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Abstract:To research the correlation between the accumulation of iridoids and expression of key enzymes genes of Gentiana
macrophylla, UPLC-Q-Exactive MS was used to detect iridoids content, and then quantitative real-time PCR (qRT-PCR)
was used to analyze the expression of key enzyme genes in iridoids biosynthesis. Correlation was calculated by SPSS. The

results showed that most iridoids were mainly distributed in roots, while loganic acid 11-O-f-glucopyranosyl ester was



distributed in leaves and secologanoside was distributed in flowers. The expression of genes was higher in flower parts than
in other parts, the expression of loganate O-methyltransferase (LAMT) was the highest in leaves and the expression of
Genraniol 8-hydroxylase (G80) was the highest in roots. Correlation analysis showed that the relative expression of
7-deoxyloganetic acid glucosyltransferase (7-DLGT), Isopentenyl-diphosphate delta-isomerase (I/DI), secologanin
synthase (SLS), mevalonate pyrophosphate decarboxylase (MVD) and 7-deoxyloganic acid 7-hydroxylase (7-DLH) genes
were positively correlated with the contents of iridoids. The expression of the key enzyme genes play an important role in
the synthesis of iridoids, which lay a foundation for the regulation of the accumulation of iridoids, and is also an important
part of the mechanism of quality formation in the G. macrophylla.
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Table 1 Primer sequences of candidate genes in qRT-PCR

WZ I3 (53" FEK
Internal reference gene Primer sequence (5'—3") Length of product (bp)

F: GGTGTGAACCATGAGAAGTATGA
GAPDH 123
R: GAGTCCTTCCACGATACCAAAG

F: AGCAGCTCAAGGATCTATGC
UBC 13 111
R: AAGTATCAGGAGGGCCAATAAC

F: GAGGTATCCTGACCCTGAAGTA
[-Actin 104
R: CACACGCAGCTCATTGTAGA

F: CCGCTAACATCACCACTGAA
EF-la 107
R: CACGGAGACGTTCTTGATGT

F: CGCCTGATCTCACAGGTTATT
TUA 107
R: CTTGGGTATGGGACCAGATTAG

18S rRNA F: TGAGAAACGGCTACCACATC 104




R: ACTCAAAGAGCCCGGTATTG

1.6 INGBATEE A& B L BERERIKNE
1.6.1 % RNA #9#F A= cDNA #946 n%,
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1.6.2 qRT-PCR 41
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190, P LR 2, FEAE S 2O 8 B PCR A BT RIE /M7 - qRT-PCR MK % (20 uL): 2X SYBR
Green Pro Taq HS Premix 10 uL+ ¢DNA 1 pL. IEFFS A5G4 (10 pmol/L) % 0.4 uL, Z&TEAKANE
FE20puL, HMFEAESR 3 K. FIEFEF: 95°C 5min, 95°C 10s, 60°C30s, It 40 MEH.,

1.63 HFELE

qRT-PCR £ %5 15 2|3 B (93 B4 753K L (cycle threshold, Ct) , LAZE JUMR B AR HE L, fd ] 2-0act
T A A Rk 2 R AR
1.7 #HEMES

K H] SPSS 26.0 4 it = B AT 73 B 24 04 Wk i 7 B 5k DR 3R AL B A S5, 5 Spearman

% 2%, 18 OmicStudio tools il 1F # &,
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Table 2 Primer sequences

23| TERE e
Gene Annotation Sequence
4-FEFE-3-H B2 T IR R R £ Tl F: TTGGTTGCTCTGCGTGTTG
oS 4-Hydroxy-3-methylbut-2-enyl diphosphate synthase =~ R: CCTTCTGATATTCGTCTTCTGTGTA
4-FHE-3- B2 T IR S AR IR IR i il F: GATCTTATGCTAGTAATCGGAGGTT
HoE 4-Hydroxy-3-methylbut-2-enyl diphosphate reductase =~ R: GCCAATTCTCTTCTCACTATCAATC
S Ik R IR S A F: TCTGGTGGATGCGAATGATAAC
ot Isopentenyl-diphosphate delta-isomerase R: CGTTGCTGAAGAAGTAACTCGTA

