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Figure 1

ACTTTAGTTTACAATTCAAATCCATACCGTATAAGAACCTTCCTCGTACTACAACATCCGTACTAGCTGA
TTCTAAGGAAARATTCAAAGATAGAAAGGAGATATTTTACTTGAATATTTTAAACAAAGAAAAAGGTAALT
AGGATCATAGTTTATTCAACAAAATTAGTGTAAATATCAARATGUCAAAGACAGGCACTATGGAAARNTCA
ACACAATCTCAAAGTTTAGTTTGTTAAAGTGTAATCTGGATACTACGTCTAAGAACAATAAATATGUCTC
TTCGTGATTGTGUCCACAGAACAACTTGCCAACTATTCAAAGTCGATAAAGAAAGAAGACCTTCTCACATC
CAGTCACGGAATCCCACTGGGTGATAAARATAACATAGTTACCGTTGGCAGAAGAGGTCCTTCTTTGATT
CAAGATGTTGCATTTATGGACGAAATGGCCCATTTTGTACGTGAGCGTATTCCCGAGAGAGTAGTTCATG
CAAAAGGAGCTGGAGCT T TTGGTTACTTGGAAATAACTCATGACATTACAAAGTACTGCAAGGCTGAAAT
ATTTGATACAATTGGAAAGAGAACAGATCTTGCCGTAAGGTTCAGTACAGTTGGAGGTGAATCTGGATCT
GCTGATACTGAGAGAGATCCAAGAGGATTTGCUGTCAAATTTTATACGAAGGAGGGTAATTGGGACTTGE
TTCGCAAACAATACTCCTATTTTTTTTATTCGTGATCCCATTCTTTTTGAGAGTTTTATTCATTCACAALA
AAGAAATCCTGTAACACATTTGAAGGATCCAGATATGTTTTGGGACTTTGTAACTCTGAGGCCTGAAATCA
ACACATCAAATGTCTATTCTATTCTCAGACAGAGGAACACCAGATGGATATAGACATATGAACGGCTATG
GATCTCATACCTTTAAATTAGTTAATAAAAAGAACGAGGCTGTATATTGTAAGTTTCACTTTAAAATUTAA
CCAAGGTATAAAGAATCTTTCAAGTCAAGAGGUTGCAAATATGGCCAGAGATGATCCTGATTACTCTATT
CGCGATTTATATAATGCTATTGACCAAGAAAACTTTCCTTCCTATACCATGCACATTCAAGTGATGACTA
TGGATGAAGCAGACACCATAGATTTTGATCCTTTTGATTTGACAAAGGTTTGGTCTCATAAAACCTTCCC
ACTCATTGAAGTCGGACAACTAGTCCTCAATAGAAATCCATCCAATTACTTTGCTCAGGTTCAACAAATT
GCTTTTAGTCCAGGGAACTTGATCCCTGGAATTGAAGCAAGCCCTGACAAAATGTTGCAAGGTCGGATAT
TAACCTATAGTGATGCTCACCGCTATCGTATTTCTGGTGAAGTGGGACGCCATGATTCCTCTGAGGAAGA
TAATTTTTATCAAGTCGGAGTGTTTTATAGGGATGTTTTAAACGAAGAACAAAAGAATAACTTGGETAGAC
LACATTGCAGTAAATTTAGTCCATGCACAAGAAAAATTCCAAGTGAAAGCCATCAAACAATTCGGGCAAT
GTGATCCTGATTATGGGAAAAGACT TGAGACTAGATTGGUTTATTATAAAAATAAATGATAAATTTTGTA
ACATAAGCATGTATTACACCCCAAAAAATTGTTCCCACCCTTAATTAAAAAATATATATATATATACCAA
AATATTATTTTTTTTCATGCATATGATAAAAAAAAATACTTGCTCACAAGACAAATGGTAATGAAACTTG
TCACAATTTCCATTAAATACCGT TGAGATATGAGCATCCACATCACTCTGACTATTTGCCAAATUTGCACAA
AATCACTCGGCATTTATGTAGGGGTTTTTGTTTATATCTGCTTGGCAACAGTCCGCTCAGTGGGGATCTA
TTTTTGT TGCCAGAAGCAATTTCATTCGTTTATATGATTAAATAAACATACAACTCAAAATCTATAGTCA
AATATTATTTCACTAGATTATATTTTGCTTTATGCTGTAGTATTAAG

GW, KM, ML, MR, NE, SN, TD, TG).
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Method for detecting H,O; resistance in crustaceans

Field of the invention

The present invention relates to a method for detection of elevated levels of catalase in
crustaceans, such as Lepeophtheirus salmonis, related to resistance toward hydrogen
peroxide (H,0O,), and oligonucleotide sequences and kits useful 1n the method of the
present invention. The present invention furthermore provides kits and reagents useful for
the detection of elevated levels of catalase in Lepeophtheirus salmonis, related to
resistance toward hydrogen peroxide (H,O,).

Background of the invention

Sea lice are naturally occurring marine ectoparasites that attach to the skin and feed on the
mucus, blood and surface tissues of salmon and other species of fish. Sea lice
(Lepeophtheirus salmonis and Caligus spp.) are the major pathogens affecting global
salmon farming industry and have a significant impact in many areas. The annual loss has
recently been estimated to €300 million (Costello M. J. (2009), The global economic cost of
sea lice to the salmonid farming industry. Journal of Fish Diseases. 32. 115—-118) and the
aquaculture industry relays heavily on a few chemotherapeutants for lice control. Emerging
resistance development to these drugs increase 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. Control measures
have relied upon a limited number of chemotherapeutants since the 1970s. Parasite
resistance and reduced efficacy have now been reported for the majority of these
compounds (Sevatdal S., Copley L., Wallace C., Jackson D., Horsberg T.E. (2005).
Monitoring of the sensitivity of sea lice (Lepeophtheirus salmonis) to pyrethroids 1n
Norway, Ireland and Scotland using bioassays and probit modeling). Aquaculture 244. 19-
27). A successtul integrated louse-management strategy requires free access to a range of
ettective, chemically unrelated active ingredients deployed according to current best
practice. Over-reliance on a limited number of products will lead, inevitably to resistance,
which 1s difficult to counter.

Although various chemotherapeutants have been 1n use 1n the aquaculture industry for
more than 30 years, 1t 1s only during the last 15 years that such use has been part of some
kind of integrated pest management (IPM) system. Management practices include
coordinated salmon production within a defined area, use of single year class of fish,
limited production period, fallowing, coordinated restocking, use of wrasse, synchronized
treatments during the winter and targeting temale lice to reduce the impact of settlement
during the spring (Pike A., Wadsworth S. L., (2000), Sea Lice: A review. Advances 1n
Parasitology. Academic Press. 44. 232-337).

