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HRIZEFE CcCBFbh BIMREIESE VIR E b1
G
KR, KER, BRI, TEM, TEK B # H W

Cra BRI G 2 Bt Ak Bl SRR =8, WRIFH 473000

W E: WIRSUER CcCBFb RS AR AR LW bttt Dhfe, 8 RAT B A K i R R
ANMHFEH, 28 PCR F1F5E 5t RT-PCR HR %€ PR IE IR R 5, ARAFI0 T1 AR GMER (T2
T4 ¥RZR) LUREFERD (WT) BT T 5 (0. 150, 300 F1 450 mmol - L™ U H #EEE. midh (0. 100, 200
H1300 mmol - L ) NaCD\ 4 CAk#E. -4 COKVRMHEATE, 57 SR BRI AR+ 5 R iR a
T, SRR T AERL & 4 CCARIEACIR S, B DR SRR 1) MR SRR T i b e
AT AE R RR, TN (MDA SEE TR AR 4 -4 CHIVKEGEE 6 h 5, BPERIREE
BEDA T4 bR RRIBRM R U RS 1 2275, M N T2 BRARAEMER IS RILE . eI I, 5%
1% CcCBFb HEDIAMH Be i 384 s 2 iy e AN B b vk, T L AR A 1 2 Y s e vk

KT FHE CcCBFb; W%, AEEMihin
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Overexpression of CcCBFb from Cinnamomum camphora Confers Multiple
Stress Tolerance to Tobacco

ZHANG Jiajia, ZHU Fengling, JIAO Xiaolin, LI Yongpeng, WANG Jiange, ZHOU Chan, and DU Li’
(School of Life Science and Technology, Nanyang Normal University, Nanyang, Henan 473000, China)

Abstract: In order to explore the function of CcCBFb gene from Cinnamomum camphora, the effect
of over-expression of this gene on abiotic stress resistance improvement is assessed by using transgenic
tobacco. With the identification of positive transgenic tobacco by PCR and semi-quantitative RT-PCR
technique, T1 clonal transgenic tobacco (Line 2 and Line 4) and wild type (WT) would be treated under
the drought, salinity, low temperature and freezing stress. The results showed that survival rate of
transgenic tobacco (Line 2 and Line 4) seedling was better to wild tobacco under drought, salinity stress.
The proline and soluble sugar content of transgenic tobacco plants (Line 2 and Line 4) was higher than
wild tobacco but the content of MDA was lower than wild tobacco under low temperature(4 °C Jtreatment.
WT and Line 4 had the different degree wilting but the Line 2 had a good growth status under the freezing

treatment ( -4 °C) with 6 h. So, the overexpression of CcCBFb from camphor tree conferred tobacco
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plants enhanced the tolerance to cold, drought and salinity stress.

Keywords: Cinnamomum camphora; CcCBFb; tobacco; abiotic stress

e (Cinnamomum camphora) 2NV AT H 4% [ - KT AR PR B, SR EA /AR &
REAE P [ A TARUL LA A P m X, )32 B T i aedts, 3 Rt gl o | R 4 sy 8 )
—Ley, FHULEE YHSAR A . BALE KA AR SRR K2, P ER AT
(Duetal., 2015),

CBF/DREBI1 (CRT/DRE binding factor) & —Ff ] i & K4y i ¥4 Filp A6 AH DG K8 R 208 1) % s DA
BB LA IR S, RIS S NI G R, RS PUIEAH SRR A B A R R
YEH 7tk CRT/DRE (C-repeat/dehydration responsive element) %54, EdF NIFPrdi LR #e %, 5l
SIS RIS E | O SN G ,  S SR I S€E (Dong etal., 2013; Gupta et al.,
2014). H M Stockinger &5 (1997) MIUHG I 70 B34 AtCBF1 LIk, WP EATE/KAE (Dubouzet et
al., 2003). /K (Mizuno etal., 2006). #i{t (Gaoetal., 2009). £EK (Wangetal., 2011) F1f
M A (Wuetal., 2016) 552 MY b w433 7 CBF S50, JEx HDhRedEAT 7 #F50 (Akhtar
etal., 2013). fE54 % (Movahedi et al., 2012) FlIF&E#=/): (Walworth et al., 2014) Hid KLU
JFIf CBF &[N, Hproetb i W mn; Bt GbCBFI (R (e (R IR MME R i SEE A W B3 7t
(FRHEH] 4, 2011, wJ W, CBF BN iZA24E T2 Mayh, JF Hidid i 338 CBF RAUE N fe i
AR R I

