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Analysis of expressed sequence tags from abdominal muscle
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J. R. Cesar®, B. Zhao and J. Yang"

Department of Human Nutrition, Food and Animal Sciences, University of Hawaii at Manoa, Honolulu, HI 96822, USA

(Received 5 February 2008; Accepted 17 April 2008; First published online 8 July 2008)

The pacific white shrimp, Litopenaeus vannamei, is a popular species in aquaculture. Abdominal muscle accounts for 90%

of shrimp flesh. Its growth and related genes, particularly the requlatory genes, is not well known. A cDNA library of shrimp
juvenile abdominal muscle was established by PCR-based SMART™ cDNA technology. Library size was 5.0 X 10° pfu (plaque-
forming unit) independent clones per microgram of starting RNA with the percentage of recombinant clones >95%. Sequence
analysis of 311 randomly picked positive clones revealed 197 expressed sequence tags with average insert size of 745
nucleotides, 56% (110 of 197) clones having 5 -end sequence and 44% (87 of 197) clones having 3'-end sequence. Queries
of the sequences by Blast identified 37 unknown sequences, and 160 unique clones, including 67 sequences of 100% identity
matches, 28 high homologies (80% to 90% sequence match, >100 bits hit score in Blastn), 65 medium homologies (>100
bits hit score in Blastp) to the known EST sequences in the database. Among the high identity-matched ESTs, 125 ribosomal
RNA, actin 1, actin 2, arginine kinase and beta-actin were the most abundant transcripts with 5 to 20 times of hit. Primary
hit sequences originate from shrimp, insects, lobsters, crabs and crayfish. The EST sequences were categorized as muscle
structural proteins (25%), rRNA and protein synthesis (25%), followed by mitochondrial functions (22%), exoskeleton (14%),
enzymes (6%) and RNA splicing (2%), suggesting abundant and diverse transcripts present in the shrimp abdominal muscle

cDNA library.

Keywords: skeletal muscle, gene expression, EST, genomics

Introduction

As the shrimp industry expands rapidly worldwide, the
pacific white shrimp, Litopenaeus vannamei, is becoming
an economically important species in aquaculture. Along
with culture technology and disease resistances, genetic
enhancement of growth rate is an important aspect of
shrimp breeding, which could potentially decrease the
length of grow-out cycles, thus reducing production costs
and shortening the time of exposure to diseases. Shrimp
muscles are primarily present in the abdominal part of its
body. Currently, its growth and related genes, particularly
the regulatory genes, is not well known. On the other hand,
muscle development in mice and humans have been well
studied (McKinsey et al., 2002). Many growth factors and
transcription factors have been identified to be responsible
for growth, development, regeneration and metabolisms
(Olson and Klein, 1998). The skeletal muscle EST and gene
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expression profile in human, mouse and livestock species
have also been extensively characterized (Bortoluzzi et al.,
1998; Davoli et al., 1999; Grosse et al., 2000; Moore et al.,
2001; Yao et al., 2002).

Based on studies from invertebrates — Caenorhabditis
elegans, Drosophila melanogaster and Bombyx mori —
crustacean muscle is structurally analogous to vertebrate
skeletal muscles with proteins organized in sarcomeres
aligned with large penniform fibers (El Haj, 1996). However,
crustacean muscle has different sarcomere length accord-
ing to fiber type. Most fast fibers are organized in short
sarcomeres with low mitochondrial density while slow
tonic fibers are organized in long sarcomeres with a high
mitochondrial density. Muscle atrophy was observed in
large claws of crustaceans before molt to facilitate limb
withdrawal from narrow openings. The intensity of atrophy
varies significantly in other muscle tissues (Mykles and
Skinner, 1990; Koenders et al, 2002). Previously, we
observed that myofibrilar cross-sections slightly dehydrated
in the premolt and expanded in the postmolt stage in
L. vannamei (Cesar et al., 2006).
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The worldwide number of shrimp reference sequences
remains modest. Tassanakajon et al. (2006) identified 4845
unique ESTs in Penaeus monodon, Wilson et al. (2002)
characterized 273 ESTs in this species and developed a low-
density genetic linkage map of P monodon. Gross et al.
(2001) revealed 268 imuno-related ESTs from Litopenaeus
setiferus, and in Marsupenaeus japonicus, Yamano and
Tatsuya (2006) identified 268 ESTs and 1250 singletons.
Several laboratories worked on the L. vannamei EST
research project (Dhar et al. 2000; Alcivar-Warren, 2001;
Bartlett et al, 2002) and nearly 1000 ESTs were char-
acterized. The only EST analysis specifically from the
abdominal muscle of L. vannamei was completed by Dhar
and Alcivar-Warren (1997), and in that study only 10 clones
were partially sequenced. A comprehensive EST project on
L. vannamei is being carried out by a Brazilian consortium
(http://www.shrimp.ufscar.br/en/index.php). The purpose of
this study was to identify genes or EST sequences specifi-
cally expressed in L. vannamei abdominal muscle. In this
study, we established a cDNA library based on L. vannamei
juvenile abdominal muscle by PCR-based SMART™ cDNA
technology. A pilot EST analysis from randomly sequenced
cDNA clones was performed. Comparisons and classifica-
tions of the EST sequences with the known sequences in
the database are reported here.

