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Cloning and Expression Analysis of Cinnamyl Alcohol Dehydrogenase
(SmCAD) Gene in Salvia miltiorrhiza Bunge
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( Key Laboratory of Ministry of Education for Medicinal Resources and Natural Pharmaceutical Chemistry, National
Engineering Laboratory for Resource Developing of Endangered Chinese Crude Drugs in Northwest of
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Abstract: Cinnamyl alcohol dehydrogenase ( CAD) catalyzes the reduction reaction of cin-
namic aldehyde and its derivatives depending on the NADPH. It is the key enzyme in the last
step of lignin biosynthesis. A novel CAD gene designated as SmCAD ( GenBank accession
No. : HQ162287) was cloned from Salvia miltiorrhiza Bunge according to the transcription da-
tabases. It contained a 1083 bp open reading frame, including 3 introns and 4 exons, and en-
coded a protein of 360 amino acids. The predicted SmCAD protein had Zn1 and Zn2 binding
sites and NADP(H) binding domain. A total of 1202 bp promoter sequences were obtained u-
sing BD walking method, and sequence analysis revealed that there were MeJA, ABA, GA, re-
sponse elements and MYB binding sites. Real-time quantitative PCR showed that SmCAD was
expressed in different organs, and its expression was induced by MeJA and inhibited by GA,.
These results suggested that this gene may be involved in the response of exogenous signals.
This study contributes to the theoretical basis of the specific function of SmCAD.
Key words: Salvia miltiorrhiza Bunge ; Cinnamyl alcohol dehydrogenase; Bioinformatics analy-
sis; Gene expression
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ARBEE (Lignin) BAEYERA & EIOR T4 4
EW—RRGTAEIY, ST HMR AT,
EHEYMBRENTEYRY , KEZRWARER

3, BEBEAFBYESELRN , RS
B ( cinnamyl alcohol dehydrogenase, CAD) 4k
RERBRE BB — 2 RN —HHKBT NAD-
PHRF ARG EY, GRAAAREERR
A2, A SRS A R AR R B A g AR
(E 1), CAD &R 2 NMHEZETIR 42153, HEj
HREFEEFNCDEXER . &K, =2, B\, K
R 2R ep PR ), HIhBEEE AR R Y b
INE TSR, EREIS, AICADS FE£5T S
BIABRMYE R, HEEES S B TR B
AT 92%™, R RANI T #5 B9 JF B BRI ok
CAD BRM KX, RAHZMEARETERA
WA, HSHBARERS GERAREWLEREAET
W, MMk EARRRSRBERS, HHEAR
WY AR CAD Xt ARRE AR EmMAELEE
U, CAD N HYAFR R A BREHEENR
WAy, HERNNRATHERRELERNER, &

Tyrosine-Derived Phenylpropanoid Pathway
Pathway proemmeees
L -Tyrosine L -Phenylalanine i
PAL |
TAT 1 t-chinnamic acid E%

4 -Hydroxyphenyruvic acid
4-coumaric acid !

4CL
4-Hydroxyphenyllactic acid 4-coumaroyl-CoA i

N e,

4-Coumaroyl-4-HPLA

HPPR

v
Rosmarinic acid

v
Salvianolic acid B

C4H | cay HeT

§ CCoAOMT |

ARERREIBRPHERTIEE,

F2:( Salvia miltiorrhiza Bunge) NBTER R 2
RRZEAEREY, RAGshikRREl., (2
I BEFESRFAPTR I SR . HE R
MR B MR EBREHMREBALEY S ARE L4k
¥HERNGERA YA AETR, FIEBRRELEY
AR BAREGREAME W EFARERE (B
1). EAMRER, FHRNAI KR THARES
AR EE CCR, C3H%, WEBRBEARESE
RO TRIET BA B 38 B B A B R K M R Ry A B
MEASFHAEREDR: KAREWARSHHR
B M Fag ERSAEXDS ) W E g mHA
BE AR YR BRAE S H, URE
BRI ESTHEE, SRVERBGE
%, KBRRISMHENH R, XTI, 48583F
YA S P ARBRREABRER LREEER, ¥h
FIRER TR T ERES S P IRAE ERa 5
FERMEBERM, MEAWMCAEZIARERER
HMRER SIS PR R RS, (BT
EEBAEYEBRNERE S XREBBERN—FF2

