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Abstract. Putranto R A, Martiansyah I, Saptari R T. 2017. In silico Identification and Comparative Analysis of Hevea brasiliensis 

COBRA Gene Family. Proc Internat Conf Sci Engin 1: 39-47. In this paper, the H. brasiliensis COBRA gene family, alleged to be involved 

in laticifer differentiation, was identified from the public rubber tree genome of Reyan 7-33-97 clone. A comparative analysis was carried out 

against A. thaliana genomic database. This analysis has resulted to the in silico validation of thirteen putative genes encoding 

glycophosphatidylinositol anchors (GPI) proteins harbored by nine Hevea genomic scaffolds. The sequence’s similarity of HbCOBL against 

AtCOBL genes were ranged from the threshold 50 to 81.58% covering 151 to 458 amino acid residues, respectively. Three partial and ten full-

length protein sequences of HbCOBL genes were annotated. The partial protein sequences ranged from 89 to 184 amino acid residues as 

opposed to the full-length proteins ranging from 160 to 471 amino acid residues. Two types of COBRA domains (pfam04833 and cl04787) 

were found among HbCOBL genes. Phylogenetic analysis has clustered two subfamilies. Nine HbCOBL genes (HbCOBL-B, HbCOBL-J, 

HbCOBL-C, HbCOBL-H, HbCOBL-F, HbCOBL-I, HbCOBL-M, HBCOBL-A, and HbCOBL-N) were clustered as COBRA gene subfamily-I. 

By contrast, four genes (HbCOBL-O, HbCOBL-P, HbCOBL-E, and HbCOBL-L) were clustered as COBRA gene subfamily-II. The HbCOB 

subfamily-II was marked by the addition of 203 residues in C-terminal which is different with Arabidopsis. The gene HbCOBL-C was the 

putative ortholog to AtCOB carrying the unique COBRA domain cl04787 with 74 amino acid residues. Taken together, these results showed 

that Hevea and Arabidopsis COBRA genes might share similar functions while differ in gene structure. 
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INTRODUCTION 
 

In regard to the importance of para rubber tree (Hevea 
brasiliensis Müll.Arg.) as the sole commercial source of 

natural rubber, studies have been carried out to identify 

the potential factors influencing the high production of 

latex. Arabidopsis thaliana (L.) Heynh is an important 

and well-described model plant for molecular biology 

due to its advantages of short life cycle (6 weeks) and 

small genome size (~125Mb) with five chromosomes 

(Initiative, 2000). The in silico comparative analysis 

between H. brasiliensis and A. thaliana have 

successfully identified important gene families such as 

the APETALA2/ETHYLENE RESPONSE FACTORS 

(AP2/ERF) superfamily (Duan et al., 2010; Piyatrakul et 

al., 2014; Putranto et al., 2015a; Putranto et al., 2015b; 

Putranto and Montoro, 2016), Calcium-Dependent 

Protein Kinase (CDPK) family (Xiao et al., 2017), 

Abscisic acid (ABA) receptor gene family (Guo et al., 

2017), Glucose-6-Phospate Dehydrogenase (G6PDH) 

family (Long et al., 2016), Sucrose synthase gene family 

(Xiao et al., 2014), Metacaspase family (Liu et al., 

2016), Aquaporin family (Zou et al., 2015), ABC 

transporter family (Zhiyi et al., 2015), Small Rubber 

Particle (SRPP) gene family (Lau et al., 2016) and 

Protease Inhibitors (PI) family (Martiansyah et al., 

2017).  

Latex, a milky white containing rubber particle, is 

synthesized inside specialized latex cells namely 

laticifers. Latex is harvested by tapping the soft bark of 

Hevea which truncates the secondary laticifers. The 

secondary laticifers are differentiated tissues in the 

secondary phloem of rubber bark. Their abundant 

numbers were positively correlated with the natural 

rubber yield (Hao and Wu, 2000). Comprehensive 

researches have confirmed that the differentiation of 

secondary laticifers is pivotally regulated by jasmonate 

(Laosombut et al., 2016; Pirrello et al., 2014; Tian et al., 

2015; Wu et al., 2016; Zhang et al., 2015). In the 

biological knowledge, laticifer differentiation should 

potentially involve a mechanism of cell expansion 

and/or wood biosynthesis. Studies on specific gene or 

gene family involved in such mechanism on rubber tree 

were limited. However, the transcript of a small gene 

family namely COBRA was found in the laticifers (Tang 

et al., 2016). This result suggested that this gene family 

could be related to the laticifer differentiation. 

