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B oAFE BASSI)ES o83l I ARSI S HH0E AlgoRRE &
gk HAG dWd ] ferritin A AFeF Fdetglobd EHQ artemisinin /g0l &
o] 5} terpene synthase FAAE tEZAQ FAFA I =dAHoZA %
o 75AS TVHAA olE AEY NEE FoE FET B ofYt gA AL
2k AAYEES ASNA w7F 25FH 71 372A} sk Ak

Ferritin-f- A 29} 7| %Z:ol| A 2] 3k terpene synthase A4S A3 P2
AlZ1a olE LAAIZ F dud IRIPHAE 7 715 AFE ST EAN
AE HAe HES MAHAHoR FFsta EEAQ arteminising FFTOEH

A AsE7=e] AATIEd FAA

=R AR AA 719g
3]

=
cloning?} A A 28-S 53}

FARAS ANST $% FFL DAFORA ARE FFL ARAEdAA
AAA AT Fool BAgEe] Ag3he /Y + Aok
ELATAT W % A9

T AT I B 7 9 9

- Av& ferritin- A AF2} terpene synthase
FHARE Hkehe ot A E 3d

AL ferritin A Ak} terpene Wl ] A &}
synthase fAAF2] A &E¢d & - Terpene synthase 372} £
vector 7 B FHA AL - 5] A A xd gy

- A& ferritin® A 2} 2} terpene synthase
FTARR Ao FHdE 2 gl

- FAHE AF] EsAA gY 9S4
AYe ferritin A Ak} terpene - Mannoseg ©]-&3% 5 J@dds
synthase A2l AFel Ao |- FAAS FFo dAIY &4
DT 7 - A ferritinfr A AHE o] &3 A5 9]

double transformation

_ =& A S = & o =]
317]_1_6‘_)6] }6]__’2_94 %}6]7]%- % O]Ttg;e%_pgf% }?)]’"lz“q] HE—(?‘:J_ ok)?)]' T}'\jl
2 - - - -
o @A AFel ol 9A
= H
- feEd 24




V. @70E 23 3 &8 A A9
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e

T AMECeZRYH flE ferritinfr AR} AFEEo| A E2]SH terpene
synthase T35 JAF 7ol =tz Fdsqint. S 9t
kanamycin, hygromycin & selection markergE YE|dl= 1:} AR S
vectorg A|Ztstal HZA o] FAHIAAE e F ol FHAE FFd =Y
stk ok A A FAA Bk obASE marker A AE AFESE positive
selectionS A|E3}7] €35k phosphomannose—1somerase(PMI) FHAAE o] &3}
A FEAASAE At 4 PMI system®] ol A8 7HeAd
At FEAEST A4 FHAAE 29E A d d%erﬂLHOﬂH—J frdzr 24
FFE BTt ol B YH Fd BAS Fdsilth =3 H-chaint

—chain + &7F9| ferritin 32 o5 FAASS Fsto] g MA =dsta

T FARbe] wEo] & JfA el AAH R FHEJE BAste] 1 284S F
Jalez Ht HFHor 1 =9 fern'tinTJr artemisinin $Hf- AFE A}
7] 9ot =4S FAsIF o 1 AdE gofstH v 2

Aol A3 zFe] AEs e v A= JT&
£ BA 10mg/L¢ NAA 1.0mg/L ATl 714 =& &
o] AL BA 05mg/Le NAA 1.0mg/L ATl 713

o oX
2 4

3. FAA = A zA7F shoot EAdo v A= Fg
FEe FAHE MEE Asty] 98t dA3#] kanamycin, hygromycin
A %A phosphinotricin®] A% HHAZHEE 9 shoot@Z Ao M A= JgS
ZAFeF T Kanamycin® 7% 30 mg/LA 2] = shoot7} 38 A H A &

B



ko™ hygromycine 5 mg/L* 8] FE shoot@Ado] A& 10 mg/LA 8l HH
shoot7} A8 TAEA &5& & 5 ATk Cephalosporin type®] A3 Al
carbenicillin?} cefotaxime shoot@ Al olFd FaFs FA F= ZH}E
RojFo] Agrobacterium®@2 FsE F olE AAs=Y HIFe FAA S
3k 4= A} A z=A 2 phosphinotricin®] 2

Hol FgAAet tlao] FHdS Az A

ro rr

[e]
-+

%
ol o] gd e & AT

Al 2 A Phosphomannose-isomerase (PMI) fFAXE o] &3 AFe
Agrobacterium FAASAA &Y

b}

1. 3248 Az s 213 44 mannose % 2A

AFol A B3] mannose’t HIXE PSS dolr7] Y3 AT A
sucrose 20 g/L¢} mannose 15 g/ Z3tol| A 26712 =& shootdYES B
o1} sucrose 20 g/Le} mannose 20 g/L Z o)A+ mannosed] 23] 2=

shoot7} 43 WA sA] okt

2. PMI f3422 £u3t= pNOV2819 vectorE o] &3+ A58 243

PMI #3725 o] 43 JFd A48 MS wi#o] NAA 1.0 mg/L, BA 1.0
mg/L, sucrose 20 g/L, mannose 20 g/LE X 7}ste] AAIeA . A5 A4
of PMI #HAE 4kal= pNOV2819 vectorE® X 338l:= Agrobacterium® =
o] o]Fo ¥ °F 2F Fof callus7t #EAE 7] AlFgon 65 FHoll shoots7t
HFE 7] Al ZEY AlESE shoot= WAl rooting WAl &AFAoh FAA
3 3= PMI F3d# #elg primer PMI-1(5'-ACAGCCACTCTCCATTC
A-3")3 PMI-2(5'-GTTTGCCATCAC TTCCAG-3)E °]€3| PCR 4o
3

44T oNE HAFAL

3. PMI¢} rice ferritin A AS E33t= pNFE vector 2H4 2 A3 34
3k
FHA A ] positive selectionS g PMI 22k} ferritin®]  over
expressions 93} rice ferritin FFAAES FWHEE= binary vectorE A ZFsH7] 9
d F F dA A4S I e A H binary vectors pNFEZ ™™ 3}
At AA " vectorE ©] 83+ mannose 20g/L7F H7FE wi Aol A A5 HA
AdA 5 dasls

RS
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L

= =
3t 0.152mg/g (FFF)7hA 9] EEE HPon iéi‘ shake 0.639 mg/go =
YER T
2. 94 d3S ¢3F human ferritin 4 AE 24kl = binary vector ZHA

7}. Human H-chain ferritin 7 #}
F5F FdARE S8 pET-5b7
AAE  pILTAB 3579 Agsidey. HEHozm ol .- z45E FHVE
Agrobacterium LBA4404°] A A3 5 FAdH(AHS AX AF I@A A3k A}

&3kt

- il

$93l= FHV binary vector 2Hd
o

& 93= human H-chain ferritin -

Y. Human L-chain ferritin A& 1S} FLV binary vector 244
qF JAARS 93 pET-5b7F &4l human L-chain ferritin -
25 pCAMBIA 130201  Aristlvh. HFHoz &9 - A" FLV=
Agrobacterium LBA4404°] FAA & IRIAAS AH A5 A A

g3kt

N

t}. Rice ferritin A1 AE 4= RFV binary vector 2HA4d
pBI-101-Hm binary VeCtOI‘Oﬂ A= o] A= rice ferritin FAAE F5
st & Wy AFHOEFE Forigton 2 AHFES 93] RFVE 1B
W3lal Agrobacterium LBA44040] @A A3 & 13 S AH AF FAA
ghol] AF-&-3kSit.
3. Ferritin A #2 Ao &2 A3t
Fo ferritin FAAE EC}):]] A 7171 918t 2Hd vectors: EFEIA U=

A. tumefaciens LBA44045 A3 A Hol 587 HE3 —ﬁr 40 mg/L kanamycin
2 20 mg/L hygromycin®] *¥3! q o

A" AHAA ] AAYE B9 ZFE kanamycin &2 hygromycmoﬂ Zﬂ 314
< Zte callus®t Ax7F @A o] H7 A&tk AEstE Ax2E calluset A
HAE AAst A wjAo] AT F dAHA7IE ¥ rootingh Aol %A
b Este o] AEst MAE g5 F AATh
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#7149 AF A1%E genomic DNAE £33 2 3}

A& st 98 PCRe 33ttt PCRE g1¥ P 3 Hxﬂ% T 3HA|

A A Akt AvlE FAHA AF= Southern hybridization,

RT-PCR, western blot analysis 5= %3}9] transgene®] o] off = Holw
3

FAAS WA o 5 R

7k PCR 24l 9@k 737 =9 24l
Al FFe ferritin FHAA7F Aol®l A5 single transformants$]

genomic DNA°] Aol A=A gelstr] fa) AdujAol A e o] 224 ofA
A AEs ANAY EHOZHEEH genomic DNAE F%3te] PCR WHo=
gelstith ol¢F B &9 human H-chain¥} L-chain ferritin 322 &4 2 3k
¥ 43 double transformants®™ PCRZ A A3l RE g2lsltt. PCRYUH
S 33 243 600bpthuman H-chain ferritin), 550bp(human L-chain ferritin)
2 750bp(rice ferritin)®] PCR eSS st 8 43 double
transformants®l 1= human H-chain ferritin 3 *2] 600bpet human
L-chain ferritin A %}¢] 500bp productE 3+ 7§A ZHE sk 4+ glo] F
e FHAAE gk A EAEE S DRl v FA WIS A7)

3
e AFo A= PCR productE &d 4+ Ao

1}, Southern hybridizationell $13F &2 434 9]
Southern hybridization 412 PC
o] geld FAASA 1070 lines ZF

=
o HE
R

A 2
EcoRI enzyme A8 ¥ ferritin €2 hygromycin® Z 58 24 % probeE o] &
el FFeole 3 A 7Y size?l 550bp  (ferritin) &< 700bp
(hygromycin)9] signals <18 4= %t} Southern hybridization =42 2
#2 PCRZ l¥ lineg=29 ferritin %] E9le] Rl o] 59
copyTE 1-370Q1 Aow glE et

th. RT-PCR &4 91% 43k ] 3
FrAazte] HAARE laty] fst d A FFEHE total
RNAE #3853 % RT-PCRS AAstAth. 1 A% 7|gigld 550bp(human
H-chain ferritin), 520bp(human L-chain ferritin) ~Z2] 3l 750bp(rice ferritin
Aze] RT-PCR 4t=& 1Al A5 double transformants=4H-H %
550bpthuman H-chain ferritin)¢} 520bp(human L-chain ferritin) A& 5



r)d
Jo ot
—_>‘4-"4
Hl
4z
i)
¥
5
=,
5

%
ARE A W
A%

2}, Western blot #2ol] oJ& sk o] dud vy
d BAASANAM Y ferritn FAAE] T {FFE Fstr] H8
SDS-PAGEES 3stdtt. A3 @ A3A 6719 negative control® H| & A =
A el 43 sample 17, 18] 3 positive control® oA 23 A 7] ferritn
sample 17HE SDS-PAGE® Z4z} wlastgict, A@A3 A5 A dgA A
oF 42kDa®]x 9] signalg 3els &= AJ L, AT ferritn sampled] A= <F
21kDa?} 42kDa$1*] F 3olA ferritn signals &< & 4 Uk wkA

negative control /‘Lzsarnpleoﬂ A= signals &0 & AT

5. Aol Hate] Fof 4 &4

FAAEA 9 ZE2E homozygous NAE FRSFTA A7l o5
ATk Ty Aol Al ol fdxte] EejulE €el3 o
T7F 10071 o]l 6712 FAAZAE A2 kanamycind] AT S
= A9 28R ge TR &S FAYEAY. I A3 kanamycino] A &
S Hols A Wols 7= HoFHAt FUE s 9T F
1o kanamycin®] AZAAS Hole FAe a8A & FA v&E A
ol F AL copyFE FAT £ AUk I AF line 45 312 EEHE H
Mendel®] 3 el wet 1 copy’t AT Aoz dFHASW copyTE

5 7 /e line 28 A9 2 copy ool ERSS 5T F AR

X0 ox T

=
6. AAS FFo AS 24}
T3 AAE AXH A AME dFEe 2SS 7Y U}‘:‘r SAstd o
67 T FHF 2ALE ST 67F9 oA ot 244 AolE H]
13 ¥} nontransformed A5 ZAAWolel HITE 20 cmQ WHHOl human

H-chain ferritin 3 A& o] &3t FAHM3 JF9o xAFWol= Hir 231 cm,
human L-chain ferritin F+d A= 23.75 cm, rice ferritin A A= 24.95 cm, =L
2]31 H-chain®} L-chain ferritin fdAE sAlo A3 o] 53 A A3HA]
© 292 cmoluh. 2y 7o) FHAE o] &% FAASolA AT lines
o] Wol7} thkdte] (H-chain; 13~385 cm, L-chain: 10~38 cm, rice ferritin:



AAg A 17~42 cm) °| &
dEH o]= & lineg A

’10

12~41 cm, °]=¥
al

wo] dastr

[e)
T T4
o
=

1l

7. A A 30| Fe' o] daF zA}

PCR, Southern hybridization +4 % RT-PCR% 2% 3#<% single
transformed 45 (M &/F<] ferritin A<} double transformed “g5<] &
st2FS- inductively coupled plasma (ICP) spectrometry® =743 Z 3= Table
33 #Zrh. W Fe++ o] 3ES pontransformed 59 7% 0420 mg/gQl
HkH o] human H-chain ferritin 222 JAA3E 437} 0.834 mg/gl =
oF 2818 %= ¥4t Human L-chain ferritin % 2H0.536 mg/g), rice ferrtin
A 20553 mg/g), double transformed 30534 mg/g)5 o= FAAITHA
FE R =2 AEFgE HPoY B AolE Ro|X& &skh a1y 7t
Zre] fFHAAREZ FH A line® AFo](H-chain ferritin: 0.260~1.165 mg/g,
L-chain ferritin: 0.241~1.037 mg/g, rice ferritin: 0.260~1.165 mg/g, double
transformants: 0.249~0.837 mg/g)7} ZA UEhY 18 =HS Hol:E lined A
sto] ol 9l

o o

Al 4 B Sesquiterpene AFA #A FAAY &8 9 Agrobacterium<
o] &% AFR E¢

1. AF2ZHE 9 germacrene A synthaseE FWalE FxAe] £
H X n} AFEZHE germacrene A synthaseE I W= FAAE Egdly)
918 941 primers 248ta o] & ] &3te] RT-PCR z} Ae Ax AR @
A 83 F 5, 3-RACE WHS ol&sto], dAle] #HAE Eelstitt. &
E 1741bpY full length germacrene A A F-AxE= 3ty ZE< X7
9} 2:ul7 o] Ay = AEAS Holw )

2. Agrobacterium< ©]-83t v} /43 germacrene A synthase -7 A}<]
AR U2 %9
229 full length® germacrene A synthase A2} ¢H & 2] &g Wl g
%l pILTAB 357l 4§31 =3l = Agrobacterium% ol g A U=
ATk A3 AFE o83 AAHAI F kanamycin A uiA| o)A &A%
F718kaL, 12] 3L rootingWl Aol A 23k A& A AJ8EITE Rooting Ml A o
2 %

Al S JEASBAELS vector W kanamycin AFAE FHAAE TFE 5

ol

lf|
Sp

>

F



A+ primer?l NPTI F(5'-GAG GCT ATT CGG GCT ATG AAC TG-3) /
R(5-TAC GGT TAT CGC CGC TCC CGA-3)= T-DNAC 5 genomel
29 49e Fstg

A 5 A Agrobacterium tumefaciensE ©]| &% A F =29 terpene synthase
AR =9

1. ¥ 2438 binary vector 2+

WA pET5a vectorZHE #23% amorpha-4,11-diene synthase(terpene
cyclase gene) FHAE 3+ Vector°1 pBluescript 1I KS(+/—)““‘E194 EcoRI¥}
BamHIA 2] o] AYAIZA T 21 & pILTAB 357 vectordl 72 A7} sense W&o
2 AY9E F AEE, 2 AdHolA ulZE A B A site?] EcoRIZ Xball &
A ste] FUsHA Ael¥ pILTAB 357 vectoret AAA 7 02 A sense ko
2 FA4AA7 A4dE A EYHE binary vectorE ZAE 4= At} o] binary
vector= freeze—-thaw®W < ©]83] Agrobacterium LBA4404% =<1% 3t}
Agrobacterium2.2 9] vector E942 PCRS &3l 1.64kbe FAA7F A4 A
o stolah gl

— 1o

Ak Aol A A E3E A Z2ZHE genomic DNAS #2]3F F, A3
©lS 3keldl7] ¢l amorpha-4,11-diene synthase 3%} Wi dR=
4 9= primer(5'-AGA AGA AAA ACC TAT TCG CC-3', 5'-GTC
C CAT ACG TGT GAA GT-3)2 PCRE F3ssich. 1 Ax, 9714 <
A8 A 256 1.6kbe] bandE 8213t th

Aol FdFd S A7 st &ld 9vfAle] FHdg
= A7bFEetal & 12670 A9 ToAltiel ﬂﬁ}"% ¢l primerE ©]-&3t] PCR
o2 AT o Ay 9fAe] FAATA BFld T-DNAS Fof
AolZ Foleda 1 v&e 1:118 YeERATH

A

OIN rﬂ

3z
=

3. Ty T4 FAA A& &4

olAel BAARAZRE AFH FAE 4 wol WAo| kanamycin®)
=5 717 0, 50 283l 100 mg/Le] A o w FHdsta ¥
vl Kanamycin A&4< Uebls wolsls Fxbo] H S-S XA vl 34

off
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AE H7bshA] &8 WA= FAAEA 2H B SH el A XH T3 Ty A7}
75.0%, 77.8%2] Hol&S Yehglon ymz F i@'f‘ﬂ 2 89% °]/de] =
L ol gS YEFRAT Kanamycin® =% 50 mg/LE 243 Ad+9 H
T, TH FAAEA L 466%] WolgS HQ A= 2 ljr% A gA =
75% o]AFe] WolsS YAt Kanamycing 100 mg/Le vE=2 243 4
el oAM= BE FAASA A 57% o]/de] HolgS UrFJrLH?iD}. 53

AAgA 7L %"X} ol wjzlol H7hgk FABA e FEIF 2w EFAE &

4. FH A3 59 artemisinin 3 4]

Artemisinin® GC #2]o| A retention time®] 10% 7%=Z uYElgtomw o]
peak”’} artemisinin#] &13}7] $13te] GC/MSE =H3 2
gstA YERY artemisinin®® FRJAFHAT. A FFA|RAd e GC
chromatogramZ ©| &3] artemisining 43 A3 hx
chromatogram©l A artemisinin® retention time%! 10%
peak7} A A e 48] oW peak”t artemisinin®] F<QAA o] of Sl
i 7} peakoll Whate]l HFEHRE &1 F&EF 2 BEE £8S gy
qdu AFE GC/MSE F43¢ 243 m/z 2825 YEUH & peak7t #3551 A] eFol
INF A} 3o = artemisinin®] FFrEo] A & Aoz FAHJT. T3 P A

=
Al& 9] GC chromatogramoll 4] %= artemisinin® retention time<! 10%

O

N
o (T

=
-
&

Z Fol A oe] peakel HAA WERY ZF peakel tiste] GC/MSE =4
Ao m/z 2828 YENE peak:s BEE A ol FAMI AFon

artemisinin®] TFFH AR F& Ao w 3Hely it}

LS

EN|
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SUMMARY

Section 1. Establishment of regeneration system for Agrobacterium
-mediated transformation system of lettuce

1. Seed germination ratio test to selecti lettuce variety for this study
Seed germination ratio of Chungchima (ChoongAng Co.) was best
among three lettuce varieties: Jeokchookmyeon (DongBu Co.), Chungchima
(ChoongAng Co.) and Jeokchima(DongWon Seed Co.). Seeds of Chungchima

were used for in vitro germination to transform cotyledon of lettuce.

2. Effect of plant growth regulators on regeneration from cotyledon
explants of lettuce
For cotyledon, the best shoot induction medium contained 1.0 mg/L
NAA, 1.0 mg/L BA. And the root induction medium with 0.5 mg/L BA and
1.0 mg/L NAA was best for root induction.

3. Effect of antibiotics and herbicide on regeneration from cotyledon
explants of lettuce
To select transformed cells, effects of four antibiotics (kanamyecin,
hygromycin, carbenicillin, and cefotaxime) and herbicide (phosphinotricin) on
shoot regeneration from cotyledon explants of lettuce were examined. First
of all no shoots were induced from any explants at 30 mg/L kanamycin or
higher. Shoot induction of all explants was not affected by hygromycin at 1
or 2 mg/L, but was significantly reduced in presence of 5 mg/L and
completely inhibited by 10 mg/L or higher. Carbenicillin and cefotaxime,
which showed no toxicity to shoot regeneration, were suitable for use in
tissue culture to eliminate Agrobacterium in transformation experiments after
co—cultivation. Shoot regeneration from cotyledon was significantly reduced
in the presence of 1 mg/L phosphinotricin and completely inhibited by 2
mg/L or higher. As a result, PPT at 2 mg/L may also be used to select

transformed cells.
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Section 2. Establishment of Agrobacterium-mediated transformation
system of lettuce using phosphomannose-isomerase
(PMI) gene

1. Determination of best concentration to select transformed cell
The effect of mannose on regeneration from cotyledon explant of
lettuce was identified. As the results, shoot induction medium supplemented
with 20 mg/L sucrose, 15 mg/L mannose showed 267 regenerants form
cotyledon tissue. But shoot induction medium supplemented with 20 mg/L

sucrose, 20 mg/L mannose did not show any shoot.

2. Lettuce transformation using pNOV2819 vector with PMI gene

Transformation of lettuce with PMI gene was conducted using MS
medium with NAA 1.0mg/L, BA 1.0 mg/L, sucrose 20 g/ and mannose
20g/L. Cotyledon explants were infected by immersing them in the A.
tumefaciens LBA4404 inoculum containing pNOV2819 vector with PMI gene.
After six weeks shoots were induced and regenerated shoots were
transferred to rooting medium. To confirm the transfer of PMI gene to the
genome of lettuce plants, PCR was conducted using specific primers;
PMI-1(5"-ACAGCCACTCTCCATTCA-3") and PMI-2(5'-GTTTGCCATCAC
TTCCAG-3’). PCR analysis revealed the presence of PMI gene in the

transgenic lettuce plants.

3. Construction of pNEF vector with PMI and rice ferritin gene and
transformation of lettuce
For positive selection of transgenic lettuce plants and overexpression of
ferritin gene, new binary vector containing PMI and rice ferritin gene was
constructed by two steps and designated to pNFE. transgenic lettuce plants
were selected onto selection medium with 20g/L mannose using constructed
pPNFE vector.
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Section 3. Development of functional lettuce using ferritin genes

1. Iron concentration analysis to select lettuce variety for this study
Iron concentration in the 12 lettuce varieties was ranged from
maximum 1.244mg/g (Sinkichu) to minimum 0.152mg/g (Yagsanchu) and

average concentration was 0.639 mg/g.

2. Construction of binary vector with ferritin gene for transformation

1) Construction of FHV binary vector with human H-chain ferritin
For lettuce transformation human H-chain ferritin gene in pET-5b was
cut and inserted into the pILTAB 357. After confirmation of constructed
FHV and transformation of Agrobacterium 1LBA4404, this binary vector was

used to lettuce transformation.

2) Construction of FLV binary vector with human L-chain ferritin
For lettuce transformation human L-chain ferritin gene in pET-5b was
cut and inserted into the pCAMBIA 1302. After confirmation of constructed
FLV and transformation of Agrobacterium 1.BA4404, this binary vector was

used to lettuce transformation.

3) Construction of RFV binary vector with rice ferritin
pBI-101-Hm binary vector with rice ferritin gene was distributed by
Dr. Yong-Goo, Cho, ChoonBuk University. This vector was designated to
RFV and transformed to Agrobacterium 1.BA4404. After confirmation by
PCR and restriction enzyme mapping of transformed Agrobacterium
LBA4404. RFV was used to lettuce transformation.

3. Transformation of lettuce with ferritin gene
To transform lettuce with ferritin gene, cotyledon explants were
infected by immersing them in the A. tumefaciens 1LBA4404 inoculum
containing expression vector for 5 min. After infection, they were embedded
in cocultivation medium with MS salts, 1.0 mg/L BA, 1.0 mg/L NAA, 3%
sucrose and 0.8% agar at pH 5.7. After 3 days co-cultivation in the dark,

the inoculated cotyledon explants were transferred to selective regeneration
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medium, containing MS salts, 200 mg/L cefotaxim, and 30 mg/L kanamycin
or 10 mg/L hygromycin. After cultivation for 15 days, kanamycin or
hygromycin resistant callus and shoots were induced. The regenerated
shoots were transferred to rooting medium, and rooted shoots were

transplanted to soil after roots were appeared.

4. Confirmation of gene transfer to transgenic plants
Genomic DNA was isolated from each tissues of transformants selected
onto selection medium and PCR was conducted to revealed the presence of
ferritin gene. Transgenic lettuce plants confirmed by PCR were acclimated
and grown in the green house. Transgenic lettuce plants grown in the green
house were analyzed by Southern hybridization, RT-PCR, and western blot

analysis to confirm transfer and expression of T-DNA.

