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I . Introduction

The expressed sequence tag (EST) approach, first demonstrated in the
human genome project (Adams et af,, 1991}, is powerful in massive cloning of
cDNAs as well as in large scale characterization of ¢DNA sequences for
deciphering genome sequence. This approach is also valuable in studies of
mRNA  expression profiles at a single gene level [rom unbiased c[DNA
libraries. In general, two types of information can be obtained by this
approach: the composition of expressed transcripts and the relative abundance
of these  transcripts. Both  types of information are important to the
understanding of molecular composition and function of source tissues and
cells.

The ohve flounder (Paralichthys olivaceus) is one of the more significant
fish species in Korea and Japan due to human interests in aquaculture and
lisheres. The olive flounder stocks currently used in aguaculture have become
appreciably different to their wild counterparts and it seems likely that
genetics will play an increasingly more important role in achieving further
improvements in the performance of the brood stocks (Iie ef al., 1994). Traits
that may be amenable to genetic improvement include growth, delayed
maturity, sex determination, disease resistance and temperature tolerance.
Despite this interest, relatively little information is available olive flounder

genes and their sequences with less than 3,000 typical olive flounder gene



seruences currently  deposited in the international DNA  sequence database in
the dbEST (Table 1), With the advancement of sequencing technology, it is
now possible to produce large numbers of ESTs representing a  large
proportion of the overall transcriptional activity of an organism. ESTs have
been shown to be and excellent and proven method of identification and
characterizing novel genes. However, comprehensive information on  steady
state mRNA levels is not known for most known fish transcripts (Virlon et
al, 1999). This lack of knowledge may represent one obstacle to the effective
use of genctics in aiding both fish aquaculture and conservation activities,
Therefore, in order to increase the current database of fish genes, this study
instigated olive flounder gene identification and expression analysis project
following the EST-hased strategy now commonly used for the identification
ol large numbers of genes in species of interest (Marra et al., 1998)

Careful analyses of the sequence data have provided significant additional
functional, structural, and evolutionary information (Quackenbush et al., 2000).
[.arge numbers of ESTs have been produced from a number of species
(Adams ef af., 1991; Waterston et al, 1992, Franco et al., 1995, Azam et al.,
1996). ESTs represent 71% of all GenBank entries and 40% of the individual
nucleotides (Quackenbush er al., 2000). Currently, the number of fish-related
ESTs in the public database is still small compared with mammalian
sequences and there are relatively few tissue—specific cDNA libraries (Ton et

al, 20000, ESTs from teleosts account for only about 4% of the almost



sixteen mitlion ESTs in the dbhEST division of GenBank (Tabie 1). The
greatest offort so far has bheen made 1 zebrafish (Gong, 1999), winter
flounder (Douglas et al., 1999}, olive flounder (Inoue et al., 1997, Aoki et al.
1999; Nam et al., 2000), medaka (Hirono and Aoki; 1997), channel cat fish (Ju
et al., 2000, Cao et al., 2001, Karsi ef al, 2002), and salmon (Davey et al,
2001 Martin et al., 2002). Now, EST analysis has become a commonly used
approach to identifly genes involved in specific biological functions, and
especially  in organisms  where genomic data are not available, like for
instance, tolerance to osmotic stress in plant (Zhang erf af, 2001) or gene
profiling during cmbryogenesis In ascidians (Satou et al, 2002). The EST
approach was used to identify genetic markers in salmon (Davey et al., 2001),
cnvironmental stress indicators in American ovster (Jenny et al., 2002) or to
characterize immune genes in shrimp(Gross ef aqf., 2001). Indeed, in such
marine organisms with cconomical interest, the access to genomic data may
provide new insight into the management of aquaculture activities.
Large-scale EST analysis is essential to adopt the c¢DNA microarray
technology for comparative functional genomics, particularly to address the
complex nature of gene expression involved in determination of performance
traits such as feed conversion and hehavioral traits, ESTs have also been
great resources for genomic mapping (Boguski and Schuler, 1995; Hudson et
al., 1995; Schuler et ai, 1996),

