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Gene cloning of farnesyl pyrophosphate synthase in Atractylodes lancea and its
expression pattern analysis
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School of Pharmacy, Nanjing University of Chinese Medicine, Nanjing 210023, China

Abstract: Objective To clone the full-length cDNA encoding farnesyl pyrophosphate synthase (FPPS) from Atractylodes lancea and
analyze its expression. Methods The full-length cDNA of FPPS in A. lancea was cloned via homology-based cloning and rapid amplification
of cDNA ends approach. Also, the characterization of gene was revealed by bioinformatic analysis. The expression of FPPS was determined
by qRT-PCR while the content of sesquiterpenes of rhizome in different growth stages in A. lancea was measured by GC-MS. Meanwhile the
correlation between them was analyzed. Results The full-length cDNA (1 320 bp) of FPPS gene was obtained (AIFPPS, GenBank accession
number KX443242), with an open reading frame of 1 029 bp, encoding 342 amino acids. The deduced AIFPPS protein sequence contained
five conserved motifs, two of which is full of Asp (DDXXD). qRT-PCR and GC-MS results showed a significant positive correlation between
the content of sesquiterpenes and AIFPPS expression level. Conclusion It can be primarily deduced that AIFPPS gene should be an
important control point in the biosynthetic pathway of sesquiterpenes in A. lancea. This work provides scientific basis for clarifying the
biosynthetic pathway of sesquiterpenes and application of biological engineering.
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HEE (B-eudesmol ). > R Chinesol ). & A i
(atractylone) Z5Ef5-il2RAIE AR (atractylodin) 25
FREMREELGY AL AEAE A N 250 MVA
ARG, LW AEFERIR A (farnesyl diphosphate
synthase, FPPS) J& MVA “EW)6 BE A5 1)
B O, AL 2 AN SRR L B IR Cisopentenyl
pyrophosphate, IPP) 7}FF1 1 /> FI M PN SE AR TR
(dimethylallyl pyrophosphate, DMAPP) 431-/F filiiZ:
We ik — %% (farnesyl diphosphate, FPP) 1, FPP %
fi i S C15 28 LA 2 Mgnitix
i 1 3L R g e e, i2 4, F R FPPS R
(AIFPPS) A KSR MR WARIE -

AW FCR H AR 5 B LA RACE H R b [
AIFPPS JEIE {142 1C, JFX) AIFPPS Jkpi| ik & 55 1%
i R EIATA O E T, F AR S AR
FOE RGOS R (RIS R, h b B S5 AR A% e 2R
B A A s A S LT B e KA, AR
R D TR 3 o 2 it e R R 22 AR 4R
1 w8l

FHEARBEH = XL AA) R, Sraih
R RPDRBMBREENFHRED T AR
Atractylodes lancea (Thunb.) DC.. 25 AFE M KAE
EHHAKKRER 6 MHrEe: M (3 15 HD.
IR (5 A 15 D 208 (7 715 HDL JF
39 (9 H 15 HD 458490 (11 A 15 HD JARIRY
(12 H 15 HDo HUARIAKRB B AR 7 i 25
EETHRAEE S, AP RIS IFIANFEE
KB B AR ZE T IE AW AR & B-
W . R R (LY C-084-15814, it
IIERT 98%) W T it I 5 AR DR IR A
"l FAREE (L5 D1759, i HOKT 98%)
W g 2 AR A IR A A & p-Fin g (it
7140626, JFURDEOKNT 95%) TR AE
EVEARARA ]

2 F%
2.1 RNA $ZEUFN cDNA &5

RNA [ $2H#% 8 Tiangen 2 #] &t RNA $2HUR
A& (it DP419) AP ERBEAT, H 1.0%3 05
B Ji2 FEL UK 4520, Bio-Rad Gel Doc XR -5 i i 5
AWML, HH Eppendorf £ %R 7 HT1X
Rl RNA 4l 82 RV B . cDNA & 1% I Invitrogen
N AR (B C28025021) #HAE AR
AT