The COBRA multi-gene family has been intensively 

studied mostly in Arabidopsis, rice and maize (Brady et 

al., 2007). This family consists of one COBRA gene and 
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eleven homologs namely COBRA-like (COBL) genes 

(Roudier et al., 2002; Schindelman et al., 2001). The 

COBRA genes encode glycosylphosphatidylinositol 

(GPI) anchoring of proteins divided into two subfamilies 

(Borner et al., 2002; Roudier et al., 2002). Each member 

of the gene family has an important and redundant role 

in oriented cell division and cell expansion (Brady et al., 

2007). Further analysis has demonstrated their positive 

expression to induce cellulose synthesis (Ben-Tov et al., 

2015; Dai et al., 2011; Liu et al., 2013). 

This paper sets out to identify the H. brasiliensis 
COBRA gene family by performing a comparative 

analysis against A. thaliana genomic database. Multiple 

sequence comparison and BLAST using public platform 

Galaxy were carried out to identify orthologous 

sequences between both species. Phylogenetic analysis 

was constructed to identify two subfamilies of COBRA 

genes. This work uses the scaffolds of H. brasiliensis 

public genome published by Tang et al. (2016). 

 

 

MATERIALS AND METHODS 
 

Preparation of Genome Reference Database and 

Galaxy BLAST 

The rubber tree genome of Reyan 7-33-97 with 

accession number: LVXX01000000 was downloaded 

from the European Nucleotide Archive (ENA) database 

(www.ebi.ac.uk/ena). The length of the genome was 

1.46 Gb consisting of 7,453 scaffolds; 84,285 contigs 

and 43,792 genes (Tang et al., 2016 5079). Total 

genomic scaffolds were stored in the Southern France 

Galaxy bioinformatics platform 

(http://galaxy.southgreen.fr/galaxy/). Twelve nucleotide 

and amino acid sequences of A. thaliana COBRA genes 

encoding GPI proteins were downloaded from the TAIR 

database v10 (http://www.arabidopsis.org/). These 

sequences were used as a comparator for the 

identification of COBRA gene family in H. brasiliensis. 

As a model plant in molecular biology, the genome 

database of A. thaliana has full annotation and 

demonstrated functions (Piyatrakul et al., 2014; Putranto 

et al., 2015a). An NCBI MEGA-BLAST + tblastn of A. 

thaliana COBRA gene family against H. brasiliensis 

genomic scaffolds was carried out using Galaxy (Cock 

et al., 2015). The expectation value cutoff was set to 

0.001 using scoring matrix of BLOSUM62. The results 

of tblastn were sorted to ensure no duplicated genes 

noted. The selection was based on the parameters such 

as: (1) hits sharing >50% of sequence similarity with 

minimum 150 bp length, (2) one unique gene for each 

location in the scaffold, (3) one scaffold hosting more 

than one gene in the different location, and (4) low e-

value. The final selection of scaffolds was separated.   
 

Manual Annotation and Conserve Domain Analysis 

of Hevea Genomic Scaffolds 

Manual annotations of Hevea COBRA genes were 

carried out on selected scaffolds encoding GPI proteins 

using Geneious software version 5.3.6 (Biomatters Ltd, 

USA). The annotation included the non-translated region 

(5’ and 3’-UTR), coding region or sequence (CDS), and 

protein or domain motifs (Kearse et al., 2012; 

Martiansyah et al., 2017). The putative CDS region for 

each Hevea COBRA genes was verified using BLAST-n 

in the NCBI (https://blast.ncbi.nlm.nih.gov/Blast.cgi). 

The analysis of conserve domain in CDS region 

followed the methodology of (Putranto et al., 2015a). 

Each scaffold containing COBRA genes was screened 

using NCBI Conserve Domain Database Search (CDD) 

(www.ncbi.nlm.nih.gov/Structure/cdd/cdd.shtml). Every 

COBRA gene should carry a protein domain namely 

“COBRA” with accession number: pfam04833 and 

cl04787, respectively. The length of COBRA domain 

was between 70 to 180 amino acid residues (Roudier et 

al., 2002). 
 

