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Abstract ; Andrographis paniculaia, known as ¢ Chuanxinlian’ in China, is an important southern medicine in China. Tts
main active ingredients, andrographolide components, has good pesticide effects on heat-clearing and anti-bacterial and
anti-inflammatory, etc. Modern medical research has demonstrated that they also have profound effects in anti-HIV , anti-
thrombus, liver protection and so on. Because they are difficult to be synthesized artificially, to increase the biosynthesis
of andrographolide components in A. paniculata by cultivation regulation and breeding methods is of great significance to
improve the quality of this medicinal material. To provide reference for related research in these fields, this paper

reviewed the relationship between accumulation of andrographolide components and plant development, the effects of
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cultivation measures and environmental factors on the accumulation of andrographolide components, and the research

advances in biosynthesis of andrographolide components and its molecular regulatory mechanism in the last decade

worldwide. We also put forward three aspects which should be focused on in future studies aiming at enhancing the

biosynthesis and accumulation of andrographolides components in A. paniculata; (1) To further identify the biosynthetic

pathway of andrographolide components and the functions of key genes, and to elucidate the mechanism of

andrographolides accumulation at molecular level; (2) To deeply study the laws of growth and development, yield and

quality formation, and their interrelations in A. paniculata with the combination of molecular biological approaches and

crop cultivation theories; (3) To reveal the signal regulation network in the biosynthesis of andrographolide

components.
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2 U 3% ( Andrographis paniculata ) 5 B PR Bl —
SEAE R ZG HIRE Y, o6 IR s R | e IR T A
— M B IR T e Y B EE AT B 2% R (Raina
etal., 2013) , fEENJE AR RI 45 [ o [ A H AR 45
ARG EF R A REMAAL, FOER
FHT 800 K BRI T AL AS R 1B 3R BORS s A &
PR TG IT ( Mishra et al., 2007) . i 4F A58 &
B, 503 T B R RO 50 3 N BRAE DT HIV
BELPUAR PR DR Ay B A W3 AR
(Mishra et al., 2007; Aromdee, 2012; Xu et al.,
2012; Talei et al., 2014), ZF.LENEE)E T8 H
FELER i R R AL G W, ey 5 4 ) N T A
M, FEAREGE AR R 2 rh S I, PRt 42 v e
BRGS0 BN R R OO 2 A R S A A
I SR 7

AR SCEGE T T 4 R B N AME 503 N R 2R
J 53 R 3R R B 4 it 55 P 5 PR R 5 A ) T
G HERE, IF A 4 1 550 BN BR800 1 A=
G I [ e Ay A AL, DU Ry 20 S AR 5
A2 77 Ko T TR A 43 - A W) 2 Fast A% 7 BiF 53 4 1t
AWM 2%,

1 F 0 N Ko iR R A

245 IR )T 1 o3 B AR 2R S A ) 0 B B Bt
WY OC 25035 P TR 26 1 43 FR R Bl A A I8 1)
AT B R, TR X R AR A R 2P
TFIEZE 0 AR 3 5 N TR A= W06 LR 45 0F 52 110
fili, ZFOMENFERE M > LA T b
ZEOTEN IR & R IR AR K R g AR
B AR S KA S 7RI A LG I I8 s, T 4B S Bl
& RER I 6 2 R A i 1T e (R AR SR 2007 5
/%Z'E%,ZOO7;Kumar & Kumar, 2013; [%E!zﬁ’%;,
2014a) . R, 76 TT A 30 LU W3R 28 0 3% AT L3R
PR N IR, EIRAESE (2007) AFFEER W], IF
AE VX 200 35 A TR 19 FR B8 50 i 5 K, A6 0 e