Further tools are required to progress towards a true IPM-system common to other forms of
food production. One key to succeeding with an IPM 1s to develop tools for the
management of resistance to the medicines 1n use (Brook K. (2009). Considerations 1n
developing an integrated pest management program for control of sea lice on farmed
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salmon 1n Pacific Canada. Journal of Fish Diseases. 32. 59-73). So far, drug resistance in
sea lice has been detected by various types of bioassays as a significant increase in
ECS0/LCS0. Although the bioassays can detect any type of resistance to a given drug, such
methods are not very accurate or sensitive.

Hydrogen peroxide has been demonstrated to be the least harmful to non-target organisms, highly
eftective against certain stages of louse development and most environmentally responsible
(Burridge, L. 2013. A review of potential environmental risks associated with the use of
pesticides to treat Atlantic salmon against infestations of sea lice 1n southwest New Brunswick,
Canada. DFO Can. Sci. Advis. Sec. Res. Doc. 2013/050. iv + 25 p). Interox® Paramove® 50 is a
commercially available hydrogen peroxide product for the treatment of sea lice. It contains 50%
hydrogen peroxide.

Hydrogen peroxide 1s only efficacious on post-chalimus stages of sea lice; 1t must be used 1n
conjunction with other pest management techniques to maximize treatment benefits. There are
conflicting results regarding viability of sea lice post treatment as well as the ability of lice re-
infection. Because there are no techniques currently developed to remove sea lice from a tarp
treatment, timing of treatment to target post-chalimus stage lice 1s essential. Recent studies of egg
viability and naupli1 survival post-treatment do indicate that naupli survival reaches 0 within
days of hatch.

Hydrogen peroxide breaks down readily into water and 1s considered the anti-louse treatment
with least environmental risk. Recent studies comparing the effects of Interox” Paramove® 50,
Salmosan”, and AlphaMax” on American lobster, mysid shrimp and sand shrimp showed that
Interox” Paramove® 50 had the least impact on these non-target organisms. Unlike other anti-
louse chemotherapeutants, hydrogen peroxide does not have a withdrawal period.

Hydrogen peroxide 1s believed to be available for use 1n all major salmon farming countries. It
was a common louse treatment 1n the 1990°s but was subsequently replaced by in-feed louse
treatments and other bath treatments until a recent resurgence. In 2009, the use of H202 1n

aquaculture m Norway was 308,000 Kg, in 2010, 3,071,000 kg and in 2011, 1,927,000 kg.

Treatments with hydrogen peroxide are rarely fully effective and from 85% to 100% of the
mobile stages may be removed (Thomassen J.M. (1993) Hydrogen peroxide as a delousing agent
for Atlantic salmon. In: Pathogens i Wild and Farmed Fish: Sea Lice (ed. by G.A. Boxshall &
D. Detaye), pp. 290-295. Ellis Horwood, Chichester). Hydrogen peroxide may imduce
mechanical paralysis caused when bubbles form in the body (Thomassen J.M. (1993) Hydrogen
peroxide as a delousing agent for Atlantic salmon. In: Pathogens nt Wild and Farmed Fish: Sea
Lice (ed. by G.A. Boxshall & D. Detaye), pp. 290-295. Ellis Horwood, Chichester), and these gas
bubbles in the haemolymph detach the lice and cause the lice to tloat to the water surtace (Bruno
D.W. & Raynard R. (1994) Studies on the use of peroxide as a method for the control of sea lice
on Atlantic salmon. Aquaculture International 2, 10-18). Many sea lice subsequently recover
from treatment (Johnson S.C., Constible J.M. & Richard (1993). Laboratory mvestigations of the
efficacy of hydrogen peroxide against the salmon louse Lepeophtheirus salmonis and its
toxicological effects on Atlantic salmon Salmo salar and chinook salmon Oncorhynchus
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tshawytscha. Diseases of Aquatic Organisms 17, 197-204, Bruno D.W. & Raynard R. (1994)
Studies on the use of peroxide as a method for the control of sea lice on Atlantic salmon.
Aquaculture International 2, 10-18). It has been suggested that lice could therefore resettle on
salmon (Hodneland K., Nylund A., Nisen F. & Midttun B. (1993). The effect of Nuvan,
azamethiphos and hydrogen peroxide on salmon lice (Lepeophtheirus salmonis). Bulletin of the
European Association of Fish Pathologists 13, 203-206.), but this was not observed in farm
treatments (Treasurer J. W. & Grant A. (1997) The etficacy of hydrogen peroxide for the

treatment of farmed Atlantic salmon, Sa/mo salar L., mtested with sea lice (Copepoda:
Caligidae). Aquaculture 148, 265-275).

Hydrogen peroxide (H,0O») 1s the simplest peroxide (a compound with an oxygen-oxygen
single bond). It 1s also a strong oxidizer. Hydrogen peroxide 1s a clear liquid, slightly more
viscous than water. In dilute solution, 1t appears colorless. Due to 1ts oxidizing properties,
hydrogen peroxide 1s often used as a bleach or cleaning agent. The oxidizing capacity of
hydrogen peroxide 1s so strong that 1t 1s considered a highly reactive oxygen species.
Concentrated hydrogen peroxide, or 'high-test peroxide’, 1s therefore used as a propellant in
rocketry (Hill, C. N. (2001). A Vertical Empire: The History of the UK Rocket and Space
Program, 1950-1971. Imperial College Press. ISBN 978-1-86094-268-6).0Organisms also
naturally produce hydrogen peroxide as a by-product of oxidative metabolism.
Consequently, nearly all living things (specifically, all obligate and facultative aerobes)
possess enzymes known as catalase peroxidases, which harmlessly and catalytically
decompose low concentrations of hydrogen peroxide to water and oxygen.

Two theories have been proposed to explain the therapeutic effects of hydrogen peroxide.
The first 1s that bactericidal action 1s through the formation of hydroxyl radicals and 1ts
ettect on DNA (Imlay J. A. (1987). The mechanisms of toxicity of hydrogen peroxide. PhD
Thesis, University of California, Berkeley). The second, proposed to explain toxicity to
protistans and monogeneans, 1s the liberation of molecular oxygen as a result of catalase

action (Schaperclaus W., Kulow H. & Screkenbach K., eds. (1979) Fishkrankheiten, 4th
edn. Academie-Verlag. Berlin).

