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HE A A HEACE (SOD, superoxide dismutase) £ LM T —FF £ L6y I BACHE, EAAD B AT EFZHEORARE FARE
BB, ABFRAARE YK B iR R EA D X Cu/Zn-SOD LB & EST /3 i@ id 53] et 6 Bt 4813 2] & Cu/Zn-SOD %y
&2 A B A A PCR AL £ R RS R F A BS366 + LB R A Z AR, @3 Cu/Zn-SOD kB 55| #t47 £ 415
BFEoh EREW ZABRMA LS B TR T4, K 495bp, A0 164 MR, RABRFI AN, ZEG LA
PR F 89 Cu/Zn-SOD T4k 45 3R b5 A 49 Cu/Zn-SOD =4 2E M) Az TP, BRI RS ER ZFG S5 448
# 3 ( Brachypodium distachyon (L. )Beauv. ) #= X % ( Hordeum vulgare L. ) % Cu/Zn-SOD & & 5 % % R 830, ABWLE 53] 1 89%
F294% . A) A F ot KA EF PCR A A D & R B AR 09 K4 BOR Bl S i T o R A B X AT 547, B R AN,
AR AR E T R R AR PHAAR, B TARBE AR, BAEDEGR LHRETEERGARTETRE;ANZ S
FMiE S, TEAS T S MaE FiREgE, Bz AR EREF RIS T BS366 A ki sh v e AKX 5
M AT E R T DT Fmien Al s RPN EEZT NG ARG 8EE 1648, M AR T, ZAR ALK
FARAIEMN, BmIER, D& Cu/Zn-SOD LA THAL TR BHMEERF & BS366 49 F Willds, KBFR A EAFL Cu/
Zn-SOD KW N Z P gE MM E R T T2 al,
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Abstract ; Reactive oxygen species ( ROS) including superoxideradicals ( O) ) , hydroxylradicals ( OH ) and
hydrogenperoxide (H,0, ) ,were known to damage the survival of plants, by inactivation of lipid, nucleic acids and
protein. In addtion, during times of environmental stress(e. g. ,UV or heat exposure) ,ROS levels can increase dra-

matically. Thus, it is important and positive to remove the excess ROS from plants for maintaining normal metabolic
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functions of plants. Superoxide dismutase(SOD)is a major antioxidant enzymes , which is important for plants to cope
with adversity stress and anti-aging effect. In other words, SOD could act on ROS and reduce the level of ROS, to
protect the plant from excessive ROS harm. Wheat is one of the most important food crops in the world. The yield
and quality are strongly affected by harsh external environmental conditions. Therefore , it is important to avoid the
violation of ROS for improving wheat yield. In this study,a ¢cDNA of Cu/Zn-SOD gene defining by the EST se-
quence assembly from microarray data,was cloned from the wheat photo-thermosensitive male sterile (PTGMS ) line
BS366. The results showed that the fragment of 495 bp had one continuous and complete open reading frame
(ORF) ,which encoded a 164-amino-acid polypeptide. Amino acid sequence analysis revealed that there were a typ-
ical Cu/Zn-SOD gene family functional domain and 3 dimensional structures. Besides,the Cu/Zn-SOD protein was
located in the cytoplasm by subcellular localization analysis. Meanwhile, evolution and clustering analysis showed
that the Cu/Zn-SOD protein of wheat shared 89% and 94% sequence similarities with the Cu/Zn-SOD protein of
Brachypodium distachyon (L. ) Beauv. and Hordeum wulgare L. , respectively. Quantitative real-time PCR ( qRT-
PCR) was performed to analyze the expression patterns in wheat different tissues and abiotic stresses conditions. The
results showed that the Cu/Zn-SOD gene was expressed in all tested tissues ( root, stem, leaf, pistil, stamen and
glume) , suggesting that the Cu/Zn-SOD gene was constitutive expression in BS366. The significantly high expres-
sion level was found in chlorenchyma such as leaf,stem and glume. In addition, it was found that the gene expres-
sion was induced by variety of stresses,revealing that the wheat Cu/Zn-SOD gene might involve in multiple stress
regulation pathway. To illuminate the regulation of Cu/Zn-SOD in wheat fertility , expression profile of Cu/Zn-SOD
in pollen during fertility transformation in wheat PTGMS line BS366 was performed. The results showed that the rel-
ative expression of Cu/Zn-SOD at microsporocyte stage and meiosis stage in fertile environment were 8 times and 16
times higher than control, respectively, while there was no significant changes in sterility environment, suggesting
that Cu/Zn-SOD might be involved in the regulation of fertility transformation in wheat PTGMS line BS366. That be-
cause low temperature may contribute to inhibit of Cu/Zn-SOD gene expression, resulting in removal of ROS un-
timely. As a result, microspore cellular structure was damaged. It may also because no nutrients to be provided from
microspore cells, resulted in abnormal apoptosis of tapetal cells. However, the relationship between Cu/Zn-SOD gene
and tapetal cells is need to be further researched. This study could lay a foundation for further functional study of
Cu/Zn-SOD gene in wheat.
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quantitative real-time PCR

EAY R TG PERE A B (ROS, reactive oxygen
species ) fl i % H B F (05 , superoxideradicals ) , ¥
H H & (OH", hydroxylradicals ) #13d &L & (H, 0, ,
hydrogenperoxide ) 45, AT LU g J5T | A% R 1 2 11 Jo 2%
W, R NG Al IR R A SR R R,
I B MR R ) 2 ARG B 7R I R AR B AR A e 2
WS A S T AR T R RN 2 A
) ROS X T 4EFpAE 4 1E w5 A 2 g BAT 1R T AU
B VE . HEA Tk W 5 4k B ( SOD, superoxide dis-
mutase, ECL. 15. 1. 1) J&—2&] {2 A48 FHREYIE N B
R BRI TR S 2 1 i ROS 14
Pi. BRI LU o B AR HIHE ROS A A A i 48 53 1
i ELE - 0; +0; + H —0, + H,0,,id AfLE X
REFE I S Ak 2L (CAT) it &AL ¥ g (POD) (1

FATR Ak 0 DT g 55 G 35 b 375 B3R i A 40 4k 7
Z R ROS, SOD AR 5 H T 45 & 4 s Bl 2 1) AN [
A /3N Cu/Zn-SOD Fe-SOD Hl Mn-SOD =2k' H:
H Cuw/Zn-SOD | VZAAAE THE) £ 44 H 5 it i
KR YRR TP OU R E R SR
I SERSE w20 7 K

H R. E. Cannon %[8] F 1987 FENFE K E IR
eI RIEY SOD JEH 154 N Ah2E 3 43 ) 7 R
T KRRV AR ST R SR h T A
F) SOD A, E. E. Kurama 251 5@ 358 % H B EST
FE A A B2 53 5 5L PO 22 & PCR 43 #T,
A Mn-SOD FEH 195 8+ F1 6 4~ Cu/Zn-SOD 1)
EST, D. Juan 25 7E ok i R 4ME SOD JE
RV BRI bR R PO RE ) B P . AR
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USRI RACE Hi AR SRS BIMEAE Cu/Zn-SOD 3
FEXT AT R TS AT BB PR AT, R B
DR =5 SR AR VT 10D A AR R I v e 3k | TR] At & B2 ik
FE AT Tl 5 P e e

