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Transformation of Arabidopsis gamma-Tocopherol Methyltransferase into
Lettuce (Lactuca sativa l..)
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ABSTRACT Explants of lettuce (Laciuca sativa L.) were cocultured with A. tumefaciens LBA 4404 harboring -
tocopherol methyltransferase (¥-TMT) gene from Arabidopsis thaliana. These explants were transferred to MS
medium supplemented with 50 mg/L kanamycin, 500 mg/L carbenicillin, 0.1 mg/L NAA and 0.5 mg/L BA. After 4
weeks, kanamycin resistant shoots were obtained from the explants on the selection medium. The putative
transgenic shoots were transferred to rooting MS medium supplemented with 50 mg/L kanamycin and 250 mg/L
carbenicillin. Stable incorporation of the Arabidopsis -TMT ¢DNA into lettuce genomic DNA was confirmed by PCR
and Southern analysis. HPLC analysis showed that o~ to ¥-tocopherol ratio increased over four fold in a transgenic
lettuce line indicating successful expression of the transgenic Arabidopsis »-TMT in lettuce.
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of A tiAtel] 71H3tEE QIzke] ARl Wiy FR3ith
(Traber and Sies 1996). A mjTo A BlE}Y] E 1Y @Ak
£ 10~13.4 international units (IU)o]™, ]S (R,.R,R)-a-
tocopherol 7~9 mgit 72 SFolt}t (National Research
Council Food and Nutrition Board 1989). 2|84 S2A1E2
g% A 7% HE SAZ2YE wgw Bel 19 D
FFE HAHAY F Utk AT oY 1Y AFFgEG B2
100~1,000 IUS] ®et?l EE AHsfolt A3d# Az
UK e o, AW F AT =3 Ao aFst ok



436 - Korean J. Plant Tissue Culture

8t} (Traber and Sies 1996). walx] vjgl=l E7} 3.3}
e SAES YEAHE vk HFEA oW dAE
+4E AHA 2l olE AW ooy AF A3}
g9 vgRl EE 97|= E7Fs3lth (Shintani and
DellaPenna 1998).

ETANE YRS AAAEY FANN B GEE o
t Y-tocopherol H|&0] Yo} Jofa Fdo] Ytk g9 A4
ZA tocopherol%- a-tocopherol¥} ¢-tocopherol®] 27 A
A A AFAQ Y-tocopherol BF HIE&E 72t 1% %
70%o)t}. weba thi-Ee] 2 EAE A XE &3 FE
vl EZ A3 !X+ a-tocopherol®] F3g F7}
A4 "HarF Uk

Y-Tocopherol methyltransferase (¥-TMT)& a-tocopherol
o g3 A2 HFETANA Y-tocopherol &) 3= e
of WEe7]& #Holstd Y-tocopherol-& c+tocopherolZ A3t
A7}k, o -Tocopherole] A A Ao BFHAY
Arabidopsis) A V-TMT 1217} B2l"el| wa} V-TMTL]
7 dgo 9|3 4]&E9] a-tocopherol & 2} A1}t 2
537 Atk Shintani®t DellaPennaty Arabidopsiso] V-
TMT 325 TYsle £ w8 AP0 24 a-tocopherol
9] &2kS 80uf o)At =71A)1Zt} (Shintanni and DellaPenna
1998).
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Figure 1. Partial structure of the binary vector, pBI-TMT,
containing 7-TMT expression cassette. Abbreviations used are :
Pnos, nopaline synthase promoter; NPT I[, neomycin phospho-
transferase gene II; Tnos, polyadenylation signal of the nopaline
synthase gene; CaMV35S, 35S promoter of cauliflower mosaic
virus; Y-TMT, 7-tocopherol methyltransferase; RB, T-DNA right
border; LB, T-DNA left border.
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Aol AMEE LTMT §-82= Arabidopsis Biological
Resource Center (Ohio State Univ. USA)E2RE Eokdlo}
binary vector?] pBI 121o] A2% (pBI-TMT)3}] (Figure
1) freezing-thawing Y& ©]&3ld A. rumefaciens LBA
4404 =939} (An et al. 1988).

