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In 2013, SLRC and collaborators published a revision of the L. salmonis life cycle. Experiments conducted at IMR and UiB showed that the L. salmonis life cycle has been described
wrong. The experiments demonstrated that there are only two chalimus stages in the life
cycle and not four as previous described.
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Background of the Sea Lice Research Centre
– Centre for Research-based Innovation
Sea lice (Lepeophtheirus salmonis and Caligus spp.) are the major pathogens affecting the
global salmon farming industry and have a significant impact in many areas. The annual
loss has recently been estimated to €300 million and the aquaculture industry relies heavily
on a few chemotherapeutants for lice control. Emerging resistance development to these
drugs increases the necessity to develop new treatment methods (biological, prophylactic
and drugs) and tools to avoid increased loss due to sea lice and to ensure a sustainable
salmon farming industry in the future.
The research conducted at the centre will focus on methods and tools to facilitate development of new drugs, develop new tools for resistance monitoring, reduce attachment in
infective stages, improve host response, identification and evaluation of new targets for a
future sea lice vaccine and to explore the possibilities to utilize RNAi as a novel method
in lice control. By using the salmon louse genome sequence as a starting point, functional
genomics methods will be utilized to identify molecular markers for drug resistance to
facilitate monitoring and prolong the life time for valuable anti sea lice drugs. Sea Lice
Research Centre (SLRC) consisting of the leading scientists within the field together with
the major industrial players will represent a strong consortium to develop short and long
term solutions for one of the most significant problems for the salmon farming industry
world-wide. This will be achieved through state of the art research in relevant fields (parasitology, molecular biology and genomics, pharmacology, host parasite interactions) and
establishment of an integrated database resource for the salmon louse genome in addition
to state of the art wet-lab facilities for sea lice research. Results from SLRC will enable an
integrated control system to be established, based on key features in sea lice biology, to
improve sustainability of the salmon farming industry.
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CENTRE VISION AND GOALS
The Sea Lice Research Centre aims at becoming a world leader for research on salmon louse
and similar parasites. The nature of the centre will facilitate development of new methods
for lice control and shorten the time from basic research to new products and tools for
parasite control in the aquaculture sector to achieve a true integrated pest management
in the future.

SLRC objectives
•
•
•
•
•
•
•
•
•
•
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New medicines and resistance monitoring & control methods (WP 1)
Anti-attachment diets (WP 2)
Immune controls (specific & nonspecific) (WP 3, WP 4)
RNAi gene techniques for research tool development and future controls (WP 4)
In depth knowledge of the molecular biology of growth, reproduction and endocrine
systems in sea lice (WP 4)
Annotated genome sequence linked into an integrated database containing experimental
data (WP 5, LiceBase)
Updated microarray and other molecular tools (WP 3, 4, and 5)
Larval detection and assessment techniques (WP 4)
Sea lice facility (naïve lice population, challenge facility, etc) (WP 6, LiceLab)
Development of true integrated pest management techniques for industry
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SUMMARY – BY THE CENTRE
DIRECTOR
In 2013 three patents were filed based on results obtained in SLRC. These patents cover
inventions that scientist at NSVS and UiB made in relation to genetic markers linked to
resistance against organophosphates and pyrethroids in the salmon louse. PatoGen Analyse
AS has used these results to developed diagnostic PCR assays that have been validated on
materials obtained from field and lab. Some of these findings were announced in August
at AquaNor 2013 in Trondheim. The announcement of these SLRC inventions resulted
in significant attention from local and national media. PatoGen received international
attention from aquaculture magazines and customers world-wide. PatoGen also received
the prize as the most innovative company in western Norway in 2013, and Hordaland
Fylkeskommune awarded SLRC scientists the 2013 invention prize for the findings related
to pyrethroid resistance. One of the main goals for SLRC is to shorten the time from basic
science to commercial application of results. The commercialization of the genetic markers for resistance is an example of this and the results have been commercialized prior to
scientific publication of the data.
Development of resistance against medicines is one of the main concerns in the current
control regime for salmon lice both in Norway and other places in the North Atlantic.
During the fall 2013 SLRC identified salmon lice that are resistant against hydrogenperoxid
(H2O2). These lice strains are also resistant to three other chemicals. H2O2 has in many
cases been used on populations that are multi resistant. The failure of H2O2 treatments in
2013 has resulted in several cases where the fish have been sloughted early to remove the
lice. This is a serious situation and points to the need for new medicine for controlling
salmon louse on farmed fish. It is now 15 years since the last time a new sea lice medicine
was launched in Norway and hopefully something new will be on the marked soon.
The overall activity in SLRC, as outlined in the 2013 annual work plan is on schedule.
There is high activity and generation of new results takes place at a high rate. The number
of peer-reviewed scientific publications is behind schedule, however, we anticipate that this
lag will be compensated during 2014, where a large number of scientific publications are
scheduled. A key publication in 2013 was the revision of the salmon louse life cycle where
it is shown that L. salmonis only has 2 chalimus stages and not 4 as described previously.
International collaboration is important in science and in SLRC all WPs have collaboration with scientists abroad. Ensembl at EBI in UK is a key partner for annotation of the
salmon louse genome sequence. After the final genome assembly was sent to Ensembl in
May/June last year close interaction between scientists from Ensembl and SLRC has taken
place. A key goal with the ongoing work with the salmon louse genome is the “genome
paper” that we hope to submit during the first half of 2014.
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Summary – by the Centre Director

Developing the “centre-feeling” in SLRC is important to facilitate synergies between scientists in the different WPs. The internal workshops in SLRC is a place where we all meet
and share our progress and results and a goal is to facilitate activities that will result in
publications with authors from multiple WPs. These workshops are also an arena where
our industrial partners can interact with all core people in SLRC. The industrial partners in
SLRC are active and the interaction between academia and industry takes place in most areas
of our activity. As the research and new results emerge it is anticipated that collaboration
between SLRC and its industrial partners will increase. An example of academic-industry
collaboration is that last summer one of the post docs spent 6 weeks at Novartis laboratory
in Switzerland. This was very useful and activity like this is part of the goals for SLRC. We
expect similar types of collaboration to be extended the next years.

Frank Nilsen
Centre Director
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ORGANISATION OF SLRC
At the beginning of 2013, SLRC had five industrial- and four academic partners. From
October 2013, the CBU-unit at Uni Research AS was transferred UiB. The industrial
partners are complementary to each other and linked together by the academic partners.
SLRC partners in 2013:
University of Bergen is the host institution for SLRC. Senior scientists from three departments at the faculty of mathematics and natural sciences are the base for the research in
SLRC. Senior scientists within biology, molecular biology and bioinformatics use their
knowledge in SLRC. The main wet-lab activities take place at UiB, where broodstocks of
lice strains are kept. PhDs and Postdocs are educated within the center.
Norwegian School of Veterinary Science is represented in SLRC with senior researchers
from the Department of Food Safety and Infection Biology and the Department of Basic
Sciences and Aquatic Medicine. PhDs and Postdocs are hired to work with the research in
SLRC. This partner is responsible for WP1 and WP3 and has close connections to WP2
and 4. Until now, the main cooperating partners have been PatoGen, Novartis, EWOS
and UiB. From 01 January 2014, NSVS will be a part of the Norwegian University of
Life Sciences (NMBU).
Institute of Marine Research is represented in SLRC with one senior researchers research
(80%), one post doc, one PhD student and one wet lab technician (50%). Major wet-lab
activities, mainly RNAi trial takes place in the laboratories in Bergen. The Post doc and
the PhD work in WP4, whereas the researcher works both in WP4 and WP6, where also
the technician has his activities.
Uni Research AS has been a partner in the center since it until September 2013 hosted the
Computational Biology Unit (CBU) within its Uni Computing department. The technical support for LiceBase is provided by the CBU. Now the CBU has been transferred to
the University of Bergen and therefore Uni Research AS no longer has any activity within
the center.
EWOS Innovation AS is a user Partner in SLRC with long history of sea lice research.
Scientists are based in Bergen and Dirdal where research facilities have been expanded the
last years. In SLRC, development of compounds that reduce the settlement and survival
of lice will be in focus. EWOS Innovation is the leader of WP2 and is cooperating with
NVH in WP3 and UiB in WP6.
Lerøy Seafood Group ASA is one of the world leading salmon farming companies with
more than 100 farming licenses in Norway, in addition to slaughterhouses and processing
factories. In SLRC the company is a supplier of raw materials and facilities for field trials.
Lerøy has also been an important contributor in the field validation of the novel analyses
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Organisation of SLRC

of the diagnostic PCR-analyses for resistance monitoring developed by PatoGen. Firsthand information on needs and demands from the industry gives Lerøy an important
role in SLRC.
PatoGen Analyse AS is a biotechnology company that develops and sells gene technology
analyses that are used to reduce disease related loss in the aquaculture industry. PatoGen
has the most modern laboratories for Real-Time PCR analyses for detecting fish pathogens in Norway, and work in close collaboration with research partners and industrial
partners in SLRC. PatoGen is mainly involved in WP1 and WP4, and collaborate with
the partners UiB, NVH, Marine Harvest ASA, Lerøy Seafood Group ASA and Novartis
Animal Health AG.
Novartis Animal Health AG develops and commercializes leading animal treatments that
meet the needs of pet owners, farmers and veterinarians. Both the Aqua Health part at
Prince Edward Island, Canada, and the Animal parasite unit in Switzerland take part in
the SLRC work.
Marine Harvest ASA is a world leading seafood company, and is involved in all major
salmon farming regions. The knowledge and international network is clearly an added
value for the centre. Marine Harvest ASA has been an important contributor in the field
validation of the novel analyses of the diagnostic PCR-analyses for resistance monitoring
developed by PatoGen. In addition, Marine Harvest ASA is a supplier of raw materials
and facilities for field trials in SLRC.

