In-silico characterization of ICE1 gene of cold signalling pathway in mungbean (Vigna
radiata L.)

Abstract

Aim: In silico characterization and identification of the ICE1 cold tolerant gene pathway in

mungbean (Vigna radiata), a proteinaceous legume is highly susceptible to cold stress.

Methodology: Genomic sequences of Vigna radiata, V. angularis and V. unguculata and
other leguminous crops were retrieved from NCBI (https://pubmed.ncbi.nim.nih.gov) and
used for multiple sequence alignment, Phylogenetic and comparative analysis.of ICE1 protein
and motif analysis.

Results: The present study showed that Vigna radiata ICE1 (VrICELl) gene was closely
related to ValCE1 gene (Vigna angularis) and then VUlCEL gene'(Vigna unguiculata) . The
study also revealed that the bHLH domain region (247-298aa) was the low complexity region
and co-localization signals of V.radiatalCE1. There were a similarities and dissimilarities of
the ICE1 protein isoforms in V.radiata.. 1t was noted that VrICE1 had a average of
hydropathicity (GRAVY) of -0.593 in one and -0.6 in other. An instability index of 64.58
and 64.90. VrICEl had a higher percentage of non-polar amino acid content and more
number of random coils followed by alpha helics in secondary structure. The study also
revealed that there was major involvement of VrICE1 in biological and molecular functions
under cold stress.

In conclusion, bioinformatics tools help researchers in getting information with regard to the
functional aspect of the gene with respect to cold tolerance. A comprehensive analysis of the
different physical and chemical properties of Vigna species could help us to identify their

diversified usefulness.
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1.Introduction

ICE1 is a MYC-type basic helix-loop-helix (bHLH) transcription factors that binding to
the cis-elements in the promoter of C-repeat-binding factor3/dehydration-responsive element-
binding proteinl A (CBF3/DREB1A) [1]. The ICE1 transcription factor, also known as

SCREAM (SCRM), is anonymously considered as to be a master regulator of genes that



impart freezing tolerance [2,3,4,5]. ICEL, with simulation positively regulates the expression
of CBF3/DREB1A in cold signalling. The ICE1 mutation down-regulated the expression
of CBF3/DREB1A and other COR gene decreased in both chilling tolerance and cold
acclimation, whereas transgenic ICE1-overexpressing plants exhibited higher freezing
tolerance [1]. Transcriptome analysis of the ICE1 mutation is capable of down-regulating
about 40 % of COR expression, accounting a huge share. Almost about 46 % of them were
regulated by ICE1 [6], when considering the cold regulated transcription factors. ICE2 was
another MYC-type bHLH transcription factor with a high similarity to ICE1 and activates the
expression of CBF1/DREB1B and is capable of promoting freezing tolerance in plants [7.8].
ICE1 is conserved in most of the plant species. Furthermore, the overexpression
of SIICE1 gene enhanced the accumulation of antioxidants, several amino acids, amines, and
sugars and increased the antioxidant activity in  tomato  fruits  [9].
TalCE141 and TalCE187 are also controlled the expression of the wheat CBF group IV
genes and the overexpression of TalCE187 and TalCE141 in Arabidopsis thaliana
augmented CBF/DREB1-dependent cold-responsive gene expression and cold acclimation
[10]. Cold stresses induced the expression of the OSICE1 and OsICE2 proteins, in rice and
this in turn up regulated the expression of OsSDREB1B, OsHsfA3, and OsTPP1 suggesting
that OsICE1 and OsICE2 function in the transcriptional regulation of cold response [11].
MalCE1 interacted with MaMYC2, thereby triggered the activation of the jasmonate (JA)
response pathway in fruit crop like banana [11, 12]. Furthermore, the expression of the cold
response pathway genes was also induced by methyl Jasmonic acid (JA) significantly,
suggesting that the JA-induced chilling tolerance of the banana plant is associated with
induced expression of MYC2, which may act in coordination with ICE1 for the activation of
CBF-dependent cold signalling [12]. The overexpression of Arabidopsis ICE1 also improved
the chilling tolerance in Vigna radiata [13] and enhanced the accumulation of soluble sugars
and proline in cucumber which moves in pace with the fact of the functional conservation of
ICE1 among species [14]. Many in-silico methods and online tools are available for the
analysis and characterization of protein sequences. Different physico-chemical properties like
protein length, amino acid composition, molecular weight, aliphatic index, extinction
coefficient, isoelectric point, half-life, instability index and grand average of hydropathicity
have also been reported [3,4,5]. There is no report on physicochemical properties and
topology of various ICE1 genes of Vigna radiate so far. Hence, the present study was carried
out to analyse and compare physicochemical properties and topology of ICE1 proteins of

Vigna radiata in comparison to Vigna unguiculata and Vigna angularis and other leguminous



crops. This study will aid in understanding the occurrence of diversification in different ICE1
proteins of Vigna radiata. Further, it will also throw light on the similarities and differences
among the protein sequences.
2. Materials and methods
2.1 Sequence retrieval

