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Abstract: High light induces coordinated adaptations in plants, including molecular defense, metabolic ad-
justment, and morphological remodeling. Anthocyanins are important in the response to high light, while
ubiquitination and deubiquitination are important for regulating protein stability. However, the function of the
deubiquitinating enzyme (DUB) family in anthocyanin accumulation remains unclear. In this study, Arabi-
dopsis thaliana was used, and UBP14 loss-of-function mutants and overexpression lines were generated. Mo-
lecular biological and genetic methods were used to investigate the mechanism by which UBP14 regulates an-
thocyanin accumulation under high light. UBP14 expression was induced by high light, and anthocyanin bio-
synthesis and accumulation were positively regulated by UBP14. UBP14 was found to interact with MYB75,
a key transcription factor in anthocyanin biosynthesis. Its binding to the promoters of the downstream genes
DFR, LDOX, and UF3GT was enhanced, and MYB75 protein stability was increased by inhibiting its pro-
teasomal degradation. Genetic analysis further showed that UBP14 is required for the regulation of anthocy-
anin biosynthesis by MYB75. A molecular mechanism in which UBP14 stabilizes MYB75 and promotes an-
thocyanin accumulation was identified. A theoretical basis for breeding crops with tolerance to high light was
therefore provided.
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cies, ROS) Kt B8, X A8 9 21 20 3 il 4 1k P 35
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WA Z AT e ZEYE RS AR
XiF R O 2 B R R e Y SRR O & B, LR
FEEZMUEUBP4SEWE N THETRZRE,
IR i ik 3 UBP14 25 5467 R & MO 2 K 1
MYB75# B AEH , L, 458 UBP14 X #E 75 &2 &
ek R v 1 T 1R S 8 M 5 K O 4 IR 3 B
36 4R HE T R K AR AURT LU UBPL4 D) fg L 38 1l
DL Ry 0l v 85 T 0 1 1 B R D R 4 B s
WA

1 #H5FE

1.1 # #

AR S5 i SR A4 480 T T AR R BB, X OR TR T
Col-0 {15 5t . UBP14 (1 Dy i Bl 2k 28 25 & da3-1
i ek 5 I B ) 35S : : HA-FLAG-UBP14 ¥
N A S = T AR AE . MYBT75 2 33k M ORE 35S :
GFP-MYB75 Lk J 35S: : GFP-MYDB75/da3-1 Fl
35S: : GFP-MYB75/35S: : HA-FLAG-UBP14 %#;
e DR R 1 GV 3101 e AT B IR Yo AL )7 3145 . i
A Bt B DR AR bR 38 38 3 B PR B 9 BR R % \RT-qPCR
G 0 0 A P AR B IC M E L R R E M Al S TR
AT SRS
1.2 XWHE
1.2.1 HE5%&4G

PRSI R FAE 1/2 MS B R R 3L 14 CHAL
2d, ZEHB R 22 CILEEARF B C AT,
JCIEII S 16 hot R, 8 h B . X T @ ik 5T
120 pmol-m s “HIE# Y24, 210 pmol-m 2+ !
ARy s i S 4

M B (Nicotiana benthamiana) 1£ + 3 ¥ L)
22°C.16 h B /8 h RIS I Ak A K
1.2.2 ELHEHXEEZPCR(RT-qPCR)

{# F§ Probe Gene 23 7 1) TRizol B RNA $& Bt
) & B HURE 9 5 RNA, ff F Innovagene 23 #] )
inNova Uscript Il All in One First-Strand ¢cDNA
Synthesis SuperMix ¥ 4 HUF| (1) RNA #1710 % 5
53 cDNA, F| F qPrimerDB R’ 3 331519 , 4
AT AEY) TR C R IR A PR W] SGExcel Fast-
SYBR Mixture Fig il Sz N7 {4 & , 5 414k R B0 E 34
B &2,k H CFX Connect 3 B} & 4t (Bio-Rad) #E17
RT-qPCR 7 #7 .
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1.2.3 BEWNHIZXW(Y2H)

