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Abstract 

Teosinte-branched1, Cycloidea, Proliferating (TCP) cell factors which play an important role 

in plant growth and its homologs encodes as putative transcription factor. The homologs are 

also containing bulk motif which allows for DNA binding and Protein and protein 

interactions during various developmental stages of plants by regulating the cell proliferation. 

In this study, genome-wide identification and analysisof the TCP gene family were conducted 

in Triticum aestivum. The total of 32 putative TCP encoding genes were identified and 

classified into various clades through phylogenetic analysis with Arabidopsis and rice 

genomes. The motif analysis showed conserved motif pattern among the genes. The 

chromosomal distribution study revealed that most of the TCP genes were occurred in 

nucleus. TCPgene family may further be validated to generate novel morphological 

characters which should be correlated with agronomical values such as plant growth. 

Enhancement in the study of TCP gene family can be useful tool for crop improvement 

programmes. 

Key words: TEOSINTE-BRANCHED/CYCLOIDEA/PCF (TCP) proteins, genome-wide 

identification, cell proliferation, Triticum aestivum (Wheat), sub cellular localization, 

phylogenetic analysis. 

1. Introduction 

The structure of plants and the shape of its organ such as shoot, lateral organs, leaves, flowers 

and flower symmetry depend on synchronization of proliferation and differentiation of cells, 

this synchronization involves functioning of many transcription factors (Ingram and Waites, 

2006; Kieffer, Master, Waites, Bet al., 2011; Lei. et al., 2017). 

The TCP gene family having TEOSINTE branched 1, CYCLOIDEA, Proliferating (TCP) 

cell factors that plays a significant role in plant growth was firstly described by CUBAS, et 

al. in 1999. These factors, TEOSINTE BRANCHED 1 (TB1), CYCLOIDEA (CYC) and 

PROLIFERATING CELL FACTORS (PCFs) are found in maize (Zea mays), snapdragon 

(Antirrhinum majus and rice (Oryzasativa) (Cubas, 1999). The TCP gene family encoding 

TCP proteins that are extremely conserved   by approximately 60 residue long DNA binding 

motif at the N- terminus called TCP domain (Cai, Liu, and Vanneste, 2015). The TCP 

proteins shares the TCP domain and are also a family of transcription factors that are limited 

to higher plants for the regulation of cell growth, differentiation and proliferation. The TCP 

gene family having the members: tb1 gene is concerned in apical dominance and 

represses the growth of lateral branches incultivated maize. CYCgene control floral bilateral 
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symmetry in Antirrhinum majus. PCFs areconcerned with DNA replication and repair 

mechanism, chromosome structure and cell cycle functioning (Cai, Liu, and Vanneste, 2015). 

The PCFs bind with the PCNA (Proliferating Cell Factor Antigen) in rice. The homolog of 

TCP domain also containsa non-canonical basic-Helix-Loop-Helix (bHLH) motif which 

allows for DNA binding and protein-protein interaction. The TCP gene family on the basis of 

the differences in the amino acid sequence in the essential part of thedomain is divided into 

two subfamilies i.e., class I and class II. The TCP class II is further subdivided into the two 

subcladesi.e., CIN and CYC/TB1, wheresome members of class 

 II TCPalso distribute an arginine-rich R domain and an ECE motif whose biological function 

is not known but speculated to assist protein-protein interaction Martín-Trillo M. Cubas P. et 

al. (2010). 

The higher plants such as angiosperms and lycophytes having TCP gene family where class I 

isa group of moderately closely related proteins, while class II having slight differences in the 

TCP domain are further subdivided finding that there might be some transcription factors that 

are controlling and regulating the transcription of chloroplast genes (Martín-Trillo and Cubas, 

2010). Chai (2017) also investigated microsystem and expression profiles (tissue specific) of 

TCP gene family in between different grass species and maize respectively (Chai, Jiang and 

Huang, 2017). Into two clades. In these more than 20 members have been identified in whole-

genome searches carried out in Arabidopsis thaliana (Cai, Liu and Vanneste, 2015) rice and 

dicots. In Arabidopsis thaliana several TCP factors include chloroplast-targeting peptides 

(TCP) that leads for the new  

The TCP gene family is controlling numerouscharacter and functions in different plant 

species from monocots to eudicots by regulating cell growth and development such as lateral 

branching (Takeda, 2003; Aguilar-Martinez, 2007), growth of leaf, flower (Kieffer, Master, 

Waites and Bet al., 2011), gametophytePagnussat, embryo, senescence, flower maturity 

(Kieffer, Master, Waites and Bet al., 2011), germination of seed. It also   regulates circadian 

rhythm, pathways of hormone and mitochondrial biogenesis (Aguilar-Martinez, 2007) and 

are also found in lycophytes, ferns, mosses, and green algae. 