The sequence of ICE1 protein sequences for Vigna radiata, V. angularis and V.
unguculata were retrieved from NCBI (https://pubmed.ncbi.nm.nih.gov), in FASTA format
and used for further analysis.
2.2 Multiple sequence alignment and phylogenetic and comparative analysis of ICE1
protein from Vigna radiata and other legume plants

Different  legume  crops  sequences  were .retrieved from  NCBI
(https://pubmed.ncbi.nlm.nih.gov), using ICE1 from Vigna radiata as the query sequence. A
pBLAST was performed and all the possible legume representative sequence was retrieved.
The retrieved sequence was aligned using ClustalW.and evolutionary relationship analysis of
ICE1 protein using phylogenetic tree. Neighborjoining (NJ) method was used for the
construction of phylogenetic tree of ICE1 in MEGA 11 software with bootstrap replication of
1000 times [15].

2.3 Physio-chemical properties

The physicochemical properties were computed for all the proteins using the ExXPASy
ProtParam tool (http://web.expasy.org/protparam/) [16].Web servers specialized in predicting
cellular localization of protein: sequence were analysed using WoLF PSORT
(http://wolfpsort.seq.cbrc.jp/) [17] for theoretical measurements, such as molecular weight,
isoelectric point (pl), extinction coefficient, instability index, and aliphatic index. Functional
domain, their“subcellular localization and presence of transmembrane domain of different
ICEL proteins of Vigna was assessed. The structure of the domain was created using SMART
tool (http://smart.embl-heidelberg.de/ )

2.4. DNA binding logo and motif analysis

Sequences of Vigna radiata ICE1 (VrICEl) proteins were aligned using
the WEBLOGO 3 program version 2.8.2 at http://weblogo.berkeley.edu/ to get the DNA
binding logo [18]. The conserved motifs of ICE1 proteins were assessed via MEME tools
(http://meme.sdsc.edu/meme/intro.html).

2.4. Secondary structure prediction



Secondary structures of ICE1 proteins were predicted with online Expasy SOPMA tool (Self-
Optimized Prediction Method and Alignment)
(https://npsaprabi.ibcp.fr/cgibin/npsa_automat.pl?page=/NPSA/npsa_sopma.html) [19]. This
tool caters to information regarding about different conformations of proteins such as
percentages of a-helices, B-sheets, turns, extended strands and random coils. The Self-
Optimized Prediction method With Alignment (SOPMA) tool is used to predict the secondary
structure of a protein. Based on the query (primary sequence of a protein), SOPMA will
predict its secondary structure.
2.6 .Protein- protein interaction network

The ICE1 protein interaction network and co-expression analysis was.assessed using
STRING (https://string-db.org/) database. The interactions analyzed include direct (physical)
and indirect (functional) association and computational prediction, knowledge transfer
between organisms, and interactions aggregated from of other (primary) databases. The gene
ontology was also studied using STRING database gene ontology function.

3. Results and Discussion

3.1. Phylogenetic analysis of ICE1 protein of Vigna radiata and other legume plants.

The phylogenetic analysis reveals that they are mainly divided into 2 main clades. Of
which VrICEL belongs to the smallest 24 member sub-clades. Among the sub-clades of
Vigna sp., Vigna angularis is significantly more similar to V radiata than V. unguiculata.
This was evident from the phylogentic tree (Fig.1). The next set of legumes i.e. Glycine max
that are very closely related to VrICE1 protein and followed by Cajanus cajan. The largest
group is 13 member clade, but that is distantly related to VrICE1 proteins.
3.2. Domain.analysis and Co-localization of protein

The gene structure reveals the presence of bHLH domain in the ICE1 protein of
Vigna. The bHLH domain was found in the region from 247-296 amino acids (aa) as
indicated in the Table-1. This was similar with all Vigna species, whereas it ranged from
249-298aa in V.unguiculata (Vu) and 242-291aa and 204-253aa in Vigna angularis (Va).
ValCEL1 of was predicted to have a transmembrane domain, which was not found in VrICEL.
The spread of low complexity region is same in case of both VrICE1 and ValCE1 proteins.
The protein sequences showed sub-cellular localization signals for nuclear and cytoplasmic
localization in case of V.radiata. It also showed that ICE1 localization signal observed in
nucleus, cytoplasm, vacuoles, golgibodies and chloroplast of V.unguiculata and V.angularis
(Table 1).



