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T B EIATEISoCYP85A 1 £ [ 1o (F B2 ph i £h 14
CEH B, TR, s, REE
TH AN R A 2 SRR B8, 1L AR 55266109

THE: ARG K SoCYPSSAIIL B A4 KL 4 MM ZARAR A X I AHFE, AR T A at3h44, A NaClBL# 3E phia 4L 32 25 A4
AFdt A RME, 2R EY: EZEMAT, HARAREF THAFEILES THAR, —H R AWK ESOD). &
FAf4hEE(POD). it BAL S B (CAT)E M 383k, 45 K A BRE M R 55 THAR, — XA (Pro) sS4+, A
HARMERRZ TR E S THAR, ML RMEKY A _BEMDA)S @ N THAR, HHAEE, FAA st L HIE
F 9N AR K 09 K B R EATHARIG Ao, F) B AR AR, AR FIRE4INADCI. NtAPX. NtCAT. NtLEAS5. NtGST.

NtSOD#A=NtERD10C#) % ik & S 5+ %, MNINCEDIANtSAMDCA B ) % A B TR R E, AR ERIEL T EREA
SoCYP85A 1 B it 4% 18 1 3 5% MR 3 04 30 BAL 8 68 A Ao il 0 Wil XK B o9 FOX R IR G eyt 2h b, 3t — - 9 3%

ESoCYPSSAII Rty it b 22 T 326 3 mh,

KHEIA): R ESoCYPSSAILR; & thphit; & & ik, % b2 FPCR

A R A KK B I E ISR T ()
ZLEREE2016). fEmERMHE T, MR N R 75
A AR BN, NI S8 18 AR KA
i EL R IET(Zhu 2001), AEYIER B3 AR R
AL E A MRS — i AR N
P2 (Gruszka 2013), — 23 15 18 15 A 56 3 R
%1% (PushpikaZ52016; WangZ5:2015), MR HEAE
WIRE RN o JH2E 25 5 ] % (brassionsteroids, BRs)
SEAEAA N — R IR, EMEYNAE KRR E U
HRARIFE A P 38 4% B8 2L A4 F (DivifiKrishna
2009; BajguzflHayat 2009). fiff 73 & B, BRsA] DLk
27K i (BajguzfllHayat 2009). 7l T-(% 5 §5252011)
Fh— 8 R 21 e A K TR B R AR s 32 e 3k
18RRI PTAABIETS 1, 2% A 35 1 18 3 Rl 1 15 55
(i e BRI 1802013); B7 1/ 22 i 72 £ 3 T 1)
ok R B, ORI AR i 45 8 AN S2 R, ETT R
HBERA ) 42K (ShahbazZ%52008); /b Eh A T AR AE
EAR . AP T, FRACH o g
(malondialdehyde, MDA) & &, & 5 ili 2 & (proline,
Pro) & B (R HFE2016); BRsIEX /R4 5541 56
H: K B A5 4% /E Fl (Dhaubhadel flKrishna 2008;
Goetz552000). LA i 7T AR B T4 EBRs 1§55 48
WA R E DA STt S5 T T AR, 1 0% T P UE
BRsf{AIEHLE R F b

FEBRsI A& At T, CYPS5A 1IN Y
(12 R A LA i) B I . — (ERESF2015), H
B B BE 5§ 8% (castasterone, CS)ZECYPSSA2 1]
AL A B A AR 03 14 1 9 5% 2 Y 6 (Nomura

%:2005; Shimada%$2001). CYP85A4 1%k K 4wt (1)
CYP85A1E A& TUl it KPS0 A X I, i
RIERIL: FAHICYPSSAIFER L R&RIE, 5
T MUEBRsHI & &, AR AR K (Li%52016a),
HEEE R (LiZ5E2016b) . 1MSoCYPSSAIHREA &
A2 5 1 5 e S DL R Y T B G A DR

