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Genes expression analysis of immune response to Withering Syndrome challenge in black abalone, Haliotis cracherodii

Background

Withering syndrome (WS), a fatal disease of abalone, is caused by infection of esophageal and digestive gland epithelial cells with a rickettsial bacterium (rickettsia-like prokaryote, RLP). This newly described pathogen has been provisionally named “Candidatus Xenohaliotis californiensis” (Friedman et al. 2000).  Since 1985, WS has caused reductions of up to 99% in black abalone (Haliotis cracherodii) populations in southern and central California, and has also been observed in both wild and farmed abalone stocks, causing substantial losses. Elevated seawater temperatures increase its severity, as was observed during the 1997-98 El Nino event. Successful restoration of black and other affected abalone species as well as successful expansion of the aquaculture industry may be predicated on a thorough understanding of the abalone-RLP relationship. 
A quantitative real time PCR (QPCR) assay was developed to detect and track disease progression in black abalone (Friedman, unpubl. data). A WS-RLP transmission experiment conducted over a 17 month period showed that black abalone progeny from disease selected populations appear to be more resistant to WS-RLP than naive populations based on RLP excretion rates and mortality trends (Friedman, unpubl. data). All exposed abalone that died had gross and microscopic signs of WS (weakness, weight loss, pedal atrophy, digestive gland metaplasia, and rickettsial infections). Microscopic examination suggests that resistance to WS may be more related to the host response to initial infection than to the ability to resist infection. 
Research Objective
In order to better understand the host response to WS-RLP in selected and non-selected populations, we propose to quantify the expression of immune related genes between the two populations via reverse transcription QPCR. Studying differentially expressed genes involved in immune response may help elucidate the molecular processes responsible for WS-RLP susceptibility in abalone.
Methods

Newly recruited, 1-2 inch black abalone from California northern-central coast populations (Carmel) known to be susceptible to WS and putative WS-resistant abalone from southern California (San Nicolas Island) were collected, transported to the laboratory, and treated with oxytetracycline (OTC) to eliminate RLP infections via medicated feed (Friedman et al. 2003). After OTC depletion, RLP exposure trials were conducted in four recirculating seawater systems, two control and two experimental systems. In each trial, nine abalone per replicate tank (n=5 tanks per each of the four treatments) were exposed to RLP for 60d (October and November, 2006) via a head tank housing RLP infected, cultured red abalone providing equivalent doses of the pathogen to each tank. Control groups were held using the same conditions as above, but were not exposed to the RLP. Abalone were acclimated to 19°C, a temperature known to augment RLP transmission and induce WS development. Survival, temperature, ammonia, salinity and dissolved oxygen were measured daily. Moribund abalone were removed and digestive gland tissue samples preserved in liquid nitrogen for future gene expression analysis. Abalone (n=5 per treatment) were also sampled at the midpoint of the experiment as well as after terminating the experiment (n=10 per treatment). 
As part of this research proposal, we will design primers for a suite of genes involved in abalone immune response including beta-1,3-glucan binding proteins, peptidoglycan recognition proteins, toll-interacting protein, and Mn superoxide dismutase. We will extract RNA from abalone digestive gland tissue (moribund n=2; control n=1; resistant n=2; midpoint n=20) using RNA PowerSoil™ Total RNA Isolation Kit (MoBio Laboratories, Inc.) to ensure complete removal of PCR inhibitory substances. RNA will be treated with Ambion’s TURBO DNAfree™ DNase Treatment (Applied Biosystems) to ensure no genomic DNA carry-over and then reverse transcribed to cDNA. cDNA samples will be quantified using all four primer sets, including a normalizing gene (abalone actin), via QPCR using SYBR Green I technology. Gene expression levels will be compared between all treatments.
Expected Result
We expect there to be significant differences in gene expression levels between control and experimental animals; RLP exposed animals should have increased expression levels of immune related genes. We expect differences in selected (San Nicolas Island) and non-selected (Carmel) abalone populations which may help account for their differential susceptibility to WS infection.
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