3.3 Analysis of Physio-chemical properties

Protein length, isoelectric point (pl), molecular weight, extinction coefficient, total
number of negatively and positively charged residues, instability index (Il), aliphatic index
(Al) and grand average of hydropathicity (GRAVY) are the physiochemical properties taken
into account for VrICE1l. Vigna sp were also computed using ExPASy ProtParam tool.
Subcellular localization, solubility and interactions dependent on the parameters like number
of positively and negatively charged residues and isoelectric point. The physiochemical
parameters show that numbers of the amino acid ranged from 391aa to 455 aa in VrICE1 and
the molecular weight of 47898.22 Da and 48026.35 Da. The isoelectric point-ranged from
5.26 to 6.00 which among similar with the Vigna sp. This shows the acidic nature of VrICEL.
Protein EC value was an important parameter based on amount of light absorbed per mole of
protein at a 280 nm wavelength. Extinction coefficient (EC) value of protein is derived from
the number of tyrosine, tryptophan and cysteine residues per molecule. This is because these
residues contribute significantly to measured optical density of denatured protein at 276-282
nm range [20,21]. All the studied Vigna sp. shared the same'EC 2168M™ cm™ at 280 nm, but
ValCE1 had 20315 and 14690 M™ cm™ at 280.nm. The low:value was due to low amount of
tryptophan and tyrosine residues in the amino acids. Instability index (I1) is an indication of
the stability of a protein under both in-vitro and in-vivo conditions. Proteins with instability
index (1) <40 are considered to be stable and those with Il value >40 are named to as
unstable [22,23]. VrICELl-showed the highest 64.90 instability index (II) which fall in
unstable category. Aliphatic index (Al) is another parameter to check the stability of the
proteins. Al of a protein can be explained as the relative volume captured by aliphatic side
chains of amino acids like A (alanine), V (valine), L (leucine) and I (isoleucine). Thermo-
stability and Al of proteins were highly correlated with Vigna radiata [4,23]. Further,
VrICEL. had an-aliphatic Index of 71.04 and 70.87, falling in an average range of
thermostability among the species under study. The range of all the Vigna sp. studied had
fallen to be in 68.28 to 72.10.

Apart from studying protein concentration and stability, its hydrophilic character or
hydrophobic character was also analyzed with the GRAVY score [19]. GRAVY score for
particular protein was the sum of hydropathy values of all amino acids present in the protein,
divided by the number of residues in that protein. The values ranges between -2 to +2 where;
negative score means hydrophilicity and positive score indicates hydrophobicity [19, 24, 27].
Proteins with more to be hydrophilic in nature with good solubility and vice-versa, if they

have negative GRAVY. If a protein has GRAVY score more than 0.4, suggest its



hydrophobic nature and difficult to detect on 2-D gel electrophoresis [24] with a GRAVY
range of -0.571 to -0.609, VrICE1 has -0.593 and -0.600 (Table 2.), which states that it is
hydrophilic in nature. Considering the amino acids present in VrICEL, it has been observed
that there is a higher percentage of non-polar amino acid, particularly leucine and proline.
Proline has been shown to act like a molecular chaperon who provides protection against
abiotic and biotic stresses by enhancing activities of some enzymes as well as maintaining
integrity of proteins [25]. All the studied species had very low amount of aromatic amino
acids. VUICEL showed very less methionine compared to the other sp. and histidine percent

was very less in all the Vigna sp. (Fig 2).
3.4 Motif analysis and DNA binding Logo

There were 10 prominent motifs detected and is named 1-10 (Fig 3). The motif 1, was
found to be the most prominent motif among them, both in case of size and conservation.
Motif 1 to 7 was found in all the sequences studied. Metif 8 was absent in VulCE1. Between
the VrICE1, Motif 10, which is the shortest motif (Fig 4).is the sole difference, which is
absent in the VrICE1 isoform. It was found to be common in all the Vigna ICE1 protein (Fig
3). The conserved DNA binding region of the VrICE1 protein had been used for logo. It
shows that the conserved region ranges from 1-35aa and from 110 to 131 aa (in order of

amino acid arrangement in ICE1 protein), among the Vigna sp. studied (Fig 5)

3.5 Secondary structure-prediction

The secondary structure predicted the abundance of secondary structures in the Vigna
sp ICE1 genes. The number followed the same pattern of random coils > alpha
helices>extended ‘strands > beta turns in all the Vigna sp. under study without much
significant difference, indicating that there is no much difference in the secondary structural
patterns in the genes (Fig 6). But on a detailed observation on the arrangement patterns of
these secondary structures, it was seen that they differ in their arrangement significantly from
each other due to the difference in the arrangement pattern, number and abundance of amino
acids present in Vigna ICE1 protein (Fig 7). In case of VrICE1 genes, the random coils were
covering 60.14 and 57.75%, the alpha helix was in 27.4 and 29.43 %. This was followed by
extended strand which was 9.68 % and 8.97%. The least was covered by beta turns which
were 2.76% in both VrICE1 and VulCELl. VUICE1 showed a relatively higher amount of
alpha helix (31.49%), but had the least amount of random coils (56.55%) among the Vigna
sp. studied.