In TCP gene family, CIN-like clade genes of class I are responsible for development of 

lateral organ and the CYC/TB1 clade genes of class II regulates the development of axillary 

meristem. In ZEA MAYSMaize) tb1 gene is responsible repressing the growth of lateral 

branches, that is practically demonstrated and investigated by Aguilar-Martinez etal. in 

2007in Arabidopsis where functional scrutiny of two homologs of  BRANCHED1 

and BRANCHED2  genes  of tb1 were suppressing outgrowth of axillary bud (Aguilar-

Martinez, 2007) also in Arabidopsis  allfive CIN like 

TCP(TCP2, TCP3, TCP4, TCP10and TCP24) genes that are responsible for regulating the 

leaf morphogenesis were found to be  targeted by miR319 (Nath, Crawford, Carpenter and 

Coen, 2003; Schommer, Palatnik and Cubas et al., 2008; Kosugi and Ohashi et al., 2002; 

Danisman, Dhondt and Waites et al., 2012) Arabidopsis. Genome wide identification and 

https://www.frontiersin.org/articles/10.3389/fpls.2016.01937/full#B1
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analysis of TCP gene family in many higher plants has shown that TCP proteins are also 

regulating the development of fruit and it’s ripening (Parapunova, Busscher and Busscher et 

al., 2014). Thewhole genome of the orchid Phalaenopsis equestris was sequenced where 23 

TCP genes were identified (Cai, Liu and Vanneste et al., 2015). Two model plants species 

i.e., Arabidopsis and rice are considered to be representatives of the eudicots and monocots, 

respectively and also in higher plants such as angiosperms they are considered as the twomost 

importantevolutionarylineages. In Arabidopsis and rice TCP genes have been identified from 

the completed genome sequences. 

Triticum aestivum L. is also known as common wheat. Wheat is a part of Poaceae family 

having AABBDD genome (2n = 6x = 42) and is an allohexaploid, derived from two 

polyploidization events. Wheat is a grass that is widely cultivated for its cereal grain. Wheat 

is also considered as primary staple food and cultivated in many countries such as North 

Africa, Middle East, and Asia. The global wheat production was 749 million tonnes in 2016 

(Ma et al., 2014). Recently, the TCP gene family is extensively characterized in many plant 

species such as ZeaMays, Oryza sativa, Arabidopsis thaliana, tobacco, G. Raimondi, cassava 

and apple, but still the characterization of TCP gene family in wheat is remaining to be 

published (Ma et al., 2014). Therefore, in this study, we performed 

analysis and identification of the TCP gene family in Triticum aestivum. 

During plant evolution the TCP genefamilymembers are considered as key resources to 

generate required phenotypes and novel morphological characters. The TB1 gene of maize is 

a single gene that plays a key role in crop domestication and this crop is being cultivated 

worldwide on a large scale. According to present studies, approximately30 TCP genes are 

identified and characterized in plants, that are responsible for regulating leaf size, growth of 

lateral organ, pollen and internode, circadian rhythms, flower evolution and symmetry and 

senescence (Lopez et al., 2015; Xu, et al., 2016; Francis, et al., 2016). 

2. Material and Methods  

2.1 Identification of TCP Gene In Wheat Genome: 

For the identification of maximum number of TCP genes in wheat 

genome(http://plants.ensembl.org/Triticum_aestivum/), there are three respective approaches 

on the Arabidopsis thaliana and oryzasaliva seed sequences respectively i.e. HMM (Hidden-

Markov Model), Pfam(http://pfam.sanger.ac.uk) and BLASTP were used. The Hidden-

Markov Model (HMM) profile for TCP genes was created using HMMER 

3.1(http://hmmer.janelia.org/)software packages and search against the T. aestivum genome 

with parameter e-value ˃= 1e-5 was done. These identified sequences were verified through 

the Pfam(http://pfam.sanger.ac.uk) database and the sequences having TCP domain were 

selected. These sequences were BLAST against T.aestivuminBioEdit version7.2.6with e-

value< =1e-20 and identity ≥ 95%. The redundancy has been removed using the In-house 

Perl script. As the nomenclature of TCPs, here we used pTaTCP (Putative T. aestivum TCP) 

to represent identified TCP genes in wheat genome (Table 1). Identified and unique 

http://plants.ensembl.org/Triticum_aestivum/
http://pfam.sanger.ac.uk/
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pTaTCPs were BLAST against Z. mays, B. distachyon, O. sativaandH.vulgare to get the 

putative orthologous of pTaTCP sequences in wheat genome. 