2.2 FPPS EEGFRTXHEBRTE

HHE GenBank 24t 1) FPPS [RJYEHEE 751, H
51918 71 A Primer primer 5.0 Wit 3514 CF.
CR (5733 1, 519t bilgbEs A4 TR
ARAF G o LSRG cDNA AR T IR
X B PCR ¥39. 76 20 uL NARRF A
10X PCR 249 2 uL, dNTP (10 mmol/L) 0.5 pL,
MgCl, (25 mmol/L) 1 pL, rTaq DNA &2 U, 5l
) (2.5mmol/L) & 1 puL, cDNA FH 1 uL. W4
-4 94 CHiANE 5 min; 94 °C. 30s, 57 ‘C. 30s,
72 CHEfH 90's, 40 MEFR; 72 ‘CHEfH 10 min. LA
ERARH PCR 145 1.0% 5 bt i Ha ik I »
Dlke, gltblelie, BT TA Tibe, ik s ANHPEerE 7
BT, IR B T A TR PR A W) 58 e

*z1 319F7%
Table 1 Primer sequences
5149 JFH) (5°—3)

CF ATGYTKGAYTAYAAYGTNCSHGGAGG
CR TCCTGNACTTGRAARTADRTWCCCAT
GSP1 GGTTCAGATTGCCCAAGGTTGGTATG
GSP2 AACTGCCTATTACTCATTTTACCTTC
QF GGGTAGTTACGGGGGGACACTTACAC
QR ACAGACAACATCTCCTCCTCTCATC
FPPSF CTGCCCTTGGTTGGTGCGTT
FPPSR TTCTTGGGACATGGTTGCGA
18 SF GTAGTTGGGCTTTGGGTTG
18 SR AGCGTAGGCTTGCTTTGAG

2.3 RACE K EKH 15

A FPPS JEDE LR 53 Xy Bl e 45 K, At
AN 5’RACE #1 3’RACE #5514 GSP1
A GSP2 (5175 W# 1), FIH Clontech 2]
SMARTerTM RACE ¢DNA Amplification Kit 15| &
%L cDNA 5% A1 3735 . 5’RACE LA
5’RACE-ready first-strand cDNA J#it, %M BD
Advantage2 PCR kit #:/F, KN 4F: 95 °C, 5 min;
94 °C. 30s, 57°C. 30s, 68 °C. 90s, 35 MiEH;
68 C. 5 min; 4 C &N, 3RACE Ll
3’RACE-ready first-strand cDNA Jg Bk, o4kt
4 95°C, 5min; 94 C. 30s, 57 C. 30s, 68 C.
90's, 35 ME¥F; 68 ‘C. 5min; 4 C £ IbER M.
fidis S"RACE 1 3°RACE Wl 745 P15 2 (1 4 K
cDNA 11514 QF 1 QR (5IMFFA W3 1) BT
2K cDNA 1. 51935 i Bl s AR R A B
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AFE B AR IELUF R cDNA B, 78 50 pL
VAR ZR I 10X PCR 223 5 uL, dNTP (10
mmol/L) 4 puL, MgCl, (25 mmol/L) 4 uL, rTaq DNA
& 2U, 514 (2.5 mmol/L) % 1 uL, cDNA £
BR 2 uL. RNAAEHN 94 C. 5min; 94 C. 30,
54°C. 30s, 72 °C. 90s, 35 MEH; 72 'C+ 5 min;
4°C KibRM. Ph BT A TR R A W
HEATI -
24 HWMEERFNREST

¥ AIFPPS SN 4K P4k BLAST # %
NCBI W8 A% IR 2, 7181 DNAMAN
AR LR P41, ] Clustal W13.0 2B
L ILABAEY) FPPS ZUSE R P AT LA, A4 [Fl)s
EExt &, k4% 18 PN FPPS 24 LR )7 41 H
MEGA 5.0 (1A AHIPZA SR A FE 54T o

AIFPPS cDNA TR EAE (ORF) ik 55 A
NIRRT 5B IR A ORF Fider, AHXS 4> 1)
HHEWAER A (pD WK A ExPASy 7E£kNR%
2511 Compute Pi/Mw T H, 25 [ (1 B Ak P S 7000 %
H ExPASy Proteomics Server #¢ it 1) 7E 2k T H
Protparam AT /0 #7. M HAEZH A SignalP 4.0
Server Tl AIFPPS {5 51k, FIH Wolfpsort Xf
AIFPPS 5 [ 1€ AL A 5 AT 0, AR 3k
TMHMM Tl AIFPPS #5581 358 . — 2 45 #4 Tioi] 4
H Dublin K2#¥) Porter MR 55-#%, — 28 &5 #6 oo 4 FH
Swiss-Model I %5+, 45t DRk 74K ExPASy
TELL R 55 #4311 Prosite Scanprosite.
2.5 qRT-PCR &%

