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Functional Characterization of ApCPS Involved in Andrographolides

Biosynthesis by Virus-induced Gene Silencing
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Abstract: The enz-copalyl diphosphate synthase gene (ApCPS) with putative invovlment in andrographol-
ides biosynthesis was silenced successfully in the 8-leaf stage of Andrographis paniculata through TRV
virus-induced gene silencing (VIGS), which was verified by semiquatitative RT-PCR and quatitative RT-
PCR. (1) Gene silencing of ApCPS resulted in decreased accumulation of andrographolides significantly
with HPLC analysis. (2)In order to comprehensively investigate gene expression of andrographolides bio-
synthesis, the uptream genes, HMGR,DXS and GGPS were chosen to be analyzed by qRT-PCR. In VIGS
plants,GGPS showed decreased trascript accumulation, which might be resulted from negetive feedback of
GGPP accumulated after ApCPS gene silencing. No significant change was observed for HMGR and DXS
upon ApCPS gene silencing. (3) HMGR,DXS and GGPS exhibited inducible gene expression with MeJ A
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treatment,as well as ApCPS,indicating pleiotropic regultion of MeJA on andrographolides biosynthesis. It

is the first report to characterize ApCPS involved in andrographolides biosynthesis in vivo through VIGS,

which lays the foundation for further investigation of other andrographolides biosynthetic genes.

Key words: VIGS; ent-copalyl diphosphate synthase; andrographolides; biosynthesis pathway; gene expres-

sion

hAFLERLBRMFOERMBEY T OE
LAndrographis paniculata (Burm. f.) Nees ][ T
Pt b ER o, 48— W ED R AL R 2
HHVE S PR R 2B IR 2 B T R
LR AT PR PR Y | S Y R
PR IS A B2 AU R o 0 T DY TR N K 2
OIEENBR. HEFEOENBREAS YY) G &R
I AR SRAT BRI 1A G A Y S T

FOENEERH 1A TOOTHERR A 1 AE H AR
Tt 7 OCER B A B i RS R R A
I [F] i R £5 B R S5 M i (TPP) R AR B R v v-— W
FIFENEE (DMAPP) , 1IPP #l DMAPP 2 /1 48 fitd J5i
I R R IRBR 14 A2 (MIVAD B 3 1A Hp £ 2C- T 264~
W R-AD-JR B I % 12 (MEP) AE iU . MVA &
A2 B A A 2 = SF SR IR AT 14 MEP & 12
Sh BRI U R O i A SR R R AR, R R 3 A
IPP #1 1 4~ DMAPP 3k & AH % E 1l 1% 98 4 )L 3k W 24
LB AL B2 I8 (geranylgeranyl pyrophosphate, GG-
PP) Sy AR L B il G W A O O 4 ) 2k
MBI TE B o 20 2 TP — A il S B -ent-
] 2 2 £ iR 5 i (ent-copalyl diphosphate syn-
thase, fij #x ApCPS) (Y N 5 2 g4k B, A&
S IEAZ R B MEE A TREAREE T
ApCPS WAL, RV GGPP i ent-FE IR
7 ELHE Cent-CPP) 3% SR g 5500 2 P T 2B 0 Jl T
SOLBR. AT RE S O M NER AW A R — A G B
B AR R TE R B R A R AR AR B
ApCPS W N I REAS i ik — 2 B ik

RS S5 3 UL B HE AR (virus-induced gene si-
lencing, VIGS) J& — /N7 84 I i ) it A% 2% T 5 9k
20N FH R SR R P T AR e i FE AR A
B AEAE ) AEh REZ e, Singht M R VIGS
Dt Bk T AE B ) SQS A LI T R P 1A
it PR TR (R B2 L R VIGS A8 KA h % 58
TS HREE LAY A0 AR P450 1)
IR (BT 3 R R e SR D PANE- <5 TTEANE VR 522
K (ApPDS) 4l H P 4 B JfE 2499 7 (tobacco
rattle virus, TRV) JJy 2 7E 280 SER 9 HE 37 T 06 75

WP EEVTBRAR R . ABEE A H TRV-VIGS 78
ZEOIEM R UiER ApCPS, I fii | HPLC 2 &
TUBRJE I v 280 3 N R 1 & 0 [ i 3l i qRT-
PCR £ A K I 28 .0 3 4 T 28 90 & 1 i 5 R
ApCPS BB KNF- W58 T ApCPS 78 8.0 3% N g
AW P R AR I BILRD S OF 360 T AR AR AR 9 Y

Y.
1 MRk

1.1 # #

RO R W TP B AR AR N AR
FOERK AN 14 h EHE (28 “C)F 10 h B (25
Ty PN MY K2 3R B 76 L% E .