2.2 Chromosomal Distribution and Sub Cellular Localization of the TCP Genes: 

The proteome sequences of wheat were downloaded from Ensembles Plants 

(ftp://ftp.ensemblgenomes.org/pub/plants/release31/fasta/triticum_aestivum/). All the 

identified TCP genes where BLAST was searched (E-value < = 1 e-20, percent identity ˃ 

=95%) against the genome sequences of the wheat chromosomes to determine their 

chromosomal distribution and locations. Compute pI/Mw (http://web.expasy.org/compute pi/) 

was used to predict protein molecular weights and theoretical isoelectric point values. 

2.3 Prediction of Orthologs and Paralogs of Wheat PTCP genes: 

The orthologsand paralogs were predicted using the parameters like E-values of < = e−20 and 

percent identity >=95%. All 32 TCP genes of T.aestivumseparately BLAST searched against 

4 crop plants using default parameters and the hits that are found to be fit in these criteria 

were computed and tabulated in a spreadsheet using Microsoft Excel, on the basis of these 

orthologs of TCP, a collinear map of the O.sativa, H.vulgare, B. distachyon, T.aestivumand 

Z.mays was formed using visualization tool 

CIRCOS(http://mkweb.bcgsc.ca/tableviewer/).Syntenic relationship was also determined for 

TCP genes of four crops while finding orthologs. The orthologs were determined using all 

against-all BLAST searches of the genes on one genome against the other genome of four 

crops by using default parameters and only significant hits meeting the criteria of BLAST 

were chosen for the analysis and counted as single orthologos pair.  

The computed orthologos pairs were tabulated in spreadsheets using Microsoft Exceland then 

represented by CIRCOS software. (Fig. 3) 

2.4 Conserved Motifs of Wheat TCP Genes:  

Identified wheat pTaTCP protein sequences were used to predict the motif pattern. The 

conserved motifs and logos were computed by using the online software MEME 4.10.02 

(http://meme-suite.org/tools/meme). Motifsand logos were predicted using the default 

parameters such as optimum motif widths set of 6–200 residues and a maximum of 20 motifs. 

2.5 Phylogenetic Analysis of The PTATCP Genes in Wheat Genome 

The Phylogenetic tree of pTaTCPgene pairs from A. thaliana, O. sativa and T. Aestivumwas 

constructed using NJ (neighbour-joining) method in Clustal X (http://www.clustal.org/)  with 

1, 000 bootstrap replicates. The already identified 23 and 22 TCP genes of A. thaliana and O. 

sativarespectively were taken for the reason of classifying the TCP genes in wheat. The 

alignment result was used to find the best model test by MEGA and confirm by JMODEL 

test. The phylogenetic tree was visualized with the online software tool itol 

(https://itol.embl.de/) and used to conclude the relationships between the identified pTaTCP 

genes using the NJ method. In the phylogenetic tree, the genes that are grouped collectively 

but originated from different crop plants were homologous sequences of same TCPs. 

3. Results and Discussions 

http://web.expasy.org/compute%20pi/
http://mkweb.bcgsc.ca/tableviewer/
http://meme-suite.org/tools/meme).%20Motifs
http://www.clustal.org/
https://itol.embl.de/
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3.1 Identification and Classification of TCP Genes in Wheat: 

In this study, we identified, total 32 unique genes by each HMM analysis, Pfam search and 

Blast search, and respectively whereall of the 32 putative TCP genes were conserved TCP 

domain. The identified putative TCP genes were named as pTaTCP1 to pTaTCP32 after the 

already identified Arabidopsis TCPgenes. In Arabidopsis and rice total 23 and 22 TCP genes 

have been identified. On comparing the number of already identified TCPs from Arabidopsis 

and rice with wheat, it was found that the number of TCP genes were more in wheat. It 

indicates that the TCP gene family is more extended in wheat. The number of TCP genes 

were also identified in different species including 38 TCP genes present in 

Gossypiumraimondii (DD genome), 36 TCP genes in Gossypium arboreum (AA genome) 

(Ma et al., 2014), 36 TCP genes in cassava (Manihot esculenta), 23TCP genes inP. Equestris 

(Lei et al., 2017), 19 TCP genes in strawberry (F. vesca). Chai, et al., (2017) reported 

29 TCP genes in maize (Chai, Jiang and Huang et al., 2017). Du, et al. in 2017, identified 

39TCP genes in turnips (Brassica rapa ssp. rapa) and also found that all genes are distributed 

on 10 chromosomes (Du, Hu and Yu et al. 2017). 

