2 % #2011, 38 (12): 2253 -2260 http: // www. ahs. ac. cn
Acta Horticulturae Sinica E-mail: yuanyixuebao@]126.com

RAZRMIREMRAESRITSIERNEEEYS K
SIEAD
BB KRR BN E Y BAE, T &

CHRIT e 2 B Ak 2 B, WRAETRI M 4340255 2 3 RIS 22 B 20 B AR P R 24 B 5 % U 45 & R T AL 4 TR S S8 =8
WIAETEX 438000; *HRTAKML)R, HIAEX 438000

B B WRIRILE (CCO) JAFRA Ml B A& UALEE, DL 3 AR AR 524 1 oM,
WEFET 04 0.5\ 1.0 F1 2.0 g- L' CCC MBI A A ER . et g, nras BRI Py lis & (5 m,
FHRH LI i PCR £ R (qRT-PCR) Al T X AR A5 A i 45 a8 b 5 AN B RE IR R IE /KSF (1 5
SiRFW, 0.5, 1.0 M12.0g- L' CCC AHHY A B ERFRA LS MERME, SILTE, M Co, ik
FE, ZEMEIRE, DUKSEE. KHE N ERAE R . 76 1L.OR 2.0g- L CCC AbFE R, HRAY Pk
A A NES By AR N ESFLEGE AN S 2 RE S TR, qQRT-PCR T4 R 27 CCC AbBRRE R FiR
WA WA K& T 4 RN (DXS. DXR. GGPPS. LPS) HI#ik, W CCC 14 1KV LA fg
SR I 5 P I R B R DR SR AR P IR T AR

KEEIF: WA B et BNl wiAsE: SRR

PERHES: S664.3 XERFRIREG: A EHS: 0513-353X (2011) 12-2253-08

Effects of Chlorocholine Chloride on Photosynthesis Metabolism and
Terpene Trilactones Biosynthesis in The Leaf of Ginkgo biloba

XU Feng', ZHANG Wei-wei', SUN Nan-nan', LI Lin-ling’, CHENG Shui-yuan®, and WANG Yan’

('College of Horticulture and Gardening, Yangtze University, Jingzhou, Hubei 434025, China; 2Hubei Key Laboratory
of Economic Forest Germplasm Improvement and Resources Comprehensive Utilization, Huanggang Normal University,
Huanggang, Hubei 438000, China; *Department of Forestry of Huanggang, Huanggang, Hubei 438000, China)

Abstract: In order to study the regulation mechanism of chlorocholine chloride (CCC) on the
biosynthesis of terpene trilactones, effects of CCC on photosynthesis, the contents of photosynthetic
pigment, soluble sugar and terpene trilactones, and the expression level of key genes involved in
ginkgolide biosynthesis in Ginkgo biloba leaves were investigated. The three-year-old ginkgo seedlings
were foliar sprayed with 0 (control), 0.5, 1.0.and 2.0 g - L™' CCC. The results showed that 0.5, 1.0, and
2.0 g - L' CCC treatments significantly enhanced the net photosynthetic rate, stomatal conductance,
intercellular CO, concentration, transpiration rate, and the contents of chlorophyll, carotenoids and soluble

sugar in ginkgo leaves. The contents of ginkgolide A, B and bilobalide in ginkgo leaves treated
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HLWH: WA ARRFIELIH (2006ABA005): HIdbA ARBFFEILEAIFBAITH (2011CDA117): WIHLA BE T mife =1
AYETH (CXY2009B009); WAL A EHEBOCE KT H (2004AA204B03); JHIMI TR & JEHHRITH (20041PB06)
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with 1.0 and 2.0 g - L' CCC were significantly higher than those of control. The results of qRT-PCR
analysis indicated that the expression levels of four key genes involved in terpene trilactones biosynthesis,
namely DXS, DXR, GGPPS and LPS, were all markedly up-regulated by CCC treatment, indicating that
CCC promoted terpene trilactones accumulation by inducing the expression of key genes related with
ginkgolide biosynthesis.