3.6. Protein- protein interaction network analysis of VrICE1

The protein interaction network analysis showed that VrICE1 has direct interaction
with several genes, of which the prominent ones are FAMA, HOSL1, heptahelical
transmembrane proteins, MAPKase, MUTE and E3 SUMO SIZ1 protein ligase. The
prominence of interaction was indicated by the prediction score of 0.903, 0.896, 0.885, 0.883,
0.871 and 0.838, respectively. FAMA is basic helix-loop-helix (0HLH) DNA-binding super
family protein, a transcription activator. Together with MYB88 and MYB124, ensures that
stomata contain two guard cells by enforcing a single symmetric precursor 56 cell division
before stomatal maturity. Together with SPCH and MUTE, regulates the stomata formation.
Itis required to promote differentiation and morphogenesis of stomatal guard-cells and to halt
proliferative divisions in their immediate precursors. It mediates the formation of stomata
[26] and prevents histone H3K27me3 marks and depress:the stem cell ‘gene expression
FAMA gene having a co-expressional score of 0.1 (Fig 8). It was found that cold stress
triggers protein degradation of nuclear GFPICEL: protein, and the RING finger protein.
Sumoylation of ICE1 controls CBF3/DREB1A expression and freezing tolerance. This was
also evident that CE1/SCRM was suggested to be involved in stomatal differentiation [27]
and ICE1/SCRM and ICE2/SCRM2 are paralogous genes. The icel-2 scrm-2 double mutant
exhibited lack of stomata differentiation from epidermal cells, whereas icel-1, a dominant
negative mutant, displayed many stomata [25]. So, it is that ICEL1 may be involved in
integration of cold signalling and stomatal development when it interacts with SPCH, MUTE,
and FAMA [21].

In fig 9, it shows the co-expression scores of the indicated genes namely, are FAMA,
HOS1, heptahelical transmembrane proteins, MAPKase, MUTE and E3 SUMO SIZ1 protein
ligase in other. speciesof the plant kingdom. High similarity in patterns of expression of the
linked gene was observed in Glycine sp. (Soybean) and Phaseolus sp, in comparison to
Vigna. ‘This indicates its less divergence from the common ancestry patterns in gene
expression. Few gene expressions are observed in fungi too, tracing the evolutionary
conservation in eukaryotes, which was absent in prokaryotes.
3.7 Gene ontology of Vr ICE1 protein

Gene ontology of Vr ICE1 was capable of showing its importance in the molecular
function of MAPKase and SUMO transferase activity (Table 3b) and the biological functions
of response to freezing and several other associated functions. Among the other functions,

response to nitrate assimilation, detection of phosphate ion, regulation of systemic acquired



resistance, response to freezing, pollen tube guidance and stomatal lineage progressions are
the top scored functions of VrICEL. This was followed by salicylic acid function, ovule
development, heat acclimation; regulation of response to water deprivation, regulation of
ABA regulated pathways and gametophyte development. Thus, VrICE1 protein a major focus
of the study in cold tolerance. (Table 3a).

Conclusion

In conclusion, in-silico characterization of ICE1 protein in V.radiata was performed
and compared with other Vigna species and other leguminous crops. The analysis of ICE1
was performed, including phylogeny, motif identification, physiochemical characterization,
colocalization analysis, protein regulatory network, co-expression analysis and gene ontology
analysis. The results indicated that the involvement of ICEL transcription. factors in a
multitude of biological and molecular function. The study throws light on the variants in the
central properties such as molecular weight, isoelectric point, and total number of negatively,
positively charged residues, extinction coefficient, instability index, aliphatic index and grand
average of hydropathicity within ICE1 proteins, which may be responsible for their
functional diversity. Although significant progress has been made to understand and identify
the molecular mechanism of cold acclimation and the cold sensor (s) has not yet been
identified. Thus, further studies for the identification of the cold sensor(s) will be necessary to

understand how plants sense temperature.
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Fig 1. ICE1 proteins of legumes were used to create the phylogenetic tree using MEGA11
with Neighbourhood joining method. Evolutionary relationship analysis of ICE1 proteins
with other Vigna species.




Table 1. Functional domain, their subcellular localization and presence of transmembrane domain of
different ICE1 proteins of Vigna spp.

Accession number DOMAIN STRUCTURE HLH Low complexity | Subcellular localization | Transmembrane
Region region Signals domain region
>XP_014498307.1 = Start - End | Start End Start End
transcription factor 247 296 | 8 19 Nuclear/Cytoplasmic N/A
ICE1  isoform X1 m . W= HLH |-mmm 45 61
[Vigna radiata var. 83 107
radiata] 195 | 205
303 | 329

100 00 300 00
>XP_014498308.1 247 296 | 8 19 Nuclear/Cytoplasmic N/A
transcription factor 46 60
ICEL isoform X2 - . ] HLH | = 83 | 105
[Vigna radiata var. 195 | 205
radiata] 320 | 329
>XP_017419478.1 247 296 | 8 19 Nuclear/Cytoplasmic N/A
PREDICTED: = e - {"_l_ﬂ & 46 60
transcription factor ‘ 83 105
ICE1-like isoform X2 195"} -205
[Vigna angularis] - " i - 320 | 329
>XP_017419477.1 247 296 8 19 Nuclear/Cytoplasmic N/A
PREDICTED: ’ 46 60
transcription factor —— - HLH 83 105
ICE1-like isoform X1 ‘ 195 | 205
[Vigna angularis] 320 | 329

100 201 300 400
>XP_027901962.1 - 249 298" 8 19 Nuclear/Cytoplasmic N/A
transcription factor ‘ 47 61 /Cytoskeleton
ICE1-like isoform X2 =t ] 84’ | 111
[Vigna unguiculata] . L 322 | 331

