin 1 - spermine 10 and IAA 0.1 - zeatin 2 - spermine 10) and several
opuimum combinations of IAA and zeatin for shoot elongation. (IAA 05 -
zeatin 0.5, TAA 0.5 — zeatin 1, IAA 0.1 - zeatin 2, IAA 05 - zeatin 2, and [AA
0.050  zeatin 4)

After explants, which were transformed with pMONSYS containing [PT

vene, were transferred to shoot induction medium, 122 out of 443 explants were
induced shoots, the percentage of induced shoots was 27.3%.

Transgenic plants were used to do PCR which wused nptll gene as a
primer, 17 out of 20 transgenic plants showed amplified fragment each at 700

bp. This mean approximately 85% of transgenic plants contamned [PT gene.
Theretore, the result of PCR reaction showed that T-DNA in pMONY9S  was
fused to the nuclear DNA of the transgenic plants.
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BEZ 1194 He fFEZ HEE dHo] 1-2mm AR BS AHE YL FHEA
TSt 55 2] zeatin, TAA, spermine®] E3E MS wjx|o 2F7F 8% shootd] #&E
2 B23l2 Z2ASET. el thekdt 3T ol zeatin, [AA, AgNOx7F ¥8EH MS
A2 274 109 7tZAo 2 AloiufddtHA] 17197 widst & GAsZF F7FE Bl ) ol A

-
D7 v kSta] shoot] A1AFES FESFHTE MS7|E wjZoA BEElE JEAlAH A

C
iz
ok

dcetosyringones 100uM #H7Fsted 297 FRufSdich F2u o] i T thA] A
2] vl Aol kanamvyeing ZHZE 0 10, 50, 100, 200, 400me/LA H71stod] 2 F 3l 9}

pe zuow wjgddt

T FHERE 2 [RAEE EHol 1-2mm AR XEIE A A2l zeatin, TAA
spermine®| 242y 1, 05, 10mg/l. EgH MS ujR|of|A 72A17F A2l v LA
[LEAGI040pMONDOH R AR E  Agrobacterium tumefacienss  streptomycin}
pectinomyein®| 2rZz- 300, 100mg/LA T E YEPB) Aol A vl oksle] o]e] & ekl o
Axels AR A4S 1087 JAAIA, acetosyringone 100uME H7F3F A 32l w2
oAf filter paperE 231 T1 o] X|A4Fetod, 28C Hdefol A 24 Fx2ujek st o
H-&°l €uaL, filter paperdl 20¥-3F AEAL AHES carbenicillin (250mg/L)°] &+
tlol 9) Aaa] WA 2 &H 787 ¥iEst 2 kanamycein (100mg/L)S #7154
= ofFstsith 12fal shootd] tE R e AEsAS LT HiA[¢)

carbenicilin® kanamvcing Z-7F 250, 100mg/LA 2 7}shed v k3t 2™ shootd] 4

rr

A2 NAA., spermine, AgNOs7F 2z 0.5, 10, 10mg/L2A 32 3+E v Xl carbenicillin@}
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kanamycein< ZFZ 250, 200mg/LA d7Fste] 209 v kst 2 auxin (JAA)Y] & &

ko g ] wix 2 ¥ AA u)ksty ot

A RPA ] FAANY o gl

7}, 313 genomic DNAR-

extraction methodE o8&ty Z4S5 A A LEtol| Al vhaf 3 = 400112 Urea

extraction bufferE Z7Fsta &0 4o &= Fo 800 119 phenolichloroform=1:1%

H7rekel EE0] Fa 158 Ao HAsEoh 15000rpmeE 1023 47 Coll A
H

|21 oo 40 12 4.4M ammonium acetate2r 240

{—+
=
o
&
=
Hlo
N

H

121 1sopropanol=

A

A %, 5087 15000pmez 94 2ddich 459 Wy

O, 75% ethanols FH7FSE & TFA] 358-7ZF 15000mmeo.2 €4 B8l salts Al AHS
[T 2" pelletel] 3018 TEES H7FeEal 204 16370 = = olF -20° C

off Bt ARESFH T

1

] FAzte] A3} RS HESH] 3l PCRE ol &5t nptll w73 Ae] &
HodH = #FaEgct nptll primert 5 -GAGGCTATTCGGCTATGACTG-3' 3}
O -ATCGGGAGCGGCGATACCGTA-3 oty H HF el PCRS Tag polymerase 1

unit, dNTP 100mM, 5pMe] primer®t 50ng2] genomic DNAE A3l PCR
program-= *%-o] 94°Coll A 287F DNAS F 718 F9A17 o8, 94°CoAlA 16x%

