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ABSTRACT Tocopherols are essential lipophilic antioxidant in human cells, while little is known about its

function in plant tissues. To study the impact of composition and content of tocopherols on stress tolerance,

tobacco (MNicotiana tabacurm) was transformed with

a construct containing a c¢DNA insert encoding v

-tocopherol methyltransferase (y-7M7/VTE4) from perilla under the control of the cauliflower mosaic virus
{CaMV) 35S promoter. The transgenic tobacco was confirmed by PCR and RT-PCR. The total content and
composition of tocopherols in the transgenic lines were similar with wild type controls. However, chlorophyll-a

and carotenoid content in the transgenic lines were increased by up to 45% (P< 0.01) and 39% (P< 0.02),

respectively. Also, the over-expression of y-7MT increased the salt stress tolerance in tobacco plants. These

results demonstrate that over-expression of y-7MT gene in tocopherol bio-synthetic pathway can increase salt

stress tolerance and contents of chlorophyll-a and carotenoid in transgenic tobacco plants.
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(2M6PBQ) T 2-metyl-6-geranylgeranylbenzoquino! (2M6GGBQ)
o] AAEA =t} (Valentin and Qi 2005). o] & 3=
2M6PBQ, 2M6GGBQE: the thA|o|A] tocopherol cyclase
(TC/VTE1)&} y-tocopherol methyltransferase (y-TMT/VTE4)S]
g3} 718500l wet ol isoforme] ERHEN EXL
Egjoll=2 AFHGEIT) (DellaPenna and Last 2006; DellaPenna
and Pogson 2006; Savidge et al. 2002). A=A |4 EXLHE
A B/ F (species) W 27 (tissues)o] Wt ohEd, &
g0 2 o-EIFHEL Yof v-ERFHEL FAo| FH5t
o B-, 6- o) EHEL f RO AEA o] ol &
A5HA] 9=t} (Grusak and DellaPenna 1999).

EATE2 9o] A2o] A (Soll et al. 1985), 7]
W (in vitro) AEo|H EIZHEL] redox-activated quinone
ringo] EAAtAE (ROS)O] e F7] w0l (Fryer 1992)
EIFHZL2 A3l B2 5 E membraned} A E JEZ K
Tale TAAR AE L Yt 58] a-ERHES BE
o B2 E F 7MY %2 vitamin E 45 Ui
(Kamal-Eldin and Appelqvist 1996), 7|\}<] 2|32 (liposome)
oA A ALSLE SAIBhE T RS BAIBHE A ¢
A 9ith (Fukuzawa et al. 1982). 22U 47}4] ot 2 ESHE
isoform©] A EA| o) 4] AtSpA AEH ARG thaf ofE R}
0|5 Kol YA gt o7l - TMTEY
EdH0] vied-1-2 AstelE EHolA ol AEHA B
ol A A EAle| wliste] THE Ao Afo]7} HHH
A 92 HHH (Bergmuller et al. 2003), dsRNAI 7]&& ol&
8to] y-TMT GARS] HAF & A (post-transcription) S A}
w3t ol A ghljo] wlaste] saltof hgh A
o] ZraE 1l sorbitol-th7HE Qg AHFYroll et AFdo]
FAFE|QITHE Aabyh H 1 EQiTh (Abbasi et al. 2007).
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Figure 1. PCR analysis of genomic DNA prepared from transgenic
plants. Line numbers and amplified gene used for each PCR
reaction are indicated on the top of each lane. M, molecular
marker. P, positive control (plasmid); 1-3, transgenic plant lines;
N, negative control (wild type tobacco plant); Hygro, hygromycine
resistance gene.
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Figure 2. RT-PCR analysis of TMT and tocopherol biosynthetic
genes (TC, tocopherol cyclase HPT, homogentistic acid
phytyltransferase) in leaves of control and transgenic tobacco
plants. Tobacco actin rRNA was used control to monitor
template amounts. Con, wild type tobacco plants; transgenic, ¥
-TMT transgenic tobacco plants.