1.2 # &

1.2.1 VIGS #HEMmE M NCBI kil
ApCPS 3 5 %1 (GenBank % 5% 2 KP982892) &
pTRV2(ABRC) 1 £ i & {7 55, i Fl 5 {4 Oligo 7
Al Primer 3 #& 3t 1 X 5 B 514 ApCPS-TRV-F
(BamH 1 )l pCPS-TRV-R(Xho | )(F DU &H
2K ApCPS ) pGEM-T # 4K Btk , i# 47 PCR
P8 Il fb 15 5 — B 473 bp MR IR ST B
rCPS, i i BamH 1 1 Xho I %I [l Y& 7= ¥ K&
pTRV2 47 XU I . 18] Wi i ji U1 7 ) 1 T,-DNA
(TaKaRa) i 2 i % £z . 77 W %4k TOP, Jl&Z &
i g (TTANGEN) 3 i 1 7% PCR K 5k filg V) % 5
PAFFEA R B pTRV2--CPS,

1.2.2 RFERZPE 7554 pTRVICABRC) #
pTRV2-rCPS F ¥k filt v % A6 R AT B 1/ #k GV3101
(RSB AR .48 h JF PRI B % #: A 5 mL LB
B R (& 50 mg/L RABE R .50 mg/L FE-F-.50
mg/L BRKE )28 CRl i B 716 4k Ik B R 16 Ak it
PO A E] 50 mL &4 10 mmol/L 2-1 ik Z, i
iz (MES) #1 20 pmol/L Z T & il CAS) [ 41 4E
0 LB AR R g7 B, 28 Cad 15 9% B0 U R
FFEA R AR . AR G 2% W (10 mmol/L MgCl. , 10
mmol/L. MES, 200 pmol/L AS) & % 1 &, # %
ODyoo Ky 1. 0, 3 FACE 3 h J5 R Y. 2003 NS
FEAE R B B ik B B R R BT DA R 8 i
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TR AT B . R Y IKE & A pTRVI Fl pTRV2-
rCPS PRAFE 1+ VIRG . JCER Sk 0 1 5 # 72
TR S R VR TR R A M e R Y T 2~
A Rt TS IE AR AR CEE 22 °C i E IR R AR
P HESEI 12 h, 5 IER 5.
1.2.3 BEERERN BERRTHE 15 dEH
FREUE RNA, L Oligo(dT) 5197, i M-MLV 2
B SR (TaKaRa) £ A cDNA, i F 2 5 & 196 6
i PCR K2l ApCPS JEHPTERACR . ApCPS 3EH J
N2 Actin 3% [H (GenBank & 5% 5 JX444056) 1) 2} &
HOEE R I Y IR 1, 2 E # PCR I &
4 :95 “CHIASPE 5 min; 95 “C A8 Pk 30 5355 “CiB k
30 $372 ‘CHEff 1 min; 30 EFF;72 C#Efi 7 min; 4
CHRAE. PCR =9 1% Y 3 N5 W 058 I v K ARG
Wt E & PCR fifi ffJ SsoFast Eva Green Supermix
K7 CFX96 58 ¥ 5 & PCR Y (Bio-Rad) I #£ 47
Rl . NS AR 295 C HIAEPE 3 min; 95 C AR M
15 5355 CiB &k 15 5372 CHEfH 20 ;40 MEFH
AFEMI B 3 N E L R XA B U Bio-Rad
CFX manager ##% 22 3 b B EHE . fd ] Excel 2010
YRR

A1 100 pmol/L MeJ A 4b B 8 I 31 5 0o 3 bk
16 0.6.12.24 Fi1 48 h BUE:, 25 RNA Jf 4 ) cD-
NA F TR 2.0 32 N R A= 906 5L GGPS
(GenBank & 35 AJ973133) . HMGR (GenBank %

&5 AY254389) Fl DXS ( GenBank % 3 &
AY254390) KRR 5P IR 1,
1.2.4 HPLCEMZEEE (DMRBR FLOEN
fis s iE 7K 28 0 3 W iR (L5 23 51 110797-200307
1 110854-201007) , W [ B & & 24 & & @ i 58
Bt o AT PR BB O 5 DN TR RO G K 2 O 3 TN T X R
it s JITH AR 5 g/ L A R