ARSI % A TAE s B SE i fE T SoCYPS5A1
JE[F (GenBank B 53 5 WK T900949), Jy 3 ilF 3% 3¢
SoCYP85A1K: K1 Dy fe, H4 i N BB A I B,
13 B3 TR I H AR E B AL 1 5 0 52 SoCYP8S ALK
PIHHEE M o AHIEFUR % 3 SoCYPS8S5 A 15
()R B b 1 A R, T [R)— 15 78 26 1F N FhoA B
A R R A R DRI R, L R b AR R A 2R e
TR R R ZE R, W E m A e R A A
I Ak B (superoxide dismutase, SOD). i &AL W)
(peroxidase, POD) i &4t A /i (catalase, CAT)f)
T, ProfIMDA) &, DA 5 e EPCRAETI )
TEFHRION LR R IB G UL, LAATE RSoCYP85AI
S DR A HE AT v S A T 52 1 4 F ML o

MRE57EE

1 SCIataY
B4 I & (Nicotiana tabacum L.)Fh-F Fl%% i

ks 2017-01-04  fEE  2017-03-02
BRI RS AR EE S (ZR2013CQ028) . T By T B FH B Al
WFFEERI)(16-5-1-54-jch) FIT5 & Rk K27 1l 1 5 462663/
1111316).
* I ER (E-mail: songwenwen2002@163.com).
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KSoCYPESA IR [y IR S F -
2 BERFEN ST

FIFH 2 BLCTABYE S UM S B K ZHDNA, % H
SoCYP85A1HE K F 1 %] ZEHE (open reading frame,
ORF)R 5 | V(7 51 5-ATGGCCGTTTTTAT-
GGTGGTTTTTGCTGT-3'; % 1] 5]4): 5'-CTAATAA-
CTCGAAACTCGAATGC-3")#E4T7PCRY 14, 1%35
JE W FRL IR ) 2%y, O th 2k DR 4H AR So CY-
P8SAIFER RS A FLAE R . F FPlant RNA Kit
(OMEGA, £ fHBURTRNA, £ gDNAF
WAL TR, S5 )G I SoCYPSS5A15E [ ORF X 4
Y5103 47 RT-PCR, 3% F MR HENtA ctinZE RAE N P
S, 1%B R Rl B ykoRn i 25 R, LLBSIESoCY-
PSSAIIER &5 ReAE L IR R IA
3 REFRNME

e #INaCI i 90.2 mol- L' [iIMSH; 75 3, LA
AN INMNaCl M S$5 77 5 Sy ) Be o [543 1 BB
A RN BN 85 SoCYPSS A 1 FE R I B T AR 1+, 295l
JIALS mLK B S OE T KCRRT0%H) &
B 3% MR SRR TC R K AT I 5. 9
5 (AT R PP ENaClK £ 0.2 mol L fIMSH;
Federh, DL IINaCH#MS 1% 77 35 v () 41 R 25 24 1
Rl IR, RS AL ELSANEE FR 1L, AN RS IR L
B AoRiM 1, SIRE A S8 . IHE T ORI
Fh IR (25°C, 1RJE60%, 16 hotHE/8 hEBm:, SuiE
FEE36 umol-m™-s™), WA KM, 7 dJE4EiH K
4 SEME TE ARG EFRE R+ IRIEFRNE

g BB A TR Rt DR O B A - E B IR 3% 77 A

NRFEE LM, SBOSHRL AR R
B 52100 mLK £ 50.2 mol- L I NaCIE K, 155
— RFE—IR, 10 dJ5 BYEHUH RIS LR Fr, 37
BV R, P B F% 22 -80°CUKAR T ARAE 4% FH
DA ESR R i g si g A4 RE, @ SOD. POD.
CATE M K ProRIMDA [ & . MR IR 57 & (7
IR A T, AR BB 5 A001-4, A084-3,
A007-1. A107. A003-3)it B P47l 5E .
5 pMBHEXEENFRES