In addition, infectious diseases in fish cause major losses in aquaculture



industry. Ax olive flounder is one of the most widely cultured [ish species
and considered to be a major source of protein in Korea and Japan,
investigations  into the  immunological mechanisms  are required  for  the
cstablishment of new methods for prevention of diseases and its sustainable
production. Gene cataloguing and profiling of the kidney is and essential part
in EST analysis of immune organs. The immune system of fish is similar to
that of mammals (Secombes ef al, 1983) consisting of non-specific defence
harriers and specific immune functions; the latter includes T-and B-cell
mediated cellular and humoral 1immunity (Partula et al, 1995, Passer et al.,
1996; Yamaguchi et al, 1996, Nishimura er af, 1997), In addition to the
thymus and spleen, which are also present in higher vertebrates, another
lymphoid organ, the kidney, exists in fish (Pichappan, 1980; Chilmoczyk,
1992)and is the functional counterpart of mammalian bone marrow.

In this study, two cDNA libraries from the head kidney and spleen of adult
olive flounder were constructed and all total of 348 expressed sequencing tag
(EST) clones were generated. Various clones were identified as putative
biodefense and immune response-related genes. The interesting genes among
the putative mmmune-related genes can bhe found in the distribution of
granulins between the head kidnev and spleen libraries. Granulins are
cysteine-rich polypeptide purified from human and rat hematopoietic cells and
structurally related to the epithelin family of growth modulatory factors. A

prototypic form of granulins was isolated from the hematopoietic organs of



teleost {ish (Beleourt, 1), and Bennett, 11. P J. (1998) J. Cell Biol. 107,
629(abstr)) We cloned a partial ¢cDNA fragment of a granulinA precursor and
full length cDNA fragment granulin2 by an expressed scequences tag(lEST)
analysis of Olive flounder spleen and head kidney. and we characterized their

expression patterns by RT-PCR.



Table 1. The number of lish ESTs deposited in the dbEST]

{as of May 23, 2003)

Species dbEST
Danio rerio (Zebrafish) 318,552
Oryzias latipes (Japancse medaka) 103,008
Oncorhvachus mvyvkiss (Rainbow trout) 101,845
Salmo salar (Atlantic salmon) 58,330
Ictalurus punctatus (Channel catfish) 15,062
Cyvprinus carpio(Common carp) 7477
Paralichthys olivaceus (Japanese [lounder) 2735
Pleuroneetes americanus (Winter flounder) 938
Oreochromis niloticus (Nile tilapial 294
Tetraodon fluviatilis (Puffer fish) 99
Hippoglossus hippoglossus (Atlantic halibut) 32
Paralichthys olivaceus (Olive flounder ; this study) 2,618




II Materials and Methods

1. Fish and tissue preparation

Olive flounders (Paralichthys olivaceus} were obtained from Koje Hatchery
of National TFisheries Rescarch and Development Institute (NFRDI)  and
maintained in 6 tons flow-through tank at 12+17C under a natural
photoperiod. Spleen and head kidney tissues were collected and cut into as
small pieces as possible. Pooled tissues were rapidly frozen with liquid
nitrogen and were ground with a mortar/pestle, and then homogenized with a
hand-held tissue tearor in RNA extraction huffer following the guanidium

thiocyanate method (Chomeynski and Sacchi, 1987).

2. Construction of olive flounder cDNA libraries

Olive flounder spleen and head kidney c¢DNA libraries were constructed
from then individual fish depending on tissue type using the Uni-ZAP XR
cDNA synthesis/(Giigapack cloning kit (Stratagene Cloning Systems), Total
RNA was extracted using the TRIzol reagent(Gibco BRL Life Technologies
Ltd, Renfrewshire, UK), and mRNA isolation kit {(Promega, WI, USA). ¢cDNA

synthesis was carried out using an oligo-(dThs primer for the revers



transeription  of  approximately  5Spg of mRNA  and  the libraries  were
constructed by directional cloning  hased on the manufacturers  instruction
manual,

All primary libraries were amplified and aliquots of each amplifid library
were stored at both 4 and -70T. Mass cexcision was performed and the
cDNA inserts from the amplified Uni-ZAP XR libraries were rescued as

pBluescript phagemids in SOLR Escherichia coli.

