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JE ARk, # B EEPSCS. POD. MnSODF=GuZnSODAAT & kKT B 238 5, X5, f B R
HB-12/2 55 K RURE F 0938 F R GA T 30 4] ot 2 & i B0 78 b, MeARet 22 % 09 o if, 18T 5 Ml &
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Subcellular Localization Analysis and Overexpression Verification of

Transcription Factor HB-12 from Sunflower (Helianthus annuus L.)

Sun Ruifen, Zhang Yanfang, Guo Shuchun, Li Suping, Yu Haifeng, Nie Hui, Niu Suqing, Qiao Huilei, An Yulin*
(Inner Mongolia Academy of Agriculture and Animal Husbandry Sciences, Huhhot 010031, China)

Abstract Transcription factor HB-12 from sunflower belongs to HD-Zip I transcription factor family
and plays an important role in plant stress response. Subcellular localization analysis showed that HB-12 protein
was located in the nucleus. At the same time, the plant superexpression vector of HB-12 was constructed and
tobacco leaves were transformed by Agrobacterium-mediated transformation and transgenic plants were obtained.
The salt tolerance of transgenic tobacco was tested, the physiological and biochemical indexes were determined
and the expression of stress related genes were analyzed under NaCl stress. The results showed that under NaCl
stress, the degree of discoloration in transgenic tobacco leaves was lighter than that of in wild type leaves, and the
differentiation of transgenic tobacco was better than that of wild type, the growth rate and rooting rate of transgenic
tobacco plants were higher compaired to that of wild type tobacco; The contents of chlorophyll and proline and the
activities of POD and SOD were higher than wild type tobacco. The relative gene expression level of transgenic
tobacco were significantly higher than those of wild tobacco. These indicated that overexpression of HB-12 in

tobacco enhanced its NaCl tolerance, which would set the foundation for further study on the mechanism of salt
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tolerance in plants and the improvement of salt-tolerant traits in crops. The overexpression of HB-12 from sunflower

in transgenic tobacco could inhibit the activity of chlorophyll degrading enzyme and decrease the decomposition of
chlorophyll. The proline synthase gene P5CS and the antioxidant related gene POD, MnSOD and GuZnSOD were

induced to up-regulated expression, promoting the biosynthesis of praline and enhancing the activities of POD and

SOD, improving the ability of tobacco to resist salt damage. The results set the foundation for further study in the

mechanism of salt tolerance in plants and the improvement of salt-tolerant traits in crops.
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biochemical characteristic; stress related genes

ks T RARER S IR e 2 3 EBUED
O B B ESRER E, RIS FAEMEREAR R
B, SEPLE. M ERAH G R AL B H bR AEY
BHATIED PO EEAL o R OO A A s . et
DRI PR W] 2 v 22 R Ui FE R R ) R A, BA 2
Tt 0 A6 A v 82 I A ) o3 43 L R EAR 1 B
PREEDRl o A5 &M s R, [RIE S T SR 2 R s
% 2K 1 (homeodomain-leucine-zipper protein, HD-Zip)
KK R FEEYERK. RE RAEY W iE5E&A
5 T A R R AR LA M IR S,
HD-ZipZ %53 a5, B 4EHD-Zip I. HD-Zip
II. HD-Zip IIFTHD-Zip IV, HD-Zip 12544 5¢ K1
AT, HDh e 22 50 3 A2 4108 55 1)
A2 B R IF IATHB-12% AMNEABA 5
MKy 8 I8P ATHB-7% + 5 L ie F14M 5
ABAWS S RIEW, 28481 15 HsHB2% NaCIH1 ABA 1%
T T+ e HsHB2E: KU B 7 52 NaCIHTABAJFE 1)
KOV E AR E B B, K S GmHATS % 315 5
FiL & B E T E; 18 A R L B R IAGmHATS &,
=00 E AR p i £ e 1. H AT, A 2w H 35HD-
ZipS e S DR 1 1) o S T T s AT A I [ Ah
b, B4 R IIRIE . Dezar % 5 (1 1) H 2%
Hahb-47ZHD-Zip 125 X it B 01, 1 % 55 PR U F TF
Hahb-43£ R RIEZ K5y @ MABAE S, Hahb-4
R I B Rk B EU B R AR DL R AR T3 5 .