1) Confirmation of gene transfer by PCR analysis

To confirm the transfer of three types of ferritin genes to the genome
of single transgenic lettuce plants, PCR was conducted using specific
primers designed from the three type of ferritin genes. Genomic DNA was
isolated from each tissues of three types of single transformants and PCR
analysis revealed the presence of three types of ferritin genes. Double
trnasformed lettuce plants with human H-chain ferritin and human L-chain
ferritin were also analyzed by PCR. PCR analysis revealed the presence of
the expected 600bp, 530bp and 750bp products for human H-type ferrtin,
human L-type ferritin and rice ferrtin genes, respectively, but not from non
trnasformed plant. In double transgenic lettuce plants, PCR products with
600bp and 500bp were observed in the same plants. This is meant that two

types of ferritin genes were present in the same plant.

2) Analysis of transgenic plants by Southern hybridization
Southern hybridization analysis was performed on the total genomic
DNA of the ten transformants confirmed by PCR analysis. When the
genomic DNA was digested with Xhol and hybridized ferritin or hygromycin
probe, a band of the expected 550b and 700b length was observed from the
transgenic plants for human H-chain ferritin and hygromycin resistance

genes, respectively, whereas no hybridization signals were detected in the
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DNA of non-transformed plants. As the results, Southern hybridization
revealed that ferritin gene was integrated to transgenic lettuce plants and

the copy number of integrated genes varied from one to three.

3) Analysis of transgene expression by RT-PCR

Total RNA obtained from transgenic lettuce was analyzed by RT-PCR
for expression of three types of ferritin genes. RT-PCR product was
obtained from each transgenic plants, which is the predicted size but not
from non transformed plant. RT-PCR analysis revealed the presence of the
expected 550bp, 520bp and 750bp products for human H-type ferrtin, human
L-type ferritin and rice ferrtin genes, respectively. These results showed
that ferritin gene isolated from human could be expressed in plants. In
double transgenic lettuce plants, PCR products with 600bp and 500bp were
observed in the same plants. This is meant that two types of ferritin genes

could be expressed in the same plant.

4) Analysis of protein expression by western blot analysis
SDS-PAGE was carried to identified protein expression in transgenic
lettuce plants. Six transgenic lettuce plants, one nontransformed lettuce
plant as negative control, and positive control ferritin expressed from E. coli
were compared using western blot analysis. As a result, 42kDa signal from
transgenic lettuce plants and two (21kDa and 42kDa) ferritin signals from E.

coli were detected. But there was no signal from negative control lettuce.

5. Inheritance analysis of transgene in T progenies

To obtain homozygous T progeny, transformants with normal growth
were selfed by self-pollination. In order to examine the segregation ratio of
transgene in T generation, siX transgenic plants with more than 100 seeds
were tested for the kanamycin resistance. T; seeds from selfed
transformants were germinated on MS medium containing 100 mg/L
kanamycin. And the number of seedling that were resistant and susceptible
to kanamycin were counted. From this data we confirmed that transgene
was Inherited to the next generation and estimated the copy number of
transgene. As the results, line 4 showed a progeny segregation ratio of 3:1

for resistance, which 1is the expected Mendelian inheritance of one
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independent locus. Rest lines except line 2, were expected to the transgenic

plants with multiple copies.

6. Analysis of plant growth of transgenic lettuce plants

In the Ty generation of transgenic lettuce plants, plant heights were
measured every 1 week and finally measured 6 weeks after acclimation.
Differences of plant height of transgenic lettuce plants were compared to
those of nontransformed plants. As the results double transformants with
human H- and L-chain ferritin genes showed most increased plant height.
However, plant heights of each lines transformed with different types of
ferritin genes were dramatically varied: H-chain, 13~38.5 cm; L-chain, 10~

38 cm; rice ferritin, 12~41 cm, double transformants, 17~42 cm.

7. Analysis of iron concentration in transgenic lettuce plants

To identify the difference of iron concentration between nontransformed
plant and transgenic plants, the leaves from transgenic lettuce plants were
analyzed by inductively coupled plasma (ICP) spectrometry.

Average Fe++ concentration of transgenic lettuce plants with human
H-chain ferritin gene contained 0.834 mg/g showing two times higher than
0420 mg/g of nontransformed lettuce. Average Fe'' concentration of
transgenic lettuce plants with human L-chain ferritin gene, rice ferrtin gene
and double transformed were 0536 mg/g, 0553 mg/g, and 0534 mg/g,
respectively. However, iron concentration of lines transformed with different
types of ferritin genes were dramatically varied: H-chain ferritin: 0.260~
1.165 mg/g, L-chain ferritin: 0.241~1.037 mg/g, rice ferritin: 0.260~1.165
mg/g, double transformants: 0.249~0.837 mg/g. Valuable lines with high iron

concentration were selected and grown for next generation.

Section 4. Isolation of gene related to sesquiterpene synthase and
Agrobacterium tumefaciens—-mediated transformation of
lettuce

1. Isolation of full length of germacrene A synthase gene from lettuce

First of all, to isolate full length of germacrene A synthase gene from



Chungchima lettuce, degenerate primers were designed based on consensus
sequence by BLAST homology search using reported nucleotide sequences of
same genes isolated already from other plants. As a result, full length (1741
bp) of germacrene A synthase gene of lettuce was isolated by RT-PCR
using designed primers, and 5'-and 3'-RACE methods. Alignment of the
nucleotide sequence (1741bp) of the germacrene A synthase gene with the
known gene showed relatively high homologies with those of Cichorium

intybus and Ixeris dentatal.

2. Transformation of Chungchima lettuce with Agrobacterium tumefaciens
containing germacrene A synthase gene
Isolated full length of germacrene A synthase gene was inserted into
plant expression binary vector, pILTAB 357. Transformed shoots were
obtained by incubating cotyledon explants of Chungchima lettuce with A.
tumefaciens containing pILTAB 357 binary vector with full length of
germacrene A synthase gene. Selected shoots from kanamycin medium were
transferred to rooting medium. After then, PCR analysis of genomic DNA
from rooted shoots was performed to confirm that transgenic plants
contained the expected T-DNA fragments. PCR analysis using NPTII
primers (F:5'-GAG GCT ATT CGG GCT ATG AAC TG-3', R:B5'-TAC
GGT TAT CGC CGC TCC CGA-3’') revealed the presence of the expected
700bp products of nptll gene.

Section 5. Agrobacterium tumefaciens-mediated transformation of
lettuce with terpene synthase gene

1. Construction of binary vector for plant transformation

To introduce amorpha-4,11-diene synthase (terpene synthase gene) to
plant, binary vector pILTAB 357 was used. First of all, amorpha-4,11-diene
synthase (terpene synthase gene) gene isolated from pETbHa vector was
inserted to EcoRI and BamHI site of intermediate vector, pBluescript II
KS(+/-). After then, pILTAB 357 binary vector in a sense orientation was
constructed by ligation of insert cleaved by EcoR and Xbal from pBluescript
II KS(+/-) to Ascl and Swal sites in pILTAB 357 binary vector. Constructed
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binary vector was introduced into A. tumefaciens strain EHA105 by

freeze-thaw method and confirmed 1.64kb product by PCR analysis.

2. Confirmation of transgenic lettuce plants

PCR of genomic DNA was performed to confirm expected T-DNA
fragments in the trnasgenic lettuce plants. Genomic DNA was isolated from
regenerated shoots from selection medium and PCR was performed using
primers designed from internal sequence of amorpha-4,11-diene synthase
gene. PCR revealed the presence of the expected 1.6kb product from the
nine regenerants. In order to examine the inheritance pattern in T
transformants, total 126 T; progenies from nine selfed transformants were
analyzed by PCR using above primers. As a result, transgene inheritance
was identified from all nine selfed transformant and the segregation ratio

was 1:1.

3. Antibiotic resistance test of T; seeds

T seeds from nine selfed transformants were germinated on MS seed
germination medium containing three levels (0, 50 and 100 mg/L) of
kanamycin and investigated germination ratio. As the results, on the medium
without kanamycin, germination ratio of T; seed from transgenic lines 2 and
5 were shown 75.0% and 77.8%, respectively. Rest of transgenic lines were
shown higher germination ratio with over 89%. At the 50 mg/L kanamycin,
all transgenic lines, except transgenic line 7 with 46.6%, had over 75% of
germination ratio. All transgenic lines were shown 57% of germination ratio
or higher at the 100 mg/L kanamycin. Especially, transgenic line 7 had 67%
of germination ratio, even though germination medium contained 2 times

more kanamycin concentration than 50 mg/L kanamycin.

4. Analysis of artemisinin concentration in transgenic lettuce plants
Artemisinin in lettuce was identified by GC and GC/MS analysis.
Standard artemisinin was found at 10 min. 7sec. (retention time) by GC
analysis and confirmed m/z 282 by GC/MS. There were several peak points
at retention time, however, both of nontransformed and transformed lettuce
plants did not show peak point with m/z 282 in GC/MS analysis. This is

meant that those lettuce plants do not have artemisinin.
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ferritin(21kDa)®} light-chain ferritin(19kDa)2. 2 A= o] Aty HZ o]yt
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ol tigk fFA I SAE A a = Aotk
EY fEvets BASSEoRIA AANEE B #8&3 FAA7E v
Ao Ao FE&FAAN g AH2Fd BIhAo] Ay Aol
WTOe Wi &2 7l=o A7t de4oln AALfd oS A4shsto]
AE7E 2 s 23 dark dn. Ao o] o Zoke] AFgEol
Bol FFHJvtar= st obAE I VlegFEe] oo FAE e oA
wEom s Adet=dzbA AAA AL HF A

welA  ferritin® terpene synthase FAAE =¢ste] HE I} arteminisin®]
o
=

=
depo] e A5 AR EFES S4dE A%

s .
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A2dAdTFAE HE R HH

BASF7]E5S o] &ty o0l ARSTHS BEHor Algdo g e
st AAG G ferritin F-A 2k} el o] 5492 artemisinin $4d oll

g ]

o]&}= terpene synthase FHAE FEA QN FAFA AFo =JAF o2 A
% =

=

2o Mo

T AAYE AIAA w7 25T 7ldzA} sh=d
Ferritin-f- A 2F&} 7]%Z:0l A E2]3}F terpene synthase FFAAS A5 &

A olE WEAZ F AT RRAAAE B A REE

FAEAE HAA % FE8 LBFoEN NEE FT5 NSt 7EA 9
AAAR AFE Sote] EAHFY] AL&3tE 7E 5 AT

weba] 2 A F 13 o] dxd Fo AT e 2 WHeE dAst
Tt 7] gEE AlFoRRY fElE ferritinfrAdxbet ANESAA EElgh
terpene synthase +AAE QAFA FFol =tz st 4

=

o] kanamycin, hygromycin % selection markerE &3] 3s}= thksh 2
vectors AZslal HA o] AAFANAE FHI F olE FHAE
SFETh ok FAA ALY FHA Bp obA S marker FAAE AFES positive

3}9]  phosphomannose-isomerase(PMI) genes ©]-83}¢]

A HAASA S Adtsts Aol PMI system@ Ao A8 7M5AS 8913
Attt AT = 7o FHAE 2 A5 FRASA WA A FHA
W AS BAE +4s Sy Tt

To A ST FA
H-chain®} L-chain 7 &/F9 ferritin F3AAE ols FAHAIS F3lo g /1A

T ofAAe] wde] @ A Weld MO HEtE HAjse]
- ‘
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£ 1 428 47702 W& 2 H9

7 & AF N E R AT U8 2 H9
- A& ferritin® A 2} 2} terpene synthase
A <] cloning
AV ferritin F- A AL} |- AFE ferritindr A A} 2} terpene synthase
3 us terpene synthase FAAE FHeteE oYge A& dE g

(2001 ~2002) il Aeuad

vector 7|k

SRR

Aol YAAR a8y

FAAE - Abgk ferritin+ X #k9} terpene synthase
FHARR S JAAe D FAdF
Al gl
- FAHE AF A gY 9S4
A ferritin ARk - FAAE FFo] AT 4
22 A% |terpene synthase - fEE7 B4
(2002~2003) |-+ A2Fe] AUl A |- A ferritin+ A A9} terpene synthase
o] B 1 FHAAE o] &3k 452 double
transformation
— ol & A % ﬁ].la A=) m—;ﬁ_o]:)\]- E}H
37'<]' ‘:ﬂE _1—_7_7]%/‘5] }5]'—7_,:94 ‘Q’FAC‘)] ]3‘ OEL.\___ 0‘1*4 = o0 LT
_ - A7) AFe A H A
(2003~2004) [/ %89 2 W T
- %éﬁ% /Ko“[“v/] TEH 71:rzo
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M2 U 7y g

4o Age TFY RE AEAC gelie od wALR 53 5
AEANANA 5F, BT, 2204, AL 5 o2 YelBgel I

o:l
A olelgk Hef tatRAd ol &4, 9 dE Ay Fo] AFHa 9l
AL 70% A%7} hemoglobin ¥ myoglobin 52 heme TAE & AU
Xala dom oF 30% HAE7F A, 7F ¥, F4 SOl ferriting FEHE B
Ao FrARAl G o]l AR Bl g &4 o] gHrt ol#d HE o] &
71 918 Aol He AHA heme HE HlE AFOR FFEE
nonheme A2 4% o8 433 Y IHE AAH apoferritin ZA3Fste] A =
gl ferritin®] FEl 2 &84 . Ferritine &, & g3 H
ols A BE AEdd WA EAgt) Ferritin® °F 450KDa®] Ad] w9
W stupe] BAY H 1 4500719 Fe atomsE A 4~ vt Ferritine 432
symmetry, 24 subunits® TA %o o™ ¢k 4500 Fe atomS A= T3
o] AARYGSZ subunits’t EHMS 3 8719 hydrophilic channel®} 671 2]
hydrophobic channel& 7}A 12 JTtHKim et al.,, 1998).

Ferritin 3 =be] &gk A= o, Fse thgst MEola Az o
(Theil, 1987) =2 FEA e Zde] AFTHIJL HEollAe AFE= ofF
Lo A of o] Fol ATt FollA el ferritin FHAE Lol EYtI o
e LHER ¢l vegetative Al FEolAT Wy o] He TR
(Drakakaki, 2000). =3 @2dg 8o A5 FA5o] ZRE o3 I
ferritin fFAA7F 2o Hla] v A HL Fwx HS F4s= &
Btk (Goto et al, 1999). R4 2&EQ wHuje HE Foziy g
ferritin frAAHE CaMV35S Z R REo] A sto] FAxger AEA A o
TEY g Fe Hol FAHE Zom

Wuytswinkel et al., 1999).

Human ferritin® Heavy(H-)-chain ferritin(21kDa)¥} Light(L-)-chain ferritin
(19kDa)2] 270e] 82 subunit®® u vt} H-chain ferritin® L-chain ferritin
& 747 A A", 33 v wWol REEo e FoE dEA drh
T subunit?toll+= 55%9] amino acid sequence® ¥UXE Ho|i 7]|FAHORLE
2}o]E Ho]l=d H-chain ferritin< %2 isoelectric points(pl)¢} iron contentE
B o]l L-chain ferritin® ¥ pl¢} iron content® X ]2 & H-chain ferritin
o] L-chain ferritin Xt} © w27 H& JFostan FEdvha g4 vt

(Ryu, 1999). Ferritin®] 7]52 oA T xo] A HA7]Fo] A 2314 ~

o = %0 fllo o
)
== T A S =

=
ol

Y, L
o

(¢
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Ef s AESHH HAETH ~EHro W 7|E, FE5E T3 A
7= 71%0°] 9t (Briat, 1996; Goto et al. 1998, 2000). L&t} Al&eolA =

A A dWA ferritin FAAZE U A dEE v oy (Lee et al,
1998) Al&Eel A&® dAg= Il - el ofF glow AEoA g
ferritin °7‘4X}C AFAES Ao RE Jd& B JAFE SR 3 AFe
ghkatg] of Ei}% 7FA1 3L 91+ artemisinine 7| & % (Artemisia annua 1.)°]
= T3t AEddA FE OALAHAIR T 2 =Tl diE) 0.01%° A4
0.5%4Toll == ‘E%‘—C‘E}(Wallaart et al. 2000). webA, o}F2] artemisinin®] B
o kol el A ovgg— = Plasmodium falciparum A& E7]o| 53] &3}

¢

7} = Ayl A2} = (Steven et al. 2002) FE AALE = ofAl A E<]
ME2(Artemisia annua L)W A= FE7149 5, MEEe dFo
Z 7hA] ol &d 4 9 MEZo 2 HE Be %9 artemisining d7] 3 =

o2 o] WA 9 ‘ﬂ:rLOﬂ olg] AZ=FHAHTH dE £, 7]F] w2 NEF
2= 9] artemisinin@ &S 4] gtk A L (Wallaart et al. 2000), ASoAE= A
dAF BN (Laughhn 1994)& &3 wol Ailst= JHAE Addbsto] & EA
AF o] gol g&FdAY 52 9 A4S F3 artemisinine] Wol A4
He F9 EP—FJEE*—% ol 1= ute| 2] (A, rhizogenes)s °©1&, ¥ FEAA
I AES U 535114 9t (Cai et. al, 1995, Liu et. al, 1998). &4}
ol g ANEES Ax AR oojxtt 1 A¥ HZdd FHATA g
2% AN =7} el Ed, 22 WHS artemisinin®] 2 E A U]
Y= 22FAL ARl gk datel o Aol AA A A #
= 3 AFAHES £-staA = Aotk ArtemisininA §/3 ol
o2 #osts FAdAE olv] 2000 ZH-E U] AFEC o)

O ANAGH 2 FAA ] 98 codondltE A9 BAE o] Foz

o 9tH(Chang et. al., 2000, Mercke et. al., 2000, Wallaart et. al., 2001).
, o] A7} AAHo 7 AEJ ZLE N artemisinin W Ao o] &=
thar & 4 Qo @A), yd A =9 Wallaart AA7+g el 93 a4
Hjo =xo] FAAZREA & MAlAE A A& F AU
a9g 02004 07vdx=adE Afve Havh Ao

o}: [‘-111

P,L‘

r\-ﬂ

et

artemisinin®] A} A &
(2001).

Artemisinin< sesquiterpene?] dYFEo 2 dWtHo=m I A AE dwt
sesquiterpene®}  "Z7FA] 2 farnesyl  diphosphate(FDP)Z Y-8 $HAl 511
amorpha—4,11-diene synthase°] 2]3] <@ ZAHo] amorpha—4,11-diene3 B &
ust 5l 2§ ke 5 e §47F §lo] artemisinine A Hrha
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otz QtH(Wallaart et al. 2001). ¥ 12 artemisinin A A A A S e
Zolw A= amorpha—4,11-diene synthase -f&Afol] o3 w3t WA=
artemisinin /3ol ol AZA Q1 A & + dom o] HAHol| terpene
cyclase’7} #Hojstx Qt}l. Atremisinin®] FAdol # o= terpene synthase
FAAE MNES(Artemisia annua)ol| Al skl diddedA TdS FEg
Bu7F Qe (Chang et al, 2000) ©8] (Facchini and Chappell, 1992)<}
A2 (Yoshioka, et al, 1999)%5 A terpene cyclase Fx=Fe] #E&E
Hustg oy AarsERe] AEy wdde A A= FAHA ATt

T.E. Wallaari of al - Amarpha-4, | l-diene synthase

H
o b= | | ey . 1
. r - b Lt - o .
I g - | - | -
—F Sy

Tawingl dopharicha i |7TF J.mTI|J.|I.\j|-I|- o
i H u
T In P 1] '.|.| R 8|
— | | —+ -+ = |
1 L imErvan ot b =il = J
T | o k W 1.“
H. ., Mo,
oy o o
, 1
1 [a} |1}
[Hiplreancrmisnr sesd  Dnbesdoamomain; s fpedrapaoide SR N ]

Fig. 1. Biosynthetic pathway of artemisinin

sele] fAAE e AX HIAAA oFo] 1 FelM BPHEF f=
S AARBL fATE, AW, Y, B 5 84 ssedsd dan AT
of i, Wik JYI we 4BE FHFoRA FABAN 2 ASHL 7
A A FAABL Be DANEZRE WA o] It ABAS} B
S oolow AzAEe mglE fAAE, ATAoR FAE Fd 2 Ade] 2

AA FEel A A e
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A. tumefacienst EY¥ Tol Ay AP Eo| U U EY AAHE F
sto] 5 AEAY B F7]d #Ho] =W 799 Agrobacterium= Al
Azt gitstd ME7F AlE Zdste] o] 8= 25 SFHE (crown
gall disease)o] ¥ 1jr(ZarnbryS}ﬂ et al., 1989). ©o]&= A&7} bacteria?t2] ©]
ek =g Moz FAHko] dolwsS sl olHg dAtS o] &3t
o] Agrobacteriums &3AH o7 o] gdte] AEA U g FHAZS HoldE=
Wle]  #e AFEe] HdEo  FHrh(van Kavaveke et al, 1974).
Agrobacterium® Ti-plasmid(tumor-inducing plasmid)7} A Ao A 2] & A o
ZH41e] DNA Oa]l"f*i dojrl 7= #AA el ¥ ¥ il Ti-plasmid®] 7Hee] o] Fof
A Y3t 9o FHAAE o] Ti-plasmid Well A st o8 7ls3sHA =
ot 22y Ti-plasmid AAE Gx2AS FET By ofygt 1 AV|7F Y-
AX HE=dAAE vecter® AF o83t Zlo] wrbsaith wEkA = et
312 st FHAE Escherichia coli®l A 7153k plasmidol 4435t o] A
%3 plasmidE Agrobacteriuml.E 271 Agrobacterium® vir A Aol
58S olgsle] AEARE 4YAIZIE binary vector systemeo] ZjEE AT
(Bevan, 1984; Hoekema and Schilperot, 1983; Hoekema et al., 1984). Binary
vector system= &|F 427 AdE T-DNA 9= Ad plasmid® vir 7]
55 Ho3t= disarmed Ti-plasmid F 7FA plasmid’} &A1l = T-DNA
97 AEARE =YdEE A3E Bo bgdd A AEAY 5] Ths
shA E Atk ol gt vectore] MMEE FHAI ATV AstEALH o]F o]
&3 vtolej s AEA AE9 g5 T ude A AEAY] 50| Tbs
A H A tH(Abel et al, 1986; Chia et al., 1992; Cuozzo et al., 1988; Harrison
et al., 1987, Tumer et al., 1987).

A AEAE A QoA MAEatr] A dE] AR EHE selection
markerZ+ kanamycin A &4 S %'+ neomycin phosphotransferase, typell
(NPTI) #29 hygromycin Ad4S 2= fF327F dvk. NPT gene
A& transcriptional promoters(NOS or CaMV 359)¢ Z3txo] 7o A2
oA HAAZ| FFHoR o] &FHAH(Beck et al., 1982). &= t}E selectable
marker?] hygromycin B A XS} Ha A EQke] whlza AS A=
aminocyclitol antibiotic® 2 (Kaster et al., 1983) hygromycin phosphotransfera-
se®] &4 (aph IV)oll tal] A= S 2= o8 E coil®] Txo0A A5 42
= (Rao et al, 1983). Reporter FHAAEE  chloramphenical acetyl
transferase(CAT) gene (Ward et al., 1988)¥} [-glucuronidase(GUS) gene %5
o] & ol& Rl thge EAWHEC] Hi(Jefferson et al, 1987)
Atk
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Hd= AlzxA A FHAR] bargenes o] &3 AR T]EY
selectable markerel] W& 1 AWz FFAo] A =ria HuFTH
AzA A F4AQ bar  genes o] &3] AxA FAAEQ
phophinothricin(PPT)& 23 #jx]e] H7tste] ®r}p gadgh s staxl 313

=dl(de Block et al, 1995), bar gene< phosphinothricin acethytransferase&
S = FAAZA PPTY free NHy groups acethylationdle] autotoxity =
ulol &0 & A (Pigeaire et al., 1997) 7]£9] selectable markerel] W3} = A
Wil Aggdo] Ads E=var HuEAa o yvolrt AlxA AR FHAE
&3k 3 A EA S Fo]Z(Hoshino et al, 1998)9} 3= (Park, 1999) 5o
245E g5sieit
gy HE GM AEo] diEe R AstEwA A A xdtel AREshE
selection markerg°] th& AEoly HAPER HoldA= RETE -7t AV
= 7] Al #skdthKuvshinov et al,, 2001; Ritala et al., 2002). 7FsAdo] vl )4t
A WE A A AEAAS FE= selection marker A= Aol EEo] A3
= A5l Al mAER dojd Xk A ¥e7t sk o FAlol AW TH(Nap
et al, 1992). ol&g|gr ¢HEL AAZ A F9 F7hsdA= GMAHE e &
E AT AN 7] Wol SoE = T A FHEAIES GMO vkl o] -7t
L Stk

webA marker-free & & H3 7)ol 2757 A AT AA7HA markergs 2~
A e W, viAE 2detE 35 FAHSA AN AAsHE B, kg
marker& AH&3bE W SOl AL
st MBS SAFdx WE e}
arfel el AAA 7= M =
ojof st wwjE Eg Aol wg W WhEAOo® X|FsHA g Eojof dh=
GHHo] 9o Fgo] Yrl(Hansen et al, 1997; Yoder and Goldsbrough, 1994).
Htolli= Creoll 93 Az ANE2 QA HE= loxP HFdA AxTS o)
Al st 2 Apelo] dd A AR AEFHAE AASkE WY Tol whjet

arabidopsis & E& A& A Al ZH AT

[o

o

—

L

B A
Ol

:
19
z

L

o

>

selection®] Al Ex¥ i1 T},
genes ©] 83 2]E A HI WH(Positech)?] Sygentaol 23] A&3} i
Atk RE AEAFEE HiA o] mannoseS F7FPS 49 glucokinase 5Ol
9]3] mannose 6-phosphate (M6P)E A4tetAl = &=d 2= o5& diAtg 4 ¢l
7] Wil o oA} ®3}&A] ¥3til carbon ¥FOo® uAEHA @k FA T

PMI genes selection marker® o]g&3a] d&AAd3 A PMI &4

A<l o 24 phosphomannose-isomerase(PMI)
3}

Ll
o
>
=
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=

o weha ol

=
e

SR ol

L
L

0]
AR

=
T

stol Al

F6PZ A3k

M6P=

B

(Chung et al., 1998a,b; Jeong et al., 2000)
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H 3 drgsd e & 22t

A 1 A Agrobacteriums o] &3 AF FAASS

A ALsAA -
18 A&

Agrobacterium®] Ti-plasmid(tumor-inducing plasmid)”7} AFA A A 2] & A
of Zt41e] DNA 45 HdolAl7]l= Aol FEHaL o] & ol &) 3 AE= A
28 2SS FH =dstaa e A =7 o]lFoA skt Agrobacterium
tumefaciens= EFFol At AAFAFolY UAA B AAHE T35
&3 2 E5Ae ¥y Z7]d Zde] HW 7l Agrobacterium= A 735}
oAk GiEste A27E AL Edste] AEE 78" Tl 4HE SFYF
H(crown gall disease)o] ¥ THZambryski et al., 1989). ol A&z
bacteriazte] ol st FHAEZAol Holz FA Mol UojykSS W o]k
A} o] §3to] Agrobacteriume EIA O 72 o] &3to] A E A el o #A
A5 Aol Wel #3 AFEo] HaHo Huth(van Kavaveke et al,
1974).

