I

Mariculture Committee ICES CM 1998/F:1

REPORT OF THE

WORKING GROUP ON THE APPLICATION OF GENETICS
IN FISHERIES AND MARICULTURE

Cork, Ireland
30 March-3 April 1998

This report is not to be quoted without prior consultation with the
General Secretary. The document is a report of an expert group
under the auspices of the International Council for the Exploration of
the Sea and does not necessarily represent the views of the Council.

International Council for the Exploration of the Sea

Conseil International pour I'Exploration de la Mer

Palegade 24 DK-1261 Copenhagen K Denmark



-5 R

Section

TABLE OF CONTENTS

Page

1 INTRODUCTION..

1.1
1.2

2.1
22
23
2.4
2.5

Attendance... .
Organization of the Meenng

Selective Fisheries...
Genetically Modlﬁed Drgamsms (GMOS]

Genetic Management of New Species in Marlcu]ture
Genetic Aspects of Management of Pelagic Marine Species.......ccoveveeeninmreninnrinn e remesenenennens
Sampling Strategies in Studies of Genetic SIUCTUR ............ oottt eeesen b ceee e enerenerees

3 WORKING GROUP BUSINESS...

3.1
32
3.3
3.4

ANNEX 1:

Comments on Working Group Functlons
Comments on Travel Funds for WG Members

Suggestions for WG ToR and Meeting Place in 1999
Justifications for the Suggested 1999 TORS: .. it e e s sn s s e s sness
TERMS OF REFERENCE FOR THE 1998 WGAGFM MEETING IN CORK, IRELAND..........cccccco...

ANNEX 3: NATIONAL ACTIVITY REPORTS FOR 1998 ...t ras s



“h

1 INTRODUCTION

As decided by the ICES Council in ICES C.Res.1997/2:23 adopted at the Annual Science Conference in Baltimore,
USA, the Working Group on the Application of Genetics in Fisheries and Mariculture (WGAGFM; Chairman; J.
Mork, Norway) met at the National University of Ireland, UCC Cork, Ireland, 30 March~2 April 1998 to; address its
Terms of Reference (Annéx 1).

1.1 Attendance

There are . currently 51 appomted members and observers in WGAGFM Nmeteen of: rhese members, from twelve
countries, attended the 1998 WG meeting in Cork, Ireland (Annex 2). Countries represented (number of persons.in
parenthesis) were Belgium (2), Canada (2), Denmark (1) Germany (1), Finland (1) France (1) Iceland (2), Ireland (1),
Norway (2), Poland (2), Sweden: (2) and UK (2) : : .

In addmon, teh observers from Ireland attended various parts of the meetmg A Norris, M Q. Stefansson P. Galvm,
C. Mouzakms, S Martm, M Cross, P. Mchmty A, Langston J Coughlan E. Dlilane

As in the four previous years the representatron on the quantitative -genetics was lower than on the quahtatwe genetles
sude The composmon of the quahtatwe and quantrtatwe sub—groups durmg the meetmg were:

Qualitative genetics sub"grou'p T. Cross, (Ieader);'P Boudry, P. Bossier, G. Dahle, W. Davidson,'A.K Danielsdottir,
A. Ferguson M. M. Hansen, E Kenchmgton M-L Koljonen, M. Luczynsk] N Lundblad 1. Trautner,E Verspoor F.
Volckaert E R Werme

Quanmanve genérics_ sab{gronp.' J. Jorjiasson .(le'ac_ler)', T, Nilsson.
12 o Orgamzatnun of the Meetmg

Pnor to the meetmg, certam members agreed to. prepare posmon papers related to specrﬁc issues in the Terms of
Reference (ToR), and to chair the respective sessions. During the meeting, these position papers were first presented and
discussed in plenary. Thereafter, each topic was discussed in ad hoc sub-groups which prepared an updated text for a
final plenary discussion and edttmg for the WG Report

= ], Mork chaired “Selective fisheries”. (ToR ppint al}).
#  E.Kenchington chaired “Genetically modified organisms. (GMO)“ (ToR point a2).
*  J. Jonasson chaired “Genetic management of new species.in mariculture”, (ToR. point b)..

*  T. Cross chaired “Genetic. management of pelagic fishes” (position paper.co-authored :with. Gary Carvalho,
University of Hull, UK). (ToR point c).

* MM Hansen chaired “Sampling strategies in studies of genetic. structure”. (ToR pomt d}
A Damelsdottlr complled the National Actmty Reports (ToR pomt e}

The session chairmen were responsible for leadmg the respeetlve co]loqura the. subsequent plenary sessmns, and for
preparrng the fina] report text frorn therr sessions. |

All members had been asked to col]eet natlonal activity reports from . their respective countries and bnng them (on
diskette) to Cork. A preliminary report on national activities could thus be compiled during the meeting.

The Working Group decided that, as in the four previous years, the preparation of the WG Report should mainly be
done by the members present at the meeting. This year, the Chairman will put a prelurunary version on the (external}
WGAGFM homepage and notify the participants by e-mail to check the contents. The participants should direct their
comments on specific sections to the chairpérsons for those sections, who in turn send the updated versions to the
Chalrman for 1nclu51on ‘in the WG Report whreh is subnutted to ICES
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2 TERMS OF REFERENCE FOR 1998

21. - Selective Fisheries .

[B;asecl on a position uote-by L Merk: l\lorway. Ar]opted by. WGAGFM in Corl; 1
Overview of the treatment of the selective fisheries topic in WGAGFM

1994 (Copenhagen): WGAGFM suggested that the theme “Genetic effects from selective fishing gear” be put on the
terms of reference for:1993; and be subJect to a‘combined treatment from the quantrtatrve and quahtauve genetrcnsts in
WGAGF o : R o

1995 (Copenhagen) WGAGFM restrrcted the treatment to a prmclple level, and concluded that the c0mplex1ty of the
problem calls for input from external expertise, such as modellers and fishery biologists. Also, estimates of genetic
parameters from aguaculture could-be utilised, although the controlled environment in aquaculture: might: cause: some
representativity problems. A number of potential selecting: factors from current fishery practice: were identified, and it
was concluded that among expected effects from current practices are reduced growth and traits correlated with that. It
was further concluded that, in practice, genetic changes to a population are inevitable effects of all harvesting which is
not random for genctypes. Net gear.does not catch randomly. However, although one must probably. ‘live wrth’ _genetic
changes due to harvesting, one should gain knowledge about the type and amount of genetic change going on in order to
avoid changes that may reduce, e.g., the _productivity or the evolutionary potential of populations.

1996 (Faro): Stmulatmn modelhng whlch lmks quantxtatlve genencs, fish bmlogy and ﬁsh explortatlon rates m a
consistent way is now under way. In cooperation with Dr K. Stokes (MAFF), a newly developed simulation model was
tricd out on data from English cod landings between 1980 and 1990. An important cutcome of the study was the
importance of traits correlated with growth (e.g., age at maturity). For example, although net gear selection in general is
expected to change the population mean towards slow-growing, late-maturing individuals, a minimum-length net gear
selection regime for the North Sea cod actually appears to select for fast growth and early maturity. WGAGFM
recommended further studies along the line represented by simulation modelling, and emphasized the need for rehable
esnmates of parameters gemg mto the medels These parameters wrll often be drfferent for different populatmns '

1997 (Gdyhia): WGAGEM undertook a review of pubhshed studies on gualitative and quantitative genetic effects’ of
harvesting, and a comprehensive literature list was produced. Among the main conclusions from this review were that:”

»  most empirical studies have been made on already overfished stocks and miay be biased; :

. the background environmental ‘noise’ makes phenomena in natiral populations extremely difficult to- mterpret
= in the short term, modelling may therefore the best option for revealing general aspects;

« - “realistic modelling requires-quality input parameters produced specifically for each stock.

1998 (Cork); It was noted that recent computer software available for use in the management of broed stocks has some
qualities and options which might make them useful for application on the selective fishery problem. It was also, noted
that some research milieu are actively exploring new techniques and data io bring this research field forward.

It was further noted that the potentral impact from fisheries probably varics between spec:es as do the measures that can
be taken to avoid impact. One measure that most certainly removes the selection factor is a total banning of fishery in
specific areas or time periods (“Boxes’}. A more detailed discussion of thls peint is planned for the WG meetmg in 1999
(refer to'the suggested Terms of Reference for 1999 Sectmn 3 3 pomt d) g

Summar}r of recommendations on selecu‘ve ﬁsheries

n WGAGFM emphasrsed that stocks. should be momtored for relevant trarts (e g. age. at matunty, growth rates
spawumg perlod mrgrauon pattems elc.) so that potential selectmn effects can be rdentlﬁed as early as posslble N

2y WGAGEM reviewed recent literature which emphasizes, e.g., the effect of the age comp0s1tmn of the spawmng
stock as a significant factor for year class strength. In this connection, it was noted that some regulation regimes in
current use may have effects on age composition which in fact are not considered beneficial for stock recruitment.

3) Inthe monitoring of biological traits of populations, time series of data which make it possible to sort out effects of
environmental changes would be especially valuable, and efforts should be made to identify and/or produce such
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i~ data (e.g., age at maturity data during medium-term shifts' in the'tetnperature regime, e.g.; from an upward trend to
a downward irend, could make it possible to identify the variance component due to temperature and thus make it
possible to reduce substantial ‘noise’ in the data sets).

2.2 Genet:cally Modlﬁed Orgamsms (GMOs)

=[Baseti on a posmon paper by E Kenchmgton Canada Adopted by WGAGFM m Cork]

The 1996 WGAGFM report presented an overview of GMO research and research’ poltmes and ]-nghhghted coneerns
associated with the | current status of GMO fish research with respect to mariculture applications (ICES CM 1997/F 4).
That report made six, recommendatlons coneemmg GMQOs with the intention of _balancing the reality of transgemc
research with guidelines to minimize the potentially detrimental effects of the escape of such organisms into natural
environments, These recommendations were directed toward transgenic research, which is biotechnology-oriented, and
not to the basic and medically-oriented research which uses aquatic organisms as ‘models (e.g., zebrafish), primarily in
the fields of developmental blol'ogy and the regulation of gene expression. In particilar, organisms that can interbreed

‘with and introduce tecombinant DNA-derived genetic material into native populations were the focus of attention. Given

the complex,lty of aquatlc ecosystems, it was not possible to fully assess the potential impact that a transgenic organism
may have if it escapes into and becomes a member of a natural population. The implementation of pollcy guidelines
regulating both research: and reanng of transgenic aquatic orgamsms bya number of Member Countries was cons1dered
both timely and necessary

RISK ASSESSMENT

The . 1996. WGAGFM report recommended that all ICES Member Countnes should consider risk assessment ;protocols
for GMO management. Some countries have adopted risk assessment and risk management processes to reach a decision
on the environmental release of aquatic GMOs; risk assessment and management being, in this context, the process of
ldentlfylng hazards posed by a particular action, quantifying their probabilities, and determining their likely
consequences. (I-Iallerman and Kapuscinski, 1995). The main purpose of the risk assessment protocols is to distinguish
the serious ‘risks from the lesser ones that in turn will help in decision mak_mg The major environmental, social and

‘economic eomponents that must be assessed to determine the probability models for the spread of GMO genomes into

the. natural gene pools have been summarized by the. Report to the Aquatic Nuisance Task Force Generic Non-
indigenous Aquatic Organisms Risk Analysis Review Process, ‘Washington, D.C,, February 9, 1996 by the Risk
Assessment and Management Cominittee of the US Aquatic Nulsance Species Task Force. These include 1) elements of
orgamsm estabhshment, 2) risks to the envuonment if the orgamsm becomes established, 3) economic impacts if the
transgenic. orgamsm becomes established, and 4) social impacts if the transgemc crganism becomes established. Each

‘applicant must identify potentlal hazards associated with the use of GMOs and the application is rated accordmgly The
United States Department of Agriculture has also published Performance Standards for Safely Conducting Research
with Genetlcally Modified Fish and Shellfish {available through the US Dept. of Agriculture, Office of Agricultaral
‘Blotechnology, Rm 3868-South B]dg, 14th and Independence Ave., S.W., Washmgton DC 20250-0904, Document No.

95-04, Pt. I, II). Declslon-makmg is assisted by a series of flow charts and accompanying worksheets. In these
documents, the critical recommendations are made in Section IV.B where Risk Management of GMO is considered
when insufficient information is available on the impact of the GMO on the environment in the event of an escape. The
protocols allow for the culture of such organisms provided that the project provides sufficient barriers' to' ensure
no/negligible accidental escape of GMO. These barriers include 1) physical or chemical barriers (e.g., water

‘temperature, salinity) which induce 100 % mortality in any -life stage of the GMO before reaching. an ‘accessible

ecosystem, 2) mechanical barriers that physically hold back any life stage of the GMQ from leaving the project site-(¢.g.,
screens), 3} biological barriers that prevent any possibility of GMO reproduction or survival, and 4} scale of experiment,
i.e., maintaining an experimental size small enough so that accidental escape of all organisms would not have adverse
ecological effects. These protocols are exceptional in that they acknowledge the release of GMO on small scales
(contrary to the WGAGFM recommendations made in 1996).

Discussion of these risk asse_ssment protocols during the 1997 WGAGFM meeting raised several points. It was felt that

:the risks associated with transgenic fish are different.from those associated with polyploids, and that these different

organisms should be treated separately. A review of .the more extensive literature on polyploid fish and shelifish,
including evaluation of fitness measures, was suggested. in order to contextualize the environmental risks associated with
these organisms. Further, a differentiation between environmental risk and food/consumption risk shouid be drawn, as

. some decisions are made on the basis of consumer appeal and not on a scientific basis. This Working Group has only

addressed the former, ie., environmental risk, which in turn can be broken into genetic effects and potential ecological
1mpacts on. wild stocks. The later impacts depend upon the mteractlon of the environment with the phenotype, regardless
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of the genetic makeup, and an. understandmg of the phenotyprc vartance associated with the GMO is critical -before
impacts can be assessed. . : :

Little confidence was placed in the calcuiation of probabilities associated with the potential impact of release. Namely,
effective population sizes are mostly unknown in aquaculture species, therefore modelling of the fate of a transgene
would be of limited use. The recent developments of transgenic plant risk assessment could be of use for risk assessment
of GMO in aquaculture. As most aquaculture species are not genetically domesticated, the use of transgenic technology
in such species is likely to be difficult to control in the environment. As interactions between cultivated stocks and wild
populations are still of concern (e.g., in salmonid species), the ytilisation and commercial production of GMO need to be
clearly stated and documented ‘before any large-scale’ development is initiated. This documentation should rnclude
strategies for effective confinement of the GMO and their. gametes, the genetlc nature of the released GMO (e g,
trrplord Fl hybrrd pure lrne etc.), and fertile broodstock management in the case of sterrle GMOs.

Another ma_]or concemn was the assumptron in many of the geneth risk. assessment documents that tnplordy prov1des
100 % sterility, and that this procedure will reduce 51gnrﬁcant1y the risk associated with escape of transgenic organisms.
These CORCErns were dtscussed in some detail in the 1996 WGAGFM report.. Triploidy has been advocated as a
mechanism to. induce sterility in GMO, organisms as a step toward their possible release into open systems, but this
should be restricted to particular species and sexes. Functional sterility i in salmon can only be produced by all female
mplords ‘induced by hormonal sex reversal; male tnplords although rncapable of producing, viable sperm, maintain
secondary sexual characteristics which can potentially interfere with wild stocks should they escape. There is. currently
no method which can ensure 100 % functional sterility of male salmon, however the percentage of males producing
viable sperm can be reduced to very low levels. In shellfish, certified triploid oysters (Crassostrea gigas) were obtained
and confirmed by biopsy and after a season of grow out in the field, about 15 to 20 % of the supposed triploids Tevertéd
to a heteroploid mosaic state (Allen et ql., 1997). This observation reinforces concerns over the proposed use of
triploids for population control, for mtrodueuon and testing of rion-native spet:les and for release of genetlcally rnodrﬁed
orgamsrns (Allen et al., 1997},

The brologtcal containment of transgenic animals should be considered in, parallel to physical containment. An approach
being developed under the EU (Biotechniology: Biosafety) is the production of reveérsibly sterile transgenic fish, This
involves_the inhibition of gonadotropin releasing hormone (GnRH) from the hypothalamus, thus bloekmg the
hypothalarmc-pltmtary-gonad axis of sexual maturation. To achieve inhibition of GnRH productlon constructs are
introduced to fish that express antisense GnRH, which in theory should hybr]dlse with the sense strand of GnRH mRNA,
thus bloekmg translation of the protein. The antisense GnRH has been expressed under the control of an Atlantic salmon
histone H4 promoter but expenments still need to be performed to determine the effect of this on sterility. The level of
antisensé expression needs to be determined that will successfully block translation of GnRH. Brain-specific. promoters
will be identified in order to have the correct tissue expression of the antisense molecule. Induction of fertrllty for
broodstocks can be obtained by ihjection of pituitary extract, which should allow for gonad development Lines of fish
that can-be produeed in this way and shown to be 100 % sterile could be used as a starting peint for other transgenes to
be 1ntroduced This research offers the most promising solutton to effective sterilization of marine organisms. Howr:ver
the accidental release of large numbers of sterile fish has its’ own impact on the enwronment some of which were
discussed in the 1996 WGAGFM report

Recommendation

A dlstmctlon between the potentlal lmpacts of polyplold and transgemc organlsms should be drawn in the development
of risk-assessment protocols . _ o :

UPDATE OF GMO R.ESEARCH SINCE THE 1997 WGAGFM REPORT

The 1996 Annual Meeting of the National Shellﬁshenes Association (USA) generated a number of absiracts detarhng
advances in the production of GMO shellfish (cf. J. Shellfish Res., 16(1)). Research advances in the Pacific oyster
{Crassostrea gigas) include the successful mating of tetraplsid ‘and diploid oysters to produce triploids without altering
meiosis- (Guo et al., 1996). An international ‘patent- concerning'tetraploids is currently under application. Tn the eastern
oyster, C‘rasso.s'trea virginica, a bactériophage P1 high molecular weéight genomic library has been generated (Plerce
1997) for genetrc physrcal mappmg stuches and genome targetmg leadmg 10 genetrc engrneenng mo

Powers et al. (1997) reported genetlcally engmeered abalone with enhanced growth usirig both gene transfer and plmdy
mampu]atlon protocols The first abalone promoter, beta-actin, was developed (Gomez—Chlam et al. 1994) and’ coupled
to reporter genes luciferase’ and beta-galactosidase and to the coho salmon growth hormone gene. Thése thee 'constructs
were successfully transferred into abalone by electroporation. The majority of the embryos became transgenic and
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rétained the constructs for more than a year, and the transmission of these transgenes (o the next generation is being

‘evaluated (Powers et al, 1997). This research team has also successfully generated triploid abalone that grow

51gn1ficant1y faster than their diploid counterparts, and are using triploid manipulation of transgenic abalone to create
unique strains of abalone for aquaculture purposes. The sterility of triploid abalone should then be carefiilly examined
(see above). Further success in abalone was reported in using sperm as a carrier to introduce foreign DNA (6.4 kb

antifreeze promoter-and:CAT gene) into.the oceyte of the. Japanese abalone-(Haliotis divorsicolor; Tsai et al., 1997).

