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fit &8 2 A& B R R il 3- 32 i -3- FP L I, R BA IR 4 il A\ 34 J I ( 3-hydroxy- 3- methylglutarate monoacylase A reductase,
HMGR) FIVEN R ARl & B FE Kl (farnesyl pyrophosphate synthase, FPPS) JEE M JERIFRIAMISEN . 3% EARRIIAERL
B i K FH 1 A0 Rl e JE A R 3 R 21t 28 Bl 1) & i, SR AR vk O R 32070 I e b AR 254 HMGR
FIFPPS id ;s R SEI %6 & PCR (qRT-PCR) AU E bR HMGR FlIl FPPS kil &; KA SPSS FAFX A& H
ARGV TR EE R R IE B THI R M. R S H WA, nTEd bR LR R R, IFRERFEEA
W6 O BRI TE M S R A o AR 0 X AT ARER I g JE IR R R TR 1 i 2 o AR R IR AR M AE 5 22 0 U (ND 180
kg/hm2, BIE (P20s) 225 kg/hm?, I (K20) 105 kg/hm2. ASFEAEEHECHE T, REfFER HMGR SR, p-FH 2
B3 IEAHR (P<0.05); XEEREHELK FPPS 5 EIRIES 11 B-1% g R 3 IE AR D¢ (P<<0.01), 54 AR 22 FH2¢ (P<0.05).
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Effects of combined application of fertilizer on gene expression of three
sesquiterpenes and two key biosynthesis enzymes in Atractylodes chinensis

WANG Meng-cong, WENG Li-li, SUN Jin, XIAO Chun-ping, CHEN Tian-li
College of Pharmacy, Changchun University of Chinese Medicine, Changchun 130117 , China

Abstract: Objective To investigate the effects of different fertilizer combinations on the contents of sesquiterpene
components in Atractylodes chinensis, including atractylone, atractylenolide-1I and B-eudesmol, and the activities and gene
expression of the key enzymes for biosynthesis of 3-hydroxy-3-methylglutarate monoacylase A reductase (HMGR) and
farnesyl pyrophosphate synthase (FPPS). Methods Under different fertilizer combinations, the contents of three sesquiterpenes
in A. chinensis were determined by HPLC, and the activities of HMGR and FPPS in rhizomes of A. chinensis were
determined by kit method (double antibody sandwich method). qRT-PCR was used to determine the expression levels of
HMGR and FPPS in A. chinensis. SPSS software was used to analyze the correlation between the activities of key enzymes in
biosynthesis and gene expression quantity. Results The suitable combination of nitrogen, phosphorus and potassium could
promote the accumulation of sesquiterpenes in A. chinensis, and significantly improved the activity and gene expression of key
enzymes in biosynthesis. The optimal fertilization scheme for sesquiterpene accumulation under the soil fertility condition
represented by the test area was N 180 kg/hm?, P20s 225 kg/hm? and K20 105 kg/hm?2. Under different fertilizer combinations,
the key enzyme gene HMGR was significantly positively correlated with atractylone and B-eudesmol (P < 0.05). The key
enzyme gene FPPS was significantly positively correlated with atractylenolide IT and p-eudesmol (P < 0.01), and significantly
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correlated with atractylone (P< 0.05). Conclusion The optimization of nitrogen, phosphorus and potassium fertilizer

application has an effect on the accumulation of atractylone, atractylenolide II and B-eudesmol in A. chinensis, and also has

significant effects on the activities and gene expression of key biosynthesis enzymes of HMGR and FPPS. The biosynthesis of

sesquiterpenes atractylone, atractylenolide IT and B-eudesmol in rhizomes of Atractylodes. chinensis is regulated by a variety

of genes and enzymes, and the key enzyme FPPS plays a greater regulatory role.

Key words: Atractylodes chinensis (DC.) Koidz.; combined application of fertilizer; sesquiterpene; 3-hydroxy-3- ethylglutarate

monoacylase A reductase; farnesyl pyrophosphate synthase; gene expression; atractylenolone Il; B-eudesmol; atractylenone