pBI-TMT A4 AZFA 7 =UR A. tumefaciens LBA
4404& 50 mg/L kanamycino] ¥£%% YEP (1% yeast
extract, 1% peptone, 0.5% NaCl) x|ulx]o] HZ3 T}-&
28°C, defoll Al 48217 o)A 250 rppm o2 e wjokalsd
o). Agrobacterium ¥ 924 2] ODgoo] 0.6 of v kA& MS
718 Ao 208) BMEAT HHAL o] L3k 1 cm’
az)e) AEEAS 1027 HEsAh Agrobacteriums 3
23 APYEHE 0.1 mg/L NAAS} 0.5 mg/L BASZ £¢ H
7Fek MS vl Rol] 2]4Fs1L (Jeong et al. 2000) 21°C, ¢4 o)
A 397 wegagi

Agrobacterium3} g AFEHE MS 7] Eu)x]o)
500 mg/L carbenicillin, 50 mg/L. kanamycin, 0.1 mg/L
NAA, 0.5 mg/L BA7} H7He Aldhfzlo] £A4 23°C oAt
oA T vl F ALz o T wujekate] FAMEA
E Atk £3td AlEE 50 mg/L kanamycin®} 250
mg/L carbenicilline] H7te MS 7|Eujx|oljA] BaE §%
AL, dolxl AEAE potoll o]aste] Aol £=31A]F)
T EAAAE Atk

PCRO| 28t RS A

AbE AR AEAW Arabidopsis V-TMT #2344
Y AFE #As7] Yt PCR #4418 A8tk Hong
T (1993)9] whge] we} A E A5 0 ZHE genomic
DNAE FZ3Iith 1070 bp @] TEHHEE A 23t
Arabidopsis V-TMT 24} £o]z<el Aek primer (5 -
GAATTCATGAAAGCAACTCTAGC-3) 8} &utsk primer
(5 -TAATCGATTAGACTTAGAGTGGCTTC-3)& ALE-
dte] PCRE AAEATE HF 25 we] PCR yhgal A&
10 mM Tris-HCL pH 8.3, 50 mM KCl, 1.5 mM MgClz, 200
nM primer, 200 UM dNTP, 58 DNA 10 ng 123 Tag



polymerase 1 unit®]tk PCR -2 95Coll A 137} pre-
denaturation ¥+-2-2 Az & ZZ -2 (94°ColA 50%, 57C
oA 50%, 72°CollA 187 vk 303 P37 A=
A T2CAA 3EZF AAlsTh PCR A 0.5
ug/mL EtBro] X3 [% agarose gelo| A A7 F3sto] UV

atofj A el AT

Southern blot 24

g 422 Rogers9 Bendich
5t DNA FZolqick #53% DNA
10 ugS pBI-TMT A2}l ARL3E 2| 8+& 491 Sma 13} Sac |
o= 2% 237 B 0.8% agarose geld|A] 7)9Q 55}
capillary transfer *'Y (Southern 1975) 2.2 nylon membrane
o HMojalzth. ©3e] #A& Dig-High Prime Labeling kit
(Boenringer Mannheim, Germany)E o]&3fa] AA|H o1,
Dig Nucleic Acid Detection kit (Boenringer Mannheim,
Germany)E ©]-8-8ta Southern analysisZ 43 3} t}.
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#2319t} Tocopherol 2|
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(Waters, USA) Zd, &34%7) (Waters 474) 8 F&51o
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of (F4 1.OmY/min) 2.2 ARESIITE FEAIE 20 W5
pherol & 3372 7] (excitation 295 nm, emission 325 nm)
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Agrobacterium3} Z-Euj okt A 2p¢gd o] Ay o F HE]
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ek (Figure 2A). vjof 4% F thiite] 4 ABA Y]

callus7} F-EE00H AZx gJAES oF 78% 2 VFEREO K,
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Auste] 2HFsFATH (Figure 2B).
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o= 1,070 bp Z71¢] DNA whfo] ZZ gt} (Figure
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]

g ArE ko] =
(lane 2)o| A= whHo] ZEZE]A] oo} o 7|4

Figure 2. Nontransgenic explants (upper) and transgenic lettuce
shoots transformed with Arabidopsis ¥ -TMT cDNA (lower)
growing on the medium containing 50 mg/L kanamycin (A).
Regenerated lettuce plants at flowering stage (B).

