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Effects of ecological factors on ginsenosides synthesis and its key enzyme genes
expression

YANG Lin-lin, ZHANG Tao, YANG Li-min, HAN Mei
College of Chinese Materials, Jilin Agricultural University, Changchun 130118, China

Abstract: Objective To explore the effect of ecological factors and the expression of key enzyme genes on the synthesis and accumulation of
ginsenosides. Methods Cultivated four-year-old ginseng were used as test materials, the expression of key enzyme genes (HMGR, FPS, SS,
SE, DS, B-AS, CYP82D47, CYP716A47) in the biosynthesis of ginsenosides of roots in different growth periods was determined by real-time
quantitative PCR, determination of the content of eight ginsenosides (ginsenoside Rg;, Re, Rf, Rb;, Rb,, Rb;, Re, Rd) in roots by HPLC, the
meteorological data were collected by a small weather station, correlation analysis was performed with SPSS. Results The expression of key
enzyme genes in the period of flowering to fruit ripening was higher than the root growing after fruit period and the withering period, the
expression of key enzyme genes involved in the synthesis of ginsenosides was influenced by each other, and the expression of key enzyme
genes in ginseng roots showed a positive correlation with the accumulation of ginsenosides; The contents of ginsenoside Rg;, Rby, Re, and Re
were higher in the roots of ginseng, eight kinds of monomer ginsenosides content dynamic changes trend is different; Temperature,
photosynthetically active radiation, soil water potential are important ecological factors for ginsenosides synthesis in roots, temperature was
significantly negatively correlated with ginsenoside Rb; and Rd (P < 0.05), PAR can significantly promote the formation of ginsenoside Rg;
(P < 0.05), soil water potential was significantly negatively correlated with ginsenoside Rb; (P < 0.05); Grey correlation analysis results
showed that the major ecological factors that influenced ginsenosides content in ginseng roots were temperature, PAR and relative humidity,

the grey correlation between the expression of the key enzyme genes with the content of ginsenosides is less than ecological factors with
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the content of ginsenosides, under the guidance of ecological factors, the expression of the key enzyme genes regulate the synthesis and

accumulation of ginsenosides. Conclusion The dynamic changes of the expression of key enzyme genes and the content of ginsenosides in

ginseng were determined, it provides a theoretical basis for elucidating the physiological and ecological mechanism of ginsenoside synthesis

and the quality control of Radix Ginseng.

Key words: Panax ginseng C. A. Mey.; ginsenoside Rg;; ginsenoside Re; ginsenoside Rf; ginsenoside Rb;; ginsenoside Rb,;

ginsenoside Rb;; ginsenoside Re; ginsenoside Rd; ecological factors; correlation coefficient; grey correlation

NZ Panax ginseng C. A. Mey. N HIMEINZS
J& Z AR A AR, 298 NS R TR SR
=0 ARk NS BHE T =k s,
AR FLAT O 2 7 ] LAy A S 3 R b N 2 2 A
IRHY R NS AT . BN S AR C-6 7
LEREARER T IEANS M EH
(protopanaxadiol, PPD, F-#:f A2 1F Ra;. Rb.
Re. Rd 55) M A2 =R 21T (protopanaxatriol,
PPT, 1% 4 ASR1F R, Re. Rf. Rg, %) B,

NS D 2980800 NS 52 1) TE O FE A 4
PN B S % T DG B BE DR SR R T 4, A A K
FIT AR R B55 SR A5 S AL TR [ 63810, NS
T AY G ORI 73 T HLH O 28 B8R gk
Ji&, LAY ORI 2 TR RN T, S
H 3-FHE-3-FF I T E CoA 1B JRE (3-hydroxy-3-
methylglutaryl-CoA reductase, HMGR) 1, v Jé Bk £&
-5 B (famesyl pryophosphate synthase, FPS)!%,
B4 1 (squalene synthase, SS) U BIEH A
(squalene epoxidase, SE) !, ik¥hfs — sk
M (dammarenediol synthase, DS) U3, B-FHHf &4
J§% M (B-amyrin synthase, p-AS) " 4h 15 %5 P450
( Cytochrome P450, CYP450) 31, i 5L 4 #% i
(glycosyltransferase, GT) 2&HO B AR 2 WA
SIS BOEE T R R 2 A ALY, HIX
WEL BT ) a0 SR R R AL g AN e, A7
KAEBP T NS 1 B B Bl A DR 30 52 i 1)
WHotiE L b .

