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Introduction

Diabrotica virgifera virgifera (LeConte) (Western Com Rootworm, WCR) is one of the
most devastating pests in US. The ability of WCR to develop resistance to chemical
insecticides, Bt crops and crop rotation calls for the discovery of new biopesticides.

The peritrophic matrix (PM) it is an extracellular structure in the gut epithelium of
most insects and consists primarily of chitin and PM associated proteins. Several
physiological functions have been proposed for the function of PM in insects, which
include protection from mechanical abrasion, compartmentalization of digestive
enzymes and/or digestion products, neutralization of ingested toxins, and prevention
of parasitic, bacterial and possibly viral infections (Hegedus et al., 2009). The major
proteins of this cohesive, digestion-resistant structure are chitin deacetylase-fike and
mucin-ike proteins, the latter has multiple chitin-binding domains that provide a
barrier against abrasive food particles and parasites. A study in Helicoverpa armigera
showed that most of the PM proteins had catalytic activity, binding activity and
transport function (Campbell et l,, 2008). In Tribolium castaneum at least 11 putative
peritrophic matrix protein (PMP) genes had been identified and found to be
differentially expressed in different parts of the gut, suggesting that they have
different roles in midgut physiology (Jasrapuria et al, 2010). In addition, the
knockdown of some of these genes resulted in the depletion of the fat body, growth
arrest, molting defects and mortality (Agrawal etal. 2014).

RNAI has been shown to reduce transcription levels of target genes in WCR. Inhibition
of PM proteins using RNAi opens an opportunity to determine their functions and
potential as targets for novel insecticides. In this study, 5 peritrophic proteins (mucins)
and two chitin synthesis genes from WCR were identified and investigated for their
potential use for WCR pest management.

Materials and Method

Insects: Non-diapause WCR eggs, 3¢ instar larvae and adults were purchased from
Crop Characteristics, Inc. (Farmington, MN). Adults were kept in rearing cages with
artificial diet in a growth chamber at 23+ 1" Cand 75+ 5 % RH. Eqgs were kept in
an incubator at 27+1° C and 75% 5 % RH until hatching. Neonates and 3¢ instar
larvae were kept in petri dishes containing artificial diet.

Identification of target genes: Using mucin genes and chitin synthesis genes from
Tribolium as query, a Blast search was conducted to search potential orthologs of
these genes in a WCR transcriptome database (Eyun et al. 2014). Orthologs were
further amplified, sequenced and searched in the NCBI database for accuracy.

RNA extraction, cDNA synthesis and qRT-PCR: Total RNAs were extracted from
pooled samples or tissues with RNeasy Mini Kit (Qiagen). The quality and quantity of
RNA samples were evaluated on 1% agarose gels and NanoDrop-1000 respectively.
cDNA was synthesized with QuantiTect Reverse Transcription (QIAGEN). qRT-PCR
were carried out on Applied Biosystems® 7500 Real-Time PCR Systems (Applied
Biosystems). The AACt method (Livak et al. 2001) was used to calculate the relative
expression of target genes using actin as housekeeping gene.

dsRNA Exposure: dsRNA was synthesized using MegascriptT7 Transcription Kit
(Applied BioSystems). Larval bioassays were performed using 24 well cell culture
plates with artificial diet coated with 500 ng/cm? dsRNA of the target gene and GFP
dsRNA and water were used as controls. Larvae were exposed to dsRNA every other
day for 6 days (8 neonates per well x 3 replications per treatment). Adult bioassays
were performed in plastic containers containing 10 plugs of artificial diet. Food plugs
were coated with 500 ng of dsRNA of the target gene, GFP dsRNA or 3 pl of water.
Treated food plugs were replaced every other day for a total of 3 times.

Results and Discussion

Search of our WCR transcriptome database returned 5 mucins (peritrophic protein)
genes and two chitin synthesis genes with an identity of at least at 41% with 7.
castaneum orthologs (Table 1). Chitin synthase 14 (CS14) was almost exclusively
expressed in the gut of both 3¢ instar larvae and adults (Figure 1A), while chitin
synthase 15 (CS15) was expressed in body tissue excluding the gut of 3¢ instar
larvae and adults (Figure 1B). CS14 expression was at least 2.24 times higher in gut
tissue in adults as compared to larvae (Figure 2A).

