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Abstract: Ardisia gigantifolia is an important ethnic medicine in South China, and its secondary metabolites,

triterpenoid saponins, have various medicinal effects. In order to understand the changes of triterpenoid saponin contents
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and the regulation of genes related to biosynthesis pathway, a comparative study was carried out between the different

tissue groups and different exogenous hormone groups with different contents of triterpene saponins. The results were as

follows: (1) There were significant differences in the content of triterpene saponins in both different tissue sites and

exogenous hormone treatments, the content of root tissue was significantly higher than that of leaf tissue, and the contents

of salicylic acid (SA) and methyl jasmonate (MeJA) after exogenous spray treatment were lower than that of the control
group (CK). (2) qRT-PCR results of these two difference comparison groups showed that AkPMD, AEHDS, AkSS,
AESM , P450 family and UGT family genes related to triterpenoid saponins synthesis were all up-regulated in root tissues

compared with leaf tissues. In addition, SA and MeJA treatments resulted in up-regulation of genes in upstream,
including AkPMD , AKHDS, AESS and AkSM, while down-regulation of genes involved in the P450 family and UGT

family in downstream. Therefore, by comparing the two different expression patterns in different tissue sites and different

exogenous hormone treatments, it is suggested that the synthesis of A. gigantifolia triterpenoid saponins may be more

related to the downstream specially modified enzymes in both of these two expression modes .
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SERFIE O BRETEE WY B 5 8 M IR R & 4
JE LY E DG (Ardisia gigantifolia)
1.2 #ig4abi2

BEICA: FRIE AL B A B IR e 3 SR
2H KA I b 3L H | o ] TR TR A 3L ZH LA R T E
41, B4 3 BRIER 3 IAEWAER . SA 5 Me]A
WREES R 1 mmol - L7 Wi M- il A4 R R, &
K 8:00,12:00,18:00 £ 4 H 1 Yk, b5 7 d,
Xof P ZE 7 A (] A Bsf i) L R A7 28 AR K Wt it b B, 22
7 d AR Z S, X 3 AN 4 AT g — R
FE I SRR 5 B P K 8 4, AR S SR A L B0 AR
WA, R B A M OB W A R R R T
-80 CUkAi
13 =HHEHSENE

SRS mE S E A (2007) B9 U7
I LA, K REEL 0.116 mg - mL™" ) 5581
AR 1.2.3.4.5 mL Z& RS, i 0.2 mL
IRFC I 5% 5 B — DK IS PR 77 VR AN 0.8 mL 5y S 2
W, TE 80 C /K L 15 min, 1K HI 5,
BN 5 mL ZFR B, AE 550 nm AR 58 TG LA
JEE R IE p(mg « mL™") X EEAE (A) SE4T 261
[l 75 20 b5 i R
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L2 1 5 B SR B R AL, $T R BD A A
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U UE M SR 50% 21 20 mL SR B,
B I UEWR YR T 250 mL AHIE R 0 A
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A S A FEUK A0 RT3 i (2 25 ml) ZEER 3
W RRARFE 2 min, #E8 M2 55 LA MEE,
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B 1.0 mL F 20 mL HZERUE 2T, R iff
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E TH AR AAR TR AN -5 5 RNA $2HG% I8 Eastep®
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1.5 WA EE PCR 77#7
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R (Lei et al., 2022) , LA AHIHFFEC %E 5 =il 2
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(4-hydroxy-3-methylbut-2-enoyl diphosphate synthase,
HDS,MEP #&4%) |1 1~ %% & B (squalene synthase,
SS) .2 A% BN 4B ( squalene monooxygenase,
SM) .5 4~ 41 Mfe €4 & P450 ( cytochrome P450,
CYP450) ZE 15 A 1 LA K 4 A DR — 0l 1 ) 76
TR 3 %% 7% i ( UDP-glucuronyltransferase , UGT ) K Ji%
HH L IFLUE SR ILEh 8 B H B-actin R IHICSE
KRN SR, K L) BRI 3 NCBI ORFfinder
T H AT S HE ( open reading frame, ORF) il
W, ] BLASTP #f € % % X J¥ %1 ( coding
sequence, CDS) , #2 4% £ > 3L K 19 CDS J3 %1 8 1
NCBI Primer-BLAST #4751 951t