FAAZTRE AEAE WA oA Adstr] fsiA el AFE-E = selectable
marker2+ dold callustt shoot?] 4uko] 7]-—55} kanamycin A &4 & zZt=
neomycin phosphotransferase, typeH(NPTH) F A 22t hygromycin #4343 &
Zt= F-AA7E Ao NPTIH F3dA= A& transcrlptlonal promoters(NOS or
CaMV 355)¢} Ag= o] Fue AEFoA FAAg] agdoz o] &= AUt}
(Beck et al., 1982). &= th& selectable marker$! hygromycin B A X9}
A A Eeke] vz A4S A5t aminocyclitol antibiotic & % (Kaster et
al., 1983) hygromycin phosphotransferase®] &4 (aph IV)e] tha) # =S zt
= ALR E coil® FZAA AHS HAFH A Rao et al., 1983). Reporter H3
A} 2 = chloramphenical acetyl transferase(CAT) gene(Ward et al., 1988)3} [
-glucuronidase(GUS) gene S°] A+=d o= &Felsdls thoksl EAuyEo]
H 31 (Jefferson et al., 1987) % At}

H AzxA AFAY FHAAQ] bar genes o] &3ste] Al
phophinothricin(PPT)& 24 #jA]el]l 7tste] Wy g3k Awkg szt
=4dl(de Block et al, 1995), bar gene< phosphinothricin acethytransferase=
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ar Rl

gto}l =0 2 A (Pigeaire et al., 1997) 7]1¥2] selectable markere] ®]3a] = A+
Wyl Aol Ade] E=rty BRuEgdy o dolrh AzA A FAAES
o] &3 FAHNIAAEAE Fo]Z(Hoshino et al., 1998)¢} 1L3(Park, 1999) 5o
25Y g5t

2 AT A tumefaciensE ol &3¢ A5 FHAAA 55 HEF HAHS
2 3o AYES ol &3 ALst AALL FAA eSS FAS LA T
At
28 Axs E w9y

7b #EAEEs 9 SAdels AA

AFETAE AlTdA FYe 54451 [FsTE ()] A0 (&

GFTH F43AH) 2 AAv [FLFEATEE)] FAE MS (Murashige &

2]
Eafx] (2.2g/L MS medium, 15g/L sucrose, 8g/L agar)ol X]733}¢]
b F 23, 8A hxrew A, 443t “LOV‘V# dlol&& FAFS}
S 70% ol ¥l 10-20% A= A A3 & 25% cloroxel 15
TR 3-43] AlH kit

SAANRES AAEF(FSTH)E ol&stdon, Adxd=dE= BA
9} NAAEZ o] &3y, Fx1o] Tol= MS(Murashige & Skoog) ®#]o] 30
g/Le sucrose®} 8 g/Le| agar’} F7Fg wolufx|o A HAAjste}. 1-2F% @
old A4S 30 g/L sucrose?} 8 g/l agar’} A7 MSHiA o] 5+%¢ BA (0
mg/L, 0.1 mg/L, 05 mg/L, 1.0 mg/L, 1.5 mg/L, 2.0 mg/L)¢ 55529 NAA
(0 mg/L, 0.1 mg/L, 0.5 mg/L, 1.0 mg/L, 1.5 mg/L, 2.0 mg/L)Z ©]&3% 25 %
4= 27 Ak AEspeiAlel plated 7-8/0H A detar Zb A" 3wkE&
2 A1kt ZARS 1] 157 callus, shoots, rootse] SAFE 7|58 HF
A= A 67F AAEF o™ AFEsE shoot= Zol7F 5 mm ©]/de] A
< XA

¥
5

o A 2 A=A shoot GOl A= FF
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B oAge A%e] ARzl Hawe 9 T FAABAT A0T 5
Qi Aol FYAS} AxA FEES FRAY] Askel ANt FAA 2
AzA weA AlAE 7 HAE HHe YPEATA £F, NAA L0

mg/L + BA 1.0 mg/LE MS 7] Zu]*x]o] H7}3F shoot F7] ®iA]el kanamycin
< 0, 5, 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, ¥ 200 mg/LE, hygromycin<
0, 5, 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, ¥ 200 mg/LE, carbenicillin 0,
500, 2 1000mg/LE, cefatoximes 0, 200 ¥ 400 mg/LE, L8] 3 phosphino—
thricin 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 20, 30, 40, 50 % 100 mg/LE ZZ 0.45
m filter2 4A=3F 3 autoclave® ®iA|] H7lsle] ARSI TE AYEYS petri
dishd 57& 3WtEo = A7|7F th 27 3315 HAled e X4 65F F shoot
o] Zo]7} 5 mm o] A& FASHTH

SAAEY [sFdsTE (PR AR (TR FA3IAH) 2 AAA
[sd&STHEF)] FAE MS 71&HA (22 g/L MS medium, 15 g/L
sucrose, 8 g/L. agar)ol X|’33te] zZhzbo| w)dt wWol&S ZAE A HAnp=
E4 wol W Ao BE gastgon HUAFUA 4Avkel A3E S
ob&2 Fsett Aol AAwmtel wls| Az A3E Ho] FAwt FFol F
& PR B o] 43+

u Az dEdol F A ALsel vA= dF

B AHS BASH NAAS] o8] 7hA] w=d x9o] H7EE MSHlA o] A
23t 645 5FH BAS NAAAE T A= callus®t roots7h A EH A T4 2
1+ roots®t callus FA o] #FH A skt BA FA 24 NAAA g+ v
H a7l shAIRE callus Bl GFS mHT W E NAAS 73 2]A] BAA g
Foll wle} callus A= S7FE 9] callus A= BAY o] ¢
2 wolth o] BAY %7 20 mg/L € w A Fo® =& callus
e Hols Fogx: & 4 9ut. 28y BA 1.5 mg/Le NAA 2.0 mg/L
N 23|18 callus Aol AaFAHE YEllE Aoz Hol 1FEe
J 1)

220 T8 Y= callus Aol o] E&o] Wolds & Ul b

o
olN
N

A RS A (R s
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Fig. 1. Germination ratio of lettuce seeds
« ol AA wolg: wele]l Zolryt Agrobacterium= infection A|7]7]l
A £79 Aoz B AFANE °F 05 ~ 07 cm Bol9 HAL AHE3HA
o A FTA WolwF F ko] Ve st A9 k= JEhd AL

2
2
T
T
o
<
o
jus)
==
A
1o
w
o

|7} Agrobacterium-= infection A]7]7] ¢l
Holl = oF 0.7 ~ 1.0 cm Zol9 wFS AFE3}
v A T ot T 9o TlEol sEste A HE UERA AL
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ol
o HF

rlm UU S o

callus 84& ¥ A8 += BA 1.0 mg/Le NAA 05 mg/L $oH
mg/Le NAA 1.0 mg/LlA % £ Z3#E YehlAvh(As vAA]).
A 05 mg/L9 NAA 05 mg/L A ToAe e vk £8d% &3}
E2 oAt vz Aot dgoerng AAL SHS AT
w ojm7F vk &kl

Shoot®] @/del dlo] BA9F NAAS] F3F& AHEY FAHFRET Ao
] shoots FA°] © F=dtH(Table 1). Shoot FAdol Aol NAA FAH A
BA° #% F7hstel wE shoot @F/do]l A 0}0} BA @A 2
shoot®] 7ol oy Zolm= yepdth Ride E£8&x2A = BA 1.0
mg/L¢ NAA 1.0 mg/L A4 7 =& 455 Hol & d79 4
Agteli= BA 1.0 mg/Let NAA 1.0 mg/Le] AFZEEAS T8 ste] 2
skt

walo] Aol glo] BA9 NAAC &3yt AY AA depwtt (s A
A FAEA A E Bt dd FAEA %o BA 05 mg/Let NAA
05 mg/L @&AFolME FA a7t JFAHA Gk o= callusé
shoot®] #@AolA et w7 = S8&A 27t 3y FA4 @S TS VA=
As & F Utk 7HE £ A8+ NAA 1.0 mg/L St

A& 7|9 #3he= *—]U x40 Adus wj et iAW A E
Adujol F9-Ew BzAdEL Hl&o] =& A% shoot, callus, 27}
# 1} (Skoog and Miller, 1957; Cho and Soh, 1981; Cho, 1985). ©]$} #Zo
HjFol A 7l gk stell gk 7] A9 o] % oY AHAXHELAS =8
of WA AEZFE#0] callus, shoot, e8] 2] WAl nx= AF= &
AF12 dtH(Doerschug and Miller, 1967; Cho, 1985; Cho and Soh, 1989;
Nigra et al., 1989; Thorpe, 1993).

B Ad o) A= auxind ¢l NAAS cytokininF <l BAZF callus®t shoot A 2
S Fstel & o FxAo|om AR or FF FAH AY
st 918 BA 1.0 mg/L9 NAA 1.0 mg/Le] BdxdE4s &4 g3t

Alst7] 2 k3l

e

o K
o

ﬂf{

2
Mo
1ru

o FAA 2 A=A shoot Bl A= FF

AEol FAAZ MEE Agslr] ¢3te] A A kanamycin, hygromycin¥
A ZA phosphinotricin®] A AAAZHE 9 shootZ Aol v X AFS FA}
3tk A9 A9 kanamycine 10 mg/L* 2] 7FA] shoot@ Aol o} o3&
2] eFk ot 20 mg/LA P HAFTE 7HAEe] 30 mg/LA #FH = shoot
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Table 1. Effect of BA and NAA on number of shoots induced from
cotyledon explants of 'Chungchima’ lettuce (Lactuca sativa

L.).
Number of shoots regenerated per explant”
NAA (mg/L)
BA (mg/L) 0 0.5 1.0 15 2.0
0 0.000 ¢” 0.000 ¢ 0.310 bc 0.322 bc 0.939 ab
0.5 0.000 ¢ 1.211 ab 0.694 bc 0.905 ab 1.017 ab
1.0 0.000 ¢ 1.305 ab 1.697 a 0.330 bc 0.946 ab
15 0.000 ¢ 1.590 ab 1.263 ab 0.618 bc 0.613 bc
2.0 0.000 ¢ 0.955 ab 1.213 ab 0.902 ab 1.249 ab

“Total number of regenerated shoots / total number of explants.

YMean separation within column and row by Duncan’s multiple range test at

5% level.

Fig. 2. Callus and shoots regeneration from cotyledon explants of

'Chungchima’ lettuce (Lactuca sativa L.).
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7} AE AR ekgktH(Table 2). Hygromycine 5 mg/L* 2] %€ shootd A
o] dAE o] 10 mg/L* 8B = shoot7} A3 TAE A ol AF FAATS
AafA = 10 meg/L olde s AHEE F Aes ¢ F UAHTable 2).
Hygromycin< kanamycin®Et %= Y& FLoix Auto] 7hesitin AZ-HH
Adto] 7hsgh w% o)A wiYgdE dHA 2 BF Mo R ¥ & A
ol A3 WHT. Calluse AL shootf7]15 AsE HE2 10mg/Lel
M o {7IE Ao Algbo] Ao wEl Aw o Wk $ AIAol
Ao 2 AFAdA AL b wEE AAd

hygromycin 20 mg/L+= B} &9 A H3IA| A}E-5E kanamycin 50 mg/L
T 100 mg/Let hygromycin 20 mg/L %=+ 30 mg/Lo} H]s=sFAY oF7F ¥

kanamycin 30 mg/L¢}t

2 F% o]t} Cephalosporin type2] @A A<l carbenicillin®} cefotaxime= shoot
Eé*éoﬂ olFH JgS FX Y AHPE RHoFo(Table 2) Agrobacterium®}2]
& 5 olE A= AR FAAG & 5 AAn. Agrobacterim Al
Aol YWkd © 2 carbenicillin 500 mg/L &2 cefatoxime 200 mg/LES A}-&3}
A A3E B “H o] ¥+ shoot@ Aol ol YIS FA Fo
HA o AAT = doeet dE

Al A <1 phosphmotrlcm—J 3% 1 mg/LA 2] 5 shootd A o] 7437 A2
ste] 2 mg/Lol 3 -El= s Ao AL HEo] A Axe A
ol o] &dH F U= ¢ F UAH(Table 3). FHLol 5o AEEHIL U=
phosphinotricing o} & FZoA AMwho] 7lFd A2 A9 markerZ &
Mg vector®] bar genes ©]-§3dto] Aol Jhgsith FFolE FA o] A
% marker®] ] g-°] 7}%6}%@ AZtE} R we TR 9@ Aol
escapeE°| T71E & Avke @R ol dvka AZE

ru[o o

|
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Table 2. Effect of kananycin, hygromycin, carbenicillin, and cefatoxime
on shoot regeneration from cotyledon explants of Chungchima’
lettuce (Lactuca sativa L.).

Antibiotics Number of shoots regenerated per explant”
(mg/L)
Kanamycin”
0 1.84 a*
5 155 a
10 1.66 a
20 093 b
30 0.00 ¢
40 0.00 ¢
Hygromycin
0 1.78 a
5 081 b
10 0.00 ¢
20 0.00 ¢
30 0.00 ¢
40 0.00 ¢
Carbenicillin
0 1.67 a
500 1.85 a
1000 154 a
Cefatoxime
0 155 a
200 1.49 a
400 157 a

“Total number of regenerated shoots / total number of explants.

YData on kanamycin and hygromycin concentrations of 50, 60, 70, 80, 90, 100,
and 200 mg/L. were not shown, where no single shoot regeneration in all
media with cotyledon explants.

YMean separation within column by Duncan’s multiple range test at 5%

level.
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Table 3. Effect of phosphinotricin (PPT) on shoot regeneration from
cotyledon explants of ‘Chungchima’ lettuce (Lactuca sativa

L.
Phosphinotricin Number of shoots regenerated per explant”
(mg/L)
0 1.49 a*
1 087 b
2 0.00 ¢
3 0.00 ¢
4 0.00 ¢
5 0.00 ¢

“Total number of regenerated shoots / total number of explants.

YData on phosphinotricin concentrations of 6, 7, 8, 9, 10, 20, 30, 40, 50 and
100 mg/L were not shown, where no single shoot regeneration in all media
with cotyledon explants.

*Mean separation within column by Duncan’s multiple range test at 5%
level.
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Al 2 A Phosphomannose-isomerase (PMI) 4=}
E o] g3 AF9 Agrobacterium FA A3

AA B

13 A 8

222 HFo]  2*o]E  selection systemS EAA O Z hygromycino|t}
kanamycin®} 22 A EAS o] &gk o] ool ATt AN A A A EHA

a FAAE Hx] ke AEE= Folal FAAA
| i) o 7kA EAZE Al7IE I
s AEAE S48 Azt
A A A A -7 =}

7k wobxaL itk

H4A= selection marker® ©|

=2k o
2
0

i

o, N
EE H GM Aol uiFor AYstHEwA fdx Axel Abgstke
selection markerg°] th 2 &0y mAERZ AojdAr BETH: 8% A7
7] A2+t tH(Kuvshinov et al, 2001; Ritala et al., 2002). 7}FsAdo] w$¢- 3 4ls}
Ank A ZzA AFAS FE= selection marker FFAAE Algolu BEo] AHPS

el AW mAER doldE Fx A ¥ e o= AAWTHNap et
al, 1992). olggt ¢85 AAR o 4 7oA GMAE dS =8
A FAA7]= Wl FHEE T AA A GAES GMO W o] f7t
At A marker—free 32
22 e W, wAE 2dets 25 JAASA A AASHE B, ke
o= A TtHHohn et al. 2001). H=3F marker?t X3+
st HMEE H4Fd2 dolA o)A gk & Mk &lsta thg Aol A
wrfe] oja] AAA = ol AlwmEIL glor} o] By FAIY Sko] 7 Al =]
= ]

&) A 2]
ofof ali wu|E EF Awo] u¢ v MEAow AFaA AAHo o} s

fd

2
rlet
N
it
©
ko
-
i)
N
>
2
o)
&
r-all
2
)
Y
-
=3
@
il

=

markerE Al-g3= 8

e

wdo] 9o 1 Z&o] Yrrh(Hansen et al. 1997, Yodere} Goldsbrough, 1994).
T o2 B uRE Creoll o Az AR A= loxP FoolA Al
z= S FAl st 1 Apolell QA FAA AT AEFHAE A A= BH
So] &} arabidopsis 5 =& A Eo A A =F ]}

Hol= FAAAZE FHA Bk b7 marker S AFE S positive
selection®] AZ=H il A}, hEAQ o 2 A phosphomannose-isomerase(PMI)

FAAE o] &3 A& FAA3E W (Positech)o] Sygentao] 2la] 283} &1
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Ak dFE2 AEAHEE Ao mannoseE H7MElS A9 glucokinase 5Ol
9]3] mannose 6-phosphate (M6P)& AAFstAl = &=d 2= o] & diAtgd = §l
7] el o ol4 &E3kebA] Kshal carbon O ® aLAMSHAl ®Uh SkAI R
PMI 3 A= selection marker® o]&3] A3t sd PMI &4 A3
mannose-6-phosphateZ fructose-6-phosphate® A 3+3}o] tjA}E:
FEE vte] FrkFig. 1). ol A4S ol &8 PMIfFAAE JA%

Ao mannose®s FolFH FAMI @ ME= WA ZHH carborn
Hopda FAHMI HA Ze Arxs FA Hrh PMIE o] &3 Awe
corn(Zea  mays), rice(Oryza  sativa), wheat(Triticum  aestivum),
soybean(Glycine max), tomato(Lycospersicon esculentum) 592 2FEoA A&
Hog o]Fojx ot AFo mannoseE ©]§3t FAMEIHA #H3 A=
o}z m| g st}

2 A5 Agrobacterium tumefaciensE ©1-&3 FFo FAASA 55
HZ Ao 7 phosphomannose-isomerase (PMI) FAAZ
selection mm /\in_q xJﬁL 7].‘—/\4 :q]-o 0}7] Hol_oj' 43l
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glucose

|
glucose-d-gihasphnle LETTTET
hoephoglureare il herpdnse
 Lonrerase ey M-
fomerae (A
Tructose-i- phosphate - —— mannsse-G-phosphate
| Pheuphurn fodinee ! phosyhomammonimase (FMM)
fructose- 1 6-diphosphate mannose- | -phosphace
Jructose bisphosphale aldoiae GP-Auw- 1 P-growsasy e preuferme
1 L
phvecraldehyde-3-phasphate CDP-marnose
pyruveie N-glycasylation

e soud cvele

Fig. 1. Step in the interconversion of glucose and mannose
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28 As 4 Uy
7F ARG AXE AES 913 44 mannose ¥% 24

J3 A A vH(Lactuca sativa L. cv. Green Skirt.) A& 70% ethanolel 1

5ok 5 AR 2~33] AojE FH 30% clorox® 107 25S AA
T2 3~43] AASET. A50 Bd FAE 3T 2Eo] XA
%S 0.8% ager-J MS A Aol XAdstE T X T 22C o s A 16
AZE gzl A EobA T ol - 6~7Y ® AYPES TEZ NAA 10
mg/L ¢ BA 1.0 mg/L7} 7k A& iAol 4 =3 (0, 10, 20, 30 mg/L)<]
sucrose®} 57(0, 5, 10, 15, 20 mg/L)¢ mannose’} X &H ZF 20 22 Hj
Aol Aol E3HA FwF oA st AFEE AP EAELS petri
dish & 47H”“ Agete] 4k o R Fetglon QAE Fol7] fte] Al7]7}
o= 5315 AAlstdal 2AME A4 6FF shoote] Zol7F bmm ]9
A

A %
& zabshart

o ML
)

1:[10 5%
d
rO(

. PMI #3425 $4kelE= pNOV2819 vectorE o] &3 A58 4 A3k

PMI(phosphomannose-isomerase) +AdAE ¥3tst= pNOV2819 vectorE
Sygenta® F-E] 3o W& F FHHZo] ARG pNOV2819 vectorg &4
st= Agrobacterium tumefaciens LBA44042] single colonyZS spectinomycin
50 mg/L7F 71" 5 mLe A Luria-Broth(bacto agar 1.5%, bacto yeast
extract 1%, NaCL 1%, trypton 0.5%)8] Aol HZF3lo] 28T oA 225rpme] 4%
2 48AIF e ekEte] ODg=0.8~1.0 & w71 v gt FsudS o
S 7VNA SAA R Agrobacteriums QA8 F pellets FAA T §le
A LB A & 23] AlHg & HFol A&tk o] AS Agrobacterium
of 57 A=A A7l F wWH filter paperolAd] AZA7]2 NAA 1.0 mg/L,
BA 1.0 mg/L7} #7Fd MS Aol A]7dste] 3d-et Hdeiz TEwd a3
ot A tumefaciens$}9] FsM IS v AF S cefatoxime 200 mg/L7F X7t
H dAAu Aol FEHo| EolglE Agrobacteriumo] AAE F YEZ 2H
A AAEL A dFd filter paperolA] A %3 F mannose 20 mg/L,
sucrose 20 mg/L, NAA 1.0 mg/L, BA 1.0 mg/L, cefatoxime 200 mg/LE #7}
gh AguR|oll A 4ste] 25427, 16A17F WA el A wigeAth I 717k
At H F718E AlxeE MS7]E wj Ao cefatoxime 200 mg/L7F F7Fg 22 uj
Aol &A FYE FEsHAT
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t}. PMI®} rice ferritin f A AE X & 3}= binary vector 243

PMI %729} rice ferritin 3 AE R8sk binary vector® A|#H3}7]
As F F @A AHE FAsAh A vector 2 WH A= A
2o FEA A azt dr

2}. pNFE binary vectorZ o] &3 A5 23t

PMI$} rice ferritin 4 A5 X3+ pNFE vectors o] &3 Ao
71 29 o] pNOV2819 vectors ©] &3k JAHE i a o] a3t

3% 27 92 1%
7b BAAS AF AES 93 A4 mannose FE AA

A5 AEstel mannose’t PIX &= PSS ol 7] 915 AFNA wj Y

B callus7tb A= 7] AlZste] 45 o] Fol= shoots7} A sl7] Al 2
il Wi T 67 ool &3t Jted HEE shoots7t HAEAT
Sucrose 0 g/L A 2] 7| A= mannose & 3#&gle] shoot7} 3 2AYSHA]|
2kttt Mannose 15 g/l A 2] 7kA]+= sucrose 10 g/L , 20 g/L, 30 g/L &% %
02 o= AL shoot ¥AE&S Ho|A 7 mannose 20 g/L °]4ol A= shoot
vkl g-o] & A3 AslE ATt E3] sucrose 20 g/L ¢F mannose 15 g/L F 3ol
A 26772 =2 shootT A ES Koy sucrose 20 g/ 9 mannose 20g/L =
Stol 4 mannose©] 23] 2 &2] shoot7} A3 wAEA krHTable 13 Fig.
2). o] A23& vle o 2 sucrose 20 g/Le mannose 20 g/L Z¥S pNOV2819
vectorE o] &3 AF A 2ol A FAAGA AL oz A A s

3t sucrose 20 g/Le mannose 15 g/ =83} sucrose 30 g/L ¢} mannose
10 g/L H=°lA control %2 sucrose 30 g/L$ mannose 0 g/LolA Ht}
238 ta =2 shoots TAES HITh oRHL o FFo £33 AR
explant’} E°J3HA =& AEIFTS EAgA veEld Az AE EHd ZA
FEFE HAA Fes AowE AzrE
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o

oﬁ?i',

. PMI 328 &WHskE pNOV2819 vectors o] &3¢ 58 d %

PMI A5 o] &3 AFddA8e 2 Ao ZARAALE ) A4
o A&} 21 2 AFdA ZAHHE mannosed FEE o] &3to] F33A
HAe] izt 212 APE ol&a MS wiAel NAA 1.0 mg/L, BA 1.0
mg/L, sucrose 20 g/LE H7letE RAo g AAEGon FAAS ALE A
st 4= 9J¥ mannosed FEE 20 g/LE ZAFHJT. Mannose’} A A &3}
o] M= JFFo] T3 AFo| A sucrose 20 g/Le mannose 20 g/ g Tl
A= ARSI dojuA] e S & 7 AL o] FrolA FAHEA ] A
ol 7H5d Aoz gy o A8S AAYSHA Q‘»’i‘jr. ol =& o]&3o
FAAES A gt 7jf)rh =R

AEo zAge] PMI A4S £49H3FE pNOV2819 vector(Fig. 33 42 ¥
Agrobacterium® 3 Eo] o|Fo|R F oF 25F F o callus7} B&EH7] Al F
w65 Flol shoots7} #&E7] AlZFTE AFE A F 5F7MA = Al
ol Ao Ao Mol Ahu¥ F vkE rooting iAol & AFAH(Fig. 5).
el E3be & zHEd dla) Js] wmE W' rooting WAl &% ¥
o] FHE ¥y 37t #EHE T Rooting® FAAZE o] ofdlelA
DNAE #3839 cloning IFAAA AZs] =& PMI 532 &ol€ primer
PMI-1(5'-ACAGCCACTCTCCATTCA-3")3} PMI-2(5'-GTTTGCCATCAC
TTCCAG-3)E o] &3] PCR w42 FAHE oJF 5 sttt (Fig. 6).