AR S5 = A A R b aE (4 1) H ZE o B
THD-Zip 1Z8¥: 5k K THB-12, 383 Wik W], 123
IR FE 5] H Z€ 40 1 b 2 NaCl, T 5 i i f1 #hJHABA
73, HEWHB-121R W] it 2 5 In) H 2% rb il 553 a8 1
B EABA(S 54 S0, AW 7T LA o SE A, @i 7E
B Hp 3k 3R T HB- 125 R, AJF 90 7 5 R AR 5 ] 97
JME A, AR B AR AN R B AR DG BE R Ak A AL,
= BIE T HB-123: KW D e, R FH % 2k TR 42

sunflower; HB-12; subcellular localization; gene overexpression; physiological and

A E YIRS B E 1 R fif

1 MRER*E
1.1 #ER

5y A R B R ¥~ (Nicotiana benthamiana) HH 7R
PR o JHEFP T FH0.1% HgCLIH 7 10 min, ¢ B
IKIFYeA~S IR G M T 1/2 MSE; IR 3L R, £57%30K LA
Je FLrk B AT AR A DR () 52 A o BT R A E T3
1.2 Bk, E#RREZRT

) H 2% %% 5% K] T HB-12%5 K (GeneBank & 3% 5
JNKU315052) FH A 15 75 26 117 B 52 % (pGM-HB-12)™);
fl B 2% 3k %44 Cam-35S-GFP A1 4% 4T B 1 AREHA 101
AR PR AR ZH R A, FE Y3 I8 8 MRpPZP221 | N 58 7
K52 i ol 2 25 B o 0 o otz A R B K
{RpEASY-TS Zero Cloning Kitld H P 5 15 B3 72 7§
A /AT ; Ex Tag PCR Mix. SYBR Premix EX
TaglI(Tli RNaseH plus). ¢cDNAJ% # St 7 &, IR
Fl1E N ) BEBamH 1. Kpn 1M1 Xba 1) [ TaKaRa A 7 ;
T4 DNAZEFERHAF GIE ANEBA A 4R R
1% PODAISODIA & H Fe 5t g A M RHE A R
AT
1.3 5|4

51 W& BRI Y 30 I 5E BR e a4 B s AR ) TR
FERMRSS A PR A 58 1%, 515 %1 .
1.4 HB-12EF R I 40 B0 E L

F 51 NKpn 11Xba 1FR il 14 N DIEG A7 200 514
HB-sFHIHB-sR(#£ 1), \pGM-HB-12 4" 1 HB- 123
DAL B, o B i R A DN I i ) B 1 w B o $REBH
P 70 B 5 RL, 4 Kpn TA1Xba TWUEE V) )5 58 1) 74 42 51
5% I} 2 1k %% 44 Cam-35S-GFP ) Kpn 141 Xba Ti V] 17
mi b, BUS L B4 5 A0 K 9 AF B8 Trans-5Sali 52 75
Y, 7 & Kan(100 mg/mL)ILB}; 955 | ik 5 2
To HATAPCRECIFIEG V) % € IE# J5, K 2
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Table 1 Primer sequences
ElEYEA ETS) FFH1(5'—=3")
Primer name Number Sequences (5'—3")
Amplified primers of HB-12 coding region HB-sF CGG GG TAC CAT GTT AGA CAT GGG ATC
(carrying Kpn 1/BamH 1 sites) HB-sR CGG GAT CCT CCA TAT AAT TTAAG
Amplified primers of HB-12 coding region HB-F CGG GAT CCATGT TAG ACATGG GAT C
(carrying BamH UKpn 1 sites) HB-R CGG GGT ACC TCC ATA TAA TTT AAG
RT-PCR primers of HB-12 HB-qF AGTTTCACT GCCTTC TTCA
HB-qR CGA GTT TGG ATT CGG TCT
Primers of internal control 18S rRNA 18S-qF AGA AAC GGC TAC CAC ATC CA
18S-qR TTG TTATTT ATT GTC ACT ACC TCC C
qRT-PCR primers of P5CS P5CS-qF TGG TCG TCA GCG GCT TAG AT
P5CS-gR TGC CAAACT GTC ATT GTC CC
qRT-PCR primers of POD POD-qF CCCTGG TGT TGT TTC TTG TG
POD-qR CCT GAG CCT GAACTT CTT GG
qRT-PCR primers of MnSOD MnSOD-qF GCA GAC GGA CCTTAG CAACA
MnSOD-qR GGG AGC CAAAGT TAG TGT CG
gqRT-PCR primers of GuZnSOD GuZnSOD-qF CGG GAC CACATT ACAATC CT
GuZnSOD-qR ATC AGC GTG AAC AAC CACAG

