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2 Abstract

Salmon lousé.epeophtheirus salmoni@rayer, 1837) is a caligid parasite, responsible f
major economical loss and welfare issues in Noraregnarine culture of salmonid species.
Infections are mainly controlled with chemical maas, but there is emerging evidence that
the monotonous use of chemicals has resulted urcegbsensitivity towards the pesticides
used by the industry. Althoudh salmonishas been an area of research for several decades
there is still a lack of knowledge concerning bdsatogical aspects of the early
developmental stages. Copepodids are the infestage and understanding the biology of
this phase may allow the design of a more effeciest generation combat strategy. In the
present study, copepodid biology has been studiedféction trials, observation of body
size, histological examinations aimdsitu hybridization. The results demonstrate that
infective copepodids undergo instar growth onlhdy are allowed to infect a salmonid host,
as no such growth has been observed in the abeéhost tissue. There was no difference in
growth or developmental parameters such as cudroléuction or timing of molting for
copepodids when they infected the host at a yoRB§M) or old (8DPM) age. This strongly
indicates that host tissue and fluids constitutessential source of nutrition for copepodids,
and that the role of yolk is minimal or obsoletetlwe purpose of further development.
Furthermore, the present study indicate that trgptsan rate of the salmon lice digestive
enzymelLsTryplincreased after infection, while the opposite @ppeo occur in the absence

of a host. No alterations wereobserved in the ti@ptson of LsTryp2



3 Introduction

Copepods (Crustacea) are common parasites onttéosrhey occur on a wide variety of
fish species but the severity of their impact deisegreatly on the host-parasite relationships.
Ectoparasites on teleosts are generally smalllaméffects are considered low unless the
infection is intensive and concentrated on thes diflabata 1981). Intensive infection may
arise in areas with a high host density (Brandal.€1976). High density of fish is a typical
aspect of profitable production of most aquaculspecies and sea farms in the northern
hemisphere have especially experienced the dettaheffiects of caligid Copepods (Kabata
1973; Bron et al. 1993). The gené&aligusandLepeophteirusn the Caligidae family,

jointly number more than 300 parasitic species @ali988).

Caligus elongatuss probably the most common parasitic copepotiénNorth Atlantic ocean
and parasitizes a large number of hosts specikgling salmonids (Heuch 2007). On the
other handl.epeophtheirus salmonisas a host range restricted only to salmonid speufi

the gener@®ncorhynchusSalmoandSalvelinugKabata 1973; Johnson and Albright 1991a).
HoweverL.salmonishas a higher abundance tlawelongatuson Salmo salafrom the

coastal waters of Norway and the Norwegian Seastrtlal. 1993; Heuch et al. 2005; Heuch
2007).

L.salmonigs specially adapted to reproduce when the populaensity is low, hence up to
11 broods can be successfully hatched followingsingle mating (Heuch et al. 2000). The
lifecycle starts approximately 10 days after ferdition (10C) when the eggs hatch into the
naupliusl stage. The young naupliie larvae carries yolk thadls the organism through a
second nauplius stage and into the copepodid fdakannessen 1978; Johnson and Albright
1991a; Bron et al. 1993). The copepodid is thectnfe stage and must infect and settle on a
suitable host before the yolk reserves are usdthédm and Albright 1991a; Bron et al.
1993). It positions itself in the water column byisiming in the direction of light and water
disturbances, thus increasing the chance of gettiopse contact with a suitable host
(Kabata 1981). Initial contact with a host is felled by searching phase, in which the
copepodid uses its maxillipeds (fig. 1, C) to goghe host surface (Bron et al. 1991). When
a suitable location is found, the second antenfigiel( C) are driven into the epidermis to
create a primary attachment (Bron et al. 1991)dipegat this stage is restricted to the small



area underneath the oral cone (fig. 1, C) and igtard/olves mainly surface-epithelium and
mucus (Jones et al. 1990; Bron et al. 1991; Bral. €t993). A preformed filament appears
inside the cephalothorax of mature copepodidsnbugxternal filament has been observed at

this stage (Gonzalez-Alanis et al. 2001).

Following copepodid infection and settlement, tloeske develops through four parasitic
chalimi stages by feeding on mucus and skin cetismfthe host (Dawson et al. 1999). All

chalimi stages are firmly anchored to the fish dkyna strong fibrous protein filament (Bron

et al. 1991). Further development involves two Hmeving preadult stages before molting

into adult males and females (Johnson and Albrigdttlb). These free moving stages are
more virulent and feed on mucus, epidermis anddl@randal et al. 1976; Grimnes and

Jakobsen 1996; Wagner et al. 2008). The genertiom for L.salmonisat 10C is 7.5-8

weeks according to Johnson et al. (1991b).

Lepeophtheirus salmonis among the largest known parasitic copepodsdechin scientific
literature (Kabata 1973), it has a dorso-ventrahgessed body, well adapted to parasitize an
active host such as salmon (Parker et al. 196&) .|\ profile allows water currents to pass
the parasite without creating a drag which couldseathe lice to fall off the host , a feature
shared by all Caligidae (Kabata 1979). The bodyafure Caligidae is composed of four
tagmata (Fig. I, A) , the cephalothorax, a foudty-bearing segment, genital segment and the
abdomen (Kabata 1979). The tagmata of early dewedopal stages can be hard to
differentiate L.salmoniscopepodids have a morphology quite different frahales (Fig. I, B),
with a cephalothorax and a posterior region witlr feegments (Johnson and Albright 1991b)
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Figure |. Morphology of CaligidaeA. Adult Caligus (Kabata 1979 ephalotorax’Fourth leg-bearing
segment’Genital segmenfAbdomen. B. L.salmoniscopepodid (Johnson and Albright 1991b) Measured
parameters in this study: width (W), total lengti.), cephalothorax length (CL) and posterior segnhemgth
(PSL).C. Ventral surface of Caligid cephalothorax (Kaba@@d).'First antenna’Second antennQral cone,
“First maxilla,’Second maxillalMaxilliped.

The severity of lice infections depends on infettilensity, developmental stage of the lice
(Grimnes and Jakobsen 1996), fish species andiseagch et al. 2005; Wagner et al. 2008).
The effects on the host can be divided into twegaties: local and systemic (Kabata 1970;
Skugor et al. 2008). Local effects are lesions,lmaaical damage and inflammatory response
caused by attachment and feeding in the vicinitthefattachment site (Kabata 1981). Such
effects vary from negligible to fatal and mightdeta blood loss and secondary infections
which could weaken the host (Grimnes and Jakob886; Bjgrn and Finstad 1997; Wagner
et al. 2008). Severe local effects are mainly cdwsepreadult and adult lice stages, which
are traditionally considered to be more virulemrthhe younger developmental stages (Bjgrn
and Finstad 1997; Skugor et al. 2008).

The systemic effects can be both lethal and suddlethd involves the introduction of host
stress response and modulation of the immune syatehphysiology (Skugor et al. 2008).
All infective stages are able to induce a systeregponse in the host, even at low numbers
(Tully and Nolan 2002; Skugor et al. 2008). A dénsif 11 adult salmon lice per fish or 0.75
mobile lice per gram fish weight is regarded akdeto wild salmon smolts (Finstad et al.
2000; Wagner et al. 2008). These estimates areosigobby the finding of no fish carrying
more than 10 adult lice in the Norwegian sea (Heistl. 2003). Lice infections cause cortisol
release and a reduced lymphocyte-leukocyte ratiofatted sea trout post smolts (Bjgrn and



Finstad 1997; Wagner et al. 2008). Elevated cdrieseels are generally found in teleost
fishes in response to stressful stimuli and areetbee often used as a fish welfare indicator
(Bonga 1997). The fact that salmonids experiencé s increase of plasma cortisol during
lice infection, indicate that the infection is erpaced as a discomfortable situation (Grimnes
and Jakobsen 1996; Bjgrn and Finstad 1997; Mob8&&§)1 Infections withL.salmonis
copepodids are known to cause modulation of thé inesaune system (Skugor et al. 2008).
Adult salmon lice also cause a drop in hematoetiels, elevated plasma chloride levels and
cause severe osmoregulatory problems (Grimnesakubden 1996; Bjgrn and Finstad 1997;
Dawson et al. 1999). In summary, these physiolégibanges can kill the host, reduce
growth or make it more susceptible to secondargctndns (Grimnes and Jakobsen 1996;
Bjogrn and Finstad 1997).

The wild stock of Norwegian salmon and sea troatemtimated at ca. 2-2.5 million fish
(Heuch et al. 2005). In contrast, standing stoctanhed salmon and trout was 231 million
fish on December 2002. By other means, the aquaeuhdustry has increased the total
number of salmonid hosts in the coastal watersasivdy by a 100 fold (Heuch et al. 2005).
As a result of this, the.salmonispopulation have increased dramatically and heavgsite
infections occasionally occur on both farmed anldl wnhadromous salmonids (Heuch et al.
2005). This high lice population maintained by #giaculture industry are suggested to have

a negative effect upon wild salmonid populationga(B et al. 2001).

Legislation states the upper limit for sea liceradance in Norwegian net pens (Heuch et al.
2005). If infection numbers exceed this limit, aos to reduce lice numbers are stated by law.
Despite the fact that cleaner fish are used to gghee infection, the combat strategy against
salmon lice mostly relies upon the use of a fewndbal delousing agents, deltametrin,
cypermetrin and emamectin benzoate (Frost et 8620 he agents are distributed either
orally or by bath treatment and contribute to majxpenses by mean of man power and
chemicals. Total costs due to sea lice were estunatt 500 million NOK in Norway for 1997
(Pike and Wadsworth 1999), with increased numbdisbfand heavier lice burden cost are
probably higher today. Furthermore, treatment failusing Emmamectin Benzoate was
observed in the spring 2008 in several salmon fanmisgndelag, Norway (Nilsen and

Horsberg 2008). Due to risk of resistance develognmew combat strategies like



vaccination and new pharmaceutical chemicals shioelldeveloped to ensure the health and

well being of farmed and wild salmonid populatigisost et al. 2006).

A research group at the Institute of Marine Redear@Bergen has for several years been
using gene technology to better understand the Ibasliogy ofL.salmonigKvamme et al.
2004; Frost et al. 2006; Eichner et al. 2008). Sustwledge is crucial when designing the
next generation combat strategy against this garasiinical trials have shown that it is
possible to reduce lice abundance by vaccinatioos{fet al. 2006). The idea of vaccination is
to stimulate antibody production in the host, whittould mark the pathogen of interest for
elimination by the host immune cells (Zinkernag@032). This is difficult for ectoparasite
vaccines, since only a small part of the organsim contact with the host immune system
(Frost et al. 2006). However, active substancd®st blood can react with components inside
the parasite when the parasite withdraws blooddosumption (Brandal et al. 1976; Frost et
al. 2006). Such active substances can be antibadeiast certain proteins with vital function
for the parasite (Frost et al. 2006). To obtainspgne key-proteins that could be candidates
for blocking by vaccination, detailed knowledge ceming biological processes in the lice is
required (Frost et al. 2006).

Since copepodids are the link between the freediarganism and a parasite it offers the
opportunity to see how.salmonisnitiates the parasitic life style. Firstly, itd1éo sense the
presence of a host, act rapidly to attach to #rcdethe surface of it and decide whether it is
suitable or not (Johannessen 1978; Bron et al.)1$®llowing attachment, the copepodid
have to modulate the immune system in a direchanfavors the parasite (Skugor et al.
2008), a phenomenon which can be observed witddgheease in the initial melanization of
the host stratum granulosum that occurs the ddisving infection(Jones et al. 1990). The
copepodids also have to grow a new cuticle andym®an apparatus for attachment prior to
the upcoming molt (Skugor et al. 2008), a procdsshvdo not occur unless the copepodid is
allowed to infect a suitable host (Johannessen)19Ts strongly indicates that these
processes are dependent on an external energyesowsbole or as an addition to the
copepodids yolk reserves (Bron et al. 1993). Suangy is obtained by feeding on the host, a
process which depends on digestive enzymes todserin the alimentary canal. F-cells or
type | cells in the midgut df.salmoniscopepodids are believed to produce such enzymes
(Nylund et al. 1992; Bron et al. 1993). Kvammele{2004) have characterized five trypsin-

like peptidase transcripts from the salmon lousestme and found that there were an
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increase in transcript levels between the planctoopepodid and chalimus Ill stage. Low
transcription levels occur in the free-living copdm phase, and transcription levels of
infective copepodids have never been studied (Kvarahal. 2004).

Animals with exoskeleton generally grow in sizedwglysis, still increase in body dimensions
without such change of cuticle (instar growth) hbeen reported for adultsalmonis
femaleqEichner et al. 2008) and the related copepemghaeocera branchiali€Smith and
Whitfield 1988). The authors suggest a connectetwben the observed instar growth and
sexual maturation of the lice (Eichner et al. 2008)e underlying hypothesis in the present
study is that..salmoniscopepodids undergoes instar growth only when fieniag a suitable
host. Production of a new cuticle and increaseagkinge transcription are believed to co-occur
with this event, suggesting a link between copegpauitar growth and various preparations
for molting. Furthermore, yolk reserves are belteteehave minimal influence on such post

infection development.

In the following experiment the effects of infectiand infection timing and their interaction
on copepodid growth, development, molting and tirygs$ranscription were studied. The
main objective was to compare developmental diffees between copepodids that gains
access to host tissue to copepodids who exclusitgize the yolk as energy supply. This
was done by measuring various growth parametesglbgical examination of free-living
and parasitic copepodids and ussitu hybridization to reveal whether the most abundant

trypsine genes were active.
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4 Materials and Methods

4.1 Experimental layout
The experiment consists of two major parts, araimgtowth study and a trypsine
transcription study. The two parts were performepbsately due to workload and laboratory

capacity.

4.1.1 Copepod instar growth and development study
Differences in the alterations in body dimensioasMgen non-infective (naive) copepodids
(Trial A) and copepodids which were allowed to stfsalmonid hosts (Trial B) were

investigated (fig. II).

Trial A was done by rearing copepodids in incubatiells without exposure to host tissue
(fig. ). Five ovisacs of each strain were reamed individual wells. The trial lasted until the
copepodids died by lack of nutrition, approximataefyi2 days post molting (DPM). Sampling
was done every day during this period, but analysae done on even number days. Ten
copepodids were put on Karnovsky's fixative (taki, appendix Il)(Karnovsky 1965) on 4,
8 and 12 DPM .

