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ABSTRACT

Ubiquitination of regulatory proteins, catalysed by three enzyme complexes, E1, E2 and E3,
renders the target proteins vulnerable to degradation by 26S proteasome system. SCF (SKP1-
Cullin1-F-box) is one of the best characterized among many E3 (ubiquitin ligase) complexes,
which catalyse the transfer of ubiquitin to the substrate protein. F-box proteins constitute the
most important part of SCF complex, through which it interacts with the substrate proteins
before they are transferred to ubiquitin. F-box proteins, in addition to N-terminal F-box
domain, contain C-terminal protein-protein interaction domains, including WD-40 domain,
leucine-rich domain, kelch domain and other domains. Kelch containing F-box protein (KFB)
subfamily is one of the largest among plant F-box proteins and thought to be plant specific.
Roles of some plant KFBs, like ZEITLUPE (ZTL), FKF1 and LKP2 have been well
established in circadian clock and flowering time regulation. In the last few years, functions
of several KFBs have been revealed in various phenomena of plant physiology, but most of
the members of this subfamily still remain ‘orphan’. This review highlights the structural,

evolutionary and functional aspects of plant KFBs, with special focus on our understanding
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and recent developments for their roles in plant growth, development, secondary metabolism

and defense.

1 Introduction

Protein degradation is a common post-translational regulatory process in multi-cellular
organisms to control different phases of almost all metabolic pathways. Inside the cell,
proteins half-lives range from a few minutes to several days. Two major pathways used by
eukaryotic cells to mediate protein degradation include the lysosomal proteolysis and the
ubiquitin-26S proteasome system (UPS). In the first pathway, proteins are taken up by
membrane bound organelles, such as lysosomes or vacuoles, and then degraded by the
proteolytic enzymes present in these organelles. In the second pathway, proteins destined for
degradation are first labelled by a specific signal or tag, which are then recognized by the
degradome machinery for degradation. A 76 amino acid protein, ubiquitin (Ub) serves as a
tag for the target proteins to be identified by multicatalytic protease complex, the 26S
proteasome [Fig. 1]. Target proteins may be tagged either by a single Ub to form mono-
ubiquitinated proteins or may undergo repeated Ub conjugations to give polyubiquitinated
proteins. Monoubiquitination is thought to modify the function of substrate proteins, while
the polyubiquitinated proteins are degraded by 26S proteasome complex .

Ub is covalently linked to the target proteins in a process catalysed by three enzyme
complexes. E1 (Ub-activating enzyme) activates Ub in an ATP-dependent manner, resulting
in the conjugation of Ub to E2, designated as Ub-conjugating enzyme. Ub is then transferred
to a Lysine residue of the substrate protein via E3 recognition. This step is catalysed by E2
and E3 (Ub ligase) complexes [Fig. 1]. A large number of these enzymes have been reported
in different species of plants. For example, there are two genes encoding E1, 45 encoding E2
and at least 1200 encoding E3 in Arabidopsis genome alone™*. Among the different types of
E3 complexes, SCF is one of the largest groups that has been extensively studied and well
characterized. The SCF complex consists of four major components, including
SUPPRESSOR OF KINETOCHORE PROTEIN 1 (SKP1), Cullin 1 (CULI), RING-BOX 1
(RBX1) and an F-box protein °. Structure-activity relationship studies demonstrate that SKP1
serves as an adaptor protein, linked to CUL1 and one of the several F-box proteins. The role
of CULI1 is to assemble different subunits of the complex, hence acting as a scaffold protein.

RBXI is thought to form the core catalytic domain of the complex, while F-box protein is
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used by SCF complex to interact with the target proteins and confers overall specificity to the
complex [Fig. 11°*.

F-box family of proteins is an emerging group of signalling proteins in eukaryotes. It is
regarded as one of the largest superfamily of proteins in the plant kingdomg. Interestingly,
plants have been found to contain more F-box proteins than the animals, for example
Arabidopsis genome has about 700 F-box genes, while human has only 68 '*''. Most of the
proteins from this superfamily have been identified as essential components of SCF
complexes for post-translational modification or degradation of regulatory proteins via UPS.
However, a number of F-box proteins have been documented for their non-SCF functions.
This group of F-box proteins participate in cellular functions beyond ubiquitination and are
thought to be involved in other enzymatic activities and functional interactions '* .
Chemical structures of F-box proteins contain a conserved F-box domain at the amino
terminal, whereas the carboxy terminal contains one or more highly variable secondary
motifs involved in protein-protein interactions, like leucine rich-repeats (LRR), kelch-repeats,
WD40-repeats and other motifs 14 Yn this article, we review the progress and the recent