]_

DL %
ol

3

o o rr
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Table 1. Effect of mannose on shoot induction from cotyledon explants
of 'Chungchima’ lettuce (Lactuca sativa L.).

Mannose
Sucrose (g/L)
(g/L) 0 5 10 15 20
0 0.00” 0.00 0.00 0.00 0.00
10 0.17 1.50 1.50 1.50 0.00
20 0.50 1.00 1.40 2.67 0.00
30 2.50 1.33 2.67 0.87 1.17

“Total number of regenerated shoots / total number of explants.

Fig. 2. Effect of mannose on shoot induction from cotyledon explants
of 'Chungchima’ lettuce (Lactuca sativa L.).
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Fig. 3. Plasmid map of pNOV2819 vector with phosphomannose-

isomerase(PMI) gene

FYT T T T T T I I T T e

4. Detection of phosphomannose-isomerase(PMI) gene with
digestion of Sall and Kpnl (left), and PCR (right) in
pNOV2819. For PCR analysis, PMI-1 (5'-ACAGCCACTCTC
CATTCA-3’) and PMI-2(5'-GTTTGCCATCACTTCCAG -3')

primers were used to identified PMI gene.
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Fig. 5.

Transformation of lettuce with A. tumefaciens LBA4404
containing pNOV2819.

a: Infected cotyledon explants on selection medium with
mannose;

b: Transegnic shoots were induced onto selection medium;

c: Transgenic shoot was grown onto selection medium;

d: Roots from transgenic shoot were induced in rooting
medium.
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NC MPC1 2 3 4 5 6

£

Fig. 6. PCR analysis of transgenic lettuce plants with pNOV2819. For
PCR analysis, PMI-1(5'-ACAGCCACTCTCCATTCA-3') and
PMI-2 (5'-GTTTGCCATCACTTCCAG-3’) primers were used

to identified PMI gene.

NC: Non transformed lettuce plant

M: Size marker (Lambda DNA/HindIII)

PC: pNOV2819 (positive control)

Lane 2, 3, 5, 6 : Transgenic lettuce plants confirmed by PCR
Lane 1, 4: Selected shoots onto selection medium, but without
PCR products.
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t}. PMI®} rice ferritin 3 A+E X3l binary vector 214

FAAZA S positive selectlone $13 PMI #4d#ke}  ferritin®]  over
expressions 9 ¢t rice ferritin A AE *HFS}= binary vectorE A 2Hshr] ¢
) F 7 9Ae AAS FIdEAY (Fig. 7). 4 PMI FHAE ERbsh=
pNOV2819 vectord] pBIN35S vectorolA E23F 355 promoter®t NOS
terminatorS A1 sFA . pNOV2819 vectorel]l A Al enzyme sitel] HUX =
€13} pBluescript(pBS)E =7F vector® 3}9] enzyme sites UXAIZ] & A4
3tk o]E 98] pBin3bSolA Hindll$ EcoRI1 & ©]&3te] promoterst
terminator ®2]3tx 2El¥ @HE Hindll$F EcoRIS 23 pBSKS(+)ol 4t
skt A3 ligatione] #<elS 93] 35S promoter® NOS terminator?)
sequence= 221353 358 promoter@r NOS terminator &<21-& primerE #| 2t
311 PCRE 33l th(Fig. Q). 3¢l & pBSKS(H)ZEHE Sall #F Spel & A
2138  promoter®} terminatorE ®sFe] pNOV28199 AYsta(Fig. 7)
promoter®} terminator A}¢] 2] multiple cloning sites®l] pBI101-Hm o 4F¢ ¥ o]
)+ rice ferritin A AH(Fig. 9, 10)¢] PCR product® Xbal¥ Sacls o]-& 3
At c(Fig. 7). 2 23 PMI A Ak} rice ferritin F+AAE B Ao &4k
3} recombinant vector® ZHAlslal(Fig. 11) PCRZ <213 % (Fig. 12) pNFE

2 st th(Fig. 13).

il
il

2}. pNFE binary vectorE ©]-&3F A& A3

PMI¢} rice ferritin - d A2 E33= pNFE vectorE o] €3 FAHgS

&3k g4
7] 299 pNOV2819 vectorE o]-&3 dAAME Wy o] 33t A A
w AukE

mannose’t E3HE A Ao A callus®t shoots7d F71¥ AL 9l
shoots= PCR¥} Southern blot #2402 dZAAZS &< & P
S5k PAA3A o AArtsAHdS ez sk
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Hired 1l *bal Gscl Ecofl|

—LJEEMH-HEE [
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D ey o v
S—

—

Fig. 7. Construction strategy of the binary vector, pNFE, used for

transformation of lettuce plants using mannose selection. The

PMI was placed under Nos promoter and ferritin gene under

CaMV35S promoter.

_61_



Fig. 8. Detection of inserted fragment in pBSKS(+) with digestion of
Hindlland EcoRI .

\ J

Fig. 9. Plasmid map of pBI101-Hm vector with rice ferritin gene
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Fig. 10. Detection of rice ferritin gene in pBI101-Hm by PCR. For
PCR analysis, PMI-1 (5'-ACAGCCACTCTCCATTCA-3")
and PMI-2 (5'-GTTTGCCATCACTTCCAG-3’) primers were
used to identify rice ferritin gene.

Fig. 11. Detection of inserted fragment and enzyme site in pMNOV.
The 1~4 samples were digested with Sacl and Xbal. The 5~
8 samples were digested with Sacl only. The 9~12 samples
were digested with Xbal only.
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Fig. 12. Detection of rice ferritin gene in pNFE binary vector by
PCR. For PCR analysis, PMI-1 (5'-ACAGCCACTCTCCAT
TCA-3’) and PMI-2 ('-GTTTGCCATCACTTCCAG-3")

primers were used to identify rice ferritin gene.

K

N J

Fig. 13. Plasmid map of pNFE vector with rice ferritin and PMI genes.
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TFE A2 BE AE = P Fedl Hl7b 29 ¢
=2 ey, K= Fedl F5¢ oS F3A7]3L N2 5503 3
AP S EHIoNY. AtHFe A HLS 70% AHE7F hemoglobin %
£9) heme FAROZ Aol EEshw glov] oF 30% Awst A
Z, 2 v, 2 S ferritin®] FEE Soj9lo] FAMAl iAo Ak w9l
'aol @A ol gt ol HES o]&3str] 13 Aol HE AHHAA
heme Z& vlZ Ao F45+= WA nonheme Hol A$- oy 2h3kstdd
H4E AA apoferritin® Agste] dE A @ AQl ferritine] FEl=Z =435}
At Ferritin °F 450KDa%] Adl @ doln 3shute] Fxd H i 450070
9] Fe atomsE AT 4 9t} Ferritin® 432 symmetry, 24 subunits® T4
o] 9lom oF 4500 Fe atome T o2 789 ZAARYORZ subunits’7t &
Hxte] 9lar 8709 hydrophilic channel® 6712 hydrophobic channelS 7}A] iL
JTHKim et al., 199%).

Ferritine &%, A& 2|3 v golo|A 2% iron-storage protein® Z
Aol oF 450kDae] Adl T Polm F 7f¢ F8 subunit?]l heavy-chain
ferritin(21kDa)®}  light-chain ferritin(19kDa) 2.2 T4 o] <t} H-chain
ferritin?} L-chain ferritin 2t7F 41743 A&, 7ha}p v] o] @o] o]
JdE Aoz dHA Yt F subunititol= 55%¢] amino acid sequence?]

e Holia 7|5Hoe2% zo]E Hol:d H-chain ferriting < isoelectric

o
f
o
S
2
0=
eS|
o
1o,

R = R

g
o
{0 oX o Xt Mo

points(pD) &} iron contentE M.©] 3l L-chain ferritin® *< pl¢} iron content=
Ho]®» & H-chain ferritin®] L-chain ferritin ¥t} t©] w24 & S5t W
ot & A AHRyu, 1999). Ferritin®] 752 ShAl 23lzo]l 2 A %7
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UL A4S 2E Ao AEshA HAdEstA 2EY 2 Wl Ve, F
5 2 TH(Briat, 1996; Goto et al., 1998, 2000). #
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Ao Ams AAsH7] Aste]l AlFlA AR AF 12 FFo] HE

st s 5 A | 5o FA Holdx ZAEIAC

A3 FdHF4S skl AF A S8 70TCAA 1579 sk AxAZ
T By 4 5 105TolA 19 FoF tA] AxAZ F AEFT 1g9
Z

d & 3F2kS Atomic absorption spectrophotometer (Z-8230, HITACHDZ =

U 3AASTS 93 ferritin FHAAS 48l E binary vector ZHA

7] SRE Algo2RE flE ferritinfr 2 A} H-chain®} L-chains 27}
selection markerZ kanamycin A &4 A A9} hygromycin A &4 /A=)
2 283t cloningdt$ ¥ rice ferritin A= S5 Z&F+ ¢ AT
go 2Ry Agwgttl &AAF vector 24 WH I Axte A3l 2 w4

A AL g

0

=

t}. Binary vector®] Agrobacterium®. 22| & A3k
AN Z3¥ binary vector (FHV, FLV)¢} rice ferritin vectort freeze-thaw

WY (An, 1987)2.2 A. tumefaciens LBA4404°] 274 A3t Aq . AFA 3

vector 2t R 2l WA dyp= A % nFelN diaa o
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2}, Ferritin F-AA 2 AF9 A3

A3 144 gdE ALsAAL} A% selection markere] FEE ©]
g&-35lo] Agrobacterium tumefaciens LBA4404S E3F FA A HAA5AT &
AASS A3 vl A3} selection marker?] ¥ =& table 13 2t}

FAAse AAH vectorst FHAAEZ X33 Agrobacteriums 4, 50
mg/L9] kanamycin® 10 mg/L2] streptomycin®] &% LA YEPH| X ol A 48
Al ZEE e 28°C b7 stoll A wf ekt 1 v colonyE% 3§ colonyE
g F Y FRek w9 w=9 FAAVE £3E 5 mle] A YEPu} |
A Al ABAIIEERE 28°C hxAdstell A 'l Fatl. 1 F 1 ke go} wl
FHAA ImlS At 7 50mle] whzkrb=]e] gAY A 7} Ef‘u% B A el A 24
A7 &<t ODgpogkel 1.00] 2 wi7bA] wjgstaint. o] wjekel & 2 &8 2 d $hol
o] §= 7] kA, 4 4°C, 5000rpmel Al YAl FEAes AAS H, o
AL A AR S o Al F g § ohr] A E et A S AlAS 30 ml

o

o4 MAS A8l A8 4R
[

s}

=

H E
RAE EGANA BE RN T ALt AEaE A Fol A8
Atk o] dHS <kl BE HF wtEol WY SEAFE HIF WAeR
250 & 5 Wiy BedolNRE or §4e AARL FYAL} LI A
o) O

1.0 mg/L NAA, 1.0 mg/L BA7} X3d Af&E3HE wixolA o]5 &<+ &
zdstell Al FEuigstadnt. 28al 3dA, 1 JEE o dHELS cefotaxime
0 mg/L, 18] Z}7} vectordl] &% % 9] selection marker7} x3ghE <
Al MSHlA A 3 AE A 5 FsoFufAo X3ty 28 FXo Al
2o} Edg FRetk el FAAAVE £FH MS _’iﬂ’\*”“ﬂﬂﬂ ]}\1 HHOE@O&
o A R &7 $d v 45mke A AR
= TAANAT HEFH o2 Ao A
of E3E 1/2 MSHj Aol A BElE F7IAZ T 28l o= Bx AT A&
A= skt o® o] 2453
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ul. 2154 genomic DNA F&

7k 7ke] FAAZAZHEE 1ge A& AFsH genomic DNAE —%%6‘}‘?
o} A8 1go] A WAl @3 AAAA(N)YE Fo] B34t &
H o d¥s F& 9459 [05M NaCl, 0.IM Tris-Cl (pH8.0), 0.06M EDTA,

2% SDS, f-mercapto ethanol 1%] 9 mLell 7} 3 & 55T 9] 32 2o A]
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Table 1. Composition of selection medium

Type of vector
FHV* FLVY REFV*®
MS salt MS salt MS salt
3% sucrose 3% sucrose 3% sucrose
Medi NAA 1,0mg/L NAA 1.0mg/L NAA 1.0mg/L
edia
o BA 1.0mg/L BA 1.0mg/L BA 1.0mg/L
composition . . .
Cefotaxime Cefotaxime Cefotaxime
200mg /L 200mg/L 200mg/L
0.8% agar 0.8% agar 0.8% agar
Antibiotic Kanmycin Hygromycin Hygromycin
concentration 50mg/L 5mg/L 5mg/L
pH 5.7

FHV : Vector with human-H chain ferritin gene
YFLV : Vector with human-L chain ferritin gene

*RFV : Vector whith rice ferritin gene

st Wkg-9lo] phenol:ichloroform (25:24, V:V)2] €4S 20 mL

Gk =3 ¥ 8000rpmol Al 103 ¥ EE sl 8 mLe A&
T o8 F3]9 abs. ethanolS H7FsFAch H7 &
Zl & 8000rpmo. 2 107F 94l gste] J5das
W23l 70% ethanols ©]&3te] 43 MAHstx AXRAIFHY A% F 1 mL9
TE &=H wE= HA#+E A7Fsle] genomic DNAES 8313812 DNA £4d
o] &3t
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FAAZA o] gl
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Ak =]l A AWtH shoots T3
) tgom &3 ¥ eddA Awstdd. A
Southern hybridization, RT-PCR, SDS-PAGE &%
o3, dol® fae] BH oFEL BAG A
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KeX
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1) PCR &4

A2l Al 7718 A4S shoot™ $-4, genomic DNAE &g 7, &
ASA YL #elsty] 918l H-chain ferritin §32 & hygromycin # &4
AAE S5 5 9l primer® 747h& PCRepaith PCREA L 95°CellA 2
AAZ F 95°Cell M 13, 55°Cel M 18 el a 72°Col A 1% 3025 30
3 5 72°Col A 1083 AF FAstE A4 FdeAT. 21 F 2
FHEEE 15% agarose gelol A 7194 ake] UVE slollA 1 AHEe] EA44
wob 2712 #9lstgith PCRE SHld FAA MAE 25AA 244 4

2) Southern hybridization #2

HAAS A AEA S non-transformed AEAZRE 05 g9 E2H&
Zsto] TRpApo] HAAAALE Wi 23 F McCouch 5(1988)¢] WS o
£35}e] genomic DNAE &85t 4% sample2 extraction buffer (0.5 M
NaCl, 0.IM Tris-HCl / pH 8.0, 50mM EDTA / pH 80, 1.25% SDS)¢} 4 &
T 65T 208 AHg sttt A8 # phenol®} chloroform, 1] il isopropanol
Z $EAZAT $558 DNAE 70% EtOH= A3 F dxzAzon Hzxd
DNA TE buffero]l o] w8 FAT & L4 A&ttt 10ug DNAS
Xbal®}t EcoRl 59 Agasrz Aot & 0.8% agarose gelol A 71953515
t}. A7]19 s & Sambrook¥ Russell(2000)¢] ®WHol we} nylon membrane®l
transferdl 1 th. Probe DNA= Ladderman labelling kit (Takara)E ©]&3}o] (a
~"P)dCTP labellinga} v}, Hybridization< Church@t Gilbert(1984)2] o]
9Jsle] 433 2™ hybridizationg V% membranee 2X SSC / 0.1% SDS
GHog Ao 28 AHI F 01X SSC / 0.1% SDS &doz 2o
S 68T oA H AT A& E membarned X-ray filmoll =3A]7]

i dYE F signals FASHA

B>
ru

—

3) RT-PCR #4]

frdzte]l  wrE o
GibcoBRLAF®] TrizolAl H
% oligo dT primer®t reverse transcriptases ©]-&, cDNA
cDNA 34 Z=27338 ZAL 1uge RNAZ oligo dT primers

0_{]]:

g gasts 9stel ¢4 SRR
o

.603 1__?1—
FS Ab&ste] dA] RNAS AlAE WRol weh 223
A

d

EEET

7Fsk & 70°C
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oA RNA ¢] ‘HL&%— x]ﬂfﬂ 5 42°Coll M 3023t FHA Al71aL AbgE A

FEY oL % 944 € cDNA 1
ugs A, ZF kel Bd Sels 9ste] Al primerst tag polymerase®
PCRetA = 2 Z2 32 96°Col A 283 27] WA A0S & 5 96°CellA
30%, 55°ColA 30%, 72°ColA 1822 40 cycles Aaslar mix|go =z 72°C
oA 10E7F HFE AN F 4°CE FASt AA &S TR 279
& 1.5% agarose gelol A #7193t UVE 3}oll
Al AR EAMTFe A71E glE k. RT-PCR 245 8l Al &/
primer Z%; human H-chain ferritin (FH-fl: 5 -atg acg acc gcg tcc acc
tc-3’, FH-rl: 5'-tta gct ttc att atc act gtc tcc-3’), human L-chain ferritin
# A= (FL-fl: 5'-atg agc tcc cag att cgt ca-3’, FL-rl: 5'-tag tcg tgc ttg
aga gtg ag-3’) and rice ferritin (CRF-fl: 5'-atg gct ctt gct cca tcc aaa
g-3’, CRF-rl: 5'—cta ttc aag att aag cag cat-3 )& °] &3}

.
It

primer 2 <%

4) Western blot ¥4

Ferritin®] WA =E At s 2o 53 7740 dids
Iml# F ko] AT ? shAth @A sampledl] &%

g Al F AAES AA 9
2X-sample bufferE % 7}sto] @ zdS WHWAAZ H sampleS loadingdlal 3%
FE 2 % molecular weight high (Gibco BRL, USA)E Al-&3th. A7 d5&
F33t7] Y& Mini-protein I cell kit (Bio-Rad, USA)E ©]-&3}3 ). SDS-
PAGE= 13%E |83l 1 gel running$ ¥ A2 coomassie blue brilliant
R- 250(GIBCO BRL, USA)Z AAA|Zl 5, @A A Z o},

Adrd AR NAE TS AX 2HoA AujEtATE A9
A= Alstete] Fx Aol E wi7tA] AEFHJoHW FA= homozygous 7\
At A7t Aot ’\]ﬂﬂ =

of, MolfAzte]l To 31 4]
HEFVZ YdAAE HAFE A7MSEsted g5 FAE  100mg/L

kanamycine] H7Fd MSH|A| o] #E35ta Wol=E 3<lslo] kanamycind] A
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P4 e molt B 184 e FAe mes zAst

Z}. Double transformation

H-chain ferritin 4 2¢} L-chain ferritin #3422 A3 3k 7fA o] 2o

ZAolA 7171 9138F4] double transformations Al%=3dlith W* FHV vector®
FAASEA 7L FH ko] gl 7HX1]ETE1 2HE lar A71E AHAS S 5
%7} ODew=1.001 A. tumefaciens &l 30%3F HEZAZ & HHE of Ao
Al AxEA 713 1.0 mg/L BASH 1.0 mg/L BA7} @ 7he MS7] 3wl Al o] 3 A €]
Sido] o= 7tEE XAdete] 39zb HEOlA co-cultivationdt A Th A

tumefacienst FAHFHE Fdlo] o] o] FofXnz HumdHe HAS H3
7] 95t A AHA YHEd AAHE FAY. A tumefaciens®e  co-
cultivations v}z A5 dAAAE 1.0 mg/L BA, 1.0 mg/L NAAS 200 mg/L
cefotaximeo] H7td *1]73.% MS7|Eu A2 dHA TH A tumefacienssS <
As] AA & Hid oRA oA AxAZ ©]F 1.0 mg/L BA, 1.0 mg/L
NAA, 30 mg/L hygromycm 2 200 mg/L cefotaxim ©] A7Fg 1z 4w =] o
Agste] 25¢17C, 16417 4] o= wjdAd A wfFatdnt. 12 M)
Aol A AEstd Axes A7 AN F AL ELS HIbEA
&L 1/2 MSHiA o] 20 mg/L hygromycin 3 200 mg/L cefotaximo] H7}¥ 23

a2 o A rooting S = 38FS1 .

A GAAR AFe] A% 24

e AH LA AE P 24 AFAvid S o
6% Fol A% 2AE FATh AF 2AF 65T 23 #5x7]9 2o
Jol g wlwstel Y& 2T

105CoA 19 BA 2
B e 2A% RASG BAE Fas] 9
# Arbete] Am7h B .
a9le Whatman No2 o348 o g8t olupa7l ¥ ALS ZHaAr)

HAA BA £9L8 045um membrane filterS E3¥AlA  inductively coupled
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plasma (ICP) spectrometry (Direct Reading Echelle ICP, LEEMAN ABS.
INC., USA)Z =H 3t}
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A A wt F3F(Lactuca sativa L. cv Green leaf)E FJZ A% A 5= AL-8359
=3
4
. . Jeokchook
Variety| Lolla rosa Lollo Caesar red| Sengchae | Minissam
myeon
Iron
0.933mg 0.952mg 0.718mg 0.344mg 0.158mg 0.356mg
con.
. L Caesar Yangsang | Chung
Variety| Sinkichu | Oak leaf Jeokcose .
green chu chima
Iron
1.244mg 0.479mg 0.786mg 1.107mg 0.152mg 0.433mg
con.

Fig. 1. Iron concentrations of 12 different lettuce varieties
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U, JdHES A3 ferritin 1 AE RS binary vector 2
1) Human H-chain ferritin %5 &Wsl= FHV binary vector 24
A & pET-5b7F +ukslE 550bpe] human H-chain
ferritin +°d #H(Fig. 2)& pILTAB 357 4t9)stAtH(Fig. 3). pET-5b- Human
H-chain ferritin ©¥# 2 Xbal¥} EcoRI site7} 53 3 &F&o| F2ZEHA =2l
g primer(CFH-fl, CFH-r1)& ©]&3to] PCRS A48ttt $3%¥ PCR
product electrophoresis® sizeZ ¢ ¥ insert® AF&d dHE 3=
gelS E#3led gel extraction kit(QIAgen)®Z DNAES £d AAF Xbald
EcoRIe 2 Hd3dto] inserts Wt th(Fig. 4). ¥+ pILTAB 357 4 A Xbal
3 EcoRIS=E Hdste] Hd7]gsate]l FAsdvh. ol#A E¥  vectorot
insert® AATERE Z33sl2 T4 DNA ligaseS AFE3te] 4T A 16417 F9
ligation A1 § E. coli DHbnol @AA&AZAT. FAHgd E coliv=
kanamycin(50mg + L™)o] #7kg A LB XA wjekale] AL Hol=
colony® A#s¢dtt.  Ligation A7l %  A¥WHE  colony:  restriction
enzyme(Fig. 53 PCR(Fig. 6)& A3 Aol o]FofzxE=x s
recombinant plasmid vector® A3 & sequencing(Fig. 7)& E3 &3+
sitedl AYEAEAE Blsta FHVE W9 atdthFig. 8). HEH oz gl
24" FHVE Agrobacterium®l LBA4404¢] dA A & A4S Ax A
F Azl A& A

o
oft
i)
2
rict
tlo

AA -
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<Human H-chain ferritin nucleotide sequence>

1 atgacgaceg cgtocaccts goaggtgogs cagaactacs Acraggacto Agagoooges
Bl atcaaccgos agatcaacct ggagototac gootoctacy titacotgte catgbottac
121 tactttgace gogatgatgt goctitgaay aactttoora aatactitet toaccaatet
181 catgaggaga gggaacatge tgagasacty atgaagotgs agaaccascy agglogoogs
241 atcttectte aggatatcaa gaaaccagac tgtgatgact gogagagogy gotgaatgea
301 atggagtgty cattacattt ggaassaaat gtgeatcagt cactactoga actgeacaaa

361 ctoggocacty ac tga cooocattty tgtgacttca tigagacaca tracctgaat
421 gagoaggtga aagocatcaa agaattoogt gaccacgtga ccaacttoog caagatgoga
48] gogoocgaat ctogottgge ggaatatete tttgacaags acacoctogy agsacagtgat
B4l aatgaaaget aa

<Human H-chain ferritin amino acid sequence>

1 mttagteger gnyvbadsesa inrginlely asywylemasy yidrddvalk nfakyf lhas
Bl heerehast] mklogngrogr Aflodikkpd cddwesglna mecalbhlekn sngellelki
121 latdkmdpb] cdfiethyln eguitaikels dbvwtnlrkmg apesglaey]l fdkhtloded
181 nes

Fig. 2. Nucleotide and amino acid sequences of human H-chain ferritin

gene
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I‘ Ferritin H 'I
X E

RB NOS g NPT II j NOS 3’ qCsVMV

@L'E

RB NOS g NPT II f NOS 3’ HCsVMV —|- FerritinHTNOS 3
X E

NOS3’H LB

LB

Fig. 3. Construction strategy of the binary vector, FHV, used for
transformation of lettuce plant. The human H-chain ferritin
gene was placed under CsVMV promoter. Plasmid map is

abbreviated as follows: X: Xbal; E: EcoR1. NOS: Nos
promoter; NOS 3@ Nos terminator; CsVMV: CsVMV
promoter; NPTI: kanamycin resistant gene; RB: right
border; LB: left border
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pILTAB357
12.6kb

H-type ferritin gene
550bp

Preparation of pILTAB 357 and insert (Human H-chain
ferritin gene) for construction of FHV binary vector.
H-chain ferritin gene was amplified by PCR using CFH-fl
(6'-agt tct aga atg acg acc acg tcc acc t-3') and CFH-rl
(5’-agt gaa ttc tta gct ttc att atc act gtc tc—-3’) primers.
pILTAB 357 was also double digested with the Xbal and
EcoR 1.