AR R, DREBI/CBF X% K (305 32 B2 A WM a B, ASS2 T SRR e ff s ;
DREB2 5 JJ [l (1) 23026 I 32 B4 T 7 A 3 i 45, IR B e i . (Liu et al., 1998). 4fi Xiong
Fl Fei (2006) i, >k HEEZER) LpCBF3 vl NIRRT S, AR5, =M ABA 55, A
1M, VAR B A ORI 2 ¥k A AN FIRE A 1Y) CBF [958 PRI Bl AH 4 48 e LT = A= 4 i e g g o7 A 5
T 2. 205 KB, KB FEE ) LeDREB3a (Peng etal., 2011) 13k A (L% 4 ¥) VaCBF1
(Dong etal., 2013) AMUSMREMIAAIC, R HET5F. S ABA FHEAHIG; >k H ShHbilz
(Sun et al., 2014a) (1) SsDREa F1 SsDREBb %! i Eh AT Wpia A A BUSE,  (HIFASSZ R ABA
JE IR . FIRBEIUE AR, AR T, CBF 1 IE @RI AT e —3, Ffy
IRANWEFA R A E L BE

A2 o N F AR 73 B3R 1S CcCBFa il CcCBFb (NCBI &35 : KJ958932 Fl1 KJ958933), Xt
o CcCBFb AT AW B 245307, e 2o A5 DREB1/CBF J84 3 K1 IIRFE P 51, HgRik g5 41
SOOI U A e R PR IR i CETIMG A5, 201600 H I PR BE A 1Y s A A0 AR A P
BB, RS RE BT, WA

AW ORI FAE CcCBFb JEIR, i o) 1 KL DR A AR P AR B AR AR A,
I3 BT RO G S A FE B PR (52 e, PRITZSE AR G s oy i E R, AR PisE
BEE He Ao

[ kS RS D RPA

1.1 RIEarEl
1 FH re BRI 27 Be A i B2 SRR 22 B ) A0 2R 85 7% = TP AR AP MR (Nicotiana tabacum L.)



AEfE, RERY, FERERE, RN, Ta, MO, FE W
W RIEFAE CeCBFb RH AR E P fitEias,.
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TCW AR A A Z AR R . KIBFTF B TOP10 Ny ASEEG S ORAF, ARATHW EHA105. FY)RIEHMA
pCAMBIA 2300 FHHFLAL R R Herb Al K 2% [l 2R 2% 27 Bt 1) [l A 4 S

1.2 EYRIEHRREE RIEE R SR

Wit H 9 % 9 3145 CoCBRbF A £t s
CcCBFb-R (%% 1 )’ *Uﬁﬁ &%% PCR (RT‘PCR> Table 1 Primer sequence
X CcCBFb WSS IXHATY M, PS5 swman SIHFA] (53
pMDI19-T AR, MFEAE B R E KP4 Primer name Primer sequence

‘ - | CcCBFbF ATG GAT AGC ATC AGC AAC
1. T Kpn 1A Sal T H53 %] #CCCBFb CcCBFb-R CTA ATA GCC AAT TGG ATT GG
pMDI19-T 5 pCAMBIA 2300 ZAA&REAT Y], 35S-F GAC GCA CAATCC CAC TAT CC
REHAT AR . Ak, BTk, BRARIKR  NAcinF CGT TTG GA TCT TGC TGG TCG T
NtActin-R CTG CAATGC CAG GAAACATTG

M PRI G, FeAb A EHA105, A
FH IS8 5 A 4L TORL p2300-CcCBFb A%
FFEHEA TN EL 8t AL #4548 (Horsch et al., 1985).