Lignin Biosynthesis Pathway

4-coumaraldehyde ﬂ>4-coumary| alcohol —>H lignin

CCR CAD :
> feruloyl-CoA ——> coniferaldehyde ——> coniferyl alcohol |

i F5H v
v COMT G lignin
sinapaledhyde

lCAD

sinapyl alcohol

v
S lignin

CAD: i & B8 ( Cinnamyl alcohol dehydrogenase) ; CCR: PAEBEHEEE A i85 BE ( Cinnamoyl-CoAreductase) ; FoH: %
B8-5-32 L8 ( Ferulate 5-hydroxylase) ; COMT . mnmkEg-O-H 243888 (Cinnamate O-methyl transferase) ; HCT: FFE /% Tk
R N REBE A (Hydroxyl cinnamoyl CoA transferase) ; C3H: & S #8-3-2{LE§ (Coumarate 3-hydroxylase) ; CCoAOMT ;
HEBEHEEE A-3-O-H H4: 3588  Caffeoyl-coenzyme A3-O-methyltransferase) ; RAS: & E -4 B HE ( Rosmarinic acid synthase) ;
4ACL.: 4-EF GRS A #3588 (Hydroxycinnamate CoA ligase) ; C4H: A{EES-4-2{LEE (Cinnamate 4-hydroxylase) ; PAL: #7H
E A EE (Phenylalanine ammonia lyase) ; HPPR. X133 EA VIR ES R JFEEE (Hydroxyl phenyl pyruvate reductase) ; TAT: BS&

R B4 BB ( Tyrosine amino transferase) ,

1 A$HARER B URARREWAREE™

Fig. 1 Proposed biosynthetic pathway of salvianolic acid B and lignin in Saivia miltiorrhiza
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CAD B RIS REMZR M R BB IR

BATAFI S P sa e T A B B B & B 22 (Y
(SmCAD) , #4377 @R 75 R i X &
HE=EHWHM. A BD walking #7735k E8
BT RE, RIERE ST X T RA R E M T
4, AT HAER R R BARRE T 2R
B, AW SmCAD BER7EFSH iy BAATBE A
BEMNRI ISR EEM

1 #BREFE

1.1 ##

F}+2: ( Salvia miltiorrhiza Bunge ) fi3% 5 B
REIEYZNREA R AR RN EE,, T&
HEA, EARKEA @ BEAK =1 1) ERP
HE, FATRBERMARER(TE, RXZ-500D),
JEHERE 150 pmol - m™2 - 577, JEAH: R
16 h/7BmE8 h; JRE25°C, {BF 48%, fTiik
HKBE-XETEBRREERKTD, B1MERKE
3 ERSIHI, R 3 d BEAE 1 oK, 3R 60 d iyt
S TA a0, B 2 EFSMEA
THARFHRIEGPIR,

1.2 ABE7EZE

¥ RAEHI 2 SEFF S NOEE, B, 4
FEHA, £, ot 5, ATALERERERY
PoE. BivEER(ABA) AL . A 100 ymol/L ABA %
WL BB, i FReRE, 40F 0, 3.
6, 10, 24 h W & #F kL FKF R P iR (MelA,
5 mmol/L)4b3: JruklF] ABA 4B FI &40, 4
MFO0, 0.5, 2, 4, 8, 12, 24, 48 h W &E#rH;
FREE(GA;, 150 pmol/L) 43 JrEk(F ABA 4t
BRS4H, 45 F 0., 2, 4, 6, 8, 12, 24,
48, 72 h W& kL BT A M B2 WA HE K,
-80°C f&FF, ATRBUE RNA,