HIFH Gl PCR R A2 56 51 W 1Y FF 55 1k LA K
cDNA SCJE A F . PCR AR JF .95 C A5 5
min;95 °C 1 min,55 °C 1 min,72 °C 1 min,30 1§
;72 CHEM 5 min, qRT-PCR FEF .95 °C TiAs
P 30 s IR 95 °C 10 5560 C 30 5,40 M/
W A il 22 95 °C 15 5560 °C 60 5595 C 15 s,
PCR ¥ ¥4 7E Eppendorf Mastercycler X50h | #£17,
qRT-PCR W 7E % [C LightCycler 480 qRT-PCR 1Y
AT
1.6 Mz

% Microsoft Excel 2016 ikﬁiﬁﬁ;#ﬁ)%*éﬂ,
JHIBM SPSS 22 Xt Kedles #E47 H.  2 J7 22 50 H7 o
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Tablel

Primer sequences of enzyme genes related to A. gigantifolia triterpene saponins synthesis

BN 4

Gene name

515 (5'-3")

Primer sequence (5'-3")

BEIH 4

Gene name

5195 (5'-3")

Primer sequence (5'-3")

AkPMD1 F. GCTGGATTTGCGTGCCTTAT AECYP3 F. TGCACCGCTTTAGCAAGGTA
R: ACTGCCTTGCTGTCACTTCC R: CGAGTTCAGAGCCCTCTTGG
AkPMD?2 F. TTTGATGCTGGGCCAAATGC AkCYP4 F. CACAAGTACGTAAGGGGCGT
R: GGGCCAAAGCTTCCACATCT R: AGCAACCATAGTGGAAGCGG
AKHDS F. AGCAATCCGGTTGTCATGGT AKCYPS F.: ATGCAATGTGCGACATGCTG
R: AGGTTCTGTGAGCGAAACCC R: TCCTGCGACGAGCAATCATC
AESS F. CCTGACATACATGTCGGCCT AEUGT1 F.: TGGACAATGAGGCCCAATCC
R: GCGGGCAATAACTTTGGCAG R: AATCGTCGAGTTCCACCCAC
AESM1 F: AATTTGCGCCGCTCTCTTTG ARUGT2 F. GCGAGCTATGGCGTTCTAGT
R: TGGAAGGGACCTTTTGACCG R: TGGCTGCCGATTTACCTCTC
AESM2 F: GGACGTGCCATCTTGCTTTG ARUGT3 F: CCCGGAGATTCTTCCCATCG
R: TGCTTGGCTAGTTCACCGTT R: TTCGAGCCCAAACGCTAGTT
AkLCYP1 F. GGTTAAGGGTTTGGTGGCCT ARUGT4 F. TCCCGAAAGTAGACGGTGTC
R: AACCTCCCATCAACGAGAGC R: TAAGCCATTCTTGGCGGTGT
AkKCYP2 F: ATCTCGTCGAATGAGGTGGC B-actin F: CATAACCATTGGCGCGGAGA
R: CCTCCTCAACATCCGCCAAT R: CATAGTCGAACCACCGCTCA
B Ba s 3 WAEY R A 3 IR AR EH B
ENECT 2 %7 s
fn§ 0.6 AT MeJA ’f
2 HREGHH £z 09
=]
gﬂ % 0. 41 a
2.1 SA 1 MeJA BB ESRIR. HH=ZiEEFH fmE 0.3
SENFN ﬁig 0.2
W T B 3 2H 85 37 10 5E 5 6 R 23016t BE 12k E R ERR
R =R R S BEAIE (K1) . R afs, % , ,

3AAEFEA (CK, SA  MeJA) K2 ¥ 2H 21 A =1l 2 4
R BN 0.56.0.53.0.52 mg - g™, HIRE Y IR
H =G AT & & 43 o 0.31,0.25.0.25 mg -
gl XERUITER AL B N, A T A AR 4L
SR SR IT TR AU RS T 48
ZI =G B R E AR 2 R, Ak 4 W] LAk
B, T R A 2 S AR AR AL 4, 2 A ik AT A
T CK 4 = B4 & 2 B B & PR K (P<0.05) .
22 =HEEHARBEXEREEDSKRRFAM S
RiLER

R T FEAEAR R UL 2Z 8], = B A A
K K AR R B O, 3844 qRT-PCR 07 1) 7 1%
X CK 4Lt SR 15 A6 [N Y 32 1k 1% 0 k7

M Leaf 2 Root

HEER R SRR 2 5 8.3 (P<0.05) .
Different letters above column indicate significant differences ( P<
0.05).

