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ABSTRACT Okxidative stress is a major damaging factor for plants exposed to environmental stresses.
Previously, we have generated transgenic potato (cv. Superior) plants expressing both CuZnSOD and APX
genes in chloroplast under the control of an oxidative stress-inducible SWPA2 promoter (referred to as SSA
plants) and selected the transgenic potato plant lines with tolerance against methyl viologen (MV)-mediated
oxidative stress. When leaf discs of SSA plants were subjected to 3 UM methyl viologen (MV), they showed
approximately 40% less damage than non-transgenic (NT) plants. SSA plantlets were treated with 0.3 uM MV
stress, SSA plants also exhibited reduced damage in root growth. When 350 MV was sprayed onto the whole
plants, SSA plants showed a significant reduction in visible damage, which was approximately 75% less
damage than leaves of NT plants. These plants will be used for further analysis of tolerance to environmental
stresses, such as high temperature and salt stress. These results suggest that transgenic potato (cv. Superior)
plants would be a useful plant crop for commercial cultivation under unfavorable growth conditions.

M B Aol =& EA 9] EAAALE (reactive oxygen species, ROS)
© 2 ¥Wa}A = (Allen 1995), ROSS} T} HHAYL A|3uk

BALEF A B S AAATIE 58 29 B3, Tl E3j, DNATHY 97, 384 A, G=4 o
o] &)1 it} AA AkA7} superoxide anion radical (+0y), I E A ol A ANE FaL AT B MEAFES =
hydrogen peroxide (H,0,), hydroxyl radical (+OH) 59] 93 @3t} (Inze and Van Montagu 1995). 18U} o]t ROS+=
superoxide dismutase (SOD), peroxidase (POD), catalase (CAT)
Zo] EABLE A9} ascorbic acid, a-tocopherol, glutathione 5-2]
HEA} FABE A o3} HRHO2 AT (Allen 1995).
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AEA = B BRE ARAGATL Slo] AspAEH
A2 W] HE BE AEL7IToITh ROSE ARG 915
of AEAIA 420) S48 2 AsH Water- Water
cycle (Asada 1999)2 thAlaA £ WHAU3= superoxide anion
radical & hydrogen peroxideo] T2 MU B33 vk83El7) A
of A3l BeH O AR 2L RojErt o] Water-Water
cycleofi= SOD, ascorbate peroxidase (APX), monodehyderascorbate
reductase (MDHAR), dehydroascorbate reductase (DHAR) 2
glutathione reductase (GR)©] ZHojstir ith d}Agt ®B} of
SHE EFOlA o] FAISAAFE AEA 9 Aol
U AEo| FEIA| gon, BHAEHS 27 A AFe
BAE A3 SIaiA FAtstas B ARAL PASE
Aof tjARzeha wito] o3t PEA| ) 7|5 F3tst
= Zo] a3}t

| it WS EA717] fste] gakst
7195 BRI FEAAS AEA e Bet B At
WY A =% A At d8H-A 52E 2
ARS-Eo0] 7= Stk (Foyer et al. 1994; McKersie et al.
1996, Van Camp et al. 1996; Roxas et al. 1997; Oberschall et
al. 2000; Kwon et al. 2002, 2003). A &}5-2 Copper/zinc SOD
(CuZnSOD)e} APXE FAlo| FEA o LAAT P A&
A7h BEFAEY 20 A B0 S-S WHT (Kwon et
al. 2002). =3 FALE gAHe] AEH A A BEAEA
P47 9istol Fpme ofjet A AR Wol A
He A& H 7589 | (Superion?t 7HE-8<¢1 Al
(Atlantic) & £F& A4S E 1.2 (high temperature), T4
AaE AAgstel A2EPL YEhie methyl viologen
(MV, paraquat) & Z3H3t thFst £79] SHAEH 20 of
T deide B3 (Tang et al. 2003) 15 tiA &5
& 22 CuZnSOD9t APXE F Ao GEA HaAZ
A1ZA| (Tang et al. 2004a; 2006) X nucleoside diphosphate
kinase 2 (NDPK2, Moon et al. 2003)& =3 thA =7}
EALEG R Ao F7HEE AT (Tang et al.
2004b; Tang 2005). FAHSH A At AZA AYA &
A =YSFAL (Choi et al. 1996), Al AFALE EHo
2 F2 o]F0jR)aL QIt} (Arakawa et al. 1997; Chong and
Langridge 2000; Youm et al. 2002). th-E-o] FAAZ ]
g = g4 ZeHA SAEE CaMV 358 Z2RES F2
ARFEI oY SHAERA WA FEREA At 4
SIAEH S 27 A Ho] FHA FrE= SWPA2 T2

