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Abstract: Objective Andrographolide is the main bioactive substance in Andrographis paniculata, and popularly used as
active pharmaceutical ingredient (API). We have cloned the gene encoding geranylgeranyl diphosphate synthase from A.
paniculata and characterized its tissue expression pattern. Methods Total RNA was extracted with CTAB-LiCl extraction
method; Conserved fragment was amplified and cloned with degenerated primers, and a full length ORF encoding
geranylgeranyl diphosphate synthase was obtained with RACE method and analyzed by bioinformatic softwares, e.g. ProtParam.
Tissue expression pattern was predicted with real time PCR. Results We have cloned a 1 047 bp GGPS gene encoding a
sequence with 348 amino acids. This amino acid sequence contained a plastid targeted N-terminal signal peptide and has high
similarities with the GGPS protein from Catharanthus roseus. The GGPS gene has expressed in a dynamic state in stems and
leaves of A. paniculata. The expression reached a high level at bud stage, then decreased at early flowering stage, increased at
flowering and early seed setting stage again, and finally decreased at seed setting stage. Considering the above expression
characteristics, biosynthesis of metabolites regulated by GGPS was deduced more active at bud stage and flowering and early
seed setting stage. Conclusion GGPS is a key enzyme in biosynthesis of andrographolide. We have cloned the GGPS gene from
A. paniculata, and provide a sharp tool in genetic engineering of andrographolide biosynthsis pathway.
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%I04 Andrographis paniculata (Burm. f.) Nees
N ERBE AR, AR BiR. T
I LB P o 2003 P I A 2 D0 E ) 2 N P 1 s
& T kA, W SR g LEN BRI K
th 2 R 27 i, G REER D)2 B A BR
A BRI A R 28 O N BRT AL T 24 4R B =K o 24
JBcAR AT B2 w2 B 2 B T E SR X A 2
FUAE S I P 5 TR A T — s . 28
CEJE TR, 7 TR B R 2 R
H T B A SRR B = M E S R, FEERRE .
Jor B2 R AR B A AR R ORAP A 3R 1 o
CEFRART | RS A, 25 W T (I HR 2y
) (19324F), LA “FRiERM” 2408, 518
B D OAT 80 RAEMIDI AL, IUVEL AR AR
W 2B DU BRVGSEA A R, BRAE2
AL, BT DN R A S5kl AR, AR
FERW], AR OEAM R E R B, T
SN R EAN % 5~6 150, S —rif, BT
Tz O SE IR —, 200 A% 1) E AR s 1
AR ¥ 7/ DTN I P = =t S R WS e A
WAl ZREMEACPARIRY, RGN RS . 534t
R K O S A M P AR A IR R A AR ORI 22
Ft, PRTR G E T O E N RN R B D E N
P4 N AE ) BSR4 28 B 1 PR UL S
BRI, PRI O N BRI A& il te, R
=9

O TENER{E DR 2R i FIR R B TR
R AL A WIS YR A B R
H 2 5i@1e, — 4N F 2R (mevalonic acid, MVA)
@A, AT S48 2-C-AE-D-JR ek
ME-4-TlR (2-C-methyl-D-erythritol-4-phosphate, MEP)
wae, RAETFAS . B2 &t FHAEF
HILAER  (geranylgeranyl dilphosphate, GGPP)
Fe T OE N B BT AT, EORAE TR AR
IR A B (geranylgeranyl diphosphate synthase,
GGPS) WEM T, Wik e LA (farnesyl
diphosphate , FPP) Jii | — AN 55 R 0 Ik 45 0 1R
(isopentenyl diphosphate, IPP) &M J5r=AM. H
FHTOBE T GGPS LN BL, HE DR A R &
B, GGPS DAkt b o O3 N IR & e 5
W B EARP . ARFFCRI RACE Bk, M0
M ERE T GGPS SRR A KP4, IFTTTIAE S
OEZE L MR BRI BIRIEN I, A7 0EN

Bo SR AT ) T 44 B 5 FeAi o
1 MEENEE
1.1 #F

2015 S K OERN T, 6 O MREAETL S
Be 2 Ko b o, AR S, ATV BE 25K
P [E RS D E O B R R ) 0 0%
Andrographis paniculata (Burm. f.) Nees.