Trial B examines instar growth in two age groupsaepodids when feeding on a natural
host. The age groups consists of a young grouphndme infected two days post molting and
an old group which are infected 8 days post moilgfitg II). The term Days Post Infection
(DPI) is used to compare these two groups. Tenwiste used to host each group in four
separate fish tanks. Sampling was done every diiyallrcopepodids had molted into the
chalimusl stage. The cumulative percentage of liglistages present each day was noted.
Ten copepodids were put on Karnovsky's fixativedap 1, 6 and 8 DPI.

Trial & $ $ -l_
L I & DPI 2 4 ] g &

Tnal B {' ' ' DEl 2 4 é & B
m— Froa

m= Payasitic

Figure 1l . Experimental layout for the instar growth and&lepment study. A naive group is compared to two
infective groups, infected at an early and a lat@tan the copepodid stage.
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4.1.2 Trypsine transcription study

An additional trial was carried out to produce mialdor anin situ hybridization protocol
(ISH) to see whehsTryplandLsTryp2(Kvamme et al. 2004) are detected in copepodid
sections. Half a batch of redlice copepodids ofous age were allowed to infect 5 salmon in
a tank. The remaining batch was reared in incubatsmescribed for Trial A. Since neither
DPI1 or DPM respond to both groups when we operdtte mwixed age groups, the day of
infection were defined as day 0. Naive copepodideevgampled on day 0, 2 and 6. Infective
copepodids were sampled on day 1, 3 and 6. A naiptage were also sampled to function
as a negative control as the literature statesibrag of the known trypsines have been
detected at this stage (Kvamme et al. 2004). Aligas were fixated in 4% paraformaledhyd

within 30minutes post mortem of the lice.

4.2 Lice strains

Two lice strains were used in this experiment. Ag&éBeration inbred line, called the Redlice
strain (strain 1) was used representing low gemati@tion. It lacks black pigments and
appears clear red coloured to the naked eye. Blosicvariance made it easier to separate
the different strains during handling. The secoce $train originated from Oslofjord in
eastern Norway (strain 2). It had been held inaberatory for only three generations and is
expected to have a genetic composition close tddaleuse population. Strain 2 possessed
normal dark pigments. Two strains were used totfan@as experimental duplicates and to

exclude major strain dependent variances in thesared parameters.

4.3 The Fish

Atlantic salmon with an average weight of 500 graere used as hosts in the experiment. By
using large fish we were able to reduce the usisioto 45 individuals, since a large surface
area allows more copepodids to attach to eachFstding and observation was carried out
daily and the fish density was 10 kd/im each tank. The fish were fed a commercial
Skretting diet.

4.4 Rearing facilities

All experiments were conducted in the disease kEtboy at Institute of Marine Research,

located in Bergen, Norway.
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4.4.1 Water quality

The seawater used to incubate lice and rear Atlaalimon were pumped from 120m depth,
filtered through a sand filter (20pm) and columraged. The temperature was approximately
10°C and the salinity stable at approximately 34.00ppemperature and salinity were
measured daily.

4.4.2 Lice incubators

All lice material was obtained by separating egimgs from adulL.salmonisfemales, reared
on Atlantic salmon at temperature and salinitieselto the conditions in the incubators.
Separating the egg strings from its mother has begorted not to influence the survival or
hatching success of the eggs (Johannessen 197&ajoand Albright 1991a).

Salmon lice were hatched and reared in incubatmsisting of individual wells, with water
continuously administrated trough a plastic tulbéha top and sealed by a 175um filter mesh
in the bottom, allowing wastewater to exit whilsepenting escapees (fig. lll) (Hamre and
Nilsen Submitted). Individual egg string pairs wpte in separate incubation wells to allow
individual monitoring of hatching success and depeient. Observations were done once a
day during the incubation period and nauplius afjeubation time varies between 1 and 9
days and pigmented strings are more developedthtigainansparent ones. A joint hatching
can therefore be archived by selecting dark egggstr Johnson et al (1991) reports that the
average duration from hatching to the copepodigesis 87.4 hours at 10 or 36 degree

days.

Figure 1. Lice incubators with newly hatchéd salmonishauplii larvae. Water is supplied through the tepp
in centre.
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4.4.3 Infection trials

A successful infection trial allows 50% of the cppdids to attach to the host. Twice the
desired amount of copepodids was therefore useltton an abundance of 50 lice pr fish.
The fish were netted and sedated, while the watel in the fish tank was lowered to
approximately 10cm. When the fish were anaesthetiz@vas rinsed in seawater and returned
to its tank. Copepodids were then poured overghewvering fish and allowed to attach for 10
minutes before the water inlet was reopened anths3810 L/h. Normal flow rate of 450 L/h

were set one hour after infection.

4.4.4 Sampling

Copepodids were sampled with pipette from the iatiobh wells or by forceps from fish skin,
fins, gills and mouth cavity. When sampling infeetcopepodids, the fish were netted and
killed by a sharp blow to the head. Sedation wadsised since this could lead to loss of
copepodids. Furthermore, blood was withdrawn froendaudal vein to reduce bleedings and
blood coagulation on the gills and fins as theseewat out. Gills and fins were examined

under a microscope to better spot attached copépodi

Sampled copepodids were kept alive in small wélkedf with seawater and killed prior to
measuring by adding a drop of RN&ter (Ambion, Applied Biosystems) to each well. This
agueous solution is commonly used to store tisstiout jeopardizing the RNA quality, but

is also an effective solution to kill copepodidghmiut causing cramps that might curl the lice.
A drop of water containing five dead copepodids wassferred to a microscope slide, and
each individual were rinsed for mucus and oriewtatéh the “eye” facing upward. By
extracting water from the drop using cellulosedirthe copepodids were sucked down to the
microscope slide by the water surface tensionyatig calibrated pictures to be taken of the
sample. Measurements were done on pictures, aadotmdy length, cephalothorax length,
width and posterior segments length (fig. |, B) @vareasured. A Wild Heerbrugg stereolupe
with a Sony 3CCD colour video camera attached vgasl to examine and photograph
samples at 50x magnification. Pictures were handfetimeasured in Image-Pro plus

software.

4.5 Histology
Histological methods were used for the ISH prot@ral examine the production of chalimus

| cuticle in copepodids. Copepodids are too sihodiit a normal embedding cassette (WLAS-
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1060), and had to be placed in a lens paper foasexh envelope prior to further treatment.
Infiltration, embedding, slicing and dying were feemed according to normal histological
procedures (appendix IIl). Histowax sections of Sjhrokness were used for the ISH-trial

and resin sections of 3um were used in the morglyatudy. The resin sections were stained

with toloudine blue or hematoxyline-erythrosine dgppendix III).

4.61n situ hybridization

In situ hybridization protocol of Kvamme et al. (2004) wesed to locatesTrypland
LsTryp2transcript in copepodids. In brief, the principkhind ISH is that a labeled
complementary RNA strand (probe) hybridizes togasgquences (mMRNA) at elevated
temperatures. Post hydrolysis by RNAase, washidgw@amnipulation with parameters such as
temperature, salt and detergent concentrationsvesnanhybridized probe and thus reducing
the risk of background staining. The labeled prslaetected by anti label antibodies, and
visualized by chromogenesis. A correct ISH is panfed with a sense probe parallel to the
complementary antisense probe. The sense prob&mndilion as a control as no specific

binding should occur between sense probe and thettsequence (i.e the mRNA).

4.6.1 RNA probe synthesis

Digoxigenin (DIG) labeled single stranded sensearitsense RNA probes were produced
according to protocol and under strict hygienicditans as such probes are vulnerable for
degrading by RNAse (Kvamme et al. 2004). Vector Bdvanc® software was used to
design inserts of approximately 600bp and makeisp@cimers (table XX and XXI,
appendix II) for probe amplification. Forward arderse primers with and without
SP6promotors were ordered and mixed as shown li@ kabhe inserts were amplified by
polymerase chain reaction (PCR) (table XXII, appeti)l using specific primers flanking the
SP6 region and product was verified in 1% agarese’gMacherey-Nagel Nucleosgin
Extract Il kit was used for rinsing and elutiontb& PCR products prior to probe synthesis.
Synthesis and labelling of the probe (table XXapendix Il) was performed with a Roche
DIG RNA labeling kit (SP6/T7). The pre-probes weraluated by a RNA 6000 Nano Assay
together with two standard solutions of 100 nghd 85 ng/ul. The probes were stored at +70

°C until use.
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Table I. Mixing of primers in order to produce sesd antisense PCR product. Identification letté).

LsTrypl LsTryp 2
Sense TryplF-SP6 + TryplR (D) Tryp2F-SP6 + Tryp2R (B)
Antisense¢ TryplF + TryplR-SP6 (C) Tryp2F + Tryp2R-SP6 (A)

4.7 Statistical analysis

Instar growth data were tested for normal distidoutvith a Kolmogorov-Smirnov test (Zar
1998) and homogeneity of variances were testedjusimene’s F test. All statistical analysis
was performed with Statistica software and diffeeekamong the groups were tested with
Student-Newman-Keuls test (Zar 1998).
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5 Results

5.1 Rearing condidtions

Recorded data on water quality is presented irethtndfig. XIl (appendix | and show
stable values for all the trialhe average temperature was 9.1 (x 0.48ax the average
salinity were 33.1 (x 0.9)%g standard deviation of me:. A slightly reduced temperatt

occurred during trial B (table).

Table Il. Average temperature and salinity for each triatdegard deviatic of mear).. The conditions wer
stable, but slightly lower temperatures occurrettiai B.

T (°C) Sal (%o)
Trial A 9,3 (£0,2) 33,3 (+0,6)
Trial B 8,8 (+0,3) 33,0 (+1,0)
ISH trial 9,4 (£0,1) 33,4 (+0,8)

Infection succesm trial B varied between 40 and % attachment of the total number
copepodids addetd the salmot The results from the ISH trial were on the otharchaery

low, and as few as 10 % the copepodids were recollected from the 1

5.2 Instar growth

A total number of 2022 copepodids were measfrom trial A and B.All length data wert
normal distributed and had acceptak-values (table XVII and XVII| appendix [)No
significant increase in copepodid body dimensioas wbserved in trial A andl copepodid
groups exposed to host tisslewer significantinstar growth during trial (Fig. IV- V and
table 111-VI, appendix I) This overall trend is reflected all groups.The increase in toti
body length was betwedri.8% and 14.1% , and largestdth increase varied fra 25.3% to
35.4%.Length of the four posterior segments increaseddst 14.9% and 39.8% whilst t

cephalothorax length showed an increastween 3.4% and 7.0%.

- A o ’vﬁ\ @ ﬂ ‘ﬁ: » ; 7%

T Y T N T O
g w B e ?:” ;;‘: Lo ¢
- ¥ 5 = I

Figure 1IV. Redlice copepodids from trial A (left) atrial B (right). The term Days Pobtolting (DPM)
indicates the age of the copepodids and r to both trials whilst the teri@ays Post Infectio(DPI) describes
time from infection point ancefers exclusively to trial B copepodi Visible changes in length d width
appear as the infective copepodids of trial B dgyeltoward the end of the copepodid stage. No sbhahge:
occur in the naive groups of trial
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5.2.1 Total body length

The two copepodid groups of trial A did not expede any significant increase in total length
when reared in incubators until death by starvatoon the naive Redlice group had a
significant decrease in total body length (fig. Mdal'able VII, appendix 1). On the other hand,
the four copepodid groups of trial B had an incegagotal length shortly after initial contact
with host tissue (fig. V and Table VII and VIII, pgndix 1). Significant increase occurs as
early as two DPI for Oslofjord groups and threéotar DPI for the Redlice groups (Table VII
and VIII, appendix I). The infective copepodiddiial B grew significantly larger (P <0.001)
than the naive copepodids of trial A (Table XV, apgix I). The amount of sampled
copepodids (n) decreased at the end of the tneda molting and mortalities, resulting in
reduced number of copepodids measured on thedagilsg dates (Yellow markers in fig.

V).

5.2.2. Specific segment growth

The growth of cephalothorax and posterior segmietitsved the same trend as seen for the
total length. None or little alteration in bodyrdinsions occurred during trial A (fig. XllI-

XV and table IX-XIV, appendix I). During trial Byreatest width and the length of posterior
segments continuously increased whilst the cephalak length stagnated after a few days of
growth (fig. XIlI-XV, appendix I). However, all guth in body sizes observed in trial B
copepodids were statistically significant (tableXX/, appendix I). The increase in total

body length is mainly caused by the increase irghgth of the posterior segments.

5.2.3 Age differences

There was high resemblance in growth patterns letwee copepodids infected early
(2DPM) versus those that were infected late (8D#Pt)ial B. A Tukey HSD test of the trial B
data (Zar 1998) show no significant difference leswage groups of same strain 6DPI
(Oslofjord : P = 0.311 and Redelice :P = 0.997b{€X VI, appendix I) . A Student-
Newman-Keuls test (Zar 1998) performed on the saat@ set showed a marginal significant
difference (P = 0.040) between young and old Qmidfcopepodids (Table XV, appendix I)
The size difference between the Oslofjord age ggasii1.83 um at this time (6DPI).

5.2.5 Strain differences
There were significant differences (P <0.001) i plost infection growth patterns of the two

strains used in trial B (table XV and XVI, append)ixThe Oslofjord strain grows larger than
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the Redlice strain independent of infection déech strain dependent growth differences

were not observed in the naive copepodids of i@ = 0.283) (table XV, appendix I). The

variance within the Oslofjord population is larglean for the Redlice strain (Fig. V).
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Figure V. Total length (um) at different time points of cppdids in trial A and B. Arrows indicate infection
point. Vertical bars denote 0.95 confidence intervdumber of measured individuals (n) is displagedve
each sample point. Yellow markers indicate subagitsample size. ANOVA results are presented iretélbl
appendix .
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5.3 Molting

The first copepodids to molt were observed on 7iDRiial B, independent of age prior to
infection (fig. VI). Young copepodids of the Redlistrain initiated molting 8 DPI, one day
later than the three other groups. Thus, this aerdolt was very united and resulted in high
numbers of chalimus-I stages in this group on 8@@i§! VI). The results reflect a trend,
where Oslofjord strains molt at a higher frequeti@n Redlice strain reflecting the growth
study data. No observations are available for theng Redlice group on 10DPI due to the

loss of a salmonid host in this group during thed.tr

A heavy expansion of cephalothorax width can beenfesl the day prior to molting (fig. VII,

B). No external frontal filament of copepodids Ihegn observed, but the second antennae are
commonly bent out as a response to the copepodid bemoved from the fish skin (fig.