Resistance of insects to pesticides develops through genetic selection of individuals
(Soderlund D.M. & Bloomquist J.R. (1990) Molecular mechanisms of insecticide
resistance. In: Pesticide Resistance 1in Arthropods (eds by R.T. Roush & B.E.Tabashnik),
pp. 58-96. Chapman & Hall, London) and, in lice, this may be selection for individuals
with cuticle that provides a barrier to penetration by hydrogen peroxide or the presence of
detoxifying enzymes such as catalase, glutathione reductase, glutathione synthetase,
superoxide dismutase, and glucose-6-phosphate dehydrogenase. An alternative explanation
could be prior induction as reported for Aeromonas salmonicida pre-exposed to low
concentrations of hydrogen peroxide (Barnes, Bowden, Horne & Ellis 1999 Barnes A.C.,
Balebona M.C., Horne M.T. & Ellis A.E. (1999a) Superoxide dismutase and catalase in
Photobacterium damselae subsp. piscicida and their roles in resistance to reactive oxygen
species. Microbiology 145, 483—-494 &(Barnes A.C., Bowden T.J., Horne M.T. & Ellis
A.E. (1999b) Peroxide-inducible catalase in Aeromonas salmonicida subsp. salmonicida
protects against exogenous hydrogen peroxide and killing by activated rainbow trout,
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Oncorhynchus mykiss, L., macrophages. Microbial Pathogenesis 26, 149-158). These
bacteria had catalase activity 20-fold higher when subsequently exposed to higher
concentrations than in un-induced cultures.

Catalase 1s a common enzyme found in nearly all living organisms exposed to oxygen. It
catalyzes the decomposition of hydrogen peroxide to water and oxygen (Chelikani P, Fita I,
Loewen PC (January 2004). "Diversity of structures and properties among catalases”. Cell.
Mol. Life Sci. 61 (2): 192-208. do1:10.1007/s00018-003-3206-5. PMID 14745498). It 1s a
very important enzyme in protecting the cell from oxidative damage by reactive oxygen
species (ROS). Likewise, catalase has one of the highest turnover numbers of all enzymes;
one catalase molecule can convert millions of molecules of hydrogen peroxide to water and
oxygen each second (Goodsell DS (2004-09-01). "Catalase". Molecule of the Month.

RCSB Protein Data Bank. Retrieved 2007-02-11).

Orr et al., 1992, Archieves of biochemistry and biophysics 297:1, 35-41 reports of a study
considering whether overexpression of catalase activity above the novel level prolongs the
life span and provides enhanced protection against oxidative stress in Drosophila
melanogaster. Similar findings are discussed by Mockett et al., 2003, Free radical and

Biology and Medicine, 34:2, 207-2017.

Sanford et al. 1989, Journ. Of bacteriology, 171:3, 1492-1995 reports that Dictyostelium
discoideum with catalase deficiency had an increased sensitivity to hydrogenperoxide.

In Vattanaviboon et al. 2001, FEMS microbiology Letters, 221:89-95 and Vattanabivoon
and Mongkolsuk (2001),FEMS Microbiology Letters, 200: 111-116 the resistance against

hydrogen peroxide 1n a bacteria (Vibrio harveyi) and 1s discussed.

The development of resistance by sea lice to medicines and 1ts management 1s one of the
main concerns 1n sea lice control, particularly when the range of medicines 1s limited.
Resistance of sea lice to pesticides, particularly organophosphates and pyrethroids,

1s well established. However, resistance towards hydrogen peroxide (H,0O,) has only been
reported ones (J W Treasurer, S Wadsworth & A Grant. (2000) Resistance of sea lice,
Lepeophtheirus salmonis (Kroyer), to hydrogen peroxide on farmed Atlantic salmon, Salmo
salar L. Aquaculture Research, 31, 855-860). However, in the autumn of 2013, reduced
treatment efficacy was reported from salmon farms in the north of Norway. The cause or
mechanisms behind such resistance in salmon lice against hydrogen peroxide has not been
known previously.

Up to date, resistance 1n sea lice towards hydrogen peroxide (H,0O,) has not been
acknowledged as a major concern 1n the aquaculture industry, except for the report by Orr
et al. 1in 1992, supra. No documentation related to the mechanism of such resistance have
existed. Also, no specific mechanism on the molecular level has been associated with
resistance towards hydrogen peroxide (H,0O,) 1n any parasites, including sea lice.
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Efficient and sensitive methods for diagnosing resistance are crucial i order to manage
and control drug resistance. Early detection of reduced sensitivity to a chemical can enable
etfective countermeasures to be enforced at a time point when these have a greater
probability of being effective. Therefore, accurate and speedy 1dentification of hydrogen
peroxide (H,O») resistant sea lice 1s crucial. Detection of hydrogen peroxide (H,O»)
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) 1n the aquaculture industry.

Summary of invention

The present invention 1s based on the surprising finding that resistance towards hydrogen
peroxide (H,O,) commonly used to combat sea lice infestation 1s linked to the expression
level of the enzyme catalase. The present inventors have i1dentified the gene encoding a
catalase enzyme, and its relevance in the development of hydrogen peroxide resistance in
sea lice. Furthermore, the present inventors have developed Real-Time PCR-assays to
quantify the expression of this catalase encoding gene, and correlated this expression to the
resistance toward hydrogen peroxide (H,O») 1n sea lice. More particularly, the present
invention 1s based on the quantification of the expression of the gene encoding the catalase
of the sea lice (Lepeophtheirus salmonis) shown to be involved 1n the resistance towards
hydrogen peroxide (H,O,) -based chemotherapy.

Thus, according to one embodiment, and 1n vitro method 1s provided for the detection of
hydrogen peroxide resistance 1in one or more crustaceans comprising the steps of
determining the catalase activity in the crustaceans to be analyzed.

According to one embodiment, an 1in vitro method 1s provided for detection of hydrogen
peroxide (H>O,) resistance in one or more crustaceans comprising the steps of quantifying
the expression of a catalase gene of the crustaceans to be analyzed. According to one
embodiment, said catalase gene has a sequence as depicted in SEQ ID No. 1, or variants

or fragments thercof being at least 70 % 1dentical with SEQ ID No. 1.

The crustacean may be one or more copepods, ¢.g. belonging to the family Caligidae.
According to one embodiment, the copepod 1s selected trom the group consisting of
Lepeophtheirus salmonis, Caligus clemensei, Caligus elongatus, and Caligus

rogercresseyl.

According to one embodiment, said catalase gene origins from Lepeophtheirus salmonis
and has a sequence as depicted in SEQ ID No. 1, or variants or fragments thercof being at
least 70 % 1dentical with SEQ ID No. 1, such as 80% identical with SEQ ID No.]1.

According to another embodiment, said catalase gene origins from Lepeophtheirus
salmonis and has a sequence as depicted in SEQ ID No. 1, or variants or fragments therecof
being at least 80 % identical with SEQ ID No. 1.
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According to another embodiment, said catalase gene origins from Lepeophtheirus
salmonis and has a sequence as depicted in SEQ ID No. 1, or variants or fragments therecof

being at least 90 % i1dentical with SEQ ID No. 1

According to one embodiment, said catalase gene origins from Caligus clemensei and has a
sequence as depicted in SEQ ID No. 13, or variants or fragments thercof being at least 70
% 1dentical with SEQ ID No. 13, such as 80% i1dentical with SEQ ID No. 13.

