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Abstract: The diverse array of variegated leaf plant species is characterized by a rich tapestry of chromatic
patterns adorning their foliage. These distinctive markings not only confer aesthetic significance as a pivotal
ornamental trait in plants, but also bear ecological and biological relevance such as facilitating reproductive
processes, acting as a deterrent against natural adversaries, and adaptability to environmental fluctuations. This
article provides a comprehensive review of recent advancements in the classification and formation of leaf
variegation in ornamental plants. Based on distinctions in pigment accumulation and structural characteristics
within leaf tissues, the microstructural categorization of variegation types is outlined, and the molecular
mechanisms underlying leaf variegation formation are summarized. Alterations in structural genes and
transcription factors that associate with pigment synthesis and metabolism, such as CHLH, DFR, CRDI,
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during leaf development, as well as mutations in genes that are related to organelle development and cell
differentiation, including ZAT10 and VAR3, can directly or indirectly participate in leaf variegation formation by
influencing differential pigment accumulation and altering leaf structure. While there have been numerous studies
on the formation mechanisms of leaf variegation in ornamental plants, the genetic mechanisms underlying leaf
variegation remain unclear. The reasons for differential gene expression in variegated leaf regions and the spatial
distribution mechanisms of leaf variegation patterns are still areas requiring further investigation. Future research
can involve the selection of model plants from variegated leaf species, building the pan-genome, integrating
with multi-omics technologies such as pan-genomics, proteomics, and metabolomics. This approach might
enable exploring the origin of leaf variegation, uncovering the adaptive responses of variegated leaf plants to

their environments, and deciphering the evolutionary mechanisms underlying important plant traits and

environmental adaptation.

Key words: leaf variegation formation; ornamental plants; molecular mechanism; leaf variegation
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Fig.3 Chlorophyll synthesis and degradation pathways and their related enzymes and genes
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Table 1 Plants with different leaf variegation and their related genes
RESHEAY
ha=2 Leaf 2’4 T4 S AL Sk
No. variegation Chinese name Scientific name Molecular mechanism References
classification
1 -2 2 A DURZ R4 Ilex xaltaclerensis ‘Belgica Aurea’ [CRDI .MGD#1DGD T ] [53]
TR R AT
2 -2 A EEE Epipremnum aureum ‘ Golden Pothos’ [CRD1/ZIP ik Z At ] [96]
3 MERER SO E AL Oncidium ‘Milliongolds’ CHLH ,LHCB7 (k& )52 11~ ,NOL I [61]
4 i) B¥= Clivia miniata var. variegata CPSARI \ycf2 T2k [61]
5 e i AF= Clivia miniata var. variegata rpoC2 L4k [62]
6 Es Sl FHA# Jinyuyuan Pteroceltis tatarinowii ‘Jinyuyuan WINV63_AMBTC .HCT .DFR .LAR .PetH [57]
T
7 -2 2R RIZRINZE Camellia sinensis Y ‘anlingyinbiancha’ Z-1SO .ZDS .LUT2 .BETA-OHASE 1 .ZEP . [66]
NCED4 .HEMD ,PPOX .GUN5 .CRDI1 .PCB2
MCHI T
8 e i REZAEM A5 Camellia sinensis ‘Yanlinghuayecha’  CsPPOXI .CsLHCBG6 .CsFdC2F1CsSCYI R [67]
9 el TRAK Catalpa fargesii ‘Maiyuanjinqiu’ ALAD .PBGD .CPOX Fl PPOX 19l 1 P 424 [68]
Maiyuanjinqiu
10 IESSSii Al Hosta ‘Gold Standard’ GSI . Hsp70 .RBP .PRK Fl PreP1 ()5 5361k [69]
11 Ee s i AN Cyclamen hederifolium Aiton e K] XI5 rps 4-trn T-UGU 5875 [58]
12 eSSl BRI Cymbidium sinense ‘Damo’ CsERF2 17 [59]
13 eSSl [a] H 2% Helianthus annuus L. psad 5L [70]
14 -4t 2 Y I Cucumis sativus L. Cscs A% [71]
15 ok R A Ginkgo biloba L. NYC/NOL ,Z-1SO .ZDS I LCYE |- [72]
16 -2 2 7 RBERFEE Primulina pungentisepala (W. T. Wang) HEMC .CHLH TV .CHL2 |74 [73]
Mich. Moller & A. Weber
17 = Spii AR Ficus microcarpa ‘Milky Stripe’ psba .psbb \psbc \psbd T W, clhl .clh2 11 [74]
18 sl PNl Iris japonica var. variegata GLK T4 [24]
19 ES Sl e AR Lotus corniculatus subsp. japonicus SCO2 H4: [75]
(Regel) H. Ohashi
20 sl B VA e 22 Phalaenopsis aphrodite subsp. PsbP 575 [76]
Formosana Christenson
21 -2 2 P H W Brassica oleracea var. acephala de BoVIZRAL [77]
Candolle