Comparative Phylogenetic Analysis of Hevea and 

Arabidopsis COBRA Gene Family 

Phylogenetic analysis was carried out to determine the 

orthology and paralogy of putative Hevea COBRA gene 

family encoding the GPI proteins. The comparative 

analysis was performed on 13 sequences of amino acid 

residues Hevea COBRA genes with 11 sequences of 

Arabidopsis COBRA genes. The phylogenetic tree was 

assembled using the Neighbor-Joining algorithm in the 

MEGA 7.0 program (Pennsylvania, USA) (Kumar et al., 

2016). Bootstrap for the consensus tree was made as 

many as 1000 repetitions (Felsenstein, 1985). The 

missing data (gap) was treated using pairwise deletion. 

The evolutionary distances were computed using the 

John-Taylor-Thornton (JTT) matrix-based method and 

are in the units of the number of amino acid 

substitutions per site (Jones et al., 1992). The gene 

Arabidopsis Auxin Response Factor, AtARF01.2 was 

used as the out-group. An additional multiple sequence 

alignment was carried out using MUSCLE algorithm to 

verify domain or protein motifs (Edgar, 2004). 
 

Data Analysis and Presentation 
The workflow analysis was repeated three times to 

verify the results. Phylogenetic tree analysis was 

repeated 15 times to ensure minimum software and 

human error despite the high number of bootstraps 

(1000 repetitions). Final data was presented in 

recapitulative tables and figures. 

  

 

RESULTS AND DISCUSSION 
 

Workflow of in silico comparative analysis using H. 

brasiliensis and A. thaliana genome database 

The H. brasiliensis genome of the Reyan clone 7-33-97 

has been successfully published (Tang et al., 2016). This 

genome reference was selected because the data 

provided a high-quality assembly covering 93.8% of the 

genome (1.37 out of 1.47 Gb) with 7,453 scaffolds (1.28 

Mb of scaffold N50) that harbors 43,792 verified genes. 

The Scheme of in silico comparative analysis for the 

identification of putative COBRA gene family encoding 
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GPI proteins in H. brasiliensis genome was presented in 

Figure 1. 

Nine Hevea genomic scaffolds potentially encoding 

GPI proteins (LVXX01000065, LVXX01000183, 

LVXX01000195, LVXX01000520, LVXX01000625, 

LVXX01000656, LVXX01001114, LVXX01001412, 

and LVXX01003569) were selected after a tblastn 

analysis between the target and comparator sequences. 

The length of the scaffolds ranged from 2.714 to 12 Mb 

(Table 1). These scaffolds were successfully annotated 

and resulted in 17 amino acid residues encoding GPI 

proteins. Thirteen COBRA domains out of these 17 

amino acid residues were putatively discovered. A 

phylogenetic tree analysis was further carried out of 13 

amino acid residues of HbCOBLs against 11 AtCOBLs. 

One sequence of AtCOBL-3 (F14F8.10) has not yet 

clearly described in TAIR. 

 

 

 
 
 

TARGET COMPARATOR

Rubber tree genome database

Clone Reyan-7-33-97

(Tang et al 2016) 

https:// www. ebi.ac.uk/ena

13  annotated domains

tblastn  of 9 scaffolds on AtCOBLs

genes using Galaxy

(www.galaxy.southgreen.fr/galaxy/)

Putative  CDS

9 Scaffolds

Annotated putative CDS

9 Scaffolds

Sequence annotation using 

Geneious

Conserved domain identification using NCBI CDD

(www.ncbi.nlm.nih.gov/Structure/cdd/wrpsb.cgi)

17  amino acid residues for 

scaffolds encoding  GPIs

Phylogenetic analysis of 13 amino acid residues 

HbCOBLs vs 11 AtCOBLs using MEGA 7.0

Phylogenetic tree of 

HbCOBLs vs AtCOBLs genes

Arabidopsis genome database

TAIR 

https://www.arabidopsis.org/browse/gen

efamily/COB.jsp

12 AtCOBLs

 
 

Figure 1. Scheme of in silico comparative analysis for the identification of putative COBRA gene family encoding glycosylphosphatidylinositol protein 

(GPI) in H. brasiliensis genome. EMBL-EBI, NCBI, Galaxy, Geneious, and MEGA 7.0 were used in this analysis. 