According to another embodiment, said catalase gene origins from Caligus clemensei and
has a sequence as depicted in SEQ ID No. 13, or variants or fragments thercof being at

least 90 % i1dentical with SEQ ID No. 13

According to yet another embodiment, said catalase gene origins from Caligus
rogercresseiy has a sequence as depicted in SEQ ID No. 14, or variants or fragments
thercof being at least 70 % 1dentical with SEQ ID No. 14, such as 80% i1dentical with SEQ
ID No. 14. According to yet another embodiment, said catalase gene origins from Caligus

rogercresseiy has a sequence as depicted in SEQ ID No. 14, or variants or fragments
thercot being at least 90 % i1dentical with SEQ ID No. 14

According to another embodiment, the present method comprise the steps of detecting
increased RNA-expression levels associated with hydrogen peroxide (H,0») resistance in a
crustacean to be analyzed, wherein said crustacean 1s resistant to hydrogen peroxide (H,O»)
resistance 1f having elevated levels of catalase RN A-expression.

According to another aspect of the present invention, a method 1s provided comprising the
steps of:

a) collecting sea lice from infested fish or water samples;
b) 1solating genomic material from the any life stage of collected sea lice;
¢c) determining the expression level of a catalase gene.

According to one embodiment, the determination of expression level in ¢) 1s determined by
measuring the catalase RNA-expression level, wherein said sea lice 1s resistant to hydrogen
peroxide (H,O») i1f the catalase RNA-expression level 1s elevated.

According to another embodiment of the present method, said step ¢) 1s performed using a
primer selected from the group consisting of SEQ ID No.’s 2, 3,4, 5,7, 8, 10 and 11.

According to another embodiment of the present method, said step ¢) 1s performed using a
primer selected from the group consisting of SEQ ID No.'s 15, 16, 18 and 19.

According to another embodiment of the present method, said step ¢) 1s performed using at
least one probe selected from the group consisting of SEQ ID No.'s 6,9 and 12.

According to another embodiment of the present method, said step ¢) 1s performed using at
least one probe selected from the group consisting of SEQ ID No.’s 17 and 20.

According to another embodiment of the present method, said step ¢) comprises nucleic
acid amplification.
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According to another embodiment of the present method, the nucleic acid amplification 1s
performed using polymerase chain reaction.

According to another embodiment of the present method, said step ¢) 1s pertormed by
contacting the genomic material of the sea lice to be analyzed with a detection reagent, and
determining the expression level of catalase mRNA.

According to the above embodiments, the determination of hydrogen peroxide (H,0O»,)
resistance takes the advantage of determining the expression level of the gene encoding
catalase 1n the crustaceans to be analyzed. Hydrogen peroxide (H,O,) resistance may also
be determined by analyzing the level of catalase activity, as increased expression level of
the catalase gene may be shown as an increased catalase activity level in the hydrogen
peroxide resistant crustaceans.

According to another embodiment, the present method comprises the steps of detecting
increased catalase activity in sea lice. Detection of catalase activity 1n sea lice may e.g. be
performed using commercially available kits for measuring catalase enzyme activity,
wherein said crustacean 1s resistant to hydrogen peroxide (H,O,) resistance 1f having
clevated levels of catalase activity as a result of increased catalase gene expression.

According to another aspect of the present invention, a method 1s provided comprising the
steps of:

a) collecting sea lice from infested fish or water samples;

b) homogenization of sea lice tissue samples from any life stage of collected
sea lice;

c) determining the catalase activity, wherein said sea lice 1s resistant to
hydrogen peroxide (H,O,) i1f the catalase activity 1s elevated.

According to one embodiment, the determining of catalase activity step ¢) 1s performed by
collecting a sample 1solated from the crustaceans to be analyzed with a pre-determined
amount of hydrogen peroxide, and then with horseradish peroxidase and a chromophore,
resulting in the formation of a chroma signal, and wherein the decomposition of hydrogen
peroxide 1s proportional with the level of catalase in the sample. According to one
embodiment, the formation of said chroma signal 1s measured colorometrically.

The present invention also provides for an 1solated oligonucleotide sequence encoding a
catalase of which the expression level 1s associated with hydrogen peroxide (H,0»,)

resistance. According to one embodiment, said nucleic acid sequence has the sequence as
depicted in SEQ ID No. 1.

According to yet another embodiment, the oligonucleotide sequence of the present
invention 1s 1dentical or has at least 70% sequence 1dentity with the SEQ ID No. 1 SEQ ID
No. 13 or SEQ ID No. 14 and sequences having at least 70% sequence 1dentity with the
SEQ ID No. 1, SEQ ID No. 13 or SEQ ID No. 14, respectively, or a fragment thereot, and
complementary sequences of SEQ ID No 1 and fragments thercof, provided that said

sequence are not 1dentical with the sequence depicted in SEQ ID No. 21 or SEQ ID No.
22.
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SEQ ID No. 21 correspond to a sequence published the 27" March 2009 assigned the
Genbank accession number BT081149 (mRNA sequence encoding catalase from Caligus

clemensi).

SEQ ID No. 22 correspond to a sequence published the 11" June 2013 assigned the
Genbank accession number KF233999 (mRNA sequence encoding catalase from Octopus

vulgaris).

The present invention furthermore provides for oligonucleotide sequences, such as primers
and probes, useful 1in the detection of catalase gene expression in crustaceans according to
the present invention. The said oligonucleotide sequences may be selected from the group
consisting of SEQ ID No.’s 2-12, and fragments and variants thereof, having at least 70 %
sequence 1dentity with the said sequences SEQ ID No.'s 2-12, and complementary
sequences thereof.

Furthermore, the present invention provides a kit for detection of hydrogen peroxide
(H,O»,) resistance 1n crustaceans comprising at least one oligonucleotide according to the
present invention.

Finally, the present invention provides the use of one or more 1solated oligonucleotide
sequence(s) comprising at least 8 contiguous nucleotides of the sequence SEQ ID No. 1 or
a complementary oligonucleotide thercot for the determination of hydrogen peroxide in
crustaceans.

The present invention and 1ts various embodiments will be described 1in more detail 1n the
following description.

Figures

Figure 1 shows the Catalase gene sequence from the Lepeophtheirus salmonis (SEQ ID
No. 1).

Figure 2 shows the difference 1n catalase expression 1s significant between the H202-
resistant strain (labelled H202), and the other two strains when using the calculated ratio
value for catalase / elongation factor in each sample.

Figure 3 shows the distribution of normalized Ct-values in the whole dataset. A biphasic
distribution with one peak at Ct ~16 and one at Ct ~20 can be observed.

Figure 4a shows the distribution of normalized Ct-values within treatments.

Figure 4b shows the distribution of normalized Ct-values within treatments and survival
status.

Figure § shows the Wilcoxon test of rank sums for the difference in normalized Ct-values
between immobilized and alive parasites for both treatment groups. For both groups, the
difference is highly significant (p<<0.0001).

