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The Regulation of Ethylene Responsive Factors (ERFs) in Plant
Anthocyanin Synthesis
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(College of Horticulture and Plant Protection, Henan University of Science and Technology, Luoyang 471000)

Abstract: Anthocyanins, which are natural pigments and serve as important natural antioxidants scavenging free radicals, are rich
in a variety of compounds that are important in health care. Anthocyanins affect the ripening, taste and color of fruits and vegetables,
and prevent plants from abiotic and biotic stresses. Therefore, optimizing anthocyanin content is regarded as the breeding goal in many
horticultural crops. As the secondary ethylene signaling transcription factors, ethylene response factors (ERFs) respond to plant
hormone signaling and can result in feedback regulation, and these genes are known to modulate the process of ethylene regulating
anthocyanin biosynthesis via various mechanisms. In terms of the molecular mode, ERFs in regulation of anthocyanin biosynthesis
rely on the physical interaction with transcription factors, activating transcription factors, forming regulatory complexes with MBW or
directly activating structural gene promoters. This study aims to provide a theoretical basis for further elucidating the mechanism of
ERF regulating anthocyanin biosynthesis, and to explore the relationship between the rapid accumulation of anthocyanins and the
increase of ethylene release in fruits and vegetables at the late ripening stage.
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BFRE MR EER, EEFRSEMEOANEEARZ — FA—MKBEEIEGER, ©F
BITZAAE TR, R, ZERRPl T8 RARE TS pH S 2 PN R, KRR E S FH
WHERREMG AL, AR, TEHRE—FRROE, W UMEAER A N E B,
H A2 58 SRR B S I T e, 1Ry — K8 B8 (R U A AR, 1675 AR K% 8 R
PO T T th R E EEAEA, Wk UV-B et AR Apat, sl 54
T RO BUEH BT R R 5 a8 U, (8 FAR A R B 550 ZRER Rh, £ 90%:K H /N iR
WAL E &R K22 (Pelargonidin) . 2Kk %42 %4 {0 & (Cyanidin) . K 3 5 {71 25 (Delphinidin) . Aj 2§ {0 &
(Peonidin). #%&7E4 ¢4 3 (Petunidin) F14 %5 2 % (Malvidin)ix 6 Fi 2 3 S fr At
11 ZEREMRRERFE

