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ERF-VII % F RAP2.12 AEE/KZESHEIFYHEET RS
RN EE L
(L o [0 22 7 SR b A R ], A R 00 0 T P T 3, LM 650223

2. FEFERBE R, bR 100049)

W OE: AKbha SEREDEE TR A KR E . CABERR K S S
BWEF R, HES THHIMAWH . NENT ERF-VII KRR T ERKB ST RS
WA R LR, 2T AR Y (drabidopsis thaliana) NWTFRIFT R, I3k 44
BHER KB %M FAETH 2 R, FER A BEREXURAS . BiFC 555000 50 1F RAP2.12 5
MYB75 SEEWAHEAEH G R Ak, NUBILREERS, NEHEF 77 2% RAP2.12
WA E ZARPIDIREAT 7RG 0Mr. S55REW: (1D KRR E X RIS R
T MBW E&14&. (2) ERF-VII #5xH1ZK RAP2.12 §E% 5 MYB75 s AAH BAEH,
I H = H W ABEIEEE RS RER (DFR. LDOX) M. (3) rap2.22.3 2.12 FRALKX}
WK FE S E RN EANEUR, M(MARAP2.12-HA =3 ISR KIF SIE T 28 28
MUk, RPHLIARE RSNG4 Bt nird Ridt— bR, ER/KPHELET,
RAP2.12 X467 2 A1 BRI /E H £ K MYB #3675 % . 28 EFTiR, RAP2.12 @il
5 MYB75 #HEAEH, MR I ERAKIE TS AR SR . ZARRRE T
ERF-VII % 53 Rl 1 7E R AR SIS B R I DI RE . MR R R K JBih e 1) 201~ WL S R AR
B R T HEIR K
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Abstract: Submergence stress, a major environmental constraint in agriculture, causes oxygen
deficiency in plant tissues, thereby impairing plant growth, development, and survival. One
notable adaptive response of plants to submergence is the accumulation of anthocyanins —
flavonoid pigments with strong antioxidant properties that help mitigate reactive oxygen species
(ROS)-induced damage. These compounds also play important roles in stress signaling and
metabolic reprogramming. Although enhanced anthocyanin accumulation under submergence has
been observed in multiple plant species, the underlying regulatory mechanisms, particularly at the
transcriptional level, remain poorly understood. To clarify the molecular mechanism of
submergence-induced anthocyanin biosynthesis, this study investigated the role of ERF-VII
(Ethylene Response Factor group VII) transcription factors in Arabidopsis thaliana. Anthocyanin
levels were measured in various genotypes exposed to submergence stress. In addition,
protein-protein interaction assays, including yeast two-hybrid (Y2H) and bimolecular fluorescence
complementation (BiFC), were conducted to examine physical interactions between ERF-VII
members and known regulators of anthocyanin biosynthesis. The results were as follows: (1)
Anthocyanin accumulation under submergence depends on the MBW complex, composed of
MYB, bHLH, and WD40 proteins, which serves as a central regulatory hub in flavonoid
biosynthesis. (2) RAP2.12 physically interacts with MYB75, MYB90, and MYB113, and these
interactions synergistically activate the expression of anthocyanin biosynthetic genes such as DFR
and LDOJX, indicating a transcriptional co-activation mechanism. (3) The rap2.2 2.3 2.12 triple
mutant exhibits reduced sensitivity to submergence-induced anthocyanin accumulation, while
(MA)RAP2.12-HA overexpression lines show hypersensitivity, indicating that RAP2.12 promotes
anthocyanin biosynthesis under submergence and acts as a positive regulator in this
stress-adaptive pathway. (4) Genetic analysis reveals that the regulatory function of RAP2.12 is
primarily dependent on MYB transcription factors, as RAP2.12 alone cannot activate downstream
gene expression in the absence of functional MYB proteins. In conclusion, RAP2.12 regulates
anthocyanin biosynthesis and accumulation in Arabidopsis seedlings under submergence stress by
physically interacting with MYB75 and other MYB family members. It enhances the
transcriptional activity of the MBW complex, thereby promoting the expression of key structural
genes in the anthocyanin biosynthetic pathway. These findings expand our understanding of the
roles of ERF-VII transcription factors in plant adaptation to hypoxic environments. Furthermore,
this work provides novel insights into how environmental signals are integrated through
transcriptional regulators to coordinate secondary metabolism and stress responses. It also offers
promising targets for molecular breeding strategies aimed at enhancing submergence tolerance in
crops.