3.2 Characterisation of TCP Gene in wheat: 

Of the 32 pTaTCPgenes, the TCP proteins ranged in length from 204 to 577 amino acids, 

with molecular weights ranging from 21757.69 to 61595.05 kDa and the isoelectric points 

ranged from 5.09 to 10.02. In Arabidopsis and rice the length of the total 23 and 22 TCP 

genes varied from 165 to 489 and 141 to 480 amino acids respectively [34]. The 39TCP 

genes of turnips ranged from 603 to1,401 bp in length, having 200–466 amino acids, 

molecular mass of 22.05–50.25 kDa and their ranged from 5.48 to 10.20 (Du, Hu and Yu et 

al. 2017). In cotton (Gossypium Raimondi) the 38 TCP genes varied from 196 to 549 amino 

acids in length (Ma et al., 2014). 

In strawberry (Fragaria vesca) the [19] TCP ranged from 159 to 460 amino acids in length, 

molecular weights ranging from 17553.61 to 50831.19 kDa and the isoelectric points ranged 

from 4.62 to 9.55. Inorchids (P.equestris), the 23 TCP ranged from 220 to 425 amino acids 

with molecular weights varied from 24376.1 to 44992.4 kDa and the isoelectric points ranged 

from 5.71 to 9.89 (Lei et al., 2017). 

3.3 Chromosomal Distribution and Sub Cellular Localization of the TCP Genes: 

Sub cellular localization analysis indicated that 30 pTaTCP genes are localized in the 

nucleus, 1 is localized in chloroplast, and remaining one is promiscuous as it is localized in 

both nucleus and chloroplast (Table 1). 

TABLE: 1The TCP gene family in wheat genome representing following characteristics: 

pTaTCP name, sequence I.D, isoelectric Point, molecular weight, length in amino acid and 

chromosomal location, where all the identified TCP genes were BLAST searched (E-value < 

= 1 e-20, percent identity ˃ = 95%) against the genome sequences of the wheat chromosomes 
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to determine their chromosomal distribution and locations. Protein molecular weights and 

pI values were computed using Compute pI/Mw. 
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In Arabidopsisall of the chromosomesand in rice 11 of 12 chromosomes are containing one or 

more TCPgenes, which indicate that the TCP gene family members are present extensively in 

the genomes. In orchids (P.equestris), 2 genes (PePCF10 and PeCIN8) of TCPare localized in 

nucleus reported by Lei. et al., (2017). In strawberry (F.vesca) 6 TCP genes are localized in 

nucleus, 2 genes in cytoplasm and nucleus. 

In turnips (Brassica rapa ssp. rapa) 10 genes of TCP are found in all 10 chromosomes, where 

8 genes, 5 genes and 3 genes are localized at chromosome no. 3, 7 and 5 respectively. 

Chromosome no. 4 and 10 has only one gene (BrrTCPGFF) localized in the nucleus (Du, Hu 

and Yu et al., 2017). In cotton, among the 38TCP genes, 36 genes were found in 11 
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Chromosomes out of the 13 chromosomes, while the unmapped scaffolds containing the 

remaining two genes (Ma et al., 2014). 

3.4 Identification of PTATCP orthologs and paralogs:  

In order to identify the orthologs and paralogs of all 32 TCP genes of T. Aestivumseparately, 

BLAST search was conducted against 4 crop plants i.e., O. sativa, H. vulgare, B. distachyon 

and Z. mays using default parameters (E-values < = e−20 and percent identity >= 95%). All 

the significant hits matched these criteria for each of the 32 T. aestivum chromosomes were 

counted and collected in table using Microsoft Excel where 144, 313, 148 and 270 orthologs 

of pTATCPgenes were identified in O. sativa,Z. mays,B. distachyonandH. vulgare, 

respectively. However, a total of 495 paralogs of pTATCP gene were identified in wheat 

(Fig.1).  