(2) &3 &4 5 RO A 35 AL CAgilent-
1100) , 8, §i #£ Agilent Ci5 (4. 6 mm X 250 mm, 5
pm) 5 S B CAD-7K (B) LB B e (0~ 12 min,
30 ~60% A;12~20 min, 60% Aj;20~ 23 min,
60% ~30% A;23~25min,30% A); kiR 25 C; %
U 3 P TR R 7K 25 O 3 P TR G 00 38 K 43 3 2R 225 il
254 nm; Lk 0. 8 mL/min™* s #EAE R 10 pl, 0
T PN TR B 7K 2 0 3 P TR 7D £ B8 B ] 43 S 9. 4 AN
16. 5 min, 5 HAWLH 7370 5 R 4F .

(3) A5 o vy 2% 6 ) AF IBORT R E 8 VB0 T
5 AN [6] Ve B2 1 0T BES VAW A i BERE 10 L, il %
WA T AR LA WA T RRORE B i 2 B AT RT US04 BDAS X
M bR el 2, BTN FOENBR. Y =
1 983X +1 500, 1(R*=0.999 1) ; Il 7K 2¢O 3 N g
Y=1 623.4X+68.967(R*=0.999 7),

(DOBEK o iR 09 4] & FRICEE O 8 0 fif
0.5 g. WF2J. A 10 mL B, 3295 1 h. i 55 4b 7
(I 2220 W, 4l %2 33 kHz)30 min,4 000 r/min &

Fx1 RR¥BRENM

Table 1 The primers for PCR amplification and analysis
& Ea s ;2] K BT Rk R
Usage Name Sequence Length/bp GenBank Metabolic pathway
B ApCPS-TRV-F(BamH 1) GCGGATCCAGTGTCCTGACGGCTCATTT . Kposzsgy  FUEMEEN G
Vector construction  ApCPS-TRV-R(Xho [ ) GCCTCGAGTTCCCCTGGAAACATCACCTG ’ ' ’ Andrographolide biosynthesis
bdICPS-F CTCCGTATCAGCCCCTTGT 210 KP982802 F0ENBEEY A
RT-PCR bdICPS-R TCAGAAGTAACGGCGGGTAT “ Andrographolide biosynthesis
' bdlActin-F ACATGCGATCCTCCGTCTTG
00 44405 5 Acti
bdlActin-R GCAGCTTCCATCCCGATCAT s IXU056 - MEEA Actin
qCPSF CACCATCTCCGCCTGTCT 0 KP982802 FOENBEY A
qCPS-R ACCACCACTCACGCCACT “ Andrographolide biosynthesis
qActin-F TTCACCACTACAGCAGAGCG B )
1 144405 ; Ac
qActin-R AAGGACCTCAGGGCATCG 86 JX144056  MBIEA Actin
" qGGPPS-F GTTGTCAAGGTGCATTGGTG - )
RT-PCR 188 AJ973133 SR Is ds
a 4GGPPS R GCTCCACTTCCGACTCTGTC ! 5#IL i Tsoprenoids
qHMGR-F TTCGTGATGGAATGACCAGA o
1 AY254389 2R R % MVA
qHMGE-R TTGCAAATCTGCTTGACCTG 38 4380 MR mERE
qDXSF GGCAGACGGACCTACACATT " \yosgsgy 2O THEE-A-HE E-AD-f G
qDXSR GTGGCAACCATGTGAAACAG ate MEP

T TR MY 7 51

Note: The underline for enzyme locus sequence.
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O 10 min, W U03E M 10 mL FH AR IR 1 IR,
GIFE e 2 AR A E I R e w2 1
mL, HPLC M 5E & 5 fif A 0. 45 pm i 38 53 08 L 25
Ab BRAAS Wy e AT B AR AR B L 3
A, MR Rk

TN RE=G2Y 15 d JFNER &
8 M PR A ) /8 I PN S A R <100 %
2 AR5
2.1 RT-PCR % qRT-PCR # il ApCPS & H % ix

KM RSP R Y g0 8 A BR (& 1,
A, 15 d JG W%, £ Y pTRV2-+CPS 5 %5 3 &
pTRV2 MAEMRIE A W W R 22 7 (& 1.B), B
BG4 15 d iyt g AT SRR R s py I, RT-
PCR #3:1 & #L ApCPS JE PR k45 W 8 i R 6 (&
1,C). i — 2 i /] qRT-PCR & & £ Ml & B
ApCPS W EE T M T 49. 8% (B 1,D), iF B
ApCPS F:F W pTRV2-rCPS % 8 4 A& i Ui #K
RORW
2.2 ABApCPS RHELENHREZL