1.2 X5

PCR # #4{F Bio RadPCR % (C1000 Touch)
AT, fE Bio Rad fh 2% KL B &R &
(ChemiDocXRS™) LA #8447 HEEz 1)
¥ ALAE BTX FL% L1 (Gene Pulser Xcell) ik
1T7. LK ZRIE M #E Applied Biosystems ViiA7
Real-Time PCR System _F#F{T .

1.3 iR

CTAB. LiCl. PVP K25, Tris-HCl. EDTA.
B-#i%k L. DEPC. & fhi 5 HE. NaAc 55 i
RNA S BOFr A 2738 57 L S A% 8 v oK i 3k A7)
Bhoyprat, WEATAY TR CR BOfH
PR .

JBE IR A 7 & 0 B b i B e 2R ) TR AT R
A, Roche W45 57| & (Transcriptor ¢cDNA
Synth. Kit 2). Roche FS Universal SYBR Green
Master W [ 7 5 4 1 9 A2 A2 P kR 42 5 .
SYBR Green 4:¥. SMARTer'™ RACE c¢DNA ¥
WA G SORERUA . R KA R B AR
Tks Gflex DNA & & Wil 55 Fo At 73 1 2E 4 25 6l ) 1)
MBS B TR CRE) AR . PCR ™A
F 1 B o 2 0 bR o S R R B R AT R
TUL A W 58 1. I 51903t 5 WA B AR ) R
AMAF G (R 1D,

2 7
2.1 /2 RNA H932E

VG IS S et 7S SR /) I 784 WA R T s
RNA, M 1%BE IR EER kA s 504, HT
v fE A KA . SR Roche 10 #% 5% 1 7 &
(Transcriptor cDNA Synth. Kit 2) 33 cDNA, &4
FE S IRE AR 20 pLo B5EFE 12 uL & RNA HUnA
1 puL Anchored-oligo (dT) 18 Primer, ##IR%2)5,
£ 65 ‘C/V 10 min; A5 N 4 uL Buffer, 0.5
uL RNase Inhibitor, 2 pL dNTP mix, 0.5 uL [ %%
W, BEEIRA), (655 CIE 30 min J5, #2485 C
V5 min, 4 C& ik
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%£1 Tk GGPS EREFTARIEIY
Table 1 Primers used in GGPS gene cloning

GIE7/es CIL/ER7S ST (5 —3)

Pifrr X B® GGPS-FI GAYGAYCTNCCNTGYATGGA
GGPS-R1 ATRTCRTCMACHACYTGRAA
GGPS-F2 CAYACBATGTC IYTMRTICA
GGPS-R2 TIACRTCRAGAATRTCRTCHA

1 30 53 UPM long CTAATACGACTCACTATAGGGCAAGCAGTGGTATCAACGCAGAGT
UPM short CTAATACGACTCACTATAGGGC
5’PCR Primer 1A AAGCAGTGGTATCAACGCAGAGT
AP-GGPS-3’ GGCAGGGCAAGTGGTGGACATATGTT
CTG0074 R1 CCGTCTTCCCCAGCTCCTCC
CTG0074 R2 GACTCTGTCGCACCTCCCAAT

22 mRERTRE

P RSk 7 VRN AT 2 %6 PCR 978, O A
F120.0 uL, f45 cDNA /=4 1.0 uL, 10XEx Taq
buffer 2.0 uL, dNTP mix (10 mmol/L) 1.6 pL, I
TSI G 1 %8 GGPS-F2 Al GGPS-R2, % 2
#°4 GGPS-F1 1 GGPS-R1, 10 pmol/L) % 5 puL,
ExTaq 0.3 uL A1 5.1 uL ddH,O. % 1 % PCR #1414
595 C. 5min; 94 °C. 1 min, 30 ‘C. 3 min,
72 ‘C+ 1min, 20 MEH; 72 'Cy 10 min. 2 2
PCR #4445 95 °C. 5min; 94 ‘C. 1min, 30
‘C.3min, 72 C. 50s, 35 MiEH; 72 “C. 10 min.
KRNER TG, H 1%3E IRBE B vk A 4. 1)
IR I 2%t Ja - EA T
23 REFRIKE cDNA

2 SMARTer™ RACE c¢DNA 3™ ¥4t 71 &5 it
W45, %14 5’RACE cDNA Fl 3’RACE cDNA, 737
T 5’RACE 1 3’'RACE Jx V.. 7ERCHI S %Ak &R
I, AR SRR VE M TGRS (trehalose) Al
ISt (betaine), PRITATRT 36 B 5 A 1) S e i A4k 2R s
sl .
24 FEHISIMIIER

UPM 5147 BRI 10 R A9 64 UPM
Long 1 UPM Short 5 |#J#% B 10 pmol/L, B UPM
Long 5|4 4 uL, UPM Short 54 20 uL, )5
76 uL K# /K, AR 10X UPM 519 TR . H:
A5 )BT A 10 umol/L TAE W
2.5 3’RACE &

KU PCR §7 1 375741 o 7256 1 5691
N, SRR ARFRCA 40.5 L ) Master mix, H
34.5 uL ddH,0. 5.0 puL 10 X Advantage 2 PCR buffer.

