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ABSTRACT 

Studies involving amplified fragment length polymorphism (cDNA-AFLP) have often used polyacrylamide gels with 
radiolabeled primers in order to establish best primer combinations, to analyze, and to recover transcript-derived 
fragments. Use of automatic sequencer to establish best primer combinations is convenient, because it saves time, reduces 
costs and risks of contamination with radioactive material and acrylamide, and allows objective band-matching and more 
precise evaluation of transcript-derived fragments intensities. This study aimed at examining the gene expression of 
commercial cultivars of P. guajava subjected to water and mechanical injury stresses, combining analyses by automatic 
sequencer and fluorescent kits for polyacrylamide gel electrophoresis. Firstly, 64 combinations of EcoRI and MseI primers 
were tested. Ten combinations with higher number of polymorphic fragments were then selected for transcript-derived 
fragments recovering and cluster analysis, involving 45 saplings of P. guajava. Two groups were obtained, one composed 
by the control samplings, and another formed by samplings undergoing stress, with no clear distinction between stress 
treatments. The results revealed the convenience of using a combination of automatic sequencer and fluorescent kits 
for polyacrylamide gel electrophoreses to examine gene expression profiles. The Unweighted Pair Group Method with 
Arithmetic Mean analysis using Euclidean distances points out a similar induced response mechanism of P. guajava 
undergoing water stress and mechanical injury.
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INTRODUCTION

Plants are normally exposed to biotic and abiotic 
stresses, such as drought, low nutrient availability, air 
pollutants, and attack by pathogens and herbivores. 
Interactions of different stress factors usually result 
in synergism, affecting biochemical and physiological 
processes, which influence the plant growth and 
development (Távora et al., 2001). Harmful effects 
derived from global climate changes possibly impart 
losses in crop productivity (Davison and Cape, 2003; 

Grünhage and Jager, 2003; Krupa, 2003). Studies 
aiming at detecting gene expression induced by 
stress factors may help evaluating the degrees of 
susceptibility of commercial cultivars, minimizing 
losses in productivity.

Techniques for gene expression analyses in 
plants have been widely explored (Kuhn, 2001). 
Bachem et al. (1996; 1998) developed the technique  
cDNA-AFLP for gene expression analysis, which 
is based on cDNA attainment of the expressed 
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gene, its digestion by restriction enzymes and 
further amplification of restriction fragments. The 
main advantage of cDNA-AFLP is the possibility of 
amplifying a limited number of fragments, due to 
the primers selectivity (Reijans et al., 2003). Among 
other advantages are the possibilities of detecting 
low-abundance mRNAs and comparing directly band 
intensities between samples (Schirmer et al., 2010).

cDNA-AFLP traditionally uses polyacrylamide 
gel with radiolabeled primers to test best primer 
combinations, analyze and recover transcript-derived 
fragments (TDFs). TDF polymorphisms are evaluated 
visually on the autoradiograms or with the help of 
scanners. The present work has proposed the use of 
automatic sequencer at the beginning of cDNA-AFLP 
analysis, in order to select the best primer combinations. 
Afterwards, polyacrylamide gel electrophoreses 
should be used to recover differentially expressed 
transcripts. This integrated strategy allows testing 
higher numbers of primer combinations and reduces 
exposure to radioactive material and acrylamide. In 
addition, it saves time, reduces the analyses costs 
and does not entail the often highly subjective visual 
analysis of gel electropherograms to select primer 
combinations. 

Psidium guajava L. (guava, Myrtaceae) is cultivated 
in South and Central Americas, in Africa and in Asia 
for consumption of fruits in natura or commercial 
production of jams, ice creams, beverages, juices, 
syrups, and fruit pulp. Major guava producers are India, 
Mexico, Brazil, and Malaysia (Frutiseries, 2001). Brazil 
produces yearly about 300,000 tons of guava fruits 
from the cultivars Paluma, Pedro Santo, and Sassaoca; 
among them only plants of Paluma have been classified 
as tolerant to water deficiency (IBGE, 2010; Barbosa 
et al., 2003). 

The knowledge on how some cultures respond to 
water or mechanical stress is crucial to understand 
hidden costs, with potentially ecological and agronomic 
implications. Drought stress causes substantially yield 
losses related to water-use efficiency, resulting on 
productivity losses too. Herbivory can affect plant-
carbon gain directly, since part of the photosynthetic 
leaf tissue is removed. Indirectly, mechanical stress 
can also affect gas exchange and transport of nutrient 
and water. According to Aldea et al. (2005), increases 
on transpiration rate from the cut edges are frequently 
observed, however the mechanism underlying the 

indirect effects of leaf damage are not well-understood 
and may vary for different plant species.