A KRR SR S R K S0 N R
EEEAN LT WA BN, & e
BAR( EPRAEAE 2007 ;15 A 78455 ,2007) , 506 461
AU SC, BITF 6 109 i, 5 7K 28 0 32 PN Tl % b
R EHRAESE,2007) 33X d BH 25 00 3 AN [5] P 16
SR BB TR EER, FOENARS
FEAEI 0 56 250 2803 00 K 5 A A 2 B A IR 4r Y
S5 7 5, Ve TT AL 01 5 0 1 i R AT DL AR v g0
S A ) 7 R RN N R TR

FRUHE 2% 53 M & B0, 58 0 3 3 i v 280 35 N
fif 7K 2F U 3 P9 TR R 28 0 3 N R B R 4l ik A
FITRRAR , 5 F b 8 26 00 R R a5 A AR b — 3
(Tajidin et al., 2019) , 13X 15 B 5700 3 PN 1R 2 %43
AR AL AT 852400 A= 9 AR A2 i, A6 0] R
YT e 5 e RS 1 SRR L T I, 20 3 N iR 2
B Bt A 7 S 3 %) A Ak B AR 5 R P A A AR G 56
RIHEAIE— LW 5T K A B T 38 7 28 0 3 TN g 28
B R N AE E E HLEL . Sk, Pholphana et
al. (2013) LA 1 i 2 AR H AiRE A9 28 0 3E N IR 28
AR AL, & PR S AT i R g0 3 N R AE
T8 U Bt die e [ (24.72+1.89)mg - g ], 1M
KHE M TNPEE TR KW RS [ (43.16+0.92)
mg - g o ATUL AR IAEE S B2 R 2E 00 3 P R A R
Bt A F AU A AR TR LA

2 HE AT F O E N B KRS
A

oS

2.1 BAMAEAX (RX) I FOENELEELS
A9 M

FEl N 200 3 B A TR LR )8
AR AR A AR L X AR R N 5 2
PR A 3G I, 250 5 AR WAL RS, H AT /E =
[EEIN L DTG WA 0 N W I T A | B R P S
F T AR MR A T, A%l R 2 S AR, A
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ICHER T ES EE N 4 H LA 3 s A LA), —rE
R HLIX SRR AERE I 4 H L A), BB AR AR AL
TR B A SR T Y R B A (SO, 2008 5 E AR
4,2018) , HORIE B WA 28 0o 8 77 1 1PN TR A
i B X IF AL WA B 3 5 0 ( Kaushal et al.
2010) , b 3CE 20 I A6 A 2 52 ) 28 0 3 DY R K
A3 B OB B 49T, DAL 0k AT ) R 20 T 9 3 A AR M A
MRLRE DLE S SR AR K A R T8 hn T 4
TG, DT 2 i 2 00 32 7 1 RN N TR 7 2
EOEMME TR EEA BT WA, W
FikE A% o 32 A AR f 1R (B4R %5, 2014)
H AT B 56 T 280 3 N [R) A A 7 2K R0 e A =2
X N RS B 53 52 e 1Y) R 48 LU A 5, (0 1 4 i
FABKMBEARS B, 7T 68 52 i A8 bR 19 A= 4 fn 3%
AW A, AR F T 58 0 35 N i 280 I BB
SO VE LR A R T AR AR 7 4 A R FEDOG, Be 42 &
TR TEN RS A 1 i (BB A S B E R E
V) (AN oK) N 520 250 3 v S 0 A A K RN TR
