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Genetic transformation and functional analysis of the SAMT gene in Chimonanthus praecox
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Abstract: In order to investigate the biological function of the Chimonanthus praecox SAMT gene, here we reported that
the plant binary expression vector pBI121-CpSAMT was constructed and then the CpSAMT gene was introduced into pe-
tunia through Agrobacterium tumefaciens mediated transformation. PCR and RT-PCR was used to test the transgenic
plants, and HS-SPME-GC-MS was employed to analyze the components of flower flavor. Results showed that nine inde-
pendent transgenic lines obtained were positive. Further analysis showed that transgenic plants were indistinguishable
from untransformed controls in terms of plant size, leaf morphology, flower color, petal size and flowering time. The a-
nalysis of HS—=SPME-GC-MS showed that the content of benzaldehyde, phenylethanol, citronellol, citronellyl acetate
and phenethyl acetate in flowers of transgenic CpSAMT plants was increased. However, the contents of methyl salicylate
and methyl benzoate had not been significantly changed comparing with non-transgenic controls.
Keywords : Chimonanthus praecox; CpSAMT; genetic transformation; Petunia hybrida; floral scent metabolic puthway;
GC-MS
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Wi AR 75 1) 22 8 T T RS A EE A P a0 ke 6
( Tetranychus urticae) B HUE AT DA% & Fifi ( Lycop-
ersicon esculentum) MeSA i P2 42150 JK RE 1E 2 5] L
WUk ( Spodoptera frugiperda) BV 2 J5 MeSA LA
R RZ O EA 23 457, HHET, X5 MeSA
RHEBER SAMT RIS Z 46 Th ek X se b 4B AR 7™
AR DL W AR Dy R A5 T, 0 % A SAMT
BEPR AT B A a5 AL 2 R 7 T AT i 5D

W& ( Chimonanthus praecox ) VE 2 3% [E R A 1
LG A, AT, 5 H AN RA TR m W E o
{1, [F At 2 4 B A 1) BRARURE ), KR PR 75 45
T SR A AL AR L AT T TS, R B AR S
&Y & R LI A AR OE [ AN A
R FZE R U M AL FE R I, 22 GC-MS 43
P, R F oA RSB . TR A
JEIBA A Deng 451 FIJR 4K 5@ 55 B BIFST,
HEAEAT 17 E 2R RSB YRR AL B W)
HIAKT 85 A D e R A A 58 28 i 98 iR 5%
Ui R T REIL R 115 JEA 16 6 5 W3 ik
THREHE R AT 5 1 Ak T2 20 B B, 28 7 ) T TR) O
e REE 14 7 1 DA ES AR A 7 v IR S RS B SAMT B
A, 40 1498 bp, BA—~ 1 143 bp HYSEHEHY
FEH e A | g HAT 380 N2 FEMR 1Y FR He A7 HY
MR A, GenBank 55 EU106367"" %
RETEAE T D) AR AR & T AR NI &)/ 4
WAL SR R I T 2F R Ae, LA
ARG | 20t — 2RI B B AL 55 TE UK R
R (MeSA) 7

FFE—HWFTE CpSAMT Je K AE AL T 7= WA it
W R E T RE, EHF W T pBI121 - CpSAMT
XMOTCHRIBHAM R HAFT B T 1 v S5 A AR
B 22 28, 43 K0 Oy 125 8 0 B A Ak
R (R T T00 s TR Gl A BRI AR €8 33 o 35 Bk
FHEAX AR ) AE T 10 A TAI , 23 B Ak
H G A A I S RAE A o BB 1 O, IR & Cp-
SAMT FENTEAEA RS iR DI fE
1 R5FIE
1.1 {4

BR4E - (Petunia hybrida) TG TH AR HP AL R
P MR B T I B T

CpSAMT R4 7 B, H Bl Z A8 ) A= W 22 2L
R S = v IR A T ORI T, R

BRI FT B ( Escherichia coli) 7 DHSo T Kk, AR JE8
AT B ( Agrobacterium tumefaciens ) "4 EHA105