Electroporation efficiency, while 10-100 times: greater than that of microinjection, is still limiting in -the transgenic
production of the millions of eggs produced by some fish and shellfish species. This is partly due to the inability to
control the: placement of the transfer gene within the egg. Electroporation of sperm and subsequent sperm-mediated
transfer has been successful in a number of fish species including carp, catfish, tilapia (Muller et al., 1992} and salmon
(Symonds et al,, 1994), but has not previously been attempted in marine molluscs. Tsai et al. (1997) were able to

produce. fertilization rates of 95-99 % with 65 % of the _t!'o::ophore larvae transgenic. .

The first successful gene transfer in bivalve molluscs was reported in the model clam species Mulinia lateralis (Lu et al.,
1996; Chen et al., 1997). The small size of the bivalve egg and. the. opacity of the oocyte, rendering microinjection
techniques technically difficult, have previously hampered research in this field. Electroporation was used to introduce a
pantropic pseudotyped retroviral vector in the dwarf surfclam, Mulinia laterakis, producing ~30 % transgenic Fl1
offspring (Lu et al., 1996; Chen et al., 1997). These pantropic retroviral vectors have a very broad host.cell range and
infection of Muimza was well tolerated and did not affect the survival rate of the embryos The authors suggest that
pantropic pseudotyped retroviral vectors provide a useful method for the stable introduction of foreign genetic
information into surfclams and may facilitate the introduction of de31rable genetlc traits (e.g., Miahle et al., 1995) into
commercially important shellfish and crustaceans.

In marine algae, the gene cr#(?, which converts beta-carotene to canthaxanthin to produce the economically valuable
ketocarotenoid astaxarithin, was cloned from a green alga and tranisfetred to'a cyanobacterium which does not normally
produce this carotenoid {Harker and Hirschberg, 1997). Astaxanthin.is responsible for imparting the pinkisk colour to
the flesh of many marine organisms such as salmonids and crustaceans. Animals cannot synthesize astaxanthin and must
obtain it from their diets. This.research-paper, which:also elucidates-the biosynthesis pathway in detail, will facilitate;the
gene transfer of ¢r#Q into higher plants and ultimately improve the nuttitional. and economic value of salmonids.- . -

Advances in finfish transgenic research over the past year have been more modest, with the major advances appearing in
the recent progress with modified proviruses to introduce the DNA construct (Gaiano et al., 1996). This method may
improve specificity in the absence of reliable fish embryonic stem cells (Volckaert and Ollevier, 1997). Reviews have
heen pubhshed by Ferraris and Palumbi (1996), Iyengar er al. (1996) and Vockaert and Ollevier (1997), amongst others.
A simmary of transgenic studies on aquatic organisms from 1985 to 1997 was compiled by G. Mougzakitis (Dept. of
Zoology and Animal Ecology, Lee Maltings University College, Cork, Ireland) and ‘is presented in Table 1. This list
mdy not be comprehensive.

NATIONAL REPORTS ON TRANSGENIC RESEARCH ON MARINE AND ANADROMOUS SPECIES
Canada =

To date, research has been limited on t:ransgemc aquatic organisms in Canada. There are at least six laboratories
conductmg transgenic research, all on fish. Aqua Bounty Farms market a_ construct consisting of an ocean pout
antifreeze promoter with a salmonid growth hormone gene. This same company, a subsidiary of AF Proteins Inc.,
rearing eggs of Atlantic salmon from GMO parents in a land-based hatchery on Prince Edward Island. The company is
also conducting research into the energetics (oxygen consumption, food conversion, etc.) of the GMO fish, production
of ferale-only fish through sex reversal, triploid GMO and sensory testing of the final product (quality of flesh,
smoking, etc.). Laboratories in Toronto, Ontario (Hew) and St. John's, Nfld. (Fletcher) are working on the development
of different fish constructs: The transgenic salmon (growth hormcne) in Vancouver, B C. (Dev]m) have produced new
gcneratlons P

Ireland

Atlantic salmon promoters are being characterized for all fish constructs. Transgenics are not at present performed in
Ireland but by collaborators on EU projects.

France

Research on transgenic fish (rainbow trout) is conducted at INRA in Paris and Rennes. Work on anti-sense mRNA in
GnRH is in progress to obtain reversible sterile transgenic fish. Research has been initiated on transgenesis of shellfish
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and crustaceans at IFREMER~CNRS in Montpellier. The ob_|ect1ve is the introduction of desirable traits such.as dtsease
resrstance in these species.
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Table 1. Summary of Transgenic Studies on Aquatic Organisms, 1985-1997. -

Promoter/Gene

Species 7 "__Mé:t_hpd -Authors _
Rainbow Trout “MiY mMTAGH (MacLean ef al. 1984)
{Oncorhynchus mykiss Mi SV40/hGH (Chourrout ef al. 1986). .
and Salmo gaidneri) - Mi: - mMT/rGH {MacLean er al. 19873)
Mi mMT/AhGH {Guyomard et al. 1989}
Mi - mMTHGH (Penman et al. 1988)
©Mi- mMT/GH (-Penma.n et al. 1990)
‘Mi mMT/rGH (Penman et al, 1991}
M RSV/nGH (Inoue et al. 1993)
- Mi opAFP/csGH +(Devlin et al. 1995}
Cutthroat Trout Mi opAFP/esGH (Devlin et al. 1995)
(Oncorhynchus clarkiy
Atlantic Salmon Mi wiAFP (Fletcher et af. 1988)
(Salmo salar) Mi mMT/CAT {(McEvoy er al. 1988)
Mi- _ mMTIhGH (Rokkones et af. 1988)
; Mir wiAFP ” (Hev-v ét al. 1992)
Mi opAFP/csGH (Du et al. 1992)
Chinook Salmon ~Mix opAFPfcsGH (Devlin et al. 1995).
{Oncorphynchus tshawytscha)  Sp R3V/Gal (Sin et al. 1993}
Coho Salmon -Mi: opAFPfcsGH (Devlin er al. 1995)
(Oncorphynchus kisutchy
Tilapia ' Mi - mMT/hGH (Brem ef al. 1988)
{Oreochromis niloticus) Mi mMT/HGH-CAT (Rahman et al. 1992)
Mi RSV/bGH (Phillips et af. 1992)
Mi N[MT/[GH (Rahman et al. 1952)
Mi caBA/Gal (Alam et al. 1996)
Mi CMVIGH (Martinez et al. 1996)
| Mi - CMV/iGH (Estrada ef al. 1996)
Medaka Mi cCR (Ozato et af. 1986)
(Oryzias latipes) Mi RSV/CAT ~ (Chong et al. 1989)
Mi fLuc/luc (Tamiya et af. 1990)
El mMT/GH (Inoue ef al. 1990) -
Mi mMT,vTK,1CCK,cBA/MGH (Lueral 1992)
- Mi SVA40,RSV,chMT,dhspT0/uc . (Sato et al 1992)
Mi aMT/CAT (Kinoshita er al. 1994)
Mi medaka-actin/Gal * (Takagi er al. 1994)
Mi R3V/Gal, CMV/Gal (Tsai et al. 1995bj
Mi - tMT/CAT . (Kinoshita ez al. 1996)
Goldfish M mMTHGH | @hueral 1985)
(Cassarius auratus) Mi mMT/AGH - ¢ o (MacLean ef al. 1987b)
Sp RSV/Neo (Yoon er al. 1990)
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Tabie 1. Summary of Transgenic Studies on Aquatic Organisms, 1985-1997..

Species ‘Method  Promoter/Gene . _ o Authors
Mi  OpAFP 0 (Wang eral. 1995)
(fcialurus punctatus). - oo ML mMT/rGH, RSV/rtGH,
RSV/csGH, RSV/itV L (Hayat ez al. 1991)
Mi- RSV/mGH, RSV/esGH - .. - . (Dunham et al. 1992)
:Mi, Et RSV/MMGH - e (Powers et al. 1992)
Loach “v M. mMT/hGH C (Zhu et al, 1986)
(Misgurnus anguillicaudatus) - .~ Sp opAFP/csGH . (Tsai ef al. 1995a)
Common Carp Mi - RSV/tGH : {Chen et al. 1989)
(Cyprinus cgrpio) ' L M ' RSVIrtGH : {Zhang et al. 1990)
M mMT/GH, RSV/GH . - - |
RSV/csGH, RSV/tY (Hayat ex al. 1991)
- Mj, El | RSV/nGH | ‘. (Powe.rsl et al. 1992}
ML RSV/tGH (Chen:et al, 1993)
‘Mi caBA/csGH : (Moav et al. 1995)
Northern Pike o Mi RSV/GH, RSV/tV . (Gross et al, 1992}
(Esox lucius) . :
Pacific Oyster - - Bo dhsp70duc, CMV/luc . (Cadoret er al. 1997)
(Crassostrea gigas) . Co o . R ST
Dwarf Surfclam El - - PPRV(Gal) : . (Chen et al. 1996)
(Mulinia lateralis) El PPRV{Gal) (Karn ef al. 1996)
Abalone ' El - .. d-actin/Gal o {Powers et al. 1995)
(Haliotis rufescens) ‘ El aB Asluc,Gal o 7 (Powers et al. 1996} .-
Sp opAFP/CAT : (Tsdi et al. 1997)
Artemia - S Bo dhsp70luc i (Gendreau et al. 1995}
(Artemia franciscana)

Studies pubhshed prior to 1992 were complled from Chen and Powers (1990), Brem (1993) and Beaumont (1994). Smdies published
from 1992 10- 1997 were complled from ASFA (Aquatic Sciences and Fisheries Abstracts), Blologu:al Abstracts, and Med.me
databases, . B

Methods: Mi = microinjéctioﬁ; El = electroporation; Sp = sperm vector; Bo = particle bombardment.

Promoters: MT = metallothionein promoter: mMT = mouse MT, chMT = chinese hamster MT, tMT = rainbow trout MT; BA =
beta-actin: cBA = chicken BA; caBA = carp BA, aBA = abalone BA,; SV40 = 5V40 promoter; opAFP = ocean pout antifreeze
protein promoter; wfAFP = winter flounder antifrecze promoter and protein; RSV = Rous sarcoma virus long terminal repeat
promoter; XeFla = Xenopus laevis enlcngatlon factor 1 alpha promioter; CMV = promoter of the immediate early gene of the human
cytomegalovirus; cCR = chicken crystallin promoter andigene; fLuc = firefly luciferase; vTK = viral thymidine kinase; rCCK = rat
cholecystokinin; dhsp70 = drosophila heat-shock protein 70; P-elem = drosophila P-element; d-actin = drosphila actin promoter;
PPRV{Gal) = pantropic 'pseudotyped retroviral vector containing Gali MLV(XeF1a/Gal) = Moloney murine leukemia vims
containing XeFla/Gal; NLS:CMV/Gal = plasmid containing CMV/GAL was coupled to the V40 T antigen nuclear Jocalization

sequence prior to microinjection.

Genes: GH = growth hormone: 1GH = rat GH, hGH = human GH, bGH = bovine GH, rtGH = rainbow trout GH, ¢sGH = chinook
salmon GH, coGH = coho salmen GH, tiGH = tilapia GH; CAT = bacterial chloramphenicol acetyltransferase; opAFP = ocean pout
antifreeze protein; wiAFP = wiiiter flounder antifreeze protein; rtV = rainbow trout vitellogenin; Neo = neomycin resistance; Gal =
beta galactosidase; Hygro =hygromycin resistance; luc = firefly luciferase. ‘ :
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Summmy of recommendauans on Genetzcally Madtﬁed Orgamsms ( GMOs )

A distinction between the potential impacts of polyploid and transgenic orgamsms should be drawn in the development
of risk assessment protocols, :

2.3 Genetic Manﬁgement of Néw Speéies in Mariculture
[Based on a position paper by I. Jonasson, Iceland. Adobted by WGAGFM in Cork] -
INTRODUCTION

In recent years, the importance of selective breeding programmes in aquaculture has been demonstrated. The gap
between: the demand for fish and the supply is widening, due to a growing human-population and a decline in production
from capture fisheries, Selective breeding has contributed greatly to the steadily increasing productivity. .of. terrestrial

agriculture, but only about 1 % of production in aquaculture is based on improved stocks (Gjedrem, 1997). There is thus -

a great disparity between the need for increased aquaculture production and the genetic quality of the stocks available to
meet the demand. '

Substantial realised selection responses reported for a number of aquatic. specnes (Table:2) demonstrate the possﬂalhtles
in selective breeding for aquatic animals,

Table:2. Respense to selection for gfowth rate. . .

Species Mean Gain per Number of | Author

; ‘ BT  Generation (%) | Generations :
Coho salmon 250g 0 0 4 ‘| Hershberger ef al., 1990
_Rainbow_t;put . . |40ke S, 130 _ 2 Gjerde, 1986 _
Atlantic salmon 45%g 14.4 o 1 | Gjerde, 1986
Channel catfish |- . 12.0-18.0 1 Dupham, 1987
Channel catfish ~ |67gr. . =-[20. . 1 Bondary, 1983
Tilapia 50-200g 12-17 5 Eknath ef al., 1998
Oyster  loag a1 |Jarayabhand et al, 1995
Tilapia - 14 2 Jarimopas et al., 1986
Sheimp (P.vantame) | |44 |1~ |Fjalestaderal, 1997

At present, selective breeding programmes for -fish and shellfish: are scarce. Breeding programimes based -on family
selection are rare in aquacuiture. In Norway, breedmg expcnments started in 1971, for Atlantic salmon and rainbow
trout. Today over 240 families of Atlantic salmon and 120 families of rainbow trout are tested each year in Norway.
Similar breeding programmes for Atlantic salmon exist in Canada, Iceland and the Faroe Islands. Over 200 families of
rainbow trout are being tested in Finland. Two breeding programs for Arctic char are running in Iceland and Sweden.
Commercial breeding studies for common carp are being conducted in Hunigary, Israel and in the former Soviet Union

and a national breeding programme for tilapia in the Philippines started in 1993. Research in developing a breeding .

program for oysters is under way in France and for red abalone in Iceland.
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- The hrgh fecundity of fish and other aquatlc animals opens for very hrgh selection intensitics and consequently for large

selection responses. On the other’ hand ‘this also means that - -Very small number of individuals can make a large
conltribution to'the” gene ‘pool in successrve ‘genérations’ and, hen : the‘“rate of ‘inbreeding can be high. Detrimental
effects of inbreeding are reduced: fitness, depression for 1mportant economic traits and loss of additive genetic varidnce:
Because genetic vanability is essential for selection resporise, réduced variability limits the scope for further'and long-
térm "genctic improvement Use of a small numbér - of parents’ “alsé leads to highly variable selection responses.
Consequendly, it is of” cruc1al 1mportance to restrict the rate of 1nbreed1ng when selectlve breeding programmes are
1mplemented for aquatic ammals e

BREEDING GOAL

The breeding goal specifies which traits are to be improved. Ideally, the breeding goal should include all traits of
economic rmportance that show genetrc variation. These traits would be mcreased growth rate, age at rnatunty, dlsease
resrstance and carcass qdality trarts : :

EsTABLIs'I-u;\'r:ENT_‘ OF A,BASB_-PQPULAHON'

. All eultured ﬁsh and shellﬁsh specres show vanatmn around the mean for most production traits. The amount of

variation is measured and expressed as the phenotypic variance of each trait, e.g., body size, fat content, etc. The
phenotypic variance is partrtroned into. genetic variance and envrronmental variance. The degree of genetic variance. is
the :most important .in: animal breedrng and is divided into additive and non—addrtrve variation. Utilising the additive
genetic variance will usqally be-the most effective selection method (Falconer 1989). When little or no additive genetic
variation exists and it is, erther difficult or impossrble to improve a phenotype by selection, the breeding technique that
can -be. used to rmprove the productrvrty is. hybndlsatron {cross-breeding). Hybndlsatron improves productivity by
explortmg the non-addmve genetlc variation, usually done by crossing inbred. lines strains or even species.

When establishing the baseline, the results shown in Table 2 indicate substantial additive variation for produetion; traits
for a number of fish or shelifish species. The baseline must be large enough in the beginning of the selection work to
give response to selections for generations to come. Exploiting the non-additive. genetic variation should not be ruled
out. This base must have a wide array of genotypes (large genetic variation) in order to maximise genetic gains in both
the short and long term. This can be achieved by the introduction of several stocks into the base. The ideal way, before

. intense selection is applred is that one or two generations of random matmg should be conducted 1o allow the mixing of

genes from ‘the ongrnai populatrons if more than one stock is used. This procedure allows a safeguard against the
narrowing of thé genetrc variance in a population. In general thrs is not done rather’ several stocks are tested and the best
famrlies of the stocks are mixed to form a base pnpulation

SELECTiQN METHQD’S"

" Different methods of-selection-are available; each characterised by the type of information that the selection decision is

based on. The choice of the method depends on several factors among which the heritability of the trait(s), the nature of
the traits to improve (e.g., normally distributed or binary trait) and the reproductive capacity of the species are the most
important. Three selection methods are important to consider in fish.species: individual selection (or mass selection),
family selection or a combination of the two {combined selection).

Indmdual se[ectron Seleetion is based on the 1nd1v1dual 's own performance or phenotype ‘Since records on relatives are

not used, no tagging is requrred and. indtviduals from different families can be reared together. However, a prerequisite
for using individual selection is that, the trart(s) selected for can be. measured on the breedmg individual itself while
being alive The method is thus difficult to practice, for carcass quality traits where the trait can not be recorded on the
breeding . mdrvrdual it self. The method will be inefficient for binary traits, hlce survrval and early sexual maturity, at
high (>90 %) or low frequencres (<10 %)..

