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This MASTS Visiting Fellowship was to support Dr Yamila Carpio, a research scientist at the
CGEB, Havana, Cuba, to carry out research at the School of Biological Sciences, Aberdeen, in
collaboration with Dr Alan Bowman for a period of 4 months (July 26 to November 26). Dr
Yamila Carpio has a broad expertise in molecular biology, fish immunity and veterinary
vaccines development. On the other hand, Dr Bowman is a senior lecturer at Aberdeen
University and an outstanding scientist with a broad expertise in the Molecular Biology and
Parasitology field. His research has been focus on arthropods pests, particularly ticks, sea lice
and varroa mites.
Sea lice (Copepoda, Caligidae) are the most widely distributed marine pathogens in the salmon
industry in the last 30 years. During the last 15 years of that period, they also spread to other
cultured species and to wild salmonid populations. There are three major genera of sea lice:
Pseudocaligus, Caligus and Lepeophtheirus. Considering salmon production throughout
northern hemisphere, one of these species, the salmon louse Lepeophtheirus salmonis, is
responsible for the main disease outbreaks on salmon farms. Despite this huge health
problem, the identification of good targets for prevention and treatment of sea lice has not yet
been successful, partly as a result of the limited existing knowledge about the physiology of
sea lice and the mechanisms involved in the pathology of sea lice infestations in salmons.
At Dr Bowman’s lab, it was established for first time a methodology for gene knock down in
sea lice employing RNA interference (RNAi) by immersion for nauplius and copepodid stages
and injection in pre-adults and adults. RNAi is a gene silencing technique that is becoming an
ever more powerful tool in investigating the functional role of specific genes that may be
potential targets for chemotherapeutic intervention. The RNAi mechanism involves the in vivo
production of small interfering RNA molecules (siRNAs) from larger introduced double-
stranded RNA (dsRNA). siRNA molecules target and destroy target mRNA, silencing the target
gene at the posttranscriptional stage. RNAi has been used successfully to screen and
investigate genes for possible therapeutic intervention in a range of invertebrate species to
date. The purpose of the proposed project was to assess the biological function of anti-sea
louse vaccine targets genes in Lepeophtheirus salmonis by RNA interference.

Networking with Scottish researchers
The nature of the research conducted during the 4 months Fellowship involved interaction
with several researchers at Scottish universities/institutes:

 Dr. Ewan Campbell, Dr. Lee Hasting, Giulia Micallef (PhD student): These are the
research team from Dr. Bowman´s lab which helped me a lot with their kindness,
expertise and support.

 Dr Catherine Collins, Dr Campbell Pert, Dr Bertrand Collet and the technical team from
Marine Scotland Science Lab, which provided me facilities for fish experiment, helpful
discussion about the experiments and also provided live parasites samples.



 Dr Gregg Arthur from NAFC Marine Center, University of the highlands and Islands,
Shetland: Provided parasites samples and also received me at his facilities and showed
me the beauty of aquaculture in Shetland and also the beauty of the island itself.

 Dr Christopher Secombes and fish immunology lab, University of Aberdeen, who
brought me their lab facilities and molecular biology expertise.

 Dr Alexandra Adams, Dr Kim Thompson, Institute of Aquaculture, University of Stirling,
who received me and gave me a nice tour in their facilities and exciting and helpful
explanations about their research program in sea lice and other topics of interest.

Project objectives
The main objective was the characterization of the biological function of a novel gene in
Lepeophtheirus salmonis by RNA interference
The following tasks were accomplished:

 Isolation of the gene of interest as potential vaccine candidate from L. salmonis by PCR
using specific oligonucleotides based on EST database

 Analysis of cDNA expression in the life cycle developmental stages by qPCR

 Synthesis of specific dsRNA

 Soaking copepodids in dsRNA, assay of optimal dsRNA concentration, parasite density,
incubation time, incubation temperature. Analysis of gene silencing kinetics by PCR

 In vitro experiment. Incubation of copepodids with dsRNA and evaluation of the dsRNA
effect over molting and survival

 In vivo experiment. Experimental infection of fish with dsRNA treated copepodids.
Parasite counting to study the effect of gene silencing on infestation levels.

 Microinjection of dsRNA in pre-adults. Analysis of gene silencing kinetics by PCR

 Evaluation of the overall results

Results
It was evaluated the ribosomal protein P0 which is a multifunctional protein involved in
protein synthesis and DNA repair as target. We first established the adequate culture
conditions to hatch eggs and cultivated nauplius, copepodids and adults. Afterwards, we
performed several in vitro experiments to adjust the experimental conditions for soaking. All
these experiments were run in triplicates. Despite it was observed a reduction in P0 RNA level
of 60 to 80 % at 7, 24 and 48 h post-treatment as compared to parasites treated with a non-
related dsRNA, we didn´t find differences in parasites survival at the different conditions
tested. We also studied the mRNA expression in the life cycle and we found expression in all
the developmental stages.
We performed several rounds of dsRNA microinjection into pre-adults and adults. Analysis of
gene silencing kinetics by PCR showed a completed gene silencing from 48 to 96 h post
injection. Finally, we evaluated the effect of RNAi treatments on sea-lice burdens in Atlantic
salmon. The experiment was designed to have two experimental groups: one treated with P0
dsRNA and the other with a non-related dsRNA, each treatment by triplicate tanks. The
copepodids (approximately 5700 cop/treatment) were treated with dsRNA at a concentration

of 1,5 μg/μL at 8 C for 7 hours in a shaker. The treatment was performed in 1 mL of filtered
sea water at a density of approximately 1000 copepodids/mL. Afterward, they were left to

recover overnight at 10 C with aeration in 1L glass bottles. Before experimental infestation,
lice were counted and numbers were adjusted to approximately 4030 copepodids per
treatment. The Atlantic salmon (n=33 per tank) from each batch was then placed into separate
tanks for one week and after that time the sea-lice burden of each Atlantic salmon was
recorded. This experiment failed to demonstrate any effect since the infestation levels were
too low even in the negative control group (below 1 parasite per fish as mean). The different



causes of this result were analyzed. The research conducted was of great novelty. However,
further work is necessary to complete the dataset for the purposes of publication.

Overall logistics during the MASTS Visiting Fellowship
The work was conducted in the School of Biological Sciences, Zoology Building, Aberdeen and
Marine Scotland Science Lab. Dr. Carpio also spent three days in Shetland visiting aquaculture
facilities and a salmon processing plant. She also gave a talk at the NAFC Marine Center about
her research. Expenses associated with living, the laboratory work and travels were covered by
the MASTS grant and Dr. Bowman´s projects.

Concluding remarks
Dr Carpio would like to report that her stay was very productive and enjoyable, from both
scientific and social perspectives. She thanks the staff and students at Zoology building, Marine
Lab and NAFC Marine Center for their warm welcome, especially to Dr. Bowman for his
valuable support and scientific discussions. This fellowship strengthened the scientific relations
and collaborations between Dr. Carpio institution and the Scottish institutions involved.


