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Abstract

The aim of this study was to develop a transgenic petunia with enhanced resistance to sulfur
dioxide (SO:) gas by stacking two genes, SOD2 and NDPK?2, which are both known to
confer resistance to abiotic stresses. The first-generation hybrids (TF:) were obtained through
reciprocal crosses between an SOD2-transgenic line SOD2-2-1-1-35(T4)[S(T4)] and an NDPK2-
transgenic line NDPK2-7-1(T2)[N7-1(T2)]. Approximately 32.1-73.0% of the first-generation
hybrids (TF1) carried both SOD2 and NDPK?2 genes. These hybrids showed 2.6 and 5.1 times
less damage than hybrids carrying only SOD2 or NDPK?2 genes, respectively, when they were
treated with SO: gas at 30 ppm. This confirmed that the heterozygous hybrids were more
resistant to SO: than the hybrids carrying either one of the resistance genes. Second-generation
hybrids (TF2) were obtained by selfing the TF: individuals. We confirmed the expression of the
stacked genes in the TF. hybrids by phenotypic observation of their response to SO2 gas at 30
ppm as well as using RT-qPCR and photosynthetic efficiency.

Additional key words: first-generation hybrid, photosynthetic efficiency, RT-gPCR, second-
generation hybrid
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SOD22% NDPK2 72} 22{0f] 2 3HH|FLIO2| OFit7 tA Afely

N

L nj0] 79 20104 AR % SHIAHIHG.981.711,0008)0) 34.1 %2 AHASRE 25H 9 SiEkg SHAA] 1072 428
AL 4| HEo] A 2] 9k 510t (United States Department of Agriculture, 2011).

HlFUok= 12|92} o] 57 H =57 t7] L Holl A s e Ex 9 7te 0| sg0 & 2 o] §Eo] 7]
Qg e AETAR Qlg Qo] F 502 A RISl R R ol g AEa ol et et 571 B )
o] @7 =| 1 Qe T1e, W 71mol| ol ti7] @ | AE Ao Higt A S AES 7k Zlo] 43#] ghob ¥
= 2R Rol §50) 0 S0 R B FUAH /K ol golel thr 18 0 @ e AR ek sk Gt
AEE]T )T (Lee et al,, 2015; Nakamura et al., 2009; Nian et al,, 2014; Su et al,, 2015), | Zoll= th= G4} £ jo] opd
TS5 o] AT 4] Rof| o i1ehE @ | AEEA AP TS M7 A 71004} Shis e Bl E T o] Foi#]aL gL
CHKim etal,, 2015; Tseng et al,, 2008), H 2] 0 2 0]8%| 11 Q)= 9 1z} 42 vl ol =27]] o]Afe] o] -S-HALE ghof &
PoHAL 171 Qi A ol T ok 720 FAARE dolo] kAL 7RO] Qe -HAAtE T olet F At w
ol OJo 48712 SIS S i 5ol §1ehFrancoisetal, 2000) 2 A o] 10] A AT 4 g4 4
FuUot YARSAIE 7Hdstaiat it Frefisuperoxide dismutase 2(SOD2) 2 o714 TH 52l Nucleoside—diphosphate
Kinases 20VDPK2, 0|7 A1 A=SN O 2 357] %) A0S s Lio} 2] A% Wongyo A2-369] 212} = ¢ls1o] they
FAHSAIE 72 HE QLo (Lee et al., 2009a), 01 15 At X171 257 S Bl S5 wdAIthEo]
ArebA] AE | 2o digt A o] S71%H 2l 2RI A QlrhLee et al,, 2011).

