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I AR (SED. HBT/RIEKAEE (CAS) ERMEBLE. R LEHEIEHERPTEEFEFSERES TSR
B EAEAKYN, SZEEEEERPEBEREREEET SRS TEEMEERE, M B EK;

GEBEHER P AR S E SRS T E AN, AACT. FPS. HMGS AR A E GG E M AR ELA BT S RE
BEMK (P<0.05), IDI RFXREESLETEEEMREEHIL (P<0.01), UYLHIIX 4 NEFTES XL BT
AP EEEEEW; HMGR RN HE LB H L BEHFLEEEMKL (P<0.05), HMERNSEEEETKEHTE
BIFMRM, (ARABIREKF. e WAT 2 RRE 3 M ZH M M B 21 Ak G ) S iy
KL, NHEERTR WS A AU I T 2 SRR & BR 0 R A B R il & 3R 4L T R iR
A

R HIETH, HEWT; ABT; BERREEBNT; BT R

FE5SES: R286.12 XRAFRERD: A XEHRE: 0253 - 2670(2021)07 - 2072 - 10

DOI: 10.7501/j.issn.0253-2670.2021.07.024

Study on content of main active components and expression of key enzyme genes
in two types of Astragalus membranaceus
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Abstract: Objective To explore the differences of the main effective components and the expression of key enzyme genes in the
biosynthesis pathway of two types of Astragalus membranaceus (A. membranaceus with green stem, A. membranaceus with purple
stem) roots, stems, and leaves, so as to provide a scientific theoretical reference for the rational utilization of resources of A.
membranaceus and the selection of its excellent varieties. Methods The contents of astragaloside A and genistein glucoside in the
roots, stems, and leaves of A. membranaceus were detected by HPLC, the contents of total saponins in the roots, stems and leaves of
A. membranaceus were detected by UV spectrophotometer, and the expression of key enzyme genes (AATC, HMGR, CAS, FPS,
HMGs, IDI, SE, and SS) in the process of saponin biosynthesis in the roots of A. membranaceus was detected by real-time
fluorescence quantitative PCR. Results The content of astragaloside in A. membranaceus with purple stem root was always higher
than that in A. membranaceus with green stem. During reproductive growth, the content of isoflavone glucoside in A. membranaceus
with green stem root was higher than that in A. membranaceus with purple stem root, but the fluctuation of them was larger in wilting
stage. The content of total saponin in A. membranaceus with green stem root was generally higher than that in A. membranaceus with
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purple stem. AACT, FPS, and HMGs gene expression were significantly correlated with the content of total saponins of A.

membranaceus with green stem (P < 0.05), IDI gene expression was significantly correlated with the content of total saponins (P <

0.01), indicating that these four genes had an important influence on the synthesis of total saponins of A. membranaceus with green

stem; HMGR gene was significantly correlated with the content of total saponins of A. membranaceus with purple stem (P < 0.05),

and other genes were significantly correlated with the content of A. membranaceus with purple stem. The content of saponins was

correlated, but did not reach the significant level. Conclusion The dynamic changes of three main active components of two types

of A. membranaceus and the expression of key enzyme genes of A. membranaceus saponins were studied, which provided scientific

theoretical basis for the clear physiological and ecological mechanism of A. membranaceus saponins synthesis, the rational utilization

of A. membranaceus resources and the selection of excellent varieties.
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HZii5E 2000 24, AWELG R E 22
—o (PEZH) 2015 FhHHE U HANE
0 T TR 4 4 W R 1) B AR N T R M B R
Ho, AR, SR E AT 0.040%.
o B 88 BT T A0 T 0.020%

LT, BEE N RARTE KT IR e A R T fr
KPR, MM T F R BRI, &
Tt i A g B B VRN S o R B A R i R, e
2947 500 H T A BB, T 50%H T Hh i A
I KRR, T EEHERR, I B4R
VR RL Y S A RE DR IR, REAETT 2B AN
Tl MBI, KRR ST, ZAESHE, Fh
TR ESEAF USRS ARA T E R =
FRIREIE, A8 N AR RIS s e A R 78
WA Z R, RA AR A RAE, FEOHZE
o R m g 2B R M ZFEE R A
2R 2R 2 Fl