Key words: Ginkgo biloba; chlorocholine chloride; photosynthesis; soluble sugar; terpene trilactone;
key gene

A (Ginkgo biloba L.) i B ZR A H G sy, HA B2 HME (Strmoegaard &
Nakanishi, 2004). HEIF5THRZ LMW WEE A (ginkgolide A, GA). AT WEE B (GB). MWA N
it C (GC) FIHENEEF 2 (bilobalide, BB) (van Beek & Montoro, 2009). HI- T84y & i A s 2
ARG, PRERIE B mr Ay o P IR 2 B 1 7 A b B

J&4: % (chlorocholine chloride, CCC) J&/r8 R 5P, &% H A A KANHIF], sef30h
AL, R Ew . IREIREY CCC WAL HER M B = IR R, 5 5l
Grebinskii Al Khmil (1980) KILMNETH CCC REIG NG Lo MM h B rh A6 5 1 0 & & FR/KUE
S (2004) [PIRIFFT 45 SRR B [ CCC RE N2 2 P2 Ml Ay B I % 1 o VPSS (2004) Rk
TE T M CCC REMGINARAT B P R 1, (HAT ¢ CCC I T4 P9 IR 75 1t (9 2R 2155 27 L 1w
EE S

EFWFLT CCC ALFX A A AEH - Aok AL G P A i P IR 12 LA S A IR g A2 Ok
BEIL R R IEACE IR, B AEBTTANE CCC ¥ b P R AE ) 4 i AR BE S 4: A HLHL, 4 CCC 7R
o LR VR VA 2 W o e A 7 T

QY i SRS DARF

11 ##5 CcccC 42

PEARMRA A PP 2500 3 A4S, HTZEERA R RAMHA CKBF W 15
ARG, A 2006 4F 3 H#ERN G — EAK TR+ Gy B0 1:2) ERE T (A
225 cm, 40 cm, Rk, B 100 mL FEASHIE (5 036 gN. 0.12gP. 0.14 gK)
DeE, BN S dHEME 1 IR,

I T 2009 9 3—7 HAEAKIL KA bl 2 T bk 2y e il =5 A dEAT, IR 36 PRAEKARDH: H AR5
— SR A A

W CCC WA FEVEE N 4 MRS, B0 CHFIED. 0.5, 1.0 fl 2.0 g- L™ (%4 0.01% Tween 20,
pH 5.8) (A P4 %%, 2004). 454 Wang 2% (2009, 20100 PLAAHEITART CCC AL PRAR AR A
2R R T R (RE/KYE 25, 2004), ATRIOR AL EN (R 5 B DL 5 R a4 B
Fri5E A R IT S TP AT CCC Ab3E, WA B A bRt i, A dE i B 16 S i, A ARy 3R e
W, A2 JIWEM 1Yk, 25 mL, ACFHAEN 8 JH. FEAAEYE 3 DX, HANXE 3 HES, 4
A EERFETE 36 MR A T . CCC ALFRZE R 2 5T 2009 4F 7 H 8 H B4 8 s 11 sidk et EH
DS, W 5E 56 56 5 3 RO A FERE AR (R Fr, AR BEAR 9 BRERAY 1, FRPRR M 20 AR
RGP R, AP S B 2 i i 37 B DAY U R, S [ SE 5 % R A7 T - 80 CukAR A T 1L
RPN .
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1.2 #WAE

N EAE S EUE ] Lied00 (845 XA /EH R geille, /e Ay i B B N2 5 Jrk BadkaT .

4¢3 ay 4R b FIZSEAE b3S BIIE 2 Wellburn (1994) 1747, Ll mg - ' #f
B (FW) o,

AR BRI SR O ey, Bl mg - g7 BERE (FW) R,

WA AR GA. GB. GC MERNEE BB & &K K H K AR B4 A AIBE 58 il (BBK
¥ %, 2008), Bk PSS 2= LA GAL GB. GC #il BB % & [ R AR R R . bRk S IW H T Sigma-Aldrich