developments in the structure, evolution and functions of plant kelch-repeat containing F-box

proteins (KFBs).
2 Structure of KFBs

Proteins containing a well conserved N-terminal F-box domain of about 40-50 amino
acids are called F-box proteins, named after this domain was first identified in human Cyclin-
F . However, the first F-box protein recognized in plants was UNUSUAL FLORAL
ORGANS (UFO). This protein has been documented for its role in the floral development
processes '®. F-box protein superfamily is one of the largest families of proteins in plants, as a
large number of proteins belonging to this group have been identified in plants over the past
one and half decade. Till date, researchers have been able to identify 692 F-box genes in
Arabidopsis thaliana, 779 in rice, 539 in medicago, 359 in maize, 337 in poplar, and 156 in
grape vine '"'°. But most of the F-box proteins identified till date remain ‘orphan’ because
the number of functionally characterized F-box proteins is still very low. For example, at
present less than 5% of Arabidopsis thaliana F-box proteins have been characterized for their
physiological functions %°. In plants, F-box proteins have been reported to participate

in many regulatory pathways of different physiological phenomena, such as
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phytohormone signalling, circadian clock, flowering time and pathogen defense 6.21.

22

Kelch motif is an ancient motif of 44-56 amino acid residues, named after its identification
in Drosophila mutant #_ Consensus sequence of kelch motif has shown that the motif
possesses some highly conserved signatures; four hydrophobic residues followed by a double
Glycine and a downstream pair of two aromatic amino acids, Tyrosine and Tryptophan,

. . . . 24,25
separated from each other by about six residues in most instances ~

. Four antiparallel -
sheets are twisted and folded to form a single kelch motif and the association of multiple
kelch motifs results in bladed B-propeller, a structure known to serve as scaffold for protein-
protein interactions [Fig. 2] *°. The bladed B-propeller structure is formed by at least four
kelch repeats and up to twelve, when they are arranged around a funnel-shaped central axis
7. Sequence identity between different kelch repeats is quite low; suggesting that kelch

repeat containing proteins might be able to interact with multiple partners **.

Phylogenetic studies of F-box proteins have shown that these proteins are clustered
according to their C-terminal domains, which putatively establish interactions with target

" Among many C-terminal motifs in F-box proteins, kelch is one of the most

proteins
frequent. Proteins containing F-box domains and Kelch repeat domains are common in living
organisms, but these two domains are only found together in plant proteins. Kelch repeat is
not a common domain in animal F-box proteins. Only a few KFBs have been reported in
animals and a couple of these proteins have been reported in other kingdoms, however it is

. . 14,29, 30
one of the most common F-box C-terminal domain in plants .

3 Evolution of plant KFBs

F-box superfamily has undergone a rapid evolution and has experienced the most
dramatic changes among the significantly expanded protein families in land plants. This rapid
evolution of the superfamily may be attributed to the increasing demands for ubiquitylation to
ensure plant fitness in ever changing environments over the course of time. Comparison of F-
box genes in the plant kingdom by Hua et al. (2011) revealed that this superfamily underwent
substantial gain or loss independently in many plant lineages. Genomic drift was suggested to
contribute to the diversification among plant F-box proteins *'. However, selective signatures

of the C-terminal protein-protein interaction domains will show significant differences by
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cross species comparison among F-box protein subfamilies. Navarro-Quezada et al. (2013)
proposed co-evolution of both N-terminal F-box domain and C-terminal interaction domains
in the founder gene of each subfamily during evolution in the ancient times **.

Expansion of KFBs in land plants was investigated in selected organisms, such as
Arabidopsis and rice by Sun et al. (2007) using BLAST searches and the analysis of gene
duplication and gene expression studies, to construct the phylogram. They concluded that
KFBs emerged before the divergence of animals and plants and the accelerated gene
duplication events occurred in plant KFBs after the divergence '*. Schumann et al. (2011)
categorised the KFB genes from seven plant species into unstable, stable and the superstable
classes by constructing a phylogenetic tree. Among the three classes, superstable genes are
well conserved in all seven species, whereas the unstable genes, defined as lineage specific
and show potential for adaptation, because they were found with strong signatures of positive

selection 2.

