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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. Depending on the application rates, methodology, and 
environment there can be variation between baits in control efficacy. 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 with the continuous use of chemical pesticides. Therefore, it is 
essential to develop appropriate management strategies which focus on biologically-based 
environmentally friendly alternatives. 

During the ‘Slug Summit’ that was held in Salem in 2015, an attendee asked about the potential for 
use of RNAi for slug management. This led to a follow-up discussion focused on slugs and RNAi 
between stakeholders and local researchers during which the value of research on RNAi for 
determining its efficacy on long term management was recognized. 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. Therefore, sequencing the GGS genome is a 
critical first step towards building a molecular foundation necessary for our long term goal – 
development of a novel biological control for slugs. 

 
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 (0.8 yr.)  
Obj. 2. Analyze and annotate the assembled genomic data (0.5 yr.) 
Obj. 3. Establish and publish an open-access slug genome portal (0.5 yr) 
 
PROCEDURES:  

1. Complete GGS genome sequencing and assembly (0.8 yr.): To search for 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 
with lettuce and modified diet, reared in a shaded room at 15±1ºC under16h light and 8h dark 
periods, and maintained as a colony for research purposes. The DNA was isolated from either fresh 
or frozen samples collected 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 (0.5 yr.): Once the slug genome assembly 
was completed, we will develop an open access database with i5k (https://data.nal.usda.gov/i5k) 
(Evans et al, 2013) in USDA-ARS genome portal for the slug community. Slug researchers can 
participate in interactive manual curation of gnome annotation and utilize the genome sequences 
for their own investigation.    
 
3. Establish and publish an open-access slug genome portal (0.5 yr): The research results will be 
published and/or presented in the Entomological meetings and conferences.  
 
SIGNIFICANT ACCOMPLISHMENTS TO DATE 
A whole genome Denovo sequencing of the gray garden slug was successfully completed with 
~250GB raw data obtained, and under the computational analysis. The outline of the raw data 
statistics is:    
 
1. Results of the slug genome data preprocessing 
 
1.1 Quality filtered data 
Sample       Filter      Total Bases Read Count GC (%) Q20 (%) Q30 (%)

Slug_gDNA Pre Filtered 236,065,449,246 1,563,347,346 42.72 88.72 78.89 

Post Filtered 181,571,145,920 1,202,457,920 41.05 93.72 86.15 

- Total Bases: The total number of bases in reads. 
- Reads Count: The number of reads identified. 
- GC (%): The percentage of bases on a DNA that are either guanine or cytosine. 
- Q20 (%): The percentage of bases called that have a quality score of 20 or above. 
- Q30 (%): The percentage of bases called that have a quality score of 30 or above. 
 
2. Results of analysis 
2.1 K-mer analysis 



 
 

 

 

 
 

K-mer size(bp) K-mer individual sum Approximate peak depths Estimate genome size(bp) 

 17 162,229,712,638 121 1,340,741,426.76 

 21 157,412,235,842 114 1,380,809,086.33 

 25 152,594,955,420 108 1,412,916,253.89 

 

2.2. Assembly results 
2.2.1 Contigs 



 
 

Number of Contigs Contigs sum N50 Longest Contig Shortest contig Average length 

2,570,202 1,049,037,477 497 21,698 2 408 

- Number of Contigs: The number of Contigs identified. 
- Contigs sum: The total number of bases in the Contigs. 
- N50: An N50 means that half of all bases reside in Contigs of this size or longer. 
- Longest Contig: The sequence size of the longest Contig. 
- Shortest Contig: The sequence size of the shortest Contig. 
- Average length: The average Contig size. 
                                                      

- Contigs Statistics  
 Num of Contigs Length Avg.length Sum 

N10 39,0 1,592 2,687 104,903,837 

N20 124,114 1,032 1,690 209,808,516 

N30 243,477 764 1,292 314,711,786 

N40 398,069 609 1,054 419,615,115 

N50 589,407 497 889 524,519,112 

N60 822,872 408 764 629,422,574 

N70 1,107,420 334 663 734,326,270 

N80 1,456,804 270 576 839,230,111 

N90 1,893,458 209 498 944,133,787 

N100 2,570,202 2 408 1,049,037,477 

- Num of sequences: the number of sequences in the contig statistics (N10~N100) 
- Length: the length of sequence in the contig statistics (N10~N100) 
- Avg. length: the average length in the contig statistics (N10~N100) 
- Sum: the sum of the length in the contig statistics (N10~N100)      
 
 
ADDITIONAL FUNDING RECEIVED DURING PROJECT TERM: PI received additional 
funds from the Oregon Association of Nursery, and the Oregon Seed Council for the slug 
research.  
 
FUTURE FUNDING POSSIBILITIES: Will continue to apply for the slug proposal for OSC 
and OAN, and currently collaborate with OSU scientists.   
  