qRT-PCR J W A$ ] % 5 5 & PCR X (ABI7500,
USA), LL18S AN ZILA (18 SF Al 18 SR, 5|4
FEHIILEE 1, UARFEAKEHHFEARIRZE cDNA
RS, BETH9¢ 6 52 B 514 FPPSF I FPPSR (5|#)/%
FIWAE 1) 4T PCR §714, T 144 200 bp
KA, KrIRES R AIFPPS JEIRfRARN Rk &, 5
Y BIEEEEG A R A . E 20 pL 1R VAR R N
A Power SYBR Green Master Mix ( Applied
Biosystems, USA) 10 pL, 5[#% 04 uL (10
umol/L), P cDNA2 uL, JHxE 3 NEE. Btk
S 2 uL KA AR o N 45 AF: 94 C. 30s;
94 C. 10s, 60 ‘C. 12's, 72 C. 30s, ¥k 45
R, PCR W45 05 53 B 9 G AR A Hh 2 LA R Hs it
k. RS LIFEREKRE N 6 M BIIRZ
JMEL, B 3 ANMEYETER, RIS

WIANMEARES, BT, HdE bR A
FEX BB, B 2T AT U BT
2.6 GC-MS ##rt
2.6.1 XAl e P EZIL) 2015 4R
PR A e FYVE SR I A3, AN AR B
W3 A EYEES, PR R B R 08 2
VE PRSI 0.45 pm JEREIE 5t GC-MS 4>
HTH
2.6.2 MR BEWIHS  REREE AN, 5P
RS B-Aae i BEXT S TG &, 2 E T 5 mL &
M, BERR CWR R I e AR R, O
35 4 20.86+ 10.50. 17.86 mg/mL IR} 1 5 i
WA
2.63 GC-MS 7Mfr&ft  Agilent6890ON “AI{AIEAL
5973 BYFUEBCHAL, %44 NIST98, HP-5MS &
ISR (30 mX0.25 mm, 025 pm). HSNA
K (99.999%); ARUAR 1 mL/min; BEFEHE 250
Ty ZMEERE, el 40 01, HEREE 2 uL; AT
WA #4540 °C, fRFFS5 min, PL3 °C/min THi
#1185 C, f&FF 10 min, FFLAS “C/min TH %2 250 C,
PRFF 5 min. EI 8519, Y5 230 C, HLFREEN 70
eV, EFEAMEEE 280 C, WHAER S min. FIHEYEH]
m/z33~350, LT HIEN 24kV.
2.7 FHEXMSH

i SPSS R AF XA [A] AR K S A5 AR AR 22 v
AIFPPS JERFIA T AR/ AR S B-Am i i
HEATAHZME 2047, KA SPSS 18.0 #4144 H! Pearson
R ZREL.
3 #REDH
3.1 5 RNA &R

FAEA L RNA 1 1% IERH B f vk 45 L R
ZiE I sE ., 28 S RNA £isefE4h 18 S
RNA 441 2 1%, Eppendorf & FRZ IR 7> HT AUk I 45
REIR, B RNA Aye/daso A 1.98, K HAY[H RNA
WOCREAR, BRI B RNA IR, ToBRAR,
HE 20 BATCHLER SR R, nTHT
Ja e (B 1-A).
3.2 AIFPPS ERERTX R BT E

LA F 5 RNA 1) cDNA R #5HR,
RIS 1909 #9133 — 45 K2Y 600 bp (1) FPPS %E[A
MIRE S B, FFa a1 e vk 3 Em e i BE o/ (I
1-B). PCR JyBealifh vil, 20ll/7ja1e 215741,
K4 583 bp.
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Marker #fif

2000 bp 2 000 bp
28§ 1 000 bp
1 000 bp 750 bp

18S 750 bp
500 bp

500 bp’
250 bp

250 bp
100 bp

100 bp

A B

3.3 RACE #1 AIFPPS £ 4¢ ¢DNA 75

WIEIRAF A FPPS JE AR X 541 ¥ it
R84, 34T S’RACE #i1 3’RACE PCR ¥4, 7
S8 H K4 400 bp A1 500 bp ) DNA H B, 455
JLIE 1-C. D. ¥ 5S’RACE #l 3’RACE ¥4 ;B i %
M5 (348 bp #1460 bp) 5 TV 157 X Bef
PS84 K cDNA (1 320 bp), #1343 FPPS
R A KA 44 AIFPPS. 4 T IR 4 K gt 8L, MR 45
PHEAFBIM ALK P59, Ll cDNA iR,
14 AIFPPS 2K JPHIFHIT, MWFas K5 PHgs
B—5 (B 1-E). K AIFPPS KRFHIRAT £
Genbank £, R1FHIIEDRNE 5 0 KX443242.,
3.4 AIFPPS £ KFIEMNEEFEN