2B (Kim et al. 2003)2) A}go] mj& 293t} 3H7o
A7 AR ofet 75802 gol o] 5=
o] (Superior) EF-S 22 ASFAEH Ao ofaf WFHo|
et S =El= SWP42 T2 R2H (Kim et al. 2003) 243}
o SOD9} APX A7} S0 HEA 0 Wdste A=A
(SSA AEA), Tang et al. 2004a)E 7|3t v} Qlck. 2 A+
A= 7] AHet FALS ] AR AEAE He=
Y, 2424 9 A2 S214 MVl ol FESE
ssieEa2ol) ek Wy S7HE 24 sk

2 U gk
A=

248 SSA 717} (Solanum tuberosum L. cv. Superior)=
shoot-Z 7|Ujol| Al ZAIA|A §-2|3}9. 01 MS (Murashige and
Skoog 1962) ljX] o]} sucroseS 3% H7}3ko] 16A4]17F L3, 40
umol-m™-sec” 2] cool-white &%, 25°C 2] ujokAlo A Bk
sttt AEAlE 7t R 2AEAE FHELR 7
4=597F 234170 F eb7lolA] Apeksc

Methyl Viologen A2

MV A& QJ8te] 7IUjo|A SAHAIZ 284 (N
A, SSA AEANE 8lsto pot2 FZTh A& 8F
A ¢l (Y2RE 5-7HANCZHE 8 mm 2|79 Y disc
10748 #3) 0, 3, 5, 10 UM MVE- 3£831= 0.4 M sorbitol
49 5 mLA Eol%le A% 5 em®] Petri dishofl 2+ HH
0. 25C ) ¢ 2 12402} 59 wlofetol MV7} B4
E2 3 T o4 F 270004 48417 vefeto] 12412 744
O 2 A7AEEA (model 455C, Istek, Co., Seoul Korea)S
o|g3}e] golo] O LHEEE ZQslo] Qo] LARES
ZAPELATE FAAT A F5F T 10704 oS ol
stgow, ARe 33 v Adsiek

SAEA pEAY MV AE Hste] 7[HiollA F4
AlZ1 3 em Z0]9] shoot (NT, SSA)E 0, 0.3 uMS MVE X
85H= vl R} (3 em x 15 cm test tube)of| A 24 EQF ABAFA]
Ak A2 249 Fo 222 2] Zo] q Wwale] A%
P& 2Asldth A5Y 24 Slsto] Lol 2H F
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AEA oA MV A= A& 435 702} A2 (NT, o] AFLE 2 It} (Foyer ef al. 1994; McKersie et al. 1996;
SSAYE o|-8§3tgich MV &9 (0, 250, 300, 350 uM =&  Van Camp et al. 1996; Roxas et al. 1997; Oberschall et al.

0.1% Tween-20 € 70 mL)Z 3+=2318}+A 19l spray booth
(Model SB-6, DeVries Manufacturing, Hollandale, MN, USA)

€ o3l AEAo] 1T AX3P o Az 59 Fof
o SET S8EA g2 JJE A9 AFHFE 2
o th% & J 2] 9FS Q1S 100% 2 Bto] ARSI
THE MVE ATt g2 A EA
£ 718e8 ?3‘}04 WEZZ AL

TZ0IMS| Methyl Viologen (MV) LA 24

AzA 2k (methyl viologen, MV)-2 PSIo| A 33+
Slo] AR ALLR Hsto) HEEAo] Qb Ak Tjrig
(02)8 BANA ATH o HArstE e Aslgg (redox)
2 222 A (Tepperman and Dunsmuir 1990; Slooten et al.
1995), BHLEG 2o digt WAS S/ FAAG 4]
2A2) HBAEH A YRS AR ASAEd LYo
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2000).

Potof A of 85 A5t FAME AAAEA 5-7HA o
< F3to] 0, 3, 5, 10 uM MV ZH0] E Petri disho]] =Y
487 Wi gste] Q1o EAHEE WESHATH (Figure 1).
MVE A2sto} F 2704wt A 2443 3 $58
919) &Afol WEE7) AJABIATE 3 UM MVE X213 SSA
AEA9 5 NT *‘%ZM B|3f 36A1F F-ofl = 39.5%, 48
Az Foll= 39% A &A= (Figure 1B). 5 pM MV
Ao A= SSA AEA YA 29.3%, 22% UAdol Skt
29, 10 uM MVE XZJ3t3e 7% NT A=A 2t 26%,
11% A% A2 &418 gt (Figure 1C, D). 12ut MVE
A A ob2 789 NT9F SSA 424 M7 o] 2AHEEY
Aol & UERA| 34T (Figure 1A).

