doi:10.11983/CBB25166
ApWRKY33 1% ApDFR EE F A ML R a3
L RORN I AT

KE, &NEY, FH3 anfE2 T
TR TREBERA R, 43¢ 312000; 2 WL R MK IHAABE, &8 311800; 3 WL AR AR A 2% Kt Il Ak
SasieEpe, sl 311300

WE M (Acer palmatum)j& B E R HAEY), & HTIESM . JLERMIEE R A5 K
[ E SRR T2 —, WA G RO 20 sz o B R A B . il H AR
PRI T CAREE, RIESE 5 L Ae sk, EH R AR E N g dfy Foe
N ERIELEREY, HIEEE XA HUEMIE N (ApC4H. ApCHS. ApF3'H. ApDFR il
APANS)IZIE B2 i, AR, Set 8 A WRKY HE3%H 7R A /E e Gt BBl 2= 7R
5. L EERE R SRS IR N R B GE—20 R IL, APWRKY33 5 35% K TR H ik 45 & 10

BT AN ADDFR [ 268 30 i PR 7 2L R I8 R G K, (T aist, mitssR
W IR LA 2L 4 FHLEL L 20 B AR LR 4

K@ EMEY, AW, 1EE R, EEIEE

WE, SNE, i, &E, EW (2026). APWRKY33 1% ApDFR H: K 263k o mi 2T B
AR IHLE AT, 2R 61, 1-10.

TN 2 A RN, TESRBAR Ak N e S 4 AT, AR TR
BRI T FEEF MM EESNMEILLE, 2011; FEMSE, 2024), Y ARER S
LR RIS B LGRS, HAp1E# R (anthocyanin) {1 B2 e i H ANl as B4, &
SO NIZ LR R(ERF ALK, 2016). £F RE T HERIAERE Y, AN R
=& i (Silva et al., 2017), AMUZ SHPUE SR BFEBRIETESA, 10 H AR08 5 9 6 KR
T RIS A 1) 3& B BE J1(Pojer et al., 2013; Li and Ahammed, 2023). &7 &/ i 525
WAL FNIAEL (0 E R (BRI 45, 2010). MAELFH, SGRRHEN A2 LT R & ik FE g
IR 2 2 —(Ma et al., 2021). 7t & I BlRs 2 G Ul % Re (e dE el =AY &k, 14
SR ECR SR (E(Ma et al., 2021); TR SUIOG KN FERER KRS8 R, MM
1 JEAS R (1) H B s N 4kt (Lu et al., 2015). (H AN IR0 6 I8 1 S B R B 5, 3%
R R AR (8, 20 R 1) B 00 1 Al