Key words: Arabidopsis, submergence stress, anthocyanin, RAP2.12, MYB75

KA FE Y)Y RF 1B AE A iG s BT 75 HI%))5 (Ishibashi et al., 2018; Reed et al., 2022; Pan et
al., 2023) o MIFIK i 2 il B KA, FEMTRE ) SRS, S EUEYI B (Jackson 2008;
Sasidharan & Voesenek, 2015) o SEAMMLU R WEINAEK KT, 0] Bexf HAE 7S g .
R AR e, FEA) R BRI R SOIRFE AR K . N-K %12 (N-end rule pathway)
FEAE I A A AR 1) B 75 2 (Kunkowska et al., 2023; Rovere et al., 2023; Eysholdt-Derzso
etal,2024) . {EAR%ESMET, ERF-VII HH KK N K1) Met ARt S AL REAR, 25 A%
PEE A N Z 2L HRGs (Hypoxia-responsive genes) 315, $& s YIRS 52 1% (Gibbs
et al., 2014; Weits et al., 2014; Giuntoli & Perata, 2018) . 4 4)E Z W /K8, RAP2.12



PE R R O R 7R T EENEN . BRI S, RAP2.12 BRI AN A IR
EAR R, I g5 G B N T BRI — R YIRS B R, (R A A AR R A A
(Licausi F et al., 2011; Gasch et al., 2015; Paul et al., 2016;) . 1l RAP2.12 H1 AP2 45#yis, 7E
gh o G e N oA B R FE E B I BE (Yano et al., 2017; Ballichatla et al., 2024; Chen et al.,
2024) o AN, RAPLI2IGAEF AN T 2 5HEYMZ AN, WM ik, ERAE
K R IB B BASCE TR SR 45 AR B R (Tsai et al., 2023; Liu et al., 2024; Safavi-Rizi
et al., 2024; Schippers et al., 2024) . %i F, RAP2.12 {EAEYI NG K AR RIE T+ EE
T fE -
6T 2R Y E A AEAC ), BENG SR AR YN W I IE LR T . 6T RIS 2 2
KN RDIRZLHE (phenylalanine ammonia-lyase, PAL) . /K7 A4 (chalcone isomerase,
CHD) . AW lilE-4 iL)5 % (dihydroflavonol-4-reductase, DFR) . i3S 3-O-7 %) B 5t
8 (UDP-glucose:flavonoid 3-O-glucosyltransferase, UF3GT) . a6 & XN B
(leucoanthocyanidin dioxygenase, LDOX) “§Z M [#)i+% (Zhao etal., 2023) . FikEg3Z
FfH MYB (Myeloblastosis) ~ bHLH (basic helix-loop-helix) 1 WDR (WD-repeat protein)
H A MBW B AR 185 % 4% (Gonzalez et al., 2009; Bhargava et al., 2010; Hu et al., 2020).
MBW 5 &4 ) F R 51 345 MYB75. MYB90. MYB113. MYB114 1 TT8, id3&ik ik
R ) B R R R AR TS R AR R e, TR PR BT R BN SRR M A SR AR R &R
K (Lloyd et al., 2017; Wei et al., 2019; Zheng et al., 2019) . Z& EFTR, 1EFRMNEME
J8 52 3] 2 Tl R0 S DR - (RS A V428 o IR SE VR PE HLIR B O 1 R A0 RE 8 A 8 kb i[9 1 SR 155 4%
tho B, HEYEEEZ A EYHIER, SRR KENLT R, MY 5E 52
( Trojak & Skowron, 2017; Zheng et al., 2021; Zhou et al., 2020; Dabravolski & Isayenkov,
2023) . fltn, FARSISFESEES{F T, PHR (Phosphate starvation response) 5 MYB75 HAE
T AETE R A WSRO RBE (T 32 2 (Li et al.,, 2023) ; #7652 S WhE i, ECBP
(EIN3-BINDING F-BOX protein) 5 MYB75 HAE(RIM N FE T IETH 2 A 0k, 75 B AR 5 b
18 (Lietal., 2022) . dmiBFFCRM, WKMEESE FIEH R R (Castellana et al., 2024)
B3 T AL A B8 - RAP2.12 FEME/K S FAEH R R R & 4% 7 TR E 1S3 —
AHIARTC . AL T SEge Rl R 43 7R 2 g A 22070, BRIE T MK A5
P AE T = A I AL . BT LA T (drabidopsis thaliana) R FERT 5, K
Feor TS B 22T, TRUTHEKINE N ERF-VI # 5 R X 6T 2 6 i AL .
BARME, RN REE @ (1D #KbE 2 58l ERF-VIL # 5 BT RS R 1
R (2) RAP2.12 H KU RS 46T 1A BUH SRR I R

LA RS 77
1.1 %

ARl FI3LFE IF (drabidopsis thaliana) , "EZRTNFHE LA (Columbia, Col-0).
B IR (Nicotiana benthamiana) VUG REF AU MRS . i H 916 25 & sk
MR 8 (NWILD)  EH =AM S B = KRR PAP1-D (CS3884) SRJE Ttk Z MM
SERZFRIPL R ST B IE A G, AETE B A R A TR myb-RNAi Ak 2 B2 524t rap2.22.3
2.12 ZRAKH rap2.2 (salk-010265¢) + rap2.3 (salk-030459¢) Fl rap2.12 (salk-047306¢)
FAZHAS, 358:(MA)RAP2.12-HA HBF A= BN R S 4L 3R 15
1.2 YRR R R K b 28 2

F 20% X S ER BN O R TT RV B S P T 1% 805 1/2 MS AR 725 (pH
58) « BT 4CHEMN, /B 2d. BHEBEREZE 26 CORIRILIREMKHBAE (16h
JEHE/8 h BRI AT IR, EHUAEK 3 d ST, SGREMEKARER 12h, DAFFEEAHOCENE .