100 200 500 40
>XP_027901955.1 249 298 | 8 19 Nuclear/Cytoplasmic N/A
transcription factor ' 47 61 /Cytoskeleton
ICE1-like isoform X1 e HLH|~= 84 | 111
[Vigna unguiculata] . 322 | 331

100 200 s 40
>KAG2405170.1 3 242 291 | 41 55 Nuclear/Cytoplasmic/ 432 to 454
Transcription factor ‘ 78 100 Vacuolar/golgi/
ICE1 Basic helix-loop- o = HLH |-~m 190 | 200 chloroplast
helix protein  [Vigna ‘ 315 | 324
angularis]

100 20 00 400
>KOM38329.1 . 204 253 | 3 17 Nuclear/ N/A
hypothetical protein ‘ 40 62 Cytoplasmic and nuclear/ ER
LR48_Vigan03g171100 1 152 | 162
[Vigna angularis] - = ‘ILH = 277 | 286

100 200 300




Table 2. Physico-chemical properties of ICE1 proteins of Vigna computed using ProtParam

tool.

Accession number Amino | M.Wt pl R | R | Ec* 1 Al GRAVY Mol. Formulae and
acid Atomic number
length

>XP_014498307.1 434 47898.22 | 5.40 55 46 21680 64.58, 71.04 | -0.593 C2110H3320N5900645S18

transcription factor 21430 unstable (6686)

ICE1  isoform X1

[Vigna radiata var.

radiata]

>XP_014498308.1 435 48026.35 | 5.40 55 46 21680 64.90 70.87,| -0.600 C2115H3328N5920650S18

transcription factor 21430 unstable (6703)

ICE1  isoform X2

[Vigna radiata var.

radiata]

>XP_017419478.1 434 47831.04 | 5.30 56 46 21680 63.54 70.37 | -0.603 C2110H3320N5900645S18

PREDICTED: 21430 unstable (6668)

transcription factor

ICE1-like isoform X2

[Vigna angularis]

>XP_017419477.1 435 47959.17 | 5.33 56 46 21680 63.86 70.21 | -0.609 C2108H3315N5030651S18

PREDICTED: 21430 | unstable (6685)

transcription factor

ICE1-like isoform X1

[Vigna angularis]

>XP_027901962.1 435 47910.34 | 5.26 56 46 21680 63.68 68.44 | -0.571 C2106H3312N5880645S22

transcription factor 21430 unstable (6674)

ICE1-like isoform X2

[Vigna unguiculata]

>XP_027901955.1 436 48038.47 | 5.26 56 46 21680 64.00 68.28 | -0.578 C2111H3320N5000648S22

transcription factor 21430 unstable (6691)

ICE1-like isoform X1

[Vigna unguiculata]

>KAG2405170.1 455 50332.25+| 6.00-, | 56 51 20315 58.93 78.24 | -0.486 Ca225H3525N6230674S17

Transcription factor 19940 unstable (7064)

ICE1 Basic helix-loop-

helix protein [Vigna

angularis]

>KOM38329.1 391 43281.98'| 5.82 49 44 14690 62.20 72.10 | -0.598 C1900H3003N5410584S16

hypothetical protein 14440 unstable (6044)

LR48_Vigan03g171100

[Vigna angularis}

M.wt. = Molecular weight; pl = Isoelectric point; (-) R = total number of negatively charged residues; (+) R = total
number of positively charged residues; Ec® = Extinction coefficient (a units of M™* cm ™at 280 nm measuring in water);
I = Instability index; Al = Aliphatic index; GRAVY = Grand average of hydropathicity. The N-terminal of the sequence
considered is M (Met). The estimated half-life is: 30 hours (mammalian reticulocytes, in vitro), >20 hours (yeast, in
vivo), >10 hours (Escherichia coli, in vivo) for all the proteins
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Fig 2. Heatmap showing the comparison of Amino acid composition of ICE1 Proteins of
Vigna spp.
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VrICE1-X1 indicates XP_014498308.1 transcription factor ICE1 isoform X2 [Vigna radiata var. radiata]
VrICE-X2 indicates XP_014498307.1 transcription factor ICE1 isoform X1 [Vigna radiata var. radiata]
ValCE1-X2 indicates XP_017419478.1 PREDICTED: transcription factor ICE1-like isoform X2 [Vigna angularis]
ValCE1-X1 indicates XP_017419477.1 PREDICTED: transcription factor ICE1-like isoform X1 [Vigna angularis]
VUICE-X2 indicates XP_027901962.1 transcription factor ICE1-like isoform X2 [Vigna unguiculata]

VUICE1-X1 indicates XP_027901955.1 transcription factor ICE1-like isoform X1 [Vigna unguiculata]
ValCE1-BLH indicates KAG2405170.1 Transcription factor ICE1 Basic helix-loop-helix protein [Vigna angularis]
ValCE1-HP indicates KOM38329.1 hvpothetical protein LR48 Vioan03a0171100 [Viana anaularis]




Fig 3. Motifs of the VrICE1 proteins is identified by MEME.The motifs numbered 1 to 10, are
displayed in different colours.