EHRA I L — RPN, B4 KN Z R X5 (phenylalanine ammonia lyase,
PAL). PIEERREL1LEE (cinnamate hydroxylase, C4H). 7% /Kl & i (chalcone synthetase,
CHS). % %l 3- ¥ 1k g (flavanone 3-hydroxylase, F3'H). — & & il i -4- i& J5 i
(dihydroflavonol-4-reductase, DFR)LA & 167 % & Bl (anthocyanin synthetase, ANS)%,
Hr DFR AT ANS 7E16T 2= & i #E h A2 ok 2 /R H (Sharma et al., 2024; ZEAEMTSE, 2024).
PRESIFER AN, Fesk R FIELE R A BUS R PR EEA/E M, 3244 MYB. bHLH L&
WRKY  ZCHE RS, BT S ml i [5) H B e s DR - T 45 A B R K 30, AT 2 A6 7 3R AR
Z(Lloyd et al., 2017; Saigo et al., 2020; Li et al., 2022), fFiXLe#tStH 1, WRKY F %k
KH 2 2 5Pk AR5 10 0w BT £ 52 %7F (Javed and Gao, 2023; Li et al., 2025).
WRKY 5 Hd i 1)) 9 45 G B R R 3+ B W-box JofF RIERIE DR . LM I
(Arabidopsis thaliana)+, WRKY33 fef HL 454 DFR JA 31 H4HI HRIE, NMTEREE
Z M N IRRAE TS R IR £ (Tao et al., 2024). #HJx, fEZL(Pyrus spp.)™¥, PYWRKY26 fi£1% 5
MYB. bHLH ¥k N 7T S G4, (R3EAET 3G UM OCEE DR (e 53¢, 306 17 14 5 SR Bz 1) 41
KA (Li et al., 2020). 5, 7E3EF (Malus domestica)t', MAWRKY71 7£ 5-% 3t Z.F
NI HE N5 SR IK, HEMBOSIET R &R, $Em R sSLns B8 (Zhang et al.,
2025). X WRKY K EA R AR IR RN Al g R IEA R R EER
ke H 3H: 2025-09-16; #:5% A #A: 2025-12-06
REETH: TR AR B4 (No.2017FR016)
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2L (Acer palmatum) & SRS R Fh, DAL G BER 20 n g [ 44, He i €784k
HEH 2R R EYIMHCGE TS, 2012). 2810, KT eIREAMIEE R & 7L
ANERE . AT AL SEISA R, BRI T AL FL 8 R A8 T 2 S =g, L b )
I, X EAE T R A RGE R ApC4H. ApCHS. ApF3H. ApDFR Fil ADANS %5 45 i 3 [
(R SR AKPFREAT T Al BRI WRKY KGR ApPWRKY33 {EIE 6 Rk E &
B, kB IS R W], ADWRKY33 T E$E45 & ApDFR LRG3 T, W ag it 1]
APDFR [NFIE BT =6 M. AW Fidan 1 ORI 5 H 1 ApWRKY33 5210 Z1 0
- Fr 6T 2 AR 2 T AL o F 045 AN R AR LT AR AL B A4E T 38 B SEB0AIE SR, R
TP 73 B g (EERR S8 .
1 MRER®E
1.1 ¥
2L (Acer palmatum ‘Atropurpureum’) iM% £} (Sapindaceae) & (AcentEid), & —FhH
DLE R R, JE T V& N R EGEAR o AW SRR LR A7 T- W AR BROK 2% (120.1581°E,
30.2421°N)elid 1y, MR 25+5C. EHU I L KH—S(W A 24 m, jdiE 3-6
m). JoiiE HE LI 6 the 7 8—11 H, HUH-(FLr, IR 3-6 F, Hatit
ITIHESCALEE 30 Ko W 3 IRAEMIFEE .. Rob, KHFFCRERE(RAR, 15 E )% iR 2
W PRI IR HE R B BRI T 52, o0 AT B R 58 3 AN, 3 IREEARES ; [FIISf FH fa IR AR
GRS RAR LR PR v mE S
1.2 HReaESENE
EENERNCEU IR T, I E 25 2 2+ (Royal Horticultural Society Color
Chart, RHSCC)XJ 16 AL /i f5 i Fr i AT B 28 5 . N 1 5 (8 Je et i o &4k 7 AT,
T2 1 [ s 18 B 2% 53 2> (International Commission on lllumination, CIE)4:—#i € i) CIEL*a*b*
Pt 20 R4, 1 CI2°6IR N, FIF B ZEI CRA00 (e K3EREIE, H )T F A RH B (L*)
CLEE L (a* )RR R FE (b )i A T E . BRI IR 3-6 IRFEAREE, 3 IRAEMFEE.
1.3 HRBRXEBRM
Z MBI 2E(2010) 7 E =380 . B 0.1 g #rfeem fr, B Torskd, S8 hn N E I+
HATRDTEE . Z S5 A R BRI &4 5 mL Al 10% R 30% =K1 3
M E S, RREGEIEIE, K i8S AR A SRR b, BRI IR 4 B
Ko
1.4 HERMAEPE MREENE
PR 0.1 g Bt fr, FEMRAHIE I it 2k RAR, BB ARIMA R EH 2 mL 95% 415
D, 4°C 1, W2 SRR~ . KRB ()5, 10 000 rrmint &0 10 408h, 438 &
B, HL 200 pL AnABEARAR o, R BRS04 663 nm A 645 nm AbBIEROGE. H
95% LA N AN IR, 3 3 IRAEY¥ER .. HERMBHE PREEITHE AW T:

