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BEREE SRS R2R3-MYB #RETFEES
Sh

RAERL TR, mAL 282 TRE? FHGL TEHR, TRAS
FWM, KMEY
AT AR E S, A 450002; 2K BT RISE B, VB 471026; S AR BEHYIHE 0
Br, k5t 100093

WE HIHEREE LR O AT, et ke M HMEFIMErE R, KSR
B RO EE AR AV RIE TSR e s R A, X2 555K
& R2R3-MYB #3:H F 51+ SG4. SG5. SG6. SG7 Fll SG20 LV 4H /i i k4T T
RGN, I E R, EHRBTFIEMN S FlAERS ., 45 R ER, H PR
FEHIZE R2R3-MYB ik R /E b E RILL SO AE, X A RE S H R b s DIk o< . @il 5%
AR TR YRR FIAA R, W T A E R2R3-MYB S AU7E 5 s i & 4% v 1 Th BRI
Hrf, SG6 W4 I E L, ANS AIZ DI R A K&, SG5 WA EE 25 L ANR Ak
BT RIEE RGO, SGT7 WAL EEAELL FLS AARE N E B A Bud e, ittt
SG4 WAL 1 MYBs-SG4a 15’ IE [l % 28 s Wl & i BE f1. Beah, B0 R BUR [H] Ak 52
Z LSRR B MER R, hAS 52K G st 3 R (R i . AT 7T A E A )
R2R3-MYB FE A S IhREZ FEMESRAE TR A, oA PR 7 B 2 T H iR
IR

X217 H St R2R3-MYB, i, 610

FERZR, RIK, BA, 280, EBE, 08, TRA, R4, FWM, KE (2026).
VATER T & U4 R2R3-MYB #3148 540 0. 244K 61, 1-15.

4 £+ (Paeonia x suffruticosa Andrews)# 2y “fEdh 2z £7 | RJE T AL F}
(Paeoniaceae)™] % J& (Paeonia)4t £V J& (Paeonia subg. Moutan)(Zhou et al., 2021), &—
T o 7 o [ ) 3 A W B A o AL RPN AP AN B 0 AR AR, R A 4 2511 5%
B2 — o WEFURM, AHPHE ) B OV PSRRI MRS, Hrh, KRBk
EYEEAERYT. BT AR ES. 52T, B K. BEARN
BRSSO 23 A P R ) B O R 0 R B B TR (SR,
2019; FFHEERSE, 2024). 1EFRTEHAG RO M, ¥ & R2R3-MYB. bHLH. WD40
M WRKY 22N ETFKiE, Hrh R2R3-MYB K & K5 i & s 2 1 s i i R 7o
AA R2R3-MYB A fED)RE By THME, HRIVGE 1 2K5EHE & S|, 6. 455
& 5 (Koes et al., 2005; Lloyd et al., 2017).

2 A A0 R2R3-MYB #3:[H 7145 SG4(Sub-Group 4). SG5. SG6.
SG7. SG20 FHEWHR L. (LML (Petunia hybrida). #1177+ (Arabidopsis thaliana)<5 5
KM KR, SG5. SG6 fl SG7 WA K A7 Al AT R, 5K, &
il % 4543 S AR 1842 (Nesi et al., 2001; Monda et al., 2018; Quattrocchio et al., 1999). %
72 SG20 WA b1 PH4 w4 B B i B PHT Il PH5 )33k, JF S EE
B4k, RS 1E I 5 5 (Quattrocchio et al., 2006). 1] SG4 % i1 tni& a2 PhMYB27 1
FETF AtMYB3, ESRIEE 5 SG5. SG6. SG7. SG20 Z5iV 4Lk AT, HEAIx
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A R Bk O /R F (Albert et al., 2014; LaFountain and Yuan, 2021). T4k, 5
T4 R2R3-MYB E[F Dy RE A S th HUAS — R Bk . Zhang 55(2019)7E4LFH 5 (P,
suffruticosa ‘Shimanishiki’) - % %€ P> R2R3-MYB 1 it PsMYB114L 5 PsMYB12L £
HEoR T REERE, SREH - EHRERNARETE RN SR 4 7P
suffruticosa ‘Eqiao’)"H', SG6 .4k it PsMYB57 5 PsMYB58(Zhang et al., 2020, 2021),
PL R P ORBH (P, suffruticosa ‘Tai Yang')H 1) SG20 k% i PsMYB2(Zhang et al., 2022),
B UE SRS IE M WA H =G . APIBAELL S Wi (P suffruticosa ‘High Noon’)H
KILH] MYBs-SG7(PsMYB30)|J& T SG7 W.AH, X A6l IEBE X 5k i 5 B % & il 2L A 2R
#1EH(Luan et al., 2022; Fu et al., 2024). #ilt, fEELRA4 % e H =S 5B T
R2R3-MYB j i PrMYBa1-3, 43 HlEJ& T SG7. SG5 1 SG6 WAL, ‘AL 1l &
R A R DR T BEAF(E ThRE 22 5%, B BB PRI 2R (Zhu et al., 2023). B4, Huo %(2020)
FEGR 4L PHP. qiui)H Fr A %2 ) PQMYB4, UL Luan 25(2024) 78 i 318 3 h % 52 1Y
PsMYB308, )& SG4 WA, WA S R eNIxEdE K& A MEI1EM,