(USA) A, i AEEKRELL ng - ¢ THE (DW) Fomo

LAY AR RO A TP OB PR 0 i ARSI SR H SE I 5 PCR 73 #fT (quantitative real-time
RT-PCR, qRT-PCR). 5 “Miifi Y EEOCHEIED 230 4 1 - JBA - AREIBE - 5 - e & i 2L (1-D-
deoxyxylulose 5-phosphate synthase, DXS), 1 - Jlii% — AHTkHE - 5 - WL IE 5L S5 M BEFE K (1-deoxy-D-
xylulose 5-phosphate reductoisomerase, DXR), 2 - C - HIJE - D - JREENE - 4 - PR M T I A 7% ik Ak
(2-C-methyl-D-erythritol 4-phosphate cytidylyltransferase, MECT), 7 H-JE S AEBEIR A il i 3E
(geranylgeranyl diphosphate synthase, GGPPS) FI/cJigif§#a — i 5 i lif 2 K (levopimaradiene
synthase, LPS). FIHIM R 1) CTAB LRI HIAT AR ) RNA (85¢ 4%, 2007). fiiH] TaKaRa
O RSO AT cDNA B 1 ABERIG . EHE AL 18S rRNA AN Z3ER . 43 SRS
ZILRAH BB ) e 51k st 2ot E =519, 1P 4 S5 5ER 74 GenBank 5k 5 W& 1.
qRT-PCR 1§} TaKaRa %+ SYBR Premix Ex Taq™ Ik &. & &AM /1] TaKaRa /A 7 f] SYBR
Green 96 E EA, AL FHARXS & Sk IR CHi FL 02T 545 K . qRT-PCR [ W44 % : SYBR Premix
Ex Tag™ II (2x) 12.5 pL, Forward primer 1 pL, Reverse primer 1 pL, ¢cDNA #i#% 1 pL, ddH,O 8.5 pL,
3L 25 uL. qRT-PCR FLJF 4 94 CTAEYE | min; 94 "CAEE 155, 56 ‘CiBk 25, 72 CHEffi 45, 3t
40 M.

A FE I ERNE 3 K Frafle ) fds H DPS i ab ¥ R e b7 b B, 72 57 W KR H
Duncan’s #7 #2275 734 (P <0.05).

® 1 REFEAESHXBERARIES Y

Table 1 The primers for expression analysis of the key genes involved in terpene trilactones biosynthesis

FHLFE (B X514 (57-39 RX5E4 (57-3D

Gene (Accession No.) Forward primer Reverse primer

DXS (AY494185) GGCAGGAGTGGAAGTGGGTG ACCGCTACAACATGGTTTCTTT
DXR (AY494186) CAGCAATAGAAGCAGGGAAGG AGTTGAGCTAGAACCGAGGA
MECT (DQ102360) AACACCGTTCCCAGTTCATT TTCACTTCAGACATGCGAGA
GGPPS (AY371321) TGTAGGAGGAACGGAGGATC ATCGGGCATACCTTCTTGTT
LPS (AF331704) CACGCGACATCGAAATCAAG GGGAGATGAAAGGGAGGTGA
18S (D16448) ATAACAATACTGGGCTCATCG TTCGCAGTGGTTCGTCTTTC

2 R

21 CCC4BEXIREM A XESIERMEMN

W2 2 fizs, 0.5, 1.0 M12.0 g- L CCC HyAL B fE B IR m A I ol a i (P, <
LSS (Gy), Milal COIKIE (C) FMZEMEHER (T, I H CCC X iR e S5 3 bt 2 b FE
FERISE NG, W CCC AL RE B E IR M A M e A 1EH -
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F 2 CCCMREMFPAESERSHERM
Table 2 Effects of CCC on the photosynthetic parameters in ginkgo leaves

CCC/ (g- LH P,/ (umol - m2-sh G/ (mol - m?2-sh Cy/ (uL L T/ (mmol -m?2-s™)
0 X Control)  10.26 +0.38 ¢ 0.218+£0.012 ¢ 296.61+£21.59 ¢ 1.27+0.06 d
0.5 12.51+£1.07b 0.251£0.016 b 31837+ 18.62b 1.39+0.12¢
1.0 15.16+£0.72 a 0.247+0.021 b 327.84+9.73 a 1.46+£0.12b
2.0 1585+0.19a 0.294+0.020 a 331.52+17.11a 1.65+0.08 a

