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SUMMARY: Slugs are a worldwide problem on agriculture. In Oregon, a variety of slugs identified 
including native and invasive species, attacking a broad spectrum of crops and agricultural industries. The 
gray garden slug (GGS), Deroceras reticulatum, is the most destructive and omnivorous pest on a variety 
of crops in the greenhouses and fields. The infestations and problems of the slug are getting worse and 
affecting a wide range of seed growers, field crops, row crops, Christmas trees, and horticultural 
nurseries. The estimated economic impact from crop yield loss, drop in market value, re-planting and 
higher management cost is over fifty million dollars in the Oregon alone, and increasing every year. 
Currently the most commonly control methods rely on chemical pesticides that are mixed in Pellet bait-
based products for growers. For crop protection the delivery and efficacy of this application is limited 
when the pressure of slug population is light, but does allow the population to recover over time. There 
are also environmental risks including chemical residue, non-target invertebrate, and human health. 
Therefore, we are faced to develop appropriate management strategies which are focused to develop 
biologically-based environmentally friendly alternatives. 

RNA interference (RNAi) for pest management is a new direction of the pest control, a 
biologically-based and target specific strategy. The mechanism of RNAi action is a specific knockdown 
of target gene expression, degradation of a target messenger RNA (mRNA), by double-stranded RNA 
(dsRNA) that blocks target protein synthesis, leading to failure of normal physiological functions in the 
organism. In the past ten years, the application of RNAi techniques has progressed rapidly, and shows 
great potential for novel insect pest control alternatives because it poses little or no negative impact on the 
environment. We will employ a novel RNAi technology to apply for slug control. To develop an RNAi-
based biopesticide the major key step is to identify suitable RNAi target(s) from specific pest. Therefore, 
the screening of effective RNAi target(s) with multiple candidates is a critical initial step because RNAi 
impacts vary depending on target genes and pests. 
 
OBJECTIVES: Our 2016-18 objectives are as follows:  
The long-term goal of this research objectives is the development of RNAi-based biopesticide as an 
environmentally-friendly control that is non-toxic and non-transgenic slug control method. In the present 
proposal, therefore we focus on the screening and identification of suitable RNAi target(s) from the gray 
garden slug. Based on our RNAi experience, knowledge and previous RNAi reports, we will select at least 
ten (> 10) potential candidates for initial screening from the slug.  
 

Objective 1. RNA sequencing to investigate RNA expression profile in the slug. 
Objective 2. Identify target genes (~10 genes) from the slug and design dsRNA of each genes. 
Objective 3. Evaluate RNAi impacts (i.e. mortality or developmental delay) on the slug.   

 
PROCEDURES:  
1. RNA sequencing (1st yr.): To search suitable RNAi targets from the slug the first basic approach is to 
study the next generation sequencing (called RNA sequencing or transcriptome analysis) technology, to 
identify target gene expression profile from the slug. This approach and result provided key biological 



data to determine RNAi targets and identify specific target gene sequences. To establish the slug colony 
GGSs were collected from horticultural gardens in Corvallis area, OR, and reared with cabbages in a 
rearing room at 15±1ºC under a dim light. Total RNA was isolated from either fresh or frozen samples 
collected. 
 
2. Identify RNAi target genes from the slug (1st yr.): Based on our experience and the previous reports 
that most of those genes have been targeted for RNAi-based approach to control insect pests. As 
constitutive or essential genes, housekeeping genes are expressed in all cell types at a level that does not 
fluctuate with the cell cycle. We selected RNAi target (~10 housekeeping genes). Specific primers and/or 
degenerate (mixed) primer set designed with 5’-T7 promoter appended was designed to amplify partial 
lengths between 200- 400 nucleotides of the each target gene found in the slug sequence data.  
 
3. Design and construct dsRNAs for RNAi material: Once confirmed the gene sequence the DNA 
fragments were served as the template to synthesis dsRNA (2nd yr.). 
 
4. Bioassay and evaluation of RNAi impacts on slugs: Each RNAi targets will be injected into juvenile or 
adult stages of the slugs. After injection, phenotypic changes will be monitored (2nd yr.). 
 
Result and Discussion 
1. De Novo Transcriptome (RNA-sequence) 
The result of the slug gene ontology (GO) analysis –Found genes are involved in biological process 
(10%), general molecular functions (9%), cellular components and functions (8%) (Fig. 1), however, 
most of genes (> 70 %) are not hit against other known genes to date.    
 

 
Figure 1. The outline of the gene ontogeny in the slug.  

 
1) Genes for biological process 
The biological process genes are grouped with hormone secretion, biological adhesion, 
localization, immune system process, metabolic process, cellular component organization or 
biogenesis, biological phase, behavior, multi-organism process, response to stimulus, rhythmic 
process, reproductive process, reproduction, multicellular organismal process, Unclassified, 
single-organism process, signaling, cell aggregation, developmental process, locomotion, cell 
killing, cellular process, and biological regulation (Fig. 2). 
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Figure 2. Distribution of genes related in the biological process 

 
2) Genes for cellular component  
The cellular component genes are grouped with Virion, membrane-enclosed lumen, extracellular 
matrix component, cell, organelle, extracellular region, extracellular region part, macromolecular 
complex, collagen trimer, membrane part, extracellular matrix, Unclassified, membrane, virion 
part, nucleoid, synapse, cell junction, cell part, organelle part, and synapse part (Fig 3.)  
 