Figure 6a shows the Wilcoxon test of rank sums for the difference in normalized Ct-values
between immobilized ("immob") parasites in the two treatment groups, and a
corresponding test for live ("lev") parasites.



10

15

20

25

30

35

4()

CA 029b2536 2016-12-15

WO 2016/001295 PCT/EP2015/064972

Figure 6b. Estimated probability of immobilization (red line) with 95% confidence
intervals (dotted lines) as a function of normalized Ct values in the experiments exposing
parasites alone (Parasitt) and parasites on fish (Fisk) to H,O,. Vertical symbols along y = 0
and Y = 1 denote Ct values of the live and immobilized lice, respectively.

Figure 7 shows the output from the ANOVA analysis of catalase activity (U/ug protein)
versus the strain of salmon lice.

Figure 8 shows the output from the ANOVA analysis of expression of the catalase gene
(normalized Ct-values) versus the strain of salmon lice.

Figure 9 shows the output from the ANOV A analysis of normalized Ct-values versus the
strain of salmon lice.

Figure 10 shows the output from the Tukey-Kramer HSD test of normalized Ct-values
versus the strain of salmon lice.

Figure 11 shows the clustering of strains based on the normalized Ct-values.

Figure 12 shows the alignment between the catalase genome sequence from
Lepeophtheirus salmonis, Caligus rogercresseyi and Caligus clemensi.

Detailed description of the invention

The present invention provides an 1n vitro method for determination of hydrogen peroxide
(H,O,) resistance in crustaceans, including copepods, in particular Lepeophtheirus
salmonis, based on the surprising findings that the expression level of catalase gene 1s
linked with resistance against hydrogen peroxide.

The increased level of catalase gene expression results 1n increased catalase activity in the
hydrogen peroxide resistant crustacean. The expression “catalase activity” as used in the
present invention 1s thus to be read 1n the context of being a result of increased catalase
gene expression, irrespective of the method used to determine said increased catalase gene
expression and/or catalase activity.

Although the experimental data linking the catalase gene expression level and hydrogen
peroxide resistance was 1dentified 1n the sea lice species Lepeophtheirus salmonis, the
skilled person will acknowledge, based on the teaching herein, that the present method and
the present oligonucleotides may be used to determine hydrogen peroxide resistance in
crustaceans, in particular copepods, in particular copepods belonging to the family
Caligidae. In particular, 1t 1s to be understood that the present method and the present
oligonucleotides may be used to determine hydrogen peroxide resistance 1n copepods
affecting farmed fish, such as e.g. fish belonging to the tamily Sal/monidae. According to
one embodiment, the present method and present oligonucleotides are usetul for detection
of hydrogen peroxide resistance 1n copepod selected from the group consisting of
Lepeophteirus salmonis, Caligus clemensei, Caligus elongatus, and Caligus rogercresseyi.
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Throughout the application, the term “sea louse™ or “sea lice” 1s to be understood to mean

one or more copepod belonging to the tamily Caligidae. In the experimental data provided

in the present application, ”sea lice” or “sea louse™ refer to the species Lepeophtheirus

salmonis. By establishing a bioassay to differentiate sensitive vs resistant populations of

sea lice, characterizing several lice strains with respect to sensitivity, documenting that the

resistance 1s inheritable, measuring catalase enzyme activity, sequencing the catalase gene

and establishing Real-Time PCR-assays, the present inventors have found that the

hydrogen peroxide resistance i1s linked with the level of expression of the catalase gene.

In particular, the present application provides a method wherein at least one hydrogen

peroxide resistant sea louse 1s determined by determining the catalase expression level of

the sea lice to be tested.

The sequences provided in table 3 below may according to one embodiment be used to

determine hydrogen peroxide resistant sea lice of the species Lepeophtheirus salmonis.

The present inventors have furthermore provided sequences that may be used according to

the present method to determine hydrogen peroxide resistant sea lice of the species Caligus

clemensei and Caligus rogercresseyi, 1.¢. having the following sequences:

: Forward primer Revers primer Probe
Species
CR-ST-F CR-ST-R CR-ST-P
Caligus AAGAGGAATCCTGTGACACACTTG CTGGTCGGAGTGTGACAAAGTC ACCCCGACATGGTATG
rogercress | (SEQID No. 15) (SEQ ID No. 16) (SEQ ID No. 17)
eyl
Cali-Cata-F Cali-Cata-R Cali-Cata-P
Caligus GCGCACTTTGTCCGAGAAC CTGCACCCTTGGCATGAAC CATTCCCGAGCGCGT
clemensei | (SEQID No. 18) (SEQ ID No. 19) (SEQ ID No. 20)

According to one embodiment, the present invention provides a method for characterizing

the hydrogen peroxidase sensitivity of one or more sea lice, comprising the steps of

a) determining 1n a biological sample comprising DNA or RNA of one or more sea

lice the expression level of the catalase gene according to SEQ ID No. 1 or a

variant or fragment thereof;

b) comparing the determined catalase expression level to a control standard or the

expression of the catalase gene, or a variant or fragment thereof, in a control

sample;

¢) determining whether the difference in expression level in the sample as compared

to the control standard or the expression of catalase 1n a control sample; and

d) characterizing the sea lice, wherein the sea lice to be tested has a higher expression

level compared with the control standard or the control sample.

According to one embodiment, said method includes the steps of

a) collecting one or more sea lice from infested fish or water samples;

b) isolating DNA or RNA from the collected sea lice of step a)
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c) providing a pair of PCR primers specific for the catalase gene of SEQ ID No. 1;

d) performing PCR on the nucleic acid of step b) using the pair of PCR primers of step
C);

¢) determining the expression level of the catalase gene by comparing the level of
catalase expression with the level of control standard or a catalase gene expression
sample control.

According to one embodiment, the level of catalase gene expression control i1s the level of
catalase expression in H,O, sensitive sea lice.

According to another embodiment, a H,O, resistant sea louse 1s a sea louse having a
catalase expression level that are significantly higher compared with the catalase
expression level in a H,O; sensitive sea louse.

According to another embodiment, a method 1s provide wherein one or more H,O, resistant
sea lice 1s determined using a primer pair selected from the group of primer pair consisting

of SEQ ID no. 2 and 3, SEQ ID No. 4 and SEQ ID No. 5, SEQ ID No. 7 and SEQ ID No. 8,
and SEQ ID No. 10 and SEQ ID No. 11.

According to another aspect of the present invention, the catalase expression level 1s
measured using a catalase activity assay, ¢.g. wherein the method of the invention
comprises the steps of:

a) providing a sample to be tested;

b) add H,O, to the sample of a) to the sample of a)

c) stop the reacting of b) by adding a catalase inactivator
d) determine the remaining amounts of H,O,

¢) determine the amount of catalase present in the sample

f) compare the results of step ¢) with a control sample of a H,O, sensitive sea louse
and determine the catalase expression level of the test sample.

