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Abstract 

Using a cDNA library prepared from poly(A) ÷ RNA from 10-day-old rice endosperm, partial nucle- 
otide sequences of randomly isolated clones were analyzed. A total of 153 (30.6~)  out of 500 cDNA 
clones showed high amino acid identity to previously identified genes. There was significant redundancy 
in cDNAs encoding prolamine and glutelin. About 21.0~o of the cDNA clones were found to code for 
seed storage protein genes. Consequently, 37 independent genes were identified. Using cDNA clones 
encoding glutelin, prolamine, seed allergen, ~-l,4-glucan branching enzyme, glycine-rich RNA binding 
protein, metallothionein, non-specific lipid-transfer protein and ubiquitin conjugating enzyme the accu- 
mulation of m R N A  during rice seed development was compared. Genes associated with seed storage 
protein and starch biosynthesis were expressed according to expected developmental stages. Glycine- 
rich RNA binding protein genes as well as metallothionein-like protein genes were highly expressed in 
developing seeds, but low in leaves of whole plants. 

Introduction 

Numerous genes have recently been identified by 
random nucleotide sequencing of cDNA clones 
in higher plants [1, 2, 3, 4, 5, 6, 7]. Such meth- 
ods have proven valuable in terms of a rapid 
screening of putative genes from given cDNA li- 

braries. Genes identified as expressed sequence 
tags (ESTs) can be useful for the construction of 
RFLP maps and for the isolation of full-length 
cDNA clones. Previously we reported the isola- 
tion of a variety of putative genes from cDNA 
libraries produced from cultured cells of rice 
[ 1, 7]. In this study, we determined the partial 

The nucleotide sequence data reported will appear in the EMBL, GenBank and DDBJ Nucleotide Sequence Databases under 
the accession numbers listed in Table 1 (D29993-D30029). 
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nucleotide sequences of 500 cDNA clones of 10- 
day-old rice endosperm tissues, in which 153 
clones showed homology with known genes on 
the basis of nucleotide or protein database 
searches. As expected, there was a tremendous 
redundancy of genes encoding seed proteins such 
as prolamin and glutelin. Nevertheless, other 
genes identified were distributed to a broad spec- 
trum of plant metabolic pathways. Comparative 
analysis of gene expression pattern during seed 
development using several cDNA probes will also 
be discussed. 

Materials and methods 

cDNA library 

Endosperms of rice (Oryza sativa L. cv. M20) 
seed isolated 10 days after anthesis were used for 
the extraction of mRNA. Poly(A) ÷ RNA was 
obtained according to Logemann et al. [8]. A 
cDNA library was constructed in Uni-ZAP XR 
vector (Stratagene). In vivo excision of pBlue- 
script plasmids was performed in the Escherichia 
coli K-12 strain XL1-Blue. 

Nucleotide sequence determination 

Plasmid DNA for nucleotide sequencing was pre- 
pared using a DNA purification column (Wizard 
Minipreps, Promega). Partial nucleotide se- 
quences of cDNA inserts were determined by the 
fluorescence detection method using dye-labeled 
T3 primer. Cycle sequencing was performed with 
a CATALYST 800 Molecular Biology LabSta- 
tion (Perkin Elmer). A Model 373A sequencer 
(Perkin Elmer) was used for automated sequence 
analysis. The homology of each partial cDNA 
sequence was searched as described previously 
[1]. 

Northern blot analysis 

Total RNA was isolated by the phenol-SDS 
method from developing seeds as described ear- 

lier [9, 10]. After electrophoresis of 10 #g of total 
RNA per lane in a 1.2~o formaldehyde agarose 
gel, RNA was transferred to a Hybond-N + mem- 
brane (Amersham) according to the manufactur- 
er's specifications. A 32p-labeled DNA probe was 
added to the solution, which consisted of 1 ~o 
(w/v) SDS, 1 M NaC1, 10~o (w/v) dextran sul- 
fate, and 0.1 mg/ml heat-denatured salmon sperm 
DNA. After hybridization at 65 ° C, the filter was 
washed in 2 x SSC for 10 min at room tempera- 
ture with vigorous shaking and then twice in 2 x 
SSC and 1~o SDS for 30min at 65 °C. The fil- 
ter was dried and exposed to X-ray film. 