22 7S B HoA% Marchantia polymorpha L. NOPI 78 [80-81]
23 25 Py e Lvcopersicon esclulenttlum Miller DCL A5 [82]
24 25 PR Nicotiana tabacum L. VDL %57% [83]
25 2 B PIrg I+ Arabidopsis thaliana (L.) Heynh. var3 4% [84]
26 25 B PIREIT Arabidopsis thaliana (L.) Heynh. FGF ZATI10 . ZAT12 3%3% [85]
27 25 PRI LA Trifolium pratense L. LHCB V5% \RBCS %1 N, CESA . CSL (3]

EXP .FLA PG .PGIP .PLL .PME RGP .SKS

MXTH S 5 FH
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beiE eS|
Fe 5 Leaf e LT 24 I35 AL SCHik
No. variegation Chinese name Scientific name Molecular mechanism References

classification

28 75 B R

%

Primulina pungentisepala (W. T. Wang)

XET/H .PE .EXP ,CSLD3 .ZAT10 M VAR3 T i} [73]

Mich. Moller & A. Weber

29 ABEAEEM PRt
30 dEBRAEER BT TREsE
31 AR AEEA Gk

32 dRkAEER %
33 dpkAafaxRm 4
34 dERAERERE TN HE

Loy Petunia

it

iz

Lilium spp.

35 dARbAaRRE minitE

Begonia masoniana Irmsch.
Begonia masoniana Irmsch.

Anoectochilus roxburghii (Wall.) Lindl.

e Antirrhinum majus L.

Mimulus verbenaceus

CHS .F3H .F3'H .DFR . UFGT %5 [87]
BmaGASA7 & 31k [88]

PAL KAT .CHS 1 AS F1#,PDS .CrtISO I [89]
1, Deg .SppA \FtsH 1 1f

DPL .PHZ 33k [91]

AmROSEAI \AmROSEA2 . AmVENOSA #ik [92]

LhMYB6 F LhbHLH2 .LhMYB12 Fl LhbHLH?2 [94]
Rk

STRIPY %35 [95]

% string $UE

Rrefer to string database

(DPs, differential phosphoproteins ) f*) flf ik 1k, 7K - 7]
REA 2o 3] 75 (57 - S AR TR0 240 S5 v il 35 42k L DA T
SR KWK (Catalpa fargesii ‘Maiyuanjingiu’ ) M3 )
JE A, PRK .PEPCK ,PFKFB3 I SNF1 %41 2 [
VLI % T B 1) AR R IR Ak ) RE AT 7 E— 2P T
5 M R A MR ACE A C 9 8 1 GS1. Hsp70.,
RBP PRK il PreP1 Y 25 57 2 1k X 4 M £ % (Hosta
‘Gold Standard” ) M-BEZ B 2 G2 AL EE 1Y
S TEM R A NRE AR EOEZ S Y RIE K
w5 EEAE, 1) H 3% (Helianthus annuus L.) 5&
AR varl Fvar33 W psad FElRTE it A1 25 I &
AR T M RERIE ™ . Cses B (1) 98728 7]
R 5 G i R S 2R T RS AR I SR A AR
H , 84285 K ( Cucumis sativus L)W 7[R
USSR T Ml eo Y & 5 SE | 0 il
LR R AR (81 3)  TERE MR IR A vh - S R P A
AR, JTCETUR, 2 o2 R S, B
B BRE(F 1), Li 58 7 XHRA LR AR 47 T
WS, KI5 S AR L, SR v I 2 3R N2 1 i
AL, I DRI R, MR B UG
B g nh w48 fk B (PPO, protoporphyrinogen
oxidase) ik Pl 35 T I , AR AHOCHY) NYC/NOL
LN IR BRI N R AR SR Z-1S0 . ZDS
I LCYE JEN K B . REHREF B & (Primulina
pungentisepala (W. T. Wang) Mich. Moller & A.
Weber) 0 fr i 5 4 R G A ¢ 1y 5L
HEMCFI CHLH BT #1235 LA - 2% B A Gk

CHL2 ) b 8235 F B BERR 43 1 4 3R 1% 1
iK™ . Shih S LG A T HE B AR (Ficus
microcarpa ‘Milky Stripe” ) BE M- 4 [ (& Al £f {4 [X
S, % B DX b e B PSIT A% 0 3R 1 R BE R
P PR R AR — A R R Rk B AU
AEEE B