Collaboration between partners
The collaboration on research projects is the core activity in SLRC. Results from collaborating research are the main source for further development and innovation in the centre. A
close communication between Work Package leaders and industrial researchers is a valuable
tool for excellent research and possibilities for product development.
The industrial partners are involved in the different Work Packages and projects, and close
collaboration between all partners is a natural factor for success in SLRC. Results from
research and innovative ideas have generated extended projects and mobility of personnel
between partners. Access to dedicated laboratory facilities both at research- and industrial
partners has been a crucial factor for mobility.
2013 has been an important year with extended collaboration between partners, and the
basis for further development of scientific results and product development has been made.

10
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Lucien Rufener, Novartis: Collaboration in SLRC
In 2013, the collaboration between the Sea Lice Research Centre (SLRC) partners and Novartis Animal
Health (NAH) was both intensified and solidified. NAH and the SLRC share a common goal of successfully developing new solutions in sea lice control and to manage what is a significant problem for the
salmon farming industry globally, which underscores the importance of this partnership.
A number of recent accomplishments mark the progress being made in this endeavour. For example,
two cross-party working groups have been established to provide the right level of specialist focus on
both the pharmaceutical and vaccine work-streams. In addition, a joint steering committee has been
convened to ensure regular and transparent communication between the partners.
The sharing of new research data and technical expertise was also a highlight in 2013, featuring visits
by Novartis Animal Health representatives to the Norwegian School of Veterinary Science (NSVS) in
Oslo and reciprocal visits by SLRC leaders to key NAH Research & Development (R&D) centres for both
parasitology and vaccines.
Related to the pharmaceutical work-stream, the Novartis Animal Health Parasitology R&D centre in
St-Aubin, Switzerland was pleased to welcome Professor Nilsen as well as Anna Komisarczuk, a postdoctoral student in his lab. Professor Nilsen updated the NAH team in Switzerland with the latest
data from the SLRC research. This update included the advancement made with the sea-lice genome
annotation and the wet lab facilities. As a next step within NAH, the salmon louse genome sequence
will be used as a starting point for the identification of potential drug targets that could potentially lead
to the discovery of new molecular entities for the control of sea-lice infestations. Anna Komisarczuk
spent six weeks at the NAH Parasitology R&D facility. Anna worked closely with NAH research experts
to optimize an automated electrophysiology platform to express IR-receptors from salmon louse and
to screen for potential agonist and antagonist compounds. Such molecules could potentially be used
to prevent the host recognition by the parasites.
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Organisation
The overall decision making body is the SLRC board, where all the partners have one
representative each. The Board takes decisions on strategy, annual work plans, activities,
budget and the organisation. The SLRC board is chaired by an independent board leader.
SLRC Board Members in 2013:
• Harald Sveier, Lerøy Seafood Group ASA
• Ragna Heggebø, EWOS Innovation AS
• Åsmund Baklien, Novartis Animal Health AG
• Marit Solberg, Marine Harvest ASA
• Vidar Aspehaug, PatoGen Analyse AS
• Reidar Toresen, Institute of Marine Research
• Lise Øvreås, UNI Research AS
• Mona Aleksandersen, Norwegian School of Veterinary Science
• Kari Espolin Fladmark, University of Bergen
• Audun Wiborg – Chair of the board
Lise Øverås is the board representative for UiB from October 2013.

SLRC Board

SAB
Scientific Advisory Board

Centre Leader (Nilsen)
Project Manager (Wergeland)

Leader Group
WP-leaders & Centre Leader

WP1
Horsberg

WP2
Wadswort

WP3
Evensen

WP4
Male

WP5
Jonassen

WP6
Hamre/Dalvin

The scientific activity in SLRC is organized in 6 Work Packages (WPs) and the leaders of
the WPs create the Leader Group of SLRC. SLRC has both academic and industrial partners outside Bergen, and this has been emphasised when the “centre-feeling” in SLRC has
been established. The University of Bergen is the host institution for SLRC, and all people
located in the Bergen area are co-located at the facilities in the High Technology Centre
where both dry and wet-lab facilities are available. The centre leader and the WP-leaders
have a responsibility to ensure that the on-going activities in the WPs are coordinated to
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utilize each other’s expertise. The SLRC leader group is an important arena to work for
the best possible results in SLRC, and is responsible for scientific reports to the board.
A Scientific Advisory Board (SAB) for SLRC has been established in 2013. Members of
SAB are:
• Dr Ian Denholm, Rothamsted Research/University of Hertfordshire
• Professor Chris Secombes, University of Aberdeen
The main focus for SAB is guidance to future work on basis of the SLRC project description. The first SAB meeting was arranged in week 41, and future meetings are planned
yearly or every 18 months.
The day to day management is carried out at UiB by the Centre Director Frank Nilsen
and the administrative coordinator Ingunn Wergeland.

SLRC Arrangements in 2013
Two workshops for SLRC personnel have been arranged during the year:
• 10-11 March as a visit to the EWOS facilities in Dirdal combined with a workshop and
meeting with EWOS Innovation Chile in Sandnes.
• 12 September in Bergen where the workshop was arranged in connection to Sea Lice Day
2013 and the SLRC Salmon Louse seminar.

Sea Lice Day 10 September was arranged as update on all research in SLRC. All the partners
and personnel working with SLRC issues were represented at the meeting.
An open seminar on salmon louse was arranged in Bergen 11 September, with 120 participants from scientific, industrial and public organisations.
3 Board Meetings have been arranged in 2013. The SLRC board has decided to arrange
the meetings at the different partner institutions. This is a way to learn more about the
collaborating partners and strengthen the SLRC consortium. The Board Meetings in 2013
have been arranged in Dirdal, Bergen and Oslo.
The yearly Site visit from RCN was arranged 24 September, and all levels of the SLRC
organisation were represented. The feedback and conclusion from the RCN was positive
for the centre.
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SCIENTIFIC ACTIVITIES AND
RESULTS 2013
Work Package 1: Chemotherapy and resistance
Principle Investigator: Tor Einar Horsberg, NSVS
This work package has two parts:
1. Screening of new chemicals for potential efficacy against salmon lice. The last chemical
introduced as an antiparasitic agent for sea lice in Norway was emamectin benzoate
(SliceTM) in 1999. There is an urgent need to find new control options, and the main
aim of this task is to identify potential candidates that later can be developed into new
treatments in co-operation with the industrial partners.
2. Resistance development in salmon lice against chemicals used today. Resistance has been
a major problem for salmon lice control in Norway since 2008, and a sporadic problem
earlier. A crucial factor for effective management of resistance is reliable diagnostic
methods. The main aim of this task is to identify the different resistance mechanisms and
to develop rapid laboratory-based assays for these in co-operation with the commercial
partners.
The activity in the screening part of the work package (WP1.1) has in 2013 been focused
around establishment of robust test protocols for screening of chemicals, and subsequent
testing of a series of chemicals using these protocols. Some of the development of protocols
has been done at the Lice Lab in Bergen. The activity in the resistance part (WP1.2) has
been development of discoveries made in 2012 into suitable screening assays for resistance,
and a search for new mechanisms.
WP1.1: In 2012, a protocol for hatching of egg-strings was developed and standardized. In
2013, a protocol for efficacy testing on pre-adult parasites was standardized for screening.
These two protocols have been used to study the effect of 24 chemicals on the hatching
of egg-strings and the survival of pre-adult parasites. The protocols for screening and the
selection of model chemicals were done in co-operation with Novartis. The selection of
chemicals was done based on the IRAC mode of action classification (www.irac-online.
org/teams/mode-of-action). Candidate chemicals from different IRAC groups with the
following modes of action were tested in both assays:

Sea Lice Research Centre › Annual Report 2013

15

Scientific activities and results 2013

Mode of action/substance group

Mode of action/substance group

Carbamate

Nicotinic acetylcholine-receptor blocker

Organophosphate

Chitin synthesis inhibitor

GABA-gated chloride-channel antagonist

Moulting disruptor

Pyrethroid

Ecdyzone receptor antagonist

Nicotinic acetylcholine-receptor activator I

Octopamine receptor antagonist

Nicotinic acetylcholine-receptor activator II

Voltage-dependent sodium channel blocker

Avermectin

Acetyl co-enzyme A carboxylase inhibitor

Juvenile hormon analogue

Ryanodine receptor modulator

Feeding blocker

Unknown mechanism

Oxidative phosphorylation uncoupler

All substances were tested on egg-strings or preadult lice with a standard exposure of 50
mg per liter for 30 minutes. In the hatching assay, the hatching of egg-strings and development of viable copepodids was recorded for 21 days. In the pre-adult test, the direct effect
on viability of the parasites was recorded immediately after exposure, and after 24 hours.
When an effect could be recorded, the studies
were repeated with lower concentrations until
the lowest effective concentration was found.
In the hatching assay, several of the compounds
inhibited hatching to some degree, but only one
was 100% effective. In the direct effect assay on
preadult parasites, seven compounds immobilized
100% of the parasites exposed. For two of these,
the lowest effective dose was 1⁄5 of the initial dose.
For the other five, the down-titration experiments
are still ongoing.
Figure 1.1: Sampling of egg-strings for experiments.