VII). The characteristic frontal filament of thealhmus stages can be observed immediately

after molting.

Histological examintaions reveal structural altenas in the cuticle as the copepodid infects a
host and develops towards molting. The cuticlgoafng naive copepodids is typically
swollen, stains prominently by hematoxyline-eryine and is partly infiltrated with nuclei
(fig. VIII, A). The cuticle gets more condensedtlas naive copepodid matures (fig. VI, B-
C). Mature copepodids on the host have a two &yeuticle from 6DPI, where the inner
cuticle (i.e. the chalimus | cuticula) is similarthat of naive copepodids (fig. VIII, E-F). The
outer cuticle appears to be acellular and is lessexd by hematoxyline-erythrosine (fig. VI,
E-F). This two layered structure were first obger6DPI, and becomes more evident closer
to molting. A proliferation of subcuticular takekpe with the observed alterations in cuticle
composition. No such structural changes or celliferation were observed in naive

copepodids of same age (fig. VIII, C vs.F).
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Figure VI. Cumulative percentage of chalimus | stages presaht end of trial B. Molting is initiated on 7 D

except for the young Redlice growhich start to molt on 8DPNMNo data exist for the young Redlice grc
(arrow) due to the loss of a salmon hi
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Figure VII. Morphological differences within the copepodid s@gpmpared to a chalimus | st.

A. Free-living copepodid Mobile and active behavior, slim body shape and@pmately 720pum lon
B. Mature infective copepodid Relatively inactive, wide cephalothorax e> 800 um longNotice the
secondary antenndent out anteric. C. Chalimus | —Mostly immobile rieversible attached \ the frontal
filament. The length of chalimus | exceelmm (Johnson and Albright 1991b).

22



1000x

Figure VIl . Hematoxylineerythrosine stained resin sections of copepoditleuA-C. Naive Copepodid:
Condensation ofopepodid cuticleC1), no two layered structures observed4 DPM -The cuticleis swollen,
stains HE-positive and igfiltrated with nuclei (N).B. 8DPM - The cuticle is corhsed and pari stainedC.
12DPM - Condensednd nearly transparecopepodid cuticle with infiltrateduclei, note the low dens of
subcuticular cellsD-F. Infective copepodidsCopepodictuticle is condensed and almost transparent.
cuticles can be observed from 6DD. 1DPI — Condensed and transparent cutEl&DPIl— Chalimus cuticle
(C2) present underneath tbepepodid cuticleC1). The new cuticle is folded (arrow) whilst the @ partly
shed F. 8DPI — Two cuticlepresentC1 + C2), the new chalimwsiticle stains violet and are folded (arroA
proliferation of subcuticular cells can observed.

5.4 Trypsine transcription

The ISH probegested to be of high quality by agarose gel anarasay verificatiorfig.

XVI and XVII, appendix I).A single band of correct size v observed for all prob. The
nano assagonfirmed the agarose gel results determinedhat the RNA concentration

the probes varied between 75ng/ul and 204nThese concentratiatifference were
normalized by diluting therobe with highest concentrationith DEPC wate to obtain sense-

antisense probe set approximatelythe same RNA concentration.

Hybridization using_sTryplantisens probes showed th@esence of target gene-RNA in
the cytoplasm of copepodidtestine epithelial cells. Detectable levwere found in both

infective copepodids and naive copepodids on dayddday . Howevereven though this i
not a quantitative methothe signals are without doubt stronger in the itNeccopepodids

(fig. 1X). No detectable levels could be observed irnaive copepodids on dayfig. IX).
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No signals occurred in the slides hybridized witbLsTryplsense probe, indicating that 1

antisense probeybridization is specific for the mRNA of interes
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Figure IX. In situhybridizationusin¢ LsTrypl probes in copepodid histowax sectighsC. Naive copepodids
have weak or no signal&. Naive ay O — Weak but positive sign&. Naive day 2 Weak but positive signa
C. Naive day 6 — No signdD-F. Infective copepodids ha strong signalsdD. 1 DPI —Positive signalE. 3 DPI

— Positive signalF. 6 DPI-Positive signa

The examination of the related trypsine geLsTryp2 did not show any change

transcription rate post infection as LsTryp2mRNA were detected in neither f-living or
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infective copepodids. On the other hand, hybridiratvith the sense probe resulted in he

signals in the cytoplasm of a variety of cellsalér the copepodid body, except muscle ¢

(fig. XI). Since thesignals were restricted to the cytoplasm in a sieleof cells, it cannc

simply be explained as background stainTo further test th&sTryp2probe:, hybridization

were carried out on sections of acL.salmonisdemales. The antisense probe woras

expected and strong signals occurred in the goceged epithelial cells of the adult sea |

(fig. X). Sections of adult lice hybridized with the semsobe resulted in signals in m:

cells, thus not in muscle cells, cuticle or conivectissue The same pattern was obsen

when a thirdn situ hybridization was carried out on the copepodidisast As signals aris

from hybridization with the_sTrypz sense probe, it cannot function as a valid combrthis

experiment.
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Figure X. Section of an adultsalmoni: female, hybridized with LsTryp2 antisense probeni@segmen
(GS), Oocytes (O)Xuticle (C), Lumen (L).. A stror sighal occurs in gut associated epithelial c

400 x
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Figure XI. Sections of 6DPI copepodids hybridized with LsTrgpisense (A) and sense (B) probe. The si
in A is to weak to be considered as positive aredséinse probe in B has marked the cytoplasm inietyaf
cells all over the body, except muscle ce
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6 Discussion

In the present experiments we have demonstratéat igowth inL.salmoniscopepodids
after they infects Atlantic salmon host, thus supipg the findings of post molting growth in
adultL.salmonisfemales (Eichner et al. 2008). Total body lengtidth, cephalothorax length
and length of the posterior segments increasedfis@ntly when copepodids started the
parasitic lifestyle. Infective copepodids from kiiahad a significantly increase in the
measured parameters, whilst the naive free-livopepodids from trial A showed no or
limited increase in body size. The size increaggeparing the copepodids for molting, as a
massive proliferation of cells and the productidilmalimus | cuticle takes place together
with the observed increase in body size. Thesdtseare shared by all groups of the
experiment and coincide with the findings of Joressen (1978) which states that molting
cannot occur without the parasitic relationshipisen the copepodid and its host.

The sample sizes of the last days in both trialsewery low and cannot be regarded as
representative, due to the low number and thetlfieattthe molting process functions as a
selection process leaving the disabled and weakithails behind. With these considerations
in mind, the growth of infective copepodids increasnstantly until molting.

The resemblance between the young and the oldtiivéegroup in trial B indicates that the
nutritional status by means of yolk reserves dagsffiect development towards molt, body
size or infection success. Both groups require@pprately 70degree days on the host to
prepare for the molt and there is no obvious tdiffdrences based on the present study. This
strongly indicates that host tissue is an essestiaice of nutrient for copepodids, and that the
amount of yolk is of less importance for furthevel®pment. Larval phases with such an
abrupt change in nutrition consumption are oftesoasted with low immunocompetence,
vulnerability and sensitivity towards pathogens atrdssors in many organisms (Lightner et
al. 1983; Krol et al. 1990; Smith et al. 2003)abtdition, parasitic organisms face the host
immune system for the first time at this stage.eratogether, these factors points out the
copepodid stage as a rather fragile state comparid rest of the lifecycle, making them
particularly interesting in the approach for areefive sea lice vaccine or other targeted

treatment.
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The lice strains in this study forms two distinopplations as significant differences occur
between the two strains (table XV, appendix I). eé&erOslofjord and Redlice copepodids
constitute a research duplicate which increaseseti@bility of our results. The Redlice strain
showed low variance as expected from an inbrechsirailst the Oslofjord copepodids had a

more diverse distribution of the measured pararaeter

Kvamme et al (2004) showed thadTryplis the most abundant trypsin in thesalmonisgut.

In contrast to the hypothesis of this study, figexy naive copepodids reared in incubators
appear to have detectable levelt. 8TrypImRNA in the cytoplasm of gut associated
epithelial cells. Moreover, the levels of mMRNA sentdecline since no detectable levels
were found in naive copepodids at the end of thaystSuch findings could be explained by
copepodids utilizing the remnants of the egg stnraerial for nourishment, causing a
temporary increased transcription of digestive emzywhich in turn declines when the
substrate is consumed. Both a degradation of thestemng material and copepodids attached
to it have been observed in the incubators, buthénrdéhe degradation is caused by
copepodid feeding or decomposing by microorganismst clear. The attachment to the egg
string appeared to be reversible and most indiveddetached if disturbed by for instance
water current. If copepodids in fact utilize deagamic material of maternal origin, it has to
be regarded as limited to laboratory conditionsyasature, no contact should occur between

copepodids and maternal egg string.

Another explanation for the patternlcgTrypltranscription is that naive copepodids produce
MRNA for essential digestive enzymes prior to itifeg in order to initiate external feeding
immediately after first contact with a suitable hd$e following decrease can be explained
by the mRNA being translated into active enzymel@rzymogenes thus limiting the
amount of mMRNA in the cytoplasm of gut associatgithelial cells. A similar strategy with
production and storage of mMRNA is described foosdimal protein genes in the mosquito
Aedes aegyptrior to blood feeding (Niu and Fallon 2000). Sacstrategy would make the
lice more fit as it allows a more rapid develop &o#ls the chalimus | stage, and it refers to

natural conditions as well as laboratory situations

No transcription of_sTryp2genes were detected in this experiment. Signaikcmwt be

observed in neither infective nor free-living naéapepodids, whilst strong specific signals
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occur in adult females. This indicates that thishnod is not sensitive enough to detect the
transcript levels oEsTryp2in copepodids. In cases of doubt whether a weglkasican
regarded as positive or not, a comparison to deelsection hybridized with the sense probe
should be conducted. Such a comparison has ne wabhis experiment since thsTryp2
sense probe gave signals in the cytoplasm of atyaof cells; hence none of the weak signals

that occurred in thesTryp2hybridization could be regarded as positive.

The position of th&sTryp2probe on thé.sTryp2gene was not identical to that of Kvamme
et al. 2004 and the sense probe insert of thisrerpat overlaps an alternative open reading
frame (ORF) on the negative strand of tlsd@ ryp2gene. The ORF of interest were not
present in the probes used by Kvamme et al (2002 }leeir hybridization with the sense
probe resulted in no signal. The alternative ORthe@lLsTryp2sense probe seems to be the
main differences between the sense probes of thgmriments, and we cannot exclude this
as the factor that cause positive signals in theesprobe sections of this experiment. Open
reading frames on the negative straih. ofalmoniggyenome have been described to encode
putative proteins highly similar to functional pegots in other animals (Eichner et al. 2008).
Hypothetically, the.sTryp2sense probe can function as an antisense probepiatein

transcript originating from thesTryp2negative strain.

7 Conclusion

We have sampled and measured 2022lmoniscopepodids in length, width, cephalothorax
length and length of the posterior segments. Attireent experiment conditions, molting
started 7DPI and the majority (86-100%) had coneplenolting at 10DPIIn situ

hybridization and histological examinations haverbased to study morphological changes
and gene regulation. The results show that sepevaksses that prepares the copepodid for
molting is dependent of an active host-parasitisship. Instar growth and cuticle
production are factors that do not occur in cop@aithout access to host tissue.
Furthermore, yolk has minimal influence on thesecpsses indicating a complete change of
diet as the copepodid initiates the parasitic tyfies Free living copepodids have detectable
transcript levels of LsTrypl prior to infection kuwnscription is more prominent in infective
copepodids, suggesting a transcription increaseipi@stion. No detectable transcript levels

of LsTryp2 were observed in the experiment.

29



8 References

Bjegrn PA, Finstad B (1997) The Physiological Effeof Salmon Lice Infection on Sea Trout Post Smolts
Nordic Journal of Freshwater Research 73:60-72

Bjegrn PA, Finstad B, Kristoffersen R (2001) Salntige infection of wild sea trout and Arctic charrimarine
and freshwaters: the effects of salmon farms. Agltlae Research 32:947-962

Bonga SEW (1997) The stress response in fish. Bloggcal Reviews 77:591-625

Brandal PO, Egidius E, Romslo | (1976) Host bloAdnajor food component for the parasitic copepod
Lepeophtheirus salmoni&oeyeri, 1838 (Crustacea: Caligidae). Norwegiamndal of Zoology 24:341-
343

Bron JE, Sommerville C, Rae GH (1993) The Funclidharphology of the Alimentary Canal of Larval Stesy
of the Parasitic Copepddepeophtheirus-Salmonigournal of Zoology 230:207-220

Bron JE, Sommerville C, Jones M, Rae G (1991) Htiteesnent and attachment of early stages of theaal
louse,Lepeophtheirus salmon{€opepoda: Caligidae) on the salmon h8simo salarJournal of
zoology 224:201-212

Dawson LHJ, Pike AW, Houlihan DF, McVicar AH (1998hanges in physiological parameters and feeding
behaviour of Atlantic salmoB8almo salainfected with sea lickepeophtheirus salmoniPiseases of
aquatic organisms 35:89-99

Eichner C, Frost P, Dysvik B, Jonassen I, Krist&anB, Nilsen F (2008) Salmon loudeepeophtheirus
salmoni$ transcriptomes during post molting maturation agd production, revealed using EST-
sequencing and microarray analysis. Bmc Genomics 9

Finstad B, Bjorn PA, Grimnes A, Hvidsten NA (20@@boratory and field investigations of salmon lice
[Lepeophtheirus salmon{&royer)] infestation on Atlantic salmoiséalmo salar L). post-smolts.
Aquaculture Research 31:795-803

Frost P, Biering E, Moros C, Nilsen F (2006) Salnhonise vaccine development. Fisken og Havet,
Saernummer 2:102-106

Gonzalez-Alanis P, Wright GM, Johnson SC, Burkd201) Frontal filament morphogenesis in the salmon
louse Lepeophtheirus salmonis. Journal of ParagjjoB87:561-574

Grimnes A, Jakobsen PJ (1996) The physiologicalct$fof salmon lice infection on post-smolt of Atia
salmon. Journal of Fish Biology 48:1179-1194