.Farrrily select‘ion: When the trait of interest can not be measured on the breeding oandidates.themselves while. alive,

selection decisions have to be based on the phenotypic records obtained from relatives. Whole families are selected or
rejected as units according to the mean value of the family. Mean values of phenotypic records of sibs or of BLUP (Best
Linear Unbiased Predrctrons) breeding values of the sibs could be used. The families may consist of full- or halfsrbs
whereas families of more remote relationships are of little practical significance. To obtain an acceptable rate of genetic
gain and a low rate of inbreeding, the number of family groups tested when applying family selection needs to be high.
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Combined selection: This method optimally combines all available sources of information about the breeding value of
an.animal. In. fish breeding this means mformatmn recorded on the breeding candidate itseif and its full-, and half-srbs
Combmecl selection maximises the rate of genetic gain and is therefore generally considered to be the best selection
method .When sib records are used to. estimate the breeding values siblings will tend to have more similar breedmg
values than found under .individual selection. Thus, compared to individual selection schemes, the probablhty of
selectmg large numbers of sibs from a limited number of families is increased. Consequently, the need to, restrict the
number of selected individuals from each farmly is even more .important in a combined selection program. In 4 mass
selection programme without tagging, the number of selected individuals from each family must be reslncted at or
shortly after fertilisation. However, in populations where family identity can be attained through physical tagging or
DNA profiling, the restriction may be implemented after the performance test. :

MINIISING INEREEDING

In a mass select:lon system, the size and structure of the populatlon is mrportant in order to control 1nbreed1ng When
applying selection, strict control should be kept on the number or offspring per dam and the use of milt from a wide
array of sires, A subdivision of the population would allow the use of sires and dams from different subpopulations. to
avoid inbreeding. Gjerde et al. (1996) used stochastic simulation to evaluate the optimum size of a breeding populauon
in a mass selection programme for a normally distributed trait. He concluded that optimum population size is dependent
on the herrtablhty of the trait as well as the rate of inbreeding allowed. As an example, in'a population of the size ‘of
9600 the- optimum number of full sib groups for the next generation is 369 if the heritability is 04 and the rate of
mbreedmg is'0.25 % per generation. A lower number of breeders is needed for lower heritabilities. With 4 less stringent
restriction’on the inbreeding this number was reduced substantially to around ‘100 for an inbreeding raté of 1'% and 50
for-an- 1nbreed1ng rate ‘of 2 % per generation. By applymg fa:mly selection, levels of inbreeding can be reduced by
avoiding’ mating between full- and half-sibs. Secondly through pedrgrees, mbreedmg over genetations can be monitored.
The optimium number of famtlles is yet to be simulated, When, in a population consisting of 100 families, individuals
from the 20 best families are selected each year the rate of inbreeding per generation is expected to'increasé 0.6 % per
generation. By increasing the number of families to 200 and keepmg the same selectlon mtensrty, the 1nbreedmg level
will be reduced to0. 3 % per generatron S Lo

ESTIMATION OF GENETIC PARAMETERS

Durmg the test of geneuc matcnal in the base populauon and families, reliable phenotyprc ‘and genene parameters for
traits of j unportance should be used. Estlmatmg heritability for traits as well as genetic correlations between the. traits is
important. The parameters are crucra] for the prediction of expected genetic gain resulUng from selection, for dec1s1ons
of which selection method to apply, and for estimation of breeding vales. Improvernent of software. for runmng
breeding programs and revolutionary development of computer hardware has enabled geneticists to ran much larger and
complex breeding programmes than previously and selecting for many traits simultaneously. Multi-trait selection is most
efficiently accommodated by use of a selection index, which requires information on the phenotypic and genetic
(co)variances structure as well as economic weights for the traits included in the selection critericn. Economic weights
should reflect the relattve economlc value for each trart based on detarled knowledge about the productlon system and
the- market srtuatlon : P Dl

GENOTYPE BY ENVIRONMENTAL INTERACTION (GXE)'

For several aquaculture spec:es the famung is wrdespread and takes place under drfferent chmatlc cond1t1ons and under
d1fferent types ‘of productlon envrronments an mteraetron ‘between’ genotype and envrrorunent (GXE) is present (for
teview, see Bowman, 1972). If the level of” re-rankmg is 1mportant rndependent selection may have to be catried ‘out in
two or more distinct sub-populanons each targeting spec1fic types of actual production environments. Alternatwely, _
single breeding population may be serving a range of production environment types, if the selection is based ‘on average
performance across target environments. This strategy, however, requires that random samples of individuals from each
of the genetic groups under evaluation are tested in several production environments, thus substantlally mcreasmg the
costs involved. However, due to'the hrgh fecund1ty, thrs is more feasrble in aquatrc specres o -

Even for s1tuat1ons where no re-rankmg of genotypes between producuon environments is seen, GxE' may affect the
absoliite and rélative magnitude of the genetlc ‘environmental and phenotyprc varlances and thus lead to heterogene1ty
of vanances between envrronments ' '

Both types of GxE are important for selection decisions. If a particular genotype is superior in one production |

environment but is less superior in another, selection based on performance in the first environment may not lead to
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lower .genetic improvement-in .the second. If the GxXE is due to ‘heterogeneous variances between the  involved
environments, a possible solution might be to base the selection within each class of environments on breeding values
estimated on the basis of different sets of genetic parameters. ;

Maz‘ntaining genetic va.r;iot.io,n. = :methoﬂs
CONTROL OF SELECTION RESPONSE

Monitoring genetic changes is an important task in breeding programmes, not only for traits under selection but also to
detect possible correlated responses in other traits. This should be a part of the internal quality control of all breeding
programmes. It is also useful documentation for the marketing of the genetic resources towards customers/farmers. Rates
of genetic gain and inbreeding obtained in selected lines often differ from those predicted due to unrealistic assumptions
implied in the prediction models. Also, many genetic correlations are not known, and hence it is important to monitor
possible correlated TESpPONSes. :

Approprlate methods for estimating genetic change should account.for environmental trends. Such estimates can be
obtained by keeping an unselected control and by applying divergent selection. Alternatwely, BLUP methodology can
be used if adequate connectedness exists between data for different years or generations (Henderson, 1984}, Conducting
divergent selection is often very costly and establishing connectedness between generations may be difficult due to
biological constraints in several aquatic species. Hence, it is important to investigate whether the genetic ties that can be
obtained via relatives representmg different generations and years of hatching and rearing are sufficient to obtain
unbiased estimates of genetic change with sufﬁmently low sampling variances. Further, the design of family groups, the
degree of relationship Between animals hatched in’ different years, and' the ‘proportion of selected individuals that
contribute to genetic ties between data for dlfferent years should be studled with respect to accurate and unblased
estimation of genétic change. :

PRESERVING THE GENETIC MATERIAL

After a few generations of selection, the genetic material becomes more and more valuable. Therefore, ways to preserve
and split the material to reduce the risk of loss due to disease outbreak or other causes are essential. Establishmeit of at
least two breeding nucleus populations is recommended. Cryopreservation of milt is recommended where possible to
preserve the genetic material. This can also be used to monitor genetic:gain over generations where milt from ‘old’ sires
[fogr pervious generations is used again and performance of offspring is tested with ‘younger’ material,

-Summary.of recommendations on management of hew species in aquaculture
WGAGFM: recommends-that research be -initiated ‘on: new’ species for developing breeding programnies. Research
programmes {0 estimate génetic’parameters for the most valuable traits are recommended. This will give scientists as

-well-as the mdusl:ry inforrnation-to establish breeding programmes. It is recommended that research should start for the
followmg speczes ha]]but turbot sea bass, sea bream and oyster spemes o e 3
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2.‘4"57_ o Geue'tic"As:pects of Manag'ement of Pelagic Marine-Species

. [ThlS document was produced for the Workmg Group by Prof G. R. Carvalho who was unable to be present at the
. meeting. It is: teproduced in almost complete form below. The presentatton in Cork was made by Tom Cross.]

MOLECULAR GENETIC ANALYSIS OF STOCK STRUCTURE IN MARINE PELAGIC FISHES

Gary R. Carvalho, Molecular Ecology and Fisheries Genetics Laboratory, Department of Biological. Scicrices,
Umversnty of Hull, Hull HU6 7RX, UK. Fax: 44—1482-465458, e-mail: grcarvalho@btosm hull.ac.uk

ABSTRACT

Foremost among the various challenges facing fisheries biologists has been the development of techniques to estimate
population discreteness and. associated patterns of dispersal and gene flow, so-called stock structure analysis! Although
pelagic marine fishes have been studied intensively using a variety of molecular genetic markers, the levels of
differentiation detected are typically low, often in contrast to-estimates of phenotypic divergence. It is not entirely clear
-whether the lack of genetic structuring in pelagic fishes arises entirely from extensive migrations and the apparent lack
of barriers to..gene flow,.or whether it;is. related to inappropriate sampling or molecular analysis.- Here, some: recent
developments. in molecular technology . are. reviewed,. especially microsatellite analysis, .and critical consideratien .is
given to how:such markers, can be employed 10 estimate. genetic differentiation.in species. exhibiting high mobility in
open waters. Comparisons are made between microsatellites and other genetic markers (protein and. DNA) in their
ability to detect population structuring. Particular emphasis is placed on the need to design sampling programmes that
take account of aspects of the biology of the species under study, and the scale and nature of sample collection. . -

INTRODUCTORY REMARKS

o
Although a vast array of markers are available to describe -population structure (Park and Moran;. 1994), :it is the-
attempts to describe and monitor the levels and distribution of genetic variability in natural populations that has
dominated fish and fisheries biology. Molecular genetic approaches are based on the premise that migration and matmg
patterns among proximate populations will' determine the extent to which individuals share a COmMmon gene pool and
that a comparison of samples taken from each, can be used to estimate their integrity. Thus, where populauons exchange
few individuals, opportumttes for genctic differentiation arising from local adaptation and random genetic change will
be high; resultmg ina dtscrete population structure It does not necessan]y follow, however, that a lack of detectable
genetic structure represents a freely interbreeding population, due either to’ madequate samphng, or limitations ‘of the
molecular tool employed. Further, the attempts to describe fish genetic population structure in freshiwater and-marine
systems require fundamentally different sampling strategies, a point frequently overlooked, despite the marked contrasts
in patterns displayed (Ward er al.;»1994); With the ever-increasing range of molécular ‘markers to adopt (Park and -
Moran, 1994; O’ Connell and Wright, 1997), it becomes imperative that an appropriate balance of marker sensitivity and
representative sampling. strategy be employed in population studies. Indeed, it appears:that deficiericies in the matching
of sampling design to the biology and environment of the species under study has led to a biased view of fish population
structure, and that spatially-based protocols alone can be misleading. Here, some recent advances and applications in
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tholecular: methodology ‘are desciibed with emphasis on nﬁcfos_atel[ite analysis, and how such ‘developments can
improve our understanding of the dynamics and -structure of wild -fishes; with special réference to -pelagic species; is
considered

DEVELOPMENTS IN MOLECULAR TOOLS

Allozymes have been' the - workhorse of fish molecular population genetlcs since the early 1970s (Utter, 1994), and
continue 'to play a promment role in ‘the descrlptlon of intraspecific- genetic dwersrty in fishes, and will most l]ke]y
continue to do so in the neat future (Figure 1; Ward and Grewe, 1994; Carvalho and Hauser, 1994). Its general ease of
application, rapid processing of large sample size, effective and usually simple determination of Mendeliani-based allele
frequency dynamics, taken together with the direct comparability with numerous published studies, has secured its
popularity, especially s an initial investigative tool, or where resources and expertise are limited. Nevertheless, as'many
species or: populatlons became recognised as endangered ot threatenied, or which exhibited limited allozymic variation, a
requirement for. non-mvaswe, hlghly polymorphlc markers fueiled a determmed search for: markers at the DNA level
(Park and Moran, 1994) - - : I :

Figure 1. Modiﬁcatlons to*the ‘miolecular toolbox’ applied to fish and fishéries research since 1960: Solid areas show the period
when the respectwe method was commonly used; shaded sections show resl:ncted apphcatlons
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Two notable advances in molecular methodology facilitated the application of nucleic acid sequence variaticn to natural
fish populations: the discovery of highly polymorphic repetitive, short nucleotide sequences (variable number of tandem
repeats (VNTR)), dispersed throughout the genome of many eukaryotes (Wright, 1993), and the ability to amplify
specific genes or nucleotide sequences rapidly via the polymerase chain reaction (PCR; Saiki er al,, 1988). Not only did
the. advent of PCR remove the nécessity for labour-intensive cloning of DNA sequences and complex hybridization
protocels, but it became possible to obtain DNA variability measures using minimal amounts of tissue stored
conveniently in alcohol or other DNA-stable solutions (Whitmore et al., 1992; Dessauer et al., 1996). Fish genetic
research was markeid in the early 1990s by a surge of studies on nuclear and mitochondrial DNA. variation {Park and
Moran, 1994; Ward and Grewe, 1994; Ferguson et al., 1995; O'Reilly and Wright, 1995), many of which revealed
enhanced discrimination among conspecific populations, as well as providing new opportunities for the analysis of
parentage, social structure and estimation of reproductive success under natural conditions (Fleischer, 1996, O’Connell
and Wright, 199‘7)

Foremost among the variety of new methodologies has been the exploitation of nuclear loci with repeat unit lengths of
_between 1 and 64 bp, or VNTE DNA (Tautz and Renz, 1984; Nakamura er al., 1987). The early multilocus
fingerprinting has given way to single-locus VNTR profiling of mini- and microsatellites, which when coupled with
PCR (Galvin et al., 1995; McGregor et al., 1996; O’Connell and Wright, 1997), provides a rapid and sensitive assay of
nuclear sequence variability, with levels of heterozygosity often’in excess of 70 %. Microsatellites, or simple sequence
repeats (SSRs: 1-6 bp), are generally more amenable to amplification by PCR than minisatellites because of their
smaller size (but see McGregor e af., 1996; Galvin et al., 1996), and although it is often necessary to develop species-
specific primers, there are numerous cases of sufficiently conserved sequence variation in flanking regions to enable
amplification of loci across closely related species (Angers et af., 1996; O’Connell and Wright, 1997). Recent advances
such as semi- automated multilocus genotypmg using colour ﬂuorescent detectlon with automated DNA Sequencers
(Olsen et al 1996) and multrplexmg of dinucleotide. and. tetranucleotlde loci | a]]owmg -amplification. in_the same
reaction. (0 Relily et al., 1996) have sunphﬁed and. accelerated the screening of large population sample sizes (50—100
individuals), so rendenog microsatellites one of the most rapidly expanding source of molecular markers in population
and fisheries biology (Wright and Bentzen, 1994; O'Reilly and Wright, 1995; Bruford er.al., 1996; Jarne and Lagoda,
1996; O’Connell and Wright, 1997). Even where primers for PCR do not exist, it is usnally possible to identify and
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characterjse - several. polymorphic loci -within two to three months, and if automated facilities ‘are. available,an
experienced researcher can process up-to 150 fish at four loci in a week. ST
Despite the undoubted advantages of using microsatellites to examine genetic relationships among individuals and
populations, there are several difficulties in their application which should be considered prior to their use; including;
(1) the nature of the mutation model which best describes variation at microsatellite loci, (2) the associated choice of
statistically appropriate distance measures, (3} the problem of ‘stuttering® at dinucleotide loci which may often occlude
ad]acent alleles (4) the detection of null alleles which may altlﬁcmlly inflate the number of homozygous genotypes and
(5) the choice of Aappropriate sample size in cases, of h}gh allelic d1vers1ty o Renlly and Wright, 1995; Bruford et al.,
1996 0 Connell and Wright, 1997) ,

Tho_:mi_nimum‘ s_ample'siza- required to_detect-r,epre_sen_tative microsatellite variability depends critically on the:scale of
taxonomic resolution: required, such -as- whether the investigator is interested in the identification of social groups,
populations or species (Bruford et al.. 1996), the level of relatedness amongst genotypes.(Jones.and Avise, 1997;, Shaw,_
1997}, and the mean number of alleles per locus (Chakraborty, 1992). Several cold-water fishes such as Atlantic: ced.
display > 50 alleles at some loci (Ruzzante et al., 1996), and it is usual to find 30-40 alleles per locus (Figure 2). In
populations, of high allelic variability, it may be unrealistic to obtain sufficiently large sample sizes, leaving.the
employment of numerical re- sampling techniques such as bootstrappmg as the only feasibie option. O’Connell. and
Wright (1997) point out that it is impossible to provide an optimum sample size for the application of nuqrosgtolllpes to
popilation analysis, though a minimum of 50 individuals would be required for loci showing between 5—10illeles, but
even larger sample sizes would be more appropriate. Similarly, the number of loci to include in a study.depends on the
levels of variability, and question being tackled. Although 1 or 2 loci may be adequate to detect population divergenct,

the need to estimate variance and confidence limits across loci means that data based on too few loci will be dubious,

Goudet (1996) suggests that at least 5 loci are required for meaningful estimates-of F-statistics. -

Figure 2. Alielic diversity of microsatellites detected in samples of varying size. The average number of alleles. per locus 1ncreases
with sample size, though the increase is siower above approximately 50 individuals per samplc The line shows onl)r a general
relationship between allelic diversity and sample size, and is not meant to provide a rigorous statlstlcal con‘elatlon Data from
O’ Connelt and Wright 1997 (Table 3), Bentzen et al., 1996 and Rico et al,, 1997. ‘ E
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The:‘quest’ to “obtain enhanced polymorphism and heterozygosity has’ brought its own problems of analysis and
interprétation, and it may sometimes be necessary to reduce the number of alleles analysed thirough the process of “aliele
binring";  where alleles within ‘designated boundaries are pooled into composite alleles, ‘and Various “population
parameters ‘are estimated ‘for allele groups instead of specific alleles (Taylor ef al., 1994; O'Reilly and ‘Wright, 1995).
Although such practices can “ease the' statistical analysis and mterpretatlon of closely ad]acent al}eles, 1t may
underesmnate geneuo dwers1ty and d1fferent1atlon : :
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' A’l’ﬂ"fbiig’ﬁ most molecular markers that have been used to:describe population structure are assumed to be predominantly:
selective neutral, recent atténtion has come to' bear on the use of DNA:loci either known or likely to be under selection,
such as vanablhty at'the MHC loci (Edwards and Potts, 1996; San_]ayan et al.; 1996) and some single copy nuclear DNA:
loci (e.g., Fevoldé_: ¥: Pogson, 1998). As pointed out by Ferguson (1994), there has been little attempt to distinguish,
between neutral in the evolutionary sense, and effectwely neutral as far as their use as markers are concerned, and that
the changes of obtammg population-specific markers., are much greater in polymorphisms subject to selection. In
circumstances - where . diversifying or stabilising. selectwn is contributing to the spatial distribution of alleles, the-
persistence of patterns over time, or among yecar classes (Butler and Cross 1996), may be an informative indicator of the
extent of gene flow, especially if the selection coefficients to: maintain the  differentiation are unrealistically -high
(Fevolden and Pogson, 1998). On the other hand, selection may act fast enough to cause differentiation. within the:
lifetime of individuals (Mork and Sundnes, 1985) and may bring about genetic differences among fish growing up in
different nursery areas, so causing apparent substructuring within a panmictic population (Smith er al., 1990).

SAMPLING DESIGN AND THE DETECTION OF GENETIC DIFFERENTIATION

Clear patterns in the extent of genetic structuring are apparent across fish species, with generally lower levels of
divergence in marine fishes compared to freshwater and anadromous (Ward et al., 1994). Such relationships between
habitat patchiness and’ vagility and the extent of genetic structuring follow predictions based on the opportunities
afforded by physical isolation and ability to reinforce divergence through natal or site-specific spawning. The low levels
of genetic divergencé normally found in pelagic marine species is interpretcd as being due to higher between-habitat
continuity, larger effective population sizes, pelagic dispersal of larvae and possibly less clearly defined spatial
separation of breedmg sites. The readiness to interpret such patterns along such lines can, however, be misleading or at
least an oversmpllficatlpn, since it is well established that high dispersal capacity in the marine environment does not
necessarily resuit in high rates of gene flow (Palumbi, 1994, 1996). Factors such as behavioural mechanisms limiting
random dispersal, selection against immigrants or for balanced polymorphisms, complex oceanographic circulation
patterns, and historic barriers to dispersal, may all serve to promote population structuring. There are thus considerable
opportunities for the evolution of population biodiversity in the oceans, and it remains uncertain as to what proportion of
the published studies on fish genetic structure represent biological reality, rather than inadequate sample collection or
inappropriate use of molecular methodology and analysis. Nevertheless, the genmeralized patterns of lower levels of
divergence across divergent taxa does support the notion of enhanced rates of population exchange in the sea.

