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Study on effect of altitude on accumulation of main active components and
expression of key enzyme genes of Astragalus mongholicus
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Abstract: Objective Astragalus membranaceus was used as the experimental material to study the relationship between different
altitude and the content of main effective components and the expression of key enzyme genes of A. membranaceus. Methods The
content of astragaloside and genistein glucoside in Astragalus root was detected by HPLC, and the expression of key enzyme genes
(AACT, HMGR, CAS, FPS, HMGs, IDI, SE, SS) in astragaloside biosynthesis was detected by qRT-PCR. Results The contents of
astragaloside a, isoflavone glucoside, and total saponin in HQ-2 of four plots in Huhhot were higher than those in other plots. The
correlation analysis showed that the altitude had a great influence on the synthesis of astragalus total saponins, and the genes of DI,
SE and SS played a major role in the synthesis of astragalus total saponins. Altitude was favorable for the expression of DI, SE and
SS genes, and it also had a certain regulatory effect on key enzyme genes in astragaloside synthesis pathway. Conclusion Planting
A. mongholicus at an altitude of 1730 meters is beneficial to the accumulation of its active components.
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BRI EIT REKCE R iR &, T T k2
SR, BARRELEW AT TER, FikE
20 el 70 FARFEH, WM FERIET A
TARIGE . {H B AT RN TR 5 6 A7 75 7
BAK, PEMICEEN G, EAL TR
A RFELAE R JE .

A2 25 DR 252 5 T 24 6 o R T R ) R B TR 3R
Z -, BFEAME. LE. BREESR TR,
Ho, g4 FE N TE B 25 M 1 B A AR R AT AE —
SE S AR B, BE AR S R
A — A KFERMES PRy & E20 W
TR EFES, BAEEEERD, T %S
W9 KL, ¥4k 100~800 m NI AS L RS &
gk m R IR, ik 950~1450 m A%
Z WS SR R OE G ) ST
TR I U R v R L B AR SR R 2 M B R K
sEE. B, RTARBREESZE HHEK
B IR A R H OB A R R A
B2 AR REEAMRE, Fik, AHFAEMNGE

B fn 5B R AR B IR 255
1 BRBRASHR
1.1 BRER

PN 5% T IR R Vi R 1 [X P 24k 1050 m, JE T
JERBEMESE. U=z, BRORZERR, B
B, ATWIE, EFPYSEE 8 ChA. &%
HARE-127~-16.1 C; fH#HH P 17~
229 C. “VFHFEREN 34.4~357 C, FHHE
768 135~13.7 ‘C. Wuihw < 38.5 C, AL
—415 C. HEERE4Y) 1 600 ho +I3ELLVDEE L
RNE.
1.2 8
121 FERMRESLAHE T+ 2018 410 H 21 H
FE N 52 R R X 4 PR SR SE R — A2 B I Y
St A 116 . SR TLRCRFRE R R
TS = UL AT R Y C S NS e P A I = S RA N W
Ve, AHRAE. BRIRFERMT 2IEERE, BT
JFit 100 Hif, DMEFLESLLG. FrE RS B R
WRKEBARBAREEENZE HEK A

MoaFEHERABKRER T KM LR, membranaceus (Fisch.) Bunge var. mongholicus
B 1L 78 5% 7 o B I OE BAREE XA, N R e (Bge.) Hsiao., FEHLEEILE 1.
F1 HHMER
Table 1 Plot information
el FEHL AR Mo fr B ARG M R
HQ-1 P 5 RNy R G 1 B 419821" (N), 111947'20" (E) 2427 63
HQ-2 SRR IN R N I Ek 4112'52" (N), 1119531" (E) 1732 66
HQ-3 WS PSR X 4048'31" (N), 1119435" (E) 1056 57
HQ-4 PN 52 T I RN R R R A i 4090'56" (N), 111212" (E) 1006 66