WP1.2: In 2012, a novel mutation leading to insensitivity of the enzyme acetylcholin esterase towards the organophosphate azamethiphos (Salmosan®) was found. Another finding
was that the parasite has two very similar versions of the enzyme. The discovery was made
known to PatoGen according to the consortium agreement. PatoGen filed a patent application with joint ownership between NSVS and PatoGen for utilization of the discovery
in a commercial assay by PatoGen. In 2013, several validation exercises of the significance
of the mutation have been made, including several selection experiments, in-vitro enzymatic inhibition studies and in-situ expression experiments. In addition, both PatoGen
and NSVS has developed PCR-based assays to differentiate between resistant and sensitive
sea lice using the newly discovered SNP, and a major focus and energy has been put into
the proper validation of these analyses. As part of this validation, lice have been collected
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from bioassays performed in the field, and laboratory treatment experiments have been
performed, where isolated parasites or fish with parasites were exposed to azamethiphos,
followed by genotyping of survivors and dying parasites using the newly developed PCRSNP-assays. The studies were done on parasites originating from both resistant and sensitive
salmon lice strains (determined by bioassays). There was a very high degree of correlation
between mortality and the genotype SS (fully sensitive). PatoGen has performed about
3000 PCR-analyses has been performed as part of the validation of the novel resistance
analyses. PatoGen is planning to launch the
novel analyses commercially in March 2014.
The discovery will be published in 2014 (two
publications). The workload involved in validation of the molecular marker has been larger
than originally anticipated, thus the planned
work with emamectin resistance has been postponed and will be initiated in 2014.
Figure 1.2: Overlay of the two versions of
acetylcholin esterase from salmon lice. Overlapping
structures are displayed in green, while the individual
proteins are displayed in blue and yellow. Amino
acids in the catalytic gorge are displayed in red.

The target gene for pyrethroids, the gene coding for the voltage-gated sodium channel
in salmon lice has been sequenced in seven pyrethroid-sensitive and pyrethroid-resistant
strains. No mutations that can be associated with resistance have been found. A putatively
hydrogen peroxide-resistant salmon lice strain has been cultured in the wet-lab. Bioassays
have revealed that the sensitivity of this strain towards hydrogen peroxide was only 1⁄5
of that of a fully sensitive strain. The fish carrying the parasites have been subjected to a
normal treatment with hydrogen peroxide. The egg-strings from surviving parasites have
been used to cultivate a new generation of more resistant parasites. This selection experiment will be repeated for the next generation. The search for the mechanism behind is
ongoing. A putatively emamectin-resistant strain has been cultured in the wet-lab. The
objective has been to cultivate a highly emamectin-resistant strain of salmon lice for later
studies of mechanisms. To obtain fully resistant parasites, the fish carrying the parasites
have been injected with emamectin benzoate. This selection for resistant parasites will be
repeated for the next generation, originating from surviving parasites after the selection.
The search for mechanisms will be initiated in 2014.
The mechanism for pyrethroid resistance lice has been identified and genetic markers
linked to this phenotype have been identified at the University of Bergen. PatoGen has
filed two patents based on these results and PCR based methods has been developed for
the detection of these. Validation of this discovery, have been going on during the last
months in 2013, and have included analyses of field material, lice from bioassays and
from experimental treatments performed in SLRS wet lab facilities. PatoGen is planning
to launch these analyses commercially in March 2014.
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Work Package 2: Anti-attachment
Principle Investigator: Simon Wadsworth, EWOS Innovation AS
Sea lice have advanced olfactory and contact chemoreceptors that are required for accurate
identification of host-specific molecules. Both Lepeophtheirus salmonis and Caligus rogercresseyi exhibit a number of behavioural responses to specific compounds (kariomones) present
in salmon mucus, including isophorone and 6-methyl-5-hepten-2-one. These compounds
assist in host location ‘off-host’ as well as identification and attachment processes ‘on-host’.
These responses by sea lice may be inhibited if non-host compounds such as 4-methylquinazoline and 2-aminoacetophenone from non-salmonid, fish are detected. The overall aim
of work package 2 is to identify and assess the effect of a range of masking and repellent
compounds that reduce the settlement and attachment of sea lice. These compounds will
be developed into commercial feed products to provide additional tools for sea lice control. They will be implemented into an effective integrated pest management programme
involving medicines, husbandry and feed management.

Plans for 2013
In vitro methods and assay techniques
• The in vitro model development to continue during 2013 in Norway, Chile and Canada.
• Models to include behavioural rheotaxis (Y-tube) and contact reception (mucus model,
frontal filament model)
• Work to be conducted on both L. salmonis and C. rogercresseyi

In vivo assessment of masking compounds in-feed
• Conduct a further 3 in vivo feeding studies using masking compound 1
• Assessment on both L. salmonis and C. rogercresseyi
• Determine fish gene responses during challenge (physiological and immune pathways)
• Assess combination of masking compound 1 with immune stimulants
• Develop assay techniques to detect masking compound 1 in fish flesh and feed samples
Molecular techniques
• Develop qPCR assays for detoxifying, secretory, endocrine and developmental pathways
Feeding systems
• Assess the use of feed management systems in the control of sea lice
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1. In vitro assessment
1.1 The Y-tube rheotaxis model has been successfully implemented into all EWOS Innovation laboratories during 2013, including both Chile and Norway. Relevant staff training
and initial work-up of these systems was conducted. Further novel compounds will be
assessed within 2014 and the most promising will be taken forward for in vivo testing. The
active ingredient in masking compound 1 has been previously assessed via Y-tube rheotaxis,
showing a 90% reduction in lice orientation and response to salmon-host odour. This in
vitro system has correlated closely to effects seen during in vivo challenge (section 2).
1.2 The mucus model involves exposing sea lice (L. salmonis copepodid stages) to salmon mucus in a seawater suspension. The infective stages of the sea lice are
then removed over a series of time points and their gene
responses assessed. Both masking and repellent compounds can then be added to this solution to determine
a differential effect in the gene responses of the sea lice.
The repellent compound found in turbot, 2-aminoacetophenone (Figure 2.1) was assessed using the mucus
model. A series of profound responses in the lice were
observed including the disruption of a range of physiological pathways including vitamin B synthesis as well
as developmental genes. Effects appeared similar to the
administration of anti-folate drugs. In vivo assessment of
2-aminoacetophenone will be conducted during 2014.

2-aminoacetophenone

Figure 2.1: Turbot contain a compound 2-aminoacetophenone within their skin and mucus that is
repellent to sea lice L. salmonis.

2. In vivo assessment of masking compounds
A further four in vivo challenge studies have been conducted during 2013, with masking compound 1 for both
L. salmonis and C. rogercresseyi. Positive effects of between
20% and 28% reduction in lice levels have been observed
for both lice species (Figure 2.2). Fish were fed for a total
of 3 weeks pre challenge and for the duration of the post
challenge period. In addition to efficacy studies further
samples were taken to assess safety and toxicity of the
masking compound. No negative effects have been observed in tissues at the target dose
and feed intake remained high. Assay techniques (GC-MS) have been developed to detect
the active component of the masking compound in both feed and flesh.
400
300

350

Total no. lice

450

Estimated lice in 20 sampled fish

C
Control

M 1a
Masking

MSB
Masking
1b

Diets

Figure 2.2: Reduction in sea lice at 24 days post challenge following feeding with masking compound
1. There was a 24% reduction (p<0.05) in lice levels compared to controls. No significant differences were
observed between the masking compound preparations a and b.
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3. Feed management systems
It has been established that infective stages of sea lice will naturally congregate in the surface water layer, with over 40 times higher levels of sea lice in the top 0-4 meters, than at
depth. Feed management and feeding systems represent a useful tool to keep fish below
these areas of higher infection risk.
Increased meal frequency and longer duration of feeding are able to satiate fish populations more effectively. Fish that are well satiated will disperse and move to deeper water.
In addition to feed management techniques sub- surface feeders can also be used to feed
and maintain fish at a greater depth.
Initial studies have shown that sub-surface feeders were able to distribute feed at 10m
depth, after an initial acclimation period. During periods of higher lice intensity the fish
maintained on the sub-surface feeders showed up to 30% lower levels of sea lice compared
to fish fed at the surface. During periods of lower lice intensity results have been more
variable. The trial will continue into 2014 to assess longer terms trends and effects. In
addition to lice levels, fish growth and distribution within the pen will also be recorded.

4. Synergies between industrial and academic partners: practical lice controls
To date the observed efficacy of anti-attachment and feed management controls within
WP2 have been within the range of a 20% to 30% reduction in sea lice. Whilst useful,
these applications will not be intended to be used as ‘stand-alone’. It will be important to
effectively implement these controls within an integrated pest management (IPM) system
deploying other tools such as optimal use of medicines, immune modulation and husbandry
practices (Figure 2.4). An increasing level of documentation for these additional tools is
currently being generated from other work packages within the SLRC.

Figure 2.4: A potential scheme for IPM optimizing area management, feeding systems, medicines,
immune modulation and functional feeds. The documentation for many of these controls are currently
being generated with the work packages of the SLRC.
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Within the SLRC during 2013, trials have been conducted to coordinate the use of medicines to improve their overall efficacy. The anti-sea lice medicine Releeze (diflubenzuron)
acts as a moult inhibitor and affects lice stages during the moulting process. However
adult (non-moulting) stages remain unaffected by Releeze. Other medicines such as the
organophosphate Salmosan (azimetiphos) only affect the mobile stages, whilst the juvenile,
attached stages remain unaffected. Using medicines that cannot target the complete life
cycle increase the risk of reduced treatment efficacy and increased resistance. A potential
solution to overcome this issue is to co-ordinate the treatment of both these medicines.
This coordinated approach can then remove all stages of the parasite that are present on
the fish, improving efficacy and reducing the frequency of treatments required (Figure 2.5).
Figure 2.5: The arthropod growth
regulator Releeze (diflubenzuron)
only affects moulting stages
of sea lice (red line), whilst the
organophosphate Salmosan
(azimetiphos) only affects mobile
stages (black line). By coordinating
treatments all stages can be
targeted.

Recent tank based studies have shown that treatment of a mixed lice population using
Salmosan followed by Releeze effectively removed 100% of the population (Figure 2.6).

