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ABSTRACT

A mRNA differential display was established to allow the isolation and
identification of genes induced during chili fruit ripening grow under normal
conditioned. Twenty eight PCR- fragments from the differential display
were identified using twenty four primer combinations. Only four cDNA
fragments were successfully cloned and sequenced. Database searches
revealed that CUKMD1 encodes -carotene desaturase and CUKMD2 was
identified as encoding O-methyltransferases. The fragment CUKMD3 shares
100% homology at amino acid level to catalase isolated from Capsicum
annuum. While CUKMD4 showed considerable homology with an amino
acid transporter. These studies showed that mRNA differential display is a
powerful tool to facilitate the isolation and identification of genes induced
during chili fruit ripening.
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INTRODUCTION

Fruit ripening has received considerable scientific scrutiny because of the
uniqueness of the processes and also due to the importance of fruits as a significant
component of human diet, mainly as a source of energy, vitamins, mineral and
antioxidants (Giovannoni 2003). Ripening is a multi-faceted developmental
program, which involves changes in fruit texture, color and flavor. During fruit
development and maturation, both physical and morphological changes are often a
result of changes in protein concentration and activities, which may reflect shifts in
overall mRNA abundance. Those changes are regulated at gene level and control
led by specific genes. The application of molecular techniques in order to
understand fruit ripening has enabled the isolation and characterization of a large
range of cDNA clones which show increased expression during ripening. The genes
that cause such changes can be cloned and further studied. One of the useful
approaches which can be employed to investigate such changes is by isolating
mRNA transcripts encoding proteins associated with the ripening process via
differential display techniques. This approach has been successfully applied to
analyses plant gene expression in various physiological events including fruit
ripening, signal transduction, stress response and secondary metabolism (Yamazaki
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& Saito 2002). Current understanding of fruit ripening mostly based on tomato as a
model crop, in part because of available mutants, excellent genetics and routine
transformation. However, processes that contribute to the overall phenomenon of
fruit ripening remain elusive for many fruit species.

Chili (Capsicum annuum L.), is the most popular and also important
commercial fruit vegetable grown in Malaysia. The area cultivated with chili is
approximately 4,000 hectares with a production of about 40,000 tones annually.
However, Malaysia continues to import more than RM40 million worth of chili to
accommodate its domestic demand. Capsicum is popular with consumers both as
fresh fruit and in the processed form. Despite the obvious commercial potential,
there are several constrains delimiting its extensive commercialization. These
constrains are partly due to rapid post-harvest deterioration of its fruits and
susceptibility of the chili plant towards virus infection. The aim of this research is
to identify genes which are correlated with ripening in C. annumm by differential
display. Previously, this technology has been proven reliable and efficient for
identifying and cloning differentially expressed genes (Liang & Pardee 1992).

We report here the isolation of several ripening-related genes that are
differentially expressed during chili fruit ripening by differential display technique.
Once the function of a gene was identified it will possible to improve chili fruit
quality through direct gene transfer technology.

MATERIALS and METHODS
Plant material and methods

Chili fruits of variety "MC11 were obtained from MARDI Jin. Kebun, Kelang. Only
mature and good quality fruits were chosen for experimental work. All fruits were
collected, grouped into five different stages of ripening (0% mature green, 25%
breaker, 50% red, 75% red and 100% red ripening) according to coloration. The
fruits were cleaned, weighed and immediately frozen in liquid nitrogen followed by
storage at -70 °C prior to RNA extraction.

RNA extraction of chilli fruit

Total RNA from five different stages of fruit ripening was extracted according to
Lopez-Gomez (1992) with slight modification made to the extraction buffer (4M
thiocyanate was included). RNA was precipitated with 4M lithium chloride and the
pellet was dissolved in diethylpyrocarbonate (DEPC)-treated water. RNA
concentration and purity was determined spectrophotometrically. Integrity of RNA
was evaluated by fractionation on 1.2% agarose gel. The total RNA samples were
stored at —80°C prior to differential display experiment.

101



Journal of Tropical Plant Physiology 1(1) (2006): 100-107

mRNA differential display

Differential display was carried out using total RNA samples that were isolated and
pooled from four stages of ripening. These RNA samples were subsequently used as
templates in three reverse transcription reactions employing HT;;M anchored
primers (where M is degenerate A, C and G). Eight 13 mers “arbitrary” primers
(HAP9 to HAP16) were used in combination with respective HT;;M primers
according to the manufacturer’s recommendation (GenHunter). Total RNA samples
were DNAse I treated using RNAse free DNAse I . DNAse free total RNA samples
(5ug) were used for first strand cDNA synthesis. Amplified cDNAs were
electrophoresed through a 6% denaturing polyacrylamide gel containing 7M urea.
Electrophoresis was done at constant 60W for 3-4 h followed by drying the gels on
Whatman 3MM without fixing.

