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Correlation study between accumulation of iridoids and expression
of relative genes in Gentiana macrophylla
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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 11-0-B-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-hydroxy-
lase (G80) was the highest in roots. Correlation analysis showed that the relative expression of 7-deoxyloganetic acid glu-
cosyltransferase (7-DLGT') , isopentenyl-diphosphate delta-isomerase (IDI) , secologanin synthase ( SLS) , mevalonate pyro-
phosphate 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 forma-
tion in the G. macrophylla.
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1% H- 3t B 1 & B ( glyceraldehyde-3-phosphate dehy-
drogenase , GAPDH ) | %% 5% %E {1 [ T ( elongation fac-
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&1 REEREE qRT-PCR 51#1/5 51
Table 1  Primer sequences of candidate genes in qRT-PCR

WS

Internal reference gene

FIWFE(5'—3")

Primer sequence(5'—3")

PRI
Length of product(bp)

F:GGTGTGAACCATGAGAAGTATGA

CAPDH R:GAGTCCTTCCACGATACCAAAG 123
UBC 13 F: AGCAGCTCAAGGATCTATGC -
R:AAGTATCAGGAGGGCCAATAAC

Aui F:GAGGTATCCTGACCCTGAAGTA -
p-Actin R:CACACGCAGCTCATTGTAGA
P F.CCGCTAACATCACCACTGAA 107
e R:CACGGAGACGTTCTTGATGT
_— F:CGCCTGATCTCACAGGTTATT 07
R:CTTGGGTATGGGACCAGATTAG
185 TRVA F:TGAGAAACGGCTACCACATC 104

R:ACTCAAAGAGCCCGGTATTG

1.6 INEEGEEYE R KBERRIENE
1.6.1 % RNA #9423 f= cDNA 54 &%

K HH Trizol ¥4 43 2 WU TUML 25 FIAE Y
RNA, F 1. 5% By i 5 55 Ji L VKRS I RNA 52 88 P
B S A AT LA GG TR I RNA ) ¥ B 4
B B RNA 5% 5% i cDNA R 75 /9 <DNA T°-20 °C
UK ORAE 2
1.6.2 RT-PCR &4

R 5 R A2 ) ) 5 DL SR AL B, IR AL
IR BEDE S A A s 1E 16 AN B B L s 1T 5
Y1, 750 L3 2, 78 S 9 B PCR X _EaEA T
K53 1. qRT-PCR J i f& % (20 pL):2X SYBR

Green Pro Taq HS Premix 10 pL cDNA 1 wL . 1F [l
Sl 5191 (10 wmol/L) 4% 0. 4 L, Z& MK #b A2 2 20
pL, B ES 3 W, PR :95 C 5 min, 95
°C 10 5,60 °C 30 s,3L 40 MEHR,
1.6.3 £ s

qRT-PCR Z5 505 753 B BE P A 97 HE B P40 (eycle
threshold, Ct) , LAZE JURR A8y xf B, e ] 274 k31
AT R IE 22 AR
1.7 HEXMESH

K1 SPSS 26. 0 it ~# 81 AF o3 Hr o1 ik il 75
EE IR SR IA B Y AR e, 71930 Spearman A 5C R %L,
{8 OmicStudio tools fHl/EHAE

&2 5|¥F5

Table 2 Primer sequences

JEN VR

Gene Annotation

751

Sequence

AFEHE3- 2 T ML AT

HDs 4-Hydroxy-3-methylbut-2-enyl diphosphate synthase
. 4B I 312 T AR
4-Hydroxy-3-methylbut-2-enyl diphosphate reductase
. AR IR S
Isopentenyl-diphosphate delta-isomerase
ik B R
Phosphomevalonate kinase
MVD P RN R — IR IR