Results and discussion 

This research was carried out to analyze ESTs of 
cDNA libraries from developing endosperms of 
rice plants. Such libraries were abundant in stor- 
age protein cDNAs [ 11 ]. Table i shows a list of 
putative genes identified in this study. As expected 
we found high degree of redundancy of specific 
genes (Table 2). cDNA clones corresponding to 
glutelin and prolamin constituted 12.6~o and 
8.4~o of the 500 cDNAs analyzed, respectively. 
In view of the distribution of other genes engaged 
in various metabolic pathways, genes related to 
translational processes are most abundant (e.g. 
elongation factors and ribosomal proteins). This 
substantiates reports that show a significant 
amount of protein synthesis is taking place dur- 
ing protein synthesis [ 12]. 

Northern blot analysis ofglutelin and prolamin 
mRNA accumulation indicated that both genes 
were expressed in a similar manner 10-30 days 
after anthesis (Fig. 1). In contrast, genes encod- 
ing ~-l,4-glucan branching enzyme [13] was ex- 
pressed rather early in seed development. Adachi 
et al. [ 14] reported that transcripts of a rice seed 
allergenic protein gene accumulated maximally 
between 15 and 20 days after flowering, which is 
also consistent with our results. The ubiquitin 
conjugating enzyme gene was not expressed at a 
substantial level in developing seeds, although 
significant expression was observed in young and 
mature leaves of rice plants. Interestingly, genes 



Table 1. Summary of EST's isolated from the cDNA libraries of developing rice endosperm. 

Accession Gene Length compared ~o matched Source of comparison 
No. (aa) (aa) 
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D29995 Acyl carder protein III precursor 85 75 ACP3-HORVU (SWISS) 
D30010 ADP,ATP carrier protein precursor 32 96 ADT-ORYSA (SWISS) 
D30002 ADP-ribosylation factor 40 85 $28875 (PIR) 
D29993 Alanine transaminase 91 91 $28429 (PIR) 
D30024 Alcohol dehydrogenase 97 97 ADH 1-ORYSA (SWISS) 
D29996 ~-l,4-glucan branching enzyme 71 97 GLGB-ORYSA (SWISS) 
D30007 Asparagine synthase 48 85 AJPMN2 (PIR) 
D30018 Elongation factor 1-~ 74 66 EF1A-WHEAT (SWISS) 
D30000 Elongation factor TU 46 65 EFTU-BACSU (SWISS) 
D29999 Glutelin 83 97 JR0002 (PIP) 
D30025 Glycine-rich RNA-binding protein 48 75 $30147 (PIR) 
D30021  Histidine decarboxylase 66 54 LEHDC (GB) 
D30022 Histone H4 56 66 $25638 (PIR) 
D30006 IM30 protein 105 80 $27765 (PIR) 
D30029 Initiation factor elF-2 50 74 HUMIEF2G (GB) 
D30020 Malate dehydrogenase 78 57 MDH-THEFL (SWISS) 
D29998 Metallothionein-like protein 48 62 S 16534 (PIR) 
D30023  NADPH-ferrihemoprotein reductase 37 70 HTL2NFR (GB) 
D29994 Nonspectfic lipid-transfer protein 26 88 NLTP-ORYSA (SWISS) 
D30017 Phenylalanine ammonia-lyase 24 95 $28185 (PIR) 
D30003  Phosphoprotein phosphatase 125 88 $31088 (PIR) 
D30004 Procyclin 33 69 TOBPROCYC (GB) 
D30008 Prolamin 83 92 PRO2-ORYSA (SWISS) 
D30016 Ribosomal protein L7 43 79 1909359B (PRF) 
D30026 Ribosomal protein L17 32 84 $32579 (PIR) 
D30019 Ribosomal protein $4 48 45 R3RT4 (PIR) 
D30013  Ribosomal protein S15A 60 90 RS15-BRANA (SWISS) 
D30028 40S ribosomal protein 42 97 RIC40SSRPD (GB) 
D30011 50S ribosomal protein L14 28 96 RL14-ORYSA (SWISS) 
D30012 60S ribosomal protein L25 58 67 TOBRPL25A (GB) 
D30001 Seed allergen 38 81 $31078 (PIR) 
D29997 Stearoyl acyl carrier protein desaturase 27 70 STAD-BRANA (SWISS) 
D30005 Sucrose synthase 112 91 JT0281 (PIR) 
D30009 a-tubulin 31 80 TBA-NAEGR (SWISS) 
D30027 Ubiquitin conjugating enzyme 99 85 $31971 (PIR) 
D30015 Wound-inducible basic protein 25 80 J S0731 (PIR) 