Material and methods

Animals

Juvenile specific pathogens free (SPF) pacific white shrimp
L. vannamei (1 month old, 4.8 to 5.3 g) were obtained from
Chen-Lu Farms, Kahuku, HI, USA. Animals were transported
to the lab in plastic bags containing 1/3 of filtered seawater
and 2/3 compressed oxygen, and acclimated in 451 tanks
filled with filtered seawater, aerators and a bio-filter.
Animals were fed ad libitum twice a day using Rangen
Grower™ shrimp feed (35% protein, 8% lipids, 4% fibers,
15% ash; Rangen Inc., Buhl, ID, USA). Water quality
parameters were kept at adequate levels (28 = 2°C tem-
perature, 35%o = 2 p.p.t. salinity) and photoperiod adjusted
to 12 h light/dark. Animals were kept in the lab for 48h
before experiments by means to minimize stress.

RNA preparations

Total RNA from muscle tissue at the first abdominal seg-
ment of shrimp (n = 5) was isolated using Trizol™ reagents
(Invitrogen, Carlsbad, CA, USA) following the method
described by Yang et al. (2001). Total RNA was treated with
RQ1™ RNase-free DNase (Promega, Madison, WI, USA) to
remove potential genomic DNA contamination. Poly(A)
mRNA was purified by the mRNA isolation kit (Roche,
Indianapolis, IN, USA) based on hybridization of mRNA and
biotin-labeled oligo(dT) probes according to the manu-
facturer’s instructions. The quality and concentrations of
mRNA were assessed by Bioanalyzer 2100 and its software
version 1.4 (Agilent, Santa Clara, CA, USA). Samples with
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high quality and high concentration of mRNA were selected
for the preparation of the cDNA library.

cDNA library preparation

A DNA library was constructed with the mRNA isolated
from muscle tissue using the SMART™ cDNA library con-
struction kit (Clontech, Palo Alto, CA, USA). Briefly, full-
length cDNAs were amplified by the LD-PCR technique
using a modified oligo(dT) primer provided with the kit
(CDS NI/3'PCR Primer) for first strand synthesis, and the
SMART™ Il oligo (provided) that contains an oligo(G)
sequence at its 3’ end, which binds to the deoxycystidine
stretch added to the 3’ end of the cDNA newly synthesized.
Size fractionation was performed on a CHROMA SPIN-400
column, provided with the kit, and aliquots of each fraction
were separated on agarose gel. The first four fractions
(>1kb) were collected together, ligated into Sfi I-digested
dephosphorylated ATriplEx2 Vector provided, and packaged
into A phages using the Packagene™ Lambda DNA
packaging system (Promega, Madison, WI, USA), according
to the manufacturer’s instructions. The \ phages were used
to infect Escherichia coli strain XL-1 blue and plated onto
LB/ampicilin plates (0.8% top agarose/LB medium/ampicilin
at 150 wg/ml). Library titration (plaque-forming unit, pfu)
was evaluated and the percentage of recombinant clones
was determined by standard white-blue screening using
IPTG/X-gal solutions.