ALK L 4 E A NS HRA LA M RE,  IFiE
FOLE BN DIREIRUE 8 N AS AT & oS M Ik
(HMGR. FPS. SS. SE. DS. B-AS. CYP82D47.
CYP716A47), fEHFItE R PCR O HAE NS A
[ A I e (R AN R AT I, H v s A
OREAONE T NS 8 P ik N2 21T Rg Res
Rf. Rbj. Rby. Rbs. Re Rd #EAN[AJAE: K HT )
Ak, /RS G RN ST S 803 GRIE .
NG BRSNS KPS W D,
BT T ARSI R NS AR R LGB R R DR 3R

kEgm, DU A S B A R AR AR S
BUL, h4e S NSNS 250 iR e m At
B SCHF.
1 MR5REZE
1.1 #8

4FHENST 2016 4F 5 R 9 HIRELAFH MG
Pobn EAMTTITMN R A A g N S ARAIE 5T
EoRyuiiiasit (N: 42°07'33.80”, E: 127°11.25"),
FH FJEUORER ) 5 RO, AN A I S R A [
HZEMANSFER 10 ¥R, SRl K p bt %
E8h FINEHEYI NS Panax ginseng C. A. Mey.,
Bk “REF” RAERTEFIAEKE 507724 5 H 30
H Dy 6 A 12 H OFedidD. 6 H 22 H i
WD 7 H3 H SR IED. 7 H 13 H (R,
8 A5 H (a3, 8 H 18 H CR#MID. 8 H 31
H CRESHAEKD D, 9 H 13 H CRESHAEK
1D\ 9 H29 H WD SRR NSRRI
i T 1K/ N R A A TR A5 B A5 AR A I A R 2 e
NS TERR R KA R 4 RAS T 205,
SEEG TR 9 NS HRAIZA,
1.2 XTI ENEE

ZHE. IS RNA $2BGRF) & . BioTeke
super RT Kit ¢cDNA 5 i &l - 1K47 | 847 R
A#], SYBR® Premix Ex Taq™ 264k E5M T K
MRV AT FEE. O ((aig4l, Fisher
Scientific), HEE (FEHGRD . HAhELHI 4 E =2
Wraf, NS %G (HOBO®, 2£[H); ProFlex™ 6
J£ PCR " #44% (Applied Biosystems 2 #], JE[E);
Mx3000P 65 f: PCR X ([ Aligent 2A7]);
MDF-382E MGt vKAf (4% Sanyo 22w ); Heraeus
Fresco 21 & & .0Hl (£ E Thermo A+ );
NanoDrop 2000 8/ 1€ #4X (3 [H Thermo 2
F]); SIM-F140 fHIVKHL (HA Sanyo A#]); 1260
BB (A (€[ Agilent A7]); SMART-N
Al K HA CEARRTE AT A R A F]D; DL-820E
BIREAB A PIE VRS (L2 A5 U R A A
AUY220 TR (HARREAT]D.
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131 SZEAENRSE T 2016 4F 5 H 30 H¥
HOBO® /NS G 2045 1 35 AT BAR IR AL
HFEAT 24 h BdRAE, A5 0.5 h RS 19k, S
W BN JeEARERG . KA AN
132 ASHFERIGRE S HCRER BN S S
FOKE R EE, A [R] 56 55 5 /N O FH VK il ok 25
RV, FRKAERRER 2 NSHMRIIK S, kil
S AR ) e N PRI o B A7, A
WRESTRE ST A, A7 =78 CHMGEY
JRAE LA TG 225280 o B RGP T I A SR 4L
ZUE T RIS T R e s, FR RN %

My, AT ANSEHIE.

133 ASHAZUA RNA FI3REL BSR4
FEAAEBCR TS e hy, AR 2 0%, 2 M) s
RNA 42 B & 3 4F 20 B2 HUE. RNA, SRH
NanoDrop 2000 Frlll { & RNA WSE, FEx 2 HT
FMS RNA SEHEEATAI . R A M-MuLV 5i—
B cDNA A BRI B0k 2L RNA 08 564 Bl cDNA,
20 CEHRAE .