Figure 2.6: A mixed population of mobile and attached sea lice were established, following 2 challenges
(14 days apart). The lice populations were untreated (control), Salmosan only (S), Releeze only (R) or
Salmosan followed by Releeze (S-R).

Sea Lice Research Centre › Annual Report 2013

21

Scientific activities and results 2013

By utilizing the results from the various work packages a more integrated approach can be
developed with the use of optimal medicine coordination, use of functional feeds as well
as feed management (Figure 2.7).

Figure 2.7: Recent results from the SLRC work packages have highlighted the optimal use of medicines.
Functional feeds can also be used to reduce lice attachment (Robust) and improve immunity (Synergy)
during treatment. Feed management can induce fish to remain at depths below highest concentrations
of sea lice.

Ragna Heggebø, EWOS Innovation AS: Collaboration between Work Packages
EWOS has a strong focus on in- feed anti -sea lice products, and several products are already in the
market. Our research activity is performed by EWOS Innovation, and as industrial partner in SLRC we
have ongoing activity especially in WP 2 and WP 3. The main focus area is to develop new products
that add to the tool box of Integrated Pest Management strategy (IPM) of the farming industry to
control sea lice.
Understanding host-parasite interactions is essential in the development of our in-feed anti sea lice
feeds. Salmon with reduced or compromised immunity have significantly higher sea lice infection
than healthy individuals. In contrast salmon with enhanced immunity show a significant reduction
in the levels of sea lice. Our strategy is to include immune stimulating components in the feed to
enhance the capacity of the fish to answer the challenge from the lice. Lice must recognise hostspecific molecules before they attach. In the lice that do attach, host-specific molecules stimulate the
release of immune suppressive compounds from the lice. Where the lice are confused they release less
immune suppressive compounds and this allows the host to respond more effectively, therefore the
development of efficient anti-attachment compounds that can be included in our is a very important
activity for EWOS in SLRC.
The regular updates from the other WP’s, like new knowlegde of sea-lice biology, provides crucial and
valuable knowledge for us in our future product development.
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Work Package 3: Immunomodulation of the host
Principle Investigator: Øystein Evensen, NSVS
WP3 addresses Immunomodulation of the host. The concept is that the sea lice release
a series of secretory/excretory products (SEP) into the host tissue, via salivary glands to
prevent strong inflammatory responses to infection. To better understand and design
therapeutic interventions that can alleviate or counteract the effect of the secretory products, the underlying mechanisms of inflammation and anti-inflammatory processes must
be understood.

3.1 Evaluate in vitro the immunomodulatory effects of sea lice extracts in an
Atlantic salmon-derived cell line (TO cells or SHK-1)
From last year (2012) we reported that PGE2 modulated (reduced) the inflammatory
responses in cultured TO cells. With the aim to understand and possibly modulate the
responses induced in the cells treated with PGE2 we needed to document what mechanisms
are involved. We did this by testing what responses PGE2 would induce in TO cells plus
other fish-derived cell lines using cAMP as a marker of cellular intracellular cascades. The
results are shown below and TO cells in contrast to the other cells, do not up-regulate cAMP
when treated with PGE2. This raised the question if TO cells express the EP4 receptor.
We also included an EP4 antagonist as this could be one method to block the modulation of PGE2. We tested various blocking agents specific for EP4 / PGE2 signaling but
as can be seen below (Fig. 3.1) none of these worked according to specifications when
tested in TO cells (data not shown). Since commercial antagonists (developed for human
applications) did not work, Novartis kindly explored and examined to what extent their
chemical libraries would contain categories of active ingredients that would potentially
interact with this category of G-coupled protein receptor. So far we have not identified
any likely candidates.
PGE2

EP4 receptor

Prostaglandin E2 (PGE2) is produced and released
from sea lice infecting salmon. PGE2 is a known
modulator of inflammation and can strengthen
and down-regulate these responses, dependent on which receptors are engaged and also
which intracellular adaptors are involved. Sea lice
PGE2 is believed to down-play the inflammatory
responses to establish a more “friendly” environment on the skin and with increased likelihood
of survival of the early and developing stages of
sea lice. For this reason, PGE2 is a candidate for
treatment, modulation and intervention with the
purpose to reduce the likelihood of lice survival.

The EP4 receptor is well characterized in higher
vertebrates and is one of 4 different variants
of PGE2 receptors found in various cells and in
various combinations on cells and tissues. PGE2EP4 receptors interaction will typically result in
down-regulation of inflammatory responses
and will also result in production of intracellular
cAMP. EP receptors are targets of various kinds
of treatments in humans. Well-defined blocking
agents have been developed while none of these
have been tested in lower vertebrates (fish). Intervention strategies targeting the EP4 receptor
is therefore an interesting approach also in sea
lice control.
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Figure 3.1: cAMP levels measured in different fish-derived cell lines stimulated with PGE2.

We then explored the avenue related to the expression of the EP4 receptor in TO cells. We
compared EP4 sequences from Atlantic salmon tissue material and from TO cells. This
showed that the sequences obtained from salmon tissue (kidney) and TO cells differed
(Figure 3.2). We then looked in more detail into possible variants of EP4 in different tissues
and after several test rounds it became clear that there are two subtypes of EP4 in Atlantic
salmon and their distribution is shown (Figure 3.3). We now refer to them as EP4a and
EP4b and this is the first time to show that there are two variants of this receptor in any
salmonid fish species.

Figure 3.2: Expression of the two variants of EP4 receptor in different tissues of Atlantic salmon.

When these sequences are aligned with known EP4 sequence we find that they separate
into a and b types, like in zebrafish.
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Figure 3.3: Alignment of As-EP4 variants with sequences from other species.

In brief this shows that salmon EP4 is related to the zebrafish EP4a and b and less to
chicken and further diversified from higher vertebrates EP4.

3.2. Characterize expression of EP4 receptors in tissues and isolated cells of
Atlantic salmon (sequence, expression, modulation)
To be able to counteract (and potentially block) the effect of PGE2 we also need to know
in what tissue the receptor is expressed. This can be done using antibodies specific for the
receptor and we used the sequence information and immunized rabbits. The antiserum
was used to examine expression of EP4 in the different tissues and the results are shown
below. These are aligned with mRNA expression.

Figure 3.4: EP4 is detected by immunohistochemistry in different organs as shown. The blot to the right
is mRNA expression.

The EP4 receptor is expressed in most tissue except in brain and is also low in muscle.
There is high expression in spleen (IHC) and blot and relatively high expression in head
kidney. It is anticipated that the immune serum will detect both variants of the EP4 and
we are currently documenting this.
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Evaluate zebrafish as a model of studying in vivo inflammatory responses to EP4
Initial studies have been carried out in zebrafish to assess its suitability to study EP4 related
inflammatory responses. We have used a well-established morpholino-technology with
microinjection of zebrafish embryos (all studies have been performed at the zebrafish unit
at NVH).
The general finding has been that EP4a knockdown by morpholino-injection in 1d old
embryos has resulted in behavioral changes of zebrafish embryos, indicating a functional
effect of the treatment. When targeting the EP4b variant in zebrafish no behavioral change
has been observed.
The method will be followed up in 2014 using combinations of knock-down (likely EP4b)
and injection of inducers of inflammation (LPS or similar).

3.3 In vivo fish (Atlantic salmon) challenge with copepodid. Assessment and
characterization of local responses to infection including cellular components and
mediators (cytokines/chemokines)

Figure 3.5a: Skin 4.5 weeks post challenge in HR
group showing a relatively thin epidermis with no
increase in number of Goblet cells.

Figure 3.5b: Skin 3 weeks post challenge in LR
group showing a thickening of the epidermis with
increased number and size of Goblet cells.

These studies are based upon collaboration between WP2 and WP3 aimed at understanding inflammation in the skin, which could eventually be used to strengthen inflammatory
responses to infection through feed ingredients (functional feeding regimes). One of the
PhD students at NSVS has been collaborating with EWOS on these studies.
Local responses at the site of infection have been used to study host responses to parasites
in fish and can serve to understand the interaction between the host and the pathogen.
This was done in individuals of salmon from high (HR) and low (LR) resistant families
and skin samples were collected together with headkidney and spleen samples (histology/
RNA later).
Skin samples were collected behind the dorsal fin. Interestingly, fish in the HR group (Fig.
3.5a) have thinner (less responsive epidermis) than the LR group, which showed thickening
and increased number of Goblet (Figs. 3.5b). It is tempting to propose that fish of the HR
group elicit a more balanced inflammatory response that result in an adequate anti-parasitic
state and “starving out” of the parasite. High production of mucus in the LR group will
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nourish the developing copepodids/chalimus stages. Strengthening favorable and reducing
inadequate responses can be used as targets of feed interventions (WP3-WP2 interactions).