FR o R (B H4ESE 2013)
22 MEZEXNFOENBER SN
TR Z —E R E B, )X 5
D TERP AR AR RN 16.5 T7 ~ 18 T BRI = i
B (JE R 4 2014), 10 Singh et al. (2011) 5
Kumar & Kumar(2013) [IF58—ZB0A A, EREEJLHT
by DX 25O 32 A9 38 B A 25 B2 A 30 em X 15 em, Bf
BEONIZ 22.2 Tikk, ASTR)Hi X %5 0 34 fie i oA 2%
ERZERATRSSHOL M FAFREESA
X, Singh et al. (2011) W 5% & B, 76 & A it 22.2
TR T 280 FE AR 7 i 50 3 N R T 5
o P R B A, MR IA | B A B B AR X
KA B R A R R 25 T A 2 7
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A7 T AT 5 7 R A ( Singh et al., 2011) , X}
IR ZMERT 4 A BRI =Z 18] B AE O 43
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AR bRt 2 i 2 A DG, T 5 i B IE A G (2R
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A= KPS R Ao R R (BB Ha AR 45, 2014) |, R L
AR A YU ECHE (T 4645 ,2008) , A HLIE
B it NPK A= 4 A A 2500 32 A 4 T P i 7= o e 1
(Hemalatha & Suresh, 2012)
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2020) . 3EE BA ST 25 AR 2 RSN
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B Ut ( Fritz et al., 2006; Ibrahim et al., 2012; i
85,2012 , T fre FE Tt 20 A 10 A7 78 U0 BH U 28 0 38
A= KRN PN R A B R R AT RE O R 52 4 A IR
U, U I RO 2 0 3 AR K 5 R A AR AR AT )
FEAE BN B 2%, AL I8 72 % B AT 22 18] 56 & 5
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XFAN ] 72 b 25 o 4 B 00 43 B & B, 2 0 S
TR & f AE TR AR R 22 5 (T3 AR 45, 20135 X3 4
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3.1 ABEEMAERNFOENEELER SN
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HAT, ¢ T 658 XF 28 0 3% N TR 28 1 43 1Y 5% iRl
9T R WA — B 45 e, 20 AF (2016) Al
Purwanto et al. (2011) #F5¢ & B, Bl 25 600 0k 55 , 2F
O T PN TR 5 B WG Al Y R B, H AR
SR B B R LAAR SO M 0 ARG S0 8
DA 5 St 52 52 T AN O T e B2 S 1 ™ 5 el A bR
AR TN TE & & (RS2 A 478, 2013 R Ha 4E
45,2014) KRt 52 e AE 4 0 T 28 EE R, B Lol
5 ] R 38 Ao 5 R 2F O 3 W BB S A i — 2P
S WA P T 28 800 118 AR 2R