Furthermore, as used herein, an “oligonucleotide sequence™ or “nucleic acid sequence™ 1s
to be understood to mean an oligonucleotide sequence or a nucleic acid sequence usetul 1n
determining the expression of the catalase enzyme gene, ¢.g. the catalase enzyme gene
depicted in SEQ ID No 1. An “oligonucleotide sequence” or “nucleic acid sequence” used
to determine the expression level of catalase gene 1s capable of hybridize to a nucleic acid
sequence with a complementary sequence, such as e.g. mRNA extracted from the copepod
to be analyzed for hydrogen peroxide resistance.

The skilled person 1s well aware of the fact that nucleic acid molecules may be double-
stranded or single-stranded, and that reference to a particular site of one strand refers, as
well, to the corresponding site on a complementary strand. Thus, reference to an adenine
(A), a thymine (T) (uridine (U)), a cytosine (C) or a guanine ((G) at a particular site on one
strand of a nucleic acid 1s also to be understood to define a thymine (uridine), adenine,
guanine, or cytosine, respectively, at the corresponding site on a complementary strand of
the nucleic acid molecule. Thus, reference may be made to either strand 1n order to refer to
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a particular position. The oligonucleotide probes and oligonucleotide primers according to
the present invention may be designed to hybridize to either strand.

An “i1solated nucleic acid” usetul in the detection method of the present invention, 1.¢. such
as primers and probes, as used herein 1s generally one that contains at least 8 nucleotides
and which 1s capable of hybridizing a nucleic acid with a complementary sequence, and 1s
separated from most other nucleic acids present in the natural source of the nucleic acid,
and 1s thus substantially free of other cellular material.

Oligonucleotide probes and oligonucleotide primers

The present invention provides oligonucleotide probes and oligonucleotide primers that
may be used for determining the level of expression of the catalase gene being linked with
hydrogen peroxidase resistance 1n a crustacean to be tested in accordance with the present
invention. The determination of the expression level of a gene 1s widely applied 1n both
human and veterinary diagnosis, wherein nucleic acids from ¢.g. pathogens present in
biological samples are 1solated and hybridized to one or more hybridizing probes or
primers are used 1n order to amplify a target sequence.

One or more oligonucleotide probes may be constructed based on the teaching herein and
used in hybridization based detection methods where upon the binding of the
oligonucleotides to the target sequence enables determination of the level of expression of
a gene present 1in the crustacean to be tested.

The skilled person will acknowledge that an oligonucleotide probe according to the present
invention may be a fragment of DNA or RNA of variable length used herein in order to
hybridize to the target sequence, e.g. single-stranded DNA or RNA. The oligonucleotide
probe according to the present invention may furthermore be labeled with a molecular
marker 1n order to easily visualize that hybridization have been achieved. Molecular
markers commonly known to the skilled person may be used, ¢.g. a radiolabel, and more
preferably, a luminescent molecule or a fluorescent molecule enabling the visualisation of
the binding of the probe(s) to a target sequence.

A oligonucleotide probe according to the present invention 1s able to hybridize to another
nucleic acid molecule, such as the single strand of DNA or RNA originating from a
crustacean to be analysed, under appropriate conditions of temperature and solution 1onic
strength, cf. e.g. Sambrook et al., Molecular Cloning: A laboratory Manual (third edition),
2001, CSHL Press, (ISBN 978-087969577-4). The condition of temperature and 10onic
strength determine what the skilled person will recognise as the “stringency” of the
hybridization. The suitable stringency for hybridisation of a probe to target nucleic acids
depends on inter alia the length of the probe and the degree of complementation, variables
well known to the skilled person. A oligonucleotide probe according to the present
invention typically comprises a nucleotide sequence which under stringent conditions
hybridize to at least 8, 10, 12, 16, 20, 22, 25, 30, 40, 50 (or any other number 1in-between)
or more consecutive nucleotides 1n a target nucleic acid molecule, e.g. single-stranded
DNA or RNA 1solated from the crustacean to be analyzed according to the present
invention. According to one embodiment, the oligonucleotide probe according to the
present invention comprises about 13 to 25 consecutive nucleotides. New technology like
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specific Locked Nucleic Acid (LNA) hybridization probes allows for the use of extremely
short oligonucleotide probes (You Y.; Moreira B.G.; Behlke M.A. and Owczarzy R.
(2006). "Design of LNA probes that improve mismatch discrimination”. Nucleic Acids Res.
10.109 gkll175. PMC 1456327. PMID 16670427.) According to one
embodiment, probes are provided which are selected from the group consisting of SEQ ID
No. 6, SEQ ID No. 9 and SEQ ID No. 12.

The present invention furthermore provides oligonucleotide primers useful for
amplification of any given region of a nucleotide sequence. An oligonucleotide primer
according to the present invention typically comprises a nucleotide sequence at least 8, 10,
12, 16, 20, 22, 25, 30, 40, 50 (or any other number in-between) or more consecutive
nucleotides. According to one embodiment, the oligonucleotide primer according to the
present invention comprises about 18 - 25 consecutive nucleotides, more preferably about
20 nucleotides.

As used herein, the term “oligonucleotide primer” 1s to be understood to refer to a nucleic
acid sequence suitable for directing an activity to a region of a nucleic acid, e.g. for
amplification of a target nucleic acid sequence by polymerase chain reaction (PCR).

The skilled person will acknowledge that an oligonucleotide primer according to the
present invention may be a fragment of DNA or RNA of variable length used herein in
order to determine the expression level of the target sequence, ¢.g. single-stranded DNA or
RNA, upon alignment of the oligonucleotide probe to complementary sequence(s) of the
said target sequence to be analyzed. An oligonucleotide primer according to the present
invention may furthermore be labeled with a molecular marker 1n order to enable
visualization of the results obtained. Various molecular markers or labels are available.

An oligonucleotide primer according to the present invention typically comprises the
appropriate number of nucleotides allowing that said primer align with the target sequence
to be analyzed. It is to be understood that the oligonucleotide primer according to the
present invention according to one embodiment may comprise SNP’s or the complement
thereof. According to one embodiment, the primers useful 1in order to determine hydrogen
peroxide resistant sea lice may be selected from the group consisting of the primer pairs
SEQ ID No. 2 and SEQ ID No. 3, SEQ ID No. 4 and SEQ ID No. 5, SEQ ID No. 7 and
SEQ ID No. 8, and SEQ ID NO. 10 and SEQ ID No. 11.

Oligonucleotide probes and oligonucleotide primers according to the present invention may
be synthesizes according to methods well known to the skilled person.