134 51t 4 GenBank LA A ¥
HMGR. FPS. SS. SE. DS. B-AS. CYP82D47.
CYP716A47. Cyclophilin #£[X{f] cDNA J#%1], %1l
Pt & PCR w59, HFHIWNE 1.

F1 HEMEEIN PCR 54
Table 1 Primers of relative quantitative PCR

A FRT 4 (5°—3%) K /op
HMGR KJ939263  TTGCGGGTCCATTGCTGCT; CTCTGGTCATCCCATCTTTTA 152
FPS DQ087959 CAAGAAGCATTTCCGACAA; CTCTCCTACAAGGGTGGTGA 118
SS KJ939264  GGACTTGTTGGATTAGGGTTG; ACTGCCTTGGCTGAGTTTTC 142
SE KJ939265 ~GGACTTAACTGAGCAAGAGCCG; AGGGGTAAGAAAGCCTGGTG 168
DS KJ939266 ~ ACCGCCGTTGAGATTAGATG; ATAGGGCAATGATAAGGGGAG 175
B-AS KJ939267 AAAGCTCTGCAGACAACCATG; ATCTGGGATCCTTGCAAGGTG 135
CYP82D47 JN604545  CTCCACCGAGACCCGATAA; GCAGAGTAGCCAGCACCAAGT 186
CYP716A47  JN604536 TCACCTTCGTTCTCAACTATC; TCTTCCTCAAATCCTCCCAAT 125
Cyclophilin KF699321 CAGGCAAAGAAAAAGTCAAGTG; AAAGAGACCCATTACAATACGC 110

1.3.5  AZ AT G ol OGOl L A ik =11
We R DA FAKE I 4 22 NSRRI
cDNA MM, MRIFEE 1 P IEF 575, 5>
M ANZ HMGR. FPS. SS. SE. DS. B-AS.
CYP82D47. CYP716A47 FE[KHE4T RT-PCR §4,
FA 3, K 2RSS R . RT-PCR [ ¥ (1)
WS IR NS5 1 Cyclophilin 3£ K1, A
NHREREELL 5 1 30 ‘5 ASHR A RIEE A .
RT-PCR X ik & : K1#7K 7.5 uL, SYBR® Premix Ex
Tag™ 10 uL, 51#1% 0.5 pL, 50XROX Reference
Dye I1 0.5 pL, cDNA 4% 1 uL, &1 20 pL RT-PCR
RNVFEF: 94 CHARME 30s; 45 MEIF (94 CAR
P 5s, 55 CiBk30s, 72 CHEMH20s).

1.3.6 AZH 8 Pk g il RS ECA )
AR I N ZRE L 1.000 g, N 30 mL FVEE
PEHN 30 min, FRFLEN 3 YUG S IFIEM, e
ZARAC 50 CHEFHEE, HWESAS B E
AAE 10 mL B, 20 0.22 pum AL s 5 Bt

WWFESD 20 pL BERERIN . il 4Rl AAIER
Hypersil ODS2 (250 mm X 4.6 mm, 5 pum) EiEfE,
FhEEDEM A AR 2, B 1.0 mL/min, A5
WK 203 nm, FEIR 25 C. WE 8 Fh AR g
i, DUGT RO AR R (X0, TR BN AR
(Y), MG SCRRARAE T VE" L R (NS R
1 Rgp: Y=351.833 31 X+3.955 187 1, R*=0.999 50;
ANZ 21 Re: Y=356.394 27 X+11.971 065, R*=
0.998 71; A2 1F Rf: Y=413.163 128 X+4.721 636 1,
R*=0.999 52; AZE1f Rb;: Y=301.401 75 X+
3.551 696 8; R*=0.999 59; AZ 21 Re: Y=
346.032 171 X+1.727 593 6, R*=0.999 50; A\ S {f
Rb,: Y=356.164 732 X—0.409 059 8, R*=0.999 69;
NS4 Rby: Y=368.156 592 X+1.874 801 6, R°=
0.999 55; ANZ 2 H Rd: Y=443.806 238 X+
5075217 1, R*=0.999 44), FH5& 8o T4
1.3.7 Hdotr  KSRASEdE K H SPSS 19.0 &
AT A B )2 Pearson FHICPESr T, KA DPS 7.05
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Table 2 Mobile phase composition for gradient elution 2 GER545H
I} 171 /min LSRRI /% IRERATE0% 21 ASRMHSSHEE
0 19 81 . N "y
2 ” i AN T AR IERAE N R HAR T4
2 2 74 i, NSXFEMEEKNIPAESK 25 WLE 3,
30 32 68 SRR A S D AEAN R A I AR W] . A2
50 34 66 B K BT MO IR R H—4.820 °C, Jr
50.1 80 20 Vi 32.760 Co 8 J1 5 120 151 3 i B e Ay
65 80 20 22.116 °C, MiZEW PR E RGN 12.396 C; H
T3 FHEMEERRAESEF
Table 3 Ecological factors at different growth stages in sample plot
K W C B RS pe TKFA FA F B /mm AR

