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EXECUTIVE SUMMARY: Slugs became more of a problem on a wide range of crops in western 
Oregon and Washington. The gray garden slug (GGS), Deroceras reticulatum, is considered the 
most destructive and economically important and often occurs in the largest numbers associated 
with crop damage. Crops in western Oregon that are impacted by slugs include small grains and 
diverse seed crops including various grasses, clovers, cover crops like radish, and vegetables. 
Slugs also damage nursery crops and Christmas trees, and present a significant contamination 
problem for these commodities when sent out of state. Slug impact is particularly severe in the 
$500 million worth grass seed crops in the Willamette Valley.  

Currently the most commonly used control method relies on chemical pesticides that are mixed 
in pellet bait-based products for growers. Regardless of differences among baits and poisons, 
none can control slugs below damaging levels under median to high slug populations. There are 
environmental risks associated with this control method, and the risk of development of 
resistance. Therefore, it is essential to develop appropriate management strategies which focus 
on biologically-based environmentally friendly alternatives. 

RNAi is a biologically-based molecular tool that provides a new strategy for pest management. To 
successfully develop RNAi applications, a key initial step is selection of appropriate candidate 
genes via genomic data to identify RNAi targets. The sequencing of the slug genome is critical to 
facilitate identification of an effective RNAi target for this molecular approach. In this project, a 
whole genome de novo sequencing of the gray garden slug was successfully completed with ~250 
GB raw data obtained, and under the computational analysis. We created a slug genome portal 
that is available publically to access the genome database, and to blast search in future.     
 

OBJECTIVES 2017-19: A feasible approach for RNAi target gene screening is to search for 
previously known RNAi targets or systems from the same or similar pest groups to improve the 
likelihood of identifying effective RNAi targets. To facilitate this approach, whole genomic data 
and assembly is particularly important. Therefore, in this project we propose to complete the 
GGS genome sequencing to approach the RNAi-based slug management. Our research priority 
and long-term goal is to develop a biological pesticide to control GGS in the nursery and grass 
seed industries. In order to achieve the long-term goal the following specific objectives need to 
be accomplished in this project. 



 
 

Obj. 1. Complete GGS genome sequencing and assembly 
Obj. 2. Analyze and annotate the assembled genomic data 
Obj. 3. Establish and publish an open-access slug genome portal 
 
PROCEDURES:  

1. Complete GGS genome sequencing and assembly: To search suitable RNAi targets in the slug, 
it is necessary to sequence and assemble the slug genome and develop a genomic database for 
the slug. This provides key biological data to identify specific gene sequences as well as RNAi 
targets. Gray garden slugs were collected from horticultural gardens in Corvallis OR, fed lettuce 
and modified diet, reared in a shaded room at 15±1ºC under16h light and 8h dark periods, and 
maintained as an inbred colony for research purposes. Total DNA was isolated from either fresh 
or frozen slugs from the colony. The isolated genomic DNA samples were analyzed to determine 
DNA concentration, and sent to Macrogen for sequencing. 
 
2. Analyze and annotate the assembled genomic data: 
(1) K-mer analysis: K-mer analysis was conducted using the JELLYFISH, a tool for fast, memory-
efficient counting of k-mers in DNA (http://www.cbcb.umd.edu/software/jellyfish/). A k-mer is 
a substring of length k, and counting the occurrences of all such substrings is a central step in 
many analyses of DNA sequence. JELLYFISH can count k-mers using an order of magnitude less 
memory and an order of magnitude faster than other k-mer counting packages by using an 
efficient encoding of a hash table and by exploiting the "compare-and-swap" CPU instruction to 
increase parallelism.  
 
(2) De novo assembly: A de novo assembly of the gray garden slug genome was constructed 
using the SOAPdenovo software, a novel short-read assembly method 
(http://soap.genomics.org.cn/soapdenovo.html). The software was specially designed to 
assemble Illumina GA short reads. It built reference sequences and carried out accurate 
analyses of the genome. The assembled genomic contigs were 2,570,202 contigs and the 
assembled genomic scaffolds were 562,899. These contigs and scaffolds will need to be further 
assembled to construct chromosome map in the future. 
 
(3) Manual annotation: Apollo is an instantaneous and collaborative genomic annotation editor 
available on the Web (http://genomearchitect.github.io). Using the Apollo tool, we are now 
annotating the gray garden slug genome. An extended collaboration from other slug genome 
researchers all around the world is required for successful annotation for this unexpected large 
and highly fragmented slug genomic sequences. We continue updating this manual annotation 
until a satisfactory genomic structure is obtained. 
 
3. Establish and publish an open-access slug genome portal: The slug genome portal is now 
publicized on the Oregon State University website. This is an open-access genome portal where 
login is not required. This portal website contains four menus such as ‘About’, ‘BLAST’, 
‘Database’, and ‘Publications’. The ‘About’ menu introduces the slug genome portal with 
pictures and texts. The ‘BLAST’ menu provides a web-based tool to search for genomic contigs 



 
 

and/or transcripts using queries. From the ‘Database’ menu all the raw data files (either 
genome or transcriptome) can be downloaded. The ‘Publications’ menu shows current 
publications regarding the gray garden slug genome or transcriptome, which will be updated 
with new publications if any. The Slug genome portal can be found at 
http://blogs.oregonstate.edu/sluggenome. 
 
SIGNIFICANT ACCOMPLISHMENTS TO DATE: 
• Completed the gray garden slug genome sequencing 
• Analyzed and assembled genomic data that will be uploaded continuously  
• Established an open-access slug genome portal and publish the database  
• Tested and identified novel bioactive peptides for slug management 
• Results are under review for a patent application  
 
BENEFITS & IMPACT: The entire slug genome sequence database would be publicly available to 
slug researchers. We currently develop an online slug database uploaded the genome data that 
can be freely accessed by everyone. This database would be an extremely useful tool because 
researchers can compare a query sequence to the slug database and quickly identify slug genes 
of interest. Also, we expect to identify potential RNAi target genes from GGS, and to synthesis 
dsRNA for specific target genes. In addition to benefits to the horticultural and nursery crop 
industries, RNAi-based slug control could also be used in the grass seed industry. The outcomes 
of this project were significant to provide a molecular foundation for developing a biological 
approach for slug control as an alternative to the current chemical pesticides approach.  
 
ADDITIONAL FUNDING RECEIVED DURING PROJECT TERM: Additional funding has been made 
by multiple agencies including Oregon Department of Agriculture (Specialty Crop Block Grant 
Program), the Oregon Association of Nursery, and the Oregon Seed Council.  
 
FUTURE FUNDING POSSIBILITIES: Results obtained from this project will continue to apply for 
the slug research for Oregon seed council and USDA grants, and currently collaborate with 
interdisciplinary scientists from OSU.   
  


