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(FHRLKRF FHMFIR, FH K& 130118)

THE: [HW 1T A S B A& R AR AESILS, W LSRN T RBRERRSHAMTER R, 7k
4 AN FEK A S RS R, F HPLC @ A St 8 sk A S 2 (Rg,» Re. Rf. Rb ;- Rb,.
Rbs. Re fll Rd) & &; L %68 & PCRIZIE 7 NS5 A NS BH G I KL EEEIE R (HMGR. FPS. SS. SE\ DS
B-AS FI CYP716447) WiZik & i #H O HEAUK EOCHE 2 i AR S TR TN S B & oI IA X A S g
HAE MM R, [(43R]7 H 13 H—9 H 29 H AZBH & SROCE M R RIA TR IR, &S CE 2 0 B[R4
W NSk RS BRI Z Re fl Rg, (ERESRAERM 8 A 31 H—9 A 13 H) 4 3likEH K
14 60.30 F139.38 mg-g's T/ e AA BEE M LKA MR S5k A2 BH &8 R E MK (P<0.05); A
 HMGR ML 5 Rb, &8 EZ AH XK (P<0.05), SS EKKIRIES Re,- Re & & 5 UM 5% (P<0.05),
B-AS FEFFRIE 5155 Rew Rb, F 2 B3 (P<0.05). #RE3 (P<0.01) FAHIE: I E . LA BEEM LKA FIAH
SHRE 5 NS B SB RO E R, 55 0.727 9~0.871 1. [ZR)EASE THET, AS 214 R a5
K RIEFMAS BTN &R ST AR,

KB NS EER T NS RE; B RERIA MM I 0 SRR
FE 2S5 S567.51; R948.1 RAFRIREE: A XERS: 1001-411X(2018)03-0039-09

Correlation analyses of ecological factors, ginsenoside contents and
expression of associated key enzymes in Panax ginseng leaves

YANG Linlin, ZHANG Tao, YANG Limin, HAN Mei
(College of Chinese Materials, Jilin Agricultural University, Changchun 130118, China)

Abstract: [Objective] To clarify the physiological and ecological mechanisms of ginsenoside biosynthesis,
and reveal the relationship between ecdogical/genetic factors and quality of medicinal materials.

[ Method] Cultivated four-year-old Panax ginseng leaves at different growth times were used as materials. The
contents of eight ginsenosides (Rg;~ Re. Rf. Rb;. Rb,. Rb;. Rc. Rd) in leaves were detected by HPLC.
The expression of seven key enzyme genes (HMGR, FPS, SS, SE, DS, f-AS, CYP716A4A47) involved in
ginsenoside biosynthesis in ginseng leaves were determined by real-time quantitative fluorescent PCR. The
effect of ecological factors and the expression of key enzyme genes on the synthesis and accumulation of
ginsenosides in P. ginseng leaves were investigated by correlation and grey relational analysis. [Result] The
expression of key enzyme genes involved in ginsenoside synthesis was active from July 13th to September 29th,

and the expression of different genes synergistically increased or decreased. The contents of ginsenoside Re and
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Rg, in P. ginseng leaves were the highest, reached the maximum of 60.30 and 39.38 mg-g ™' respectively in the

growth period of ginseng root from August 31st to September 13th. Temperature, photosynthetic active radiation

(PAR), soil water potential and relative humidity all had significant correlation with ginsenoside contents in P.

ginseng leaves (P<0.05). HMGR expression in P. ginseng leaves was negatively correlated with Rb, content

(P<0.05), SS expression was negatively correlated with Rg; or Re content (P<0.05), and f-AS expression was

negatively correlated with Rc content (P<0.05) and Rb, content (P<0.01). Grey correlation analysis results

showed that the major ecological factors that influenced ginsenoside contents in P. ginseng leaves were

temperature, PAR, soil water potential and relative humidity, with their grey correlation values ranging from

0.727 9 to 0.871 1. [ Conclusion] Under the regulation and control of ecological factors, the synthesis and

accumulation of ginsenosides were influenced by the expression of involved key enzyme genes.