Jee 4 14.852 525.303 —0.178 19.717 0.649
T 15.536 400.737 -0.185 49.461 0.784
B 16.456 344.278 —-0.138 69.465 0.824
e IR 18.675 476.737 -0.101 26.405 0.704
it 20.198 402.559 —0.128 31.277 0.827
L N 21.659 363.965 —0.150 53.674 0.851
AR L] 22.116 479.881 —0.263 10.002 0.823
J Y 19.701 376.512 -0.289 65.394 0.856
RESHRAEKIET 15.143 306.020 —0.290 106.323 0.869
RIG SR AR 1T 13.798 316.317 -0.289 22.937 0.867
FiZE1 12.396 292.578 -0.288 5.250 0.780

B A 5 S A v R T R L )
Frer i, HHBLEH R 5 miEssT
525.303. 476.737. 479.881 pe; -L3E/KBE I
IR S AT, i R IR T4 LKA —H
TRIFFAE— MR KT s SRAE I R 2 22 AR K
RIGSHAKY T NN 106,323 mm, ZEEA
A K I S B K B T I B, T A 2 U B
HAY 5.250 mm;  AH XS R AE S 43 i S T
0.780, LA 7 JE I 3 A1 25 SR AT HA AHGHE FBE 43 301 Ay
0.649 F10.704.
2.2 IRZALHE RNA 2B R

PRI AN SIRA LS RNA SEA TR B Fal
FERI, ANFIR AN SR LU RNA Ago/Aaso (HTE
1.80~2.10, JHFEIRELE 111~328 ng/uL, F£IHE
RNA iR E, ATHT TP,
23 XEIERERFRIEERNE

IR Sz w9 6 2 | PCR 5k, BUAZ
Cyclophilin 14 N ZEER, K3l 4 424 A SR 2
i HMGR. FPS. SS. SE. DS. B-AS. CYP82D47.
CYP716A47 KERIHE NS AN [ A K I I Rk &, &5
B 1. 454 NS HMGR S (1R IA R AE
ANFEKEWIAEHEZ R, NS HMGR JEF7E
R R E e B R AR K, RIEHR T

M7 A 13 HER R 9 H 13 HARESRAKIE I
AWK, 765 SRR KR B8 I X5 ,
HYE 9 H 29 HAZ WA A Fr T AEA R AE K
I3 o N2 FPS LRI FEAR Hh 11180k o — B R 18
Fe, BARAE T H 24 HERLRWYIH PrIal Tt (H8AA 1
FKILEAFERG, KRGS RAK RIS RO R
W+ —At. NS SS AR RIEE
M5 H 30 HiErt iz 8 H 5 HA RWAAK, 2
8 H 18 HARBIHFAL N SmARE, RAHRLRENA
Tk TR SRR SRR D
1)\ 22—, ARG SR KRS AT Rl Tt
A2 SE JERAEMR P RIEEMN 5 H 30 H T4
Bt e, 467 1 24 HEE R AR AR5, £IE
ORI 3.6 £, RS, 758 H 31 H
RIGSWAEKM 1 25 A3t SE BERELFAR
1Ko NS DS FERITEAR 3 0A 5t 5 583 w5 PRI
a3, T8 7 24 H SRR AR 55 ik 21 e -
)5 i, 1RGSR AR IR IA & R A R —
Yoo N2 B-AS BEFFEMR T RIAEZ 7 H 3 HE
FoiAEE, N7 H 3 HE Ry ER 8 H 31
HRESHRAK T 2RSS, EXREH
ANZ B-AS HEFE P RIEL TEMLKT. NS
CYP82D47 JERTEAR H I FEATHER, A E KA
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FPS a a a S8
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b i
s X c d bc
X c 1.0 - d
® o0 d 2
= i ®
o 0.5 ¢ € e
0O A BCDEFGHTIJ K 00" A BCDEFGHTIJ K 00" A BCDEFGHIIJ K
R 1 R K] R K
5.0 - SE 6.0
a
4.0 a
i) -
3@ 3.0 Jg i
" K
P
= 2.0