7125 DNA R BUR gk B CTAB 317
17, 2 B RNA R B R H OMEGA 2 H]
E.Z. N. A™ Plant RNA Kit 3:4F, 3:# B Revert
Aid First Strand cDNA Synthesis I &1L &
1% cDNA 55—,

1.3 SmCAD EHE =
St A SEH 3 ST AT B A PR ETY HE AT

BLAST HeX4387, HFREREFS RIS
HEER SmCAD, 3% F Premier 5. 0 #k 4% 3—%F
R PCR J"13|4 (F. 5'-AATGGCGAAAT-
CACCCGAA3’; R: 5-ATAAACAGGACAACAG-
AAGAACACG-3') 43#ILAFF2: cDNA #i DNA At
], P4 SmCAD B, RMFFH: 95CTHAE
5 min, 94°CZs#: 30 s, 58°CiRB k30 s, 72°CHE
11 min 20 s, 30 MEFF; 72°CHEf 10 min, 7E
E%41 DNA 3yl B 514 (GSP1: 5'-CT-
TCTTTCCCACCTCTGTTACCACTCCCA-3'; GSP2;
5'-CATCACCAGTAGCCCTGAAGATACGCCA-3'),
%A BD Genome Walker™ DNA walking ) 77
U AR R AR B T XAERFES . PR B
ZuER B G5 pMD19-T simple vector (I B
TAKARA A 8]) I HAL KIBHE DH 5o RS2
YifE, TR R BE TAY TREARS
RAFMT
1.4 % CAD ZEANMEMEEESH

F http: #Zwww. ncbi. nim. nih. gov/., DNA
star 47 FF 80 B2 AE Y 3R A Bl % ; ] SOPMA
( hitp: Znpsa-pbil. ibcp. fr/cgi-bin/npsa _ auto-
mat. pl? page =/NPSA/npsa _ sopma. html) .
SwissMode( hitp: #swissmodel. expasy. org/) .
Plantcare 5¢ i - 45H fl =45 B X s 30+
KR RAEH 4. H Clustal W, MEGA 4.0
SERBEREIFF W KRG R,
1.5 SmCAD EERIRZEX S

IR HESR 60 d /3241 cDNA ABitRi#
119t & PCR L, DAFHSHZER B-Actin i
W2, B SMCAD Rk &, IR, RAL
A4, 95°CAEH: 3 min; 95°CAE#: 10 s, 60°CiBk
25's, 40 MEF, BMLERER 3 K, FWELSHT
FKHR“ACt” y5E:, 3 H SPSS 13.0 ¥ one-way
ANOVA Jr ik siAT BRI R 2 4047, A Tukey
test ST ARRE AW ZER B &M (p <0.05),

2 HBREHMH

2.1 SmCAD BEEFEIIHIRE
X FFS 5 A BRI 4T BLAST 47 4558
B, He—2%R5( Contig1317) 5 AtCADS 2K
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F1 ZMEHAEER PCR KN SmCAD EEFRIARASIY
Table 1 Primers used for the expression analysis of SmCAD by RT-PCR

E-3a| PR BE(bp) 5%

F7

Genes Product Direction Sequence
AD! 5'- AAAATCAT ACTT-3’
SmCAD 176 SmCADS CCCC CATCCCCACTT-3
SmCADA 5'-TCATGGGGCTGTAGGTGGTG-3'
. ActinS 5'-AGGAACCACCGATCCAGACA-3’
B-Actin 278 .
ActinA 5'-GGTGCCCTGAGGTCCTGTT-3’

FIIRABRN—8:, KHma% SmCAD, #
B2 E RNA, & RT-PCR 5, ¥ i#li—&K
1092 bp K&+, & 1083 bp K ORF; iS5
gDNA R#ities PCR 34 i —4% 1515 bp K&,
5 cDNA 751 thxt R BUZ P54 S 4 M E7H1 3
AMRETF. WETFRESF 206 bp, 89 bp Fl
89 bp, kM GSDS &k L E, /845 CAD #
& (E 2) .