B5'Cell A 303, 72°Col M 1% 3024 747 AZstel DNAE SEA7E RS
I cycleZ std, ZF cycled 45% ®Hb&-st] DNAE %535
AN s 4°CA M FAEHEE S

Ox}
AA
oll 2 I B X g|dle] PCR ¥Hg T3 o £ Swhg owldlaxt 3o

>

PCRol £ F-off vlg] FHlE 1.2% agarose geldoll 4 g & 12 A dks
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A5 2 w9 gel loading buffer®} & & &3t loading §F 2 100Vl A ¢F 2417+ 30
&

e d7lds et A719F buffer2<= 05 X TBEE Al

Hd719%E 0] Y gele  ethidium bromide(05 ug/mi)= JAI T UV

transilluminator’yoll A DNA band 49 -z 2 AR #9598 3¢ o
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M 3§ 20 X 11&

w3} Ade] A 2 A cytokining TEH-S FHAIA Ho =3E X AA]F] 7
o

915t cytokining AAAT 4 AE FAAE FH L) 38°C

& Al 71+ heat shock promoter (hsp)e} A TAIA o] F2 HBA|AH EAA 3HE

7 aFaeR Al 1o § 9 Al k3t E AAAZ 7 U MEE IFEFESTe A

stvl Slsted & A7+E dAEEH.

TP Al &Y LElEG 3k AMERte T[E Age eAlEtY. i R
=B Aol S AFoR F4d dWbis WEA 1403-1. 1404-10 14181,

1445-2, 1450-2, 1467-1 2 vk F JE2A 1002-13 1903-2&8 1094 Bob wqlrr)

H

2 IPTHw AR % binary vector® Agrobacterium o5 W A<

Eocoli 78 IPTHAX &% pMONLBYS binary vectors Agrobacteriumt 7o &
A" A T 7] A8 directed transfer mating WS o] 83F o, pMONS9S binary

vector 4+ Agrobacterium LBA4404 Wl freeze thaw methodZ E3FS

PMONB9Se| ik A wkg FALE  F83s A3 LBA4404  conjugant+=

spectinomycein 100me/L. streptomycine 300mg/LE &-5-3F YEPujAolA A& A

o2 Xol pMONRSZE dFAHoe =z MUAE Agrobacterium conjugant® ol HH Ao &

2 59

i 2] Adoll A A Al wEG-o] s AubE conjugant®] AlEU DNA &F AFES 9

._.15_..



8t7] #1389 conjugant® FE DNAE FE39 ATFALE HI3d 7G5 2
2% 20149 o] pMON595S A|gF&EA patterno] FQIE o] binary vector7}
Agrobacteriumy] 4E 322 AYHUSS AT F ULy o] FFEE AE3}
nFe] FAMS 48 YA

a9 2. IPTHA2 @ pMONS%S A§FaAE AEF 79 Fpattern
lane 1 ' uncut pMON5S95
lane 2 : EcoRl, Bglll double digested pMONS595
lane 3 @ Bglll digested pMONS95
lane 4 : EcoRl digested pMON595
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[xplant No. of cultureed No. of No. of
explant shooting rooting
leaf 200 230 215
(92.0) (86.0)
petiole 1530 112 &7
(62.2) (48.0)
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0 - zeatun 2, IAA 0 - zeatin 4, IAA 05 - zeatin 1, IAA 05 - zeatin
1, IAA 1 - zeatin 2, TAA 2 - zeatin 19 ZAol A callus WA= 7M1 =91 #
Joff A= TAA O - zeatin 2, JTAA 0.1 - zeatin 2, TAA 005 - zeatin 18] ZAJof A
shoot W&o 7H HUth