Despite these broad-based patterns, the apparent genetic homogeneity detected using molecular tools sometimes
contrasts with high levels of population polymorphism, as exemplified for example, by Atlantic herring (Clupea
harengus, Parrish and Saville, 1965). C. harengus in the North Atlantic typically exhibits apparent genetic homogeneity
across wide geographic areas, and yet displays marked population polymorphism in morphelogical, behavioural, life
history and physiological traits. The lack of correspondence between genotypic and phenotypic differentiation is
typically interpreted .according to the paradigm of panmixia, whereby it is assumed that rates of gene flow among
populations is too great to allow genetic structuring:to develop. However it is becoming increasingly clear (Bembo et
at., 1996; McQuinn, .1997) that variations in_the 1ntens1ty, timing and spatial scale of sampling can significantly
underestimate or -obscure the prc::bablht).r of dctcctmg structuring, even where it may exist. For example, there is a
common tendency to. sample marine fishes without clear separation of feeding and spawning individuals. Furthermore,
samples are often. taken randemly with respect to hydrographlc features and processes such as water depth and ocean
fronts, or locally upwelling waters, often resulting in the comparison of either non-representative population samples, or
the groupmg .of .ecologically ambiguous assemblages. Additionally, the molecular tool adopted, and associated
differences in. detectable . variability, .mutation rates and responses to demographic processes (Carvalho and Hauser,
1994; Ward and Grewe, .1994), will further mﬂuence the extent of structuring detected. Finally, the focus on spatial
relationships.has tended to obscure subtle mteractmns arising from temporal dynamu:s and persistence.

.Such limitations in sampling design usually arise from the lower accessibility and greater geographic:expanse of many
marine fish populations compared to freshwater. species, making the collection of samples, often taken from commercial
vessels; more a.function of opportunism, rather than of design. While it is difficult to completely compensate for such
constraints, the effectiveness of a sampling programme can be improved by considering several central questions
relating to the biology of the species under study, and the scale and nature of sample collection (Figure 3).:The absence
of biological information such as size, age, sex and maturity stage makes it difficult to compare different studies
meaningfully. . :
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Figure ‘3. Salient: points for censideration in the design of a sampling programme. Sampling will depend .on the biolagical
information available, the sample size requirements.and possible barriers to gene flow. Most importantly, the nature of the question,
asked.{e.g., relatedness; population structure, species identification) will determine thc molecular marker (¢ be cmployed ‘which in
turn, will dictate the sarnple sizes. It.is also important to consider features of the env1mnment in part:cular barriers to gene flow by‘
hydrographic or bathmetnc features or indeed biotic interactions, such as predation and food avallablllty Biological information
important to the design of sampling programmes ‘include the distribution of a species, its social: structure (€.8., schooling, Tekking), its
dispersal ab1l1t1es and whether it is likely to home to natal or first spawning sites. In addition, it is 1mportant to-consider which life-
history stage is ‘most likely to show population separation - (larval/feeding/spawning), and ‘when mixing -among populations’ may
occur: Important’ additional considerations are ‘whether a time series of samples is required. to demonstrate the- persistence: of the
observed: patterns. Finally; sampling will: always be clependent on samplmg constramts such as the -availability of vessels, human
resources and the fishing method. .. - - . _ . . I R
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For’ example modlﬁcatlons to the usual practice of opportumstlc sampling, and the infegration of molecular and
morphometric teehmques, enabléd the detection of allozymically distinct populations of the European ‘anchovy,
Engraulis encrasicolis, in Adriatic waters (Bembo et al., 1996) Here, samples were collected at regular ‘intervals
throughout the Adriatic over a two-year perlod ‘and subjected to allozymlc and morphometric' analysis. In ‘€ontrast’ to
many allozyme studies on pelagic marine teleosts (Carvalho and Hauser, 1994; Ward and Grewe, 1994), “significant
genetic hetérogeneity was observed on a geographic and local 'scale. Furthermore, the temporal analysis demonstrated a
marked persistence of geographwally différentiated populations from the north-western and southern-central waters,
with a ¢lear correspondence between alleie frequenc:les at two loci, and the geographic distribution of morphologically
distinict anchovies. ‘Such patterns ‘were subsequently related to the distribution of anchovy colour phenctypes
characteristic ‘of waters ‘contrasting in depth hydrographlc features and circulatory paiterns (Zore-Arinanda, -1969;
Tortonese, 1983). There was therefore "a’‘clear ‘association between' allele frequencies, morphclogy; --geographic
distribution and hydrography. The most compelling evidence for the existence of two Adriatic anchovy stocks was
provided not by the spatial‘patterns in-allele frequencies alome, but by their temporal persistence, often across short
stretches’ of watér (40-50 km). Such observations emphasize the point that it is not the description of genetic differences
. that: nécessarily matters: it is the dynamics of persistence over time that can facilitate the identification of stock-
environment ‘correlates. In the above anchovy case, such correlates were represented by the correspondence of dlSt]rICt
a]lozyme and morphologlcal morphs wnth features of uceanography : i :

A factor relating to the evolution of populations can further complicate the estimation of gene flow estimates.:Most
genetic models such as the island model of Sewall Wright (1978) are based on the premise of genetic equilibrium,
whereby a balance has been attained between genetic drift which causes divergence among populations, and gene flow,
which tends to homogenise them. The time for such equilibrium to be reached depends on effective population size,
which in marine populations, with sizes typically in excess of 10°~10°, may require millions of generations to attain. The
effect of such genetic disequilibrium is that some patterns may arise from extant microevolutionary forces such as drift
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and-gene: flow, whereas pthers may: be relic patterns arising from hlslorlcal oceanographic conditions (Reeb and Avise,
1990). The implications. of such historical effects on gene flow suggest, that it is important to employ molecular genetic
techniques of high sensitivity; which allow for the detection of slightallelic divergence using one or.a few nucleotide
differences, as well as enabling the characterisation of more drstantly related alleles. It follows therefore that more
recently diverged alleles, with high nucleotide similarity, may have been less mﬂueneed by changes in the distant past
such as climate, than. those which have persrsted for millions of years (Baker et al., 1993) The recent increase in
availability of high: resolutlon molecular-markers (Park and Moran 1994 Ferguson et al., 1995; O’Reilly and Wright,
1993; O’Connell and Wright, 199'7) thus has profound consequences -on our ability to.both detect and interpret the
relative roles of hlstorical and contemporary factors in determining populatlon genetic structure

PATTERNS OF GENETIC DIFFERENTIATION

The major determinants of genetic differentiation among populations include the degree of physical isolation and extent
of gene flow among conspecific assemblages, ‘the extent of habitat’ heterogeneity and associated nature of selection
ptessures,: and the-'stability and: size of populations over time. Among fishes, general global patterns of genetic
differentiation  are -discernible: - based: on' allozyme. data, freshwater fishes show the -highest levels of genetic
differentiation (mean Gsy = 0.22) -and ‘marine fishes the lowest (mean Gsr = 0.06), with. anadromous species showing
intermediate levels {mean: Ggr=0.11) (Ward et al:, 1994). The: lower levels of differentiation in marine species likely
arise from higher gene flow among subpopulations, presumably due to the relative: absence of barriers to dispersal in.the
sea. While such general patterns in fishes have been confirmed by the DNA-based approaches, the higher resolution
afforded by such methods, and. the ability to. compare several amarkers :simultaneously, have. occasionally shown
additional scales. of: population- structuring, together with new .information on the dynarmcs of variability in the
mitochondrial and nuelear DNA genomes.

The=enrly,studies=on= mitochondrial DNA popuiation differentiation were conducted on terrestrial vertebrates and, in
accordance. with-predictions based on-the higher mutation rates of mtDNA and its smaller effective population size
relative:to nuclear DNA; showed generally higher levels of population differentiation compared 1o .allozymes {Avise,
1996}.. Although some studies on fishes confirmed. such patterns (Reeb and Avise, 1990; Pogson ef al.; 1995; Hansen
and ‘Loeschke,- 1996), there are :insiances where no additional’ divergence was revealed, or cases where nuclear
differentiation was greater (Ferguson et al., 1991; Ward and Grewe, 1994; Ward et al., 1994; Turan ef af., 1998)..In
consequence, there has been an increasing number of studies undertaken which compare the utility of different methods
(Pogson et al, 1995, .Bentzen .et al, 1996; O'Connell et al.,. 1997, Prodohl et al., 1997), though often not
‘simultaneously .on the same samples. Such approaches indicate differential responses:of various nuclear and
mitochondrial markers to changes.in gene flow (Miller and Kapuscinski_, 1996; Lu et al., 1997), population size (Hauser
et al., 1995;.Dueck and .Danzmann, 1996) and possible effects of selection (Ferguson, 1994; Carvalhe-and Hauser,
1994; Fevolden and Pogson, 1998), as well as contrasting patterns depending on the region .of DNA examined (Yang,
-1996; Turan, 1997;-Kocher and. Carleton, 1997).:Studies that utilise. samples collected at different times and locations,
although useful, are confounded by variability in the distribution of genetic variants, and data should be interpreted with
cautien; For.example, it.is well established that North Atlantic. herring (Clupea: harengus)- taken, from the Balsfjord
herring on the Norwegian coast are allozymically -distinct from local coastal populations (Jgrstad and Nezvdal, 1983;
Torstad et al., 1994). In contrast, a recent study using allozymes and miDNA .RFLPs on samples taken from the same
fjord (Turan er al; 1998) failed to detect any- such differentiation, A comparison of sampling methods, however,
revealed that fish in the early work were collected from deep waters {ca. 100 m), whereas the recent samples were
obtained from pelagic trawls taken at 15-20 m. Indeed, the existence of a genetically distinct, deep-water resident
_population, is supported by, data showing the existence of specific spawning. grounds in intertidal areas, and the
associated presence of Balsf_]ord-characterlsed eggs from the innermost part of the fjord (Jorstad et al., 1994; J;arstad
pers. comm.). Thus, in studies designed to compare the sensitivity of molecular markers, small-scale differences in
spatial distribution require, at the very least, detailed information on sampling practices, or where possible, utilisation of
the same samples. Clearly, it is not usually possible to ana}yse samples retrospectively, though as new methodologies are
developed, such practices are feasible utilising the ever-mcreasmg repository of alcoho]—preserved sarnples available in
lnany research laboratones and Mmuseums. :

A recent example of the sunultaneous application of drfferent markers to the same samples is provided by recent studies
on Ciupea harengus (Turan 1997; Turan et af., 1998}. Although there have been numerous molecular genetic studies on
‘th]S specres "(Smith and Janueson, 1986, reviewed in Turan et al,. 1998), our present understandlng of herring stock
_structure is equivocal, and marked phenotyplc heterogeneity is often not associated with detectable genetic divergence.
' C. harengus exhibits apparent genetic homogeneity on an oceani¢ scale, whercas, heterogeneity is observed locally
“among Norwegian fjords (Jorstad and Navdal, 1981, 1983; Igrstad ef al., 1994, Turan 1997; Turan ef al., 1998). The
assumption has been that across oceanic distances, panmixia is the rule, facilitated by extensive migratioris arising from
the pelagic habit (Ward ef al., 1994; Graves, 1996). The localised divergence among fjord populations, both from each
other (Turan, 1997), and from the coastal Atlanto-Scandian herring, appears to originate from the existence of distinct
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spawning grounds within réspective fjords. However, it is uncertain the extent to which such patterns are'coi"nptomised
by:the iriclusion’ of non-spawning fish‘in samples, or the dominant use of allozymes, markers known to! havc ‘h1gh
sens:tmty to- low levels of gcne ﬂow (Carvalho and Hauser, 1994 ‘Ward and Grewe, 1994). SRR

A'Comp'arison of population structure using allozymes, mtDNA RFLPs, and microsatellites simultaneously on' the same
C. harengus individuals taken from the N.E: Atlantic, excluding fjotd populauons (Turan, 1997), revealed contrastmg
levels of dlffercnt:atlon dcpcndmg on the marker systom employed (Fsr= 0. 12™ allozymes; 0.03 mtDNA~RFLP ND
5/6; 0.03" microsatellites (Turan, 1997)). Microsatellite data exhibited the highest levels of dlvergence revealmg
significant genetic heterogeneity among samples shown' simultaneously to be homogeneous using allozymes and RFLP
mtDNA analysis at the ND 5/6 genes. Indeed, this was the first demonstration of large-scale genetic divergence in C.
harengus taken from open waters, demonstrating the effectiveness of these markers in detecting difféfentiation in a
highly mobile, pelagic teleost. Such patterns of genetic structuring suppert the recent proposal (McQuinn, 1997} that
herring comprise a series of metapopulations; maintained by behavioural'isclation of adults, through homing to specific
spawning grounds. Indeed, the small, but genetically significant, extent:of straying. among seasonal spawning groups and
transience of :some populations are proposed to be sufficient to homogenise gene pools, but maintain: phenotypic
differentiation. .Such an -assertion depends critically: also on ithe. levels: of: marker polymorphism, :which:in :turn - are
affected by the mutation rate. It is possible, though further such studies are required on a temporal basis; that;the high
allelic diversity and rate of substitutions. at microsatellite lociiare sufficient to maintain genetic dlfferentlatlon among
populanons expcncncmg occasional gene, ﬂow T v :

Mi‘crosatellites are proving effcctivc' for 'dcscribing'pop'ulation1Stmcturc in fishes, especially in cases where low levels of
marker polymorphism have been detected previously, (O’Connell and Wright; 1997), though there are cases where
alternative markers reveal higher measures of divergence, especially among salmonids (0’ Connell and Wright, 1997).
Although few published Fsr values based on. microsatellites are available to examine global patterns of genetic
differentiation -in- fishes (Table 3), data. based :on. comparisons. of microsatellite - variability among freshwater,
anadromous. and marine fishes indicate a tendency toward higher levels in the latter. Such preliminary patterns support
the notion that:the higher effective. populafion sizes of most maring fishes may result in higher overall levels: of-génetic
diversity: (Ryman et al., 1994). Surprisingly. perhaps, the highest estimates of genetic divergence have:thus:far-been
observed among herrmg (Turan 1997), prevxously shown to, ylelded low dlstance measures based on protem or miDNA
niarkers. - ORI

Although the hlgh mutation rate ‘of microsatellite loci affords hlgh levels of polymorphism for populatlon studles the
'stcp—mutanonal process, if prevalent, may produce convergent or parallel mutations. In such cases, allelic identity does
not necessarily :signify 1der1t1ty by descent; ‘thus confoundmg estimates of ‘genetic differentiation based- on ‘allelic
comparisons (di Rienzo ef al., 1994), Such convergence may have given rise to the lower than expected differentiation
of NW- Atlantic and Barents Sea cod populations (Bentzen et al., 1996); in conirast to the previously establishedeast-
west differences -seen at protein, nuclear RFLP and mtDNA loci (Pogson et al., 1995; Bentzen ef al., 1996). It is
possible that the lack of divergence at several microsatellite loci could have originated through convergent evoliition
neutralising ‘the effects of -genetic drift, thus indicating that these markers-may be less informative for: broad-scale
geographic “surveys.: Although ‘moderately variable nuclear RFLP loci may offer ceérain statistical advantages for
population- discrimination ‘over hypervariable microsatéllites at some geographic scales (Pogson et al., 1995; Bentzen et
al., 1996), the practical advantages of PCR-based technology far outwelgh those of classical Southern blot proccdurcs
cspeclally whcrc avaJ]abIe tissues yleld small quantltles of DNA

Thus although the’ hypervanablhty of ‘microsatellites yields a powerful array of genetic markers, it 15 necessary to
conSIder carefully certam statlstlcal and mterprctatwo aspccts of genetlc dlfferentlatlon csumates

CONCLUDING REMARKS,

The initial surge of molecular characterisation of fish populations provided by the advent of allozyme electrophoresis
has in the last decade shown little evidence of abating. Indeed, the availability of PCR-based technology, combined with
the enhanced resolution provided by highly repetitive DNA, has fuelled the pursuit of data which describe populatmn

"'structunng and migration patterns in wild fishes. Much of our ab111tyr to resolve stock structure, espec1a11y in highly
mobile specnes depends not only on the vanab111ty and Irucroevolutmnary responses of marker systems cmployed but
also cntlcally on a more. effective integration of biological and environmental data in the demgn of sa.mplmg
prog'rammes Whlle it remains dlfﬁcu}t to sample populations repeatedly from expansive marine waters, much can be
gamcd from the simultancous comparlson of protem and DNA markers in the same mdmduals as well as the 1nc1usmn
of some temporal sampling where posmble
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- Thiéiew  DNA. techniology - permits:the improved description of population structuringin species largely. inaccessible vsing
conventional protein-markers, either-due to limited polymorphism, or high sensitivity. of allozymes to low levels of gene flow.
Although it is tempting to escalate such descnpuve studies in the search for global patterns, it is the application of such
approaches to tackle the underlying mechanisms that generate and ' maihtain population structuring that may prove most
insightful. Perhaps foremost among the recent applications which hold particular promise are studies aimed at monitoring the
dynamlcs of microgéographic différentiation, and the analysis of historical populations. Elucidation of the oceanographic,
spatial and temparal determinants of small-scale stroeturing wonld greatly facilitate our understanding: of the variability in
larval survival and recruitment dynamics, including the critical relationship hetween larval and adult populations (Ruzzante
ef al., 1996). Studies on the extent to which juveniles, identified individually with microsatellites, become associated with
returning adults to spawning grounds, for example, may provide significant data on the maintenance of seasonal spawning
groups of pelagic ﬁshes, and the orlgm of metapopulatlon structuring (Fontame et al., 1997; Mchnn, 199‘7)

Table 3. Comparison. of expected heterozygosities within samples and Fir values derived: from microsatellite studies on marine,
freshwater, and anadromous:species: Note the higher. heterozygosity of the marine species compared to freshwater fish.

Species %H Fyr Reference
Marine
Sea bass Dicentrarchus labrax 84 (69-93) = 0.007  Garcia de Leon e al.,. 1997
Atlantic cod - quus mori_zqa _ 83 (83-90) 0.015 Bentzen &t al., 1996
Whiting Merlangius merlangus 0.006 Rico et al., 1997
Pacific herring Clupea pallasi 89 0.023 O’Connell et al.,, 1996
Adantic herring . Cliped harengus - C90-92 0035  Turan,1997
Freshwater
Atlantic salmon  Saimo salar 63 Tessier ez al,, 1997
Brook char . Salvelinus fontinalis 7 Angers and Bemnatchez, 1996
‘Rainbow trout - Oncorkynchus mykiss 74-95 ©0.016  O’Connell et al, 1997
Stickleback Gasterosteus aculeatus 73 Rico et al., 1993
. Bluegill sunfish Lepomis macrochirus 27-63 . Colbourne et.af., 1996
Common carp C_\,‘vﬁrinus ciarpio’- 60 - Crooijmans et al., 1997
Northern pike _Esox lucius 21 Miller and Kapuscinski, 1997
Anadromous
" Adantic salifion * Salno salar 8091 O'Reilly et al,, 1996
89 O’ Connell and Wr.ight., 1997
83-(54-93) 0.075- 'Fontainé er al., 1996
6878 0054  McConnell et al, 1997
Cutthroat trout Oncorhynchus clarki cl-arki 6971 Weﬁburg et al., 1996
Steethead trout - 41-72

- Oncorhynchus mykiss

Wenburg et af,, 1996
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Following consideration of the document préseited above and discussion among members of the Working Grotp, the
following recommendations were made:

Summary of recommendations on pelagic fish genetics

1) " In view of thetr ecologtcal and commermal lmportance WGAGFM suggests that more mﬂlecular genetlc work be
undertaken on mariné pelagtc species. ' The choice of species should be made on the basis of their current status
(particular attention being given to species with depleted stocks) and to the likely use of the results in management

- Multi-country studi¢s utilising an array of suitable molecular markers are most likely to yield mest mformatton

2} - Sampling should be undertaken on spawning individuals or their progeny. To do this, the biology of ‘thie spec1es
must be known.