 
 

 

 
 

Identification and Annotation of H. brasiliensis 

COBRA Gene Family 
Seventeen putative encoding COBRA genes (HbCOBL-A 

to HbCOBL-O) were identified using in silico 

comparative analysis against Arabidopsis COBRA 

accession numbers (Table 1). These putative HbCOBL 

genes were harbored by nine H. brasiliensis genomic 

scaffolds identified in previous analysis. The sequence’s 

similarity of HbCOBL genes against AtCOBL genes 

were ranged from the threshold 50 to 81.58% covering 

151 to 458 amino acid residues, respectively. The gene 

HbCOBL-N had the shortest amino acid residues while 

two genes (HbCOBL-O and HbCOBL-P) had the longest 

amino acid residues. The results of tblastn showed a low 

E-value ensuring the confidence of the analysis. Three 

partial and ten full-length protein sequences of HbCOBL 

genes among the thirteen sequences were confirmed. 

The partial protein sequences ranged from 89 to 184 

amino acid residues. Meanwhile, the full-length protein 

sequences ranged from 160 to 471 amino acid residues. 

Thirteen HbCOBL proteins harbored COBRA domains 

with two accession types (pfam04833 and cl04787). The 

length of COBRA domain cl04787 was 74 amino acid 

residues. By contrast, the dominant number of COBRA 

domain pfam04833 ranged from 115 to 180 amino acid 

residues. 
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Table 1. Identification of 17 putative encoding COBRA genes using in silico comparative analysis of 9 genomic scaffolds of H. brasiliensis. The matching of Hevea and Arabidopsis COBRA genes were carried out using tblastn 

of Galaxy. The identification of protein domain was carried out using NCBI Conserved Domains Database (CDD) Search. 

 

Gene name 

Tang's Scaffold 

Arabidopsis ID 

Galaxy tblastn*   Protein sequence   COBRA domain   

Reference 
Scaffold ID 

Length 

(Mb) 

Similarity 

(%) 

Length 

(aa) 
E-value   Annotated 

Length 

(aa) 
  

CDD 

Search 
Accession 

Length 

(aa) 
  

HbCOBL-A 

LVXX01000065 2,714 

AT1G09790.1 53.89 167 7.00E-59   Partial 165   YES pfam04833 151   (Lalanne et al., 2004) 

HbCOBL-B AT3G29810.1 61.84 228 2.00E-91   Full-length 164   YES pfam04833 115   (Ben-Tov et al., 2015) 

HbCOBL-C AT5G60920.1 50.33 153 7.00E-36   Partial 89   YES cl04787 74   (Schindelman et al., 2001) 

HbCOBL-D 
LVXX01000183 1,783 

AT3G16860.1 53.07 179 3.00E-51   - -   NO  - -    - 

HbCOBL-E AT4G16120.1 70.93 454 0   Full-length 471   YES pfam04833 180   (Borner et al., 2002) 

HbCOBL-F 

LVXX01000195 1,700 

AT3G02210.1 81.58 152 5.00E-81   Full-length 160   YES pfam04833 152   (Roudier et al., 2002) 

HbCOBL-G AT5G60920.1 66.51 209 5.00E-98   - -   NO  - -    - 

HbCOBL-H AT5G60920.1 77.63 152 1.00E-71   Full-length 159   YES pfam04833 152   (Roudier et al., 2002) 

HbCOBL-I 
LVXX01000520 893 

AT3G02210.1 81.58 152 3.00E-80   Full-length 172   YES pfam04833 152   (Roudier et al., 2002) 

HbCOBL-J AT5G15630.1 76.43 157 2.00E-79   Full-length 171   YES pfam04833 115   (Taylor-Teeples et al., 2015) 

HbCOBL-K 
LVXX01000625 733 

AT3G16860.1 54.44 180 1.00E-52   - -   NO  - -    - 

HbCOBL-L AT4G16120.1 71.52 453 0   Full-length 471   YES pfam04833 180   (Roudier et al., 2002) 