Key words: Panax ginseng; ecological factor; ginsenoside; gene expression; correlation; grey correlation degree

N2 Panax ginseng #& 5 W48 B E NN L5
2L —, NS RHERHFEL I, Aik
Wi MR N2 A 21 (Protopanaxadiol,
PPD). J& N\ & = EE & =1 (Protopanaxatriol, PPT) Fl
FE R N2 2 (Oleanane type saponins,
OTS). W FRYI NS B &8 2w TR,
I+ BRI, A WK RIS TR, A%
HAYE BOg S CIEET T, s N2 2
A IR DGR Y 3R -3 -FH AR K Bt CoA I8 5
(3-hydroxy-3-methylglutaryl-CoA reductase,
HMGR) ZEH ) MVA @21 1 AR E A,
s 3-5 K A EETRIR (Isopentenyl pyrophosphate,
IPP) A1 — W B ) A B £E IR (Dimethylallyl
pyrophosphate, DMAPP) 1)=& ; £ JE S EEBE R A ik
I (Famesyl pryophosphate synthase, FPS) AJ {1t
IPP FI4E 4 LB £ IR (Geranyl pyrophosphate,
GPP) 4= i JE A LB R (Farnesyl pyrophosphate,
FPP); %& %4 il (Squalene synthase, SS) ¥ FPP
G 8 M s % M5 2R A (Squalene epoxidase,
SE) ffb & )l T R 2,384k & M s L B g — T 5 ik
(Dammarenediol synthase, DS). S~ W 2 & 1
(B-amyrin synthase, 8-AS) 73 HlfEAL 2,30 IR TE
ORI E R SR N S B R, AR
4 t4 2% P450(Cytoehrome P450, CYP450). Fii 3L 4%
T2 (Glycosyl transferase, GT) BEATERIME M A 2
e AE A, LA 3 DR SR i A4 T b, AT
B E R Z R BIR NS B, BITC&53 3
HEEWUEMI T CYP716447.CYP716452v2
CYP716A453v3. CYP93EI “55E M . {HAHDCHT L 2 Barh
T O B Il 2 IR 1) A T R B IE 55 AR U7 1L, AT
T P AE 5 D] 5 A0 B 5 1 e SR | A FE 3 520 o

TR K L XOJURR ) R b R PR BT B
T ANSUME X, TTASBER&RZAEK

T B SERIAAR A O B i e TR P 36 [m] R 4% R0
X ANZ NS BT 2 R T 204,
IR A AT, NS BT ARG s AR R
5 AN R ML B AN B A DRI ASAF 78 AN
RIS R, XEAS [F) A2 KB I 8 Fefr B A A
% B1F (Rg;» Re. Rf. Rb;. Rb,, Rby. Re Al Rd) & &
PLAERENS B AR 7 A K8 R &
(HMGR. FPS. SS. SE. DS. p-AS 1 CYP716447) ik
ERATIE M Hr, 855 NS FHHIAESE 7455
ST REEERNREES ANSBEEERRR, LA
BN S B A A B A S, R eSS
DRl FHE A% R 3 S M R 2 08 R, N SEELN 2544
Jo £ 1) 45 B LR AR A

1 #RISEE

1.1 ##

4FEENST 2016 4E5 H30H.6 H 12 H.
6 H22H.7H3H. 7313 H.7H24 H.8 A
5H.8 H18 H.8 H31 H.9 H 13 HAI9 H 29 H
B H 7 ARG oA BAA T MO 5 iR A T kg A S
FENVF AW R G ie i fa 2 (42°N, 127°E), HE)
HURER A 5 rUHUREVE, BRIRBE LR AR [ e H 2B A
Z 10 Bk, &FH AN KA REBEZE EANS,
BANSH R RERT, FICREL) 50 MU/, 5
B BT UK S R AR Y [R] SR 56 =, IS T IE
FHWR K AR F2 7K 3 o P BR R AR /Nt 7 B LI
FE 10 B0 26 TURAFE WU B S 3R AT PO ¥ R
JaW A7 T80 C BB KL FIREASEE
B B O B Il 2 IR 3R TR B S o N TR R T e TR )
21 40 NS/ BT R AR R BT 2 AE R
=, FURPENLES ledi ks, i 40 Bif G T A 21
FENE.