PLER T4 P R2R3-MYB S F ThRE T, b4t P 2 3 255 T B ZEA
SR, A ARAAERERFGEAG— IR KA R SE M. Fith, X5 F P kot i
1T RGRBEIHIRNTT R IR TE 0 B . ARSI T4 H(P. osti) fI KT T4 (P
ludlowii) (F1 3 K A, R %€ T2 H5RWEE M IAER R2R3-MYB KRR, M
SG4. SG5. SG6. SG7 fl SG20 W4, JHxt HF KR, RFARERITII LN G FH
BERIEHAT T iT. (EMRIERE L, KR RGUHHME L RN %2 ) R2R3-MYB [ i i3tHT T 4t
— i, HF A TR R IAAR RYID IR T AR 7 78 2 S W A B 4% 1 )
REAF 2 o KRBT A LR AE I 78 2 TF AL FHE L B R BT BRIl . AW T 45 R N4 ETe 5
HPHE OB IR EEEE SR, RN 7R R2R3-MYB 55 (I3 AL S 3k 2 AR HE
1 MR E5E®
1.1 R
AWEF B R2R3-MYB % Rl 5 % B 02 R IR T 4% 1l 4t PH (P ostil; 55 R 20 £ 4
https://ftp.cngb.org/pub/CNSA/data5/CNP0003098/CNS0560369/CNA0050666/; Yuan et
al., 2022) 1 Kk £ #® #H (P ludlowii; % Moo W
https://doi.org/10.6084/m9.figshare.23537670; Xiao et al., 2023)[\J 3K 4, DL EHFHP
delavayi) A=K 3 o BERT 15 R 50 BT B 32 2R AR WE9xaxi th &R, 1%k RN E AT
M Petunia axillaris 1 2 W59 [ 52 J5 AR, 169 F1 €8, WIAE N BE IR 3R GA BF 5T
R2R3-MYB Z& K| B RE [ EEAE#4 kL (Fu et al., 2020).
1.2 IG5
1.2.1 $H X EFFIEHEE R2R3-MYB EFE L 5 L F R LR
PP R2R3-MYB ZE[A B A iE i BLAST 4% 2% & PR 4H 500 e JE 047 0 18 3k A5 . RS JF
R2R3-MYB F#IHLEH TAIR ##i )% (https://www.arabidopsis.org/), & 5 51 NARHE
C kK % CHk i) NCBI & 5% 5 35 B (https://www.ncbi.nim.nih.gov/) . % 4t & & # % 1
MEGAM kg, i HAKEER T AT Z F ot E, Pl KR i% (Maximum
likelihood)ZE#4, F3:4T 1000 X Bootstrap 42 LLUGIER &5 #4 (1) 7] S5k .
1.2.2 HAFAETRFIFHEL R2R3-MYB ER LR RLE R FE S
HRAEHFF R2R3-MYB [l i 2 755 R4 7 R 5 5, FIFH TBtools #fx FL7E e o i
FIr BT e AL, HARESE R ANE - & 45 .