PMK RS B 72 0 PR il F: GGTTCTTCAACAATCATCAATACGG




Phosphomevalonate kinase

PR TR — WAt PR il

MVD
Mevalonate pyrophpsphate decarboxylase
A AR IR A
GPPS
Geranyl diphosphate synthase
7 I P
GES
Geranyl diphosphate diphosphatase
i 8-F24L e
G8O
Geraniol 8-hydroxylase
8-F b Ay I I S AL i
8-HGO
8-Hydroxygeraniol dehydrogenase
Ak 5 g
IS
Iridoid synthase
I Tk s S A Bl
10
Iridoid oxidase
7-F A BT R T W SR e Tl
7-DLNGT
7-Deoxyloganetin glucosyltransferase
7-E A G U B R A
7-DLGT
7-Deoxyloganetic acid glucosyltransferase
T-EAGHER 7-FR 0
7-DLH
7-Deoxyloganic acid 7-hydroxylase
LEHER O-HEELBE
LAMT
Loganate methyltransferase
O R 5
SLS

Secologanin synthase

R: CTCAATCTCAGGCAATCGCAAT
F: CTGTGTTGAGAAGTGGAATCGT
R: AAGCAGTAAGGCAGCAGTCT
F: GTATTGGTTCAGAAGGATTAGTAGC
R: AGCAGCAGTCTTGTGAATGTG
F: TGGAGGCAATGAAGTTGATAGATAC
R: ACGCAGTGAAGTAGTGAGTAGAT
F: GCAACAAGCACGCTGGAAT
R: CACACCGCAAGTATGGCAAT
F: ATTGTTGGTCTTGGTGGTCTTG
R: TGGCTTCCTTCTTCTTCCTATCA
F: ACATAATGAGTTGGTGGTGGAA
R: CTGCCTACGATGCCTGTGA
F: AGGTTCCTGATACGCTTAC
R: GGTCTCATTCATCCTCTTATTC
F: AGGTCCATTCAGAGAACTTGTTG
R: ACACCACCAGCACCATTAGT
F: GGAGTTAATGGAGGTGAGAA
R: CGCTCTTGGCAACTATGT
F: TTATGACTGTTGAACGGATG
R: CCTCTTGCCATTGTCTGT
F: GGAGTAGTCAGCGAGGAGAA
R: GTTCCATCACAGTAGGCAAGT

F: GGTTGGAGATGTTAATGAGAATGC

R: CTGGATGGTATGGTGAATGTGAG
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Fig. 1 Total ion chromatograms of roots(A), stems(B), leaves(C) and flowers(D) of G. macrophylla in negative

mode



% 3 UPLC-Q-Exactive MS Xt KMH-ZR JLh 3R IE R XK 8

Table 3 Iridoids identified in G. macrophylla by UPLC-Q-Exactive MS

SEIIME R 2 Py
Fs PR ks 1] B WHET HRAL S ik
Measured Error Molecular
No. Iridoid R Ton mode Fragment ion Organ Reference
value (x10%) formula
11-O-B-ME W 78] 27 B 5 2% 1 BR B
375.1304. 313.1309. 213.0761. 169.0865.
1 Loganic acid 6.95 [M+HCOO]  583.1870 -1.66 C2H34015 R. L 13
113.0229. 59.0122
11-O-p-glucopyranosyl ester
LR IR 213.0764. 169.0861. 151.0754. 133.0647.
2 10.98 [M-HT 375.1299 0.61 Ci¢H2s010 R, S. L. F 14
Loganic acid 113.0231. 95.0487. 69.0329
BT 267.0845. 235.0575. 203.0521. 185.0418.
3 11.69 [M-Na] 429.1366 -0.23 Ci7H6011 R. S. F 15
Morroniside 110.6607. 79.2134
WriE A SRR 319.0093. 2199.2400- 183.0659. 165.0549.
4 13.78 [M-H] 389.1104 3.78 Ci¢H22011 R, S. L. F 16
Secologanoside 121.0645. 69.0329. 59.0122
R e 302.6173. 179.0552. 149.0597. 141.0181.
5 14.21 [M+HCOO]  419.1201 1.43 Ci¢H22010 R. S\ L. F 17