The present invention furthermore relates to 1solated nucleic acid sequences and variants or
fragments thercof having at least 70% 1dentity with the nucleic acid sequences depicted in
SEQ ID NO.’s 1-12 or fragments thercot. The term “% i1dentity” 1s to be understood to
refer to the percentage of nucleotides that two or more sequences or fragments therecot
contains, that are the same. A specified percentage of nucleotides can be referred to as e.g.
70% 1dentity, 80% 1dentity, 85% i1dentity, 90% i1dentity, 95% i1dentity, 99% i1dentity or more
(or any number 1n between) over a specified region when compared and aligned for
maximum correspondence.
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According to one embodiment, the invention includes oligonucleotide sequence encoding a
catalase of which the expression level 1s associated with hydrogen peroxide resistance in
sea lice, wherein said nucleic acid sequence has the sequence as depicted in SEQ ID No. 1,
SEQ ID No. 13 or SEQ ID No. 14 or fragments thercof, and sequences having at least 80%
sequence 1dentity with the SEQ ID No. 1, SEQ ID No. 13 or SEQ ID No. 14, respectively,
and complementary sequences of SEQ ID No 1, SEQ ID No. 13, and SEQ ID No. 14,

respectively.

The skilled person will acknowledge that various means for comparing sequences are
available. For example, one non-limiting example of a useful computer homology or
1dentity program useful for determining the percent homology between sequences includes
the Basic Local Alignment Search Tool (BLAST) (Altschul et al., 1990, J. of Molec. Biol.,
215:403-410, "The BLAST Algorithm; Altschul et al., 1997, Nuc. Acids Res. 25:3389-
3402, , Karlin and Altschul 1990, Proc. Nat'l Acad. Sci. USA, 87:2264-68; 1993, Proc.
Nat'l Acad. Sci1. USA 90:5873-77).

Methods for determination of the catalase activity by measuring the expression level of
catalase gene.

Based on the teaching herein, 1.¢. that the expression level of catalase gene are linked with
hydrogen peroxide resistance in crustacean, the skilled person will acknowledge that
various well known methods are available for the determination of the expression level of
genes, such as the expression of catalase gene within a population of crustacean, may be
applicable in the present method. For example, methods based on genome sequencing,
hybridization and enzyme assay based methods are applicable for determining whether a
crustacean 18 hydrogen peroxidase resistant in accordance with the present inventions.

Various enzyme based methods are available for the skilled person for this purpose, of
which a number of polymerase chain reaction (PCR) based methods are available.
Oligonucleotide primers according to the present invention useful in such a method may be
selected from the group consisting of SEQ ID No. 2, SEQ ID No. 3, SEQ ID No. 4, SEQ ID
No. 5, SEQ ID No. 7, SEQ ID No. 8, SEQ ID NO. 10 and SEQ ID No. 11.

Several hybridization methods for detection of a nucleic acid sequence of interest, such as
¢.g. a gene sequence or a mRNA encoding the catalase enzyme (or one or more parts
therecof) are available to the skilled person, and which may be utilized 1n accordance with
the method of the present invention. For example, the oligonucleotides according to the
present invention may be detected utilizing molecular beacon technology. According to this
aspect of the present invention, oligonucleotide primers may be synthesized comprising
complementary regions at each end allowing the formation of a hairpin loop, and wherein a
fluorophore 1s attached at one end of the oligonucleotide primer, and a quenching agent 1s
attached to the other end, and wherein fluorescence signal 1s produced upon binding to a
target sequence.
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Isolation of sea lice genomic material

The method according to the present invention may according to one embodiment involve
the 1solation of a biological sample from a crustacean and measuring the level of
expression of catalase in order to determine whether the crustacean 1s hydrogen peroxide
resistant.

In order to determine whether a crustacean, such as sea lice, 1s hydrogen peroxide resistant
in accordance with the present invention, genomic material may be 1solated. Various
methods for obtaining genomic material well known to the skilled person are available. The
skilled person will acknowledge that any tissue (1.¢. any part of the sea lice) may be used 1n
order to extract genomic material. Furthermore, the genomic material to be analyzed
according to the present invention may be obtained from sea lice of any life stages, e¢.g. the
free swimming stages (nauplius stage I and II), the copepod stage, the pre-adult (chalimus
stages 1-4), or the adult stage (adult male or adult female). According to one embodiment,
tissue removed from sea lice to be tested 1s maintained in 70% ethanol or other
conservation liquid prior to further 1solation of genomic material. DNA may be extracted
from the obtained tissue using commonly available DNA extraction/isolation methods,
such as ¢.g. DNeasy DNA Tissue Kit according to the protocol of the manutacturer
(http://lyvcofsO1.lycoming.edu/~gcat-

seek/protocols/DNeasy Blood & Tissue Handbook.pdf ).

Catalase gene expression detection Kits

Based on the teaching herein, the skilled person will acknowledge that , based on the
1dentification of the link between hydrogen peroxide resistance and catalase activity in
crustaceans, reagents applicable in determination of catalase activity and/or catalase gene
expression level can be developed for the determination of hydrogen peroxidase resistance.
The term “kit” as used herein 1n the context of catalase activity determination detection
reagents 1s intended to cover reagents useful for determination of catalase activity, both in
respect of determining the level of catalase gene expression or by determining the activity
of catalase present in a sample to be analyzed.

For example, according to the present invention, a kit may comprise oligonucleotide
probe(s) or oligonucleotide primer(s) or primer sets, arrays/microarrays of nucleic acid
molecules, and beads that contain one ore more oligonucleotide probe(s), oligonucleotide
primer(s) or other detection reagents useful 1n the method of the present invention. It 1s
furthermore to be understood that the detection reagents in a kit according to the present
invention may furthermore include other components commonly included 1n such kits, e.g.
such as various types of biochemical reagents (butfers, DNA polymerase, ligase,
deoxynucleotide triphosphates for chain extension/amplification, etc.), containers,
packages, substrates to which detection reagents are attached., etc. necessary to carry the
method according to the present invention. According to one embodiment of the present
invention, a kit 1s provided which comprises the necessary reagents to carry out one or
more assays in order to determine the catalase gene expression level according to the
method of the present invention. A kit according to the present invention may preferably
comprise one or more oligonucleotide probes that hybridize to a nucleic acid target
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molecule (1.e. genetic material) enabling determination of the catalase gene expression
level 1in the material analyzed. Multiple pairs of probes may be included 1n the kit to
simultancously analyze for determination of catalase gene expression at the same time. The
probes contained in the kit according to the present invention may according to one
embodiment be immobilized on a carrier, such as e.g. an array or a bead.

According to one embodiment, a kit according to the present invention comprises
oligonucleotide primer(s) and optionally further reagents useful in methods for the
determination of catalase gene expression utilizing oligonucleotide primers or primer
pair(s). According to one embodiment, the kit according to the present invention comprises
a forward primer and a reverse primer for amplifying a region of the catalase gene. Said kit
may furthermore optionally comprise further reagents (enzymes and nucleotide
triphosphates) necessary for conducting PCR or real time PCR.

Detection of catalase activity

According to the present invention, the high expression level of catalase seen 1n hydrogen
peroxide resistance sea lice may also be determined measuring the catalase activity in sea
lice to be analyzed, as increased catalase gene expression results 1n increased catalase
activity.