WP TFESHRER, WK, 2Rk &%
FRRETERIER Y, KB IRr B (R g
1= N 1K N T DN 71 R WA B=30: 5 N 71 2 41111 9
A REEER; IR R s O AR 77, X2
M e RA(REER, 20 I B Pu
95~ DUMRITER]; JEAHCSCERIRE, R EA
TE TR S H IS AR s, oS R
BEEER, M A R R T,

WG R Z X A T T R A HEAER,
H AT C A 0T 70 R I 0 T 1) 5 30 it S 5
R RO, R R A A 2 F M) o
B S T R AR ) 32 B8 s A B9, oot

MR 2. WA A OB REREREE
(acetoacetyl-co zyme A (CoA) thiolase, AACT); 3-
FRRE-3-H N WA A S5 B8 (HMG-CoA
synthase, HMGS); 3-#£3&-3-H1IE % —BEHifg A i
JiR ( 3-hydroxy-3-methylglutaryl coenzyme A
(HMG-CoA) reductase, HMGR); /X - J& R EIR
SE#EE Ciso-pentenyl diphosphate isomerase, IDI);
IR &/ (farnesyl diphosphate synthase,
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(Agilent, 22 E); #F|4F ODS #: (250 mm X 4.6 mm,
S5um ) ; ProFlex™ #f ¥ PCR #~ 34 1¢ ( Applied
Biosystems, [E); Mx3000P SLH»é)tE = PCR
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JEF AL 1.00 g, I 15 mL HESER S $EEL 30
min, $2EL 3 K, G, HZEKRIEKB T
65 ‘C FZ&RIET, MNHEERE, BESKSEI S
O, EAEZE 1mL, %$% 0.22 pm HALIEF N &
W, B A
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Fig.1 HPLC of reference substance and test substance
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mL, =FIRIET, #%ME “2.2.17 Tk & at s,
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20~30 min, 40%Z.fi; REIAHA L HE-0.2%H R i
W AR E 1.0 mL/min; &K 260 nm; AR
30 C; #EFEE 10 pL, FEMES A 30 min. itk &
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Fig. 2 HPLC of reference substance (A) and test
substance (B)
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235 NEEFEAIS R S S T R A0 X
HR AR, 1F “2.3.37 Tl 454 N E R HEFE 6 1K,
FRUCGHFE 10 pl, U155 688 55 o W 880 2657 R De T A
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236 faEtEiEe WE AR, LR
“2.2.17 WA JT AR SA L, EER T 29
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% Bk 20 min, SERIHUKOKA S E R, BInA
5 mL UKEGERIA T, #8251, DURAMES A, RALSH
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LS un s SN E o S W a2 B S ERE R N N AY &
Jo, BUFIEPRIEVK BEEME, DUIMAHRELE RNA 3R
BRI RT3 . FH NanoDrop2000 46 43 & i 3%
WM. 25, M2k RNA IKEE, FEx e 3|
()i RNA BT 58 BRI . i M-MuLV 28 1 %%
cDNA & itiflgr, i aE b SR gemiE b
M RNA W54 5 cDNA, - T-20 CIRE&H .
2.6 St

¥ GenBank #ifls = C& A i) AATC,
HMGS. HMGR. IDI. FPS. SS. SE. CAS, L. 18S
RNA AW SR, GGV (LAY TREARS
FRATD, 5IYIFFIIE 1.
2.7 XBEREREFIEERINE

JiE S 35 TG AU 2L cDNA SRR, 18S RNA Py
SR, WRIEER 1 REEFEBESITH, 5%
AACT. HMGS. HMGR. IDI. FPS. SS. SE #I CAS
BT RT-PCR 734, & 3 K, RA 2728C%
IIRTEER . LEV G ISR SRR R R ik i DA 3
WP RILEANSHE. PCR RNIEZRAN: KEK
7.4 1L, SYBR® Premix Ex TaqgTM 10 pl, 1E5X 514
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Table 1 Gene sequence primers