M: ADNA/HindIlmarker

Lane 1: pILTAB 357 (Xbal/EcoR1)

Lane 2: Human H-chain ferritin (Xba I /EcoR 1)

M’: 100bp-1kb ladder
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M1 2 3 45 6 78 910111213141516 17 18 M’

]
Y

Fig. 5. Confirmation of FHV binary vector with digestion of Xbal
/EcoR 1
M: ADNA/HindIImarker
lane 1: pILTAB (Xpal)
lane 2: pILTAB (EcoR1)
lane 3: pILTAB (Xbal/ EcoR1)
lane 4 —-18: CH1~5 (Xpal, EcoR1, Xbal/ EcoR1)
M' 100bp-1kb ladder

M1 2 3 4567 8 9101112131415161718 M

B i e e o ol ol e

= |

Fig. 6. Confirmation of FHV binary vector with PCR analysis. For
PCR analysis a pair of primers CV-fl (5'-tga agt act gag
gat aca act tca-3') and CV-rl (5'-gca aga ccg gca aca gga
ttc-3’) were designed from the part of vector.

M: KB Ladder marker

lane 1: pILTAB (CVMV primer)

lane 2: pILTAB (FH primer)

lane 3: pET-5b-Human H-chain ferritin (CVMV primer)
lane 4: pET-5b-Human H-chain ferritin (FH primer)
lane 5-18: CH1~6 (CVMV primer, FH primer)

M' 100bp-1kb ladder
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GHANANTTTG
TGCGCCAGAA
TCTACGCCTC
TGAAGAACTT
AACTGATGAA
CAGACTGTGA
AMMATGTGAR
ATTTGTGTGA
TGEETGACCA
ATCTCTTTGA
GTACCGGATC
CCTGTTGCCE
ATAATTAACA
AATTATACAT
TCECGCGECEE
CGTTTTAN

TAAGTTTGTA
CTRCCACCAG
CTACGTTTAC
TECCAAATAC
GCTGCAGAAC
TEACTGGEAG
TCAGTCACTA
CTTCATTGAG
CETGACCAAC
CAAGCACACC
CARTTCCCGA
GTCTTGCGAT
TGTAATGCAT
TTAATACGCG

caterceaty_craghrche

CACTCAGAGG CCGLCATCAA
CTGTCCATGT CTTACTACTT
TTICTTCACC AATCTCATGA
CARACGAGGTE GCCGAATCTT
AGCGGECTGA ATGCAATGGA
CTGGAACTGC ACARACTGGC
ACARCATTACC TGAATGAGCA
TTGCECARGA TEGGAGCECC
CTGGGAGACA GTGATAATGA
TCGTTCAMAC ATTTGGCAAT
GATTATCATA TAATTTCTGT
GACGTTATTT ATGAGATGECG

GACCGCGTCC
CCGBCCAGATC
TEACCGCGAT
GEAGAGGGAA
CCTTCAGGAT
GTGTECATTA
CACTGACRAR
GGTGAAAGCC
CEAATCTGGC
AMG

ACCTCGCAGE
AACCTGGAGT
GATGTGGCTT
CATGCTGAGA
ATCRAGAAAC
CATTTGGAAA
ARTGACCCCC
ATCARAGAAT
TTGGCGEAAT

GAGCTCG

BARGTTTCTT AAGATTGAAT
TGAATTACGT TAAGCATGTR
TTTTTATGAT TAGAGTCCCC

ATAGAAAACA ARATATAGCG CGCARACTAN GNATAAATTA
TGTCATCTTT GTTACTAGAT CGGGGGATCG ATNCCCCATT TACTGGCCGT

Fig. 7. Confirmation of ligation of pILTAB with H-chain ferritin gene.

Restriction enzyme site was underlined. Start and stop codon

were marked with rectangles.

RBHNOSH

NPT II

NOS 3’

CsVMV

Ferritin H

=

T
X

NOS 3’
T
E

Fig. 8. Plasmid map of HFV binary vector used for transformation of

lettuce. The human H-chain ferritin gene was placed under the

control of CsMV promoter.

Plasmid map is abbreviated as

follows: X, Xbal; E, EcoRI; NOS, Nos promoter; NOS 3’, Nos
terminator; NPT I: kanamycin resistant gene; CsVMYV, CsVMV
promoter; RB: right border; LB: left border
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2) Human L-chain ferritin 3 A& 43+ FLV binary vector 243

Cloning< $13] pET-5b7} 4ksl= 528bpe] Human L-chain ferritin
A2Fig. 9+ pCAMBIA 1302  Arisklvh(Fig. 10). pET-5b-Human
L-chain ferritin ©3-& Bglll ¢} BbrP 1 site?} 53 3 &Eo 225 A t]ztel
3t primer(CFH-2:5'-agt aga tct atg agc tcc cag att cgt cag-3', CFH-12:
5'-agt cac gtg tta gtc gtg ctt gag agt gag-3')2 o] &3 PCRE A3
t}. Z=Z 3 PCR products electrophoresis® sizeE ¢l & insert® A& ©
AE ¥33lE gelS F83}o] gel extraction kit(QIAgen)Z DNAZS & AA
¥ Bglll¢} BbrPo = A9ste] insert® g R3HtHFig. 11). ¢ pCAMBIA
1302 9+ Bglll ¢t BbrPo= ddsto] d7]QFEste] AAsdtt o= A gr
H vector® insertE HAAFEE T3 T4 DNA ligaseZ AL-&3Fo] 4T oA
16417t 59 ligation AlZl ¥ E. coli DHonoll HZAASA A} @ HdstE E
colix kanamycin(50mg - Lol #7kel 1 LBEjA oA wjgsle] AgdS 1
o]= colonyE A&t LigationAlzl & A4El colonyE  restriction
enzyme(Fig. 12)3 vectorZ%F #A ¥ primer (SFL-fl: 5 -ttt gga gag aac
acg ggg ga-3', SFL-rl: 5'-gga aat tcg agc tgg tca cc-3')%= PCR(Fig. 11)&
A A sle] A Eel 4bQdo] o] FoH =X &18ta recombinant plasmid Vector%
%A% F sequencing(Fig. 13)S E3 4 &3 siteo] HLHI=AE &3 &
FLVZ 93l thFig. 14). FTHo= &2 #Add FLVE Agrobacterzum°1
LBA4404°l |2 dg & FA24S AA 5 gl A8kl

ok
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<Human L-chain ferritin nucleotide sequence>

1 atgagcteoe agattogtea gaattattes acogacgtoy agocagoegte aacagecty
Bl gtcaatttgt acctgeagoe ctoctacace tacctotote toggottcta tttogaccge
121 gatgatgtoy ctotogaagy cytgagocac ttottoogey asctogooga goagaagogc
181 gagggetacy agogtetoot gaagatgeas aaccagegty gogooogoge totottosag
241 gacatcasga agocagetga agatgagtog gotasssccos cagacgocat gasagetges
301 atggooctog agasasaget gasccagges cttttggate ttcatgecot gogttetges
361 cgoacggace cocatotety tgacttosty gagactoact toctagatga ogaagtoaag
421 ettatcaaga agatgggioe coacctgacs aaccioraca gyotoooboy coogoaoget
481 gooctggoey agtatctett cgaaaggete actotoaage acgactaa

<Human L-chain ferritin amino acid sequence>
1 mesgirgme tdveasvmel walyvloasyt vlelgfyfdr ddvalegush ffrelassir

Bl egywerllimy nogrogralfo dikkpasdew gittpdamitaa mtlekblnga 11d1lkalgea
121 rtdphledfl ethfldeevic likkmodhlt nlhbrlogpea glgeylferl tlkhd

Fig. 9. Nucleotide and amino acid sequences of human L-chain ferritin

gene

_80_



mefP5 Ferritin L
frmhes [T

35Sp LacZ f 35S -‘- mngS NOS 3’1 RB

UB Bb

LB 358’ HPT 35S LacZ f 35S T Ferritin L TNOS 3’1 RB
B Bb

LB 135S’ fHPT

Fig. 10. Construction strategy of the binary vector, FHV, used for
transformation of lettuce plant. The human L-chain ferritin
gene was placed under CaMV 35S promoter. Plasmid map is
abbreviated as follows: B, Bglll; Bb, BbrP ; NOS, Nos
promoter; NOS 3’, Nos terminator; 35S, CaMV 35S promoter;
HPT, hygromycin resistant gene; RB, right border; LB, left
border
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2 M

pCambial302
10Kb

L-type femitin gene
520bp

Fig. 11. Preparation of pCAMBIA 1302 and insert (Human L-chain
ferritin gene) for construction of FLV binary vector.
L-chain ferritin gene was amplified by PCR using CFH-f2
(5'-agt aga tct atg agc tcc cag att cgt cag-3’') and CFH-12
(5'-agt cac gtg tta gtc gtg ctt gag agt gag-3’) primers.
pCAMBIA 1302 was also double digested with the Bg/I
/Pml1.

M: ADNA/HindIllmarker

Lane 1: pPCAMBIA1302(BglIl/ BbrPI)

Lane 2: Human L-chain ferritin(BgI!Il/ BbrPI)
M': 100bp-1kb ladder

M'’": 100bp-1kb ladder
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M1 2 345 67 8 9101112M" M'"13 14 15 16 17 18 19 20

& [ =W — PSS

,;“u:“gnh“ﬂ“

=

d=
= ]

Fig. 12. Confirmation of binary vector FHV by enzyme mapping
analysis (left) and by PCR (right). For enzyme mapping
analysis vector was digested with Bgl/Il and Ncol. For PCR
analysis a pair of primers SFL-fl (5'-ttt gga gag aac acg
ggg ga-3') and SFL-r1 (5'-gga aat tcg agc tgg tca cc-3’)
were designed from the internal part of vector.

M: ADNA/HindMmarker

Lane 1: pCAMBIA1302 (BgiIl)
Lane 2: pCAMBIA1302 (Ncol)
Lane 3-6: CL1~2 (Ncol)

lane 7: CL3 (Nco1)

Lane 8: CL3 (BgIll)

Lane 9: CL4 (BgIll)

Lane 10: CL4 (Nco 1)

Lane 11-12: 100bp-1kb ladder

M’’: 100bp-1kb ladder

M’’'": KB Ladder marker

Lane 13: pET-5b-Human L-chain ferritin (FL primer)
Lane 14: pCAMBIA1302 (FL primer)
Lane 15-20: CL1~6 (FL primer)
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TNTTGNCCTE STAGATCTRT GRGCTCCCAG ATTCGTCAGA ATTATTCCAC CGACETGGRG
GUARCCGTCR RCASOCTOAT CRATTTGTAC CTECAGGCCT CCTACACCTA CCTCTCTCTG
GECTTCTATT TCRACCECSAE TGATGIGGCT CTGGRAGGCG TGAGCCACTT CTTCCGCSAA
CTEGCCEAGS AGARGOGCGA GEGCTACSAG CGTCTUCTEA AGATGCRAAR CCABCETGEC
GECCECECTT TCTTOCAGGA CATCAAGAAS CUAGCTGAAR ATGAGTEGGE TAAMACCOCA
BACBCCATGA AAGCTGOCAT GECCCTGEAG AAARAGCTEGA ACCAGGUCCT TTTGGATCIT
CRTRCCCTEE GYTCTGOOCE CACGGADCCC CATCTCTGETG ACTTCCTGRA GACTCACTTC
CTARSATCGASS ARSTCARGCT TATCAAGHAS ATGOGTCACT ACCTGACCAA COTCCATAGS
CTGECTEROD CERARSCTEE GCTEGECGAE TATCTCTIOR ARAGGUTCAC TCTCAAGCAC
A BOG TETOAATTES TEACCASCTS GAATTTCCOD BATCETTCAA ACATTIGGCH
ATARAGTITTC TTARGATTGA ATCCTRITEC CHETCITECE ATGATTATCA TATAATTTCT
GAGKGARATTA CHTTAAGCAT GTAATAATTA ACATGTAATE CATRACGTTA TTTATGAGAT
BEGTTTITAT GATTAGAGTC CCGCAATTAT ACATTTAATA CGCGATAGAR ARCRARATAT
AGCGCGOBAL CTAGGATRAA TTATCGCGCS CGONGTCATC TATGTTACTA GATCUGGGAAT
TARACTATCR GTEGTTIGSA CABGATATAT TGOCCGGETA AAMC

Fig. 13. Confirmation of ligation of pCAMBIA 1390 with L-chain ferritin
gene. Restriction enzyme site was underlined. Start and stop codon
were marked with rectangles.

RBH 35S poly AH HPTH358- Lac Z

35s FerritinL[ NOS3H LB

Belll Pr 1

Fig. 14. Plasmid map of HLV binary vector used for transformation of
lettuce. The human L-chain ferritin gene was placed under the
control of CaMV35S promoter. Plasmid map is abbreviated as
HPT, hygromycin resistance gene. 35S, CaMV 35S promoter,
RB, right border; LB, left border
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3) Rice ferritin F A x}& & ¥3lE= RFV binary vector &4

o

of o 2%

pBI-101-Hm binary vectore] 4%l = 773bp2 rice ferritin
(Fig. 15)= F5Ugw &7 ug AFHORRH Fojuigton 2 24
#1381 RFV(Fig. 16)2 W33ttt 39 w2 RFV plasmidi freeze-thaw
H(An et al, 1988)2. % Agobactrium tumerfaciens® dAX3311 RFV
plasmidel Z3% o} ¢l selection marker ¥ ferritin Fd#5 2elat7] ¢s}
o PCRE A4 Y. PCR 4S5 9189 Al T/ primer 282 ©]831%

1L Z}zEe] primer sequences U3 2t}

Rice ferritin +d*}: CRF-fl: 5’ -atg gct ctt gct cca tcc aaa g-3/,
CRF-rl 5'-cta ttc aag att aag cag cat-3’

NPT T 73 xAk NPT1 5'-caa gat gga ttg cac gca ggt tct-3’
NPT?2 5'-tcc aga tca tcc tga tcg aca aga—3’
HPT A=A} HPT1 5 -agc ctg acc tat tgc atc tcc—-3’

HPT2 5'-tgt ccg tca gga cat tgt tgg—3’
PCR A3 oAA3E 750bp(rice ferritin 2 #}), 550 bp(NPTID), 350bp

(HPT)2] PCR productZ #2135t o (Fig. 17) &<l vectors A I 2 A3
of o] &3}t
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Fig.

atggotetty
gooogtgote
goaagcagaa
et togany
googtaagaa
acaatgette
teaagogatt
agctoatgaa
tereetoaga
tegtett o
acaatgaces

gaattaagaa

ctocatoeas
agaaaaaces
acct tagoogt
aggttaagas
ctacgotgat
ctatgogtac
tgccaagtte
atatcagaat
atttgageat
gaagttagtg
teaaatggos

aatttcagag

agtttocacs:
aacttgetet
ttgtogertea
gogtgaactt
gagtgtgaat
cactecttgt
trcaagaaat
actegoggty
gtogaaaagy
aatgagaaac
gactteatty
tatgtogete

tttotogtt
gtttetetsa

8 i i e -

gotttogogaa

actgtgocte totcagosgt

gotgttosaa
ctgecattaa
ttgegtacat
ctagtgacgs
gaagggttgt
gogatoeatt
ttetgaatgt
aaagogagtt

cogtoceeea
cgageagata
TEACAGGGas
agaaagagag
tettrangos
gtatgeatty
geacagtgty
trtgtetgaa

acccagtgtt
tgtgaaactt
gatattegaa
agtetogett
aatgtggaat
aacgtggete
cACgoLgaaa
atcaagaate
gaattagett
gragatlogoa
caggttgaat

agttgagaas gyttgagsts acggtgttty
gractttgat caaagactte ttgattagga agatgotget taatottgaa tag

15. Nucleotide and amino acid sequences of human L-chain

ferritin gene

NPT IINNOS 3’

358

:

35SH

NOS 3’

|

B

Rice fem'tinTNOS 3

S

Fig. 16. Vector map of RFV with rice ferritin gene.
Plasmid is abbreviated as follows: B, BamH1; S, Sst1. NOS,

Nos promoter;

promoter;

NPT,

NOS 3/,

Nos terminator;

kanamycin

resistant

gene;

355, CaMV 35S
HPT,

hygromycin resistant gene; RB, right border; LB, left border
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750bp 550bp

350bp

Fig. 17. Confirmation of binary vector RFV with rice ferritin gene.
PCR analysis revealed the presence of the expected 750bp,
550bp and 350bp products for rice ferritin (left), NPT 1I
(center) and hpt (right) genes, respectively. For PCR analysis,
three different pairs of primers; rice ferritin gene (CRF-fl
5'-atg gct ctt gct cca tcc aaa g-3’, CRF-rl 5'-cta ttc aag
att aag cag cat-3’), NPTII (NPT1 5'-caa gat gga ttg cac gca
ggt tct-3’, NPT2 5'-tcc aga tca tcc tga tcg aca aga-3') and
hygomycin registance gene (HPT1 5'-agc ctg acc tat tgc atc
tcc-3', HPT2 5'-tgt ccg tca gga cat tgt tgg-3’') were used to
amplify each gene in the vector.
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t}. Ferritin A= A9 243k

Aol ferritin FAAE =JAI7I7] Y5t BE vectorE: E3E AL U+
A. tumefaciens LBA44045 #] AHo| 587 HF3 3 50 mg/L kanamycin
%2 20 mg/L hygromycino] X Adujz|o A wjekst A} v 1544 Y
B X4d dHA AAHF EYEHE kanamycin &2 hygromycind] # &
= Zbe calluset A1x7F FA o] w7 Al#teklvk(Fig. 18). 45 d A 789
G calluss 717 $9 AEstE = b ARt A Axr d4HE
A AEste] s Hol FoUh wEgt 225 calluset AAAE A A

=

712 A2 rooting iAol &7 HE|7} E8lEo A E

L = N oo ox o

Auku Ao A 718 AF A1Z+E= genomic DNAS 23 5, 2 A3

__[i__
AdE &dst7] 98] PCRS a8kt PCRZ gld A Hd3 7MA= <3
ANA oA AujstAct. AujE FA A3 A= Southern hybridization,
RT-PCR, western blotting 5< %

Ao MR elR 5 B4

I

1) PCR ®4]¢] o §#12 =9] &l

Al FF9 ferritin A7} dol® A single transformants®] genomic
DNAd Hol= A=A gRlstr] el Adufa]elA Hditso] HoA Ajufe
AE3E Aol B o ZEE genomic DNAS F33}e] PCR W o=z #8213
Attt ol¢} BE°] human H-chain ¥} L-chain ferritin f 32 Jd A3 H 4
3 double transformants®™ PCRZ FZA 3o RE Rttt 242t f 3 =}ol
specificdt primer; human H-chain ferritin 2 *HCV-fl 5’ -tga agt act gag
gat aca act tca-3’, CV-rl 5'-gca aga ccg gca aca gga ttc-3'), human
L-chain ferritin # A (SFL-fl 5'-t tt g ga gag aac acg ggg ga-3/,
SFL-rl 5'-gga aat tcg agc tgg tca cc-3') % rice ferritin A AHCRF-f1
5'-atg gct ctt gct cca tcc aaa g-3’, DRF-rl 5'-att gcc aaa tgt ttg aac gat
c-3)% ol&3tdd PCRYUHS F3ds Z3} 600bpthuman H-chain ferritin),
550bp(thuman L-chain ferritin) ¥ 750bp(rice ferritin)¢] PCR product® #¢13s}t

At} 3-# H-chain ferritin A A2} L-chain ferritin A AFS A3 3+ 7)Ao
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Zo] HolAl7]7] 9%} double transformationS AlX3dF3 kanamycind}
hygromycin ®jA|o|A A@3s A3 double transformantsolA+ human
H-chain ferritin +#2F2¢] 600bp2} human L-chain ferritin -+ *x+2] 500bp
productE ¢+ /WAIZFE & 5 o] F Jhe FHAAIE g Al =Rt

Ae gelatdet. widoe] FAA3S A71A & FFo4= PCR product

ll_i_ RN= il
E g F Ak (Fig. 19).
2) Southern hybridizationol] ¢3F & @ AsA o] £

Southern hybridization #2412 PCR #4d] 93l dxH oz FA%
[e} =

Yol Fold FAHAEA 107 lines Z FdA

ot

EcoRI enzyme # 2] ¥ human H-chain ferritin &2 hpt genel 2 H-E =A%
probeE ©o]&3te] BQle & At ZtHIAE sizeq 550bp (ferritin) &2 700bp
(hygromycin)9] signals €&<0a 4 ATE Southern hybridization =41¢] 2
IZ PCRZ ¥ lineE29 ferritin FAA2] Z=Qlo] EAHAL o] &9
copyTFE 1-371¢ Aoz Folw )
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Fig.

18.

Transformation of lettuce with A. tumefaciens LBA4404
containing FHV, FLV or RFV. A: infected cotyledon explants
on selection medium; B: transegnic shoots were induced onto
selection medium; C: transgenic shoot was grown onto
selection medium; D: roots from transgenic shoot were

induced in rooting medium.
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PMNI2ZI4567 801011 2 3456780101112131415

e sy

600bp

2345678 91011

750bp 600bp, 550bp

Fig. 19. Confirmation of transgenic lettuce plants by PCR analysis.
PCR analysis revealed the presence of the expected 600bp
(human H-chain ferritin, A), 550bp (human L-chain ferritin,
B), 750bp (rice ferritin, C), and 600 & 500bp (human H + L
ferritin gene double transformation, D) products. For PCR
analysis, three different pairs of primers were used; human
H-chain ferritin gene (CV-fl 5'-tga agt act gag gat aca act
tca-3’, CV-rl 5'-gca aga ccg gca aca gga ttc-3’'), human
L-chain ferritin gene (SFL-fl 5'-t tt g ga gag aac acg ggg
ga-3’, SFL-r1 5'-gga aat tcg agc tgg tca cc-3’), and rice
ferritin (CRF-f1 5'-atg gct ctt gct cca tcc aaa g-3’, DRF-rl
5'—-att gcc aaa tgt ttg aac gat c-3').

P: positive control; N: negative control
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Fig. 20.

12 3456 78 9101112 13141516 1718 1920

P M 1234 56 78 91011121314151617181920

Southern hybridization of DNA from transgenic lettuce plants
with human H-chain (top) and L-chain (bottom) ferritin
genes. Genomic DNA of each transgenic lines were digested
with BamHI (odd number) and Xhol (even number),
respectively. Digested genomic DNA was probed with
[*P]-labeled 550b and 700bp fragment for H-chain ferritin
gene(top) and hApt gene (bottom), respectively. (M: Size
marker, Lamda DNA digested with HindIll; P: positive
control, lane 1-20: transgenic lettuce line)
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hpt —»

P M 1234 56 78 91011121314151617181920

PM123 45 67 89 1011121314 15161718 1920

- - - - .
- -
-
i
- -
— . & & @ = -

1-

. 4 P

Fig. 21. Southern hybridization of DNA from transgenic lettuce plants

with rice (top) and double transformants with human H- and
L-chain ferritin genes (bottom). Genomic DNA of each
transgenic lines were digested with BamHI (odd number) and
Xhol (even number), respectively. Digested genomic DNA was
probed with [*2P]-labeled 700bp fragment. (M: Size marker,
Lamda DNA digested with HindIII; P: positive control, Apt
fragment from each plasmid; lane 1-20: transgenic lettuce

line)
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3) RT-PCR #40 93t ddAgA ] vt A}

Azl HHARE Felsty] fste] 4 FAAE FFEFE total
RNAE £#3% H oligo dT primer®} reverse transcriptases ©|
gttt 2 3 FAE cDNA luge AME ZF f3dxe 2s
AZE  primer?t tag polymerase® PCRS Alx=ddoem =2 Ay 7gaild
550bpthuman H-chain ferritin), 520bpthuman L-chain ferritin) =123
750bp(rice ferritin  FAA)¢] RT-PCR Al&S ol A3 double
transformants 58 = 550bp(human H-chain ferritin) ¢} 520bp(human L-chain
ferritin) AH=S 3 MAEZHE Gt olEA Zzbe] PAH A = HH

ferritin 3 #Fe] ¥ 15t oH ~°l elZte 2 HY B3 fAAEZ 4
301]/\1 THES 88 5 e F oAl FHAAI sAl FAAzE A
F FAAGAANAME F AN FHAATE FAle]l HHEES AT S AT

(Flg. 22).

