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protein interaction motif in eukaryotes. They are widely involved in transcriptional regulation,
protein degradation and other processes. Recently, an increasing number of studies have shown that
these genes play important roles in plant growth and development, biotic and abiotic stress
processes. Here, we summarize the advances of these proteins ubiquitination-mediated development
and abiotic stress responses in plants based on the protein structure, which may facilitate the study

of this type of gene in plants.
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Modes of action of BTB-MATH (A) and BTB-TPR (B) in plants.
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Figure 2 Modes of action of NPR in plants.
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3 MdBT2 EZMERIREZHHER
Figure 3 Modes of MdBT2 in multiple pathways.
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PR UL ST —Xtm . BTB 2 ——
Y6 v, BTBI1 (light-response BTB1, LRBI1)#
LRB2 (light-response BTB2) 5HHY) ) W A 5 o iX
2 MEAYEA BTB 45M3, [RS8 Hxt A
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FRFIZR G ALK SO LA e ROS S, HBAR S
TR B (phytochrome B, phyB)f I HER,
5 LRB1/2 332 3R G H AR G 28 & AR 1Y)
. LRB1 H1 LRB2 fL°F- A B 4E{E
phyA HYFLER, T/l #Pifi] phyB FYEFEdAK
TR B e i phyA BYFRER, MM phyA
S LRB1/2 91 A] il i B et phyB/D
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Plasma membrane

4 BTB-NPH ZEHEYE M A /E i 2 Y

Figure 4 Modes of action of BTB-NPH in plant phototropism
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I8 VE F T phyB/D i 7] 322 3, & 41 FFETT,
{H LRB1/2 2 & HES 5L R 046 7
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CUL3"™® NG KM E/EHN T 3
(phytochrome interacting factor 3, PIF3)# phyB
IR o JEIOE Y phyB il i R A0 BAE A
T PIF3 MBIk, X PP@iRLIG 5% T PIF3 5
LRB {936 F 77, S5 PIF3 Fil phyB fIFE A%,
[FIEE PIF3 PR A i A8 1 T 6 IR ) e
1M PhyB R fEAVE A Bt 15, (8 40 X 2056
AR 5T & B BOPs (L SCHR B A
BTB-ANK & () 7E & S 2 6 e A0 B4
T PIF4 11z R AL LIPS YG T 25 % A i
THIEA & 4P, 5 PIF3 fl CUL3"B 45 4R
[i], BOP2 5 PIF4 454 ARBTG5 PIF4
WA (B 5)0

CRL3 W& S5 Y X H L8 B . FRI
(frigida) /F y #0 46 K 7 FF 4B 5 C (flowering
locus C, FLC)RITE ], B4 FLC ik 2B iR+
FEPY, ¥ HhiE S, LRB1 F1 LRB2 5 CUL3a #il
FRI %54, fiF FRI BEff. LA, BiESH
WRKY34 5% H ek CUL3a fFLER, AT
#F FRI 2 I REARD,
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Figure 5 Modes of action of BTB-Kelch in plants.

1.7 BTB-only
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U ANZ AR FE ) F-box &1 F-box £LF
TEAS I % IR — 5, il SIBTB14.
SIBTB15 FI SIBTB16 77 Skpl Z5#41%), [FIH AT fEfE
Z R R URIT AtSIBP1 23R e 1) 1E
WA, J&8TF Skp ¥ ElonginC FKji%, 1EmJEEE
PRI ESY, iTeES CUL1 2 50&E AR
TERAABRAR, HEHEHIRYE ARG

2 RZE
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PN RESL RS 5 5 SR a4 o TERG S IR - rh 228 0L
5] AL, v LIS DNA Y 36 1 R Sk
FEHR AR — {5 B (R AL ] 8 R~ — g Wk B 1 )
H RGP, BTB 736k A7 i i D RE 2 F it
TRAL S FIAR SR S B R . nAEsh )
PLZF 230U% ) BRB-ZF 5t 81, Hrhf BTB
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ZEFA IR A0 5 FR SZ 1A a (retinic acid receptor A,
RARa)W [F] I8 RALCO, F0 555 s i Bh A il P51
SMRT M i 411 il RARa {8 55 DR 3 BH - 4EL 240
Hi A e,

SRMTEAYI, BTB 45HER T LIS
52 R E3 WL BUORA 30 S S S
%S, ARIOFHIAT T BEGEE 1) (HEIETF
22 5 X S i FE il 1 1) R T R AIESE , A HETZ
R E3 (RN PIRE . LA A s
YRR RS . [FIRFEA BTB & 45/
SRR, AR Y R B i
— 5 5 RES M IBE IR A FRIFSE .

HIAESE K ZUEW] BTB 45 #5028 1 76 hin s
A7 00 v e AR E A T (Rt A SR A
M S Y —Fh o BTB 45 &E %, i
AT RN B (R TN B A A S
AN ETI i s i), (HERGIENSS B3
LREARNR G mAEY) ETI i B iaAR
WEAECS W, 5 — e AR AR Y A B AR
KuE R . TERL R IT 2 3Rk /N F (Triticum
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aestivum), H I T 2R A4 BB G, HE
me AR, H Sz R EN, WS CUL3
E3 Wi 50z £ a6, It ae5 41
B ARk HA R Y M 2% B EAE, (HH TR
FEPUFE T o 2 B2 A A B AR TaMAB2
TERERE R R b ek ekl ], ZRh7E BTB
FEAMY kit H, TaMAB2 Al 8R4 T KKK
Ak, A AT RE R K A7 B B R B BR ], 3X
S AR T A I Bk v R A B AR R e
AEBERZ o F 43 A 28 11 A B AR A el R