Name p-value Motif Locations
XP_014498308.1 3.61e-151
XP_014498307.1  3.70e-151
XP_017419478.1 5.80e-155
XP_0174194771  5.94e-155
XP_027901962.1 2.60e-139
XP_027901955.1 2.66e-139
KAG2405170.1 6.86e-151

KOM38329.1 2.00e-155

Motif Symbol Motif Consensus
RKGLAEKILMETVRRKGKLLEELEALENVSADVDKADLAY INGEALBYLK
LDSYBFFNNNSAIPIPFVEGF
TAAPGSVPFPEGSKSENPLTPVLPTLYRK
ELREGOPVSPEQIKAVVLDSA
GLDNGLHSSCEPLFSQVQPGFEFGELEAL
LSETNELHKEL

SQPPLDPQPPS

GFHGMM

PVEVRT

MAGFQG

SLITNOGOR LN
D-.@DIDDI

=

Fig4. Motifs logos of the ICE1 proteins. The “sites” indicate the number of VrICE1 proteins
containing each motif. The “width™ indicates the amino acid number of each motif.

MOTIF LOGO E-Value Site  Width

R e e
T
I

T Eg Il'lv:ﬂ 3.7e-171 16 21

. - 1
4. jg&:gﬂé8:§?ﬁgégﬂi\§gkegi\ 1.1e-171 23 21
- SO 9% s -
6. ngEE?EEEEEk 2.0e-061 24 11
7 jggal_ﬁgsﬁ 3.0e-044 23 11
8 jF MM 3.68-010 5 5




Fig 5. DNA Binding domain alignment of ICE1 protein from Vigna radiata.
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Fig 6. Percentage occurrence of secondary structural features of ICEL protein in Vigna spp.
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VrICE1-X1 indicates XP_014498308.1 transcription factor ICE1 isoform X2 [Vigna radiata var. radiata]
VrICE-X2 indicates XP_014498307.1 transcription factor ICE1 isoform X1 [Vigna radiata var. radiata]
ValCE1-X2 indicates XP_017419478.1 PREDICTED: transcription factor ICE1-like isoform X2 [Vigna angularis]



ValCE1-X1 indicates XP_017419477.1 PREDICTED: transcription factor ICE1-like isoform X1 [Vigna angularis]
VUulCE-X2 indicates XP_027901962.1 transcription factor ICE1-like isoform X2 [Vigna unguiculata]

VUulCE1-X1 indicates XP_027901955.1 transcription factor ICE1-like isoform X1 [Vigna unguiculata]
ValCE1-BLH indicates KAG2405170.1 Transcription factor ICE1 Basic helix-loop-helix protein [Vigna angularis]

ValCE1-HP indicates KOM38329.1 hypothetical protein LR48_Vigan03g171100 [Vigna angularis]

Fig 7. Detailed representation of all the predicted secondary structures in ICE1 proteins in Vigna
radiata, V. angularis and V. unguculata.

1. XP_014498308.1 transcription factor ICE1 isoform X2 [Vigna radiata var. radiata]

MMEGYSLPPPPGEEDAPPPSIWGRPNSQEED AT ALGAPLSFKSHLQQQPQQPQLQPQPPQLDSYFNFNINeett hhhhheehtcccchhhhhh
eeeecccSAIPIPFVPPIESFPPLDPFSPSLSSSPFFNNTNNTSMPFDPGFDLGLDNGLHSSCPPLFSQUQPGFEFG
ce hhh ELEALTAAPGHVPFMEGPKGENPLQRVQPTLYRKRRGTAE I PGLETVRRKGRKWEEGEAEEGSSADVDGShhh
e hhhhh hhhhhhhhhh eeecccGLNYESDENDNGNNGLKRSENAEDHKGKRKGLPAKNLUAERRRRKKLNDRLYMLRSVVPKISKM
DRASIL eeee hhhhhhhhhhhhhhhhhhhhhhhhhhhceecchhhhhGDAIDYLKELLQRINDLHNELETTPVGSSLPPSTSTSFQPLTPTL
PTLPCRVKEELYPGTLPSPKNQAAKhhhhhhhhhhhhhhhhhhhhhh hh eVEVRAREGRAVNIHMFCTRRPGLLLS
THKALDNLGLDVQQAV I SCFNGFALDVFKAEQCREGQDVLPEQl eeeecc ttcceeeeeeeccctthhhhhhhhhhhttcchhhheeehcttegeeeehhh hhhKAVLLDS
AGFHGMMhhhhhhhtccocce
hmmmmmmmmmpmmmMhmmmmmmmmmmemﬂWmmmdhmﬂhmmmmmmumemmmmmmm” |mm%“mmmm |mmmmmmﬂmmmMWmqummhmmﬂmwmmmmhﬂ
o8 188 198 2008 290 308 398
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2. XP_014498307.1 transcription factord€E1 isoform X1 [Vigna radiata var. radiata]