AT 2atE TAT 2aet 249 JHE dE Zd3 IAA 05 - zeatin 1 -

spermine 10, IAA 0.1 - zeatin 2 - spermine 108 + 7+A] %9 A shoot 2 callus?}

o g T
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00 13 (8rE)19) TAA+zeatin+tspermine(10)8] ZAd o) WE callusT A &

IAA(mg/L) Callus induction ratio(%)

(No. of induced calluses/No. of inoculated coleoptiles)

0 0.1 0.5 1 )
) 0.0(0/7) 0.0(0/7) 0.000/7) 0.0(0/7) 0.0(0/7)
0.0(0/6) 0.000/7) 0.0(0/7) 0.0(0/7) 0.0(0/6)
. Q5 7(6/7) 0.0(0/7) R5.7(6/7) R5.7(6/7) 0.00/7
0.0(0/6) 0.0(0/6) 0.0(0/6) 16.7(1/6) 66.7(4/6)
1 R5.7(6/7) 0.000/7) 100.0(7/7) R5.7(6/7) R5.7(5/7)
33.3(2/6) 50.0(3/6) 50.0(3/6) 33.3(2/6) R3.3(5/6)
9 714G/ | 8576/7T) 0.0(0/7) | T7.8(7/9) 0.0(0/7)
- 100.0(6/6) 0.0(0/6) 0.0(0/6) 100.0(8/8) 100(6/6)
) 71.4(7/5) 71.4(5/7) 100.0(7/7) 71.4(5/7) R5.7(6/7)
- 100.0(6/6) 66.7(4/6) 66.7(4/6) 100.0(6/6) 0.0(0/6)

O3 D (sF=) o] JAA+zeatin+spermine(10)e] F A WE shootTHAY &
AA(mg/L) Shoot induction ratio(%)
(No. of induced shoots/No. of inoculated coleoptiles)

zeatin(mg/ O 0.1 0.5 ] E 2
0.0(0/6) 0.0(0/6) 0(0/6) 0.0(0/6) 0.0(0/6)
) 0.000/7) 0.000/7) 0.000/7) 0.0(0/7) 0.0(0/7)
0.000/7) 0.000/7 00/7) 0.0(0/7) 0.000/7)
0.0(0/6) 0.0(/6) 66.7(4/6) 66.7(3/6) 50.0(3/6)
0.5 0.000/7) 0.0(0/7) 14.3(1/7) 0.0(0/7) 0.0(0/7)
0.000/7) 28.6(2/7) 0.000/7) 429(3/7) 1 0.00/7)
0.000/6) 0.0(0/6) 66.7(4/6) 100.0(6/6) 16.7(1/6)
1 0.0(0/7) 0.0(0/7) 100.0(7/7) 14.3(1/7) 28.6(2/7)
0.0(0/7) 14.3(1/7) 100.0(7/7) 28.6(2/7) 28.6(2/7)
: R3.3(5/6) 35.7(6/7) 0.0(0/6) 33.3(2/6) 33.3(2/6)
) 71.4(5/7) R5.7(6/7) 0.0¢0/7) 22.2(2/9) 0.0(0/7)
R5.7(6/7) 100.0(7/7) 0.0(0/7) 33.3(3/9) 37.5(3/8)
66.7(4/6) 83.3(5/6) (6. 7(4/6) 50.0(3/6) 0.0(0/6)
4 71 4(5/7) 25.0(2/8) 000/7) 28.6(2/7) R3.7(6/7)
0.0(0/7) 0.0€0/7) 0.0¢0/7) 0.0(0/7) 57.1(4/7)
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1ol odigl A4S 7122 8l IF shootd] AHE #3F IAA 2 zeatin®] HAAHFE
2 #9lslr] ¥std IAA 0.1mg/L, zeatin 2mg/L, spermine 10mg/Le] Fxo] ¢k 237t
Bl F 9§ zeatin % 242} 05, 1, 2, 4mg/LeF TAA % Z+ZF 0, 0.05, 0.1, 0.5, 1, 2mg/L
2 g2 3o o]5& ZF3Io AgNOs 10mg/L7F £38H MS vix2 &7 3 oF 20
Y % shoote] A JElE AT

Ho kel o] TAA 05 - zeatin 05 IAA 05 - zeatin 1, IAA 01 -

3T 40 A]