The present study aimed at analyzing the gene 
expression profiles of young individuals of three 
commercial cultivars of P. guajava, which were 
undergoing water stress and mechanical injury 
(removal of 50% of leaf area), combining techniques 
of analyses by polyacrylamide gel electrophoreses 
and automatic sequencer. The possibility to describe 
amounts of expressed sequence information (i.e., 
protein coding) in nonmodel organisms offers the 
chance to detect molecular variation of genes and 
to observe the species polymorphisms in natural 
environments.

MATERIALS AND METHODS

Fifteen saplings of P. guajava cv. Paluma, Pedro 
Sato and Sassaoca were obtained from Agromillora 
Taperão Ltda., a Brazilian producer specializing in shoot 
production by rooting semi-herbaceous guava cuttings. 
They were obtained with 200 mm tall on average, 
were transplanted to 2-L plastic pots, and filled with 
ground coconut fiber as substrate. After transplanting, 
saplings were kept in a greenhouse for a period of 60 
days of acclimation. Lighting conditions, temperature 
and relative humidity were measured throughout the 
experimental period by an automatic recorder (HOBO). 
After the acclimation period, five saplings of each 
cultivar were kept in appropriate conditions of water 
supply, trying to avoid the attack of herbivores, and 
constituting the control treatment.

Five saplings of each cultivar were kept 15 days 
without water supply. After this period, the pair leaves 
of the third node (counting from top to bottom) were 
collected, frozen in liquid nitrogen, and stored (-80ºC) 
for further analyses.

For mechanical injury, another five saplings of 
each cultivar were used. A total of 50% of the leaves 
area from the third node was removed and, one hour 
after the mechanical injury, the remaining half leaf was 
collected, frozen in liquid nitrogen and stored at -80ºC.

cDNA-AFLP: For RNA extraction, 100 mg of plant 
material were ground in liquid nitrogen and extracted 
according to Salzman et al. (1999) with modifications. 
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Quality and integrity of RNA were evaluated by 
spectrophotometry (A260/A280) and 1.5% agarose 
electrophoresis gel.

cDNA was synthesized from 500 ng of total RNA using 
SuperScript™ First-Strand Synthesis System (Invitrogen 
Life Technologies), according to manufacturer’s 
specifications, and ds cDNA was obtained, according to 
Bachem et al. (1998).

cDNA-AFLP was performed from 300 ng of cDNA 
using an Applied Biosystems kit for (plant regular 
genome), according to manufacturer’s specifications. 
The fragments amplified by the tested primer 
combinations were analyzed using size standards (ROX) 
by ABIPrism 310 sequencer (Applied Biosystems).

The primer combinations providing higher 
numbers of polymorphic fragments were used for 
cluster analysis. The same combinations were used 
for fragment recovery and sequence, using a 6% 
polyacrylamide descendent electrophoresis gel.

Polyacrylamide gel was stained using silver nitrate 
(Creste et al., 2001). Bands were isolated from the gel 
and incubated at 37 ºC overnight using two volumes 
of ultrapure sterile water for each volume of gel cut. 
An aliquot of purified TDF (GFX purification kit, GE 
Healthcare) recovered was used as template for PCR 
amplification, using the same primer combination and 
subsequent sequencing.

Data analyses: Results obtained were analyzed 
by the ABIPrism Genescan software (Applied 
Biosystems). Control and stress treatments were 
compared by presence or absence and intensity of the 
fragments using ABIPrism Genotype software (Applied 
Biosystems). Tables generated by Genotyper were 
exported to Phylogenetic Analysis Using Parsimony 
(PAUP) software for cluster analyses (UPGMA, 
Euclidean distance).

RESULTS 

cDNA-AFLP analysis by automatic sequencer 
allowed testing 64 EcoRI and MseI primer 
combinations. Ten among these combinations were 
selected for recover and cluster analysis of the TDFs, 
which provided higher number of fragment length 

polymorphisms. Primer combinations tested and 
corresponding mean number of fragments obtained 
are shown in Table 1.

Table 1. List of primers tested for P. guajava cultivars (regular 
plant genome – Applied Biosystems) and number of amplified 
fragment length polymorphism obtained.
EcoRI MseI CAA CAC CAG CAT CTA CTC CTG CTT

AAC 59 50 Ø Ø Ø 10 8 80
AAG 100 100 Ø Ø Ø 75 70 14
ACA 29 50 80 52 110 90 32 Ø
ACC 15 7 30 120 90 Ø 10 12
ACG Ø 10 15 80 100 27 Ø Ø
ACT 9 Ø 60 Ø 40 80 19 6
AGC Ø 60 Ø Ø Ø 20 20 Ø
AGG 90 5 Ø Ø Ø Ø 70 80

Ø: primers combination resulting in less than five fragments; pre-
amplification primers: Eco+3’A and Mse+3’C. Nitrogenous base: 
A: adenine; C: cytosine; G: guanine; T: thymine.