Jb# AR Atractylodes chinensis (DC.) Koidz. &y
HR 2 AR, DT RRZEANGN, £
R 2 AR BEY EE Ry, FEAKE
CARE . AARANE 1. GARE AL B I,
BAIR. g, RFME RS, R, PUE.
PURTESE) 2 MAERER, R R S TR
AR 251 R R ) KPR s R e,
52 ms Ky 2 Hod il R RIS e e AR N
B, 3-FRFE-3-HE L R R A bR
( 3-hydroxy-3-methylglutarate  monoacylase A
reductase, HMGR ) Flyk We Jt £ 3 1R & i 5 K]
(farnesyl pyrophosphate synthase, FPPS) J&f#%
it A0 & YDAV B B AT 1 O B Wl AT PR O A .
HMGR X MVA i@ & AL fEH], FPPS fiEfL
it A4 & 0 1 1A AL & Wik e 2k R (farnesyl
diphosphate, FPP) [J#& R, 254 i & 5 1%
HE SRR AR VI OC, A B, FRREY)
ARKKBEETHEEE TR, S BEC ] L
S EAEYIA BOR A TR B B AR, P g AR
W R R A BRI R B RO T AR L
TARAE KNG A A% 2 05 28 o & B,
5 H BT BE KB it % b AR A A% 2 il 2 Rl 4 AR
Y& s e it g, AR L] A B
3N W | v 07 N/ i 1 N 0 T
JEEARWZFRTARE . AARNE 1. B-FHEE 3 Fh
5 F i R & E LSO HMGR A FPPS i
PEREE R LR &, 7 M A AR A e ik 28 5 S0 B Bl
P Je BE PR Rk 2 T 26 225 DA ) BH EDRHIE Jti o b 45
ARA 2B R A B o IR L, $E At R
35 2 28 70 B M i o B R A, IR NIkt
AT I R A B A R BC B B A A
1w
1.1 58 XHEA R At i A 4

IEBERTZEAEYA TR B AR gikse H,  Bpk
A B AT 5 RGN B2 DA AR S, Hy

A7 E 125°36'4.94"E, 42°12'37.65"N, ##k 399 m.
X 3B HEAT I E . 3% pH N 5.65. HHUR A
TN 51.73 glkg. HUHA. AR HAE S R
WIN 41.89. 94.40. 143.54 mg/kg. EEKFHAHILT,
M2ESERE, AR, MEREH, RARKER—
AR EE A B RIS H, AR
B E ARSI AR A B A w IR A6 R 5 i Hh 4
fit, ZRKEPEHRFZHAHTFRE EEHH =S
[N ##% % 52 N b B A A. chinensis (DC.) Koidz.
Ed. RIEFIRE (N, BE=46%). I BERE
(P.0s, SH=46%). MR (K0, 241=50%)
ARG F AL .
1.2 K

R ARET (b5 P1IM10F73437, i
7 H0=97.3%). B-tMEE (HIb'5 P2408F46474, Jii
BB =94%) . BARANE I (S
M22A10S95762, Jii & 73 %0=99.9%) 5T i
AR A IRA T . R, 5Nt FEE
ariral; AKONBLEK. HEYEH S RNA $EEGEH
&, ISR B SER O E i PCR A& (F
AP TRERERRAF . % HMGR ELISA £l
RiE . WY FPPS ELISA Wil & ( EigirsE
VR R 2D,
2 Fk
2.1 Rt

S AR LS AR FE MG AL AR 2 R
SEERARIG, X AR SR 14 JIE Ak A R JIE B T 2R AT
B o R Lo(3Y)1E ARG B TH I Ab 13 B it A 7 €1,
WEE. B 83 MK, 4 KPR
FWFR 1. WHE 10 MAFRERAA R, 3RES,
30 AINIX, ANXETEA 150 m?, BANNX 3m? (1.5
mXx2.0 m), THkEEAN 15 cmX20 cm, &FAN/NXER
fil 100 #HRAb A JbtsARHEMKT 201945 H 25 H
Bodk, FERRRTIATMIREAE, 5 3ARR AR B it A
b, oAt HH () B Tt — 2
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Table 1 Fertilization types and fertilization amount of

orthogonal experiment Lg(3%)

it 12/ (kg hm2)

wE HE
JRE (N) IR (P0s)  BRERET (K20)
TO NOPOKO 0 0 0
T1 NIP1K1 90 75 105
T2 NI1P2K2 90 150 210
T3 NI1P3K3 90 225 315
T4 N2P1K2 180 75 210
T5 N2P2K3 180 150 315
T6 N2P3K1 180 225 105
T7 N3P1K3 270 75 315
T8 N3P2K1 270 150 105
T9 N3P3K2 270 225 210