SOD2= 2~ Ed| 2o ofsf AlEA ol dA B = hiehag o2t 02 o] Eat- 5o HES-& FHlfok= 24-¢1 superoxide
dismutase -3} %= Mn1} Agl61o] Z-251= G4 S A22 off 7174 (Gao et al., 2003), Hl(Zhao et al,, 2006) S]] A= A]
EAF A LRI B AT b Ik NDPK 2= XIS E ol A Al 254, a2 Al ist - Fof whofohs Tl
ZQINDPK ] stz o7 tiioll A hitel o] f2h50] 24 7)5-2 ok 21 0= HATw Lo m, iAol w9l A=A}
AretiEd| o] iRt Ul de] S ekl Hare B QIrKTang et al,, 2004).

ool 2 A= SOD2 T NDPK? A7 F S Lot 47 AR 212k 543 gAY kel 1) S0D2 NDPK:?
TS AR Z S T AR E R A Aol do] S wlFHot FAMe AE 9 1L S oA EA AT SRl =

A% ARk AT,

2 AT o] A7HLee et al. 2011)0]| 4 ARG NDPK2-7-1(T)[0[5F N7-1(T2) = 37|41}, SOD2-2-1-1-35(T)
AE2] Srf SOD2-2-1-1-35(T,)[0|5} S(T) 2 F7|1AE-S NDPK2} SOD2 3747 12 AlS-S D=5 gt wH =
Sz ARSI

SHMSH S A2 SOD2 Y NDPK2 1M SRS HELIOL A STHEIS

N7-1(T)9FS(T)2] T A AR 2000101 S(T)9kNT-1(T)7H A1 mael] ofstod, 4k 2A1eik=2010%e] w2 AlLA]
HolE AR 5 SISl S o @ AR 3 45-5007 FUES 71208 STt AET A
ghdo] 7[10] A2 e 5 uEsiom, 328 e Ede] 7h) 9 SHA(H7 1sem)AA] F- R Aol S Ao LMOA
2] Ae) 240l Apfstict
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PCR &M

SOD2 B NDPK2 73217} 342405 wat ST Adst7] 915l PCR 245 o]-85ISIth PCR 245 98t wif Soijo]
genomic DNA+= 115§ 874 % AE4]| 2] o]¢ 9] © 2 HLE] DNeasy plant mini kit(Qiagen, Hilden, Germany)E- ¢]-85}o] 3=
35190t} 3539 DNA=NanoVue(GE, Buckinghamshire, UK)-2 ©]-8510] 226t 2 template DNA 2 AR85}SIC PCRYE
Qo Ao 225l HEGoHo]| 315 25-50 ngL™' 9] total genomic DNA, 02mM 2] dANTPs, 50ng 2] SOD2 %= NDPK2 &
2} E0] primers, 1 X Taq DNA polymerase buffer®} 1unit®] Taq DNA polymerase(Takara, Shiga, Japan)-2 37}531c.
SOD2 G734} E0] primers G714 E-& (forward; 5-TAC TGG AGA TGA ATA TGA GC-3 reverse; 5~CAG CAG GCG
GCA AAT GAT TA-3)0]iL, NDPK2 3747} E0] primers 714 AL (forward; 5 -GAG GCT ATT CGG CTA TGA
CTG-3, reverse; 5 ~ATC GGG AGC GGC GAT ACC GTA-3 )0t} PCR 222 icycler(Bio-Rad, CA, USA)E o-£:51<]
94°Col|A 587t 73 DNAE predenaturingA|7] 5 94°Cof|A] 1827F A 55°CollA] 127t annealing, 72°CojlA4] 287+

extension2- 558 HHEA| 7]

