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PART 1. Embryogenic callus induction from undeveloped ovules of Jeju
native citrus species

There are 12 kinds of native citrus species in Jeju island. They have
been well known for their physiological active substances. With increasing
of the cultivation area for commercial citrus cultivars, the numbers of the
Jeju native citrus species have lowered to an extremely dangerous level.
Citrus callus can be applied widely to somatic hybridization, genetic
transformation, and in vitro germplasm conservation. To obtain calluses, the
undeveloped ovules of 12 different citrus species were cultured on 5
different media, respectively; MSI (MS, modified, with the addition of malt
extract 500 mg/L and sucrose 50 g/L), MSII (MS, modified, with the addition
of malt extract 500 mg/L, kinetin 1 mg/LL and sucrose 50 g/L), MSIII (MS,
modified, with the addition of malt extract 500 mg/L, 6-benzyladenine, 3
mg/L and sucrose 50 g/L), EME (MT, modified, with the addition of malt
extract 500 mg/L and sucrose 50 g/L), 1/2 EME (half concentration of MT
marcronutrients, half concentratrion of BH3 marcronutrients, malt extract
500 mg/L, glutamine 1.55 g/L and sucrose 50 g/L). The embryogenic
calluses of Citrus grandis Osbeck and Citrus platymamma Hort . et Tanaka
were obtained from media MSIII and MSII for two month culture,
respectively. Embryogenic calluses were observed from surface of

undeveloped ovules.

PART 1I. citrus unshiu Marc. transformation

Carotenoids are a large family of isoprenoid compounds which provide attr—
active coloration to flowers and fruits, ranging from yellow, orange to deep
red. High antioxidant activities also have effects on the prevention of heart
disease and various cancers, offering useful functions for health. Ggps

(geranylgeranyl diphosphate synthase) is known as a key enzyme for




carotenoid biosynthesis pathway and ZDS (U-carotene desaturase) is
responsible for lycopene biosynthesis. To obtain trangenic citrus trees
expressing Ggps and ZDS respectively, agrobacterium—mediated
transformation was performed. After transformation by cocultivation Citrus
unshiu callus and agrobacterium, transgenic plant candidates were selected
with hygromycin selection medium, elongation medium and germination
medium. Four Ggps gene transgenic target plants all confirmed and ten ZDS
gene transgenic target plants eight confirmed by PCR (polymerase chain

reaction).
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BAZE A Wl wirF 2 sk
s woll= w7t & EAsHA &S #uk ofygt AEA AATE A9 gle A
o7 &A1 A} (Grinblat 1972, Burger and Hackett 1981, Barlass and Skene
1982, Edriss and Burger 1984, Duran-Vila et al. 1989). wz}x A= Eo] o3t
FAALS BESL 54 gotste] Az ol & TheAS Eolw, AdtsE
o] wjFE o]&ste] @I AEAZ AEI 7teAdol A+ embryogenic
callus AE Fx29 EHAQ WS /fdets Zo| Hxolt.

Kochba & (1972)° <]3| Sweet orange2l W% wlFugS o] &3l
embryogenic callus Al¥®E F7|A17]=d A& 3 o]F (Citrus sinensis, Citrus
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Table. 1. Classify of 12 kinds of Jeju native citrus species.

Scientific name Common name Korea name
Citrus benikoji Hort. ex. Tanaka Kamja Fals
Citrus grandis Osbeck Dangyooja A}
Citrus erythrosa Hort. et Tanaka Dongjeongkyool RS
Citrus platymamma Hort. et Tanaka Byungkyool 3Ry
Citrus leiocarpa Hort. ex. Tanaka Binkyool 1=y
Citrus pseudogulgul Hort. ex Tanaka Sadookam A7
Citrus junos Sieb. et Tanaka Yooja Ak
Citrus aurantium L Jikak by
Citrus sunki Hort. ex Tanaka Jinkyool El=
Citrus nippokoreana Tanaka Cheongkyool =
Citrus tangerina Hort. ex Tanaka Pyunkyool A&
Citrus tachibana Tanaka Hongkyool S 3=1

12 kinds of Jeju native citrus species this study as the material for Citrus
Research Station, National Institute of Horticultural & Herbal Science, Rural

Development Administration, Jeju.
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Kamja Binkyool Jinkyool
(Citrus lefocarpa Hort. ex Tanaka) [Cltrus sunki Hort. exTanaka)

Dangyooja Sadookam Cheongkyool

(Citrus grandls 0sbeck) [Litrus pseudogulgul Hort. ex Tanaka) (Citrus nippokoreana Tanaka)
Ty
Dongjeongkyool Yooja Pyunkyool
[Litrus erythrosa Hort et Tanaka) (Citrus junos Siep. ef Tanaka) (Citrus tangering Hort. ex Tanaka)

Byunkyool llkak Hongkyoal
(Cltrus platymamma Hort. et Tanaka) (Citrus auramt/um [) (Cltrus tachibana Tanaka)

Fig. 1. Classification of 12 kinds of Jeju native citrus species that is
grown at Citrus Research Station, National Institute of Horticultural &
Herbal Science, Rural Development Administration, Jeju. (A) Leaf, (B)
Immature fruit, (C) Mature fruit of each citrus species. Citrus species names
were descripted that common names (above) and scientific names (under). Each

bars = lcm

2) WiF wjA
At mAds MF25E callus AEE Fidt7] 98] A=7HA ExE

callus AEFES BEE =5

lll
ftlo
Y
Rl
h
o
24
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e
BN
)
ftlo
e
32
fu)
=
%

(Murashige and Skoog, 1962) 7] 2 ujx]o]] AU 2 A sucrose 5%, Malt extract
500 mg/L, pH 5.7-5.8, agar 0.8% 7Fd MS I A wjx]2} MS I LA uj =]l 2=
AR ZAA 24 Kin (kinetin)¥ BA (6-benzylamino purine) 7} & WA A2l MS
I, MSII 2A=fA S A3t (Table 2) (Francesco et al., 1998, A.El-Sawy et
al., 2006). 18]a2 MT (Murashige and Tucker 1969) 7]Euj=]o]] BrAi O =2 A
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sucrose 5%, Malt extract 500 mg/L, pH 5.7-5.8, agar 0.8% #7}¥ EME Hj#] 2}
MT macronutrientsE 7|5 #H7F&e] ¥kt ARE3E 1/2 EME 3 A|wj#]e BH3

macronutrients 2} L-Glutamine 3 7}3}¢] callusE F+=3 T (Table 3).