TER SF A 2R RS T R e
TR MR SR R AR DG RE A A8 55, T 25 5 3
A ERNG M, 2B B (£ 1), B
B SREAE I ) 0 DX P A S S AR S AR T 1Y
Gt BE DR DL R 23 iRk T L DY GLK FY R K /K- 1
TIES, SEOSIAR R T Z A HA R
RE , I AR S5 48 1 U2 52 0 T 66 1R B AR i
1,507 T PS 1.PS IT, Rubisco IV K4 it 3 [ 1) &
KIKF-, G R GELE AL 52 BRI, 5200 43¢ 38 1Y AE
FERY et T Bk MR (Lotus corniculatus subsp.
Jjaponicus (Regel) H. Ohashi) 5 5 04 (K 5 A 1)
4 B 3L SNOWY COTYLEDON 2(SCO2)7E PSII-
LHCIL 2 & W 43 siie 2 b BAT B B AER], 5
BER 177 A DR 5 HORIIE BT O S P g
15 [ PsbP iYL PR BT HE A D) REBR 2% /2 55 12 ] 0t >
(Phalaenopsis ~ aphrodite  subsp.  Formosana
Christenson) 2% (2 JE i ) 2 BN, PIACH 5 BE
RS X IR T BoVISEF 48 e i R A sz
BH, i R 2R IR Z B IR , st A R &

EL A% (25,77
#.%[ I

IK G (Oryza sativa L.) ¥ zebra3 275 1K 12 5%
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Wi #7462 R R i 1 i A T, 2 30t e TR AT AR R Y i
AR N I SNITITE A R el w7 35 g TR g 1 K
A EaF82a BT J& (Epipremnum ) BEMFE )
SMBIENA RBFER , EaF82a (R K 54K
FRUREEFDCA 3 0 AR Z A 401 v FEAR DG XAt
ATRES 5 BEE ARt TR . HErC Tl
P BELEAEY) T o AT B SR A 22, AR B i 2
()23 [8] 53 A1 T8 ML 3 D, S5 25 R0 I B 114 43 A1
TERE DAL R 10 2 v 32 B BT i 2 , SR 1 22 1)
A7 B S AEP A SR B AR — AR 4
R B 253 (1] 43 A1 A R AR ML 2 oA R i BB 5 Y
Iz —,
22 ZRE

— SRS REAR AT LAY S A O 2, S B )
BRAGIE I, U1 E3 12 2R 3 HR T HAESA St 1 &
v R B 25 K I (LRR-RLKSs, Leucine-rich
repeat receptor-like protein kinases) RJ D 1f] # Hb 2%
(Marchantia polymorpha L.) (4l 5325, NTTTE B,
ARFES R AN SR R AR
ISR R ZE A6 I AN SE 4K, 3X — S BE A ) (4 i TR 2 21
AN 0532 32 B R ], A 20 23 R 2 2H 28 %) 4 i
I U MRS 2 AR AR A & AR, A K
AR DB, (A B R AR S5 K BN R, W3R i
(Lvcopersicon esclulenttlum Miller) J{l 5 ( Nicotiana
tabacum L.) F1 4l ¥ IF (Arabidopsis thaliana (L.)
Heynh. ) [ (8.5 I 58 A48 (A (R A2 20 206 45 A 32 3] JiT
PREL R & OGBS , % &% VDL \DCL . VAR3 %
LRI, JUAh , ZAT10 , ZAT12 FE R A vl L) 3
I 00 ) 240 L ) A ) A S R R T MR 2 21 4
MR AEIZ S DR A e B I AN 52 i [0 AT: T A 2 21
YA AT B

2] Y 2 AT 40 AT S S AR R R S AR R Y
SERL AT LA 20 240 LA 5K 4 R DR A Y R
INFITEAR , DT 28 3 25 PP 20 SR B8 B B9TR2  MbA
YT A U S AR A A G (3R 1) . JBR
I LHCB M ZE AR IR UG 3R RBCS R 15
(T R K A4 i RE 2 ) 48 1 A OG5 R (CESA
CSL .EXP .FLA PG .PGIP .PLL .PME .RGP .SKS #ll
XTH ZZ 155 ) 1) VR 338 R 21 2R3l v 23 PR BE SO 1%
MY E S EIES S R A o 2 S B A R) 23 )P
A 5 R 11 LRR-RLK ™, 41 Jifg 8% 25 f4) F T REAH
SR N XET/H  PE \EXP 1 CSLD3 , L) X 4il i 534k,
A K FER ZATI0 T VAR 1 F W Fe ik S5k T4k
B EE TN B2 BRREES IR R