OFSHAZFA

(=2 5

ool

24

N

SOD2 9 NDPK2 73217} R2E wit i) oghirbs A Aeg S46E7] A%t o7 A2l Lee et
al.(2009b)2] -2 LK Bi7doto] =fotoiet. & 4] 31009 SOD2 W NDPK2 5732+ 32 A1 B A E A AR 714 B
2 A om0 2 A 1200m: s e vlete] £ ol IAS Helalgiet oAb AL FHetElo] 35°C
oA 135kgrem 22 1,000ppmETE N2 HHA oF T 7Fo|ZA]7|(Gastec GV—-100s, Kanagawa, Japan)S AR5}
30ppm 4A17F A 2]5Hct A U] 24-2 HOBO(Onset Computer, Massachusetts, USA )YE ZHH Hf=Ho]| =11 XA 0,
Wt 2268 +0.6°C 5= 159.7 £ 13.0%0] 1tk A2 3 2| A7 AR Bld-& AlAKL -fa]2 oA gefst
A ool /= S to s PRSIt it Al 1 Al Aol 9] mela-2- 2759 S-elo] A2 A=A o /i e] A HA
H] m]of] Hh2 KO H]-8-5 5% 7FA 0 & 0%°114 100%2 THE5to] AR S the o] SJaf) Atslgitt. Visible injury (VI, 1
) = [0% T3l QL 4= X 0.0) + (5% 13| L 5= X 0.05) + (10% T A 4=X0.1) ++--++- +(100% T3] & 4= X 1.0))/AA4] &
/2. §H, oAz A 2@} g o] X1 WAk Al AT ] o7k 219 531 B/ o) A =l HA{o| e w4l 2 Al
A919] -2 380] Ah7-g0o] 217 ol ghAT 7k He] A1 2A1e] et alo) A WIS 2AKE 5 = A
J=A712] Li-6400(LI-COR Biosciences, Lincoln, NE, USA)E 0]-&5}0] oA A 71X mlafi7} 714 A
Y 5UL 2SN FLAT A 2 B LABAI R oS e el o

SAS 92(sas Inst, Inc., Cary, NC, USA) Z 2 T13-8- 0]-85}0] DUNCAN tEEAA4519c)
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RT-qPCR 24

RNeasy Mini Plant Kit(Qiagen, Hilden, Germany)S- ©|-&5}0] 9] © 2 X E] total RNAS SE3}1, total RNA =90 &
Q1% genomic DNA-2- A|A5}7] 15 25 7398 10uL9]] 1pge] total RNA, 1x RQ1 DNase Reaction Buffer@} 1unit®] RQ1
RNase—Free DNase(Promega, WI, USA)2 23515104 37°Col|A] 1 X759 A 2|53t gt eDNA 2] Al A& 25| $f5)
1uL 2] DNase S #]2]§t total RNA, 1x Buffer, 02mM dNTP, 2+ 02uM ACTIN Z2to]H(Table 1), 1 25unit Ex—taq(TaKaRa,
Shiga, Japan)-& 31510 10pL 2] HESoH-S- 235111 94°Co| 4] 227} initial-denaturation-& 4~5Y -, denaturation 94°C-30
2%, annealing 60°C—30%, extension 72°C—30% TF4-2-404FE. final—-extension 72°C 240 & standard PCR-2- $k=5H3ITT
PCRYFEZ0] ¢hm ¥l PCRAFES-2 1 % agarose geloflA] 1171952 35to] 355 PCRAFEC] §la-=ERISHIEE eDNAE
A| 713t total RNAL} PrimeScript 1%strand cDNA Synthesis Kit(TaKaRa, Shiga, Japan)& ©|-8-5}¢] ul{7d 2] 2| Alof| wht
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Table 1. Primer sequences used in the RT-gPCR analysis.

Name 5-3 Product size (bp)
SOD2-1F AACGTGACTTCGGCTCCGTTGATA 196
SOD2-1R TAGCAGTAGAAACCACCGCCAGTT

