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Withering Syndrome (WS)
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» Affects multiple species of wild and cultured abalone
— 99% mortality in wild black abalone
— Federally listed as "ENDANGERED” in 2009

* Threatens abalone restoration programs

— Current culture within endemic zone



Black abalone size frequencies, San Nicolas Island
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Are progeny of the surviving black abalone more
resistant to WS than are naive animals?

2006-2007 Study i Hiliofls cracherodi
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Recirculating Systems

Head tank Head tank
19°C

Experimental System
1. RLO infected red abalone added to head tanks for 2 mo to expose the
5 SNI (violet) and 5 Carmel (pink) tanks of 8 abs each (n=40 each)




What we know:

* Naive animals excrete more RLO gene copies
* Naive animals have increase mortality over a shorter time

* Resistant animals do not undergo as much metaplasia or
become as infected

Million $ Question: WHY AND HOW??

Utilize next generation sequencing to characterize/
compare the transcriptomes of:

- RLO exposed vs. control
- Resistant (SNI) vs. naive (Carmel)
Elucidate mechanisms associated with A\ disease tolerance



Current Research Goals

1. Discover genes actively expressed in black

abalone

2. Characterize genes specifically involved in

abalone innate immunity
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TRANSCRIPTOMICS:
reflects genes activel

v
expressed ,

11.9 million
HQ reads

11.5 million
HQ reads

Next Generation
Sequencing
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Challenge with Abalone

* No annotated reference genome or

transcriptome ©®

* Only 85 black abalone sequence submissions
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NGS Solution ©

1. WS-Resistant 2. WS-Resistant 3. Naive 4. Naive
Exposed Control Exposed Control

De novo assemble (homemade
reference backbone) &
annotate (BLAST / Swiss-Prot)

2

RNA-Seq (proportion of reads mapping
back to reference)




Results - RLO exposed vs.
control

§ Number of reads Avg.length Number of reads Percentage Avg.length after
/ after trim trimmed trim
._. i ”"

Number of reads Avg.length Number of reads Percentage Avg.length after
after trim trimmed trim
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Current Research Goals

1. Discover genes actively expressed in black

abalone

2. Characterize genes specifically involved in

abalone innate immunity




Exposed Expression Values
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RNA-Seq Results

* 386 genes differentially expressed (=4 fold)
* 183 genes up regulated in RLO exposed

* 203 genes up regulated in control
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Classification of stress related genes upon RLO exposure
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Stress related genes of interest

Fold Change E-value Description Function

innate immune
Beta-1,3-glucan-binding response; pattern
8.5 1.78E-04 protein recognition

innate immune
response; pattern
Toll-interacting protein recognition &
13.6 2.09E-52 (TOLLIP) inflammation

functions in ECM; aids
in phagocytosis &
52.9 2.29E-91 Peroxidasin defense

chemotaxis; membrane
117.7 3.13E-01 Complement C5 attack complex



QPCR corroborates NGS

Sample Type: Termination
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Enrichment Analysis (DAVID) &
Visualization (REViGO)
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Conclusions

— Huge advance in gene discovery for abalones

— Important stress related genes up-regulated in
exposed animals — potential candidates

— gPCR data corroborates NGS; Enrichment
analysis syncs w/ disease progression

Future work

— Compare all 4 libraries to elucidate functional
differences involved in disease resistance & ID
specific genes involved

— Follow up with RAD-Seq (genotype / marker
selection) & proteomics
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