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SUMMARY 
 
The development and maturation of coffee fruit reflects on grain size, cup quality and 
consequently better prices for the coffee produced. It is characterized by intense cell division, 
elongation and softening of cell walls in different fruit tissues. Those processes are related 
with the action of different proteins, including expansins. The objective of this work was to 
identify α-expansins genes expressed during coffee fruit development and maturation. 
Through in silico analysis in the Brazilian Coffee Genome Project database we selected two 
α-expansins genes present in fruit cDNA libraries. We observed that both isoforms 
(CaEXPA1 and CaEXPA2) have signal peptide and specific N- terminal and C-terminal 
domains for expansins proteins. To study gene expression, we collected tissues (root, 
plagiotropic shoots, leaf, bud flower and flower) from C. arabica cv. IAPAR-59 and fruits 
from both cv. IAPAR-59 and cv. IAPAR-59 Graúdo (a genotype with larger fruit/grain size). 
Fruits were monthly collected after flowering. The transcripts of coffee CaEXPA1 and 
CaEXPA2 were observed at different coffee tissues and at different fruit ripening stages, 
indicating spatial and temporal differences on both isoforms transcription pattern. CaEXPA1 
was mainly expressed during the early stages of fruit development and at the end of the fruit 
ripening period. On the other hand, CaEXPA2 was only expressed in the last steps of fruit 
ripening. 
 
INTRODUCTION 
 
Coffee fruit growth is an asynchronous process, resulting in the presence of fruits in different 
stages of ripening in the same plant. The presence of green fruits and over-ripened fruits in 
the same batch of grains changes the acidity, the bitterness and consequently the quality of the 
product (Pereira et al., 2005). The early stages of coffee fruit development and ripening are 
characterized by intense cell division, perisperm development, elongation and softening of 
cell walls. Those processes are related with the action of different proteins, including 
expansins, pectin methylesterases, xyloglucanases. Expansins are plant cell-wall loosening 
proteins that induce cell wall extension and stress relaxation at acidic pH condition 
(McQueen-Manson et al., 1992). These proteins play roles in a diverse range of 
developmental process including fruit development and ripening (Rose et al., 1997; Brummell 
et al., 1999; Vidhu et al., 2005; Dotto  et al., 2006; Vidhu et al., 2007;  Ishimaru et al., 2007). 
Expansins represent a protein superfamily, that are formed by four families designated α-
expansin (EXPA), β-expansin (EXPB), expansin-like A (EXLA) and expansin-like B (EXLB) 
(Kende et al., 2004). Members of the EXPA and EXPB families are known to have wall-
loosening activity (Cho and Kende, 1997; Cosgrove et al., 1997), whereas the other two 
families have been identified only from sequence homology, but protein function analysis has 
not been reported (Lee et al., 2001; Li et al., 2002). 
  



984 
 

MATERIALS AND METHODS 
 
Through analyses on the Brazilian Coffee Genome Project database (http://www.lge.ibi. 
unicamp.br/cafe/), we selected two α-expansin isoforms named CaEXPA1 and CaEXP2, both 
containing sequences from fruit cDNA libraries. Predicted amino acid sequences were 
obtained using ORF finder at NCBI (http://www.ncbi.nlm.nih.gov/gorf/gorf.html). 
ScanProsite (http://www.expasy.org) was used to verify the two domains specific for mature 
expansin protein. The pollen allergen domain was verified for each isoform using BlastP and 
the signal peptide region was identified using SignalP (http://www.cbs.dtu.dk/services/ 
SignalP/). To gene expression analysis, fruits were monthly collected, after flowering, from 
Coffea arabica cv. IAPAR-59 and C. arabica cv. IAPAR-59 Graúdo, at the experimental 
station of the Agronomic Institute of Paraná (IAPAR, Londrina, BR). We also collected 
tissues (root, plagiotropic shoots, leaf, bud flower and flower) from cv. IAPAR-59. Total 
RNA was isolated from different tissues and fruits at different stages of maturation from cv. 
IAPAR 59 and cv. IAPAR 59 Graúdo, according to Chang et al. One µg of total RNA was 
used to produce cDNA with ThermoscriptTM oligo DT System (Invitrogen) to amplify the two 
α-expansin genes, which were used as probes for transcript analysis. For Northern Blot 
analysis 15 ug of total RNA was transferred to nylon membranes and hybridized using 
UltraHyb solution. The specificity of each probe was tested through dot-blot analysis (date 
not shown). 
 