Hamre LA, Nilsen F (Submitted) Establishment of @ltigeneration culturing system for Lsalmonis. Sl

Heuch PA, Nordhagen JR, Schram TA (2000) Egg pribaluin the salmon louse [Lepeophtheirus salmonis
(Kroyer)] in relation to origin and water tempen&tuAquaculture Research 31:805-814

Heuch PA, Bjgrn PA, Finstad B, Holst JC, AsplinNilsen F (2005) A review of the Norwegian ‘National
Action Plan Against Salmon Lice on Salmonids’: ®ifect on wild salmonids Aquaculture 246:79-92

Heuch PA, Oines, O., Knutsen, J.A., Schram, T.A0{) Infection of wild fishes by the parasitic cppd
Caligus elongatus on the south east coast of Narldsgases of Aquatic Organisms 77:149-158

Holst JC, Nilsen F, Hodneland K, Nylund A (1993)g@bvations of the biology and parasites of postsmol
Atlantic salmonSalmo salar, from the Norwegian Sea. Journal of fish bioldg@y962-966

Holst JC, Jacobsen P, Nilsen F, Holm M, Asplin luréJ (2003) Mortality of seaward-migrating postetisof
Atlantic salmon due to salmon lice infection in Megian salmon stocs. . In: Mills, S (Ed), Salmon at
the edge Blackwell Science, Oxford ppl136-137

Johannessen A (1978) Early stagekepfeophtheirus salmon{€opepoda, Caligidae). Sarsia 63:169-176

Johnson SC, Albright LJ (1991a) Development, growatid survival of epeophtheirus salmon{€opepoda:
Caligidae) under laboratory conditions. Journahef Marine Biological Association of the United
Kingdom 71:425-436

Johnson SC, Albright LJ (1991b) The developmeritaless olepeoptheirus salmon{&royer,
1837)(Copepoda, Caligidae). Canadian journal ofamo69:929-950

Jones MW, Sommerville C, Bron J (1990) The histbplatgy associated with the juvenile stages of
Lepeophtheirus salmoni the Atlantic salmor§almo salar LJournal of fish diseases 13:303-310

Kabata Z (1970) Some Lernaeopodidae (Copepoda) Fishes of British-Columbia. Journal of the Fisheri
Research Board of Canada 27:865-&

Kabata Z (1973) Species of Lepeophtheirus (Cope@adigidae) from Fishes of British-Columbia. Jouroh
the Fisheries Research Board of Canada 30:729-759

Kabata Z (1979) Parasitic Copepoda of British fisfiehe Ray Society, London

Kabata Z (1981) Copepoda (Crustacea) Parasitiasire§ - Problems and Perspectives. Advances in
Parasitology 19:1-71

Kabata Z (1988) Some Evolutionary Trends in Cali@a@pepods. Hydrobiologia 167:617-622

30



Karnovsky MJ (1965) A Formaldehyde-Glutaraldehydefive of High Osmolality for Use in Electron
Microscopy. Journal of Cell Biology 27:A137-&

Krol RM, Hawkins WE, Overstreet RM (1990) Reo-Li{@us in White Shrimp Penaeus-Vannamei (Crustacea,
Decapoda) - Cooccurrence with Baculovirus-PenaEximerimental Infections. Diseases of Aquatic
Organisms 8:45-49

Kvamme BO, Skern R, Frost P, Nilsen F (2004) Molecaharacterisation of five trypsin-like peptidase
transcripts from the salmon loudeepeophtheirus salmonigitestine. International Journal for
Parasitology 34:823-832

Lightner DV, Redman RM, Bell TA (1983) Observatiansthe Geographic-Distribution, Pathogenesis and
Morphology of the Baculovirus from Penaeus-Mono&abricius. Aquaculture 32:209-233

Moberg GP (1999) When does stress become disttebsRAnimal 28:22-26

Nilsen F, Horsberg TE (2008) Pavisning av emameasistente lakselus i Noreg. Norsk Fiskeoppdr&s-&0

Niu LL, Fallon AM (2000) Differential regulation afbosomal protein gene expression in Aeades aegypt
mosquitoes before and after the blood meal. Inged¢cular Biology 9:613-623

Nylund A, Okland S, Bjorknes B (1992) Anatomy anltk&structure of the Alimentary Canal in
Lepeophtheirus-Salmon{€opepoda, Siphonostomatoida). Journal of Cruata8éology 12:423-437

Parker RR, Kabata Z, Margolis L, Dean MD (1968) éview and Description afaligus CurtusMuller 1785
(Caligidae - Copepoda) Type Species of Its Germgnal of the Fisheries Research Board of Canada
25:1923-&

Pike AW, Wadsworth SL (1999) Sealice on salmoniideir biology and control. Advances in Parasitology
44:233-337

Skugor S, Glover KA, Nilsen F, Krasnov A (2008) aband systemic gene expression responses of istlant
salmon (Salmo salar L.) to infection with the safmhouse (Lepeophtheirus salmonis). Bmc Genomics
9:-

Smith JA, Whitfield PJ (1988) Ultrastructural Steslion the Early Cuticular Metamorphosis of Adulinaée
Lernaeocera-Branchialis (L) (Copepoda, Pennelliddg)irobiologia 167:607-616

Smith VJ, Brown JH, Hauton C (2003) Immunostimuatin crustaceans: does it really protect against
infection? Fish & Shellfish Immunology 15:71-90

Tully O, Nolan DT (2002) A review of the populatibiology and host-parasite interactions of thelsaae
Lepeophtheirus salmonf€opepoda : Caligidae). Parasitology 124:5S165-S182

Wagner GN, Fast MD, Johnson SC (2008) Physiologlyimmunology of_epeophtheirus salmonisfections
of salmonids. Trends in Parasitology 24:176-183

Zar JH (1998) Biostatistical analysis. PrenticetHabper Saddle River, N.J.

Zinkernagel RM (2003) On natural and artificial eaations. Annual Review of Immunology 21:515-546

31



Appendix |

Further results and statistical tables

32



40

P S W
S, N

“ Y¥ire
1] Temperature Trial A
s 30
g Salinity Trial A
2 25
£ Temperature Trial B
©
% 20 Salinity Trial B
S
2 Temperature ISH trial
c 15
g Salinity ISH trial
£
[t

5

0 T T T T T T T T T T T T T T T T T T T T T T T T T 1

1234567 8 91011121314151617181920212223242526

Days
Figure Xl . Temperature and salinity during trial A, trialbBd ISH trial. Error bars denote standard deviation
Average temperature = 9.1 (£ 0.4)°C Average sglmi33.1 (+ 0.9)%0

33



Oslofjord NAIVE Redlice NAIVE
(Not infective) (Not infective)
340 340
320 320
300 300
<=
bl 4
2 280 n=5 280
n=50 Nn=50 n=50 n=30
n=50 n=50 n=50
240 240
220 220
0 2 4 6 8 10 12 0 2 4 6 8 10 12
DPM DPM
Oslofjord YOUNG Redlice YOUNG
(Infected 2DPM) (Infected 2DPM)
340 n=12 340
320 320
300 300
<
3
2 280 280
260 260
240 240
220 220
1 T3 4 5 6 7 8 9 10 11 1 T3 4 5 6 7 8 9 10 11
DPM DPM
Oslofjord OLD Redlice OLD
(Infected 8DPM) (Infected 8DPM)
340 4 340
Zp1 n=6
320 320 2l
300 300
=
<l
2 280 280
260 260 =30 =40 n=40 N=40
n=24
240 240
220 220

1 7 T 9 10 11 12 13 14 15 16
DPM

17 18

1 7 t9 10 11 12 13 14 15 16 17 18

Figure Xlll. Largest width (um) at different timepoints of cppdids in trial A and B. Arrows indicate
infection point. Vertical bars denote 0.95 confidelntervals. Number of measured individuals (isplayed
above each sample point. Yellow markers indicabmptimal sample size. ANOVA results are presentedlle

IV and P-values in table IX-X

34



Oslofjord NAIVE Redlice NAIVE
(Not infective) (Not infective)
540 540
530 530
. 520 520
3
]
=
B 510 510
o) n=50 _y
?é n=50 n=50 . n=50
5 500 500
2
k]
K
2
S 490 490
o
480 480
470 470
0 2 4 6 8 10 12 0 2 4 6 8 10 12
DPM DPM
Oslofjord YOUNG Redlice YOUNG
(Infected 2DPM) (Infected 2DPM)
540 540
530 530 n=9
. 520 520
E
3
=
S 510 510
g
2
x
Il
5 500 500
£
5
©
=
S 490 490
8]
480 480
470 470
1 T3 4 5 6 7 8 9 10 11 1 T 3 4 5 6 7 8 9 10 11
DPM DPM
Oslofjord OLD Redlice OLD
(Infected 8 DPM) (infected 8 DPM)
540 540
530
. 520
E
3
=
S 510
g
2
x
Il
5 500
£
5
©
=
S 490
8]
480
470 470

Figure XIV. Cephalothorax length (um) at different time pomftgopepodids in trial A and B. Arrows indicate
infection point. Vertical bars denote 0.95 confidelntervals. Number of measured individuals (isplayed
above each sample point. Yellow markers indicabmptimal sample size. ANOVA results are presentedlle

V and P-values in table XI-XII.

35



Oslofjord NAIVE

Redlice NAIVE

(Not infective) (Not infected)
360 360
340 340
g
2 320 320
2
5
g
2 300 300
3
g 50
e e
% 280 280 n=50 n=50
{; n=50 n=50 n=50 n=50 n=30
c
£ 260 260
2
5
g
240 240
220 220
0 2 4 6 8 10 12 0 2 4 6 8 10 12
DPM DPM
Oslofjord YOUNG Redlice YOUNG
(Infected 2DPM) (infected 2DPM)
360 360
340
g
2 320
9
g
5
£
2 300
3
5
2 280
o
8
S
°
£ 260
2
5
g
240
220 220
1 T3 4 5 6 7 8 9 10 1 1 T3 4 5 6 7 8 9 10 1
DPM DPM
Oslofjord OLD Redlice OLD
(Infected 8BDPM) (Infected 8BDPM)
360 - 360
340 340
B . h=6
2 320 320 n2t
9
g
5
£
g 300 300
5 n=27
s n=40 n=40 n=40
2 280 280
=
8
5 n=30
c
£ 260 260
2
5
g
240 240
220 220

1 7 T 10 11 12 13 14 15 16 17 18
DPM

1 & i) 10 11 12 13 14 15 16 17 18
DPM

Figure XV. Posterior segments length (um) at different fpomts of copepodids in trial A and B. Arrows
indicate infection point. Vertical bars denote Oc@mfidence intervals. Number of measured indivisla) is
displayed above each sample point. Yellow marketiate suboptimal sample size. ANOVA results are
presented in table VI and P-values in table XIIMXI



Figure XVI. Verification of the PCR product in1% agarose géle bands are single and orientated next tc
ladder band of 600bp\.LsTryp2 antisensdB.LsTryp2 senseC.LsTrypl antisensd.LsTrypl sense
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Analysis of variance (ANOVA)

Table Ill. Test result from one-way ANOVA run ortablength per days past molting (DPM).

Naive Redlice

Effect SS Df Ms F P
Intercept 177631802 1 177631802 247563 <0,001
DPM 28101 6 4685 6.5 <0,001
Error 231759 323 718

Young Redlice
Effect SS Df Ms F P
Intercept 161378752 1 161378752 352553,9 <0,001
DPM 227248 9 25250 55,2 <0,001
Error 158379 346 458

Old Redlice
Effect SS Df Ms F P
Intercept 168610773 1 168610773 348052 <0,001
DPM 266474 11 24225 50 <0,001
Error 178274 368 484

Naive Oslofjord
Effect SS Df Ms F P
Intercept 85280215 1 85280215 99695,04 <0,001
DPM 22836 6 3806 4,45 <0,001
Error 254912 298 855

Young Oslofjord
Effect SS Df Ms F P
Intercept 113455700 1 113455700 165938 <0,001
DPM 347898 9 38655 56,5 <0,001
Error 211270 309 684

Old Oslofjord
Effect SS Df Ms F P
Intercept 149872143 1 149872143 207021,7 <0,001
DPM 346733 11 31521 43,5 <0,001
Error 262792 363 724
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Table IV. Test result from one-way ANOVA run on gtest width per days past molting (DPM).

Naive Redlice

Effect SS Df Ms F P
Intercept 21065836 1 21065836 102633.8 <0.001
DPM 4337 6 723 3.5 0.002
Error 66297 323 205

Young Redlice
Effect SS Df Ms F P
Intercept 20409232 1 20409232 86826.40 <0.001
DPM 96233 9 10693 45.49 <0.001
Error 81330 346 235

Old Redlice
Effect SS Df Ms F P
Intercept 20343854 1 20343854 62035.52 <0.001
DPM 155549 11 14141 <0.001
Error 120681 368 328

Naive Oslofjord
Effect SS Df Ms F P
Intercept 9729182 1 9729182 45143.55 <0.001
DPM 8579 6 1430 63 <0.001
Error 64224 298 216

Young Oslofjord
Effect SS Df Ms F P
Intercept 14270476 1 14270476 52368.91 <0.001
DPM 156409 9 17379 63.78 <0.001
Error 84202 309 272

Old Oslofjord
Effect SS Df Ms F P
Intercept 17693954 1 17693954 38188.23 <0.001
DPM 156220 11 14202 30.65 <0.001
Error 168191 363 463
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Table V. Test result from one-way ANOVA run on Cafufthorax length per days past molting (DPM).