Transcript profiling of local responses to infection
Inflammatory responses induced by sea lice infection can be studied through profiling of
inflammatory and immune responses at gene transcript level. We studied individuals from
families categorized as high (HR) and low (LR) resistant on the basis of sea lice number
and we were interested in finding out if these categories of fish would have a different
inflammation and immune response profile. Since the variation in number of sea lice per
fish is high also within the LR and HR families we had to ascertain that responses observed
are related to the genetic background of the fish and not merely an effect of the number
of sea lice per fish. We therefore split the HR and LR families into groups with high and
low number of sea lice (within group variation).
Real-time RT-PCR studies show that the effect of sea lice number is less within the LR
families than the HR families (Fig. 3.6a-c). We have selected some markers of inflammation
and early immune responses and HR individuals are modulated to a lesser extent from the
sea lice infection than the LR fish. This could point towards those fish responding with less
down-regulation of inflammation are better at controlling the infection. Genetic selection
programs can be used to favor those responses and can potentially be used as a proxy of
feed intervention (WP2-WP3).
IL-‐1b	
  
1	
  
1	
  

Fig. 3.6a: IL1b transcript levels in different
groups. HR groups show higher up-regulation of
IL1b compared to LR counterparts, even at high
lice numbers (>10). 0=average of non-infected
controls.
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Figure 3.6b: IL8 transcript levels in different
groups. At comparable lice numbers reponses
differ between HR and LR fish.
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Work Package 4: Molecular parasitology – the basis for
novel treatment methods
Principle Investigator: Rune Male, UiB
Sea lice are highly adapted and complex parasites that probably only can be combated in
a sustainable way by a combination of treatment methods and new fish cultivating technology, developed into an integrated pest management system. An important part will
be development of treatment tools like new pesticides, vaccines and immune stimulants.
Present day treatment methods have been hampered by development of treatment resistant
lice. Development of monitoring methods to detect specific resistance is important for
optimal choice of treatment methods. Successful development of new sustainable treatment methods against a parasite like sea lice is totally dependent on detailed knowledge
and understanding of vital biological processes in the target organisms. Such knowledge
can be used to find potential targets for vaccine development, understand how the parasite interacts with the host in order to identify developmental bottlenecks that could be
utilized to fight the parasite.
The activity in WP4 is divided in three main areas, copepodid biology, endo & exocrine
systems and reproduction. The aims of WP4 are to provide a detailed understanding of
sea lice biology as a basis for identification of novel targets for development of drugs and
vaccines against the salmon louse. The sequencing and assembly of the Lepeophtheirus
salmonis genome was finished in 2013 (via “Sea Lice Genome Consortium”) and has so
far been an invaluable tool for the progress in WP4.

Copepodid biology
Copepodids have a dual life where the first phase is spent as free-living whith no feeding
and the second part is on the host as a parasite where a set of key biological processes are
initiated. As free-living the life time for copepodids is temperature dependent (about 12
days at 10°C). The salmon louse infects salmonids only and this clearly shows the ability
to discriminate between host and non-host fishes. After settlement the copepodids start to
feed and they actively interact with the host immune system to ensure high survival until
they are securely attached as chalimus 1, about 6 days after settlement. To understand how
the lice recognize the host and subsequent effects of this signal may open new options for
lice control.
Sea lice host recognition – chemosensory system in salmon lice Lepeophtheirus
salmonis.
Sea lice have strong preference for salmonide fish, a fact that may be utilized to confuse
the lice in the process of selecting on a host, but will demand more knowledge about the
mechanism behind the phenomenon. Host recognition in the salmon louse is thought
to be dependent on detecting specific smell and taste chemical cues. However, most gene
families associated with smell/taste perception in other invertebrates are not found in the
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genome of the salmon louse. The only chemosensory receptor genes detected in the salmon
louse are so-called Ionotropic Receptors (IRs), expressed mainly in the sensory organs
with predicted function in detection and binding of specific environmental ligands. This
point to the very unique chemosensory system in the salmon louse, highly adapted to the
specific host recognition.
In the excess of 30 potential Ionotropic Receptors has been identified in the salmon louse.
IR’s expression levels vary greatly between developmental stages, with the highest level in
copepodids (i.e. the free living and infectious stage) suggesting a role in host search and
recognition. Among the other stages, IRs expression is highest in males (including preadult
stages), and in antennas, in agreement with high male movability between host fishes and
that antennas are important sensory organs in invertebrates. Additionally, physical removal
of antenna from adult male, result in stationary lice (i.e., males with dissected antennas did
not change host-fish). This result supports that antennas are involved in host recognition.
The RNAi knock down experiment in adult females and males has not been conclusive.
However, RNAi experiments on nauplia revealed unique organization of IR genes. Interestingly, knock down of some genes cause down-regulation of other species specific IRs.
Infection experiments with copepodids treated with RNAi against co-Receptors (single
and in various combinations) revealed lower infection rates (Figure 4.1).
Bioinformatics analysis suggests that IRs bind to a broad range of ligand molecules. First
attempt was undertaken to resolve receptor – ligand specific interactions in the Xenopus
oocyte system, established at the laboratory of one of the center partners – Novartis. Assays
has been established, although no direct link has yet been discovered, important information
has been collected. The method for testing IRs was optimized which is a good platform for
further work. Further studies of ligand-receptor interactions will be conducted in 2014.
Identification of ligands for chemosensory receptors is important in a future development
of highly specific lice repellants.
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Figure 4.1: Expression of
five selected Ionotropic
Receptors in different live
stages of the salmon louse.
IR’s expression levels were
determined by quantitative
PCR relative to an internal
control gene. The numbers
reflect arbitrary names of
IR genes.
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Figure 4.2: Infection experiments with copepodids treated with RNAi against co-Receptors revealed
lower infection rates. Copepodites were treated with RNAi from different co-receptors in combinations as
indicated. Control represents copepodites treated with unrelated double stranded RNA.

Endo and exocrine systems
Endocrine systems refer to signaling mechanisms where target cells and organs respond to a hormone in
the circulatory system (hemolymph in sea lice) that has been released by secretory cells typically found
in gland tissue. Endocrine signaling is typically highly specific and only cells with matching receptor will
respond to the signal. The signal molecule may be in nano molar concentration range, that is like 5 gram
of the hormone ecdysone in 10000 m3 water.
Exocrine glands secrete their product through a duct that ends externally to the gland on the surface
of the body or inside the body like in the gut. The product may be an enzyme (protein) or mucus and
pheromones.

Endo and exocrine systems
Salmon lice are capable of attaching to and feeding on their salmonid fish host for extended
periods of time (more than a year) without inducing a significant and forceful immune
response from the fish. To accomplish this, the louse must somehow be able to manipulate the immune system of its host. The research aims at identifying secreted factors that
play a major role in this interaction, and specifically study the compounds that the louse
excretes to the fish.
At least four types of exocrine glands have now been identified that have distinct morphological features. Secretory ducts from selected glands have been followed to identify where
the gland products are excreted (Figure 4.3 and 4.4). Moreover, some gene products of
salmon lice glands have been identified. These include proteins that may have toxic effects
on the host and enzymes necessary for synthesis of signaling molecules like Prostaglandin
E2 (PGE2) that have been proposed to be a major immune modulator.
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Figure 4.3: Exocrin gland and secretory duct. (A) Histological section showing a typical gland. Note
secretory ducts (arrows). (B) Scanning electron micrograph of an excretory pore on the surface of the
cuticula.

Figure 4.4: In situ hybridization on section from preadult female, with probes detecting an astacin gene.
Staining was detected within exocrine glands.

Highly directed transport of proteins inside cells is an absolutely necessary process and
especially important for controlled secretion of protein products from gland cells. Two
proteins in a transport pathway between cellular compartments in salmon lice were knocked
down by RNA interference (Figure 4.5). One of them, LsCOPB2, had a significantly
higher mortality and failed to develop normally when knocked down, while both after
knock down caused disturbed digestion and the absence of egg strings.
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Figure 4.5: Morphology of RNAi treated animals
30 days after injection. (A) Normally developed
control animals with egg strings. (B) LsKDELR
knock-down animals. No animals produced
egg strings, and reduced gut content could be
observed in some individuals. (C) LsCOPB2 knockdown animals. No animals produced egg strings,
and reduced gut content was observed in all
individuals. Stretching of the genital segment had
not been completed.

RNAi knock down of Coatomer subunit beta (COPB2) and KDEL receptors inhibits
digestion and give developmental failure in Lepeophtheirus salmonis and results in high
mortality and developmental failure.

Endocrine regulation of molting
Molting is a highly regulated process that is absolutely necessary for normal growth and
development of sea lice. Important steps in the process are probably under endocrine
regulation. This opens for possible manipulation of the process, for instance by disturbing
the timing of it or even partial or complete blocking the process. A detailed knowledge
of the molting process and its regulation is necessary for development of molt inhibitors.
Several genes coding for proteins involved in molting has been studied including for instance a putative cuticle protein and a carboxypeptidase that were followed up by expression
profiles and RNAi. Currently these data are analyzed. One of the expected main regulators,
Ecdysone receptor (EcR) has been studied in some detail including RNA interference and
mRNA expression in adult female louse and verified as key regulator of sea lice development. A paper describing the functional studies of reproduction in female salmon lice will
be submitted spring 2014. Investigation of the role of EcR in molting using copepodites
was continued in 2013 and will be finished in 2014.