Results and Discussion

Table 1. Two chitin synthase genes (CS14 and CS15) and five mucins (31, 41, 43, 71, 83)
were identified on WCR transcriptome database (163,871 contigs) at 1E-15 with similarity to 72
castaneumat amino acid level.

Genes identified in . . Percentage identity to
D. V. virghera Reference Species  GenBank accession number D.v. virgitera (Blasty)
Mucin71 T. castaneum ACY95487.1 41%
Mucing2 T, castaneum XP_008192415.1 2%
Mucin43 T. castaneum EFAO2771.1 2%
Mucind1 T. castaneum NP_001161929.1 50%
Mucin31 T. castaneum NP_001161929.1 40%
Cs15 T. castaneum NM_001039402.1 4%
Cs14 T. castaneum AY295879.1 85%

All three Mucin genes (Mucin31, 41 and 71) tested were highly expressed in 3¢ instar larvae gut
tissue as compared to body tissues without gut (Figure 1C-E). Relatively, in the gut of 3¢
larvae, the Mucind1 was the highly expressed followed by Mucins71 and 31. As compared to
other two Mucins, the expression of Mucin41 was at least 1.8 and 2.6 times higher than that of
Mucin71 and Mucin31 respectively (Figure 2B).
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Figure 4. Visual difference in size of larvae on artificial diet coated with water, GFP dsRNA and
(514 dsRNA (500 ng/cm?) after 8 days exposure.
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Figure 5. Larval growth inhibition after 8 days exposure to CS14, CS15, Mucin31, and Mucindl
dsRNA at 500 ng/cm?. A-D: RQ for CS14, CS15, Mucin31 and Mucindl; E: Average weight is
based on 3 reps of 10 larvae each.

Adults treated with CS14 dsRNA showed decreased diet consumption compared to the control
treatments (Figure 3). Treatment of larvae with CS14, CS15, Mucin31 and Mucin41 dsRNAs led to
apparent knockdown of gene (Figure 5A-D) and generated evident differences in larval size
(Figure 4). Weight loss was observed in larvae treated with CS14 and CS15 dsRNA (Figure SE).
These results suggest that CS14 and CS15 might play an important role in food consumption
and/or development in both larvae and adults.

Figure 1. Baseline expression of 5 peritrophic genes in gut and tissues without qut in 3 instar Conclusions

+ The orthologs of 2 chitin synthase genes and five mucin genes were identified in WCR.
Expression of €514, Mucin31, Mucin41 and Mucin71 are specific to the gut of larvae and adult
WCR. While expression of CS15 is not gut specific.

Six days of exposure to dsRNA at a concentration of 500 ng/cm? was capable of up to 90%
knockdown of CS and mucin genes. dsRNA CS14, CS15 and Mucin31 and Mucind1 decreased
the levels of their respective transcripts but not the other CS and Mucin genes (data not

WCR adults treated with C514 dsRNA exhibited reduced feeding rates after 6 days treatment.
Growth inhibition was observed in larvae treated with CS14 and CS15 dsRNA. Both genes
d up to 90% mortality after 10 days of treatment.

The apparent lack of inhibition of growth in larvae treated with the Mucin31 and Mucin4t

larvae and adults.
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Figure 2. Relative expression of 6 PM genes in gut and tissues without gut from first, second
and third instar larvae, and adult stages.

Figure 3. Visual difference in consumption of artificial diet in adults containing water, GFP and
(514 (500ng/cm?) after 8 days exposure.

dsRNA might indicate that these proteins are turned over more slowly or inhibition of one gene
can rescue the phenotype through increased synthesis of other PM proteins

+ These results suggest an important role for the peritrophi brane in gut physiology and
offers a possible target site for RNAI based pest management approaches and for exploiting as
a possible target site.
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