BT A dB0E BN R RR AL =il 2 A9 &5

Fig. 1 Content of triterpenoid saponins in different tissues

of different A. gigantifolia groups

PAR , SEI T X G AR 41 21 5 i A 20 5
RNA i &84T T3P, RNA S22 (E (RIN) B RNA
FERRRE LA Asgy/Asgo TH S Ayge/ Ay THEHE 2.0 /2
i, XULHH RNA A2 2 5/ING 8 115 Y DLk K Ak
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BYEY (R 2) IR LIS AT TR 81
AR A N 2 FioR, FERRR AL 8P 15 A~ =
WA A 56 3 H B A R R B2 B G R, o =
R S R AR R AU S N Rk BN 1,
X 15 AL R 7 AR R G Rk i Bl ARPMIDL
(241.3) . AkPMD2 (2 460.0) . AkHDS (1 834.4) |
AkSM1 ( 488.1) . AkSM2 ( 78.5) . AkSS (4 708.7) .
AKCYP1 ( 44753 ). AKCYP2 ( 135.4) . AkCYP3
(524.4)  AkCYP4 (485.9) AkCYP5 (69.6) . AkUGT1
(2242.8) . AKUGT2 ( 126.6 ) . AKUGT3 ( 36.0) .
AKUGTA(8.6) , 7ETHHAHRHRZL L = 2 5 i AH ¢
FHMFEAE S =i R EAN R AL & =
2SR —E

®2 EDRIRSHE RNA REKRNER
Table 2 Total RNA quality test results of

A. gigantifolia roots and leaves

175 ij;ﬁjﬁ Conjfn%alion RIN ﬁ““/ AAZ“"/
name ( ng p,L'1 ) 280 20

1 CKLI 192 6.10  2.05  1.97
2 CKIL2 199 6.00  2.11  2.24
3 CKL3 212 6.90  2.12  2.06
4 CKR1 441 8.10 223 225
5 CKR2 425 7.60 222 221
6 CKR3 146 8.60  2.10  2.11

2.3 SA 1 MeJA R EXNEDSRBR=ZMFEHESEHREX
BEEREMNZmM

SA i MeJA 1EMAEY R UL AR 51 T /N o
T, T LA S 0 2 7 B AR B 1 AT 7 A vk AR AR
W, AW E SR EAT SA DL MeJA AR
W% it AL B 22 I KE 3 4L A AR B AR SR R R A 3
AR M ek, i3 3 Al 0, RNA B HES 3R
R, LA SR 2 AR S X IR
LG, S SR B A L 2, 3- 0 e I i
b K B Y L B R SA 4 BB ARSMT LAk, H
L (1 ARPMD1 ,AkPMD?2 UL F2 ARSM?2 45) %54
ANFEFERE Y 8 AE T EA A B, H 2,338
U I B B 2 B T A B 4 5 4 48 1 L
KAEFACIR X 2 A3 B2 T K B Y P450 K% LA
K UGT K%, B SA 41511 AkCYP3 LLAb, HoAh (1)
#EI T IEM AR (E3) ,

6 000

5 000

4 000

3 000

LERS 378 3
Relative expression level

2 000

1 000

e RN 1 8 . 0B g .

SRS S X @SN D
¥ F &’ LS LG
S WV E

3 Gene

I e A DR A 2B A 1, 2l S AR O I ) A
Expression level of each gene in the leaf is set to 1, and the data
in the figure are the expression levels of the root relative to the

leaf.

2 AN[RIHZRR] =l S 5 A G FE I B SR ik o3 #r
Fig. 2 Expression analysis of genes related to triterpenoid
saponin synthesis in different tissues

x3 FMHHELEREDRHE RNA RERNER
Table 3 Total RNA quality test results of A. giganiifolia

leaves treated with two hormones

~ e BE
TI? #sﬁfljjb Confn%rzation RIN ﬁ“’“/ /;”’“/
name (ng . |J.,L'] ) 280 20
1 SALL 341 720 215 2.15
2 SAL2 452 6.30 201  2.14
3 SAL3 433 6.90 2.07 226
4 MJLI 407 8.60 2,12 2.17
5 MJL2 425 7.60  2.03  2.20
6 MJL3 446 8.10  2.10  2.08

3 WwsE®

AW FH qRT-PCR AR & B, 3E 5 i B AR
TBLHLURH X T B H 4, = R AT A R 6 SR A
BAANFREN R, XARMAEY A IR
ANTR) 2 2 = 2 A A G Ik R AR AR AN T i 3R
R, AT 5 BOAE T S IR AR S AL 2L N = R
&R EES TS, Baetz 45 (2014) A5
TR YR TR R RGN = 2 A A
WG T . G HME A ST, CYP450 Kk
HERZERRIAKZ I UCTs M P RBHL, X
2 AR AT RE A B =k B AT AW A ) R
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b R CK
2KHER SA
TR HE MelA