1.0 CYP82D47

AHR FL B

0.0

ENEER S|

T"ABCDETFGHTIIJ K

ABCDEFGHTIIJ K

00"A"BCDEFGHTIIJ K

NGRS ] ENEER SR ]
5.0 CYP716A47
a
4.0
bbb
c
d
e e

0
ABCDEFGHIIJ K
AN A A 3

A-JEM] B-JTAEN]  C-REAEN] D-ZRAl] E-4RW) F-2RQURH G-ZUY H-RAJY LARUEZSMUVEKE 1 JRESHEKE 1

K-HiZ W, ARFREEREE, P<0.05, T

A-leaf-expansion period B-flowering period C-full flowering period D-initial green fruiting period E-green fruit period F-end of green fruit

period G-red fruit period H-fruit mature period I-root growth period after fruit mature I J-root growth period after fruit mature I K-withering

period, different letters means P < 0.05, same as below

1 EBRMERTAER PCRTEMT (x<s,n=3)
Fig. 1 Expression analysis of key enzyme genes by real-time PCR (; +s,n=3)

HIRR b R AL T — AR AR KT HE A S
CYP82D47 FEKI M e /A e AU ek, AR ESIFAEN
Z CYP82D47 KRB MG KA. NS
CYP716A47 FEK 5 N2 CYP82D47 FE[K H X [H &
TafamBEERRE, HEERNEEHRLY
CYP82D47 JH5E A, N2 CYPT16A47 HEA
TERR kA B S 1 S = Ja PRSI 5 )]
30 HREMWITF @S, 767 A 24 HERUREIRIA
TIABEAE, R 3.7 65, MEERIIFEA
W B B2 5 SR A K IR L P A RIS
24 ASEFHNELER

4 FAENSHT 8 Pk NS ke 2
fis, NS AS 21 Rg» Rbj. Re. Re w5,

MR AU AR NS 24T Rbs. 8 FREfREFFAE
NS A ER I ARG AIEAMF: ASIRPA
Z AT Ry B SR RES, K fEAT
HIFTFAEIAZ) 0.844 0%, S/ MEAE R G SHRAEK IR
FiZEHIZ) 0.420 9%; ASIRASEAT Re BIAK,

ANZBAF Re BAE 0.5% /04175, Hige/ M HEL7E %
eI 0.384 5%; ANZEAT REEAE 0.1%~0.2%, T
WAUAKR; AEANSAEKATI, NS H 30 HEH
27 H 13 HEa3, ASHh AS 21T Rb, S
TR, FARINER 0403 9%. AZ21F Rb, EHH
MiEAE 8 H 5 HA AW &, 155 0.966 4%, 5k
FHNSEFRELKNTTG, iR A 21T Rby B2 K
£ 0.530 5%/ 47 ;s NS AT Re BAEaRAE E AR
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1.0 —B— A B} R,
—+— A B Re
—a ABEAFRE
— e ABHE{FRb

0.80—

0.60—

LR /%

By
& 0.40—
<

0.20— W

OOOH..__._._.—'-—H_._.—*\..___%_H__...-.
" A B C D E F G H I 1 K

NGRS ]

1.20— —+—A 224 Rb,
—a—AZEIf Re
1.00 — —aASEFH Rb,

— o+ A\ZHEIfRd

0.80
0.60
2 040

0.20 —

0.00

A B C D E F G H I J K
ENEES S

B2 FREKFPHASIRHBASEREE (x+5,n=3)

Fig.2 Content of ginsenosides in ginseng roots at different growth time (; +s,n=3)