RIERREE M1 e 3 743 Mrid ik MEME %d 122 (http://meme-suite.org/meme/ )47 Tl
3 EE R MEGAM BAEHEAT 70 M
1.2.3 BEFS BRI FRIERKINER PCR 5717



DARIFF R 74 ‘WB9 X axi” FEIE iR AT BRI 12 . MYBs-SG5a FPHAH R #i ik >k
VT R AT T 224 BB (Zhu et al., 2023), MYBs-SG4a. MYBs-SG6a. MYBs-SG6b.
MYBs-SG7 sifE T4 PF ‘3%’ . R2R3-MYB 2K 751 1 Jcifiid gateway R4t BP w4 &
% pDNOR207 i [a] 5k ik, 48 LR 3 8 240 S AHY)E R IA Mk pK2GW2.0/rf, 52444 B 4 %
IR RIT R AR Agl F TR B AE R G . BRdHIR Jeqbeilirhr, MM IR 5 8 d4k
pK2GW2.0/rf(EV), BHIHXTRE A4 AN2 BittFH MYBs-SG6a( 34 5 Re iz Yy v =1k
Al LRAY) R AIRIG IR B 10 ML, 48 h J5 2 USRI LA 2R, i 20 U (B B 55,
2025), 4 [A—FE R Y. TR A UEE IFEIRE ST BE 5, P59 =43 F T RNA #2H(. RNA
FEEUE 52 2458 TaKaRa MiniBEST Universal RNA Extraction Kit 7] &1, cDNA 4 B
PrimeScript™ Il 1st Strand cDNA Synthesis Kit {7l &

FIF B3k cDNA ATt 58 5 PCR 07, 38 A 2 0 45 B i 42 Hh G B[R (CHS a
F3H. DFR. ANS. FLS. ANR)ZREAEAL, LLVFAlitFF R2R3-MYB AH G HE A () % 5% 1 4
WM. POk R PCR(QRT-PCR) MR 44 SYBR® Premix Ex Taq™ 76, LA
B actin BFE NN S, (270800 St B AN R A&, HAH SPSS HAFH T4

it bire W% S VIR LR 1,
&1 5WF5

Table1 Primer sequences

Annealing Amplicon
Gene Forward primer (5-3') Forward primer (5-3') Temperature Length
(C) (bp)
CHSa %égTAGTGGTGTGGACA CACCAGCAAAGCAACCTTGTT 60 11
F3y  CTGGTGGCAAGAAAGGT — GAGTAGTCTCTTGCCCTTGTT o s
GGATT GG
DFR gﬁ?ﬁACTGCCAAAGGCT CTCCTTGACAGCCTTGAATGG 60 96
NS 'Ic';EI:_'CI';TCCATTGTGCTTTCC gTTGCTGGAGTGTAGTCAGTA 60 .
FLS gA! 66 égGTGGAAGGCAA TCAAGCCCAAGCCCAAGAGA 60 191
TCTGGACGATACATTTGC  AAACCCGTAGGAACATCTGAA
ANR 16160 GC 60 98
ocin  AGCCAACAGAGAGAAGA  ACACCATCACCAGAGTCCAAC 138
TGACCCA ACA
2 ZRERH

2.1 HAXHEERIEHEX R2R3-MYB B ¥ EFH L o4

AT TR LA PR AE T P R A 2, X R B  & B2 AH 551 R2R3-MYB % 5%
[K¥H SG4. SG5. SG6. SG7 M SG20 %5 5 MW AL BT 74 5E . &R ER, Ml
FHEEF A AL E 13 AR, H SG20 WA H A% e BIAH N B, RAESE A PHER A A7 14
AR, BWHBAE i ik 5 AL R R IA MW ks, HIHThEepE s 5255 H
G RO B YIM G TR P ST P AH D¢ R2R3-MYB 2 FIHEAT IH2K K 5 829 T2
REMTLLAEE AT, A UK 48 U 2H 43 SRR AF R J2E RV B0 o0 A A, 6 T A 4 o HE 1 e, i R4
T RGuin s, HK CIRIE IR S 2 ROV T BB ROC R (R 2).