SEA RS 55 (5°-37) K bp
AACT KF355956 F: GGTGAGCGGAGAGAAGGCAT 110
R: CGAGTGCTGGAGCGGTTGTA
HMGS KF355957 F: CCTTCTTCGGCATTGCTTTCATC 181
R: TCGAGATCCCGGCTTTGGTA
HMDR KF355959 F: GCCGGCCACCATAAACGA 155
R: CGACGGAGAAGAAGAGGGTGAA
IDI KF3559965 F: TGCTGGTGAGGGAGGTTTGAA 116
R: TCATGTCAGCGACCTCACCAA
FPS KF3559966 F: CGACCGGATGCTGGACTACA 186
R: CCAACCAAGAGCACTGGCAA
SS HQ829974 F: AAGCAGATCCCTCCGGAACC 113
R: ACAGCGTTGCGAAGTTCGGT
SE KJ10819 F: TGGAACAAGGAACCGTGACATCT 150
R: ACAAAGAGAACGCCTCAAGTTGGA
CAS KJ010820 F: TGGAGATTTCCCACAGCAGGA 150
R: CAAGTTGCGGCATTTGGTGT
18S RNA KX954931.1 F: TGCAGAATCCCGTGAACCATC 104
R: AGGCATCGGGCAACGATATG
2.8 HURSH HKPHSEERRA, SEREHREPHKH

R 5 B 75 B4l K A Excel 2010, SPSS Al
GraphPad Prism6 254k {4317 Ab B
3 #ERESH
31 2MABBRFEFRARRES=E

2 PP EIE B AR . 25 MR IHFH SR LA
3. B 3-A RNGEBFEE K. 22, M EREE
&, SHMIAAHLL, FHEFHERP SRR,
2. MR, 759 A 21 HEEE s e, Zhig
RHESERE, 258 0.19%. 0.11%, 9 H 11 H
- B TS S RN 0.07%. & 3-B SR 252
WM., 22, HPERKHEESSE, AR
KEHEHHEERIN: W>m>2, 7£9 H 21 HR.
B R S B A, 0 0.27%. 0.13%, 10
H 11 HEPEEHES &R &N 0.07%. E3-CH
2 PR P K AR, R9H 26 H
510 A 1 H4h, 10 A 11 H 2 FhS R i pE i
WEHTSEEREE (P<0.05), HAeBEI M
FRMEREEEH T SEEZERHREE (P<
0.01), 9 H 16 HEHHERZEERN, KB
W S B R N R R T 2.3 £5 .
3-D N 2 PRI AP RS =, 10 A
11 H 2 BRI A R S R E T
(P<<0.05), 9 H6H. 9H 21 H. 9 H 26 HZ2+H3%
KEHTFSEERNEZE (P<0.01), 9 H 21 HXEHh

TR R M) 2.9 5. B 3-E 2
PRI R S, 9 A6 H. 9 H 16
H. 10 H 6 HH#HEMHHEHRFSERIN: 25
B3 (P<0.05), 9 H 21 HERI NZEFHEE (P<
0.01), HKEBFHEMFHERE S ER S AGE
JRIETE RN 3.02 fif .

32 2MABRFERRERFRINAEERSE

2 FhBAUBEE BT TR . 25 fe b B 8 5 B R
EHEE SR IE 4. B 4-A NG EFEEE IR, 2,
b B S A, SRR b,
B AP AR S B, EEd,
W2, 9 H 21 H 4% 233 RN b B 388 7 s i
ERE S EREN 025%, 10 A 11 HZETEER
TR AP S AN 0.07%, 9 H 6 HithE
S A A R S 2 sy 0.13%. B 4-B A%
EEIEH M 25, b B AR R S A A
TE A [F) 38 Hh = 286 S 0 ] 6 4 7 i K BRI
NR>M>25, 9 A 21 HR. 22 B ol i # 4
PEEF S e, 0 0.14%. 0.07%, 10 A 6 H
T T 2 S P 5 B T B A 0.15%. 6] 4-C
N2 2 Y R E B EEAR HH i S R M
B, 9 6H. 10 H1H. 10 A 11 H4h, H4&
BRI 2 PR AR S B S R R A R
BERREF (P<0.01), 10 A 6 HE&E ¥
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Fig. 3 Astragaloside content in roots, stems, and leaves of two types of A. membranaceus
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2 FhRAIESE R AR . ZE b B RS R
Kl 5. & 5-A AWML, £, g iy
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HEEM>R>Z, MEHLEH S 2R R>
H>ZK, & 5-B NEEBRE KR, £, hag
W, AR RBFSRRI N At
KR 22 B B S ER S, MZE RS BT