BOnfaA, fE 8 B 5 HAL R 25K 0.536 2%,
bijG NS BAF Re mEHIEAIG ASRP A BT
Rb, AN K AP, 75 0.111 3%~
0.315 5%7%3; ASHTASEH Rby mAR, A
ZHEK RS 21 Roy 78 0.2%4 47, 18] TR
JE SRR NS 2147 Rb, /B FEW N, 768
H 31 HEGESWAKY T AT LUAS] 0315 5%; NS
R AN Z AT Rby AN 0.02% /447, ATk
T NSNS B Rd =1E 0.082 6%~0.257 7%
8, MW7 H 3 He R — B2 8 5 Ha R
W, ASHh AS R Rd BEEWHMN, 728 75
H2r Bk B 5 KMl (0.257 7%), BiJja NS 2
Rd 7EAR WG, 75 9 H 29 HALZE IR 2
A% (0.082 6%).
25 ASHRPXEMERRESESEFMAS
BEHENMEXRESH
ANSAREKNPESETH5ASIRPASE
HRACME T 45 R WK 4, HE 5 NS 217 Rb.
Rd MR EZ ML (P<0.05), HG=FMAASE
HRAAA NS 2T Rg Rbs RREANK, Bk NG
5 55 AL (1) B A R OG, ARARIE B & 7K
A HRERF R NS B Ry MR B2 ek
ER (P<<0.05), 53l AF (I AH G F AR B 31
FIKE, BG-GB AR B T,
X ANSH 2 A B BGR EE s 8K 5 A
Z 2 4F Rby BE FAE (P<0.05), THIKARTKZ
I AL R E R, AT A2 E K
& T AIEIE R, U IE Y Y PR K, IS
TRl m A S AR NS B A 8
A6 T R0 2 ORI B AN LA FH B, DRIt e
PRGNS A (1) G I A 2 50 o

F4 TRAEKMHESEFSRPEFTSIHEXE
Table 4 Correlation of ecological factors with ginsenosides

in roots at different growth time
R AR
B OCHABERST KBRS AR
Rg 0.207 0.666" 0.334 0.075 -0.584

e

E =

Re —0457  —0.056  —0.583 —0.363 —0.281
Rf  -0.423 -0.119  -0.575 0239 0.058
Rb, -0.757" 0316  —0.605"—0.092  0.065
Rc  —0.620 0339  —0.377 —0.190  0.172
Rb, —0472  —0.022  -0370 0.152 0.233
Rb; 0026  —0.023  —0.068 0.168 —0.183
Rd  -0.719 0363  —0.166 0.123 0291

WG, P<0.05, "HIKHER S P<0.01, T
"correlation is significant (P < 0.05); "correlation is very significant

(P <0.01), same as below

ANSHR O IIE R Rk 5 NS B EA K
PEATHTEE R ILK 5, NS FPS N KIES NS 2
1 Rgy MEEMEFIEMK (P<0.01), FPS P
NS B EY G @ o etz —, P
FPS SRR B H A m A S B a; A2 SS.
SE AL T- NS B G s e i i, itk 5 N2
EAFREIFRRILH B A NS DS AR
T IE 0 ] T AR NS 21T Re Gk (P<
0.05), FIAWFFURIN DS FE I AT e I8 F e (1)
B, MAS AT Re & =B ANS B, ki
W DS FEP0 =BER NS B A 1A A FHE
XNZBMAZRBRENAERAREEN: A
CYP82D47 Fl CYP716A47 FERAL T NS 2 H W)
B OB R R, R EA 1S B R AR AN F I DhRe,
CYP82D47 JEFIX N2 Rgy+ Re & R
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TIE3Em, CYP716A47 JEKM 5 40H] T NS 2
1 Re A (P<0.05), HXfAZE1F Rf. Rb,
A A HEIER . Bk AS B NED &
B2 2 A B AL R ) S5 3L, IEDURIXFE 8
MASRBAT G OB SE R AR R I 5 A S 1
HEMEEHCHERR. ASAFEAKR AR
5 NS B AL DR 08 B IR A 1 23 A 45 2R
W 6, WAL, oA ARG . LIKFXT 8 Fik
NI DA RIS AR E T JELEEXE SS RN ()R
B BERRICR (P<0.05); Jeifa syl
PR FPS.CYP82D47 LK [ ik (P<<0.05);
T IEAR I N S RS O Il o DR f 2 A (2 A FH e
W%, HMGR. SS. B-AS. CYP716A47 FER
55 KRR T2 A G (P<<0.01),
DS BRI &k b KA W A (P<
0.05), Wi IAHE = -39 K 386k N S S B Al A 1)
RIS B WIERE, & U5 &K R ] g e