4) Western blot #4]o 2]t A7 shx| o chulz wkg

&5 FAAZANA L ferritn FHAY] HH f{FFE gRlstr] 93
SDS-PAGEE F339th. A3 F2Hd3A 6712 Negative control® H] &
AskA el AF sample 170, ZL#]al positive control® W&ol EH Az
ferritn sample 17]2 western blotting ©. & Z+z} vl wstgich 238 A3} Fig. 23
o e} 7ol Lane 1-67FA A3 A A@dA oA oF 42kDa 9 %9 signalS &
olsk 4= AN, Lane 89 WAt ferritn sampled A+ ¢F 21kDa¥ 42kDa ¢
X F 3ol Al ferritn signalg &< & 4 JASTh WA negative control 4
sampleo| A = signals &g = UATE o] 22 A A5 ferritn &
AAdgA AN = ferritno] dimer Z7]9] A FA Hdo] HE Fow F54
t}. AR E coli®] A A monomerd X9 signale] floA 2] ol A <

l‘

A e £ 233 post-translational modification pathwayS A2 Aoz
FZ5EH oo tigh BEg A UF Fu AlstEHoloF v FdE T
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910 I H 1

550bp

LR

Fig. 22. Confirmation of transgene expression of transgenic lettuce
plants by RT-PCR.
RT-PCR analysis revealed the presence of the expected
550bp, 520bp, 750bp, and 550 & 520bp products for human
H-chain ferritin gene(A), human L-chain ferritin gene(B),
rice ferritin gene(C), double transformation (human H- and
L-chain ferritin genes)(D). For RT-PCR analysis, three
different pairs of primers were used, human H-chain ferritin
gene (FH-fl: 5'-atg acg acc gcg tcc acc tc-3’, FH-rl:
5’—-tta gct ttc att atc act gtc tcc-3’), human L-chain ferritin
gene (FL-fl: 5'-atg agc tcc cag att cgt ca-3’, FL-rl: 5'-tag
tcg tgc ttg aga gtg ag-3’), and rice ferritin gene (CRF-fl:
5’'-atg gct ctt gct cca tcc aaa g-3’, CRF-rl: 5'-cta ttc aag

att aag cag cat-3’'). N: negative control.
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Fig. 23. Analysis of protein expression by western blot analysis.
Lane 1~6: Transgenic lettuce plants
Lane 7: Non transformed lettuce plants
Lane 8: E-coli.
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ol Aol fAAte S 1 B4

2o AujE FAATA] FXE homozygous WAE ezt =}
= 0]

Zhratel ol& AUk AR NS AAE = e rEE7
Aol 55 A9 El7briol ]—roiz]z] A skdth

Human H-chain ferritin f+3AA 2 FAASE HFE A/teEsie 35
3 FAE 100mg/L kanamycin®] 3 7Fe MSujA| o] mgsta WolE &s)
ATk Ti Aldiell A dolfrdzte] ZejulE gelstr] 93 2 e +5 T4
F7F 1007] ©]4F¢l 6719 FAASTFAE Y= kanamycind] A 3L Ho]

v TAS a2¥A @2 FAe v &S AT 1 A ¥ kanamycindll A @
Hol= FAe] Wols 7%= AoFHdArt FUE Fd%s 9T F
o1 kanamycin®l AFA S Hole FTAe} 218XA g2 FTAY HEE A
AR copyrE FAE 5 AT (Table 2). 2 23} line 4= 319 &7
o] Mendel® FdHA | wel 1 copy’t AT Aoz o=Hgom
copyTE 5% T & line 28 Al93tal= 2 copy °ol7te] =%
g Ak B s ol AR copyFE Southern blot
galA EAE 4 At 9 kanamycin B A oA A A
wato]l TiAltE SAolA Aufstar FddA7]1A] &
Al71aL 21 FAke] ol HA S S35kl homozygous 7H Al
q

™ o]E homozygous NAEY ferritin 44 & H:=

0 ¥ ox T
miﬂl Jo 2 o

_ =

H

ine

o M 2 oX

_97_



Table 2. Segregation of kanamycin resistance in progenies from
selfing transformants with human H-chain ferritin gene.

. Segregation
) . Germination no. .

Transgenic plant Copy number v < ratio

Km’ / Km y X

Km™ : Km
1 >2 132/18 7.33:1
2 NDY 89/61 1.45:1
3 =) 86/14 6.14:1
4 1 70/30 2.33:1
5 >2 127/23 5.52:1
6 >2 87/13 6.69:1

“Copy number of H-chain ferritin gene was expected by segregation ratio
of Km".

YKm™: No. of kanamycin resistance seeds.

*Km®: No. of kanamycin sensitive seeds.

"Not determined.
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)
human L-chain ferritin +3 A= 23.75 cm, rice ferritin A= 24.95 cm, 2L
2]3l H-chain®} L-chain ferritin F3 A& sAld JAHdeS olsgdA

= 292 cmol AtH(Fig. 26). ¥ A= ferritin FAA7} AF A% =
FFE T ZAoR HAAW O g3 ol PME AFUF MY F
I v9S 2% rice ferritin, human L-chain ferritin, human H-chain ferritin <=
o2 YEsth H-chain® L-chain ferritin f+H A5 o] &3t A Qg9 4t
z27e] Abol= oy ol A MBA A H5d] 2] TUHE Ho] ofnt
T st et sy olE 9% Hek HAyo] dastrty Azte
ok 2y 74z {AAE ol &gt PFAAZ A Ay linese Wol7b thk
&}o] (H-chain; 13~385 cm, L-chain: 10~38 cm, rice ferritin: 12~41 cm, ©]
STHAHEA: 17~42 cm) o5 T FAEA A AFE lined] Aol F sttt
al

AtEw o] Z 98 lines A FA Foll AthFig. 24, 25).
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Human H-chain ferritin gene
e
L
=
k)
(0]
e
<
©
[a
C H H H3 H4 HS H6 H7 H8 H9 HIO
Transgenic lettuce plants
Human L—chain ferritin gene
I
L
=
o
[}
~
c
©
o
c 11 L2 L4 L5 Le L7 L9 L11 L12 L13
Transgenic lettuce plants

Fig. 24. Differences of plant height of transgenic lettuce plants with
human H-chain ferritin gene (top) and with human L-chain
ferritin gene (bottom).

Differences of plant height = plant height after 6 weeks from
being transplanted to the pot - plant height at first day
from being transplanted to the pot

Con : Non-transgenic plant
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Rice ferritin gene

Plant height (cm

C R2 R5 R9 R10 R11 R12 R13 R14 R15 R16
Transgenic lettuce plants

Double transformation
(human H- and L—chain ferritin gene)

Plant height (cm

C HL2 H4 HSb5 HW6 H7 HL8 HL9 HL10 HL12 HL23
Transgenic lettuce plants

Fig. 25. Differences of plant height of transgenic lettuce plants with
rice ferritin gene (top) and double transformants with human
H- and L-chain ferritin genes (bottom).
Differences of plant height = plant height after 6 weeks from
being transplanted to the pot - plant height at first day
from being transplanted to the pot
Con: Non-transgenic plant
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- = DN N W W
o o0 O o0 O O,
T T T T T

Plant height (cm

(6
T

(@]

H L R D(H+L)

Average of plant height
of 4 types of transgenic lettuce plants

Fig. 26. Average plant heights of 4 types of transgenic lettuce plants.
Average of plant height = Sum of plant height differences of
transgenic plants / total numbar of transgenic plants
Con : Non-transgenic plant
H: Transgenic lettuce plants with human H-chain ferritin
gene;

L: Transgenic lettuce plants with human L-chain ferritin
gene;

R: Transgenic lettuce plants with rice ferritin,

D(HL): Transgenic lettuce plants with human H and L-chain

ferritin gene.
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A BAAS 4Fe] Fe' ol &

L

et

LE

PCR, Southern hybridization #4] % RT-PCRT5 2z #<2% single
transformed (Al £ 72 ferritin 422} double transformed 3¢ &
&S inductively coupled plasma (ICP) spectrometry® %3+ Z 3= Table
33zl HH Fe'' o] T HEFL pontransformed AF9 A-$ 0420 mg/gel
Hbd o] human H-chain ferritin #3x 2 ddd3td AF7F 0834 mg/gl 2
oF 2l A= =t} Human L-chain ferritin A 2H0.536 mg/g), rice ferrtin
A 20553 mg/g), double transformed A3£(0.534 mg/g)s o & FAASH
FE R =2 AEFgS HYoy B AolE Ro|X& &skth a1y 7t
7rel e PAAS line® 2bo](H-chain ferritint 0.260~1.165, L-chain
ferritin: 0.241~1.037, rice ferritin: 0.260~1.165, double transformants: 0.249~
0.837)7F ZA velY 18HS Hole lined Autsle] mAgZFol i),

ox Fo
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Table 3. Iron concentrations of transgenic lettuce plants

Iron concentrations (mg/g)

H L R D C
Line TIron | Line Iron | Line Iron | Line | Iron | Line | Iron
no. conc.| no. conc.| no. conc.| no. |conc. | no. | conc.
HI 0260 | L1 0681 | R2 0656 | HLZ | 0808 | Cl1 | 0.485
H2z 1165| L2 0427 | R5 0363 | HL4 | 0577 | C2 | 0.393
H3 0641 | L4 0702 | R9 0382 | HL5 | 0249 | C3 | 0.381
H4 1041 | L5 0428 | R10 0906 | HL6 | 0.707
H5 1207 | L6 0478 | R11 0526 | HL7 | 0.403
H6 0887 | L7 0462 | R12 0670 | HL8 | 0.837
H7 0829 | L9 0241 | R13 0.756 | HL9 | 0.752
H8 1165 | L11 1.037 | R14 0.158 | HL10 | 0.529
H9 0415 | L12 0365 | R15 0.624 | HL1Z | 0.309
H10 0732 | L13 0541 | R16 0488 | HL23 | 0.168

Average 0.834 |Average 0.536 |Average 0.553 |Average| 0.534 |Average| 0.420

“H: Transgenic lettuce plants with human H-chain ferritin gene

L: Transgenic lettuce plants with human L-chain ferritin gene

R: Transgenic lettuce plants with rice ferritin gene

D: Transgenic lettuce plants with human H & L-chain ferritin gene
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M 4 A Sesquiterpene ©AM 7
AgrobacteriumE Ol &¢t A F 2 9

13 A

A AN A Loji dARELS 2 AAGAS oAl BelHt 2
Adarg Aol VR ow Aol Sla dolup: dAREOR W ol §
C BgAAE 1A dUAPen Ada T

ol EgEM RE AEAYAAN FEeHoR dojus A} FEolE T
H = <

CREN om BAL ATA L B8
sgolet @ & Qdtd OB JAWAE B AyHE AL 2

terpenoids, alkaloids, phenylpropanoid flavonoids 3}§tE 502 U™ o]Fd
ME 53] terpenoid 3HE2 A EUNA AAEE 23 drbE T MY AE
Aoz gt FE& xggsteE Aoz dEA  AvhH(Buchanan et al. 2000).
Terpeonoid 33&E2 tAl 4 A2 FA % isoprenes 3 ©@9I= 1 @
97 2oAH gl wet 3 le] A9 hemiterpene, F 7H7F E<l
monoterpene, Al 7|7} 2o F 15709 ©FAag o] Fo] X sesquiterpene L2 I 4
7N €] diterpene, sesquiterpene /0= T/d ¥ triterpene, 8709 isoprene T =
TA % tetraterpene, 87] ©]4F9] isoprenel Z TFAE polyterpenel® HHH
t}. Terpenoid 3% 712 d isoprene 3707} Xo o]Fo]A sesquiterpeneS
53] H 5o bge a5 E Hole AR oA @we IS Fi e
g, 7 tx4 d2A 83 AEQ1 NES(Artemisia annua L)NA A3 =
+ artemisiatte= =42 FEtolE 9% SRR dHA Utk

AEE 3] 1dx FEZ B ENYF 9 mineralS o -5 Ay =,
A AL TOR o]&H e F dAAfiaAEZelg & F Atk o] AFddE S5
of st ubs U= AiolA fAY, ¥d, HH, WFEHRI do] EHS
==3siln} ek 7l =E =, lactucin(Ci5H160s, MW : 276.3),
8-doxylactucin(CisHis0q, MW : 260.3) 2 lactucopicrin(CasHzO7, MW : 410)9]
St o] Ad=d o] 5L terpenoidE 2] sesquiterpene lactonel® LA 3
ot} ol¢} fFAFSHAl 23S WlEsesquiterpene lactone A RS AFlolE e

=33 Al &9 chicory(Chichorium intybus), radicchio(Cichorium intybus),

d

oX,

endive(Cichorium endive), artichoke (Cynara scolymus) Sol% oA o
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ol ol Wi VuEd, & F%o], 3 dEgol ARer &=
i BaEolz] glth olE EAL J)|EZ O F sesquitepened] FE HTA
farnesyl pyrophosphate(FPP)E 7] A FAZ 3= Aol guanine,
germacran, eudusmanes 2] =3t 579 22 & 7o R A H=d ol
S 9] Y3 A4A<Qd FPPEHFE germacrene A A FE 4ol o) FAw
(+)-germacrene AZ HT-AZ 3t acetate-mevalonate-FPP-germa cradiene 7
25 AA AFdETT 4dHA Advi(de Kraker et al. 1998). Fig. 1 FPP7}
germacrene A A 8o 93] germacrene AR AIH F AFE ¥ I3 =
33} & E5-9 sesquiterpene lactonel® ATA L= #HAS el ¢
A5 2 T3ty FEdelAe Solstar Qb Al 83 sesquiterpene
lactoneo] AFAETILE dHA oy, O AFAFS 2 AEANLA G
L7l FepdE Apuplel wel vtEva delx vk whebA gheFe] oj g
A= Ao o]Folx, Feldo] loj= =
=2 o] EAlet =719 A, flolA otdisoR

o o H

X

= ottt H
1 = o] th(Rees®t Harborne, 1985). T3k 1 & A& o AQujA g Aix
ol 98] 93-S o (Peters® Amerongen, 1997) L A &4 9] o] &HlA =
Zdo el x F sesquiterpene lactone o] ZAFE T JFFS wWk=t}

1 4H A dth(Peters$ Amerongen, 1998).
AR EE ARETS dgor A7 98 XHHH
371’_}1:1[_}94 O%EP—E‘E‘ o ]oﬂ 1:—_01 'I"‘noﬂ ‘:}

o ou:
@
BN
Etlﬁ
Jm
o
1>
o
__>t‘_’,
o

7] gHA i’lﬁ]% =53] 9% 7t
T EEAQ YHoE AW s & & dom e vEdEe st
Uz o o] AFAHEY o T8 AFELS UH AFHAHoEA
O2RYH AAEE HASTELAY AFEAEFS S/HE BAE B Ak o) E
8l A B A #AAg FHAE EEstal o] FHAI A8 EE
AEA =QstE A AE 23gAIEA Aol o 7 7AW o]
gt 3 Qrh & AFddA e A, JUl AF FEQ AAREFE ol &, F
X} Ef9 #8 sesquiter- pene lactone ATA Sl =8 HAFA <l germacrene

e #dEd FHAE FEskAal, o e A AN AAEE

germacrene A9t A ZHE A H sesquiterpene lactones 4 E A Ul A
i APyl Sasl AHAHS®E germacrene A AFA  FHAE

Agrobacterium< ©]&€3lo] AFUE =59
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-~ !
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skeleton
e
P
FPP
Jermacrang
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Fig. 1. Proposed biochemical route for the germacrene-derived

sesquiterpene lactones in plants by Bennett et al. (2002)
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2 z‘g- zﬂ_g_ UJ HP\g

Az e Al AR E e 7Y Tt Eel A FAE shEskar o}
T AEAY 29s ARE AMESR e, dEAHRS T4 F F 1F 9
A9 & o] &3sto] oFolAT. FFE FTAE A 70% olghEel 1dEet "
3 5 30% clorox®t 0.1%69] Tween—-200] E3Fd Ao Y 158 F<k t}A

50 Fa RS diteE oY W AHste] Eat Add 5 3%9] sucrose
¢} 8g/Le| agar”’} E% 2l pH5.82] MS (Murashige and Skoog) =] 7} £ %)
= vtedlz=de] Ba 2084 sEekdith BE A EAE 25°C, 1647F Fx1
stel A mgFE o™ FAHEE PSS A e WG wet S
Aoz A wFui A = Al = A

U fA4x 28 =S 3 primer ZHA

Sesquiterpene A9 FEH HES 27| 9dle] 7]Eo LR EHo Q=
2= sesquiterpene synthase +%#& ‘National Center for Biotechnology
Information(NCBI) Genbank’ol| 4 74 M &}l al Fd 22l AA d71ES 33
7] $1& ‘Entrez program’'s AF&31

+H%  sesquiterpene synthase -rr%ix} bl ALAFE T A
(Lycopersicon hirsutum), Y¥v}E(Lycopersicon esculentum), “FAHSolanum
tuberosum), 13 (Capsicum annum), X712 (Chichorium intybus)€2 9714 <¥
S AEsAa o5 77 22 AE YAdAR 2FF o9 sesquiterpene
synthase 97|14 <EE zt1 QoA 28 T Ui A7 IHEEA 1HY A7IAME
S MEstz IAE = homologys @o] Holx RES BLAST program® &

Zke g g RES ZANOF primerE A2
t}. Reverse transcriptase (RT)-PCR

Az BEE S 4 FFEZFE GibcoBRLAF] TrizolA ¢k AF-8-3)
o HA RNAE A" W met 22 5 oligo dT primere} reverse
transcriptases ©]8, cDNAE 34839t cDNA A4 272 1uge] RNAE
oligo dT primerE H7}3F % 70°CollA] RNA o|x+Z5 #A|A%E T 42°Col A
307 GHAF A7 AFEE GHALEAE BEAIAI7I7] f8] 75°Cel A 10



B 7 2 & FA4%" cDNA lugs AME, FAA BEE s gAds
primer®} faq polymerase® PCR3}om 1 Xz 3o C
A AIFE E 5 96°Coll A 30%, 55°Cell A 30%, 72°ColA] 1# 22 40 cycle

H

S Agstar vpA|Ero 2 72°Co A 1087 HF AFAIZ F 4°CE A8t A
A &S FEIAT 44 primerE® FFHE GHES 1 474 97 4E
S EBA4317] 98] PCRAMES pGEM-T easy vectorel Atdsta T79F SP6

primers o] &3t @7IM LS A6
2}, RACE W

233 primer® & H3 F-AAFe] A8 d#HE VB o= full length 3
2t gHE7] 918 RACE WS ol &atdh 3% A5 T7F 187 =34
GeneRacer' ™ oligo dT primer® A wk A3 RNAZS ¢4 9 A2 5 H
A2} @] A5 primer(ses 11)9F GeneRacer'™ oligo dT primert] 9] &5 A
g8 nlgoz wEo] 7 GeneRacer ™ 3 primerZ PCRE $ 33l 1319
oun 5% AL olu 1 sequenceE Ui YE GeneRacer'' RNA OligoE
T4 RNA ligase® &5 RNA 5% F33 5 1 REo=iy fdd
GeneRacer™ 5 primer®} o]n] 3Ry FEo| 3F primer(ses 12)Z RT-PCR
S F8ste] dratdrt. AbE¥GeneRacer'™ Oligo dT, 3, 5 ¥ 3 RNA
oligo primer sequencet Invitrogeno] &J38] A|FFHJow I AV|AHLL t}e
I 2

GeneRacer™ oligo dT primer;

Lo

r‘:l

=

Sgct gtc aac gat acg cta cgt aac ggc atg aca gtg(t)isd’
GeneRacer™ RNA primer;

5'cga cug gag cac gag gac acu gac aug gac uga agg agu aga aa3’

GeneRacer™ 5’ primer;

5'cga ctg gag cac gag gac act ga3’

™ . .
GeneRacer™ ™ 3’ primer;

5'gct gtc aac gat acg cta cgt aac g3’

o

ul, A AATS 93} binary vector &4 2 ggrobacteriumlE HA A

N

=

FFEFH #¥ germacrene A synthase FHAE AF A=A
Adslr] 3k & Y ZS binary vectorE ZA A TE AAEE vector A W

i
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I A= Ay 2 aFoA Az sk
vt Agrobacteriums ©] 8%k 459 FA WS

ol A H vectord FAAEZ xS Agrobacteriume $-4, 50 mg/L
9] kanamycin® 10 mg/L9] streptomycin®] T-E 1A YEP x| oA 484 7+
Fot 28°C gxAs A vt 1w colonyEF 3 colonyE 33
H o sddt TR vt TR FAAVE £33 5 mle] AA YEPH[A] A
AA]l 48A|7HE}E 28°C dxdetol Al ' Fstd et 1 & 1 oBbe| o} vl
oA 1 mle Hg 5 50 mle FAg A £ AA Aol A 2443 &
5 E A8 o] &5

44 .

FAAZ ] A18H AEHHL FFe A9S dHEES AASE AFH
FRE XA 71H] &2 AdHoA 1 Jteddde HaEE FHE Fo AFES)
Atk o] AHS oA wrE HE g glol wjkdo] 5EALE Gy} AN oR
B0l ¥ WAy A o|H® oio] fole A A E3E R
942 1.0 mg/L NAA, 1.0 mg/L BA7} 23¥ A&E3t8 njx]o| A o]& Ft
ZAs A FEugstdy. a8l 394, I HEE A9 HEHE

cefotaxime 200 mg/L, kanamycin 30 mg/Lo] E3E oA MSH| A] ol A

T A § FEaduiAo] EstE T2 o A FHux e} T3 FH

ol FAAZE 2T MSHA A TGu] A A vttt AR 2 &1 $d

o 47wk A AR R SAFOEA FAAATEHS FAANAL HFHo=

A Ao #7198 A ZxE cefotaxime 200 mg/Le] E3E 1/2 MSHH A of A
o

5|
=
BYS F7IAAY 22a o= Ar AR He=As R oAt

w
)
o oo o

Al A1 &= A genomic DNA F%

Zrzke] A REE 1go dE& AMF ko] genomic DNAES FE3H3

ok A 1go] A& AT Yo AL A(LN)E ol skt 4
® 9 dHs FF ¢4F9 [05M NaCl, 0.1M Tris-Cl (pH8.0), 0.05M EDTA,

29 SDS, f-mercapto ethanol 1%] 9 mLol] A7} 3 3 55T 9 & x| A
$-3}A k. HEg-9of phenolichloroform (25:24, V:V)¢] &S 20 mL
A7bste] &3ttt &3 F 8000rpmell Al 10E-7F LA 23kl 8 mLe A=
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NS AZE tubeZ % F F ol H3I 9] abs. ethanols H7Fstath. A 7F
~20Col A 18A17+S WHEAIZl ¥ 8000rpme2 1043F AAl st A5
Wil 70% ethanols o]&3&te] 3] MHst HEAZAT A% = 1 mLe
TE =9 = HFF-E H718F] genomic DNAE &3]3t DNA #2419
o] g3}t

A Ao F71" AF A Z= A4, genomic DNAS 23 5, 24

A S glst7] 918 kanamycin A FAAE 5T F AT primerE
Zk74-s PCReFETE PCR&EZS 95°Coll Al 27 WAAIZL 3 95°Cell A 14,

55°Coll A 18 z2]al 72°Coll Al 1% 30%E 308 A2ldh 5 72°Cell A 10%3tF #
T Fgste 1A Fdetdn. 1 O AEES 1.5% agarose geloll A A
71953t UVE slelA 1 b9 EAFF9 2715 g2l

2% 2% & 13

2oATE FEYEdA F8 8 ARE o&EHe= FAAv AF(Lactuca
sativa L.)Z5H Sesquiterpene St G499 Y+9l germacrene A synthaseZ
FAYstE FHAE B} aL WE ] cloning ¢ %, &AWl

oz 4 i
W A S e A AL 4B $4S F BAow dar

7}, A% 9] total RNAZ Y E germacrene A synthaseE FHWYslE FdAHY
@ 29 RACEMH S ol &3 fda dAe gn

A v} JFZHE germacrene A synthaseE I Y= FHAAE EE 7]
Al ¢4 primergs AL o] & o]&ste] RT-PCR #AS 714 45 &
Ae #2357 5, 3-RACE WS ol&std, dA9 FdAE st &
Al AHgH %i]“}’b}i‘:‘ 7 el et Elel A vl Fskal samples A 3 5k

RNAZ2l Abgstith. #d4 @i 224 ARSE primeri= 7]&0l ofv] &

1Eo] 9= AEW sesquiterpene synthase FdAF G7IALEE F AQLFE

2 FAAM X 7VA(Lycopersicon hirsutum), EVFE(Lycopersicon esculentum),

2 (Solanum  tuberosum),  iLE(Capsicum  annum), X 712 (Chichorium
A

intybus)E9 A71ES FRE}HL olE2 44 e FHE YolARE 2FF o]
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9] sesquiterpene synthase @714 E8S zZt3 Qo] 5 F UlXE FUVIAEEA
1ol dA7IAMEs Al IHE F homologyE Bl Holg HES
BLAST programo. & 2 5 I FES FAHOZ primerE A ZSEtHE 1).
L o] primerZ2¥E  Artemisia annua L.Z%E amorpha-4,11-diene
synthase gene & A A9 QY primerx&dS 3713t9, & 12 primerE 247
xz%s 2gdlvriEA RT-PCRE S8t il (Fig. 2), RT-PCRZ &
bandE 2 gel extractionS %3 DNAS elutiondt ¥ T-vectoro] ligationd}il
E.coli DH5a9l transformationA]|#th. o] A¥H colonyEa PCR % Ad &
2 mapping 2= A& A H sequencing 3t T},

ol & primerg 22t &S v HA RT-PCRE
primero] ¢]&] 2F122bp productd ©HE w3 £
vectorell AdE FH @VIAER} opnwgt AdE EA A3 Cichorium
intybus germacrene A synthase long form mRNA$} 5% = 7H =&

S X9 o1 short form mRNA®E= 8% S, Lactuca sativa®] +AAeb= 83%
o] AEAdE HAowA AVIMNES 7H HAvF 4S5 Germacrene A #HA
Ak W qel] o] Fhito] FEFEE o )\}1\1:!% gele = s =, RNAS tid e
sesl1l/12E ©]&€3] RT-PCRS <33 23 A A
T2t e]—‘?*
&l
¢

u} ”Z—J Germacrene A E
At} Fig. 3= Sesll/sesl2
S Yehd Aol Fig.

primer®] 2] S} )
&, 454 vluEsE YEeRd Zlo]

4= 1 97

oz FdH®E dX gHS y|EoF o, full length FAXE & RHE7
Hes Atk =, FAAe] 5 g 39S 47 race®

w2 7, rAE d7|4E B48 pGEM-T easy vector WlFo] z+zt
cloninggt ¥ 1 9714 ¥Ee &8k, 2 VALY FEEH FES AQdsta
AAse] AEAS vad A3 Chichorium intybus germacrene A synthase
long form mRNAS} 7H =& A4S EdozA HFXvl A2 5E 1741bp
9] full length germacrene A A FAR7E R EALSS &2l&tt o] 47
AEe vty o s 94 start codon¥} stop codone ZASFaL start codonZ ol =
Xbal AHAHES stop codonZol+= EcoRl AdAdS H23 primers: M &2
2 AR codon H-ES cDNARFE d74H 27, cloningdt 5 thAl
SHH AV E S Folo g A AFZHE germacrene A synthaseE codingdhe
full length +3d2 GHI} A714LDS S 2L A0 & + AAT. Fig. 5
A2 RE E2¥ full length germacrene A synthase FAA A7|HLS
Bl Fig. 6& £8 % full length germacrene A synthase F+3d%Z NCBI

o ﬂ
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blast ZZI 5 o &, FeAdS v 2345 Y.

