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Advance of the Regulation Mechanism of
Leaf Color Formation in Plants
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and Grassland Administration/Research Institute of Forestry, Chinese Academy of Forestry, Beijing 100091 )

Abstract: Plants with colored foliage provide bright colors and have long viewing periods, which is
helpful to improve the ornamental value of urban landscaping. Natural pigments ( chlorophyll, carotenoid and
anthocyanin ) are involved in light-dependent reactions and in response to biotic and abiotic stress, and the
changes of their contents and proportions make the leaves show green, yellow, white and purplish-red colors.
In this paper, the genetic regulation and external environment factors affecting the biosynthetic pathways of
chlorophyll, carotenoids and anthocyanins are reviewed to provide a theoretical basis for explaining the color
mechanism of forest tree leaves. The existing studies have shown that environmental factors such as light
( photoperiod, light intensity and quality ) , temperature, drought and salt, and hormone variation stimulate
the transcription of transcription factors and the structural genes such as HY5, PIFs and DELLA. Meanwhile,
methylated and acetylated chromatin and epigenetic modification after transcription of miRNAs and IncRNAs
directly or indirectly regulate the expression of biosynthesis pathway genes of the three pigments. Although the
biosynthesis pathways of the three pigments are relatively clear at present, the specific regulatory patterns of the
metabolism of the three pigments in colored-leaved forest trees and the environmental signals and hormones still

need to be further clarified. In the future, we can construct hybrid populations and Germplasm Resource Bank of
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colored-leaved plants and make use of genomic, transcriptomic, proteomic, metabonomic, phenomic technologies

to create new germplasm of colored leaves.

Key words: leaf color formation; chlorophyll; carotenoid; anthocyanin; transcriptional regulation
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A': Leaves of colored-foliage plants, B: Biosynthesis of chlorophyll, C: Biosynthesis of carotenoid, D : Biosynthesis of anthocyanin, Mgch: Magnesium
chelatase H subunit, Chlm: Magnesium proto IX methyltransferase, DVR: Divinyl protochlorophyllide a 8-vinyl reductase, POR :
Protochlorophyllide oxidoreductase, CHLG: Chlorophyll synthase, PSY : Phytoene synthase, PDS : Phytoene desaturase,
ZDS: {-carotene desaturase, CRTISO: Carotenoid isomerase, LCYb: Lycopene B-cyclase,

LCYe: Lycopene ecyclase, HYb: B-carotene hydroxylase, HYe: e-carotene hydroxylase, ZEP: zeaxanthin epoxidase, VDE: Violaxanthin deepoxidase, NXS:
Neoxanthin synthase, NCED: 9-cis-epoxycarotenoid dioxygenase, PAL : Phenylalanine ammonialyase, C4H : Cinnamic acid 4-hydroxylase, 4CL:
4-coumarate : coenzyme a ligase, CHS : Chalcone Synthase, CHI: Chalcone Isomerase, F3H: Flavone 3-hydroxylase, FLS: Flavonolase,

DEFR: Dihydrofiavonol 4-reductase, ANS : Anthocyanidin synthase, LAR : Leucoanthocyanidin reductase,

ANR : Anthocyanidin reductase, UFGT : UDP glucose : flavonoid 3-O-glucosyltransferase
B1 MEREXPE MR EBTREVEHER
Fig.1 The biosynthesis of chlorophyll, carotenoid and anthocyanin
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Fig.2 The proposed model of pigment metabolism
during leaf color formation
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Table 1 MYBs involved in regulation of anthocyanins biosynthesis in Arabidopsis Heynh. and Populus L.

RIS Arabidopsis thaliana ( L. ) Heynh. A Populus L.

LA Gene name FEH S Gene ID YEF Function ||3£[X Gene name FEN %5 Gene ID YEF Function
AtMYBI123/TT2"" AT5G35550 e MYBI134 FJ573151.1 b ¢
AtMYB75/PAP1 AT1G56650 G MYBI15 XM_002302608.2 800
AtMYB90/PAP2 AT1G66390 B PdMYBI18 Potri.017G 125800 b 80
AtMYBI1 AT3G62610 TG PtrMYB119 Potri.017G125600 800
AtMYBI11 AT5G49330 BOE PtrMYB120 Potri.017G 125700 s
AtMYBI2 AT2G47460 behn PtrMYB-LIKE Potri.015G069000 800
ATMYB113'4) AT1G66370 O PtrMYB6 Potri.001G005100 b ¢0
ATMYBI114""" AT1G66380 Wik PtrMYBI82 Potri.004G08810 ik
AtMYBI12 AT1G48000 Wik PtrMYBI65 Potri.010G 114000 il
AtMYBD AT1G70000 Wik PtrMYB194 Potri.008G 128500 il
ATMYB356 AT5G17800 EiK| PtrMYB57 Potri. T011400 il
AtMYB4 AT4G38620 EET] PtoMYBI156 KT990214 il
AtMYB3 AT1G22640 il

