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Introduction 

Flesh fruit ripening is a complex developmental process that involves the formation of taste, 

aroma, establishment of skin color and fruit softening by cell wall hydrolysis. Physiological, 

biochemical and molecular evidences indicate that ethylene is the principal hormone 

controlling this developmental process. It exerts its action on several targets including its own 

biosynthesis, its perception by the target-cells via ethylene receptors (ETRs), a signal 

transduction network consisting of positive and negative regulators, and finally on the 

regulation of target-gene expression by transcription factors, such as ethylene response 

factors (ERFs) (STEPANOVA & ALONSO, 2009). In higher plant genomes, ERF is present 

as a superfamily of transcription factor genes defined by the presence of the 

APETALA2/ERF domain, a conserved DNA-binding sequence (NAKANO et al., 2006). In fruit 

species, ERFs are associated to flavor biosynthesis and texture modification during ripening 

(BAPAT et al., 2010). In the present work, we established a genetic framework for ERF and 

cell-wall proteins associated to the changes in fruit quality, texture and physiological post-

harvest disorders in Malus using bioinformatic tools and comparative genomic approaches. 

The preliminary information obtained by in silico analyses is currently being validated by in 

vivo gene expression studies. 

 

Material and Methods 

 

Database Searches and Alignments 

Homologs of Arabidopsis thaliana ethylene response factors (ERF) and cell-wall enzyme 

genes were identified by BLAST searches (ALTSCHULT et al., 1997) against open-access 

Malus EST databases. Data validation was performed by reverse tBLASTx and tBLASTn. 

The resulting alignments were filtered by a threshold e-value of 1e-25 and the hits were further 



analyzed. Validated sequences were translated and protein (deduced amino acid) 

alignments were performed using ClustalX (THOMPSON et al., 1997). 

Phylogenetic Analysis 

Phylogenetic analyses were performed using distance and parsimony methods in the 

software PAUP* 4.0b10, using the software default parameters. Resampling bootstrap trees 

containing 1000 random samples were constructed using PSIGNFIT software. 

Motif analysis and in silico characterization 

Conserved motifs were further investigated by multiple alignment analyses using ClustalX 

and the MEME version 4.0 suite (BAILEY & ELKAN, 1994). 

In silico gene expression analysis 

Qualitative gene expression profiling was performed by in silico analyses of the Malus EST 

databases using virtual northern blot analyses. The gene expression patterns among ESTs 

and libraries were obtained by hierarchical clustering based on Spearman Rank correlation 

matrix using Cluster v.2.11 software (EISEN et al., 1998). Graphic outputs were generated 

using Tree View v.1.6 (EISEN et al., 1998) and presented as a color scale. 

 

Results and Discussion 

 

The family of ethylene response factors in apple 

Employing bioinformatic tools, we have established that the Malus AP2/ERF superfamily 

consists of 88 genes, clustered into three families; the ERF family (66 genes), the AP2 family 

(15) and the RAV family (7) (Table 1). Similar results were obtained by a work sequencing 

AP2-containing genes in apple (TACKEN et al., 2010). The conserved residues of AP2/ERF 

domain are present in all 66 ERF proteins in apple (Figure 1). The vast majority of the ERF-

like sequences identified in apple shared one or more motifs outside the AP2/ERF domain 

with their Arabidopsis counterparts and were grouped in sub-groups as Arabidopsis proteins 

(Figure 1B). Apple sequences in group VII exhibit a Malus-exclusive conserved hydrophobic 

motif CMVII-9 (Figure 2).  

Table 1. Summary of the AP2/ERF superfamily in Arabidopsis thaliana and Malus sp. 

 Arabidopsis thaliana Malus sp. 

Classification Group  Number 

AP2 family  18 15 
 double AP2/ERF domain 14 11 
 single AP2/ERF domain 4 4 

At4g13040  1 0 
RAV family  6 7 
ERF family  122 66 

 groups I to IV 57 19 
 group V to X 58 45 
 groups VI-L and Xb-L 7 2 

 Total 147 88 



Figure 1. (A) Sequence alignment and structure prediction of the AP2/ERF domain of proteins from 

the ERF sub-family in Malus sp.. Black and light gray shading indicate identity and similarity. (B) and 

(C) Neighbor-joining tree for Malus and Arabidopsis and group VII sequences; respectively, aligned by 

ClustalX. Bootstrap values are above each branch. 

 

In silico expression profiling of ERF and cell-wall enzyme genes in apple 

Higher levels of expression of the ERF sequences from apple were observed in libraries 

derived from bud, root, xylem, phloem and fruit tissues (Figure 2). Differential expression 

libraries from pathogen-challenged tissues exhibited low frequency of transcripts derived 

from the investigated ERF sequences (Figure 2). Polygalacturonases were highly expressed 

in fruits, whereas β-galatosidase and PME were associated to leaf tissue (Figure2). 
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Figure 2. Expression profile of four ERF (A) and cell-wall enzyme (B) sequences in Malus. 

Hierarchical clustering of the expression patterns by k-means using Spearman Rank correlation is 

represented by tree. 

 

Conclusions 

In silico analyses allowed the identification of candidate ERF and cell-wall metabolism 

enzymes associated to ripening in apple. The tools are being used for in vivo studies.  
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