¥ AH109 18 £} 18 75 YPDA S #r b Ri2k, 28 °C
iR 2~3d, BREUIR T V% 3R T 5 mL YPDA W&
B3k 28 CHR ¥ 15 9% 14~16 h, B.0> (6000 r/min,
5 min) PLIE B AR, #K ] ddH-O 3 PE Mk (1 X TE/
LiAci§ ¥ — IR, i Jo Hid & 1 X TE/LiAc 5 &, it
B 2 25 0 ML 5 7E B0 B PRI A 10 L B£8R
DNA . £ 5 pL H b5 i KL . 100 pL J8& 32 25 40 g
600 pL. 40% PEG4000,18%J,28 ‘CHR % B7 F 40 min,
42 CRB A 16 minCR AV EENR 2] 10O, B0 00
VE AR, FH ddH.O 3§ ¥k J5 L in A 100 pL ddH,O
BT BB I, 28 CHEE 3~4 d., PREL
7 T o S N N T NS 5 W G = S R RV
B 10.100.1000 1% , 73 AIHL 2. 5 pL £5 i BE 6 B 1) T
W, SRR T R 3R SR U b AR AL L 28 CHE R
3~4d, WEARKAE L
1.2.4 WO FRAEEELR(BIFC)

B H AL R 5 ) 72 B 2 nYFP R cYFP # /4,
P WKL 5 AL AR AT 1 GV 3101, PRBCE#e [ K
MR T #% , T 5 mL LB WA KE 77 5k 28 “CHIk 5 35 57
12~14 h, B > (5000 r/min, 2 min) JT ¥ @ 14 , H
1/2 MS WA R EEE B . K & nYFP Rl cYFP /Y
R RR A A 100 pmol/L 201 T 7 i, 1 b
8 30 min, B AT Sk G 281 IR A W AR B
RO Y E T 22 CANLAMmERFR 2 4G, K
KN BB YFPZOLE S .

1.2.5 &K% Pull-down 236

4li ft. MBP #il MBP 45 % & [1 19 beads 5 4 &
His b5 25 2 (178 MBP #1454 28 i (50 mmol/L
Tris-HCI pH 7.5, 150 mmol/L. NaCl, 0.6% Tri-
ton, 0. 2% H il , 2 mmol/L. PMSF) H , iR 4] J& B
50 pL 7E 2k Input X A, 80 4% i W T 4°CHF 22 i
JERMEH 2 ho A MBP ¥ U8 22 vl i X beads #8477
YR UE WO T RS B beads, A 50 ul. SDS |4
ZZ W, 100 Ca% 3k 8 min, i 1 Western blot X} #£
sl HEAT ARG
1.2.6 ZERARBRHEIIEZR(Co-IP)

B 105 5 439 v B 2 HA-Flag(HF) fl GFP
AR PR IOTRL S A A FF TR GV3101, %% 1. 2. 4 7 1%
PRGOS B b 0.5 g IR FL I 7 U
A WFEE Z 408, A 1 mL IP buffer (10 mmol/L
Tris, pH 7.5, 0.5% NP-40, 2 mmol/L. EDTA,
150 mmol/L. NaCl, 1 mmol/I. PMSF, 1% plant
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protease inhibitor cocktail) , 4 °C i i€ % & 2 h.
4 °C .13 000 r/min, &> 15 min, W B _E 3, B H
50 uL. 1 A Input, Bl A 20 pL beads, 4 °CiH e % &
3 ho 4°C.2000 r/min, & > 3 min, 5% L3, A
1 mL IP buffer 3% %%, 4 °C. 2000 r/min, &> 2 min,
L EE VRS A 50 pL SDS £ 2% #h
W, 100 CZ 3k 10 min, 13 000 r/min, 5.0> 5 min, L
3% 38 1 Western blot XFRE 5 34T K 0 .

1.2.7 BREBKIBEILR(EMSA)

R B EE R 045 G 07 sl B R st 51, &
B DNA XUEE 5, 3815 DNA M4 5, B 1S
DNA # 4 7 EMSA %5 & 2% b ) (25 mmol/L
HEPES KOH pH 8. 0,50 mmol/L. KCI,1 mmol/L
DTT 1 10% H ) iR A, vk 30 min, [a] 2 I A4
Z A 4 pl. 6 X EMSA gel-loading buffer, W% Bt
20 plL SR W R TR AR SR D s T e B G, 1
B 110V #E 47 H 3k 45 mine K EMSA Bt & T 6
# 1XTBE/TGE H#',1:10 000 () Fe 6 it A SYBR
Green EMSA nucleic acid gel stain, i#E ¢ 3¢ {4
30 min, W5 .