EJoip 30 A 3R 5 AR i, 7 VR O A
RO, 18 HIPlant RNA Kit (OMEGA, 3 [), 141
AR F M B RS2 BLRNA; ff H Prime-
Script™ RT reagent Kit with gDNA Eraser (5 /E4) T
FEOE)A PR A A, # R EFAHPERNA KR 5608
cDNA (45— FEA100 ng-uL™); B DRE 51451 1)
(F 1)1 HPrimer 5.0FINCBIZEZL 5| W11 58 %

gRT-PCR43 #71# Fi TaKaRa SYBR Green PCR
Master Mixi® 71 £, 75 7% [ 5} 2 () qTOWER SZ i 52
HPCRAGZ AT, 10 pLIPCRJZ M A R ALHES
pL 2xSYBR" Premix Ex Taq I, 1 uL b RS54,
1 pLBHR (S 55 7cDNA), 2 puL ddH,0. PCRJ%
FERF A 95°CAEMES min; 95°C 10 s, 543E KR E
30s, 72°C 30 s, JL40MEH . LANtActin y N 23k
K, B3I R .
6 HiEIE

BT R B S5 3 IR T SRRk, E R R
H NS HT R FISPSS 16,0804, N 5578 i 35 P 22
Hi%(LSD)EAT HLF % J7 % 43 M5 Duncan% # XS
AT, B MK N P<0.05,

1 FT e 2 BPCRAMTHI B 15 B

Table 1 Genes specific primers used for quantitative RT-PCR analysis

SIIRFHI(5—3)

2P EAY N FEKEbp 1B JGRLE/PC
1E ] S
NtNCEDI CTATTTCCACTTCAAAACCAACCAC GGCACTTTCCACGGCATCT 131 62
NtADCI GGGAGGTAATGTTGGGGTTTG TTTTGAGCAGCCGAGGTGT 306 62
NtSAMDC ATTGGTTTTGAAGGTTTTGAGAAG TCACGTCTTGTACTTTGAGAGACAG 313 60
NtAPX CAAATGTAAGAGGAAACTCAGAGGA AGCAACAACTCCAGCTAATTGATAG 262 60
NtCAT AGGTACCGCTCATTCACACC AAGCAAGCTTTTGACCCAGA 151 60
NtGST GGCAACAAAAGGAGAAGAGCA CCAATCAGAGCAATATCCACAAAC 135 62
NtSOD CCGTCGCCAAATTGCATAG CGATAGCCCAACCAAGAGAAC 238 62
NtERDI0OC ACGTGGAGGCTACAGATCGTGGTTTG TCTCCACTGGTACAGCCGTGTCCTCAC 366 70
NtLEAS GAACCCAACAAGAGCGAGAGA CGACAGGAAGCATTGACGAG 350 62
NtActin CAAGGAAATCACCGCTTTGG AAGGGATGCGAGGATGGA 106 60
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SLIREER

1 FBEREIEER 55 FE

BYHCIH L, $EEUGE R ZADNA, H B R B
S Py ATPCRAGIN, 1%35 HEHE L vk W H 14571,
K/ 1410 bp (E1-A), FREHSoCYPSSAIRER O 4
PRI EE S BB R rh . i — PR U ARRNA,
HEATRT-PCREZI(E1-B), 25 5 R /RSoCYP85A 1%
lﬁ:::@zzmﬁqnm RIE.

SEh B T B4 BRI B EIH B & SF R A LR

P 2 A] 0, 7246 B F1570.2 mol- L' NaClffjMS

BRI AL b I 00 B AR R SRR R R IR T

A

1500 bp
1200 bp

SoCYP85A1

FEPRH SRR T, IF HAE0.2 mol- L™ NaClff) fipis kb ¥
T, B AR B ECR T 1 K 2F R R R AL B A A bR
W&E MR RR A TR R E R AR,
=k BB X MR B A 3R R RR A 52
3.1 SihME THRERSOD, PODFICATEM
TE i £ ol 38 AR FE R, P A T RN TR
SODJEPEHEA —F; mhihiakb3i10 dfE, BFAY
MR SODE 1 H1 259.2 U-g” (FW) K% %822.65
U-g' (FW), FF4 7 34.67%, ifi % SR B 25 [ SOD
T A U RCR AR AN KB R, R R 19.34%, i
J DRUUR B SOD Y 1 I3 35 i T B AR 7R (3-A)