Naive Redlice

Effect SS Df Ms F P
Intercept 75038239 1 75038239 339582,6 <0.001
DPM 10606 6 1768 8,0 <0.001
Error 71374 323 221

Young Redlice
Effect SS Df Ms F P
Intercept 66641312 1 66641312 388495,4 <0.001
DPM 50513 9 5613 32,7 <0.001
Error 59352 346 172

Old Redlice
Effect SS Df Ms F P
Intercept 70213941 1 70213941 399916,7 <0.001
DPM 46756 11 4251 24,2 <0.001
Error 64610 368 176

Naive Oslofjord
Effect SS Df Ms F P
Intercept 37182191 1 37182191 178665,2 <0.001
DPM 4179 6 696 3,3 0.003
Error 62017 298 208

Young Oslofjord
Effect SS Df Ms F P
Intercept 14270476 1 14270476 52368,91 <0.001
DPM 156409 9 17379 63,78 <0.001
Error 84202 309 272

Old Oslofjord
Effect SS Df Ms F P
Intercept 61802826 1 61802826 299621 <0.001
DPM 66578 11 6053 29,3 <0.001
Error 74876 363 206
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Table VI. Test result from one-way ANOVA run on ¢gh of posterior segments per days post moltingMPP

Naive Redlice

Effect SS Df Ms F P
Intercept 21569615 1 21569615 59745,43 <0.001
DPM 8604 6 1434 3,97 <0.001
Error 116611 323 361

Young Redlice
Effect SS Df Ms F P
Intercept 20459830 1 20459830 60523,92 <0.001
DPM 70246 9 7805 23,09 <0.001
Error 116964 346 338

Old Redlice
Effect SS Df Ms F P
Intercept 21062418 1 21062418 66887,06 <0.001
DPM 102449 11 9314 29,58 <0.001
Error 115881 368 315

Naive Oslofjord
Effect SS Df Ms F P
Intercept 9770232 1 9770232 20559,74 <0.001
DPM 19196 6 3199 6,73 <0.001
Error 141613 298 475

Young Oslofjord
Effect SS Df Ms F P
Intercept 14309650 1 14309650 29175,07 <0.001
DPM 156702 9 17411 35,50 <0.001
Error 151557 309 490

Old Oslofjord
Effect SS Df Ms F P
Intercept 19121736 1 19121736 43821,50 <0.001
DPM 153015 11 13910 31,88 <0.001
Error 158397 363 436
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Student-Newman-Keuls test

Table VII. P-values from Student-Newmans-Keuls tests, te$tindifferences in total length of Redlice

copepodids between days post molting (DPM). Vafae®ld Redlice I DPM is not displayed.

Naive Redlice

DPM 1 2 3 4 5 6 7
1 0 0,001 0,002 0,001 0,004 0,000 0,000
2 2 0,001 0,814 0,953 0,753 0,316 0,117
3 4 0,002 0,814 0,952 0,728 0,431 0,119
4 6 0,001 0,953 0,952 0,484 0,564 0,153
5 8 0,004 0,753 0,728 0,484 0,267 0,035
6 10 0,000 0,316 0,431 0,564 0,267 0,328
7 12 0,000 0,117 0,119 0,153 0,035 0,328
Young Redlice

DPM 1 2 3 4 6 7 8 9 10
1 1 0,376 0,735 0,622 0,021 0,000 0,000 0,000 0,000 0,000
2 3 0,376 0,989 0,966 0,139 0,000 0,000 0,000 0,000 0,000
3 4 0,735 0,989 0,924 0,045 0,000 0,000 0,000 0,000 0,000
4 5 0,622 0,966 0,924 0,089 0,000 0,000 0,000 0,000 0,000
5 6 0,021 0,139 0,045 0,089 0,004 0,000 0,000 0,000 0,000
6 7 0,000 0,000 0,000 0,000 0,004 0,148 0,000 0,000 0,000
7 8 0,000 0,000 0,000 0,000 0,000 0,148 0,000 0,000 0,000
8 9 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,458 0,006
9 10 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,458 0,021
10 11 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,006 0,021
Old Redlice

DPM 1 2 3 4 5 6 7 8 9 10 11
1 7 0,059 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000
2 9 0,059 0,057 0,099 0,000 0,000 0,000 0,000 0,000 0,000 0,000
3 10 0,000 0,057 0,997 0,035 0,000 0,000 0,000 0,000 0,000 0,000
4 11 0,000 0,099 0,997 0,013 0,000 0,000 0,000 0,000 0,000 0,000
5 12 0,000 0,000 0,035 0,013 0,099 0,032 0,007 0,000 0,000 0,000
6 13 0,000 0,000 0,000 0,000 0,099 0,386 0,259 0,000 0,000 0,000
7 14 0,000 0,000 0,000 0,000 0,032 0,386 0,482 0,006 0,000 0,000
8 15 0,000 0,000 0,000 0,000 0,007 0,259 0,482 0,017 0,000 0,000
9 16 0,000 0,000 0,000 0,000 0,000 0,000 0,006 0,017 0,017 0,026
10 17 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,017 0,601
11 18 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,026 0,601
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Table VIII. P-values from Student-Newmans-Keuls tests, te$tindifferences in total length of Oslofjord
copepodids between days post molting (DPM). Vafae®©ld Oslofjord 1DPM is not displayed.

Naive Oslofjord

DPM 1 2 3 4 5 6 I
1 0 0,791 0,317 0,542 0,317 0,623 0,003
2 2 0,791 0,277 0,549 0,414 0,507 0,002
3 4 0,317 0,277 0,512 0,757 0,088 0,064
4 6 0,542 0,549 0,512 0,957 0,274 0,033
5 8 0,317 0,414 0,757 0,957 0,216 0,051
6 10 0,623 0,507 0,088 0,274 0,216 0,000
7 12 0,003 0,002 0,064 0,033 0,051 0,000
Young Oslofjord

DPM 1 2 3 4 5 6 I 8 9 10
1 1 0,334 0,323 0,007 0,006 0,000 0,000 0,000 0,000 0,006
2 3 0,334 0,123 0,000 0,000 0,000 0,000 0,000 0,000 0,000
3 4 0,323 0,123 0,082 0,058 0,000 0,000 0,000 0,000 0,035
4 5 0,007 0,000 0,082 0,924 0,003 0,000 0,000 0,000 0,960
5 6 0,006 0,000 0,058 0,924 0,006 0,000 0,000 0,000 0,860
6 7 0,000 0,000 0,000 0,003 0,006 0,032 0,007 0,000 0,006
7 8 0,000 0,000 0,000 0,000 0,000 0,032 0,373 0,001 0,000
8 9 0,000 0,000 0,000 0,000 0,000 0,007 0,373 0,007 0,000
9 10 0,000 0,000 0,000 0,000 0,000 0,000 0,001 0,007 0,000
10 11 0,006 0,000 0,035 0,960 0,860 0,006 0,000 0,000 0,000
Old Oslofjord

DPM 1 2 3 4 5 6 I 8 9 10 11
1 7 0,016 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000
2 9 0,016 0,136 0,012 0,001 0,000 0,000 0,000 0,000 0,000 0,000
3 10 0,000 0,136 0,170 0,047 0,001 0,000 0,000 0,000 0,000 0,000
4 11 0,000 0,012 0,170 0,321 0,050 0,014 0,000 0,000 0,000 0,000
5 12 0,000 0,001 0,047 0,321 0,177 0,111 0,006 0,003 0,000 0,000
6 13 0,000 0,000 0,001 0,050 0,177 0,513 0,134 0,107 0,000 0,011
7 14 0,000 0,000 0,000 0,014 0,111 0,513 0,207 0,242 0,001 0,051
8 15 0,000 0,000 0,000 0,000 0,006 0,134 0,207 0,729 0,034 0,393
9 16 0,000 0,000 0,000 0,000 0,003 0,107 0,242 0,729 0,047 0,339
10 17 0,000 0,000 0,000 0,000 0,000 0,000 0,001 0,034 0,047 0,159
11 18 0,000 0,000 0,000 0,000 0,000 0,011 0,051 0,393 0,339 0,159
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Table IX. P-values from Student-Newmans-Keuls tests, testindifferences in greatest width of Redlice

copepodids between days post molting (DPM). Vafae®©Ild RedlicelIDPM is not displayed

Naive Redlice

DPM 1 2 3 4 5 6 7
1 0 0,455 0,581 0,026 0,029 0,032 0,034
2 2 0,455 0,806 0,122 0,108 0,160 0,182
3 4 0,581 0,806 0,123 0,077 0,185 0,227
4 6 0,026 0,122 0,123 0,851 0,961 0,991
5 8 0,029 0,108 0,077 0,851 0,970 0,989
6 10 0,032 0,160 0,185 0,961 0,970 0,939
7 12 0,034 0,182 0,227 0,991 0,989 0,939
Young Redlice

DPM 1 2 3 4 6 7 8 9 10
1 1 0,001 0,001 0,000 0,000 0,000 0,000 0,000 0,000 0,000
2 3 0,001 0,687 0,161 0,001 0,000 0,000 0,000 0,000 0,000
3 4 0,001 0,687 0,168 0,000 0,000 0,000 0,000 0,000 0,000
4 5 0,000 0,161 0,168 0,030 0,007 0,004 0,000 0,000 0,000
5 6 0,000 0,001 0,000 0,030 0,541 0,315 0,000 0,000 0,000
6 7 0,000 0,000 0,000 0,007 0,541 0,958 0,000 0,000 0,000
7 8 0,000 0,000 0,000 0,004 0,315 0,958 0,000 0,000 0,000
8 9 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,006 0,020
9 10 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,006 0,468
10 11 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,020 0,468
Old Redlice

DPM 1 2 3 4 5 6 7 8 9 10 11
1 7 0,460 0,363 0,470 0,000 0,000 0,000 0,000 0,000 0,000 0,000
2 9 0,460 0,951 0,833 0,003 0,000 0,000 0,000 0,000 0,000 0,000
3 10 0,363 0,951 0,928 0,005 0,000 0,000 0,000 0,000 0,000 0,000
4 11 0,470 0,833 0,928 0,004 0,000 0,000 0,000 0,000 0,000 0,000
5 12 0,000 0,003 0,005 0,004 0,178 0,011 0,008 0,000 0,000 0,000
6 13 0,000 0,000 0,000 0,000 0,178 0,188 0,098 0,000 0,000 0,000
7 14 0,000 0,000 0,000 0,000 0,011 0,188 0,927 0,010 0,000 0,000
8 15 0,000 0,000 0,000 0,000 0,008 0,098 0,927 0,020 0,000 0,000
9 16 0,000 0,000 0,000 0,000 0,000 0,000 0,010 0,020 0,015 0,202
10 17 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,015 0,130
11 18 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,202 0,130
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Table X. P-values from Student-Newmans-Keuls tests, testindifferences in greatest width of Oslofjord
copepodids between days post molting (DPM). Vafae®©ld Oslofjord 1DPM is not displayed.

Naive Oslofjord

DPM 1 2 3 4 5 6 I
1 0 0,111 0,013 0,033 0,084 0,005 0,000
2 2 0,111 0,394 0,498 0,594 0,279 0,087
3 4 0,013 0,394 0,655 0,551 0,689 0,533
4 6 0,033 0,498 0,655 0,553 0,673 0,427
5 8 0,084 0,594 0,551 0,553 0,473 0,216
6 10 0,005 0,279 0,689 0,673 0,473 0,504
7 12 0,000 0,087 0,533 0,427 0,216 0,504
Young Oslofjord

DPM 1 2 3 4 5 6 I 8 9 10
1 1 0,222 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000
2 3 0,212 0,002 0,000 0,000 0,000 0,000 0,000 0,000 0,000
3 4 0,000 0,002 0,200 0,047 0,020 0,000 0,000 0,000 0,000
4 5 0,000 0,000 0,100 0,948 0,397 0,004 0,000 0,000 0,099
5 6 0,000 0,000 0,047 0,948 0,632 0,005 0,000 0,000 0,146
6 7 0,000 0,000 0,020 0,397 0,632 0,030 0,000 0,000 0,226
7 8 0,000 0,000 0,000 0,004 0,005 0,030 0,004 0,000 0,185
8 9 0,000 0,000 0,000 0,000 0,000 0,000 0,004 0,003 0,000
9 10 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,003 0,000
10 11 0,000 0,000 0,000 0,099 0,146 0,226 0,185 0,000 0,000
Old Oslofjord

DPM 1 2 3 4 5 6 I 8 9 10 11
1 7 0,004 0,015 0,003 0,000 0,000 0,000 0,000 0,000 0,000 0,000
2 9 0,004 0,619 0,917 0,355 0,217 0,003 0,000 0,000 0,000 0,000
3 10 0,015 0,619 0,407 0,246 0,029 0,000 0,000 0,000 0,000 0,000
4 11 0,003 0,917 0,407 0,559 0,158 0,003 0,000 0,000 0,000 0,000
5 12 0,000 0,355 0,246 0,559 0,291 0,030 0,001 0,001 0,000 0,000
6 13 0,000 0,117 0,029 0,158 0,291 0,138 0,025 0,026 0,000 0,000
7 14 0,000 0,003 0,000 0,003 0,030 0,138 0,265 0,383 0,000 0,002
8 15 0,000 0,000 0,000 0,000 0,001 0,025 0,265 0,836 0,006 0,037
9 16 0,000 0,000 0,000 0,000 0,001 0,026 0,383 0,836 0,007 0,024
10 17 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,006 0,007 0,430
11 18 0,000 0,000 0,000 0,000 0,000 0,000 0,002 0,037 0,024 0,430
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Table XI. P-values from Student-Newmans-Keuls tests, testindifferences in Cephalothorax length of

Redlice copepodids between days post molting (DRAdues for Old RedlicelDPM is not displayed

Naive Redlice

DPM 1 2 3 4 5 6 7
1 0 0,003 0,010 0,015 0,000 0,000 0,000
2 2 0,003 0,648 0,490 0,427 0,071 0,138
3 4 0,010 0,648 0,844 0,333 0,012 0,042
4 6 0,015 0,490 0,844 0,298 0,015 0,047
5 8 0,000 0,427 0,333 0,298 0,230 0,268
6 10 0,000 0,071 0,012 0,015 0,230 0,597
7 12 0,000 0,138 0,042 0,047 0,268 0,597
Young Redlice

DPM 1 2 3 4 6 7 8 9 10
1 1 0,755 0,221 0,019 0,024 0,000 0,000 0,000 0,000 0,000
2 3 0,755 0,273 0,011 0,018 0,000 0,000 0,000 0,000 0,000
3 4 0,221 0,273 0,213 0,165 0,000 0,000 0,000 0,000 0,000
4 5 0,019 0,011 0,213 0,773 0,004 0,000 0,000 0,000 0,000
5 6 0,024 0,018 0,165 0,773 0,005 0,000 0,000 0,000 0,000
6 7 0,000 0,000 0,000 0,004 0,005 0,264 0,002 0,001 0,000
7 8 0,000 0,000 0,000 0,000 0,000 0,264 0,019 0,030 0,001
8 9 0,000 0,000 0,000 0,000 0,000 0,002 0,019 0,853 0,386
9 10 0,000 0,000 0,000 0,000 0,000 0,000 0,030 0,853 0,258
10 11 0,000 0,000 0,000 0,000 0,000 0,000 0,001 0,386 0,258
Old Redlice

DPM 1 2 3 4 5 6 7 8 9 10 11
1 7 0,366 0,311 0,314 0,093 0,000 0,000 0,000 0,000 0,000 0,000
2 9 0,366 0,133 0,066 0,009 0,000 0,000 0,000 0,000 0,000 0,000
3 10 0,311 0,133 0,761 0,453 0,000 0,000 0,000 0,000 0,000 0,000
4 11 0,314 0,066 0,761 0,441 0,001 0,000 0,000 0,000 0,000 0,000
5 12 0,093 0,009 0,453 0,441 0,006 0,000 0,000 0,000 0,000 0,000
6 13 0,000 0,000 0,000 0,001 0,006 0,256 0,367 0,291 0,272 0,251
7 14 0,000 0,000 0,000 0,000 0,000 0,256 0,878 0,716 0,858 0,807
8 15 0,000 0,000 0,000 0,000 0,000 0,367 0,878 0,903 0,867 0,681
9 16 0,000 0,000 0,000 0,000 0,000 0,291 0,716 0,903 0,922 0,855
10 17 0,000 0,000 0,000 0,000 0,000 0,272 0,858 0,867 0,922 0,922
11 18 0,000 0,000 0,000 0,000 0,000 0,251 0,807 0,681 0,855 0,922
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Table XlI. P-values from Student-Newmans-Keuls tests, te$tindifferences in Cephalothorax length of
Oslofjord copepodids between days post molting (DPKalues for Old Oslofjord 1DPM is not displayed.