23 IEREBRRE

HERE—FKBEWHEAER, B TREMEY
BT, TEA RS TR Th T2 AR A TE R A 2
NG EE D (A gAY a1 rh g, I 52 21
D B R R SR (F B R T
MYB . bHLH F1 WDA40 (1% 4 fi5h FE D ) g He [] 42 1+
(KD, EHFRTTE MK CHS,F3H F3'H,
DFR UFGTHIREE R SRR R SR,
BmaGASA7 ek -+ -7kt 5 (Begonia masoniana
Irmsch.) BEH & B R FEE ZAE R, 422
(Anoectochilus roxburghii (Wall.) Lindl.) - F g
B RIE S @R AU e iR A oG, R
I 2 B A AE T 2R 45 UM S 18 PAL \KAT, CHS
L AS H T R IE R DR G U A
PDS 1 CriISO FEA [iRF35 , M4 8 11 o A
KHEH Deg SppA FtsH | JEZEIES,

VAPRAE T 2 A LY R2R3-MYB FE HTE A [R] 43 ]
FUI ] % SR E TR R AR,
W7 2F & (Petunia ) Hi%) R2R3-MYB Z 5 H AN [R] E[H
PG LA A F RO AL T R KPR
(Antirrhinum majus L.) " AmROSEAI Fll AmROSEA?2
AR B R B2 22 77 A 0 3R, AmVENOSA ¥ il 46 46
e Ik 2% a2 6 N 242 58 B & (Lilium spp.)
W B, AN2 I HE Y LAMYB6 AT LR T v R b B
S E LR LhMYBI2 V8T AEAE FIAE 22 B 16
R ALRDY S 0 1 AL JE W) Mimulus verbenaceus W
STRIPY JE [N 80 1T ik i rp BESCAY B H i
T R0 XA e R 2 H
TERELCH Fr B RIESEATS 400 WL AR 8 R Y
B AE I R b ) DR AR LA R ik — 2
iF5E

3 MIRRE

FARZERE GE & A AP R R R R )~
AR ARG TR, ISP PRI WL B AR ) 1 23R
T, i BER) AL BE T A AR S i R B A 2 A
b, 3w 1A BB (B RN 22 55 O A6, (] Pf e S
e AR ) 6 T PR 0 I 1 AR A B RE R AR T 1R
FE BT LAY ATLIEL, X6F T B gp it SXE A 2 RE A3 17
PEALA 3 H B, R A i I R B R R A
AT .

FI RIS T2 3 A2 B A I B BE ST 4 22
SR I R — A JIORI i 20 B v R O il
B 22 53208 SRR 1 K B (B 3R
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PR B AR 240 R 240 R RE 1) & 7 R B L I Bk
X Jak 22 S5 L R 11 6 38 RN BE S A AR T AL 2R
KFAENA BRI BE I R FEM 2K W
W 6T R R B R LA R LR VR AR
2% F AR Ja 4 2 it B A B 5 SR AR/, T 2R B 4
LT AR AZ Ak T B e 90 T B ) BB AT 5 B 22 118 5%
o OA BRI 22 5 A T W TR P - 5 1 B B
BIL, DRI BRE 7 A 1) 22 S B K] CHLH . LHCB W%
T 5 DR S A LA SIS Y (R R A ) TP A 5 (T
Jr A8 A 2 n ] DA BRES 43 & SR 3 3% oI
S BB A3 2 S L DR Rk 1 D DR B A ) 1) 5
ST BN I B 255 (1] 43 A AL ] 45 [a) A A Rtk — 20

fEC i B B A RS, KRR R
(Araceae) I BEMFFEYIHE A SE 2G0T A 129 F, BUE:
HE2 KA F T A, A K R B AR ) 0 F
R L AFEM BOE A S R AL s
RIS B AEAE AR ) TE AR AL I PR A
KA TR T 20T et (HAS ] R fa i oy
K T RAVEREE BRI H AT A B N
e A ik = M2 2 i E L gERREE G A ER .
BRE I ) BE X R B0 DX 2 () 49 o R RE 1 ] S8 9
BEIX [T A2 75 X BE X 3k B 5 ) S5 () 1 A T 5 o
TERIR T SR Y A FesH 28 11l 55 76 i B
TE R T AE SR ST K e AR AR B B A A 1
B v BE Ty T AR ST R R AT R A A A AR
L TEASK O FE Y, ATk K RS AR AR A R
B AP 5 7 T A AR ) , B v 80 Xof - BRE )
TE B ) e 55 AH S& L DR R A A AT , 42540 52 i it R 14
S0 B I Sik DR - N 22 S 3 R UF 0 UL B AL - Bk
(RS R AN AL, by g v JE PR A, 14T BRE I A A S R
Y ZHEME RIS, U BRE A 3 I R B AT 6
Y REDRL, DA Z2 1) £ B8 AR 22k e A O 58 3 WL B A )
ERETE B 53 BILT , RF 3R 43 A 1) 2 () 1L i
T8 W IR AL
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