’

Table 1. The sequences of degenerated primers used for isolation of
germacrene A synthase gene.

Primer Sequence

Sesl 5-GTG GTG GAA AGA TTT GGA TTT-3

Ses2 5-GGC TCA AAA TAA ACT CCT AA-3

Ses3 5-CCA TAT GCA AGA GAT AGA GTT G-3
Sesd 5-TAT GTA TCA TCT ACA ATA GAT GCC-3’
Sesd 5'-TGC AAG AGA TAG AAT GGT TGA ATG-3’
Ses6 o'-TTC AGG TAT TCT GGA AGC ATA TCT-3'
Ses7 o'-ATT TGC CAA ATT GGA TTT CAA CTT G-3'
Ses8 5'-GGC TCA TAA TAG ACT CCT AAT GC-3'
Ses9 5'-CTG GTG GAA AAG TTT CGA TGT TG-3'
Ses10 5'-AGA ATA TTG AGG CTC GAA GT-3'

Sesll 5'-TGG AAA GAT TTG GAT TTT-3'

Sesl2 5'-CATA AGC ATC GAA TGT GTC ATC TA-3’
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Fig. 2. Detection of germacrene A synthase gene in ’‘Chungchima’
lettuce (Lactuca sativa L.) by RT-PCR using 12 different
primer combinations
1. ADNA/HindIll Marker, 2. Sesl/Ses2 3. Ses3/Ses4,

4, Sesb/Sesb, 5. Ses7/Ses8, 6. Ses9/SeslO,
7. Sesl/Ses4, 8. Sesl/Ses6, 9. Sesll/Sesl2
10. DNA 1 KB-Ladder, 11. 100bp-1kb DNA Ladder
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Fig. 3. Detection of germacrene A synthase gene in ‘Chungchima’
lettuce (Lactuca sativa L.) by RT-PCR using ses 11 and ses
12 primers. The expected size, about 122bp of RT-PCR
products were separated.
Primer sesll: 5'-TGG AAA GAT TTG GAT TTT-3'

Primer sesl2: 5-'"CAT AAG CAT CGA ATG TGT CAT
CTA-3'
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Ao AFA9TI99 1752 bp mRNA Cichorius Intpbus germacrens A synthage
long form mENA, complete

48 1 greccttacataagagatagagtacoggagatatacetatogattttogegttatattte 60
R R RN RN R R R A R R R R R R R R R R R R R R AR R R R AR R R AR R AR

A BN gtoccttacataagagatagagtacoggagatatacctatggattttooogttatattte 533

45 Bl gagoogtattactetogogenacgtateatagoractassateacgt tgt tet togtogt. 120
R R A A R R A R R S R R A A R R R A AR R R R R R R R AR R R A AR R R R R R AR R A A

A 0G4 gagocgtattactotogoge-acytatcatagoractassateacytigt et togtogt 592

AR 121ttt 123

A: 993 ttt 995

B: AYORZETZ 1755 bp mRMA [xeris demtata var. albiflora guailadiene
gynthage (I5C1) mRMA, complete cds.

5 4 cottacataagagatagagtaccggagatatacctatogattttgoogttatatttogay 63
R R RN R R A RN R R R A R R RN R R R R R RN R A R AR R A T

B! 877 cottacataagagatagagtacoggagatatacctatogattttggogttatactttoay 536

A B4 eogtattactotosggenacgtateatagecactassatoacgttgttet togtggtttt 123

B 08T coatattactetogoge-acgtateatageascaasaateacgt byttt togtogtttt 905

Fig. 4. Alignments of 122bp nucleotide sequences from RT-PCR

derived from 'Chungchima’ lettuce (Lactuca sativa L.).
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C: AF489964 1680 bp mENA Lactuca sativa germacrene A synthase LTC1
miMA, complete ods

4b52: 10 ataagagatagagtacoogagatatacctatggatttiogggttatattiogagoogtat 69

0 B0 ataagggatagagtaccagagatttacttatggattttgsgattgtactttgagoctogt 879

AbEER: TO tactotogogonacgtatoatageractassateacgttgtt 111

0 BE0 tattocttogo-acgaatcategocacaaaaattacattgtt S0

Fig. 4. Alignments of 122bp nucleotide sequences from RT-PCR

derived from 'Chungchima’ lettuce (Lactuca sativa L.).
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Bl
121
181
41
301
361
421
4EL
541
601
BEL
T
Tal
B4L
S0l
961

1021
1081
112l
1201
1261
1321
1381
13zl
1501
1561
1621
1681
1741

atgogcteteg
cteacaagte
coogttegas
tetettgata
grgaagagrt
toagtgeacs
asactetteg
gtacaattte
tteaaggaca
ctoagtttat
trageattea
cgccaagtoa
eggctatatt
getasagtos
cagtogtoga
gagatatace
atagecacta
acaattgacy
gaccaactte
cLogagasag
ttteaagaaa
geaacattte
asatecgeat
acacatooga
acttteragt
gaatacaaty
togaaagata
ectattttoa
ttteereosa
ctegasaact

tragasacasa
ctegaggett
etttgpecas
actoteaatt
taataacesa
gtettggttt
agaagattoga
aagttttcag
gtactacggg
acgaateages
erpasnetea
accaagtett
tratcacaca
acttoaacta
aagatatgea
tatgmatttt
aaatcacgtt
agatcogate
ctgaatatat
aatactcaas
tegegagagy
cogagtatat
togtgggaat
aaattttgaa
ttgagagaas
tatecpaaga
taaatoamgy
atetogogag
aaaccetaas
ga

cageageaat
AACCAGCCE
ctteosacet
ggaagettat
cactaccatt
gtegtatett
ettacagtat
acaccatogt
tacatteacy
acacttasgg
cottasasaa
asaaagaccs
egaagaagat
tttgeaacta
attccaacaa
googttatat
gtet ety
gatcacagat
casacegt e
DUACHIEATa
gtatettgaa
gaggaatogt
o tecsatt
agetteagag
Acgaggacas
agtagegate
atgettoaag
aatgatagat
agactatatt

ggtcoggags
cgaccgtigt
tegatetong
goasatgeas
gatgeasaca
tatccagatyg
tacgaacaag
tataaaattt
gatgatgtaa
etacacggty
atectaacea
ttecacacty
tttteaages
CAACAAAAAY
tergtorett
ttegagergt
gtrttgsacy
gegattaata
tacagaatte
gegtteagty
gaggCgEagt
ttgattactt
geagatgasg
ttgatttcaa
teageaacty
asagagetea
coractgagg
gtogtataca
acrettttgt

cagtteteay coocagaagt
ctgtoraace: gactoragag
ctgategett catctoatte
ttgaagaacs asaasascgea
cassactogas attgatttat
agattgatos cgaactoasc
ttoatttota cactattosa
cttoctgatgt gtitasasag
casaagacot gaagootaty
aagatatett agatgaaget
cactigasgy agatottgea
gaatgoraat gotagagcoa
atgagtesgt totasageta
aagaactacy actogtgtea
acataagaga tagagtacog
attactetes gocacgtate
atacatatga ogogtatoet
gytgogasat tagegogato
teeteasesa atatgatoas
tocacgette aaaacaagcd
gottacacaa cogttatgty
comcttatas toteatttes
aggctettos ttogtatoaa
goctocaaga cgatgitaty
grotggatogs ttatateaag
toaagatgat toaasacoea
tetegytgge totactaact
aattegatos togattoacs
tegttagtes tocacogagt

Fig. 5. Nucleotide sequences of full length germacrene A synthase

gene isolated from 'Chungchima’ lettuce (Lactuca sativa L.).
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Seguences producing eignificant aligmments: (hite) Value

gl | 20G8e400 [oh| AF4STO00 1|  Cichordum dnfpbus germacrene A s, 3416 0.0
gl ) 3743400 o) AVOEZETE 1| Jxerds deptats var, albiflora gu, .. 1804 0.0
gi | AOGEEA0G g | AF4SE000, 1] Jichordum infpdus germacrens A 8., 149 Ze-32
gl ) 20036554 (o | AF4EE0ES 1] Lactuca safiva germacrene A synt, | 100 Se-18
gl | 20036530 oh| AF4ESOES 1] Laciuca sarfiva germacrens A synt, | B2 4e-12
il BOESL T il L2154 1 ROCCASEVNT Ricinus comnunis casbene EE 3e=07
gl ) 2003545 ol | ACOETALE, 18| Aus susculus chromosome 2 clope, | 52 0 004
gl | 233505400 [emb| ALBOSSIE 5] Mouse DNA seguence from clome K ., 52 0 004
gl | SEECRERE ob | ACL1ES8E 3 Dictyostelium discoideun chromos, . 46 024
gl ) 20CEEA10 g ) ACOTS0LS B)  homo sapdens chromosome B, clone, | 46 0024
gl 13811657 gh| AFRSEE00, 1| AF3S6600 Dictyostalium discoljdeun . 46 0 24
g | 10440573 g | ACORAG00, 20]  home sapdens 12 BAC RPL1I-D45ES . 44 0,596
gl | 42627400 embn | BEESTIZL 4| Zebrafish [NA sequence from clone 42 3.8
gl | 41525670 | emb | BY4ESEED 5] Zebrafisf [NA seguence from clope 42 3.8
gl | FEA0P5% | emb | ALEASATD 20]  Mowse DNA sequence from clome 42 3.8

Fig. 6. Alignment search result of full length germacrene A synthase
gene isolated from 'Chungchima’ lettuce (Lactuca sativa L.).
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U, AEHAAZS 93 binary vector M 2 Agrobacteriumo 22 dF

3k
FAdeE binary vectors 287l #d insert7t @ A vhEFo
germacrene A synthaseE =93t full length FdAE E33 A+
pGEM-T easy vectorg Xbal?} EcoR122 Hwsli H7|9%S Fdte] §4
b @H e A7lE Rl F gelolAd FEsts WHOE insertE FH| G

Ze Wyow WEQ pILTAB 357% Xbal¥ EcoR1eZ AHwWslal DNAW
o] A7E L geldlX FEdE WHOE vectorE: FH| YT FH] 3
vector?} insertE AATE=Z %3 T T4 DNA ligaseE ©] 83t ligationA
7131 DH5noll P AdSAI o 2 AL Fig. 79 =28kt Jdd38S
Z3] AL colony:E kanamycin iAo A wj%3te] 1A 2HE A FZ3 DNA
2 F%3 ¥ IAEL Xbal¥} EcoRlC®E AY, A7AE5E £3589 vectors
insert?] Z7]¢} A= 3213t PCRY sequencings E3 Az A=A
stol &t A th(Fig. 8). ©] A=A vector® insertd ZAgo] #eld binary
vectorg® A. tumefaciens LBA4404) freeze-thaw® (An, 1987)° <35t A=A
SINAT. FAAS T Agrobacterium G A colonyE #sle] A %3 vector
7} 285 Q=% PCR¥Y A& A mapping HHoE galslgdthFig. 8). ol uf
PCR< plasmidE template® 3Fi= Al HESAo] colonyE HETSF & Tag

polymerase, A AE 2| 4 A+ primer 5, Blue Germ F: 5'-atggctc

r\:l

tcgttagaaacaacagcagcaat-3’, BlueGerm R:5-tcagttttcgagactcggtgga-3’'¢F 10X
tag buffer, 18131 MgCl, € 94& 233 H PCR W& F3sto dsl= 74
Z7F AdE EE vectore] =9Jo] #H A tumefaciens LBA4404E A& E
Ao ALR3FIT PCR wWHE%AL 94Tol A 3% ¥% & 30 cycle®] 94T 30
%, 55T 30%, 72T 1 A2l el vpAge g 72Tl 3% WAzt

t}. Agrobacterium< ©]-&3F germacrene A synthase A =}¢] 21 &AW 29

FF AdE ol 83 FE M F kanamycin AEuiA oA @A Az
= 718k, 18] rooting® Aol A 22 M-S A A tH(Fig. 10). Rooting
Aol A Aetel A3 FH AN EL vector | kanamycin A A FHAAE
Z2Z3 4 9= primer®l NPTIH F(5'-GAG GCT ATT CGG GCT ATG AAC
TG-3) / R(5'-TAC GGT TAT CGC CGC TCC CGA-3')=& T-DNAS 4=+
genome 29| 4H9)& FdstAdt (Fig. 11).
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Xbal o4 F=2 2 H2 Germacrene A synthase gene EcoR |

;B:> -

lue Germ-F BlueGerm-R

T7 o - SPB

Xba | EcoR | Xbal EcoR |

pPGEM-T Easy vector pILTAB357 vector

&

Xba |/|EcoR | cutting

Blue Germacrene A

Xbal EcoR | Xbal EcoR |

:

ligation

FeAA RS Blue Germacrene A

Fig. 7. Construction Strategy of full length of germacrene A synthase
gene into pILTAB binary vector
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Fig. 8. Confirmation of germacrene A synthase gene in pGEM-T
and pILTAB357 vector containing by enzyme digestion
with EcoRI and Xbal.

M: 1-kb Ladder

1: pGEM-T vector

2: pGEM-T vector containing germacrene A synthase
gene.

3: pILTAB vector

4: pILTAB vector containing germacrene A synthase gene.
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Fig. 9. Shoots regeneration from cotyledon explants of ‘Chungchima’
lettuce (Lactuca sativa L.) transformed with A. tumefaciens
and the process of the shoot growth and rooting.
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M1 2 34 5 67 8 9 10 1112 1314 M M

Fig. 10. PCR confirmation of transformed lettuce plants by PCR

analysis.
M: Size marker,
lane 1~14: regenerated shoots onto selection medium with

30 mg/L kanamycin.
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M 5 & Agrobacterium tumefacienss
AF O Z 9| terpene synthase *M A £¢

138 A o

ATFS7ER op7|H &= FAHS A Av|EFe] F7HE vk ofyel g o2 o]
|5 = AEY AFE A STl o EA olFe thgh An|F 24 9
FTHol TPEE oFE F2 AEAYLE FAS FuE F IATW EF AHEA
Aol Anje} FFIte] HHo] AA A dF FRAES HFE T A4 +
AL Al Aot ol EAE A6t Ag AHAH F R FEAE
o &4 ol&'Ss & F v, AdAoE kg AFYA 1 AENHY 5o
g FEAEE 1 AEAAE AT dlE ofF A2 Sytel AR 4 gl
HodAgeM F2 gFaux e dEeelol &39 artemisinin A NES
(Artemisia annua L.)o|#= =33 ZHEAAM F2 AAEHAT O ¢ AEF

of tisl 0.01%°l4 05%45 el A A gk=thH(Wallaart et al, 2000). wahA], o}
F2] artemisinin®] @2 °Fol 3] A S zt= Plasmodium falciparum A
o mrld 53 a3t e Aol ¥ A 2E(Steven et al, 2002) FE
AAE = ofA A EQ MNEE(Artemisia annua L) 7 Q)X sl = <FE7HE 9
A, MEE] dEo g7t olojd 4= itk

MEZOZHE 7Mest B2 49 artemisining 97] 9% =
A Aol o AlmHo T dE 5o, 7IFd wE
artemisinin¥ #-S A shob A (Wallaart et al., 2000), A STHA|
4 (Laughlin, 1994)& F3 %ol AitEH= /HAE Adsto] oF&A
of &g AY 52 F9dH £4& F3d artemisinino] Zo]
WA H S Agrobacterium rhizogenes< ©)-&, & FEA1A 1

}
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Uehyt=, 248 artemisinine] 2] E Aol A WA
gk Aot 2 AFAH AARAQA A 2y H o] &S
-8t sk ATtolth Artemisinin Bl AA Ao Z FHolst
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et al, 2000, Mercke et al., 2000, Wallaart et al., 2001). d}A| gt o]

A A7}
AdHoz 2AEd HEHo] artemisinintlF A o]&d A= =ETHa
3 ¢ ot @A, Uld A= Wallaart A7Eol o) EajE A2 wujol

Hol FAMIHA & AT HE d& F gl Hartemisining A3
g@ 02014 0.7ng7hA AAthE B ark QrH2001). ol#d AFS 2 o,
H FAAE AEAWAA A HAEEE = b oA o' AEAE
=77 $a3% 242 #8314 "ot E2 artemisinin®] A A o] o] F

= JNESR AEAA Hoh HFAATH HA FS7 shARE o7l EA1A
o Atk 1AL FAARE CgHor wdst H$ o
oja} op7ld gene silencing @Atolth. HE F2 opAlow AT
MEZS 710 Aol wkral ol Agrobacteriums ©]|&3dto] 1RO RZR
H Q2 g4 ol B A oy o] WEY. A
ES Agste 7h2d], Bl iy
2 Eo] o <

5ol 9A %
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Terpene synthase 4% (£ terpene cyclase)™ menthols ¥ camphor®}
2o guzg 9w wg A5 wWo] 318tE 9l capsidiol # lubimin 59 ¥
terpenes®] TAS F A= Gho|t)k. E3IF steroids®t lipid-soluble H]EFTIS]
FAddE Folste= o= dHA Ao e #2715 E 7HX terpene
synthase™ P&, #7F 2 2EdA sHEHIJOH, o] E4hE3Fe] ol At
A AL 1§ w2 Aoz I A Y. Terpene synthasei= soluble
enzymel & Ex}EEE oF 40,0000 4 100,000 AE=2] Jholt) o] &4l o3}
o] H]g&H o] isoprenoid diphosphate (GPP, 10 carbon), farnesyl diphophate
(FPP, 15 carbon) % geranylgeranyl diphosphate (GGPP, 20 carbon)7} %3 9]
monoterpenes, sesquiterpenes¥ diterpenes® @ W& HT}

B e 23 ZA9 artemisining sesquiterpened] dEF oz Uubz o
2 AF A= Y¥b sesquiterpened wFZE7FA] 2 farnesyl diphosphate(FDP) &2 5
B A FH o] &4 = amorpha-4,11-diene synthase &40 ol&] 4o A
°] amorpha-4,11-diene@ el = 2|3} = 1 4 43} 5o a7 ]l
artemisinine A4 Hoa I8 A Jdth(Wallaart et al. 2001). Fig. 12 2 A
St AS yeld Aolw, A amorpha-4,11-diene synthase & x}e] )3k
18] 3t @Al= artemisinin Al AolA ARAH dAH & T
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kA, B AFd A= ANEEo|A] E2|3  terpene synthase A}
(Amorpha- 4,11-diene synthase FAAHE NFELEY 22 33t A5 A+

(Lactuca sativa L)l 7154 F&2ES A&st=d 2 548 512

TE. Wallaart et ol - Amorphad, | 1-diene synthase

—_— ‘|

o """h' I nden o, | o y g
I parme e L 1 — | 1 ]
.-""'l.-" o P T
H L‘ HL

-~ - - ll'.l.

i
Tmwiigd dopfriphi i (7T drsopind, || -brer hrersiug K

Iur ]

_"J.mlh — J J J o ﬁls,.,L_]
N ,.L " T.L
l"lll'-"H':l'-ln'lll-J Hfmm:wlmmlm .'|.1r:|-|-|

Fig. 1. Biosynthetic pathway of arteminisin

2% A= 4 B9

2 Ao AlgH AFe HAuFTAE A 70% o Y 1% FoF
e 3 30% clorox® 0.1%¢ Tween-20°0] F 719 Hirgo] 158 H¢ A%
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sl s 5 "Weg R oW washing?d - #Feto] WolA Rl F AYPE ©]
gtk BFS 3% sucrose?t 8g/L  agar’t H7bE  pH5.89 MS
(Murashige and Skoog) Hl#|7} Sol8l= vladl =Wl W3 2084 3535131
U BEE AEAls 25T, 1647 Fxdstel A wjgEden Azo] AR

upel kel WA A v A= Avhst Sl

)

v fdxe 234 binary vector 2HA]

2 Ao AlgH fFAARE NES(Artemisia annua L) ZF-E E2ld
1.64kb¢] amorpha-4,11-diene synthase FHAZ E. coli @& WE <l pET5Ha0l
AAE] de AHE Ad A5 wgF A"l oE ATEHAT. oA
A 5o 2237 93 binary vector®% kanamycin A A A 34 ¥ CaMVE
2EHE 7= pILTAB 357 HEHE AEst ). #A| S+ binary vector 2Hd 34
2 Ay 2 37 FEoA dygsma v 2 ¥ binary vector(Fig. D& A&
29 &5 98 Agrobacterium 1LBA4404%2 ==Y E coli DH5a¢}t
Agrobacterium®l| 350l I FHAE £33 vector= E. coli DHonel 7
-, A7 EEL I Adaar A7 2 PCRS E3dl, Agrobacterium® 735

PCR& & Atz AQEg=A o5 FAskidh

[o

rir

EcR| &anrH|

NOS Amarpha—4, 11—diene NCS &
LB [ NOSPo. — NPTIl — o 1 — W 1 — ene — T [ B

Fig. 1. T-DNA region with terpene synthase gene used to lettuce
transformation.
LB: left border, RB: right border,
NPT II: neomycin phosphotransferase II gene,
Amorpha-4,11-diene synthase gene: terpene synthase gene
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AN

t}. Agrobacteriums o] €3 A3 A M

A4 H binary vector$t FHAAE X33 Agrobacteriume $-4, 50 mg/L
9] kanamycin® 10 mg/L9] streptomycin®] $F-F% A YEP #j=| oA 484 7+
FoF 28T, dx7steN A st M SH colonyE T 3 7l colonyE A
93 5§ 10 mg/L9 kanamycin® 10 mg/L9 streptomycine] £3H 5 mle
HA| YEPulA| ol Al oAl 48AI7h& <t 28C, hxzdstel A g etstdet 1 %
7 g ol v Ao 1 mls Ag ¥ 50 mle] sUE FAATE 2EE QA
Hjz] o A 2441 7F 5 <QF ODeoo#k ©| 100] 2 W 7bA] wjgstdnt o] Hie
=P Azt o] &y 7| A, 4 4T 5000rpmeol] A
A A H, ‘:}/‘] Al HHX]E Eigiil Eﬁ /\ﬂ Eig 4’\1 %”v‘i“ﬂé‘}oq dedE Al

o2 1:1
2
rlo
>

= .
92 xmoﬂ NEE AEARE g3l A9E AT AAdn 23
B TIANANA @ FHlA 1 Aedel: BRUE FAE Fol ALga
Gk o] WS %o PPoE Fuld AE uhelelo} WFole] 5% Jw HA
3§ Mo E50 # 7 Ad BesolA oiRe] WIS AA L
)

FAAE LFEA G FEul A MS mA + 1.0 mg/L NAA + 1.0 mg/L
BA + 30 g/L Sucrose + Phyto-Agar 0.6%)°l 4 ©]& %ot x7AsdtoA &
sHlgstA et aEla 3¢A, HEE Y HUEL cefotaxime 200 mg/L,
kanamycin 30 mg/Lo] E3tE ox] MSHix| oA 3H A= A3 ¥ FA4A7}
Estd MS mA w2 (MS 9% + 1.0 mg/L NAA + 1.0 mg/L BA + 30
g/L sucrose + 50 mg/L kanamycin + 200 mg/L cefotaxime + 6 g/L
Phyto-agar)ol A wl ettt A A= &1 $d ) 45w} A Ade)A] 2
sAFoEA FAATHS FAANAY. HAFTHoZ AdujA|dA F71E Az
+ cefotaxime 200 mg/Le] >x&d P2 FZ=wx(1/2 MS wA + 30 g/L
sucrose + 50 mg/L kanamycin + 200 mg/L cefotaxime + 6 g/L Phyto—agar)
A HEE FIIAAT. BErt fU1E FAABAE HdUFE 0% A=
Aol A W gE71e 548 AAst o 54 WA ¥ AE (Y5, °J°1]
33)e o] Astar A AGAIAT. oA AvjE FH WA= AT
P