¥R, MPIROTCRIBZER pBL121 HAEH £l K AE
Pyist A ol R ) 58 E S 0 B S SC R Y

BRI VIEE T4 DNA 7% 32050 [ Takara 5
AW TR (CRE) AR A TA ekl &, M-
MLV Reverse Transcriptase {20 & 04 [ [ 9832 4
PIHARA BRA ] o/ B BURR & DNA BE i
ISR £, Tag BEFN ANTP W 1 1 25 5% 2 MRl
HAMRAT; RNA #2BOAR & A LigEseEY
HORZAH], A RNase 16 BR 7 1 3 b5t K BB
PRIRHE A BR S w6 A6 45 1 B A PRk 4 B felE
EH Supelco o &) & 75 pm Carboxen/PDMS
AEHUEF A s 45 R M3 3 B A8 1T 26 [ Thermo 23
A3 Y DSQIT BRL Y 25 A1 <0 AH €8 1% 5 135 3k X
(GC-MS) .
1.2 EE¥g SAMT EREM TR IEHEAHE

MRS R H AR TN CpSAMT FE PR Y 4 K 51) 3%
i+ EWE5I% ST (5 - GAGAGGATCCATGGAAG-
TACTTAGCGTTCT-3", FRIZER 7K BamH 1 i)
i), P54 S2 (5 - GATGGAGCTCTTAGAT-
GTCTGCTTTCTTCTCCAA-3', FRIZ& >4 Sac 1
I 55 o

ME CpSAMT He PR 4K 7 Be iy K 1 v vh 42
IR DNA AE A B 54T PCR 973, ) v 7 7
47:94 °C A 4 min; 94 °C 7251 30 s,70~60 °C &
P30 s(BHEFT S DR KRB TR 2 C),72
C ZEfH 2 min, EIEHEAT 30 NMIEHR; 1B P65
72 °C ZEAH 20 min, FF PCR 34 77 4y v k 1] i 4
Ak, A BamH 1 F1 Sac 1 XUEGY] 7= %) #1 pBI121
FIRBAR, UK EICEEY) B 197748, 485 H T4 DNA
HEAEMGTE 16 C 2R AF TG, i 37 W #ai
BHAL K AT B DHS«, 28 PCR %5 4 BHAE IO B
PEIE IR BUR L, FH BamH T 1 Sac T 347 XU Y]
WIE
1.3 RIFENSHULEES

PR AT )RR A TR AR R A2 2
PFFE EHAL05 W, s 4-Jom i i i e 225 Bk
FHKYI K 5 mmx5 mm K/, BT MS+6-BA 1.5
mg/L+IBA 0.5 mg/ LA FR 5 ERUESE 1 d, 854
TG SR FE i R 20 SUE T A A ) AR AT TR R D
(0D fEH 0.3~0.4) , 4244 10 min, JCEIEACK 1
LR, R E T IR A EWEEIR 2 d; PR
AR % MS+6-BA 1.5 mg/L+ IBA 0.5 mg/L+
Kan 50 mg/L+ Cef 300 mg/LAMEEE 3R 3L F IEH O
WEARPERG SR, B 15 d e — ka5 5038 H 81 e
AE K 2N 5 A MS+ 1BA 0. 1 mg/L
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+ Kai 50 mg/L+ Cef 300 mg/LARICH; 773 1 5%,
K& 2~3 FIFEE, ¥ A 1/2MS+ Kan 30 mg/L+
Cef 200 mg/LAEARSE IR [ AT AE ARG 3% TR IR &R
REWE , BREAE, BE KM, 555E
FIRE 25 °C, HAGAT R SEREASTE] 14 h/d,

1.4 BHEEZEFESH PCR . RT-PCR &l 7%

R H CTAB 32 $12 BUHT P Ak B 3L PR 4
DNA 1A, LA ST #1182 514, #E4T PCR 9™
B RNV ARAE R 94 C U 4 min, SR J5 HE AR
F,94 C7A8 1 30 s,70~60 °C E 1 30 s(4#1T 5
MERR KRBT 2 °C),72 C ZEAH 2 min, 5
AT 30 ASE 2, R G S 72 C IE
20 min,