A TR, 75 SGA WA+, Wi FHRERAIIEE 6 M, HAEWEZ TR
TEAEZ A EVR LR . Hidh, MYBs-SG4a. MYBs-SG4b. MYBs-SG4c 1 MYBs-SG4d
5T AIMYB3 EKFFE—# k53, 1 MYBs-SG4e 1 MYBs-SG4f | 5% 34
PhMYB27 S5 57— 3 1E SG5 WA H, WAt P s SR80 (R 2 2 2 U g I+ A%
gk, BRI S, MR R4 5 MYBs-SG5a. MYBs-SG5b 1 MYBs-SG5¢ 3 3 4
B, HARIL MYBs-SG5d; 1 KALTHEFH R AN &4 4 Ak, Hp MYBs-SG5¢ 5
MYBs-SG5d 1tk RAHIE . T AR H 2, 4L M B #MYBT114L % [A) 5 & [
Pos.gene15494/PL-1G123590.1. Pos.gene59100/PL-4G194730.1 57+ AtMYB22.



AtMYB66. AtMYBO X HRET. HETX 45K, Zhang %(2019)% MYB114L )45 T SG5
AR M. 76 SG20 WA, it PRI A R IUAH IR, T RAE 4T P 4 e
= AR 25 R, 4P R2R3-MYB 2[RI 7E #3720 [A] R a2 & 40 A A, Hor SG4.

SG5 WA FIH WL AT KIMR, SN TT R S U A AN R R A SRR

(1)

= 2 B PRI R A ¢ R2R3-MYB ik Rk

Table2 The members of flavonoid-regulated R2R3-MYB transcription factors in tree peony

P Judlowii locu P. delavayi Protein Intron Previously References
Gene name P. ostii locus ID s. D transcript length coun described
ID (aa) t name
PB-Z_trans Luan et al.,
MYBs-SG4a  Pos.gene13402  PL-3G145120.1  cript_2197 252125 171 PsMYB308/ 2024, Zhang
5/255 MYBs-SG4
5 etal. 2024
MYBs-SG4b  Pos.gene83574  PL-UG115510.1 / 2022 gy
MYBs-SG4c  Pos.gene7953  PL-5G204300.1 0610
MYBs-SG4d  Pos.gene41057  PL-5G145470.1 | 27827 o
MYBs-SGde Pos.gene48725 PL-2G127160.1 / 330’23 22 PqMYB4 gggoet al.
MYBs-SG4f  Pos.gene2057  PL-3G286170.1 | 24T o
MYBs-SG5a Pos.gene60727  PL-5G103930.1 / 284’27 11 PrMYBa2 gg‘z’seta"’
MYBs-SG5b  Pos.gene20616  PL-3G180680.1 228
MYBs-SG5c  Pos.gene41493  PL-4G194880.1 / 204/31 2/2 /
MYBs-SG5d | PL-4G194770.1 | 315 2 /

MYBs-SG6a Pos.gene83936  PL-2G128040.1 | 19926 o2 psmyves7  Zpengetal
MYBs-SG6b  Pos.gene28744  PL-2G127760.1 | 24123 43 psmyvesg  Zhangetal,
PB-Z_trans
MYBs-SG6c  Pos.gene10809  / cript 1070 216726 5 PrMYBa3 ~ Zhuetal,

o 6 2023
PB-Z_trans
cript_1285 Zhang et al.,
- 379/37 |
16/ PrMYBa1/  2019; Zhu et
MYBs-SG7 Pos.gene7708 PL-3G267120.1 PB-Z_trans 22379/2 2/2 PsMYB12L al., 2023:/% 5
cript 7338 %, 2024
9
PB-Z trans
cript_9814
3/ 304/30 Zhang et al.,
MYBs-SG20 | PLEGLT7490.1 Do oo oo’ PSMYB2 507
cript_2415
8
Pos.gene15494  PL-1G123590.1 / 199119 g PsMYBTM4  Zhangetal,
9 L 2019
Pos.gene59100  PL-4G194730.1 / 339022 55

9




P. ludlowii PL-4G194880.1 (MYBs-SG5c)
P. ludlowii PL-4G194770.1 (MYBs-SG5d)
P. ostii Pos.gene41493 (MYBs-SG5c)
Petunia hybrida TT2-like

P. Iudlowii PL-3G180680.1 (MYBs-SG5b)

P. suffruticosa MYBPA2 (XHO48005.1)

P. ostii Pos.gene20616 (MYBs-SG5b)

P. rockii PtMYBa2
94 | P. ostii Pos.gene60727 (MYBs-SG5a)

93

Arabidopsis thaliana AtMYB123 (TT2)
Zea may NP 001358856.1 (PL)