FERA: ZHEZ Y 5 RNA FR G &
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BioTeke super RT Kit cDNA & A7 & T KFH
H 4, SYBR" Premix Ex Tag™ 6Kl & T K&H
g RFBVR, HEE, ON (43540, Fisher Scientific), H
B (ZEHGR) B FAth i 35 S [ 7= 3 pr i

FEALHE: £ E HOBO /M A R ; 3£
Aligent ¥¢ ¢ %€ £ PCR 1% Mx3000P; 3 [H Agilent /&
ROBAR 354 1260 2 [ Thermo % B2/ 1 5€ FAX
NanoDrop 2000; 32 & Thermo /il & 50> 4/l Heraeus
Fresco 21; i 2 G428 R 2> =] & 58 5 s Uk
#% DL-820E; H7 SANYO ## iKUKk 4 MDF-382E.
12 HFMSKRBIERSE

18 H HOBO™ /NS Gl TR ML EAT 24 h 1

F1 WRE

D, WCEEREHLIE BE . PRI & 6B B AR ST K
A R R A

1.3 XEMEARREENE

1.3.1 % RNA 42IL% cDNA 4% SR ASH
Y AURE AR 20 50~100 mg 75T A BE By, $4RK
FHEAF S RNA FERGR G0 30 P HU
RNA, ¥ NanoDrop 2000 4l i RNA Jifi &
W . K H] BioTeke super RT Kit cDNA {57 &6
S RNA IS cDNA, T-20 C 40 M5
1.3.2 sl#ikit 546 s RKIGESR PCR R i 9l
Vi B TAY TREA RS A B, HF 50
* 1.

£ PCR 5|4

Tab.1 Primers of quantitative fluorescent PCR

B R LS (5—3) T I —3)
HMGR KJ939263 TTGCGGGTCCATTGCTGCT CTCTGGTCATCCCATCTTTTA
FPS DQO087959 CAAGAAGCATTTCCGACAA CTCTCCTACAAGGGTGGTGA
SS KJ939264 GGACTTGTTGGATTAGGGTTG ACTGCCTTGGCTGAGTTTTC
SE KJ939265 GGACTTAACTGAGCAAGAGCCG AGGGGTAAGAAAGCCTGGTG
DS KJ939266 ACCGCCGTTGAGATTAGATG ATAGGGCAATGATAAGGGGAG
p-AS KJ939267 AAAGCTCTGCAGACAACCATG ATCTGGGATCCTTGCAAGGTG
CYP716447 IN604536 TCACCTTCGTTCTCAACTATC TCTTCCTCAAATCCTCCCAAT
Cyclophilin KF699321 CAGGCAAAGAAAAAGTCAAGTG AAAGAGACCCATTACAATACGC

133 sk E 8 PCR N IAR: KK 7.5 uL,
SYBR"” Premix Ex Tag™ 10 uL, 5/#)% 0.5 pL,
50xROX Reference Dye II 0.5 uL, cDNA #4x 1 L,
ST 20 pLo MNFEFF: 94 C FiAEME 30 ;4 C A2
P 55,55 CiBKk30s, 72 C iEAH 20 s, J5FF 45
Ko UANZ R EEERH (Cyclophilin) NS,
ANFEKI NS Rl R SO 3 I
134 ARsf&aagemiE LLS H 30 HASH
Tk EAE XTI, AR 1 S E WG,
iz “1.3.37 MRS NS HMGR. FPS. SS-
SE. DS. -AS- CYP716447 &K 34T RT-PCR ¥3%, F
MxPro B AW ELHE, R 2720 ikt gt 0.
14 BHEASEFIENE
14.1 &iE%&M  HFIHF Hypersil ODS2 (250 mmx
4.6 mm, 5 um) R, BN K- LB, B
Vet 26 S WA 73 H GHETR]) N 19%~22%
(0~24.0 min), 22%~26%(24.0~26.0 min), 26%~32%
(26.0~30.0 min), 2%~34%(30.0~50.0 min), 34%~80%
(50.0~50.1 min), 80%(50.1~65.0 min). & 1.0 mL-min ",
Rl K 203 nm, k3R 25 C. WIE 8 Fi oLk 2T
(PN THIAR, JFiEad & 7 FE v R A &
http://xuebao.scau.edu.cn