INF IR BLREAED), 1S B TR E
LhRRE A EEE X, Ik, W kg SoD 1)
WFFEIRAE B A A /D 5K R 51T T i 3 IR A
i ik /NEE SOD A, Kk B FL AR A SOD
TP B A R AR R a1 BE ) B R, E.
Esfandiari 27 (A58 £ 01, /N2 4 v b SOD Y35
P Bt 2 5 Foih 18 e B 1 T g, [ & B, piéA A
it 7 RENS A SN G e AR . 5 Ah & IO GIR A
HEPEART /N W] B 5 A F R AL 25 76 A [8] B 301 7
SOD & PRI bl AL FR B A B & X, R AL
241y SOD T HE7E B MU e 2 T B2
B 0 TR, R & 625 0 SR AL R A 3
BT A E A2 W] SOD Y 1k RT fE S 48 25
Hk. Q.S. Ba %5 LI/ Bl R M ALK
H 0, 1 H,0, & & T IER E 0L, RE SOD 484t
ST T B AL, DA R X FT BB 51 R A6 W 1

UM FoNEE SOD RIIFGE BV BUS T 3R E
(B2 )R B2 B AR 0 A SC I 5T, X 43 77K
PRI S AR J o 35 AR S 36 i 40 P SR RS
P00 WNE SR B E AN T 2R BS366 H T IE 4K
1 Cu/Zn-SOD W il 1 A= WM B2 T B izt
PRI I 2R P A R AE , R L7 45 4 S A 2
IHAE , Hiz S22t E i PCR B ARMFGE HAe /N
ENEEEA AR SR i SN e W N il STER L i
THYZRBHR T TE BS366 6] & M3 T A
[l & B IHH Y i AL 25 b i 2k 25 A 0L
WILHRVT SOD S5/N IR A T X R, LA
HEIRAMIE Cu/Zn-SOD KR AE/NZE Hp /R I HL
PRZEE SLA, it FENE SOD FEHE DR N4
SRALHS AR
1 MR5RF=*

1.1 #hk#

AHWF5E LI INE IR BEYEAR B £ BS366 (b 5T
FesZ /N T AR ARBIEST O $2 ) A R, 1%
MoEHE R BTk 8121 x E8075-7 Ze &8 JG AL 2535 3 1y
DH( doubled haploid ) #FA T F A0y, 1EH G
T ,BS366 B4l SR EE R 10 C, RIH
SERMEVEART , M7EF ¥R EE 20 °CF, BS366 & 7

1EH . BS366 B F YRR Rt A /N R34 i e 40
ESN % & g i
1.2 REFE

PRI  R/N—FL K BS366 Fh T, ZIH A
BJG ,7E 20 C OGS 12 h/12 h i 4 0F Rk (85
FRML) AR 2, QW it 41281F-80 C IRAF,
FF 5 Cu/Zn-SOD 3N, QT R
J7ik, it R R AW K AA 2 (2 mmol/L SA) IR Ef
2 (50 mmol/L GA) . 7K #1 2 ' 1§ (100 mmol/L
MeJA) A E (2 mmol/L IAA) FIB 4R (2 mmol/L
ABA) , DA M A 48 5 £ (200 mmol/L NaCl) |, T 5
(20% PEG6000) AKIE (10 °C) SEAEAHin , 4b
FEOh2h4 h8h 12 h24 h 540 H 40255
PEATIOM , BRI 3 A2, - 80 CIRFE, H
T Cu/Zn-SOD FEATFEAIF A T 1B,

4 BS366 FiE Tt st i |, SR HH-36 FH () 2
kRl AR EAL R T, B3R A, 0 O
MR 25 I S RS R s e S AL SUT - 80 CARAE,
ML 3 MEYEESE AT Cu/Zn-SOD 3£
HE/INAZE BS366 AFIZHEU T R R R G L

4 BS366 FhA TAb 5T (116°17'E 39°57'N) 5%
BURFH(115°81'E 32°89'N) K FHERSG T~ , 3818 FH ) 457
BELOREMERE A SR AR A, AR I I R K T
BS366 M EPEBURET I, X5 21 5.5 Mg iESS KRR
Z51.5 mm I, BS366 B 7 ML ™2 it
R ERIIRIEZ 20 °C |, Bl BS366 Az K ] 7 2048 ; B
PP EIREEZ) 10 C RURE IREE, T 4 51l 1 X
2 BRI A/ NTRLT B 2 R R0 A5 53 S e A 3
AR/ N2 AR 50 BRLA L, RIS 4625 IR AR,
T4 Cu/Zn-SOD FHERTE BS366 A H R SAH
W B P HUREHN L2 i 25 e RIA
1.3 2 RNA REERER

FIF TRIzol 157 &5 (Invitrogen ) 42 HX [ 34 T HUbF
AHEEL RNA, -2 I8 Prime Script RT reagent Kit with
¢DNA FEraser ( TaKaRa ) #4E 15 B ) %% 5% ¢DNA, cDNA
LR RN 100 ng/ uL, B T-20 CUKAIRATR
1.4 /N%E Cu/Zn-SOD EREHEE

AL R i 645 B /N2 Cus/ Zn-SOD FE
(1) EST J74 44 HAZ A2 238538 /N A2 EST FErp kA7 ke
XiF 49 8 /N A2 [R5 5L R 2238 7 81, Lo &5 S R
Cap3 BHz §ﬁﬁ:( http ://doua. prabi. fr/software/cap3)
PHE EST 9 1 B W PFE45 A i ORF Finder (ht-
tp://www. ncbi. nlm. nih. gov/projects/ gorf ) ifi & 2 %
FEA B 5E s 1 | T 5 Cu/ Zn-SOD A5E L, ]
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FH Primer Premier 5. 0 #4531 Cu/ Zn-SOD 3[R 4t
IX (45574 PCR 51%), Cu/Zn-SOD-F :5'-ATGGCAGG-
GAAACCCGTTA-3’; Cu/Zn-SOD-R. 5'-TTAAACAG-
CAGGCTGAATTCC-3’,

PAKESR 2 JEI AR/ NAZ G e e eDNA S, F1)
Cu/Zn-SOD-F Al Cu/Zn-SOD-R F¢ 515 ¥i/i 4T PCR
Py Pk R (20pL) 2 x EasyTaq Super Mix (43
N ED10 pL, IER 547 (10 wmol/L) 45 1 wlL,
Hz ¢cDNA (100 ng/L)2 pL,ddH,0 6 uL, KW
94 CTIZAEME 5 min;94 °C ZEM: 45 5,60 °C Bk 45 s,
72 °CHEA# 30 5,36 cycles;72 °C FEfH 10 min,