A% Ao A%
$40] WAL w3

FBL l"_l_.
off
©
ﬁ
§2
N,
=)
Sl
rO
L
Hu
-
ox
rit
u

ETWS §2 2N U OIS S3S B SuKe U
=4

ExdE §% U HEo) 42 8 fa%0 2o
YIE F E59 FUABA U ) A1 YO HPLC
B AN §AA8A 2 Bx ABA0 E3vE
AT R AL SABEL, - ERHS 0|99 T
el A Aol AN G e ), o

Hjo] 729 91z W oh g} FAoAME EIFEL R

(>95%) o- B E Pej= A= A2 By vt 919,
™ (Abbasi et al. 2007), -TMT EAE Eﬂnﬂi A 9
FFdA o HoJsle] gamma-type] EZHE-2 alpha type
L2 A%z A% st Hrk webd, XS o

e} a-E2HE ol g AET FARE He gl
W v-ERHE ol e Yol - EIHER HEkE|
237) 2ol Ao MzE) wal - TMT FAAE 4]
=AW LR - IMTELTE A9 BA o) ERdE
A TA | Toddh= HPT, TC $ARS] Wdo] u]x|: o
Fe FUshaal, tz2Tet FAHBAE o]-43te] RT-PCR

4SBT 1 A3} iz AEA e} vmslA A
A Y ERHE T4 o] AR HPT, TCO] WHaler
& 2 W3z wolx) it (Figure 2).

BA 2

EFYE ?J**‘—’J AFE2E AMEL= phytyldiphosphate
(phytyl-DP)+= 8% SRR geA e 7t=

gzol=gt iii"l—J A AL AT AR AMH
c} (Rise et al. 1989; Shintani 2006). B4 A EA| W] 1-TMT
Slo] 2229 1 shednols §40] dRe 2x
ot 1z} TI FAAS HEAY =& 23st%ich
AW} y-TMT FAREA A S229b SR
A% AY HRqAT, FEZH-al PR 4S9} 1)
5t & A No. 2 lineo A= 45% (P< 0.01) ko)
Z7}31903L (Figure 4A), 7}2E|i=0 = SHEE 39% (P< 0.02)
Z7V3tATt (Figure 4B). o]&gt AlAo] HSlHARL. 1. TMT
RNAi Ado|AE HEE o] %=1 (Abbasi et al. 2007), v
TMT BA9) WY 22 phytylDPY] o] Z7}E9

T

=TI o

=



SN -TMT BEME B0 MAEE Hat B H A=A Y BIF- 333

A B 300
o
s L]
= ] S 250
B L 2 20,
Conirol s E 2 :
=53 ° z B 200 !
E & & =
] ﬁ ﬁ =]
g8 g £ 150
gg 2 -5 8
b - < .—40
. N A E| B 100
g8 &
E| &
8| g s0
y-TMT ]\ 2| 3
eoe Ty 0
L WAL \ o Control 1 2
Retenﬁontimc(min) ¥-TMT

Figure 3. HPLC chromatograms (A) of tocopherols and a-tocopherol content (B) in wild-type and 1<7MT transgenic tobacco leaves.
A, HPLC chromatograms obtained for the extracts prepared from the leaf of wild-type and TMT transgenic tobacco. B, a
-tocopherol content was measured by HPLC chromatograms results and a-tocopherol acetate was used as internal standard for
normalization of a-tocopherol concentration. d-tocopherol content data shown are means from three replicate samples and error
bars indicate standard deviations. DW; dry weight, Control, wild type tobacco plants; »TMT, transgenic plants.
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Figure 4. Chlorophyll and carotenoid contents in wild-type and yTMT transgenic tobacco leaves. A, Chlorophyll contents
(chlorophyll a, gray bars; chlorophyll b, white bars); B, Total carotenoid contents. Chlorophyll and carotenoid were determined
spectrophotometrically. The data shown are means from five replicate samples and error bars indicate standard deviations. **, P
< 0.05; and *** P< 0.01.
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Figure 5. Salt-induced stress in »7MT transgenic and wild-type tobacco plants. Tobacco seedlings were subjected to MS medium

containing different amounts of NaCl.
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