3) Embryo %=

Callus AMIZE FXxst7] f1ste] st &8 %29 (Fig. 2A)E AP =
1S A AT AW (Fig. 2B) 7S 92 % clean bench@ o]5 3ttt 7] 2] ol A
Ad HAZ e FAF wik Hol FHAFAYE don (3A
gk, 2007) olwf Alme] 4yt W2 uEd 2k 70% o®E AFES vl 7§

2 & Eoo] AA" AWLES A HE w9 HAS F 2% sodium

(
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o
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o,
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2
o
N
N
2
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(@)
A
o
ki
I
o
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£l
(i,
w

T AR & o A= AWHe BAS] fske] 2.6 mM citric acid7b H7hd "y 3
2 SRR 2087 39 A AP st (Francesco et al, 1998). W Ayt =] €
H ALES oF 5107 A% dry SFth dnAd oA WaE o] &3t S
AAg & AAS ol &AM WS WiFES callusAlE FviA|el] HFsTh
(Fig. 2C). Az 12552 w55 aal e v Aol 2+ 20708 HE skl &

HOgrESTH HE §F FedEoE AEYYUAE HasiA A

2 25C+1 o wiFdolA 4 53 Skl eF kATt (Table 4).
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Table 2. Media conditions is MS I, MSII, and MSII.

Culture media
Contents
MSI MSTI MSII

MS basal salts + + +
Vitamins + + +
Sucrose(50 g/L) + + +
Malt extract(500 mg/L) + + +
BA(3 mg/L) - - +
KIN(1 mg/L) - + _

MS basal salts;
Macronutrients (CaCly 6.64 g/L, KH.PO, 3.40 g/L, KNO3 38 g/L, MgSO, 3.6
g/L, NH4NO;3 33 g/L).
Micronutrients (HsBO3 0.62 g/L, MnSO4® H:O 1.68 g/L, ZnSO4 e 7TH-0 0.86 g/L,
KI 0.083 g/L, NasMoOse 2H,O 0.025 g/L, CuSO4e5H0 0.025
g/L, CoCly e 6H.O 0.0025 g/L).
Iron (NazEDTA 7.45 g/L, FeSOs® TH-O 557 g/L).

KIN ; 6-furfurlamino purine (kinetin). BA ; 6-benzylamino purine.

@ jeju



Table 3. Media conditions is EME and 1/2 EME media.

Culture media
Contents
EME 1/2EME

MT basal salts + 1/2
BH3 macronutrients - +
Sucrose(50 g/L) + +
Vitamins + +
Malt extract(500 mg/L) + +
Glutamine(1.55 g/L) - +

MT basal salts:
Macronutrients (NHyNOs3 825 g/L, KNOs 95 g/L, MgSO, e 7HO 185 g/L,

KH.PO, 7.5 g/L, KoHPO4 1 g/L).

Micronutrients (H3;BO3 0.62 g/L, MnSO4 e H-O 1.68 g/L, ZnSO, e 7TH-0O 0.86 g/L,
KI 0.083 g/L, Na:MoQOs e 2H>0O 0.025 g/L, CuSOs e 5H20 0.025
g/L, CoCly e 6H.0O 0.0025 g/L).

CaCly ® 2H,O 29.33g/L, Na;EDTA 7.45 g/L, FeSO4 e THO 557 g/L.

MT; Murashige and Tucker basal medium.
BH3 Macronutrients (MgSO, 37 g/L, KH.PO, 15 g/L, KoHPO, 2 g/L,
Kcl 150 g/L).

1/2EME : Macronutrients and BH3 Macronutrients are half concentration of

macronutrients.

_10_
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Fig. 2. As experimental materials. (A) Flowers are not blooming. (B) Ovary

(C) Sectioning of ovary. (D) Ovules after 2 months cultured.

_11_
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Table 4. Experimental flowchart of embryogenic callus.

_12_
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Fig. 3. Two months to cultivate native citrus undeveloped ovules. (A)
Cultrued in the MSII medium to produce callus of undeveloped ovules were
Citrus grandis Osbeck. (B) Larger picture in white circle of A. (C) Cultured in
the MSIO medium to produce callus of undeveloped ovules were Citrus
platymamma Hort. et Tanaka. (D) Larger picture in white circle of C. White

arrows were showed callus derived from embryo. Bar = 0.1 mm

_14_
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1mm

Fig. 4. Three months to cultivate native citrus undeveloped ovules.
(A) Cultured in the MS I medium to produce callus of undeveloped ovules were
Citrus nippokoreana Tanaka. (B) Cultured in the MSI medium to produce
callus of undeveloped ovules were Citrus aurantium L. White arrows were

showed callus derived from embryo.

_15_
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Table 5. Results of induced callus in 12 kinds of Jeju native citrus

species.
Medium MS | MS I MS Il EME 1/2 EME
Common name w Gt fon | oo ﬁﬂ?@u:é;ﬁ "Goved ron| nono f&'ﬁ% "Gtvad rom | ntro w Gared o | Enoo %ﬁ (e iion | emao
Kamia 0 0 0 0 0 o o] o o o[ 1 0
Dangyooja 0 0 0 0 5 | o . 0 0 0 0
[pongieongkyool| 0 0 0 10 0 7 o] o 0 0 0
Byungkyool | O 0 i 0 0 o |o| o 3 0 0
Binkyool 0 0 0 0 0 o |[o]| o 0 0 0
Sadookam 0 0 0 0 0 o |[o]| o o (o] o 0
Yooja 0 0 0 1 0 0 0 0 0 0
Jikak 2 0 0 0 0 0 1 0 0 0
Jinkyool 1 0 1 0 1 3 0 0 0 3
Cheongkyool | 2 6 4 17 1 3 3 0 6 0
Pyunkyool 0 0 0 0 0 0 0 o |o| o 0
Hongkyool (] 1 0 0 0 0 3 4 (] 0

