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ABSTRACT
Diapause is a physiological adaptation that allows an organism to survive adverse environmental conditions. Sunn
pest, Eurygaster integriceps (Heteroptera: Scutelleridae), is a key pest of wheat and barley and univoltine species and
its life cycle has two different phases, reproductive phase, and adult stage diapause. In this study, the gene expression
patterns of Hexamerin storage protein were evaluated by quantitative Real-Time PCR assay in diapause and non-
diapause female insects, in the Sunn pest’s fat body. The Hexamerin gene expression in diapausing females of sunn
pest was 6.4 times higher than in non-diapausing females. The results of subcellular localization and signal peptide
prediction suggested that the protein was categorized as an extracellular protein. According to phylogenetic analysis
and multiple alignment analysis of the Sunn pest’s Hexamerin amino acid sequence and other bugs belonging to the
Hemiptera order, the amino acid sequence was placed at clade belonging to the Hemiptera order (with 100 bootstrap
number) and revealed high similarity and closeness to brown marmorated stink bug, Halyomorpha halys Hexamerin
gene amino acid sequence (identity 62.6%). Identifying the Hexamerin gene as a reliable biochemical indicator for
Sunn pest diapause can be a proper and valuable candidate for further studies at the cellular and molecular levels in

this pest.
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Gene name

Forward primer sequence (5'- 3")

Reverse primer sequence (5'- 3")
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TCCCACAGAAGACGGACAGG
CCTTTAACGAGGATCTATTGG

AATGGGTGTGAAGAAGTTGGG
ATACTTGGCAAATGCTTTCG
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Figure 1. Quality of RNA extracted using 1% agarose gel. A sample of RNAs extracted from the fat
bodies in Sunn pest.
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Figure 2. PCR product electrophoresis of fat bodies cDNA for hexamerin gene with specific primers of
target gene (A) and 18s ribosomal RNA as a reference gene (B) using 1% agarose gel
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Figure.¥ Hexamerin E.integriceps Open reading frame (ORF) and deduced amino acid sequence of
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SignalP 6.0 prediction: E.integriceps_Hexamerin_protein
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Figure 5. Displaying the subcellular localizations of Hexamerin protein in E.integriceps by using CELLO v2.5
(http://cello.life.nctu.edu.twy).
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Figure 6. Signal peptide prediction of Hexamerin protein by SignalP 6.0 server
(https://services.Healthtech.dtu.dk/ service.php?SignalP). The predicted cleavage site was shown.
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Table 3. Sequence identity (1) and similarity (S) between E. integriceps Hexamerin storage protein and three other
insects Belong to the Hemiptera order. The sources of sequences are: Halyomorpha halys (accession no.
XP_014272953.1), Riptortus clavatus (accession no. BAA13324.1), Pyrrhocoris apterus (accession no. AIC66433.1)

H. halys R.clavatus P. apterus
E.integriceps | 62.06% 53.40% 46.91%
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Figure 7. Sequence alignment of Hexamerin protein in Eurygaster integriceps and and three related species of
Hemiptera order. The alignment was performed by MEGAX and edited with GENEDOC. The identical amino acids
are shown in white with a black background, and the conserved amino acids are shown in white with a grey
background. The sources of sequences are: Eurygaster integriceps (accession no. OP263093), Halyomorpha halys
(accession no. XP_014272953.1), Riptortus clavatus (accession no. BAA13324.1), Pyrrhocoris apterus (accession
no. AlC66433.1). Conserved regions between the 4 compared species and other insects are shown in red boxes.
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Figure 8. Phylogenetic tree of of Hexamerin protein in Eurygaster integriceps and and other insects. A
neighbour-joining phylogenetic tree constructed using MEGA X. Bootstrap values were expressed as a
percentage of 1000 replicates, indicating the percentage of specific branches which are placed together in
one. The sources of sequences are: .Eurygaster integriceps (accession no. OP263093), Halyomorpha
halys (accession no. XP_014272953.1), Riptortus clavatus (accession no. BAA13324.1), Pyrrhocoris
apterus (accession no. AIC66433.1), Lygus lineolaris (accession no. DQ471300.1), Galleria mellonella
(accession no. L21997.1), Plodia interpunctella (accession no. AF356843.1), Hyphantria cunea
(accession no. AF157013.1), Apis mellifera (accession no. EU105212.1), Nasonia vitripennis (accession
no. NM_001170885.2), Anopheles gambiae (accession no. U51225.1), Reticulitermes flavipes (accession

no. AY572858.2), Locusta migratoria (accession no. KX073965.1), Calliptamus italicus (accession no.
JX204835.1), Schistocerca gregaria (accession no. XM_049997573.1).
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