NDPK2-3F GGGAAGGTGTTGGTGTTGTTGCTT 186
NDPK2-3R ATAGCTCGCCCTCTTTGAACCACA

Actin-F TGCTGATCGTATGAGCAAGGAA

Actin-R GGTGGAGCAACAACCTTAATCTTC

20uL.2] cDNAZ 8351t} 78] 1uL.9] M35 cDNASFACTIN Leto] ]2 o] g5}0] AH9]o] PCR 271 0 & cDNATHA]
oj2LE Slolgt th2 ZF cDNAE 10H]] S]4A|# Reverse Transcription—quantitative PCR(RT—qPCR)9]| ©]-85}3Itt RT—
qPCR 45 9f5te] 710 Hare M-S 7|Hhom meto|H S thAlgIskal(Table 1) odste] Wl ZAof o §5tairt.
RT-qPCR-2 & W20 20uLof] 1x SYBR premix EX taq [I(TaKaRa, Shiga, Japan), Z} 0.4uM Z2fo|H, 1x ROX reference
Dye, 1uL2] cDNAE 285199t 1 HE291-S Rotor—gene Q cycler(Qiagen Hilden, Germany)2] 3step © & RT-qPCR-& 4=
Y510, 1 HREZ 7L 95°Cof|A] 10327  initial denaturation-S 49 &, denaturation 95°C—52, annealing 60°C—-20%,
extension 72°C-30% ¥H4-& 408F=519 Tt AMEntTt threshold E 0.052 47510 CtEkE AFESHL housekeeping -4}
ACTIN®] CtZ}r© & normalizationSF T, AT =] AR AACHH-S 0] 86131, A& 3HHE-O) AFT g 7k o 2 wtart
TS A,

SHASH S22t SOD2 U NDPK2 A T EL|of YA XSk &5

Apo] 212 Fo 1A AR 2] et A2 4aAolt o 7}
[e]

2 E0] o]F0]x]a1 13T, Fragois et al.(2002)} Halpin(2005)°]| 43]]

(
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A A1 A 2]} ool %l v Sk, T FA7t A Hioll = T 53127 F Q) kAR wdE F Rt i, oAk
S5 S vHEsto] e FAALE S AlEA = 0]*— H, o] fI2E S o] ARk Sl Qlot=
5ol Aot 2RIF FolA = petuniao| A B EAHAEH A AE El Xiﬁc}*é%%‘— Al | ol &5 HF QAN (Lee
etal, 2011), Phalaenopsisol A B AL ZAA|7| T2} 2244 @715} kEabso] o] 45 B} QJcHChan et al, 2005), 2
Aol th7187d 0. ol gt A& 5514171 04t HV§514~E11£ I Faxt2 d 2] Leizl SOD29FNDPK?2
A 242 Q1E SOD2 B Ty ARSI} NDPK2 378708 ToANEH w2 AAek L, 53t FAME o, 8
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Table 2. Gene segregation in first- (TF1) and second-generation (TF2) hybrids. TF: hybrids were obtained by crossing the transgenic petunia lines
N 7-1(T2) and S(T4), which carried NDPK2 and SOD2, respectively. TF. hybrids were obtained by selfing TFi, which had two transgenes (SOD2

and NDPK2).
Number of transgenic Number of transgenic Number of transgenic Number of transgenic plants
Number of analyzed . . . .
Genotype transeenic plants plants with only plants with only plants with both SOD2 and without both SOD2 and
geniep SOD2 gene (A) NDPK2 gene (B) NDPK2 gene (C) NDPK2 gene (D)
[S(T4)xN7-1(T2))(TF1) 28 4 8 11 5
[N7-1(T2)xS(T4)}(TF:) 2 3 3 14 2
[S(Ts)xN7-1(T2))(TF>) 50 10 14 15 11
[N7-1(T2)xS(T4))(TF>) 80 18 10 50 2
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344 5 10] §2A1R1 SOD29k NDPK27} 5 AR A2 RS A517] 9191 PR 241 As1ict. 7 2, S0D2
PAATAE RO 2 53 NDPKZB RIS HE.0 2 ST XNT-1(TITF) A Al Alehe] G710 287 44
A1) S5 2 300%0191 0], NDPK2AHTHAE R0 2 511 SODIGAATAE HE0 = T NT-1(T:) XS(T]
(TFy) 3 ALANS] 7 9 62.5%2, NDPK27} 20] 1 SOD27H 5.0 2 AFHIQHE v 921 §21ke] S 2218e] 2
] A £ 359tk Table 2),

