¢ Ehiils

NARQO mumsms B2 A0 EEEHESHISN

Expressed Sequence Tags from Citrus Albedo at
the Initiation Stage of Rind Peeling

S5 jpn

H AR

~FHB: 2019-03-22

F—7— K (Ja):

F—7— K (En): Citrus unshiu; ESTs; cDNA library,
gene catalogue

ERE: B, 05, %, £, BH, BZ, =ik B+, XH,
=5

X=)LT7 FLR:

il

https://doi.org/10.24514/00001711




Bull. Natl. Inst. Fruit Tree Sci. 2 : 127 0 144, 2003

Research note

Expressed Sequence Tags from Citrus Albedo
at the Initiation Stage of Rind Peeling
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Department of Citrus Research, Okitsu, National Institute of Fruit Tree Science

National Agricultural Research Organization, Shimizu, Shizuoka 424-0292, Japan

Abstract

0 The gene expression and regulation associated with the initial stage of rind peeling of the satsuma
mandarin (Citrus unshiu cv. ‘Miyagawa-wase’) was characterized through the generation of 626 expressed
sequence tags (ESTs) derived from a cDNA library prepared from albedo tissues collected 60 days after
anthesis. A Total of 451 ESTs was found to have significant similarity to the known sequences. Using our in-
house database, a catalogue of 222 ESTs annotated with their putative functions was prepared and compared
to the previously prepared catalogue of 442 ESTs derived from mature albedo tissues. In consequence, gene
homologues associated with cell wall events were preferably found in this library.
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Introduction

O 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).

O 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

™1 Present address: Department of Plant Cell and Environment,
National Institute of Fruit Tree Science, Tsukuba, Ibaraki 305-
8605, Japan

O The catalogued cDNA clones have been submitted to DDBJ
under accession numbers AU300309-AU300928.
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catalogue.

Materials and Methods

1. Construction of cDNA library

O ‘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 —800 . 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

O 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 (Fuijii 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

O 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

O 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 (MAPEMG60),
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 (MAPAESS:
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.
0O 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 (MAPAES81),
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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Expressed Sequence Tags from Citrus Albedo at the Initiation Stage of Rind Peeling

Fuin et al.:
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Expressed Sequence Tags from Citrus Albedo at the Initiation Stage of Rind Peeling

Fuin et al.:
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Expressed Sequence Tags from Citrus Albedo at the Initiation Stage of Rind Peeling

Fuin et al.:
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Expressed Sequence Tags from Citrus Albedo at the Initiation Stage of Rind Peeling

Fuin et al.:

9g¢€ L'L6 LT.T uowlj snaig 6€659TdV 9sed Vv auelquisiN 3 1uungns ssed1v-,H JejondeA  ¢Ssy00eENY 09AddVIN

81z 62 VS winoege) BuBnodIN 09z22N ABisus  wsijoqeIvN (9-G1Ad) aseyiuAs dINN  ¥2800ENY  LL19dVIN

6€E 8’8 00¢T Xew aulof|9 8T¥eSN Jebns wsljoqelsiN aseusboipAysp asoon|B-dan 0€S00ENY  EEIAAVIN
uonejnbiai

9eY 6'68 L8LT wniae snunid 9¢886¢dVY sisAjoaroud uleloud (19n) &2z utgroad [ewosoqu/umnbign  $0900£NY  6¥T4dVIN
uonenbai

154 9'¢8 8T8 eueley) sisdopige.y 60966X sisAjoajoud uleloid uraloud gLINIS unminbign  6/8006NY  T83VAVIN
uonenbai

16€ 168 862T eURIeY) SIsdoplgely SYTSE0AY sisAjoajo.d uigl0ld aneIndTdgN uiglodd uoisualxa uninbign  /¥900ENY  v44dVIN
uonenbai

€09 T8L 0.7 WNAIes wnsid 110621 siskjoajo.d u1al0id (¥29n) awAzus Bunebnluod uninbign  TZ/00ENY  S04OdVIN
uonenbai

6e 98 geer  euelfey) sisdopigely GETTS04Y sisAjoajo.d ure)0.d aneInd (T493) 13 swAzus Buneande uminbign  €65006NY  STTAdVYIN
uonenbai

9G¢ €08 0STT eueley) sisdopige.y L5619X sisAjosioud ulsjoid uninbign  G89006NY  Z944dVIN

9ee L8 1911 eojuodef sndod TZTvor Jebns wsijoqelsiN aseJawos! areydsoydsouy  8zZ600€NY  ¥T43dVIN

€G¢E 6'179 <69 eueley) sisdopige.y ¥5209edV Jaysodsuesy auelquisiy anrend uraload Ajiwey xnjyje J1VIA Ja1dodsues)  90600€NY  0T4ddVIN
uonenbai

899 T'€E8 LO6T Sisualjise.q esnsH SSPT60dV 91940 180 ymoiao (d.LoL) uisload Jowny pa)jo3u0d Ajjeuoneisues  TZG00ENY  ZS43dVIN