T RILFR BT

Underlined were the restricition sites.

DRI A 22 o V20 L G A0 B e R R A i b, A H ) 2
[R5 40,95 6 R 1 (GFP)JE [N Bk I i & 263, 7]
B4k 2 8k Cam-35S-GFPYE Xt FE(CK), 7RO
FE DI TSR AR B A I SR B R A5 5
1.5 HB-R2EFREMREHANDERESTHE
IR fEEL

F & A BRI A DTG A7 55 BamH TR Kpn 111 5
YIHB-FAHB-R, M\pGM-HB-127 ¥ 34 H () 3£ A A
B, TASE R JE U 7o I IF B 11 5 I 5 R 42 BamH
I/Kpn DXL J5 58 7] 32 42 2 A8 ) 2R 18 B4R pPZP221
{f)BamH UFIKpn 1B VI 55 _F, 380 KT 448 5
SAFRHPE T o P2 HPH P 7 B R, 3 I s
BHSNKRATHEHA101ZZ 404, PCRAG AN
B U % e mA b, @ RATE AN T, HEAE
AR AR AT FEHA 101 AL IR S48, AE5 B RK
5 3 (50 mg/L) M1k 7155 22(500 mg/L)1) 73 fh 55 77 ik
(MS+1.0 mg/L 6-BA) L3 &0 th. 4% S~ 4
I MNAE ZE R B2 emZe A B, B A EY) R R
F/1/2 MS(&H PR 250 mg/LAI L 155 %500 mg/L)
B IR AL B AT AR AR R R R B A AR TR
1.6 FHEFEKRIS FENRGEEERRT

DL B ZH ks A BH 6o R (CKC), B A R 00 5 A B
PEXT IR (CKO), F 51 W HB-FHIHB-RXT 3545 (1 Hi v bl

PRIEAT B B9 5E K FIPCRAS I, 7E bt SE Atk btk — 20 H
5| ¥ HB-qF F1 HB-qR%§ PCR PH 14 48 #k 1 17 RT-PCRY™
1, PIZEDNAZK T FIRNAZK - 3R 47 5% 3 KA R A
N Y0 G ) I 1 4 2t 5 R AL AR 5 B A4 2R A R 3
T .
1.7 HEREIEER ML
1.7.1 4R FIRZEA AL DM AR RNE B
MUY K — S 34N 5 DRI PR 22 RS BT A R &
AR R AL % T35 0 mmol/LAT150 mmol/L NaCl
M EE IR0 EREFRISR, WL B Fl 301
o [F) B4 3% 3AN 1 56 DR ke R R — AN B A R vk R V)
By BB G0 mmol/L. 150 mmol/LAI250 mmol/L
NaClf#)1/2 MSH; 75 i (5> 1k 2 5 Z 1055 7740
R, Mg HAER A K A AR L«
172 3ABMAAEAISIFGRE B4
FEEERIMR RN — AT AR PR RAEAREE N 1/2 MSHRAES
FREEPREFRSK ST, 43 3% A\ 550 mmol/LF1150 mmol/L
NaClf]1/2 MSH AL FRHErh, BUALFE0 hl24 hf5 1
TR F0.1 g, JBEAT IS = AR R % & L PODA!
SODE I, J7vk4% BRI S i Hidk 47, EE
3K
1.8 mBHEXEREHERBEFRIESH
[7) A B 1. 7.2 AN [ A B AR ) P R, 43 0 B B
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JRNA, K H 5 55 e DNA FE LA AR, BAA) H
Z£18S rRNAZE Ky N 2 FE K], 3F 47 W aE A 5% 2 (A
P5CS. POD. MnSODGuZnSODI) St ¢ )t & &
PCRAM T FE1H 5 H IR R A X R IA &=,
1.9 ZeitiH*k