1.42 HotheFszTae HERICAFRLE
K HAH NS IR 5 1.000 g, I 30 mL HIEE, 48
FEHEEN 30 min, $2HL 3 X G FFUEM . A e 2%
RAL 50 C %440 FHETHEE, HPRERIFERR
10 mL, £8 0.22 pum L 38 i 8 5 AL A b
20 pL #%Z M8 “1.4.17 BSRAFERERRIN . AR L E
SRR 3 IR
1.5 HUELIE

NS KA SR B 1) S5 8 Excel 44k
H NS BHA R CHEERNRARSE AS 2
TR R R SPSS 19.0 4T /b3,
X H Duncan’s ¥ & 2 134T 2 5 LR 36 503
M EEEZR, H Pearson D ITASKH T 5 A2
TR A R OCBE R R SR A A Ok R G R
DPS 7.05 it HASHFH5 NS B &8 L HOCH
Pl 5 PRl 0k 2 [A) (R R B R B

2 ERESR

2.1 = RNAEELER
PRI NS 2H ZU R0 50 RNA, #H T &

W FE RN 2 B A I, AN [R] B 0N S 2H 250 RNA /Y
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R s Rk 2 fron. 3£ 2 M4ERE M, & RNA 1)

Jog B FE AN Al EE 3, AT T R — e .

2.2 AREEKFHEIASH X BrERERERIA
FHSB 5% 58 & PCR I VEA I T NS

ANEAKE Y HMGR. FPS. SS. SE. DS- f-AS-

CYP716447 B IRIE R, AR WE 1 Frn. AZ

HMGR. FPS. DS. B-AS. CYP716A447 FE R H o )
%2 TRE%EKATEAASH R RNA HRNLE

Tab.2 The detection of total RNA from Panax ginseng
leaves at different growth time

REEI T Dogo nm/D2sonm D260 nm/Dazonm  P(RNA)(ng-uL™")

Fax GBI &, 7 A 13 H—9 H 29 Hx2
N2 HMGR. FPS. DS- -AS- CYP716447 KRk
(RIE BR IS 0, 17 e 2 NS AR KA T2 SR 3 R
JESWAEKE, RASEBHMARMWEZENE; A3
SSHRERMHY (S H30H) MR (7 A
13—24 H) ¥WHEREPERE, (HHRAEKNIHRIE
HATER: NS SE B KR8 BN IE BR (1) I 1A 2 J
A (5 H 30 H) 25381 (7 A 13 H) ik =
(9 H 29 H), HAhA KB A BARK P )ik 7 A
ANZBH &M ERE H12 H—7 H3 H
KL EIHI T RACHIK, 726 H 22 H 7 AR
PREESE T, EREARE, kB AT

05-30 2.106 2.642 1310 N N . .
. e oo o B KB TR AR, R 56 S BRI R 1 22 34 F T i
o 06 oo o ST ABBEAHRIRAD . 3 NSt 7 A
&m oo o . 35 PR S R 2 K I S0 3 B AT R S PR AT, 45
&B oo o i W3 3, B KEEEGIER 2 (12 R T B %A%
&% o . oo PE (P<0.05), 5 B\ 22 57 A Jk 56 i il 5 R 6 - o
%g L oos o . (257 T R R e 38, 1L R EE T A S0
0&8 oo oo o i AR A S AR B, i RO R AR K I S e
] ' ' MASBESRER,
08-31 2098 2316 402 23 FREKFEIASHE hAKSTS BTN
09-13 2.100 2.856 1034 4 4EA NS 8 Bk N 2 A B AR Ak
09-29 1.830 1677 471 B 2 i, N2 oo o s 3 4 i T S
301 A: HMGR %A a B: FPS B C:SSHN a
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Fig.1 Expression analysis of key enzyme genes in Panax ginseng leaves at different growth times by quantitative

fluorescent PCR
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Tab.3 Correlation expression among different genes in Panax ginseng leaves