3) A survey of variation throughout the range of the species should be undertaken but such a study should
. incorporate a temporal element.

2.5 - Saﬁtpliﬁg St'rat:.egi'e's in Studi:es of Genetic Stﬂicﬁnte

[Based ona pbsi:t:ien.pafner by lVI.M.' 'I-Ian'sen, Denmark. Adopted by WGAGFM in Cork.)

P:_'qc_tic_al_samp_liug strategies in studies of genetic_populatiou structure qi_‘ marine and_anadromous_speci_es
INTRODUCTION

In studtes of the genettc structure of fish populatlons much emphdsm is usually put on the choice of genetic markers and
the statistical analyses applied. The issue of conducting adequate and representative sampling of populations often
receives, less attention, though even the best available statistics and gellctl(.‘ markers cannot compensate for madequate
samplmg

There are several factors that are important to be aware of in relation to sampling, in particular sample size, hfe stage of
the individuals sampled, and the extent of the geographical area in Wthh samphng has taken place.

SAMPLE SIZE

The optimal sample size depends primarily on the type of problem addressed, the statistical tests and the properties of
the genetic markers that are applied. In studies of phylogeny and phylogeography, it is mainly the genetic relationships
among alleles and haplotypes that are of interest, such as the phylogenetic Télationships among mtDNA haplotypes,
rather than differences in allele or haplotype frequenctcs among populattons Consequently, for such purposes sample
sizes need not be that high. ‘

In studies of genetic relationships and differentiation among populations, it becomes really important to have sufficiently
large sample sizes. However, it is still unclear what constitutes a sufﬁc1ently large -sample- size’. Prevmusly, "when
allozyme electrophoresis was the prevalent téchnique, the number of alleles per locuis was usually not higher than two or
three. Under these circumstances, as a rule of thumb Allendorf and Phelps (1981a) suggested that there should be less
than 5 %.probability of not detecting an allele present at.a frequency of 5 % (i.e., {1 — 0.05]" <0.05). This corresponds to
sampling approximately 60 genes, translating into sample sizes of 30 individuals if disomic loci are studied. .+ ..

With the increased application of highly variable markers, such as mini- and microsateflites, the situation:has become
more complicated. Particularly in marine species the number of alleles per locus may be very high, often »50. Also, the
statistics applied have changed accordingly, and most test procedures are now based on numerical resampling and exact
tests. The problem to be concerned about relates to the power of the tests applied. With a large number of alleles, e.g.,
40, in a sample size of 50 individuals, there may not be sufficient power for detecting deviations from Hardy-Weinberg
equilibrium. Hardy-Weinberg equilibrium is, however, a condition that must be fuifilled before most other tests and
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analyses applied ate valid, and insufficient power for detecting deviations from equilibriom therefore compromises the
very: basis .of the study’ undertaken. Similarly, for tests for genetic differentiation. among populations, it is important to
consider ' power 'initelation - to: the number of alleles -and. sample sizes. In general, genetic differentiation among
populations of marine figshes is-much:smaller than differentiation ameng. populations: of anadromous fishes (Ferguson ez
al., 1995). This, combined with. the large number of alleles at many-of the loci studied, again may result.in little power
for detecting population subdivision unless sample sizes are large.. : : :

There-can be littlé: doubt that there-is a positive relationship between sample size and the. power of tests.-However, for
most of the exact tests applied, this relationship is not simple and may vary considerably among the different tesis. As a
comsequence, it is not possible to give any firm recommendations for sample sizes. However, WGAGFM wants to stress
that the:issues.of sample -sizes and the specific test-procedures. to :apply. for, population studies using highly variable
molecular markers are so -important and basic to the field that a specific. workshop should be organised to treat these
topics. This workshop should involve experts in the statistical treatment of pcpulauon genetic data along with fish
pepulatlon genetlcnsts

From: a more empmca] point, WGAGFM would recommcnd that prelmunary studies are undertaken before the start of
the main studies. Such preliminary studies would involve a small number.of samples (3-4 samples from geographically
separate: areas).and relatively small sample sizes (approximately 50). The degree of polymorphism observed in these
samples and the amount-of genetic: differentiation observed among samples would serve as.a basis for the further
planning of samp]mg -and: sample sizes. - : :

Also, for marine species it is often not a problem to obtain very large sample sizes (200 or so). Subsets of samples (but
not necessarily all sampled individuals) could be.analysed until. satisfactory: statistical power would be obtained. For
inistance, a marginally. significant deviation from Hardy-Weinberg equilibrium could suggest that more individuals. from
the sample should be analysed mn. nrder to possnbly vcnfy this deviation. .. :

LIFE STAGE OF SAMPLED FISH AND EXTENT OF GEOGRAPHICAL AREA SAMPLED

The biological and geographical features to constder in sampling are not necessarily the same for anadromous
(salmomd) and marine species, ‘but there are some issues that are common to both groups. A population can be defined
as a group of individuals that'are more likely to reproduce with one another than with' individuals from other such
groups. Consequently, since the aim is to identify and quantify genetic differences among reproductive units, the optimal
sampling strategy would appear to involve sampling of sexually mature individuals. In addition, many fish species

-undertake ‘migrations between foraging areas and geographically distinct spawning places and often exhibit rather

precise homing. Good sampling procedures therefore also should involve sampling of spawning individuals dlrectly at
thc spawmng places (or for -Some hve—beanng spemes like redfish, at the time of feruhsatmn)

'Samphng of marine species often is a tedious task and it may be difficult to accurately identify the spawning grounds.

The requirements for sampling spawners direcily at the spawning places therefore often have been relaxed, and: studies
have instead been based on taking samples from diverse geographical areas without particularly sampling mature
individuals at the- spawning grounds.: While this approach may be useful for assessing large-scale variation within
species, it may render itimpossible:to detect any small:scale population structure (if at all present). In principle, analysis
of such ‘mixed stock samples’ should result in the"Wahlund effect (homozygote excess). However, in the case of PCR-
amplified single locus molecular markers (microsatellites and PCR’able minisateilites) mutations in the primer-binding

regions ‘may result in null-alleles (e.g., Pemberton ef al., 1995) which will also lead .to. homozygote excess.

Consequently, apparent Wahlund effect is not necessarily a good indicator :of the presence -of small-scale genetic
differentiation (cf. Rico et al., 1997). )

WGAGEFM wants to stress the importance of sampling marine fishes at the spawning grounds at the timé of fertilisaﬁon.

.This. requires precise information from fisheries biclogists regarding the reproductive biology, the geographical location

of spawning. grounds, -migratory behaviour, etc., of the species studied. Also, it is very important to record biclogical

Jinformation on the individual fish sampled in order to be able to verify that it is indeed. likely to belong to the specific

spawning population. The minimum information required includes age, sex, length, weight, maturity, precise location
and date of samplmg In the case of pelaglc spawners, physical oceanographlc mformatlon is unportant for precise

_deﬁmtlon of spawning, sxtes

There are some specific cases where sampling of spawning mdmduals du‘ectly on the spawning grounds is problematic
or would be directly erroneous. The long-standing debate’ whether cod spawning in the coastal wateis -of northern
Norway consist of two reproductlvely isolated populations (coastal and Arctic cod) is one such example (cf. Mork et al.,

1985; Dahle, 1991; Arnasson and Palsson, 1996). The foraging areas of the two types are geographically distinct, but
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they spawn in the sairie geographical areas; possibly uphelding some sort of reproductive isolation. Sampling of fish.at
the'spawning grounds would in this case lead to the inclusion of both coastal and Arctic cod in the samples, resulting in
a ‘mixed-stock’ sample. While coastal and Arctic cod in the samples could be distinguished on the basis of independent
morphoiogical and/or physiological features; the optimal sampling procedure. would probably be to sample populations
in their séparate foraging areas. Overail, this example demonstrates the 1mportance of bemg as much aware as possnble
of the general biology of the species and populations studied. : SE B

In salmonid fishes, it is castomary to sample juveniles from the nursery areas in rivers. This is:partly a remnant from
studies based 0n allozymes as it is almost impossible to do nen-destructive sampling of eye, liver and: heart tissue; and
because sampling and Killing larger numbers of adult individuals may be detrimental to the populations studied: Even
though non-destructive 'sampling of, for instance, adipose fin tissue is sufficient for analyses.of DNA-markers, juveniles
are still éasiet to sample, as they are present in the rivers all year round and may be sampled in large numbers. :

The genetic composition of juveniles should of course match that of their parents, However, most satimonid fishes spawn
in distinct spawning redds. When the fry emerge from the redds they tend to establish territories in the close vicinity, and
it-may take one or more years before they move any significant distances:up- or downstream in.the river. Consequently,
if a large number of fry are sampled from a limited stretch of the river, e.g., 50-m, it is possible that they represent just a
few families, which is likely to impose a strong bias on estimates of allele frequencies of the population as a whole: This
probleni of ‘family sampling’ in salmonid fishes was first described by Allendorf and Phelps {(1981b) and has been
empirically demonstrated by Hansen et al. (1997). Apparently there are no corresponding problems in relation to marine
ﬁshes, At least, Herbinger et al. (1997) did not find any evidence of family structure in samples of cod larvae.

The solutmn to ‘famnily- samplmg problems in salmomcl fishes -is obvmusly ‘to -sample spawners 1nstead of thelr
offspring, However, as described prewously thete may be pracucal difficulties with that. In addition, it is:important to:be
aware of what actually constitutes a ‘spawning population’.Mature male parr are present in large numbers:in. most
salmonid fish populations and probably make a significant contribution to the spawning (Jordan and Youngson, 1992;
Moran et al,, 1995). Ceonsequently, mature: male parr should also:be included in the .samples. Another alternative
consists in sampling juveniles of several age classes (for instance 0+, 1+ and 2+), and make sure that sampling takes
place over longer river stretches (several hundred meters or more). The sampling could be adjusted in accordance with
biolegical information such as the observed number of spawning redds. It is also. 1mporcant not to sample across obvmus
physical barriers separating 1ndw1dual populatlons, such as taking one sample covenng more than one tnbutary This
could result in the inclusion of more than one population in a sample. . :

T-here is, -however, an even. more-fundamental problem ‘in .sainpl_ing of salmonid populations. Genetic differentiation
among ‘tributary - pepulations within- river. systems is often observed : (Ferguson, -1989). The. significance of..this
microgeographical differentiation in relation to- evolutionary biology and conservation remains unresolved, .but. it is
necessary to take it into account in the sampling of populations. Thus, one single sample from a tributary population is
not; necessarily representative for the river system as a whole, and more than one tributary populatlon should be
sampled, :

Finally,. confirmation of the temporal stability-of allele frequencies is a basic feature, which is. unfortunately. often
ignored both in salmonid and marine fishes. Temporal stability may be addressed in two different ways,.1.e., by-taking
samples in different years or by dividing samples into cohorts, for instance 1+ and 2+ fish and test. for differences in
allele frequencies: In some cases, spawning may take place more than once within a spawning season on a specific
locality, and it is important to study whether'there is genetic heterogenelty among the different groups of spawning fish.
In-conclusion, WGAGEFM recommends the following: - SN _ : . = R .

Summary of recommendanons on samplmg strategzes

1y The’ issues of required sample sizes in relation to number of alleles, the power- of statlstlcal tests, -and: -which

¥ staUStlcal framework should be applied' have become crucial issues with the development of highly varidble DNA

'markers. WGAGFM needs to-clarify'a number of topics related to this issue, and wants to mclude lt inits Terms of
Reference for 1999 (cf Section 3.3, pomt i). : Lo P

2) Genera]ly for expenmental des;gns WGAGFM recommends that prehmmary studies based on 3—4 samples with
sample sizes of ca. 50 be undertaken before the start of the main study. The results may serve as a basis for
7 planmng sample sizes and samplmg de51gn in the main study

3) In most cases, both for marine. and sa]momd fishes, samphng at the spawmng grounds at the tlme of fertlllsahon
=.__w11l be the opumal sampling. strategy. In particular, in the case of 1 marlne fishes this requ1res prec1se 1nformat1on
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from fisheries biologists regardmg the reproduetlve blology, the geographlcal location' of ‘spawning groundS'
migratory behaviour, etc., of the species studied.

4) In the case of marine fishes, biological information should be’ Tfécorded on the individiial fish sampled. The
minimum mfermatlon requlred mcludes age, sex, length welght matunty. precise location and date of sampling.

5y 1 salm POf ulatlons are based on samphng of Juvemles, it is important to ensure that the individuals
' sampled do not represent just a few families. As many age classes as possible should be included i in the samples,
~ and samples should be taken over larger river stretches (i.e., several hundred metres). Publications reporting results
based on sampling of juveniles should include information on the circumstances of sampling (i.e., age classes
included and extent of the sampled area).

6) In salmonid, ﬁshes, genetlc dlfferentlatlon is often observed among tributary populatlons w1th1n a twer system A
single sample from one mbutary is not necessaniy Trepresentative of the whole river system, and more than one
. tributary populatron should be sampled.

7) The tempora] stablllty of allele frequencies should be tested This could be. done by analysmg samples taken in
different years or by comparing allele frequencies of different cohorts.
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3. WORKING GROUP BUSINESS - ; . e
3.1.‘..‘ e ,Comments on Working Group Funcﬁous

The estabhshment of pre—prepared posmon papers and specific responmblhtles for ehalrmg sessions and themauc
co]quma have enhanced the efﬁc1ency of the annual meetings substantially. Likewise, the possibility to commumcate by
e-mail with most members, and the estabhshment of : an Internet Homepage have greatly sxmphﬁed the adm:mstratmn of
the WGAGFM

From a geographic point of view, the engagement by U.S. members in the WGAGFM actlvmes is stlll low and
scnentlﬁeally, the representatlon of sc1ent1sts w1th a quantltatlve genetlcs backgtound should be 1ncreased

However, the general attendance at the WGAGFM meeungs has been stead;ly 1nereasmg each year smce 1994
Currently; 51' persons are appointed as meinbers of WGAGFM :

o

At this year's meeting in Cork, 19 members from 12 different countries took part. In addition, 10 observers from Ire]and
attended parts of the meeting. :

32 'Commenfs’on:Tra{zel‘FunciS'.ferG Members

For some members the situation has improved, but lack of travel funds continues to be a major cobstacle for many
members to attend the anntal ‘WG ‘meeting. WGAGFM noted “this problem in ‘the 1994, ‘1995, 1996, and 1997
WGAGFM Reports. WGAGFM once more recommended that ICES Member Countries follow-up their appointment of
members to the Workmg Groups with some respons:bllny that travel funds are made avallable

3.3 Suggestlons for WG ToR and Meeting Place in 1999 -

During discussions on meeting: place in 1999, the WGAGFM responded positive’ly to'a generous invitation from
Professor Jakob Jakobsson, the Director of the Marine Research Institute in Reykjawk Iceland, to host the 1999
WGAGFM meeting in week 15 (1215 Apnl) ‘ .

Concerning Terms of Reference and meeting place for 1999, it was decided to recommend that:

The Working Group: on the Application of Genetics in Fisheries and Mariculture (New Chairman to be appoiited at the

1998 ICES ASC in Lishon, Portugal) will meet at the Marine Research Institute, Reykjavik, Iceland, 12—15April 1999,

to:

a) continue' the review of general population genetics topics in' fisheries and mariculture, with emphasi§-on the
utilisation of possibilities arising from the combination of qualitative and quan'ataﬂve genetlcs,

b) ' review the potentlal of molecular markers as tools in breeding programmes;’ ' :

c} :rev1ew and discuss the status and future development of trlplo1dy in aquacu]ture species;

d) review and evaluate measures used for protecting marine genetic dlversuy,

e} . review.the use of genetic tags.in the study and management of wild.stocks;

f) review problems and potential remedies concerning the gender of fish;

g)  review patenting of technology as a potentlal problem in genetlc research on marine spec:les

h) “Teview genetic tissue authenucatlon for forensu: purposes,

1) rewew bas:c experimental design and statistical framework when usmg hlghly varlable genetic markers in various

i) 'prepare updated protocols of ﬁshery and marlculture genetics research in ICES Member Countrles and 1dent1fy
scopes for enhanced international cooperation.

34 Justifications for the hS‘ujggéSfE“'-:l. 1999-ToRs:

a) . WGAGFM currently acts as a relatively informal forum where members can feel free to discuss and - update each
other on practical and theoretical problems related to genetics of marine species. Experience has shown that there
is a need for an open scientific session at the annual meetings, where topics that are not necessarily listed in the
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..Ferms: of. Reference. can: be enlightened-by the eompetenceaand
. have those topics which need competent mput from both qualltatwe and quantitative genetics benefited from these

\gXperience existing in the WGAGFM. Not least

: -dlscussmus

b}

In terrestrial: farrnmg, the productlon in many sectors, e:gi;- poultry, dairy cattle, is based largely on se]ectlvely bred
‘individuals aswselestion ‘programmes have been demonstrated: to'cost-effectively increase production. Indeed, they

are now a competrtwe necessrty In contrast; léss than''1'% of: aquaculture productioni is based on-genetically

- improved strains. .

‘In spite of the obvmus beneﬁts of selective breedmg, -efforts: in the aquaculture mdustry have . largely been
irestricted to the improvement of réaring conditions. This is unfortunate as'the high fecundity of fish and most other

aquatic animals provides tremendous scope for rapid genetic improvement of production traits and: a concomitantly

~high-return on investment in a selective breeding programme.. Various factors lie behind the limited exploitation of
. -selective breeding to:increase production, but one of the biggest obstacles is the cost.and difficulty of monitoring
- fish pedigrees. and .of evaluating the breeding value of indjviduals.. At present, selective breeding of fish species

requires specialized facilities to rear families in isolation until they can be physically tagged and estimates of
breeding values are estimated statistically. using phenotypic assessments of performance traits based on family

: :VEI.I‘latl(Jl‘l Recent advances in molecular biclogy offer the possibility of developing and applying molecular

markers whrch can, at least in part, overcome 'these obstacles and, thereby, facilitate a ‘more w1despread
1mplementat:lon of ‘selective breeding programmes in the aquaeultu.re 1ndusu'y The extent to which molecular

)

1)

2}

d)

€)

'_markers can bé used to facilitate, the selectlve breedmg of aquaculture spemes is uncertam and needs to be
con51dered Posman paper Enc Verspaor

The 1nduct10n of triploidy. has- been reported in many aquaeulture species (ﬁsh salmomds seabass, seabream
turbat. .., shellfish: mussels, oysters, scallops, clams...}. In fish, triploidy is generally induced by pressure or
thermal shocks while in shellfish, it is induced by the suppression of polar body formation in fertilised eggs. An

alternative method is based on the mating of telraplmds and diploids, to. obtain all-tnplmd stocks. Tel:raplords have
,. been obtamed in several spee1es (rambow trout carp, oysters mussels) '

- As'triploidy induces sterility (or strongljf reduces gameto'genesis); b'etter perforrnance of triploids.over. dip_lo,lds gan

be explained by two main factors:

The energy normally allocated to reproduction in diploids can be reallocated to growth in triploids. Consequently,
triploidy will be of greater interest in species with high allocation to reproduction. Additionally, triploidy
potentially induces higher mean heterozygosity, which has been shown to be positively correlated with growth in
many shellfish species.

