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Determined sequences of 384 randomly selected clones
in a PCR-based ¢cDNA library of Antheraea yamamai
could identify expressed sequence tags (ESTs) of
highly expressed gene. One EST (fibroin) appeared 15
times, one EST (40S ribosomal protein S18) twelve
times, one EST (ribosomal protein S24a) eleven times,
ten times (ribosomal protein S8), nine times (60S ribo-
somal protein L10A), seven times (40S ribosomal pro-
tein S15A, S17, S17 and seroin), six times (ribosomal
protein S8), five times (ribosomal protein S24, mariner
transposase and P8 protein), four times (serpin 2),
three times (heat shock protein 70 and poly A binding
protein), and the remaining 6 ESTs twice (amylase,
KIAA1006, elongation factor-1, transposon mag,
translation initiation factor 4C, QM protein, trans-
posase). Therefore, the 94 EST make it possible to
identify 24 redundant clones that are candidates for
highly expressed genes in posterior silk gland of this
insect. The 24 redundant EST clones were identified in
GenBank, but none of them was related to A. yamamai,
suggesting that there are many unidentified genes
which are highly expressed in the A. yamamai genome.
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Introduction

The japanese oak silkmoth, A. yamamai, has been regar-
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ded as a very important insect for the production of silk
and its by-products for a long time in human life. Thus,
the insect has been regarded as an inducstrial one for the
production of the cloth and food in oriental nations. The
silk produced by the insect can be utilized as various tex-
tile sources. This insect is a potential host for the expres-
sion of foreign genes encoding industrially, agriculturally
and medically important proteins, because it modifies pro-
tein post translationally, and they are abundant enough to
be utilized for cellular function (Nagaraju et al., 1996).

Recent progress in the recombinant technologies of
insect as Drosophila melanosgaster, Zebrafish, and Bom-
byx mori can make recombinant strains easier than ever
before. These technologies include an efficient way of
DNA transfer into the organism, development of various
vector system as well as identification of inducible and
strong promoters (fibroin promoter of Bombyx mori, etc),
isolation of many genes of industrial and agricultural
value (Nagaraju et al.,, 1996; Steller and Pirrotta, 1985;
Stuart et al., 1988). However promoters walking strongly
in A. yamamai still need to be isolated, since strong pro-
moters are not found in A. yamamai.

In the absence of the information on highly expressed
genes, analysis of the mRNA population is a basis for the
identification of the promoter of highly transcribed genes
of which will be isolated. Because of difficulty of direct
analysis, the mRNA population can be analyzed by indi-
rect methods. One of the indirect methods for analyzing
mRNA population is sequencing hundreds or thousands of
randomly selected clones in a PCR-based cDNA library
since only one cDNA molecule corresponding to the 3'
end of mRNA is synthesized, and every vector molecule
has only one cDNA insert (Belyavsky et al., 1989; Bertioli
et al., 1995; Carninci et al., 1996; Kimmel and Berger,
1987; Suzuki; 1997). Therefore, sequencing of the ran-
domly selected cDNA clones generate a detailed profile of
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the expressed gene in a cell type or in a diease (Adaye et
al., 1997; Affara et al., 1994; Frigerio et al., 1995; Hwang
et al., 1995; Korneev et al., 1994; Konishi et al., 1994;
Liew et al., 1994).

Recently, such analysis has been carried out in a few
organisms and cell types (Krizman et al., 1996; Lu et al.,
1988; Ryo et al., 1998). In this paper, we constructed a
PCR-based cDNA library from posterior silk gland (PSG)
of A. yamamai and sequenced 384 clones to identify ESTs
of highly expressed genes, which subsequently will be
used as probes for isolation of cognate promoters using
genomic DNA library or cosmid library

Materials and Methods

Insect and cloning vector

The posteior silk gland of A. yamamai was used for a raw
material for PCR-baed cDNA library construction. E. coli
XL1-Blue was used for host cell of pGem-T easy vector.
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Fig. 1. Example for procedure of high-throughput plasmid
DNA isolation for single-pass sequencing. Plasmid DNA con-
taining supernatant was purified using 96-well formatted 0.22
m pore GV filtering unit.