S g AL R HMGR FPS SS SE DS B-AS CYP716447
HMGR 1 0.705* 0.082 0.507 0.529 0.793#* 0.380
FPS 0.705* 1 0.497 0.714* 0.806** 0.428 0.833%*
SS 0.082 0.497 1 0.559 0.784%* 0.198 0.817#*
SE 0.507 0.714* 0.559 1 0.784%* 0.382 0.716*
DS 0.529 0.806** 0.784** 0.784% 1 0.551 0.924%*
p-AS 0.793%* 0.428 0.198 0.382 0.551 1 0.260
CYP716447 0.380 0.833#* 0.817#* 0.716* 0.924%* 0.260 1
1) “*7 fo “xx” 530 % FAG R MR F] 0.05 5= 0.01 49 2 F K- (Pearson %)
80 A.ppT A R, B: PPD % Rb,
70 | -=Re -= Rc
——Rf —— Rb,
= 60 — Rb,
g;:o 507 —Rd
=40t
i
30t
vK\
<

Elor_-___vh(——‘——t————b—‘

M

Y FIHE F Q% N
H H

%Q\'\"\Z"Q“’\”%“@%%\\“’f’
Q"QQQQQQQQ""@
=]

2 FREKFBAASHAPASEHSE 1=3)

Fig. 2 The contents of ginsenosides in Panax ginseng leaves at different growth times (n=3)

Re>Rg;« RA>Rb;>Rb,. Rf. Rc. Rbs, AN A4 K i 1] %
AN BRAR B AR H I AR, fFAEV R ZER.
PPT B! A2 2 1F Re. Rg, & EBE £ KB AN AR
SBHTIG IR, RE & RE &N EKE AR A
K, ZHERGSRAEKIA @ H31 H—9 H 13 EI)

KB KAE, 505N 60.30.39.38 F19.65 mg-g '
PPD 4 A\ 2 %3 (Rd. Rb;. Rb; Rc. Rby) A ALY

TS, eMEANSZREH (T H3IH—TH
24 H) & =A TR A58, £RESR
A K IR BB R 35.81.27.08. 15.98. 14.42 FlI
1222 mg-g ' AEAEKEHH PPT HASRE S
PPD A ZREHAM T HAIZ%ET 1:1,9 H
20 HLZE 1 PPD B\ 2 52 1 AR SR FRAIC, H 2
PPT B AZ B H & BEIF AR KA BRI, 2
NS F 8, MR RAKIR A IA-4.82 C, 5%
() S AR A P e ELRE R T iR PPD A2
& &, (X PPT iﬁ}\ BARWA KR SAFEAK
BF R 8 Fofr Bk R S B AT AH S AT, 4

W% 4, PPT zﬂ}\é‘}%% (Rg;~ Re. Rf) 2 [a]# & 2
FHIE (P<0.01), Tifihfi15 PPD 4 N 21 2 [A] 14
K55, FE PPD B A2 21 (Rd. Rb,. Rbs. Re,