5 N CEED a AFAE, N AE 60.0%. P AE
100.0%. K it 33.3%, N. P. K [ty 6:8:4; 6
AT CEFRAERD M8 AT CRID 45
17 1. 2 B AR AL #E, o N AR 20.0%. K AE 33.3%,
N. K 38 2 0 40 BN A AL 38 40 A 1) 0% 2 AE A
FHIE AR B R, 35008 T /N X -3 3R 0 .
22 HmEYE

R R AL AT AT, FEALIE D 1) 200 AR
EHAE KRR, tHE S TR PR B N B R A=)

o HURERS (2 Fh i A2 3% 5 1128 30, 60, 90. 120.
150 d, FEREASTAT/NXBEHLICEE 6 Bk, R BURE f5 (1)
JEBEARIENIK G B S256 %, KA SR Js b 1356 4
MGG BT Ve, oK T 5K 5, Hd—
AR AT 8. R e, k7 T80 C
KFSAH, A—8adEENYT, TEERE
i H .

23 BEMNZE

231 X RVER S RS EL A R N B
. B-#Z B 15 AEE &, 0 HEEE A, Eof ek
JREWE N 10.1. 33.0. 53.4 pg/mL KR A fif &
W, #&H.

232 MESSIERIEE KRB S A AR ZH
M =50, RBERE 039, SR (HEZ )
2020 TERR— AR IS B &I E Tk, il il
AR

233 AW, AARNEE I, p-HHEES ENE @i
FAFBIRAR AT AT AR 57,
234 ZMERIVATTRERZS] KSR “2.317 TR
TRE &R WA R INKE (3 N R BE )
1.0. 0.8. 0.6. 0.4. 0.2. 0.1. 0.05. 0.025 f), Ht
15 pL JENERAR A . DAETHRU A AL (Y),
JREIRENRALRR (X, HHTEMEREIE, [FH77FE 0
%2,

F2 3IfxEBRREEASEMEMTERE
Table 2 Regression equations and linear ranges of three reference substances

D% EVEp: r VTl ug
AT Y=18 717.410 7 X+1 756.575 8 0.999 7 0.020 0~0.801 0
HAR MG N Y=47 177.499 2 X+483.693 0 0.999 9 0.003 8~0.151 5
B-H - Y=30772.658 2 X+4 034.467 6 0.9995 0.012 4~0.495 0

2.4 KHEEGEMNE
FREUEEARMEZE 0.2 g, A 1.8 mL T4 0.01
mol/L PBS(pH 7.4, NaCl 8 g.Na;HPO;4 1.44 g. KH,PO,4
0.24 @), WHEBIEERREIH, 4 ‘CF 10 000 r/min &0
20 min. RHRAENE Gk MEAF R
BHECHE T AL AR 2 8l HMGR A1 FPPS (135
P, RPN U AT, 2 FhOCHER
HMGR Ak i 2k A e JE 1 438 Y=0.030 5 X+
0.075 4, r=0.999 1, ZkM7EHIH 0~80 U/L; FPPS
FrEHIZE Y=0.004 8 X4-0.038 2, r=0.9995, ZkttiE
FEl A4 0~400 U/mL.
25 XBEEERERIEENE
251 HEPE RNA S cRNA &R R

Takara 4738 75 RNA $REGRF &1 0 B
TARMZE L RNA, M Multiskan Sky 49 K B br
LGN E B RNA IR LA, F60 LR % 3k
cDNA, —20 CH&fE, %M.

252 SIMkitSaR PLEF-lo NSRRI, 1§
PR IGAE b rp e A0 % HE () HMGR AT FPPS ZE R
B, AR TR ARG, SIF BN 3.
2.6 S|¥ERMRN

2.6.1  JbAE AR PN 2 5L R B OB g Ak R S B 9% ok e
& PCRIGMEINZE  DLILEE ARIR ZEH cDNA AR,
FITE (NTC) st REEAT SEm 28 % 8 & PCR, Firfd
ISR ZE LA 1, 455K EF-1a. HMGR F1 FPPS
BIARE R RE, ARy, HEasIm
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®3 LA EE PCR 54
Table 3 Real-time fluorescent quantitative PCR primers