Mevalonate pyrophpsphate decarboxylase

F:TTGGTTGCTCTGCGTGTTG
R:CCTTCTGATATTCGTCTTCTGTGTA
F:GATCTTATGCTAGTAATCGGAGGTT
R:GCCAATTCTCTTCTCACTATCAATC
F:TCTGGTGGATGCGAATGATAAC
R:CGTTGCTGAAGAAGTAACTCGTA
F:GGTTCTTCAACAATCATCAATACGG
R:CTCAATCTCAGGCAATCGCAAT
F:CTGTGTTGAGAAGTGGAATCGT
R:AAGCAGTAAGGCAGCAGTCT
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2:5% 2 ( Continued Tab. 2)

s R 2]l
Gene Annotation Sequence
CPPS T - L W 1 T T F.GTATTGGTTCAGAAGGATTAGTAGC
Geranyl diphosphate synthase R:AGCAGCAGTCTTGTGAATGTG
CES B -5 1 i F:TGGAGGCAATGAAGTTGATAGATAC
Geranyl diphosphate diphosphatase R:ACGCAGTGAAGTAGTGAGTAGAT
€80 T - 8- FR AL F:GCAACAAGCACGCTGGAAT
Geraniol 8-hydroxylase R:CACACCGCAAGTATGGCAAT
S-HCO 8- 32 KT M- P 4R AL i 5 it F:ATTGTTGGTCTTGGTGGTCTITG
8-Hydroxygeraniol dehydrogenase R:TGGCTTCCTTCTTCTTCCTATCA
IS M Bk G A il F:ACATAATGAGTTGGTGGTGGAA
Iridoid synthase R:CTGCCTACGATGCCTGTGA
0 PH Tk 5 4T F:AGGTTCCTGATACGCTTAC
Iridoid oxidase R:GGTCTCATTCATCCTCTTATTC
7-DINGT T- R A B R AL AL F:AGGTCCATTCAGAGAACTTGTTG
7-Deoxyloganetin glucosyltransferase R:ACACCACCAGCACCATTAGT
7-DLGCT - T T A R R R F:GGAGTTAATGGAGGTGAGAA
7-Deoxyloganetic acid glucosyliransferase R:CGCTCTTGGCAACTATGT
7-DLH T-RE DAL T2 A F:TTATGACTGTTGAACGGATG
7-Deoxyloganic acid 7-hydroxylase R:CCTCTTGCCATTGTCTGT
LAMT Lk ifme O-H LR NG F:GGAGTAGTCAGCGAGGAGAA
Loganate methyltransferase R:GTTCCATCACAGTAGGCAAGT
SIS AR DT A N F.:GGTTGGAGATGTTAATGAGAATGC
Secologanin synthase R:CTGGATGGTATGGTGAATGTGAG
2 HR5HM 25 A RS A R R B AT T B, R AR R AL

2.1 KMEHRAEZBA UPLC-Q-Exactive MS [E
S
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25 M AEH 10 B B Bk G B an 1 R, AR
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22[%] 1(Continued Fig.1)



Vol. 36 SRRAATEE - M-ZR I P PR TRE T B SR 5 2 D 3R AR DG M T 5T 1893

C
P\ |
L e e e e e e
0 5 10 15 20 25 30 35 40 45 50 55
Hs ] Time(min)
D
i -y
L L L A I e i B I e B
0 5 10 15 20 25 30 35 40 45 50 55

5} 18] Time(min )

Bl AM&RFAGAEFEXTR(A)ZE(B)MH(C)FE(D) 2B FRE

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 Xf AM =L P INEBRIELEE
Table 3  Iridoids identified in G. macrophylla by UPLC-Q-Exactive MS

- X e SN B2 B 4 F o B
FEE SRANH LI 2T S R T AR 1
NO. Indmd tR IOD mode easure! Lrror ragmenl olecular Organ e
value (x107°) ion formula Reference
11-0-B-ni T 7 %5 B
LT RRIR [M+ 375.130 4.313. 130 9.,213. 076 1,
) 3. -1. CyyH3, 0 3
! Loganic acid 11-0-8- 6.95 HCOO0]" 5831870 -1.66 169.086 5.113.022 9.59.012 2 ntauts - R\ !
glucopyranosyl ester
R 213. 076 4.169. 086 1.151. 075
2 10.98 [M-H]" 375.1299 0.6l 4.133.064 7.113.023 1,95.048 C;H,0,, RS.LF 14