50D2%t NDPK2 5712t 2 Tf|7L|O}

ogl

23] OFRHIZA B

—

PCR 24]°] ©J5]| SOD2 B NDPK?2 74216] 2 0] RIF [S(Ta) XNT-1(T)NTF,) H [N7-1(T2) X S(To)I(TF) 5% A1
AIHIE oFFAT712 30ppmof] 4417 LeEA 71 4L, S & Bl vlsfhe-g S9to 2 AR A}, SOD2 B NDPK2 7147} 24
7} e AL N7-1(T2)9} S(To)= wafkae] 242t 16.6% X 8.4%R1 §HH SOD2 B NDPK27} R A% [S(T4) XNT-
LT)ITE) R IN7-1(T2) XS(T)ITE) w3 ANAe A2AFE0] woke-2 282} 3.7% 2 32% SOD2 % NDPK2 574217}
£ Q) GAABAO] vl 5 4827} AR vl o] 26-5.19) SISl o] A % ) SOD2 % NDPK2
A 212 Al -0 515 Q) Ao vl of b Alab o] Selehe A TIE 4 giEHFig. 1), 1]
A AR A9 20 SRR AR S 9 ORIk A4 R B et 17 Treng ot al 2008)9] ©]
SIAE B HE QI 152 E Ao A ARSSE thdtad -2 2] superoxide dismutase -2 SOD@} catalase -3-AAF CAT
E 77416k Sl o L= EE o] T HE-2 50l SOD 2 CAT-H7a247}-SAlo e Hils FaelE 95
& A7 ool AITZHAI] TiANE S SODU CAT 732 s 32 12 Al 5-S Aol ot 7 of] teEsto] o
Sfe-g TARE At 2 Aof|A e o] SODU CAT 734 SR th= = A F 43S off oFir s mlsfkeo]
39-55% Wokrtal R skt

OFEHAITLA 2{3HA 271 SOD22t NDPK2 SRt 242 HEL|oF RIS SRS

SOD22FNDPK2 4771 5248 At A) 14]e 2] okt 712) A1 ok gt 4do] 5308 SOD29ENDPK2
S22 21 A A A ORI o] Feol M WA =AE 8-1517] STalH SOD29k NDPK2 $417471 4
5|3 ofFA7 2 AgAo] ZAFIIE [S(T)XNT-1(T)I(TE) B [NT-1(T) XS(TI(TE) T3 AAE 271t 3t 5
S}= 5 @ AR A POREA G787} SOD29 A ARAE M0 2 5131 NDPK2 3 AATAE 0 2 HS(T) XNT-

20.0 a

ab

150 -

b
100 S
504 ¢ c '
o N | |
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3 ©Q

Fig. 1. Visible injury (%) in the first-generation hybrids (TF2) carrying the transgenes NDPK2 and SODZ2, obtained by crossing
transgenic petunia lines N 7-1(T2) and S(Ta). NT represents a non-transgenic control. Visible injury was determined 5 days after
exposure to SO; gas (30 ppm) for 4 hours. Data are presented as mean + SD. Different letters on the bars represent significant
differences between NT and the transgenic lines, determined by Duncan’s multiple range test (p < 0.01).
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Fig. 2. PCR analysis of the second-generation (TF2) hybrids using primers specific for NDPK2- (A) or SOD2- (B): M, \EcoRI +
Hindlll molecular marker; PC, positive control; 1-50, progenies (TF: of the first-generation hybrids (TF+), carrying two transgenes
(SOD2 and NDPK?2). TF, hybrids were obtained by selfing TF1 hybrids, which were obtained through reciprocal crosses of two
transgenic petunia lines, N 7-1(T2) and S(Ts), carrying the transgenes NDPK2 and SOD2, respectively. TF> hybrids were resistant
10 SO2 gas.