(A RE At A B 40 B o] B8 B AR S A AR A Bl 4
WA AE . BRILZ A, CUL3 AYHVE R IEAE B,
K. B &3 BPM1 7E RNA 515319
DNA H AL A ) 1 AP CUL3 R AR,
BPM1 Al BEME#F DNA I JEAL 3% 0N,

Zi bk, BTB & A RKIREM Yz RN
S KB BN A S R R A R
IVER, B — S B fr R R, MG S
HRIIRA, 23k BTB & [1H Z (5 RELL )
2R bR, SR S SR G A T R

&1 TEE BTBEHENEBEENAEZRL IR IER
Table 1 Functions of various proteins containing the BTB domain in different ubiquitination processes in
plants
Adaptor Protein Substrate CRL3 E3 function Physiological function References
name subfamily
BPMs BTB-MATH AtHB6 CUL3®™M targets AtHB6 for Negatively regulates ABA [19]
ubiquitylation and protein degradation signaling
BTB-MATH PP2Cs CUL3®™35 targets PP2Cs for Positively regulates ABA [20]
degradation in the nucleus signaling
BTB-MATH WRI1 CUL3P™ targets ethylene reaction  Affects Arabidopsis fatty acid [21]
transcription factorsWRI1 for metabolism and seed development
degradation
BTB-MATH DREB2A CUL3P™2 pegatively regulates Negatively regulates heat stress  [22]
heat stress by promoting the response and prevents
degradation of DREB2A accumulation of excess DREB2A
BTB-MATH MYC2/MYC3/ CUL3"™ can promote degradation ~ Reset the signal and prevent the [24]
MYC4 of MYC2, MYC3, and MYC4, harmful JA reaction from getting
which are regulators fine-tune out of hand
jasmonate defense and plant growth
BTB-MATH RRTF1 CUL3®™ promotes RRTF1 Affects JA signaling and promotes [25]
degradation the secretion of CouAgm
BTB-MATH MYBS56 MYB106 CUL3BPM targets MYB56 and Promotes flowering [26,28]
MYB106 for degradation
ETO1/ BTB-TPR ACSs ETOI1 inhibits the activity of ACS5  Negatively regulates ethylene [31-35]
EOL1/ by directly binding the enzyme, it  production
EOL2 promotes the degradation of ACS5
by interacting with CUL3 as well
EOL1 and EOL2 also contribute to
ACS degeneration
NPR3/ BTB-ankyrin EDS1 NPR3/NPR4 recruit NPR1 to CUL3 Negatively regulate plant [45]
NPR4 for degradation. NPR3/NPR4 can also  immunity
promote the degradation of EDS1
(54k)
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iR 1)
Adaptor Protein Substrate CRL3 E3 function Physiological function References
name subfamily
NPR1  BTB-ankyrin EDSI NPR1 can promote the degradation Promote cell survival during EIT [46]
WRKY54/70 of EDS1 and WRKY54/70
BOP1/2 BTB-ANK LFY BOP1/2 promotes ubiquitylation of Promotes flower development [47]
LFY invitro and also regulates LFY
activity, and contributes to the
stability of LFY in vivo
BTB-ANK  PIF4 BOPs promote ubiquitylation of Promotes photomorphogenesis  [90]
PIF4 invitro and modulates
thermomorphogenesis
MdBT2 BTB-TAZ  MdbHLH104/Mdb MdBT?2 can interact with a variety =~ Negatively regulates iron [51-53]
HLH93/MdMYB23 of substrate proteins homeostasis, leaf senescence and
cold stress
BTB-TAZ MdRGL3a MdBT?2 directly interacting with Promotes MdRGL3a [59]
MdRGL3a ubiquitination and degradation in
response to nitrate
BTB-TAZ  MdNACI143 MdBT?2 interacts with the Negative regulation of drought  [61]
transcription factor MANAC143 stress response
BTB-TAZ MJARF8/MdIAA3 MdBT?2 interacts directly with Inhibits adventitious root [63]
MdJARF8 and MdIAA3 formation
Promote the degradation of MAARFs [63]
and slightly promote the stability of
MdIAA3
BTB-TAZ MdMYBI CUL3®™ targets MAMYBI for Negatively regulate the [64]
degradation biosynthesis of anthocyanins under
nitrogen deficiency conditions
BTB-TAZ  MdBZIP44\MdW CUL3P"™ targets them for Negatively regulate anthocyanin [65-68]
RKY40\MdERF38 degradation synthesis
\MdTCP46
BTB-TAZ MdBBX22 CUL3P™ targets MdBBX22 for Negatively regulate anthocyanin [70]
degradation, inhibits the binding of synthesis
MdBBX22 to MdHY'S
BTB-TAZ  MdCOP1\MdMYB Promotes MdACOP1-mediated Negatively regulate anthocyanin [64,71]
2 ubiquitination and degradation of synthesis
MdMYB2 protein
BTB-TAZ GTEY9/GTE 11 CULP™ ubiquitin ligase interacts Regulation of 35S enhancer [74-75]
with GTE9 and GTE11 activity in Arabidopsis
NPH3 BTB-NPH3 PHOTI1 CRL3™™3 promotes the degradation Regulates the blue light response [85-86]
of PHOT1
LRB1/2 BTB-Kelch PIF3/PhyB CUL3"®® mediates the degradation ~ Feedback regulation in response  [89]
of both PIF3 and PhyB to red light
BTB-Kelch  FRI LRB1/LRB2 promote FRI Promote flowering [92]
degradation
Skpl/  BTB-only Skp1 forms the structural link Plays a role in ubiquitination and [94]
Elongin between CUL1 and substrate positive regulation of salt
C recognition proteins signaling
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