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Abstract: In order to explore the relationship between the accumulation of medicinal components and the expression

level of alkaloid synthesis related genes in Frizillaria thunbergii, ultra high performance liquid chromatography mass
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spectrometry (UPLC-MS) and real-time quantitative PCR(qPCR) techniques were used to determine the total alkaloids
(the sum of peimine and peiminine) and the expression level of three genes involved in alkaloid synthesis pathway
(HMGR, FPS and DXR) in eleven samples from different producing areas. Meanwhile, biostatistics was used to analyze
the correlation between the alkaloid content of mature bulbs and the expression of each gene. The results were as follows ;
There were significant differences in total alkaloid content of mature bulbs (P <0.05), ranging from 0.2105% to
0.4612% ; The variation trend of the expression of HMGR and FPS genes in the tissue of full-bloom stage and the bulbs
from full-bloom stage to maturity stage was basically consistent with the variation trend of alkaloid content; The
expression of DXR gene was the highest in mature bulbs, and the change trend of the tissue expression at the full-bloom
stage and the bulb expression from the full-bloom stage to maturity stage was generally inconsistent with the change trend
of alkaloid content; The expression levels of HUGR and FPS genes were significantly or extremely significantly positively
correlated with peimine, peiminine and total alkaloid content, respectively (P<0.05 or P<0.01), and the coefficients
between FPS gene expression and alkaloid content were the highest, which were 0.672, 0.631, 0.664, respectively,
meanwhile, the coefficients between DXR gene expression and alkaloid content were low. In summary, the data indicate
the accumulation of alkaloids is significantly regulated or modified by HUGR and FPS genes in the MVA pathway, but
not by DXR genes in the MEP pathway.
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Table 1 Basic situation of meteorological and soil types in different producing areas

FE T N T M Tk 7K | e i N

Producing area Ningbo Wenzhou Quzhou Lishui Hangzhou Jinhua Nantong Luan

AR 2 1 BRI K 1797.7 1704.7 1 809.5 1681.3 1756.3 1 886.9 2 089.2 2217.5

Annual average sunshine hour (h)

PR 16.5 18.1 17.3 18.1 16.5 17.3 15.9 15.6

Annual average temperature ( °C)

AEREK 1503 1734.7 1 685.5 1381.3 1435 1436.8 1173.2 1 145

Annual precipitation ( mm)

E e AES AR SR RN ORI SIOE RESR RO

Soil type Red-brown  Red-brown Red-brown Red-brown Red-brown Red-yellow Yellow-brown Yellow-brown
soil soil soil soil soil soil soil soil

{X#%: ACQUITY UPLC & 4t (Waters, £ [ ) ;
SYNAPT G2-Si Fiil % ( Waters, 3 [ ) ; CFX96 %¢);
7E & PCR X (Bio-RAD, ) ; SQP H T/t KF
( Sartorius A A, FEE) ] FOK AN R Ak
afi s FRufE s DURER W QT iR A YR A
FRAFPCR 519 M Bl A TAY TRARAF
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1.2.1 UPLC-MS M| & R ) /= 3 ¥ W # R B 48 F
* b E
120101 3% Je BT i 5 @k & R
ACQUITY UPLC® BEH Amide (2.1 mmx 100 mm,
1.7 wm) B3R BN 0.1% %K (A)-0.1% 2
E(B) s B BEVEM (0~ 1.0 min, 30% A—30% A
1.0~5.5 min,30%A—5%A;5.5~5.8 min,5%A—
30%A) ;Wi A 0.2 mL - min” KRR 30 C FE
RN 2 pL, U 5% 4 . oR R 25 0E B 1 R
(ESI") ki) DUBER I DUREZR £ 1Y 85 - o iy
b (m/z) 435 432.35 Fll 430.33; YA RN
3.0 kV, HEfLHLE N 4.0 V, B TIRIRE A 105 C,

FRFLIRE A 300 °C, R FIME A 800 L -

h' HEFLAH M SO L - ',

1.2.1.2 pRifEMT Rl 43 iHG 2 PR O B DRk
ZH0.004 8 g, I HE2 2,0.005 0 g, /il I Ff B &
25 mL 2% 50, P A AR RS A DL BE R 96
48 38.4.19.2.9.6 mg - L', NI & E £ 100,50 .40,
20,10 mg « L' IIR A XS B W, 25 5 1 0.22
pwm LT ER A L HEC 12,117 T g K B
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JE AR AR, W T R PR, FE ST 2 I R