Chl a (mg-L—1)=13.95A663—6.88A649
Chl b (mg'L_l)=24.96*A54g—7.32*A553
Car (mg-L™)=(1 000*A470-2.05*Ca—114.8*Cb)/245
Chl (mg-g™)=(C*V*N)/1 000W
1, Assa Aesao F1 Agzo AZEEUELE 663 nm. 645 nm 1 470 nm AL WG48 . Chla. Chlb.
Car fl Chl 73 HIZR /R4 3R a\ 4R by KBS M XSRS &; C NEBEZRIKE(mg),
V RNFERGRARF(mL), N R, W o (g). REANEE ML 3 MEDF=EE R 3 4
HFAREE.
1.5 TERIBMZE
PR 0.5 g M, S48 0 N AU [P R St BE ok R, N 6 mL 2 Eak7R) (R 7K R G
ZRAIR=T0:27:2:1, vIVIVIV)H, 4°C G E 24 /M. #8775 30 238, 5000 rmin—t B0
5 0%, SRR EIE, A 0.22 um AHLARIEMTIE, B 200 uL SnABEFRAcF, R 407 T
A3 EE T E FR B AE 530 nm 5 657 nm A ITOGE . RS EIFE AR
16 7 % 7 An=(As30—0.25A657)/M

1, Aszo Al Ags7 7E 530 nm Fl 657 nm K R IROGAE, MOAFESFRE(Q). BAMFE %
INEYFEERMN INMHARER.
1.6 RNA $ZERR ¥ RN FF



B 0.5 g MESEALIEAIARE A EE o6 )R, ] FastPure Universal Plant Total RNA
Isolation Kit {77l & (5 MERE, 7 50)HEHLE RNALNHE{R RNA [ &, i 2100 Bioanalyzer
RNA Nano (Agilent, £H)i47 RNA FiEfsill, ik RNA ) OD2so28021.8, #2100
ng-uL~t. FIAFZECHT RNA BEAT# SR SCER g, Jlad ) B i B AE D R TR A F 1
DNBSEQ-T7 “F-& (4K, HE)EATIF . FIHCKRKEFEZH(Chen et al., 2023)/E 5%
FEDRIZH, DR ) ik 54 FH A Tl 2R 41 2 145 B 7 WL 124 (fragments per kilobase of exon
model per million mapped fragments, RPKM)it 17115 F1 73 #7(Ye et al., 2025), 7= 53K
1t|log2(Ratio)[=1 1 P<0.001 k4T ik .

1.7 BERRIXEESH

{4 Fi§ HiScript IV All-in-One Ultra RT SuperMix for qPCR 7| & (VEMERE, B 50)ii 54 %,
cDNA, f# [ Taq Pro Universal SYBR qPCR Master Mix i 7| (1 ME %% ) i47 3 R R iAo
qRT-PCR [z btk & EAKF A 10 uL, 55 1.0 uL cDNA Bk, 5 uL Tag Mix, b, Fi#i514
(10 pmol-L1)%% 0.4 pL, 3.2 uL ddH.0. PCR Jx N FEF: 95°C TiAsE 5 434f; 95°C 451k 5
Fb, 60°C iB-k 30 b, 72°C #Ef# 30 %, 45 MEI. AN KE 3 MW¥ER. XA
2°0CT LR AR Rk B