3. Plasmid preparation and sequencing

The plasmid cDNA libraries were plated to a density appropriate for picking
individual colonies. Random clones were grown in 15~ml LB medium
overnight 1in 12X 75-mm culture tubes. Plasmid DNA was prepared by the
alkaline lysis method (Sambrook et «l.,1989) using the Qiagen Spin Column
Mini—plasmid kits. Three microliters of plasmid DNA(about 0.5~10pg) were
used in  sequencing reactions. Single-pass sequencing of 57 —termini  of
selected  ¢DNA clones in phagemid from was performed using the ABI 3100
automatic DNA sequencer (PE Applied Biosyvstems, CA, USA) and the ABI
Prism Big Dve Terminatior Cycle Sequencing Ready Reaction kit (PE Applied

Biosystems).



4. Bioinformatic analysis

Bioinformatic analysis was conducted to determine gene identities using
GeneMaster software (Ensoltek, Kerea). Procedures for cstablishing orthologs
are shown in Fig. 2. Brefly, vector scauences were removed and database
search were limited to ESTs>100bp in length. ESTs were then assembled in
clusters  of contigous sequences  (contig) using ICAtools program(Parsons,
1995). Gene annotation procedures and homology searches of the sequenced
ESTs have heen locally done by BLASTX for amino acid similarity
comparisons (Altschul et af, 1997). Matches with the Expect value (E) less
than 1.0x¢ ' were considered to be significant. After the BILAST searches, a
visual inspection was made to determine if the significant similarity was
caused by simple sequences. ESTs with significant similarities in searches
were considered orthologs of known genes only when the similarities were
not caused by simple sequences. All ESTs that were not identified as

orthologs of known genes were designated as unknown EST clones,



EST

Base calling
Clustering
Sequence assembly

v

BlastX search
(local dbEST database)

E value < 104 E value > 104

Novel
QOlive flounder ESTs

Fig. 1. Schematic presentation of sequence analysis and gene annotation

using BlastX searches.
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5. RT PCR analysis

Total RNA was extracted rom healthy Olive flounder gill, liver. stomach,
spleen, pyloric caeca, intestine, rectum, head kidney, body kidney, heart, brain
and muscle using Trizol (Life Technologies). The purified total RNA(1Oug)
was treated with DNase and then reverse transcribed into ¢cDNA using an
AMY Reverse Transcriptase First-Strand ¢cDNA Synthesis kit(Life Sciences).
The  final volume of the c¢cDNA  synthesis reaction was 25¢¢. The
reverse—transcribed sample(lx?) was used in 50p¢ of PCR reaction mixture.
The PCR  primers used in this study were  pgrmA-F, 5°
-cacgaggecagacatagtaca-3 grmA-R, 5 -cacacagtgggtgtaagagta-3
gm2-F, 5 -agggacasgetetgtcatca-3 " and gm2-R, 57 —tatttactetggagetgggte—3
", PCR was performed with an initial denaturation step of 2min at 93°C, and
then 20 cveles were run as follows: 30s of denaturation at 95C, 30s of
annelaing at 957, and Imin of extension at 72°C. The reacted products were

electrophoresed on a 2.0% agarose gel.
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. Results and Discussion

1. Summary of EST clones in olive flounder spleen cDNA

library

The spleen cDNA library was constructed from the poly-adenylated fraction
of mMRNA from the olive founder spleen. The number of clones sequenced
from the cINA library, the average size of inserts, and the redundancy of the
obtained seqgeunces, are given in Table 2. A total of 229 randomly selected
clones, in phagemid form, were single-pass sequenced from the 5 ond,
resulting in the characterization of cDNA clones that were longer than 100bp
after ehmination of vector sequence. The average insert size was estimatoed
ta be 1.9 0.6kb hy PCR amplification of inserts from 20 randomly selectted
clones. The assembly program [CAtools software(Parsons, 1995) was used to
organize the redundant ESTs into overlapping contigs. The results showed
that the 229 spleen ESTs were composed of 21 clusters and 174 sigletons,

suggesting that the overall redundancy of the library was 15%.
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2. Summary of EST clones in olive flounder hcad kidney

cDNA library

In the process of EST analysis from the olive flounder head kidney, 216
cDNA clones were single-pass sequenced from the 5° end, resulting in the
characterization of ¢DNA  clones that were longer than 100 bp after
elimination of vector sequence. The number of clones sequenced from the
cDNA library, the average size of inserts, and the redundancy of the obtained
sequences, are given in Table 2. The average insert size was estimated to be
1.3 0.5 kb by PCR amplification of Insert from 20 randomly sclected clones.
The  assembly  program  ICAtools  softwarc(Parsons, 1995) was used to
organize the redundant ESTs into overlapping contigs. The results showed
that the 244 head kidney ESTs were composed of 27 clusters and 146

singletons, suggesting that the overall redundancy of the library was 29%.
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Table 2. General characteristics of olive flounder spleen and head kidney