PCR 934 W) 28 190 B I Bl 58 e rig Dk AG: I i
2% E. 7. N. A. Gel Extraction Kit(OMEGA ) #:4E i
TR H A9 457, #2 E Lethal Based Fast Cloning Kit
(RARAAL BB AT BR 2> 7)) B 5 14 4% pLB-simple
Vector Z44 , M v BEBUA , IH-55 AL R HF T Trans]-
T1 B2, WY& PCR e FHPERRBE , JF Hh A ChE
PRI (bt ) 2 e i AR P51
L5 £WMER=ESH
1.5.1 /7% Cu/Zn-SOD SEFEF FIE BN
FIFH DNAMAN (ver. 6. 0) 8P 12 34 e 51 ¢ Bl 152
HE(ORF) , I 5¢ W B 1%; A Protparam %X 1 ( ht-
tp://web. expasy. org/protparam/ ) #1718 H B {b P
J5 AT B TMHMM 3% A4 (http . //www. cbs. dtu.
dk/services/ TMHMM-2. 0/ ) T I 2 11 5 i IX Bt ; R
H SignalP A4 (http://www. cbs. dtu. dk/services/
SignalP/ ) # 47 &5 K B F0 5 4 - ProtScale ( ht-
tp://web. expasy. org/protscale/ ) FE1T 7 £k 55 i /K P
5387 338 F ExPASY T H (%) SOPMA (http ://www.
expasy. org/ ) FUI & 1 BT — 45 44 ; FI FH SWISS-
MODEL ( http ://swissmodel. expasy. org/) X} £ H —
e LERY AT TR ;3 3 NCBI 7E£E CDS T.E. (hitp://
www. ncbi. nlm. nih. gov/Structure/cdd/wrpsb. cgi/)
J InterPro A4 (http://www. ebi. ac. uk/interpro/)
FRINHAR ST G540 8 60 NCBI 7E£Z BLAST 845
%% (http://blast. ncbi. nlm. nih. gov/Blast. cgi/) #17
1A 4347 5 13 F DNAMAN (ver. 6.0) ¥k fFiE 47 %
F 8 LU T4 Lo XS 45 R ¢ 52 28 MEME 7E48 T H (ht-
tp :// meme-suite. org/) MR FAR S Motif , Hrp &
KB IEH B E N 4, Motif K BEE BN 20 ~ 50 aa,
HARZHIY JBONE; M MEGA 5.2 B, R
Neighbor-joining F-12: 14 H RGBT
1.5.2 HIEFRIER/NE Cu/Zn-SOD [E5 £ 0
B NESIENARFS] GG (CDS) A K EH

JFHIIHE T Phytozomel0. 3 (4 J& (https://phyto-
zome. jgi. doe. gov/) . K Z ( Hordeum wvulgare L.
BAJ88982. 1) . " FHAI AN 5L ( Brachypodium distachyon
(L. )Beauv. , XP_003558478. 1) . /K& ( Oryza sativa
L. ,XP_015631402. 1) . & ¥ ( Setaria italica (L.)
Beauv. ,XP_004985172. 1) . £ K ( Zea mays L. ,NP_
001149119. 1) =3 ( Sorghum bicolor (L. ) Moench. ,
XP _002465634.1) . $8L B I+ ( Arabidopsis thaliana
(L. ) Heynh. , AAC24833.1) f Cu/Zn-SOD J¥ 51
EKH GenBank %t#s/4:, A H BLAST £ )7, LU
(/NAZ Cu/Zn-SOD WYL T 5 IR ¥ 40 H /Y
FEA, M 0 [ R L A, P E-value <0. 05, 3
1k NCBI A% CDD( conserved domain database ) Z{ &
JEF SMART 7£ 28 45 #4350 #x T =2 (http://smart.
embl-heidelberg. de/) #1725 TO A3 4b 1, 5l B A %
SOD PR~y S5 A E 52 £ 11 81, DT 7 /)N A2
Cu/Zn-SOD [ JEIEA
1.5.3 /NE Cu/Zn-SOD EEEFH FRIFXER
TR AR S/ NE Cu/Zn-SOD 1) CDS J7
G S BRI P 9  RBGER GG B 1 il 2 kb (93
e 90 AE iz B N /Y 5 3 7 P 8, A Plant
CARE 7£ 2k T. H. ( http ://bioinformatics. psb. ugent.
be/webtools/ plantcare/html/ ) X} 1% J¥ 5 # 17 )3 8 F
DA E F T 350 534
1.6 EZHRAE M EAFRIHEE

s Fir 3R A5 (/N2 Cus/ Zn-SOD FE 4 cDNA
R, BTl A W VAL T R S 51 W, SLAF: 5
GCGTCGACATGGCAGGGAAACCCGTTAGC-3" (R4
LB 43R Sall 1Y) A7 ) A SL-R: 5'-GCTCTA-
GAAACAGCAGGCTGAATTCCAATGATA-3' (T 4k
PR Xbal WBFEIALAR) , LA 1.4 v TR A (Y s e
AR AR, 5152 A Y)Y/ NAE Cu/ Zn-SOD
LRI S8 B b X IFali A Oz 388 71

I B il 14 P VI Sall A1 Xbal il U)AH 4 I 40
MBS 24 16318 hGFP vector, ARG R S
HeEE 1B A (GFP, green fluorescence protein ) Fliy 43
IREGEYIN £ Cus/ Zn-SOD SEH Y1 7=, F H
R R B B A T A 7 40 7 3 34K Cu/Zn-
SOD-GFP, I HAL R AT B Trans1-T1 32 25 40 i,
i 106 % 78 FHPE TR Ak , 72 B8 EndoFree Plasmid Maxi Kit
(QIAGEN) #2410 BRAR UTORY
1.7 BB R AR S & 5 020 B E R W22

F RS, Abel 551 1) Jy vk i % 4009 OF A= TR
&, F 16318hGFP =3 AR Fl #y & f) Cu/Zn-SOD-
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GFP AR50 5 5 A R AR AR FR L 12 10 B9 LR 3R FE)32HE (ORF) |, Jdmtth 164 M ILRR
4,25 CHFHE 24 h, gk AR A FIRg s, 2.2 SEBFIHESHR

LI A 16318hGFP 25 2R AR ) 5 A A Sk it R 43531 Xt/NZE Cus/Zn-SOD Fe R 4 65 45 13 0 B P
TEDEE Wi g™ FAT R BN (R 1), Ha TRk CH 1w Noy
1.8 qRT-PCR %#f 0,,5S; , H 20 Fa R4l B, Hoh Ala 5 Gly %