Naive Oslofjord

DPM 1 2 3 4 5 6 7
1 0 0,552 0,605 0,465 0,118 0,665 0,006
2 2 0,552 0,718 0,716 0,303 0,849 0,032
3 4 0,605 0,718 0,766 0,398 0,854 0,063
4 6 0,465 0,716 0,766 0,384 0,609 0,126
5 8 0,118 0,303 0,398 0,384 0,350 0,283
6 10 0,665 0,849 0,854 0,609 0,350 0,067
7 12 0,006 0,032 0,063 0,126 0,283 0,067
Young Oslofjord

DPM 1 2 3 4 6 I 8 9 10
1 1 0,212 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000
2 3 0,212 0,002 0,000 0,000 0,000 0,000 0,000 0,000 0,000
3 4 0,000 0,002 0,100 0,047 0,020 0,000 0,000 0,000 0,000
4 5 0,000 0,000 0,100 0,948 0,397 0,004 0,000 0,000 0,099
5 6 0,000 0,000 0,047 0,948 0,632 0,005 0,000 0,000 0,146
6 7 0,000 0,000 0,020 0,397 0,632 0,030 0,000 0,000 0,226
7 8 0,000 0,000 0,000 0,004 0,005 0,030 0,004 0,000 0,185
8 9 0,000 0,000 0,000 0,000 0,000 0,000 0,004 0,003 0,000
9 10 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,003 0,000
10 11 0,000 0,000 0,000 0,099 0,146 0,226 0,185 0,000 0,000
Old Oslofjord

DPM 1 2 3 4 5 6 7 8 9 10 11
1 7 0,302 0,004 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,001
2 9 0,302 0,029 0,002 0,000 0,000 0,000 0,000 0,000 0,000 0,023
3 10 0,004 0,029 0,446 0,217 0,001 0,000 0,000 0,000 0,000 0,654
4 11 0,000 0,002 0,446 0,535 0,041 0,000 0,001 0,002 0,027 0,553
5 12 0,000 0,000 0,217 0,535 0,072 0,004 0,005 0,009 0,077 0,346
6 13 0,000 0,000 0,001 0,041 0,072 0,302 0,396 0,368 0,716 0,005
7 14 0,000 0,000 0,000 0,000 0,004 0,302 0,984 0,694 0,353 0,000
8 15 0,000 0,000 0,000 0,001 0,005 0,396 0,984 0,910 0,501 0,000
9 16 0,000 0,000 0,000 0,002 0,009 0,368 0,694 0,910 0,325 0,000
10 17 0,000 0,000 0,000 0,027 0,077 0,716 0,353 0,501 0,325 0,002
11 18 0,001 0,023 0,654 0,553 0,346 0,005 0,000 0,000 0,000 0,002
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Table XllI. P-values from Student-Newmans-Keuls tests, te$tindifferences in posterior segments length of

Redlice copepodids between days post molting (DRAdues for Old RedlicelDPM is not displayed

Naive Redlice

DPM 1 2 3 4 5 6 7
1 0 0,017 0,042 0,072 0,761 0,137 0,004
2 2 0,017 0,679 0,717 0,030 0,563 0,619
3 4 0,042 0,679 0,717 0,062 0,650 0,633
4 6 0,072 0,717 0,717 0,085 0,601 0,579
5 8 0,761 0,030 0,062 0,085 0,109 0,009
6 10 0,137 0,563 0,650 0,601 0,109 0,375
7 12 0,004 0,619 0,633 0,579 0,009 0,375
Young Redlice

DPM 1 2 3 4 6 7 8 9 10
1 1 0,372 0,995 0,402 0,347 0,052 0,004 0,000 0,000 0,000
2 3 0,372 0,182 0,129 0,752 0,356 0,104 0,000 0,000 0,000
3 4 0,995 0,182 0,675 0,225 0,034 0,003 0,000 0,000 0,000
4 5 0,402 0,129 0,675 0,092 0,005 0,000 0,000 0,000 0,000
5 6 0,347 0,752 0,225 0,092 0,291 0,122 0,000 0,000 0,000
6 7 0,052 0,356 0,034 0,005 0,291 0,366 0,000 0,000 0,000
7 8 0,004 0,104 0,003 0,000 0,122 0,366 0,000 0,000 0,000
8 9 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,729 0,033
9 10 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,729 0,031
10 11 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,033 0,031
Old Redlice

DPM 1 2 3 4 5 6 7 8 9 10 11
1 7 0,005 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000
2 9 0,005 0,272 0,289 0,005 0,006 0,006 0,001 0,000 0,000 0,000
3 10 0,000 0,272 0,630 0,130 0,086 0,191 0,080 0,000 0,000 0,000
4 11 0,000 0,289 0,630 0,074 0,071 0,097 0,029 0,000 0,000 0,000
5 12 0,000 0,005 0,130 0,074 0,830 0,952 0,811 0,001 0,000 0,000
6 13 0,000 0,006 0,086 0,071 0,830 0,959 0,839 0,001 0,000 0,000
7 14 0,000 0,006 0,191 0,097 0,952 0,959 0,578 0,001 0,000 0,000
8 15 0,000 0,001 0,080 0,029 0,811 0,839 0,578 0,002 0,000 0,000
9 16 0,000 0,000 0,000 0,000 0,001 0,001 0,001 0,002 0,007 0,015
10 17 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,007 0,539
11 18 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,015 0,539
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Table XIV. P-values from Student-Newmans-Keuls tests, testindifferences in posterior segments length of
Oslofjord copepodids between days post molting (PPK4lues for Old Oslofjord 1DPM is not displayed

Naive Oslofjord

DPM 1 2 3 4 5 6 7
1 0 0,681 0,249 0,835 0,670 0,057 0,156
2 2 0,681 0,156 0,637 0,794 0,117 0,037
3 4 0,249 0,156 0,361 0,185 0,002 0,492
4 6 0,835 0,637 0,361 0,519 0,064 0,170
5 8 0,670 0,794 0,185 0,519 0,161 0,055
6 10 0,057 0,117 0,002 0,064 0,161 0,000
7 12 0,156 0,037 0,492 0,170 0,055 0,000
Young Oslofjord

DPM 1 2 3 4 6 I 8 9 10
1 1 0,485 0,460 0,033 0,040 0,000 0,000 0,000 0,000 0,038
2 3 0,485 0,321 0,006 0,009 0,000 0,000 0,000 0,000 0,007
3 4 0,460 0,321 0,142 0,090 0,000 0,000 0,000 0,000 0,130
4 5 0,033 0,005 0,142 0,899 0,024 0,011 0,000 0,000 0,838
5 6 0,040 0,009 0,090 0,899 0,035 0,008 0,000 0,000 0,814
6 7 0,000 0,000 0,000 0,024 0,035 0,530 0,009 0,000 0,036
7 8 0,000 0,000 0,000 0,011 0,008 0,530 0,020 0,000 0,011
8 9 0,000 0,000 0,000 0,000 0,000 0,009 0,020 0,073 0,000
9 10 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,073 0,000
10 11 0,038 0,007 0,230 0,838 0,814 0,036 0,011 0,000 0,000
Old Oslofjord

DPM 1 2 3 4 5 6 7 8 9 10 11
1 7 0,007 0,005 0,001 0,000 0,000 0,000 0,000 0,000 0,000 0,000
2 9 0,007 0,694 0,559 0,334 0,186 0,298 0,005 0,000 0,000 0,000
3 10 0,005 0,694 0,526 0,453 0,304 0,364 0,015 0,002 0,000 0,000
4 11 0,001 0,559 0,526 0,678 0,569 0,471 0,068 0,012 0,000 0,000
5 12 0,000 0,334 0,453 0,678 0,653 0,905 0,179 0,064 0,000 0,000
6 13 0,000 0,186 0,304 0,569 0,653 0,837 0,186 0,106 0,000 0,000
7 14 0,000 0,298 0,364 0,471 0,905 0,837 0,232 0,071 0,000 0,000
8 15 0,000 0,005 0,015 0,068 0,179 0,186 0,232 0,482 0,000 0,000
9 16 0,000 0,000 0,002 0,012 0,064 0,106 0,071 0,482 0,000 0,000
10 17 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,475
11 18 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,475
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Table XV. P-values from Student-Newmans-Keuls tests, testindifference in total length between infective
groups of 6DPI and naive groups of 8DPM.

Group 1 2 3 4 5 6

751.58 779.86 78254 745.09 821.49 809.66
1 Naive Redlice 0,000 0,000 0,283 0,000 0,000
2 Young Redlice 0,000 0,642 0,000 0,000 0,000
3 Old Redlice 0,000 0,642 0,000 0,000 0,000
4 Naive Oslofjord 0,283 0,000 0,000 0,000 0,000
5 Young Oslofjord 0,000 0,000 0,000 0,000 0,040
6 Old Oslofjord 0,000 0,000 0,000 0,000 0,040

Table XVI. P-values from Tukey HSD tests, testing for differe in total length between infective groups of
6DPI and naive groups of 8DPM.in total length betwgroups at 6dpi or 8dpm.

Group 1 2 3 4 5 6

751.58 779.86 78254 745.09 821.49 809.66
1 Naive Redlice 0,000 0,000 0,891 0,000 0,000
2 Young Redlice 0,000 0,997 0,000 0,000 0,000
3 Old Redlice 0,000 0,997 0,000 0,000 0,000
4 Naive Oslofjord 0,891 0,000 0,000 0,000 0,000
5 Young Oslofjord 0,000 0,000 0,000 0,000 0,311
6 Old Oslofjord 0,000 0,000 0,000 0,000 0,311
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Table XVII. Test results for Kolmogorov-Smirnov tésr normality. All parameters but width are notma
distributed (P > 0.05).

Total Length

Group n Max D P
Redlice Naive 330 0,032212 p>.20
Redlice Young 356 0,043857 p>.20

Redlice Old 380 0,043012 p>.20
Oslofjord Naive 305 0,028705 p>.20
Oslofjord Young 319 0,043288 p>.20

Oslofjord Old 375 0,029881 p>.20
Width

Group n Max D P
Redlice Naive 330 0,041595 p>.20
Redlice Young 356 0,060246 p <,20

Redlice Old 380 0,089461 p<,01
Oslofjord Naive 305 0,045533 p>.20
Oslofjord Young 319 0,060640 p <,20

Oslofjord Old 375 0,090939 p<,01
Cephalothorax Lengtt

Group n Max D P
Redlice Naive 330 0,039544 p>.20
Redlice Young 356 0,037906 p>.20

Redlice Old 380 0,060258 p<,15
Oslofjord Naive 305 0,027391 p>.20
Oslofjord Young 319 0,035185 p>.20

Oslofjord Old 375 0,039443 p>.20
Length of posterior segments
Group n Max D P
Redlice Naive 330 0,046229 p>.20
Redlice Young 356 0,047878 p>.20
Redlice Old 380 0,063047 p<,10
Oslofjord Naive 305 0,047872 p>.20
Oslofjord Young 319 0,042013 p>.20
Oslofjord Old 375 0,036619 p>.20
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Table XVIII. Results from the Levine's F-test tagtifor homogeneity of variance in the total lengtbults.
Even though significant differences occur (P<0i08)F values are below 5.2 and regarded as acdeptab

Group Ms effect Ms error F P
Oslofjord Naive 1494,111 284,2176 5,256926 0,000036
Oslofjord Young 349,3136 241,8188 1,444526 0,168205

Oslofjord Old 531,0413 212,5476 2,498458 0,004895
Radlus Naive 865,2345 259,6852 3,331859 0,003375
Radlus Young 427,5198 163,4395 2,615768 0,006334

Rgdlus Old 1442561 179,0559 0,805648 0,634475
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Appendix Il

Recipies and sequences
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Table XIX. Karnovsky fixative recipe (Karnovsky 1965). The ibasedia,
separately and mixed upon use.