PEEPUMEAE BRI - RNA | 5% 5 B ¢cDNA,
PLS1 I S2 A5 it 4T PCR ™38 | ey & il I Ky
PR AR I I
1.5 HEEEESSHERELZERS SN AE

R FH TS [ A 9 A B = AH €035 - BT 4 R
(HS-SPME-GC-MS) Xit % 3 R & 72 4 Bt AE E A T 4E
BT, EAATECAE AR 1 . PDMS A2 HUEF 2 3k
FEASA TSGR O 224k, B AR 260 C, %1k
BFE] 2 h, BALIE BN 58 2 TF AL 1 o, BY TR
A 20 mL A SR, 36 PO TS BCE TR A
[ E 28 b, A shgerE 40 CWEME 5 min, W R 58 Y
Ja , A 5% L IERE T (IR EE 250 C) f# W 2
min, 3% 5% 0F, @ 3% F b B 404 M HP - 5MS
30 mx0.25 mm x 0.25 pm, #5054l A S
(99.999%) , /SN 1 mL/min, PEAE TR BE A
260 °C, B I IR N 60 °C, f#5F 2 min, DL 10
°C/minJH&EZE 230 C ,4%%% 13 min, JRFESAE. B
B ELLEL LB RE RN 70 eV, B 1R BN
250 °C ,fEHLR IR 250 C , Fia A F A 30~
500 amu, 75 B % AU B - B - 115
BUBR FASCIEAT 23 A 28 1 5 4% 4 23 JBU 3% P 28 NIST98
TEE A F 2 A N T B Mk gt 17 At
AL PR BEHLINAE 3 A PRRR AL

2 ZRESH

2.1 METRIEHBERKRIE

WIC 2% 1Kk # AR pBI121 — CpSAMT i 4H Jii ki 4
PCR ¥ 345 , 7£2 1 200 bp 40 BA—BHZE R 55, Sk
J5i FH BamH TH1 Sac TN I X 20 SOk 547 XD
HL KA & B RE VD 1 2 2 0y, Horp— 2k 5 3
WE 1200 bp M9 F BEAHFRA (B 1), 2B CpSAMT
PR B 4R pBII21 AR 3A |

M 1 2 3 4 5
10 000 bp

1500 bp
1 000 bp

Bl 1 pBI121-CpSAMT 3%k &k W B
(BamH 1 0 Sac 1 ) 53
Fig.1 Digestion of pBI121-CpSAMT expression
vector with BamH I and Sac 1

WM. 1 kb 23 T REARIC; 1.2, pBI121-CpSAMT F ik 3 k
UEGEI =4 5 3. pBI121 — CpSAMT JFi ki PCR 45 55 4. pBI121 kL
PCR %55 ;5.pBI121-CpSAMT ki, T,

Note:M. 1 kb ladder marker;1,2. digestion product of PBI121-
CpSAMT expression vector with BamH 1 and Sac 1 ;3. the product
PCR of PBI121-CpSAMT ;4. the product PCR of PBI121;5. the ex-
pression vector of PBI121-CpSAMT. The same below.

2.2 HERBEHRHERY

ZAKF T IR Y (9 22 2 L 2B 5% 20 d
J& ,7E 50 mg/L Kan HLPEGRRER SR LRI ATE WA
S0 2F Ak TR SR IR Y b i ) iR 2
Aemb ARG B IR B ORBEIE # 43fE A A
2, izt Stk A 2R kR 55 FAE AR Ky
FRIG LIRS 40 HRPTHERIRE 2011 4F 3 A HAREE T
M, RS, 2 S HETFGIEE, 3 S H R
NIEAEIA (B 2) , WL L PR 22 A AR ARG 3 TR

C D

2 4L pBII21-CpSAMT HEEE 4
Fig.2 The cultivar of transgenic petunia with
pBI121-CpSAMT expression vector
1 A AL pBII21-CpSAMT SEHRME 7 4R ik s B AR Fe (b B %2
AGIE ; C SN IR A 41 DR 2R IR A AT AE
Note: A. regeneration of petunia transformed with PBI121-Cp-
SAMT ;B. the death of petunia don’t transform;C. the younger petunia

of transform; D. flowering of transformed petunia.
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2.3 HUEHKNETE