HRYE I E 19/ Cu/ Zn-SOD RIJEFEH B cD- &5, 53 510 10. 4% 1 16. 5% , B2 1 2 FE R (Asp I
NA 41, R AR SF X BEi% it qRT-PCR 514 (F:5'-  Glu) (5 9. 1% , Bk 5 FE R (Arg 1 Lys) 5 7.3% .,
CCAACGGCTGCAACTCCA-3'; R: 5'-ACAACAACT-  ZEHAMXT 4 F i &4 16.66 kD, RIS 5 H & -
GCCCTTCCCAAT-3") , §" H Bel 196 bp, LL 1.2 b 6. 39, Tl AFa e R BCh 24.91, )8 T— R E E A
RAF I cDNA B, /NE B-actin BE P (F:5'-  (FUERE > 40 BRI ARREHN) . B HEH R
TACTCCCTCACAACAACCG-3'; R: 5'-AGAACCTC-  BEPEX BN S N-A5w5 5 K0T, & B0 i 2 1
CACTGAGAACAA-3") NN Z AT qRT-PCR 081,  JCESHEZE M, HAR S5 KT8, HE iz i 8 e
RV A& Z& (10 wL): SYBR premix EX Taq (2 x ) TN Y AR I . SREK PR S 4
(Takara)5 L, 1E M54 (10 pmol/L) £ 0.5 pL, WK 1B FoR, 8 H S B KR SO - 0,112, 8
FEHR ¢cDNA (100 ng/L)1 pL,ddH,0 3 L, KNR KA, Hd mKm: e i) o2 4 & /R (His) ,
FHWSEY AR P 347,95 °C BiAEME30 5595 °C 42 Bk PEEm 2 2 MR (Cly) o 1 245 il
PE5 5,60 C B Kk 30 s,45 cycles; 95 °C 74 30 s, R ZE AW 20.73% 1 «-12E . 10. 98% 1Y B-HT
60 CiRK 1 min,95 CAPE 15 s, BAFEMIR 3K & 25% M HE 6% A 43. 29% (1) JC #0045 i 20 1
R, R 2R T E A SREERI T EE R BN, v R 2NZE A H 8
VAT B-4r 28 [l R ) fa7 AR 25 44 F A 22 1 I R )
2 ERITH G, ARG Z A 1 AR TR 1 A
2.1 /NZE Cu/Zn-SOD EER=E [ HiE S SRS, 5 H SRS P o
DRI /NZZ it 2H 2 eDNA At A C(EI1C) o dlad X iz 8 H 0y R ~r 4 A 3
FIH/NE Cu/Zn-SOD FEH CDS FH) 519 Cu/Zn-  SHEELL S EAT /00, KBS 55,57 .72 129 fii N Cu
SOD-F il Cu/Zn-SOD-R 17 PCR §"3 , ¥ War=Wyze B FEAN, 5 72.80.89 .92 1K Zn B F45600
1% By i WHGE B v VARG I, A5 31— 25 29 500 bp AU 80, BE MO S0 T4 55.57.72.89 .92 129 i, I
SRS W LA s, Bliksifbiz A B, 2y ANTAS 39 .97 (ki 2 > RAIRGE A8, £
JEa TR, B 495 bp, W E ARG T RIS TH A A b A %, R4l 4
ATG FIZ LB T TAA & — N ESE H BRI B — NI (K 1D)

%1 CwZn-SOD EAMBENMER
Table 1 Physicochemical properties of Cu/Zn-SOD proteins

Fr 4 5 ¥ HAKE (aa) 3T H(kD) AL AEE R BK P-4
Sequence 1D Formula Protein Molecular weight Isoelectric point Instability index Grand average of hydropathicity
TaCu/Zn-SOD Cra7H 144 Nopg 0505 S5 164 16. 66 6.39 24.91 -0.112
Traes_4AS_8AC85AB54. 2 Cogs Hyso6 Nagg 02965, 212 22.20 8.81 26.24 -0.302
Traes_4BL_F765C4AAS5. 1 CysoHy74Nypy Og9 S5 163 17.17 6.43 22.88 -0.221
Traes_4DL_08EEED1A6. 1 Cegg3 Hjgsr Nogo 0212 Ss 151 15.63 5.85 29. 65 -0.132
BAJ88982. 1 Cga7H318 Nagg Onss Sy 184 19. 05 6. 86 34.75 -0. 107
XP_003558478. 1 Ci14H 1135 Nogy Ogp6 S5 164 16. 53 6.38 24.21 -0. 140
XP_015631402. 1 Ci1aHy129 N3 0004 S5 164 16.52 6.82 22.16 -0.142
XP_004985172. 1 Cia3Hy135 Nyp3 0020 S5 163 16. 60 6.82 22.07 -0.172
NP_001149119. 1 Crao Hi1as Noos 050955 163 16. 82 6.23 22.75 -0.243
XP_002465634. 1 Crae H 143 Nopg 0504 S5 163 16.72 7.19 20. 15 -0.280

AAC24833. 1 Ciaa Hy1ss Nogg 0904 Sy 162 16. 68 8.02 29.42 -0.202
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|
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C
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Query seq
active site A4 AA A
Cu?*binding site A4 A
Zn**binding site A4 A4
P-class dimer interface A A
Specific hits
Superfamilies ‘ Cu-Zn_Superoxide_Dismutase superfamily
A:/NFE Cu/Zn-SOD SR 387 IR IR SRS, Horh Mo DNA 20 FARE; 1. /N&E Cus/ Zn-SOD SEIRY 377497 5
B:/I# Cu/Zn-SOD %K 1 357K AT C./NEE Cu/Zn-SOD 81 =5 B ; D . /N Cu/Zn-SOD # [ 1RSF 45 Hy S8 i)
A : Electrophoresis pattern of amplicon of Cu/Zn-SOD gene of wheat,M;DNA Marker, 1 : Amplified product of
Cu/Zn-SOD gene of wheat,B:The hydrophilicity analysis of Cu/Zn-SOD protein of wheat,C ; Predicted tertiary
structure of Cu/Zn-SOD protein of wheat,D; Conservative domain of Cu/Zn-SOD protein of wheat
1 /% Cu/Zn-SOD ER R 5EBFIIHHES
Fig.1 Characteristics of Cu/Zn-SOD gene sequence and protein sequence of wheat
2.3 & Cu/Zn-SOD RREEFHZE Xt G5 R R B/INFE Cu/Zn-SOD &R IT 4 5 H A4y

I A< i BLAST %8 )% L X} i A& /N2 Cu/Zn-
SOD WIRNESEH P51, 2 2 U b B 1551 3 2%
YEJF %1 : Traes _4AS _8AC85AB54. 2 . Traes _4BL _
F765C4AAS5. 1 Fil Traes_4DL_08EEEDIA6. 1, X} i ¥
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tif TN SRR, BT &R B 4 4 Motif 1, Motif 2 F1
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B Motif 1 4 Cu/Zn-SOD & 1Y o-BEHEF B-44 ff1 1Y
EAEXIE, /INFE Cu/Zn-SOD 85 11 K H: W] % 014 1
5RFE AR AUKRIR Cu/Zn-SOD B & A 4
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SOD AR A Motif 43— 5FRM T Cu/Zn-SOD A4 T 4350k,
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Domain organization Similarity Species