1.3 #EFERE PCR £EN¥E= RT-PCR 21

PR PRI I S 4N T 2 547 100 mg - L7 RIBE % (Kan) #1300 mg - L' Skfidg 2
(Cef) ) MS K775t (Murashige & Skoog, 1962) HEATHIL (W FH PR » HeRe A KA 1E 5 A=
MRIEELRI R (TO AL Ak A LI3Erh, Fr B b AT 24 41 DNA EEE,  JF DLtk i
BRI 514 35S A1 CcCBFb-R (3£ 1) AT PCR W DA BH P B R RE AR, AN RIS R TO AR
I 4 e e DR 5 i 44 R AN R R IEPE R

FIF EASYspin Plus A4 RNA PO EAF G (bt A 7D $eBUF AR (WT) FIAH]
FEILRCPE RS BB RNA, IR JC RNA g/ DNase I #§ (Thermo /A w)) J:BRAE S AT figis 4
15K Z] DNA (gDNA).

) JH 35 B Bt J FEL K AT Nano Drop 2000 (Thermo Fisher Scientific, USA) Al RNA 5 1)K Ji
FFiE, #R¥5 TaKaRa A& PrimeScriptIl 1st Strand ¢cDNA Synthesis Kit #4F Ui BH [ % %3815
cDNA, 1ENBAR T RT-PCR 041, WSIEFN Nedctine KNFEFH: 94 CHIAZME 4 min, 94 °C
L3055, 57 CIEK30s, 72 CLEfH 45s, 35 AMEFR, 72 ‘CEIEM 10 min. JiiikH CcCBFb IE
WRIEMFERE RS IO R, AT (TUACEED T 5 AP0 A4 0 5 .

14 HERBESHMENRRESH

PRI TO A B RN 7 (T1ARKEED) FH 75% 10 28R 30's, SRJ5 M 15% RGN (%
PES = 10%) %3 15 min, 55 FHICHEKMYE 5 ~ 7 3. FE R R 72 T-5 4 150 mg - L™ Kan
(1) MS 857 RT3 5%, BPAERL (WT) B EAVRIN Kan 1) MS IR TR . — A fEHE

4 JE 5, o3RRI AR K AN R JC M R R I T AR A ik R R B A R0 e )y 7 FH 1 — &R 41
B M. B EAE 7 om [FEMEVEACE THIZRILF, N 1.2 mL Wrid A By ek # 258 10K, R4
TR L A PR LR AL FE 1 ~2 J& . FIFH 28 (Mannitol) B, T 23055, WEE4r %0 04 150,
300 A1 450 mmol - L™ FIH NaCl % SR8, 3E 2351248 04 100 200 F1 300 mmol - L™, it
FEL o 70K 3 (Kudo etal., 2014), REDNMBRFEANEIRE 3 IRER, RHRER 18 th4hi. AW
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JEJER, FFXAEERSAT S V. LR S AL RIS, AAEH (%) = ((AERI4 T
HUALBEED x 100,

15 HERREEREEIRIERANE

¥41H kﬂﬁ%ﬁlﬁﬁiﬂﬂﬁﬁﬂﬁiﬁﬁ 0. 6+ 12, 24 148 h ) 4 CARMELALEE, 7E[F—H)
(U A F T2 e . IS MERERI A % (MDA) &R\ . B MEBEEE 3 %k, BIFHMHE.

KRR G e =il 27 (Bates et al., 1973; Yang et al., 2011) JE RS &, M E
fil Lt {435 (Brink et al., 1960; Sinay & Karuwal, 2014) | a] RS &, RAAMACE L Z8 (TBA)
Lttty (Heath & Packer, 1968; Guptaetal., 2014; Guoetal., 2015) JllEN [ (MDA) &

K 2 AN H KR IE R S A R 58 - PR 1 - 4 C R oK AREE 6 h, X =i 25 CF g
A 6 h R, WS AR KOR DI R

2 HiR50H

21 BREREEERREE

PG A Kan MRFFRIE B T390 ARG U 4 S DR kAT SE R 4 DNA (3, IR BAte
BT PCR KL, WLEEH] 16 BRI IEDIFE R e D34 H H 4ty CBdEARSIHD, Zldr s
T1~TI16.