2.3.1 PCR #

NP ARG B W 2 T S DR T R LSRR O A Bk
FEHU B DNA, 28 PCR ¥ 345, K30 9 N EABRAE 2N
1 200 bp Zb¥REY 1 B — 554 JF H 55 AW
XFRETORL PCR 729 R/ NREARL, T R Ak 3 42 A 4l
PRACRED™ 3G th 257 (18 3) , T LA) 26 HI W CpSAMT
RO 245 FEY SR A,

M1 23456 78 910 CK
2 000 bp

1000 bp

3 HEREZEFSH PCRETE

Fig.3 PCR assay of transgenic petunia plants

T : M.DS2000 43 F Bt AR ic s 1 ~ 9. ANl Sk &R PCR
PR W05 10.pBI121 - CpSAMT JFihi PCR 7= ; CK. K % fb A
PCR =4,

Note: M. DS2000 Maker;1-9. the product PCR of transformed
petunia; 10. the product PCR of PBI121-CpSAMT expression vector;
CK. the product PCR of petunia don’t transgenic.

2.3.2 RT-PCR # 0|

BEMLIEHL 9 BREZE PCR A DU Ry BH R 1 R 42 4
PLHUH B RNA, A8 cDNA , %% RT-PCR ¥4 , B vk
R, A RK/ING 1200 bp b B —BRSE 554, S X
HRBURL PCR P R/N—S0 (B 4) |, T LA E 7R X 26
Bk T RN SR, O T D IR UERS SR IE
Wtk B RT-PCR P4 [m ek, 470 5 4 D0y
G55 CpSAMT J5)¥ 51 HEXT PR by X ¥ 5] — 32,
UERA BAPE R BE AR AR A T IR 0 JE R e 5

M123456 78 9CK
2000 bp

1 000 bp

4 HERZZFSH RT-PCREE
Fig.4 RT-PCR assay of transgenic petunia plants
E :M.DS2000 43 F B Aric s 1 ~ 9. A [l e ZE I #k & RT-
PCR " 34724 ; CK.pBI121-CpSAMT JitHki PCR 724,
Note: M. DS2000 Maker; 1-9. the product RT-PCR of trans-
formed petunia; CK. the product PCR of PBI121-CpSAMT expression

vector.

24 % CpSAMT ERBES SR PELER S
S

WA A A AT UZRIR L S ok 3 | w2k
YR EE I W2 — ARG R A A fif
e FEACF R R WA R W R R K A e I
RHR  EAAEEAE o 2R R RO i Y 5
FHAT(F 1) o WNF 1 RTLUE 5 CpSAMT £
WA A AR R A R RO O B i
BTFE, S AHE I R A AR G pBI121 R 42
A A HAFAE B 3 22 5 (P<0.05) ; [AlBf P2 4k T 5
B CTRE TR LR A LR 5 57 75 L4, i ix 2
RS FE X BEA R B A RIS KA R P g A
THERR TR TR R R R R R R N S A BEAE
SEALHTE JCHA AR Ak, 55 A2 B R IR
KREGSE R A 4 vh & 2 L, FE 5% pBII21 kLR
i i, (AL T IS 7 25 50 B 2 I JC 1B 3 22
St FERE pBI21 BURLE A A A6 A o BR T
Az R B R LR BR AL, 5 AR SRR A2 A
AH H TEH A B AR 1k

R1 BELRUNEEEFERSENSE

Table 1 Comparison of major volatile components of fresh flower of non—transgenic petunia and transgenic petunia %

KR kb Aam
type methyl methyl " o benzaldehyde o

diisobutyl acid

benzoate salicylate
Y phthalate

benzene-
carboxylate

- e LB LEE LR
FOB apw AR wm wm omym oW
phenethyl benzil . .
leoh ’ cedrol alcohol benzyl citronellyl geraniol phenethyl
aleoho leoho acelate acetate acetate