Quantity Substance Function
6,750 NacCl Basic media
0,105g KCI Basic media
0,099 CaCl Basic media
0,015¢g NaHCQ@ Basic media
1000ml Double distilled kD Basic media
1,59 Glucose Basic media
1,849 NaHPO,- H,O Buffer
8,419 NaHPO,- 2H,0 Buffer
10ml 25% glutaraldehyd Fix
10ml 10% paraformaldehyd Fix
49 Sukrose -

buffer and fixative are prepared
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Table XX. LsTrypl and LsTryp2 sequences. The probe locai@uilined

LsTryplForward primer TGTTCCTAGTTGTTGCAGCCAATGC -Bfip

1 tccttatcca tcaaatccaa tcttatttta cagat@aaattcgtc tgtacccttt
61 tgttcctagt tgttgcagec aatgetgttc cccctcagat caaatactct gagagtttca

121tgaaagtcaa gtccatgaga cacagattcg gtggaagaat cgtggg gaagaagttg

181 aacccaactc tattcccttc caaatttcat tccaaactac aggdiggcacttctgtg
241 gtgcttctgt catggacaag gacactatca tcactgctgc teagggacagcttct
301 acccatcgga agtccaagtt gttgctggtg aacacgatct ctttiicagtggagatg
361 aacaaaagat tgctgtatct gatatcacat accacgagaa gditc catggaacca
421 actatgacgt ttgtctttta aaattgaagt catccttgca cttcgag taagaactct
481 atcatgccat tcctgtgaca atcgttaatt tttattttct taad@aga gtcaagccta
541ttgctctccec agaaaaggac caagaattca tcggtgatgt tgttgtggatggggaa
601 ctatctcctc cagtggtcca ccttctccag ttcttaaagc tgigic caagttgttt

661 ctgatgagg tgagactcat aatcatattc atatacgatg tttatgaatbegat

721 attttatatt agactgtagc gatgcctact atggiatgatgagacc atgatctgtg

781 ctgctgcccc tggaaaagac tcctgccaag gecggdipycccattg getcaagacg
841 gaaccctcgt tggcattgtt tcctggggat atggtttgctcctgga tacccaggtg
901 tctacggcaa ggtctccaag ttcattgact gggtgataccaatag ataaattttg
961 atttcatttg tcaattattt gaaagttttt gaaabtaiaccca

LsTryp2 Forward primer GAAATGATGAAATTCTTGGGTGCCC 88bp

1 catagcagta agttactcaa gattattagt ttzatzatttcaactt taatatttca
61 tagaaatgat gaaattcttg ggtgeccttt tgttcttgge tgctgecgec catgctgctc

121 ctagaatgaa acaaagtgga agaattgtcg gaggagatga agttga aactcaattc

181 ccttccaaat ttctttccaa actattacag gattccactt ttdomy tctgtcatgg
241acaaggatac cattattact gctgctcatt gctgtgatgg ctegar gaagacgttc
301 aaatcattgc tgctgaacac gatctcttct ctataagtgg agatgea aaggttggtg
361tatcaaaaat cacctaccac gagaagtttg gatcccatgg cactedaacgtttgtc
421 ttttgaaatt gaagtcctcc ttggacctca acgagaaagt caagticgctctcccag
481 aaaaggacca agaattcact ggtgatgttg ttgtgtctgg atgggy atcgcctcca
541 atggcccatc ttctccagtc cttagatcag ttaccgtcca cgitygatgaggact
601 gtagcgatgc ctactttgga tctactgatg agaccatgat ctiggiogctccaggaa
661 aggactcctg ccaaggtgac tctggtggtc cattggngjatggaacc ttagttggta
721 tigtttcttg gggatatggt tgtgctgctc ctggataaggtgtctac ggcaaggtct

781 ccaagtttat tgactggatc gctgaaacaa aataatygttattg attttgaact
841 tttgaaatat aatattttca aaaaaaaaaa aondaam
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Table XXI. Specific primers for LsTrypl and LsTryp2. Manufaetd by Invitrogen.

TryplF

TGTTCCTAGTTGTTGCAGCCAATGC

TryplF-SP6

GATTTAGGTGACACTATAGTGTTCCTAGTTGTTGCAGCCAATGC

Tryp 1R

GCAGCAGCACAGATCATGGTCTCA

Tryp 1R-SP6

GATTTAGGTGACACTATAGGCAGCAGCACAGATCATGGTCTCA

Tryp2F

GAAATGATGAAATTCTTGGGTGCCC

Tryp2F-SP6

GATTTAGGTGACACTATAGGAAATGATGAAATTCTTGGGTGCCC

Tryp2R

AGCAGCAGCACAGATCATGGTCTCA

Tryp2R-SP6

GATTTAGGTGACACTATAGAGCAGCAGCACAGATCATGGTCTCA
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Table XXII. Polymerase chain reaction recipe.

Volume (ul) Substance
10 Flexi b
4 Mg" (25 mM)
4 dNTP (1,25 mM)
1 FW-primer
1 RW-primer
0,4 Gold Taq
3 Template
26,6 HO
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Table XXIIl. Recipe for synthesis of ISH probes.

Volume (ul)

Substance

9

PCR product

Nuclease free water

DIG label mix

Buffer

Polymerase

R INININ S

Protector RNAase inhib
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Appendix Il

Histology protocol
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UTTDRAG FRA DRIFTSPROSEDYRE FOR HISTOLOGI
MOLEKYLZARBIOLOGISK LAB, HAVFORSKNINGSINSTITUTTET

3.7.3 Fremstilling av parafininnleirede preparatertil lysmikroskopiering.
) Instrumenter, utstyr, kjemikalier og oppskrifte r — se vedlegg..

I1) Journalfaring / merking av histologipraver
Histologijournalene der man skal fgre inn vevspraeen skal innleires i parafin star i

bokhyllen pa histologilaboratoriet.

TRINN ARBEIDSBESKRIVELSE

1 Finn frem histologijournal, kulepenn, sprittusj @gveglasset med vevet
som skal journalfgres.

Finn frem det neste ledige kronologiske journalnrehi boken.
2 Eksempel; F-3/00 (Histologiprave nr 3 i ar 200®tadlir da F-4/00 osv.

Bokstaven F. foran pravenummeret betyr fisk nr.

Noter etter journalnummeret i boken opplysningen $arsgksnavn,

fiskeart, dato for prgvetak og eventuelt andre ygyphger som er gitt.

4 Merk praveglasset med vevsbiten tydelig med @laummeret (sprit tusj),

3.7.3.1 Dehydrering / Parafin innfiltrering
Innfiltreringen ma bare utfgres i godkjente avted{dp for histologisk arbeid.

Bruk alltid nitril hansker.

Histokinetten gir helautomatisk infiltrering av foalinfiksert vev med parafin/Histovoks.

TRINN ARBEIDSBESKRIVELSE

Formalinfiksert vev overfgres fra journalmerketeyeglass til
1 stgpekassetter (WLAS-1060) som merkes med prgyeuaesalnr.

Rester av fikseringsmidlet behandles som speskallavf

2 Merk stgpekassettene migglantda tusj er spritlgselig.

3 Lukk stapekassettegedt.
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Sla pa histokinetten (“Start”). Trykk pa hevefurdeggn (“Normal raise

rotor”). Stgpekassettene legges i histokinettertsltkarvy som plasseres i

histokinettens karusell i posisjon@ar bad 1 (Over bad 12) da karusellg

alltid gar en posisjon frem nar histokinetten stsut

2N

Kontroller at kassettene blir dekket av infiltrasgeveeskene i de 12
badene, om ngdvendig etterfyll med formalin, etaxykn eller
histowax. Nar det er behov for utskifting av Iagrene (eventuelt
blakking og fargenedslag) behandles Igsningend ilh&, 9,10,11 og 12
som risikoavfall. Lgsningene i de andre badenargsut i vask i
avtrekkskap, skyll etter med rennende vann.

Sjekk at utgangsplasseringen pa displayhjulet ekt rett over start.
Senk histokinetten (“Normal raise rotor”).

Na& som histokinetten er startet vil karusellfuokgn automatisk fare
metallkurven med stgpekassettene gjennom 12 bad med

infiltrasjonslgsninger.

(Bad 1. 4% fosfatbufret formalin 1 time)
Bad 2. 50 % etanol 1time
Bad 3. 70 % etanol 1 time
Bad 4. 80 % etanol 1 tim
Bad 5. 96 % etanol 1 time
Bad 6. 96 % etanol 1time
Bad 7. 100 % etanol 1time
Bad 8. 100 % etanol 1 time
Bad 9. Xylen, hist 2 timer
Bad 10. Xylen, hist 2 timer
Bad 11. Parafin/Histowax 56-58 2 timer
Bad 12. Parafin/Histowax 56°58 2 timer +




3.7.3.2 Parafininnleiring

For instrumenter, utstyr og kjemikalier, se vedlegg

Innleiringsmaskinen og pinsettvarmeren slas pdadntime far stapingen skal skije.

Om ngdvendig etterfyll med histowax i pelletforimmleiringsmaskinen.

Husk a sla av stgpemaskinen og pinsettvarmerenbette.

Arbeid utfares i avtrekkskap, bruk nitril engangssicer.

TRINN

ARBEIDSBESKRIVELSE

Nar histokinetten er ferdig med syklusen lyserrdelt pa histokinettens
frontpanel og pravene star i flytende parafin/histe (56-58C), bad 12.

Karusellen heves (“Normal raise rotor”) og stepskéen legges pa
varmeplaten til innleiringsmaskinen. Unnga & saleafin ved
overfaringen. Lukk histokinetten (“Normal rais¢a) og sla av
maskinen (“Start”).

En metallstgpeform fylles med flytende parafin ¢eligax 56-58C) fra

innleiringsmaskinens dispenser.

Vevet plasseres i stgpeformen med gnsket stetiféa.

Metallformen plasseres pa kjgleelement som opphkevdrys. Med en
oppvarmet pinsett presses vevsbiten forsiktig nuoinien av
metallformen til vevet fester seqg til metallet.

Arbeid raskt da vevet vil feste seg pa pinsetteakstden kjglner.

Den merkete delen av stgpekassetten fra infiltrsgimsessen plassere
over metallformen med vevsbiten slik at journalnuenet vises. Former
fylles opp med flytende parafin. Stgpekassetterfylias helt opp med
flytende parafin for & unnga lgsriving under vextimgen.

Dersom det gar for lang tid fgr det andre paradjetalir lagt pa det
farste kan det lett oppsta bruddflater, arbeidatdrfirtig.

UJ

Kjoleelementet med metallformen settes derettgsef (- 26C)

i 5-10 minutter, da lgsner parafinblokken lettrinatallformen.
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3.7.3.3 Semisnitting

For instrumenter og utstyr, se vedlegg.

Arbeid utfgres ved lab. Benk.

Nedenfor beskrives semisnitting av vev innleingarafin med mikrotom (Reichart-Jung

Biocut 2035).
TRINN ARBEIDSBESKRIVELSE

L Engangskniven er meget kvass, sa benytt alltidgdems! fierning av
parafin fra knivseggen. Handter kniven med varsamhe
Parafinblokken legges pa kjgleelement en tid fitisg. Kald parafin er
lettere & arbeide med.

: OBS! Ved for lav temperatur over lengre tid kangbiaen og vevsbiten
sprekke.

3 Overflgdig parafin fijernes rundt parafinblokkeedren bordkniv.

4 Parafinblokken festes i hurtigklemmen for parafoiier vertikalt pa
rotasjonsmikrotomen.

. Parafinblokken fares na forsiktig mot engangsknisem er festet i et
eget knivholderfeste.
Blokken kan fgres fremover mot kniven eventueltdwek bort fra kniven

6 manuelt eller halvautomatisk med sveivene pa vemgjrhgyre side av
mikrotomen.

. Bak hurtigklemmen ligger et orienterbart feste.d\devri pa skruene
rundt dette festet kan man fa orientert den gns@ttlaten mot kniven.
Nar man skal snitte er det viktig at kniven er Vatld grader i forhold til

8 parafinblokken. Denne vinkelen stiller man med &aeégulere festet for
knivholderen der det er avmerket en skala fra tphdler.
Nar man har fatt blottlagt den gnskete vevsflatet forsiktig
grovsnitting gjennom parafinen (venstre sveiv)estiman

2 halvautomatikken pa 2-4m. Ta 2-3pravesnitt med denne snitt-
tykkelsen, disse kastes da det ofte er resonantarse.
Na er det tid for a ta det farste vevssnittet, Bayreiv tas en omdreining.

10 Det bar na ligge ett vevssnitt pa kniven. Dersotredeanskeliga fa snitt

hjelper det & puste pa vevsflaten eventuelt fukterded litt vann.
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11

Med en tynn pensel vipper man den siden av vewsssiim har ligget
mot kniven ned pa et objektglass med en film adtkspringvann. Det

kalde vannet far vevssnittet til & strekke seg.

12

Snittet legges forsiktig ned i et vannbad (46&)8med destillert vann for

a strekke seg ytterligere.

13

Vevssnittet fanges na opp fra vannbadet med ektjgess m/skrivefelt
som fgres 90 grader gjennom vannoverflaten mofiiparattet slik at det

fester seg til glasset.

14

Ta ut parafinblokken av hurtigklemmen og merk olgédsset med
blyant. Gi objektglasset identisk journalnummer med palddikken.

15

Parafinblokken lagres i egnet arkivsystem. Parédikien lagres i

henhold til journalmerkingen.

16

Det merkede (journalnr) objektglasset med vevssrtasseres i en

objektglassholder.

17

Obijektglassholderen plasseres i varmeskap v&d 680 minutter.
Vevssnittet vil feste seg til objektglasset og tétkere behandling uten 3
falle av. Vevssnittet er na klart til farging.

18

Etter avsluttet snitting fiernes kniven fra knivileten av
sikkerhetsmessige arsaker. Mikrotomen og omradeitrden stavsuges
for lgse parafinrester. Resterende parafinreg@ards fra mikrotomen
med 70% etanol pa en stor pensel. Tark over éttegd papir.

NB!! Snitt som beveger seg fritt i rommet gjar getlgdpeglatt!! Det er

derfor viktig a bruke handstavsugeren for a fanferlle overfladige

snitt under og etter snitting.
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3.7.3.4 Rutinefarging
I) Hydrering

Parafinen i det histologiske snittet (objektglagsetl semisnittet vevsmateriale) erstattes med
vann gjennom flere infiltrasjonsbad (Labtec ellessitent).
Arbeid utfgres i avtrekk nr B pa rom 119, bruk emgmnitril hansker.

TRINN ARBEIDSBESKRIVELSE
1 Hydreringen utfgres manuelt ved at objektglasshieluened det
histologiske snittet fares gjennom flere infiltregsbad.
2 Xylen (Bad 1/Bad 2) vasker bort siste rest aafwai vevssnittet.
3 Etanol (Bad 3-Bad 7) vasker bort xylen fra veussn

| a) Fast oppsett hydreringsbad

BAD LASNING TID ( minutter)
1 Xylen — hist 10
2 Xylen — hist 10
3 100% etanol 5
4 100% etanol 5
5 96% etanol 5
6 80% etanol 5
7 50% etanol 5
8 Springvann 5

Nar det er behov for & skifte lasningene i bad,3,420g 5 skal lgsningene behandles som
spesialavfall. Lgsningene i de andre badene kams ut i vask i avtrekk, skyll etter med

vann.
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II) Standard rutine farge; HES - farge
Hematoxylin farger blant annet de basofile deleneeadlene dvs. kjernen bla.
Erytrosin farger blant annet de acidofile (eosir@fillelene av cellene, dvs. cytoplasma
radlig. |tillegg har erythrosin en sterkere ath til muskelfibre som gjar at
erythrocyttene (rgde blodceller) far en spesielt kizd farge.
Saffron er en gul plantefarge med spesiell affiniidtindevev.