JHEAE AR 07 S 8 5, TR IR TP 9% 8 d, FEARITAE B A 1 H IR AE10 26 CH
FRERFRE N (8h /16 h I
13 FRRERNE

EAE K AL BRI RN TR 4 i s (R AR A /K A B PRI 0L R FT 4l B A R R, 20 BIRR e, sk
HERW (g) , MALEREIGE (FEE . 288 =99 1) 1mL, 4 CER 12h, WL
B A EE T E 530 nm. 620 nm A1 650 nm 3 MEE K TSGR 1) 43066 B

(ODs30~ ODe2o F1 ODgso) o 1675 R B BT A X1 : ((ODs30 - ODe20) - 0.1 X (ODgso - ODe2o

/(4.62X10°%) X (1/W) X 1000000 ).
1.4 #HELE RNA #REUE 2R Rt E & PCR (RT-qPCR)

fdi Fi| Solabio 2 & ] Trizol 7N A4 B HEAT 5 RNA $2EL, [ 363 Ja DL A& SER 9% 6 58 =
PCR (RT-gPCR) %}#r (Han et al., 2020) . RT-qPCR =256 AT H I S M0VERS 538 1, Scyefd
FLE T 1 ACTIN2 F:RE AN 2

# 1RT-qPCR 5|
Table 1 Primers used in RT-qPCR

514 SIMFEFI (57 -37)

Primer Primer sequence (5" - 3")

ACTIN2-F TGTGCCAATCTACGAGGGTTT
ACTIN2-R TTTCCCGCTCTGCTGTTGT

DFR-F TGGTGGTCGGTCCATTCAT
DFR-R GAGAGAGCGCGGTGATAAGG
LDOX-F TCCGGGTTTGCAGCTTTTC
LDOX-R ATCAGGAACACATTTTGCAGTGA
UF3GT-F TGGAGGTGGCGGTTGAA
UF3GT-R CTTTGCCGCGAGAACCA

1.5 BEREXU AT L (Y2HD)

NI BES RAP2.2. RAP2.3 Al RAP2.12 M BAE I MITET & & ORI+, f3 F
BEXUZ% £ 48 (Hu et al., 2019). % RAP2.2.RAP2.3 5 RAP2.12 [\ 4= K& tid /5 41 70, % %1 pGBKT7
AR, RS BOFURE BD-RAP2.121-187, BD-RAP2.12124187 §il BD-RAP2.12188359, g 4mfitft
HEOBIEERFT MYB75. MYB90. MYB113. MYBI114 #1 TT8 4K 45 5 71 7 [ 5]
pGADT7 #ifk, FFHyz Bk AD-MYB751122 il AD-MYB75123-248, i) 3 % 5 XU 4 A2 52 5
T 75 AR 5 AR 2.

1.6 WA FRAEAELR (BiFC Assays)

¥ RAP2.12. RAP2.12""%7, RAP2.12'883% K1 GUS M4 /7 F1l @&+ pFGC-cYFP H.
# MYB75. MYB75-12, MYB75!2-2%8 F1 GUS 14w t% 75 fl & pFGC-nYFP . HE4L T
(GV310D) J5, FEARLLIRE, M BIMEE Frhe T RENEIE A rh 555 48 h /5,
U iy DAPL et )5, MTHBOCILRERMESE, BIFC SR B A& 51 W& 2.
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Table 2 Primers for Vector Construction

514 I (57-3)

Primer Primer sequence (5" - 3")

AD-MYB75-F ATACATATGATGGAGGGTTCGTCCAAAGG
AD-MYB75-R ATAGAATTCCTAATCAAATTTCACAGTCTCTCCATC

AD-MYB75'""122-F
AD-MYB75""122.R
AD-MYB75'23-248_F
AD-MYB75'-2%.R
AD-MYB90-F
AD-MYB90-R
AD-MYBI113-F
AD-MYB113-R
AD-MYB114-F
AD-MYB114-R
AD-TT8-F
AD-TT8-R
BD-RAP2.2-F
BD-RAP2.2-R
BD-RAP2.3-F
BD-RAP2.3-R
BD-RAP2.12-F
BD-RAP2.12-R
BD-RAP2.121187-F
BD-RAP2.12187-R
BD-RAP2.121?4+187_F
BD-RAP2.1214187.R
BD-RAP2.12'88-3%_F
BD-RAP2.121883%.R
MYB75-nYFP-F
MYB75-nYFP-R
MYB75"'2-nYFP-F