1.2.8 #ERERILITIEELR(ChIP)

F S A BB H Zhao SF AR SCE P R
B2, W2 g R I 4O S AT Y RE S KA B,
TIRe g iy B . O 68 BT AR UK b & OO 75 b
ORI 15 s IF V15 s 58D Ji HE A7 o 9% UL o, il )
20 pL beads #EAT#RAE . 4 R ) S B, fff FH ARE 2
51X DNA R Bt 47 qPCR & & 537 -

1.2.9 ZHIEBMEHEER(Cell-free)

B0, 15 g A IT 4l e L Wk A BIE IS 2= R L A
300 pL Degradation buffer (25 mmol/L Tris-HCI
(pH 7.5) .10 mmol/L. NaCl, 10 mmol/I. MgCl,,
4 mmol/L. PMSF.5 mmol/L DTT #1 10 mmol/L
ATP),4 Ci g & 2 h,4 °C .13 000 r/min & 0>
15 min, B L3, BIAR 9 6 8 1 PR B . B 280 pL
L) U, A 20 pl PR Ah 4L I CH R B
H D, X |4 hn 50 pmol/I. MG132 (Sigma-
Aldrich) , 525 4 it DMSO, iR 2] 5 30 “C/K ¥ 2 I,
23 91T 0.30.60.90 min BURE , 45 Y B 30 pl 2 B
W BERESIA L0 pL SDS EREZE i, 100 °C
3k 10 min, 12 000 r/min, B> 5 min, & 1 West
ern blot X A i #E AT R I .

1.2.10 FHEBKHEZR
¥ 10 d % L m IF 4 B R AE & 1 mmol/L

CHX (SigmaAldrich) i 1/2 MS ¥ & K5 32 % o, 4b
PO 1.2 h HUFE W A WF S 2= 08 K, A 150 pl
SDS b #E %% vh i, 1R 51 J5 #E 100 °C 2 ¥ 10 min,
13 000 r/min, &> 5 min, il i Western blot Xf #£ i
TR

2 & R

2.1 UBPURHBSHXETEETEMNERERE

KR IAE R VG A& T IR IF UBP 14 3L 1) 2%
R, AR IE# A K 14 d 19 Col-0 #F 17 52
B, W X R T R AR Ak S AR L A
AmCEEFHHATIHEFLB, 535 F 0h 0.5 h,
1h.3h.6h.12hF124 hEkE. i RT-gPCR
ARG 7 41 Rt UBP14 B 363k 15 00, & BT B8 40
W UBP 14 13 P 3 35 K SF- 0 B A8 £k, S5 4 rp
UBPI14 W5 H R B B @ CHER GBI, 7E
GhFR T h R HE R RSB TR B TE, IR AE 6 hit
Ik B WA, Bl JS B T T R (H SRR KR IH & T X
M4 (E 1), Ui UBP14 Z & 6iE S .

Jg itk — A B 9% UBP14A X AE T Z AL R Ay,
AWt da3-1.Col-0 F1 35S : : HA-Flag-UBP14 ¥
BT X BRSO A R 3R . & X B ALY — R
P IT MR RS R AE RV IRAREBR TR, &
JEAL PR S 2 P, da3-1 9 LT A AL
ZHE M Col-0 M1 35S : : HA-FLAG-UBP14 % i
WHIEH ZMAH 35S :HA-FLAG-UBP14 & %
= T Col-0CKE 1b) o 24 T H AN [R) A ) v (4 46 75
REoa, RATEIC T bR 52 56 20 A%t B da3-1.
Col-0 f1 35S : : HA-FLAG-UBP14 463 % , il 1t
it A ASCAS: 0 A i E 530 nm A1 657 nm 40 B W G,
FIRAXIMTAEARS Y MRS ® SR 5%
B — S 1o, 8 UBP14 &0 T & 6% 5 09 1l
MITIET R R,

1% A3 i+ RT-qPCR S8 A6 T - A 52
5 2H 55 0 BECZH BE RE v AR T R M I AR ) A R
DFR . LDOX M UF3GT %5 58K 51E% &A%
AL, EOEA B ,DFR \LDOX M UF3GT £ ik
K TE da3-1 44 KO8 B AR Ak i 78 Col-0 Al
35S: :HA-FLAG-UBP14 ¥t | vh 2. Z 42 F+, 3+ H.
DFR I LDOX Wy 5 R K ik 7E 35S : :HA-FLAG-
UBP14 8% & T Col-0( 2).
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% 63 % Wl R FEFHRC RFAFMR) % 5 M
(a) (b) (¢)
8 358::HA-FLAG-
e ~o- Control Hoxk da3-1 Col-0 UBP14 E 20 =3 Control a
5 -= High Light I = = High Light
- 6 ‘ Z 16 b
= 2
? Control '& & % 2 124
= | 3
o
3] i k& — =) g
2 { « ' g
2 i x ' ) Sadad d
S S ! j
~ High Light 2 ’% & S‘E |-=|
‘ | = < 0 T T -
i = __| & 358::HA-FLAG-