)

bb

bj

AH X K% B
Relative expression level
f=)}

b (]

i b 1 b
2 200 Gog e N 23, fe2f? 2 3, a2 a, @b
o LAl i 1 TN
N S o > o - "
O I NS P\ S
T O
H#H Gene

?&,

CK & FH A B 1, 5050 SA MeJA 41453 A
AXT CK AR KB, B EARFRARER B E (P<
0.05)

Expression level of each gene in the CK group is set to 1, and the
data in the figure are the expression levels of each gene in the SA
and MeJA groups relative to the CK group. Different letters above

column indicate significant differences ( P<0.05).

Kl 3 AEPIHGRAE IS =l e S IR Y ik

Fig. 3 Expression analysis of triterpenoid saponins synthesis-

related genes after plant hormone treatment

MR B & A A% (Han et al., 2012; Rai et al.,
2016) , T 7EE B i A AR hd B T ALY R A A
K, BRRULEYR RS HHE S S ENRE
AWy, I =k B, X TR T AR B
52 25, AR TE 8 3 % D Al A5 2 ) R
T Hu, PR BT — R 50 B A S DA T R
HEART (95 3CR55,2005) .

IR (SA) 5 KA I H R (MeJA) S — Fif
HE NI R DL RS 5 A% 3 4 TEAE ) B0 PR BE
i G A SAE I Z BN Tz 6 /i ATEXS
SA MeJA #EAT AN R FH B & B, 3% 245 5 4> T g
i R R O B3 A B TR 1) 3R 3K 15 S 0 0 O 2 AR
WI A ) B (RS 20165 B (AR SR, 2015)
ARG B, A E T B % T i AT AR SA
Il MeJA WEBGAAB G B = 2T FEST
[, X 5EEL( Centella asiatica) ( Mangas et al.,
2006) DA Kz BA Fb L ( Nigella sativa) ( Elyasi et al.,
2016) BFFEEE A Fr AR, oE— 28 AT A 05T
FW 2 KL BEZE AR F T X BR AL, = R A A AT
W2 A0 G Wi 12D BRAHOC R I 3, J5 30 e S
TRAB MG AR DG IE A T i, 3X AT REAR SR SA Al MeJA
AR T AL 1 oy 1 R BERBOE B IR SR AT B AR S N

M B = 18 2 Ak 5 4 i, (H TS A M 5 k=
il A P450 KL & UGT FHGE AT 2 =ik M
RS A b %o A 5 1R =il SR 0 A R AT 4R T
XS R AL 2 ) DA B A [] 3 2% 4k 0 ) 356 D) 3 3k
B 22 5 AT 0, B s B SRR i
AT R 3 DR e Ak A X A [R) 3 R T = R
TEAL 22 5 LW, =k R A S R AR
FCA T RER S P450 K% DL K UGT R % AH 6 3k
PR ) 6 18 2% U0 AH 56, 58 15 iR = i 2 1 A i vT B
B R R S AL A OC X =il A
BB IEAT M L, PR s e A 22 7
S a5 R A BGRAR Y o ESR R
S Js ol L T RS e R A A B, T R R
PRI 43 T AH DG, SR 2R 1 Wt it Ak B R R R 2
i S0 i A A A O 1 AR A £ B 1 2= 5
FRAN M AR e Mk . BRI i %k
ARG DR S AN S B e R AT
i A TR B T RO, 2 M N T AR Y S e
FA) i, X 5 A AIF 9 E T iR AN IR B R AL PR S Y
AL (Lee et al., 2004 ;Kim et al., 2011)
ZE LR AS [R] 4 20 b () R S PR R R D R A
VIG5 0 TIiES S FECE DI =5 217 & i
AR, X 82 b =l AT A A 56 3k R 1 2k
KBV, B YA 0 7155 B AR
A AW A L iE A D6 3 R R AT R Rk, EX A
— e H AR Py a0 =g R Rl AR Ik AN 2 1 Ak
B AL PR AR 77 T G B S 5 B s R
) P450 K% LA B UGT ZEEATIRYE , 1Ak, 7EHR
= A A R R DL AN A A TR A OGS A
() i ek R W, = 8 A 19 7= AR ] BB R 7E 5 SR K
F A2 BRI, X ILbR R A BR T
SIAZ R WA RS R A1, B S R TR ol i
A B —FP B Ui A= B B 12 B A RIS 1 T ik

SE
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