T RSP RERORAE 5%KF LR . T
Note: Values in each column followed by different letters mean significant difference at P < 0.05 level. The same below.
22 CCCHEMIREMAXGBRERABFMEESENTI
WE 3 P, 05, 1.0A2.0g- L' CCC AHRIM4EE a. H4EE b LLACEAE M RWRIEH B
FTAE. HP 1.0 g - L'CCC ARFE M52 a R, 2.0 g - L'CCC AEE R AM-4 3 b fik
IR St e dtR
AL EPE B 45 AR, 0.5+ 1.0 F11 2.0 g - L' CCC AbER A Al M B2 foetdy 12 2 v T I (3R 3D,
EEXTHE 2300 5 21.4% 8.6% A1 28.7%, ] CCC RAAT AR K AL 5 P KRR 58 w] g A (e A 1

& 3 CCCMREMRHAEERSHMTM

Table 3 Effects of CCC on the contents of photosynthetic pigments in ginkgo leaves /(mg - g' FW)
ccor g1y TEEa i b K1 b3 AR
Chlorophyll a Chlorophyll b Carotenoids Soluble sugar
0 (Xf i Control)  0.99 +0.05 ¢ 0.43+0.03b 0.124 +£0.008 ¢ 11.85+0.33 ¢
0.5 1.25+0.09b 0.48+0.04 b 0.173+0.013 b 1439+ 0.43 ab
1.0 149+0.10a 0.63+0.03a 0.155+0.004 b 12.87+0.26 b
2.0 1.24+0.02b 0.67+0.05a 0.249+0.011a 1525+0.17 a

2.3 CCC AIEMRAEM B NEs S 2RI

MW 4 FTLLE M, BRI NS C S A CCC AR sEm4h, WE X 1.0 F1 2.0g- L' CCC
AL PR FRAR AT NS AL AR N EE By RN BE M M A B S R B E TR, HBL2.0g LTS
i, AT SIS T 18.6%. 12.5%. 17.5%F1 14.8%, F£H] CCC FEALHEH A7 - P Bis
AL B

% 4 CCCMREM GA. GB. GC. BB MATENEEE EMHME
Table 4 Effects of CCC on the contents of GA, GB, GC, BB and total terpene trilactones of ginkgo leaves / (ug - g' DW)

cce/ (g-1h) ﬁéWﬁEA ’fté'é.‘lijB ’f’(é./c'?‘ﬂm'éc EI%WFHE Tt P9 TR .
Ginkgolide A Ginkgolide B Ginkgolide C Bilobalide Total terpene trilactones

0 (KT Control)  48.72+2.10¢ 32.65+1.54b 31.42+0.99 a 146.84 +£2.88 ¢ 259.63+£7.34 ¢

0.5 53.81 £3.45ab 30.41+0.88 ¢ 30.88+1.08a 148.61 £4.36 ¢ 263.71£3.60 c

1.0 52.09+1.29b 35.83+231a 31.17+1.24a 160.25+4.38b 281.34+11.46b

2.0 5776 £2.80 a 36.72+1.75a 31.89+1.17a 172.59+5.62a 297.96 £8.21 a

24 CCCREMIRBIEANEESRIERPRBEEEREEN

IR RNA [ 356 1 cDNA R & B 47475 J5 42 qRT-PCR 7047, 3£ 1 A aLA ik P B 5k
FBERE DR s S5 1 AT T qRT-PCR #:ill, qRT-PCR i WLIE 1. W 1 Fizn, PCR FAH%¢ % & &
7~ GGPPS. DXR. DXS. LPS 5 MECT J:H4r 5|04 M r=mnsé t ek s &L, 1 HAE 23
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240 M ZIE], BRSO Y ) 9 IS ARG LAAL, T qRT-PCR 4 344 1) 58
SERIY X H K, RWIE QRT-PCR AR H I 14 Y GGPPS. DXR. DXS. LPS 5 MECT A
F B Ui cDNA JFUE . B 575 U EL LA & PCR FEJPH4IL B R — 20 H (13 [N 2R 0k 18 1 e 12 W 1) 22