 

Figure: 1 CIRCOS representing the relationships, orthologs and paralogs of all 32 TCP genes 

of T. Aestivumseparately, BLAST search was conducted against 4 crop plants i.e., O. sativa, 

H. vulgare, B. distachyon and Z. maysusing default parameters (E-values < = e−20 and 

percent identity > = 95%). 
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In turnips Du, et al. in 2017 investigated that the seven pairs of putative paralogs TCP genes 

were present in different chromosomes (Du, Hu and Yu et al., 2017). In cotton (Gossypium 

raimondii), 19 pairs of putative paralogs TCP genes were identified (Ma et al., 2014). 

3.5 Conserved motifs of TCP genes in wheat genome: 

Unknown motifs of a set of 32 protein sequences varying from 204 and 577 in length 

(average length 333.0) of the TCP wheat were also identified by MEME motif analysis where 

motif width is between 6 wide and 50 wides (inclusive) at zero or one occurrence (of a 

contributing motif site) per sequence. In total 20 motifs and logos of TCP genes were 

identified in wheat genome as shown in (Figure 2 & 3). The motifs pattern in turnips 

(Brassica rapa ssp. rapa) ranged from 2 to 11 where 1, 2, and 3 were identified as TCP 

domain (Du, Hu and Yu et al., 2017). A total of 20 motifs were identified in cotton that 

ranged fromMotif 1 to motif 20 where most of TCP protein are sharing similar motifs  in the 

same family (Ma et al., 2014)  

3.6 Phylogenetic analysis of the O. Sativa, A. Thaliana, And T. Aestivum Orthologs: 

The phylogenetic tree is used to understand the history of evolution and to determine the 

relationships of the closely related species. Aphylogenetic tree was constructedon the basis of 

multiple sequence alignment with NJ (Neighbour-Joining) method by using 32, 23 and 22 

TCP genes of T. aestivum, A. thaliana andO. Sativarespectively and also reconstructed with 

maximum likelihood and minimal evolution method bybootstrap values of 0.5 and 1000 

bootstrap replicates. 
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Figure: 2 The conserved motifs of TCP proteins in the TCP family were identified using the 

online software MEME 4.10.02 Motifs were predicted using the default parameters such as 

optimum motif widths set of 6–200 residues and a maximum of 20numbers of motifs. 



ISSN 2231-3842 (Print)  ISSN 2277-8691 (Online) 
 
 

 
INERNATIONAL JOURNAL OF APPLIED SCIENCE AND TECHNOLOGY VOLUME 8 ISSUE 2, MARCH 2022 

29 
 

 

 



ISSN 2231-3842 (Print)  ISSN 2277-8691 (Online) 
 
 

 
INERNATIONAL JOURNAL OF APPLIED SCIENCE AND TECHNOLOGY VOLUME 8 ISSUE 2, MARCH 2022 

30 
 

Figure: 3 The logos of conserved motifs of TCP proteins in the TCP genefamily were 

identified using the software MEME 4.10.02 tool. Logoswere predicted using the default 

parameters such as optimum widths set of 6–200 residues and a maximum of 20 numbers of 

logos. 

  

The trees produced by these methods are showing following differences (Fig. 4). In first 

clade, the genes from pTATCP1 to pTATCP12 are closely related to OsTCP6, OsTCP14, 

AtTCP12 and AtTCP18. In second clade, pTATCP13, pTATCP23, pTATCP24 

andpTATCP25 are closely related to OsTCP1, AtTCP3, AtTCP4 and AtTCP10. In third 

clade, from pTATCP26 to pTATCP30 are closely related to OsTCP2, OsTCP10, AtTCP5, 

AtTCP13 and AtTCP17. In fourth clade, from pTATCP14 to pTATCP22 are closely related 

to OsTCP7, OsTCP12, AtTCP2, AtTCP24andpTATCP31 andpTATCP32 are closely related 

to OsTCP9, OsTCP14, AtTCP7 and AtTCP21 as shown in Fig. 4. 

 

Figure: 4 A phylogenetictrees wascreated with MEGA 5.0 by the NJ (neighbour joining) 

method, 1000 bootstrap replicates and bootstrap values of 0.5 showing the phylogenetic 

relationships of TCP genes from Triticum aestivum, Arabidopsis thaliana and Oryza sativa. 