K HISPSS 22.04¢ v 2% B A b AT I 35 1 22 ¢ 4%
#r, P<0.05 87 e A Geit 22 Lo

2 #R
2.1 HB-12EE T A E L

LApGM-HB-12°4 # 4%, i 5| #HB-sFFIHB-sR
I3 H B, $K4529570 bp TR/ H B
(B K1z A BOoT B Ja 3R 45 10 P 52 e S5 Rl ik
Kpn 1/Xba 18§ V)7 £ N #Cam-35S-GFPH, ¥ 1k
Trans-50/8% 52 25 40 fi 5, Bk HL6™ P 1 7% E 4T B 7%
PCRAGI, FSANSRAT AR /N B (B12). $REUL
AN B UK FUORLBEAT Kpn 1 Xba TXUEEY) % 52, 3R15
HH B R BT T R /IN(B13), 32 W I I 2 ik i 4
Cam-35S-GFP-HB- 120 Z il Iy . FH BE R 22 o v 24
KLU, 424 hBE 7RG, 15 BhROLIL R A BRI
K, RGO NG5 F EE e PR R T A )
Y%, kR RS T A T AIAZ . A R
AT Ff 57 () 35 AS SR AL(BL4), 22 B HB-123% R 52 A1 4
YHAAZ, 5 A0 T g6 R — 2,
2.2 HEFREERRS REEEE BTSN

itk — B W AT 1A H SEHB-1211 ThRE, 63 1% 3

bp

2000
1 000
750
500

250

100

M: DL2000 marker; 1: PCRF=¥).
M: DL2000 marker; 1: PCR products.
Bl HB-12ZEHPCRY IE(SINKpn 1F0Xba 18811 =)
Fig.1 PCR amplification of HB-12 (introduction of Kpn I
and Xba I enzyme cutting sites)

BRI 1 ot R IR A, J8 e R AT B Y T RN L N
AT I R IE M. MpGM-HB-1271 5 18 H () 3
A B, 3015 10 K /NHB-12 77 By(5), B 5] N
BamH T Kpn TEgYIAL 5, UK EMSCH 1) Brdt T TA
Til%. FBamH UKpn THHB-125E [ 16 N\ B Y %
18 ARpPZP221, I8 i ¥ @ vk #5 {LEHA 101, PCR
S WU A0 il 1) 45 T BB R R A TR (Bl 6 RN L T),
fir 4 NpPZP221-HB-12, £ MWHB-123E K Y R IE
TREEARA R T o 3 AR AT 1 A SR A
Bk, (EHH50 mg/LKRE R NG 72k B 3t
Bk, retE AR SETE 550 mg/LEK KB R I AEAR
s bk — BTk, SRS PUIE R R (EI8A~KEI8C).
BE ML B 120k, $E S DNAFE DLH AR, PLE 40
JECRE A BH P B (CK) A2 56 DR Al e (BT A AR AR )
ST R (CKY) ddHOfA AR A 2 1 % R (CKO),
H 51 ¥ HB-FAIHB-RiFEATPCRAGIN, Horr 11/ME AR
5 CK — MR 2%t TICK ACK ARy 3t H 1)
27 (K9), RHB-120 84 B S E KA. [
HLICPCRAG I BH 4 (1) 54 B R AR i v, FH 5140
HB-qF f1HB-qR# 17 RT-PCRE I, 3K15 464 5 H 1
TR RN —FE(E10), 3 BHHB- 125 R 1 % 5 R 0 5
R IR IE o X RT-PCRAG M JH 4 1 % 5 R A ke it
ITHR AT E(KI8D), LA JE 42505 .