MFLEARPTEFEN) AIFPPS JE[R 42 K: cDNA 351
9 1320bp (2), BHIRELG SO 86 Bldkit, #ik
R4 TAG, 7EMA—1> 85 bp [1) 5°-UTR Fl—4*
206 bp 1) 3°-UTR. A7 T 1029 bp 1554 ORF,
Yifith 342 NEIELIRIV R H . i NCBI Blastx LbX, %
IR 515 — K256 Aster ageratoides Turcz A5
Parthenium hysterophorus L.« 7] H¥% Helianthus annuus
L. SEHEYII FEYE S k3] 90%. 89%- 89%.
3.4.1 AIFPPS B4t FJH ExPASy Proteomics
Server {EZE 3K Protparam %f AIFPPS & [A] 4 it 25 [
(P ERALPE AT TN 43 B o HED AIFPPS )53 120
N Ci781H2762N4agO0s16S 12, X737 B 5519, pl
Jy 5.49, HrIFHARKE (Arg+Lys): 42, fHERIE
(Asp+Glw: 51. ZEARATE RECH 33.04, Mz
SEEE MRIIRECH 95.15, SEKIMERECH-0.196.
3.4.2  AIFPPS [R5 5 ik V.40 o 52 107 % 5 s X 3]
TELE AT SignalP 4.0 Server 43145 K& W] AIFPPS
TfE Tk, NAES WS . Wolfpsort i il] % BH

Marker #fif

Marker F i

Marker  Ff

2 000 bp 2000 bp
1000 bp G 1,000 bp
750 bp M

500 bp S00b
P

250 bp

250 bp
100 bp

100 bp

E

1 FBEARE RNA kB (A). AIFPPS IR5FX FEX (B). 5’RACE (C). 3’RACE (D) #1 AIFPPS £1¢ ¢cDNA (E) A H
KE
Fig. 1 Electropherogram of total RNA (A), AIFPPS conservation fragment (B), S’RACE (C), 3’RACE (D), and AIFPPS
full-length cDNA (E) from A. lancea

AIFPPS 5 1] 5 & A7 141 i SR S0k [41 1 )5t 0.450,

UKL 0.406, Z&RI AT 0.100, ¥EEAE ()

0.100]c H TMHMM Tililll AIFPPS {5155 X 4, U
AT, A7 4E T IE4h.

3.4.3 AIFPPS £ifgldisptfr  id Clustal W13.0 ]3>
HIEEXT, AIFPPS (1) D fig s zd FE MR A1 b 55 HABAH ) —
#, HA FPPS iGMEIT LW M2 KA s, & 5 MR
SFHIZhREIR (Asp-motif) ([ 3). FPPS Jy 55 i
ML, 2RI EA AN LRI IR S IR ST
B, [LIVM] [LIVM]XDDXXDXXXXRRG Al
[LIVMFY] GXXFQ [LIVM]XDD [LIVMFY]X
[DN], BB T FE AR AIFPPS HENIKEEH)
90 ~ 104 % J& % 5% %t [LVLDDIMDESHTRRG] Al
224~236 @IERILIE [MGTYFQVQDDYLD] 4t,

BEORAAR (DDXXD).

3.44  AIFPPS [f) = 2 45 K Jo = 4 &5 #4 Tl
AIFPPS 11— RE T 25 R R a-BR R
e AIFPPS (1) E 245 Toth, B-4rSfIaE it
BTN E R F . 1 Swiss-Model Workspace £
R HTRAT T, AIFPPS = 4EZ5 /AN & 4 Fios,

AIFPPS IHDResAE = A0 J) FJe F 2l ot ieH e
R R WISEARGE R, <R3 IR
5 NIRRT motif, HhHEMMEER 2 A
Asp-motif(DDXXD) A7 2771 A BE, HED AIFPPS
(PRI AL S AR 2 7O kAT