MYB75"12.nYFP-R

MYB75'328.nYFP-F
MYB75'328.nYFP-R

GUS-nYFP-F
GUS-nYFP-R
RAP2.12-cYFP-F

ATACATATGATGGAGGGTTCGTCCAAAGG
ATAGAATTCCTTTTTCATCTTTATCTTACAACACGG
ATACATATGAGAGACATTACGCCCATTCCTAC
ATAGAATTCCTAATCAAATTTCACAGTCTCTCCATC
ATACATATGATGGAGGGTTCGTCCAAAGG
ATAGAATTCCTAATCAAGTTCAACAGTCTCTCCATC
ATACATATGATGGGCGAATCACCCAAAG

ATAGAATTCCTAATTCAGTTCTAAAGTCTCTTCATCAAA

ATACATATGATGGAGGGTTCGTCCAAAGG
ATAGAATTCCTAAAAAATATCGACTTTTTGGGC
ATAGAATTCATGGATGAATCAAGTATTATTCCGG

ATAGGATCCCTATAGATTAGTATCATGTATTATGACTTGGTG

ATAGAATTCATGTGTGGAGGAGCTATAATCTCCGA
ATAGGATCCTCAAAAGTCTCCTTCCAGCATGAAATT
ATAGAATTCATGTGTGGCGGTGCTATTATTTCC
ATAGGATCCTTACTCATACGACGCAATGACATCATC
ATAGAATTCATGTGTGGAGGAGCTATAATATCCGA
ATAGGATCCTCAGAAGACTCCTCCAATCATGGAAT
ATAGAATTCATGTGTGGAGGAGCTATAATATCCGA
ATAGGATCCAGCCTTCATGTTTTCTTCAGGGAAAT
ATAGAATTCCAGTACCGAGGGATTAGGCAAC
ATAGGATCCAGCCTTCATGTTTTCTTCAGGGAA
ATAGAATTCAATTCTCAGAAACGCTCTGTGAAGG
ATAGGATCCTCAGAAGACTCCTCCAATCATGGAAT
ATAGGATCCATGGAGGGTTCGTCCAAAGG
ATATCTAGAATCAAATTTCACAGTCTCTCCATCG

TATCTCTCTCGAGCTTTCGCGAGCTCATGGAGGGTTCGTCCAAAGGGCTG

C

CCATGGTGGCGATGGATCTTCTAGACTTTTTCATCTTTATCTTACAACAC

GG

TATCTCTCTCGAGCTTTCGCGAGCTCAGAGACATTACGCCCATTCCTAC
CCATGGTGGCGATGGATCTTCTAGACTAATCAAATTTCACAGTCTCTCCA

TC
ATAGGATCCATGGTCCGTCCTGTAGAAACC
ATATCTAGATTGTTTGCCTCCCTGCTGC

TATCTCTCTCGAGCTTTCGCGAGCTCATGTGTGGAGGAGCTATAATATCC

G




RAP2.12-cYFP-R CGGGTACCGGATCCCTCGAGATCTAGAGAAGACTCCTCCAATCATGGAA

TG

RAP2.12'""¥7-cYFP-F TATCTCTCTCGAGCTTTCGCGAGCTCATGTGTGGAGGAGCTATAATATCC
G

RAP2.12"¥7-¢cYFP-R CGGGTACCGGATCCCTCGAGATCTAGAGAAATTCACCTTAGCTTTAGAT
CCAC

RAP2.12'383%_cYFP-F TATCTCTCTCGAGCTTTCGCGAGCTCCCTGAAGAAAACATGAAGGCTAA
T

RAP2.12'883%_cYFP-R ~ CGGGTACCGGATCCCTCGAGATCTAGAGAAGACTCCTCCAATCATGGAA
TG

GUS-cYFP-F ATATCTAGAATGGTCCGTCCTGTAGAAACC

GUS-cYFP-R ATAGGATCCTTGTTTGCCTCCCTGCTGC

1.7 ZH ID

AT R B EE TR RE R G ID J0 R . RAP2.2, AT3G14230; RAP2.12, AT1G53910;
MYB75, AT1G56650; MYB90, AT1G66390; MYBI113, AT1G66370; MYB114, AT1G66380;
TT8, AT4G09820; DFR, AT5G42800; LDOX, AT4G22880: UF3GT, AT5G54060. LA I
FERAHIAF B YK B The Arabidopsis Information Resource (TAIR) 4 2 .
1.8 BB E 5047