ESTs

Tissue
spleen head kidnecy
Primary library size )
1.2 107 1.3> 106
(pfu/ml)
Average Length
age Loens 19+06 13105
of insert(kb)
Number of clones filed 195 153
No. of unigene 174 124
Redundaney (%) 15 29

_14_



3. Distribution of the identified clones in two libraries

The complete list of identified clones 1s available upon request. Based on
major function of their encoded proteins, the identified clones are classified
into eleven bhroad categories ; cell cvcle and processing, cell rescure/
deference/ cell death, cellular communication/ signal transduction, cellular
organization, cellular transport and transport mechanism, cnergy, metabolism,
protein  fate, protein  synthesis, regulation/ interaction with cellular
environment, transcription, unclassified proteins. The distnbution of identified
clones in the spleen and head kidney c¢DNA libraries is summarized Fig 2.
and Fig 3.

Between the spleen and head kidney ¢DINA  libraries is not a notable
difference. A related clones of Cellular organization, cell cycle and DNA
processing represent high percentage. However, the reverse trend is that the

regulation and cellular environment clones are relatively low percentage.
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1% 4%

Cell cycle and processing

& Cell rescure, deference, cell death

O Cellular communication/ signal transduction
O Cellular organization

B Cellular transport and transport mechanism
Energy

B Metabolism

OProtein tate

B Protein synthesis

B Regulation/ interaction with cellular environment
O Transcription

@ Unclassified proteins

Fig. 2. Functional categorization statistics of olive flounder speen ESTs.

_16_



18%

1%

6%

7%
1% 1% %

Cell cycle and processing

B Cell rescure, deference, cell death

O Cellular communication/ signal transduction
O Cellular crganization

B Cellular transport and transpert mechanism
Energy

B Metabolism

[ Protein fate

M Protein synthesis

A Regulation/ interaction with cellular environrment
O Transcription

Unclassified proteins

Fig. 3. Functional categorization statistics of olive flounder head kidney ESTs.
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4. Isolation of immune response-related genes from the two

cDNA libraries

Another aim of this study is to identify ¢DNA clones that ecan be
mvestigated for immune system in Olive f{lounder hematopoietic tissue.
Database searches identified putative immune response-related genes that
were expressed. (table 5)

Lyvmphocytes undergo high rates of apoptosis during development and
immune response proliferation. The putative amino acid sequence  deduced
from one cDDNA clone, SPLEEN-03-B06, was identified as BCL2-associated
athanogene, that 1s a cell death inhibitory protein. During apoptosis, the
mitochondira swell, allowing cytochrome c¢ to leak into the cytosol, wich in
turn leads to DNA fragmentation. BCL2 interacts with the mitochondrial outer
membrane, which blocks the mitochondrial swelling. (Cosulich, S. F. ,1997)
Cvtokine genes and chemokine genes were identified in this study. One of
these was TNF family B cell activiation f{actor (HEAD KIDNEY-01-A06),
whose plays roles in immune and inflammatory responses and in the
phathogenesis of many diseases. (Carswell, E. A., 1975) Chemokines are small
cytokines, and are subdivided into four subfamilies by their cysteine signature
motifs. (Hedrick, J. A., 1996) SPLEEN-01-C02 and SPLEEN-03-B06 show
similarities to chemokine (C-X-C motif) represncted by IL-8 and CC

chemokine eotaxin, respectively. The action of chemokines are mediated by
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seven  transmembrane  domain (7 TMD)  receptors (Murphy, P M., 1994),
which utilise heterotrimere GTP-binding proteins as signal transducers.

The  amino  acid  scquence of  HEAD  KIDNEY-02-F11  (IIEAD
KIDNEY-03-B08) was  94%(100%) identical through the IgM precursor
(immunoglobulin M} of the oliver flounder.