As sexually mature animals can be of lower quality for consumption than immature animals (e.g., oysters), sterility
{or reduced gametogenesis) improves the marketing value of the products.

Additionally, the recent need for sterility to ensure a genetic conﬁnement of transgenic organisms has led to new
interest in triploidy.

The present status of triploidy and its potential for future development in aquaculture species will be reviewed by
the WGAGFM to establish specific recommendations. Position paper: Pierre Boudry.

The decline and extinction of many populations of wild fish and shellfish, the emergence of enhancement
programmes using cultured stock, and the establishment of closed [to fishing] areas by many countries will have
impacts on marine genetic diversity. The Working Group proposes to review and evaluate measures used to protect
marine genetic diversity with a view to the development of guidelines that are suitable for protecting genetic
diversity in different types of species. Position paper: Ellen Kenchington.

The development of minisatellite and microsatellite DNA profiling over the past five years has made it possible to
identify individuals, families and parentage of fish. This is opening up many new areas of investigation both in
respect of natural populations and experimental studies under realistic field conditions. Important areas of study in
this respect include: detailed study of breeding behaviour; individual relatedness within shoals/geographical areas/
spawning aggregations; identification of the origin of captured fish; genetic stock identification in mixed stock
fisheries; monitoring success of supplemental stocking; experiments on the impact of deliberate and inadvertent
introductions of non-native fish. It is now timely to review this area and examine further ways in which genetic
tagging can be applied to the study and management of fish stocks. Position paper: Andy Ferguson.

Unlike mammals, the genotypic and phenotypic sex of bony fish varies among species. Halibut, seabass, European
eel and wurbot among others show variable sex ratios in natural and cultured populations, presumably in response to
environmental and population dynamics factors. So far, no common sex determining system has been observed, but
the aromatase gene seems to play a pivotal role in sex differentiation. Only 10 % of all fish species have been
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reported to carry sex- chromosomes;-but few have been verified by breeding. The few sex probes ‘devéloped
' (rainbow trout, chinbok salmon; guppy and medaka amongst others) have been proven to be species: specrﬁc
Consequently, the determination of the genetic sex remains problematic and causes major econoniic losses in

+! aquaculture. WGAGFM. wants -to-review current knowledge and: discuss future ways to proceed -to:solve:these

prablems; with-a view to giving recommendations to ICES as.to the kind of fundamental and apphed research (e g.,

“1,. genetics, molecular biology. and endocrinology) needed. Position paper: Filip Volckaert.

9

hy °

On the basis of known cases where current patenting practices in different countries have created real a.ndlor
petential - problems  for - carrying -out: research, :or to. implement research.-results . in -agquacultural - production,

1 WGAGEM wants to review this field in: erder to identify to what degree this can be a prohlem for ICES:Member
-.Countries: Position-paper: Willie Davidson. . . R T Te
“Bevéral ‘of the laboratorigs- represented in the Working Group have been engaged in work wnth the 1dent1ﬁcatlon of
" animal tissues for forensic purposes;’ ‘s there is a growing need to’coordinate research and methodology in this
“field. WGAGFM feels that it is time to’éstablish the status of this field, and to look into the p0531b111t1es for a better
"hmtematlonal networklcoordmatton Posmon paper Geir Dahle and Willie' Davidson. ' :

) The 1ssues of requlred sarnp]e sizes m re]atlon to number of alleles, the power of statistical tests, and which
; statlstlcal framework should be applted to hlghly variable genenc markers in marine ﬁshes are so 1mportant and

" basic that members of the Workirg Group will try to orgamze an EU-funded workshop in association with the next

34

”‘__'WGAGFM meetmg The workshop should involve experts in the statistical treatment of population” genetlc data

along with fish population genetics. The output from the workshop should form the bas1s for a general discussion
in a specific session at the next WGAGFM meeting, built around case studies of species from different ends of the

“spectre of genetic differentiation (e.g., tuna hernng, cod, squld mussel and brown trout) Posmon paper M:chaet
4 Maller Hansen and Andy Ferguson. -

 information base for geneticists in ICES Member Countries who are seeking eooperatron or information on sper:lﬁc

The natlonal act1v1ty reports which are complled and updated each year by WGAGFM serve as a useful

species or specific methodologies. This information basé also makes it possible to monitor potential changes-in
research focus within finfish and shellﬁsh genettcs throughout the Member Countnes Responszble for compzlanon

* *Anna Danielsdottir.”
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U ANNEXI

TERMS OF REFERENCE FOR THE 1998 WGAGFM MEETING IN CORK IRELAND

ICES C.Res.lgym_:zs

The Working Group on the Application of Genetlcs in Flsherles and Mancullure (Chalrman Prof I Mork Norway)
will meet at the Un]versny College, Cork, Ireland, March 30 to Apnl 2 1998, to

a)

b)

<)
d)

e}

continue the review of population genetic topics in fisheries and mariculture, including the questions of selective

fisheries and GMOs: (Genenca]]y Modlﬁed Orgamsms), w1th emphams on a combmatlon of qualltatlve and
" guantitative genétics;

treat the questlon of genetic management of new species in manculture ‘including the apphcahun of breeding
programs to increase production, with a view to give recommendations on the topic;

discuss genetic aspects in the management of pelagic marine species;

treat the question of practical sampling strategies in studies of genetic population structure of marine and
anadromous fish species, with a view to give recommendations on the topic;

prepare updated protocols of fishery and mariculture genetic research in the member countries, and identify scopes
for enhanced international cooperation.

Justifications:

a)

b)

c)

In the long term management of marine resources the issue. of selective fisheries is a very important one which
deserves broad attention. The complexity of the problem suggests that it should be attacked on a broad front in
ICES, e.g., as a joint approach by geneticists, fishery statisticians, biologists and modellers. In 1996, WGAGFM
initiated a cooperation between geneticists and modellers which proved very fruitful for both parts and. which
clearly must be continued. This year, WGAGFM has produced an updated review and literature survey on the topic
which concerned both qualitative and quantitative works. WGAGFM ‘wants to keep this topic on its agenda also in
1998, with a view to establish the basis for a broad approach to the problem.

The science of applied selective breeding and genetics has contributed greatly to the steadily increasing
productivity of terrestrial agriculture. The rate of change has been particularly rapid in the last 2-3 decades and
today nobody will think of utilizing wild stocks for milk, meat, egg and wool production and animal husbandry
without selection programmes, Today the high yields of land animal producis are depending totally on genetically
improved domesticated breeds and some level of controlled input. This has not been true for aquaculture where
only one percentage of aquaculture production is based on improved stocks. Aquatic species are therefore, in the
genetic sense, still much closer to the wild state than are the major terrestrial animals and food crops. Thus there is
a great disparity between the need for increased aquaculture production and the genetic quality of the stocks
available to meet that need. Moreover, full benefits of the investments in management improvements can only be
obtained through a genetically improved fish that is able to respond on these improvements in an optimal way.

Effective breeding programs are scarce in aquaculture. However, during the last two decades the prospects for
genetic improvement have been well documented in several species, like Atlantic salmon, rainbow trout, Nile
tilapia and rohu carp. As a result, there is a growing interest to start selective breeding programmes for other fish-
and shellfish species. In Europe there is a growing production in many fish- and shelifish species among which
Seabass, Seabream, Turbot, Carps, Halibut, Flat oyster, Scallop, Lobster are the most important. Genetic
improvement programres are not applied in any of these species. WGAGFM feels it is necessary to discuss the
application of, and to spread information about the benefits of using selective breeding to improve production traits
for various marine species.

Stocks of important pelagic marine resource species like herring, capelin, blue whiting, squids, and not least the
Iarge cosmopolitic tunas and swordfishes often have an international oceanic distribution and perform extensive
oceanic migrations across national borders and economic zones. Their nursery areas are often in the mesopelagic

- water layers, meaning that their geographic distributions are not so resiricted by bottom topography, local sea-bed

production and water depths as for bottom-dwelling species. They therefore tend to have more continuous oceanic
distributions in which temperature fronts and ocean current systems appear to be the major physical cohesion
factors. It may be hypothesized that this has an effect on the genetic structure of the species in question.
WOAGEM feels it is appropriate to investigate this question, and to formulate testable hypothesis about it. The
answers may provide valuable insight in the evolutionary factors currently mouiding the genetic structure of
species, for the gain of basic population genetic science as well as for the practical management of marine
resources,
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d)

Geographical variation in fish species is typically studied by taking samples of fish from different.localities.

. However, different populations may occur sympatrically outside the spawning scason, but migrate to distinct

spawning  areas during the spawning :season. It can be argued that ideally, if the aim is to study genetic
differentiation among populations, sampling should preferably take place during the spawning season and on the
spawning sites, but this is often difficult for practical reasons. Also, in the case of e.g., the Arcto-Norwegian and
the Norwegian coastal cod stocks which spawn simultaneously in the Lofoten area, such a sampling strategy would

actually introduce representativity problems instead of solving them.

For anadromous species (salmomds) populatlon samplmg is often based on Juvemles Since juvenlles do not

disperse much from the spawning redds, there is a risk of including only few families in samples assumed to -

represent the whole populatmn

. Consequently, well design sampling strategles must also take the blologlcai charactenstlcs of the spemes mto

consideration. WGAGFM wants to review this topic in general as well as for specific cases, with a. view to present

. practical recommendations for management as well as for workers in the field.

36
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ANNEX 2

LIST OF PARTICIPANTS

Name Address Telephone |  Fax E-mail
Peter Bossier ( Fisheries Research Station 32-59320805 32-59330629 © | pbossier@mail.dma.be
| Ankerstraat 1 T : . i . 3
8400 Ostende’
Belgium = , _ ‘ .
Pierre Boudry IFREMER/RA 33-5 46369844 33-5.46363751 | pieme.boudry @ifremer.fr
La Tremblade : AR
{Ronce-les-Bains), B.P 133
| 17390 La Tremblade
France - . o
Tom Cross National University of Ireland 353-21-276371 - 1353-21-270562  |t.cross@ucc.ie

{Qualitative Sub-group
Leader)

University College Cor
LeeMaltings - - -
Prospect Row
Cork

Ireland

Geir Dahle -

*| Institute of Marine Research

P.O: Box 1870 Nordnes-
N-5024 Bergen,
Norway

47-35-236349

|47-55-236379

geird@imr.no

! Anna Kristin Daniclsdsttir

Marine Research Institute
¢/o Biotechn. House -
Keldnahott -

I5-112 Reykjavik
Iceland

354-5877000

354-5877409

andan@iti.is

Willi_e‘Da_vidso‘n o

" | Memorial University of

Newfoundland :
St. John's, Nfld A1B 3X5
Canada

1-709-7374468

1-709-7372422°

willied@ morg_:‘i_n._ucs.min

.Ca

Andy Ferguson h

School of Biology and
Biochemistry ’

The Queen’s University of
Belfast )
University Road

Belfast BT7 INN
Northern Ireland

UK

441232 272055

44-1232 236505

a.ferguson@dub.ac.uk -

JMichael Mgller Hansen

Danish Institute for Fisheries
Research

| Dept. of Inland Fisheries

Vejlsgvej 39
DK-8600 Silkeborg
Denmark

45-89-213145

45-89-213150

mmh@dfu.min.dk

Jonas Jonasson
(Quantitative Sub-group
Leader)

Stofnfiskur
Laugavegur 103
P.OBox 5166
15-125 Reykjavik
Iceiand

354-5528400

354-5528401

jonas@itn.is

Ellen Kenchington

Invertebrate Fisheries Division,
Dept. of Fisheries and Oceans,
Bedford Inst. Of Oceanography,
P.O.Box 1006 Dartmouth, Nova
Scotia, Canada B2Y 4A2

1-902-4262030

1-902-4261862

kenchingtone @mar.dfo-

mpo.ge.ca
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Name

Address

" Telephone

Fax

E-mail

Marja-Liisa Koljonen

Finnish Game and Fisheries
Research Institute '
Fisheries Division

P.O. Box 202

| 00151 Helsinki:

Finland

358-0-22881225

358-0-631513

mikoljon @helsinki.rktl.fi

Miroslaw Luczynski

Oisztyn Univ. of Agric. and
Technology .

Dept. of Basic Fisheries Sciences
10718 Olsztyn

Kortowo B1 37

Poland

48-89-5233754
(sécr. + fax)

48-80-5233754
(secr. + fax} -

mirekl @moskit.art.
olsztyn.pl

Ninni Lundbilad

Swedish Environmental
Protection Agency -
5-106 48 Stockholm
Sweden

468 6981275

46-8 6981663

ninni.lundblad @environ. |
5e . : 1

Jarle Mork
{Chairman)

NTNU, Biologi:cal Station
Bynesveien 46
N-7018 Tron_dhgim

- Norway -

47-73-591589

47-73-591597

ja:lc.mork@vm.ntnu.no' E

Jan Nilsson‘

Swedish University of
Agricultural Sciences
Department of Aquaculture
901 83 Umed - -

Sweden:

46-90 7867687 '

146-90 123729

jan.nilsson@vébr;s-lu.‘se'

Jochen TFrautner

Inst. of Fisheries Ecology
Wulfsdorfer Weg 204
22926 Ahrensburg

| Germany

49-4 102-51128

49-4.102-898207

trautner @rrz.uni-
hamburg.de

Eric Verspo:or :

Marine Laboratﬁry
P.O. Box 101, Victoria Road

| 44-224-295465°

44.224.-295511

verspooré@nﬁéﬂéb.éé.uﬂ

¢ | Aberdeen AB9 DB
Jux - . |
Filip Volckaert | Zoological Institute 32-16-323966  [32-16-324575 | filip.volckaert@
Kuleuven : N bio.kuleuven.ac.be
Naamsestraat 5¢
3000 Leuven
Belgium _ .
Roman Wenne Sca Fish. Institite 48-58-201728  |48:58:202831 . |rwennne@tryton.
ul. Kollataja 1 e - |cbmpan.gdyniapl
81-332 Gdynia’ ext: 224 e
| Poland : J
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ANNEX 3 ¢ =

NATIONAL ACTIVITY REPORTS FOR 1998

Study 1

LABORATORY/RESEARCHER

SPECIES

PROJECT FUNDING

OBJECTIVE

DESIGN

METHODOLOGY
STATUS

Study 2

LABORATORY/RESEARCHER

SPECIES
PROJECT FUNDING
OBJECTIVE
DESIGN _
METHODOLOGY
STATUS ...
COMMENTS

Study 3

LABORATORYIRESEARCHER

SPECIES
- PROJECT FUNDING
OBJECTIVE

DESIGN

METHODOLOGY:
STATUS
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'_ Roya] Belglan Institute of Natural Sciences (RBINSc) Brussels IT Backeljau, B.

Wmnepenmnckx and H. De Wolf. Jomt program with University of the Azores, Portugal /

" AM. Frias Martms, C. Brito and R. Meédeiros. The Natural History Museum London / D.

Reid. 'University of Leeds, UK. Grahame a.nd PJ Milt. Regional Technical College

" Galway, Ireland / E. Gosling. *

Littorinidae (pemmnkleS), pamculaﬂy Lmarma stnata (Mollusca, Gastropoda and
Prosobranchiz).

EU MAST-II program; PRAXIS (Portugal) graduate student grant by the IWT

* “(Belgium); Joint Basic Research Pru_]ect grant by the Belgian National Science

Foundation.

Integrating population genetic and morphelogical variation over the entire geographical !
range of the species; separating genetic and phenotypic elements in shell polymorphisms
and determining their biological significance in order to investigate what
factors/mechanisms are responsible for the macro- and microgeographic maintenance of
shell polymorphisms in the presence of extensive gene flow (i.e., selection versus
phenotypic plasticity). Phylogenetic analysis of littorinid genera and family levels;

The whole géographic rarige of L. ‘sfriata (Macaronesian archipelagos Azores, Madeira,
Canary Islands, Cape Verde) has been intensivély sampled; at several places, sampling
involved detailed microgeographic patterns; as such several thousands of individuals have

-+ been (and still are) analyzed for morphometric and genetic variation, Field transplantation.

experiments are being.performed: Radular myoglobins in several littorinids are being

. studied for taxonomic and population genetic purposes. .
. Electrophores:s of allozymes and radular myoglobins; random ampllﬁed polyrnorphlc

DNA; development of microsatellite DINA markers and Single Strand Conformation. .
Polymorphisms (S3CP}; DNA sequencmg, morphometncs of shell features o

'License degree theses ongoing program within. MAST-IIL

Royal Belgian Institute of Natural Sciences, Brussels / T. Backeljau. In collaboration with
the University of Vigo, ES/ T. Willems, J. Troncoso and A. Sanjuan and University of
the Azores, P/ A M. Frias Martins and C Bnto

Artemia sa!ma Rotlfera

" Own funding.
. Genetic characterisation of strains of Artemia scu’ma and Rotifera.
.Sampling at various locations.
- DNA ﬁngerpnntlng (RAPD and AFLP)
. Under development..

Funding requested.

Katholicke Universiteit Leuven, Zoologlcal Institute, Leuvcn, Belgium / F. Yolckaert and

-E:. Daemen. ..
- European eel (Angmlla anguifla).

Ph.D. fellowship and University grants.

Characterisation of the population genetics of the European eel, including genetlc
structure, gene flow and selection.

Comparative spatial analysis of five glass eel populatlons along the European cuntmental
shelf.

DMA microsateilites and mitochondrial DNA sequence variation.

Ph.D. thesis in progress; several publications in progress. DNA microsateilite primer .
paper published in Animal Genetics (1997).
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COMMENTS

Study 4

LABORATORY/RESEARCHER

SPECIES
PROJECT FUNDING

OBJECTVE .
DESIGN
METHODOLOGY
STATUS
COMMENTS. -

Study 5

LABORATORYIRESEARCHER

SPECIES . N
PROJECT FUNDING
OBJECTIVE
DESIGN -
METHODOLOGY
STATUS
COMMENTS

Study 6

LABORATORY/RESEARCH

SPECIES
PROJECT FUNDING

OBJECTIVE
DESIGN

METHODOLOGY

STATUS

Stady 7

LABORATORY/RESEARCH

- -SPECIES
PROJECT FUNDING -
OBJECTIVE,
DESIGN -

METHODOLOGY

STATUS:
COMMENTS
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We are looking for collaborétion with eel biologists for future application at EU-FAIR
(fifth framework).

Katholieke Universiteit Leuven, Zoological Institute, Leuven / F. Volckaert and E.
Gysels,
Gobies (Pomatoschistus minutus and P. lozanci).

. IWT (Flemish research fund for applied research} and Belglan Ministry of Scrence Affmrs
' {prnjcct “Sustamable ‘development of the North Sea”).