Conversion of ATriplEx2 to pTriplEx2

Individual positive plaques were excised from plates and
incubated overnight at 4°C in 500 wl 1X phage elution
buffer (0.1 M NaCl, 0.1 M MgS0y,4, 0.05M Tris-HCI, pH 7.5,
0.01% Gelatin). All plaques from a single plate were taken,
to avoid possible selection bias. Lambda TriplEx2 plaque
eluates (250 wl) were inoculated into 250 wl of E. coli
BM25.8 overnight cultures (250 wl, OD 1.4) in the presence
of MgCl, (10mM final concentration) and incubated at
31°C for 1h followed by the addition of LB medium and
another incubation with shaking (225r.p.m.) for 1h. Fifty
microliters of aliquots were transferred and spread onto
LB ampicilin (150 mg/ml) plates and incubated overnight
at 31°C.

Direct sequencing of randomly picked clones

Colonies were checked for the presence of an insert by
colony PCR using the N TriplEx LD-Insert Screening Ampli-
mers prior to sequencing. Purified plasmid DNA samples
were sequenced by the SMART cDNA library construction
kit's 5" sequencing primer (5’-aagcagtggtatcaacgcagagt-3')
and BigDye terminator on ABI 3730XL capillary-based DNA
sequencers (Applied Biosystems, Forrest City, CA, USA) at
the Biotechnology Core Facility of the University of Hawaii
at Manoa.

Sequence analysis
Phred software was used to examine the peaks around
each base call to assign a quality score to each base call.



We selected sequences whose Phred Scores are higher than
20 and manually trimmed of vector sequences. Ambiguous
base calls were manually corrected by inspecting the
sequence electropherograms. Database searches were lim-
ited to ESTs >400bp in length. Sequences were individu-
ally queried against the current (August 2007) databases at
the National Center for Biotechnology Information (NCBI,
Bethesda, MD, USA) using BLASTn (All GenBank non-
redundant +EMBL + DDBJ + PDB sequences but not EST,
STS, GSS, environmental samples or phase 0, 1 or 2 HTGS
sequences) and BLASTp (all GenBank non-redundant
CDS translations + PDB + SwissProt + PIR + PRF excluding
environmental samples) algorithms (Altschul et al, 1997)
with default parameters. EST assembly for contig formation
and redundancies in sequences were carried out using
SeqMan™ version 5.07 software (DNASTAR, Madison, WI,
USA). Database search results match with e-values less
than 1.0 X 107> were considered significant. EST and
contigs were positioned in three groups according to the
BLAST score. Bit score, identities and expectation value
from the Blast search results were used to further classify
into five groups of ESTs. e-Value from the Blast search
result and hit type was also used to identify the low
homologous and unknown genes.

Results and discussion

The characteristics of the constructed cDNA library are shown
in Table 1. Library size was 5.0 X 10° pfu/ug total RNA with
the percentage of recombinant clones more than 95%. The
total of the clones sequenced was 311, of which 197 clones
had longer than 250 nucleotides (nt) with Phred quality value
>20. The average insert size of all analyzed ESTs after
removal of vector-based sequences was larger than 745
nucleotides. Fifty-six percent (110 of 197 clones) showed
5-end DNA sequence, 44% (87 of 197 clones) have 3'-end
sequence. Assembly of the 197 sequences generated 39
single-copy clones and 158 overlapping clones, which gen-
erate 21 contigs (Table 2) with an average length of 430 nt
(min. 102, max. 1286). Table 2 also includes the number of
sequences creating a contig and the corresponding number of
contigs generated from the EST sequences. A total of 160
unique sequences have been identified.

The EST sequences were searched with the Blastn and
Blastp programs in the NCBI database. According to the
degrees of homologies to the known genes in the Blast
report, we summarized the EST sequences to three groups
of classifications (Tables 3 and 4). The EST sequences from
Tables 3 and 4 were submitted to the NCBI dbEST, and
accession numbers were listed in the tables. The first group
is the sequences with 100% identity to the known genes
(e-value = 0), which include 12 unique ESTs. Muscle struc-
tural protein — actin 2 (20 copies) and 12S ribosomal RNA (12
copies) — are the most abundant transcripts. Eleven unique
ESTs match the EST sequences from shrimp species and one
matches the lobster's sequence. The second high homo-
logous (>100 bits from Blastn) group distinguished 12

Analysis of shrimp muscle EST sequences

Table 1 Summary of cDNA library and BLAST scores

Plaque-forming units (pfu/pg total RNA) 5.0 X 106
Recombinant clones (%) >95
Total sequenced clones 311
Total analyzed clones 197
Total EST sequences matched to known 69
genes (>763 bits score, e-value = 0)

Total highly homologous ESTs (>100 bits score, 28
Blastn)

Total medium homologous ESTs (>100 bits score, 54
Blastp)

Total low homologous ESTs (60 to 100 bits score, 12
Blastp)

Unknown ESTs* 34

*Includes ESTs with low homology (Blast score <50) and sequences with
no significant matches to DNA databases.