7 Embryogenic callus.
[ | HIE#A CalluslEmbryogenic callus7t 0.
[ 4t Embryo.

_16_
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AAM LA F2A T} F34
obxly} Ao o] dfFwo] At} (Hirschberg, 2001, DellaPenna and Pogson,
2006, Zhu et al., 2002). 7&Fol o EAs= JIR2Ewo]= &S [B-carotene
¥} B-cryptoxanthin®] {1o.m™ E3] B-carotene> Aol A HIEIY] AR A 3to] &
7] wiol] ZEBEW AR E2la gEFHew Fo% AEolt (Clinton, 1998,

Sandmann, 2001, Fraser and Bramley, 2004). B-cryptoxanthine =7 <oA%
=

=FUgel Bel dfHel o IRk e JAld avrt 2 Aow Hay
o] At (Kim et al, 2001). £3 712 o= AT A} S5 A4Y A8
of a37F Qv Ao=Z dHA At (Matsumura et al., 1997). 2 fzA9
FF2E o= Z42Q lycopenes T2 HF24 ofxjy; A e w ¥ty 24
2 AelM Egdoz AfF g2 (free radical) A AA, & F2sAe] J&&

F3sty Aol A vEY AR HAEE 4 A= a-carotene, B-carotene, y-carotene
18] 3L cryptoxanthins @] 7}2E| ol =0 H&] =& FaslsS 7M1 Y= Ao

15t (Di Mascio et al., 1989, Nguyen et al., 1999). Z o+ lycopene©]



S 73 glo] de o] &1 glth Agrobacteriume ©] &3 A HoloE 7
F9olo] Abs A8 (Janssen and Gardner, 1993), ¥+ ®i¥ 2 HE: x4, A=A 9
genotype, 2= A W% Z A, acetosyrigone?] FE So] #oJsE AR dHA
t 2o AREste FAASAE 557 A% IFAQ G|t Y g

AzEwols JRA FFS BT AT L Azewol= AFY A FAAE

FEELE B@

—H
)
%
i

HaE vp 9lth o]# 3 carotenoid AT AR
(Fig. 5)9 F3tdAe 283F+= Ggps (geranylgeranyl diphosphate synthase)$}t
lycopene®] AAAS wFeE= ZDS (L-carotene desaturase)e] A dHE o]
carotenoid®] =23 DA stA A EH JS Aom BZHE oI

Ggps (geranylgeranyl diphosphate synthase)t Th¥3 A EoA thgst JTE=
S wasta vk GepsE Isoprenyl diphosphate(IPP) &4+ Phytoten A &4 ¢
A& AFAd Cp7tRE=ol=5 F M Cy geranylgeranyl diphosphate(GGPP)

2 P9k v GGPP(Ggps) &4t IPPe} DMAPPEHH GGPPe A%
=23 (Fig 6). &F 57FA 9] Ggps F+73AE©] Arabidopsis®] TS =2 of A
He e FdHAey, duty gol JhREol= At ol A=A
G4 AA ekth(Okada et al., 2000).

7]

1 ox
e o ru&

rr

U-carotene desaturase (ZDS)i= lycopene®| + Z X (neurosporene:7} = H]
wol= A FZHADOl T-carotened HAETS A= LS st (Fig. 7)
(Albrecht et al., 1995).

2 ATl M= ol d Ggpsel ZDS fFHzbe] et FAAS A=A AL
=2 FgAks a9E Yetdle 71ed 54Q JtEEH o= 3hEo]l FUkd

ddE AEAE AFstes S BAoR FYPHA.

of
Hir
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G3F DXS OXR
+ —» ODXF —» MEP

pyruvate 4' CMS
CMK
i MCS
HDS
i HDR
GGPS
2 X GGPP

PSY 'L’
phiytoene

[
PDs -+ phytofluens

i ! PTOX
C-carotens H

!

ZDSs neurosporens

CRTISO
lycopene

B-LCY; e-LCY / \T-Lﬂ

a-carotene [-carotenes

B-CHX l l

w-cryptoxanthin B-cryptoxanthin B-CHX

g-CHX )
lutein Zeaxanthin

VDE 11 ZEP
NCED 9-Z-violaxanthin *=viclaxanthin

ABA << anthoxin l MY
'F--“"'- - Zneaxanthin 4= neaxanthin

NCED

Fig. 5. Carotenoid biosynthesis pathway in plant.
[Berta Alquezar et al, Phytochemistry 69 (2008) 1997-2007]
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Acetyl CoA ----> Mevalonic acid

V3
Non-MVA IPP
pathway )\/GHzOPP —== )\/CHZOPP
isomerase
PP Prenyt l DMAPP
transferase
w LOPP
l GPP
Sterols /]\M SROSE
Triterpenes  <——
Sesquiterpenes L —
. o—
Gibberellins CHOPP
Ubiquinone
Tocopherols GGPP
Plastoquinone
Polyterpenes
Geranylgeranylated proteins U
Carotenoids

Fig.6. The isoprenoid biosynthetic pathway for Ggps.
[Peter M. Bramley. (2002). Journal of Experimental Botany. 53 No.
3771
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X x = S OPP

GERER

lpsv
)WM/VM\A(W
2PQ
2PQH; Dl PDS
/K/\/I\/VK/\)\/WW/\/\(\/\(
LCarotene ! t
2PQ
2PQH; Dl ZD3

JV\)\/})\/\/K/\WNY
Lycopene l }

Oydlic Carotencids

Fig.7. The biosynthetic pathway for ZDS.
[Sarah S. McCarthy et al., (2004). Genetics 168: 1249-1257.]
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o HIEH
o =