http://xuebao.scau.edu.cn

Rb,) 8] 2238 B H 2 2 AH K (P<0.01) . AH I
SHIEREW, AR AEMEMASEERE
J 5 AR B AFAEAS L, AR B N2 B H A7
Y EER T EE SR
24 E£B5EF. ABHPXEBERRESAS
EHSENEXMES
KA S 2E K& A B A 3 BT i
HIEWmERS Pros. A KA 5 H 30 H—9 H
29 H KI5 N—4.82 C, fx i ik 32.76 °C;
FENEKIHE G A S G E 8 292.58~
525.30 pmol'm s AR K IR FE Y &4 459.905 mm,
A AARHEE 64.93%~86.92%, T IFEKH (~0.290 ~
~0.101) i my, FEHREAAK Y 2, EEASEK,
AERTFEASBETSEIMSES TSGR
W3 6, NS B FTE B 2 P A2 R 5,
HARE. e Aa SR LEKBEAS BTN
%ﬁkﬁﬁﬂﬁ%ﬂ(’ﬁﬁﬁ,ﬁﬁﬁémiﬁﬂl LERSRTAE ARSI N
Z BN E K. HESAS 2 Rg.Rb; HR 2K
23 FUAHK (P<0.01), iR 5 A2 24 Re. RfLRb;
Rd &85 53 fUkH2% (P<0.05), 156 W3 & 3R
FANE] T NS B A R E Y PR
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Tab. 4 Correlation of the contents of different ginsenosides
A\ PPT %4 PPD %4
B Rg; Re Rf Rb, Rc Rb, Rb;, Rd
Rg; 1 0.853** 0.789%** 0.691%* 0.504 0.221 0.779%* 0.470
Re 0.853** 1 0.750%* 0.706* 0.499 0.183 0.766%* 0.456
Rf 0.789%* 0.750%* 1 0.857** 0.550 0.265 0.825%* 0.583
Rb;, 0.691* 0.706* 0.857** 1 0.800%** 0.520 0.932%* 0.865%*
Re 0.504 0.499 0.550 0.800%* 1 0.837** 0.692%* 0.879%*
Rb, 0.221 0.183 0.265 0.520 0.837** 1 0.400 0.809**
Rb; 0.779%* 0.766%* 0.825%* 0.932%* 0.692* 0.4 1 0.807**
Rd 0.470 0.456 0.583 0.865%* 0.879** 0.809** 0.807** 1
1) “*” Fa “xx7 3 K FAAX ML F] 0.05 F2 0.01 49 227K -F(Pearson %)
5 RHMEEKIRAESETF
Tab.5 Ecological factors of the sample plot at different growth time
F R EEEREN gk e R
T8 R B (umol-m™:s™)
05-30 14.85 1.60 25.95 525.30 —0.178 19.717 64.93
06-12 15.54 6.22 25.17 400.74 —0.185 49.461 78.42
06-22 16.46 8.63 26.34 344.28 —0.138 69.465 82.45
07-03 18.68 9.03 28.70 476.74 —0.101 26.405 70.46
07-13 20.20 11.77 31.12 402.56 —0.128 31.277 82.74
07-24 21.66 13.32 29.90 363.97 —0.150 53.674 85.12
08-05 22.12 9.03 32.76 479.88 —0.263 10.002 82.34
08-18 19.70 10.99 29.50 376.51 —0.289 65.394 85.63
08-31 15.14 4.15 25.56 306.02 —-0.290 106.323 86.92
09-13 13.80 0.73 22.86 316.32 —0.289 22.937 86.77
09-29 12.40 —4.82 23.63 292.58 —0.288 5.250 78.02
x6 ETAFEHHASEESENMEXM"
Tab. 6 Correlation between ecological factors and ginsenoside contents in leaves
ESET PPT ! PPD #!
Rg, Re Rf Rb, Re Rb, Rbs Rd
B -0.810%*  —-0.694* —0.652* —0.738* —0.468 -0.318 —0.881** —0.732%
TCE AR -0.685*  -0.511 -0.454 -0.281 -0.295 0 -0317  -0.075
ek —0.925%*  —0.780**  —0.782**  —0.655*  —0.425 -0.272 -0.767** —-0.511
Ry 0.267 —0.040 0.210 0.390 0.588 0.450 0.302 0.470
AEGT R R 0.685%* 0.669* 0.648%* 0.697* 0.591 0.280 0.656* 0.474
1) “*” Fa “xx7 3 K FAB XML F] 0.05 F= 0.01 49 2 27K -F(Pearson %)
REH PR SENAMTRL —. 0GH% KHEASEH Rg). Re. Rf.Rb;y & E KT 74
A 5 NS EBH Rg SEEZE MUK (P<0.05), A K (P<0.01), THIKIH 5 ASEH Rb, & & i

23 5 IR, 3 i I D T R R i A o A
PRI e BRI . 3K S5 AL R M R X 7K

FHZ% (P<0.05), YiHA St 3K 33l =il 240 T A3
BHK M. BN AS B H & EA R E

I3, BRI R S R ECOR, 3 L (RIS BB K SRR B NS
http://xuebao.scau.edu.cn
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A EEER, 7R S BT RAE s, TR
FIXHEE 5 N5 21 Rg,. Re. Rf. Rby. Rb; [& &
2 IEAHIC (P<0.05), Tt B AT 3&E 24 58 o IR 355 v A
M E DR NS B 1A il