122 Wf EARWEVZHEZH S RNA SR
&, ARnREFENE dba B EMARA
7)), SYBR Premix Ex Tag TM Il i{7l£& (DRRO81A)
(HA TaKaRa HIRAF]D, #HicHE IR MIAT Eif
B AERHAIR AR, R H>98%; BEEFHE
P R R #0>98%, it 20633-67-
4 T RIEEZEREAR, O, WE NG,
CBEVL S AR R b all, 280K

123 {X#% AUY220 1K1 GZX-9070MBE
BB KT8 47 ;. DL-820E % RE H 75 i1k 145 1 2%
(R EEAERATD; Agilent1260 & R AH
B (Agilent, EED; KFI4%F ODS # (250
mmX4.6 mm, 5 um); ProFlex™#f % PCR § 184X
(Applied Biosystems, Z£[E); Mx3000P ST %)
SE 8 PCR 1% (Agilent &, 3£E); NanoDrop
2000 HZMR/FE A E &AL (Thermo A&, FEHE);

DYY-8C A yki (dbxisS—H¥k) ); Tanon Gis-
2010 BEREEE R4 [ RAeRHH: (i) AIRA
Al REAVERASE BT A BT S A
FRATD; EidE Ol (EE Thermo AFD; Eil
JIREFTIINL (R ARAFD.

2 Rk

21 FHEEEERESENNE

211 XTRE SV A RS AR B R
MR 2.46 mg BT 10 mL =5+, /b EEE
i, ER, PBSI, RSN SV

212 HHREWBNHS  REERRE S AR
FESH 1.00 g, 0 15 mL HEEEA AL 30 min, 2
W3 W, EIFIEM, FZRILIEKIEF 65 C 7%
RIEH, IMAPEEG, MR RO, E%
1mL, %F0.22 pm FIFLIEMIE FIEWR.

2.1.3 OB Agilent 1260 SRR BRE{Y
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UV il @i KRR Hypersil ODS (250
mmXx4.6 mm, 5 um) kE; ZfE-/K (321 64) S
el AR E 1.0 mL/min; KUK 203 nm; kE
1530 °C; AR 10 pL; A A 30 min.

2.1.4  ArdEmhZess ] ORE R R O B R X R
W 1. 24 4. 6. 8. 10 uL JENBAHMAEAL, %
M “2.1.37 TR Ak FAREATIE, DLE I
BB A SR (XD, s ECNPBIE (YD,

2 2B BA SRR, Y=449.1 X—1.001 2, R==
0.994, ICFGILE (K D, FitEHKHE TR &
Va8

A T
VW'l
B
‘ HR T
M, L
— SRR S S . . .
0 5 10 15 20 25 30 35 40
t/min

1 AERENRG (A) ARERE (B) #aiSHiK
HeEEE

Fig. 1 HPLC of reference substance (A) and A.
membranaceus sample (B)

215 FEEFEE  WUE B N R
£ “2.1.37 TUEIE A N EEHRE 6 IR, IR
10 pL, THEEEHFEIEA R RSD {H N 1.72%,
T BH SIS (RS 2 P AU o

216 HEMAE WFELHEEHR (HQ-1) 1.0
g, %M “2.1.27 DIPATHIS 6 MR, 78
“2.1.37 WG ST NEEAT AT, TH R R
B8 RSD fEH9 1.94%, i B A S2I6 i) & 5 1
LY/

217 et BUE—m S (HQ-1),
I8 “2.1.27 WM ITER S AN A, EERT
AT 0. 24 4. 6. 8. 12, 24 h WiEfTIsE, BA
TR PR AR TH B B R ) RSD {4 1.88%,
LA AL AR BETE 24 h IR FFFaE

2.1.8 foFEERRLE R —HE (HQ-1) 3
FEM 6 4, FHAFER 1.0 g, DN TS H O IE 5
HEEAW 1 mL, =RET, %I “2.0.27 il
B Vs, WE, INFEREIYCEE Y 97.6%, RSD
EH/NT 3%