4 Functions of plant KFBs

4.1. Circadian Clock and Photoperiodic Flowering

Plants have to optimise the environmental conditions, like temperature, light and
humidity for their survival under the given set of conditions. Light is an important factor in
the life of plants, not only as a source of energy in photosynthesis, but also for the
development, growth and different metabolic activities. Photoperiodic flowering pathway and
circadian control may be regarded as the physiological phenomena in plants, best
characterised for the role of KFBs [Table 1]. Harmon et al (2003) identified and characterised
a novel gene ATTENUATED FAR-RED RESPONSE (AFR) in Arabidopsis thaliana and
suggested the role of this gene in preparing plants for perceiving light signals at dawn. They
proposed that AFR participated in the phenomenon as a part of SCFARR complex that interacts
with and degrades a light signalling repressor that has accumulated in the dark. Double-
stranded RNA interference (RNAi) was employed in this study followed by screening of the
transgenic lines defective in circadian and light signalling. It was found that the ability of the
Phytochrome A-mediated light signalling was impaired in phenotypes of RNAi lines with

reduced AFR expression >°.
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In Arabidopsis, three very similar KFBs have been found to control the circadian
clock and the photoperiodic flowering processes in a light-dependent manner. ZEITLUPE
(ZTL), FLAVIN BINDING, KELCH REPEAT, F-BOX1 (FKF1) and LIGHT, OXYGEN OR
VOLTAGE (LOV) KELCH PROTEIN2 (LKP2) have been established as a unique family of
blue-light photoreceptors **. All of these three proteins consist of an N-terminal LOV
domain, an F-box domain in the center and a C-terminal Kelch repeat domain. LOV domain
is non-covalently linked to the coenzyme flavin mononucleotide (FMN), which absorbs the
blue light and undergoes a unique photochemical reaction cycle *>*°. The presence of F-box
and Kelch domains suggests that ZTL, FKF1 and LKP2 are E3 Ubiquitin ligases, as they
have been shown to furnish their activity in vivo, by interacting with many Arabidopsis
SKP1-like proteins (ASKs) through their F-box domain and conferring the substrate
specificity through their kelch repeat domains >

ZTL/ FKF1/ LKP2 family is involved in regulating the expression of flowering time
gene CONSTANS (CO) by degrading repressors of CO gene, like CYCLING DOF
FACTORs (CDFs) *'*®. ZTL, the best characterized among the three is involved in light-
dependent regulation of circadian clock components, like GIGANTEA (GI), TIMING OF
CAB EXPRESSION 1 (TOC1) and PSEUDO-RESPONSE REGULATORS5 (PRR5) 474,
Xue et al. (2012) isolated and cloned a ZTL homologue from soybean (GmZTL3) and after
the gene was constitutively expressed in Arabidopsis, they found that GmZTL3 is involved in
the control of flowering activity *. FKF1 is also involved in controlling the transcription of
FLOWERING LOCUS T (FT) through CO stabilization as well as degradation of FT
repressors in the long-day afternoon **. Sawa et al. (2007) demonstrated that absorption of
blue light by LOV domain of FKF1 induces formation of a complex between FKF1 and GI
protein in vivo. This FKF1-GI complex regulates the daytime CO transcription and promotes
flowering during the long day afternoon in Arabidopsis *°. Recently, Li et al. (2013)
identified and cloned FKF1 and GI homologous genes in soybean for functional
characterization in flowering time regulation 1 LKP2 was suggested to serve within or near
Arabidopsis circadian oscillator *%. For a comprehensive description of the whole mechanism
and detailed study for the roles of ZTL, FKF1 and LKP2 in circadian clock and photoperiodic

. . . - 1o 39,40,53, 54
flowering, we suggest some recently published review articles ™™ .
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4.2. Plant Growth and Development

Growth and development processes in plants, from seed germination to flower
formation and fruit ripening involve various cellular activities, like cell division and
differentiation, protein trafficking, stress and hormonal responses etc. The regulation of these
cellular processes is furnished through several key signalling networks, including sugar
signalling, phytohormone signalling, protein kinase signalling and calcium signalling.
Another important component of the regulatory mechanisms, in almost all of the cellular
processes is the degradation of specific proteins by UPS in a very precise manner. As an
essential part of SCF, several F-box proteins have been found to participate in different
phytohormone signalling networks during all phases of plant development »°. For example,
TIR1 and Auxin-signalling F-box protein 4 (AFB4) in auxin, COIl in jasmonic acid and
MAX2 in strigolactone signalling have been reported for their roles in many aspects of plant
growth, development and defense .

