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Introduction

　The analysis of expressed sequence tags (ESTs) has 

become a part of the genomic approach to plant science 

for many plant species (Yamamoto and Sasaki, 1997). 

The cataloguing of ESTs has emerged as a powerful tool 

capable of revealing gene expression patterns, gene 

regulation and sequence diversity (Brandle et al., 2002) 

as well as assisting in the generation of DNA markers for 

genome mapping (Kuhara et al., 1994). In most cases it 

has also given an indispensable aid to cDNA microarray 

analysis. Furthermore, EST databases have recently 

contributed to the discovery of the specific gene 

repertories associated with the fragrances of roses 

(Guterman et al., 2002) and terpenoids in Stevia redaudiana 

(Brandle et al., 2002).  

　In order to understand gene expression and regulation 

associated with the development and ripening of citrus 

fruits, we have completed the EST analysis of several 

cDNA libraries derived from sweet orange young seeds 

(Hisada et al., 1996), juice sac of satsuma mandarin during 

rapid cell development phase (Hisada et al., 1997), satsuma 

mandarin fruit at mature phase (Moriguchi et al., 1998), 

albedo of satsuma mandarin at mature phase (Kita et al., 

2000) and ovary at the day of anthesis (Shimada et al., in 

press).  We are particularly interested in the traits that 

contribute to the quality and commercial value of citrus 

fruits.  It is considered that easy-peeling, which is one of 

the important traits for commercial value in citrus, is 

related with the relaxation of cell wall in particular 

(Brummell and Harpster, 2001). Therefore, we have 

catalogued EST derived from albedo of satsuma mandarin 

fruits at the initiation stage of peeling of the rind in which 

the genes related to cell wall relaxation should be highly 

expressed. In this report, we list 222 cDNA clones, which 

were identified by their putative functions by database 

searches and discuss the characteristic features of the 
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catalogue. 

Materials and Methods

1. Construction of cDNA library

　‘Miyagawa-wase’ variety of satsuma mandarin (Citrus 

unshiu Marc.), which was cultivated at the National 

Institute of Fruit Tree Science, Okitsu (Shimizu, Shizuoka, 

Japan), was used as all fruit sample in this study.  Samples 

were collected 60 days after anthesis (July 16, 1999) 

when the albedo (inner spongy portion) was capable of 

being peeled from the segment membrane. The average 

fruit size was 26.2 mm in diameter with a fresh weight of 

9.0 g. Albedo tissue was peeled from the segment 

membrane using a razor, immediately frozen with liquid 

nitrogen, and stored at – 80℃. The construction of the 

cDNA library and the subsequent sequencing were 

conducted following the method of Kita et al. (2000). The 

cDNA library derived from pre-mature albedo tissue was 

designated as the ALP cDNA library. 

2. Data processing and cataloguing

　A total of 626 cDNA clones were randomly selected 

and sequenced from both the 5’ and 3’ ends of the 

inserts. Each sequence was compared with the nucleic 

acid sequences in the DDBJ (http://www.ddbj.nig.ac.jp/; 

release 51, Sep. 2002) and also with our in-house citrus 

EST database (Fujii et al., 2003) using the FASTA algorithm 

(Pearson and Lipman, 1988). A significant match was 

declared when the optimized similarity score (OPT) was 

greater than 400. ESTs information including sequence 

data and annotations were entered into our in-house 

citrus EST database. Following annotation, a catalogue of 

222 ESTs based on function was prepared. Preparation of 

the cDNA library and catalogue derived from mature 

albedo tissue designated as ALM was previously reported 

(Kita et al., 2000). Data analysis, including the comparison 

of the ALP and ALM catalogues was carried out using the 

in-house database. 

Results and Discussion

1. Sequence Analysis

　A total of 626 cDNA clones from the ALP cDNA library 

derived from albedo tissue of satsuma mandarin (‘Miyagawa-

wase’) were sequenced. The 626 ESTs generated form 

the library were clustered into 541 independent groups. 

The average insert size of the resulting ESTs was on ca. 

440bps. Comparison of the sequences with ESTs in the 

DDBJ and our in-house citrus EST database resulted in 

the identification of 451 sequences with significant 

homology to known sequences. Among them, 336 ESTs 

(53.7%) could be functionally identified, 90 ESTs (14.3%) 

had homology to EST from other organisms and 25 ESTs 

(4.0%) shared homology with only putative open reading 

frame of Arabidopsis thaliana genomic sequences.  There 

were only 10 ESTs with homology to genes of other 

citrus species (Table 1).  Significant similarities were not 

detected for the remaining 175 ESTs (28.0%). As a cause 

of no similarity, it was considered that either the sequences 

of 3’ untranslated region were obtained, or ESTs were 

derived from unknown genes which had never registered 

in the DDBJ. The ALP EST data will be registered in the 

DDBJ for the public use. Two hundred and twenty two 

ESTs were catalogued and the resulting ESTs are shown 

in Table 1 with their putative functions and homology 

search results. Even in case when isozymes of the same 

function were found among the above 336 ESTs identified 

the functions, a single example was entered into the 

catalogue.