1.2.1.3 FEA AP &t A 3R B S 2 A P el B
B2 R Luo et al. (2018) J7 & I8¢ [ 3 B B R 78 IR
R (ZM IR 32 °C s IHE R 12 hy R
120 v+ min™) o #°1.2.1.17 30 @0 33 K 33 2% 4 %of
11 A= 1w DU 1 5 e 1 3 A 8V A | Al
=5 Yyl (DU RER M IR 2) & kAT
L BAFEE A 3 IR,

1.2.2 # W # % RNA IR B R 4 F %M Aidlab
EASYspin Plus Complex Plant RNA Kit PEHCH D1 H):
25 M BEEERY S RNA, SR NanoDropTM 2000 73



1758 OO0 M W

40 %

Y66 31 ( Thermo Fisher, USA) I %€ @i D1 £} A [
H AL A RNA VR B2 DA R W' BE AR (A g0, 00 1
Aseo30) 5 1. 2% BRIIEHIEBEIE L UKk 45 78 HLoe ek, R
Fl Vazyme HiScript® I Q RT SuperMix for ¢PCR %
F G S RNA W S5 18 cDNA |, T =20 CARAT
1.2.3 X EF PCR AREA PR T vg K A9
U1} HMGR . FPS . DXR H1 B-Actin % A ¥ 51 5%
Primer Express 3.0 #5306 45 551k B e
PE EE VL5 Y T 9O0E R IB 4T, T

Ja B 518 03 2 (1 4%, 2016, 2017a, b)),
qPCR R W AR & 2 20 pL, H o 42 4% : 2 x ChamQ
SYBR Color qPCR Master Mix 10 L., I FiF51¥14%
0.4 pL f%AH cDNA 0.4 wL . ddH,0 8.8 uL, qPCR
R R 195 °C AR 30 $;95 °C 10 5,60 °C 30
s, H 40 ME IR ; PCR KW Z 5 M 60 °C 1% ¥ F+
3] 95 CHlfEmE Mg, LB KB B-Actin 1E
KNS EH R 27T R A Rk (W et
al.,2015) .

% 2 #iE HMGR .FPS #l DXR ERE KL KK EE PCR 3|4
Table 2 Real-time fluorescence quantitative PCR primers for HUGR, FPS and DXR genes of Fritillaria thunbergit

AN LG4 (5'—3") BRI 5149)(5'—3")
Gene Forward primer Reverse primer
HMGR CAGTGGCAATGAAGACGG GAGGCAAATCAGTGGTATGT
FPS TTTCGCCAGACATCAGCA GGATTTATTCAACGAGGTG
DXR TGGATCTCGCCTATGCTGCT CCAGCGAAGGATGAACGACC
B-Actin CATAATCCAGAGCCACATA TGCCAATCTACGAGGGTT

1.2.4 #3455 FJH SPSS Statistics 21.0 4
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T 7 b S AU s =K 2R e B R T AR R
fig 25 | (H LAt 9 A7 M A0 52 BAH S a3
22 AEFH NG REARRNAPEYEE
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DAL A= b 0 1 5 e g 25 i @525
A 25 0 A R SR S SO A i PCR Ty v
K 7 HMGR . FPS Fl DXR JE R AE A6 7= b A [
AT AR B B B ) 3k 22 K7, LR 3%
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significant differences (P<0.05). The same below.
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Fig. 1 Alkaloid contents in different tissues of Fritillaria thunbergii from different producing areas
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Fig. 2 Gene expression analysis of alkaloids related to Fritillaria thunbergii from different producing areas
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¥ B,

[RI, 2R FH Pearson XX AZ 5 A & M5 ( Yong et
al.,2016) X} HMGR .FPS F1 DXR %t [N 3 ik & ik 17
AN BT, HMGR 5 FPS 3[R & 5 2% 1F A 6%
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®3 HMNBRAPEYHESES HMGR FPS
M DXR EERIEEWKHESN

Table 3 Analysis of correlation between alkaloid content
and expression of HMGR, FPS and DXR genes in

Fritillaria thunbergii at maturity stage

N DUBEZR IS5 v SSYARYL T
Gene Peimine Peiminine Total alkaloids
HMGR 0.490 = 0.417 = 0.438 =
FPS 0.672 # 0.631 #x 0.664
DXR -0.099 0.130 0.025

e # FRRARIE R, P<0.05; #+ FoR AN B3, P<
0.01,
Note: * means correlation is significant, P<0.05; #** means

correlation is extremely significant, P<0.01.