TR 5 ) A ) T 285 8 B AR W ot JB R 245 T
FE A PR B3 () 2 R 3R (2R %, 2017 ) , i
Lt A TR B B 3 S, 4 SRS A5 (2013) WF T
R BREL R G810 2 0 B A o AR o 20 2 S N TR
B ER T WA R B BT RN T g0 i AR KN
PR o AR R o £106 T 24 FAE ) 1% Ve 1 AR R Y
PEREAE IR L AR (56355 ,2013) MIPTZS (925%
S ,2012) SEAE Y AT HiE (AR AL
RIRABIIE T A A 0 3R 1Y 323K R
G B ARk (4B S 2017 ), BT LA 'Y 37 A 5
HATRES 5 T 25 AR T Ve o 6 e ny 9% . 78
MR EAIE G Z AR L B Niphy B 357K B 20 AR
23 LA A T S AR A A ), b A= s, L
ZW SRR M ZEFH S R’YS NphyB £ H K3k
KV AR AL a5 — B (B KR 5F,2014) o ZBESR
Xof T — 2 il AT 016 JBT R i 2 3 PN TR 26 1 43 R R Y
G FOLEIA —E 2% fE S
3.2 TERAEYRT O E RS S BN

25 A 5 A R PR BT v iy T SR W ok &

o~ » * | 5244 Measured value
o [ —e—BIA{A Fitted value

‘E 20 F
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E15¢t
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Fig. 1 Light response characteristics of photosynthesis

in Andrographis paniculata

Y (RIEMRS,2017) , 3 Z 18] 9 40 B AR FH 2 Rl
R 245 PR 0 R AE AR R 45 BF 5 9 3R 8 (Koberl et
al., 2013) . ZF0BEFERNZFHFT 18 ( Bacillus sp.) 7]
o2 U0 S5 N TG 72 1 2 1 28% ~61% ( Verma et al.
2015) , BCEARELTE (AMF) 2 f% o ity 2 H ¥ #h
His /0 B A ) AR B 3 A LT 7R O A9 2o Y Bl 2R A
Yir A 90% K RES HIE b A & . AMF 7E3 11
T 505 SR M | OB AR ) A RO R = VE
P BB AR T i J5T A T R A AR ] (AR
FE Mk =3 2008 ; Helgason & Fitter, 2009) , X} %
D EEFEFT AMF BRI 22 P2 M A AR A K AR O 3 N
B (EORTEFR S AMF X 250 32 1) 52 i AR
A E, Ho o LL Glomus leptotichum F1 G. intraradices
AR B2 I ( Chiramel et al., 2006) , [A]H 16 W%
FHEFD AMF AS [A] £ B2t 2 55 7 200 JE M PR 7
B, o RGN T 31.68% ~ 127.57% , # R ¥
HEINT 19.58% ~43.55% ( Chiramel et al., 2006) ,
AMF X HE P18 15 5% 0 2O VR T B0 o 2 AR A )
A RIS P i AR R B R R (v o AR A
2011) 1 AMF J2& 75 3 i 1 He Al A 3 8 B 52 ) A
Yy e o AR B A R — 2P BRIk
3.3 BB F 0 E N EE R S B
TR — o W AR EAS [A) 35t 1% 44 kL
(6] 22 B8 K (Talei et al., 2012) . MRIBEF(2014a)
K AR B 5T SR B S0 ETE 0.4% 1Y
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1. Shao et al.(2015) K H 2 = 1 2L L FIRRAEH
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m™) XS0 Y G B v A R A R R T
24 NaCl Y535 92.4 mmol « L' (HL 33N 8 dS -
m™) B, R R AR K B 32 B0, LB R R R
NaCl ¥ BE HG AN AR, Talei et al. (2013 ) LAAH X
A K2R (RGR) AT £6 8 K0 (STL) A PEH 45 45 , 18
T A ) Eh e AL B (A BF 5T T 28 0 35 Y Tt
EhEE, L PR AL FE 5 d B A KT 8RR R 12
dS - m SR AL BE 15 d 250 RS2 Y 2 b
A, PRI 0 R A R F AR OC 2 16 b
WA, B 14> 17 kDa F1 1 4> 45 kDa #9755 45>
ST A VR AZE O 35 P R A AE FH (Talei et al.,
2014 2015) , Xt 280 3 it £5 W30 Kz HEAL 1 i A
5, R HF 20 S TR R i R A0 1k B R LB E SERE

i 5 6 T JBE 1 186 270 3 PN R A R I 4R
SR EEN IS ERS O MR Fack 7/ g - S e
50% , 1M1 2 0> 35 P R & A3 N £ A it 30%
( Talei et al., 2013 ;Shao et al., 2015) , A ULAI I,
RN e iR DI U S S Ra s 7/ bl N T TR 2
(R A 3000, A1 300 15 75 5 v A A I8 5 1) 4%
PRI, IO 235 6 2 0 S DN TR B B0 AH 56 22 R 19 36 3K 43
M, A fig IE B D7 A 3 Bl a0 X 20 0 35 N R AL B
RN

4 F NN K R E B K
sl s |

4.1 FOERNBEERSNEDERER

FEA 24k 5 W #0 2 Ph Bk 45 A —— — i TR
SR FE (IPP) FIUH G TN 3t 7 ) iR ——— g i —
F LI TN JE ( DMPP) S AR Motk — 25 3 A i ok .
CATIE x4 T A R 44 i 2 1) B i A
B A Hp A PR R IR A -4 IR ( MEEP ) i 45 R4 i
oL i F R R R (MVA) 3848 BT LA TN R iR
FUH 0 3B R R JRURL, S5 W DL 2 R4 A A N
JFURE( T {45 2013 ; Tholl, 2015) . Srivastava &
Akhila( 2010 ) 3 & 55 M 8 A7 2R B, uE B T
MEP Fl MVA &2 LF e 28 0 MR AR 8, |
MEP & 48 42 28 0o 32 N R 1) 22 A W & Bk 42

