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Research progress on biosynthesis of chlorogenic acid in plants

SU Zi-wen"?, CAI Zhi-xiang', SUN Meng', SHEN Zhi-jun', MA Rui-juan', YU Ming-liang"”>, YAN Juan'
(1.Institute of Pomology, Jiangsu Academy of Agricultural Sciences/ Jiangsu Key Laboratory for Horticultural Crop Genetic Improvement , Nanjing 210014,
China; 2.College of Horticulture, Nanjing Agricultural University, Nanjing 210095, China)

Abstract: Chlorogenic acid (CGA) is an important organic phenolic acid in plants, which has multifunctional prop-
erties as nutraceutical supplement and food additive. In plants, chlorogenic acids are usually present in structural forms
such as various derivatives and isoforms. At present, there were three major routes for chlorogenic acid synthesis. Its biosyn-
thesis was not only regulated by the structural genes ( PAL, C4H, 4CL, C3H, HCT, HQT) and transcription factors
(MYB, WRKY, bHLH) , but also affected by a variety of abiotic factors (hormones, light, temperature, water, inorganic
salts) . Therefore, we summarized the biological activity, type, biosynthesis and influencing factors of chlorogenic acid in
this paper, aiming to provide a basis for the biosynthesis research and utilization of chlorogenic acid in plants.
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Table 1 Common chlorogenic acid compounds in plants

%K LI & PESLATR
PANIMEREZS e iR £ 3-caffeaoylquinic acid
REEv 4-caffeaoylquinic acid
HERIRRR 5-caffeaoylquinic acid
RS IR E S 1,3-dicaffeoylquinic acid
SRR A 3,5-dicaffeoylquinic acid
FEFR B 3, 4-dicaffeoylquinic acid
FEER C 4.,5-dicaffeoylquinic acid
= JE R 3,4,5-=MMBEASRER 3,4, 5-tricaffeoylquinic acid
WL JE R SRR H R methyl-3-caffeoylquinic acid
SRR TR ethyl-3-caffeoylquinic acid
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Fig.1 The pathway of chlorogenic acid biosynthesis

32 FREBREMABREXEHER
ZR TR B A W) A B LA A R D B S T 5
Sl S5 R DR AT LB g A o DR AR ) L A

R RS AR S PR (3R 2) , f AR R TN 2 R

fitf (PAL) | A E:TR-4-F2 BE AL (C4H) (4-T5 TR -

Wi A R (4CL) R B R-3-% 1L
(C3H) FILNEEBEAET A . 75 SR/ & e IR 3k
PREEE R RS | (HCT) R IE N BR AT B A 28
i -5 5 TR A L 575 B il ( HQT) . UDP -7 %5 FF 1A 4
1% 75 8 B L R T (UGCT) F¥R 54k A FETE D75
OB, B M & kR OHE B % B
(HCGQT) ) | X SEfg RS 5 5 7R 1Y £ 9
A, T LB R 42 S 5 A AR s 1R
PR AR R AEY & B, IR T R B H &R B
T AN A= DB, 124l 1k, K 2 BN T R R A AR
FHEIE M DI REBF o8 #0 3L F 3 AR . (1) I
FEIR BT, R Ay B R 3R TR 5 5 4 )R R A R O

PR (2) %% 3 K D) BR 59 1, A0 5 2 36 35 ( Over-ex-
pression, OE ) . T . ( Interference ) . J& [ #&f B
( Knockout, KO ) 5 B B ol 2 € 35 5 (3) R S8 il
e SN 3 3 A i A% B A R A A AR AR A
FLSL I ok 5 PR 58 7 ) I AH DG T RE

TR R i I ( PAL) S 2R T e AR & A2
Bl A 3% ) AR AR A AR AR R AR Y
HEMRAL, fEM R rp, it Rk PAL BED B 5 4R S
TR R R A SRR & 1 0 ek 3
A PAL £ R AL I 700 2 DAFE A, Ko Ce-
PALI #1 CcPAL3 5 2% IR B AL A5G, Tl CePAL2
B ARSI R R EH T Rk
IbPALT {2 #E T W v o JE 2 AR 52 0 AH DG 5k PRI 1 3%
IR T 2R R BT AR AN T K ] T e AR
(O WL, FESE SR, MdPAL3 1% 5K F 5 4k
AR & £ 35 AHOC, AT REAE R Lk R A R b &
EEER,



i T 305 AR PR R A W S T 1417

x2 EYHCEENREREMEHBEXENER

Table 2 Structural genes involved in chlorogenic acid biosynthesis in plants

N FE R 2w B 1 fif o i 7/p S BIE vk 22 30k
PAL KN R TR S EC 4.3.1.24 ‘Jd%g%\ HE o EERL FEREFE(OR) [11].[26].[27].[28]
| S
C4H A RERR-4-F2 5L AL EC 1.14.13.11 AL A HRFIR [9].[29].[30]
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C3H X A LR -3-FR AL il EC 1.14.13.36 W w4 4R RIS HEEMN(OE) k4 [23].[32].[33]
& Ak T I 1
HCT FR N AEEEANES A /4 EC 2.3.1.133 MR Fai b DRk, ¥ B W (OE,  [20].[21].[23]
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Table 3 Transcription factors involved in chlorogenic acid biosynthesis in plants

BT FEH K 5 TR IR B i 27 30k
MYB DeMYB3 . DcMYB5 W% N YIH )% Dual-LUC [51]
AtMYBI1 AtMYBI2 AIMYBII1 AtPAPI Y HiH OE [13].[52]~[54]
NtMYB4a NtMYB59 SH [7]J& OE [55].[56]
CsMYBFI A% 55 OE \RNAi Y1H Dual-LUC [57]
LmMYBI5 SR AL 5+J8 OE .DAP-seq.Y1H Dual-LUC [58]
AmMYB308 AmMYB330 {0 SR OE [59]
SmMYB39 = [A]J% OE .RNAi [60]
WRKY PtWRKY38 . PtWRKY45 . PIWRKY60 . Pi-  ## Wi OF [61]
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OFE ;13235 ; RNAT: RNA T3t ; VIGS : 3L K YTEK ; CRISPR ; 3 K Bl 5 ; Y 1H : BB 2R 58 ; EMSA ; BRI i ALK 5 Dual-LUC : B¢ 't & B4R 4 iR 10
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FIHAE 2R T R il e i =W A LA S s 7, B
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Fig.2 Effects of various external factors on chlorogenic acid biosynthesis
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