[ s o ) 100 /N Triticum aesivum L.
Traes_4AS_8AC85AB54.2 97 /N3 Triticum aesivum L.
Traes_4BL_F765C4AA5.| D o1 ) 95 /N Triticum aesivum L.
Traes_4DL_0SEEED1A6.] S Iy ] 95 /N Triticum aesivum L.
BAJ88982.1 [ S S— 94 K3 Hordeum vulgare L.
XP_003558478.1 I T ) 89 —HEEWEL Brachypodium distachyon (L.) Beauv.
XP_015631402.1 I e T 87 JK¥& Oryza sativa L.
XP_004985172.1 [ — — S ] 86 BF Setaria italica (L.) Beauv.
NP_001149119.1 | — s w— 81 EK Zea mays L.
XP_002465634.1 [— — S ) 81 B3 Sorghum bicolor (L.) Moench.
AAC24833.1 [—— s e 70 $IFGIT Arabidopsis thaliana (L.) Hey nh.
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Fig.2 Phylogenetic analysis of the deduced Cu/Zn-SOD protein of

wheat with other related proteins and domain organization analysis
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The blue represent a-helix conservative domain of Cu/Zn-SOD ,the red represent B-turn conservative domain of
Cu/Zn-SOD,S1 and S2 represent functional domain of Cu/Zn-SOD , respectively
B3 NES5HAMEY Cu/Zn-SOD SEERF K E L3
Fig.3 Sequence multi-alignment of the deduced Cu/Zn-SOD protein of wheat with other species
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2.5 INE Cu/Zn-SOD ERBHFXIFREA T F1 TCA-element ( KA 1R N 245 T4 ) 5 W38 I 2 o644

G

¥/NEZ Cu/Zn-SOD SEH WA 8 FIr 5128 2
Plant CARE 7E4% T H. X HEAE FH T4 A (i e
e, 2558 R A S PRI B A
5 %0 T8 CAAT-box Fl TATA-box , i 374 H
A 4% T F, i 1V 2 I 14 ACE | Box 4, G-Box |
GAG-motif ,GA-motif , GT1-motif F1 Spl; -
F: ABRE (75 B2 W - JC )\ AuxRR-core (FHP) A= &
FIETC) L CGTCA-motif ( S 1R g 1 245 e 1)

ARE ( JR %W & JC4) | GC-motif (R 48 W & 64 .
Box-W1 ( HRE RNl ) (HSE (=il 2Z o) |
LTR (iGN 2 TC4 ) F1 TC-rich repeats ( B 15 I #4
i T ) 45 5 25 B SIS : CCAAT-box ( MYBHv1
5601 8) (MBS (MYB %54 i s50) F1 MRE ( D' i Ji

MYB 25607 5) s IMEA A CCGTCC-box (43 4HEH
B e R o E)  MSA (20 B 9 g 5 oo k) A

Skn-1_motif (MRFLRINAEITCIF) o JClrFEN: IRFETT
] KRB R 2

FR2 INE Cu/Zn-SOD E B E3hF XIIAEAE R T 4w
Table 2 Analysis of cis-elements in the promoters of Cu/Zn-SOD gene of wheat
Jeff FEQL P45 ) g2l Rer R
Element Location Regulating directions Core sequence Functional annotation
ABRE -1658 - CCGCGTAGGC Wt R N T
ACE —-1795, 1784 - ACGTGGA B TR TGS
ARE -1481, =571, -262 + TGGTTT PRAR 2 TT
AuxRR-core -242 - GGTCCAT PR Z BB T
Box 4 -1278 - ATTAAT A RSEI G oo
Box-W1 -1760, - 1751 + TTGACC FLIE TN AT
CAAT-box —1281, 1563, —1327, —1212, -349, —122, -295; + CA(A)AT  Jazh T 5858 XIS R o
-1761, - 1449, -1167, - 1166
CCAAT-box -415 CAACGG MYBHv1 25410 5
-1431 -
CCGTCC-box -718 - CCGTCC I3 H VR R R IR TT
-854 + CCGTCC
CGTCA-motif -358 + CGTCA IR R T 2 o
G-Box -1797, - 1875, —1782, —1360, =906, —529; + (C)ACGTC(G) JER A TT
-1976, — 1833, —1782, —237 -
GC-motif -1139 - CCCCCG IR T
GAG-motif -797, -24 - GGAGATG blATE S
GA-motif -61 + AAGGAAGA JER AT
GT1-motif -15; + GGTTAA JER B T
-764 _
HSE - 1300 - AGAAAATTCG TR T
LTR -301, - 1193 + CCGAAA TR B Te i
MBS - 1412 + CGGTCA MYB Z5A 5
MRE — 1246 + AACCTAA JEHE I MYB 2540 45
MSA - 1417 + TCCAACGGT 2 i JR I Az A
Skn-1_motif -808, —789, —289 + GTCAT PR P oo
Spl —1725, - 1548, - 741, + CC(G/A)CCC plAnEESIwEE
-553, -512, —602 -
TATA-box -32 N TATA =30 X5 % %L ot
TC-rich repeats -1912 ATTTTCTTCA 7 80 55 7 el 7 e
TCA-element -779 - GAGAAGAATA IKAG R IS 25 TT A
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2.6 /& Cu/Zn-SOD % BB E L5 Hr
¥ A 16318hGFP %5 # /K Fl Cu/Zn-SOD-GFP
AR I A T AR E 24 h, & THOLR
e TR, SR BN, fEARTEAH MR FE M
16318 hGFP 2= Ak 1) X B 56 v, 2 M5 5 F &
A2 Th T 40 R 5 R 0 400 A I Gl A A R T

HH37Bright field

#)GGFP

SR A5 . MRS Cu/Zn-SOD 5 H 4
B GFP 986155 76 40 MO BT | 41 A 5 5 -k o
Byl 2], A A R A SO A S A X 3
559, 5 PO B DR A Ao (&1 4 ) o FH T )T
/NZE Cu/Zn-SOD [ 3 2 v T 40 g 53 i it 2%
e,

B MMerged

A :16318hGFP 78 3 A& (BRI 335 ; B : Cu/Zn-SOD-GFP £ 474K iy kit #e ik
A : Transient expression of the 16318hGFP empty vector, B ; Transient expression of Cu/Zn-SOD-GFP
4 /ZE Cu/Zn-SOD F B 7E 10l B 9% [F 4 B o i 0 408 B 7€ fiz
Fig.4 Subcellular location of Cu/Zn-SOD protein of wheat in arabidopsis protoplast

2.7 INE Cu/Zn-SOD BEERRIEHH

KM qRT-PCR £ R 53t /N& Cus/ Zn-SOD JEH
TE/NZE NCTRAEYE AN T &R BS366 MYAR 25 il
B S K B A A [ 4 2 1R] Y 2 R R SR (
5A) . &R EIR,/NE Cu/Zn-SOD FENTE ik gl 41
ik R TR R R L, KL AEAR iy R
IR R R B SE R AR 2R R e b ) ek
TR, ARG 6. 59 %5 .6. 61 £55 5. 32 4% ; Ik
B RFEIRE A 3. 04 135 EMER TP Rk
SR HZE AR, AR 116 %5, AT W Cu/
Zn-SOD F& P 7E AL b L B4 My 1 35 5 ik SR A Y A
21 [ 25 R ST B O R 2R GA AT
Cu/Zn-SOD FERAE /N F2 M 13 3 i S R 21 4 i
EM .

