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Abstract
The molecular basis of differential cultivar response to the induction of somatic embryogenesis was investigated by using the digoxigenin (DIG)-differential display with 2 eggplant
(Solanum melongena L.) cultivars, Wase Shinkuro (WS) and Kumamoto Naga (KN). WS
produced embryogenic callus (EC) which was capable of differentiating into mature somatic
embryos while KN cultures treated similarly failed to differentiate somatic embryos.
DIG-differential display of 0, 1, 2, 4, and 10-day old cultures of both cultivars revealed
several PCR products derived from WS, but not from KN, at a crucial stage during embryogenesis. These results indicated that the cultivar difference in EC induction may be
attributed, in part, to differences in mRNA expression between the cultivars during the
culture process.
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with the response of explants to cultural practices

Introduction

in vitro 1> restricts precise determination of genetic

Somatic embr yogenesis, a phenomenon common
to a large number of higher plant species 11>, is favorable for the production of an unlimited number of
uniform embryos and development of new plant varieties through genetic transformation. However , since
not all cultivars within the same species are amenable to the culture process, the contribution of the
genetic background to induction of somatic embryogenesis has been investigated in many plant species,
including eggplant (Solanum melongena L.) 2 •9>. Classical genetic models have predicted that only a few
genes are responsible for the induction of somatic
embryogenesis and that the trait is highly heritable 1•5' .
However, the high degree of variability associated

parameters related to the control of embryogenesis.
We have developed a differential-display technique
to identify genes specifically expressed during somatic embryogenesis, using the eggplant cultivar Wase
Shinkuro (WS) 8>. This technique is an effective
method to isolate and clone individual mRNAs by
PCR 6>. Our ultimate goal is to unequivocally identify the molecular basis of embryogenic callus (EC)
induction, using eggplant as a model. We have adopted a unique strategy in the pursuit of this objective.
The methodology involves 4 sets of conditions: (I)
media supplements, for example growth regulator
treatments, (2) genotypes, (3) explant tissues, and
(4) amino acid supplements, which lead to induction
(plus) or suppression (minus) of embryogenesis. This
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approach would uncover a wide array of cDNA candidate clones involved in various physiological
processes culminating in the induction of somatic
embryos. cDNA clones differentially expressed within
I set of plus-minus treatments and which are common to the 3 sets of conditions would be unequivocally implicated in EC induction. The earlier report 8>
concerned the first condition above, media supplements, but it involved the use of a radio-isotope,
[a- 32 PJ-dCTP, and polyacrylamide denaturing gel,
which are difficult to handle. To overcome these
shortcomings, we developed an alternative method
referred to as DIG-differential display, using digox-·
igenin (DJG)-dUTP to label PCR products instead
of [a- 3 2 PJ-dCTP 12 >.
In the present repon, we describe the identi fication of differentially expressed genes between 2 eggplant cultivars, WS and Kumamoto Naga (KN),
during the first 10 days of cultme, by means of the
DIG-differential display technique. Several PCR
products which were specifically expressed during the
culture process in WS were identified.

Materials and methods
I)

Somatic embryogenesis

Somatic embryos were induced from young
cotyledon explants in the presence of 45 µM
2,4-dichlorophenoxy-acetic acid (2,4-0), as described
previously 8 • 10>, except that the differentiation and
maturation medium was modified to contain 10 µM
abscisic acid and 10 mM L-glutamine.

2) mRNA isolation, cDNA synlhesis, digoxigenin/abeled PCR, and electrophoresis
Explants were sampled from cultures J. 2, 4 , and
10 days following culture initiation and stored at
- 80°C until they were ready to be used for molecular analyses. Samples were ground in I ml
ISOGEN™ (Nippon Gene) and tota l RNA precipitated from the aqueous phase as described by
Chomczynski 3>. RNA was also prepared from uncultured cotyledon pieces to establish the background
gene expression. Five 1ig of total RNA served as template in the first-strand cDNA synthesis using an anchored primer of sequence (T)12GC 6'. The cDNA,
in turn, was used as template for PCR. Two primers,
the (T)12GC sequence-anchored primer which was
used in the first-strand cDNA synthesis, and a ran1
dom decamer primer, designated as RA 05 >, whose
sequence was 5' - AAGCAGCAAG - 3', were used in
th e PCR.