Charactensatlon of the populanon genetrcs of two sympatric populations of gobies along
the European continental shelf, including genetic structure, gene flow and selection.

Various samples collected by benthic sledge and beam traw! at various scales and time
patterns in the North Sea.
AlIozyme electrophoresis and rmtochondnal DNA sequence variation and

. polymorphisms, ‘
~Ph.D. project in progress as well asa. graduate thesis, project is open ended we welcomf:

collaboration.

' Kathoheke Unwers1tc1t Leuven, Zoologlcal Institute, Leuven, Belgium / F. Volckaert.

Eu.ropcan eel (Angurlla angmlla) and African catfish (Clarias gariepinus).
Own.funding. ) e L
The isolation of sex—specrﬁc molecular markers in European eel and catfish.

‘Molecular markers are isolated in model species with known sex determining systems;
" “this éxpertise is translated'to/ catfish and eel, * -

Varjous techniques to isolate sex- specific DNA ' sequences such as AFLP, rmcrosatc]htc

- DNA ﬁngerpnnung, SOX and Smcy genes and selective breeding.

In progress.
Review paper in preparamn Pl‘O_]BCt continiies at low intensity with national funds.

* Future funding under DGXIV (fifth framework) envisaged.

“Katholieke Universiteit Leuven Zoologrcal Institute, Leuven / F: Volckaert and M. |

Zigtara,

Moriogenea Gyrodacty!us sp..

Belgian Ministry of Scientific Affairs (prcuect "Sustamable development of the North
Sea).

* The isolation of molecular markers in Gyrodactv!u.r for population genetic studies. - ¢ °

Samples of various Gyredactyliis species on vatious hosts {gobies and strcklebacks) are ;
collected at 4 sites on the European continental shelf, ‘ |
Characterisation of ITS nuciear regmn dnd ND2!3 mitochondrial locus by means of
sequencing. ‘ L

In progress.

Kathoheke Unwers1te1t Leuven, Zoological- Insutute, Leuvenl F. Volckaert and 11 ol;her
teams (Coordinator. B: Chatain, IFREMER, Palavas-les-Flots, France) S
Sea bass (Dicentrarchus labrax). : Ry
EU -Concerted Action (DGXIV). - e PR R
To establish a programme for strain testing of sea bass,

Four working groups review population genetrcs, strain characterisation, sex
determination and selection.

Informal and formal meetmgs, litterature review, book and CD-ROM’

A progress since 01.01.98.
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Study8

LABORATORY/RESEARCH
SPECIES :
PROJECT FUNPING. -
OBJECTIVE

DESIGN
METHODOLOGY

STATUS
CON[MENTS

Study 9

LABORATORY/RESEARCH
SPECIES

PROJECT FUNDING -
OBJECTIVE

METHODOLOGY
STATUS 7
COMMENTS

Study 100~

LABORATORY/RESEARCH

SPECIES
PROJECT FUNDING
OBJECTIVE =

DESIGN

METHODOLOGY.
STATUS

Study 11

- LABORATORY/RESEARCH

SPECIES
PROJECT FUNBING **
OBJECTIVE

DESIGN

METHODOLOGY
STATUS
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Katholieke Universiteit Leuven, Zoological Institute, Leuven / F. Volckaert.
Daver Sole (Solea solea).

-. Belgian. Mlmstry of Scientific Affa1rs (project “Sustainable development of the North .
. Sea). :

To detail the. gene flow of a coastal spawner,
Samples of brood stock all along the' European continental shelf.

' 'Charactensatlon of the rmtochondnal DNA genume by means of RFLP analyms and -
" sequencing.

In progress. .

- Bmpsnes of 20 fnatu:e fish from several spawmng grounds are welcome,

Agricultural Research Centre-Ghent, Department of Sea Fisheries, Oostende.
Flatfishes mltlaily, later on all seafood or seafood products

" Own funding: -

To develop DNA -based methods for authenncatmn of commercially important specnes
(unprocessed 'and processed). * :

RAPD, SSCP and AFLP.

- Project stariéd in September 1997,

" The projeét aims at the deve!opment of reliable, reproducible, cheap and easy DNA
- techmques sultable to-construct a database:

Department Sea Fisheries, Ankerstraat: |, B-8400 Oostende, / D. Delbare and R. De

Clerck. Joint-project with CEFAS Flshenes Laboratory, Lowestoft, United Kingdom /R.. .

. Mlll.ner and the Danish, Institute for Flshenes Research (DIFMAR), Charlottenlund,
DenM. / M. Winter.

Scophthalmus rhombus (brill) (Pisces, Pleuronectiformes).
European Commission, Directorate General XIV Fisheries.

~ To describe the stock structure of the brilk in relation to fisheries, by comparison of
" biological parameters {growth, sex ratio, age of maturity, stage of maturity, and

gonadosomatic index) and genetic- variation.
A two year research programmeé-was started to collect biological data which are requxred '

.- for-fishery assessment. In addition DNA analysis on sequence variation will provide a
.. -view on population differentiation, necessary to rational for genetic management of the

different brill stocks.

+Mitochendrial DNA. sequencmg of the contral regmn
- Project in progress. - o o

RIVO-DLO, IImuiden, The Netherlands / H. Heesen. Joint project with Department Sea
Fisheries / E. Ongenae, D. Delbare and R. De Clerck.

Psetta maxima (turbot) and Scophthatmus rhombus (brill) (Plsces, Pleuronec[lfonnes)

- European Comimissoh, Directorate General XTIV Fisheries.'

Preliminary assessments of two important by-catch species to provide data on morta]ity'
and recruitrnent combined with the precise identification of unity stocks..

Additional age- and length compositions of landings, together with biological parameters

--will be compared with the results obtained in EU-projects 95/039 and 96/001 (by

Department Sea Fisheries), to estimate recriitment, spawning stock biomass and mortality
rates for the species concemed

M1tochonclnal DNA sequencmg of the control reg:on, SSCP and AFLP,
Project started on 1.01.98.

41.



Study 1

LABORATORY/RESEARCHER -

SPECIES

PROJECT FUNDING
OBJECTIVE
DESIGN
METHODOLOGY

STATUS

Study 2

LABORATORY/RESEARCHER

SPECIES
PROJECT FUNDIN{G
OBJECTIVE

' DESIGN.:
METHODOLOGY

STATUS

Study 3

LABORATORY/RESEARCHER |

SPECIES
PROJECTFUNDING PR
OBJECTIVE :

DESIGN

METHODOLOGY

STATUS

Stu&iy 4 '

LABORATORYIRESEARCHER o

SPECIES... A
PROJECTFUNDING
OBJECTIVE DR
“--DESIGN

METHODOLOGY

STATUS

42

: NRC Ihstitute for Marine Biasciences, ‘Halifax /Dr S. Douglas project *leader}’

- NRC core budget. .

in
collaboration with Mr D. Cook, Marine Gene Probe Laboratory, Dalhousie Un1ver51ty
Pleuronectes americanus, winter flounder, T s

Microsatellite DNA markers are belng obta.med to assist in . estimating. genetlc
dwergence of wild stocks and to aid i in future broodstock selection in agibaculture,

Fish were sampled from various fishing areas around Nova Scotia, Canada.
Microsateilites are being cloned and sequenced from genomic DNA and pnmers a:e
désigned to amplify specific microsatellites by PCR. The products are resolved on-an
automated DNA sequencer.

In progress.

NRC Inst1tute fnr Marme B:oscxenees, Hahfax /Dr 8, Douglas and Dr M. Relth pm]eet
leaders..

P!euranectes amencanus, mnter ﬂounder
NRC core budget.
Establishment of an EST database. from winter flounder.

. -DNA librarics established from a number.of tissues of a winter flounder.

Random cDNA clones from several winter flounder libraries (pyloric caeca, intestine
and spleen) are being sequenced and identified by comparing against the genetic
databases. This identifies clones containing sequences of highly expressed genes dIld .
gives valuable information regarding codon usage (necessary for design of PCR’
primers). The EST data provides a startmg pomt for 1solat1ng genes and for genome

' 'mapplng in this orgamsm
‘ 'Currently approx1mate1y 1000°ESTs inthe database from the following llbranes
" stomach, pylotic caeca, spleen mtestme and pancreas.

. NRC _[hsti;tuté fq'r Marine 'B_i‘dls:icﬂier'ices; _Hali'fa:'( { Dr S. Douglas project leader.
' Plenronectes americanus, winter flounder;

.. NRC core budget. -

- Ontogeny of digestive enzyme actmty in teleest fish.

cDNA clones are isolated from gut tlssues of wmter flounder and used to probe
expression patterns.

" Portions of genes are amplified by PCR uising primers based on conserved mof:lfs

Genes are sequenced and used to develop assays for gene expression (molecular and. -
microscopic).

Genes cloned for amylase, trypsin, pepsin, aminopeptidase and elastase. Assays.:
underway.

. NRC Institute for Marine Biosciences, Halifax # Dr 8. Douglas projectleader. . . .c.»
. - Pleuronectes, americanus,winter flounder. . o

: :NRE core budget: T s

; ,sInvesugat:on of. ma1p1gmentatmn in ﬂatﬁsh using molecular biological techniques; ==
' . ‘The gernie fora cnt1cal enzyme in the blochermca] pathway leading to melanin is bemg
-cloned.

Portions of the gene are being amphﬁed by PCR using primers based on conserved

< motifs; The gene will be: sequenced and used to assay expression at the molecular level

In progress.
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LABORATORY/RESEARCHER

SPECIES

PROJECT FUNDING
OBJECTIVE

DESIGN
METHODOLOGY:

STATUS
Study 6

LABORATORY/RESEARCHER

SPECIES
PROJECT FUNDING

OBJECTIVES

METHOPOLOGY .
STATUS

Study 7

LABORATORY/RESEARCHER
SPECIES = .. . ..
PROJECT FUNDING
OBJECTIVES
METHODOLOGY

STATUS

Stody 8

.LABORATORY/RESEARCHER

SPECIES
PROJECT FUNDING
OBJECTIVE

DESIGN
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NRC Institute for Marine Biosciences, Halifax and Department of Fisheries and Oceans
{ C.J. Bird (NRC) and E. Kenchington (DFO) project leaders.

Placopecten magellanicus (sea scallop), other scallops (Chlamys, Pecten, Argopecten,
Crassodoma), oysters (Ostrea edulis (European Oyster), Crassostreq); mussels. (Mytilus
sp.), clams (Mactromeris).. o :

NRC and DFQ core budget. -

Genetic discriminants and markers for b1valves

DM A samples are bieing examined for animals from a number of locations.

Microsatellites and-nucleotide sequences of ribosomal RNA genes (including their -
internal transcribed spacers) are being evaluated as discriminants of taxa and
populations. Microsatellites in particular are: valuable for labeling pedigreed broodstock
and checking the provenance of aquacultured.stocks. DNA nucleotide sequence is less
sensitive intraspecifically but provides a measure of species relatedness.

Largely finished; preparing for publication.

.. Dept. Biology, Dalhousie University, Halifax, /Dr E. Zouros; Dept. Fisheries and .

Oceans, Dartmouth, N.8 / Dr E. Kenchington; NRC Institute for Marine Biosciences,
Halifax / C. Bird. o

Placopecten magellanicus (sea sha]lop)

Natural Sciences and Engineering Research Council (NSERC) of Canada; DFO core .
funds, NRC core funds.

Use of nuclear (microsatellite, cDNA) and rmtochondnal DNA markers to measure
genetic differentiation among commercial scallop beds and to produce superior. strains,
for aquaculture or sea-ranchmg Mlcrosatelhtes in particular are valuable for labeling

' pedlgreed bmodstock and checkmg the provenance of aquaculmred stocks.

Scallops have been. collected from all .of the commercial scallop beds on the Scotian
Shelf, from.St. Pierre Bank, Nfld, the Gulf of St. Lawrence and the Virginia Capes
(US). Separate year classes have been analyzed from one bed to determine cohort effect.

A publication on the microsatellite markers appeared in the Journal of Shellfish

. Research (December 1997) Flnal year,

Dept. Biology, Dalhousie University, Halifax, /Dr E. Zouros (project leader), L. Cao, Y
Shi. and DFQO, Dartmouth, N.8., Canada / Dr E. Kenchington.

.. Blue mussel (Mytilus edulis), Mytilus trossulus, Placopecten magellanicus.

‘Natural Sciences and Engineering Research Council (NSERC} of Canada; DFO.
Genetics of natural and contained populations (stock discrimination, population
structure, hybridization and dispersal-genetic improvement of stocks used in
aquaculture),

Molecular markers of nuciear and mltochondnal DNA, induction of triploidy, sex
manipulation,

Ongoing.. A large number of publlcatlons in primary research journals detailing mtDNA
inheritance and sex determination in mussels, molecular genetics of natural populations

" of scallops and sngmﬁcance of enzyme vanatlon for growth and viability in oysters and’

scallops.

Dept. Fisheries and Oceans, Aquaculture Division, Gulf Fisheries Centre, Moncton / T.
Landry. Institut Maurice Lamontagne, Ministere des peches et Oceans, Mont-Joll LPQ/
M. Sevigny, R. Tremblay. MAPAQ, lles de la Madelemel B. Myran.

Blue mussel (Mytilus edulis).
AFRI Can / P.EI. Cooperative Agreement
Compare genetic characteristics of mussels stocks from bay with and wnthout

"aquacnlture activities (prel:rmnarj.r lnvestlgatlon)

Genetic variation of wild and cultured mussel is evaluated in two bays with aquaculture
activity and two bays witholit aquacalture activity in PEL
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- Dept. Fisheries and Oceans; Aquaculture Division, Gulf Fisheries Centre, Moncton / T.

. CanlNB/PEI Cooperatlon Agreement for Alternative Species Research,
.. Evaluate the growth, survwal and productlon of seedstock from two sources of

“1}F three broodstock from PEI, and 2) “notata“ variety broodstock.

* Department of Anatorny and Cell Biology, University of Saskatchewan, Health
* Sciences Building, Saskatoon 7 Dr'P.'Kroné.

' Regulation and role of heat shock proteins (hsps) during normal embryonlc

‘Sciences Building, Saskatoon, Saskatchewan / Dr P. Krone.

* Canhadian Network of Toxicology Centres

©of subsequent (morphologtcal and molecular) impact on development.

: ‘Recombmant DNA techmques (cDNA clomng, ete; whole mount in sity hybridization
for the examination of tissue spécific pattems of gene expression; Northern and

' S]mon Fraser Uruverslty, Dept of Btologlcal Sciences, Burnaby / B. McKeown and S

| To charactenze the SPARC (secreted protem acidic and rich in cystine) and PLP

‘Gene clonmg and controls.of expresslon :

Allozyme,
Ongoing.

Landry (project leader) and T.W. Sephton.

Mercenaria mercenaria (Bay quahaug) local wild species and aquaculture notata
varjety.

broadstock

Tvio source of seed are bieing compared in side by side replicated field trials at three
locations in the southern Gulf of St Lawrence for a two year growth expenment

Second and final year.

zebrafish (Dam'a rerio). .
NSERC. '

development. Regulation and role of heat shock proteins in fotlowing exposure to o

* environmental stress.
Embryos at dlfferent stages of embryoruc development are treated with the
_ environmental stressors (heat shock, etc.) and the corresponding morphological and
" molecular changes are assessed Overexpressmn of hsps and dominant negative forms

hsps and examination of subsequent effects on development as above. Pharmacological
inhibition of hsp function and exammatlon of subsequent effects on development as
above.

Recombinant DNA techniques (cDNA cloning, etc; whole mount in situ hybridizatio‘n :
for the éxamination of tissue specific patteins of gene expression; Northern and
Southern blot analysis; microscopy (stereo, compound and compound w/ DIC).

Project ongoing.

Department-of Anatomy and Cell Biology, University of Saskatchewan, Health SRR

Zebrafish (Danio rerw)

Assessment of molecular and cellular effects of endocrine-disrupting compounds on
émbryonic development,

Treatment of embryos with putative endocrine disrupting compounds and exanunatlon

Southern blot analysis; microscopy (stereo, compound and compound w/ DIC).
Project ongoing.

Tang.
Rainbow trout.
NSERC funded

(proteolrpld protein) genes.
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Gene cloning.
Project ongoing.

“These genes-have bieen identified and sequenced Expression in various tlssues and

conditions have been found

Simon Fraser University, Dept. of Biological Sciences, Burnaby / B. McKeown and K.
Poon.

Rainbow trout.

NSERC funded.

To characterize the ras oncogene.

Gene cloning and controls of expression.
Gene cloning.

Project ongoing.

This gene has been isolated and sequenced. Work is now continuing on contmls of -
expression.

Simon Fraser Unwersny, Dept of B1ologlca.l Sciences, Burnaby 1 B. McKeown and K.

Poon.

Rainbow tront.

NSERC funded. o

To identify the growth hormone rcdeptbr gene.

Gene cloning.

Project ongoing.

We are presently in the process of trying to clone this gene.

- Zoology.Dept., University of Guelph Guelph Ontario / J.3, Ballantyne (project leader)

with P.D.M. Hebert, E. Bouldlng, P. Wright. .

Arctic charr.

NSERC Strategic Grant,

Enhancement of Arctic charr aquaculture in Canada.

_ Project ongoing.

Sc1ences and chhnology Dept., Laval Unwersxty Quebec /J. de la Noue (pw]ect
leader) with S.L. Scott. :

NSERC Strategic Grant.
Enhanced oral delivery of microbial phytase.

Using novel pH-sensitive polymers to improve fish growth perfonnancc and reduce
phosphorus discharge from aquaculture producuon

Project ongoing.

Oceanography Dept., University of Quebec, Rimouski / H.I. Browman (project leader).
NSERC Research Grant.
Cod (Gadus morhua).

Effects of solar ultraviolet radiation, maternal condition, quality and ternperature on
survivorship, growth and- feed.mg performance of cod larvae,

Project ongoing.
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- Biology Dept., University of Ottawa, Ottawa, Ontario / F. Chapleau (project leader)

NSERC Research Grant.

Flatfish.

Phylogeny and the evolution of life history traits in flatfishes.
Project ongoing,

Zoology Dept., Umvcrsﬂy of Guelph Guelph Ontario / R.G. Danzmann (pro_]ect
leader). :

NSERC Research Grant,

Salmenids.

Genetics of development, fitness and llfe-hlstory variability salmonid fishes.
Project ongoing. !

Zoology Dept., Umversnty of Toronto, Toronto, Ontano! H. H Harvns;r (pro;ect Ieader)

“ -~ NSERC Research Grant.

White sucker (Catostomus commersoni).
Phenotypic plasticity and genetic polymorphlsm in the white sucker.
P['OJE:Ct ongomg

 Zoology Dept., University of British Columbia, Vancouver, B.C./J.D. McPhail =~

(project leader).

NSERC Research Grant.

Sticklebacks and charr.

Hybridization, naturat select:on and génetic dwergence in sticklebacks and charr.
Project ongoing. '

Faculty of Medicine, University of Ottawa, Ottawa, Ontario / M. Ekker (projeéxt leader).
NSERC Research Grant,

Zebrafish (Danio rerio).

Functional analys:s of dix homeoprotems in transgenic zebraf' sh embryos

Pm_|ect ongoing.