1.0 pL 50 X Advantage 2 polymerase mix 2 i 28 Ji5 £E
Master mix 435I 2.5 uL 3’RACE ¢cDNA F15.0
uL 10X UPM 514, M3 8 44&#UL$] 50.0 pL. PCR
P4l 94 °CL 30s, 72 'C. 3min, 5 MEH;
94 °C. 30s, 70 "C. 30s, 72 ‘C. 3 min, 5 MEH;
94 C. 30 s, 68 ‘C. 30s, 72 ‘C. 3 min, 25 /M
W 72 'C. 10 min. K52 1 %8 PCR ;=¥ H TE Wk
50 %, ML 2.5 pL FAERERR, 43ml A 41.5 uL Master
mix, 1.0 pL 5°Primer II A 5|#) (10 pmol/L) I
AP-GGPS-3’5 4 (10 umol/L), S AFH 50.0 L, i
1T 2 % PCR. 4195541 94 "C. 30 s; 68 C.
30s, 72 ‘C. 3min, 20 MEH; 72 'C. 10 min.

SN AE, FH 1% IR e R H vk ksl 7= 4) .
DIRIDCis i () 4t Je, 34T TA 5ok, kB
L B JE I
2.6 5’RACE K[

{§i ] TaKaRa Tks Gflex DNA ZE&BEEAT 2 585
3 PCR 7348, 25 1 54 81 O SEARR 50.0 L,
fU45 2.5 uL S’RACE cDNA, 25.0 pL 2 X Gflex PCR
buffer (Mg®", dNTP plus), 1.0 pL Tks Gflex DNA
Polymerase(1.25 U/uL), 0.5 uL 10 X UPM 54, 1.0 uL
CTG0074 R1 514 (10 pmol/L) A115.5 uL ddH,0;
55 2 B I I SLEAARR 50.0 pL, £94E 1.0 uL 5 1
# PCR RN, 25.0 uL2X Gflex PCR buffer (Mg*',
dNTP plus), 1.0 uL Tks Gflex DNA Polymerase (1.25
units/uL), 1.0 uL 5’PCR Primer IIA 541 CTG0074
R2 514 (10 umol/L), 21.0 uL ddH,0. 2 % PCR §I”
B0 94 °C. 1 min; 98 C. 105, 55 C. 155,
68 ‘C. 1min, 30 MEH.

SNSRI, FH 1 %35 IEH e I W TS D =4 o
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DI i i 25t Je, 64T TA s, fiiizBi
Ly 9 SR o8
2.7 GGPS EFEWHHE. EMENESELN

HFJH CodonCode Aligner K AF3EAT 75 HfH% o
IR PHE S 751, Bt P 5149, A% 0 3% cDNA
AT R KPR T 1%B IR RER f vk
W= IR DS M ) 41 )5, 3617 TA 30
B, G 6 BH P e B S Y

BioEdit # {147 JF M 52 HE Copen reading
frame, ORF) #ifih 2 JLME 751 () FI 3, NCBI Mk
1) Conserved Domain Search #£)7 Chttp:/www.
ncbi.nlm.nih.gov/Structure/cdd/wrpsb.cgi) #EAT £ 5
g3k 7y Hr, BlastP #£/7 Chttp://www.ncbi.nlm. nih.
gov/BLAST/) fift[Als 4% . KM ProtParam #f}:
(http://au.expasy.org/tools/protparam.html) 15 5
JEURIARDRS 43 PR R A v i, P — 24 . R A
DNAMAN % 1 ¥ AT 81 8 5 (0 2 77 51 Lt X,
MEGA6.06 ¥ At R4 H . JT] ChloroP 1.1
Server K fChttp://www.cbs.dtu.dk/services/ChloroP/)
U8 R I SR AR E AR T T4
2.8 GGPS EEREST