FEI1 DR AR 64 T 5
Fig.1 Molecular identification of transgenic tobacco lines
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Fig.2 Seed germination rates of wild type and transgenic lines
before and after high-salt stress
FHIE EARRVNG FRERIRIEP<0.05/K TV B &R 3. WT
HPAERL LOFILS: $ 2. [&(3~5F].

o R oA A BT, B AR A B A PODE MR
T LD, SR e AL EE 10 d)F, B AR R A
IPODIEME T % 1 29245, % AL RUH L ) POD
P — B AR FFE R 7K, B 5 R A 0 B2 K PO D
2N AT 365 (KI3-B).

TE 5 25 W8 AL BT, B AR BRI B BL DR A L 1
CATVEPEHARMK; =k b 10 d)s, 5
FLCATYE T i 294,545, T B A4 R 1 CAT
TE AT 201,645, % 5L DR B ) CAT i 14 2. 3%
fm TEF AR, 2N B AR R 345 (E3-C).

3.2 SEME THEERProfIMDAE &

E 75 25 W8 AL BT, B AR BRI BE DR AH L )
Pro & EARAK; b ab R 10 dfE, B AR A
G FE DRUR B2 B Pro & B AR vy, (H 2 B AR AU R AL
(IPro ¥ BT im AN L3, T 2k R B Pro 2 &
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Fig.3 SOD, POD and CAT activities of wild type and trans-
genic lines before and after high-salt stress

e 22 /0 3%, At i DR Y O S 1 Pro 7 a2 vy T B AR Y
(Kl4-A).,

TE 2 5 368 A BE AT, B AR RN 4 I DR R R )
MDA &EAHZEA K, 1Em e 10 djE, B4
AU MDA & & T 5 1 83.41%, 1T 7 3 DA 4 &5
(MDA BT 5 7 27.63%, B4 RHEE MDA &
I TR R R L (K4-B)

4 SEEXTIN B X EEFRIENF N

N T BN DR R R P R R 4 AL, TR
ERIIE R, KO Bl AH I HE R AT S s EEPCR 4y
PritaRik &, XN E A S H 4 Bl 2 ABA S
JRKBE B L R((NINCED 1) % JfE 2R I & i 9%
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Fig.4 Pro and MDA contents of wild type and transgenic lines

before and after high-salt stress

GBS (NIADCIFINISAMDC) P 4 i 25 B 1)
B R FE K (NtAPX . NtCAT. NtGSTHINtSOD),
DA B 396 353 i 7 2 1 ) A 1 O BB R (Rl (Nt ERD 1 0C
HMINILEAS). S55 57N i sh b Ab B 5, e e S
HIX O B A L R R RIS RS G . 3 4b, T+
5 A RV B LG, B RH B R NIADCL . NtAPX,
NtCAT. NtLEA5. NtGST. NtSODFINtERDI0CI]
IR BRI, 1 NINCED I RINtSAMDCH %
SRR AN B . (E5)
i

1 SEMETHMFLFE

BRsH A & 3 Fl 7 1 A FH sk 4% 40 1 AR K B ]
(AR FMHIAE F, 28 A 5 55 X R 1R 1 52 1 (Baj guz
FilHayat 2009; 55 E5452011), CYP85AIK:F 4itd
(B2 BRSAED A ) S Bk, 1 ERIACYP85Al
FE R AT AR InAE ) A R BRs & B (Li%52016) . AH
TR IN: FEARENaCIFIMSHE 75 L, 5L PR i 2
TR B2 i T EFAE A, T E E ik E M0.2 mol L
(IMSEE TR AL |, T 5L PR 0 BP0 R 2F 26 1835
AR [ AR HE T () B AR B R o W R BR AT R
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Fig.5 Expression profiles of the nine stress-responsive genes in wild type and transgenic lines before and after high-salt stress