E. coli strain was grown on an LB medium with addition
of ampicillin at the concentration of 50 ug/ml.

Constuction of PCR-based cDNA library

Total RNA was obtained by grinding the PSG frozen in
the presence of liquid nitrogen followed centrifugation on
a CsCl, gradient of cell-free extract after being dissolved
in guanidinethiocyanate (GTC) buffer. mRNA was iso-
lated by affinity chromatography of isolated total RNA
using oligo d(T)-cellulose column as proviously described
(Sambrook et al., 1989). A PCR-based cDNA library
using Notl and EcoRI adopter from PSG of A. yamamai
was constructed from the isolated mRNA by SuperScript
choice system for cDNA library (Gibco-BRL, USA). The
recombinant plasmid harboring cDNA insert was prepared
by high-throughput 96 well format (Fig. 1). Nucleotide
sequence were determined in the direction of 5' to 3' of
mRNA using ABI PRISM 377 DNA Sequencer (Applied
Biosystems, USA) after polymerase chan reaction by Big-
Dye ready reaction kit (Applied Biosystems, USA).

Sequence similarity analysis

EST sequences were identified by using a computer pro-
gram, Lasergene (DNASTAR, USA). Similarities of the
obtained sequences in the GenBank database was searched
using BLAST network program in National Center for
Biotechnology Information (Benson et al., 1993).

Fig. 2. Size distribution and cloning efficiency of 96 cDNA
inserts. Cloned cDNA insert in pGem-T easy vector was
digested with EcoRI restriction endonuclease and separated
onto 1.2%/0.5 TBE agarose gel. Both side lanes represent 1 kb
DNA ladder.
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Results and Discussion

c¢DNA library construction and sequencing

The PCR-based cDNA library was constructed from pos-
terior silk gland of A. yamamai. The quality of this library
was determined by analyzing colony forming units (cfu),
insert DNA size and ratio. The primary cfu is an important
factor, when massive EST analysis is to be carried out.
The primary cfu of cDNA library was 4.11X 10°, which is
sufficient to include low abundant mRNA species. The
insert ratio was measured by analyzing an insert from 96

randomly selected cDNA clone digested with EcoRI of
pGem-T easy vector. All the clones that were examined
harbored inserts with an average size of 0.5 to 2.0 kb (Fig.
2). Therefore, this cDNA library was estimated to be ade-
quate for EST analysis. In total, nucleotide sequences of
384 randomly selected cDNA clones were determined.
Among 384 clones, 24 clones containing insert shorter
than 50 bp were excluded in the further analysis. In total,
nucleotide sequences of 360 randomly selected cDNA
clones were determined. Among the 360 clones, 21 hav-
ing an insert shorter than 200 bp were excluded from sim-

Table 1. Redundancy of highly expressed gene from Antheraea yamamai posterior silk gland

Redundancy' Identification DB? Species E-value
15 Fibroin P A.yamamai 3e-91
12 40S ribosomal protein S18 P D. melanogaster 8e-64
11 Ribosomal protein 524 P H. sapiens 7e-15
10 Ribosomal protein S8 P A. pellifera 4e-21
09 60S ribosomal protein L10A P M. musculus 4e-37
07 40S ribosomal protein SI5A P D. melanogaster 8e-46

408 ribosomal protein S17 P D. melanogaster 2e-51
Seroin P G. mellonella 0.009
Ribosomal protein S27A P M. secta 8e-66
40S ribosomal protein S18 P D. melanogaster 2e-37
06 Ribosomal protein S8 P A. mellifera 4e-45
05 Ribosomal protein $24 P M. musculus le-44
Mariner transposase P A. mylitta le-16
04 Serpin 2 P M. secta le-20
03 Poly A binding protein P D. melanogaster 3e-46
Heak shock protein 70 P T ni Te-66
P8 protein P M. musculus 3e-07
02 o-amylase P B. licheniformis 3e-92
KIAA1006 P H. sapiens 6e-15
Elongation factor-1 P B. mori 2e-28
Transposon MAG P B. mori 3e-09
Translation initiation factor 4C P A. gambiae 7e-40
QM protein P B. mandarina 6e-77
Transposase P B. mori 3e-34
Y-aminobutyric acid P H. sapiens 0.003
Polycomb protein P D. melanogaster 0.004
Ceropin D P H. cecropia 3e-34
cAMP regulated phosphoprotein P H. sapiens le-06
Copper/Zinc SOD P C. elegans 0.006
Glycosylceramidase P R. rattus 0.004
Gag-like protein P B. mori 8e-43