Some of the recent studies have highlighted the role of KFBs in different
physiological processes for the growth and development of plants [Table 1]. Franciosini et al.
(2013) characterised COP9 INTERACTING F-BOX KELCH 1 (CFK1), a plant specific
kelch repeat containing F-box protein co-purified with COP9 signalosome (CSN) in
Arabidopsis thaliana, as a component of functional SCF complex. From the analysis of
seedlings with CFK1 overexpressed, knockdown and mutant lines, it was found that CFK/
gene is specifically expressed in the hypocotyl and the expression is strongly light-dependent.
This study concluded that CFK1 is involved in hypocotyl elongation and the regulation of
CFK1 stability is accomplished by CSN and proteasome-dependent proteolysis . Similarly,
overexpressing LKP2 in Arabidopsis produced phenotypes with elongated hypocotyls
containing enhanced cell number, DNA content and increased ploidy ®'. Jia et al. (2012)
reported that Chick pea F-box gene 1 (CarF-Box1), a nuclear KFB, is involved in seed
germination and seed and flower development processes of the plant. Moreover, CarF-Box1
gene was found to respond to abiotic stresses like drought and salinity *. Chen et al. (2013)
published the role of a KFB from rice (OsFBK12) in the regulation of physiological
processes including leaf senescence, grain number and seed size. They proposed formation of
an SCF complex by interaction of OsFBK12 and S-PHASE KINASE-ASSOCIATED
PROTEIN1-LIKE PROTEIN (OSKI1) that degrades its substrate like ADENOSYL-L-
METHIONINE SYNTHETASE1 (SAMSI1). As a result of degradation of OsSAMSI,
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changes in SAM content and ethylene levels take place that affect seed germination, grain

size and leaf senescence *.

Takahara et al. (2013), in model legume Lotus japonicas, demonstrated that TOO
MUCH LOVE (TML) is a KFB with two nuclear localization signals. Evaluating the role of
TML in auto-regulation of nodulation (AON) using tm/ mutants, it was concluded that TML
is a root factor behind the proper maintenance of nodulation during final stage of AON,
furnishing its function through 26S proteasome dependent degradation pathway ®. Shao et al.
(2012) cloned a novel KFB gene from rice, inhibitor for brown furrows1 (IBF1), to show that
IBF1 is involved as a negative regulator in flavonoids biosynthetic pathway and suppresses
the brown pigments accumulation in rice hull ®. LARGER PANICLE (LP), a KFB encoding
gene in rice has been characterised by Li et al. (2011) to reveal its role in the regulation of
panicle architecture. LP was found to be an endoplasmic reticulum localized protein and was
suggested to modulate cytokinin level by interacting with rice SKP1-like protein. Mutant
plants were shown to have better plant architecture, increased panicle size and improved
grain yield per plant ©.

For the plant growth and development, the phytohormone cytokinin is very special because it
is involved in almost all aspects of these processes“. In a recent report, Kim et al. (2013)
published the role of a family of four similar KFBs, which was named as KISS ME
DEADLY (KMD) family, in the regulation of Arabidopsis cytokinin signalling. As a part of
SCF*MP complex, KMD proteins were found to physically interact with key transcription
factors of cytokinin signalling, type-B Arabidopsis response regulators (ARRs) as targets for
degradation. Transgenic lines overexpressing KMD were insensitive, while KMD loss of
function mutants were more sensitive to cytokinin, thus showing that KMD proteins

negatively regulate the cytokinin signalling in Arabidopsis .

4.3. Plant Secondary Metabolism

Two types of metabolisms are responsible to ensure a healthy flora. Primary metabolism
produces some common basic metabolites, vital for the survival of plants. Secondary
metabolism, on the other hand produces different metabolites that help for the adaptation of
the producer plants to environment and to cope with different types of stresses. These small

molecule organic compounds, also called as plant natural products, have been used by

8
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humans for the production of pharmaceuticals, neutraceuticals and food additives 68 Various
internal and external stimuli affect the pace of secondary metabolism by either activating or
repressing the gene expression levels. Several transcription factors, regulating various aspects
of plants secondary metabolism have been identified and used (or can be used) for the
engineering of useful compounds . A very little is known about the SCF signalling and the
role of F-box proteins in plant’s secondary metabolism, but some recent studies have
elucidated the involvement of KFBs in secondary metabolites production.