The PCR method involved the incorporation of
digoxigenin (DIG)-labeled dUTP (Boehringer, Mannheim) during the reaction and PCR products were
subsequently visualized by the DIG-immunological
detection method. The DIG-differential display
procedure was essentially the same as that described
by Tabei et al. 12>, except that the template was cDNA,
and also that 2 primers were used. The PCR reaction mixture (20 1d) contained J µI template, I µl
of each primer (20 µM), 0.5 µI dNTP (J mM each),
0.5 µI PCR DIG-labeling mix (I mM each), and I
unit of Tth polymerase (Toyobo) in the manufacturer's recommended buffer. The reaction mixture
was preheated to 92°C for I min prior to 40 cycles
of PCR (lwaki Thermal Sequencer) under the following conditions: denaturation at 92° C for I min,
annealing at 45° C for I min, and extension a t 74°C
for 2 min, followed by an additional ex tension at
74°C for 5 min.
PCR products were separated by electrophoresis
on 5% polyacrylamide gel, blotted onto nylon membrane (Hybond N +, Amersham) and subsequently
stained with the DIG-DNA labeling and detection
kit, as recommended by the supplier.

3) DNA isolation and DIG-dVTP-labeled
arbitrarily-primed PCR (AP-PCR)
Samples of uncultured cotyledons of both eggplant cultivars were ground in JSOGEN™, and
genomic DNA precipitated from the interphase and
organic phases, as described by Chomczynski 3 >.
Two µI of the final DNA solution was used as template for the PCR. The reaction mixture and conditions were similar to those of the DIG-differential
display. The primers used were RA 05 and RA OI
(5' - GTCTGACGGT - 3 ') 7>.

Results and discussion
Callus formation was visible from cultured tissues by the 5th day after culture initiation and calli
proliferated rapidly. Ten days after culture initiation, almost the entire surface of explants became
a mass of proliferating calli (Plate I). WS cultures
were slightly more advanced in callus proliferation,
and more yellowish in color compared to KN cultures which were slightly pale. Also, WS cell lines
produced a higher PCV compared to KN (Table I)
by the end of the cell suspension culture period. On
average, about 42 somatic embryos were differentiated from a 100-fold dilution of each 20 µl PCV
of WS cuJtures compared to only 2 somatic embryos
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Plate I.

Table 1.

2 ...1... 10

Progression of callus proliferation
in cultured cotyledon explants of
2 eggplan t cultivars, Wase Shinkuro
(top row) and Kumamo10 Naga
(botlom row), on 2, 3, 4, 7, 9, 10,
and 11 days, following culture in itiation

Frequency of somatic embryogcnesis in 2
culiivars of eggplant (Solanum melongena L.)

Cultivar

Packed cel l
volume•>
(ml)

Frequency of
somatic embryos/
20 µI PCV bl

Wase Shinkuro
Kumamoto Naga

1.9
0.5

41.6
2.2

a): Cell suspensions were filtered through 1.0 mm wire
mesh and centrifuged. The packed cell volume (PCV)
was determined after centrifugation and diluted
I 00-fold with basal medium.
b) : Two ml of the dilution was cultured on differentiation and maturation medium and observed for somatic embryo differentiation 3 10 4 weeks subsequently.

from similar PCV of KN cultures. Thus while WS
produced only about 4-fold more PCV than KN,
somatic embryo differentiation was about 20-fold
higher in the former compared to the latter. The
low frequency of embryogenesis in KN could therefore not be attributed to the lower PCV alone.
Since the culture procedure was similar for both
cultivars, the difference in frequency of embryogenesis was probably due to differential gene expression
between the cultivars. Thus, in this report, WS and
KN were designated as "embryogenic" and "nonembryogenic'' cuhivars, respectively.
To investigate the molecular basis of the difference in embryogenic potential between the 2 cultivars, we applied the modified differential-display
technique as described in Materials and methods
above. The DIG-differential display revealed several fragments that were differently expressed between
the "embryogenic" and "non-embryogenic" cultivars during the cuJture phase (Plate 2). The mRNA
species of both cultivars were similar until the 4th
day of culture after which the pattern of gene expression changed. Differences in mRNA species and
abundance between lhe 2 cultivars were related to

Plate 2.

DIG-dUTP-labeled reverse-transcribed
PCR products of embryogenic (Wase
Shinkuro (WS); left panel), and nonembryogenic {Kumamoto Naga (KN); right
panel) eggplant cultivars
lanes 0, I, 2, 4, and 10 refer 10 samples of uncultured cotyledons, and I,
2, 4, and 10-day old cultures, respectively; lane M indicates q,XJ74/ Hae Ill
digest labeled by DIG-Oligonucleotide
3' - End Labeling Kit. PCR products
were separated by elecirophoresis on 50/o
polyacrylamide gel. Putative embryogenesis-related fragments differemially
expressed between the 2 cultivars during
the cu ltu re process are indicated by open
arrowheads (t>); PCR fragments constitutively expressed, and common to
both cultivars are indicated by solid
arrowheads ( "' ).