Time/h da3-1  Col-0 S

()R 14 d ARG IT Col-0 4y #4376 37 58 K5 S AR oo B 24 40 #10 h 0. 5h 1 h 3 h.6 h 12 h 1 24 h /5 (AL S RNA JF 5 e 743
# cDNA, I RT-qPCR A UBP14 (% 5K - B 0 h W BRAEA A B9 UBP 14 5% e AOK T HE AR 1, B A7 iR 22 e AR R I T =2l B W2
50 A bR fE 22 SD . SR A SRR AR R 56 X BICH 2 AT S MRS B, #P<20. 05, ##P<C0. 01, ##*P<C0. 001; (b) L #§ IF da3-1.Col-0 Hil
35S::HA-FLAG-UBP141E 1/2MS [B {35 37k 1430 8 130 58 By 3240 Mgt B SR A0 B 9% 21 d iy 3R 280, He ) R 5 9 5 mm; (o) B (h) i 8L g
AT F AR E R . FWACREET , I A7 1R 22t BN R LT =412 TG M5 A9AR#E 2% £SD. Bda b e d WEEF RN E ) 2%
ST CANOV A5 & e/ i 35 25 73 (LSDDO B9 B 3 MEARIE (P<C0. 05) , AR P R 41 i) 22 57 8 25 MR R 22 7 R B 2% . R IRl

H1 UBPUALHEEFHREERE
Fig.1 UBP14 participates in anthocyanin accumulation triggered by high light

(@ DFR (b) LDOX (© UF3GT
5 207 = Control 5 207 = Control < 201 = Control
3 164 ™= High Light 2 3 164 = High Light o 3 164 ™ High Light
= = =
8 b 8 = a
z 124 Z 12 Z 124 a
s g s
% 84 % 8 g 8
2 L )
5 c & ¢ < = = b b b b
~ (- &0 ~ o4
X
N N \ N N \
2 3 < 9 % \
NG ¢S N NG & ®
© ©
& <V
N o
> o

(@) (D FIC) A UM IF da3-1.Col-0 F1 35S : : HA-FLAG-UBP147E 640 38 3 wk J§ DER \LDOX Rl UFSGT W 5K ¥ L ACTINS 3
IR A 238 7K N S e, L Col-0 4 I 4 3 ik AR VR 0 2 B sl i ds 1o BT AT i 22 B 3 AN 3L T = 4/ Wy 1 42 T A0 o0 10 s o 22

£SD. & AR LR /NG SRR g (A & 1D

B2 fHEERNERAREREKRF

Fig.2 Expression levels of anthocyanin late biosynthesis genes

2.2 UBPUSERBEZEHXERREFMYBT5
HEEH

J TRBIUBPATEM R ST 4B & & g rh
(8 I8 2 HIL TR, A BIF 5T B 5l R T B XU A2 55 36 %k
516 Z A R A O i L R AT T R Gt
e LI EE IR R ALE R G NGRAR N i 5k
K MYB75 5 UBP14fE7ER? AR HAEHI (B 3
TRZEANHME T UBP14-nYFP Fl MYB75-cYFP
A, R XA F ¢ 6 oAb SE 50 A 5 MYB75
UBP14 2 G Re e fE AR N AH BEAE R 25 R, B
24 UBP14-nYFP Hl MYB75-cYFP 3t 5% ik %) i}
AR 2] YFP %615 5 (& 3b) s 2 1 ik — 25
INUBPL4AFIMYB75 Z [A1 A AR TRATHEAT T
Pull-down 525 , #] | His-UBP14 beads F $ MBP-
MYB75 & H Al MBP #5285 8 H , 45 R W7, His-
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UBP14 7] A5 MBP-MYB75 Ml HAEH , Lk 5
MBP & M &AM EERE 3 o s ia , AT
AU H) GEP-MYB75 Ml HA-Flag-UBP14 # & 5% A
RAFE GV3101 IR AZ 25, i 51 M0 7 47 B s 63k
2 dJE R, T R R S i AT E 4 AT o
5 R RW] ,UBPL4REUETE RN 5 MYB75 K A M B
TERICE 3d) o R4 BT 3R T, Jo il R AR i 2 1A
&, UBP14 5 MYB75 Z [RI ¥ 4E A EAFE ]
2.3 UBPI4EEMYBTS X ESZBRHEHRER
& &8Eh

