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Effects of soil elements on platycodin biosynthesis process in Platycodon
grandiflorum from different habitats
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Abstract: Objective To explore the relationship between platycodin accumulation and soil elements, to identify the reasons for the
the content difference of Platycodon grandiflorum between different origins from the gene expression level, and to provide a
theoretical basis for the scientific cultivation of P. grandiflorum. Methods The content of platycodin D and total platycodin in
phloem and xylem from different habitats were determined by HPLC and vanilla aldehyde-glacial acetic acid colorimetric, the
expression of key enzyme genes were determined by real-time quantitative PCR, the content of soil elements were determined by
Atomic Absorption Method. And the relationship between soil elements and the expression levels of platycodin and its key enzyme
genes was analyzed by Pearson correlation analysis. Results The content of platycodin D and total platycodin from Luoyang,
Henan, was significantly higher than those of other habitats; Platycodin content and expression of key enzyme genes in phloem and
xylem of P. grandiflorum were quite different; Contents of Cu, Ca and Zn in soil play a major role in the synthesis of platycodin,
mevalonate pyrophosphate decarboxylase gene (MVD), farnesyl pyrophosphate synthase gene (FPPS) and isopentenyl diphosphate
isomerase gene (/PPI) genes were the main key enzyme genes in the synthesis of platycodin; Soil elements had a certain regulatory
effect on the expression of key enzyme genes. Conclusion Soil elements affect the synthesis of platycodin by regulating key
enzyme genes, with Zn content in the soil playing a major role.
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Table 1 Plot information

FEHL G5 b 4 R i P A AR R /m KWH 4
11 HMKE N43°48'24" E125°24'59" 251 2017-09-12 2
12 A b R N41°24'55" E117°33'5" 610 2017-09-11 2
13 TGV RH N33°47'10" E112°6'11" 670 2017-09-18 2
J4 IR = N35°43'40" E113°20'42" 1210 2017-09-18 2
J5 MR N44°36'54' E124°6'14" 350 2018-10-25 2
16 RETiN ] N41°43'23" E119°17'10" 550 2018-10-13 2
17 PN 5% 7 U % ) 0 g N42°6'52" E118°47'32" 640 2018-10-13 2
18 A 5 7 U bR AT i N41°18'38" E119°8'6" 560 2018-10-14 2
19 RETNTNE N41°34'6" E119°12'04" 551 2018-10-26 2
J10 TN A | N41°43'23' E119°17'10" 553 2018-10-26 2
J11 REZN AT N42°5'58" E118°57"2" 695 2018-10-26 2
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Table 2 Gene primer sequence

FE A 7] (5°-37)

AACT F: CCTCAATACCCCCAAGAGTGTC
R: AATGAAGCCTTTGCTGTCGTC
HMGR F: GGTGGGCGATAATCAAACTAACTC

R: CGAGGATGAATCGTGTGACTGT
MVD F: ACATCTCCTTTGGATTTCTGCG

R: CTTCAGAGGCTGCTTTTTCACTT
IPPI F: GCAACTTCGTCGGGATTCG
R: TGCTCTACAAGGCACCATCTGAC
F: GCTACAAGTTGCTGAAAGGAGAAGA
R: GGTTGACCTCGGCGTGTATG
SS F: CGGATGATTTCTACCCGTTGTT
R: CTGTTGAATAACGAGGGCGAAG
F: CAGGGAGGCTTTTAGTTCAGGT
R: ATCACATCTACACCCCTCCAGC

FPPS

GAPDH
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Fig. 1 Content of platycodin in different origins (; ts,n=3)
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Fig. 2 Soil element content of P. grandiflorum from different origins (; +s,n=3)
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Table 3 Correlation between soil elements and platycodin content
Rt R
BARE AP MK WM Fe EM Cu WA Zn XM Mn A Ca  HE Mg
RLERRE 2 H D -0.086 -0.378 -0.445  0.085 0.235 0.368 0.129 0429 0572
) R ER RS 2 D -0.065 -0201 0.174  0.406 0.211 0.566 0.502  -0.005 -0.040
IR BB A AR -0.178 -0.100 -0.339  0.068 0.618" 0.021 0.106  -0.047 0.010
) R SR A A 0.041 0213 -0247 -0.091 0.309 -0.152 -0.094 0.627* 0.060
IR G2 D 0.050 -0.199 0281  0.442 0.378 0.658" 0.528 0.113 -0.007
FR RS S BT -0.061  0.005 -0402 -0.147 0.321 -0.183 -0.124 0.616°  -0.033
MR (P<0.05); THIRMEREZE (P<0.0D, TH

*Correlation is significant (P < 0.05); *"correlation is very significant (P < 0.01), same as below
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Fig. 3 Gene expression of key enzymes in synthesis of platycodin (x+s n
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ST

KH SPSS19.0 XA R = kb B AF &= K
R R 65 B HEAT Pearson MHOSTEZMHT L 4, K
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BEEFNHK (P<0.05), BEHIX 3 ANERETEATH
HH )3 SRR A A R I A B AR T AR
FEFEARARS B2 D &85 MVD Al IPPI R 2 5
FEMSE (P<0.05), 5 FPPS JER MR 2 1E A%

