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Abstract: In order to reveal the function of the sterol C-24 methyltransferase 2 gene (DoSMT2) in the ste-
rol metabolism process of Dendrobium officinale , we firstly transformed the DoSMT2 gene into tobacco
(Nicotiana tabacum) by Agrobacterium tumefaciens mediated method. qRT-PCR was then applied to de-
tected the DoSMT 2 gene expression in transgenic tobacco leaves, and the contents of brassinosterol and si-
tosterol were analyzed by GC-MS. The results showed that: (1) a1 119bp open-reading-frame (ORF) of
DoSMT?2 gene was successfully obtained, thereafter the sense plant expression vector pCXSN-DoSMT 2
was successfully constructed too. Four positive transgenic tobacco plants were obtained and identified by
tobacco leaf disc transformation through A. tumefaciens mediated method. (2) Southern blot results
showed that there was a hybridization signal band in all the four transgenic tobacco plants, while it was not
found in non-transgenic tobacco plants, which indicated that the foreign gene DoSMT 2 was integrated into

the genome of the transgenic tobacco plants in a single-copy mode. (3) The DoSMT?2 gene expression was
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not detected in non-transgenic tobacco, while the expression of DoSMT 2 gene could be detected in all four

transgenic tobacco plants by qRT-PCR, and the difference of expression level was significant. The expres-
sion level of each line was P3 > P1 > P2(P4), in turn. (4) The GC-MS analysis results showed that the

content of campesterol in transgenic tobacco leaves was significantly lower than that in non-transgenic to-

bacco leaves, while the content of sitosterol in transgenic tobacco leaves was significantly higher than that

in non-transgenic tobacco leaves. This study indicated that the DoSMT?2 protein had the catalytic activity

in the transformation from 24-methylene lophenol to 24-ethylidene lophenol.

Key words: Dendrobium officinale ; sterol-C-24-methyl transferase; tobacco; genetic transformation; func-
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49y §5 B AR HL I 2 ST
1 HRPRTT %
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K g ¥ B (Esherichia coli) DHS5a T ¥R AR
KA (Agrobacterium tumefaciens) EHA105
PR . PexSN 4l ¥ 3= ik 24K Fl M BE (Nicotiana taba-
cum)NC89 Jo I il 45 1 H A4S 52 45 & IR A7

Xem W H NEB A #l.2X Accurate TagMas-
ter Mix (dye plus) ., SteadyPure 4 RNA # Bk
A& F SYBR Green Pro Tag HS FiiR % qPCR i
A& B W SR Y TR A R A A DNA
Ligation Kit Ver. 2.1 Fll PrimeScript ™™ 1% &% 5% it i)
HFAEY TR O A R A 5 Sk 0 WE 5 41 (cefo-
taxime sodium) , Ff & W (timentin) . & Bt T 7 [
(acetosyringone) . il % & B ¥ # (hygromycin B
solution) \DNA Ji IS5 & L UNIQ-10 3K it Air
ANER RN & A AR T AR TR (i) ey A R
AN E, SRS BE (Lot BO408AS) il 4% i BE (Lot
NO615 A Fr i ) 7 1 i P A= R A BR A A
1.2/ i
1.2.1 DoSMT2 ERFHAEEMNTE LIHA
) 5 e 2 A KL pMID19-T-DoSMT 25 Sy B A, F
5% SMT-F fl SMT-R(% D ¥ 3 DoSMT?2 3
R I T B 352 HE, PCR 7 8 K & 50 pl. f@KE
pMDI19-T-DoSMT?2 1 pL,5[# (10 mmol « L ') 4%
1 pl, 2 X Accurate TagMaster Mix 25 pl., ddH,O
22 pL, PCR RN FEJFH:94 “CHAEPE 5 min,94 C
A 30 5,58 “CiRk 30 5,72 CHEMH 2 min, 30 i
W I J5 72 “CHEAH 10 min, PCR =448 1. 2 % Bl
MR I PR VK B UE S L B Il B i R B
1.2.2 EYMREHREWHHE AP REBRE pCX-
SN 28 Xem | W01, U1 7= 28 1. 2 00 BRI A BE I
i A T 1 Q= 7 N A = O LI Qe 7/ A
DoSMT 2 3 X 1 i [l ™ ¥y 7E 16 “C i 2 h.
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K% 10 pL:pCXSN FEYI Y 724 2 ., DoSMT2 J
P 1Y 7= ) 3 L. Solution 15 pl., % #5741k
KIGHFH DHS e %52 25 40 L J5 . 7 105 1 »
CHRUETRGEFH 1 bR HREGAT&FIRER
100 mg « L' A9 LB AR SR 55 |, 37 “C MR8 155
R, BREBCRTEREE S RAPE E 100 mg « L'
Wk LB 592391 .37 CA& M 200 r» min ' k¥
KR e, $RERZ: PCR %8 by P va B 04 ok, 2%
FOA T A TR CRi) A RS /00 % 38 3 77 91 L
X AR A% H ALY IE SCAE W) 3R 58 3R TR pCXSN-
DoSMT2(J8 1),