MMEGYSLPPPPGEEDAPPPSWGRPNSQEED IAIALGAPLSEKSMLQQQPQQPQLOPQPPOLDSYFNFNINeett hhheeet hhhe
SAIPIPFVPPMESFPPLDPFSPSLSSSPFFNNTNNTSMPFDPGFDLGLDNGLHSSCPPLFSQVQPGFEFG
tt hhhhhhhhhhhhELEALTAAPGHVPFMEGPKGENPLQRVQPTLYRKRRGTAE I PGLETVRRKGRKWEEGEAEEGSSADVDGShhhhh
e hhhh s ttcceee hhh GLNYESDENDNGNNGLKRSENAEDHKGKRKGLPAKNLMAERRRRKKLNDRLYMLRSVVPKISKM
DRASILcee ee tt hhhhhhhhhhhhhhhhhhhhhhhhhhtcchhhhhhhhGDAITDYLKELLQRINDLHNELETTPVGSSLPPSTSTSFQPLTPTL
PTLPCRVKEELYPGTLPSPKNQAAKhhhhhhhhhhhhhhhhhhhhhh eVEVRAREGRAVNIHMFCTRRPGLLLS
TMKALDNLGLDVQQAV I SCFNGFALDVFKAEQQCREGQDVLPE Qeeeeec ttceeeeeeeeccctthhhhhhhhhhhhtcchhhhhhhhhtteeeeeehh hhhIKAVLLD

SAGFHGMMhhhhhhhhhhhhhhh
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3. XP_017419478.1 PREDICTED: transcription factor ICE1-like isoform X2 [Vigna angularis]

MMEGYSLPPPPGEEDAPPPSWGRPNSQEED IAIALGAPLSFKSMLQQQPQQPQPQPQPPQLDSYFNFNINeett hhhhhhhht hh
eeeccCSAIPIPFVPTMESFPPLDPFSPSLSSSPFFNNSNNTGMPFDPGFDLGLDNGLHSSCPPLFSQVQPGFEFG ee



hhhhhhhhhhhhELEALTAAPGHVPFMEGPKGENPLERVQPTLYRKRRGTAE I PGLETVRRKGRKWEEGEAEEGSSADVDGShhhh hee
e hhhccchhh ttcGLNYESDENDNGNNGLKRSENGEDHKGKRKGLPAKNLMAERRRRKKLNDRLYMLRSVVPKISKM
DRASIL eee tt hhhhhhhhhhhhhhhhhhhhhhhhhhhcchhhhhhhhGDAIDYLKELLQRINDLHNELETTSAGSSLLPSASTSFQPLTPTL
PTLPCRVKEELYPGTLPSPKNQPAKhhhhhhhhhhhhhhhhhhhhhhh eVEVRAREGRAVNIHMFCTRRPGLLLS
TMRALDNLGLDVQQAV ISCFNGFALDVFKAEQCREGQDVLPEQleeeehcttceeeeeeeeccctthhhhhhhhhhhttccehhheehhhttheeeeehhh hhhhKAVLLDS

AGFHGMMhhhhhhhhcott
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4. XP_017419477.1 PREDICTED: transcription factor ICE1-like isoform X1 [Vigna angularis]

MMEGY SLPPPPGEEDAPPPSWGRPNSQEED IATALGAPLSFKSMLQQQPQQPQPQPQPPQLDSYFNFNINeett hhhhheeht hhhhhh
heeeecSAIPIPFVPTMESFPPLDPFSPSLSSSPFFNNSNNTGMPFDPGFDLGLDNGLHSSCPPLFSQVQPGFEEG
eehhccttcchhELEALTAAPGHVPFMEGPKGENPLERVQPTLYRKRRGTAE I PGLETVRRKGRKWEEGEAEEGSSADVDGShhhhh hh
hhhhhhhhh GLNYESDENDNGNNGLKRSENGEDHKGKRKGLPAKNLMAERRRRKKLNDRLYMLRSVVRKI SKMDRAS I L
hhhhhhhhhhhhhhhhhhhhhhhhhhhcchhhhhhhhGDAIDYLKELLQR INDLHNELETTSAGSSLLPSASTSFQRLTPTLPTLPCRVKEELYPGTLPSPKNQPAK
hhhhhhhhhhhhhhhhhhhhhh hhh eVEVRAREGRAVN IHMECTRRPGLLLESTMRALDNLGLDVQQAV I SCFNGFALDVFKA
EQQCREGQDVLPEQeeeeecttceeeeeeeec cctthhhhhhhhhhhttcchhhhhhhhhtteeeeeehhh hhIKAVLLDSAGFHGMMhhhhhhhhht