AtMYB7 AT2G16720 i

AtMYB60™ ™ AT1G08810 il

AtMYB32 AT4G34990 i

ATMYBL?2 AT1G71030 il
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AtMYB3 AT1G22640
AMYB32 AT4G34990
AtMYB7 AT2G16720
AMYB4 AT4G38620
PtoMYB156 KT990214 *[I]%ﬂ
PtriMYBS7 Potri. T011400
AMYBE0 AT1G08810
PMYB182 Potri
PtMYB165 Potri.010G114000
PtrMYB194 Potri.008G 128500
AMYB123 AT5G35550
PtriMYB134 Potri.006G221800
AtMYB111 AT5G49330
AMYB11 AT3G62610
6 AtMYB12 AT2G47460

[—— PUMYB115 Potr 0026173900

L PtiMYB6 Potri.001G005100 HE
5 PtMYB118 Potri.017G125800

9% PtMYB119 Potri.017G125600 C
PtMYB120 Potri.017G125700
AtMYB113 AT1G66370

AMYBL2 AT1G71030 (1
[—— AUMYBD ATIG70000 | o
100 L—— PtMYB-like Potri.015G069000

MYB75/PAP1
PAP2

S RIDZERZRIVIZEEE 0 IRIRZERZIINEEEER
S

p AtMYB9O/PAP2 AT1GB6390 :mg"
o AtMYB75/PAP1 AT1G56650 AtMYB32
59 AtMYB114 ATIG66380 E{%Sig?

PtoMYB156

cons

R2 R3

SKGLRKGAWTTEEDSLLROCINKYGEGKWHOVPVRAGLNRCRKSCRLRWLNYLKPSIKRGKLSS

R3
LLLRLHRLLGNR - - - -WSL.

LLLRLHKLLGNR - - - -WSL.
LVLRLHKLLGNR WSL

LHRLHKLLGNROVKVMSL
LTTRLHKLLGNROVKMWSL
LIIRLNKLLGNRQVDWSL

EE ELVVKLHSTLGNR- - -wsL
DEHEITVKLHSLLGNR - - - -WSL.
DEHELIIRLHNLLGNR - - - -WSL.
DEEDLILRLHRLLGNR - - - -WSL

PGR NDV NYWNTHL SKKHEPCC -KIKMKKRD-IT-P-
ANDVKNYWNTHLSKKHESSCCKSKMKKKN - I1 -
PGR ANDV| NYWNTHLSKKHDERCCKTKMINKN IT-
PGRTJANDVKNYWNTHLSKKHE
PGR NDV NYNNTNLRKKWSSTREAOTE .-
MYwNSNDRKKVISSTDEVOSK
G (TNLRKKVVSSTEDAQTK- -

PCRTONETKAVYNSHL GRKI LG YFRRPTVA-NT
PGRTDNEIKNYWNSHLSRKLHNFIRKPSIS - 0D - VS -AVI -M- - - - TNAS - - - SAF P P
PGRTDNEIKNWINSHLSRKIVAFTAVSGDG HNLLVNDVV - LKKSCSSSS - - - GAKNN
PGRTDNETKNHWN:

weL PGRTDNEIKNWINTNLSKKLISDGIDPRTH EP LN-

DEODLITRMHSLLGNR - - - D! -LA-
DEHELIVRLHKLLGNR- - - -WSL PGRTDNETKNYWNTTLGKKATAQAS - PQSK-QN-S- - - - - - - oo e e mcc e

SR A |

C1 motif C2 motif ~ C3 motif
RKLLSRGI WVLNLELSVGP -DVI

RKLLSRGIDPNSHRL WVL WGP
RKLINRGIDPTSHRP PDLNLELRISL SLLGFI
RKLLSKGIDPATHRG PDLNLELRISP RI LDEI
RKLLRKGIDPATHRP LDLNCELRISP

PDLNLDLTHST
KKLINMGIDPHNHRL SSINIDLNIAA
RKLFSRGYDPOTHRP HKLNLELSIGL ~ LYRFY!
RKLLNRGIDPATHRP PDLNLELGISL  GVLDYI

11

[ bHLH 2855 R R 4545 X, T ANDV PRAFE5H 4, A BB 45H4 3R
I is the bHLH interacting motif, Il is the ANDV motif, Ill is the repressor domain
B3 XEMBRLEYESHIEX MYBEERGEREXAMRTFEOEF S

Fig.3 Phylogenetic relationships and conserved protein motifs of MYBs related to flavonoid pathway biosynthesis
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TF38 B8 Y ANRI FI LAR3 35, R B R H £
TR A B X R E P PaMYBIIY,
PtrMYBI20 34 3% PorCHSI I PtrANS2 3% 35 1) [A] it
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