= &3t Ty A4S AT

2}, 2154 genomic DNA F=

Ztzbe] JAPBANEREH 1 g9 dS AFH 3] genomic DNAS FE5}3)
ok AT 1 gl A AAbEe] Ya AAFLLNYE Fof sk ¥
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8@ o AAS F= 49 [05M NaCl, 0.1M Tris-Cl (pH8.0), 0.05M
EDTA, 2% SDS, f-mercapto ethanol 1%] 9 mLel #7}% 3 55T & <
oA 3087 $$-A71 & bk-g 9o phenolichloroform (25:24, V:iV)e] &H&
20 mL #H7ste]l £¢stdeh. £ 3 8000rpmell A 1027F 942 ske] SmL
o FEAS ANEL tubeZ 71 F HH 539 abs. ethamolQ A7 e A
7b & 20T A 18A7HS WAl ¥ 8000rpm -2 104

=)

o)
T__l:l

&3to] A3 AlHsta 741/\172’13} Az
1=]
Rl |

N

ZdS W3 70% ethanols 5
mLe TE &% 95 H7Fslo genomic DNAE £3l3staL 2o o] g3}
At

vl FAAE A3 FAA 29 &<
1) PCR analysis

A Aol A A E3tE Al xZHE genomic DNAS &

= 1 E] ’
A& FHAsy] gE FHA R IEES FZF S e primerst

kanamycin A& FHdAE SHL F = primer= Z2E PCRsFIH
W PCRZEZE 95TCelA 287 WA 2 5 95Tl A 18, 55TCelA 1% 17
72CoNA 13 3025 303] wE&AIZ 5 72TColA 1083 HE st =4

A P 21 5 a2 AEELS 15% agarose geldl A A7 E3Ee] UV
ol Al HHS product®] EAGFol A7 S Qs e A AR 3ol
9 ONAERE AFH FAE F 24 AAER 48R FS LR M4
sto] FE(FE, Ho33)E xS L EJ IFete] A7 F 12671419 3
gk Al 1Al g FHAke] S Hdel A Al primers ]88k
PCR WFgo 2 FA}EISA

2) Southern hybridization 2]

HAAS A AEA S non-trnasformed AEAZRE 05 g9 EH&
FHslo] xpAbbel] AAALE Y3 B33 & McCouch 5(1983)2] WHS 9]
€3}l genomic DNAE #839th 48 samples extraction buffer (0.5 M

NaCl, 0.IM Tris-HCl / pH 8.0, 50mM EDTA / pH 80, 1.25% SDS)¢} 4 &
T 65T 208 AHg sttt A8 # phenol®} chloroform, 1] il isopropanol
2 $EHEANZAY. $5E DNAE 70% EtOHZE A#H3s & HzA|How AxH
DNA+= TE bufferol 0] w25 FAT F 4 A&t Southern
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blotting & $3] 10ug DNAE EcoRIo® A3l & (0.8% agarose gelol A # 7]
AdEstAt. A7]9%E % Sambrook¥} Russell(2000)¢] WHol  uwel nylon
membraned| transfers}iti. Probe DNA+= Ladderman labelling kit (Takara)
2 olgdte]  (a-"P)ACTPZ labellingdtlth.  Hybridization&  Churchs}
Gilbert(1984) 2] Wrwol o sle] 4233} 2™ hybridizatione "3l membrane
2X SSC / 01% SDS &doz A2dr 2w A= F 01X SSC / 01%
SDS goloz AL o] A L‘ﬂ 68TColl A s A2 atth A2l ¥ membarne
A

X-ray filmol =&A1713L @S &3l signals €213kt
vk Ty F2He] &AA AdAd 24

IRA o] FHAABA S Attt AFH FAE 4TolA 3093 Bagt
& Ex dbo}l ®iX(MS ®iA] + 30 g/L sucrose + 8 g/L Phyto—agar)ol
kanamycin® %%2 Z2F 0, 50 183 100 mg/Le A FFEoE FHA3ta F
AAZA IHAZFE HAST T2 T FFo] A 3HI 9HS AT TAH
Ao dAASA 2 wild types 3EFsFaL 23T, 16417 FF712 A & A g4k
A TD3E v eete] wol& S Abe AT

AL 259 artemisinin #4

1) Artemisinin®] &vj ®3% % +& 4A
Artemisinin(10 mg)< #7]&v] {n-hexane ¥+ n-hexane-EtOAc (1:1),
100 m/ x 2} ¢ H0(100 m) = &) F=ekdth ozl #7715 £9& #5 -

5ot FES SASAT

2) GC (Gas chromatography) #2418 A& ZA

H0(40 mD= 2 -
=29 s =

gt
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3) GCE o] &3 A+%9 artemisinin® 4]

Artemisinin® YoM ozl EAE Alg &9 ZF 3 plE FHske], FID7}
A X" GC(GC-14B, Shimadzu, Japan)® 43¢t #28 DB-530 m x
0.32 mm ID x 0.25 pm, J&W, Folsom, CA, USA)& A}&3tga, 7] o8 &
T 200Co A 1087 A3 $o, 10C/min® A5A1A HF2% 320Cel A
587 #A8t9 . Artemisinin®] 32 YsiAdE, GCHP-6390)¢F A=
mass spectormeter(HP 5973, Hewlett—-Packed Alto, CA, USA)S A}-&3F 1,
column(HP-5, 30 m x 053 mm ID x 15 um, USA)°o]2]2] & B4 1L

C 233 Y3ttt MS9 o233+ EIY (70 eV) &2 F33ioh
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3% 2% % 1%

7} A A E-E binary vector A

rl

HA pEToaW o] 327 A Eofddles AT sitedt =YL } Ei=
pILTAB 357 vector® A& siteE HAE A3, pETHn vector? -4 & %}
= FiglalAdAd 5%0°] BamHl, 3'%2 EcoRI sited] WA, =¢ A 5
pILTAB 357# €= 5%9] EcoRl, 3'%2 BamHIS 2 Wl gFoz o] g1l
o}, webA pILTAB 357WEe] 1 Xﬂ?ﬂ}i{¢ sitet 2 #AAE  cloningd
antisense Wao g MAFH PR FHAE sensel® AU 3] over-expression
st B AT HHol= AFeA ol ATFEA siteE vbHoF & H ot
AT B Oﬂ?owi O uptE g oz pILTAB 3579 Hel 24 cloning
7)o kA A EcoRI¥} BamHIC 2 @8] pETbha vectorZ5-E] £ 3t
AxE F3F Vector‘ﬂ pBluescript II KS(+/-)¥ € 2] EcoRI¥} BamHIA}2] 9|
AAZTH 1 % pILTAB 357 vectorel] +dA7F sense WaFo = Aeld ?
S5, 1 dEol A vpgE AlgtaAs site?l EcoRIY Xbalo = A sle] &<
2]l pILTAB 357 vector®t AZAA 702 A sense ko %ZJZV]- Ak
21 Z93] 8 binary vectorE A 4= At} o] binary vectore= A& =2
e sl Agrobacterium LBA4404%2 =4 = A tH(Fig. 2). E. coli DHbn
grobacteriumoll E3FH o] A= FHAAEZ ESHS vector= E. coli DH5a9]
, A7 G R 3 PCR 2 Algta s F3l, Agrobacterium® 7%= PCR
S T3 AE AJEHA=A AFE S Aok (Fig. 4). =, Fig. 29 4%
cloningd}7] A, pET5ae] 494 ¥ amorpha-4,11-diene synthase %} (terpene
synthase gene)E FAAHNAE SHAZAS T primer terpene F/RE 5 %3}
of 1 AVIE &Aea1, pBluescriptll vectord] 27| A vector &US ¢35
vector?] primer®! MI13F/R¢} 4 A+ primer® oj® tt& {4 Z}E cloning A
Al multi cloning siteoll A=A &gkSS el w3 A7) FAAIF ALY H
Ae o T AYE FAA A7E v A FHA primer® FE 6k #1g A
olty. Fig. 39 ZA$E= pILTAB 357 vector?} pBluescriptll vectorel
amorpha-4,11-diene synthase -7 A}(terpene synthase gene)& Y3 F
e e o AEY AELAE AYste] AiE AJHJA=A SdEd A
ojt}, wixjato 2 A H AEHAUNHL vector®! pILTAB 3572 freeze-thaw
WS o] &3l Agrobacterium LBA4404%2 FA A Th FAAS SHls)
7] 9138 vector= NPTHprirner CsVMV primer= 183 Fd 2o o)

enzyme siteES ¥ 33 FAR UFEHE primers ©]&3te] PCRZ &l3t$

F

{0

L

E

¢

[‘E

e §2 2 :10

at

N

o

o o fo 10 0
!

u

>
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t}. Fig. 49 A -$+ Agrobacterium LBA4404¢} E. colidl =4 ¥ pILTAB 357
vector® amorpha- 4,11-diene synthase #AXZE 429 primerst, 4=
vz 2] vector primer ~L#] il kanamycin AFA A A primer® ZHZ SE
AlZle 7 A vectordol AdE F4AA+E amorpha-4,11-diene synthase 7%
% 1 =A7]7F 1.64kbelw vectordl 1 AL shuwk o]l AP E vector
+ kanamycin A3AF FHAAE SRS Flgk Aotk AFEH primers

Table 1oA] A|ASFL 3

2 ol

-
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| pET 5a vector |

BamH1 ﬁ EcoRl
Amorpha—-4,11-diene I

Synthase gene

l BamH]1, EcoR1

| pBluescript 11 KS(+/-)

Xbal BamHI EcoRI
| Amorpha-4,11-diene

Synthase gene

l Xbal, EcoRL
pILTAB 357
Xbal BamHI EcoR1
Amorpha-4,11-diene
|LB|—|Km|—|DCanl | Tnos [ RB |
' Synthase gene

—

M: Size marker
1: pBluescriptll + terpene
(terpene 1,2 primers)
2: pBluescriptll
(terpene 1,2 primers)
3: pBluescriptll (M13 primers)
4: pETba+ terpene
(terpene 1,2 rimers)

5: pILTAB_+ terpene

Fig. 2. Construction strategy of pILTAB binary vector with terpene
synthase gene (top) and confirmation of terpene synthase
gene in pBluescriptll, pETba, and pILTAB357 by PCR
analysis
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Fig. 3. Confirmation of terpene synthase gene in pILTAB357 and

pBluescript vector containing by enzyme digestion with
EcoRI and Xbal.

M: Size marker (Lambda DNA/HindIII)

1: pILTAB sense terpene synthase gene (EcoRl/Xbal)

2: pILTAB357 (EcoRI/Xbal)

3: pBluescript + terpene (EcoRIl/Xbal)

4: pBluescript (EcoRIl/Xbal)
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Fig. 4. Confirmation of pILTAB357 with terpene synthase gene in

E. coli DHb5a'and Agrobacterium by PCR analysis

M: Size marker (Lambda DNA/HindIII)

1: E. coli DH5a' pILTAB sense terpene synthase gene
(terpene F/R)

2: E. coli DH5a' pILTAB with pILTAB containing
CVMV promoter (CVMV F/R)

3: E. coli DH5a' with pILTAB containing NPTII gene
(NPTII F/R)

4: Agrobacterium pILTAB sense-oriented terpene
synthase gene (terpene F/R)

5: Agrobacterium with pILTAB containing CVMV
promoter (CVMV F/R)

6: Agrobacterium with pILTAB containing NPTII gene
(NPTII F/R)

- 137 -



Table 1. The sequences of primers used for confirmation of terpene
synthase gene, CVMV promoter and NPTII gene.

Terpene synthase gene

Forward 5-TCT AGA ATG TCA CTT ACA GAA G-3'
Reverse 5'-GAA TTC TCA ATG ATG ATG ATG ATG ATG

TAT ACT CAT AGG ATA AAC-3'

CVMV promoter
Forward 5'-GCA AGA CCG GCA ACA GGA TTC-3'
Reverse 5 -TGA AGT ACT GAG GAT ACA ACT TCA-3'
NPTII gene

Forward 5'-GAG GCT ATT CGG GCT ATG AAC TG-3'
Reverse 5'-TAC GGT TAT CGC CGC TCC CGA T-3
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=]y Z] ,

a4 215}7] -HEH %ﬁx} yiel d¥E F3FF 4 U+ primer®t
kanamycin A& FHAAE TEET 4 & primer® 7—}7‘% PCR3&F T} 6071
Al o]/l shoot7b HAste] WS =3
Hol ¢33 #4& 9 stk w3t AA F 37HX1]«] A< shA 7
a2 Qlste] 1070 A S A A Aujste] 2E L PCRE &g wgrd
& AT A =9 AR S-S 918 PCR 415 8 amorpha-
4,11-diene synthase A9l @71 Eol 71 %3} primerE A28 AR Y (Fig.
5). Forward primer:= 5'-AGA AGA AAA ACC TAT TCG CC-3'9] 94714
dS 72 20mero] i reverse primers= 5'-GTC TCC CAT ACG TGT GAA
GT-3'¢9] 714 &E o] Fo]A 20mer®]t}. Annealing temperature:= 50C = |
z2ketgd o PCR 4HE9] A7) <F 16kb7F HEE &t Autujx]ol A A&
st ZF 1070 Ao tiste] A2 =98 PCRS &3l xARste] & A, 9714
o] AEIFAZHEEH 16kbe bandEs AU (Fig. 6). %3  Southern
hybridization 41 PCR £ 9Jsle] dxH oz FHA =¢go] eld ¢

Z4§1r7<ﬂ 97l linee ZF FAAER HA@ste] AAEATE. EcoRl enzyme # &

& NPTII gene2Z%-¥ ZA ¥ probeEs ©]43te] U< & Ay 7ddd
sme?l 550bp9] signale &0 4= A At} Southern hybridization #2412 A3}
2 PCRZ #23H lineE&9 ferritin A% =go] SAHYL o] copy
S 139 Aoz FAH A (Fig. 7).

T3 FH2Y] SR S A6 Aske] gd 7H?<ﬂ—4 AH2
A& A7tedsti(Fig. 8) AFd 5 T 2 MAERE 4949 F }3
ﬂﬁi Adste] JE (B, 9d33)8 X358 XE 3% 3}01 A7)

= 12670419 Ti1A el thale] ¢ primerE ©]-&3to] PCR HkS-o0 2 ZA 6‘}
‘jr (Fig. 9). = A3, 9hAe] FAA8A EFolA T-DNA®S Ftf Hol&
olslg 2 vl&2 1118 YEM It (Table 2).

o\-

-

it
Jo ¥R o —(m r&‘i
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%TGTCACTTACkGAAGAAAAACCTATTCGCCbCATTGCCAACTTTCCTCC
AAGCATTTGGGGAGATCAGTTTCTCATCTATGAAAAGCAAGTAGAGCAAG
GGGTGGAACAGATAGTGAATGATTTAAAAAAAGAAGTGCGGCAACTACTA
AAAGAAGCTTTGGATATTCCTATGAAACATGCCAATTTGTTGAAGCTGAT
TGATGAAATCCAACGCCTTGGAATACCGTATCACTTTGAACGGGAGATTG
ATCATGCATTGCAATGTATTTATGAAACATATGGTGATAACTGGAATGGT
GACCGCTCTTCCTTATGGTTCCGTCTTATGCGAAAGCAAGGATATTATGT
TACATGTGATGTTTTCAATAACTATAAAGACAAAAATGGAGCGTTCAAGC
AATCGTTAGCTAATGATGTTGAAGGTTTGCTTGAGTTGTACGAAGCAACT
TCTATGAGGGTACCTGGGGAGATTATATTAGAAGATGCTCTTGGTTTTAC
ACGATCTCGTCTTAGCATGATGACAAAAGATGCTTTTTCTACAAACCCCG
CTCTTTTTACCGAAATACAACGGGCACTAAAGCAACCCCTTTGGAAAAGG
TTGCCAAGAATAGAGGCGGCGCAGTACATTCCTTTCTATCAACAACAAGA
TTCTCATAACAAGACTTTACTTAAACTTGCTAAGTTAGAGTTCAATTTGC
TTCAGTCATTGCACAAGGAAGAGCTCAGCCATGTGTGCAAATGGTGGAAA
GCTTTCGATATCAAGAAGAACGCACCTTGTTTAAGAGATAGAATTGTTGA
ATGCTACTTTTGGGGACTAGGTTCAGGCTTTGAGCCACAGTATTCCCGGG
CTAGAGTTTTCTTCACAAAAGCTGTTGCTGTTATAACTCTTATAGATGAC
ACTTATGATGCGTATGGTACTTATGAAGAACTTAAGATCTTTACTGAAGC
TGTTGAAAGGTGGTCAATTACATGCTTAGACACACTTCCAGAATACATGA
AACCGATATACAAATTATTCATGGATACATACACAGAAATGGAAGAATTT
CTTGCAAAGGAGGGAAGAACAGATCTATTTAACTGCGGCAAAGAATTTGT
GAAAGAGTTTGTTAGAAACCTGATGGTTGAAGCAAAATGGGCAAATGAGG
GACACATACCAACCACTGAAGAGCATGATCCAGTTGTAATCATTACTGGC
GGTGCTAACCTGCTTACAACAACTTGTTATCTTGGCATGAGTGATATATT
CACAAAAGAGTCTGTCGAATGGGCTGTCTCTGCACCTCCTCTTTTTAGAT
ACTCAGGTATACTTGGTCGACGCCTAAATGATCTCATGACCCACAAGGCC
GAGCAAGAAAGAAAACATAGTTCATCGAGCCTTGAAAGTTATATGAAGGA
ATATAATGTCAATGAGGAGTATGCCCAAACCTTGATTTACAAGGAAGTAG
AAGATGTGTGGAAAGATATAAACCGAGAGTACCTCACAACTAAAAACATT
CCAAGGCCGTTATTGATGGWTTCTTGAAGT
TCAATATGCAGGAAAGGATA GAATACAAAC
ATCTCATAAAGTCTCTACTCGTTTATCCTATGAGTATATGA ¢,

Fig. 5. DNA sequence of amorpha-4,11-diene synthase gene.
Amorpha-4,11-diene synthase gene 1is 1641 bp length
nucleotides. Forward primer's 5’ end starts from 12th base

and reverse primer’s 3’ end starts from 1590th base.
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Fig. 6. PCR analysis of terpene synthase gene in transformed

'"Chungchima’ lettuce (Lactuca sativa L.).

M: Lambda DNA/HindIIl size marker,

P: pILTAB/EcoRI digestion (positive control),

1: regenerated plants No.l, 2: No.2, 3: No.3, 4: No.4,
5: No.b,

6: No.6, 7: No.7, 8 No.8, 9: No.9.

¥ Lane no. 4 and 9 showed 1.6kb product even though they
were not clear in the film.
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1 2 34 56 78 9101112 131415161718

Fig. 7. Southern hybridization of DNA from transgenic lettuce plants
with terpene synthase gene. Genomic DNA of each transgenic
lines were digested with EcoRI (odd number) and BamHI
(even number), respectively. Digested genomic DNA was
probed with [**P]-labeled 550b fragment for NPTII gene.
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Fig. 8. Self pollination and harvest of T; seed from transformed
'Chungchima’ lettuce (Lactuca sativa L.) plants in the green
house.
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P1234567248%9101H121314181617181920212228242526 24 =

M
R
L]

i 1} T L T B Sl P LERCE S |

M. P28 2030313038 WAL WA AWM B Sy s el

Fig. 9. PCR analysis of terpene synthase gene in T; generation.
M : DNA size marker (&/HindIII),
P : positive control,
Lane 1-14 : T, transformants from Ty 1,
Lane 15-27 : T; transformants from Ty 2,

Lane 28-41 : T; transformants from To 3.

Table 2. Results of PCR analysis for terpene synthase gene in T;
generation.

Line number of T; progeny

1 2 3 4 5 6 7 8 9

Germinated
seed no. 14 14 14 14 14 14 14 14 14
No. of PCR
analysis 14 13 14 14 13 14 14 14 14
PCR (+) 8 8 7 7 7 6 7 8 6

PCR (+) : PCR product was appeared at 1.6kb size
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U Ty Ak A AZAE 24

INAIe] FAHBRAZRY ANTH TAE TA Fol wjA o] kanamycin]
25 47 0, 50 183 100mg/Le] Al Fow xdsta FAASA 9/ A
FE HAS53 T2 F FEFo] A2 3T oS A9t 7Ae] P A dEA
9 wild types 3F3t2 wild types 3E8ta 23T, 16A13F # FU7|2 A EA4
Aol A 7A7E wikste] (Fig. 10) ol&S A

Kanamycin A 3/4 & deplw wolsts T2 vl &S A vb (Table
3 % Fig. 11). FAAE H7lshA] &2 wiAodA = FAHdsA 290 9 53 A

H T3 T1 FA7F 75.0%, 77.8%° Tot&S Hepiglon, vux] 4 d 84

89% o]ie =2 wol&S yERAT. Kanamycin® %5 50mg/L=E

fu off

A Agarol A, T FAABRATL 46.6%] LolsS HQ A= 2
e FAAIAE 75% o] wotb&S YE Y Kanamycing 100mg/L o]
TEE AT AT dojAE BE FAASANA 57% o)A wolgs
etttk 53] JAASA THL T2 ol wix|o] H7bsk Ao FrErt
21 E=gol Eslal 67%9] wol&S JeEhpdt
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(A) (B)

Fig. 10. Seed germination analysis of 'Chungchima’ lettuce (Lactuca
sativa L.).

A: Growth in plant growth chamber,

B: Germinated seeds after 7 days,

1:
2:

T; seeds from transformant 4 (without kanamycin),
T: seeds from transformant 8-1
(with 50mg/L kanamycin),

: T, seeds from transformant 8-1

(with 100mg/L kanamycin),

: T; seeds from transformant 8 (without kanamycin),
: T, seeds from transformant 8-2

(with 50mg/L kanamycin),

. T1 seeds from transformant 8-2

(with 100mg/L kanamycin).
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Table 3. Germination ratio analysis of T; transformed 'Chungchima’
lettuce (Lactuca sativa L.) progeny

Number of S
scall\tltuer?ggrsgéds gersrgier:jasted Germm(a}ytolon rate

Conc. of kanamycin (mg/L)

Transformant line 0 50 | 100 0 50 | 100 0 50 | 100
wild 50 | 136 | 115 | 30 10 5 [100.0] 7.4 4.4

1 45 40 | 37| 40 | 30 | 25 | 88.9| 75.0| 67.6

2 40 53| 47| 30 | 40 | 37 | 75.0] 75.5| 78.7

4 50 701 29 50 | 57 22 1100.0| 81.4| 75.9

5 45 90| &8 | 35 | 69 | 48 | 77.8| 76.7| 56.5

6 50 95| 105 | 45 | 84 | 74 | 90.0] 88.4| 70.5

7 45 58 | 45| 40 | 27 | 30 | 88.9| 46.6| 66.7

8 50 61 60 | 50 | 52 | 44 ]100.0| 85.3| 73.3

OKanamycin no added
B Kanamycin 50mg/L
OKanamycin 100mg/L

100.00%
90.00% -I -I =

80.00%

70.00%

50.00%
40.00%

Germination rate (%)

30.00%
20.00%

60.00%F [ |
=g
g
=g
g
10.00%F |

L

0.00% wild 1 2 4 5 6 7 8

Number of transformants

Fig. 11. Germination ratio of T; transformed ’'Chungchima’ lettuce
(Lactuca sativa L.) progeny
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k. AFE=9] artemisinin 4
1) Artemisinin®] F% 344 2AA

n-Hexane 2 FZ3I9S W], 8 mgo] ¥4 80%2 IF&S HPon,
n-hexane- EtOAc (1:1)¢] &£%-&1]S A< W 10 mgo] FoA 100% <]
S| &S Bt wekA artemisining S vlF&32 2 & wl n-hexane-EtOAc

LD EFENE S 2 STk

= 1= Pae)
= %2 FEE 58

Ay

2) A FE5Y &

| 2 3 4 5) 6 7 8 9

MeOH & (mg) 485 490 616 561 477 435 481 429 484 500

= =1 >~ 9O

TEe E'Z)/j 024 024 031 028 024 022 024 021 024 0.25

CRY % (mg) 280 161 112 148 151 160 130 261 219 176
5 o 2~ 0

T —(’%E)r 0.140 0.081 0.056 0.074 0.076 0.080 0.065 0.131 0.110 0.088

3) GCE o] &3 7} 4F A EF9 artemisinin A& 4]

Artemisinin> A& 2 WA AAG GC EAF7 A= retention
timeo] 10% 7%2% uYewtt (Fig. 12). ©] peak’} artemisinin¢l#] &¢13&}7]
913te] GC/MSE A8 A3 m/z 2827F A&/ UEY artemisinin® ® &
AdEATHFig. 13). 2 AFAIEd dg FA4% 23 tixz7 FFAEY GC
chromatogram®l 4 artemisinin®] retention time¢! 10% 7% Y-tollA o7
peak7} AAA eSO Y (Fig. 14) o]W peak?} artemisinin¢l ®] T+ o] ol & €]
1l Z} peakol Widte] AF2EEH &v F&H 2 EIE F£&S FAFAL}. 1
i A GC/MSE =% A3 m/z 2825 YER = peak’l #FFH A o}

o = artemisinin®] o] AA ZS Aoz FlFUHFig. 14).
wal HAAE AFAES GC chromatogram(Fig. 15)9] A= artemisinin®
retention timeg] 10 7% FolA o8] peakol HHA YEML 2} peakel dl
3t GC/MSE =439 oY m/z 2828 YENE peaks #=5X] kol A
A%t Ao = artemisinin®] $HF-E O] AA F2 Aoz A FH AT
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Fig. 12. GC chromatogram of artemisinin
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Fig. 13. Mass spectrum of artemisinin
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Fig. 14. GC chromatogram of nomtransformed lettuce plant
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Fig. 15. GC chromatogram of transgenic lettuce plant
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