FEA TRINITY SIYFE (5°-37) FEM K Tbp

EF-/a 1Ei] ACCAACTGGGTTGACAACTGAAGT 64
% ] AGCCTCGGTAAGGGCTTCAT

HMGR DN14568 £ AACCGCCACCACTCACTCACATTCTTC 109
J2 5] GGACGCCGTTGCTTCTGGAC

FPPS 1E[ TCTTGCGTGTGCCCTTGGTTG 206

J% ] TGACCTCTGCGTGTATGGGACTC

e —

65 70 75

A-EF-la %% B-HMGR #:[X C-FPPS %[X
A-EF-1a. gene B-HMGR gene C-FPPS gene

E1 BRRhESSER

Fig. 1 Results of melting curve analysis
RARSARR e T8, B WIA S 51 HAT L
R R, AP A IR TR
2.6.2 bt RN SR Jz 5 B iy i D] 52 I 98 O 08
& PCR iz 59 AR TSR PO E &
PCR ¥4, S5 KILLL 5 F5bh MR AL S AR ZEH
Z1cDNA J&, 133IR9 1 ih 47, fafidr s 41
2, BRI AR NS EER EF-1a MOCHBEAH OC K
HMGR A1 FPPS AN & AR HE 28 WL 2,
R BB WG EGRIER, RYZTTER
{RETfR 14 0 B IR
263 SEEFFOEER PCR #71 Ll cDNA SR,
L 2 H&FER RS VIFPA, 28 20 uL [ Bk &
(SYBR® Premix Ex Tag™ 10.4 uL, 10 pmol/L Forward
Primer 0.8 uL, 10 pmol/L Reverse Primer 0.8 pL, cDNA
R 2 pL, ddH20 6 pL) K MNFER [95 CHiAs!:
30s; 40 MiEH (95 CAEM:5s, 64 CiEK 1 min) ]
XA AERHAL i T Jb4E R HMGR il FPPS 2 [F 14 &=
BEATIE, BAFER 3 MEY)FES . RT-PCR MM

A |, WEF-1aY=-328X Log (X) +21.305 Eff%=101.771

1.0
0.8
&
2 06
0.4
0.2 0109419
0 — :
4 8 12 16 20 24 28 32 36 40
cycle
B B HMGR Y=-3.288 X Log (X) +23.483 Eff%=101.431
2.0
15
&
x 10
05 0,206 67
0 —————— -
4 8 12 16 20 24 28 32 36 40
cycle
c 16 WFPPSY=-3.28XLog (X) +22.023 Eff%=101.487
1.2
£ 08
E 0
0.4
0.137 489
0 —— e -
4 8 12 16 20 24 28 32 36 40
cycle
A-EF-lo %K B-HMGR %X C-FPPS 3 [H
A-EF-1a gene B-HMGR gene C-FPPS gene
E 2 g BMESER
Fig. 2 Results of amplification curve and efficiency
analysis
NS EF-1a.
2.7 HIEALIE

fiH Excel 2019 AT 056 HH 1) 4 5 A0 Pl ik
H, FESINROLER PCR 45 R 2440 ikl
AT BT SSHC IR 2 E R K B 4
#1145 F F§ SPSS 21.0. GraphPad prism 6.0. Photoshop
CC 2018 #H17.
3 HERES
31 BERECHEITILEAR 3 MEEGER ST 2 EHIFMN
311 AERHEHEX AL ARG AR & Z R bt
A ALl 4 AR o 7y H0h (1.807 4£0.042 1)
mg/g. HHEE 3 TN, AFEALEHCH T, ANFE 7R
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3 TRAHMEEMNILERPERISEMEIEN (X +s,n=23)
Fig. 3 Effects of combined application of nitrogen, phosphorus and potassium on atractylone content in A. chinensis

(x*s,n=3)

JEEARMZE AP & RAEFEAR T 30~120 d B HEE
PRI RS, o445 0.968 8~5.249 3 mg/g.
A% 150 d B, &5 FRAEARE & &2 A
B JREEE 1.355 4~4.525 2 mglg. T4 St )i &
B AR AT & & SRR A, T
FKT, FRAIFERSER 150 d B, SRR S R0 B,
FRESHIET] 4525 2 mglg, EFEA (TO) 1) 151
5o L5600, R T4 IR, JILEARMRZEFEAR
i 5 2 IR B K, UL T SR RS A A
BRSPS AR A SR R
312 JERMECHEX AL A Bt S s bt
AT Aty B~ B B B0k (2,948 840.095 8)
mg/g. & 4 AL, ANFEAEEECHE R, AR R
AR - EEE 30~150 d 28 K RE#a s,