1.8 B EZZ

JHId CTAB JE$ZHLZLAAM: Fr ) DNA, ¥ ApDFR R:[K 1 )5 31+ 7 41 it 519, k15
ApPDFR 3:[X ATG i 800 bp } Bt . ¥ ApDFR R 31 ) Britiid Konl/Sall XUBE) A7 f5 v
% placZi FiH#E K. ¥ AbWRKY33 [t CDS FF41lifiid EcoRI/Xhol fi7 m548 A\ F £k AL I
PGADT7 ik, 353 pGADT7-ApWRKY33 Gk . 44 ik # 4H # AR L #4 Ab % B 1k EGY 48
(Y1H &%t YH3010, Coolaber A &), #id{E SD/-Trp-Ura 15 3%3E & SD/-Trp-Ura+80 ug-mL-
1 X-Gal (B-FLpEE A I )3 70k EdkAT iRk 5 404, UL pHis2-ApDFRpro #1 pGADT7-
GUS A E I

1.9 MR REFLL

¥ ApWRKY33 4K Zwhd 7 51 (A f 4 1E %8 1)ifid Nhel/Xhol XUEE V)AL f%EH: 2] pORE-
R4 itk [FRT, ¥ ACUFGT 2 REIAZ LT 1 1.2 kb 153+ X B A\ pGreenll0800-
LUC 1) Xhol/BamHI 7 5. B4R 2R GV3101 (¥ pSoup-pl9 ik,
¥ ProApDFR-LUC T3 (ODe00=0.8)%3 75 35S::ApWRKY33. Empty Vector {24k 1:1
(VIV)IRZD, VEST 4 FRA N EEE 34 Frik, WERE9E 24 /NG 568 206 T 4kalhs 3% 48 /)
i, ff ] £ 3h g if% & 48 (FUSION-FX7, VILBER, ¥ [H)REW% 55 K1, @it
GLOMAX 20 123 & ekl i (Promega, 3£ )it LUC/REN ECAH .

1.10 BUES#R

ff1 /] SPSS Statistics #3417 LK #7725 . (] GraphPad Prism 9.0 i fF4: K.

2 ZR59H

2.1 EEXTLNH & RBRF D

WA R R, FEHRIREL, o B2 2D (A2 (B 1) S0 B ok
(AR ) B R SR I O IR SR o 285.2 + 16), M- (i Ar 4t (8 1A); A0 TLiERE3R
BEFOGRESRAEN 13392.0 £1805.3), LM (SR I HA 4 R 21 €4 (] 1B). 5 T AR L,
NS LU Fr (B LR IS B bR B, MR CPRIASEE a* B IR 1), N
T ASAUL SR LUK R R, FRATIASE FH 8 9 AR 52 A R T PR 2D AR gk AT A B
JCAbEE, BRIV BB AR SR (] 2A); 1RYE CIEL*a*b*Buta =i 54, MGHT IG5 B
BOMEREE—IE, 5ERFMAEG R, BB GMME CHIARE a N, HE L
MEHERE b* B TH(E] 2B). LA b 45 5L BH G R % W 35 R ma 2R fR A2 4k
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Figure 1 Effects of different shading conditions on the leaf color of Acer palmatum under natural conditions
(A) Influence of surrounding arbor trees on the leaf color of A. palmatum; (B) Leaf color of A. palmatum
under non-shading conditions

] 1 OLE T R bR A

Table1 Leaf color indexes of Acer palmatum under shading conditions

. . . Red-green Yellow-blue
Group Brightness L* Saturation C degree a* degree b*
After 37.2+0.5 20.840.3 -5.242.0 20.1#2.0
shading
Before 32.740.6 30.4+0.5 27.745.0 12.6+2.0
shading
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Figure 2 Changes of Acer palmatum leaf color after simulated shading

(A) Leaf color phenotype of A. palmatum after simulated shading; (B) Variation in leaf color indices of A.
palmatum leaves after simulated shading