2. M

Hu

1) AE A=

2 A7 A8 callustE 9E TS APAAA A B AdES T

3 FAEH 2 FHEAA v F callus & AT (Fig. Q).

FAAZRA ] FEg&o] wrha ¢elZ hygromycin WARAE 71X
W S A%st7] 98] pCAMBIA-1300S 7]E2WHZ AL8-3t3 T pBI121¢ 35S
promoter?} Nos terminatorE pCAMBIA-13002] MCS Aol Eo] (HindII<}
EcoRD) %9 d9th. 7h2E| ol = AatA 7] 2o ool st Gapset ZDS &A=}
= 35S promoter?} Nos terminator AFe|ol (BamHIZ} Xhol) A3k & o] ¥
£ 7 callus® @ dgko] ALE-3taAtt

HAAse ol ZutH gl  (Agrobacterium-mediation)S  ©]-&3lo] 3
sttt Agrobacterium tumefaciens®] strain< binary vector pCAMBIA 13005
Fokskal = EHALOSE ol &38tith. o HWEeo Fes ATEA=A
hygromycin A& FAAI 54 {FAAZ 2L (Citrus unshivw)®] A=
By 243 BamHIZ} Sall/Xhol enzyme site’} 718 Ggps &=+ ZDSe
AZHKim, 200005 =3etar vt (Fig. 9). d2HASS 918 79 g wA
Agrobacterium EHA105¢] A& 10 mg/L-1 kanamycin + 50 mg/L-1
rifampicin®] A AE 713 14 YEB #A (5.0 g/L-1 peptone + 1.0 g/L-1
yeast extract + 5 g/L-1 sucrose + 0.5 g/L-1 MgSOyol =3}3 28Tl A
Fsto] dd #AES FAAAFHY. ols @Y #A T stUE HA YEB wiA
of &3kl 28T, 180 rpm =4l ODgoonm 0.6°1 & wi7FA] v Fst At wh <&
g TS 6,000xgoll A 1087 A 3 5 A At WA (pH 52)(MT 7]
Eux] + 100 uM acetosyrigone)el OD600 0.6% 3] 3} t}.

Bl

HES igd Ae2s o dado @7t 28T, 150 rpmell A 20&7F &+
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MT 7] &2 A (pH 5.2)° 100 uM acetosyrigone= # 7}slal 0.25% gelrite® 11

3t3t AL o] &3ttt (Fraser et al, 2002). &%uwjek & e~ hygromycin

o] H7tel 1A A wiA 2 K713 F XA 25 FF st 27 = A
3

HA = A E wAska G 26 4570 ¥ wjgsksith 45 5

2

| =71 3 45 o]} wj9%¥3dle] embryogenic callusE H 3T callusES
elongation BiA] (MT7]¥u]%] + gelrite 0.2% + galactose 1802 mg/L + sorbitol
1822 mg/L + adenien 07 mg/L pH 5.7-58)°4 A=A =22 w35 FE3At}.
°F 45 ¥ germination B1A (MT7|E¥]#] + sucrose 25% + gelrite 0.2% +
coconut oil 20 m¢/L coumarin 10 m¢/L + NAA 20 m¢/L + GA3 10 ml/L)Z %A
HjFate] BelE fFEsiAth AEstE AEAs A gle xS A
(MT siADell vjeFsto] AEAE Addsta, ols FAAGA HAol o] &ak3lvt
(Jin, 2005. Md. Adnan Al Bachchu, 2011).

HAASA HAL polymerase chain reation (PCR) #2418 433t PCR
AL 9% AEA S DNA F%2 CTAB WS o439 DNAES ®eadt
FH12A FZS 93 primers®Z+E hygromycin 4 x}ell thate] 5-CTTCTACAC
AGCCATCGGTCCAGA-3#  5-GATGTAGGAGGGCGTGGATATGTC-3' £,
Gaps GA7ol date] 5 -ATTGAAGGATCCATGTTAATTTATCGTGGAC-
TTTCT-3' 3} 5'-CAATGTGAGGAGCTCGTCGACTTATTTATTTCTTGT-
GATGAC-3'5, 18] ZDS {rdAte] tato5'-GGGATTGCTAGCATGGGT-
TCTTCAGTTCTGTTTCCT-3'# 5 -AACAGACTCGAGTCACACAAGACT-
TAGTTCATCGTT-3'S A+&3Fth. PCR W82 hygromycin® 2%, 94Tl

A 587t DNAZE denaturationA]Zl %, 94T

—_
Sh

7F denaturation, 58°C 1%#7F

annealing, 72C 1¥7} extension®] 353 ¥H&E A S AR thS 72CoA 10%
&<t extensionAl 7l & 4T A AASGHEE AT Ggpsd 45, 94TolA 5

—

7 DNAZE denaturation A7l %, 94C 187t denaturation, 35C 183+
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annealing, 72C 1¥7} extension®] 353 WH&E A S AR thS 72CoA 10%

&<t extensionA| 7l = 4TAA AASEHEE ST ZDSE 94T oA 523t

N

DNAZE denaturationA] 71 $, 94C 1%#3} denaturation, 50C 1%Z} annealing,
2T 2%37F extension® 353 HbE S AX v, 72TCAA 10+ =
extensionA]Zl & 4ToA AAIJHEE FHT. FEZ3 DNA THLS 19

agarose gel oA #H7|9EF 3dte] EtBrZz 94 $  illuminator ol A

2

)

X

ultravioletE& ZA}ste] #2sFA T
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Fig. 8. Callus (Miyagawa Wase) used in transgenic.
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Sall/ Xho|

Sall/ Xho!