Isolation and cloning of cDNA bands

Autoradiograms and gels were aligned and appropriate bands identified on the
autoradiographs were excised. Differentially displayed cDNAs were recovered by
eluting into 50pl sterile water and heating at 95°C for 5 min. cDNAs were then
reamplified using the same PCR conditions set using primers as before. PCR
products were then analysed on a 1.5% agarose gels. cDNAs were purified from
agarose slices and subsequently cloned into pPGEMT Easy vector (Promega) system
according to the instruction of the manufacturer (Promega)

DNA sequence and sequence analysis

The c¢cDNA inserts were sequenced on the ABI 310 DNA sequencer (Applied
Biosystems, USA) using Big Dye Terminator Cycle Sequencing Ready Reaction
Kit (Perkin—Elmer, Applied Biosystems).DNA sequence data were analyzed using
DNA STAR software. DNA homology searches against the GenBank database were
performed with the BLAST network services at National Centre for Biotechnology
Information (Altschul et al. 1990).

RESULTS AND DISCUSSION

The changes in gene expression during chili fruit ripening at the transcriptional
level was investigated using the mRNA differential display technique. Differential
display involves random amplification of cDNA transcripts to identify particular
mRNA species that are expressed under defined conditions. To identify genes that
are specifically expressed during chili fruit ripening, we compared the mRNA
expression profiles by mRNA differential display using two different mRNA
populations extracted from different maturation stages, ripe and unripe (entirely
based on colouration) fruits. RT-PCR was conducted on the extracted RNA with
several primer combinations and the PCR products were then analyzed on a 6%
polyacrylamide gel and visualised by autoradiography as shown in Figure 1. A total
of 24 primer combinations were tested. Each primer combination resulted in a
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highly reproducible banding pattern. Several cDNA bands were present in the ripe
RNA sample and but not detected in the unripe RNA sample were selected for
further evaluation. This allowed the identification of 28 differential cDNA
transcripts that were specifically expressed during chili fruit ripening. These bands
were excised and eluted from the polyacrylamide gel. The eluted DNA which
potentially correspond to differential displayed products were reamplified by PCR
and the resulting amplicons were cloned into pGEM-T easy and subsequently
sequenced. Out of 28 excised bands, only 16 cDNA bands were successfully
reamplified (Table 1), four of which were isolated following cloning into pPGEMT
Easy vector. Initially, the sequences obtained from this study were designated
CUKMD1 to CUKMDA4.

U] R 18] R

Figure 1. Autoradiography of a typical differential display gel. Total RNA (U-
unripe and R- ripe) was reversed transcribed with the anchored and arbitrary
primers . Circled are cDNA bands which were excised and used for PCR
reamplification followed by cloning into pPGEMT vector.

Comparison of the deduced amino acid sequence of fragment CDUKM1
with the GenBank database demonstrated that fragment CUKMD1 shows highly
significant homology with C-carotene desaturase of C. annuum (Table 2). Zeta
carotene desaturase plays a pivotal role in conversion of zeta-carotene to lycopene
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in carotenoid biosynthetic pathway. Carotenoids are essential components of all
photosynthetic organisms due to their chemical properties that protects against
chlorophyll bleaching. Another important roles of carotenoids in plants is to furnish
flowers and fruits with distinct colours that are designed to attract animals. Many
genes involve in carotenoid biosynthetic pathway have been isolated and
characterized from a wide range of organisms such as bacteria, algae, fungal and
recently from higher plants (Hirschberg, 2001). Expression analysis of zds revealed
that the level was lowest in immature green and increased 4-6 folds at breaker, this
observation in parallel with the formation of carotenoid (Josse et al., 2000).