& H s A8 FH GraphPad 8.0 3H47 %3 7347, 1#1H GraphPad 8.0 5 Adobe illustrator 2020
BEATE A . AN —FAPRHI% B Paired t-test /04T 25 T S35 10k, 4530 B 22 Pk R U sk %
Two-way ANOVA 74T 2 5 i 2 1

2. 45 R 550

2.1 BAEEME ST EHIET R R

NIGUEFE KR T A AR BAE T 3, A SO REFR%E AR 3 d B 2R R R S+ 40 i
HEATHKACEE, 25 B RHK B EE BT RZHR (B 1A . AWHET R RS
A T AR S, AR SCHEAT T IS TR B f1 25206 . 45 RRI, MKIESHHET R RE 12h
WIRGE ETFIEIAREAE, SIS R (B 1:B) « SIbFER, 675 &4 MM SEE DFR.
LDOX Il UF3GT MFREATFIREE El (B 1:C) .« PLEGRBRY, KB IIRE
T H RR,



A, BRI S A K AT R A B, IR ALK 5K A 31 B AR B R T 4l e e
C. BAER R I 9 K AT R AE T & 6 A R B gn i 2E R I Rk . B 5 RoRgiit o+
0.05, **P<0.01, ***P<0.001,

RRRELES,
BEWER: *P<

A. Phenotypic analysis of wild-type Arabidopsis thaliana seedlings before and after submergence; B. Trends in
anthocyanin content of wild-type Arabidopsis thaliana seedlings under normal growth and submergence stress
conditions; C. Expression levels of genes which encoding enzymes involved in anthocyanin biosynthesis in
wild-type Arabidopsis thaliana seedlings before and after submergence. Asterisks indicate significant differences:
*P<0.05, **P <0.01, ¥**¥*P <0.001.

B 1 BAKREHIETRERRR

Fig.1 Submergence promotes anthocyanin accumulation

2.2 AR HIEE ZRBEKB T MBW E&1%

A K S I E R B R ST MBW 41K, A SCHE T myb-RNAi. 118
PAP1-D FERAER A T e H R RGO G REY, BFAMH PAP1-D R H
ERKHGIE T R RER EIRE, T «8 5 myb-RNAi RABKRTEZAM (B 2: A B).
Ht— RT-qPCR 45 B EoR, AR S PAP1-D HE/K G 6T 24 B ¢ Bl i 5 ] () 22 ik
BERERS, (0 148 5 myb-RNAi FIXLEFFIR B R ZE LM (KB 2:C) . EFREESHE
DR 08 B ZH A b a3 — 8, IR IR, WKiE S I T4l i fe i R AR R AR T
MBW & &1,



A.WT, PAP1-D, tt8, myb-RNAi StiH/KHI/GRA; B.WT, PAP1-D, t8, myb-RNAi ¥ /Kul Gt
M EE; C.WT, PAP1-D, u8, myb-RNAi 2l ¥#/KRTJE 16T 2 & MU GBS R R M Rk & . A7
#RRARNZERBEASITEREE (P<0.05) , TH.

A. Phenotypic comparison of seedlings of WT, PAP1-D, #8, and myb-RNAi before and after submergence
treatment; B. Accumulation of anthocyanin content in seedlings of WT, PAP1-D, 18, and myb-RNAi before and
after submergence treatment; C. Expression levels of genes which encoding enzymes involved in anthocyanin
biosynthesis in seedlings of WT, PAP1-D, #8, and myb-RNAi before and after submergence treatment. Groups
marked with different letters indicate statistically significant differences (P <0.05) , the same below.

B2 BwAKRERTRRRELT MBW R&5144

Fig. 2 Submergence promotes anthocyanin accumulation through the MBW complex
2.3 RAP2.12 5 MYB75 EEMH B

NERFL RAP2.2. RAP2.3 fll RAP2.12 25 5#/KiFEF AL E 2R, AR
KU A8 SEIG G IE RAP2.2. RAP2.3 FIl RAP2.12 EFS 516 & & B <8 A 8 7 MYB75.
MYB90. MYB113. MYB114 1 TT8 #HEAEH . 45K, RAP2.2 fl RAP2.12 5 MYB75.
MYB90 1 MYB113 74 AH HAEF, 1 RAP2.3 5 LA _E 4% 7 IR AAELE A EAE T (B 3: A
E— @ BiFC S2I 36 E RAP2.12 5 MYB75 e 4z h ol KA HAE (B 3:B) o LA
FEEREY, RAP2.12 ARt 5 MYB75 HAF S 51 21 BT R



A.RAP2.2, RAP2.3 Ml RAP2.12 H51EH & & BN KEIHIZH T MYB75, MYB90. MYBI113. MYBI14 Al
TTS IR HAE S B, #RR =2.5mm; B.RAP2.12 5 MYB75 X4 T 96 HAMEIG 45 8, #5 R =20 pm.
A. Yeast two-hybrid interaction results between RAP2.2, RAP2.3, and RAP2.12 and key regulatory factors in
anthocyanin biosynthesis MYB75, MYB90, MYB113, MYB114, and TTS; scale bar = 2.5 mm; B. RAP2.12 and

MYB?75 bimolecular fluorescence complementation assay results, scale bar = 20 um.