FATHE— 5 UBP14 2 5 % 0 MYB75 XF
U A A5 S e T o JE T I B9 R B MY BT5
(6 Bl 25 4 B P & — A 7 bp 1 MYB U F 1
(MYB-recognizing element, MRE) : ANCNNCC,
TR DFR . LDOX 1 UF3GT i )5 811 ¥ %1
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(a) (b) YFP  Bri
UBP14-nYFP
1/10 1/100 1/1000 1/10 1/100 1/1000 MYB75-2YFP .
AD-MYB75xBD i’ I W~}
UBP14-nYFP
AD-MYB75 x BD-UBP14 [l JEET SR+ 2 cYFP
ADxBD-UBPI4 i T B} -
MYB75-cYFP
LW -LWHA+50 mmol/L 3AT \
HEBI =50 um
© Input Pull-down @ Input  IP:Flag
MBP v -+ - GFP P
MBP-MYB75 - + - « GFP-MYB75 -
His-UBP14 & & A& & HA-Flag-UBP14 + + + +
@= == | MBP-MYB75 #s = GFP-MYBT5
Anti-MBP Anti-GFP
- MBP - GFP

Anti-His | w= == <= == | His-UBP14

Anti-Flag | e s sy o= HA-Flag-UBP14

(a) TRk X 2% 28 5L 56, 1 44 7 45 1) AD-MYB75 # BD-UBP14 5k 5% A BERE T #k AH109, 4% #8 1/10,1/100,1/1000 86 B 5 B8 J5 43 5l s T
Zk-Leu/-Trp-LW) AN it-leu/-Trp/-His/-Ade (-LWHA + 50 mmol/L 3AT) ;355 I, 28 “CH; 3% 2~3 d JG MLEE 45 L 5 (b) WA T2 e B 4h
S2UG  AEAE M A nYFP Al YFP 23 8 04 o B4 X I8, 363638 UBP14-nYFP HMIMYB75-cYFP, W28 YFP 266155 5 (o) Pull-down 5245 , fili
JH His-UBP14 beads T $ MBP Z& 4 fl MBP-MYB75 J5 4% % 11, 43> %1 ) His Al MBP B4R 4690 5 (d) Co-IP SZ 5 , 32 B 5 T GEP-MYB75 Al
HA-Flag-UBP14 fy M B F 88 1, L pY Y46-GFP 238 # 4 1E S BIPE X5 B, T HA beads W% & , 05 & 45 905 43 51 ] GFP Hil Flag HUAA A

A3 UBPl4#4 MYB7548 Z4E A
Fig.3 UBP14 interact with MYB75

HEAT T 43T, 43 AE A R S B 0 91 ik
P — A MRE1E R e 45 & 0005, i 44 E1LE2,
E3, 45 i 78 X W ) 8 78 8 B (B da) o T
DNA FEF, HEATEENE i VKT RS R IC 0 . S5 R R,
fin A His-UBP14 & 20 & 1 fig 6% 1% 9% MYB75 X}
DFR .LDOX fl UF3GT g sh T/ 45 & 86 71, HiX
— H R R SR T RN A 2 X B MBP-MYB75
HEM(E4b)

T BE— A E S UBP14 % MYB75 %) T i 5
K 5 3l 45 & Be J1 i 52, K Col-0 4 S %t B4,
K F G it e g Ak U0 UE £ R K I 35S : : GFP-
MYB75.35S: : GFP-MYB75/da3-1 35S : : GFP-
MYB75/35S: : HA-FLAG-UBP 14 %% 3 H ¥kl th
MYB75%} DFR .LDOX il UF3GT Ji 8 T I 45 &
RN, LR B £, 5 35S : GFP-MYB75 ¥ ¥
F MYB75 % DFR .LDOX fl UF3GT Ji 81 7 1y 45
& e ST AL L AE 35S : GFP-MYB75/35S: : HA-
FLAG-UBP14# ¥ ,MYB75 X i3 26 3 [K 3 3 1
(25 4 e 1 W P T, T AE 35S : GFP-MYB75/
da3-1 0k MY B75 % i £ B R )5 3l 1 25 5 5%
QG RTONEE S S e T T WD C T o
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