1.2.3 K ENSEAHRKRHA pCXSN-DoSMT?2 i&
RFEIEE SRRk 2 OF SR ) A 3
R Bk pCXSN-DoSMT2 § A FF 1 EHA105 1,
AR AT B8 A S B 0 B 35 5 Ak 9k LB pCXSN-
DoSMT 2 K& X5t 4% e AL M /L AR A5 50 B R i Pk
SEACAE AR A R AR R P T IR R .

min .37

&1 PCR3|#Y
Table 1 PCR primers
314 Primer J¥%1 Sequence (5'—>3")
SMT-F CCGGAATTCATGGATACGGCTGCGCTGCT
SMT-R CCGCTCGAGCTCGCCTCCATACTATGAGC
Hpt1 GATGTTGGCGACCTCGTATT
Hpt2 TCGTTATGTTTATCGGCACTTT
SMT Bolt-F TTTCTTATGAATGGGTTACGACTG
SMTBolt-R AATTGGCTTGCGGCAGAGT
SMT2-F TCAACGAGTACCAGGTCAGC
SMT2-R TAGCCTCGATTGAGTAAGCC
NtACT-F ATCCTCGCATCCCTTAGCAC
NtACT-R GCCCCACCTTCAAAGACTCC
LB Hpt 35S Xem 1(291) 35S RB
Poly A nos Xem 1(981)
I | DoSMT?2
pCXSN
Xem 1 Lﬁ_
Ligation
LB Hpt 358 + DoSMT2 358 RB
Poly A nos

pCXSN-DoSMT2

1 YRk HIE pCXSN-DoSMT2 4
Fig. 1 Construction of plant expression vector pCXSN-DoSMT 2

1.2.4 HEERBEEMSFKEN DI CTAB LR
R K R0 1 A Al A R I TR 20 DNA S B,
14 Hpe1 fl Hpe2 #5417 PCR ¥ B4 5 £ N A
Bt e e vk e AL AR AR, P K B 517 bp., FH A
) SMTBolt-F il SMTBolt-R i#47 PCR 2 il 45 Hb
AR IC AT L 28 PCR AN Sy FH A 114 8 R0 A Ao 32 A1
21 DNA A Hind ll B Y] J5 FH T Southern blot,
Southern blot ZE 4G4 T A= ¥y TR (1 i) B A B
YNEIEY0

JH SteadyPure %) RNA 2 B 57 & 2 B F%
DoSMT 2 &R AW 5 A 5 RNA, A PrimeScript™
WG SEEE A L cDNA B8 1 4. B A U cDNA 5 1
BEWREESE B 200 ng o pL ' LR BE Actin 3 RAE
HASER, R IE SYBR Green Pro Taqg HS TR
A qPCR 325 & 09 Ud W1 45 #F 47 52 i 9% % E 7 PCR
¥ 3 (Roche LightCycler 96) ., ¥ Il #F & DoSMT 2
HERAE AN [] 7 56 DR 35 ep i) R GRG0 . DoSMIT 2
G N SMT2-F Hl SMT2-R.MHHE Actin H: A
5%k NtACT-F #1 NtACT-R.,
1.2.5 HERAMAEEYHEESENE HEHM
F R SR B A B R B R AR
R A BRA 7N 52, 5% 22 0 450 1 ik

DM & AR B 0.5 g 53 KM H ok
A TR o DR e 5 DR 5k e kg 6 BE A 5
ml G B A I AE B 20 min, 6 000 r ¢ min~ ' B
L5 min, 4B HCH @ L, FE A 5 mL &
Jot B P A B 10 min, B0 40 BB A ke A
I 2 WHEBE FH AW B E A E 10 mL, 1t 0. 45
pm SIS HERE ST HT

2) & &%  Thermo TG-5 MS A% (30 mX
0.25 mm X 0. 25 pm), #EFEH 2 pL; FHE T .80
CARFF 2 min, A 20 °C » min ' WHEZ TR ZE 300
CLPR%F 15 min; JEHE HR B 300 °C 583K He,
HAWHERN 0.8 mL » min ' ;LR 40 2 1,