2.3 HEREMEERE ML

23.1 #HARMEALGEALMNBEERNE B
BLBY B3N 7 Jik D] 0 AR &(TO-1. TO-3H1TO0-5)F11

bp

1500
1000
750
500
250

M: DL5000 marker; 1: pGM-HB-12(CK")HIPCR=¥); 2~7: BATTHEH)
PCR/™“#J.
M: DL5000 marker; 1: PCR products of pGM-HB-12 (CK"); 2-7: PCR
products of single colony.
E2 ELHFRAPCRIGN
Fig.2 PCR detection of recombinant plasmids
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BRI

ANEF A R F R R(WTRI B, 76754 0 mmol/LF
150 mmol/L NaCIFIH o i 7R 85 715K 5,
RIUAE IE 5 24T, e 56 DR 00 B 5 1 A R0 IO st
B R oA DURR AL, e HIS AT AR5 oAk, %
FE DR B B 43 AL 2 T0-14100%, TO-3A1T0-515 A
90%, Hf A RYMH B 7 3 AL ZEN91.7% . fE SR iE %
PETR, B AR 2R I 2R S IR AR B, kR
H50.0%, %% I DR R B I €0, SRR B 5 A Y )
IAE UL AR B4, AR TO-12875%, TO0-34
100%, TO-5975%(F11). X 1B, B A= Y00 5 57 5|
NaC1473 75 5 B 5 DR J00 00 1 K, R R AR o B8 A
LR 2R 78 58

IR 3N e B PRI bk 2R A — AN B A PR R R RS
BB N & A0 mmol/L. 150 mmol/LAI1250 mmol/L
NaCl[1J1/2 MS [l 74 55 77 B b 55 240K, K ILTE IE
WA, R DR 2H % T 0 A A T AR R

bp

15 000
10 000
7500
5000

2500

1000

250

AR—F, EEAEKE ., EREE, WN100%, H
B 6 b A< B R 38, R 5 ) T 52 R B IR T N B
150 mmol/L#1250 mmol/L NaCIAbFE |, By AR R AH ¥
AR I 2 R P8 T B DR B 3R 1 7™ L, R R AR K
ZRH, AR B2 B H (B 12A). T FEAR [R] SRk B2
JHM T, Bt 2 RL O R A P A KPR 150 R A R 2 A T
AR (BT 12B), 156 W 4% Jik DR 08 s s B A R 0 e 3
IR — 5 BT 2R

232 i FE KR A 2 A AR AT 6 M
e AU — A shA PR, e 24T RX
P4, & s SRR S B AR A S JBE TN A A
Fr SRR S B H AR LA RS R, RSt
o R T B A W R R 1 EE AR B R AR 2 — 1O,
WM 25 R TR 25, e B DR R B 5 B 2 A
F i aR R S B AR F]; NaCLab 24 him, =%
I ER R B B NI, 23002 A BEAT 9 0.945% F10.8

570 bp

M: DL15000 marker; 1: Cam-35S-GFPJFifi; 2: Kpn If1Xba TXU V] 75 21 )7 #7 Cam-35S-HB-12-GFP .
M: DL15000 marker; 1: Cam-35S-GFP plasmid; 2: Cam-35S-HB-12-GFP digested by Kpn I and Xba 1.
E3 F=HFRNEBYILE