% [: Zea may C1
Oryza sativa LOC Os06g10350.1

76 Arabidopsis thaliana AtMYB23
Arabidopsis thaliana AtMYBO
Arabidopsis thaliana AtMYB66

Rosa Chi is XP_024173964.1

99 | P. ostii Pos.gene59100 (MYBs-SG15b)
P. ludlowii PL-4G194730.1 (MYBs-SG15b)

% P. ludlowii PL-1G123590.1 (MYBs-SG15a)
o7 || P- suffruticosa PsSMYB114L

76 | P. ostii Pos.gene15494 (MYBs-SG15a)

Phalaenopsis equestris XP_020582444.1(PeMYB2)
63 | P. suffruticosa PsSMYBS57
P. ostii Pos.gene83936 (MYBs-SG6a)
P. Iudlowii PL-2G128040.1 (MYBs-SG6a)
P. delavayi PB-Z_transcript_107097
Arabidopsis thaliana AtMYB75 (PAP1)

Petunia hybrida ASR1
99 P. rockii PrMYBa3
P. ostii Pos.gene10809 (MYBs-SG6c¢)
99 P. ludlowii PL-2G127760.1 (MYBs-SG6b)
03 P. suffruticosa PSMYB58
98 L P. ostii Pos.gene28744 (MYBs-SG6b)
P. ludlowii PL-5G177490.1 (MYBs-SG20)
P. delavayi PB-Z_transcript 24158
P. suffruticosa PsSMYB2
P. delavayi PB-Z_transcript_98143
Arabidopsis thaliana AtMYB5
5 Petunia hybrida PH4

= 8 Petunia hybrida AN2

56
85

SG20

L Zea may XP_008656780.1
\—— Ginkgo biloba Gb 22096
P. suffruticosa PsSMYB12L
P. ostii Pos.gene7708 (MYBs-SG7)
99 | P. ludlowii PL-3G267120.1 (MYBs-SG7)
P. delavayi PB-Z_transcript_128516

62

98 —— Arabidopsis thaliana AtMYB111

0.10

70

s6 .—————— Petunia hybrida MYB-FL
L Zea may XP_035819363.1
Ginkgo biloba Gb 40628
P. giui PqMYB4
P. ostii Pos.gene48725 (MYBs-SG4e)

P. ludlowii PL-2G127160.1 (MYBs-SG4e)
70

5 Petunia hybrida MYB27
[P. ostii Pos.gene2057 (MYBs-SG4f)
99 L P. ludlowii PL-3G286170.1 (MYBs-SG4f)
99 I— P. ostii Pos.gene7953 (MYBs-SG4c)
Py 76 P. ludlowii PL-5G204300.1 EMYBS-:(G;‘;;
P. ostii Pos.gene41057 (MYBs-SG4
T 99 [P. ludlowii PL-5G145470.1 (MYBs-SG4d)
Arabidopsis thaliana AtMYB3
93 Zea may XP_008657016.1
99 P. ostii Pos.gene83574 (MYBs-SG4b)
P. ludlowii PL-UG115510.1 (MYBs-SG4b)
P.lactiflora PIMYBs-SG4
P. suffruticosa PsSMYB308
P. ostii Pos.gene13402 (MYBs-SG4a)
P. ludlowii PL-3G145120.1 (MYBs-SG4a)

85

P. ludlowii PL-5G103930.1 (MYBs-SG5a) SGS5

SG6

] P. rockii PrMYBal SG7

SG4

P. delavayi PB-Z_transcript_21975



1 RHE AR AR S R2R3-MYB i 5 [R13E A6 6 R 404
Figure 1 Analysis of evolutionary relationships among flavonoid regulatory-associated R2R3-MYB gene
members

2.2 $4 R2R3-MYB 5 5 EFEH 5 F4FHE

SPEEPE S 1 R2R3-MYB S0 i 03 HEAT Yt tdse b, 45 R SR RS Qe itk L2
AL AR(E 2). EM LTI R4 g, Chro1 F3EA K E TR R2R3-MYB AHC % 51 ;
Chr02 %3 #i i MYBs-SG4b.SG4c.SG4d Ll J MYBs-SG5a; Chr03 F 1% MYBs-SG4a.
MYBs-SG5b #il MYBs-SG7; Chr04 FI4EH T 4 3 4~ SG6 W4 i (MYBs-SG6a. b.
c)LL K MYBs-SG4e; Chr05 - 5Efiifs SG5 W41 MYBs-SG5¢ Al MYBs-SG5d. Kttt
FHH R2R3-MYB f i (1) 7 A 0 5 4 Ll PR AR — 2, HIEFFH 1 MYBs-SG20 wEfi T
Chr2(Z 4tk i 4058 Chrb). Bbah, FT WAl P& R Lext o fr Tl — 20 A Hf, KAETR
HFFH ) MYBs-SG4b N 5E i1 % Chr2.