B3 RAP2.12 5 MYB75 FIEMEIEH
Fig. 3 RAP2.12 interacts with MYB75

2.4 RAP2.12 5 MYB75 EAMBAEH K415

NHfE N T RAP2.12 5 MYB75 S EAH EAE X B, K035 70 gk AT 70 B, B s
% B AT BEAT IR « 455 87K, BD-RAP2.121187 il BD-RAP2.12124187 55 MYB75 f74E 40 HAE
F, BD-RAP2.12'$%3% 5 MYB75 NMEEMHEAEH (B 4:A) o XK AP2 £ R/
T RAP2.12 5 MYB75 Z [lIAH EAEH - th4h, AD-MYB75'122 5 RAP2.12 KAF HAEH (H
4:B) , FW R2R3 MR ATREN T T MYB75 5 RAP2.12 Z [A| AR ELAE . A SO WL
F R E AN (BIFC) L5, X g Rtir it — D RAUE, K I RAP2.12¥-cYFP 5
MYB75"12.nYFP fEEYI MM N K A BEAEH (B 4:C) o Z8E, AP2 Z5#4385 R2R3 44
Pyl & RAP2.12 F1 MYB75 #H HAEFH AT b 75 1

A.RAP2.12 73 Bel5 MYBT5 BEREXUR BAESE R, #RR =2.5mm;  B. MYB75 73 Bty RAP2.12 FEREXUR B
EgE %, FpR =25mm; C.MYB75 5 RAP2.12 BAFX B FROGCEANSZIR A H, FrR =20 um.

A. Yeast two-hybrid interaction results between RAP2.12 fragments and MYB75; scale bar = 2.5 mm; B. Yeast
two-hybrid interaction results between MYB75 fragments and RAP2.12; scale bar = 2.5 mm; C. Bimolecular
fluorescence complementation (BiFC) assay results for the interaction domains of MYB75 and RAP2.12; scale bar
=20 pm.

B4 RAP2.12 5 MYB75 EAM BRI
Fig. 4 Interaction regions between RAP2.12 and MYB75

2.5 RAP2.12 IE{R#EAKINE TRET RR R

FYGIE RAP2.12 B/ S H5HKN FIEE R A K. X 355:(MA)RAP2.12-HA I rap2.2+
rap2.3~ rap2.12 RAGRIEWE K AL FR 5 IR A . 1675 RN BB 675 254 R < il g i 2 A1 11
RIEFEIAT M. SEREW, FERYHERKEEEAERZRRER RS, rap222.3
212 HHEAEROKATG IR E R R B LR E XS, AR RAP2.12 (W4 FHAEMRE R K Ak



HIEHH RS EREERANE T PE (FS5:A. B) . XEH RAP2.12 IEF##E Kb
E R E R BRBE G, A SN 1 B A RN ARG I 3 A R Sl g 5 3 [ 7R/ 7K
BTG IRIE KT G5 REIR, WA RN e K AL B G 16 T R & U SR gn i S IR [ R ik &
BERE, (HIRBRYHAERK I G IEE 2 A O SR 5 2k K 1 R IA Bk B35 AR,
T RIE RAP2.12 HIHNFEG T 4 A5 M 7K A B 5 AR 75 256 BRORH 5% I G R s DR ) 2 008 8 g B A Y
e (B 5:C) . LA G BEB, RAP2.12 7] RE IE M HIE W KAE #E 16T R & i 72

A. WT, 355:(MA)RAP2.12-HA Fl rap2.2 2.3 2.12 H) KA E R AL B. WT. 35S:(MA)RAP2.12-HA F rap2.2
232.12 W HOKATEIE T HA R E:  C.WT. 35S:(MA)RAP2.12-HA 1 rap2.2 2.3 2.12 4 ¥ K AT J5 46 7
A UM O Al g i R R R R

A. Phenotypic analysis of seedlings of WT, 35S:(MA)RAP2.12-HA #1 rap2.2 2.3 2.12 before and after
submergence; B. Anthocyanin accumulation levels in seedlings of WT, 35S:(MA)RAP2.12-HA M rap2.2 2.3 2.12
before and after submergence; C. Expression levels of genes which encoding enzymes involved in anthocyanin
biosynthesis in seedlings of WT. 35S:(MA)RAP2.12-HA F1 rap2.2 2.3 2.12 before and after submergence.