The putative amino acid sequence deduced from ¢IDNA  clones,
SPLEEN-02-D03 and HEAD KIDNEY-03-E07 were identified as granulins
(spleen ¢DNA  clones: granulin A precusor, head kidney c¢DNA clones;
granuhin 2). (Fig. 4) The association of granulins with haematopoietic tissues
spans the entire vertebrate kingdom, as granulins have also been isolate from
the spleen and head kidney of a teleost fish, the carp (Belcourt et af., 1993).
Ohter investigators purified and partially  sequenced two growth regulatory
peptides from rat kidneys, which they called epitheling 1 and 2 (Shoyab et al.,
1990). A comparison of the structures of epithelins 1 and 2 with the rat
peptide purified from bhone marrow showed that rat granulin A and cpitheling
1 are identical, with the exception that the first residue of the amino terminus
1s absent in the epithelin 1. At present, only granulin A/ epithelin 1 and

granulin B/ epithelin 2 have been shown to have biological activities, and the

actions of the other granulins, if any, are unknowrn.
The expression of flounder granulins was studied by RT-PCR. The mRNA
of granulin A precursor was mainly detected in spleen and weakly detected in

the other organs.
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Granulin 2 expression was notably detected in immune-related organs such
as spleen, and head Kidney. Signal were also detected in gill and hody kidney.
However, low expression of granulin 2 mRNA was (ound in liver, stomach,
pyloric caeca, intestine, rectum, heart, and brain. (Fig. 6)

Granulins are cysteine—rich polypeptides. (Fig., D) These structures play an
important role in the immune response of fish and function as clearing units
for invading organisms, antigen presentation, and possibly act as germinal
centers for different classes of lymphocytes.

These indicate the importance of granulins in immune regulation that may

also be functioning in fish.

_20_



5. Evaluation of the olive flounder spleen and head kidney

ESTs.

When a ¢DNA library 1s evaluated for and EST project, two factors are
worth noting. First, what is the potential of a c¢DNA library to supply
identifiable clones? This was Important at the beginnig of our fish EST
project as our focus was on the number of identified ¢cDNA clones in order to
rapidly characterize a large number of olive flounder cDNAs. Secondly,
particularly at the present stage of the olive flounder EST project, what is
potential of a ¢DNA library to supply non-redundant or novel ¢cDNA clones?
Of the 348 EST clones identified by BLASTX, 298 (85.6%, 174; spleen EST,
124, head kidnev) were singletons. Although redundancy will increase as the
number of sequenced clones increases, the high percentage of singleton
indicated that the complexity and coverage of those olive flounder spleen and
head kidney cDNA library were good.

The number of this type of clones will indicate how well the library can

provide novel genes and whether a further exploration of the ¢cDNA library is

worthy.
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6. Olive flounder EST and its applications

Because of the relative scarcity of olive flounder gene resources, this study
aims to increase the number of characterized olive flounder genes to facilitate
other studies. The accumulation of a large number of identified cDNA clones
1s invaluable for olive flounder genetics and developmental biology. The
c¢DNA clone tagging approach will rapidly huild up the resource of the olive
flounder genes and be feasible to clone most, if not all, of the abundantly
expressed genes. Among  the many possibilities and  applications, these
identified clones will be useful for selection of tissue-specific or cell type
specific markers, isolation of full-length clones and gene promoters, and
analysis of the gene expression pattern and gene function.

An immediate application of these tagged clones is to construct dense
genetic and physical maps for the olive flounder genome (Postlethwait et al.,
1994; Knapik et af., 1996), which are valuable to analysis of olive flounder
mutants and an olive flounder genome project. There are several approaches
to map the tagged clones to the olive flounder genome map. One is by means
of single-strand conformation polymorphism (SSCPYBeier, 1993). The 3’
untranslated  sequences, which are generally polymorphic, are readily
obtainable by sequencing from the 3" end of the tagged clones, that are
interesting for mapping. Another approach, which is independent of DNA

polymorphism, is to construct a radiation hyvbrid map (Cox et al., 1990). The
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tagped clones can be used as probes cither to hybrdize the radiation panel
DNAs or to use the scquence information to design PCR primers to screen
the radiation hybrid pancl. Similarly, these tagged clones can he used to
screen olive flounder YAC, BAC and PAC libraries for construction of a