EwT0 mw Tl w72 =wT3
8=

-k /(g g7t)
i

B T4 TS5 =mT6

3% 30 d 11 -t EEVEREI{E 2.491 5~5.180 5
mg/g. ELEL % 7 % 30~120 d &AM AL AR MR ZE
B-tint g, T6 J7ZAHX R, £ 60, 90. 120 d
) B~ I ot 40 $ o> Jilik 31 1,013 2.0.817 8.1.388
1 mglg, R&ZE4 TR 1.35. 3.91. 8.74 f5. F#k
150 d B AT — I AR R B - THEa %A, T6 7 AR T
B, Bt B S5 $0 0.963 3 mglg, 2T
LK) 1.76 £5. HbATEn, T6 7 RIbEARMEZEF K p-
B B AR R B R, RIS R ARt ) L 451
AT RERIEARLI B E R, SEbrAE P R ] DLt
VAT AR FH S ANC b PR A A P2 AR

3.1.3 JERHCHEX LG AR AARNER I & &R0
JEEARME AL RN 1| FRESECN (0.2757+
0.0017) mglg. HIK&5 A&, ANECEECET, b

ey T7 = T8 EEET9

150

4 FREGHFEESIEERT p-EHES BTN (x+s5,n=3)

Fig. 4 Effects of combined application of nitrogen, phosphorus and potassium on B-eudesmol content in A. chinensis

(x=+s,n=3)
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o~ 0.89 °ab
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Fig. 5 Effects of combined application of nitrogen, phosphorus and potassium on content of atractylenolide Il in A. chinensis

(x=+s,n=3)

CARMZEF AR NEE 1 E BB GRS B-Fe i
FRABL, ANFT R FRAEE AR ZE T RN ES 11 & &
TEFEHK 30~150 d B HARER RIS . BEk
30 d WAL AR ZE R AR NE 11 5 & 5 8E
0.449 2~0.783 7 mg/ g, H T6 AL TR FHIEA
WS 11 REECN 0.738 6 molg, 5 HABLLAHELAH
W . AR HR 30~150 d &M, T6 J7 A
X HAR TG R AARNES I & & TR mAKE, 7E 30,
60. 90. 120. 150 d HIEANES 11 i E&5r%055 7 0
0.7386. 0.607 5. 0.4610. 0.4453. 0.638 5 mg/g,
R 4R 1.30. 1.89, 1.08. 1.53. 1.58 fi5. &
IR, T6 7 EH A T AL AR ZE A 1) LR P i
I S8R E R, UEIZEAE T 50T LAk fE
PrE R A RS R
30 O N1 e S LT N 597 N > 9 B St 3
RO PEVE R CBP 150 d i) ASEBERHEE T
MACTE AR KARDGL, 04T 75 2R PR 252 S5 o
ik, FEEBARINT. LE xS A KR
BN, RAANX (2) #7iHHEM,

U (Xi) =(Xi— Xmin)/(Xmax— Xmin) D)

U (Xi) =1—(Xi— Xmin)/(Xmax— Xmin) @)
U (XD AR FRBERHELIE T b AR EATESERE, Xoin Ni%
FEARI B AIME, Xmax %R R BB

TS FE ERHEC b N b AR SRR T
SRR REAE, BT AE AR AR AR A K A
PSR R eR B RO, T B A 2% A R
BAREK. HE4TTH, ANEICEEE T &6 PR 0
SR IME KT 2 A TO, b AR ZE 452 mE KR
o Em R E R BN B AR TO<T5<TI<

T8<TI<T7I<T4<T2<T3<T6. UtBHA I JERIE
it B AL AR G R AR R, &
GV R O It T AR A b AR A, BT Ik T
T6 (NaP3Ky) 7 R

32 BERECHERT 2 FAEYE AR K BEEE EIE M A0
FKIEERFNT

321 AR, B R ILE AR HMGR
TEPERIREM AL AR Fh v A OCEERE HMGR V5 PEA
(63.38+1.19) U/L. K 6 7] &1, ANFEINCEMHECHE T,
JEEAR KR HMGR & TE7EFZ 4R 30~90 d 2 N4
&%, 90~120 d TLwELL, 3% 150 d £ 120 d
RS TS Bk 150 d B 5S4 EE HMGR 1935
PEVE FE7E 64.530 0~96.388 0 U/L, i&%| 1 A% T3
x4 TRIAHPESHE T ERBEEEELRI SR
HRBEBSHT