Swertiamarine

119.0336. 113.0230. 89.0228. 59.0122



6'-O-p-D-Fil % B S R EEE

6
6'-0-p-D-Glucosylgentiopicroside
U
7
Swertiapunimarin
e NEE
8
Gentiopicroside
WA
9
Sweroside
10 Gentimacroside

14.71

15.66

16.79

18.10

36.72

[M+HCOOT

[M+H]*

[M+HCOO]

[M+HCOOT

563.1631

521.1862

401.1093

403.1254

531.1522

2.38

-0.58

0.92

2.03

2.64

221.0665. 193.0498. 179.0552. 161.0445.

131.0337. 101.0229. 89.0228

251.4391. 197.0808. 179.0703. 151.0751+

127.0389. 111.0801

324.6015. 219.0556+ 149.0597. 121.0648.

113.0231. 93.0333. 89.0228

312.8494. 205.4160. 151.0749. 125.0229.

89.0229. 81.0329

315.0727. 297.0625. 189.0910. 153.0182.

109.0280

C22H30014

C2H3:014

Ci6H2009

Ci6H209

Ca6H28012

R. S. L. F

R. S\ L. F

R. S\ L. F

R. S. L. F

17

16

17

17

18

7E: Ry S\ L. F2rifREIR. 2. b, fE.

Note: R, S, L and F represent roots, stems, leaves, and flowers.
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Fig. 2 Distribution of iridoids components in roots, stems, leaves and flowers

VE: R. S, L. FARMREIR. 2. mh. f8. 5RMLL, "P<0.05; "P<0.01; "™ P<0.001.



Note: R, S, L and F represent roots, stems, leaves, and flowers, respectively. Compared with roots, “P < 0.05; “P <
0.01; ™ P<0.001.
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Fig. 4 Analysis of expression stability of candidate reference genes by software

Wk 4 fior, %44 GeNorm. NormFinder. BestKeeper #f4 LA X ACtE {43 #r, FEXTHAG H
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13>18S rRNA>p-Actin>TUA>GAPDH>EF-1a, #kasE N SIE N UBC 13.

R4 RENSEREREREHEZSHSA

Table 4 The comprehensive ranking of expression stability of candidate reference genes

IMITE
4

Analysis method

Rank
ACt BestKeeper Normfinder = GeNorm

25 Result

1 UBC 13 UBC 13 18S rRNA UBC 13
2 18SrRNA  18S rRNA UBC 13 18S rRNA
3 p-Actin p-Actin TUA p-Actin
4 TUA TUA p-Actin TUA

5 GAPDH GAPDH GAPDH GAPDH

6 EF-la EF-la EF-la EF-la

UBC 13
18S rRNA
p-Actin
TUA
GAPDH

EF-la

2.4 MGBEHE S ISR ERR ERIE T

LA UBCI3 NS FER, 516 A b . Tl SCBERGEE 7L Z JUAN R B AL 18] B 22 5 3R
IETEOL. DRI X HEAL, B HARBR BN TR IUS B AL AR IA Z 5455, el RiE

fgeit LA 5.

25 3006 BE S R A R 16 AR D AR, 3RAT 14 A Ik DR AR AN R AR A 8] B AT B

Z M (P<<0.05) o 14 A8 B FEAE IO R I m T HAR AL, LAMT fE M v ) R ik &

R, GSOEMRPREER.
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Fig. 5 Expression pattern of genes involved in iridoids biosynthesis pathway
TE: R Sy Ly FARMURIR. 25, iF. 18, SR, "P<0.05; "P<0.01; ""P<0.001.
Note: R, S, L and F represent roots, stems, leaves, and flowers, respectively. Compared with roots, “P < 0.05; P <
0.01; ™ P<0.001.
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Fig. 6 Correlation analysis between the content of iridoids and expression of key enzyme genes
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