345 AFEY) FPPS ZJER)ITHIHL AT 1EHK
GenBank "Hic 411 18 B4 18 4& FPPS % LRI
5545 A AIFPPS 2B P AR A MEGA 5.0 -
£ I >RH Neighbor-Joining J7yEM AL, BEATH
Fobr, WS, WLUE AR SRR G R
B, B3, mEIER SRR AR .
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] GGGTAGTTACGGGEGEACACTTACACATATACTCTCTCTAGACTTTGACGAAT AMATTAGCAGCATCTCACT
T3 ToCassT T AL A TGO G CAG TG AT TG ALG TCCAM AT TTATCGALMG TTTACG AT ACT TG ALATCAGAGTTA
W s s b L K 3 K F I E Vv ¥ D T L K S E L

1
145 ATTAATGATCCCGCTTTCGAGTTCGATCACGATTCTCOTCAATGGGTCCASAAGATGCTTEACTACAATGTA
21 1 w b P & F E F D D D =5 R W ¥ E E M L D ¥ N ¥V
217 CCTGGAGGAAAGTTGAACCGGGGCCTCTCTGTTGTTGACAGCTACAAGTTGCTTALAGGAGGAGAMTGACT
45 P 6 5 EKE I N E G L 5 VvV ¥ D 8 ¥ K L L E G &6 E L T
289 GATGATGAGTTTITTCTIGCATCTGCCCTTGGTTGG TGOS TTGAATGGCTTCAMGCATACTTTCTTGTGCTT
D D E F F L &4 S A L G W C ¥ E W L @ A Y F L ¥ L
361 GATGATATCATGGATGAGTCTCATATACGCAGAGGTCAACCTTGTTGGTTCAG AT TGCCCAAGGTTOG TATG
99 b b I ¥ b E 5 H I R R G o P ¢ W F R L P E ¥ G N
433 ATTGUAGCAAACGATGGAGTTCTTCTTCGCAACCATGTCCOCAGAATCCTALAG ALACATTTCOGAGG AdbA
117 1 & & W D G ¥ L. . R W H ¥ P R I L K K H F R G K
505 CCTTATTATSTGGATCTACTGGACCTCTTCAACGAGGTAGAATTCCACSACAGCCTCTGCACAGATGATTGAT
141 P ¥ ¥ ¥v D L L D L F N E V E F 0 T & S5 G © M I D
577 TTGATCACTACACTTGT TGGAGAGAAAGGTCTTTCGAAG TATTCTTTGTC TAT TCACCGL UGG AT T T TLAG
L I T T L V ¢ EE G L 5 K Y S L & I HRU R I V
649 TaCAssACTECCTATTACTCATT T TACCTTCCTG T TG OO TG T CACTCCTTATG TTOGGAGAGGATCTGGAC
Yy E T & ¥ Y 8 F ¥ LL P ¥ A © A L L M F G E D L D
721 AATCATGTOSCGSTGAAGGATGTACTTOT TG AAATGGGTACSTATTTCCAAGTGCASGACGATTACCTAGAC
N H ¥V & ¥ K D ¥ L ¥ E M ¢ T ¥ F o ¥V o D D ¥ 1L D
793 TGTTTTGGTGOTCCTGAGGTGAT THGCAAG AT TG AACAGACAT TG AAGACTTCAAG TGO TCCTGGTTAGTT

c F &6 A P E ¥ I ¢ KE I & T D I E D F E C &5 W L W
865 GTGAAAGCATTGGAACTTGCCAATGAGGAACAGAAGAAAGTCCTACATGAGAACTATGGCAAGAAAGATCCC

¥ E & L E L & N E E 0o K K ¥ L H E W ¥ G EKE EKE D F
937 GCTTCOGTTGCAAAAMCTGAAGGAACTOTACCACACTCTGAACCTTGAGGGTGTATTTGAAGAGTATGAGAGT

A S W A K V E E L ¥ HTL N L E G ¥V F E E T E &
1009 ACGAGTTACAAGAAGCTGATCACGTCGATTGAAGC TCACCOGAGCALAGCAGTACALACCGETGCTGALATCT
309 T 5= ¥ E E L I T 5 I E A& H P 5 K A& V 0 A ¥ L K 5
1081 TTCTTGGGGAAGATATCTAAMGAGGLAAAAGTAGGGGGGCATGCTATGOTATTTTATACCAAGTGATATCTGA
333 F L G E I & E R @ K =*
1153 TTTTGACGTCCAAAATCATTTACAGTOCCTTTGATGAGAGGAGCAGATCTTGTCTGTACCCTTTTCCATTGTA