A Pos.gene60727(MYB-SG5a) Pos.gene7708(MYBs-SG7) Pos.gene59100
Pos.gene41493(M YB-SG5c)
Pos.gene15494
Pos.gene41057(MYB-SG4d)
Pos.gene20616
Pos.gene83574(MYB-SG4b) (MYBs-SG5b)
Pos.gene13402
ok, Pos.gene2057(MYB-SG4f)
R reestmsR o
03.gene: -
Pos.gene7953(MYB-SG4c) Pos.gene48725 MYB-SG4e
Chr 03 —Pos.gene10809(MYB-SG6c)
Chr 02

o Chr 04 Chr 05
Chr 01

PL-4G194730.1
<< PL-4G194770.1(MYB-SG5d)
PL-4G194880.1(MYB-SG5c)

PL-5G103930.1(MYB-SGS5a)

. .
— PL-1G123590.1

— PL-5G145470.1(MYB-SG4d)

— PL-5G204300.1(MYB-SG4c) _PL-2G127160.1(M YB-SG4c)
<< PL-2G127760. IEMYB-SGASbg

PL-2G128040.1(MYB-SG6a

I I PL-3G145120.1(MYBs-SG4a)

— PL-5G177490.1(MYB-SG20) I

- I PL-3G180680.1(MYBs-SGS5b) PL-3G286170.1(MYB-SG41)
I = PL-3G267120.1(MYBs-SG7)

Scaffold1219

=== PL-UG115510.1(MYBs-SG4b)

2 B S 5E 1) R2R3-MYB Sl 03 A£G ik 170 A RpALE

Horb, DL G O g 5 9, KBS AP G Rk g 5 050 1 % 7 1 4

Figure 2 Distribution characteristics of the R2R3-MYB genes on chromosomes in P. ostii and P. ludlowii
The chromosome numbering of P. ludlowii was standardized to that of P, ostii.

2.3 HAAENEE R2R3-MYB EE R AN & FHES

TEHFE R2R3-MYB K, 25250 1A 1 SG4 WA il i RILH AT N & Fif AN T7 28,
MYBs-SG4a il MYBs-SG4b L L& — NN T SR AMYB3 RliE4:: PhMYB27 %
BT SG4 WALE R B FIA W& ARG L —FE, MYBs-SG4c % MYBs-SG4f % 4 M,
FNEEHANNET. £ SG5 W4l , MYBs-SG5a 5 — NN & THE AL BB N IRSY, 15
9NN SRR R, e MYBs-SG5b. MYBs-SG5¢ Fil MYBs-SG5d w1, 4~



NG TREIANL B RS, EHAREAAAE R 2257 . SG6 WAL S Bt — b e Bl i F ) 22
FEVE. Bl rE ¥ MYBs-SG6a A& W&, A RAE BT NS A A A S 1 Bl
P MYBs-SG6b 5 4 NN T, AR RAEHAE RIS AT 3418 3). 5 LIk, X
SeZE RAE R T 4L R2R3-MYB PRI 7E N & A7 TR A ZFEPERFE, s it