Fig. 9. Ggps and ZDS configuration of the transgenic vector.
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ggatccatgt taatttatcg tggactttct
gttggecttee ctetcacccg ctteteteeg
tgtgaaggtt ttggegttgca gagaagetta
attcatcacc agagcagctc cgtaattgag
ttgetgatga actgtcaata cttgctaaaa
ctcagetget gagtatttct ttaaaatggg
atggcgacag ctctgaatgt tcgagtacct
aactacgtac aaggcaacaa tgtatagctg
tgatgtcttg gatgatgcag ataccaggeg
getgtattag cgggegattt tettetttec
ttgtgacgtt actggcaacc gttgtagage
tgaccaacgt tgtagcatgg attattatat
agctgcaagg caattgecct tottgetgga
agaatctggg tctggecatat caattaatcg
aaagggttct ttatctgaca tccagcatgg
cctcagttac gcacagtagt tgagcaaggc
ttgggaagag tcgagggata caaaagacaa
gattgattct ctacctgaaa acaatgatga
catagagtca tcacaagaaa taaataagtc

cggatttcta gaatctcgaa
gtgcttcaca ctetgetget
ttcatggagt ttgectgeeot
gatactgatt cccaggagca
ggttgogete catggtagtt
ggtggaagga aagaggttcc
gaacctctac atgatggagt
agattacaga gatgatccat
tggtattggt tcattgaatt
cgtgettgtg ttgcccttge
atcttgttac tggtgaaacc
gcaaaaaaca tactacaaga
caaacagccg aagtggcaat
acgatgttct cgatttcact
aatcataaca gctccaatat
ttcgaggatt cctcaaatgt
gagaactgge cgtgaagcat
ggatgttaga aagtcaaggc
gac

aaagactccg tttggecgec
gotgetgegg cggactettce
tgcatggaat tagacatcaa
gotecgaccca ttttetettg
gotgaggtge ctaagettge
gtcecacggt tttattgetg
agaagatgct ttggcgactg
gtagcaagcc ttcttcatga
ttgtgatggg caataagtta
ctctttgaaa aacacagagg
atgcaaatga caacatcatc
ccgecatcatt aatctcaaac
attagetttt gattatggaa
ggcacatcag cctctettgg
tgtttgecat ggaagagttc
tgatatagcc cttgagtacc
getaatcttg ctgcagetgce
gtgcactttt agatctcact

Fig. 10. Ggps (geranylgeranyl diphosphate synthase) for Citrus unshiu.

@ jeju

_28_



ggatccatgg

agaagtgtcg
ccagggtttg
gegottgegs
ggtottttat
cgttttettt
gtgaaggatc
ttggagctce
aaatgetott
tacgagattt
aagaatgtgg
cttactatat
atgtttattt
atgcagagag
gccactgaca
tgetteccte
cacagtgcag
cgagctectgg
tcacttcacc
tccttacatg

gttottcagt totgttteeot

aagattctgt gtacgggett
tttccaccag aaccagaaca
gcatgtcaac ggcagtggaa
tggtggtaaa gtgggttcat
ggatgectaca ataatctgtt
atactcatac atttgtaaat
gttacatggg attcgegeat
gotottgete tgagteotgt
ggatagtata agcttctctg
gatcctgttg cotatgecect
ttgecactgtt tgcgactaag
gagtgggcce ataagaaaat
atactttatg ataaagctgc
agaaggttgt gcaagetgat
atcatggagg gaaatgaaat
cttagataca atggttgggt
ggttagataa cottttgtat
agaagactac tacagagaag
cccttaccaa atgatgaaat

gcaacttcag tcactggtgt

ctttggacge taatgtttet
ttatagagga ccaaagctga
ttgttggatc aaggccacga
ttgtcgataa acgtggaaac
ccgattgatg aaaaaggtcg
cagggtggtg aaattggtga
ttttgtcgac aaatcagett
tgtaaaggca cttgttatec
attggttttt gtccaagggt
tgggtttatt gattgtgata
actgaggcett ccctattgeg
atatcacaga taaagggggc
taatgecggaa acatatgtca
geatatgttg cagcatgtga
ttttcaacaa tatttatgeg
tactgagttg caagacctag
actccagatg cagatttctc
ggcaaggttc attactccaa
cataaggaga gtggcaaagc

tcatcccaag gtttagaagt tatttggtecg tctgttgtca aaatcgggca

ctggtaaaga
aaaacaggat

ccccttcaga cotgatcaaa
tacatagata gtatggaagg

agacacctgt gaagaacttc
agcaactttg tctggtagac

aatgcoggegg aagaattagt agcactgagg aagcagettg ctgectttga

ctccaactac

tactaacgat gaactaagtc

ttgtgtgaag tegac

Fig. 11. ZDS (zeta-carotene desaturase) for Citrus
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tagttggtct cgggttcaag

gatatgagtg ttaatgcacc
aagtggctat tattggaget
ggtggatata tatgagtcaa
catattgaaa tgggcctgea
gtgcggacaa aaatttactt
acttgatttc cggttcccaa
aagacttatg ataaagcaag
tgatggagec ttgaaggaca
ggtacacaga cgagtattca
acatcagtge tegttgtatg
gatgctcaag ggttctccag
aggttccatc ttaggtggge
aaggacttge catgtctaag
tgtecotgga attaaaagat
ctagttggag ttcctgttgt
aacggtcaag gcaattgagg
ttgetttgea gatctageac
tgtgttttga cgectggega
aggttttage tctatttceca
atctttgtac cgtgagggac
ttcottgetg getcatatac
aagectcage ctacatatgce
atctcaagaa caaatggaag

unshiu.



ol Zutg gl %S o] &3ste] FAHMZ A7 callusE2 3H 9 hygromycin % 7}ul
Ao Al At S Az AubE callus (Fig. 12A)E elongation B %] ol A 2] &)

2 23 A7 & (Fig. 12B), germination ¥iA|o A A &A= F% 3ttt (Fig.

12C). HEH oz AEA AEste] AFd FHFE= 7|W wiUdsda (Fig.
12D). @A Ggps 2 ZDS A A3HE AEAELS B2 dE 7| HE A

o} (Fig. 13).
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Fig. 12. Regeneration of Citrus unshiu embryogenic calluses after
Agrobacterium mediated transformation.
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Fig. 13. Shoot-tip in vitro grafting onto rootstock plants.
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2) FAAL A=A &<l
ARG 5 FeHom AEsd AEAES] YoM Ax DNAE F=3 &
PCR WH < ol&3te] Ggps % ZDS @2 A% F55 sttt g2 dgst

T A 5olARl primerg AF&3te] 35T PCR Z7lefA
Ggps/EHAL1055 HEAZ Aol A AEste 470A= Geps Aol s 3at
+ 1300bpe] DNA ©@Ho] FHH ATt F7FE hygromycin 5°] 4 primer 471 ]
5% 800bpe] DNA w@H o] FZ =t} (Fig. 14).