Yao, et al. in 2007 created a phylogenetic tree with A. thaliana and O. sativa genes and found 

eight clades that tell that the Arabidopsis and rice is the most common ancestor of monocots 

and dicots having as a minimum of 8TCP genes. In cotton, the phylogenetic tree analysis of 

http://meme-suite.org/tools/meme)tool.Motifs
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TCP genes showed that a lot ofArabidopsis TCP genes having related function and lies into 

the same clade (Ma et al., 2014). 

4. Conclusions 

In TCP gene family the TCP proteins are one of the planttranscription factors that participate 

in various functions such as growth, proliferation and development of plant organs (Cai, Liu 

and Vanneste et al., 2015; Lei. et al., 2017; Takeda et al., 2006; Aguilar-Martinez et al., 2007; 

Martín-Trillo and Cubas et al., 2010; Danisman, Dhondt and Waites et al., 2012) 

Arabidopsis. This study systematically identified and characterized the wheat TCP gene 

family at the whole genome level. A total of 32 wheat pTaTCPgenes, were identified and 

they were unevenly distributed on wheat chromosomes. The conserved motif, sub cellular 

localization and phylogenetic relationship analysis further supported the classification of 

pTaTCPgenes in wheat. TheTCP gene family is plant-specific and found in higher plants 

mainly angiosperms. The TCPgene family contains a TCP protein that encodes a cluster of 

genes that regulates transcriptional factors. These transcriptional factors play a major role in 

plant growth and development.TCP proteins encode by a group of genes that are mainly from 

the class II. These genes of class II control many characters such as biological, physiological 

and morphological traits like cell growth, proliferation and differentiation. These traits play a 

major role in determining the success of evolution such as lateral branching, leaf curvature 

and its size and flower symmetry pattern. A TCP gene also regulating many biological clocks 

processes such as circadian rhythm and synthesis of hormone by different organs in plants. 

The information has been gathered about evolution of TCP gene family that tell how its 

functions have been expanded, but its entire role is still unclear. We cannot describe how the 

occurrence of new morphological characters is related to the new TCP genes. More research 

and analysis of theTCP genes may help in obtaining relevant information about their relation 

with morphological traits and determining its functions. 

List of Abbreviations:  

TCP - Teosinte, Cycloidea and proliferating cell factor 

TFs - Transcription factors 

Tb1 - Teosinte branched 1 

CYC - Cycloidea 

PCF- Proliferating cell factor 

PCNA - Proliferating cell nuclear antigen 

BHLH - basic-helix-loop-helix 

cTP - Chloroplast-targeting peptides 

HMM - Hidden-Markov Model 

pTaTCP- putative Triticum aestivum Teosinte, Cycloidea and proliferating cell factor 
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pI - Isoelectric point  

NJ- Neighbour joining   
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Table Legends 

Table: 1 TheTCP gene family in wheat genome representing following characteristics: 

pTaTCP name, sequence I.D, isoelectric Point, molecular weight, length in amino acid and 

chromosomal location, where all the identified TCP genes were BLAST searched (E-value < 

= 1 e-20, percent identity ˃ = 95%) against the genome sequences of the wheat chromosomes 

to determine their chromosomal distribution and locations. Protein molecular weights and 

pI values were computed using Compute pI/Mw. 

Figure Legends 

Figure: 1 CIRCOS representing the relationships, orthologs and paralogs of all 32 TCP genes 

of T. Aestivumseparately, BLAST search was conducted against 4 crop plants i.e., O. sativa, 

H. vulgare, B. distachyon and Z. maysusing default parameters (E-values < = e−20 and 

percent identity > = 95%). 
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Figure: 2 The conserved motifs of TCP proteins in the TCP family were identified using the 

online software MEME 4.10.02 tool. Motifs were predicted using the default parameters such 

as optimum motif widths set of 6–200 residues and a maximum of 20 numbers of motifs. 

Figure: 3 the logos of conserved motifs of TCP proteins in the TCP genefamily were 

identified using the software MEME 4.10.02 tool. Logoswere predicted using the default 

parameters such as optimum widths set of 6–200 residues and a maximum of 20 numbers of 

logos. 

Figure: 4 A phylogenetic trees was created with MEGA 5.0 by the NJ (neighbour joining) 

method, 1000 bootstrap replicates and bootstrap values of 0.5 showing the phylogenetic 

relationships of TCP genes from Triticum aestivum, Arabidopsis thaliana and Oryza sativa. 

http://meme-suite.org/tools/meme)tool.Motifs
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