ATG TAA
98 114 514 357

BeFI BT, BRAINET, BHEBBETHATG, &KIE
BHETH TAA,

Exons are denoted by black boxes, introns are denoted by
lines. Translation initiation and termination codons are
shown. Numbers above boxes indicate exon sizes.

2 /4 CADEMR PCR ¥ 84 R R ERFENTER
Fig. 2 Structure of CAD gene in S. miltiorrhiza

2.2 SmCAD EEIRZhFRMRERSH

Sk A DNA walking B 757 #: 318 SmCAD %A
BIRHET ATG L 1202 bp #yIE41ES 5/ R P
%1, #H PlantCARE database X SmCAD #:H 5'
MIZE 75 IR AR oo T 00T, SR Bm (B
3), BFBEIMHAL(TSS) LT ATG L 73 bp,
FEXAC+17, TATA box AL 75 R4k AL R L
25 bp &b, A EZAY TATA box AL BRE A,
[FEE&A £ CAAT box, 7 SmCAD B3+ KX
W, RFFTEBIERRN R IC /4 ABRE ., A=K W Moo
£ AuxRR-motif, 2% #] 88 H fs W 3 76/ CGTCA-
motif ( TGACG-motif ) . 7k & 2 " i 76 /4 GARE-
motif P4 & MYB %3 B F44 7 &5 MBS, MBS 5t
BEAFHEREANER B FXEEHA, %
PR G S . W SmCAD R iR X323
MYB #%BEFREE U RRER. 2KE. FH
. REREZMIamNES 2 FRER.

2.3 SmCAD SiEEBFFI4H
2.3.1 EFEESH

A Blastp X145 CAD 3t 475 i & 58 551
PATREEST, ZIFHS CAD B GG &3
BFFI SRR KRS, 24 CAD EAKMFE
B K 75% . 64% F157% , 7 MEGA4. O /4
¥ XA Neighbor-Joining J7#, LAEARRIA
SEMBRGEHUN, XIAFRYFH CAD EEBRF
FISIT A FRGEFHLI N (B 4), KIf+S CAD
i+ CAD7 1 CAD8 &5 Nt ., H4EFh A %
HIRAEERR T F i 22 B AT CAD 4051 3
2%, StriB/s SmCAD BT Group 1, RIfE#EAR
REEKH—I CAD K87,

LZEFTILB R, SMCAD EERFEFIEA
AL EEES A S (Zn1, catalytic Zn binding site)
GHE (X),G (X)s G(X), V, BRI Zn
WS, FINERBERALE(Zn2, structural
Zn binding site) Bl GD (X)g4 C(X),C(X), C
(X),C FfR~FHI NADP(H) %563 GLGGXGH (&
5), SHAMY# CAD R-7 X RA DBEERBRE
Ao XERFXRIBEWFFET CAD REHRZ
H, HIRPIES A AL R R BRETE A F Y
TR ARSI
2.3.2 SmCAD ZgmaFns#r

B H AT IZ R B S s & f & ih a1
BRENEmEN, RABBR-8%H, 2—%
Fh5=HFMRZ EMPER., I SOPMA 5t
SmCAD ZEH WM _REMFHTIW, FRER, &K
EHRNZREWMH 41.94% KA N & .
27.22% i) oW ifE . 23. 89% RYLEMEERT 6. 94% Y
B-E:F M B, A SWISS-MODEL %f SmCAD % [
W =REHHTEWN, BRZEAN=KEHWE
(E6), BE=R4EW _BEEREE. BE
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CGACCAGCCCGGGCGETAAATAATTAATTATATARATAACTACTTAACTATAAATTCACAAACATACTTAAATAATTAA
ACAATAGCTCCTTATTTCCCTTGTCCAAAAGAAACACCTCAAAATCTGUGGGACAGAGGAAGTATAATATTTATAATTT
ATTTAGATTCTACAATATGTGGAATGCAACTCAGAGATGATGTGOAATTATTTGTCAAGATAATTAGAATGAAGTAGAA