ZDS Ee°l4 primerg AHET FHA A AZA e ZDS/EHAIGE HEAl
721 A FolA AEsE 1070A 5 87/hA1= 1700bpe] DNA ©Ho] FEZ ¥ o
tthygromycin 5°]4 primerE AFE-3F PCR oA = Awstd 1070A 5 9714
800bpe] DNA ©Ho] FZHAu; (Fig. 15). 19 152 8 A A3 oA 2

2 ge A9 FaAde] 54 g Ao Azl ol Ak
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Fig.14. Transgenic plants Ggps using PCR confirmed.
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DS

Fig.15. Transgenic plants ZDS using PCR confirmed.
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IXE

Citrus transformation stock solution and media composition

1. Agrobacteroium strain culture medium composition: YEP medium
(Liquid)

Components g/L
Beef extract 5
Yeast extract 1
Peptone or Tryptone 5
Sucrose 5
MgSO4 0.5

Autoclave at 121C fot 15 minutes.
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2. Acetosyrigone medium:[Co-culture medium (Liquid and solid)]

Components mg/L
NH;NO3 1650
KNOs 1900
MgSQO4.-7H20 370
KH2PO4(monobasic) 150
KoHPO4(dibasic) 20
H3BO3 6.2
MnSQOy4-.H20 16.8
ZnS0O,.-7TH0 8.6
KI(Potassium  Iodite) 0.83
NazMoOy4.-2H20 0.25
CuS04.-5H20 0.025
CoCls.-6H0 0.025
Na:EDTA 37.25
FeSO4.-7H20 27.85
CaClz-2H20 439.95
Myo  inositol 100
Thiamine HCL  (hydrochloride) 10
Pyridoxine HCL (hydrochloride) 10
Nicotinic  acid 5
Glycine 2
Malt  extract 500
Sucrose 50000
Gelrite 2000
pH 52

Autoclave at 121C 15 minutes. 100 pM Acetosyringone were used after

autoclave when temperature below 50T.
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3. Preparation of different selecion medium

Components

NH4NO3

KNO3

MgS04.7H20
KH2PO4(monobasic)
K2HPO4 (dibasic)
KCl

H3BO3

MnS04.H20
ZnS04.7H20

KI(Potassium Iodite)
Na2Z2Mo0O4.2H20
CuS04.5H20
CoCl2.6H20
NaZEDTA

FeSO4.7H20
CaCl2.2H20
Myo inositol

Thiamine HCL(hydrochloride)
Pyridoxine HCL(hydrochloride)

Nicotinic  acid
Glycine

Malt extract
lactose

glutamine

Collection @ jeju

First

slection

mg/L
825
950
370
150
20
750
6.2

16.8
8.6

0.83
0.25
0.025
0.025
37.25

27.85
439.95
100
10
10
5
2
500

1550

_39_

Second

slection

mg/L

1650

1900
370
150
20
6.2

16.8
8.6

0.83
0.25
0.025
0.025
37.25

27.85
439.95
100
10
10

500
70000

Third

slection

mg/L

1650

1900
370
150
20
6.2

16.8
8.6

0.83
0.25
0.025
0.025
37.25

27.85
439.95
100
10
10

500
70000



Sucrose 50000 - -

Agar - 1200 1600
hygromycin 15 20 25
cefotaxime 250 250 250

Autoclave at 1212C 15 minutes. hygromycin and cefotaxime were used
after autoclave when temperature below 50°C.

4. Preparation of embryo elongation medium

Components mg/L
NH4NO3 1650
KNOs 1900
MgSQOy4.-7H20 370
KH2PO,(monobasic) 150
KoHPO,(dibasic) 20
H3BO3 6.2
MnSO,-.H20 16.8
ZnS0O,.-7TH0 8.6
KI(Potassium lodite) 0.83
NazMoO4.-2H20 0.25
CuS04.-5H20 0.025
CoCls.-6H20 0.025
Na:EDTA 37.25
FeSO4.-7H20 27.85
CaClz-2H20 439.95
Myo inositol 100
Thiamine HCL(hydrochloride) 10
Pyridoxine HCL(hydrochloride) 10
Nicotinic acid 5
Glycine 2
sorbiol 1822 (0.1M)
galacttose 1802 (0.1M)
Adenine 0.7
Gelrite 2000
_ 40 -
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pH 5.7-5.8

Autoclave at 1212C 15 minutes.

5. Preparation of embryo Germination medium

Components mg/L
NHiNO3 1650
KNOs 1900
MgSO,.-7H20 370
KH2PO,(monobasic) 150
KoHPO4(dibasic) 20
H3BO3 6.2
MnSQOy4-.H20 16.8
ZnS04.-7TH20 8.6
KI(Potassium lodite) 0.83
NazMoO4.-2H20 0.25
CuS04.-5H20 0.025
CoClz.-6H20 0.025
Na:EDTA 37.25
FeSO4.-7H20 27.85
CaCly-2H20 439.95
Myo inositol 100
Thiamine HCL(hydrochloride) 10
Pyridoxine HCL(hydrochloride) 10
Nicotinic acid 5)
Glycine 2
Coumarin 0.0146
NAA 0.02
_ 41 -
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Sucrose 3000

Gelrite 2000
Cocconutwater 20 ml
GA3 1

pH 5.7-5.8

Autoclave at 1212C 15 minutes.

6. Preparation of MT medium (to make normal plants)

Components mg/L
NH;NO3 1650
KNOs 1900
MgSO4.-7H20 370
KH2PO4(monobasic) 150
KyHPO4(dibasic) 20
H3BO3 6.2
MnSOy4-.H20 16.8
ZnS04.-7TH20 8.6
KI(Potassium lodite) 0.83
NazMoOy4.-2H20 0.25
CuS04.-5H20 0.025
CoClz.-6H20 0.025
Na:EDTA 37.25
FeSO4.-7H20 27.85
CaClz-2H20 439.95
Myo inositol 100

Thiamine HCL(hydrochloride) 10
Pyridoxine HCL(hydrochloride) 10
Nicotinic acid 5
Glycine 2
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Sucrose 30000
Agar 8000
pH 5.7-5.8

Autoclave at 121°C 15 minutes.
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159-162.

