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Introduction

Since the analyses of ¢cDNA libraries play an important role in genome project, many groups
around the world have focused their attention in this area. Partial sequencing of randomly selected
cDNA clones generates many expressed sequence tags(ESTs) which can be used for genome
mapping. Sequence-tagged sites(STSs) are also becoming standard markers in genome mapping.
ESTs can provide the opportunity to analyze expression levels of functional genes in different
tissues and under various conditions?. The first detailed analysis of ESTs was reported in human
using brain cDNA library?.  Since then, similar analyses have been reported in several organisms,
inctuding Caenorhabditis elegans®, mammals*™® and plants®~?.

We have initiated a project to identify genes from randomly selected cDNA clones by large-scale
sequencing® ¥, As an experimental material, we have chosen graminaceous monocot, rice (Oryza
sativa L.), since, along with wheat and corn, it is one of the most important crops. In addition,
classical genetics has already succeeded in mapping numerous morphological and isozyme markers
on their respective chromosomes!®. The genome size (4 X 10% kb) of rice is relatively small, about
2.4 times larger than that of Arabidopsis thaliana, indicating that molecular techniques can be
applied. Recent advances have presented RFLP maps'®'”, and also developed gene transfer
technique into rice plants which will help molecular manipulation!®*®.

In the first section of this review, we will report the ESTs identified by a cDNA project which
focused on gene expression under different culture conditions'® and various abiotic stresses'¥. In
the second section, we will summarize cDNA projects in other plant species and the ESTs that have
already been identified.

Expressed sequence tags (ESTs) from rice suspension cultured cells

1. Summary of the experimental method

Fig. 1 shows a flow chart of the basic method used in our rice cDNA project. Total RNA was
prepared from suspension cultured cells(4-day-o0ld) according to the method of Palmiter?®, with
slight modifications. Poly(A)*RNA was purified by an oligo(dT)-binding latex particle, and
cDNAs were synthesized with either cDNA Synthesis System Plus (Amersham)or a ZAP-cDNA
- Synthesis (Stratagene) kit. cDNA clones were obtained by direct ligation of cDNAs to bacterial
plasmids or by i vivo excision from the cDNA library constructed with AZAP II vector. The
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Fig.1 The strategy for large-scale nucleotide sequence analysis of rice cDNA.

plasmid DNAs of randomly selected cDNA clones were prepared by alkali lysis?”, and the partial
nucleotide sequence of each cDNA insert was determined by the chain termination method®? or by
the fluorescence detection method?®. For automated DNA sequence analysis, a Model 370A se-
quencer (Applied Biosystems)was used. The GenBank database was searched for nucleic acid
sequence homology using FASTA software. Sequences with homology scores over 160 were then
evaluated for amino acid homology.

2. ESTs from rice suspension cultured cells under different sucrose concentrations'

We constructed three cDNA libraries prepared from rice cells cultured in different sucrose
concentrations. Although rice cells are usually cultured in AA liquid medium with 29 sucrose, in
this experiment, culture media with two additional concentrations of sucrose (6% and 209%)were
also used to know the effect of osmotic pressure.

The partial nucleotide sequences(average length 300 bp) of 830 randomly selected cDNA clone
were determined from these libraries and subsequently .compared to the DNA database. As a
result, 68 cDNA: clones showed significant homology to known genes, most of which have not yet
been isolated from rice plants. As summarized in Table 1, the cDNA clones identified in this
project were distributed across several categories. Overall, genes related to energy metabolism (e.
g enzymes involved in carbohydrate metabolism)and protein biosyntheses(e.g. initiation factors
and ribosomal proteins) were most abundant. These housekeeping genes were frequently identified
in all three cDNA libraries. However, with regard to genes related to signal transduction(e.g.
small GTP-binding protein), cell cycle(e.g. cdc2 kinase)and stress response (e.g. heat-shock pro-
teins), distinct differences among the three libraries were found. Under the 29 and 6% sucrose
conditions, only few genes related to these functions were identified, whereas at 209 sucrose (high



Table 1. Categories of ESTs identified in ¢cDNA libraries of different sucrose concentrations.

Sucrose (%)
Category - Total

2 6 20
Carbohydrate metabolism 6 2 3 11
Electron transport system 0 0 2 2

Fatty acid biosynthesis 1 1 1
Amino acid biosynthesis 0 0 2 2
Protein biosynthesis 4 3 10 17
Signal transduction and Cell cycle regulation 2 0 8 10
Stress response 1 0 6
Others 6 3 17
Unknown 290 63 409 762
Total 310 72 448 830

stress condition), more genes were isolated from the library. This may indicate that these genes
were expressed at a high level under stressful conditions, resulting in efficient isolation of different
types of genes. Using cloned cDNAs, we have reported the nucleotide sequence of the full length
¢cDNA clones such as adenylate kinase?®, 14-3-3 protein®®, ribosomal proteins?¢~2?, ubiquitin
protein®®, ATP/ADP translocator®?, initiation factor 4A3%?, ras-related small GTP-binding
protein®*®, nucleoside diphosphate kinase®®, ¢yc073%%, cdc2 kinase®® and NADP-dependent malic
enzyme®”,

3. ESTs from rice cultured cells: The influence of external stress' ;

cDNA libraries were also prepared from rice cultured cells that were subjected to salt stress (2%
NaCl)or nitrogen-starvation stress by eliminating nitrogen sources, L-glutamine and L-aspartic
acid from AA medium. Four-day-old cultured cells were subjected to either of these stresses for
24 h before total RNA extraction.