Loganic acid

7.69.032 9

LI . 267.084 5.235. 057 5,203.052 1,
) €y, Hy O
> Morroniside 169 [M-NaJ7 4291366 0-23  e5 041§ 110,660 7.79.213 4 7O RSF 1S
319.009 3 .2199. 240 0.,183. 065
e L T bt . .
o BRLLEER 13.78 [M-H]- 389.1104 3.78  9.165.054 9 121.064 5.69.032 C,sH»0,, RS.L.F 16
Secologanoside
9.59.012 2
. 302. 617 3.179. 055 2, 149. 059
ﬁ “";:4—0‘ M A N
5 z*yif?ﬁ_f 14.21 HE:O(;]_ 4191201 1.43  7.141.0181.119.033 6, CeHp0p RSLF 17
weramane - 113.023 0 ,89.022 8 59.012 2
%ﬁ;ﬁ?ﬁ 1 2 M 221. 066 5.193. 049 8 179. 055
6 o (;ETEGI el 4T o) S63163 1 238 2.161.0445.131.033 7, CpHy0, RSLF 17
“0--D-Glucosyl: 101.022 9 89.022 8
gentiopicroside
gentiopicr
YT 251.439 1,197. 080 8.179. 070 3, .
+ Cy,Hyy O
7 Swertiapunimarin 13:66 [M+HIT 5201862 -0-58 15y (75 1 127,038 9.111.080 1 2HaOu  RSF 16
324. 601 5,219. 055 6 149. 059
N M . .
8 ézﬂ%ﬁ.ﬁ " 16.79 HEZ()(:]' 401.1093  0.92  7.121.064 8.113.023 1.93.033  CigHyuOy R.S.L.F 17
€en IOplCrosl (&} 3‘89.022 8
REF A [M+ 312. 849 4 .205. 416 0,151. 074 .
CyeHy0
% Sweroside 1810 Hepop- 4031254 203 5 155 0229 89,0229 810320 or =D RSLETT
10 Gentimacroside 36.72 [M-H]" 531.1522 2.64 315. 072 7,297. 062 5.189. 091 CyHyO;, R.S.L.F 18

0.,153.018 2,109.028 0

TE:R.S.L.F 20 5iICHRMR 25 i 4E

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

H:R.S.L.F5CEM 22 . P <0.05,"*P <0.01,***P < 0.001, F[[, Note:R,S,L and F represent roots, stems,
leaves,and flowers, respectively. *P < 0.05,"*P < 0.01," ** P < 0.001,the same below.
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Fig. 3 Ct values of candidate reference genes
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Fig. 4  Analysis of expression stability of candidate reference genes by software

MFE 4 I, 254 GeNorm , NormFinder | Best- Hi% s 2EAKR R, UBC 13 > 18S rRNA > B-Actin
Keeper AL B ACHAE 43 1, FF X HAT s B HE 44 1F >TUA > GAPDH > EF-lo, Ixf2 E BN S 2 K
AU 8O, 6 Mk NS F R s & UBC 13,

F4 BEANSERREREREAHS

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

: S3AT 7 Analysis method

HE#

Rank ACt BestKeeper Normfinder GeNorm 25 Result
1 UBC 13 UBC 13 18S rRNA UBC 13 UBC 13
2 18S rRNA 18S rRNA UBC 13 18S rRNA 18S rRNA
3 B-Actin B-Actin TUA B-Actin B-Actin
4 TUA TUA B-Actin TUA TUA
5 GAPDH GAPDH GAPDH GAPDH GAPDH

6 EF-la EF-la EF-la EF-la EF-la
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Fig. 5 Expression pattern of genes involved in iridoids biosynthesis pathway
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