T EAEAE ATICATGTTATTTTAGGCTGUCACATAGGTAGATCCTATTTTCTTAT TATATAGAAGATTGTTATAGTTAAATT
CAAT-box

TTAORE T
ACAAAAAAGTATTGAATAGAGCTACTCCCTCOGTCCACAATTTAATGCCCTGTTTGGCTTTCAAAAACTGTCCACAAAT
TAATGCCCTGTITITGCTTTTTGTACCCTTTACTCTCCTACTTTTTCTATATTTACTACCCTTTGCCACTAATGGACCCA

AmxRR=core

COTTCAAMCACCTTTTTCACTTTTATATTCTATATTTACTACACT TTATCACT TTATCACT TTAGTCAACTACTTTATC
ACTTTAGTCAACTACCCTTATATTTCATCCACATCACCTTTTTCAGCTTTCTTAGTCTCCGTGCCAGGACCCAAGTAGG
GCATTAATTTGTGGACGGAGGGAGTATATTAGAAAGAATATGAACAGTTTACTCTAAATTTTTAAAATGAGACATTTAT
TAAACAAAACAAGAARALAGGTGAAATGGAACACTTATTAATACACGGGTGGAATATTTGGAATTTTATACTCCACCIG

AATTGAAACTTCAAGGTGTCTAGAATAAATAGATTTTCAAGTCTAAACAGAAAGTAAARATGTGACATTTATAGGAGCA
GARD-motf

ATTGATGTTGANCGGTTCAAGTGTGCGGTGOAATTAATGAAMAAATATTAGAATCTAGAATGAGTTTTGAAGAAGGTCC
GAATTGTGACACCCCTCCTTCTCCTACTAGTTGATAAAATATTGCAAAAAAABATTGAGTTGGCTTTCTTGACTCAACT

MBS
GTAACAGTCTACGCTTATCGCTTTGAGTATTCACACCACGGCAGLCGGGALGAACGTCACTACTCTTCILCTATAAATAI
COTCA-moiif TATAbox

CCACTCTCACACCTTCTGOC! AAACAT(‘MC AAACTCATTTCCAATCICTCAATTTTICTATACTCTTTGCTTTCTTATT
ACTAATTTCATATTCTTAAATG

HRRHAAARRTSS”, IRAERTA AT RIKBOTMERR .

Predicted transcription start site is marked as TSS and cis-acting elements are underlined or framed.

3 SmCAD EahFX 5'MEFF S
Fig. 3 Analysis of the sequence in SmMCAD’ s promoter

100 AICAD7 Arabidopsis thaliana
98 ﬂwa Arabidopsis thaliana

78 L @ SmCAD Salvia miltiorrhiza
45_|7 AtCADG6 Arabidopsis thaliana
28 OsCAD3 Oryza sativa — Group 1I
] OSCAD6 Oryza sativa
32 —— AICAD9 Arabidopsis thaliana

100 AtCAD3 Arabidopsis thaliana
100 L AtCAD2 Arabidopsis thallana
AtCAD1 Arabidopsis thaliana Group III

100 EPtCAD Pinus taeda
PaCAD7 Picea abies ]

100 [ NtCAD1 Nicotiana tabacum
100 NtCAD?2 Nicotiana tabacum
100 1 EgCAD Salvia miltiorrhiza
100 47 U EbCAD Eucalyptus botryoides [~ GTOUP I