TEAEEE WL W) fE AW HIR, 2
L O ERARR I B3y, Sy eg 2Rt 23 dlee
IS RNA, TRk 7047 o AN IS0 450 3 ke
&0 RNA $2HUR S 5% J73:[R) F o

KM SYBR Green JekhE, AT SEW 2 E &
RT-PCR [N, AR 10 uL, GGPS &K [ #5]
W 5 5-GAGCAGAAATAACCAGCCATCA-3> #i
5’-CGGTAGAATAGATCAAATCGCAGT-3’, T~
YIR/NA 207 bps MR ZE0IE 18S BB/ RNA JE
K7 %1 (GenBank: FJ002343.1) il N & 519
5’-TTTCTGCCCTATCAACTTTCGA-3’ 1 5°’-CTGC-
CTTCCTTGGATGTGGT-3", T =¥ K/ K 125
bp. FHFEFER 95 C. 10 min; 95 C 155, 60 C.
30s, 72 C. 305, 40 MEH; FfEihdt 95 C.
15s, 60 ‘C. 1min, 95 C. 15s.

FEAMERAEF XY 1S 3 N AL SERES 3R,
KR CT ik 7E Excel Bt BT AN ik
e, R A RO o AR e B ) % S
3 HBRE5N
3.1 £ RNA EH

MM TCH RS, FRBERT T PO BT I 5 0 3%
B RNA (F D,

M 1

2000 bp

1 000 bp
750 bp
500 bp

250 bp
100 bp

M-Marker
M-Marker

- RNA
1-total RNA
1 ZFLEE RNA
Fig. 1 Total RNA extracted from A. paniculata

3.2 RTXE 140 RACE

TRSFIX B 19 5 40 B IR B e I L A =42
W /NT 500 bp AbAT—4%45 o MRS, H BT,
343 408 bp r5F X B K H 3 PCR #4T 3’ RACE
P14, 75 500 bp Zifi A —4A0 RAHEL PCR
T S’RACE 714, 7E47 1 kb AbA7 4%

s RACE 2558, ARG 19074 38)5, 3%
445K 1440 bp [ DNA /741, BN 1047
FLHRALIT) GGPS FEAIR e R FIRU SAE, St 1
2 HH 348 NMESERALLE TS (B 2),

3.3 GGPS £EFEMERZES

ProtParam A5 #7145 K, GGPS 2 [ 1F Ik EE
20 PP AR AL, 70 10N CreassHaosssNaaoOs02S 185
FRBAIR TR 37 378, SEHLE (pD ok 5.18,
Hr Ala(12.4%) Al Leu (10.9%) &5, Trp (0.3%)-
Tyr (1.4%) F1 Gln (1.7%) &Hf&. Ala. Trp 29l
H 43 A (12.4%) FI 1A (0.3%). i 7 AT R
FEWE (Asp+Glu) L 49 4>, 5 IF HL AT 0 & JE R
(Arg+Lys) 36 1~ ACint43.91, XWET
AFEEAT. MOTHKIES R 0.078.

DRSPS i 45 R L] (K 3), GGPS HH
FEAI AL 1 A K2 e A S AR IR A A I
(trans-isoprenyl diphosphate synthase ) i 5 i [ 55
gEfk.

AN AL BT 45 SRR B, GGPS R it 4t
QAR HIN N w5 1 AN 47 ANEIERR A R
fH5IF, AT RERE A T SRR el A T pA

AL 45 R L0, GGPS & A N i f
SRS, TPIAER SR C AR ST PR 133~149
REFN266~278 1. 53 7l 4 2 A 22 8 S I I 5 i Mg
(145 5 541 LThDDIpemDnddIRRG H1 IGIIFQVvDD-
D (K 4,
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ATG AGT GOG GTG GTG ALT CCA ATT GOG ACG TGS TOG CGG TOG &

ATGGGGGECCTATATCTATCTTCTC GG
CTC A AGAANTAACC AFCEATCAAT 3T AT TTACC FACTT COAGTACCT SCAGCCTOTE CBTC CTTG
CTCGCTT TG AL C AL ATAAAGGCACACAGE GGCETAAGT GAGT GALGEATTTTTTATC ATTTACTTTTGT
GAATTTT GGAAMCTGAATAGGAATTTT GGGGETTTTGAATTCC GACT GC GATTT GAT CTATTCTAC C GACA