D FES B TIIRE 200 °C . 1& LR E
250 °C, EFIZEIR I [A] 3. 00 min, F 78 [ 30~450
m/z, B FIE R ELIF 70 eV,
1.3 #HiEE

J7 2 4 B R F DPS B2, 22 5 8 3% 1 A A
/N 3 2 B0 (LSD) #E A7 - X 8 2 8 L 8K

2 HiIRH0M

2.1 DoSMT?2 % & FF il i iE4E 5= f&
DL 4 v B 2 A B R pMD19-T-DoSMT2 K
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b, FI 518 SMT-F fil SMT-R 434 DoSMT2
HE DR I B S HE L BB A 1119 bp Kb A1 4R
RS EAH (B 2) e ik B /) 4578 k4% DoSMT 2
55 DR T il ) 2 AE
2.2 HEYRZIHEWHESETE

JE T Xem 1D I R4 26 1k Ak pCXSN A B
5 DoSMT 2 K&K 81 W™ ¥ % 2 J5 e Ak DH5 e Ji 52
DY PR T 5 A 100 mg « L' RIAPE R
WA LB 5 2, 2 WM PCR %€ (B 3 5, #2
B BH P e e 1) SO I R A5 0 3 3 ) 37 L X 43
BT 345 1E SUHEL) 338 204 BTk pCXSN-DoSMT 2,
2.3 HERFRMEEEZE DNA M PCR &l

I ARAT T A 3 1) 0 2 5 2 A oy i 4 I
M) 23k B pCXSN-DoSMT 2 38t 4% 56 Ak 40 25, 3
1L R R UV e L IR ARAT 6 BRBUI A AN A AR
PEHL 6 BB B 2 N AR 4 DNAL L Hpt 1
M Hpt2 fE 519 . PCR ¥4 & R AL v B, 3L
A BRRED G E) 1 4% 517 bp HEF A (B ) L 45

M 1 2

2000 bp

1000 bp 1119 bp

500 bp

100 bp

M. DL2000; 1—2. DoSMT?2
B 2 DoSMT2 £ N IT i B BEAE PCR 7™ 4 H Ik
Fig. 2 PCR product electrophoresis of DoSMT?2 gene ORF

M 1 2 3 45

2000 bp

1000 bp 1119 bp

500 bp

100 bp

M. DL2000; 1.3.4. DoSMT2; 2.5. [ vk
& 3 EH Bk pCXSN-DoSMT2 1) PCR # il
M. DL2000; 1, 3, 4. DoSMT?2; 2, 5. Negative clone
Fig.3 PCR detection of recombinant plasmid

pCXSN-DoSMT?2

MRS PL.P2.P3 Al P4 R, DL 4 BRAED 48 23
2R 7 B R R AR PR I 4 DNA S BEAR, DA
SMT-F f1 SMT-R K814, # DoSMT2 3 M, 4
PREEREIN MR B A AR ZE 1 119 bp ALfREY 8 M 1 & 4%
S5 (L 5) o i A 7 ik R A PR 8 A 1% 2% 16 BH Ab
i DoSMT2 BN &G R HE RN A,
2.4 ¥ DoSMT2 E F HEE E 4 DNA i South-
ern blot & il

21 WA R IL R DoSMT 2 #: R iy PCR 4 )
SRy BHAE R A ke i 5 RT3 o 0 A 2 A1 ) 2
A3 R 4 DNA F Hind 11 EYI, LI DIG #31ic
DoSMT2 3 I 2l 8 4t ¥ 7 Southern Z¢ 32, LA
pMD19-T-DoSMT?2 Jfy FA £ X% fd . 45 R KB, 4 £k
SRR AR A 1 SR 2 285 5, AR Je B IR
FAEMR A 2425 50 (B 6), BLEHAME DoSMT?2

DR AR LB DL 5 3] A bR A ik DR A B BE DR 2

M 1 2 3 4 5 6

2000 bp
1000 bp

500 bp

100 bp

M. DL2000; 1—6. W% % itk
B4 EE R AR B PCR A
M. DL2000; 1—6. Hygromycin resistant plantlet

Fig.4 PCR detection of hygromycin gene fragment

M Pl P2 P3

P4 CK— CK+

2000 bp

1000 bp 1119 bp

500 bp

100 bp

M. DL2000; P1—P4. WiERPIVEM R CK—. ARFEL IR
CK+. pMDI19-T-DoSMT2
Bl 5 DoSMT2 JH M PCR # il
M. DL2000; P1—P4. Hygromycin resistant tobacco;
CK—. Non-transgenic tobacco; CK+. pMDI19-T-DoSMT?2
Fig.5 PCR detection of DoSMT?2 gene
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M Pl P2 P3