SHFIE CCC A AR A 1 P 13 26 42 £ Jlad 420 Hh A DG S DR e SR /K1 1R S i, AL 1 A DA s 7
i 5 ) 5 A S BEERE LR () SRR KT o 45 SR 8 2 BT, DXS 45 DXR [R5 /K72 1.0 1 2.0 g - L €CC
QbR 4 53 TR R, GGPPS 261k KA 0.5 F1 2.0 g - L™ A FE R 4 3% i T4, LPS [k
IKFAE0.5.1.0 f12.0 g - L CCC ALFE R34 25 5 T, 1) MECT (#2635 /K F4£ 0.5.1.0 f12.0 g - L
CCC KB R 550t A0 25 25 o JEIN IR MM 45 W] CCC RET S HL AT A G 75 )l 42 3520
KL R IE .

0.45 |

. — GGPPS
g 040 1 __pyR
ngg 0
Ay e
35 E — DXS
B L o3s
® 2 —LPS
o = %
& 5 030 | —MECT
£ 2 —NIC
2 025
o=
S
= ;ﬁ 0.20

— T N

0 2 4 6 8 1012 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42
{E R Cyele

IR

1 BASRE cDNA 4iR4R qRT-PCR 18k N ER X R EE R B R A EBH L

AW AR A& AR T OGS : GGPPS, DXR. DXS. LPS fil MECT:
NTC:  ToASR i) o i
Fig. 1 Fluorescence quantitative curves of key genes products involved in terpene trilactone biosynthesis amplified
by gRT-PCR as ginkgo cDNA template
The key genes involved in ginkgolide biosynthesis in Ginkgo biloba: GGPPS, DXR, DXS, LPSand MECT:
NTC: Negative template control.

] ogL" ] 05 gL*
1122 NYiogL* M 20gL"
150
135
120
103
20
75
60
45
30

15

FEEMX IR
Relative expression level

2 FRERE CCC B TREIEAESHERH 5 M XBERANREST
* RN R RIL AT B R TR (P <0.05).
Fig. 2 Gene expression analysis of 5 key genes involved in ginkgolide under different CCC treatments
* Means that the level of gene expression is significantly higher
than the control (P <0.05) .
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3 e

AT IR CCC ALFEfE W& 18 Ml Ay s W IE & &, IX 5V PAESE (2004) T4, RAHBL.
{HAG KT CCC XA it A IR -G s 0 U0 5 LR T R 40 i et il . AN 45 SRR CCC b PR
BERERA AR (R 2), X5 AH CCC AFE % 2 45 3 (Wang & Xiao, 2009) —2,
HAEHPURI R CCC AbBRAm: )R &R T EU LRI INE X (Tezuka et al.,
1989; #555°F 4%, 2008; Wangetal., 2009). A4 45 R /R CCC AbBEE 2 2 58 MR A LAt
A SEWHE D UESE T LW A AW RT T T4 R SRR A s N ER S SRR A
JEIEATSR GRS, 2007), At CCC Ab PR AR AT ki A R AR 38 10 Jt IR 22— T e T CCC AL BE
Hhem TRAMSRTE (R3).

VFZARULIRRE TR WA WD IR AEAR =) 7 Bl b 1 R R 5 A (Heyworth et al.,
1998; Mosaleeyanon etal., 2005). #i4n, #4ls “ACHHE R U7, iR Sy K
TR B, B R RRK A G P e i) TR I AR AR P2 0 & 18 (Matsuki, 1996). JET- Ui,
CCC AbFRAFH ATl P G (038 D0 T BBV A T CCC e miR A iRk A& &, W] s bl
(R 3D AN CCC X HEW) R A A AL b /E AT BEAE AR IR 7K1 | o Jain FI1 Guruprasad

(1989) I\ A CCC &M% MWL 2= &Rl 3 S R & &, LA A IR R N
REr R ERM, MR CCC Z2ERMAK Y LT IEF R MNE M. 2T CCC i th{rmKF- I
AL s P RS B T R ST CCC N P IR S B RS