WO 0T 8 M M R AT R R Y 15 d et
J s HPLC 30 5 74 9 28 20 34 9 TR B B 7K 2 o0 3 Y
fig &k, SR B /RMXTF 8 i, K 15 d 51
TRV 25 (A% BB F ApCPS Ui BR A b b 28 00 35 N 18
R BRI CE 2, A) X T 8 I B R
A3 T 106, 43% #0152, 91% ,{H ApCPS i Bk
PR 2B R IR T B R R A 2,
B)., JiB ApCPS BN FHZF L ENTRI IR & T
F RS AT R IER ApCPS {1k

20 * %
— 18t A
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g : |
E v
o
g : L
& -
, . 0
8iH- 34 TRV ApCPS-vigs
8-leafstage k) 4| Materials

I EN TR LY OSBRI K 5 T A I A
BA AR S R AL, Z 57 BRI,
2.3 FOEABREMER LBEERNRERN

ZF 0 A TR 5 AT LR AR R (Mel AD 5

TJQ

RN
H

AHX) I8
Relative expression

TRV ApCPS-vigs

Al SR 8 Y R0 5 B LB ApCPS B[] 15 d 5 1Y
Ftk; C.o il ApCPS 3R K3k 1) RT-PCR 4347 D. 1 i
ApCPS J:R 3K qRT-PCR 7347 . iy TRV RRR Y pTRV2
B 25 0 BRAE B  ApCPS-vigs IR g pTRV2-+CPS KfE R
Bl 1 VIGS EPUER S L% ApCPS B A
A. Agroinfiltration of A. paniculata at 8-leaf stage with leaf
injection; B. Plant with ApCPS gene silencing for 15 days;

C. RT-PCR analysis of ApCPS expression in the leaves
infiltrated; D. qRT-PCR analysis of ApCPS expression
in the leaves infiltrated. The labels are designated; TRV,
plants infiltrated with pTRV2 as a control; ApCPS-vigs,
plants infiltrated with pTRV2-rCPS

Fig.1 ApCPS gene silencing in A. paniculata with VIGS

1201
100
80
60

AH X 388 0 it
Relative accumulation/%

40
20

TRV

ApCPS-vigs
#4 ¥l Materials

A8 W R R A 15 d R g AR i B DN R IARD LR B TRV KR R % pTRVZ 125 A BB .

ApCPS-vigs F/REZY pTRV2-rCPS,

* % FTR AN IR 2 35 1k 22 5 (P<T0. 0D A R

[ 2 VIGS A3 2.0 % 5 2 0 N TR R
A. Andrographolides content in 8-leaf stage, TRV and ApCPS-vigs leaves;B. Relative accumulation of andrographolides

in TRV and ApCPS-vigs leaves. The labels are designated: TRV, plants infiltrated with pTRV2 as a control;

ApCPS-vigs, plants infiltrated with pTRV2-rCPS. % * indicates the significant difference from the control (P<C0.01)

Fig. 2 Andrographolides accumulation in A. paniculata with VIGS treatment
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Fig.3 qRT-PCR analysis of upstream genes of
A pCPS in the leaves induced by MeJA (A)
and treated through VIGS (B)

ST, ApCPS R 3235 BB 1% B MeJA i
SN R T T RO 3 R AE WA R T S R
%5 ApCPS HAG A R 2 ik 855 20, % 28 .0 3% MVA
& 2 1 i) HMGR , MEP i% 12 Hh i) DX S DL Je 2B B
ApCPS i fb % GGPP By GGPS R W #4711
qRT-PCR 3 #r. 4558 (E 3. A) s . MeJ A 4b B 2
UG ApCPS 16 12 h $if5 KRB &L HE K,
HMGR.DXS.GGPS 1 6 h Bl #iFS Fw T
9.08.3.31 I 5.80 fif.kx T HMGR 7 12 h £F2L 9%
PG KA. DXS MIGGPS 78 12 h & & 3 1E
TR, HWEIES ApCPS HH VL 5 . HMGR
M DXS W FRKEAHZE W, [H GGPS HFEET
P T 64.36 Y0 (& 3.B) . s 50 3% N ik 4= W& il
A B R R AL A A

S E 3k
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