EC induction. Callus was observed to be initiated
from the cut ends and along the mid-veins of explants by the 5th day of culture but prior to that
some significant changes in PCR product patterns
were observed, between the 2nd and 4th days of culture (Plate 2). Thus modifications at the gene level
preceded visible changes in explant development, particularly callus proliferation.
Generally, 3 categories of genes were expressed,
based on the DIG-differential display results (Plate 2)
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as follows: (1) First, constitutively expressed genes
which were present during all stages of culture analyzed, and were equally present in both embryogenic
and non-embryogenic cultivars. These PCR fragments were probably derived from house-keeping
genes. (2) Second, de novo transcription of mRNA
species which were not present initially. Most of
the de novo transcripts were detected after 4 days
of culture in both cultivars but their expressio11
later varied between the cultivars as the culture
duration increased. For example, 4 PCR products.
(-750 bp, -800 bp, -1 , 100 bp, and > 1.4 kbp) were
first detected in 4-day old cultures of both WS and
KN but only the embryogenic cultivar (WS) retained
the expression of these genes by the 10th day of
culture. Another PCR product, - 700 bp fragment,
was differentially expressed between the 2 cultiva rs.
1
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Plate 3.

DIG-dUTP-labeled arbi trarily primedPCR of genomic DNA isolated from
uncultured cotyledons of 2 eggplant
cultivars, Kumamoto Naga (lanes I
and 3), and Wase Shinkuro (lanes 2
and 4)
Two 141 of the DNA sol ution was
used in the PCR with one random
primer, RA 05 (lanes I and 2), or
RA 01 (lanes 3 and 4), and the PCR
products separated by electrophoresis on 5% polyacrylamide gel. M
is as indicated in Plate 2.

While this fragment was present in either cultivar
from explant until day 2, its expression was significantly enhanced in KN by day 1, compared to WS,
and was barely noticeable in the succeeding days.
(3) Third, seedling-specific genes, whose expression
declined during the culture period, for example, - 110
bp fragment, were present in uncultured cotyledons
and 1-day old cultu res of WS but disappeared by
the 2nd day of cullllre.
Results of AP-PCR of genomic DNA of the
cultivars used in the present study did not reveal
any major difference between the genomic DNA of
the cultivars (Plate 3) and the gene expression pattern was largely similar between the 2 cultivars prior
to day 10 of culture. This observation suggested
that EC induction could have been initiated in both
cultivars, e.g. the first few cell divisions, but subsequent events leading to completion of the process
were inhibited in the non-embryogenic cultivar. The
present report, and evidence presented earlier 8> from
our group suggest that significant changes in PCR
products of embryogenic tissues can be detected
after 4 days of culture a nd t he expression of these
mRNA species remains stable until 10 days after culture initiation. We consider th at continuous expression of these transcripts, at least for the first I0
days following culture initiation, reflects the embryogenie condition.
Although the differential-display technique is very
sensitive and enables t he detection of genes with very
low abundance or expressivity, only a few noticeable
changes in mRNA species were detected in the present
studies. This observation supports previous findings
that morphological events related to embryogenesis
are controlled by very few modifications of the pre·
existing gene program 4> and that the regulation of
plant embryogenesis may take place largely via posttranscriptional control, e.g. transcript processing and
stability •3>.
Investigations of genes involved in somatic embryogenesis have been centered largely on later phases
of the process, for example maturation, possibly because genes influencing the early stage of embryogenesis are expressed at very low levels and molecular
techniques such as, subtractive hybridization, are not
efficient in the detection of these genes. The present
study demonstrated that the differential display technique is sensitive to discern the molecular changes
associated with successive days of culture, as well
as discriminate between embryogenic and nonembryogenic genotypes, very early during the culture
process.
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Several studies have demonstrated that somatic
embryogencsis is partially controlled by genetic factors, some of which are simply inherited 1 -5>. ln this
report we presented evidence that cultivar differences
in embryogenesis could be related to differences in
mRNA species at the very initial stages of the cultu.re process. Although Northern blot analysis or
reverse-transcription-PCR have yet to be performed
on the PCR fragments, the pallern of differential
display observed using the cultivar difference is supported by a similar pattern observed in our ea.rlier
studies using media supplements 8>. Characterization
of the putative somatic embryogenesis-related genes
which were differentially expressed between the 2
cultivars may provide a more detailed analysis of
the influence of genotype on somatic embryogenesis.
Such studies are in progress in our laboratory
to fully determine the molecular basis of early events
during eggplant somatic embryogenesis, as well as.
differential cultivar response.
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