KTRA NG Bosie Bl D& lbBaE 8. WA WEER MEP & Ut FZ LR T =
RIBRTGIAINEIRR (pyruvate) 13 - BEER T EE (glyceraldehyde-3-P) K4, Zeid i@ 40 T T4
MEP @185 o7 G FE AR (isopentenyl diphosphate) 1 — FHIL P4 FE A= 52 (dimethylallyl
diphosphate), —3 &8It — R FR AL AN A0 S5 AR J B fe 24 5 U A N IR (Schwarz &  Arigoni,
1999; Eisenreich et al., 2001). TR A Sh2y:3 O ANHLAT o v B B HRAT A IS 45 a4 v 357 g Ak
DA, A AR P I 7 1 5 L OC B i R IR IR R A 7K P35 UIAH DG, 4 DXS (Gong et al., 2006). 1DS

(Kimetal., 2008). DXR 5 LPS (Kimetal., 2006), ‘BAI1MIEFREAK T SHA Al =20 5
RIEAH G . ANRES 5 R o CCC RE 225 175 TR AT W IE MEP i1 11 4 N OCHEBESER] (DXS. DXR.
GGPPS 5 LPS) )ik, WuR T BRIEAFKF4E, CCC 1E4 1K EARRE AL BRI & %,
TH S F R OB G DR 10 R AT 4 v DSBS 1k, (R E AR Y IR AR B T HLASBIF 20 I A v e
R RBERE DR 1) JE B 4, LU I 50 47 3 21 P A o A AE A . CCC i A H ot LA &
FHOCM AT FH e D Re,  dE— 2P B CCC i #ms P IR & e 73 FALEE

BN A SUUE I A - FE i JE A2 18R (geranylgeranyl diphosphate, GGPP) A& UK BT i 2
B — A B BT A 5 (Schwarz & Arigoni, 1999), 4R AT P EE AR 57 2 104 kI T UL GGPP
HiE S AR 3 3. CCC Reil /R E: =& Bogte R g Y& ik, JEHEHHI N GGPP 2 U1
Fek2M (ent-kaurene) [F#5{k (Rademacher, 2000), 1 W 5eAMise 7r a5 W& O ELERT K. 35
AR SE (2007) e ive: Tt NE R 2, AR RS RERA A N AR EE RG] ReAl
GGPP F145 HA 0l PN R B T ko DRI, B3 A FE ARG Th CCC X P IR G e i k4
A0 eI BB R R AR A R 2 SO& R, NITINGE GGPP [l N B8 4510 1 & IR 128

AL I P I R A R O DR I R AR 2 —, AP A R IR MR CCC AbFERE 2 4R
PR I R, R W CCC n AR 4 m Ay i i @B ME I — AN B0& % AEARES:
t, 3l CCCRBEX THE R A e A EH . SaE g I hbs LUR G P IR 2 I RO % A AH



12 14 VPSR R BRI T e S Al P IR £ D S 2259

[, HriLl 2.0 g L AabFE 0 R e fh o VP45 (2004) HIRFFTSE B s CCC AR EAE 1.0 g - L
XHG B S B IR AR T 1.5 - L, AR LR EATAS (2004) RIEAR—E, AlaEgT
AR S AR A A B o ARES b B M 0 3 AR AR A S A 1, AP AESE (2004) it HRA A
2 A H o CCC a2 /KIS PR AT, B il 5723 R BEHOR T CCC I BE B 0 i 22 1Y)
JELRE, It i T AN TR B AN [RI B R A 1R AR BE SR AR 1 sE m ROR AN E], iy EASR IS A
PR B R ARy 2.0 g - L7, RIMAE J& SEIRIE ST R 380 COC A B J3 I ¥ B b FLINS 1) B 1
DS 7 126 H 352w A A et il ) 5 2 e e A A B B 5 A BT [R) o A, CCC 5% B In) /A 52 3] T ik
B2 B0, R CCC ARy it v 0 e 2h FH 7= it B ik Rt rh S5 B B, SR A A AR A Tl 245
T gURE AR = SR [l A7) 7 B A S it GAP (Good Agricultural Practices, R OFEFEMVE) BB, ML
TEARAT I (0 A P2 i R o CCC Bk B = A I IR 5 5 1 kS A2 8 BN, 7EHS AR 4h CCC AL BV FE 11 [+
IS PR A LAY AR Y CCC e B2 1) 5 B B
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