45

1 ™I = oy W W iy F I o T W = )28 = I 1%
] TCC GO0 GOA CGoC TTC OOn OO0 GAG Cal TTC ALT TTC CTC ALl CCC 20
16 = (] (=] e F )28 F E [} F M F p E F =0
21 TCS sGos TTT CoC COOT ATCG Too ATE ToC TOT GO0 ATA ATC G Glaf 135
=1 = F F )28 F T = I = = A I I E E 45
13a LT ST SO0 B SOEE AL CCO CAT SO TITO ST OO0 A0 Loy Tac 1=0
e T w L T e E P H oy F i) h D E W [=1n]
121 LT T AT AeC CC A0 SO0 S0 AL GO0 SO0 TG G GAG 300 225
(=2} TwT ) T E s k= L w T A . j E E L 5
226 GO COT GTC AGE GAT OG5 GTC AT ATA CHC GAas TOG ATG AGH THC 270
TE ht P w h=8 i) P w T I H E k= w1 hz3 W 20
71 TCOG OTT TS GOs GOG GGG A s O GTC OGG OG5 ATG OTC TGS ATC =15
21 s L L FN (=3 (=3 K R w i8S i I L (=] I 105
Z16 GoC GoC TOC GAG CTG GTC GO GGT GAG CAG GCOC GCOC GoOC COTC CCG Za0
108 Ly o (=2 E L W = (=3 E Q o Ly FN L P 1z0
E61 GO GO TGT GOG GTG GaG ATG ATT CAC ACT ATG TOG CTG ATG CAC 05
121 Y o [ o w E ™I I H T ™I 5 L Twl H 135
40s Sl GAeC COTC OO0 TOT ATG Gl ALC GAC GAHC COTC CO58 A0 SO0 Abb <450
13a D pml o P (= vl pml M pml pml p= p25 p25 (=3 E 150
451 CHOGE ACHGE SO OO ARG GTG TAC GGC GAG GAC GTC GOC GTC COTC GO 495
151 F T hs H E W ' (=] E il w L w - L 1635
q49a 30 ST SOl OO COTTC o TTC GO TTC Gl CAT TG GO0 a0 e Sa0
166 O r s L - A F L F E H L L T s 1=0
Sl LOT CGAaC CAC OTC COOT ACC S8C ATG GTAE OTA TOC OO ATT COT Coc SES
121 T E il w P T hos 1 w w = £ I (=3 E 195
SES TTS TCA AGSG TOC ATT GOT CCA GACG GOL TTO GTS GO GO0 CAL GTC a30
196 . = B [ I (=] A E (=] = w L (=] [} W 210
a3l SGTG GAaC aTe TOT TOS GaG GO0 AT TOG Gead GTG GO0 OTG Gas OTT ars
211 K D I = = E = I s E K =3 L E h 2235
ala CTe GAC TTC ATC Car T CaC AL ACT GO0 GO0 COT0 TG Gal SiET F20
226 h E F I H L H E T oy A I h E (=3 2an
F21 T GTG GTG TTG GOEs GOl ATAS TTG GoAs GOT GG A GaaG TOG Crb b TaS
21 = W w o = £ I L (=3 (=3 L T E = E 255
TEA GTG GAG OO0 COTG A00 An0 TTS GOG HAGG TGO AT GGG OTG OTG TTOS 210
258 W E )28 o p25 E F s B (= I = L p- F 270
E11 CaG GTG GTG GAC GAC ATC CTA GAC GTG ACC AHA68G TGOS TOG GaAas GAG E55
71 L=} w w ] ] I - i) w T E L= = E E 283

B56 TG GGG M A0 ACTT GO GGG AAG GAT CTG GTG GOG GAD AT ACG ACH [=lun}

(=3 E T o (= E ]

L
201 TaAC COG ALG CTG ATC GGG ATT GAC ALG TOS LAGAE CGoL TIT SCH GACG 245
'y P E L I (=3 I E E 5 )28 E F o E

L. w oy i) ¥ T T =00

S48 S COTG ASG MACHE GRS SOT fAfl GAHCG CAG CTCG GACG GG TIT GAT O o0

1047

E16 (=) L. hoe F E L hoe E I E e F i) F =30
291 ST SAfl Oe COT OO TG OTG SOoC TTG GOT GAT TaeC T SO TOT 1035
=31 O E L L P L L. oy - L ] W I L = Za5
103a LS AT AAT TiEe

