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A B S T R A C T

The alfalfa plant bug Adelphocoris lineolatus (Goeze) (Hemiptera: Miridae), a serious pest of several agricultural
crops, is extremely attracted by flowering plants to perform season host switching. Generally, chemoreception of
A. lineolatus plays a crucial role in detecting food sources, locating mates and oviposition sites. In addition,
odorant carrier proteins are believed to participate in the initial chemical communication and perception in
insects. In this work, we identified 31 putative odorant carrier protein genes from the antennal transcriptomes of
A. lineolatus, including 17 new odorant binding proteins (OBPs), 10 new chemosensory proteins (CSPs) and four
Niemann-Pick type C2 proteins (NPC2s). Phylogenetic analysis demonstrated that the OBP and CSP genes from
four mirid bug species (A. lineolatus, Adelphocoris suturalis, Apolygus lucorum and Lygus lineolaris) had a relatively
close evolutionary relationship. Regular patterns and key conserved motifs of OBPs and CSPs in Hemiptera
insects are also identified by using Multiple EM for Motif Elicitation (MEME) tool. Tissue expression profiles
analysis showed that nine of the 17 OBPs, 10 CSPs and two of the four NPC2s were primarily or uniquely
expressed in the adult antennae suggesting their putative roles in chemoreception. Our study provides the first
insight into the roles of odorant carrier proteins in chemoreception of A. lineolatus, which will help to facilitate
biological functions of odorant carrier proteins and develop novel insect behavioral regulation strategy in future.

Introduction

Chemoreception is an indispensable biological process which allows
insects to recognize the important chemical signals to locate food
sources, search mates, interact amongst conspecific colony and de-
termine oviposition site. Generally, the initial chemical communication
and perception in insects are mediated by several soluble carrier pro-
teins including odorant binding proteins (OBPs), chemosensory pro-
teins (CSPs) and Niemann-Pick type C2 proteins (NPC2s); which are
highly concentrated in olfactory and gustatory organs. These odorant
carrier proteins can bind and carry semiochemicals to activate specific
chemoreceptors (Pelosi et al., 2014).

Insects' OBPs (water-soluble proteins, −150 amino acids) are made
of six α-helical domains and three disulfide bridges that paired by six
cysteines in an interlocked fashion (1–3, 2–5 and 4–6), which as-
sembled in a compact and stable structure (Tegoni et al., 2004). OBPs

are suggested to be involved in the initial biochemical recognition steps
of olfactory signal transduction by acting as molecular carriers that
solubilize and transport fat-soluble odorants to the odorant receptors
(ORs) (Pelosi et al., 2014). Insect OBPs can be divided into five groups
based on the number of Cys residues: ‘classical’ OBPs (six Cys residues)
(Zhou, 2010), ‘dimer’ OBPs (two classical Cys signature motifs) (Zhou
et al., 2004), ‘Plus-C' OBPs (a Pro residue and two additional Cys re-
sidues) (Zhou et al., 2004), ‘Minus-C' OBPs (lacking two of the six
conserved Cys) and ‘Atypical’ OBPs (9–10 Cys residues) (Xu et al.,
2003).

Insect OBPs were first identified in the silkmoth Antheraea poly-
phemus, which could bind to sex pheromones (Vogt et al., 1991). Most
of the OBPs are highly expressed in antennae of Hemiptera insects,
which play roles in the perception of chemical signals, for instance,
alarm pheromones, sex pheromones and host volatiles. However, some
identified OBPs with high expression in non-olfactory organs instead of
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