22 FHEREESRFERINEGEEEISNE
221 XTHSVERRIS & FEHRR R S R R
A FEE RS 2.37 mg, BT 10 mL &,
DA, ER, WA, R IR EIE TR
2.2.2 MR EE S BL “2.1.27 TR SRR
JEB AP

223 %M AL FA N LR Agilent (250
mmX4.6 mm, 5 pm) ik FEshH N 2R
0.2%H #R; AR E 1.0 mL/min; MK 260
nm; FEAEE 10 pLiol,

2.2.4  FruEM 2R AR R S e T B
X IR A 1. 24 4. 6. 8. 10 pL VENMAHL
A, FEME “2.2.37 TGS FKAFHTIE, DA
FORPAAS (YD, JREIRE AR (XD, Zilbn
HERhZL, R ERNZ e Y=25.712 X—3.297 2,
R?2=0.999 6, idxikE (B 2), IMHEEEFH

R TR A
A B
5 S8 TR

0 5 10 15 20 25 30 35 40

F 2 ELmFERIEWES (A) MEREHS B) WERE
BikE

Fig. 2 HPLC of reference substance (A) and A.
membranaceus sample (B)

225 REEFERIS TR S R R A 0
MR, 1 “2.237 T4 FEEHFE 6
W, BRUCGHFE 10 pL, T3 B H IS ALY RSD
HN 1.72%.

226 HEEMIKAE WNFEHHEH (HQ-1) 1.0
g, %R “2.1.27 WEPATHIG 6 At SIs T, 18
“2.2.37 WG KA NEAT 8T, T B AR R S
2] B B 0 20 RSD {E N 1.94%.

227 FEtEREE  BUE—m A (HQ-1),
I8 “2.1.27 U7 S AR I, EEIR T
AT 00 20 4. 64 8. 12, 24 h EATIE, LA
WETHI AR 9 FE bR T 5 B8 S S B A AT S () RSD fH
 1.88%-
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228 foFEEMEFRRL  BUE—HE (HQ-1) S
FESL 6 4, BHAFEN 1.0 g, I\ TS E &
B T I B VAR 1 mL, SIRIE T, %R
“2.1.27 T & HEHR AR, T, INEERNSCR R
99.6%, RSD {H/MT 3%.

23 FHEEREFIENNE

231 HHAMIEB IR & AT EA R S
FETEREN 1.00 g, M 15 mL 80% Z.F% i 7 $2 ) 30
min, $EHL 3 X, AIFUEMR. FZERILTE KR+
65 C FAERIH, N 80% H VAR, BEEEIR
e, HTHW, E5% 5 mL, RIfS4EA5
A

2.3.2 TSV A PR I B R I
i 5mg, BT 10 mL B, i E HEE
B, 1A, HIARGTIE AR

233 MERKPEEE DO RS ER . fEals
WBOE R, A 5%FEHEE-VKES R iAW 0.2 mL,
AR 0.8 mL, A IRIERSEE T 60 ClH
IRKIE B 20 min, 2RI FHVKKA B2 S5,
BN 5 mL VKBS W, #5. DLRAME= A,
KA 6B VELE 200~700 nm #4744,
T 570 nm K AE BRI

234 MM IBOGE (YD) AR
Frv WKREE (XD NIEAAKR, Zxilbnit gk, AR bR
HERMZE 72 Y = 4.368 7 X—0.041 4, R= 0.997,
THEBEHSE.

24 FHEREREALS RNA BIIEE

W ORAEAE-80 CHYZE T B A 23R M 7E TR
PRS2 ARR, FHZEZHmMEY S
RNA #HURF & BUE RNA, BFEEREMZ) 30
min, (EWFESE R, VRIS IR 1) AR R
DLOHE SRS, BRUFEFEAE UK BERAE, BUMKHE
B RNA R D)% . #A NanoDrop 2000
R 52 5 7 B EEAR L 2 RNA WREE, FF X
FEIA B S RNA AT S8 BRI . ] M-
MuLV 5 —%E cDNA & il &, &l & e
BEMRAE D B A RNA W55 5 cDNA, I
=20 CRAF#H .
25 Sl¥mgit