Table 1. List of cDNA fragments excised from polyacrylamide gel.

cDNA Fragments Size (nt) Primers

G9 500 G + HAP9
G11(2) 450 G + HAP11
Gl12 350 G + HAP12
G14(d2) 500 G + HAP14
G16(2) 400 G + HAP16
G16(3) 400 G + HAP16
G16(4) 300 G + HAP16
A10(2) 300 A + HAPI10
Al11(3) 300 A + HAPI11
All(4) 300 A + HAPI11
Al4(dl) 450 A +HAP14
Al4(2) 150 se A FHAPIA
Al4(5) 300 A +HAP14
A14(6) 200 A +HAPI14
A13(3) 400 A + HAP13
C9(1) 100 C +HAPI1

A second differential display product (CDUKM2) when compared with
nucleotide sequences in the GenBank database revealed significant similarity with
O-methyltransferase (Table 2). Plant O-methyltransferases are involve in the
transfer of the methyl groups of S-adenosyl-L-methionines (AdoMet) to the
oxygen, nitrogen, or carbon atoms of various acceptor molecules via the formation
of the methylated derivative and S-adenosyl-L-homocystein. Molecular cloning and
functional expression of many genes encoding O-methyltransferases have been
carried out with the aim to study their function in plant metabolism (REfere).
Recently, the 3-D structure of alfalfa COMT has been determined using X-ray
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crystallography. The three dimensional crystal structure of this COMT revealed the
structure of the complex of enzyme and their substrates, as well as the structures of
their binding sites. It was observed that the alfalfa COMT showed an unusual
spacious catalytic site. This finding leads to a better explanation for the broad

specificity of the enzyme which could act on numerous compounds (Zubieta et al.
2002).

Table 2. Homology searches for fragments isolated from differential display.

i Related
Clone Size (bp) Related Gene Steeanie Homology
&-carotene Capsicum
CUKMD1 o desaturase annuum tom
CUKMD2 250 O-methyl b s duleis 57
transferase
CUKMD3 250 Catalase Zea mays 100
200 Amino acid Arabidopsis 53
CUKMD4 transporter thaliana

The third clone known as CUKMD3 shows 100% homology at the
nucleotide level with CaCatl which encodes catalase from C. annuum L. (Kwon &
An 2001). Catalase is a tetrameric, hence containing enzyme which exists in all
aerobic organisms (Guan et al. 1995). In plants, catalase is involved in scavenging
H,0, into water and oxygen to protect the cells from oxidative stress. Oxidative
stress is an intrinsic phenomenon of fruit ripening whereby it promotes the process
of oxidative deterioration that contributes to a general deterioration of cellular
metabolism (Thompson et al. 2001). It has beer reported that oxidative stress plays
an important role in the induction of chromoplast carotenoid biosynthesis and is
involved in the transformation of chloroplast to chromoplast (Bouvier et al. 1998).
In plants, catalase comprises of a small gene family. Three catalase genes were
reported in Zea mays (Guan & Scandalios 1995) and pumpkin (Esaka et al. 1997).
These genes are regulated differentially in response to changes in either
developmental phases or environmental conditions (Redingaugh et al. 1990). The
expression of CaCatl transcripts were detected in the early stage of fruit
development (Kwon & An 2001). Since CUKMD?3 and CaCat! have high degree of
identical nucleotide sequences, it is suggested that both genes having similar
function during chili fruit ripening.

The cDNA fragment designated as CUKMDA4 that was isolated using this
technique has shown considerable similarity with an amino acid transporter (Table
2). Amino acid transporters are involved in transporting amino acids across the
plant plasma membrane. Long distance transport of amino acids is necessary to
ensure not only for coordinated plant growth and development, but also for efficient
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storage of proteins in the fruits. Amino acid transporters have shown a wide
specificity and energized by co-transport with protons and cations (Wyse & Komor
1984). Studies carried out on purified plasma membrane vesicles from sugar beet
leaves revealed the presence of at least 4 transport systems that differ in their
substrate specificity (Bush 1993). Similar studies on Ricinus communis roots by
Weston et al. (1995) also demonstrated the multiplicity of amino acid transport
systems in this organ. Data obtained from the study of Arabidopsis have shown that
plants possess a wide range of different amino acid transporters. These transporters
differ in their specificity, spatial and temporal expression, as well as their responses
to various stresses. Based on the data obtained and our observation, we proposed
that the gene corresponding to CUKMD4 was expressed during fruit ripening in
order to transport and thus provide amino acids to the tissues of the fruits.

CONCLUSION

Differential display is a powerful and suitable technique used for isolating various
cDNA clones corresponding to mRNA expressed during fruit ripening. We have
reported on the isolation of various ripening related cDNA clones using this
technique. Homology searches against GenBank database revealed that the cDNAs
have shown very significant homology with genes from the database. Further
characterization of these cDNA clones will enable us to understand the possible
functions of these genes during chili fruit ripening and can be in crop improvement
program.
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