A family of four similar KFBs in Arabidopsis, designated as AtKFB01, AtKFB20, AtKFB50
and AtKFB39 have been found to participate in the regulation of phenylpropanoid
biosynthetic pathway. In one of the studies, Zhang et al. (2013) reported that AtKFBOI,
AtKFB20 and AtKFB50 physically interact with four Phenylalanine ammonia-lyase (PAL)
isozymes that catalyse the first and the committed step in phenylpropanoids biosynthesis. In
the second study, Zhang et al. (2014) characterized AtKFB39 for a similar function in
Arabidopsis phenylpropanoid biosynthetic pathway. Using tandem affinity protein
purification—mass spectrometry analysis and yeast two-hybrid (Y2H) assays, it was
concluded that KFB-PAL interactions mediate the proteolytic turnover of PAL isozymes by
UPS, thus regulating the biosynthesis of phenylpropanoids, like anthocyanins, flavonoids,

. 70,71
phenolic esters and lignin .

4.4. Defense Response

Due to their sessile nature, plants have to adapt themselves to the continuously
changing environmental conditions. In the ‘struggle for survival’ plants have to cope with
different kinds of biotic and abiotic stresses. Plants come up with the challenge through a
series of molecular responses by integrating several signalling cascades and metabolic
pathways. Various F-box proteins have been identified as a component of different SCF
complexes in the regulation of different defense related signalling pathways 2. For instance,
CaF-box in pepper and MAIF1 (miRNAs regulated and abiotic stress induced F-box gene) in
rice are involved in abiotic stress tolerance "%, Similarly, SON1 and COIl participate in the
regulation of defense responses against the necrotrophic pathogens in Arabidopsis """

However, the number of SCFs equipped with KFBs involved in plant defense
signalling is limited to just a few complexes [Table 1]. Paquis et al. (2011) reported the

induction or up-regulation of BIG24.1 (a Botrytis Induced Grapevine KFB) gene expression in

9
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response to biotic and abiotic stresses and by various defense related phytohormones in
grapevine. Identification of several regulatory elements involved in the activation of plant
defense responses was also reported in this study by sequence analysis of BIG24.1 promoter
78

On the other hand, some recent studies have identified KFB genes involved in plant
pathogen interactions as “susceptibility” (S) genes and facilitate the pathogens for successful
infestation. A sugar beet F-box protein with two kelch repeats was identified by Thiel et al.
(2012) and characterised for its role in the resistance mechanism of P25, a Beet necrotic
yellow vein virus pathogenicity factor. Authors reported interactions between sugar beet KFB
and P25 in vivo, in vitro, in planta and in the sugar beet root cells, and suggested that P25
directly affects the formation of SCF complex ”°. Similarly, a KFB from KMD family of A.
thaliana, KMD3/ AtKFB39 (At2g44130) was found to be induced in plant roots by
Meloidogyne incognita, a root-knot nematode infection. This KFB was suggested to facilitate
the pathogens for successful infestation through degradation of specific target proteins via

formation of SCF “28*139 complex *.

5 Conclusions and future prospects

Regulation of the cellular processes via degradation of regulatory proteins by UPS,
after being recognised by specific F-box proteins is one of the common signalling
mechanisms. One and half decade since the recognition of, and assigning the name ‘F-box’ to
a domain in Cyclin-F protein, our understanding about the SCF biology, role of F-box
proteins and the molecular mechanisms used by UPS is steadily growing. Researchers around
the world have identified a large number of F-box proteins since then, especially in plants.
However, most of these F-box proteins either remain ‘orphan’ or could not be completely
characterised for their function until now. Although, hundreds of SCF complexes have been
characterised and the number of F-box proteins serving for these SCF complexes is also quite
significant, but the number of functionally characterised KFBs is still very low.

The fact that only a couple of KFBs have been characterised in non-plant organisms
suggests that KFB subfamily of F-box proteins is exclusively a plant specific family of genes
20-28 This indicates that some very crucial roles have been assigned to these proteins in plant
cell. In the recent few years, the pace of research involving plant KFBs in molecular

signalling has advanced at a reasonable rate, but still a lot more is to be explored. Being one

10
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of the most common F-box proteins in planta, KFBs deserve special attention from the plant
biologists and biochemists. A sufficient amount of data, especially identification of novel
substrates interacting with known proteins and vice versa will be helpful to establish the
structure-activity relationship. Ligand-receptor interactions are very important to identify as a
lot of information can be obtained by modifying the SCF chemistry through deactivation or
super activation of the F-box component. High throughput screening of naturally occurring
compounds might be performed to single out the potential candidates exhibiting significant
interactions with KFB containing SCF complexes. Moreover, molecular docking studies
might be employed to design small molecular ligands capable of elevating or reducing the
interactions.