NS AP R Z B R, R H Pearson AL
AR M S METE ( Yong et al.,2016) XJ A [A] 7= 4 iy U1
1 5 25 A7 B HA 85 25 v HMGR (FPS F1 DXR %
K2R3k 5 A Wik & wEdEAT A G T (3R 3)
DR AR MBS &0 0S
HMGR FPS B[R 33K 22 0] 52 Wb 25 il bl 3 A ¢
P, H FPS B 5 4 Y 0 & A O S T
HMGR 3[R ; DXR J [F 5 D1 RE 2 HY B AIG B £ 60 ¢
P (P<0.05 8% P<0.01) , 5N R A&
iR AR IEAE S (P>0.05) .

3 W E4®

7RIS SR A b 2 AP R Y A R
o H R 238 12 44 19 2R K R B R A RO
HYIE WU AN FR B8 ( Zhang et al., 2016) . HAT, A 40
Ay LR T M 25 4 VA A I R AR 2 — (I
A ,2016)  AHITE & IAS [R5 b i 01 BF & A
WA [R) 20 2038 A7 A6 W el 5 12 1 DAl 25 v i v, B
YR ZE Mg I, 33 38 W i D0 BE A= W 08 43 A1 A7 7E
RS VRr S X S R AS RS2
W EGRN 34 A EL A O S A A 2R A 2 R A —
(TR AE 20065 25 EREFI R 15 ,2018) o B2
W =X AR W B A A 2015 TP E L2
HLY) B B AR VE (5 B =0.080% ) |, 1M 3 b 7 [XER
K A MR S AL T 11 A R R KSR

XSG PSR 2 4 R — B (2T
85,2011 5 AR RS, 2015) , X — 5 T AT g AL
1o v 4 A A B R X T DL B LA AN RS ) 2
it Ak A= 0 B ) AR 7 ) B BB AR, ) —
J7 A T BE A PR A Wi DU B 25 04 4k 24 mi 4y 5 4%,
AR 20 TR 0 YRS, A eI
ST DLREME — (A UK A3, IS e B A
FpL sy, g AE  JE 05 55 v 2 it i AE SR 2
Py i o i 2L R P i (X T A5 2016 5 4 5% 17
55.,2016) o (BRI | 35 AR 7 M 8 0 6% =5 A= W)
i TR AL W 2K X T RBJE R T DL BEAL T
P A KW (3 A A= 5 A oAl BF, A4S 72 3
SRR 3 T I L O T 8 2R AR
AR (BRITF 3R 2008 ; Paek & Murthy,2002) .

Bl 53T W0 2F IR &R, AT 25 4
JoT ) 5 1 L 5 R T 25 0 o3 A W s 1% S FLAH
KBEE N 5T . ZRB05F (2018) B 5T R B, 4 it
DBk FPS LR B 238K 5 S AE Wi i 1 42
et —5, ARBEFERAD LI MVA 42
HMGR F1 FPS A AE B AL W 240 21 3R 58 K AE I =
LA 8 25 3R 3K 70 Ak e A [ A 0 A A A
FAR—5, X £ W] HMGR , FPS 3 I8 5 T 4 nf
AT B0k Wy A R Y B N Bk 2 HMGR AN
FPSJE R 2 [B) 2 18 3% 1E M X (P<0.05), £
HMGR (FPS SER 7] G LA P [R] o 4 w35 4 4 1) 5 =X
St VR T DUBEA: W0 5 B A, BRAE 0 22 2
Y% 22 A AR P2 M, HMGR (FPS Fe[H 26355 2 [A] 1
AR H 3 AT g 55 A 1 B4 i H At il R
PR [R] 9] 422 L 3R 58 I 2 ¢ (Zhao et al., 2018) ;
MEP & 4241 i DXR 5 R 78 il 200 68 25 rp i) 3% 3k
#EE HMGR (FPS SER AR HAE B AL 3 4
UERA v 1) 22 38 R A ENAN ], B A ) 28 il 2 3 i
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