HRAEMERGRGET, SRS — RIS 516E Z0ED AR, KNE R (Phenylalanine)
Wk 3t b 3 45 A6 Rk PR 248 75 U R i &0l (PALL, Phenylalanine ammonia-lyase) . AR #2 4k /i (C4H, Cinnamate
4-hydroxylase) . 4-7 S.[k-CoA #H#:MEF (4CL, 4-coumarate CoA ligase) FIMEAL N4 Y, 4-7F St CoA
(4-coumaroyl-CoA) . 4-F 5t CoA fEF-HIEY& i kE Rl (EBGs, Early biosynthesis genes) 2t /Kl £ Rl
(CHS, Chalcone synthase) . 5 /K filil 5 #4)l (CHI, Chalcone isomerase) . # ki flil-3-#2 54k (F3H, Flavanone
3-hydroxylase) 1k N4k — A #FiEE (Dihydrokaempferol) , A FEEAREEISIEE 3 -F23E1LEE (F3°H,
Flavonoid 3’-hydroxylase) FI2K#M{ 3,5-¥2 1Ll (F3°5°H, Flavonol 3°5°-hydroxylase) [ 4bAE R 43 54 %,
T A MRZE (Dihydrogquercetin) Al & EEEA (Dihydromyricetin) o TR EEAEE . EAREEM —EM
e 2 A 73 7 B 9 A=) 45 L ] (LBGs, Late biosynthesis genes) — & % i i -4-i% 5 i ( DFR, Dihydroflavonol
4-reductase) . TE75 & & lF (ANS, Anthocyanidin synthase) F12%i%HH 3-O-%i %) B JL B (UFGT,
UDP-flavonoid3-O-glucosyltransferase) {EH N & MARKE GAEGARERT (B 1D o Rtk s, 5nldmis 2 5
A 1Ll (PPO, Polyphenol oxidase) . MATE FKJ&EH—Fh —HEEIZH T H (+) -ATP BRI H L S-HF2
M (GST, Glutathione S-transferase) [JPU 445 #FE [K] Transparent Taste 10 (tt10) . Transparent Taste 12 (tt12) .
Transparent Taste 13 (tt13) il Transparent Taste 19 (tt19) DL AE 1%L R H R 2/ (MT, Methyltransferase) -
O-FIHLEF M (OMT, O-Methyltransferase) FIAETH REEH M (AT, Anthocyanin transferase) 2 5187 £
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Fig.1 Pathway diagram of anthocyanin biosynthesis
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K AP2/ERF % 2 & — AL ) DNA 4553k AP2 38, RIEZIX 4% N5 % 57, AP2/ERF il
A4 APUAS R RD AP2, ERF. RAV Al Soloist™*3., K% ¥ AP2/ERF # 1 fit 58 GCC-box MIE 8 T4 4,
B [FIZE 5 B R oS P AR, Z 0@ iR T (ERF) & AP2/ERF M Wb IR Z R 51, ERF JL
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W] ALERFA AT AtERF8 X525 (A 1T A BRI 5 S AT P 167 226 i R A 0L ik KR B it
HORTTEGER ) AT, WAL VKRR LMK E, w LU ERF FIRIE, S5
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LIFRMWERK . K FEEMGTEE ) E B A, o B SRR A% F A R AN T E
BEWHEAT . 2208, AL MIEMIE P EE RN EMERP™. 2 M Rseh2MAcRERY: EMe
BUSEAVE T it . OIREDE AN R IR ACC &kl (ACS, ACC synthase) K S-fiH H
AR (SAM, S-adenosylmethionine) #{b°A 1-ZIEH AL 152 (ACC, 1-Aminocyclopropanecarboxylic
Acid) , $RJ5ilid ACC %fLE (ACO, ACC oxidase) M ACC K2 Y. TEZmES#S®E T, 2
ISE S SIS, %S SR EM RS T CTR1 (Constitutive Triple Response 1) %53, 53 CTR1
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Note: In the figure, @@ @ represent multiple regulatory pathways in which ERF and MY B act together when the transcription factor ERF mediates ethylene
to regulate anthocyanin synthesis.@ The pathway represents that ethylene accelerates the transcription of structural genes and anthocyanin accumulation by
activating the transcription of MYB transcription factors. At the same time, MYB transcription factors regulate ethylene production by activating the transcription
of ethylene response factor ERF, which further enhances the ethylene mediated anthocyanin accumulation.@ The pathway represents that the interaction between
ethylene response factor ERF and MY B transcription factor protein promotes anthocyanin synthesis by upregulating the activity of structural genes related to
anthocyanin synthesis.® The pathway represents that the ethylene responsive factor ERF inhibits anthocyanin biosynthesis by inhibiting the expression of
positive regulators of MYB anthocyanin synthesis.@ The pathway represents that ethylene response factor ERF promotes/inhibits anthocyanin accumulation by
activating MYB anthocyanin synthesis positive/negative regulation of transcription factor transcription, promoting/inhibiting the expression of anthocyanin

biosynthetic structural genes
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Fig.2 The transcription factor ERF participates in the way that ethylene regulates anthocyanin synthesis
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X} MADFR. MAUFGT. MAGSTF12 J& 3l 7153 % 14, 7E ALA (5-aminolevulinic acid) 73 1{EH R R+
RIFEERAE Y, 533235 MAERFAB (K35 R A4 F e 5 KT B Th e, BRI AL . S5 T-9¢
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&, L7 MAMYBL 5 MADFR. MAUF3GT J& 345 & Wit inig ¢ 5ie s M AP, 54k, MAMYBL fg
254 MAERF3 J3 3 F el Hpe sk, ilid MAERF3 (KR IR HE LIR I AEYI& i, TG SR T 2 A2 5
W MAMYBL [ 5 B Sam (e, i i e R b & k™. Zirh, Pp4ERF24 Fil Pp12ERF96 43
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Fig.3 Mode of action of transcription factor ERF in the regulation of anthocyanin synthesis
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