Various protocols useful for measuring catalase activity are known to the skilled person
and are useful 1n measuring catalase activity in accordance with the present invention.
Many of the well known catalase assays available to the skilled person measure the
catalase activity by contacting the sample to be analyzed with a predetermined amount of
hydrogen peroxide, and then with horseradish peroxidase and a chromophore. Catalase
present in the sample to be analyzed decomposes hydrogen peroxide according to the
tollowing equation:

2H-,0, —> 2H,0 + O,

The horseradish peroxidase reacts with the chromophore using the remaining hydrogen
peroxide as an oxidizing agent, resulting 1in the formation of a chroma signal which may be
measured using well known colorimetric methods. The mere catalase present in the
sample, the less chroma signal 1s formed. Non-limiting examples of chromophores to be
used according to this aspect of the present invention 1s 3,3',5,5'-tetramethylbenzidin, 3,3'-
diaminobenzidine and 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulphonic acid).

According to another embodiment of the present method, step ¢) of the above method 1s
performed by detecting increased catalase activity in sea lice using commercially available
kits for measuring catalase enzyme activity. Commercially available catalase assay kits are

provided by e.g. Sigma-Aldrich ® (CAT100-1KT), cf.
http://www.sigmaaldrich.com/catalog/product/sigma/cat1 00?lang=en&region=NQO,

Cayman Chemical Company ®, see https://www.caymanchem.com/pdfs/707002.pd{,

Oxford Biochemical Research ®, see http://www.oxtordbiomed.com/catalase-assay-kit,
and Oxi1SelectTM Catalase Activity Assay Kit from Cell Biolabs, Inc., see
http://www.cellbiolabs.com/sites/detault/files/STA-341-catalase-activity-assay.pdf.
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EXAMPLES

Reduced efficacy of treatments with hydrogen peroxide (H,O,) has been observed in Nord-
Trondelag and Nordland counties in Norway. A salmon lice strain from this area (LS H,0»,)
has been cultivated in the wet-lab at the NIV A marine research station, Solbergstrand,
Drgbak. The offspring of the original strain has been subjected to bioassays with hydrogen
peroxide using the protocol of Sevatdal S and Horsberg TE (2003), “Determination of
reduced sensitivity 1n sea lice (Lepeophtheirus salmonis Kroyer) against the pyrethroid
deltamethrin using bioassays and probit modelling”, Aquaculture 218, 21-31, adjusted for
hydrogen peroxide using an exposure period of 30 minutes. The effect of the assay was
determined immediately after exposure, as previous tests have demonstrated that around 80
% of the parasites will regain motility within 24 hours after exposure. The results were
compared with a similar test conducted on a strain with no previous history of treatment
failures, neither by H,O,, nor by any other chemical (LS Alta). The median immobilizing

concentrations of H,O, 1n mg/l (with 90 % CI) for these two strains were:

LS H,0, 1708 (1486-1962)
LS Alta 209 (157-277)

The mechanism behind the observed reduced sensitivity has not been determined
previously. Studies at NMBU, School of Veterinary Science, have indicated overexpression
of a metabolic enzyme catalase to be a factor. Based on these findings, catalase genes were
sequenced using degenerated primers, and PatoGen has developed a TagMan qPCR assay
for the expression of this catalase gene. Several studies have been performed to confirm the
correlation between H,O,-resistance and the overexpression of this catalase gene.

Example 1: H,O;-resistance is related to catalase gene expression

In order to determine 1f resistance towards H,O» 1n sea lice 1s related to the expression
level of the catalase gene, the genome sequence for the Lepeophtheirus salmonis catalase
gene were sequenced using degenerated primers based on the known sequence for the
catalase gene in Caligus clemensi.
(http://www.ncbi.nlm.nih.gov/nucleotide/2257194537report=genbank&logS=nuclalign&bla
st rank=1&RID=9V/ZC439YU1R). In order to quantify the expression level of the catalase

R A SN YNNI RN

gene 1n sea lice strains with known resistance status toward H,O,-treatments, a PCR-assay
based upon the binding of the fluorescent dye SYBR-Green I into the PCR product (PE
Applied Biosystems, Warrington, UK) was used. The primers used in this study are listed
in table 1.
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Table 1: Primers used in SYBR-Green I assay for study of expression level of the catalase

gene 1n sea lice (Lepeophtheirus salmonis).

Name Primer sequence length GC% Tm product length
CCACAGAACAACTTGCCAAC
CATALASE F6 SEQ ID No. 2 20 50 59.1 157
GCCATTTCGTCCATAAATGC
CATALASE R6 SEQID NO. 3 20 45 60.3

Results

The catalase gene sequence from the Lepeophtheirus salmonis 1s presented in figure 1.

The difference 1n catalase expression 1s significant between the H,O,-resistant strain

(labelled H,O»), and the other two strains when using the calculated ratio value for catalase

/ elongation factor in each sample (Figure 2). Thus, there 1s strong indication that the

expression level of the catalase gene 1s suitable for differentiating between lice resistant

and sensitive to H,O, treatment.

Table 2: Expression level of the catalase gene 1n sea lice strains with known resistance

status toward H,O,-treatments, using a PCR-assay based upon the binding of the

fluorescent dye SYBR-Green I

Strain

HyO9
H20?
H3O»
H20?

HyO2

Strain A
Strain A
Strain A
Strain A

Strain A

Strain B
Strain B
Strain B

Strain B

10

21

22

23

25

26

21

RNA quality (ng/ul)
247

&7
158
168

134

173
262
154
133

333

192

FIRST PARALEL
Catalase ELF1
26,51 20,89
27,96 21,49
25,63 19,76
27,43 20,46
25,29 20,3
27,69 19,4
27,52 20,31
28,2 20,86
27,1 19,56
26,75 20,1
31,8 20,12
31,3 21,02
34,11 2541
33,11 22,02

SECOND PARALEL

Catalase ELF1
26,31 20,73
27,85 21,23
25,34 19,54
27,28 20,63
26,06 20,19
27,16 19,62
26,98 19,72
27,28 20,62
26,9 19,48
26,13 19,19
35,6 20,13
31,09 20,72
34,19 24,87
32,99 21,51

THIRD PARALEL
Catalase ELFK1
39,665 31,255
41,385 32,105
38,3 29,53
41,07 30,775
38,32 30,395
41,27 29,21
41,01 30,17
41,84 31,17
40,55 29,3
39,815 29,695
49,6 30,185
46,345 31,38
51,205 37,845
49,605 32,775

Ratio

Kat/ELF

1,269
1,305
1,297
1,335

1,261

1,413
1,359
1,342
1,384

1,341

Example 2: Lice mortality after experimental exposure correlate with the expression

of a catalase gene, showing that H,O, resistance is related to the expression of the

catalase gene in sea lice

The aim of this study was to test 1f the expression level o