HbCOBL-M LVXX01000656 689 AT3G29810.1 50.00 152 1.00E-44   Full-length 181   YES pfam04833 150   (Roudier et al., 2002) 

HbCOBL-N LVXX01001114 267 AT3G29810.1 52.32 151 2.00E-58   Partial 184   YES pfam04833 148   (Roudier et al., 2002) 

HbCOBL-O LVXX01001412 126 AT4G16120.1 63.54 458 0   Full-length 451   YES pfam04833 180   (Roudier et al., 2002) 

HbCOBL-P 
LVXX01003569 12 

AT4G16120.1 63.54 458 0   Full-length 451   YES pfam04833 180   (Roudier et al., 2002) 

HbCOBL-Q AT5G49270.1 54.37 160 1.00E-47   - -   NO -  -    - 
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Thirteen of seventeen putative HbCOBL genes were 

annotated in nine genomic scaffolds (Table 2). The 

HbCOBL-A, HbCOBL-B and HbCOBL-C harbored by 

scaffold LVXX01000065.1 in the position of 82,210-

82,704; 748,223-748,714; and 722,236-722,502 were 

potentially homolog to AtCOBL6, AtCOBL2 and 

AtCOB, respectively. The HbCOBL-E harbored by 

scaffold LVXX01000183.1 in the position of 89,232-

90,644 was potentially ortholog to AtCOBL7. The 

scaffold LVXX01000195.1 harbored two confirmed 

HbCOBL genes (HbCOBL-F and HbCOBL-H) in the 

position of 995,959-996.438 and 987,960-988,436. 

These genes were potentially ortholog to AtCOBL1 and 

AtCOB. The genes HbCOBL-I and HbCOBL-J located 

in the scaffold LVXX01000520.1 (position of 73,476-

73,991 and 77,649-78,161) were putative ortholog to 

AtCOBL1 and AtCOBL4. Meanwhile, only the gene 

HbCOBL-L closely related with AtCOBL7 was 

confirmed in the scaffold LVXX01000625.1 (position of 

217,872-219,284). The genes HbCOBL-M and 

HbCOBL-N putatively ortholog to AtCOBL2 were 

harbored by the scaffolds LVXX01000656.1 and 

LVXX01001114.1 in the position of 533,887-534.429 

and 261,457-262,008, respectively. Finally, the genes 

HbCOBL-O and HbCOBL-P putatively ortholog to 

AtCOBL-7 were harbored by the scaffolds 

LVXX01001412.1 and LVXX01003569.1 in the 

position of 104,777-106,129 and 2,362-3,714, 

respectively. 

The putative location of each HbCOBL gene in nine 

H. brasiliensis genomic scaffolds were shown in Figure 

2. For the scaffold LVXX01000065.1, the gene 

HbCOBL-A was located for more than 666 Mb upstream 

of HbCOBL-C and HbCOBL-B while HbCOBL-C and 

HbCOBL-B were separated by approximately 26 Mb 

distances. For the scaffold LVXX01000195.1, the genes 

HbCOBL-H and HbCOBL-F were separated by 8 Mb 

distances in the downstream part of the scaffold.  For the 

scaffold LVXX01000520.1, the genes HbCOBL-I and 

HbCOBL-J were separated by 4 Mb distances in the 

upstream part of the scaffold (Table 2, Figure 2). 

 
 

 

Table 2. Annotation of 17 putative encoding COBRA genes in 9 genomic scaffolds of H. brasiliensis. 
 