H 26 H 2 i KiRh a2 S EERE
# (P<<0.05), BRIyl B 52 3 1
BESEERREE (P<0.01), 10 H 6 HREH
TEEERK, FEREFERKLABEEERHAEL
T TCH 4.2 5. K 5-D A 2 PR AU 5 1
ZhEEHEE, 10 H6 H. 10 H 11 HPFEA
EFE AP LB SR EREE (P<0.05), 9
H21H.9H 26 HEPLABHEEEERNEE
(P<0.01), 9 H 21 HEH LB BHEEEREAN,
BB E KA PR BH T E R NGB
B 2.6 fi5. B 5-E N 2 PRI R R
HEsE, BROH26HAN, 9H21H, 10 H1HW
FEHhAEESERINEREE (P<0.05), H
RBINZEZNEZE (P<0.01), 9 H 11 HHEZE
SR, SEFEIR SRR S ERE VR
JE S B I 3.5 i o
34 2MABBFFREF SR KBEMERRIE=E
2 PSRRI S I R A S OB R R A
W 6. 7E Sk 25 58 18 1 5 5K 2 38 3 rEAR
AACT JERZEAETE A KINW A R RE, MERM
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CAS BN KA 2 H, 1 CAS ZEHE 9 H 16
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Fig. 4 Content of isoflavone glucoside in roots, stems, and leaves of two types of A. membranaceus
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Fig. 5 Content of total saponins in roots, stems, and leaves of two types of A. membranaceus
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Fig .6 Expression analysis of key enzyme genes in two types of A. membranaceus
R2 FEEERREHASSXREBAEMNEXM
Table 2 Correlation between content of total saponins in A. membranaceus with green stem and key enzyme genes
Eizta) WY BEH AACT HMGS  HMGR IDI FPS SS SE CAS
B 1.000
BT 0.186 1.000
AACT 0.074 —0.827*  1.000
CAS 0.215 -0.596  0.812" 1.000
FPS 0.195 -0.792° 0.986™  0.843"  1.000
HMGR 0.538 -0.436  0.594 0.308 0.673 1.000
HMGS —0.250 —0.744*  0.674 0.400 0.568 0.132 1.000
IDI —-0.377 -0.839"  0.704 0.426 0.647 0.354 0.785"  1.000
SE 0.153 -0.563  0.818" 0.589 0.857"  0.791" 0.211 0.479 1.000
SS 0.094 -0.414  0.678 0.566 0.737" 0.677 -0.014  0.364 0.955™  1.000

TAHRAEIL BB KT, P<0.05, **MHICIEAEIBE KT, P<001, TR
* correlation reached significant level (P<<0.05), while ** correlation reached extremely significant level (P<<0.01), same as below
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oHr. WK 3, 4iREW HMGR Ha B HEE
FHHK (P<0.05), HAhHERK HEZEBFEHIKE
HEEYAMRME, HREHEZEK. W

XS R AR K RS I B A O R T
—REMEN, RAEMLERESR, Afpit— PR
AT o

*3 REEXRKETIESXEBERNAXM

Table 3 Correlation between total saponins content and key enzyme genes in A. membranaceus with purple stem

fan WEHRE RBH AACT HMGS  HMGR IDI FPS SS SE CAS

WERYE  1.000

METF -0.517 1.000

AACT 0.231 -0.700 1.000

CAS 0.115 -0.444 0.801" 1.000

FPS 0.041 -0.540 0.936™  0.940™  1.000

HMGR 0.637 -0.775" 0.589 0.124 0.287 1.000

HMGS 0.092 -0.482 0.922™  0.840™  0.945™  0.287 1.000

IDI 0.090 -0.593 0.985™  0.849™ 0973  0.451 0.951™  1.000

SE 0.052 -0.704 0.887"  0.863™ 0936  0.316 0.869™  0.902™  1.000

SS -0.069 -0.645 0.922™  0.815° 0940  0.369 0.874™  0.946™  0.960™  1.000
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