Table 2 Summary of contig creation and characteristics

Contig creation

Total sequences analyzed 197
Sequences creating contigs 158
Total contigs created 21

Contig characteristics
Average length (nucleotide range)
Total sequence length (nucleotide range)

430 (102 to 1286)
806 (102 to 4596)

unique EST sequences. Muscle structural proteins of tro-
ponin | (7 copies) and sarcoplasmic calcium-binding protein
(6 copies) are most abundant transcripts. Seven unique ESTs
hit genes from shrimp, crayfish, lobster and crab. Four
unique ESTs hit mRNA sequences from insects of honey
bee, fruit fly and mosquito. One unique EST hits genes from
vertebrate fish. The third medium to low homologous (64.7
to 176 bit score from Blastp) group distinguished 25 unique
ESTs. Muscle structural proteins of myosin light chain (21
copies) and myosin (20 copies) are the most abundant
transcripts. Eight unique ESTs hit genes from the insects of
silk worm, tribolium, lonomia, fruit fly, mosquito, honey bee
and cockroach. Six unique ESTs hit genes from crab, shrimp
and crayfish. One unique EST hits genes from vertebrate
fish. Five unique ESTs hit genes from cetaceans. Five unique
ESTs hit insect genes. Two ESTs have DNA satellite marker-
like sequences with short TG, GA or CAA repeats. Based on
the partial EST sequence data, the most abundant EST
sequences excluding 37 unknown ESTs are from muscle
structural and cytoskeletal protein (25%) and rRNA and
protein synthesis (25%), mitochondrial function (22%),
exoskeleton (14%) and others (14%). A summary of the
classification of the reported ESTs by their biological func-
tion is shown in Figure 1.

Currently, only a few thousand of ESTs have been iden-
tified from invertebrate species — L. vannamei. An EST
project offers a high degree of chance to reveal unique
genes in shrimp species. Dhar and Alcivar-Warren (1997)
had previously reported 10 ESTs from L. vannamei
abdominal muscle. Primary hit species of each query of 49
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Table 3 List of shrimp ESTs to the known genes in Blastn