I 46.99+27.89a 1.56+0.69a 1.47+0.93a 1.48+0.39a 0.57+0.13a 0.18+0.06a

0.11x£0.02a 1.19+0.56a - - - - -

% pBI121  67.43+9.63a 1.66+0.40a 0.19£0.06a 0.72+0.04a 0.43+0.16a 0.18£0.09a 0.26+0.23a 0.22+0.13a 0.61+0.83  0.12x0.03 - - -

H: CpSAMT  58.46+13.56a 1.27+0.68a 0.51x0.11a 1.45£0.75a 6.50+2.92b 0.18+0.02a 5.22+1.88h 0.80+0.70a - -

6.78+3.88  7.2+2.94 2.82+1.47

TE =R ARG 2 FAE NS mean + SE; [RIFIA R 5 5E 08 28 5 0.3 (P<0.05) .

Note : — not detectable ; values are mean + SE ;The values in the same column with different letters show significant differences (P < 0.05).

3 W ®

A AT B A PR AR PR B 35 L 00 e 55 32 B
IRAF R R IR R 22 2R M Ak, 233 PCR F1 RT-PCR
Kl | )R A4S T 5L BHPEAG B . RT-PCR 72
VI P25 38 5 CpSAMT JE)TF51) F Xt 2 30 3 DR 24 7

XFH—&, XU CpSAMT FLIH B 2 i T Ak 1%
A R BERR A A AR PR 5 R Bt TR ) HERE PR AR
HA TEARMRIE S (M RJB AR e AE5E KN KAk
WASET ¥R Z A B B AR, ¥ CpSAMT A
J&  REAE A BEAE S B o350k BEORH Fe 4% R R AR
CBEETh i IR B P LR E TR L
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VEZRZZR 55 WG SAMT 5 D s A% 7 Ak T H I R A 33

PR A5 05 A Iy (B YR HY AN 7K A 1R HH i
BRSO WL K IR AR AL Y e B Wl AR
A B SR R R TR NI AW/ R AL
A AR | T LUK IR R I A il 447
YK iR R A RE LA FH R R JIE ) 2B oA Y iR
Fig' 7 K CpSAMT '3 AR 4 5 K3, K
PR TG A HY R TP R RN T R 45 2 5 A ik
W FE B KA BEE AR, R A T &/
B AGEAE AR AR 1 05 B LY . Liicker 561204455
R U (LIS ) B PR A A2 4R e Ak Mk AE
Hp A /b B D5 R | R T 44 P 0 D A Bt
e FE RS bR P oK B, Aranovich 287K A
filiZe B b s B A 3] 0 28 W 2 T AR R RS T
( BEAT) J: K 5 A\ A5 M ( Eustoma grandiflorum) |
TEA SNERY R R BERY GO0 T | S AL RE AR 1 A8 A
TR CIRTN TR YA B SMNBUR Y B9 1 L
NARREFAARN Y, XS EH TR A RN
ARARL, VR ORI A SN EE PR (0 S AR RE S | AR D
HIZEAR , B2 IAT AT RE2 04 A A0 3k PR AR R B
FH T, SR Koo 55 145K FH OsBSMT1 S 1
HEH SRR AR AHURE IF (Arabidopsis thaliana )
Je BB K7 R TP TR 44 e i 24 by B A AL AUL P S 1Y)
10 fi5, Ament 27 fifi il RNA ¥ 4 A 3 A o
SAMT BEPRTUER G & Bk A% R F s B kb | (A
SIS IR P A, T2 560 R B & B Nt
WAk, WA R e — 2D 9T

05 & R PAE el MR FH v B 5 Mz,
PEARBAL B R TR AT B AR ) 1 B S B A R
AHEENZGEMEALE AN, H AT 7 Y
PR E LS T — & R B i TR s L
Rk G 240 T8, HAEFY AR R 2,
HARHH R A ML SR 5 2% 1 B H AR FE R TEAN
[F) AL AR U [FAE ) Th B R AFAE R R 2 7 AT
AL R TR T VR 2 M8, R RNAI
T A RIB A, TTE CpSAMT LR 845 5
it — L B BIE B2 4 e B BFIE LA
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