2.2 BRMIAH FERSENR M

N T W CHT S A AR B SRR AR, XA PERT S R AT T R BRI S
JCALBRRTAREL, MEDGALER S A e 10%EREEAN 30% Z /K ISR Ut B AR IR, R WL
BEAR 1 2D (R B A ERRRIEIURAE DL IR AR R FE SO 2, R IIEDE ] B FR AR 1 it
FfeE RS E(E 3A). BAh, A ERSEIESIRERY, SECAAMATHLL, et
JaMgRE . RME NRAEE RSB, PR G REIRT 19.8% (B 3B), W
P NRGEMKT 29.5% (K 3C), {EH R GTEMK T 66.7% (K 3D). X it Bl LA 5 1)
AL 2 T R S BT IR
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Figure 3 Colorimetric response and pigment content changes in red maple leaves after shading

(A) Colorimetric response of red maple leaves after shading; (B)—(D) Changes in total chlorophyll (B),
carotenoid (C), and anthocyanin (D) contents in red maple leaves after shading. *** indicates extremely
significant differences among treatments (P<0.001)

2.3 EANEFTREMEELR WRKY EERRIER D

R T BRI LA ARG 1 2 LER, FRATTN I b BE 5 b AT B S N, 4t
13T 45699 ML, FHIKEE A 1055 bp (K 4A), jEid|log2(Ratio)[21 F1 P<0.001 43 #7
A EIRIEIER 416 4, FIHRIEIER 655 N(E B, C). [FINS, XFIET & G Al B 5L R 1)
FREHAT T orbr. SR EM, SR, €5 2Rl ERE ApC4H. ApCHS.
ApF3'H. ApDFR 1 ApANS 5.3 F i #ik(

5R), kBRSO S AR AR T R A R B, R H R SR TR Ik,

FATRIUE 8 N2 FRIEN WRKY S H(
R), ADWRKY33 31K Lo n B3 .. waERIEI—PIRAE T IX S8 R 7E A 3 S 1 R 0E
AL, g R SN 45 R —F (] 5).
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Figure 4 Transcriptome sequencing overview
(A) Gene length distribution; (B) Distribution of differentially expressed genes; (C) Numbers of upregulated

and downregulated genes
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Table 2 Effects of shading treatment on anthocyanin biosynthesis and WRKY gene expression

e
o
o

Number of genes

o2}
Q
(=]

Upregulation Downregulation

Expression
Gene name CK Shading Change fold P-value
Anthocyanin synthesis
ApC4H 1.38 0.70 -1.0 9.00E-03
ApCHS 190.04 30.40 -2.6 1.49E-04
ApF3'H 83.79 37.12 -1.2 1.25E-02
ApDFR 43.48 17.94 -13 1.57E-02
ApANS 186.23 47.80 -2.0 3.06E-02
WRKY family genes
ApWRKY33 0.17 1.18 2.8 5.12E-03
ApWRKY72 3.04 14.58 2.3 1.15E-06
ApWRKY40 8.82 20.20 1.2 6.79E-03
ApWRKY75 6.56 13.79 1.2 7.17E-03
ApWRKY65 16.96 35.23 1.1 1.61E-02
ApWRKY51 10.14 20.63 1.0 1.49 E-02
ApWRKY19 1.10 0.241 2.2 8.01E-03
ApWRKY50 0.076 0.001 —6.2 8.13E-03
15 ApC4H 1.5 ApCHS 1.5+ ApF3'H 1.5 ApDFR
S k5 5 S
g 1.0 g 1.0 @ 104 2 1.0-
a S s g
E E ek 5 & e
)
2= 0.5 dkek Z 0.5 2 054 2 0.5
% % E * %k % @
4 i o @
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15— APANS 154 ApWRKY19 20+ APWRKY33 104 AP WR#:ZZZ
& 5 5 Kok S 8-
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* R ONAE I R] 72 5 553 (P<0.05), *** &R kb HL [R] 72 7 4 2. 3% (P<0.001).

Figure 5 Quantitative analysis of anthocyanin biosynthesis and WRKY gene expression after shading
treatment

* indicates significant differences among treatments (P<0.05). *** indicates extremely significant
differences among treatments (P<0.001).