FFGE/NEE Cu/Zn-SOD K:H TE AL 25 & YRS 4
T EVEHT AR AT IZEE I FE BS366 T 5 A F
T, B VAR AR 25 b i R A8 Ak 5 22 S
PEATA3HT A5 SR AN B SB R, T E S (dLa)) F,
BEE LI LT IZIEH I FRBKT-2 R, |

RPN 5 /INL TR 40 I S0 0 R S 30 )
TR Jy 3t R 8 455 16 15 1 A 7 R 4E
(BB T, b5 & & B 2EA T, i S 7R AL 25 vk
ERIBIF eI WAk, (R & B, 78 25 B I i 4]
B IZIE TR 2 FhIAEE FAEZ PRk A2 A K,
MPEZ G 2 ABF 0, AT & IREE T Rk w2l i 3%
FTARE RS, N, 7 BS366 1Y & 1 MUkt
W1, Cus/Zn-SOD FEHTEAL 25 Th 3R 3K 22 R ] fig 5 1
PEARBEIMEM R LR X,

ST /NFE Cu/Zn-SOD FEH 2 K9 R | R B
F ORAIREE AR R Bivgm Eh T KRS
A A PR AR TSR ] Y Y AR, DL O h B R
PEATIE AL R ) /N2 DT cDNA KR SR A5t IR
ZiRmE 6 BN, ZIEHEZBER A KR TR
T 3E Ab P I B TR LT A AR B, o0 S T I T R
IFIA Y, B TP 8 h ik 5 Rk (E , 43 3
FXFREAY 5.9 fi5 4.1 £5H 6 £i5, SARIRAL LS 1Y
0~8 h N, IZEHNZAHTE LHEKA HZFH
FEIRZ F A A0, 2 B HIGIR I UEPE . 20K
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¥R AN R B 22 W3 Ab PR, L6 38 7K SF- £4 32 21 41 4l IR, HAZ R ZRF0R H R A5 ZU A [ aRas R n
YEA HTF 8 h B HZ ks A4 /N w51, 43591 A X INZZ Cu/Zn-SOD FERTEZ R M iafg ol #1724
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BT, Horh s R 25 035 1 AR 5 11 /N T RR A0 5 T . ki 2R n =3, P<<0. 05
A ; Relative expression analysis of Cu/Zn-SOD gene of wheat in different tissues of wheat BS366 ,n=3,P<0.05,

B :Relative expression analysis of Cu/Zn-SOD gene of wheat in the stamen of wheat BS366 at various growth stages

in different ambient, *# mean significant difference, I :Formation phase of drug,

Il : Mother cell stage, Il : Meiosis stage,n=3,P<0. 05
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Fig.5 Relative expression analysis of Cu/Zn-SOD gene in different tissues and

fertility environmental condition at various pollen development stages
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Fig. 6 Relative expression analysis of Cu/Zn-SOD gene in the leaf of wheat BS366 under different stresses
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PR IAEAETE PR A R0 7= 5 B A
SRR IEE O P R TP (A AR ) A7 2 B
Joh 38 B B R T S B T R R TR,
eI 51 & BERR i E Ak, R R SRR T
PG G A AAE ), SOD VE MAE YA Y B
PRIl FEAPT R i 5 o i b R
TEH,

PTAE2R X F /N SOD [F5E 24 Hh F A Bl A=
fEJ5 T, TAE S T KV L EFEARZ W, ABETE AN
FCIREHENE AN T F BS366 TR 3 T —455 Cu/
Zn-SOD FEH | WIH Tz 3L K R 248 DUEI | S5 i
1FP 5 Ry iz R R R AE 7 51, WA A
Z TP HN X oM 28 B 12 SR DR T 4 ) 1) 28 2 TR I 571
RS B A Y Cu/Zn-SOD I fE X ek, 5
HIABF 5% 41038 B9 Cu/Zn-SOD JF %1 J& AH X i 57
T ghis—3, WAL TR IZE AR 2
AN FA AR ] (4 S0 A4 B, IV S5 R A% O vl 8 IR
EATIY B-HT & MRS LA 40 FME 9 05 M3 E
PR« B-A 4 B 1 A B 00 T HAM, BE B 7 &
R B RS 2 A4 1 R e 5 U A4k
YEFI! . Cu/Zn-SOD Fe-SOD F1 Mn-SOD 3% 3 Ffi A~
[FZ ALY SOD 78 41 g H 19 22 13 45 AN HH [R] , Mn-SOD
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15 Cu/Zn-SOD 740 M 09 70 A Be R )3z, 2905 A
SOD 1 90% , i#f — 25 X Al 43 R 4 il N Cu/Zn-SOD
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SOD) , 40l N Cu/Zn-SOD == B 5 v 76 41 Jfd J5 At
2R R O T 40 ML A Cu/Zn-SOD W 22 U, T 2 ) 4
JL R, 437 A 0 A I 5 Ao R R g R
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BUEN T UM RS ek g ik b B F AT N Cu/
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28 P A X RO I 2 R B Cu/ Zn-
SOD FEH AT LURE S 38 o0 & B, i FE T 7E
AI7 G Sk i, 25 IR FEAR Y
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Zn-SOD FEHFAE/NE AT F BS366 1A A 4141
W AR | AL RE 2 B 6 AR I b 3k
e, HROh 25 | R e eSS A e 20 bt A 45
FAik T, ATREREH T/NE A MR AL
AV FE RN IR A FH A XCER S e, Al DA P= A &
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AR M A5, i — 2 R R AN
A M-SR HL(ZE i Fioe) hERik,

itk — W9 NE Cu/Zn-SOD R 5 /N5 F
PERIOC R, TR SE R AE B I SRR A A AN [R) 75 1 24
B R AE R, R PZ L RE T B T Y
TR T AT, B, ERENE T &
BUZ 3 AR AR PRI RIS T 8 h B i 5 H ek i
ZJaZ 2 B, R BS366 fEH AT IHEE T
A Z /ML BE 20 A BT AR A7 SR 38 | Cus
Zn-SOD FEH (1 F 3k 52 BM 6], ok LEHE RS 2
(A3 MR T ER 3 SO0/ INEL - 20 5 4 32 BRI\
M5 BS366 M AT M L4, AR AR, D
AT PR OO T4 A E AR D AR R T Y, (H Y
TGP S e SRS 2 6o 4 i i B4, B B R
M S R PESE T (PCD) P L A BFFEHE 46
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Tifie i b i o0 H = 21T FE 7, 5 BUME T 1 P2 HTR
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SOD F& H 5 1 1 J2 20 i 1) ¢ R 50 6 M 43T B2 4
JiL 2 T

JA Bl DI 2 KT IR o J 2 g I
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FET0 43 B, & iz R 30 F X B & A /% 1
CAAT-box 11 TATA-box #b, I8 &7 Z M R N & o0
PR E N2 T HENNZFE R T AT Z MR S
JaE AR N R AT BE S 5 2R E SR iR R,
AN BT (AN SRR R 28 ) TR AE K R B K
X} Jeip i et A rp ke A 2 B TR AR AT AE AR
SO F BB ) A G AL R AR AT
ST T Cu/Zn-SOD FEHTE ZF 8 (KGR | IR 5
B ORAIRHEE ARKE KR T2 RS
AP AN /N L R P A FRIR IR, R B
PRI Z2 i e 360 227 A AN [) A B 1 g 7, 3R BH /N 2
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PR AR AT, ST S B AR
PR HIR S AR R AT, P BRI —