M4 GenBank Hidi e H CL48 A AR 1 1S L Tk A
fitf A 2T 3% 5% #% i [acetoacetyl-co zyme A (CoA)
thiolase , AACT]. 3-f23&-3-HL R —Bthill A G
(HMG-CoA synthase, HMGS). 3-}3L-3-FiI%E L —
1 %l A it J& i [3-hydroxy-3-methylglutaryl
coenzyme A (HMG-CoA) reductase, HMGR]. =& —
I £E W R v M ( iso-pentenyl diphosphate
isomerase , IDI) . V% J& 2 £E W BR & B (faresyl
diphosphate synthase, FPS). % /& &l (squalene
synthase, SS). %A 4G (squalene epoxidase,
SE) . IR KE KT & B (cycloartenol synthase
CAS), Lk 185 RNA NANZER, HilgAy TR+
REWRAH], 5IWPHINE 2.

*2 EERFFISIY
Table 2 Gene sequence primers

R FPols 51%(5°-3) K/plbp

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
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2.6 KEMEREFRIEEHINE

DA b 5% 1 S AR ZH A cDNA AR,
18S RNA ANZHE:H, IR 2 h&ER 515
), 5% AACT. HMGS. HMGR. IDI. FPS.
SS. SE Al CAS 247 RT-PCR #714, =& 3 X,
KH 2780C M4 . PCR IRNAR R N: KK
7.4 L, SYBR® Premix Ex TaqgTM 10 |, 1EX5I4¥
% 0.8 b, cDNA Bt 1.0 Wb, 3t 20 pL vk
%. RT-PCR JFEf: 95 CHALtE 3 min, 95 C
APE30s, 55 ‘CiBk 30s, 72 ‘CIEfH20's, /3 40
MEH
2.7 HIES

S B 45 504 SR B Excel 2010
GraphPad Prism6 58 fF AT Ab2E
3 HBRES
31 FERFMEHARRERESE

S PR R IX 5 i R R S E
Kl 3, #FEE KT EREHESEERERN,
Horb HQ-4 i 1) 52 ok 3 P 3 BS TR 5 B o ok
0.066%, HQ-3 ZF KK KH TS EKMKN
0.024%, —#FHAHZE 2.73 fi5. (PEZH) 2015 R
FE B H I & EAADNT 0.04%, FEH HQ-1.
HQ-2 J& HQ-4 TR BT I & B IA B B K 45 K
SV, FEHE HQ-3 EECRIARIZ MM E . WA FrHY
X 5 B R B R A 2 I HE T s BURAK IR
- BRAR i > AT AT DA SRR > ) 1 B > 2R X

0.107

SPSS

0.084 N

o
o
&
1
|
|

B /%
_C)

o

=

|
_44? ﬁ% %, G

HQ-1  HQ-2 HQ-3 HQ-4

o
o
]
L

o

B3 TRE#HMEKRERE
Fig. 3 Content of astragaloside IV in different producing
areas

32 FRFMERHERESSRNGERESE

PN 5 A e X 52t 1 R i S L
RS BESRLE 4, HQ2 MEFLHEEEER
WA AP S R RN 0.409%, fF HQ-1 Ffith
S i o B R R S R 4 W A (KA 0.085%;

o PR TR %
o o
i <

5
o
N

o

4 FEHMESFERNEEREESE
Fig. 4 Content of platycodin D in different producing areas

(FREZG ) 2015 AERRAE 3 A & 2N
T 0.02%, A F| 7 AMESR, HAREH HQ-2 |
B R B e v I B %%ﬁ%ﬁﬁm%2o
o WP 1 X 5 7t 8 v B S T 7 2 B
o & IHE T B S BMRAR O AT Ry R AR > LR
FE>FFEX >R H.
33 AEFHEFHEERDEERE
PN SR IR R 35 e X 5
LRI 5, HQ-2 MZE HH KR Aeﬁmﬁ
11.064%, f£ HQ-4 FEHhEE B w b 48 7w il