Fig.3 Identification of recombinant plasmid

Cam-35S::GFP

Cam-35S::HB-12-GFP

[El4 Cam-35S-HB-12-GFPRi& &R A FERK MM T MEERIESR
Fig.4 Subcellular localization of Cam-35S-HB-12-GFP fusion protein onion epidermal cell
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R, Ut B 5 A0 30X 4 M3 R A T A R i A 3 TR 0
A R R B i SR S BN R E R,
ELRT 02 S5 2 11 1 1A%, 3 B 30 56 TR 00 o 2 B A4 2 0
HZER(EI3A).

il = R AN R AT DL RO iR His & hia, M AE
WG RN SRR K E MR, 4ERFEY 400
[REE R, BE A HT e e 25 KB 1E
AN, B AR b R R AR S A Y
FEAR—F; NaClAbFH24 )i, ek PR A A= AU 0
B R R R R I, 4 SR A BRI 1.8
FERI1.56%, LR 00 SR B A B 291 245, &
HEEEFHIB), X —45 BRI, WE L 23
SR AR, 38 B 0 SR ) A R HE BT I 50 4
PRI R4 5

FTJE Jn, 3 A A P g (POD) AR 4 4k 4 5 4L,
FiF(SOD) S i B AL G ) 2 AFTE TR MR N, 15 ER i
KA ARESEIEAEYIMHE T, #2XPUE LB PO &
BRI R AE AR 2 A BUAE AL T A 3R G R T BR AR 1R
P AR RS TR SEU(ROS), IR S0 4 15 . 1E
SRR, B B R S B AR R () POD. SOD
TR T T 2 5 NaCIAb 24 h)s, 3 DR 55 F0 B
A2 B B K PODE 135 T 5, 43 5l R AL BRI 1#11.5
FEFNL LA, T HL 2 55 (R 5L PODYE M T e 50 BH I
(EARBENEEER), LB M1L56, P R
DRl 0 2 (R SODYE PE L A it 7 (22 S AN 2 35, =& 4k

M 1

M: DL2000 marker; 1: PCRF=#

M: DL2000 marker; 1: PCR products.

El5 HB-12ZFEHPCRY IE(5| N\ BamH IF1Kpn 1B 11 )

Fig.5 PCR amplification of HB-12 (introduction of BamH 1
and Kpn 1 enzyme cutting sites)

FRRTAH1.36%, 2B AR 155 (13CHIE13D). 45
RFH, HB- 127 HFLH )Rk 52 5 7 4l )y PODAN
SODvEPE, A BT~ 1 55 4 ok PR MH 55375 i s 4 401
77, M ek 3 4 6ok 440 P 10 49 3
24 PmERXERAERERFEERRIESHT

qRT-PCRZS R 7R, 1EH 540N, HriaAH e A
P5CS. POD. MnSOD. GuZnSODZE %% 5 IR Jif ¥ Al
B A R e ) R G SRR SR AHR IR, 1] /ENaClik
B, AR B PR 5 rp A o 3Rk i T AR
RUHE , E14AER, NaCIAbH 5, R & hl e it
fifg 35 [K] P5 CSTE e 5 [R] 00 B 0 7 A 0 00 5 o (1) R0k
BT, 20N AN E AT 3. 65 A2.44%, T HL RN
SR 2 Y A R B 1605, 2 F R 3, U BHNaCl
B SR S T T R R R PSCSHE A 1) Haf R
ik, ZAE RS HER PR F AR S &S T
AR SR8, E14BE R, NaCIALH 5, #63EH
ORI AR TR o PODE [R] () 3238 543 il R A B
T 192,645 R 1.64%, 17 H % PR0H 52 57 A= Y 1.7
%, B E ZE S . [FFE, NaClik B 5, MnSODFI
GuZnSODTF. 1 F DR] fI 50D B A= IR &5 () 0k &
T R, o 5 A B AT 3. 165 R 7.96%, T H A% Ak
DRI 557 ) e BT A TR 00 19 2. 05 AN 3.2 %, 34998 214
2% 2 R (E 14CHT - 14D)