(P<<0.01), ¥iH] MVD. IPPI ¥l FPPS R [l 25 %}
RS AR A A 2 D 1) sk = ZE R R
3.6 TEAFSXEBERRZEEMEXEST
SKH SPSS19.0 X As[A] =tk i -1 m 3R 556
L [N R A BT Pearson AHIMES M W 5,
TIEIHAR A TEAL P FE K Fe &S AACT BEH
PR EEEWEE EMEX (P<0.01), TIHHK
Mn #&EH AACT FEF w3 EAH ¢ (P<0.05) +
SV SRR . TR P AL Fe FAIIEAL Mn &
BXT AACT BRI FA GRS ER s 884 Zn 1
B Mn &5 FPSS FEPH B2 2 AR (P<0.05),
Ui B R A Zn A AL Mn & 8% FPPS HE A (1)
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Table 4 Correlation between the content of platycodin content and key enzyme genes

o MR FRE
ARHpRE AACT HMGR MVD SS FPPS IPPI
AT EE D -0.181 0.059 -0.072 0.225 0.104 0.243
P AR D -0.139 -0.302 0.432 -0.083 0.597 -0.157
Ao AR A A -0.584 -0.044 -0.647" -0.546 -0.734"* -0.654"
) g AR A A 0.121 0.232 0.220 0.260 -0.095 -0.700
MR R D -0.136 0.059 0.700" 0.090 0.859 0.720*
MR HAS A B -0.255 0.123 0.306 -0.154 0.275 0.229
F=5 ITEAESKEHREERNEXME
Table 5 Correlation between the content of Soil elements and key enzyme genes
P MR FRE
HMGR AACT MVD IPPI FPPS SS
TR A 0.437 0.847* 0.548 -0.139 0.419 0.339
L P 0.397 0.803"* 0.488 -0.194 0.272 0.354
HR K 0.260 0.447 0.473 -0.164 0.453 0.092
AL Fe 0.241 0.722* 0.454 -0.031 0.482 0.156
HAL Cu -0.114 0.344 0.209 -0.307 0.290 -0.075
ML Zn -0.100 -0.157 0.233 0.321 0.662" -0.295
AL Mn 0.183 0.638" 0.525 0.000 0.610" 0.060
HRL Ca 0.353 -0.232 -0.121 -0.366 -0.207 -0.076
HAL Me 0.077 0.107 0.179 -0.491 -0.033 0.113
4 g HE SRR T D A, I bkE (2)

25 A AN IR ALAT R0l oy & BATAE — RE I 22
5, A /NEEAERRT TR, X LA A ) B 2R
R Y e TR B s AR TURIL, ANIE
REREB R B A R B AR R 2 D S B T
ARJHR s ANTF] = A R AR AP A R R B 2
D SREAERAZESR, HAEEHE J3) R

FEMAS R D B AR, ARIEBZdbriE, AR
PR S EE R TR S I IR, OB
ok i A AR S A A R

ARSI T TR R S A
PR R SCBEMEE R RIS BRI . MW E R KB ®
ERENERITR, REITRKI KA T L%,
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THOTRBRRE RN TR SR, HEm e
YIRAARE =W, Zhu 2RO TR B4 0E P &5
20 kg/(P-ha) RS B4 & BT UR PG XA SRR 7L
R, TIEHPTHICR & REEMEE X THICER
e, LR RE TR K, & ITHR Fe M1 Mg
REBS (R HE RS B S B A, AT PSS 70 R IR
TIETTEMETTE Cu. Fe MR =HIGMHMS &
BRI AT, AR A TR
HEEERRNK, BT D &2 hom i iskH
(J3) FEH ) 3G UM E TR Feu Cu. Zn 1 Mn
FEATRE KT, MR, L+ Cu
H Ca & ERENS 73 AR FE RS A5 AN B RS
MEFRER, Hi#Ed Zn Ml Ca SEDHIMEHE T H5
PR RS A 2 D FIAS A B A R, BT+ 3
JCEH Cu. Zn F1 Ca I8 &2 18 A [F] 7= Hi RS A 42
TR LR T

s 2t R R A AR PR S A O RE O
BERGIE N VIO, RSP 5 R, HMGR.
B-AS. P450-7 Fll P450-12 iX 4 NIER S B H& &
A EECHG AR RIS BB RS2 D
AR B A RIS TARES, 44CT F1 IPPI %
RLE) 7 ) RIB B B T AR ES, 1X 2 N
T A2 5 U A 2 T 470 Rz S0 AN ol 50 22 R K I
KEEFREK, MVD. IPPI F1 FPPS FE R EREAE A 5 5
(it R IR TR BRSBTS
i, MVD. IPPIF FPPS 55 MR F RS A 2 D
SEEDFTME (P<0.05), EREEE D KA
it i kS = B AR A

AR 25 AT Re % TR 4% DG B Ik R 3 0K B gk i 5 e
B EPY, HRARSERIR R, AR TEK
BRI ) RIA L FRE T AS BHRA K, A
Z B R A BB FARERRE AR IR 5
REfg AL 4% HMGR. FPS. SE 1 CAS [ 50 B
REFEE; XT 8oz 24 Y O HNg L
DRI Rk BRI T T8/, AHIE T R A A 2 1
e EEZ L Cu. Zn Al Ca MK, i
Zn &85 FPPS ENERXERRFIEMK (P<
0.05), 1M FPPS KR it 25 & sl e rhie 32 22
W ER BB SE R . —, RT3 Zn F2E
BT FPPS 35 PR3 I 5 0 55 A5 2 (1 B o
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