MASAM RN EE TR L —. W AR
M8 i OB g 55 R 1 2R IR R I T A G 5%
e BRI AR 8 Tl OB BESE DA (1) SR IA AR I
TS A EIE R, AR A e B
il FPS. CYP82D47 H:PHFRIL (P<0.05), [N,
AR FE A BEIAEH T ASIRALLR, B eIt
NS O I L DR 3R R [R5 AR/
26 ASIRPXEMERARESESEFRMAS
BEREXIKSH

NS it (1) T8 1S AR 25 DR R S g i A
KILZ KR EY), AVFZHEZ MK RIFAY
B, KRR AT R e rh AT A R S AH AT N
T IR R B DIFR R, AN 2 7 5 RS R ) S 1)
TENZARENZE, HERarw, FaAmR
FOK o DA RISV & AR A P 1 5 O B g A K]
FIART NS08 B, 45 R B —E M)
P KE

RS5 FREKFARFREHBERFRESEHEMEXME

Table 5 Correlation of gene expression and ginsenosides in roots at different growth time

o R
HMGR FPS SS SE DS B-AS CYP82D47 CYP716A47
Rg, 0.541 0.790" 0.499 0.039 0.182 0.541 0.512 0.234
Re -0.481 —0.034 —-0.448  —0.417  -0.667"  —0.481 0.361 -0.699"
Rf -0.380 0.208 -0230  —0.315  —0.395  —0.380 0.205 —0.422
Rb, -0.383 0.003 -0.278  —0.337  —0.181  —0.383 0.130 —0.445
Re -0.196 0.156 -0.025  —0.002 0.043  —0.196 0.135 —0.144
Rb, -0.221 -0.213 -0.012 0.154 0.111 -0.221 -0.081 -0.058
Rbs 0.013 0.108 0.024 0.023 0.040 0.013 0.117 0.004
Rd 0.077 0.126 0.113 0.384 0.395 0.077 0.010 0.205
F 6 AEEKFEAESEFSRPXEEEREFIZREXME
Table 6 Correlation of ecological factors with gene expression in roots at different growth time
- KR EL
L pRER e TR b3t AHH 5

HMGR 0.631 0.599 0.906" -0.106 -0.529

FPS 0.480 0.659" 0.527 -0.183 -0.717"

SS 0.670° 0.536 0.770" -0.285 -0.363

SE 0.241 0.276 0.599 -0.015 0.099

DS 0.297 0.368 0.658" -0.052 0.052

B-AS 0.631 0.599 0.906" -0.106 -0.529

CYP82D47 0.182 0.632° 0.204 -0.226 -0.734"

CYP716A47 0.568 0.304 0.832" 0.040 -0.053
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TN TESHTEASHRTANSBH KT
KRR, et AAGRN SRS AS B Re
HIF T, KOS ik 0.796 3 F110.731 2;
AN E R & A GRS I A S 21 Re &1
FFEF, KEKRBEES 0I5 0.821 9 H10.739 9;
FEOOP B e 5 N 2 AT RE (0 2 SR, KK

2 Rd EME P T, KOORS00 0.745 0,
0.701 0 1 0.695 7.
R 8 AR BRI A S SS LN RIA X
R ETAFERDASEEREBXKE
Table 7 Grey correlation degrees bebveen ecological factors