Gene name 
Tang's Scaffold   Arabidopsis genome 

Scaffold ID Length (Mb) Position (base to base)   Accession Gene name 

HbCOBL-A 

LVXX01000065.1 2.714 

82,210 … 82,704   AT1G09790.1 AtCOBL6 

HbCOBL-B 748,223 … 748,714 
 

AT3G29810.1 AtCOBL2 

HbCOBL-C 722,236 … 722,502   AT5G60920.1 AtCOB 

HbCOBL-D 
LVXX01000183.1 1.783 

- 
 

AT3G16860.1 AtCOBL8 

HbCOBL-E 89,232 … 90,644   AT4G16120.1 AtCOBL7 

HbCOBL-F 

LVXX01000195.1 1.700 

995,959 … 996.438   AT3G02210.1 AtCOBL1 

HbCOBL-G - 
 

AT5G60920.1 AtCOB 

HbCOBL-H 987,960 … 988,436   AT5G60920.1 AtCOB 

HbCOBL-I 
LVXX01000520.1 893 

73,476 … 73,991   AT3G02210.1 AtCOBL1 

HbCOBL-J 77,649 … 78,161   AT5G15630.1 AtCOBL4 

HbCOBL-K 
LVXX01000625.1 733 

-   AT3G16860.1 AtCOBL8 

HbCOBL-L 217,872 … 219,284   AT4G16120.1 AtCOBL7 

HbCOBL-M LVXX01000656.1 689 533,887 … 534.429   AT3G29810.1 AtCOBL2 

HbCOBL-N LVXX01001114.1 267 261,457 … 262,008   AT3G29810.1 AtCOBL2 

HbCOBL-O LVXX01001412.1 126 104,777 … 106,129   AT4G16120.1 AtCOBL7 

HbCOBL-P 
LVXX01003569.1 12 

2,362 … 3,714   AT4G16120.1 AtCOBL7 

HbCOBL-Q -   AT5G49270.1 AtCOBL9 
 

 

 

 
 

Figure 2. Putative location of each HbCOBL gene in 9 H. brasiliensis genomic scaffolds. Yellow triangle locates the CDS of the gene. Red triangle locates 
the COBRA domain of the gene. For the scaffold LVXX01000065.1, the order of annotation (left to right) was HbCOBL-A, HbCOBL-C and HbCOBL-B. 

For the scaffold LVXX01000195.1, the order of annotation (left to right) was HbCOBL-H and HbCOBL-F.  For the scaffold LVXX01000520.1, the order 

of annotation (left to right) was HbCOBL-I and HbCOBL-J. 
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Comparative Phylogenetic Analysis of Hevea and 

Arabidopsis COBRA Gene Family 

The comparative phylogenetic analysis of 13 Hevea and 

11 Arabidopsis COBRA gene families were 

exhaustively carried out (Figure 3). Two clusters have 

been identified and named after the grouping of AtCOBL 

genes: Subfamily-I and –II. Nine HbCOBL genes 

(HbCOBL-B, HbCOBL-J, HbCOBL-C, HbCOBL-H, 
HbCOBL-F, HbCOBL-I, HbCOBL-M, HBCOBL-A, and 

HbCOBL-N) were clustered as COBRA gene subfamily-

I. By contrast, four genes (HbCOBL-O, HbCOBL-P, 

HbCOBL-E, and HbCOBL-L) were clustered as COBRA 

gene subfamily-II. The analysis of multiple sequence 

alignment on HbCOBL amino acid residues confirmed 

two differentiated groups (Figure 4). The Hevea 
COBRA gene subfamily-II was marked by the addition 

of 203 residues in C-terminal. 

 

 
 

Subfamily-I

Subfamily-II

 
 
Figure 3. Phylogenetic analysis of 13 and 11 COBRA amino acids from H. brasiliensis and A. thaliana. The evolutionary history was inferred using the 

Neighbor-Joining method of MEGA 7.0 The bootstrap consensus tree inferred from 1000 replicates. The percentage of replicate trees in which the 
associated taxa clustered together in the bootstrap test (1000 replicates) are shown next to the branches. The evolutionary distances were computed using 

the JTT matrix-based method and are in the units of the number of amino acid substitutions per site. The bootstrap consensus tree inferred from 1000 

replicates. The analysis involved 25 amino acid sequences with AtARF01.2 as the outrgoup. All ambiguous positions were removed for each sequence pair. 
There were a total of 779 positions in the final dataset. Two bars with red and blue colors refer to COBRA subfamily-I and –II. 

 

 
 

Discussion 

The tolerance to recurrent tapping in rubber tree is a 

unique feature that allows latex to be harvested over the 

production age (Putranto et al., 2015a). This tolerance is 

marked by the reproduction of latex flow and also the 

regeneration of laticifers, especially the secondary 

layers. Two main hormonal biosynthesis and pathways, 

ethylene and jasmonate, were comprehensively studied 

for the past 10 years. However, studies on genes related 

to structural development of the laticifers were limited. 