Quality of match is given as percent identity in amino acid residues. Sources of comparison were based on the recorded sequences 
in the SWISS-PROT (SWISS), PIR, PRF and GenBank (GB) databases which are indicated in parenthesis. 

like glycine-rich RNA-binding protein and met- 
allothionein like protein were highly expressed in 
developing seeds when compared with leaf tis- 
sues. Since the discovery of the ABA-inducible 
glycine-rich protein gene in the maize embryo 
[ 15], a number of similar glycine-rich RNA bind- 
ing protein genes have been found in other plants. 
However, expression of this gene in developing 

seeds has not been reported. Metallothioneins 
(MTs) are a class of cystein-rich, metal-binding 
proteins important for heavy metal tolerance in 
animals and fungi [ 16]. Genes encoding putative 
MTs were reported in a variety of plant species. 
Among them, a zinc-binding protein (Ec) was 
known as a class II MT [ 17] which accumulated 
during wheat embryogenesis [18]. Although the 
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Table 2. A 
redundancy. 

list of identified cDNA clones showing 

Putative genes Total numbers (~o)  a 

of cDNA 
clones 

Glutelin 63 12.6 
Avenin precursor 1 0.2 
Globufin precursor 1 0.2 
Glutelin 8 1.6 
Glutelin precursor 14 2.8 
Glutelin 22 1 0.2 
Glutelin I 12 2.4 
Glutelin II 4 0.8 
Glutelin B-1 15 3.0 
Glutelin B-2 7 1.4 

Prolamin 42 8.4 
Prolamin 9 1.8 
Prolamin precursor 7 1.4 
13 kDa prolamin 14 2.8 
14 kDa prolamin 2 0.4 

Ribosomal protein 7 1.4 

Elongation factor 4 0.8 

Metallothionein 3 0.6 

Sucrose synthase 3 0.6 

Ubiquitin conjugating enzyme 3 

ADP-ribosylation factor 

0.6 

ct-l,4-glucan branching enzyme 2 

2 0.4 

0.4 

Malate dehydrogenase 2 0.4 

Other putative genes appearing once 22 4.4 

a Calculation was made on the basis of 500 cDNA clones 
analyzed. 

biological significance of seed related expression 
of both genes is not clearly understood, they may 
have significant roles during seed development. 

In conclusion, random nucleotide sequencing 
of endosperm cDNA clones provides us with an 
opportunity to isolate numerous genes including 
the highly expressed seed protein genes and other 
metabolically important genes. It would be 
worthwhile to map such cDNAs to their respec- 
tive chromosomes of the rice genome. 

Fig. I. Autoradiograms showing northern blot analysis of 
mRNA accumulation during rice seed development at 10, 20 
and 30 days after anthesis, in leaves of 10-day-old seedlings 
(YL), and in leaves of 3-month-old rice plants (ML). Probes 
used were: glutelin (A), prolamin (B), seed allergen (C), ct-l,4- 
glucan branching enzyme (D), glycin-rich RNA-binding pro- 
tein (E), metallothionein-like protein (F), non-specific lipid 
transfer protein (G) and ubiquitin conjugating enzyme (H). 
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