Reproduction
We still have only limited knowledge about regulation and control of growth of sea lice
(from copepodid to adult) and how the female adults are able produce their own body
weight of eggs each 10th day at 10°C. The production of gametes is a complex process
that involves several stages that are only partly understood. Naturally any compound or
treatment that might reduce or block successful reproduction is of interest for potential
use in the fight of sea lice and is a long term goal for the work. However, to reach that goal
we need to obtain a basic description of sex differentiation in sea lice and how gonads of
male and female lice develop and mature.
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Endocrine regulation
Processes such as sexual differentiation, germ cell maturation, molting and even general
growth are highly influenced by gene regulators. Nuclear receptors are important gene
regulators that may be highly activated by specific ligands (hormones), chemical signaling
molecules that operate at very low concentrations. The salmon louse has more than 20
different Nuclear receptors. Bioinformatic analysis suggests that several of the receptors
may bind specific ligands, but besides EcR this remains to be verified experimentally. The
hypothesis is that molting and even other maturation processes can be manipulated by
carefully designed inhibitors or activators. Ecdyson receptor (EcR) is expected to be a major
regulator in sea lice, involved in several mechanisms and has been subjected to detailed
functional studies including RNAi together with several other selected nuclear receptors.
A general assay for testing of receptor activation has been developed. A ligand for EcR has
been identified that activate the receptor at very low concentrations typical for hormone
activation (Figure 4.6). EcR need a receptor partner for gene activation. The main partner
is as expected a protein called USP, but others may interfere, explaining some of the complexity of EcR as a major regulator of different physiological processes. This in vitro assay
may be further used to search for potential inhibitors of these receptors. In collaboration
with researchers in WP1, methods have been established to quantify the steroid hormone
level in different developmental stages of the salmon louse. The hormone level has been
measured using Mass spectrometry and is important to fully understand the ecdysone
hormone/receptor pathway in different developmental processes like molting. This work
will continue in 2014.
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Figure 4.6: Result from experiment with ecdyson receptor EcR and its partner USP in an assay for
activation with two chemicals (ligands). The activity is normalized to an internal control and given as
fold induction related to solute.
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Germ cell differentiation and maturation
Nanos is a classical marker for germ cells and has been described in different animals
from the fruit fly to mice. Nanos is a RNA binding protein with important functions in
embryogenesis and probably in germ cell development. Salmon lice probably have three
Nanos variant genes. Expression studies revealed that two variants are expressed in adult
female, ovary and egg strings (Figure 4.7).
Nanos2

Nanos3

Genital segment

Cophalothorax

Nanos1

Figure 4.7: Expression of Nanos as mRNA in cells and organs in adult female sea lice. In situ
hybridization on the adult female sections of head region (A, B and C) and genital segment (A’, B’ and C’)
with probes against Nanos 1 (A, A’), Nanos 2 (B, B’) and Nanos 3 (C, C’).

Nauplius RNAi experiments show pronounced down-regulation of the Nanos genes, but no
visible phenotype were observed in the animals where Nanos1 and Nanos3 were knocked
down. Nanos2 RNAi treated animals had no egg string in most of the animals, indicating
that Nanos2 have role in germ cell maturation in the ovary.

Development and maturation of Oocytes
A major part of the energy metabolism of adult female sea lice is channeled towards production of eggs where yolk protein precursors Vitellogenin (Vit) and Lipophorin (Lp) are
important components. Both Vit and Lp are synthesized outside the ovaries, transported
through the hemolymph and are internalized by growing oocytes through their membrane
bound Vitellogenin and Lipophorin receptors (VitR/LpR) respectively.
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Figure 4.8: Domain organization of lpR and vitR from L. salmonis.

Figure 4.9: Expression of mRNA of lipophorin receptor at various developmental stages and in different
tissues (subcuticular, genital segment and ovary) of salmon lice. Sub-cut = subcuticular tissue, G.seg =
genital segment.

Candidate genes for Vitellogenin and Lipophorin receptors (VitR/LpR) have been identified
and their transcripts have been measured using quantitative PCR at various developmental stages and in various tissues of salmon lice. These receptors are large proteins of more
than 1800 amino acids with a classical composition of protein domains (Figure 4.8). The
receptors were found in adult female and in ovary and genital segment particularly (Figure
4.9). RNAi experiments have shown knock down of transcript but have not resulted in
the expected phenotype.
In situ hybridization was performed to localize the VitR transcripts in adult female (Figure).
In adult females one VitR transcripts were found in subcuticular tissue, immature oocytes,
mature eggs and in intestine.

Sea Lice Research Centre › Annual Report 2013

35

Scientific activities and results 2013

Figure 4.10: Localization of sLVitR1a transcripts. (A-B) In situ hybridization using a sLVitR1a RNA-specific
probe (DIG-labeled) showing positive staining in dark colour. (C-D) control using sense RNA-probe. The
position of various tissues is indicated: red arrow (subcuticular tissue) Black arrow (immature oocytes),
Blue arrow (ova) and white arrow (intestine).

Work Package 5: LiceBase
Principle Investigator: Inge Jonassen, UiB
This work package aims to build LiceBase into a resource useful for the Centre for internal
bioinformatics needs and at the same time as the preferred site worldwide for lice genomic
information.
We have worked to set up the system to support both functions and through interviews
with users in the center developed support for desired features including support for RNAi
experiment annotation and storing of associated images reflecting pheonotypes associated
with individual experiments. There are currently approximately 60 annotated experiments
stored in the database.
The launch of LiceBase giving the wider scientific community access to data, awaits the
publication of the lice genome. Through the work package we have worked with Ensembl
to annotate the genome and to perform analyses supporting the publication of the genome
and its utilization within the center.
Also necessary for LiceBase to perform its functions both for the center and as an open
species centered genome information resource, is a computational set-up including a so-
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called stack consisting of hardware and associated software components necessary to offer
a web based interface to the database. In the course of 2013 several improvements and
extensions were made to LiceBase. In preparation of setting up the production stack,
LiceBase was set up as a virtual machine to allow for easy installation and configuration
of different web-servers.

Figure 5.1: Visualisation of genomic data in the context of the sea louse genome. The genome browser
of LiceBase allows researchers to get a bigger picture of the genome structure, gene regulation and gene
function. High-throughput sequencing data from various life-cycle stages and tissues shows when and
where genes are active in the louse with unprecedented precision.

Genes and data are depicted in so called ‘tracks’ in GBrowse and summary charts depicting
gene expression profiles for each developmental stage from unfertilised egg to adult lice.
A pre-release version of the genome annotation of the Salmon louse genome assembly
(LSalAtl2s) was finished in August and a release of the Ensembl annotation was received
in September. WP5 members were involved in checking the pre-release version and detection inconsistencies. The pre-release and release version of the annotation were uploaded
to LiceBase and made available via the genome browser.
Blast and InterproScan analysis were performed and uploaded to LiceBase as well as annotations of several RNA genes (tRNAs, IREs, rRNA, etc.). RNA-sequencing data from
ten different developmental time-points was also made available via the genome browser.
The RNA-sequencing is visualized both as raw coverage tracks and as FPKM values per
transcript.
Based on the genome annotation and the analysis results, we conducted an extensive
search for novel genes. We have also performed extensive analyses of genes and pathways
identifying those where we find interesting deviations from the expectations given its
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phylogenetic placement and also those of particular relevance given the lice’s life style and
possible approaches for lice control.
We are preparing to open the licebase.org site to the public in the first half of 2014. It will
be possible to browse and search the genome generated through the genome sequencing
project and through SLRC. The data available to the public will include gene annotations
and extensive gene expression (RNAseq) data together giving valuable clues about the
function of lice genes. LiceBase will be a site where the centre can share its data with the
global research community. LiceBase will still have a private part with data and resources
not available to the public. The lice genome itself will also be made available through the
Ensembl site at the European Bioinformatics Institute facilitating comparative genome
analyses and data updates in LiceBase will be propagated also to the Ensembl resource.
LiceBase will offer the species-centred view on the data and also include data not in Ensembl.

Work Package 6: LiceLab
Principle Investigators: Lars Hamre, UiB and Sussie Dalvin, IMR.
The Lice lab facilities are situated at the High Technology Centre in Bergen (UiB), at Institute of Marine Research (IMR) and at Ewos Innovation in Dirdal (established 2012).
The facilities have capacity to perform large scale efficacy assays and RNAi experiments as
well as capacity to cultivate material for research and to maintain lice strains with specific
properties.The activities in WP6 can be divided into five main activities:
• Maintenance of lice strains and production of biological material for in vitro experiments
and molecular biological work.
• Basic biology of the salmon louse
• RNAi method development and screening
• Experiments designed and performed according to user requirements
• Wet lab facilities

Maintenance of lice strains and production of biological material for in vitro
experiments and molecular biological work
One new laboratory strain was established and a total of eight strains were maintained in
2013. Material for in vitro experiments and RNA and DNA purification was produced and
sampled for academic partners in Bergen and Oslo, serving about 28 researchers/PhD’s/
master students with material for ongoing research. Lice material from various salmon
louse laboratory strains has been delivered to PatoGen and NSVS.
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Basic biology of the salmon louse
Aspects of the basic biology of the salmon louse have recently been questioned (life cycle)
or are poorly known. In order to design precise efficacy assays or experiments in studies of
functional genomics it is vital to have good knowledge on biology of the animal in study.
Revision of the salmon louse lifecycle part I was prepared in 2012 and published in 2013,
see publication list. Part II of the revision involved re-measuring material obtained from
the experiment in 2012 and carrying out a more detailed analysis focusing on growth.
This manuscript is ready for submission early 2014.

RNAi method development and screening
Given the importance of RNAi experiments to screen possible drug and vaccine targets, we
have continued to develop procedures in the set-up, performance and evaluation of RNA
screens. Major activities have included the establishment of an identification system for samples and deposition of experimental results in LiceBase. Further development and validation
of RNAi procedure for knocking down genes in nauplius stages and evaluation of effects in
copepodids or as adults have been carried out. Using this novel method we can study genes
that have function early in the salmon louse lifecycle including developmental genes and
genes involved in molting. This work has been submitted for publication January 2014.

Figure 6.1: RNAi screen experiments are carried out in the lice labs situated at UIB and IMR. Two types
of RNAi screens were carried out; I) RNAi in preadult II females and harvested as adult females and II)
Nauplius RNAi where animals were harvested as free-living copepodids or as adults on fish.