EIREE RGN 1.591%. BEAH, FE HQ-1 5
HQ-2 MEKMEUEBHEEREm THM HQ3 5

HQ-4. PANEAR X 587 B po b i B & & 1 HE
Fr v e B AR X Dy AT Ay LA B AR > 1 B > 385
X > A= B 22 M

15 1

" HO1  HQ2  HO-3  HO4

5 TR#REFR=
Fig.5 Content of total saponins in different producing areas

34 EHAEKRALE RNA REER

52 HUAS B AN [F] 7= 1 5% 1y 2 B AR 20 2 rp
RNA AT Jii & ¥R FE A0 26 Bk M Acso/Azso FH
AssolAzzo 1H,  AasolAzso F1 AssolAzzo TH FT W] RNA ]
GHRE,  AgeolAsso NAE 2.0~2.2, #/NT 2.0 BLEALE
EERABANIES, HRT 2.2 ¥l RNA K
AL TR o AseolAozo NLTE 2.0~2.4, #H/NT
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2.0 WHIFFAE OB R FIRINGERE, KT 24
YT OfE . CRRE‘BVIE RNA. R 3,
TR AR LI S RNA (15T SR B R 415 1%
i AT R

%3 TRBEHHERIEE RNA HRMER
Table 3  Detection results of total RNA in roots of
Scutellaria baicalensis in different habitats

iR (ug mL™Y)

FEHLZRS  AseolAzso  Azeo/A2zo

HQ-1 2.026 2.294 766
HQ-2 2.067 2.238 1116
HQ-3 2.048 2.365 946
HQ-4 2.084 2.327 987

HMGS X} Fiks &

HQ-L HQ-2 HQ-3 HQ4

35 XBEMERFKIEZEFNE

FI ) sz 3¢ 6 B PCR 7%, LA 185 RNA 1E
NS EEE, R IE R AR X 5 1 3 REAR 4 2
AACT. HMGR. HMGS. CAS. FPS. IDI. SE.
SS EHMELE, 4RWE 6. HQ-1 ¥
AACT HERKRIEERH AN 1.54, HQ-2 F i AACT
RHEILAERICA 0461, PIEHZE 3.35 .
HMGR JE[H &= i R A | ZE AR, HQ-3 F i
HMGR Rt RIS E K. CAS. SE I IDI %
ERIE P AT A b [X 2 P AR H 2GS a3 AR — B,
B2 HQ-2 Mt i 2 & T HAh A fr ie e . FPS J:[A
KIS ERFEE HQ-2, RRIATHIKM HQ-3 1 4.6

CAS HIX HiL &
o N N (o)) (o]

7a | o T

HQ-1 HO-2 HQ-3 HQ-4

SS MX FKIL

SE HIX FKiL &
o = N W B O

101 HO-2 HO-3 HO-4

El6 FTRFMERKRSDCRIBEFENCEE PCR RIENH

Fig. 6 Quantitative PCR analysis of key enzyme genes in roots of S. baicalensi

fE A . HMGS J:[H HQ-1 5 HQ-2 X Fik &
WiEm T HQ-3 5 HQ-4 A HitfE. HQ-1 Fiith
SS H[RIAH X Rk & B 2 i T AR 2.63.
3.6 BHREESHEEEMERS BRI
WK EELE 1000~1732 m, HEMBETSEY
R R B EIEMSE (P<<0.05), BaEIFIKR & E K
FrEmdgm, Bigdod s, RINAR T A ST
(R4, 1E 2427 m g, HEHRETSER
i WS EETE 1056 m W HHF S ERMK, Hi
R EEREF TR RF TS EZ R A
B WHREEAE 1732 m BEREIE AT S E
i, AR E TR ESE R TS &2
ZE R AN
37 BEFEMBASSXEBERRESMERXMY
SR
BT RN S B (R Rk B IR AH D 0 #T

