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Abstract: The UPS (ubiquitin proteasome system) mediated by SCF type E3 ubiquitin-ligase is an important mechanism to regulate
biological progress at post-translation level. F-box protein, as a key component in SCF complex, could recognize its target protein for
degradation. F-box gene family contains numerous members with vast diversity. In general, F-box protein contains F-box motif at N
terminus and conserved domain of protein-protein interaction for recognizing target at C terminus. Due to vast diversity of conserved
C terminus domains, F-box proteins could recognize wide varieties of targets. Also based on C terminal domains, F-box proteins
could be divided into several subfamilies. It showed that plant F-box proteins were involved in many life processes, including
response to environmental stress. Here, we reviewed current knowledge of plant F-box proteins in responding to stress. Most of the
reported F-box proteins had been shown to function via SCF-dependent protein degradation, with few using SCF-independent
mechanisms. Some well-understood F-box proteins were involved in phytohormone signaling pathways. Some reacted to stress through
regulating the activity of transcription factors, which influenced expression of downstream genes responding to stress. Bioinformatics
analyses of transcriptome showed that many predicted F-box genes were involved in stress-response reactions. Among these, only a few
studies had dealt with the functions. The knowledge on the functions under environmental stress was summarized in this study. For
drought, salinity and alkality stresses, F-box genes often regulated abscisic acid or ethylene signal pathways. Since drought and
salt-alkaline stresses often occurred concomitantly, quite a few F-box genes had been identified to be involved in the response to both
stresses in different ways. Some regulated the response to osmotic stress and ionic stress synergistically. However, some functioned
inversely, suggesting that they played a role in fine regulations. For cold stress, F-box genes regulated CBF signal pathways. For biotic
stress, F-box genes always regulated jasmonate and salicylic acid pathways. Meanwhile, pathogens attacked plant SCF complex for
infection. Moreover, phytohormones had crosstalk to coordinate resistance in plants.

Keywords: F-box protein; SCF complex; Plant; Environment stress; Response to stress
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F1 S5EMHRESEKIH F-box EH
Table 1 F-box proteins involved in phytohormone signaling
F-box .
F-box protein gﬁ:::g;zg i?iltl;latlsrsggt)sr Species Phytohormone pathways Targets References
TIR1,AFB1-5 LRR AUX/TAA( ) [39-40,42-43]
Arabidopsis thaliana ~ Auxin receptor (Negative regulator)
ColIl1 LRR JAZ( ) [44-46]
Arabidopsis thaliana  JA receptor (Negative regulator)
SLY1, SNE GGF, LSL GID1 DELLAs [47-49]
Arabidopsis thaliana  Interact with GA receptor GID1
GID2 GGF, LSL Oryza sativa DELLAs [50-52]
EBF1-2 LRR EIN3, EIL1( ) [53-55]
Arabidopsis thaliana  Ethylene (Positive regulator)
ETP1-2 FBA EIN2 ( EIN3, EIL1)  [56-57]
(Stabilize EIN3, EIL1)
MAX2 LRR D14 BES1 [58-60]
Arabidopsis thaliana  Interact with SL receptor D14
DWARF3 (D3) LRR Oryza sativa D53 [61-62]
RMS4 LRR ,  MAX2 — [63]
Pisum sativum SL pathway, homolog of MAX2
MAX2a LRR D14 — [64-65]
Petunia hybrida DAD2
Interact with DAD2, a homolog of D14
RIFP1 LRR ABA , RCAR3(ABA ) [66]
Arabidopsis thaliana ~ ABA pathway, negative regulator (ABA receptor)
PP2-B11 PP2 ABA s SnRK2.3/AtLEA14 [67-69]
ABA pathway, negative regulator
DOR FBA ABA s [70]
ABA synthesis, negative regulator
EDL3 LRR ABA — [71]
ABA pathway, positive regulator
TLP9 Tubby ABA — [72]
ABA pathway, positive regulator
FOA1 FBA ABA s — [73]
ABA pathway, negative regulator
AFBAI1 FBA ABA s s MYB44 TCP4, TCP4, [74]
Arabidopsis thaliana R MYB44
ABA pathway, positive regulator, 1ranscriptor factors
interact with MYB44 to stabilize it
CPRI/CPR30  FBA R SNC1 [75-78]
Arabidopsis thaliana ~ SA pathway, negative regulator RPS2
KIB1 Kelch s BIN2 [79]
Arabidopsis thaliana ~ BR pathway, positive regulator
“ s 268 “?”: the substrates had been identified by yeast two hybrid,
but no evidence supported that they would be degraded by 26S proteasome.
3 F-box EH S5IFLEME ;
(8]
S b
F-box 3.1 F-box
, F-box
[14,16,19,21,23,80] N
F-box > ’ >
F-box )
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, , MAXI MAX3  MAX4
, , , MAX2 MAX] MAX3
(81 MAX4
3.1.1 F-box max3-11  max4-7 ,
ABA ET s s max2-3
F-box (841 MAX2
, ABA
ABA F-box AFBA1 MdJAZ22 JA F-box
, afbal MdCOI1 , MdJjAZ22
, , , PEG , JA
AFBAI-OX , ABA (53] miR393
, U4 F-box DOR F-box TIR] AFB2
ABA , , AFB3 , miR393 TIR1
791 F_-box RIFP1 ABA mTIR1(miR393-resistant TIR1), mTIRI
RCAR3, ABA , ,
rifpl , ABA RABI8 RD294 ,
RD29B  RBF3 ,  rifpl 331
(661 F-box EBF1/2 3.1.2 F-box
EIN3/EIL1 EBF1/2 ,