physical map. Finally, these tagged clones can be used for chromosome

in-situ hybirdization when the technique is available in olive flounder.
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acctgtggta cttcataaaa actcagaagg tgtitagtet gtetagttgg gactactgta
agaaacatgy tggectctgt agacaggace cagcetccaga gtaaatattt taatataaag
ggtctattcg  atggtaaaga aaccttiteg tacaatttag atgatttaca ctgtagtaaa
atacatcaca aggattatgt  tatattcact ttetgecaat agatccettt laactaaatc
3 ttgcacattg gacctttaac agaaacggaa ttagaattac catgaggaga ggaagtttgg
aataagtita gaattactet cactaacaga tcaatagtct geatataaca  ttgttettat
ttcactcatt  gtetgttetg ttttggtatt geatgtttgg  tttgagttat aaatcagcat
tacatttttg  gtcatatctc tgtatttttt gcaactgatt  acgttcaaca  acttttgeat
_t_aataaatca gatcaaaaaa aadaaaadaa daaadaaaaa

Fig. 4. Nucleotide and deduced amino acid sequences of the olive flounder

granulin 2 gene
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human-grm{rotein  PIGSTCCELPSGKYGCCPMP-MATCCSDHSHOCPQDTVCDLIQSKCLSKENATTDLLTKL 273
mouse—grn PDOSTCCELPTGKYGCCPMP-MATCCSDHTHOCPQDUTVCDL IQSKCLSK-NYTTDLLTKL 272
carp-grm PSRTTCCRSPFGVWYCCPFLRNGACCRDGRHOCRHGYRCISTSTLCLR = B8
flounder-groA SDHATCCMTKYG-FTOCQYP-NAVOCSDQAHCCPFGFHONL ATQMCEX G ——r—— 04
zebrafish—grmA ADGTTCCKTKDGGWACCPL P-EAVCCEDF THOCPHSKKCDVAAGSCDP-SGSVARVEXV 353
zebrafish—grnl PDGTTCCLSPYGIWSCCPYS-M3QCCRDGTHOOHGYRCISTSTRCLRG—————— 92
zebraf ishgrm PDRTTCCRIPYGKWICCPFP-MSQCCROGTHOCRHGYRONFASTRCERG————— 92
flonder-grn2 PNGMTCCKGSTYRWTCCPHP-LOOCCADGLHOCPYGY TCDASLT-CRAF———— 72

Fig. 5. Multiple alignments of the predicted flounder granulins amino acid

sequence with other known granulin proteins.
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Fig. 6. Detection of mRNAs of the Olive flounder granulinA and

granulinZ by RT-PCR, lane ! gill, lane 2 liver, lane 3 stomach, lane 4
spleen, fane 5 pyloric caeca, lane 6 intestine, lane rectum, lane & head

kidnev, lane & body kidney, lane 10 heart, lane 11 brain, fane 12 muscle
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Table 5. Putative immune-related genes isolated spleen and head kidney

cDNA libraries of olive flounder.

Clone no.

Genes

Closest species

Identity
(%)

SPLEEN-Q1-FO1

SPLEEN-02-FO7

SPLEEN-02-DO1
SPLEEN-01-CO02
SPLEEN-02-DO7
SPLEEN-02-DO3

SPLEEN-03-F06

SPLEEN-01-C04

SPLEEN-02-A10

SPLEEN-01-B03
SPLEEN-01-FO7
SPLEEN-03-B06
SPLEEN-02-F09

SPLEEN-01-HO5

SPLEEN-03-HO1

SPLEEN-02-G09
SPLEEN-02-D02
SPLEEN-01-BO1
SPLEEN-03-BO1
SPLEEN-02-GO1

SPLEEN-C1-F11

SPLEEN-02-E08

SPLEEN-02-A04

T-cell receptor alpha
similar to B lymphocyte
celt adhesion molecule
interlukin—8-receptor
Chemokine

Peforin

granulin A precursor
cytokine receptor

common gamma chain

transcription factor nrf2
lens epithelim—derived

growth factor human

immunoglobulin tight chain L2

endothelial cell growth factor 1

BCL2-associated athanogene

MHC class |l protein
immunoglobulin light

chain precursor

Chemokine (C-X-C motif) ligand

12
immunoglobulin D

B—cell associated protein

cytochrome ¢ oxidase subunit il

cylochrome b

cytochrome ¢ oxidase subnit ili
mitogne-activaged protein kinase

| interacting protein

heat shock facter binding protein

1
chicken—type lysozyme

[ unknown]
[ Rattus norvegieus)