_43_

Collection @ jeju



(8) Duran-Vila N, Ortega V, Navarro L. (1989). Morphogenesis and tissus
cultures of three citrus species. Plant Cell Tiss Org Cult 16:
123-133.

(9) Kochba J, Spiegel-Roy P, Saad S. (1972). Adventive plants from

ovules and nucelli in citrus. planta 106: 237-245.

(10) Bitters, W.P., Murashige, T., Rangan, T.S. and Nauer, E. (1970).
Investigations on established virus—free plants through tissue
culture. Calif. Citrus Nursery Soc. 9:27-30.

(11) Navarro L., Juarez, J., Ballester, J.F., Pina, J.A. and Ortega, C.
(1979). Obtaining nucellar virus—free plants of different citrus
cultivars of the navel group by means ofovule culture in vitro.
Anales del Instis Tuto

nacio nal de investigaciones Agrarias, proteccion vegetal. No. 12,
95—

113. [Hort. Abst. 51(1): 779].
(12) Rangan, T.S., Murashige, T. and Bitters,W.P. (1968). In vitro
initiation of nucellar embryos in monoembryonic citrus.HortScience
3(4): 226-227.

(13) Button, J. and Bornman, C. H. (1971). Development of nucellar plants
from unpollinated and unfertilized ovules of the Washington navel
orange in vitro. J. S. Afr. Bot. 37: 127-134.
(14) Starrantino, A. and Russo, F. (1980). Seedlings from undeveloped
ovules of ripe fruits of polyembryonic citrus cultivars.
HortScience 15(3): 296-297.
(15) Nito, N. and Iwamasa, M. (1990). In vitro plantlet formation from
juice vesicle callus of Satsuma (Citrus unshiu Mare.). Plant Cell,

Tissue and Organ Culture 20(2): 137-140.

(16) Kobayashi, S., Sakai, A. and Oiyama, [. (1990). Cryopreservation in
— 44 —

Collection @ jeju



liquid nitrogen of cultured navel orange (Citrus sinensis Osb.)
nucellar cells and subsequent plant regeneration. Plant Cell, Tissue
and Organ Culture 23:15-20.

(17) Marin, M.L., Gogorcena, Y. ,Ortiz, J. and Duran—-Vila, N.(1993).
Recovery. of whole plants of sweet orange from somatic embryos

subjected to freezing thawing treatments. Plant Cell, Tissue and
Organ Culture 34:740-746.

(18) Engelmann, F., Dambier, D. and Ollitrault, P. (1994). Cryopreservation
of embryogenic cell suspensions and calluses of Ciftrus using a

simplified freezing process. Cryo-Letters 15:53-58.

(19) Sakai, A., Kobayashi, S. and Oiyam, [. (1990). Cryopreservation of
nucellar cells of navel orange (Citrus sinensis var brasiliensis
Tanaka) by vitrification. Plant Cell Reports 9:30-33.

(20) Sakai, A., Kobayashi, S. and Oiyam, I. (1991). Survival by vitrification
of nucellar cells of navel orange (Citrus sinensis var brasiliensis
Tanaka) cooled to -196°C. Plant Physiol. 137:465-470.
(21) J. Navas—Castillo, E Moreno, N. Duran-Vila. (1995). Citrus psorosis,
ringspot, cristacortis and concave gum pathogens maintained in
callus culture. Plant Cell, lissue and Organ Culture 40: 133-137.

(22) Vardi, A. and Galun, E. (1989). Isolation and culture of Citrus
protoplasts. In Biotechnology in agriculture and forestry.
(Bajaj,Y.P.S..E
d.). Springer—Verlag Berlin Heidelberg 8:147-159.

(23) Grosser, JW. and Gmitter, Jr. F.G. (1990a). Protoplast fusion and
Citrus

improvement. Plant Breed. Rev. 8:339-374.
(24) Grosser, J.W. and Gmitter, Jr. F.G. (1990b). Somatic hybridization of

Citrus with wild relatives for germplasm enhancement and cultivar
development. Hort. Sci. 25:147-151.

_45_

Collection @ jeju



(25) Gmitter, F.G., Grosser, J. W. and Moore, G. A. (1992). Citrus. In:
Biotechnology of perennial crops, (Hammerschlag,F.A. and R.E.
Lits,Ed
s). CAB International, Wallingford.UK, 335-369.

(26) Murashige, T. and Skoog, F. (1962). Arevirsed medium for rapid

growth and bioassays with tobacco tissue culture. Physiologia
Plantanum 15:47
3-479.

(27) Francesco Carimi, Maria Concetta Tortorici, Fabio De Pasquale &

Francesco Giulio Crescimanno. (1998). Somatic embryogenesis

and plant regeneration from undeveloped ovules and stigma/style
explants of sweet orange navel group [Citrus sinensis(L.) Osb.],
Plant Cell, Tissue and Organ Culture. 54; 183-189.

(28) A.El-Sawy, A. Gomaa, A. Reda, N. Danial. (2006). Somatic
embryogenesis and plant regeneration from undeveloped ovules of
citrus, Arab J. Biotech., 9, (1). 189-202.

(29) Murashige T, Tucker DPH (1969) Growth factor requirements of
citrus tissue culture. Proc 1st Int Citrus Symp 3: 1155-1161.

(30) gx1gr 9 769 FA. A=E FAAI (2007). Az 19.
(31) Francesco AM, Gold BA. (1998). International Organizational

Behavior, Prentice Hall.

(32) Hirschberg, J., (2001). Carotenoid biosynthesis in flowering plants.
Curr. Opin. Plant Biol. 4, 210-218.

(33) DellaPenna, D., Pogson, B.J., (2006). Vitamin synthesis in plants:
tocopherols and carotenoids. Annu. Rev. Plant. Biol. 57, 711-738.

(34) Zhu, J.K. (2002) Salt and drought stress signal transduction in plants.
Annu. Rev. Plant Biol. 53: 247-273.

_46_

Collection @ jeju



(35) Clinton, S.K., (1998). Chemistry, biology, and implications for human
health and disease. Nutr. Rev. 56, 35-51.