P4 CK— CK+

231300 bp —»
9416 bp —
6557 bp —

4361 bp —

2322 bp —»|
2027 bp —

M. DNA G- FiAric [ 5 P1—Pd. B LA RO B 5
CK—. AR R ; CK+. pMD19-T-DoSMT?2
Bl 6 % DoSMT2 FEFMHEAE R Southern blot 2458 4%
M. DNA molecular-weight marker I ; P1—P4. Transgenic
tobacco; CK—. Non-transgenic tobacco;
CK—+. pMDI19-T-DoSMT?2
Fig. 6 Southern blot of transgenic tobacco

with DoSMT?2 gene

- A

- B

| I C i
CK P1 P2 P3 P4

Tk Plant
CK. R ME; P1—P4. SHPFME ; K L ARF KRS 78
FREFWEEP<0.0D, FH
&l 7 DoSMT2 5 [F 7E % 5E PR R R i | v 1Y) 3R 58 43 A

CK. Non-transgenic tobacco; P1—P4. Transgenic tobacco;

AN RIE &=
Relative expression
O = D W Rk N

Different capital letters upon column indicate significant difference
at 0.01 level. The same as below
Fig. 7 Expression of DoSMT?2 gene in leaves

of transgenic tobacco
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Fig. 8 Contents of campesterol and sitosterol

in transgenic tobacco leaves

2.5 HEREEE DoSMT2 ERARIESH

VIR EEL Actin JEH NS 3 A A gRT-PCR
FARKGM DoSMT 2 FEPRIAE 4 b H R =t 5 v
B RME DL . 45 R (B 7)), JE 55 35 9 5 R kG
DF) S DoSMT 2 Fe PRI 33K L 4 H I J DR AR 7 4 fig
K E] DoSMT 2 JE PR ) 335 , 3k K 22 57 38 5 e
3, Hop ik s 02 P3 Bk, HORE P1 OBk,
P2 Ml PA BRI RIFZER AR E .
2.6 HERAMEMFEHHEBEMSSEBESENE

X 4 R DoSMT 2 H R B - 35 31 S B A1
BB S AT L A5 SR R (] 8) . 4 BREE
DoSMT 2 J& PRI R 0 5 A S5 T S B 5 it i B & IR
TR B MR R o, Hoh P1.P3 FI P4 Z [R] 22 S
N AN B AT P24 BREE DoSMT2 P I
FI R A S A AR A S R T R A S R A
MR, H 4 BRZ T AR AR 25 25 L B i M 3
KKK N P3>P1>P4>P2,

31 ®

HE ) 55 R A ) B A 2 B 4 o LA TR T B R
PEFIBEENEM . S C-24 FILHE G (ste-
rol C-24-methyltransferase; SMT) 43 & SMT1 Hl
SMT2 B FKi%. SMT1 4k C-24 i #y2E — K H
BEAb . 78 B JE N SR H B 22 IR ) A o] o e Y A
B R C-24 WG SE IR mE, SMT2 fiEfb C-24 i
FREE R 3R AL T B 24-T0 2, 6 JE 655 M s

SMT2 i T 5 BEG B ads 44 vh B 3k 655 B &
EE B — N0l ARG REN, U
CaMV 35S 8¢ TET1 1E Jy 41 5 8 )i 8+, B FH AR g
AT B A R IF SMIT 2 35 [R5 Ak AR 5, X 35 DR A
I {5 0 R B ST S Y A T R TR A
5 TR 178 5 398 M EL Al Y R 59 12 L 2 3 55 1 LB 56
A I S AR BT SMT 2 BE [N 3 2015 A
A0 0 TR R S RS T S RN £ 3 £S5 MRS RS A
ORI LE 9] A AR A A AN PR S R A A
DL 3 3 A 00 S5 D) A e SR T S R A S
A AL, T LIS E SMT2 KK (T hE . A A 58 LU
CaMV 35S YEN2H i B )7 3 ¥, i 4k AR i A AT T8 A
T4t DoSMT 2 K [H] 35 A% i Ak R /T, 28 3o 36 PR 2 7K
SR AR T 4 BREELR AL 8 F CaMV 35S 2
il N 85 DoSMT2 BRI MHF AL, qRT-PCR £
K 2 W], DoSMT 2 3£ I AE 4 % 3 A w5 i) 5 e
HATFIE, AR IR AN D E WS, il
Bt R TR AR B o R SR S R R A B RS R R R
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