Fargeprosessen utfgres i avtrekkskap, og med esgpeinid hansker.

Vei inn stoffene i veiebenken, ikke ha pa ventdasjla fargestoffene er i pudderform og
dermed veldig "flyktige”. Bruk nitril engangshanskeg munnbind. Intet sgl med
fargestoff ma forekomme.

Husk & rydde og vaske vekten og benkeplaten i eeiedn etter bruk.

Se ogsa kapittelet Vevsfarging.

Il a) Fast oppsett fargebad
Ved a fare objektglassholderen med vevssnittehdmd gjennom

Farge / infiltrasjonsbadene (Bad 9-Bad 20) blirsanittet HES-farget. Snittene blir

dehydrert og vann blir erstattet med xylen.

BAD LASNING TID ( minutter)
9 Haematoxylin 2,5
10 Springvann 4
11 1% Erythrosin vandig, pH = 6,5 1,5
12 Springvann 1
13 96% etanol 1
14 100% etanol 1
15 100% etanol 1
16 Alkoholisk saffron 20 sekunder
17 100% etanol 1
18 100% etanol 1
19 Xylen-hist 5
20 Xylen-hist 5

Nar det er behov for & skifte lasningene i bad ¢ 2@ behandles disse som spesialavfall.
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Lgsningene i de andre badene tammes i vask i &s&sklp, etterskyll med rennende vann.

Il b) Tillaging av fargelgsning, HES-farge se vepje

3.7.3.5 Dekking / montering/ arkivering
For utstyr se vedlegg.

Alt arbeid utfgres i avtrekkskap og med engangd ha&nsker

Vevssnittet fra fargeprosedyren holdes fuktig iexy(Bad 20).

TRINN ARBEIDSBESKRIVELSE

1 Med en pinsett Igftes objektglasset ut av objektialderen og
plasseres pa en ren bomullsfille med vevssnittpt op
En drape med limen Histokitt fra en limtube plassgra ett dekkglass

2 som hvelves over vevssnittet (Histokitt, syntetiskmed samme
brytningsindeks som lys, inneholder xylen).
Dekkglasset gis dett trykkmed pinsetten slik at all luft mellom det og

3 objektglasset forsvinner.

4 Legg objektglasset pa en preparatmappe uten lokk.
Plasser et messinglodd, 20-50 g, oppé dekkgleSseil at

5 preparatmappen ligger i water, da unngar en ateipegynner a bevege
seg.

5 Etter en til to dager avdamping av lgsemiddel (xyleavtrekk er det
histologiske preparatet klart til bli vurdert av leistolog.

7 Etter at snittet er ferdig vurdert lagres det iegarkivsystem. Snittene
lagres fortlgpende i henhold til journalmerkingen.
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3.7.4 Fremstilling av resininnleirede preparater il lysmikroskopiering.

) Instrumenter, utstyr, kjemikalier og oppskrifter —se vedlegg.

I1) Journalfagring / Merking

Hver fremfgring av vevsprgver til resin fgres i.lggurnal. Her noteres forsgksnavn,
fiskeart, dato for fremfaring, preavenummer samgtfgrosedyre. Alt som skjer med
prgvene under fremfgring noteres.

Viktig informasjon om vevsprgve fglger vevet i adladier, fra fiksering til objektglass

med snitt. Informasjon om vevsprgve kan bl a varegksnavn, navn pa forsgksansvarlig,
fiskeart, type vev, dato for pragvetaking, snittyldecosv. All merking i forbindelse med
prgven skal skje med grablyant.

Ulike lgsninger og glassutstyr som er i bruk skarkes med innhold, dato og navn pa
bruker. Det skal aldri veere tvil om hvilke kjemilalen til en hver tid behandler, det

gjelder ogsa for annet lab. personell som i ensgfiiasjon ma overta andres arbeid.

3.7.4.1 Dehydrering
Alt arbeid utfares i avtrekk og med engangshanp&éristologilaboratoriet.

TRINN ARBEIDSBESKRIVELSE

Ta vevet ut av fikseringen og over i merkede prawerned tett kork.

Eventuelle rester av fikseringslgsningen tas varsqm spesialavfall.

Prosentene oppgitt for etanollgsninger regnesaut fr

96% etanol m/ 2% metylisobutylketon er det samnme 86% etanol.

Vevet skal giennomga fglgende dehydrering:

70% etanol 1 time

70% etanol natten over

90% etanol 1 time

90% etanol 1 time

95% etanol 1 time
Forholdet mellom vevsmengde og dehydreringsveeskaimiénum vaere
1:10.
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La vevet std pa omrgring, uten magnet. Omrgringgnagre kraftig nok
til & sikre god utskiftning mellom lgsning og venen ikke sa kraftig at
vevsprgven blir skadet.

Alle oppgitte tider i dehydreringen er minimumstidgtore mengder vev|

krever lengre tid.

3.7.4.2 Infiltrering

Alt arbeid utfares i avtrekk og med engangshanpkéristologilaboratoriet.

TRINN

ARBEIDSBESKRIVELSE

Resinkit bestar av tre deler:
basic resin
hardener 1/activator (pulver)
hardener 2 (vaeske)
Blandingsforholdene mellom de ulike komponenteh&atiere for de

ulike kit. Faglg instruksene som er i det enkelte ki

Alle typer aktivert resin, dvs gitt blanding av wasesin og hardener 1/
activator, oppbevares i mgrk glassflaske i kjglpska

Ved bruk skal Igsningene holde romtemperatur.

Brukt aktivert resin blir oppbevart som spesialdvfa

Husk & merke flaskene godit.

Nylaget aktivert resin blietter bruk filtrert og lagret som aktivert resin
X1
Aktivert resin X1 blir etter bruk filtrert og blaetl 1:1 med 95% etanol,

lgsningen lagres som aktivert re3a

Vaeskenivaet ved infiltrering skal vaere minimunxi@vsmengde.

Gjennomfar pre—infiltrering :

Aktivert resin X2 ....... 2 timer — natten over
@kt mengde vev gir gkt tid. Husk tilstrekkelig oming.
Brukt aktivert resin X2 blir oppbevart som spesiédd.

Herdet resin kan kastes som vanlig avfall.

Gjennomfar infiltrering :
Aktivert resin X1 .............. natten over
Nylaget aktivert resin ......... natten over

Serg for tilstrekkelig omraring vha rgreverk. Onimgen ma ikke
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fysisk skade vevsprgvene.

3.7.4.3 Innleiring / Polymerisering

Alt arbeid utfares i avtrekk og med engangshanp&dristologilaboratoriet.

TRINN

ARBEIDSBESKRIVELSE

Plasser Historesin mold trays (mykt teflonbrett rbeginner) pa is. Legg
vevet i brgnnene, pass pa orienteringen av veket Srgvenummer vec

brgnnen med vannfast tusj. Lag gjerne to paratlalehver vevsprgve.

Bland nylaget aktivert resin og hardener 2, | gjdrglass. Tilsett
lzsningen med engangs pasteurpipette til brenn@&mtigtoresin mold
trayet. Brgnnene skal veere ca. halvfulle. Foréséta Historesin mold

trayene pa is til den farste eksoterme reaksjonener, ca 15 — 30 min.

Etter endt tid pa is plasseres Historesin moldemayi avtrekkskap i
romtemperatur og dekkes av hardplastplater. Poigeramgen tar 2 — 5

timer eller natten over.

Herdet resin kan kastes som vanlig avfall.

3.7.4.4 Montering av blokkholder

I) Montering av blokkholder
Alt arbeid utfgres i avtrekkskap og med engangsteans

TRINN

ARBEIDSBESKRIVELSE

Skriv prgvenummer, og eventuelt andre viktige oppiyger, med
grablyant pa alle Historesin mold tray adapterskkholdere).
Sett blokkholderne i avtrekket ved siden av Historenold trayene.

Ta av hardplastplatene som dekker de polymerisestsprgvene i

Historesin mold trayene.

Bland raskt sammen Mounting medium, dvs pudder- og
vaeskekomponent, i et forhold gitt av produsentensiort engangs
veieskip. Hell straks et lag av Mounting mediumrodet ferdig
polymeriserte vevet i brgnnene. Plasser Histonesild tray adapter, me

korrekt merking, i brannene.

o
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La Mounting medium herde i ca 15 minutter. Lgsnéeddige
blokkene fra Historesin mold trayene.
Historesin mold trayene rengjares etter bruk ogl@nyttet flere ganger

Ferdig innleirede vevsprgver lagres for snitting.

II) Lagring av innleiret vev fgr snitting

TRINN

ARBEIDSBESKRIVELSE

Blokker med ferdig innleiret vev lagres i en fukéimosfeere.

Fuktig atmosfeere oppnas ved vannholdig lgzsninginbn av en stor
plastboks med tett lokk.

Vevsblokkene skal ikke veere i bergring med den kaltdige Igsningen.

Lag lgsningen:

70% glyserin : 30% dest vann
Fyll ca 1 cm opp i en stor plastboks med tett lokk.
Plastboksen skal sta pa lab. benk og i romtemperatu

Sett merkede 1 | begerglass opp i plastboksen. tegig-blokkene i
begerglassene i passende grupperinger. Eksempelvis

Glass A — blokker til snitting, dato X

Glass B — blokker i reserve, dato X

Husk og alltid ha pa et tett lokk.

3.7.4.5 Snitting

[) Snitting av vev med mikrotom 1(Leica RM 2155)

TRINN ARBEIDSBESKRIVELSE
1 Blokkholderen med den resin innleirede vevsprogestek i
preparatklemmen pa frontsiden av mikrotomen.
Med hardmetall - kniven oppgitt i utstyrslisten keamsnitte vev fra 0,5—
2 15 um pa oppgitt mikrotom.
Bruk gjerne en slitt kniv til grovsnitting (4-3%m), og en feilfri kniv til
finsnittene (0,5— 44im) som en gnsker & analysere.
Snitthastigheten vil variere med mengden av oghetah pa vevet,
3 generelt :
@kt vevsmengde krever lavere hastighet.
Hardt vev krever lavere hastighet.
4 Still clearence angel til 4 — 6 grader for oppgitkrotom og kniv.
Still mikrotomen pa @nsket snittykkelse og snitioauatisk eller manuelt
5 Ved snitteproblemer, saerlig interferensproblemjgiplr det a snitte

manuelt og med lav hastighet.
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Snitt fiernes fra kniven vha penselkost og pinselt(Snittene fares fra
kniven til vannbad for strekking. To varianter anwnbad blir brukt,
sistnevnte er seerlig gunstig for store snittflater

6 Glasskar med rent vann plassert pa varmeplate ety +6FC.
Glasskar med vann tilsatt noen draper amoniakk saloer

romtemperatur.

—

Ta opp strukket vevssnitt fra vannbadet med etkbilgss. Objektglasse
7 bar ha skrivefelt og veere merket med prgavenummevegtuelt andre

viktige opplysninger om snittet, eks snitt tykkelse

Tark vevssnittet pa varmeplate, ca +£00 Snittene er na klare til

farging.

Vevssnitt som ikke blir brukt ryddes vekk vha emdsdgvsuger etter endlt
"snittegkt”.

II) Lagring av innleiret vev og snitt etter snitting

TRINN ARBEIDSBESKRIVELSE

1 Ufargede vevssnitt lagres i objektglassmappe miekldtier i kassetter
for objektglass.

2 Husk at god og forstaelig merking er viktig. Merggm bgr inneholde
vevstype eller forsgkstittel samt dato og ansvasspe
Blokker med resininnleiret vev som er ferdig snitégres i plastposer,
med lukkerand, i kjgleskap.

3 Plastposene merkes utenpa med forsgksnavn, ansisspdato og
status.

3.7.4.6 Rutinefarging
Rutinefarging av resinsnitt gjgres med 2% toluithttomed 1% borax.
De mest benyttede vevsfargene for parafinsnittdgaa benyttes for resinsnitt, med
eventuelle justeringer, se kapittelet Spesialfaygin
Alt arbeid med fargelgsningene gjgres i avtrekknagl engangshansker i avtrekk.

TRINN ARBEIDSBESKRIVELSE

1 Legg objektglass med vevssnitt som skal fargesalgektglassmappe
uten lokk.

Bruk foldefilter til a filtrere et passe volum asuidinblattlgsningen til

en glasskolbe.




Tilsett filtrert fargelgsning til objektgass medatdet snitt, vha engangs

pasteur-pipette. Nar vevet har fatt passe fargkeskgverfladig

3 fargelgsning vekk med rennende varmt springvarektirpa snittet, da
fiernes ogsa ugnsket bakgunnsfarge.
Innfargingstid avhenger av vevssnittets tykkelg&kKere snitt medfarer

4 mindre fargetid. Ved standardsnitt p@irh er fargetiden 15 — 30
sekunder.

5 Etter farging tarkes vevssnittene pa varmeplateoa 60C.

3.7.4.7 Montering / dekking

I) Montering
Alt arbeid utfares i avtrekkskap og med engangdteansa histologilaboratoriet.

TRINN ARBEIDSBESKRIVELSE

1 Legg objektglass med ferdig fargede vevssnitt olgjektglassmappe ute
lokk.

2 Drypp 1-2 draper monteringsvaeske, Histokitt Assistea
objektglasset eller dekkglasset.

3 Legg et dekkglass av passende stgrrelse over vgessg press
monteringsmiddelet forsiktig utover.
Plasser et messinglodd, 20 —50 g, oppa dekkglakisett eventuelle

A luftbobler presses ut. Pass pa at objektglassmeagdjmgrer i water slik at

loddet ikke beveger seg.
La dette sta i avtrekkskap natten over for tgrkiggavdunsting av

lgsemiddel (xylen).

II) Lagring av ferdige snitt

TRINN

ARBEIDSBESKRIVELSE

Ferdige vevssnitt lagres i kassetter for objekigkker egnet arkivsysten

for objektglass.

=}

Husk at god og forstaelig merking er viktig. Merggm bgr inneholde

vevstype eller forsgkstittel samt dato og ansvasspe
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