T ACBRTT, B PR SR () BRs & B A TR
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BF AR AL, T v R A AL TR AR S T I DR R T
(FTBRS S35 G AN, A2 7 2 25k DR 0 b = e 2 5 1
e E RN A2 1. b gE R B BRsE — 2 )
SRR AARE TP, 1X 5 GruszkaZ:(2016)[1)
WSS S — 2. X —HEDE 75 I 5 7 AR B
%IXIQEGBRS HRIESE .
B T EF A B NG B E R E A IR EFRAI T (L
TEYILE 52 B AR A Ve J5 AT LS LA L
B8 2 G R AR A B G52 40 3 (BRIE I 552015) o
TEER AR, M)A A P AL L R (1) R IE 72 )
BE 8% AH B 1 [R) 7 bR ok = s M, R R RR e R
152G PR R 285 0, DT 2 v &40 i 7K B 70 (b
Hii 25 252015) . SOD LA G M 5% 55 (1 25— & By
(T W Z452014), POD Y FEISODI KR A4 P A
H 5 (Li%52016), CATH /2 B%iﬁfi%uﬁ’@%@ﬁ
(PN 25 562015) o AHIF TR I : 1oy 5 i 18 Ab BE AT,

By A= R FL R R B SOD. PODFICAT 14 5
AR5, 1 SR B AL, FE AR R ) SOD
PODFICATE 1H: 35 {25 a1 BF A= Y, 1 S 4% BE DA A
FLLE SR IE N VEBR A H R RE T AR
T, BE T U M 2 A 3 6 0 i ) B EE AR, AT
PErR TR v R i 52 1

ProfIMDA [f] & & th /2 S WL As A ht i 7K ~F- 11
HEFRPR(LiFE2016) . AHETT L5 R R 25 W ia
Ab PR, B AR BURE B B () Pro & B 2 AN R
%, RUMEWIAE IEH Z4F T Prof ERAK, (HiB 2| &
LB R, —FProd B R FE N, XE5RMESE
(2015)F1KrasenskyflJonak (2012)F) %5 5 —%, JF
LB R DRI B4 Y () Pro il B8 6 2 v TP AR T
MDA 2 W) i sk S8 A B =400, A2 Ao I A 40 A
T —NEEIRR, &2 UIFRRE N E
(I FEFE (MR 552015) 0 ey 26 3 A 3 5 B A= A
JH B MDA 7 5 [R] W38 i AH bE E 2E5 1E 0, 1 4 Bk
DRI B MDA 75 5 76 B 38 A1 5 0 B 2 7, 30
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Overexpression of SoCYP85A41 gene from Spinacia oleracea enhances high-salt

tolerance in tobacco

LU Xue-Li, DUAN Fang-Meng, WAN Fang-Yuan, LI Bao-Du, SONG Wen-Wen'
College of Agronomy and Plant Protection, Qingdao Agricultural University, Qingdao, Shandong 266109, China

Abstract: Transgenic tobacco plants which stably overexpressed spinach SoCYP8541 gene were used as plant
materials in our study. Both wild types and transgenic lines were analyzed before and after high-salt stress. The
results showed that the germination rate of transgenic plants was significantly higher than that of wild type. Un-
der the treatment, activities of SOD, POD and CAT of the two types were increased, and the activities of the
three enzymes in transgenic lines were notably enhanced compared with wild type. The contents of proline of
the two types were raised, and proline accumulation of the transgenic type was much more than that of the wild
type, while the MDA content of the transgenic type was less than that of the wild type. High-salt stress induced
upregulation of nine stress-responsive genes at transcriptional level, among which, expressions of NtADCI,
NtAPX, NtCAT, NtLEAS, NtGST, NtSOD and NtERD10C were significantly increased in transgenic lines com-
pared with wild types, with exception of N(NCED1 and NtSAMDC. The results indicated that overexpression of
SoCYP8541 gene could improve the salt tolerance in tobacco via enhancing antioxidant capacity and regulating
expressions of stress-responsive genes. This research laid the theoretical foundation for further exploration of
salt tolerance mechanism of SoCYP85A1 in spanich.
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