B 5 RAP2.12 IETRIZHKHHA T HIEERR R

Fig. 5 RAP2.12 positively regulates anthocyanin accumulation under submergence stress

2.6 RAP2.12 RFF/KMNE T HF R R FZERBT MYB BREFFHIE
J9 it — & W i RAP2.12 5§ MYB75 Z (8] [ 845 5% &, AW T myb-RNAi
358:(MA)RAP2.12-HA-41 %< 58 M Bl H X H R B BEAT o0 Mo RILAEXT B F, myb-RNAI
355:(MA)RAP2.12-HA-41 5 myb-RNAi #iTH AL HE Z R R = RACTH AR (K 6: AL B) .
R KBRS, B4R 5 355 (MA)RAP2.12-HA-41 it XM AR R E 5,
myb-RNAi 355:(MA)RAP2.12-HA-41 5 myb-RNAi i R KM G E XN BB LR E LR
(Kl 7: A-B) . RT-qPCR %5 B Bx, W/KMH)E, B4R 5 355(MA)RAP2.12-HA-41 T84
TRAHAE T 25O O ST i 35 IR ) 2R 04 2 1 25 38 51 5 1H myb-RNAG 35S:(MA)RAP2.12-HA-41
5 myb-RNAi 116 H 7 A ARG mIL R MR BB R EEMNH (Bl6: C . BLEGR
KU, RAP2.12 fREHAEK M E TIEH R R FZRM T MYB K1 K%



A. WT, 35S:(MA)RAP2.12-HA-41. myb-RNAi F1 myb-RNAi 355:(MA)RAP2.12-HA-41 4 A /Kl e R A; B.
WT. 35S:(MA)RAP2.12-HA-41. myb-RNAi F1 myb-RNAi 355:(MA)RAP2.12-HA-41 4 8 # /KAl e F = &
f; C.WT. 35S:(MA)RAP2.12-HA-41 myb-RNAi F1 myb-RNAi 35S:(MA)RAP2.12-HA-41 25 /K il 5 1e
A UM O Al g i R R R R
A. Phenotypic analysis in seedlings of WT, 35S:(MA)RAP2.12-HA-41, myb-RNAi, and myb-RNAi
35S8:(MA)RAP2.12-HA-41 before and after submergence; B. Anthocyanin accumulation levels in seedlings of WT,
358:(MA)RAP2.12-HA-41, myb-RNAi, and myb-RNAi 35S:(MA)RAP2.12-HA-41 before and after submergence; C.
Expression levels of genes which encoding enzymes involved in anthocyanin biosynthesis in seedlings of WT,
358:(MA)RAP2.12-HA-41, myb-RNAi, and myb-RNAi 355:(MA)RAP2.12-HA-41 before and after submergence.
B 6 #EKMHE T RAP2.12 RFEFTRRRKBT MYB
Fig. 6 RAP2.12 promotes anthocyanin accumulation in a MYB-dependent manner under

submergence stress
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N ER I RAP2.12 (R R TR 4D i 7EAE K N LB AL T R T-HL, A SCR A R
A JFARSEEG S T FL 5 MYB7S5 I [ERIE/EA . 45 R B8, RAP2.12 5 MYB75 ¥R
% DFR M1 LDOX H%%5; HILFEZFRIAREG A G (K 7: AL C) , XKW RAP2.12
MYB?75 8] a] GEAEAE M EME T . it — B 360E RAP2.12 Fl MYB75 [AI/EE W FIAEF, #E—25
1E rap2.2 2.3 2.12 RASAEH 704 MYB75 XF H bR BE R 0E RE 77, R s os 7 H BH i
WIS (B 7: By D) o X—45 58 %W, RAP2.12 /& MYB75 ¥ /K N 6T &4 UK R 1
il S



A. WT ANFELCHEH ST DFR Fesf il 5 B. WT A rap2.2 2.3 2.12 FRAS[F A N DFR % 38 M
M, C.WT hRRFIAF AN LDOX B G IR m: D. WT Al rap2.2 2.3 2.12 R RE AP XS LDOX %
A VE IR -
A. The impact of different treatment groups on the transcriptional activity of DFR in the WT; B. The impact of
different treatment groups on the transcriptional activity of DFR in the WT, rap2.2 2.3 2.12; C. The impact of
different treatment groups on the transcriptional activity of LDOX in the WT; D. The impact of different treatment
groups on the transcriptional activity of LDOX in the WT, rap2.2 2.3 2.12.
Bl 7 RAP2.12 5 MYB75 th AR HIETE R & BAR B2 N 3%
Fig.7 RAP2.12 and MYB75 synergistically promote the transcription of genes which
encoding enzymes involved in anthocyanin biosynthesis