X et
& éﬂ B/‘J E/ N o
Pos.gene13402 (MYBs-SG4a) i - P. ostii PL-3G145120.1 (MYBs-SG42) Sl —Nmmmn P. ludlowii
Pos.gene83574 (MYBs-SG4b) | - § PL-UG115510.1 (MYBs-SG4b) S
Pos.gene7953 (MYBs-SG4c) §--H PL-5G204300.1 (MYBs-SG4c) (——
Pos.gened 1057 (MYBs-SG4d) [-— @ PL-5G145470.1 (MYBs-SG4d) (———SNmmmn
Pos.gene48725 (MYBs-SGde) |- PL-2G127160.1 (MYBs-SGde) i—— S
Pos.gene2057 (MYBs-SG4f) (-} PL-3G286170.1 (MYBs-SG4f) i—— 0
Pos.gene60727 (MYBs-SG5a) I~ ) PL-5G103930.1 (MYBs-SGSa) (— s
Pos.gene20616 (MYBs-SGsb) |- @ PL-3G180680.1 (MYBs-SGSb) Si—— s
Pos.gened1493 (MYBs-SGSc) |-— @l PL-4G194880.1 (MYBs-SGSc) l————m
PL-4G194770.1 (MYBs-SG5d) M———————— S
Pos.genel 5494 |-— '} PL-1G123590.1 -0 ————— S
Pos.gene$ " PL-4G194730.1 - 8——@
Pos.gene83936 (MYBs-SG6a) PL-2G128040.1 (MYBs-SG6a) l—— i ——— S
Pos.genc28744 (MYBs-SG6b) — PL-2G127760.1 (MYBs-SG6b) -—s——F—
Pos.genel0809 (MYBs-SG6¢) -~
Pos.gene7708 (MYBs-SG7) - s PL-3G267120.1 (MYBs-SG7)

PL-5G177490.1 (MYBs-SG20)

s, 3 5 kN
0 2000 4000 6000 8000 10000 12000 14000 16000 0 500 1000 1500 2000 2500 3000 3500

3 HSFETEEIAAA L R2R3-MYB FEKI N & FHRARHE T (BRSNS T 751, O tsiie sk
AINR TS, bR REER TSI bp)
Figure 3 Analysis of intron insertion of flavonoid regulatory-associated R2R3-MYB genes in tree peony
(Solid lines represent intron sequences; yellow and green solid boxes represent exon sequences; scale
bar indicates sequence length in bp)

2.4 HFAET T R2R3-MYB B R 4G S EBEFT 947

R2R3-MYB # 3 [A 7~ N 3 X 2k E DNA G554 5 1 S R R R R Y BF T B, B
4t PH MYBs-SG6a it b sk 25 1% XA S P A4k, HLR i 48 2R EE B 5 58 B
R R2R3 4535, X e %KM sk Al S HEIE R 5 3 145 A A% O D et . it — B ik
B, AR AL A2 DR <7 3 7 (motif H B EAFAEZE R . T SG5. SG7 IEALAL 51 A&7y
SG4 B ATEI N FIIm ARSI & A — XSRS motif 1; 11 SG4 5 SG20 W2H A 7 M 7E f5
Ui 36 7] 5 — MR ST ) motif 3. R2R3-MYB #5311 C iy [X 48k 3= 2 1k 8 He s o s 1t
JEAZIXISAE A A B 0 18] P B FEAN R F PR A AE 22 7, {HAE SG4. SG5. SG6. SG7 #
SG20 B WAL NHR, VifFAE—LERHENE ) motif 4-10 fR<F2E/7 (K 4).



& motif2
© R2R3-motif motif 3 motif 4
Pos.gene13402 (MYBs-SG4a) Il I

PL-3G145120.1 (MYBs-SG4a) Bl | I [
Pos.gene83574 (MYBs-SG4b) I | 1

PL-UG115510.1 (MYBs-SG4b) HEII"""" IS ]

SG4 Pos.gene7953 (MYBs-SG4c) I IN_—_ —

PL-5G204300.1 (MYBs-SG4c) Il |

Pos.gene41057 (MYBs-SG4d) Il I

PL-5G145470.1 (MYBs-SGA4d I I_—_—-_

Pos.gene48725 (MYBs-SGd4e) | I =

PL-2G127160.1 (MYBs-SG4e) | IS —
Pos.gene2057 (MYBs-SG4f) | — -

PL-3G286170.1 (MYBs-SG4f) 71 I [

motif 5 motif 6
Pos.gene60727 (MYBs-SGS5a) Wl | I — =
PL-5G103930.1 (MYBs-SG5a) M) IS [ - -
Pos.gene20616 (MYBs-SGSb) I I 0 — =
SG5|  PL-3G180680.1 (MYBs-SG5b) NI NN ] - ]

Pos.gene41493 (MYBs-SG5c¢) Il oo | | |
PL-4G194880.1 (MYBs-SG5c) Il |0 = |
PL-4G194770.1 (MYBs-SG5d) Il | I | = ||