Matched sequence

Accession no. Name of the gene accession no. Hit species Frequency Bit score  e-value Identities Full length
100% Identity to the known genes (Blastn Search)
EL737199 Actin 1 AY871269 Fenneropenaeus chinensis 5 880 0.00E+00 597/648 (92%) Yes
EL737200 Actin 1 5'-end variation AF100986 Penaeus monodon 1 1061 0.00E+00  689/746 (92%) Yes
EL737201 Actin 2 AF100987 Penaeus monodon 18 1106 0.00E+00 690/735 (93%) Yes
EL737202 Beta-actin EF087977 Penaeus monodon 8 1156 0.00E+00 726/777 (93%) Yes
EL737203 Tropomyosin slow isoform (sTm1) AF034953 Homarus americanus 1 1043 0.00E4+00 671/717 (93%) No
EL737204 12S ribosomal RNA AY046914 Litopenaeus vannamei 7 1534 0.00E+00 877/918 (95%) Yes
EL737205 16S rRNA gene AJ132780 Penaeus vannamei 12 777 0.00E+00 409/416 (98%) No
EL737206 Ribosomal protein L26 mRNA EF363696 Litopenaeus vannamei 2 904 0.00E+00 476/485 (98%) Yes
EL737207 Cytochrome oxidase subunit | (COI) AY264901 Litopenaeus vannamei 1 763 0.00E+00 391/394 (99%) No
EL737208 Cytochrome c oxidase subunit IlI X84350 Penaeus notialis 2 763 0.00E+00 686/788 (87%) No
EL737209 Farnesoic acid O-methyltransferase DQ067631 Litopenaeus vannamei 2 1469 0.00E+00  806/835 (96%) Yes
EL737210 Arginine kinase DQ975203.1 Litopenaeus vannamei 8 1641 0.00E+00 853/864 (98%) Yes
High homologies to the known genes (>100 bits, Blastn search)
EL737211 Myosin heavy chain slow-tonic S2, spliced AY521626 Homarus americanus 2 194 4.00E-46 182/212 (85%) Yes
EL737212 Sarcoplasmic calcium-binding protein: myosin family DQ256199 Procambarus clarkii 6 224 4.00E-55  230/271 (84%) Yes
EF-hand, calcium binding motif
EL737213 Troponin | (Tpnl) NM_001040256  Apis mellifera 7 127 6.00E-26 106/120 (88%) Yes
EL737214 18S ribosomal RNA AF124597 Penaeus vannamei 2 341 1.00E-90 183/188 (97%) No
EL737215 40S ribosomal protein S5 AY190724 Pagrus major 2 377 4.00E-101  458/548 (83%) No
EL737216 Elongation factor 1-alpha AY117542 Litopenaeus stylirostris 1 474 3.00E-130  274/286 (95%) No
EL737217 Ribosomal protein S30 variant B NM_169933 Drosophila melanogaster 1 131 4.00E-27  120/138 (86%) Yes
EL737218 Ubiquitin-52-amino-acid fusion protein: ribosomal protein ~ AF418984 Aedes aegypti 1 317 2.00E-83  304/352 (86%) Yes
EL737219 Cytochrome oxidase subunit II AJ841753 Saltella sphondylii 1 147 6.00E-32  263/326 (80%) No
EL737220 NADH dehydrogenase subunit 1 AF217843 Penaeus monodon 2 190 5.00E-45 413/527 (78%) No
EL737221 NADH dehydrogenase subunit 4 AF451123 Penaeus monodon 1 228 3.00E-56  284/341 (83%) No
EL737222 Calcified cuticle protein CP14.1 DQ288151 Callinectes sapidus 2 117 5.00E-23 86/95 (90%) Yes
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Table 4 Shrimp ESTs with medium to low homologies to the known proteins in Blastp

Matched sequence

Accession no. Name of the gene accession no. Hit species Frequency Bit score  e-value Identities

EL737223 Myosin light chain, not s001/EF-hand, calcium binding motif ABF51421 Bombyx mori 21 176 1.00E-42 86/152 (56%)
EL737224 PREDICTED: similar to CG5596-PA, isoform A isoform 2/EF-hand, XP_976209 Tribolium castaneum 19 194 2.00E-48  102/147 (69%)