1T)ITE,) 28 ARAThe] ok 442 A4 4] 258239 3%0|9 0L NDPK2FZAASA|E 2o 2 5111 SOD2P A
ASAE F2.0 2 FF[NT-1(T2) X S(T)I(TF) w3 ARAH ] 75-9-=63.6%=, WA ALAT] 2} 72 NDPK27t B2
0|11 SOD27} HE.0 2 WAE|S wf 9F7] -F7azke] ooff 1 &-&o] 28 A o] =UHFig. 2 and Table 2),

ok

— = -

SOD22} NDPK2 772t 24 m|SL|of Y2 MSA| SCH2| Ofgkht7tA Z{ek/d 2=kl

SOD2 9 NDPK?2 3712} 4 A1 24| o] ofshatr i A A3/ dS A|eRlst7| $lste] itz A3}/ SOD2 U NDPK2
A2 34 FAHAE 271 5 S EH [S(Ty) XNT-1(T)I(TF,) 2 [N7-1(T2) X S(T)I(TF>) 7HAIE 5 PCREA | oJa]
SOD2 Y NDPK?2 3747}0] A o] SRR1H ABAE-E oFA7EA 30ppmo] LeEA| 7|1 59U § Hf mlofk&-S Soto=z X
AR A1} SOD2 9 NDPK2 5742 2 AEA| Sjjof| Az o7 tAzgd EAJo] Pga o &2 whashs: SRlskoict
(Fig. 3).

.y

B

Fig. 3. Comparison between a second-generation hybrid [S(Ta)xN7-1(T>)](TF.) petunia plant and a non-transgenic petunia plant,
5 days after exposure to SOz gas (30 ppm) for 4 hours: (A) non-transgenic plant, (B) transgenic petunia plant. The second-
generation hybrid had two transgenes (SOD2 and NDPK2) and was obtained by selfing the first-generation hybrids, which
were obtained through reciprocal crosses of transgenic petunia lines N 7-1(T2) and S(Ta).
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ORIt 2@ S2 SOD22F NDPK2 72 24 TiFLIOF YAMS oo g &8 S7 &l

)
2] R [S(Ty) XNT-1(T)I(TF,) % IN7-1(T2) X S(T)I(TF,) 7WA1E 5 o B4 1A mloi7t 71 212 Sl 71 -2 Qo] Al
SR 712 A SPSI) B8 AL 23 ol 7 Tl 7 A 9] 3, ot #12) 22059 Fy/Fmo] ¥
kA= B+t 0.78221H] [S(Te) XN7-1(T)I(TF2) &} IN7-1(T2) X S(T))(TF>) A& A= 22 B+t 0.7983}0.7830] L 2, of
A 7r Doz 71 B 0] 9, oFit 212 §- 6 Fv/Fmo] HI@ A= Hwt 0,691 15| [S(Ta) XN7-1(T)I(TF,)
SFHNT7-1(T2) X S(TY)(TF,) AEA1 =28 1t 0.7871710.7860| AL}, AHEo] AE | A0 5] 9k wf 919 Fv/Fmo] 0.837%
T HO s A 50 AEYIA & AL 7FAISES LFER 2 2 (Bjorkman and Demmig, 1987), SOD2 Y NDPK2 -3-72}
O] YA AlEA) SriEo] v A gA o Hlste] AE | 2o thgt AHAo] SRlE o] AEHAE E AL QL3-S onfdhtal

St 4= 9)rHFigs. 4 and 5).

o

B 2 days after exposure
t0 SOz

B 5days after exposure
t0 SOz

Fv/Fm
oco0o0oo0o000 o
WNNNNN N9
DRI O 0=
P L
_ Q
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Q
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& W &
& & <
& & 3
AN \
« @ W
Ny Q

Fig. 4. Photosynthetic efficiency of the least damaged leaf in a second-generation hybrids (TF2) plant 2 or 5 days after exposure
to SOz gas (30 ppm) for 4 hours; NT was a non-transgenic control. Data are presented as mean = SD. Different letters on the
bars represent significant differences between the NT control and transgenic lines according to Duncan’s multiple range test (o
< 0.05). TR, hybrids were obtained by selfing the first-generation hybrids, which were obtained through reciprocal crosses of
transgenic petunia lines N 7-1(T2) and S(T4); TR, hybrids carried the two transgenes NDPK2 and SOD2.