At termination of experiments, phenotypes were scored on a morphological basis inspecting
whole animals and in some cases sections of these. Phenotypes included lack of development, termination of reproduction, decreased digestion, behavioural changes and mortality.
Evaluation of RNAi screens from 2013 is on-going and results on specific genes will be
reported from WP4. An overview of all experiment and results obtained so far in 2013 is
summarized in the table below.
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Table 1: RNAi screens in 2013. Total RNAi screens reflect the total number of fragments injected or
incubated in lice (each fragment is injected into 30 lice). Total gene targets: this number shows how
many different genes have been tested, i.e. total numbers minus controls and gene that have been run
again to accommodate for gene specific sampling.
Method

total RNAi screen

total gene targets

Naup

95

29

Adult

76

62

Experiments designed and performed according to user requirements:
• A study on immunological effects induced by salmon lice in Atlantic salmon was
performed in collaboration with researchers from WP2 and WP4.
• A study on effect of antibiotics on lice was carried out in collaboration with Wp4.
• A drug validation assay was performed in collaboration with NSVS/WP1 in order to
develop a procedure for in vivo (on-fish) testing of new drugs on chalimus and preadult
stages of salmon lice.
• A single fish tank assay validation experiment was carried out in collaboration with
Marine Harvest. In this assay it was desirable for LiceLab to evaluate whether a particular
experimental design in a single fish tank system with copepodid infected fish allow
detection of small treatment effects in the range 20-40%. Functional feeds are reported to
reduce lice levels in this range and were considered ideal as treatment for this test.
• The degree of emamectin sensitivity was validated and described in a resistant salmon
louse strain and copepodids was subsequently provided for experiments on emamectin
benzoate carried out at IMR.
• LiceLab provided material, lab facilities and experimental capacity to work on iron
metabolism in the PrevenT project and work on aquaporins in the AQUALUS project.
Both projects are supported by the Norwegian Research Council.

Wet lab facilities
In 2013 the LiceLab hatchery at HIB had a total capacity of one thousand 32mm incubators, 240 50mm incubators and about 12 bucket incubators. A new and improved single
fish tank design was implemented in 2013 and a total of 114 new tanks were built and
installed. In addition to ten 500 litre fish tanks available in the lice lab itself, additional
in-house fish tank capacity was available to LiceLab in wet labs belonging to Institute of
Biology (n=12 tanks) and ILAB (n=10 tanks).
Representatives from several institutions have visited LiceLab to see how the lab operates.
Due to many questions and requests on the 32mm incubator system, building instructions
was prepared and made available online from the SLCR website.
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Figure 6.2: Incubator rack with sixteen 32mm incubators.

Figure 6.3: Wet table with 32mm incubator racks and bucket incubator.
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Figure 6.4: Single fish tank system which is primarily used to study the effects of RNAi, vaccines and
drugs on mobile stages of sea lice.

At IMR 48 single fish tanks (Version 2) are installed. The facility also has 160 litre, 250
litre and 500 litre fish tanks where salinity and temperature can be mixed in each individual
tank. A new continuous flow hatchery allows several incubators to be run simultaneously
with variable salinity and temperature (continuous flow incubators). This laboratory is
primarily used for RNAi screening.
LiceLab in Dirdal houses 16 fish tanks (500 liters) and a hatchery supporting both stagnant
and continuous flow incubators.
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INTERNATIONAL COOPERATION
The research partners in SLRC have an extensive international network, and are highly
relevant collaborators for researchers worldwide. Most of the cooperation are in-person
interaction between researchers, but also formalised through agreements. Four of five
industrial partners are worldwide market-leaders, and have a broad international activity. In 2013, North America and Chile has been in focus for both research partners and
industrial partners.
Cooperation and networks are also important for international collaborative research project. In 2013, one Marie Sklodowska Curie (MKC) application has been submitted to the
EU-programme, and applications for Horizon 2020 and another MSC-application have
been prepared for submission in 2014.
The main SLRC areas for International Collaboration in 2013:
• Collaboration and coordination with EWOS Innovation Chile of activities related to
skin and systemic responses to sea lice infection. These have included meetings and
planning for exchange of collected material where responses in Atlantic salmon infected
with L. salmonis and Caligus rogercrosseyi will be compared. Collected material is based on
experimental challenge.
• Collaboration with Novartis related to PGE2 related responses with the purpose to
explore Novartis’ chemical libraries with potential blockers of rhodopsin-like G-coupled
protein receptors.
• Alignment of activities with Atlantic Veterinary College and Dr. Mark Fast with regard
to local and systemic immune responses to sea lice infection (L. salmonis) and Prof Ben
Koop at University of Victory.
• Various research collaboration in UK with Rothamsted Research, Stirling University and
Aberdeen University
• Collaboration projects step I and II funded by the Faroe Islands RC
• Collaboration with Ensembl/EBI has been extensive during 2013 in the process of
annotating the salmon louse genome.
Both students and scientific personnel are interested in the SLRC field of research, and during the year exchange students have visited the centre through the EU Leonardo da Vinci
Program, and the IAESTE mobility system. A Chinese visiting researcher from Wuhan
Polytechnic University, College of Animal Science, will work at the SLRC in 2013/2014.
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RECRUITMENT
All planned personnel were hired by Janauary 2013. A PhD-position at IMR has been accelerated due to delay in planned work and a desire to speed up the progress. The research
partners are actively searching for related research to increase the activities in SLRC. New
peripheral projects and additional funding will add more personnel to SLRC.
One master student has finalized the master programme at UiB in 2013, and two new
students have been recruited for 2013/2014. UiB is the only partner within the consortium
where master students are educated.
There has been minor changes in the SRLC personnel during the year, and by the end of
2013 the balance between the genders is 45,7% females and 54,3% men.
The overall gender aspect in SLRC is in accordance with the strategy outlined in the
project description and satisfies the requirements for female-male ratio. New recruitment
is planned to be 50% females and 50% males. Not all the key personnel are working full
time for SLRC.
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COMMUNICATION AND
DISSEMINATION ACTIVITIES
Visibility, flow of information and communication of the research progress are important
parts of the activities in SLRC. In the second full year of activity, results from research in
the centre have started to be visible.
Results from the centre are of importance for both the fish-farming industry and society
in general. To make the wide spectre of research in SLRC visible, the research and results
were presented at a Salmon Louse Seminar in Bergen 11 September 2013. There were
120 participants at the seminar, from various organisations and companies with interest
in issues related to salmon louse, environmental situations and sustainable development.

Vidar Aspehaug, PatoGen Analyse AS: Lice Advisor – a commercial service
developed by SLRC
Research carried out by the Sea Lice Research Centre has laid
the foundation for PatoGens new PCR-based analyses to differentiate between sensitive and resistant sea lice. PatoGens
new service will be named LiceAdvisor™, and PatoGen will
launch the new service in March 2014.
LiceAdvisor™ is based on inheritable genetic markers that are
unique to lice with reduced sensitivity to therapeutic agents
(azametiphos and pyrethroids (patent pending)). The genetic
markers were identified in 2013 by scientists at the University of Bergen and the Norwegian University
of Life Sciences (formerly the Norwegian School of Veterinary Science). Throughout the year, the
research institutions and PatoGen has collaborated closely to develop and validate the PCR-based
assays for the characterization of levels of resistance in sea lice.
LiceAdvisor™ will be a management tool for optimal use of delousing agents with less risk of failed
treatments. The details of the genetic markers and resistance mechanisms will not be known until
scientists have published their results.

Collaboration as a key success factor
The close collaboration between the scientists at the research institutions and PatoGen has been a
key success factor in the complicated process from the genetic markers was identified until PatoGen
can launch a commercial service. The validation process has included sequencing of genes from
hundreds of lice strains, several laboratory trials including breeding experiments, selection trials, and
treatment trials, numerous bioassays, enzymatic activity assays, and complicated statistics. Novartis
has provided important experience related to treatment trials and discussions in the development
of the commercial service. Field trials have relied heavily on collaboration with Lerøy Seafood Group
ASA and Marine Harvest ASA, both as discussion partners and for providing sea lice from fish farms.
In addition, several other producers of farmed salmon and fish health services, and the Norwegian
Food Safety Authority, has contributed significantly in providing biologic material and information
regarding resistance in the industry.
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Three patents have been filed in 2013 as a result from research and collaboration between
three of the partners in the centre. The results were launched at the Aqua Nord Conference in Trondheim 13-17 August by PatoGen Analyse AS, NSVS and UiB. Results from
the SLRC research partners have been further developed by PatoGen Analyse AS to RealTime PCR-analyses that have been validated and tested on a selection of laboratory and
field strains. Efficient and sensitive methods for diagnosing resistance are crucial in order
to manage and control drug resistance. Early detection of reduced sensitivity to a chemical can enable effective countermeasures to be enforced at a time point when these have
a greater probability of being effective. Accurate and speedy identification of resistant L.
salmonis is crucial. Detection of resistance prior to treatment, and the use of such analyses
after treatment to evaluate treatment efficacy constitutes an important determinant for
the integrated pest management (IPM) in the aquaculture industry. The product will be
available on the market early spring 2014.
Results and development of products with impact for the society have been seen from
different angles, and the researchers and companies involved have received several awards
for their work in 2013:
In October PatoGen Analyse AS received “Nyskaperprisen 2013” for Møre and Romsdal.
PatoGen received the price for “The work to reduce transmission of patogens and improve the
fish health in sea farming industry through development of new products and methods. The last
patent is to find resistance in Salmon Louse”.
In December Centre Director Frank Nilsen and Per Gunnar Espedal (both SLRC, working
at UiB) recived “Oppfinnerprisen 2013” from Hordaland Fylkeskommune. The award is
assigned for “The work with identification of genetic markers that can be used to differentiate
between pyrethroid-resistant and -sensitive sea lice. Efficient and sensitive methods for diagnosing resistance are crucial in order to manage and control drug resistance – which is important
for the sea-farming industry”.
A public web site www.slrc.no is the main tool for distribution of information on the
research activities in SLRC. The web site is currently updated with news and activities in
SLRC, in addition to be a tool for internal communication in the centre.