Pos.gene15494 [ I T
PL-1G123590.1 [

Pos.gene59100 [ | E—
PL-4G194730.1 I | I |

Pos.gene83936 (MYBs-SG6a)
PL-2G128040.1 (MYBs-SG6a) | —
SG6 Pos.gene28744 (MYBs-SG6b) 7| INN [ [
PL-2G127760.1 (MYBs-SG6b) [ I |
Pos.gene10809 (MYBs-SG6c) [ NN [ [

motif 8 motif 9
Pos.gene7708 (MYBs-SG7) Il | [Eaa—— | 1

PL-3G267120.1 (MYBs-SG7) Il I [ 1

SG7

motif 10
SG20 | PL-5G177490.1 (MYBs-SG20) [ |

4 H PRI R OC R2R3-MYB #5357 K T mit 2 36 B 36 7 40 T

Herr, N 3 & motif 1-motif 3 FEF7, C i Il & 2 A AHXS £/ 5F ) motif 5-motif 10 )5 .

Figure 4 Analysis of amino acid sequences encoded by flavonoid regulatory-associated R2R3-MYB
genes in tree peony

The N-terminus primarily contains motif 1-motif 3, while the C-terminus contains subgroup-specific
relatively conserved motif 5—motif 10.
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The individual amino acid sites are marked by black boxes, and the asterisks at the bottom indicate the
[E/D]Lx2[K/R]xsLxsLxsR motif responsible for bHLH interaction.
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Figure 6 Functional analysis of R2ZR3-MYB gene regulation in tree peony

(A) Phenotypic characteristics of R2ZR3-MYB genes transiently expressed in petunia petals, with petunia
ANZ2 or tree peony MYBs-SG6a as the positive control and empty vector (EV) as the negative control; (B)
Induction of flavonoid biosynthetic structural genes by transient overexpression of tree peony R2R3-MYB
genes, where asterisks indicate significant differences
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INTRODUCTION: Tree peony (Paeonia x suffruticosa Andrews) is a renowned
ornamental plant in China, whose floral color- a key determinant of its economic and
aesthetic value- is predominantly governed by flavonoid pigments.

RATIONALE: To systematically elucidate the molecular basis of flavonoid regulation in
tree peonies, this study focused on the R2R3-MYB transcription factor family, specifically
members of the SG4, SG5, SG6, SG7, and SG20 subgroups, which are known to be
involved in flavonoid biosynthesis. We integrated genomic resources from P. ostii and P.
ludlowii to conduct a comprehensive analysis of their evolutionary relationships, amino
acid sequence features, and intron insertion patterns.

RESULTS: The flavonoid-related R2R3-MYB members in tree peonies exhibited
remarkable evolutionary diversity, which likely underpins their functional divergence. A
transient expression assay in petunia petals revealed distinct regulatory roles for different
subgroups. SG6 members primarily regulated the anthocyanin biosynthetic pathway
centered on ANS; SG5 members were mainly involved in proanthocyanidin biosynthesis
via ANR; and SG7 members predominantly influenced flavonol synthesis by modulating
FLS expression. Notably, MYBs-SG4a, one member of the SG4 subgroup, retained the
ancestral capacity to positively regulate flavonoid synthesis. Furthermore, we identified
both competitive and collaborative interactions among different R2R3-MYB members,
which collectively fine-tune the expression of structural genes in the flavonoid pathway.

CONCLUSION: This study provides novel insights into the evolutionary and functional
diversification of the R2R3-MYB family in plants. The findings establish a foundational
framework for understanding the complex regulatory network of flavonoid biosynthesis in
tree peonies and offer valuable theoretical guidance for molecular breeding aimed at floral
color improvement.
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The chromosomal distribution characteristics of R2R3-MYB transcription factors regulating
flavonoid biosynthesis in tree peony. The genes are unevenly distributed across the chromosomes.
Chr02 harbors MYBs-SG4b, SG4c, SG4d, and MYBs-SG5a; Chr03 includes MYBs-SG4a, MYBs-SG5b,
and MYBs-SG7; Chr04 is concentrated with all three members of the SG6 subgroup (MYBs-SG6a, b, c)
as well as MYBs-SG4e; Chr05 contains the SG5 subgroup members MYBs-SG5c¢ and MYBs-SG5d.
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