2.4 AcWRKY33 #RHE T8Iz AcDFR EERFIE

N T R IE APWRKY33 WAL 26 ek R 1R, R AR BE LRSS IS 2 il
HATIIE(E 6). BERER AR LIS IR, HAL /5 BRI EA TSI 3-AT (1) SD/-Trp-
His-Leu " b IE# £ K, 24 3-AT #E v 30 mmol-L-1 i, pHis2-ApDFRpro 5 AD-GUS 3t
5 IR B /e SD/-Trp-His-Leu Pk 2B K240, {22 pHis2-ApDFRpro 5 AD-
ApWRKY33 JLH% 5 (IR0 A I B 0% 1E 7 AR K (B 6A). WU R EESLIR 45 B oR, xR
AL, ApDFRpro-LUC 5 35S::ApWRKY33-GFP 4 (17 615 S R B, T H0H]
(K 6B). K, FATTIAA ApWRKY33 # 3¢ [K-FREW B 45 5 75 ApDFR 2K a3+ L,
HAf R,

A

pHis2—-ApDFRpro
+ AD-GUS

pHis2—ApDFRpro
+ ApWRKY33

B #1: empty vector
+ ApDFRpro—LUC
oty 2R I o I
4
‘&« I .
i #17 ——
| ———
#2: 35S:ApWRKY33-GFP 0 0.5 1.0 1.5
+ ApDFRpro-LUC LUC/REN

6 ApWRKY33 il #= ApDFR FiE [ (1) 33 (1) B B 2% (A) AU 5% e R (B) 7 T
**RTN AL B ] 22 7 2 3 (P<0.01).
Figure 6 Yeast one-hybrid (A) and dual-luciferase (B) assays of ApWRKY33 regulation of ApDFR gene

expression.

** indicates significant differences among treatments (P<0.01)

3 g

F R AE e PR Al e S 3, T PHE E PR TR B 5 D16 B 36 % U0 50 SR (SRR AIE %, 2015).
AR FUIR IS G SIS A5 A o TR T B, s 1O DR AR T R A R, JF

Wt T ApPWRKY33 % ApDFR JEFRI 74 EF o W 90 45 BN BRI (36 A8 DL SR
AR 2 B AR AR T A HE

TEEHREMET, BAVRDAE IR R Tr, Mt F 8. 2, mdids. AR
W X3k, h R U B AR A (B 1) SEIREE R R, R, AN RERSELRET
R, M Aar izt 2 (B 2, B 3). X 53ER. & & (Vitis vinifera)& B SLERC KM FE T
AERFEMEE—F(Guan et al., 2016; Mei et al., 2023). HILHEN, ZIRIET =& K
T % (Araguirang and Richter, 2022). VS RIS FRAK 1 H-S ARSI E N &1
TE, BT RGTERREREK(E 3), XERELRITRHEZAEEERAGN, HERTE
FIFEAR R 2L G S B R 2. B 4200 qRT-PCR 45 60, BOCERE N TIEHE &



BB ) 2SRRI I RIA (R 2; B 5), SBAEH R & BRI AT REDE T,
DFR 245l —E R B REE 7 o6 (5 2 I OCHER, wAE mie s R A R E N “PRI%
[A¥” (Sharmaetal., 2024). [k, ZH AobDFR Fik s NI, SiECEH A EE RS =R
WA RE B EAEN N KR . HAh, ApC4H. ApCHS 1 ApF3'H 25 bk A 3l T i %
K, XYL T AT R AR UTE