[ Paralichthys olivaceus)
[Macaca muiatta)
[ Paralichthys ofivaceus)

[Damio rerio]
[ Oncorthvnchus mykiss]

[ Danio rerio]
[ Derived agrowth
human]

[ Oncorthvnchus mykiss)
[ Homo sapiens)

| Homo sapiens)

[Morone szxatilis)

[ Seriola quinqueradiata)

[ Danio rerio]

{ Paralichthys olivaceus)
[Homo sapiens]

[ Paralichthys olivaceus)
[ Paralichthys olivaceus]

[ Paralichthys olivaceus)

[ Homo sapiens]

{Homo sapiens]

[ Paralichthys olivaceus)

factor

32

32

33
34
37
38
38
40

57

59
62
62
70

72

77

82
82
84
85
88

91

9

99
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Tahle 5. (continued)

Clone no.

Genes Closest species

Identity
(%)

HEADKIDNEY-03-GO7

HEADKIDNEY-02-F02
HEADKIDNEY-02-CO1
HEADKIDNEY—-03-F02
HEADKIDNEY-03-HC4
HEADKIDNEY-03-EQ7
HEADKIDNEY-02-HO3

HEADKIDNEY—-01-A06

HEADKIDNEY-02-CC8

HEADKIDNEY-03-E02

HEADKIDNEY-01-C02

HEADKIDNEY-01-C08
HEADKIDNEY-03-C07
HEADKIDNEY-02-F11

HEADKIDNEY-03-808

apoptosis—associated speck-like

protein containing CARD [Fattus norvegieus]

invariant chain-like protein 14-1 [ Cyorinus carpio]

interferon alpha-7 [ Musmusculus]

similar to profolin 11 {Macaca muiatia)

invariant chain-like prolein 14-1 [QOncorthynchus mykiss)

granuling { Danio rerio)

CD45 { Takifugu rubripes)

TNF family B cell activation
[ Gailus gatius)
factor

imunoglobulin light chain [ Dicentrarchus labrax]

cytochrome ¢ oxidase subunit
| [ Paralichthys olivaceus]

cytochrome ¢ oxidase subunit
i [ Paralichthys olivaceus)

cytochrome b [ Paralichthys olivaceus]

chicken—type lysozyme [ Paralichthys ofivaceus]
IgM precursor [ Paralichthys olivaceus)

immunoglobulin M [ Paralichthys olivaceus)

32

37

37
37
42
50
56

59

83

85

&3

89
H
94
100
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IV. Summary

A total of 348 random clones from the two olive flounder (Paralichthys
olivaceus) cDNA libraries were partially sequenced. Theses included 195 from
the spleen library, 153 from the head kidney library. The assembly program
ICAtools software was used to organize the redundant ESTs into overlapping
contigs. The results showed that the 348 ESTs were composed of 48 clusters
(spleen @ 21, head kidney : 27) and 320 singletons (spleen : 174, head kidney :
146), suggesting that the overall redundancy of the library was 22%,

Based on major function of their encoded proteins, the identified clones are
classified into eleven broad categories. A related clones of Cellular
organization, cell cycle and DNA processing represent high percentage.
However, the reverse trend is that the regulation and cellular environment
clones are relatively low percentage.

The most abundant cDNA was genes related of immune system.
Particularly, the putative amino acid sequence deduced from c¢DNA clones,
SPLEEN-02-D03 and HEAD KIDNEY-03-E07 were identified as granulins
(spleen c¢DNA clones; granulin A precusor, head kidney cDNA clones;
granulin 2). The widespread occurrence of granulin mRNA in cells of the
hematopoietic system and in epithelia implies important functions in these
tissues.

Because of the relative scarcity of olive flounder gene resources, this study
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alms to increase the number of characterized olive flounder genes to facilitate
other studies. The accumulation of a large number of identified cDNA clones
1s invaluable for ohve flounder genetics and developmental biology. The
cDNA clone tagging approach will rapidly build up the resource of the olive
flounder genes and be feasible to clone most, if not all, of the abundantly
expressed genes. Among the many possibilities and applications, these
identified clones will be useful for selection of tissue-specific or cell type
specific markers, isolation of full-length clones and gene promoters, and

analysis of the gene expression pattern and gene function.
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