Figure 3. PCR (A) and Southern blot analysis (B) of V-TMT
transgene. A. M, Lamda DNA/Hind 1II DNA marker; lane 1, pBI-
TMT plasmid vector; lane 2, nontransgenic plant; lanes 3-7,
transgenic plants transformed with pBI-TMT. 1070 bp amplification
products are arrowed. B. Lane 1, nontransgenic plant; lanes 2-4,
transgenic plants transformed with pBI-TMT. 1.5 kb fragments
hybridized with the ¥-TMT probe are arrowed.
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A7} 233 Alsidel AlEdes dAls AT

PCR £4& 53] 4449 Aol &€ HEA4 F 370
9] A EA 9} JAAFBNA ¥ HEANEFH genomic
DNAE 32%3l9 Sma 13} Sac | ATEAE 27 A5A7
% o) 71 7-TMT probe& ©]8-3}e] Southern #4& 2
Algk At FAAZE 3709 AEA EFA FAHEAZ
FAAY} Y A7)0 oF 1.5kbe] ©Ho] HAEHI Y
iz AEA NN gHo] HAEHA %skth (Figure 3B). o]
AL Aurd A FAAZ AEA Y} FAAR] o717

Wy 7-TMT7} 5o 2 8RS Lehls Asjo)t:

HPLC 24

A7V Z4zb 429 5730190tk ARG g
5=+ oa-tocopherol ™ Y-tocopherol®] &gk H]-g-0] 0.57 ~
0.9 Yo}, dAAZ AE F+= ao-tocopherol tf V-
tocopherol H]-&0] ¢k 4uf] =718 A% (Table 1)°] E2)3IA
t} (Figure 4A, B). ©]#|g a-/Y-tocopherol &3 g9 =
7 ZFAEE A WolA o7t Y-TMT7F 3433
%2 w3 o] Y-tocopherold o-tocophrolZ Ho|A)7l Az}
2 47slelAt MyAAE ASH ARB Age
tocopherol §eke] ol AEA S A A A5 HF
WIS Folol <) 7118 Ao Az
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HERY] E 8442 9u) o Frketdthal Bastgdeh 1evt
Y-TMT $-4=te] wgdol] o)afl Y-tocopherole] ZHAhgulE -
tocopherol ko] Z7}31 7 £2}F W 2] tocopherol HA|
2ko m3}E)x] 9ottt (Shintani and DellaPenna 1998). &
AgolA A& FAAHSE 45 1 A% a-tocopherol T} V-
tocopherol ¥ v]-&o] thx 459} vlwsle] <k 4w 7}
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T AEZF H83ity Atk

£ A7 Fotd R FAHAA Y e T 24 F
o] #3L B39 a-tocopherol Ao thF RE A
/Wo] 7hs8lthal ALFE M, Y-tocopherole] ko] B
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Table 1. Tocopherol contents and compositions in leaves of
nontransgenic and the selected transgenic lettuce plants transformed
with Arabidopsis V-TMT ¢cDNA

Plant o-Tocopherol ~ Y-Tocopherol  a-/Y-tocopherol
(ng/mg DW)  (ng/mg DW) ratio
Nontransgenic 18.7 325 0.57-0.9
plant
Transgenic
168.9 45.8 37
plant
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Figure 4. HPLC profiles of tocopherol isomers in nontransgenic (A)
and transgenic plant (B). Peak identification: 1, eluent front
(RT=2.8); 2, alpha-tocopherol (RT=4.2); 3, gamma-tocopherol
(RT=5.6).
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