950 Mo o fE

T ¥ 18 %

Thim— AR 7 2 158 #7828 AT IR T IR 0 4 4k
PR IZEE Y FRBACE I Z 2], B2 R
P B R VE HIJE o WA o L AR AR E K B, ) 4E
i E Y IE AR BRI S2 R TR T R & SR e =
AR R R4S T R A R R A
(G 5 BAERIRASAK W reductase3 (opr3) .allene oxide
synthase (aos) Fl fatty acid desaturation (fad) 55 , ¥ 3%
PR B R KRR ogjar]-2
osjarl-3 W FERRZR I 0 2R AT R HY 15 1) A SR Y
BT AELGATT BERBTE ) S TP BG4 A
WFFE SRR P R AL B AT N , /NE Cu/Zn-SOD
BRI IR 3Z B ) S 4R 2 T i H R XK
FITR YR A R , HE T BE 2 5 1 SR AT T e
I ROE S5 R, A AT RETE /N A2 B B K
FHRE R RN, KFRET LS54 KER
SRV PR R G AR B M SR R AR A
Wb, NE A KRBT, /NE Cus/Zn-
SOD PR3k KF- 5 90 58 T I AR ka3, 4
T /INZZ RERRAE 32 2 Joih 30 J5 196 P 4 2 T o Bl RV
Yy G PR A BRAR Y, I T Cus/ Zn-SOD FEN 3R
N BT B R 0 i T MR S 2 TR,
AR R SZ B 1y, (T o A PR 32 B 5 Bl
TRAPT 2 38 B AT T RE AR, Z. Tang 55 (098 K
B, /N2 miR167 S AU Wi R ALK 3 A0 , 36 3o 5% i
HABILIH Auxin response factor (ARF) B33k | 1 17
LR RN &K ARF X EES 5 R F0 1R H R 7
Pl g, SRR MR AL[RIVE R i — 2D RAE 25 1Y &
FIAREEE . AWFFE /N By e e IR aa A 3 2%
T, Cu/Zn-SOD FEPR Y 235 12 17 4 52 3/ i T
e P AT ) B R O A sz B A R B
SRS T A URAPE T AT RE S SRR a R
R IRGE AT LI AW T 2 B A W R
AW AR U I R R A7 B0 TR 20
PR —Fh {55 25T Cu/Zn-SOD LN Y
Fib Mt T&ME T8 BRI PLE A 5 5
Z MR AR EAE N, 3 Cu/ Zn-SOD F: P X i
30 1 A ASHR ] T

ARG /N2 GIR B E AR B & BS366 H
WETT3RAF/INZRE Y Cu/ Zn-SOD FEH 1% R 5 37
TN TG A i A i R B 2 B 1Y
BERR P AL, S A BEAL EARXT RS  H 32
INZERE R T i Ry A 2 b K3k TR R AR
Z: S Z M 515 S SR, AN
I FAFRIE R T Z I S5O GIRBUE A TG

AISC AR, UE B R 5 5 A U | i —2D A D g
BUEb A RS

S E 3k

[1] Quartacci M F,Pinzino C,Sgherri C,et al. Lipid composition and
protein dynamics in thylakoids of two wheat cultivars differently
sensitive to drought [ J]. Plant Physiol ,1995,108(1) :191-197

[2]  Nagai T,Inoue R,Inoue H,et al. Scavenging capacities of pollen
extracts from cistus ladaniferus on autoxidation, superoxide radi-
cals, hydroxyl radicals,and DPPH radicals [ J]. Nutr Res,2002,
22(4):519-526

[3] Dionisi O, Galeotti T, Terranova T, et al. Superoxide radicals and
hydrogen peroxide formation in mitochondria from normal and ne-
oplastic tissues [ J]. Biochim Biophys Acta, 1975,403 (2) .
292-300

[4] Szechynska M, Skrzypek E,Dabrowska G, et al. The effect of en-
dogenous hydrogen peroxide induced by cold treatment in the im-
provement of tissue regeneration efficiency [ J]. Acta Physiol
Plant,2011,34(2) :547-560

[5] Raven]J A,Evans M C W,Korb R E. The role of trace metals in
photosynthetic electron transport in O,-evolving organisms [ J].
Photosynth Res,1999,60(2) :111-150

[6] Bowler C,Slooten L, Vandenbranden S, et al. Manganese superox-
ide dismutase can reduce cellular damage mediated by oxygen
radicals in transgenic plants [ J]. EMBO J, 1991, 10 (7):
1723-1732

[7] Blokhina O, Virolainen E,Fagerstedt K V. Antioxidants , oxidative
damage and oxygen deprivation stress: a review [ J]. Ann Bot,
2003,91(2) :179-194

[8]  Cannon R E, White J A, Scandalios J G. Cloning of ¢cDNA for
maize superoxide dismutase 2 (SOD2) [J]. Proc Natl Acad Sci-
USA,1987,84(84) :179-183

[9]  Bowler C,Alliotte T,De Loose M, et al. The induction of manga-
nese superoxide dismutase in response to stress in Nicotiana
plumbaginifolia [J]. EMBO J,1989,8(1) :31-38

[10] Hironori K,Shigeto M, Megumi T. Molecular cloning and charac-
terization of a ¢cDNA for an iron-superoxide dismutase in rice
(Oryza sativa L.) [J]. Biosci Biotech Bioch, 1999,63 (2) .
302-308

[11] Kliebenstein D J, Dietrich R A,Martin A C,et al. LSD1 regulates
salicylic acid induction of copper zinc superoxide dismutase in-
Arabidopsis thaliana [ J]. Mol Plant Microbe Interact, 1999, 12
(11) :1022-1026

[12] Abu S. Isolation and expression analysis of chloroplastic copper/
zinc superoxide dismutase gene in barley [ J].S Afr J Bot,2011,
77(2) :328-334

[13] Kurama E E,Fenille R C,Jr V E R, et al. Mining the enzymes in-
volved in the detoxification of reactive oxygen species ( ROS) in
sugarcane [ J]. Mol Plant Pathol,2002,3(4) :251-259

[14] Juan D,Zhu Z,Chen W L I. Over-expression of exotic superoxide
dismutase gene MnSOD and increase in stress resistance in maize
[J].J Plant Physiol Mol Biol,2006,32(1) ;:57-63

(151  WIARYE, TR AT, 55 25 it R 46 IS BT 4 B S 4 B A
AL PR 9 SE R 5 R AB 00T (U], P AR RL2,2007,40(8)
1602-1609

[16]  SRIEEHE, 2/NE, A7 7R, 4. 3 i 3RaA /& B A ML B AL i
(SOD ) HE P %1 F i £R i 2 [ ], FE9 24,2008 ,34
(8) :1403-1408

[17] Esfandiari E,Shekari F,Shekari F et al. The effect of salt stress
on antioxidant enzymes’ activity and lipid peroxidation on the
wheat seedling [ J]. Not Bot Horti Agrobot Cluj Napoca,2007,35
(1) :48-56