RN EE TF R, Tao et. al (2024) &P AWRKY33 & il & FR ik A 16 5 &
WG R EERE T, BEYLERAE AWRKY33 B HKTF R, Mk ssxt DFR Rk
VR, BeEm TR EE R R . fEOW, B4 FM gRT-PCR 45 H BoK,
APWRKY33 {EMEN 2644 F i35 LiRRIL(ER 2; B 5), WL iEit T ApWRKY33 A
RKik. [FINF, FERFRIIZ AR R BRI, ADWRKY33 #5245 &5 17F AbDFR JE 8+ L
HAh H Tk (K 6). X FIIFELLM T ApDWRKY33 i+ ApDFR (335, HTEGIEA 2
B FBDTEE R A EFDEHEET, YRR MEREIR, WO EE ZEIEL H kA
FREF=PIFE N, R AT REAHR I T aX Fl 41 BEE R SRIS . 1X—IRIE 53 m 7+ AtWRKY33
WA — 2 X5, J5EE 2 a2 iR . Hoh, SRR R,
— L WRKY ZKJ R 3 H R IR AL T 2= & i f1 DiRE(Alabd et al., 2022; Xu et al., 2023;
Bai et al., 2024). iXF{ 7% 7 UL WRKY KRR R 2= BA s E T Re e, A
A R L 2 A — R TEA R . RIS N ReRIMA R FIE R, Bk, FATHEM,
TR TR RS, 2D i ApWRKY33 RiE /KT, ApDFR 3 LA R, tH R KE
R, Ak S, EBOE4ME N, ADWRKY33 %Kik Fifl, 454 ApDFR Ja 51 I1-40#|
S, FRACERGERD, L.

zi b, AR T ApWRKY33-ApDFR HHLfE LI i f i /e, Aokar it —
RN AR S LIS ApWRKY33, FHHIH ChIP-seq S ATE 423 R 4H i Py 4
R RR, LSS iR, @R A BRI, nTIRE L IR ) 7 A . AR,
P8 A e AR RAEAR NIRRT T e, GBI RN RB SRR R T80, Bant
tePRRERE WL ANME B = R B

{E& TTmk A R

FM, SME MRS, i SERCER, T B IR AEEOR SRR, R, B/NE:

TERCSEL, EEIRC

SE Rk
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INTRODUCTION: The formation of plant leaf color is associated with the content and
proportion of various pigments, among which the accumulation of anthocyanin serves as
a key factor determining red, purple, and similar hues in plant tissues or organs. Acer
palmatum is an important color-leafed plant widely used in urban landscaping. Clarifying
the impact of light on the leaf color of red maple holds significant importance for its
breeding.

RATIONALE: Anthocyanin metabolism is dually regulated by genetic and environmental
factors. Among environmental factors, light is considered a key element influencing
anthocyanin synthesis or degradation. Different plant species exhibit varying responses to
light, which constitutes an important molecular basis for the diversity of leaf coloration in
colored-leaf plants. Anthocyanin biosynthesis involves a series of key enzymes, and these
structural genes are regulated by transcription factors, including WRKY. However, the
regulatory functions of WRKY transcription factors vary significantly across different
species.

RESULTS: Through field observations and shading treatments, it was observed that the
leaves of Acer palmatum turned green after shading, with a significant decrease in
anthocyanin content. Transcriptome sequencing and quantitative real-time PCR (qRT-
PCR) results indicated that the expression of key genes involved in the anthocyanin
biosynthesis pathway (ApC4H, ApCHS, ApF3'H, ApDFR, and ApANS) was significantly
downregulated. Concurrently, eight WRKY transcription factor members were identified as
differentially expressed after shading. Further yeast one-hybrid and dual-luciferase assays
demonstrated that the ApWRKY33 transcription factor can directly bind to the promoter of
the ApDFR gene and inhibit its expression. The experiments confirmed that ApWRKY33
responds to light signals and represses anthocyanin biosynthesis by downregulating
ApDFR under shading.

CONCLUSION: This study reveals the role of the ApWRKY33-ApDFR module in regulating
leaf color in red maple. Future research should focus on elucidating how upstream light
signals activate ApWRKY33 and employing techniques such as ChlP-seq to genome-
widely identify its downstream targets, thereby refining the regulatory network. Protein
interaction studies could help clarify the molecular basis of its functional specificity.
Ultimately, the function of this module should be validated in vivo through genetic
transformation systems, while molecular breeding techniques such as gene editing should
be utilized to develop new cultivars of colored-leaf plants with stable leaf color traits and
enhanced ornamental value.
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