PdCAD Populus deltoides

3 MsCAD Medicago sativa
0.05 SEMCADS Arabidopsis thaliana
= 90 AICAD4 Arabidopsis thaliana —

#IBFT Arabidopsis thaliana; #iM#¥% Eucalyptus botryoides; ¥t Eucalyptus globulus; 3£ E % Medica-
go sativa; HEL Nicotiana tabacum; 7XK#§ Oryza sativa; =42 Picea abies; 3£ 24% Populus deltoides; k.
HE#) Pinus taeda, B:H% RS (The sequences were as follows): AICADT:. Q9CAI3. 1; AICAD2:
Q98J25. 1; AICAD3: Q9SJ10. 1; AfCAD4. P48523.1; AfCAD5. 049482.1; AICADE. 065621.1; At
CAD7. Q02971. 2; AICADS8: Q02972.1; AICAD9; P42734. 2; EbCAD: P50746.1; EgCAD; 064969. 1;
MsCAD:. P31656.1; NICAD1. P30359.1; NICADZ2. P30360.1; OsCAD3. Q337Y2.1; QOsCAD6.
Q7XWU3. 2; PaCAD7. Q08350. 1; PdCAD: P31657. 2; PICAD: P41637.1 ,

4 SmCAD 5Hftutx CADs REBMFINRHER ER
Fig. 4 Phylogenetic analysis of SmCAD protein with other related proteins
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Znl

SmCAD
AtCAD2 52
AtCAD3 52
AtCAD6 59
AtCAD7 54
AtCADS8 54
AtCADS 58
OsCAD3 6l
OsCAD6 56

SmCAD 118
AtCAD2 112
AtCAD3 112
AtCAD6 119
AtCAD7 114
AtCADE 114
AtCAD9 118
OsCAD3 121
OsCAD6 116

SmCAD 177
AtCAD2 172
AtCAD3 171
AtCAD6 178
AtCAD7 173
AtCADE 173
AtCADY9 177
OsCAD3 180
OsCAD6 175 Q

ITK--ES€gaRirey
TK--ESEAR

[ i s e

IR CMHTGVMGLGGLGHVGVKEFAKA

BRI NEWGEISEY PHVPGHE TVGMV TI#V GletVINKYKYGDRVGVGE

LGVNGLGGLGHEAVKMEKAF IRV TV I SIS
RN 1 VGEVIG LGGLGHEGVRFAK A FGIKV TVl s SHiNe
D---KPE HIGVVGLGGLGHVAVKFAKAGKVTVISTS

GINKVTV I ST SERS

IS NG K HEGVIGLGGLGHVAVKHEKAFGIIKVTV I S8 S Ehk
NEEENE GKHVGVEGLGGLGHVAVKFARAFGIKVTVISESEe
IROYNVAGRINL G VG LGGLGHVAVKFGKAFGIEV TV I SESIe

L FFIRIET Group T CADs(B 4),, NADP(H) ., Zn1, Zn2 Z5&-fr s FIBELZRARH
Representatives from the Group I CADs (Fig. 4) were included. Lines sequence portions referred to the NADP (H)

binding, catalytic Zn1 and structural Zn2 domains.

BS5 CADESEBFISEILN

Fig. 5 Comparison of CAD amino acid sequences

NADP binding

structural Zn binding site

catalytic Zn binding site

EH6 & CAD EQ=#4%HmNE
Fig.6 Three dimensional model of SmCAD protein
RFXBERFH, AP AR L K& NADP
(M EMASRTEERL. ZBWERE A-
CAD7, OsCAD3 %45 —2J% CAD KB EH %KL

TR, W5 =S5 BB RIEFE 8
AtCAD4 . AtCADS % CAD BHAR™ , BHEZS
SR A RE R E DIBERM AR, #8] SmCAD 7
ThRE L BE 5 AtCADA S Rrirk, 5 AtCAD7 &
KR,
2.4 SmCAD EEHIFRESH

DIRIEHI PSR, 2. . A8,
LiF+Z Actin A NZ, #4T SmCAD H:H 52
Rt BT, SR BR, 15 CAD HFE
B, X, HhEERE, ASREMNRAER
B, HWEn, EHRAELNME(ET),