085
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08 - a
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£ 075
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QB\ Y ©
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T ©

Fig. 5. Photosynthetic efficiency of the most damaged leaf in a second-generation hybrid (TF.) plant 5 days after exposure to SO
gas (30 ppm) for 4 hours; NT was a non-transgenic control. Data are presented as mean = SD. The letters on the bars represent
significant differences between the NT control and transgenic lines according to Duncan’s multiple range test (p < 0.01). TR
hybrids were obtained by selfing the first-generation hybrids, which were obtained through reciprocal crosses of transgenic
petunia lines N 7-1(T2) and S(Ta); TF2 hybrids carried the two transgenes NDPK2 and SOD2.
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&
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[N7-1(T2)/S(T2)] TRz [S(Ta)/N7-1(T2)|TF2 A2-36(NT)

Fig. 6. Real-time PCR analysis of the second-generation hybrids (TF2). TF, hybrids had two transgenes (NDPK2 and SOD?2) and
were obtained by selfing the first-generation hybrids, which were obtained from reciprocal crosses of transgenic petunia lines
N7-1(T2) and S(Tz). TF, hybrids were resistant to SO, gas. NT was a non-transgenic control.

OLHM7tA 2{8Hd S SOD22t NDPK2 72 2 TiFLIO Y2 e S| =4 RHAf Ered &l

—

RT-qPCR 24| 9I5| SOD29FNDPK2 702 F 4 & oAt 712 A1 271, INT-1(T2) X S(To)I(TF2) 2 [S(Ta) X N7 -
H(T))(TE), A2 A1 9] SOD29F NDPK2 7341 kg AR 23t 27E B NDPK2 -7 0] el 2 vl e
Hr} oF 3087F 75N, SOD2 -R-7321e] ' 0] -9 [N7-1(T2) X S(T)NTF)ANS-2 Bl 2 gkA] Hrt oF 30004 o]
M, [S(T) XNT-1(T))(TF,) AFS-2 WAL Ht oF 2008] o1 0, 27152 oFi k2 A d S/dol izt
Aol oft axelE & 4= ASMTHFig. 6).

oldel P wAYHE ol8sto] B5H vAE A AEH A A 7742 SOD2 B NDPK2 2] ofef] okt 7k
Aol T2 4= e 7 g2 ANISHATAL & = e, 2 7255l 5 oM kA A S wF Yot F A
& AE IN7-1(T2) X ST)ITF) 2} [S(Ta) XNT-1H(T)NTF)E oFAT 7125 el th7]ehyd @ ] HiF Ut &5 71
2 ffato] 785 B8 & ke Aoz ViRt

22

AR} A of| ofsf oA kA A d 4 Ml RO A st B E A A E A A A= de] defxl SOD2
2} NDPK2-GAA7} 212 =)= SOD2 23S A% SOD2-2-1-1-35(T,)[S(T.)]2F NDPK2 T8t A% NDPK2—-7-
HT)INT-H(T) 2w d-& AAlst] Wit AAIE Sl 5at3ieh Wi Al A & SOD22F NDPK 274217} 5 342
A DE-8-232.1-73.0%019)2L, SOD29} NDPK 2-8-7 217} B A A= /R4 = SOD2 T= NDPK2-8- A7 b 9l =
ZRAel] v]oh oAt FA 30ppm A 2] mofkeo] 2.6-5. 11 ot o4 tA 2{gt o] SRE a2 SIskITt. et o kit

& Aol SAE wA ANAINE A7 2ol 2fsh Al A4 2151t wgt ARAR o] oFA kA A A §5

L I =
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SOD22ENDPK2 72+ E2401| QI 3HH|IFL{OF2] OFRHAE tA A3 S

of 3 ALAHeIA L] ol A7 215 o] Frfel Al QPA 0 2 MR Sreleloirt EE Y B N ZNEF
ol ofait k2 2fap o] S SOD29ENDPK2 347} 1 Sk ofahit 7ol et AE A ik 9128 2l
31, RT-qPCRIAS S5 SOD22NDPK2 5 47 2 Frefe] ol ity 2fapd 10| SOD2SENDPK2 5737} 2l
ofgh TS Brelel s,

Z71320]: IR ANA, FeH aE, A4 A B TR AAES, wgd ARA
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