EIN3/EIL1 , , , ,

EIN2 [30] , EIN2 ,
EIN3 SOS SOS1 SOS2 ,
ScaBP8§ ,  SOS2 EIN3

ESEI [81] MAX2 [84.86]
> MIMAX2
[82-83] ’ MAX?2 [87]
MdJAZ22 (Triticum aestivum)F-box TaFBAI
mTIR1 (Nicotinan tabacum) ,
[33,84-85] MAX2 [88—91]’ TaFBAI
) ROS(reactive
, (84,861 oxygen species) MDA
, gqRT-PCR max2 ,
ABA , , ,
max2 COR47 RD294 RD29B F-box AtPP2-Bl1
RABIS KINI , ABA [67,69] F-box
NCED3 ABII , MAX2
ABA , DRE(drought responsive element)
max2 ABA ,
abi3 abis s max2 F-box AtPP2-Bl1,
abi3  abi5 , MAX2 ,
591 MAX2 AtLEA14,
) LEA ,
AtPP2-B11 AtLEA14 ,
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AtLEA14 , AtPP2-Bl11 7]
9V 4tPP2-BI11 , F-box
, AtPP2-Bl1 ,
A s 4 F-box BB 5EYMIE
ROS , ) ’
, [67]
AtPP2-B11 ABA .
SnRK2.3 : F-box ;
ABA e8] F-box CPR1/
3.2 F-box CPR30(constitutive expresser of pathogenesis-related
genes l/constitutive expresser of pathogenesis-related
’ genes 30) (75771,
’ ’ NB-LRR R SNC1
> (suppressor of npri-1, constitutive 1)  RPS2(resistant to
’ ’ Pseudomonas syringae 2), CPR1/CPR30
F-box , E4 MUSE3(mutant sncl-enhancing 3)
’ SCF E3 , SNC1  RPS2
F-box , [98]
CBF(C-repeat binding factor) CPR1/CPR30 ’ ,
F-box EBF1/2 EIN3/EIL1 , ’ , COI1
PIF3(phytochrome- F-box ,
interacting factor 3) , PIF3  26S TIR1 , -
, PIF3 ) (JA-Ile),
CBF ) JAZ , ,
CBF , EBF1/2 [44,99]
2] , F-box
F-box ,
Affymetrix ATHI ,
FBSI1(F-box stress induced 1) miRNA393 R
, fbsl-1 miRNA393 3 F-box TIRI
, FBS1 ABA JA AFB2 AFB3 mRNA, ,
, 93] (42] (Hordeum vulgare)
AtFBP7 , R SGTI,
YLRO097¢ eEF-2 , SCF ,
[94] ’ [100-102]
F-box , qRT-PCR , MAX?2 ,
F-box [21] , ,
, (1031 F-box OsDRF1
, , F-box ToMV
OsF-BOX28 (9] (Citrus reticulata) (Pseudomonas syringae pv. Tabaci) ,
(Poncirus trifoliata) , ToMV , OsDRF']
8 , 1 F-box , ABA (104
(6] (Capsicum annuum)F-box CaF-box (Lycopersicon esculentum) , F-box ACIF1
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(Avr9/Cf-9-induced F-box 1) N F-box ,
, ACIF1 SCF R
, F-box s
[10s] F-box ,
SONI(suppressor of minl-1) F-box ,
(Peronospora parasitica) Pst DC3000 OsDRF1 ACIFI SONI1
SONI 3]
1% OsDRF1 ACIF1  SONI F-box
S S F-box
SCF (5]
P25
1 Kelch F-box FBK , , ,
R FBK
s P25 s F-box
FBK , F-box
(1071 (palerovirus) , F-box
(enamovirus) PO F-box , F-box
SCF : AGO1 ,
(ARGOMAUTEl) RNA
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