'"The redundancy of the EST among sequenced 360 clones

DB indicates BLASTX similarity search of NCBI network service.
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ilarity analysis, since such a short sequence may not show
significant similarity when analyzed in the GenBank by
chance.

EST similarity analysis

The single-pass sequencing of randomly selected cDNA
clones containing insert DNA larger than 200 bp were per-
formed to generate the ESTs derived from posterior silk
gland of A. yammamai. The average length of the EST
was 476 nucleotides. Each of the EST sequences were
translated into three reading frames. And the primary
sequences (amino acids) were analyzed using BLASTX
or BLASTN public program (www.ncbi.nlm.nih.gov/
BL.AST). By single-pass sequencing, 349 ESTs were gen-
erated from this ¢cDNA library. Out of 349 ESTs, 277
clones showed similarities to the GenBank registed genes,
and 72 ESTs had not been identitied to the previously
identified genes in the public database. Although these
clones were isolated randomly, some clones had similar
inserts due to amplification of original cDNA library and
existence of abundant gene.

In case when more than one EST sequence was matched
with the same gene in GenBank, a clone showing the low-
est BLASTX e-value was considered as a non-redundant
EST. As a result, 349 cDNA sequences yielded 151 dif-
ferent ESTs. The redundancy analysis reveled that 24
ESTs were considered as redundant clones. A summary of
these results is presented in Table 1. The ESTs were
matched genes originated from various organisms, such as
bacteria, plant, insect and human. The 16 ESTs showed
similarities to the proteins identified in insects, 4 ESTs to
the proteins identified in mammal and, 4 ESTs in other
eukaryotes.

Among 24 redundant EST clones, one EST (fibroin)
showed up 15 times, one EST (40S ribosomal protein
S18) twelve times, one EST (rbosomal protein S24a)
eleven times, ten times (ribosomal protein S8), nine times
(60S ribosomal protein L10A), seven times (40S riboso-
mal protein S15A, S17, S17 and seroin), six times (ribo-
somal protein S8), five times (ribosomal protein S24,
mariner transposase and P8 protein), four times (serpin 2),
three times (heat shock protein 70 and poly A binding pro-
tein), and the remaining 6 ESTs twice (amylase, KIAA
1006, elongation factor-1, transposon mag, translation
initiation factor 4C, QM protein, tansposase). Therefore,
the 349 EST make it possible to identify 24 redundant
clones that are candidates for highly expressed genes in
posterior silk gland of A. yamamai. If more ESTs are ana-
Iyzed, it will be more accurate to identify the genes most
highly expressed.

The sequence homology search showed that the ESTs
involving ribosomal protein-related genes and silk syn-

thesis-related genes were the most abundantly observed
ones with the frequency of 26% (91/349) and 6.3% (22/
349), respectively. This suggests that these genes are
highly expressed in the posterior silk gland of silkmoths
such as B. mori, B. mandarina, and A. pernyi. Although
no seroin was discovered from major silkworms such as
B. mori, and B. mandarina (Goldsmith and Kafatos,
1984). From this EST analysis, novel silk-related gene
and seroin, which was first identified and cloned in Gal-
leria mellonella was identified (Zurovec et al., 1998).
Otherwise, we suggest that A. yamamai has the silk-
related genes of another type as well as H-H type fibroin
(Kusuda et al., 1986). Unexpectively, no EST was
matched to A. yamamai. This result suggested that there
are many of unidentified genes, the promoter of which
acts strongly in A. yamamai.

We are now analyzing the relative expression levels
between genes having the redundant ESTs. At present, we
are trying to isolate the cognate prompters with two-
dimensional cosmid library using redundant ESTs as
molecular probes.
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