Electropherograms obtained with the automatic 
sequencer revealed different expression profiles between 
treatments. The expression profile obtained using the 
combination AAG/CAC is seen in Figure 1. Distinct band 
patterns were observed for the three cultivars studied, 
comparing control plants and those under stress 
treatments, indicating different gene expression patterns. 
These bands, or TDFs, were polymorphic, as much as 
they varied in intensity or were not detected in some 
samples. Some bands, particularly in the range from 120 
to 140 bp, were more intense in both stress treatments in 
comparison with the respective controls.

Results of Unweighted Pair Group Method with 
Arithmetic Mean (UPGMA) cluster analysis of the 
amplified fragments obtained with the ten selected 
primers are shown in Figure 2. Two distinct clusters 
are discerned; one combining control samplings 
and other combining samplings subjected to the 
stress treatments of either low water availability or 
mechanical injury.

So far, 36 TDFs were excised from polyacrylamide 
gel electrophoresis and 9 were successfully amplified 
and sequenced. After basic local alignment search tool 
(BLAST) homology with GenBank deposited sequences 
was found for seven TDFs, which were present only in 
stress treatments. Among the seven TDFs, an Arabdopsis 
putative protein kinase and a probable phenylalanine 
ammonia-lyase from Barley presented a very good match.
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DISCUSSION

One of the goals in functional genomics and 
proteomics is to obtain expression profiles, allowing the 
detection of transcriptional changes in response to stress 
conditions. The cDNA-AFLP provides the expression 
profile of whole genomes, allowing the monitoring of 
transcriptional changes related to cellular development 
and/or environmental modifications (Levterova et al., 
2010). The advantage of not requiring previous genome 
knowledge makes this technique a powerful tool for 

identifying novel genes in nonmodel organisms. In 
addition, cDNA-AFLP has high sensitivity and specificity, 
comparable to microarrays (Levterova et al., 2010).

Traditionally, studies using cDNA-AFLP apply 
radioactively labeled primers or silver staining 
polyacrylamide gel for transcription profile analysis (Vos 
et al., 1995; Cracium et al., 2006; Wang and Bughrara, 
2007; Zhang et al., 2010). According to Dresler-Nurmi 
et al. (2000), fluorescence is an alternative to radioactive 
labeling since both methods provide comparable 
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Figure 1. Expression profile using the primer combination AAG/CAC. P. guajava cultivars under control condition (c), water stress (ws), 
and mechanical injury (mi). The following cultivars were used: P: Paluma; PS: Pedro Sato; S: Sassaoca. Horizontal bar shows fragment 
length; vertical bar shows fragment abundance.
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Figure 2. Cluster analysis (Unweighted Pair Group Method with Arithmetic Mean – UPGMA) using Euclidean distances as coefficient. 
P. guajava cultivars: A: Paluma; B: Pedro Sato; and C: Sassaoca. 1-5 correspond to control; 6-10 correspond to water stress, and 11-15 
correspond to mechanical injury.
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results. Moreover, autoradiography can be hazardous 
and needs special laboratorial facilities (Dresler-Nurmi 
et al., 2000; Guo et al., 2006).

Using an automatic sequencer at the beginning of 
cDNA-AFLP, with the aim of identifying the best primer 
combinations, seemed to be an interesting strategy since 
it: takes less time to select primer combinations; reduces 
contact of the researcher with radioactive material and 
acrylamide; lowers the analysis cost; overcomes the 
inaccuracy of the gel visual analysis; allows more precise 
analysis of TDFs intensity; and enables the preparation of 
smaller numbers of polyacrylamide gel electrophoresis.

According to Korpelainen and Kostamo (2010), if 
several selective primers are used, a greater number 
of differentially expressed TDFs will be detected. The 
methodological strategy used in this work allowed testing 
a higher number of primer combinations. This factor could 
be interesting to enhance the number of the sequenced 
TDFs. Despite the small number of TDFs analyzed in this 
work, the results prove that the methodology is valuable 
to recover and sequence TDFs.

Several studies have demonstrated the effectiveness 
of cDNA-AFLP to analyze gene expression. Aoki et al. 
(2005) used cDNA-AFLP to study the response of salt 
stress in Glycine max. The authors identified 107 genes 
that were expressed differently after 72 hours of treatment 
with 100 mM NaCl. Li et al. (2006) investigated the 
gene expression of different tomato genotypes infected 
by Oidium neolycopersici, and they found that 34% of 
the detected fragments exhibited homology with genes 
involved in plant defense mechanisms, 11% were signal 
transduction genes, 24% regulated genes, 11% synthesis 
and degradation of protein, and 12% genes were involved 
in energy metabolism, including photosynthesis and 
respiration related genes. 