2. Gene repertories of ALP cDNA library

　ESTs in ALP cDNA library were classified according to 

putative function (Table 2). In this library, 20 gene 

homologues associated with cell wall events were found. 

Changes in the cell wall including expansion of the cell wall 

may possibly be related to the easy-peeling characteristic of 

the satsuma mandarin. Since morphological changes in 

albedo would be related to the reduction of pectic 

substances (Kuraoka and Kikuchi, 1961), homologues of 

pectate lyase (MAP9U30), pectin acetylesterase (MAPEM60), 

pectin methylesterase (MAPAE10), polygalacturonase 

(MAP9U96), arabinogalactan protein (MAPAE91: Shultz 

et al., 2000) were found and they might be related to such 

an event. Homologue of glycine-rich protein (MAPAE88: 

Uthappa et al., 2001) and proline-rich protein (MAPAE26: 

Salts et al., 1992) are possibly related to cell structure 

and cell adhesion in the cell wall. Homologues associated 

to cellulose, which is a major component of cell wall 

structure, were also detected (MAPF194, MAPH163: 
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Favery et al., 2001). The above-mentioned MAPEM60 and 

MAP9U96 had two redundant ESTs each in total of 626 

ESTs and were constructed contig sequences respectively.

　When the ALP gene catalogue was compared to a 

catalogue ALM derived from mature albedo tissue, only 

44 kinds (80 clones) of 336 gene homologues in ALP were 

overlapped. Several examples of them were dynamin-like 

protein (MAPAE24), ubiquitin SMT3 protein (MAPAE81), 

cystein proteinase (MAPAT76), actin (MAPDD12) and 

thioredoxin (MAPFF53). Since the percentage of the 

overlapped clones is low, the ALP library is suitable to for 

the exploration of important genes associated with the 

maturation of albedo. 
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Table 2. Functional classification of C. unshiu fruit ESTs from albedo at initiation stage of rind peeling. The ESTs that had 
sequence similarity to known genes were classified based on their biological functions.

Number of
ESTs with 
matches 

(redundant)

Number of
ESTs with 

matches
(non-

redundant)

Classification based on biological function

Number of
ESTs with 
matches 

(redundant)

Number of
ESTs with 

matches
(non-

redundant)

Classification based on biological function

  95
  15
    7
  73
  19
    4
    5
    3
    3
    2
    1
    1
  43
    3
    8
  30
    2
  61
    8
    3
    1
  21
  16
  12

    2
    8

403

  68
  14
    5
  49
  19
    4
    5
    3
    3
    2
    1
    1
  36
    2
    6
  27
    1
  53
    7
    3
    1
  17
  15
  10

    2
    8

336

Defense
Hormone
Stress

Zinc finger
G-protein
Myb
TF
Helicase
Nuclear transport
Splicing

Initiation factor
Elongation
Ribosomal proteins
mRNA stability

Folding
PK
Phosphatase
Proteinase
Proteolysis
Trafficking

Responsive

Transcription 

Translation

Protein regulation

Chloroplast protein
unclassified

Total

59
16
16
  6
  4
  3
  4
10
39
21
  5
  4
  9
26
  7
  2
17
38
10
  1
  9
16
  1
  1
  1
  1
12
  4
  3
  5

55
16
14
  6
  4
  3
  4
  8
36
20
  5
  3
  8
21
  7
  2
12
25
  6
  1
  7
  9
  1
  1
  1
  1
12
  4
  3
  5

Photo/electron
Sugar/carbohydrate
Amino acid
Nucleic acid
Vitamin
Lipid
Secondary

Cell wall
Skelton
Lignin
Chromatin

Transport
ATPases
Membrane protein

Cell cycle
Nodulation
Expansin
Dormancy
Light & circadian
Senescence

Pollen

Calcium
Hormone synthesis
Protein receptor

Metabolism

Cell structure

Membrane

Growth regulation

Morphogenesis
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ウンシュウミカン果実の剥皮開始期における
アルベドに由来する EST の解析
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摘　　要

　ウンシュウミカン果実の剥皮開始期アルベドで発現し
た遺伝子から作成した cDNAライブラリーについて，ラ
ンダムに cDNAを選択してシーケンスし，626の cDNA

クローンの ESTを得た．相同性検索による ESTの機能
解析の結果，336クローン（53.7％）で遺伝子機能が推定
された．残りのクローンのうち，90クローン（14.3％）

では他の生物のESTと相同性があり，25クローン（4.0％）
についてはシロイヌナズナのゲノム塩基配列とのみ相同
性があった．残りの 175クローン（28.0％）については
他の生物の塩基配列との相同性は見られなかった．機能
が推定されたクローンのうち 222クローンについて，機
能推定の結果を一覧表に示した．この cDNAライブラ
リーの特徴として，細胞壁にかかわる遺伝子が多くみら
れた．
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