3R EE#®

EEYARKRE RS, MRS EBZ RS, FlIniRiR. T5 UL EMHESE (He
etal,, 2018; Zhang et al., 2023) . {E75 R AEN— Pl E ZAGAERFAE HUAMT], FERLHIRIG 2 Fi
Jir 38 ) 35 R E EEAER (Zhou et al., 2020; Kaur et al., 2023; Sadowska-Bartosz & Bartosz,
2024) o KPR yREY) I ) E EZARE M 2 —, e EHF R R (Castellana et
al., 2024) o AR, Hor T IEZEHLE] AT . A SCHETCE RS T ERF-VIT ZE 1 E 2K
Fe 7 RAP2.12 fERX — I Rt AR SRR HT, W12 7R 1735 MYB ZREL Sk A 2 18]
AR R o

T R A AR Th R RS, %P MBW S8 ERE %R, JLHZ MYB
sk N T K RAEAL T 2 & O 32 0 B2 b R 45 35 CBEEH (Zhou et al., 2020; Naing & Kim,
2021; Li etal., 2023) o FESEATHH OCHFFT /5 R LA K 18 T 16T 3 G B A0 T 0 5K e
KT X HE— PR MYB Bk K 7 FIRAE WA N ET R A ORI R T R IE EEAR A .



MYB %5 K1 500 28 5 IR 5P I R2R3 S5 M3, L5 M i802 MYB #e sk [ K354 H P

A5, Z AP e R IAET =G O T R 25 A, AR SO T R I K B A R 4R

HR OB T S5, #E—5 %0 R2R3 G52 MYB #4355 K 1 5 A% 00 45 K 155
(Zhou et al., 2020; Li et al., 2023; #H F %, 2023) .

ERF-VII # 5 K1 F R IEAE Y T8 52 W K i Ja i R 5 EEThRE, RAP2.12 #l 2 Hoh i
N ) B S IR T (Gasch et al., 2015) 8F 58 K LA K A R 487 2R R K #T RAP2.12,
#— B UEW] RAP2.12 fEH#E /K BB N EE DR, (HH T ERF-VII Z % AFE DI RE TR

(Eysholdt-Derzso et al., 2024), H RAP2.2 t15 MYB75 /A HAE, [Kth, RAP2.2 55 RAP2.12
TEEAET R A R R R WAEAE DI RE TUR DA Fridt— PR . RAP2.12 0 5 Bk i oL
REINEE, AP2 S5 My TE I FE rh R 5 54 {E H (Boyer 1982; Paul et al., 2016; Giuntoli et al.,
2017; Seok et al., 2022) . ACHIFT &I RAP2.12 F1 MYB75 # 5% R 115 ML W40 i k% v A0 |
EH, ZHHAES AP2 S5 UIMI G BB AEIE AP2 543802 RAP2.12 KIETNAEFT L
T LER . Bhah, FATHBEFOEE— 5 8R1T T RAP2.12 WA A1 E 2 A A R R 1
Fik. CAWREN MYBT5 Ae45 &%) DFR. LDOX BT, AL H £ & (Zheng et al.,
2019) . 1ff RAP2.12 Rgit— 458 MYB75 X} Nl DFR. LDOX [ BuEEH , X 5%
SIR LR —H. XK RAP2.12 HAFHIEL G FT R A MERMW BT, M2 iieE
MYB75 HIZhfe R 5 R R MR IE . HE— B 7 Y 520K a k], RAP2.12 JE
it MYB75 1AM KINE FINEE RA K. HEERENURE R TR, RAP2.12 5 MYB113
FEAEHAE, MYB113 215t iy SR K e~ EE %A oA gt — PR

6T A I 18 B AE 2 MO 1) v B O 57 74 (Sunil & Shetty, 2022; Jiang et
al., 2024) . {EEVIEMOIE, HTHERMRNERES TWIRPOR, FIeH = 0y HE
TEVIE M R AARIL (Duetal., 20200 « ARSCHFFE R IR IF 4l i AE K AL B JG A6 T R
HRERE, SENEHESGEBIMRTE, W RS R 2R T EDE R R
F, SiEHE RS ENMEYREER&EPIEHE (Qin etal, 2021; Wang et al., 2021) , ASCHF
FAMRACTE 2 & AR T WK AL BRI (8] 230 1EAH DG, RIS 7R A 5 22 TEAE ) NS K i 3 ) R
£ 7 BEBIAE A T K e (R A6 AR R ML T IR AR A B S S TR & Fi
fra] BedE .

g ERTR, ASCHE IR IAEAEY)IE 2 WK M E R, RAP2.12 5 MYBT75 fE41 %+ AH B
TER, PhEERE P E s R AR S, RARIFRKPNE FIesE RRR . A
7 RAP2.12 /E2N ERF-VII FKE KB K T 1E R AETT 2 A B0 DR 3RaA K L 3a v )97 w1 X
Dhee, H4ER 7 HEARR 5 F RN thah, FRBIEE XM RRBRHE S T B,
RKATHIH RAP2.12 F1 MYB75 W HAER &R, M@ H T2 FEMIIFRIc RS, PLSCHL #
IKAED ) A AN MR
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