and ginsenosides in ginseng roots

BRREIR 0.779 75 AHXTVRIE . DAY Rk S A 17K joeT LEPRISE
PO HMANS A Rby #IE SR, KEKBRE W ObAHERGRN K% BW MR
439124 0.731 64 0.704 8 F1 0.695 6; 645 W4 - Rg 07312 07963 05420 05123  0.6976
T FAR 6 s i N 2 247 Re 10+ S 87, Re 06862 07399  0.6655 04746 0.8219
IRAOSIELE S )49 0.783 3. 0.750 1 A1 0.741 5; ¥ Rf 06587 06909 06605 05598 07797
B FIAE G 5 NS 84T Rb, 110 S8+, Rb, 0.673 8 0.704 8 0.6956 05169 0.7316
WA AR AN Bk 0.773 24 0.763 5: AERKFE A Re 0.750 1 07833 0.6432 05343 07415
LA Rbs K (0 G I A& (0.488 4~ Rb, 07732 07125 07068 05411 07635
0.573 7), ARt AB A Rbs A RIEA L ES Rb; 05514 05717 05737 0.4884 0.5689
HRT: ELRE . A 2O SRR S 2 B A S Rd 0.7450 0.7010 0.6345 0.6064 0.6957
*8 RPXEHERRIEISEASEHREXKE
Table 8 Grey correlation degrees bebveen gene expression and ginsenosides in roots
o YREP S RES
HMGR FPS N SE DS B-AS CYP82D47 CYP716A47
Rg, 05001 05436 07051 05081 04873 05813 0.485 6 0.466 5
Re 05907 04956  0.6909 05759 04671 04819 0.501 7 0.455 1
Rf 05316 05070 06795 05196 04505  0.4876 0.504 4 0.462 5
Rb, 04602 04693 06318 05009 05015 04408 0.508 2 04123
Rc 04743 04941 06846 05124 05040 04792 0.528 5 0.443 6
Rb, 0.5644 05129 06538 05791 04987 04728 0.496 2 0.459 1
Rb; 05695 05328  0.5855  0.5479 04984 05201 0.514 6 0.5270
Rd 04806 05259 06646 05208 05211  0.496 1 0.522'5 0.468 1

NS BHBEA RPN, RIPE R T HABIER,
FERR TR0 N2 AT B R R i 2 e 1 AR IR
BAZ SS RMRIEH NS BH B K ORI
EANTAZR T KRB RIS S NS 21K
ORISR, SRR AR AN S
RS I A
3 it

NS B G BOREBEEN N RIE I T NS
ERENEa a7/ REgn i b L P 11a oY P R (B NSHES
XS BT A AT . AL IE T 4
FENSAFEK IR L 8 Fl ik NS 21
UL BESL N (R &, JFXF AS R R
ZEARHATREE, LR TAESBE P MAS 2 H
TR N R RS NS EHRIIK R,

W EEAE S N\ S A R G A A R P,
ANZEW, LR ASIRAL P NS BH
Rb;. Rd A RE 580, & 4 AR L nT A e
MR R T NSRS Bl E A (1
RIEVIRILM T Iedt e, B SS R KA
(M I ) 552 IEAN G

T R R AR D 5 S R R
(AR 2 — 2, AR TR BB B X AR
NS IR RSN R D R IA B R B T2
A & R RO A AR m A S B HR R
(B, (HR I RO e T B e A 45,
IR S o A 7 SR T3 4 1) JEE BR8N S AN
IR M 7K

T PR 5 D R R B A U B AR P
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HRAGREP, SRR T = bAEK R AR
T KB BB TR SR 22 e R LR R e R AN
TR R RR, R RINE 1T 5
] P e A R ORI RE Y B-AS AT SE K]
RIS R AL H AR R AL PTREN
SR HINIEE, B NS AT IR R R
IR R, RAFAE L RYE . HHOKIAE R
Wiy N2 S SR DL S SO BRI [N A 1 9B K
ST, RHORBEBOA R, NS Ht 5
IKBEAEMBRAL 2T, JFRILH T 6
BOR, HASUKAR B TR S i
DIRIIE R RESE D A IR 28 G B i DN A i B
AR IR BRI NS B A, Xl
L MR AT NS TG S i b A 1
Wi, AR IS BRI

A TAIR IR ERAE ] TARALZL, NS
MRALARE RN, A SRR A SR
ZArh SRR N ) AR SE AN K, DO 2 R Y
FABAT W o

NS BHG RNERE N RIS WA NS 2
HE RO B Y R, HH TR S 2
BB IRTE AT T, AN RS O HME LD
MIFSEM B, PRI, FERRAZ PRI T
I RERIAIRNE, ANSHRAZ P SRR IR RS0 A
SRIAMRALZERIM TIEMK, ASERN YT
IEFIRBIINS BT B OSBRI N RIE B IS R,
X IER NS B S R R I ], K¢
WREZ T 45 AR WL . DA AR . AR
HMASIRPAS B RN T RAESH T, AS 2T
R B RREL N (1 8 5 N 2 B i R RIE N T2
ST, WHHEAESH TR N, ASRBHGHOCH
ML S BE AR BEEASER K
FIREAT, AR5 B ML A RIE L R T
NS RBEFEH MAS B EAEEEN. &
NFFIENS A U A BAEZSHLEIRTT, S
SV R I T B
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