FERE IR A 3L 75 S ( GGPP) & 28 0 3% 1N g
I FERTIA Y B, GGPP 34 A N ent-FE BE TR
T ELER (ent-CPP) J2& 28 0 3% DN g 25 4 A 1 1Y) 5 ik

PR £ il ( CPS) S 28 0 3 PN T 25 1 5 1 174 0%t PR 5ok
fifi, 2012 4E 0 b2 T 280 3% CPS B9 4 5 FE (K]
A4 4 ApCPS , GenBank % 55 Jy IN216843.1 ( Bk
L5 2012) , MR TES PRI GREEZEE,
2016) A5 (BRI 4, 2019) 1A= Kk 3] 5 245 %6
K238 (BRUA %5, 2014b ) SEWF 52 S40E W, ApCPS 11
Feik i 5 o0 Y N R AR B A AR 4 A Ok
I, ApCPS J& 28003 W TR A2 0 B 1Y) SRR T 36 1
Misra et al.(2015) %f ApCPS2 Wy Ih e EAT T ik,
Sun et al. (2019) 3 # X 2 0o 3% 42 F A 20 ) 7 4 3]
54~ ApCPS F:[H (ApCPS1-5) , IF4R T ApCPS1 Hi
ApCPS3 e .

HAl, 2503 ent-CPP A9 A A [ B EL 3%
A B, 8 p LR U v R] e 4 B 2 0 3 N R 2O
B GRS T f#H/D , Sun et al. (2019) 7E%F
O 4 56 R 4L I B 36 Rl b X O AT R PR
(MeJA) b B A 2500 S5 4l R 00 AT 56 S 4L oA, %56
T O RES 5 28 0 38 N TR 28 43 A B I il L 1A, 4
FEAN MR P450 SR OB T 2B 1% R 1Y
MU A T UDP B B8 S 5 RS 1, O %5 e
— G AL il A1k B 3R Y O-3 2 78 4 W
VR = A B gt D N TR (B 2)
4.2 FOERNBEER S EBHS FRENG

Bk ApCPS b, HoAth i 2 AR 58 PR X 28 00 FE Y
Fia 2 B4 1 AE W 5 it A EE AR R, ApCPS
FEFVIER 15 d JFZFLENE R R W2 TR, b
el 2 LI 4 4 LI £ B R A B ( GGPS) 2k [
B IR T I, T 32 -3-H L M A A B R
fitg (HMGR ) & 5 A1 1-JI58 480 A B B -5-3% 12 5 % g
(DXS) FEH By F B R Z M, HEEZEH (2016)
FELE R R W], ApCPS X 2.0 FE N R A B2 I B A
SRS/, T Bt 15 7R 2 00 3 9 R A 90 A i
B B TE GGPS Fl ApCPS Wi HEH

YA LTS Z Y MR,
Y EAE R T2 5% W AW A R S
SR M 4 AR (E AR AR LB, 2009) , TR
R (ABA) REE & (GA,) FIZEFT R (JA) H#RE A
SEEOVE N R B R, HZ A S s 2R
FEH B9 R R A € (Anuradha et al., 2010; Jha
et al., 2011) , MeJA 2 I 45 48 ¥y 5 40 S5 1o7 1Y) B 22
TR , MeJA TE NS BT ( ERRET5F,2017) (%
oM (2 IRAES 2011 ) (MR 28 ( R FT4E,2018) %%
WAV R AR MEHE R Z#HGE, MeJA 1]
BESFEOEAY A MER T GCPP N T4 7 1
SRR 22 554235 (Gao et al., 2019) . Sharma et al.
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