NS B 1) G B2 2 Bl OG5 i 2 DR 42,
7 BN, HMGR 3R 13215 5 NS 2 Rb, &
B2 UG (P<0.05); SS R MERIE G NS 21T
Rg;- Re F& 2 R # FAH K (P<0.05); -AS FEH 1%
k5 NS BT Re & EE#H UMK (P<0.05), 5
Rb, [ & &M% % A% (P<0.01). HEASBH A
B 1A SRBERE R R R IE T REAER T A SR

HEBOEEFE 1 M8, HT AZS 2SS
BRH Z AL S, 31N EER N 5 R A
ANZBH AW 0IEH 2 AP 5R, AR A %
[R5 5 B & 2 WA R B KR
25 ABFEF. ASHFXEBEERESAS
EEEENKEBXEKE SR
KK I DM TAESH T KM ERNKREE
NS BHKERKIKE . HEES NS 2H Re,
Rf\ Rb;. Rb,. Rd KOG 3)  T H A AR S A 7,
9 0.727 9~0.871 1, Ui BHAH X BEXf o N 2 2
PR REF FIEH, 2Fmt R A B EE0FE

*7 EEREGESHTASEESEMNEXMT"

Tab.7 Correlation between gene expression and ginsenoside contents in leaves

N— PPT % PPD %Y
Rg, Re Rf Rb;, Re Rb, Rb; Rd
HMGR 0.317 0.310 0.318 —0.089 -0.519 —0.655* 0.013 —0.464
FPS 0.025 —0.059 0.172 —-0.021 —0.382 —0.462 0.035 -0.259
SS —0.690* —0.662* —0.382 —0.368 -0.513 —0.497 —0.472 —0.468
SE —0.381 —0.471 —0.071 —0.318 —0.560 —0.452 —0.336 —0.383
DS -0.292 -0.319 0.027 —0.103 —-0.553 —0.594 —-0.137 -0.327
p-AS 0.157 0.107 0.102 —0.226 —0.707*  —0.854%** —0.082 —0.559
CYP716447 —0.381 —0.343 —0.067 —-0.078 —0.404 —0.409 —0.144 —-0.230
1) “*7 Fa “*%” 53] %k FARR ML F] 0.05 F2 0.01 §9 2 F /K F(Pearson %)
*8 ETEAFEHPASETIENREXKE
Tab.8 Grey correlation degrees between ecological factors and ginsenoside contents in leaves
— PPT %Y PPD #!
Rg, Re Rf Rb, Rc Rb, Rbs Rd
R 0.5526 0.702 9 0.6953 0.7379 0.6957 0.662 4 0.5551 0.676 0
T R 0.5543 0.693 9 0.681 1 0.700 6 0.663 8 0.697 7 0.544 1 0.648 2
TR 0.826 3 0.670 9 0.6170 0.6572 0.6750 0.5854 0.677 4 0.691 8
K 0.534 3 0.444 1 0.4333 0.440 6 0.493 1 0.497 0 0.498 7 0.475 8
AFOT I 0.600 1 0.805 5 0.8711 0.806 8 0.783 8 0.764 3 0.544 9 0.7279
x9 EEREESHTASEESENREXKE
Tab.9 Grey correlation degrees between genes expression and ginsenoside contents in leaves
. PPT %Y PPD %
REERER Rg; Re Rf Rb, Re Rb, Rbs Rd
HMGR 0.494 7 0.504 2 0.496 6 0.5012 0.5189 0.497 0 0.418 7 0.468 9
FPS 0.468 8 0.446 2 0.4362 0.416 0 0.406 9 0.3882 0.4300 03790
SS 0.3520 03730 0.3513 03556 0.356 5 0.3479 0.3847 0.343 6
SE 03774 0.347 3 0.3402 03309 0.309 8 03146 0.3519 03155
DS 0.3830 0.424 6 0.449 2 0.4307 0.409 5 0.408 4 0.370 8 0.366 7
p-AS 0.404 9 0.446 7 0.473 5 0.454 0 0.429 7 0.468 2 0.381 8 0.420 8
CYP716447 0.466 2 0.4309 0.423 6 0.4321 0.449 2 0.4162 0.460 6 0.446 7
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