88 0L 800T susjoanesb wniuobirejad LESvezaAY uopebuo@  uone|suel | 1sejdoJojyo (wyni) nL Jo1oe) uonebuola [euonejsuess  20/00ENY  €L19dVIN

8G€ 9'18 ¥8TT ©3els|0 edlsselq 2198604V uonemnul uole|suel | J0)Je} UoIenIuUl UoneIsuesy  ¥/00eNVY  0949dVIN

ore 9LL LE0T e|neaun.) ofealpsin evee6cdv SHO /41 uonduosuel] Z-d 10108} uonduosuen  €8/00ENY  YEYOdVIN

08T  6¢€L G9y  WNJU3|NIse U0dIsIadookT Y9TV8TdV JeBns  wsljoqelviN (Tv1) esejopjesuesnr  08/00¢NY  89THAVIN

9ve 6'69 ov. winsoJagn} wnuejos 7682804V p1oe oulwe  WSIOQRIBIN 9seYIUAS BuIUOBIYl  ZES00ENY  OvIFdVIN

1401% 6'08 L9¢T SIUNWWOJ snuidry 1190.Z ABisus WwisijoqelsiN uixopaJoyl T1S900€NY  €S9dd4dVIN

y u029s 1841
del %) 1do wsiueblo BojouloH P h BojowoH 7 Anuapi anneind UoISSa2Y auo|D
1an0 Anuap) 40 U0ISS800Y BojowoH Jo A10ba1e)

panunuod ‘T a|geL



Bull. Natl. Inst. Fruit Tree Sci. 2. 2003

142

v 89 258 eueljey) sisdopigely €€8.8N Jabuyy ouiz - uonduosuel | yresp 1182 01 Jore|nba. aaneleu TpsT uteload sebul-ouiz  /T800eNY  LTAVAVIA
LLC 069 S09 eueley) sisdopige.y T¢erredv Jsbuy ouiz - uonduosuel | (3S) F1Lvdy3s ueoud gHzZD J8bul-ouiz  6TE00ENY  £63IVAVIN
0TE 8'G9 08s euRIjey) sisdopigely 687EYN Jlem (82 34n1anas 18D anneind /-41 X uieroid pajejal-aselAsodA|Bsueliopus ueon|BojAX 0ZE00ENY  6E£D6dVIN
wnuijreiskio
LY 8'LL 0¢cet wnwsayuefiguassiy L9vELN ursloid sueiquisw auelquisiy urslo4d [suueyo Jarem  8GG00ENY BENIVYIN
vee 6T el winoege) euenodIN Zegvon uopebuols  uone|suRI | (eydie 1-10108) UoEBUO|3) UIBI0Id UOISBYPE 8XI|-UIOBUOIIA  80L00ENY  7.19dVIN
TV ¥'G8 S61T ealssad snunud 97/ 984V Jariodsuen aueIqWIBIN (1dA) asereydsoydoiAd-+H Jejonden T/900ENY  9019dVIN
u023s 1811
del %) 1do wsiueblo BojouloH P h BojowoH 7 Anuapi anneind UoISSa2Y auo|D

1an0 Anuap) ‘ 40 U0ISS800Y BojowoH Jo A10ba1e)

panunuod ‘T a|geL



Fuin et al.: Expressed Sequence Tags from Citrus Albedo at the Initiation Stage of Rind Peeling 143

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 Number of

o s et o ESTswit el
Classification based on biological function matches Classification based on biological function ~ matches
(non- matches (non- matches
redundant) (redundant) redundant) (redundant)
Metabolism 55 59 Responsive 68 95
Photo/electron 16 16 Defense 14 15
Sugar/carbohydrate 14 16 Hormone 5 7
Amino acid 6 6 Stress 49 73
Nucleic acid 4 4 Transcription 19 19
Vitamin 3 3 Zinc finger 4 4
Lipid 4 4 G-protein 5 5
Secondary 8 10 Myb 3 3
Cell structure 36 39 TF 3 3
Cell wall 20 21 Helicase 2 2
Skelton 5 5 Nuclear transport 1 1
Lignin 3 4 Splicing 1 1
Chromatin 8 9 Translation 36 43
Membrane 21 26 Initiation factor 2 3
Transport 7 7 Elongation 6 8
ATPases 2 2 Ribosomal proteins 27 30
Membrane protein 12 17 mRNA stability 1 2
Growth regulation 25 38 Protein regulation 53 61
Cell cycle 6 10 Folding 7 8
Nodulation 1 1 PK 3 3
Expansin 7 9 Phosphatase 1 1
Dormancy 9 16 Proteinase 17 21
Light & circadian 1 1 Proteolysis 15 16
Senescence 1 1 Trafficking 10 12
Morphogenesis 1 1
Pollen 1 1 Chloroplast protein 2 2
Signaling 12 12 unclassified 8 8
Calcium 4 4
Hormone synthesis 3 3
Protein receptor 5 5 Total 336 403
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