S48 h=8 i) N +

TGETTTCAT TG CAAGTTTAACT CAAC TATTTAT GET TATGTTGCTTT TGTATCT GG CCTTC GTT GAAAMT TA
G A AT AT Gl OO TAT TACT T T T T O T 00 D0 0 000, 0 00 00 08 00 0 OB 00 A B0 B AGTACTET GE GT T AT

CACTGCTTA

B2 GGPS ERE R REBFT
Fig. 2 Amino acid sequence of GGPS gene

Query seq,  mimmmlemleenbeestensl sl ettt

labrabs Vindlny prciis |7 L)

Ik bk by hhdk

Plsata 0% Sinslng slb ) | L

h h b Ahh

ok albe LM reblow

| Y Y

chaln bavsth dvbarnlnatbe raglm G

wpabibrrkd rbm e ) LG

wparboberbd reshm L 3

L L

Specific hits
Superfanilies Isoprenoid _Biosyn_Cl superfamily

3 GGPS EEFTRIDEERRFYIRIRTEMIE

Fig.3 Deduced conserved domain of GGPS gene encoding amino acid sequence

FH B K ABSR I (Maximum likelihood) #J%E R 4%
REW, iRm0, o0 GGPS & A5 Ol
EMKFER (Catharanthus roseus) 1] GGPS & [H3E
GRARRE (K5,

34 GGPS EREFIEDH

SEIN SO PCR Al &5 LW (18 6. 7), GGPS
FEDRIAE 28 0 JE 2SR o () Rk S A A AL I i 4
e WIRIA R, YIHEWIRRR: 2 TR A )
FiLgETHE, HRIPFRE. RUEE LRSS
HIAH DA B2 I BT BEBE VR IR . BRLIRI 3R 7 224y
Mres R, TR B, GGPS 3
RES KB BRI EZE R A RE.

4 g
ZFOEN TR EHAEE AR $8 5 00E

<

PR 2O E N R RS 1T A, R 2. B
FURW], HEAT 8O I A0 5 72 I8, 7R 5 pmol/L
KA TR (MeJA) [M35F=WH, GGPS 5% 3 Mk
DAl () ik B R S iy, 25O HE IR ) AR )6 1
WAEE T 5.25 i, FRIX 3 AL REE M T 50
A A R R AR R I e R T,

R, AHEFSUTERE ) GGPS LK, X4 5 REGE
DR TR BOAE 2 2 o Y IR, HAT— s R AR
MNITEEMERB Tt RS FEZ. AR A
LT, 2 EE T GGPS A, SRR K
bR EE N, e d ik GGPPIY, 4
LR YIIY) GGPS JEDE HAT IR, #ll, #ms
) GGPS JER, e AT DUEAL A B A AR IR
(geranyl dilphosphate, GPP) 1 GGPP 2 Fi 4L,
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KA (AGL91645.1)
4 (AAS82860.1)
F1% (AEZ55681.1)

-MSEFVNSITTWVPAQSIYCLENGRSSSMRSNLCHPLKNQLPISFFLSGTIRKPIF 54
-MSLVNPITTWSTTTTSKSPKNVQTTTRSRSIILPHK. .. .ISLEFPSNPKSK.SK 49
MSLLVNPLA. ... TTCVKDVHGGRRSRS . . . . . . .. ... oo GLLSTS 30
-MSSVN.LGSWVHTSYVLN.QATRSRSKSKSFSLPEFNPLKSLAISFAYRKSERPI 52

TGRSR (Q94ID7.1) . MSSVN.LT.WVQTCSMEN.QAGRSR . SSTFNLLHYHPLKKVPFSFOTPKORRPT 5

IR (ACQ90682.1)
KiEE (ABWO06960.1)
Wit (AAF08793.1)
R (AFJ52722.1)

.MSCVN . LSTWVQTCSMFN . QAGRSRSMSTPSFQILHPLKNIPISFIPPKRRRSI 57
MSALVNPVAKWPQT IGVKDVHGGRRRRSRSTLFQSHPLRTEMPFSLYFSSPLKAP 55
........................................... MPEVVERRNR.. 10
............. MSAVVNPIATWSRSISGGGFRPEQ. . . . . . FNFLKPSRFRP. 35

Kﬁf{" (AGL91645.1) SCSRLSISAIITKEQTQEESESKSKKEVAFSSTSSFDFK 109
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Those highly conserved regions of all poly prenyl diphosphate synthases are underlined
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Fig. 4 Comparison on amino acid sequence encoded by GGPS of A. paniculata
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