46

Sea Lice Research Centre › Annual Report 2013

Communication and dissemination activities

The research activity in SLRC has been communicated through various channels, both by
the academic and industrial partners in 2013:
Scientific Publications
Presentations at meetings and seminars

5
34

Poster-presentations

2

Media/Press coverage

22

Presentations towards public in general

3

The SLRC members have been represented at national and international seminars in 2013.
Most of the presentations have been directed towards scientific community and industrial
companies. The number of publications from SLRC in 2013 is lower than planned, and
the delayed publications/publications in press will be added to the number for 2014.
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Personnel
KEY PERSONELL
Name

Institution

Main Research Area

Frank Nilsen (20%)

UiB

WP1: Chemotherapeutants
WP4: Molecular parasitology – the basis for novel treatment
methods

Tor Einar Horsberg (40%)

NSVS

WP1: Chemotherapeutants

Simon Wadsworth (50%)

EWOS Innovation AS

WP2: Anti-attachment

Øystein Evensen (25%)

NSVS

WP3: Immunomodulation of the host

Rune Male (20%)

UiB

WP4: Molecular parasitology – the basis for novel treatment
methods

Sussie Dalvin (80%)

IMR

WP4: Molecular parasitology – the basis for novel treatment
WP6: LiceLab

Inge Jonassen (10%)

UiB

WP5: LiceBase

Lars Hamre (50%)

UiB

WP6: LiceLab

Sindre Grotmol

UiB

WP4: Molecular parasitology – the basis for novel treatment
methods and
WP6: LiceLab

VISITING RESEARCHERS
Name

Affiliation

Nationality

Topic

Kevin Glover (20%)

UiB

UK

WP5, WP6, WP4

Ming Li

UiB

Chinese

WP4 and WP6

POSTDOCTORAL RESEARCHERS WITH FINANCIAL SUPPORT FROM THE CENTRE BUDGET

48

Name

Nationality

Period

Topic

Christiane Eichner

German

Sept 2011–May 2013

WP4, Gene regulation

Tz-Chun Guo

Taiwan, PRC

Sept 2011–Sept 2016

WP3, Immunomodulation of the host

Anna Komisarczuk

Polish

Feb 2012–Jan 2016

WP4, Olfactory receptors

Michael Dondrup

German

Feb 2012–Jan 2016

WP5, LiceBase

Kiranpreet Kaur

Indian

Mar 2012–Mar 2016

WP1, Chemotherapeutants

Amr Gamil

Sudanese

Apr 2012–Mar 2013

WP3, Immunomodulation of the host
– cloning and characterization of the
EP4 receptor

Stanko Skugor

Croatian

June 2012–Feb 2017

WP2, Anti-attachment

Aina-Cathrine Øvergård

Norwegian

May 2012–Oct 2014

WP4, Exocrine secretion and
immunomodulation

Marit Bakke (50%)

Norwegian

June 2012–May 2015

WP1, Chemotherapeutants
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POSTDOCTORAL RESEARCHERS WORKING ON PROJECTS IN SLRC WITH FINANCIAL SUPPORT FROM
OTHER SOURCES
Name

Nationality

Period

Topic

Christiane Trösse

German

Sept 2011–Apr 2014

Connected to WP4

Jon Anders Stavang

Norwegian

Jan 2012–Mar 2015

Connected to WP4

Chris Hawes

Chilean

Dec 2012–

Connected to WP2

PHD STUDENTS WITH FINANCIAL SUPPORT FROM THE CENTRE BUDGET
Name

Nationality

Period

Topic

Liv Sandlund

Norwegian

Feb 2012–Jan 2016

WP4, Molting; biology and regulation

Punit Battachan

Nepalese

Mar 2012–Feb 2016

WP4, Germline formation and
maturation

Mohammad T. Kahn

Pakistani

Aug 2012–Aug 2016

WP4, Development and maturation of
Oocytes

Stian Mørch Aaen

Norwegian

Mar 2012–Feb 2015

WP1, Salmon lice and
chemotherapeutants: Efficacy,
screening and administration

Helle Holm

Norwegian

Sept 2012–Aug 2016

WP3, Immunomodulation of the host –
local inflammatory responses

Ewa Komisarzchuk

Polish

May 2013–Apr 2016

WP4, Exocrine secretion and
immunomodulation

PHD STUDENTS WORKING ON PROJECTS IN SLRC WITH FINANCIAL SUPPORT FROM OTHER SOURCES
Name

Nationality

Period

Topic

Kari Olli Helgesen

Norwegian

Sept 2011–

Connected to WP1

Name

Nationality

Period

Topic

Ingvill Tolås

Norwegian

Aug 2012–Jul 2013

Connected to WP4

Kristin Gravdal

Norwegian

Aug 2013–Jul 2014

Connected to WP4

Mamata Kahti

Nepalese

Aug 2013–Jul 2014

Connected to WP4

MASTER DEGREES
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TECHNICIANS WITH FINANCIAL SUPPORT FROM THE CENTRE BUDGET
Name

Nationality

Period

Topic

Lars Are Hamre (50%)

Norwegian

Sep 2011–Aug 2016

WP6, LiceLab

Enrique Perez (50%)

Spanish

Mar 2012–

WP6, LiceLab

Per Gunnar Espedal (50%)

Norwegian

Aug 2012–Dec 2012

WP6, LiceLab

Heidi Kongshaug (50%)

Norwegian

Jun 2012–Jun 2016

WP4 and WP6

Melanie Koenig (30%)

German

Christian Andreetta

Italian

Jan 2013–

WP5, LiceBase

Lourdes Tan (10%)

Norwegian

Jan 2102–Dec 2014

WP2 and WP3

WP3, Immunomodulation of the host

TECHNICIANS WORKING IN SLRC PROJECTS WITH FINANCIAL SUPPORT FROM OTHER SOURCES
Name

Nationality

Period

Topic

Lars Are Hamre (50%)

Norwegian

Sept 2011–Aug 2016

WP6, LiceLab

Wenche Telle (50%)

Norwegian

Jan 2012–Aug 2016

All projects in WP4

Rune Landsem

Norwegian

Sept 2011–

WP1, WP2 and WP3

Teresa Cieplinska (50%)

Norwegian

Jan 2013–Aug 2016

ADMINISTRATIVE PERSONNEL WITH FINANCIAL SUPPORT FROM THE CENTRE BUDGET
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Name

Nationality

Period

Topic

Frank Nilsen (80%)

Norwegian

Sept 2011–Aug 2016

Centre Leader

Ingunn Wergeland

Norwegian

Jan 2012–Dec 2016

Centre Coordinator
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Statement of Accounts 2013
ALL FIGURES IN 1000 NOK
Funding

Account

Budget

The Research Council Norway

9 864

10 433

University of Bergen (Host institution)

4 471

4 468

Other public financing*

4 428

5 062

Enterprise partners*

10 479

7 352

TOTAL

29 242

27 315

10 768

12 378

3 767

3 238

281

234

NVH

6 192

7 315

Enterprise partners

8 234

4 150

29 242

27 315

Costs
University of Bergen (Host institution)
IMR
Uni Research

TOTAL
* Give names for each group of partners

The total activity for SLRC in 2013 was 29,424 mill NOK compared to a budget of 27,315
mill NOK. Some of the industrial partners have generated more activity that budgeted
in 2013.
Unused funding from RCN and the industrial partners are transferred to the period
2014–2016.
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SLRC Publications
Publications 2013
No

Publication

1

Torrissen O, Jones S, Asche F, Guttormsen A, Skilbrei O, Nilsen F, Horsberg TE, Jackson D.
Salmon lice – impact on wild salmonids and salmon aquaculture.
J Fish Dis. 2013 Jan 13. doi: 10.1111/jfd.12061
www.ncbi.nlm.nih.gov/pubmed/23311858

2

Helgesen KO, Horsberg TE
Single-dose field bioassay for sensitivity testing in sea lice, Lepeophtheirus salmonis: development of a rapid
diagnostic tool.
J Fish Dis 2013, 36, 261-272

3

Helgesen KO, Horsberg TE
Influence of different materials on the concentration of delousing agents in sea water during bioassays
J Fish Dis 2013 doi:10.1111/jfd.12046

4

Hamre LA, Eichner C, Caipang CMA, Dalvin ST, Bron JE, Nilsen F, Boxshall G, Skern-Mauritzen R.
The Salmon Louse Lepeophtheirus salmonis (Copepoda: Caligidae) Life Cycle Has Only Two Chalimus Stages
PLOS ONE 8 (9): e73539; 12 Sep 2013
www.plosone.org/article/info%3Adoi%2F10.1371%2Fjournal.pone.0073539

5

Espedal PG, Glover KA, Horsberg TE, Nilsen F.
Emamectin benzoate resistance and fitness in laboratory reared salmon lice (Lepeophtheirus salmonis)
Aquaculture, Volumes 416–417, 5 December 2013, Pages 111–118
www.sciencedirect.com/science/article/pii/S0044848613004353

Publications 2012
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No

Publication

1

Mennerat, A., Hamre, L., Ebert, D., Nilsen, F., Davidova, M. and Skorping, A.
Life history and virulence are linked in the ectoparasitic salmon louse Lepeophtheirus salmonis.
Journal of Evolutionary Biol (5): 856-861. 25 May 2012
www.ncbi.nlm.nih.gov/pubmed/22356541

2

Krasnov, A., Skugor, S., Todorcevic, M., Glover, K.A. and Nilsen, F.
Gene expression in Atlantic salmon skin in response to infection with the parasitic copepod Lepeophtheirus
salmonis, cortisol implant, and their combination.
BMC Genomics, 13:130. 5 April 2012
www.ncbi.nlm.nih.gov/pubmed/22480234

3

Yasuike, M., Leong, J., Jantzen, S.G., von Schalburg, K.R., Nilsen, F., Jones, S.R.M. and Koop, B.F.
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