L i et 1 e Ll

Il
108 158 288 258 =1

5. XP_027901962.1 transcription factor ICE41-like.isoform X2 [Vigna unguiculata]

MMEGYALPPPPGEEDAPPPSWGRPNSQEED A I ALGAPLSFKSMLLQQPQPQPQPQPQPPQLDPYFNFNMeett hhhhheeht hhhhhh
NSAIPIPEVPTMESFPPLDPFSPSLSSSPEENNSSNT SMPFDPGFDMGLDNGLHSSCPPLFPQVQPGFEF eee hhhhhhhh
ttcchGELEALTAAAPGHVPFMEGAKVENPLERVQPTLYRKRRGTAE I PGLETVRRKGRKWEEREAEEGSSADVDhhhhhhh tthhhhhhhhe
ehh hhhh hhht thhe GSGLNYESDENDNGNNGLKGSENGEDHKGKRKGLPAKNLMAERRRRKKLNDRLYMLRSVVPKISKMDRAS
eeeee tt hhhhhhhhhhhhhhhhhhbhhhhhhhhh hhh1LGDA IDYLKELLQRINDLHNELESTPAGSSMPPSASTSFQPLTPTLPTLPCRVKEELYPATLPSPKNQA
hhhhhhhhhhhhhhhhhhhbhhhhh AKVEVRAREGRAVN IHMFCTRRPGLLLSTMRALDNLGLDVQQAV I SCFNGFALDVF
KAEQCREGQDVLPE :eeceechi ttceceeeeee tthhhhhhhhhhhhtcchhhhheehhttheeeeehhh hhQIKAVLMDSAGFGMMhhhhhhhhhht
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6. VUICE1-X1 indicates XP_027901955.1 transcription factor ICE1-like isoform X1 [Vigna unguiculata]



MMEGYALPPPPGEEDAPPPSWGRPNSQEED IATALGAPLSFKSMLLQQPQPQPQPQPQPPQLDPYFNFNMeett: hhhhheeht hhh

NSAIPIPFVPTMESFPPLDPFSPSLSSSPFFNNSSNTSMPFDPGFDMGLDNGLHSSCPPLFPQVQPGFEF hhhhhhhhhhhh
ttcchGELEALTAAAPGHVPFMEGAKVENPLERVQPTLYRKRRGTAE IPGLETVRRKGRKWEEREAEEGSSADVDhhhhhhh tthhhhhhhhe
heee hhhhhhhhhh hh GSGLNYESDENDNGNNGLKGSENGEDHKGKRKGLPAKNLMAERRRRKKLNDRLYMLRSVVPKISKMDRAS
tt hhhhhhhhhhhhhhhhhhhhhhh hhhhhh ILGDA IDYLKELLQRINDLHNELESTPAGSSMPPSASTSFQPLTPTLPTLPCRVKEELYPATLPSPKNQA
hhhhhhhhhhhhhhhhhhhhhhhh AKVEVRAREGRAVN IHMFCTRRPGLLLSTMRALDNLGLDVQQAV I SCFNGFALDVF
KAEQQCREGQDVLPceeeeeecttceeeeeeeeccctthhhhhhhhhhhhtcchhhhhhhhhttheeeeehhh hEQIKAVLMDSAGFGMMhhhhhheehht
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7. ValCE1-BLH indicates KAG2405170.1 Transcription factor ICE1 Basic helix-loop-helix protein [Vigna angularis]

MDKPHPFNQDAPPPSWGRPNSQEED IAIALGAPLSFKSMLQQQPQQPQPQPQPPQLDSYFNFNINSAIP I hheeee
eeeee PFVPTMESFPPLDPFSPSLSSSPFFNNSNNTGMPFDPGFDLGLDNGLHSSCPPLFSQVQPGFEFGELEAL hhhhhhhhhhh
ehhhccchhhhhhhhh TAAPGHVPFMEGPKGENPLERVQPTLYRKRRGTAE I PGLETVRRKGRKWEE GEAEEGSSADVDGSGLNYE heee
hhhhhhhh SDENDNGNNGLKRSENGEDHKGKRKGL PAKNLMAERRRRKKLNDREYMLRSVA/PK I SKMBRAS ILGDAID eeeee
ttt hhhhhhhhhhhhhhhhhhhhhhhh hhhhhhhhhhhhhYLKELLQR INDLHNELETTSAGSSLLPSASTSFQPLTPTLPTLPCRVKEELEKFTPTTPVSSIAVVYHSE
hhhhhhhhhhhhhhhhh hhhhh SKKKPVEVRAREGRAVN I HMFCTRRPGL LLSTMRALDNLGLDVQQAVISCFNGFAL
DVFKAEQCREGQDV eeeeeecttceeeeeeeeccctthhhhhhhhhhhttcchhhhhhhhhttheeeeehhh LPEQIKAVLLDSAGFHVLLLLILLCRGLTVLAMIKchhhhhh
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8. ValCE1-HP indicates KOM38329.1 hypothetical protein LR48_Vigan03g171100 [Vigna angularis]
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Fig 8. Protein-protein interaction network of ICE1 of Vigna radiata. Network nodes represent
protein and edges represent protein-protein association.
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Your Current Organism:

Vigna radiata var. radiata
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MNode Color Mode Content

colored nodes:
query proteins and first shell of interactors

emply nodes:
proteins of unknown 30 structure

filled nodes:
some 30 structure is known or predicted

white nodes:
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Fig. 9. Co-expression analysis of ICE1 protein along with are FAMA, HOS1, heptahelical
transmembrane proteins, MAPKase, MUTE and E3 SUMO SIZ1 protein ligase in Vigna
radiata and other legume sp.
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