We determined the partial nucleotide sequences of 780 randomly selected cDNA clones, 472 clones
from saline condition and 308 clones from nitrogen-starvation conditions. A total of 117 cDNA
clones were identified as putative genes(Table 2). Many genes involved in carbohydrate metabo-
lism and translation were identified from both libraries. In the library of salt stress, several signal
transduction-related genes, such as MAP kinase, receptor protein kinase, ADP-ribosylation factor,
and others, were isolated. Such genes have not been identified in other libraries. This result

Table 2. Categories of ESTs identified in cDNA libraries of salt stress and nitrogen-starvation stress.

Stress
Category Total
Salt Nitrogen-Stravation
Carbohydrate metabolism 8 17 25
Electron transport system 4 0
Fatty acid biosynthesis 0 1
Amino acid biosynthesis 3 3
Protein biosynthesis 14 8 22
Signal transduction and Cell cycle regulation 11 1 12
Stress response 9 15 24
Others 16 7 23
Unknown 407 256 663

Total 472 308 780
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suggests that several signal transduction-related genes that are induced by salt stress might be
identified. From both libraries, we succeeded in isolating many stress-related genes, such as
ascorbate peroxidase, B—gldcanase, heat-shock proteins and superoxide dismutase. To examine
the usefulness of such tagged cDNAs for the study of gene expression in a specific metabolic
pathway, we studied mRNA levels of genes involved in ATP-generating pathways in rice cultured
cells under different stress conditions, such as 20% sucrose, salt stress, cold stress and nitrogen-
starvation stress. Northern blot analysis using ESTs as probe revealed the coordinated induction
of several genes in key steps under stress conditions. This suggests that activation of the entire
energy-producing pathway may require coordinated expression of key enzymes. = Furthermore, this
result indicates that ESTs can be used to generate a transcript map of rice gene.

Other ¢cDNA projects in plants

Several other cDNA projects in plants are underway®'?, and many ESTs have been identified
(Table 3). The cDNA project of Arabidopsis thaliana is being conducted as a joint venture of
France and the United States. In this project, the partial sequence of 1152 randomly selected
¢DNA clones from different tissues(flower buds, developing siliques, suspension cultured cells,
cultured leaf strips and etiolated seedlings) have been determined, and a total of 375 ESTs(32. 6%)
has been identified as putative genes that are expressed during floral development, embryogenesis,
seed maturation, development of etiolated plants and cell cycle®. The number of identified genes
in this project is surprisingly high compared with our rice project. The difference might be
explained by the type of method used for sequence data analysis. For example, the data analysis
of this project was performed by BLASTN software with FASTA software. The cut-off
homology score(150) used in their project is low compared to 160 which we used in this project.
For instance, in Brassica napus, 192 randomly selected cDNA clones from root tissue have been
sequenced and 21 ESTs(11.0%) have been identified using FASTDB software'®. In other words,
this program is more sensitive than FASTA software because it can detect local homology regions.
In maize, 130 randomly selected cDNA clones from leaf tissue have been sequenced and 25 ESTs
(19.294) have been identified'’. In Japan, another cDNA project of rice has made great advances
recently; 2778 randomly selected cDNA clones from callus tissue have been sequenced and 690
ESTs(24.8%) have been identified'?. The accumulation of these plants ESTs will present much
useful information in knowing the function of plants, and will make possible the comparisons of
expressed genes among plants.

Future prospects and conclusions

Recent developments in plant molecular biology, such as chromosome walking and gene tagging,
have made it possible to isolate and characterize specific genes from plants. These methods are
useful when one is interested in a particular phenotype or gene. However, isolation of numerous
genes from one plant species is essential for preparation of genome mapping and systematic
analysis of gene expressions. We have initiated a rice cDNA project, and thus far identified many
genes engaged in energy metabolism, protein biosynthesis, signal transduction, and the cell cycle.
These results suggest that this approach can be used to isolate many functional genes rapidly.
Moreover, these cDNA clones can serve as expressed sequence tags (ESTs), which will facilitate the
identification of candidate genes on RFLP maps for breeding. However, several problems remain
unsolved. For example, in most cases, the percentage of identified genes is less than 209 of the
total cDNA clones sequenced, and the extent of repeated sequencing of the same cDNA clones
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increases with the progress of this project. Therefore, improvement of softwares is necessary for
efficient gene identification by nucleotide or amino acid homology search, and the normalization of
cDNA libraries is important to reduce the effort of repetitive sequencing and to have access to the

rare mRNA sequences.
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