[AA 05 - zeatin 0.5, TAA 05 - zeatin 2, IAA 005 - zeatin 49 &%

zeatin 2,

2SR TE iE 4ol M B o8t 2ol JAA 0.05 - zeatin 05, TAA 0.05 - zeatin 1,

[AA 005 - zeatin 2, IAA 1 - zeatin 2, IAA 0 - zeatin 4, TAA 005 - zeatin 49

= ol Al shoot7} 2 AlAEE o2 #AFEHJUT

I

3 40 IAA 0.1mg/L, zeatin 2mg/L, spermine 10mg/LL.8] ZAol A F7]H shoote] [AA +

zeatin  + AgNO; (10)8 Z2A o] WE shoot AlA&

Zeating mg/L) Shoot elongation ratio(96)
(No. of elongated shoots/No. of inoculated shoots)
0.5 1 2 4
- IAAGmg/L)

0 50.0(4/8) 71.4(5/7) 07.1(4/7) 85.7(6/7)
. 33.3(1/3) 33.3(1/3) 100.0(3/3) 100.0(3/3)
005 75.006/8) 42.9(3/7) 71.4(5/7) 100.0(7/7)
| 33.3(1/3) 66.7(2/3) 100.0(3/3) 100.0(3/3)
01 87.5(7/8) 57.1(4/7) 100.0(7/7) 85.7(6/7)
66.7(1/3) 100.0(3/3) 66.7(2/3) 100.0(3/3)
0c 100.0(7/7) 85.7(6/7) 100.0(7/7) 71.4(5/7)
100.0(3/3) 100.0(3/3) 100.0(3/3) 66.7(2/3)
| 85.7(6/7) 07.1(4/7) 07.1(4/7) 71.4(5/7)
| 33.3(1/3) 100.0(3/3) 66.7(2/3) 100.0(3/3)
i 42.9(3/7) 71.4(5/7) 71.4(5/7) 85.7(6/7)
i 100.0(3/3) 100.0(3/3) 33.3(1/3) 66.7(2/3)
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32 5 IAA 05mg/L, zeatin 1mg/L, spermine 10mg/LLe ZAdlA F7]1%F shootd] JTAA +

zeatin + AgNO5(10)8] shoot A AE

zeatin{mg/L) Shoot elongation ratio
(No. of elongated shoots/No. of inoculated shoots)

0.5 1 2 4
i [AA(mg/L) _
0 42.9(3/7) 71.4(5/7) 50.0(4/8) 100.0(7/7)

0.05 100.0(7/7) 100.0(7/7) 85.7(6/7) 85.7(5/7)

0.1 57.1(4/7) 57.1(4/7) 85.7(6/7) 42.9(3/7)
0.5 42 .9(3/7) 85.7(6/7) 75.0(6/8) 71.4(5/7)
' ! 42.9(3/7) 71.4(5/7) 0.0(0/7) 28.6(2/7)
> 71 4(5/7) 57.1(4/7) 28.6(2/7) 66.7(6/9)
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28 4. thgd ZAJe) IAA + zeatin + AgNO; (10)o] A 2] && EZE9] shoot A& A
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B ' %9] shoot 2
AgNO; 10mg/L, spermine 10mg/LolA <] £3589 & FF9] shoo
13 5. AgNO; ;
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4. Kanamycin test

B A dFA JlF ZA 2 kanamycind] WE XA = E yHEste] iAol M ¥

ANBAE AL 2Ae P st 0BG By #xe o

B 4Ye AASET eHABG Fvie] A8 1F 24 HEF

119 FHZ FH 2L A¥9E [AA, zeatin, spermines 42 1, 2, 10mg/1. ¥34
VSBR[l A 24413 WA elskar,  "FHareed SExE A RIS AP ul A

coctosvringone©l 100uM E3HE v Ao 297 Agrobacteriume] ¢l el oA mH SkEl

Chouligko]l HEul & oAl Hdx el vE 2o kanamveins 220 0, 10, 20, 100, 200,

cnannvein TRl Al e choor®E A2 S0y el RETE Ao vk hpotet =27 =

VbR S0ppmETE w2 A LERY T kanamyvein 0 mg Ll -ralses 5o
collus EE S WERW AL, shootdE Aol AReE Ho| Ul 30 me/d A el -l A= 2] f
bR B hoot® A S-S Holth Z 7o) shootrh BAE R 2 e A wa