In their study, Tang et al. (2016) has carried out 

annotation analysis and expression of genes located in 

H. brasiliensis SNP desert. Three scaffolds putatively 

encoding COBRA genes (LVXX01000065, 

LVXX01000520, and LVXX01000625) showed high 

transcript abundance in the laticifer with reads per 

kilobase per million mapped reads (RPKM) of 0.14, 

8.39, and 5.01, respectively. In addition, Rahman et al. 

(2013) has previously predicted and grouped ten 

putative Hevea COBRA genes as lignocellulose 

biosynthetic genes. These data raised a question whether 

COBRA genes could potentially play an important role 

during laticifer differentiation in rubber tree. 
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SF-II

SF-II

SF-II

SF-I

SF-I

SF-I

 
 

Figure 4. Multiple sequence alignment of H. brasiliensis COBRA gene family. The analysis was performed by MUSCLE alignment of Geneious. Two 

bars with red and blue colors refer to COBRA subfamily-I (SF-I) and –II (SF-II). The orange boxes highlight the additional sequence on C-terminal. 

 
 

 

In this study, a comparative analysis using two 

reference genomes from H. brasiliensis and A. thaliana 

was systematically carried out for specific gene family. 

At the beginning, seventeen putative HbCOBL genes 

were identified. After the CDD search analysis, thirteen 

genes were in silico validated. These genes carried a 

COBRA domain in the CDS region. The other four were 

excluded from the analysis. The phylogenetic analysis 

has regrouped the HbCOBL genes into two subfamilies 

as described in the A. thaliana COBRA gene family. 

The subfamily-II differs from the subfamily-I due to its 

addition of N-terminal 170 amino acids (Roudier et al., 

2002). In this study, the HbCOBL subfamily-II showed 

additional amino acid residues at C-terminal. This result 

suggests that Hevea and Arabidopsis COBRA genes 

might structurally different but share similar functions.  

In Arabidopsis, the COBRA gene family was located 

in the chromosome I, III, IV, and V (Roudier et al., 

2002). The chromosome I harbored the genes AtCOBL6 
and AtCOBL3 whereas the chromosome IV harbored the 

genes AtCOBL7 and AtCOBL11. Two chromosomes III 

and V harbored four genes for both of them. The genes 

AtCOBL1, AtCOBL8, AtCOBL10, and AtCOBL2 were 

found in the chromosome III. The genes AtCOBL4, 
AtCOBL9, AtCOB, and AtCOBL5 were located in the 

chromosome V. The duplication phenomenon of 

Arabidopsis COBRA genes has been discussed (Brady et 

al., 2007; Roudier et al., 2002). In this paper, three genes 

(HbCOBL-A, HbCOBL-B, and HbCOBL-C) as well as 

two other groups of genes (HbCOBL-F and HbCOBL-H; 

HbCOBL-I and HbCOBL-J) resided the same scaffold. 

The gene HbCOBL-C putatively ortholog to AtCOB had 

the unique COBRA domain cl04787 with 74 amino acid 

residues. In addition, the gene HbCOBL-H was 

predicted to be ortholog with AtCOB. In Arabidopsis, 

the role of gene AtCOB has been demonstrated in cell 

wall deposition (Liepman et al., 2010; Schindelman et 

al., 2001). Both genes (HbCOBL-C and HbCOBL-H) 

were positioned in different scaffolds. The close relation 

of both genes was equally illustrated in the phylogenetic 

tree. The genes HbCOBL-C, HbCOBL-H, and AtCOB 
shared a small cluster. This suggests a potential 

duplication of HbCOBL-C and HbCOBL-H in H. 

brasiliensis genome. 
 

 

CONCLUSIONS 
 

Taken together, comparative genomic analysis, whether 

partially or totally implemented reveals new cues at the 

understanding of molecular mechanism inside a given 

organism. By implementing sequence-to-sequence 

analysis, the putative H. brasiliensis COBRA gene 

family was identified. The gene family was clustered 

into two subfamilies with total 13 members. Future 

perspectives should be focused on demonstrating the 

implication of HbCOBL genes in laticifer differentiation. 
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