Another interesting feature of KFBs is the variable number of kelch repeats, ranging
from one to five in plants '* . Four or more kelch repeats form a bladed B-propeller, but
many KFBs contain a fewer kelch motifs. The future research might also be focussed on the
significance of having more kelch repeats and forming bladed structures or having less kelch
motifs. Whether the functional diversity of a protein is affected by having less kelch motifs or
it may be beneficial for the protein in terms of specificity for the substrates, as more the
number of kelch motifs less specific will be the KFB **. Another question is, other than
possessing a broad specificity for the substrates, how much advantage a bladed B-propeller
will impart to the KFB, and to overall SCF complex? Does it confer any extra stability during
the formation of or after the complex has been formed between substrate proteins and the
SCF?

Conserved features in the kelch motifs might also serve as important platform to study
the pattern of folding in these proteins and its significance in molecular interactions. Site
directed mutagenesis and epigenetic modification of the key residues in the candidate KFBs,
followed by analysis of the modified proteins for their functions might be employed to yield
some breakthroughs. Once the control points or the ‘molecular switches’ have been
identified, many aspects of plant growth, development and defense will be practically
manageable. Making a rational use of modern techniques from molecular biology, functional
genomics and proteomics a deep insight of these most important plant proteins seems obvious

in near future.
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Table 1. Functions of plant KFBs
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Number of

Name of KFB kelch repeats Functions References
Attenuated Far-red | Two Participate in circadian light signalling 33
Response (AFR)
ZEITLUPE (ZTL) | Six Circadian clock, photomorphogenesis, and flowering time regulation. 38,43, 4645, 53, 34, 81
Flavin-binding
Kelch repeat F- | Six Clock associated regulation of flowering. 34,41, 4446, 50,31, 34
box1 (FKF1)
Light, Oxygen or Circadian oscillator. 37.39.46,52-54. 82
Voltage kelch | Six
protein2 (LKP2) Hypocotyl development. o
COP9 Interacting
60
F-box Kelch 1 | Three Hypocotyl elongation in Arabidopsis.

(CFK1)
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Chick pea F-box
4

gene 1  (CarF- | Two Plant development and abiotic stress response in chickpea.
62
Box1)
14,67,70,71
: o . 14,67,70,71, 80
Rice Kelch | Not Regulates leaf senescence and grain size in rice by modulating ethylene levels.
containing F- | published

box12 (OsFBK12)
63

Arabidopsis

thaliana  KFBO1/

Kiss Me Deadlyl This family of KFBs is involved in the regulation of phytohormone cytokinin *
(AtKFBO1/KMD1) | Three signalling by degradation of type-B ARR transcription factors. These proteins also
AtKFB20/ KMD2 | Three regulate the phenylpropanoids biosynthesis by interaction and subsequent
AtKFB50/ KMD4 | Three degradation of the PAL isozymes. ;
AtKFB39/ KMD3 | Two In addition to above mentioned roles of this family, this KFB has also been

78
reported to facilitate pathogen infection.

TOO MUCH | Three Maintains proper nodulation in roots during final stages of AON in Lotus

LOVE Japonicas. o
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Inhibitor for brown

furrows1 (IBF1)

LARGER
PANICLE

Botrytis Induced
Grapevine KFB
(BIG24.1)

Sugar beet FBK

Three

One

One

Two

Inhibition of brown pigmentation in rice hull furrows.

Regulation of panicle architecture, thus affecting grain yield in rice.

Involved in grapevine defense response towards biotic and abiotic stresses

Facilitates virus pathogenicity in sugar beet by suppressing resistance response.

18



Page 19 of 22 RSC Advances

19



RSC Advances Page 20 of 22

Kelch repeat containing F-box proteins; A review on the progress of research in these plant
specific signalling proteins.



Page 21 of 22 RSC Advances

26S
Proteasome

Cullin 1

125x77mm (600 x 600 DPI)



RSC Advances

— Intra- blade loops

H

/

Inter-blade__~

loops . !
/ Intra-blade loop

/

99x115mm (300 x 300 DPI)

Page 22 of 22