1

ol 2o 100 mg/ Laiel ol M= choot §AAS AHey Qa1 YHoA cullusyr &4 5

Avp bl Al Wl 200 mg LA el A callus % shoot 3ol & §lod

1

A S 60Dl WREe] Mo e wWHEled =9lon] 400 mg/LA gl HRell M=

i ghde) Mo g wste] Fof Wt FEe Fee 2edeG AtEg AFA

ol e¥7F °kst Ao Z e 100mg/LellA A A &= S EATE 6).

;8O Ny INedlTly Clﬂﬂa H0 < —_&;.’: shoot 3:]“&4%

km Conc.(ppm) 0 10 50 100 200 400
Oriental G Pimento +++ 4t ++ 4+ + - _
| [vang Chon 44+ ++ _ _ _
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5. Agrobacterium®l] 2)3F 21 &5 & A Z 3

Vol SR HEE de AYES dGeo] 1-2mm AR XTE A At zeatin, [AA,

permine©} 27 201, 10mg/L A E3E MS v xlof| A 72A|7F ZHH e viks oF 3

l—i1

streptomycine, spectinomycine, kanamycein®] 224 300, 100, 100mg/ % E3sE YEP

v Z[ oA ODgpel 28 1.0°] H%s WUBijFst LBA4O4/IPT=E & HaE

Aprobacterium  rumefaciens  EEFAHS| HAe]vE v ARG E 108G H
coctosvringone 100uME H7ESE dae] B Ao filter paper® & L ol #dEhe,
RO, SPAFEH O A 2 7 FFERE S R o] Euka fllter paper®l] 205-7F HFE A

U — O

7L 792 carbenicillin 200mg/Lol ¥ RO Sl HAfE] AR FAH TEr HiT

7] 2l
< kanamyein 100mg/ /LS "7beled 2570 mie:3bg o 1212 shoot®] 5 9 B3l
O SE WEEAIE FL S JTAA, zeatine, AgNOz7F 050 2, 10mg L ZEE wfzriof

000, 200mg /LA 7FEked 209 wiekel . auxintAAYS] I E yiom Eol wiA g &

Sleb 3te AL AXH TS pAMONIS transformationA 71 & & 2 dsk Al & 4]

oo ohdbst Al @ glllgl (s IS IPTOl transformationAl 78 AFFell A el shoot 8

57 Alabste] 50974 228%°] shoot E3&& HGon e
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Cultivar No. of No. of No. of
inoculated coleoptiles inducted shoots elogated shoots
Oriental G Pimento o7 (100) 13 (22.8) 0 (0)
Hvang Chon 443 (100) 122 (Z1.3) 68 (15.3)
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FH 9e dFH3H DNAE #8sutt

ol AFE-=E  pMONRIS plasmidel & A¥&rmarker2 4 kanamycin A 384 7 A zp2]

ncomyceine phosphotransferase II (nptll) w4 2E @132l o] nptll primers ©|-&

stof 2rlskd Tt

A xs ASAZ2HE DNAS =35 & oo nptll specific primerE AFE3HY
PCRES 8391 PCRe|] ¢ & 12% agarose geld] 7|9 =3l EtBrz & 23}
5 5

sl DNAEHS #HAstdch.  control2 AMEE  pMONSI59)

[ S—

transgenic 2155 nptll primer= PCR3l ¥ 23 HAZHS 153 2- 22(717 12 lanes

2-o2 1T Aol A 700 bpel H A A 1752 bandZF wEREe] QIO nptl]

orimer® G AMEE JNATE eF K[IWGAER] Aol gt g itk ol pMONI9HS

T-DNAW &a43= nptll geneo] A EAWe] &8 DNAW AFTAHoz A5 -&

UL P B C}J —1
“.I_.L)"’ T ,,1..)!\ L"l—
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2. 3ANY A2 nptll FH2e] PCR W

Lane M. DNA marker
Lane C. Non-transgenic plant
Lane 1. pMONDH95 plasmid

Lanes 2-22. Transgenic plant
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