(18] skt s, B0 X, 5. OB AT /N ER L T



534

T MR NG BEENE AN T & BS366 B A M D 1Y e e ik 951

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]
[32]

[33]

[34]

PRIMEE VR A [T]. 2226041, 2001,21 (4) :26-30
Ba Q S,Zhang G S,Wang J S, et al. Relationship between metab-
olism of reactive oxygen species and chemically induced male ste-
rility in wheat( Triticum aestivum L. ) [J]. Can J Plant Sci,2013,
93(4) :675-681

Tang Z,Zhang L., Yang D, et al. Cold stress contributes to aber-
rant cytokinesis during male meiosis I in a wheat thermosensitive
genic male sterile line [ J]. Plant Cell Environ,2011,34(3) .
389-405

EER, SN SEE R, 5. Bl /NE TaADFS 5K ) 5 b K
KIBGHHT [1]. LAY ,2015,35(2) :143-150

TR VR, BB A5 N KRS R IR R A3 BT /N Ol
BT R AR 2R RIK[T]. hEAYLY 550
FHW#4R 2011 ,27(8) . 761-767

Abel S, Theologis A. Transient transformation of Arabidopsis leaf
protoplasts : a versatile experimental system to study gene expres-
sion [J]. Plant J,1994,5(3) .421-427

Yoo S D,Cho Y H, Sheen J. Arabidopsis mesophyll protoplasts:a
versatile cell system for transient gene expression analysis [ J].
Nat Protoc,2007,2(7) :1565-1572

Livak K J, Schmittgen T D. Analysis of relative gene expression
data using real-time quantitative PCR and the 224 €T method
[J]. Methods,2001,25(4) :402-408

Gomez ] M, Hernandez J A, Jiménez A et al. Differential response
of antioxidative enzymes of chloroplasts and mitochondria to long-
term NaCl stress of pea plants [ J]. Free Radic Res, 1999, 31
(1):11-18

Shin S Y,Lee H S,Kwon S Y, et al. Molecular characterization of
a ¢cDNA encoding copper/zinc superoxide dismutase from cultured
cells of Manihot esculenta [ J]. Plant Physiol Bioch, 2005, 43
(1) :55-60

EREIRRTE BT, S HE Cu/Zn-SOD W TEREFIF 3K 53 Bt
[J]. sPEALOFRE 201346 (15) :3277-3284

Wang J H, Liu H X. The role of superoxide dismutase ( SOD ) in
stress physiology and senescence physiology of plant [ J]. Plant
Physiol Commun,1989,1.1-7

Bannister J V, Bannister W H, Rotilio G. Aspects of the structure,
function ,and applications of superoxide dismutase [ J]. CRC Crit
Rev Biochem,1987,22(2) :111-180

M5 W B B WA, SR CuZnSOD LR Y SE M Rk K
TIRESAHT[ 1] 38t4%,2010,32(10) :1037-1042
R, R WP, W R AR Cu/ZnSOD FEF
SRR R KT [1]. 1814 ,2012,34(1) :95-101

Li S,Wan C,Kong J, et al. Programmed cell death during micro-
genesis in a Honglian CMS line of rice is correlated with oxidative
stress in mitochondria [ J ]. Funct Plant Biol, 2004, 31 (4):
369-376

ZEEER ZEFT, MOUHE. S YL R R R F TR R

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[J]. VERBISE 200923 (5) :287-289

Sorensen A M, Kréber S, Unte U S, et al. The Arabidopsis ABORT-
ED MICROSPORES(AMS ) gene encodes a MYC class transcrip-
tion factor[ J]. Plant J,2003,33(2) :413-423

Zhang W ,Sun Y, Timofejeva L, et al. Regulation of Arabidopsis ta-
petum development and function by DYSFUNCTIONAL TAPE-
TUMI ( DYTI ) encoding a putative bHLH transcription factor[ J].
Development,2006,133(16) :3085-3095

Kapoor S, Kobayashi A, Takatsuji H. Silencing of the tapetum-
specific zinc finger gene TAZI causes premature degeneration of
tapetum and pollen abortion in petunia[ J]. Plant Cell,2002,14
(10) :2353-2367

Ku S, Yoon H,Suh H S, et al. Male-sterility of thermosensitive
genic male-sterile rice is associated with premature programmed
cell death of the tapetum[ ] ]. Planta,2003,217(4) :559-565
Spoel S H, Johnson J S, Dong X. Regulation of tradeoffs between
plant defenses against pathogens with different lifestyles[ J]. Proc
Natl Acad Sci USA,2007,104(47) :18842-18847

Mur L. A,Kenton P, Atzorn R, et al. The outcomes of concentra-
tion-specific interactions between salicylate and jasmonate signa-
ling include synergy, antagonism, and oxidative stress leading to
cell death[ J]. Plant Physiol ,2006,140(1) ;249-262

Zhao 7Z,Zhang Y, Xi L, et al. A role for a dioxygenase in auxin
metabolism and reproductive development in rice [ J]. Dev Cell,
2013,27(1) :113-122

Browse J. The power of mutants for investigating jasmonate bio-
synthesis and signaling [ J]. Phytochemistry,2009,70 (13-14) :
1539-1546

Riemann M, Riemann M, Takano M. Rice JASMONATE RESIST-
ANT 1 is involved in phytochrome and jasmonate signalling[ J].
Plant Cell Environ,2008,31(6) :783-792

Xiao Y,Chen Y, Charnikhova T,et al. OsJARI is required for JA-
regulated floret opening and anther dehiscence in rice [ J]. Plant
Mol Biol,2014,86(1-2) :19-33

Zhao Z,Zhang Y, Xi L,et al. A Role for a dioxygenase in auxin
metabolism and reproductive development in rice [ J]. Dev Cell,
2013,27(1) :113-122

Tang Z,Zhang L, Xu C, et al. Uncovering small RNA-mediated
responses to cold stress in a wheat thermosensitive genic male-
sterile line by deep sequencing[ J]. Plant Physiol ,2012,159(2) ;
721-738

Wu G, Wilen R W, Robertson A J, et al. Isolation, chromosomal
localization, and differential expression of mitochondrial manga-
nese superoxide dismutase and chloroplastic copper/zinc superox-
ide dismutase genes in wheat [ J]. Plant Physiol ,1999,120(2) .
513-520

FET5 L, B SCHE, R, A R AL Y B AL R (SOD) AT S L
[J]. "PEAEY TR ,2003,23(1) :48-50



	植物遗传5期(转曲出样)_部分141
	植物遗传5期(转曲出样)_部分142
	植物遗传5期(转曲出样)_部分143
	植物遗传5期(转曲出样)_部分144
	植物遗传5期(转曲出样)_部分145
	植物遗传5期(转曲出样)_部分146
	植物遗传5期(转曲出样)_部分147
	植物遗传5期(转曲出样)_部分148
	植物遗传5期(转曲出样)_部分149
	植物遗传5期(转曲出样)_部分150
	植物遗传5期(转曲出样)_部分151
	植物遗传5期(转曲出样)_部分152
	植物遗传5期(转曲出样)_部分153