RESULTS AND DISCUSSION 
 
Through in silico analysis we observed that both CaEXPA1 and CaEXPA2 isoforms have a 
signal peptide, ranging from 21 to 30 aminoacids. They have the specific domains for 
expansins proteins, an N- terminal distantly related to the catalytic domain of glycoside 
hydrolase (GH-45) and a C-terminal domain distantly related to group-2 grass pollen 
allergens. CaEXPA1 and CaEXPA2 presented high identity (from 80% to 86% and from 79% 
to 85%, respectively) with expansins from other plants according to BlastX analysis. Northern 
blot from different tissues of coffee showed for CaEXPA1, transcripts in roots and bud 
flowers (Figure 1A) and for CaEXPA2 transcripts were observed in shoots (Figure 1B).  

 
Figure 1. Northern blot analysis of two C. arabica α-expansin genes. Total RNA from 
root, young shoot, old shoot, bud flower and flower from C. arabica cv. IAPAR-59. A – 
Hybridization using CaEXPA1 as probe. B – Hybridization using CaEXPA2 as probe.  
 
CaEXPA1 was similarly transcribed in both genotypes (Figure 2). Transcripts were detected 
during the early stages of fruit development and in the last steps of fruit ripening. For cv. 
IAPAR-59, increased transcripts were observed in November (60 days after maturation –
DAF), a period of rapid expansion of the fruit and perisperm development (Figure 2). 
Interestingly, in the genotype cv. IAPAR-59 Graúdo, we also observed transcripts at 60 DAF; 
however, higher accumulation of transcripts was detected at 90 DAF (Figure 2). This 
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expression pattern of CaEXPA1 in cv. IAPAR-59 Graúdo probably indicates that in this 
genotype fruit expansion and perisperm development continues until 90 DAF, a longer period 
of time when compared to cv. IAPAR-59. Increased transcripts were also observed in April 
(210 DAF) for both cultivars. These results probably suggest the participation of CaEXPA1 in 
the fruit development and ripening process.  
 

Out Nov Dec Jan Feb Mar April 
Fruit initial expansion 
(Perisperm elongation) 

Endosperm growth 
 

Fruit maturation 

 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Northern blot of CaEXPA1 during fruit development.  Total RNA from the 
whole fruit of C. arabica cv. IAPAR-59 and cv.IAPAR-59 Graúdo in different stages of 
fruit development and ripening.  Fruits were monthly collected after flowering: October 
(30 DAF), November (60 DAF), December (90 DAF), January (120 DAF), February (150 
DAF), March (green - light red - red, 180 DAF) and April (light red - red and cherry, 
210 DAF).  
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Fruit maturation 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. Northenr blot analysis of CaEXPA2 during fruit development. Total RNA 
from the whole fruit of C. arabica cv. IAPAR-59 and cv.IAPAR-59 Graúdo in different 
stages of fruit development and ripening. Fruits were monthly collected after flowering: 
October (30 DAF), November (60 DAF), December (90 DAF), January (120 DAF), 
February (150 DAF), March (green - light red - red, 180 DAF) and April (light red - red 
and cherry, 210 DAF).  
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On the other hand, the isoform CaEXPA2 (Figure 3), showed specific expression during the 
later stages of fruit ripening for cv. IAPAR-59 and cv. IAPAR-59 Graúdo, suggesting the 
involvement of this isoform in the process which involves the cell wall disassembly of 
pericarp. In climacteric fruit, as the case of C. arabica, fruit softening is found to be ethylene-
dependent overall, which may imply that CaEXPA2 is probably regulated by ethylene. Some 
expansins are expressed in several organs and tissues type, whereas others shows very tight 
specificity in their spatial and temporal expression patterns (Rose et al., 1997; Cho and 
Kende, 1997), indicating that regulation of cell wall extensibility could be controlled at least 
in part by differential regulation of the different expansin genes (Reinhardt et al., 1998). 
 
The findings presented in this work provided basic information about the participation of 
expansin in coffee fruit development and maturation and can be used for more detailed 
experiments involving coffee fruit. Our group is currently studying the pattern of transcription 
of CaEXPA1 and CaEXPA2 in each fruit tissue (pericarp, perisperm and endosperm), looking 
in detail for the spatial and temporal characterization of those genes.    
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