T & 5% PCR (RT-PCR) Kiilll CcCBFb
EHERMPE DR REE, NSERN
NtActin, % TN AT, 0.1%58 I b B CcCBFb m
HUKEE R (F 1D Bon: ﬁiﬁ“ (WT) kL
AR ) - o - |
FEDVR ST R A T, T2, T4, T6 I T8
FGY IR T CcCBFb RN Ndctin. g1 siaem (W) RSSSEEE (T, T2, T4, Te, T8)

WS BRI Aer o MRHE ST e, IERERIARA CcCBFb B ER A

S =% | Y 2 /ﬁ \oy i Fig.1 Semi-quantitative RT-PCR of analysis CcCBFb
?Lé# E/] T2 * T4 ‘ﬁﬂj ¥ﬂ% H:E Hﬁﬁﬁz}%{” expression in WT and transgenic tobacco plants
E o

2.2 $RIE CcCBFb i 2 a5 0

FET- 53 S B, 8 35 DRI B &)y 0 AN TR B2 1) H BRI P ARV 330 100%, 1 A= YA
DA i 5 5 T A P2 ) 8 I T s R B4, 7 350 mmol - L™ H Ee B h 4815 %4 65.0%, 7 450 mmol - L™
HEERE AN 5.6% (K 2),

FESEMNE R, FIERH A (A KR SR B AR ok, AR B m TEAEM (B 3). X4
NaCl 24 0 1 100 mmol - L™ I, 43 5] J7 B A UM 5547 3% 23 ) 100%, NaCl 2y 200 AT 300 mmol - L™
N, BRI AL AEIE % (96.3% ~ 83.3%) ¥ THAEM (68.5% ~24.1%).

DA b g SR S R SE DR B (R e P A B A AT, A B A% CeCBED S B (W b 3 Fl i 5
I BA—EMEH .



TRAEEE, AERs, MEUEHk, ZEMS, a8 8L, AL WA
T RIEFHE CcCBFb WHT AR e HirEsGoi.
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B2 EFAE (WD) SHERGR (T2, T4 HEEFERE 3 FER (WD SHERKR (T2, T4 H) HHEFER
HEBHET 22 CTHEK 10d BER B NaCI BMET 22 CH4 7d KfER
Fig. 2 WT and transgenic lines (T2, T4) tobacco seedlings were Fig. 3 WT and transgenic lines (T2, T4) tobacco seedlings were
transferred to various concentrations of mannitol and cultured transferred to various concentrations of NaCl and cultured

for 10 days for 7 days

23 RIEME TR E R R EERA T RE RIE RO

Wk 4 Fros, 8 -4 CRIDKERMHE AL 6 h i, FeFED] T4 Bk ZRANEF A= RO 2 ST
AR IS, D T2 BR AR 0 ARSI (B 4).

T2 T4 WwT

B4 SHERM@EHKR (T2 T4 MFER (WD £25 TH -4 CTERLE 6 h BEKKS
Fig. 4 Phenotype of transgenic lines (T2 and T4) and control (WT) seedlings were subjected to 25 'C and -4 “C for 6 h in dark

K B AERURALIL PR R AE 4 CARIR N MMEACRE, 47 Bl B i DRI S i e e 2R I 5 R 22 v
TEAR (B 5). BPAAEARIE AR 6 h I, IR & BLBAT ETbE s, (AR (IR B HF 4L,
IR & EITAh FBes BRI T4 PRARAEARIIME 6 h I, RS B A FRES, HEEA G
BRRrE:, WIS B XAWE R ETPELE, JCILAEACEE 24 h I, 2R & DL



Zhang Jiajia, Zhu Fengling, Jiao Xiaolin, Li Yongpeng, Wang Jiange, Zhou Chan, DuLi.
Overexpression of CcCBFb from Cinnamomum camphora confers multiple stress tolerance to tobacco.
1402 Acta Horticulturae Sinica, 2017, 44 (7): 1397 - 1404.