ABA fb3f5, HRAEHXG6 h BEARE, T
10 h BiAigfE, XK 2.5 %, ZEHRBAER
KE(E8: a), #E MeJA HELB2 h 5, HER
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-
]
1
[

N
o
1
T

]
1
[+]

o]

Relative expression level

o
I

Roots Stems Leaves Flowers
Organs

MAFERRBEEMF(p<0.05),
Means designated by the same letter do not differ
significantly according to Tukey test (p < 0. 05).

7 A% CADEEERASAEMALRE
Fig. 7 Expression of SmCAD gene in different
organs of S. miltiorrhiza

RABRETHEXTREK 8.5 £, HiFERRR
10 h X L(E 8: b), XS4 teT GA L2,
BER KRR BEL THEMHERE, T24hE
BEAFTET, EOBERTR, BT
KERBEZW(ES: c), X5RHTFITER
H—2

3 it

BRSSP RET — KRR S EE
H, IR FEDME B 7 X A R B AN
BERRFHBRITT 20 &EE Bra s FF ik e 52
HEK M 1083 bp, A 3 PMHETF, L4wiS 360 M
Fig, Barakat ¥ E H#0 CADs # K, #& in-
ron-exon ZMRRMAHRN=K"! J1& CAD HE R
SEeffa P EM—25dnHE, [HE5 Pattenl 45
Mg, U4 BREF, RBEEREE

RS IR MR F . 3% Barakat FH 4R IR,
SmCAD s 54 M4 CAD #H FE#E R
IR, ERFEAAR LT PREAERS, BTEZ
K% CAD BHY!, RAEMAMHTHBR SMCAD £
F-RIKCAD BEHREHRRAZ—, #W SmCAD
S5 TARREBREIMEAGTHRARRE
B, FEHER s R,

SmCAD J& 317 X 7 51 43 ¥r %2 W0 H & 4 W R
ABA, MeJA, GA, I RESERF, UK
MYB %A T4 & . HAPF b dEA 250
oo, WH % IbCADT B3 7 FREM R R
B, RERZVMAGE X SA, JA F1 ABA FLH
AR A ES P . JBIEXT SmCAD 2R
HARNEEESTE R, EFAEZIZHEEREN
¥, ABA 1 MeJA ¥18BiES CAD EEMEIR,
T GA B Bl 18 %322 2 D B0 22 38 A 5 B A 40 46 4
A, UH SmCAD ZH VR 25 T diim
B o

PR SR AR R A RS B E R
HE, RTS58BARREZSI, ESHEDKPE
BhE A RAER K EEMHER, HEEBAZRAERY
P AT BB R T BB TT R K TIAE 4 Lo AT
BPERIFSN T XS CAD £H, HATFRIER
FisER SHAMY R CAD FEFTHM, PR
Algek CAD i Az —, At Z 548 d R
BRENER, XBFEH—BHLREBIE, HE,
CAD R FIERATIEeZHE, & CAD ZEH 58
WA AR, KRR A /Tt
—B WA, BREEASHHOEKRDIRE, £

WM BTFERS P EHER—, W CADRE &5 CAD HFEFRIENIIBe LR,
F8- B 20- T4
g e . g7 P = § |a°
56- 5157 537
N N N
7] 7] 7] b
[+}] [+}] [+}]
54 510 52
X X X
o o o . c
22 2 59 21 d o
g g g d d d
& o- & o- & o
0 3 6 10 24 48 0 1 2 4 8 12 24 48 0 2 4 68 8 12 24 48 72
Time (h) Time (h) Time (h)

a: 100 ymol/L ABA; b: 5 mmol/L MeJA; c: 150 ymol/L GA,.

8 % CAD EEEARELE THRIE
Fig. 8 Expression of SmCAD gene in different treatments
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