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ABSTRACT. Expressed sequenced tags (ESTs) were prepared to
establish a baseline for molecular genetic studies of the tarnished plant
bug, Lygus lineolaris (Palisot de Beauvois). The largest class of identi-
fiable ESTs (15.2%) was from genes involved in cellular metabolic func-
tions, including physiological processes. Twenty-seven ESTs (9.8%) were
from genes associated with transcription and translation, including ribo-
somal genes. One hundred and forty-two of the 276 unique ESTs were
from genes not previously identified from any organism. Twelve se-
quences appear to be associated with feeding and digestion and may be
targets for pest control studies.
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INTRODUCTION

Lygus lineolaris (Palisot de Beauvois) (Hemiptera: Miridae) is a pest of many agricul-
tural crops, often damaging young fruit and growing stems by injecting salivary enzymes into
plant tissue (Wheeler, 2001). In the cotton-growing regions of North America, insect damage to
crops has changed dramatically over the past 10 years. While damage from lepidopterous pests
has decreased due to the adoption of insect-resistant transgenic varieties of corn, soybean, and
cotton, L. lineolaris has emerged as a leading pest insect in cotton, based on loss estimates
(Williams, 2005).

An understanding of the genetics associated with feeding and digestion processes in L.
lineolaris is vital to development of genetic strategies to curtail losses caused by this insect.
Because the genome of L. lineolaris is not currently planned for sequencing, cDNA expressed
sequenced tag (EST) sequences from this insect present the most basic functional genetic
information available in the short term. A small expression library was constructed, sequenced
and analyzed to obtain a basic list of gene sequences from L. lineolaris. Expressed sequences
that correspond to insect structural genes, digestive enzymes, and common housekeeping gene
sequences were segregated and compared to other publicly available arthropod sequences.

MATERIAL AND METHODS

Lygus lineolaris colony was established from field collections made near Starkville,
MS, USA, and originally maintained at the Biological Control & Mass Rearing Research Unit,
Starkville, MS. Insects used for library construction were reared at the USDA National Biologi-
cal Control Laboratory in Stoneville, MS. They were maintained on a 16-h light/8-h dark cycle,
at a temperature of 24° and 20°C, respectively, and at 70% relative humidity. Insects were fed
a standard production diet (Cohen, 2000). Last-instar male rather than female nymphs were
used for library construction with the expectation of maximizing identification of feeding and
digestive sequences and minimizing identification of egg development and maturation sequences.

Male nymphs were collected fresh and total RNA was extracted using the Multi-enzy-
matic liquefaction of tissue (MELT™) total nucleic acid isolation system (Ambion) kit, following
instructions provided by the manufacturer. RNA was further processed using the Poly(A) Pur-
ist™ MAG magnetic poly(A) RNA purification kit (Ambion), according to instructions provid-
ed. A cDNA library was constructed using the SuperScript™ plasmid system with Gateway®

technology for cDNA synthesis and cloning (Invitrogen), according to instructions provided.
Fractionated cDNA was ligated into the pSPORT1 vector and then introduced into chemically
competent cells. Colonies were manually picked and transferred to 96-well plates for sequenc-
ing. Sequencing was performed by the USDA ARS MidSouth Genomics Core Facility. Se-
quences were analyzed by comparison with the tBLASTx algorithm (Altschul et al., 1997).

RESULTS AND DISCUSSION

We found many previously unknown genes for an increasingly important pest. Two
hundred and seventy-two unique ESTs were generated, 48% of which could be identified as
highly similar (expected value less than 1 × 10-10). The average sequence length was 768 bases,
with only 11 ESTs having a length of less than 300 bases. Sequences less than 200 bases were
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not deposited as ESTs. Twenty-four of the sequences represented contigs, with the remainder
as singlets. Accession numbers assigned to ESTs were DY470827 through DY470922,
DY473180 through DY473230, and DY524480 through DY524596. Twelve sequences that
appeared to represent complete or nearly complete genes, including actins, tubulins, cathepsins,
pectinases, and a hexamerin, were submitted as standard GenBank submissions (accession
numbers DQ386914, DQ450899, DQ471300, DQ471301, DQ399525-DQ399527, and
DQ474245-DQ474249).

Sequences that could be identified to an expected value of less than 1 × 10-25 were
categorized into six groups (Table 1).

1) Transcription and translation (10% of provisionally identified sequences) including 10
ribosomal proteins.

2) Cellular metabolism and physiological process sequences (15%).
3) Structural and cytoskeletal sequences (7%).
4) Sequences associated with feeding and digestion (4%).
5) Mitochondrial sequences (4%).
6) Sequences homologous to genes for which a function was not identified (8%).
Sequences that corresponded to L. lineolaris genes that were already identified and

deposited in GenBank were found, including 16S ribosomal sequence and a digestive enzyme
trypsin (Zhu et al., 2003).

We identified several gene sequences that may serve as endogenous controls for ex-
pression studies. ESTs from the transcription and translation group include ribosomal and mito-
chondrial sequences that have been useful for phylogenetic and population studies of arthropods
(Murrell et al., 2001). Sequences that may be associated with feeding and digestion are of
particular interest, especially the pectin-degrading enzymes identified as the primary cause of
plant damage by this insect (Strong and Kruitwagen, 1968; Shackel et al., 2005). Additional
putative digestive enzymes were identified by cross referencing the GenBank homologue with
protein databases, as described in a study of another phygophagous insect (Pedra et al., 2003).
Gene sequences previously identified from L. lineolaris include ribosomal sequences (Whiting
et al., 1997), cytochrome oxidase (Tilmon et al., 2003), and cytochrome P450 monooxygenase
sequences (Zhu and Snodgrass, 2003), odorant binding sequences (Vogt et al., 1999), esterases
(Zhu et al., 2004), and trypsins (Zeng et al., 2002; Zhu et al., 2003). These previously submitted
sequences were not duplicated in our submissions. Our purpose was to provide a broader win-
dow into the genetic composition of this important pest insect.

This is the first EST library publicly deposited for this pest, and it includes genes asso-
ciated with the damage-producing activities of the insect, namely feeding. There were 272
different ESTs generated, of which 260 were deposited in the NCBI dbEST repository. Twelve
genes were deposited into GenBank as standard Core Nucleotide submissions. The mitochon-
drial EST sequences identified may be used to construct a whole mitochondrial genome se-
quence for this insect. Many sequences will be used in future research as endogenous controls,
and to characterize functional genes for this pest and related species.
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