AP S AR BN A (B S), SRR T2 R R I LU BT AT 5y B 1R T4 BEREAK
URRE 12 b IR 2 TR R DN T2 MR RN A Y, A A B I ) 5 B AR ROR 2

N B B AR MG 48 h JE, FRRRRER A OB LI A W B TR, (HAR IR T2 FI T4
PR R ARSI A R (& 5D

DA _E 3 4 38 3R R 1 3R T A% CeCBFD J PRI A 35 DRI 580 (1) e 1k 5 B A TR o e S 2 1)
o

140 BT2 ET4 OWT 16
. g S
=5
?E 100 b vw%’lZ*
o 8 : 010 La
c & 801 c é"‘a
o ~ 2 8
X & 60 8y b b b b
g@ < g 6 c c
A 40 ffg fgef &2 4 d d=de efde £
0 0
8- 0 6 12 24 48
. Bt /h Time
=
B 67 a
o g
g
z g b b b b b
Q L
S22 4 I ety oty BT be
= £
gé
2,
[
0
0 6 12 24 48

A /h Time

5 {EEPET (4 C) BREFEBE (T2 1 T4) MFER (WD) PHEER. IEMEREA_BHNSE
AEFEHRE B E TEZE R KPR (P<0.05).
Fig. 5 Estimation of proline, soluble sugar and MDA content in transgenic and WT tobacco plants under low temperature stress (4 'C)

The mean values significantly different at P < 0.05 within treatment are indicated by different alohabets.

3 e

CBF/DREBI1 #3g K F R AL sk K BB 2 AP, HEA RS g, 24wl
WA Wi BRI 52 )9 (0 54 35 AT (Sunetal., 2014b; Pengetal,, 2015). AW EN, &k
KEFFAEXS )L (Wangetal., 2010). 5 (Pengetal., 2011). 11154 (Dongetal., 2013) FlJk
MM (Wang et al., 2015) SEAHYIH (1) CBF JEFD AR AEE D i (i i P 3 e s, T, AF&
A e o I P A X (UG TR PN b X P CBF i PRIE i o DA 5 Sl 401 75 b e R AR A A 5
PERTTAT

SRIMAL AT RIE, RERIEBIRG I CBF JE 8 B n] W5 Hprse yRIPT R, (H4 80l S L ik
REIE B ARG, IR HEFEF 7= & (Liuetal., 1998; Jaglo & Thomashow, 2001), 3K
H 31 ChbCBF TEHHE ik th A AL (Zhou et al., 2014). FEAM ST, 1L %15 CcCBFb
FEPR, AEXT TO ARHE I DRGS0 B, AR AR K T s AL AR S AN LG, 1 H 2 5 1 T
AH L R B 1) 2 B i e g o W WA CeCBFb 5 DRIAE R A 3 DR Fro vk e B wh ELA VB AE O I A



AEfE, RERY, FERERE, RN, Ta, MO, FE W
W RIEFAE CeCBFb RH AR E P fitEias,.
&%, 2017, 44(7): 1397 - 1404, 1403

H, R4 AR T IE 2> 7 B Fh B T WF 538 At

RED)Z AR A, H B A NS E Y TR AR R A ST R, i 2 R m] s P
ST Y B -7 y503 Hs 1A 2500 1577 (Koster & Lynch, 1992; Wanner & Junttila, 1999; Yang et al., 2011;
Zhouetal., 2012). N 1 (MDA) 4RI EACHI T LWz —, RATRRS R —
E&Tﬁﬁ’ [R5 4 PP AR P PE AR HE (Mohammadi et al., 2013). K &7 HEAK A MDA

, RWIERR MR, BATESPIME (Guptaetal.,, 201400 ASHIFFTH #E I DR G AEAR R b 0 10

I‘Eﬂﬁﬁﬁﬁﬁ?ﬁﬂ%‘f&k* TR E TR AR, IX U L AT G I 1Y 040 b R ORI BUIE S . 5
HMEESERE L MDA 3 3K TR AR, SR AL MR 1 2 0 RE FE B, LU AR 3

TEAHE G 5% B AN [F) 3 L RGP R I R e (R B AN ), X B4R 5 CcCBFb {EfHPE
IR B AN A K.
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