(36) Sandmann, G., (2001). Carotenoid biosynthesis and biotechnological
application. Arch. Biochem. Biophys. 385, 4-12.

(37) Fraser, P.D., Bramley, P.M., (2004). The biosynthesis and nutritional
uses of carotenoids. Progr. Lipid Res. 43, 228-265.

(38) Kim, LJ., K.C. Ko, C.S. Kim, and W.I. Chung. (2001a). Isolation and
sharacterization of cDNAs encoding B-carotene hydroxylase in
Citrus. Plant Science 161 : 1005-1010.

(39) Kim, 1J., K.C. Ko, C.S. Kim, and W.I. Chung. (2001b). Isolation and
expression patterns of a c¢cDNA encoding phytoene synthase in

Citrus. Plant Physiol. 158 : 795-800.

(40) Matsumura, K., Chiba, A., Yamada, H., Fukuta-Ohi, H., Fujita, S.,

Endo, T., Kobata, A., Anderson, L. V. B., Kanazawa, I., Campbell, K.
P. et al (1997). A role of dystroglycan in schwannoma cell
adhesion to laminin. J. Biol. Chem. 272, 13904-13910.

(41) DiMascio, P., Kaiser, S. and Sies, S. (1989). Lycopene as the most

effective biological carotenoid singlet oxigen quencher. Arch.

Biochem. Biophys. 274:532-538.
(41) Nguyen, H.T., and Walker, E. (1999). First course in fuzzy logic,
Boca Raton: Chapman &Hall/CRC Press, second edition.

(42) Edward, G. (1999). Tomato, tomato—-based products, lycopene and
cancer: review of the epidemiologic literature. J. Natl. Cancer Inst.
91: 317-.331.

(43) Rao, A.V., Agarwal, S. (1999). Role of lycopene as antioxidant
carotenoid in the prevention of chronic diseases: a review. Nutr.
Res. 19: 305-.323.

_47_

Collection @ jeju



(44) Janssen BJ, Gardner RC. (1993). The use of transient GUS
expression to develop an Agrobacterium—mediated gene transfer
system for kiwifruit. Plant Cell Rep. 13:28-31.

(45) Sitthithaworn, W., Kojima, N., Viroonchatapan, E,. Suh, D. Y.,

[wanami, N., Hayashi, T., Noji, M., Saito, K., Niwa, Y. and
Sankawa, U. (2001). Geranylgeranyl diphosphate synthase from
Scoparia dulcis and Croton sublyratus. Plastid localization and
conversion to fernesyl diphosphate synthaseby mutagenesis. Chem.

Pharm. Bull. 49(2):197-202.

(46) Wang, K. and Ohnuma, S. I (1999). Chain-length determination
mechnism of isoprenyl diphosphate synthases and implications for
molecular evolution. Trends Biochem. Sci.24(11):445-451.

(47) Dogbo, O. and Camara, B. (1987). Purification of isopentenyl
pyrophosphate i1somerase and geranylgerayl pyrophosphate

synthase from Capsicum chromoplasts by affinity

chromatography. Biochim, Biophys. Acta. 920:140-148.

(48) Kuntz, M., Romer, s., Surie, C., Hugueney, P., Weil, J. H., et al

(1992). Identification of a cDNA for the plastid-located
geranylgeranyl pyrophosphate synthase from Capsicum
annuum: correlative increase in enzyme activity and transcript
level during fruit ripening. Plant J. 2:25-34.

(49) Albrecht, M, Klein, A, Hugueney, P, Sandmann, G, Kuntz, M, (1995).
Molecular cloning and functional expression in E.coli of a novel

plant enzyme mediating $-carotene desaturation
FEBS.372:199-202.

(50) Berta Alquezar, Maria J. Rodrigo, Lorenzo Zacarias. (2008).

Regulation of carotenoid biosynthesis during fruit maturation in the
red—fleshed orange mutant Cara Cara. Phytochemistry 69: 1997-
2007.

—_ 48 —_

Collection @ jeju



(51) Peter M. Bramley. (2002). Regulation of carotenoid formation during
tomato fruit ripening and development. Journal of Experimental
Botany, Vol. 53, No. 377.

(52) Sarah S. McCarthy, Marilyn C. Kobayashi and Krishna K. Niyogi.
(2004). White Mutants of Chlamydomonas reinhardtii Are
Defective in Phytoene Synthase Genetics 168: 1249-1257.

(53) Kim YS, Lee JH, Yoon GM, Cho HS, Park S-W, Suh MC, Choi D, Ha
HJ, Liu JR, Pai HS. (2000). CHRKI1, a chitinase-related

receptor-like kinase in tobacco. Plant Physiol 123: 905-915.

(54) Fraser PD, Romer S, Shipton CA, Mills PB, Kiano JW, Misawa N,

Drake RG, Schuch W, Bramley PM. (2002). Evaluation of transgenic
tomato plants expressing an additional phytoene synthase in a
fruit—-specific manner. Proc Natl Acad Sci USA 99: 1092-1097.

(55) Seong-Beom Jin. Treatise. (2005). Plant Regeneration via Somatic
Embryogenesis and Agrobacterium-mediated Transformation in

"Miyagawa Wase" Satsuma Mandarin.

(56) Md. Adnan Al Bachchu. Treatise(2010). Functional expression of
miraculin, a taste modifying protein, in Citrus unshiu Marc. and

characterization of three novel citrus ERF genes.

_49_

Collection @ jeju



	PART Ⅰ. 재래감귤 미성숙 배주 이용 Embryogenic callus 유도
	1. 서론
	2. 재료및방법
	1) 식물재료
	2) 배양배지
	3) Embryo 유도

	3. 결과
	4. 고찰

	PART Ⅱ. 감귤형질전환
	1. 서론
	2. 재료및방법
	1) 식물재료
	2) 식물 형질전환 벡터의 제조 
	3) 형질전환
	4) 형질전환체 검정

	3. 결과
	1) 형질전환체 선발 및 식물체 재분화
	2) PCR법 이용한 형질전환 실물체의 확인

	4. 고찰

	부표
	참고문헌