Bernardi et al. (2010) studied gene expression during 
Citrus sinensis ripening using cDNA-AFLP and subtracted 
suppression subtractive hybridization (SSH). Of the 301 
probes founded, 20 corresponded to different transcripts, 
indicating differential expression in stage-to-stage and/or 
cultivar-to-cultivar comparisons. Transcripts encoding for 
anthocyanin biosynthesis predominated among the total 
overexpressed probes and the remaining differentially 
expressed transcripts were functionally associated with 
primary metabolism, flavor biosynthesis, defense, and 
signal transduction.

Herbivory disrupts the integrity of leaves resulting 
in a possible uncontrolled water-loss from cut edges. In 

this study, 50% of the leaf area was removed (mechanical 
injury), which could result in an increased rate of water-loss. 
Results from cDNA-AFLP showed similar gene expression 
profile between water and mechanical stress. Fragments 
(between 120 and 140 bp) with higher abundance 
appeared in both stress treatments, suggesting a possible 
common defense mechanism activated by water stress 
and mechanical injury. Cluster analyses pointed out the 
same result, different expression profile between stress 
treatments and control (Figure 2).

Sequencing TDFs between 120 and 140 bp, which 
were intensified during stress treatments, may allow 
a better understanding about the expression profiles 
of a tropical species during water deficiency and/or 
mechanical injury. So far, 36 TDFs were excised and 
9 were successfully amplified and sequenced. After 
BLAST-search, homology with GenBank deposited 
sequences was found for seven TDFs, which were 
observed only under stress conditions.

Among the seven TDFs, an Arabdopsis putative 
protein kinase and a probable phenylalanine ammonia-
lyase (PAL) from Barley presented a very good match 
with deposited sequences. In the first case, protein 
kinases are essential to the perception process of 
environmental factors, triggering signaling cascades 
under stress conditions. Kido et al. (2011), using 
SuperSAGE method, were able to identify 1,350 kinase 
candidates when considering only biotic libraries 
and 2,268, when regarding abiotic libraries. Authors 
also mentioned that additional searches in kinase 
specific databases were performed and allowed the 
identification of a relatively low number of additional 
kinases, which shows the lack of kinase databases for 
nonmodel organisms.

PAL is a key enzyme of shikimate pathway, 
responsible for the synthesis of a large number of 
phenolic compounds. According to Sánchez-Rodriguez 
et al. (2011), tolerance to biotic and abiotic stress in 
plants is often regulated by the metabolism of phenolic 
compounds, which generally are synthesized by the 
shikimate pathway. An important enzyme in this pathway 
is PAL, which catalyzes the nonoxidative deamination of 
L-phenylalanine to form trans-cinnamic acid, precursor 
of a large number of plant phenolic compounds, such as 
flavonoids, coumarins, lignins, and tannins. Increases in 
PAL activity and in other enzymes of the phenylpropanoid 
pathway in tomato and lettuce plants are common 
responses to different types of environmental stress, so 
it suggests the importance of those compounds on the 
plant stress response mechanism.
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Phenolic compounds are strongly active as 
antioxidants due to the high reactivity of the phenolic 
hydroxyl groups. Such reactivity may act as an antioxidant 
defense, inactivating reactive oxygen species (ROS) 
during an oxidative stress, such as the presence of air 
pollutants or water deficiency. Recently, flavonols have 
been additionally reported to be capable of regulating 
key developmental processes in eukaryotic cells faced 
with environmental-induced changes in cellular redox 
homeostasis (Williams et al., 2004; Peer and Murphy, 
2007). Oh et al. (2010), observed accumulation of 
phenolic compounds in lettuce and have demonstrated 
that an increase in the phenolic concentration, as well as 
in PAL, could be correlated with better drought resistance.

The combination of cDNA-AFLP, using an automatic 
sequencer and fluorescent kits, with polyacrylamide 
gel electrophoresis, was shown to have high potential 
as an integrated strategy for gene expression analysis. 
It accelerates the choice of best primer combinations; 
allows cluster analysis of expression profiles prior to gene 
identification; and allows recuperating and sequencing 
TDFs. Using this combination of methods in the analysis 
of three P. guajava commercial cultivars, it was possible to 
verify different expression profiles induced by water stress 
and mechanical injury. Cluster analysis points out to a 
similar induced response mechanism of P. guajava under 
water stress and mechanical injury. Among recovered 
and sequenced TDFs, high homology of sequences was 
obtained to a putative protein kinase and PAL, both 
described as important in the plant response mechanism 
to biotic and abiotic stresses.
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