calcium binding motif

EL737225 Troponin C gamma not s960 B34380 Narrow-fingered crayfish 1 198 3.00E-49  122/150 (81%)
EL737226 Ribosomal protein 31 AAV91469 Lonomia obliqua 1 228 2.00E-58  128/181 (70%)
EL737227 Ribosomal protein 24 AAH94973 Danio rerio 1 189 3.00E-47 91/114 (79%)
EL737228 Drosophila melanogaster CG9354/ribosomal protein AAR10176 Drosophila yakuba 1 137 2.00E-31 68/97 (70%)
EL737229 Cytochrome ¢ oxidase subunit 2 BAD98138 Marsupenaeus japonicus 1 253 3.00E-66  127/142 (89%)
EL737230 Cytochrome c oxidase subunit Il CAB40368 Farfantepenaeus notialis 1 378 2.00E-103 206/254 (81%)
EL737231 ENSANGP00000011882: ATP synthase EAA08884 Anopheles gambiae str. 1 228 3.00E-58  115/208 (55%)
EL737232 Calcified cuticle protein CP14.1 not s246 nut highly similar to it ABB91676 Callinectes sapidus 1 114 2.00E-24 57/94 (60%)
EL737233 Cuticle protein CB6 not same as s1038 ABM54465 Portunus pelagicus 1 103 4.00E-21 60/121 (49%)
EL737234 Cuticle protein CB6 not same as s978 ABM54465 Portunus pelagicus 1 107 5.00E-22 67/137 (48%)
EL737235 PREDICTED: similar to Ecdysone-inducible gene L3 CG10160-PA: LDH XP_394662 Apis mellifera 1 204 3.00E-51  116/175 (66%)
EL737236 ENSANGP00000010868: small nuclear ribonucleoprotein G EAA07689 Anopheles gambiae str. 1 112 7.00E-24 54/76 (71%)
EL737237 Allergen Bla g 8 ABDA47458 Blattella germanica 1 108 7.00E-23 59/99 (59%)
EL737238 Troponin T isoform 3, not 5248, not s960 DAA05516 Apis mellifera 2 759  6.00E-13 52/82 (63%)
EL737239 Ribosomal protein $19e CAJ17209 Eucinetus sp. 1 89.7  4.00E-17 41/63 (65%)
EL737240 BCS-1 :motichrondal ATP function BAA99543 Balanus amphitrite 1 92 2.00E-17 43/92 (46%)
EL737241 ENSANGP00000020722: mitochrondral oxidoreductase EAA06771 Anopheles gambiae str. PEST 1 86.7  1.00E-15 49/133 (36%)
EL737242 NADH-ubiquinone oxidoreductase B15 subunit AAQ09835 Drosophila yakuba 1 80.9  2.00E-14 38/89 (42%)
EL737243 Calcification-associated peptide-1 BAC81566 Procambarus clarkia 1 89 2.00E-16 42/55 (76%)
EL737244 Calcified cuticle protein CP14.1 not s243 ABB91676 Callinectes sapidus 1 78.6  1.00E-13 39/71 (54%)
EL737245 Calcified cuticle protein CP8.5, not s1036 not s246 not s1032(bad seq) AAV28478 Callinectes sapidus 1 86.3  6.00E-16 43/57 (75%)
EL737246 Carcinin-like protein: antibacterial CAH25401 Carcinus maenas 1 68.2 1.00E-10 28/61 (45%)
EL737247 Mannose-binding protein: inmmuno reaction AAX55747 Pacifastacus leniusculus 1 80.1 3.00E-31 34/69 (49%)
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Figure 1 Classification of the reported ESTs by their biological function.

single sequences from blast search in this report are
organized as 18 from penaeid and vannamei species, 16
from insects, 13 from crustaceans excluding shrimp and two
from fish. It makes sense that the highest hit species come
from the shrimp species. More sequences hit insects than
vertebrates since the biological classification of shrimp is
much closer to insects than to vertebrates. Insects are in the
class Insecta within Phylum Arthropoda. Also in the phylum
are crustaceans. Shrimp, crabs and lobsters are in the class
Malacostraca of crustaceans. In addition, the results also
suggest that shrimp muscle tissue apparently expresses a
considerable diversity of transcripts. The homologous tran-
scripts from the ¢DNA library primarily include muscle
structural proteins, rRNA and protein synthesis and mito-
chondrial function. As expected, the most abundant tran-
scripts expressed in shrimp abdominal muscle are related to
muscle structural proteins, the primary component of the
muscle. The transcripts related to protein synthesis are
found to be the second abundant group. We have recently
reported that the mRNAs encoding for ubiquitin and heat
shock protein 70 in the abdominal muscle did not increase
significantly in premolt stages, which is typically associated
with claw muscle degradation (Cesar and Yang, 2007).
Results from this study by the randomly selected clone
sequencing did not indicate transcripts directly related to
protein degradation. The low frequency of mRNA transcripts
of protein degradation may indicate that the protein
synthesis is primary biological activity in the shrimp
abdominal muscle tissue in the 1-month old shrimp.

In summary, analysis of the sequences through the Blast
search indicates that the established cDNA library repre-
sents the abundance of the transcripts in the shrimp
abdominal muscle tissue. The muscle ESTs in the shrimp
species are highly rich in the transcripts of muscle structure
and protein synthesis and closely related to insects over
vertebrates. The results also suggest that shrimp muscle
EST sequences are overlapping with other species as well
as unique from insect and vertebrate species. Shrimp
muscle EST sequences are complementary to many other
species in the Phylum Arthropoda. Further research to
continue DNA sequencing of the positive colonies from the
cDNA libraries is needed. A large-scale systematic approach
of shrimp muscle EST and functional genomics will provide
valuable resources for the genetic improvement of shrimp
growth.
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