L 5, IDI. SE f1SS EFHHE KL EH T EREL
FIEMSE (P<<0.05), ¥iRH IDI. SE Al SS F:[H7E
RN BTG R R EERM; AACT £H
KEESERHFHFMHEHBHESEEAMX, H
RWABEEEEH, U AACT JEF 3 i a
W& A —E FHHIER, HEERAHE; X
NG [MAFAE— 5 A DG, Ui BA G B RG  W)AH
i, LT R A
38 BHEESXEMERFAESNEXMES T
HHAEE S IDI A SE JER Rk B IE
K (P<0.01), 5 SS FERFEEEEMKX (P<
0.05), SHAIERBA B EMAHH:, B IDI.
SE I SS Jk [KI 1A = B A MR I FH i o, ik
HHT IDI. SE F1 SS FER IR IE .
4 g
2 IR G G TR R E MR
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Table 5 Correlation analysis of astragalus saponin and expression of key enzyme gene
2 NS

AACT HMGR CAS FPS HMGS IDI SE SS
TS -0.574 0.945 0.533 0.666 0.971 0.420 0.414 0.396
BB -0.973 0.045 0.983 0.939 0.582 0.998 0.999 1.000
AACT 1.000 -0.274 -0.999 —0.993 -0.754 -0.984 —0.983 -0.979
HMGR -0.274 1.000 0.227 0.385 0.839 0.100 0.093 0.074
CAS —-0.999 0.227 1.000 0.986 0.721 0.992 0.991 0.988
FPS —-0.993 0.385 0.986 1.000 0.826 0.957 0.955 0.949
HMGS —-0.754 0.839 0.721 0.826 1.000 0.626 0.621 0.606
IDI —-0.984 0.100 0.992 0.957 0.626 1.000 0.895 0.664
SE —0.983 0.093 0.991 0.955 0.621 0.812 1.000 0.603
SS -0.979 0.074 0.988 0.949 0.606 0.637 0.614 1.000

BRRREY], E3m 25 Y 5 2% 18,
T R AEA W =4 W B T RE A 9 AR 5 1 A B A A
RGES), A TEAEPRERENZAM R E, T
B IAE RN S A . B L R 3R
HHT R

PR S5 DR 7 A2 5 e 24 P AR A v M R 11 32 R TR
R, BN 7T RSO, Ak, R,
ARSI T B AL TR R R R R s,
iR NI ENITES 200 iy geSyii i S P by
9T, RIBHRANZFEHHER TS ERAKR, £
R R IR EAE 1000~1732 m, iGN BT
GREEEREEREREEHX (P<0.05), MMk
s TR, Aol s, RIAR T3
MBS, 1F 2427 m HEIRET, AR
TR, FHREEA 1056 m HEHF SRR
fiK, Hfugk s B EZ KRR T8 E
SRR R EAE 1732 m B W A A b
W Emm, AR SIS R
HEEZERAHE; AZEGIFAERHLIX 4 AP
e HQ-2 (S IFAIVERE AT AT LA 8D ik
KRS E. BEREEEET '8 ST Y
T T IR, ATHENT AL HQ-2 gk
e FE SR s AR R 1730 m it

2 R AR AR PR 1 B I R O B i
B RIAERA EEEH, HZHRR 7R
KO8 ARH L o i I L E i AACT. HMGS.
HMGR J:[, it SE. SS. FPS. IDI £, Fiif
CAS J:[A 3 1< FH 5 S ifg 4 v FE a3k AT A8 OC 1t
7, RUEHESEES IDI, SE & SS HEF LR
BEIEMK, X5FHELE T AL iR
mELE IDIL SE K SS KA REXRR, Hi
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