3) Genes for molecular functions  
Molecular functional genes are metallochaperone activity, morphogen activity, nutrient reservoir 
activity, molecular function regulator, transporter activity, guanyl-nucleotide exchange factor 
activity, nucleic acid binding transcription factor activity, receptor regulator activity, enzyme 
regulator activity, antioxidant activity, protein tag, Unclassified, electron carrier activity, 
molecular transducer activity, chemorepellent activity, channel regulator activity, binding, 
translation regulator activity, structural molecule activity, catalytic activity, chemoattractant 
activity, and protein binding transcription factor activity (Fig. 4).  
 
 



 
Figure 3. Distribution of genes related in cellular components.  

 

 
Figure 4. Distribution of genes related in molecular functions.  



In addition, we successfully established a GGS colony under controlled indoor conditions to 
obtain adult, egg and juvenile stage slugs (Fig. 5). This is the first report for the rearing of GGS 
colony in the laboratory system.     
 

 
Figure 5. Deroceras reticulatum (egg to juvenile). 

2. Cloning and identify potential RNAi targets from the slug 
Based on the sequences identified from the slug transcriptome, RNAi constructs (dsRNAs) were 
synthesized in vitro. Primers were designed to amplify products 200 - 400 nucleotides in length for 
each RNAi target gene selected in the slug (Fig. 6-2). Amplified fragments will then be cloned 
into an appropriate vector for sequencing. Once confirmed the sequence DNA fragments will 
serve as the templates for dsRNA synthesis using a dsRNA synthesis kit. The negative dsRNA 
control (dsGFP) will also be constructed by the same method described above for the slug specific 
targets. 

Some genes identified in this study had sequences that were very different from sequences 
previously reported in other Arthropod and Mollusca species. There were also many genes that 
were not found in other organisms, and these were more difficult to identify and confirm as 
actual slug target genes, compared to other RNAi targets that were identified previously in insect 
pests. 

Therefore, if new funding is available in future we will complete the GGS genome 
sequencing, which would be an extremely useful database to compare a query sequence and 
quickly identify slug genes of interest. 

 



 
Figure 6. The outline of the RNAi screening process on the gray garden slug.     

 
Research results from this project have been reported in two papers entitled ‘Neuropeptides 

predicted from the transcriptome analysis of the gray garden slug Deroceras reticulatum’ and 
‘The complete mitochondrial genome of the gray garden slug Deroceras reticulatum 
Gastropoda: Pulmonata: Stylommatophora)’ that were published in peer-reviewed journals.  
 
3. Identification of neuropeptide precursors 
The search for neuropeptide (NP) precursors was based on sequence similarities to known 
sequences among closely-related species. A total of 57 cDNAs encoding full- or partial-length 
NP precursors from the D. reticulatum transcriptome was found, and sorted into 24 different NP 
groups including large groups such as Cysteine-knot protein hormone (2 subgroups), FVamide (4 
subgroups), PRXamide (3 subgroups), and RFamide (6 subgroups) ending up with over 330 
neuropeptides in total (Table 2). Sequence features mostly focusing on their similarity and 
integrity compared to the known sequences are described below. The accession numbers for 
sequences found in this study are listed in Table 1.  



 



3. The mitochondrial genome of the gray garden slug  
The complete mitochondrial genome sequence of the gray garden slug has been sequenced and 
annotated (Fig. 7). The mitogenome of D. reticulatum is 14,048 base pairs in length, and contains 
13 protein-coding genes (PCGs), 22 transfer RNA genes, and 2 ribosomal RNA genes. The 
overall base composition is 31.0% A, 12.2% C, 17.7% G, and 39.1% T. Based on phylogenetic 
analysis using the amino acid sequences of PCGs, the slug was shown to be closely related to 
other species of Stylommatophora. The first mitochondrial genome from the Agrolimacidae 
family provides valuable molecular data for taxonomical identification and further evolutionary 
studies of terrestrial slugs. 
 

 
Figure 7. Map of the mitochondrial genome of Deroceras reticulatum. Twelve protein‐coding genes and 
two ribosomal RNA genes are presented in green and red, respectively. Twenty eight transfer RNA genes 
(in violet) are designated by their three letter abbreviations 

 
Two slug papers published:  
Paper 1 
Paper 2 
 
 
ADDITIONAL FUNDING RECEIVED DURING PROJECT TERM: PI has received additional 
funding from Oregon Association of Nursery (OAN), and Oregon Seed Council (OSC).  
 
FUTURE FUNDING POSSIBILITIES: We apply a research proposal to OSC, OAN, and federal 
funding programs with OSU scientists.   