1225 TTCT TG AT AT TCCTAGTATG TG TAAT AAGACATCCTTTTCGTT TG T AAGAACCAMCCGTTTGGAGTTGTT
1297 GATTTCAATTAAAALALAAARNS

BRI FLOTHER R, RIEFETUUER, R ael LU T RI%E0R
The initiation codon is boxed, asterisk show the termination codon and conserved function motifs are underlined
2 AIFPPS E[F £ KR 5 K HE B S B8 5 5]
Fig.2 Nucleotide and deduced amino acid sequence of AIFPPS full-length ¢cDNA from A. lancea

Atractylodes lancea DT I E L GEE.E
Gossypium arboretum 5 L 4 L DEKEL
Glycyrrhiza uralensis =y R ] 15 ERONE
Aralia elata = E K = ERETE
L ) E T E I GEN W7
Leibnitzia anandria o3 T ¥ T P
Ghrysanthemum lavandulifolium ET| I E L GEEEL
Taraxacum mongolicum T I E L GEE .L
KT I E I GEE . L

Aster ageratoides

Atractylodes lancea

Gossypium arboretum
Glycyrrhiza uralensis

Aralia elata

Leibnitzia anandria
Ghrysanthemum lavandulifolium
Taraxacum mongolicum

Aster ageratoides

Atractylodes lancea

Gossypium arboretum
Glycyrrhiza uralensis

Aralia elata

Leibnitzia anandria
Ghrysanthemum lavandulifolium
Taraxacum mongolicum

Aster ageratoides

Hoh R RS )R

Atractylodes lancea

Gossypium arboretum
Glycyrrhiza uralensis

Aralia elata

Leibnitzia anandria
Ghrysanthemum lavandulifolium
Taraxacum mongolicum

Aster ageratoides

Mo EEoE e
EREECECRCRCRER=RE]
RS RS R i

dddddHHHL

Atractylodes lancea BT IE R E FRE3 S TSYHELI T
Gossypium arboretum NE] KO R SKSYERLVT
Glycyrrhiza uralensis HERN QA 2 PRI SR SYERLVT

! HTR <RI CARS: 2 FRd3SKSY DKL I K
Aralia elata TR MBI E CR4SIKSYERL I
Leibnitzia anandria BT A DTSN SHERTT K
Ghrysanthemum lavandulifolium HIMNMOQIE DRl THERT VK
Taraxacum mongolicum ETRINEO A E INda L TS¥ KL I T
Aster ageratoides B QERAIE Fp#aSTSYRKLIT

3 FPPS ERSEELFFIERM Lt

Fig. 3 Comparison on deduced amino acid sequences of AIFPPS and corresponding parts of other known FPPS
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5 MRtk GKLNR. DDIMD. GQMID. KT. DDYLD 43 % LA4T
B, G, A, REREERR
The five motif GKLNR, DDIMD, GQMID, KT, DDYLD were

colored red, green, yellow, purple and orange, respectively

4 FTEAK AIFPPS EH =K LEMFam

Fig. 4 Three-dimensional structure of FPPS from A. lancea

Tanacetum coccineum (AFW98435)
98 Matricaria chamomilla (AHN96159)
Leucanthemun vulgare (AFW98434)
y Artemisia spiciformis (AAP74720)
93 Artemisia annua (AAD17204)
Chrysanthemum lavandulifolium (AFW98433)
Taraxacum kok-saghyz (AHZ2107)
Aster ageratoides (AFW98436)
88 Atractylodes lancea (KX443242)
Helianthus annuus (AFW98437)
Leibnitzia anandria (AFW98439)
100|: Aralia elata (ADK12004)
Centella asiatica (AAV58896)
95 78 Betula platyphylla (AKQ62666)
Humulus lupulus (BAB40666)
Malus domestica (AAMO08927)
Gynostemma pentaphyllum (Al172208)
Glycyrrhiza uralensis (ADE1877)
%6 Gossypium arboretum (CAAT2793)

30

Pl B AR B B, B s AR T i vy
The figure represents the confidence level, the higher value

represpents the higher credibility

5 19 MIEYIR) FPPS SEEFFIHE L 547
Fig. 5 Phylogenetic tree of amino acid sequences of FPPS

from 19 species

3.5 TE4E4H AIFPPS mRNA Rix9 47

FIF] qQRT-PCR A2l AIFPPS 753 15 ARA Al AL K
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