MVE A 23 3 NT9} SSA 21242 7FA Q] A E
ZAbsHgTE 3 UM MV A F %XH{PQJ 7EA Al

) A 9Fgr oL} NT AlEA|9) A2 5 uM MV A
96417} AT} T P27 SAEQIT 10 M MV Ha Tt
of A 415 &4ko] ehdeh et SsA Al=A|e] ol
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Figure 1. Analysis of cellular damage in MV-treated leaf discs of both NT and SSA plants (cv. Superior). Relative ion leakage
from the leaf discs of NT and SSA plants floated on 0 (A), 3 (B), 5 (C), 10 uM (D) MV solution was determined based on the
measurement of electrolyte leakage over time post-treatment. The electrical conductivity of the MV solution was compared with
the total conductivity of the solution following tissue destruction. Data are means +SE of three replicates. NT, non-transgenic

plants; SSA, pSSA-K transformed plants.
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& A3 SR8 (Figure 2). YulA o7 2]
= 1ai Hoh= ofg) 71x] BAAED 20 d uizt
=]

3 Ao 9 8f 9t} (Tang et al. 2003). & AF-oA]
H] St §4~ WS 4 AE, 10 M MV 5E2 124)
7H AEetAE f gAY Hok 80% &4te] HgiA|ut

(Tang 2005) $70)1= 60% H= SAFS WS Ao Yehyr)
ojot 22 AT HE SSA A EA]7 MV g WiAe 2t

= AL A3 AEH A FEA SWPA2 TEREZF £Y9A
X}OI SODe} APX 9| &S st 4&gt Axke) gow
o oA B =79 SSA u| AEH Ao olgH
pSSAK #E7} = iE ohe A8A) (WA ZA), Loho)
4| SOD&t APX 33-A7F AEd Aof) 93] ZsiA w9l
< B9 okt HEA A =2 S YERfo] AstAE
Ao gol S7he AR Fld vt Qlrh (Tang et al
2006; Lim et al. 2007).

AMEH $ZO0IAC] Methyl Viologen (MV)0ll CHSH LA
=N

MVo| digt WS AE
Yol slFet oF 3 em

A AR A8 Ydte] 7]
A7]9] shootE 0.3 uM MV 7|

NT SSA

Figure 2. Differential visible damage in the leaf discs of NT
and SSA plants (cv. Superior). Leaf discs were treated with 0,
3,5, 10 uM MV for 96 hours. NT, non-transgenic plants; SSA,
PSSA-K transformed plants.
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Figure 3. Effects of MV on root growth of NT and SSA plants
(cv. Superior) at 24 days after treatment with 0, 0.3 UM MV.
A, Root length; B, Root dry weight. Plantlets, about 3 cm in
height, were transplanted into the test tubes containing MS
medium with MV. The dry weight was measured after drying
the sample in an oven at 70°C for 48 hours. The toot length
was determined as the length from basal part to meristem part.
Data are means +SE of three replicates. NT, non-transgenic
plants; SSA, pSSA-K transformed plants.
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o & A= E AHE UA g AXS o dFgoR
ZABFY T} (Figure 4). SSA A1EA1= MV Fx]2]o 13|
250, 300, 350 UM SO ZH7F 7.5%, 8.8%, T 12.5% A

£ JoF o) NT AEA = 2+ =5 2 e]A] 18.8%, 32.5%,
48.8%2 WR A5k £AFL wokth = 350 UM MV X g]A]

o SSA AEA9] W& NT AZ2A 2ok oF 75% &2 A2

2 uUebte} (Figure 4A). MVE Xejdt & Als)g uhx] ghe
A7 Qo) AFFE 2AYTE 350 uM MVE A%

£ U NT A1ER9] A75t olo] AZREL MV X2 Hoj 1)
3 34% 743 HhE, SSA AJEH| 9] Aol 34%uto] 7hA
319t} (Figure 4B). WA SSA AEA = 28 =29 MV
of tal Wiol F7htAES & & Atk

g FEo MVE Xl %] 59 o L 7hAE{ 9] 4]
BA &4 ZABIAT (Figure 5). NT AE4%E 250 uM
MV 22} Alof ol §izdo] trehr] Al MV 5
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Figure 4. Effect of MV on the NT and SSA plants at 5 days
after treatment with 0, 250, 300, or 350 uM MV. A, Quan-
titative estimate of visible damage that appeared on leaves
from NT and SSA plants. B, Relative dry weight of leaves
from non-damaged pars in NT and SSA plants. The percentage
of dry weight was calculated on the basis of the content un-
treated plants (0 pM MV) under the same light conditions.
Data are means +SE of three measurements. NT, non-transgenic
plants; SSA, pSSA-K transformed plants.
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7t E7FEeR FHIHRl SAHES A et o of
B8 242 ol guchs o Qold BRIt 1
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AR (FF HA)7E MV
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ﬁsml, 1316& 141**57}# E?JU FAstas AR B
a3 o] o8t Axta B i1 ul 9t} (Tang et al. 2006). ©|<}
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0%l u} lch (Tang et al. 2006; Lim et al. 2007). wehA|
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Y g AR 2B Ao g AR Aert 2e
H g2 vgebd 4 ok
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Qe ABAE 2o Wido] glgol BHIE i whEkA
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Figure 5. Differential visible damage in the leaves on NT and
SSA potato plants (cv. Superior) at 5 day after treatment with
different MV dosage (0, 250, 300, 350 uM). NT, non-transgenic
potato plants; SSA, pSSA-K transformed plants.
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