Table 4 Membership function analysis of content of

sesquiterpenes in rhizomes of A. chinensis under different
NPK fertilization

573 H01%

Y rm mAknmn peam R
TO 0 0.03 0 0.01
T1 0.68 0.32 0.07 0.36
T2 0.76 1.00 0.42 0.73
T3 0.99 0.64 0.69 0.77
T4 0.86 0.10 0.54 0.50
T5 0.34 0.06 0.05 0.15
T6 1.00 0.44 1.00 0.81
T7 0.21 0.60 0.62 0.48
T8 0.40 0 0.54 0.31
T9 0.52 0.07 0.18 0.26
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Fig. 6 Effects of combined application of nitrogen, phosphorus and potassium on HMGR activity of A. chinensi (x #s ,n = 3)

AR R K. T4 FEAEJT ZEFEHR 30~150 d
KNG HMGR &R S, Rl 24k 60~150d,
KEERE HMGR 35771 & 84.857 9. 83.273 2.
81.579 2, 81.4153 U/L, &= H 4 TO 1y 1.15. 1.29,
1.44, 117 f5. HMEEANEKW, T4 TET,
KEMN HMGR &M T HAb T R RINTE =
AR, HEM 7 S5 ma A% ik 2 o K AE 6
U B & 3t A 7 8 mT AR s 1, (R bR
AR
3.2.2  ANFEBEFEC N AL AR KBS FPPS
VEZM B R FhO R A OC BB FPPS v MEN
(326.67+8.90) U/mL. MRHIEE 7 AT A1, A EEEHHAC
Jiti F, #Ak 30~90 d J5 SHERE FPPS vE M UL T [
@, Fdk 30d IOCHERE FPPS TE 2 F i W3,
TEVEVE ] 426.111 1~582.777 8 U/mL. #3% 120~
150d, %77 % FRIEEARRZEF FPPS #1415 90 d
FHECEEAR B T . Hrh T6 77 RAEA ML T
ZH FPPS JEME/AKP A By, Rl #E 60~150 d

BB, J390k 553.333 3. 423.958 3. 577.916 7.
531.388 9 U/mL, »&=* (21 1.06. 1.52. 1.16- 2.56+
1.14 fi5. B TN, T6 Ml & F AL AR ZE %
NG FPPS YEPEE R, 450 HMGR JEPER 7347,
AT DL A [5) BT £ 2e  28  o0 A B A AR F T
REANIE, A HEACRHE i Ab T AR A K & & A ek
1EH .

323  AFIE B AL AR OB HMGR
ISR FEPR AR FRk & DA Sl R I &
NEAHHTHE CRED. dE 8 nl%n, AEALEHE
Jiti s AEA AR ZE H OCEEREIE [K HMGR A% Rk &
1EFS#X 30~120 d 23 NFFass. Bk 150d B, %
AR SR K] HMGR AR 1A B AT B 1A
£ T, JuFE{E 2.568 7~11.463 7.

T4 i I8 RAER R 30~150 d %N 3 5% e il
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Fig. 7 Effects of combined application of nitrogen, phosphorus and potassium on FPPS activity of A. chinensis ( x 2=s ,n=3)
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Table 5 Correlation analysis of sesquiterpene components with key enzyme activities and gene expression in A.
chinensisunder different combined applications of nitrogen, phosphorus and potassium
- R EH
G FIRMES I - HMGR FPPS HMGR/EF-10.  FPPS/EF-1a

GAHH 1.0000

FARAEE N 0.291 0" 1.000

B-H4 I 0.0417 0.564™ 1.000

HMGR 0.1980 0.395™ 0.306" 1.000 0

FPPS -0.059 7 0.500™ 0.659™ 0.1620 1.000

HMGR/EF-1a 0.290 0" 0.222 0.330" 0.624 0™ 0.131 1.000

FPPS/EF-1a 0.279 0" 0.382" 0.452" 0.067 9 0.495™ 0.219 1.000

P<0.05 “P<0.01
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FPPS ZE[KAH H 72215 . HMGR 1 FPPS F:[A A1
FEUSKE I 1) B 2 1) D) 350 3R B0+ b 8 35 IEAH G (P <
0.01), HAFSCHEAE FPPS i 5 X B 3 DK AH X 281k
HEAHK REERK (FHOC R % 0.495), f4E 3 Pl f
MRS 5 2 FhOCHERG S B R A SR RT A, BR
il 5 5¢ 5 HF HMGR 1 FPPS ()RR ik ) B B3
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[ B 52 11X 2 PSR e . AR S 115 2 Fhok
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