LB AIE T HB-12%% FE R B A I iR A
H AL AR AL AR A A

M: DL2000 marker; 1: %% 36 B (CK®); 2: B XS IR (CK); 30 FH Xt
HB(CK"); 4. 5: BRI BEPCR™ ).
M: DL2000 marker; 1: blank control (CK"); 2: negative control (CK"); 3:
positive control(CK"); 4,5: PCR products of single colony.
El6 ELHFAPCRIGN
Fig.6 PCR detection of recombinant plasmids
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570 bp

250

M: DL15000 marker; 1: pPZP221 75 #K; 2. 4: pPZP221-HB-12E A JFi fi; 3+ 5: BamH 1 and Kpn DU D) B 4 5 RipPZP221-HB-12.
M: DL15000 marker; 1: pPZP221 empty vector; 2,4: pPZP221-HB-12 recombinant plasmids; 3,5: pPZP221-HB-12 digested by BamH I and Kpn 1.
E7 EERNEEVIEE

Fig.7 Identification of recombinant plasmids

A: HEAMb; B HUPESEGE; C: PUMEAEK; D: FRERRRY &,
A: leaf discs differentiation; B: selection of resistant buds; C: resistant plants; D: the propagation of transgenic lines.
E8 HERIREENRARARB RN RGFE

Fig.8 Genetic transformation of tobacco and selection of transgenic tobacco lines with gentamicin resistance

M 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

bp

2000

1000
750
500

250
100

M: DL2000 marker; 1: B XFHE(CK"); 2: BAPEXTIR(CK); 3: 25 FIXFHE(CKD); 4~15: FE 3L R
M: DL2000 marker; 1: positive control (CK"); 2: negative control (CK"); 3: blank control (CK®); 4-15: transgenic plants.
E9 FHERERERIIPCRIEN
Fig.9 PCR detection of transgenic plants
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M 1 2

bp

2000

1000
750

500

250

100

M: DL2000 marker; 1: BH % HE(CK"); 2: BT I(CKY); 3: 25 FURT(CK); 4~8: B FE R A Ak
M: DL2000 marker; 1: positive control (CK"); 2: negative control (CK"); 3: blank control (CK"); 4-8: transgenic plants.
E10 ¥ EFEERIRT-PCRIN
Fig.10 RT-PCR detection of transgenic plants

0 mmol/L NaCl

150 mmol/L NaCl

B WEHFZLER

Fig.11 Differentiation status of tobacco leaves

3 g

Eh e S R AR K R . R T RO
e Eh P38, 8 B R R B S VRV I i 6E T Ak
NEFEF I E RS, 7 ARV, HD-Zip
DRI SR FEE Yl b R E EEEM. &
Tt 9 38 A8 0 R o 0K ) H 2$HD-Zip 1§ 5% [
F-HB-12, YL IAE T Hii £ D) 6e .

I 4 25 2 AEL W WOOK BH ' BE R AT e & 1B I
HBEYR, TR FEACFER T i R G S BRI
BT . WEFLR I, AR G S B R
A 1% B (G TS ATUROS) A1 % fift g (PPH) 1) 2 512,
FoA AR ER T HH IR PEAS, # 2 M 2R R A R, A
maleraRm s 'mrRan, mih. TRERRER

<A IH2R 2K R A P, N g SRR K 0,
SR LR S BV N, IR ED B 1F
MAMERKE. B, HYH 52 558 B 2
ek g R P2 T YA 6 55 AR IR AR BRI TR A HA
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A: growth of tobacco plants treated with different concentrations of NaCl; B: statistics of rooting rate of tobacco plants treated with different

concentrations of NaCl.
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Fig.12 Salt tolerance test of tobacco tissue culture seedings
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Fig.13 Effects of salt stress on physiological and biochemical indices of tobacco leaves
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Fig.14 The relative gene expression level of HB-12 transgenic tobacco leaves under NaCl stress
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