:. -Depamnent of Bm]oglcal Smences, Umvemty of Calgary, Calgary Alberta I L

Gedamu {project leader).

NSERC Research Grant.

Rainbow trout.

Rainbow trout metallothionein gene regulation.

. Project ongoing.

- Zoology Department, University of Manitoba, Winnipeg, Manitoba / R.A. McGowan

{project leader).

NSERC Resecarch Grant.

Zebrafish (Danip rerio).

Dominance modification and genome imprinting in zebrafish; to investigate the role of
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methylation and the DNA itiéthyltrasférase gene in zebrafish development,

Breeding of transgenetic zebrafish to' non-trangenetic mates and track the methylation
and expression status of a variety of loci during early developmental stages of the
zebrafish in order to produce.a developmental profile of methylation changes. Isolation
of homologue of the DNA methyltransferase gene from zebrafish in order to investigate
its role in early developmental decision making processes.

Variety of molecular tcchmqucs Mcthylal:lou is assayed with the use of methylanon—
sensitive restnctlon enzymes and Southern blotting techniques. the isolation of genes is

.. accomplished by using already cloned sequences from other species to identify

homologous sequences in zebrafish cDNA libraries.
Project ongoing. '
We have been able to establish that a parent-of-origin effect is evident in these fish at

‘the level of éljtfans'gehe Iocus, We are now attempting to evaluate endogenous loci. The
_ methylation analyses are fairly preliminary but results are very promising.

‘Department of Biology, University:of New Brunswick / T. J. Benfey (project leader).

NSERC Strategic Grant, Department of Fisheries and Oceans, NRC Institute of Marine
Biosciences, Marine Mariculture Inc., RandR Finfish Developments Ltd., Stolt
SeaFarm Inc.

Halibut.
Development of all-female halibut stocks. for aquaculture.

Genetic and hormcna] mampulanons used successfully to develop all-female stocks of
salmon and trout for aquaculiure will be tested for halibut.

Project ongoing.

- Dept. Fisheries and Oceans, Canada, Northwest Atlantic Fisheries Cenlre, St. John's,

Newfoundland / R. Penney (project leader).
Bluc musscl (Mytilus edulis), M. trossulus.
DFO core funding.

1) Delineate existing edulis - trossulus proportions on commercial mussel culture sites
2) Survey populations of edulis and trossulus for allelic variation. :

Twenty-five wild and fifteen cultured populations have been sampled since 1994,

Laboratory analysis using electrophoretic techniques is still underway. Four isozymes
are being used, MPI, GPI, PGM and LAP, Samples are being classified to species using

the MPL _
The results thus far indicate rrossulus mussels are widespread in occurrence throughout

Newfoundland. Typically, most sites are a mix of edulis and trossulus types.

- Proportionally, edulis usually is'the' dominant species at most sites, There dogsnot
" appear to be any geographic separation of species nor are any other distribution patterns

apparent. Sites in close {< 5 km.) proximity have similar scales of genetic variation as
was found over the entire study area, a coastline of over 9600 km. Culture sites

.- generally. have proportionally more M. trossulus compared to wild sites, The relative: .
.proportions of the two species at individual sites was not related to any of a suite of

topegraphic or hydrographic features used to characterize inlets.

Dept. Fisheries and Oceans, Canada, Northwest Atlantic Fisheries Centre, St. John s,
Newfoundland / R.. Penney (project leader).. .

-Modiolus madwlus

DFO core funding.

-To determine the allozyme pattcms of the horse mussel for comparison with Myzilus -

edulis and M. trossulus

Four sites were. sampled ‘where M. modwlus grows either mixed with Myrifus spemes or
immediately adjacent to Mytilus beds,

A seres of enzymes are under consideration, including MPI, GPI, PGM, LAP, EST
AAP, AP.

Initial sampling of four sample s1te has been completed. Allozyme variation in Modiolis
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is now being compared:to M. edulis and M. trossulus to determine which, if any, may
be used to discriminate between species. s

NRC Institute for Marine Biosciencesi Halifax / Dr M. Ragan, project leader. With

" Atlantic Veterinary College; Charlottetown / Dr R. Cawthorn, St Mary's University, *

Halifax/ T. Rand and DFO Nanaimo M. Kent.
Vanous pronsts parasitic in salmon and other marine fish, and in lobsters.
NRC core budget for the most part, grant funding is received by collaborators..

Characterization of protistan parasttes of fish and shellfish using sequence data from -
nuclesr ssu-rRNA genes; consideration is being given to genomtic sequencingofa

_ selected parasnte if fundmg can be obtained.

DNA samples are being obtained for a vanety of protist parasites.

Characterization of protistan parasites of fish and shellfish using sequence data from . .
nuclear ssu-rRNA genes. Design and application of oligonucleotide probes for detection
of protistan parasites. Molecular (DNA- and protem»levcl} charactenzatmn of protlstan
parasites of economic importance in aquaculture. : :

- Eargely complete; priority now is to publish results.

" NRC Institute for Manne Biosciences, Halifax / Dr M. Reith, project leader

Pleuronectes americanus, winter flounder, other marine fish species.
NRC core budget. ‘
To undertake a search for sex-linked DNA markers in flatfish.

Various cDINA Markers isolated from reproductive and other tissues of male and female
flounder are heing isolated and compared for expression and for segregation in male”
and female fish.

Molecular blology tools are being used-to obtain probes that reveal polymorphlc loci
and fo eXamine segregation of these alleles in male and female fish (test for lmkage w1th
sex-determining locus).: : : R

In progress.

NRC Institute for Maine Biosciences, Halifax / Dr M. Ragan, project leader, with DFO
Nanaitno / Dr M. Kent.
Selected microsporidian protists parasmc in salmon and other marine fish.

" NRC and DFO core budgets

Charactenzatlon of protistan paraSltes of ﬁsh and shelliish using sequence data from

' random genomic fragments; funding for more extensive genomic sequencing of a
-selected parasite.is being sought. - _
- DNA samples are being obtained for target parasites,

- Partial characterization of protistan parasites-of fish using DNA sequence data. Design
" -and-application of oligonticleatide probes for detection of protistan parasites and search

for potential targets for therapeutants.
Recently initiated, initial challenge has been to get sufficient, clean, parasite DNA.

NRC Instituté for Marine Biosciences, Halifax / Dr M. Ragan, project leader, wnth
Natural History Museum, Londen / Dr- M. Embley. o

Selected microsporidian protist parasitic in marine fish.

‘NRC ¢ore budgets and European grarit meney (for Embley).

Characterization of the parasite using sequence data from ESTs; funding for more

" extensive genomic sequencing of a selécted parasite is being sought.

¢DNA samples are being sent to Hal;fax for sequencing.

" Pattidl characterization of protistan parasites of fish using DNA sequence ‘data, Des1gn

and application of oligonucleatide probes for detection of protistan parasites and search

* for potential targets for therapeutarits.
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7t Recently dnitiated.

NRC Institute for Marine Biosciences, Héli'faxi Dr M. Reith project leader, in .
collaboration with University of New Brunswick / Drs C. McGowan and T. Benfy

Attantic halibut.
NRC core budget and strategic NSERC grant.

" Microsatellite DNA markers are being obtained to assist inestimating genetic =
- divergence of wild stocks and to aid in future broodstock selection in aquaculiure.
 Initial fish were taken from broodstock at DFO St. Andrews; others to be added.

Microsatellites are being cloned and séquenced from genomic DNA and primers are

- designéd to amphfy spec:ﬁc nucmsatelhtes by PCR. The products are resolved on an °
--automated DNA sequencer.

" In prqgress

Institut Maurice-Lamontagne, Ministére des Péches et des Océans, Mont-Joli / B.
Sainte-Marie and J.-M., Sévigny. Département des Sciences Animales, Université -
McGill, Sainte-Anne-de-Bellevue / N Urbani, A. Rondeau and L. Kuhnlem

‘Snow crab (Chionoecetes opilio). -

Department of Fisheries-and Oceans:
(1) Description of the population structure in the Northwest Atlantic; (2) Descnptlon of:

...inter-cohort genetic vanablhty, 2). Sl:udy of the snow crab mating system.

(1) Mature miales of different size: classes weie sampled at several sites in the Gulf cf St
Lawrence and the Atlantic. (2) Several cohorts collected at the same sampling site are
being analyzed. (3) Mating system-is being studied under laboratory and field = -
conditions. Experiments describing the behavior of males mated noncompetitively and
competitively are carried out. Paternity is also determined under laboratory and field
condition.

Morphometry, allozyme, mtDNA, microsatellite DNA.

Description of the populatiod- structure will be- comp]eted in 1998 as well as the
description of inter-cohort variability. Study of the mating system is ongoing. Allozyme:
analyses of the progenies obtained in controlled mating experiments carriéd oiit over

.two female breeding cycles support the last-male sperm precedence hypothesis: The -

field study of paternity insurance using microsatellite is ongoing,

- Institut Maunce—Lamontagne, Ministere des Péches et des Océans, Mont-Joli / J.-M.
'Sévigny and M: Black. Département de Blologle, Université Laval, Québec /L.
‘Bernatchez and S. Roques. .

Sebastes sp.
Department of Fisheries and Oceans.
Species and stock discrimination in the Northwest Atlantic,

-Redfish samples are being collected at several sites from the Gulf of Maine to Labrador

Sea. Molecular markers are being developed for species and stock discrimination, The
project is carried out in collaboration with Dr G. Naevdal of Bergen University.

Allozyme, mtDNA rDNA and mlcrosatelhte DNA.

" Ongoing.

Minisiére I" Agriculture, des Pécheries et de 1’ Alimentation du Québec / B. Myrand. .
Département de Biologie, Université Laval, Québec / R. Tremblay. Institut Maurice
Lamontagne, Ministére des Péches et des Océans, Mont—Joll ! J M Scwgny

‘Blue mussel (Myiilus edulzs)

Ministére 1" Agriculture, des Pécheries et de |’ Alimentation du Québec..
Assess the 1mpaqts of mussel fanmng practlces on wild mussel populations in Magda]en

‘Island lagoons.
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Genetic variation of wild stocks is described in different lagoons of the Magdalen | ., -
Islands and compared with the variability detected in mussel populations cultivated
under various regimes of density.

Allozyme.
Ongoing,.

o Dept Flsherles and 0ceans, Aquaculture Dmsmn Chulf Fisheries Centre, Moncton, ;
. NB/ MrT Lzmdr_!,r (pro;ect leader), R. Trembiay and B. Gillis,

Myulus edulis (Mussel), PEI wild and;cultured stocks.

DFO and PEI AFRI.

: Evaluate the quahtatwe contnbutlon of the wild stock versus the cu]tured stocks and the

interaction of mussel mariculture and wild mussel fisheries.

Four bays in PEI (sites) are being investigated. Enzymes polymorphism are analyzed .-
with electrophoretic technigues to describe the genetic variability of wild and cultured
mussels.

Ongoing.

Bmlogy Dept Dalhousm Umversnty, Ha.llfax /Dr J. Wright (pro_]cct leader) [
Pacific herring {Clupea harengus). o ;

Alaska Dept. Fish and Game.

- To examine population dlfferentlanon of this species and temporal stablhty of allele .
_ frequencies in Prince William Sound, Alaska. :

Microsatellite markers.
Ongomg A manuscnpt isin press in the Journal of Fish Biology by O’Connell et al.

Bmlogy Dept., Da]hous1e Umversuy, Hahfax { Dr J. Wright (project leader)
Atlantic salmon,

. ‘Department of Fisheries and Oceans.
“To'evaluate stocking and enhancement of Atiantic salmon in NS,

We have examined stocking practices with endogenous fish and fish from other rivers
on the Grand R. and LaHave R., NS.

Microsatellite markers have been developed for use on scale samples as old asiS0 years.
Also, dinucleotide and tetranucleotide microsatellites have been co-amplified in the -

. same reaction and exhibit nonoverlapping allele length distributions. A.paper onthis

rapid analysns method has been published (C/FAS 532292-2208),
Ongoing. We have had great success with reading scale samples.

7

Blology Dept -Palhousie Umversxty. Hallfax / DrJ. Wright (project leader).

; Atlantlc salmon
_ anatf:

Use of microsateltite markers for pedlgrcc analy51s and breeding programmes for a-
Scottish aquaculture company., :

Microsatellite markers.
Ongoing. _ T

Biology Dept., Dalhousie University, Halifax / Dr J. Wright (project leader). y
Tilapia. ' o .
NSERC

Df:velopment of various genetic markers (e g., repetitive DNAs such as SINEs and
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expressed sequence tags from brain, heart-and liver) for use in genome mapping, and
aquaculture breeding programs, etc. . ‘
Ongoing., .. ..

Biology Dept., Dalhousie Umvermty, Hallfax / Dr J. Wright. NRC Institute for Manne
Biosciences, Halifax / DrJ. Wright.

Various toxin producing strains of dinoflageliates.
NRC core budget, pending.

Develcpment of various genetic markers 1o detect toxin-producing strains of
dinoflagellates. Toxic algae are a major concern in the shellfish mariculture industry.

New project in preliminary stages of development.

Marine Gene Probe Lab., Dalhousie University, Halifax / Dr C. Taggart, Dr D,
Ruzzante, D. Cook and S. Lang.

Gadus morhua (Atlantic cod),

~ Canadian Dept. of Fisheries and Oceans.
To define discrete stocks in ‘the Gulf of St. Lawrence and approaches, ancl to detenmne

relative contributions of the, individual stocks to the mixed populatmns on feedmg
grounds.

Samples collected from areas suspected to be discrete stocks throughout Gulf of St. _
Lawrence and approaches durmg spawning aggregation and samples collected from '
several areas on feeding grounds,

Blood samples collected from fish and preserved in alcohol, all information regarding
collection area and individual fish collected. DNA extracted from preserved blood.and -
assayed for six microsatellite loci as described

CIFAS-51 19591966, 1994, Analysis of results of microsatellite assays for spawning

aggregations similar to methods described

CJFAS 53 634-6435, and samples. from feeding grounds assayed at the same loci, Based
on results from these assays attempts will be made to assign specific components of the
mixed stock to previously characterized Spawning groups.

. First phase of project complete all sarnples have been collected and lab work 90 % |

complete. At this stage several stocks have been defined however at this time analys:s of
mixed stocks has not been carried out. A further study has been proposed to determine -
temporal stability of mixed stocks.

Marine Gene Probe Lab., Dalhousie Unwer51ty, Halifax / D. Cook, Dr D. Ruzzante S
Lang, and Dr C. Taggart.

Gadus morhua (Atlantlc cod); Gadus egac (Greenla.nd cod) Boreogadus saida (Arcuc

“cod).

Canadian Dept Fisheries and Oceans. S
To determine the utility of microsatellites to identify listed species larvae in areas whlch
may be mixed spawning grounds.

Identified adults of listed species assayed on 14 candidate microsatellites to determine
allelic chstnbutlons and accuracy of identification of various specws based on allele
size.

Blood of fin clip samples as available collected from three species, DNA extracted and
run on all microsatellites available.

Data has been collected from approximately 5,000 adult Atlantic cod (for other -
purposes) data collection complete for Arctic cod and is presently being collected for. -
Greenland cod. To date results have shown identification of Arctic cod will be 100 %
accurate, results for Greenland cod unknown.

Marine Gene Probe Lab,, Dalhousie University, Halifax / Dr D. Ruzzante, D. Cook, and
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BEREEE : - Dr C. Taggart. '
SPECIES Cadus morhua {Atlantic cod).

PROJECT FUNDING Canadian Dept. Fisheries and Oceans.” SRR

OBJECTIVES To determine whether or not there is evidence of genetic differentiation between Spnng
and Fall spawning cod populations on the Scotian Shelf. Dl

STATUS In progress.

Study 45

Seni

LABORATORY/RESEARCHER ~ Marine Gene Probe Lab., Dalhousie University, Halifax / Dr D. Ruzzante, D. Cook, and

: _ “Dr C. Taggart.
SPECIES =~ = = ' Gadus morhua (Atlantic cod),
PROJECT FUNDING " Canadian Dept. Fisheries and Oceans.
OBJECTIVES Larval cod aggregations on the Scotian Shelf and off Newfound! and source—smk
' populations TR

STATUS In progress.
Study 46

LABORATORY/RESEARCHER Marine Gere Probe Lab., Dalhousie University, Halifax / Dr D. Ruzzante, D. Cook and
e o " DrC. Taggart; with D. Townsend and L. Komﬁeld (Us). .

SPECIES “ o Gadus'morhua (Atlantic cod).

PROJECTFUNDING ~  NSR. |

OBJECTIVES. . - . Larval exchange between Georges Bank and Browns Bank.
STATUS In progress.

Study 47

LABORATORY/RESEARCHER Marine Gene Probe Lab., Dalhousw Umvers1ty Halifax 7 Dr D. Ruzzante, D. Cook, and

Dr C: Taggart. i
SPECIES -+~ AR o Gadus morhua (Atlantic-cod).
PROJECT FUNDING _- Canadian Dept. Fisheries and Océans.
OBJECTIVES B " Assessment of Historical DNA from cod populatlons in the NW Atlantic.
METHODOLOGY - :' _ ‘ 'DNA is cxtractcd from arcluved otohth collecﬂons
STATUS ... . . . . . _Inpmgress

Study 48

LABORATORY/RESEARCHER Marine Gene Probe Lab., Dalhousie University, Halifax / D. Cook, Arran Macpherson
: and Dr.C, Taggart. L

SPECIES " Capelin.

PROJECT FUNDING .- Canadian Dept. F1sher1es and Oceans
OBJECTIVES Development of tetranucleotide probes for capelin.
STATUS New pro_]ect R .

Study 49

LABORATORY/RESEARCHER  Marine Gene Probe Lab., Datfiousic University, Halifax / D. Cook and Dr C. Taggart.

SPECIES . . Shark species. _ o o e
PROJECT FUNDING FAQ. L ' C
OBJECTIVES - . S - Development of species 1dcnt1ﬁcat|on markers for shark species.

STATUS . - . . New-project. : . Lo

Study 50

LABORATORY/RESEARCHER Marine Gene Probe Lab., Dalhousie University, Halifax / Dr D. Ruzzanie, D. Cook;‘and
Dr C. Taggart. Memorial University of Newfoundland / S. Goddard,

SPECIES: ' « - ' Gadus: morhua (Atlantic cod),
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" Canadian ﬁépt"l{*"'lshenes'éﬂd Oceang”‘ﬂ'

Genetic: d1fferences between mshore aﬁd offshore Atlantic cod (Gadus morhua) off

o . Newfoundland

-Microsatellite . ma.rkers, bloed antlfreczc level (to assign overwintering location as
i inshore or offshore). .

- There are two papers pubhshed on'this subject
"' The first describes ‘evidence of genehc structure between inshore and offshore cod off

Newfoundland (Ruzzante et al 1996 CJFAS 53634-645). The second provides

i+ evidence of temporal stability -of the:genetic structure at the scale of 2 to 4 “years
v+ (Ruzzante et-al. 1997 CJFAS 542700-2708). -

:Manne Gene Probe Lab Dalhousm Umversnty, Halifax / Dr D. Ruzzante, D. Cook, and
;. DrC, Taggart.

Gadus morhua (Atlantic cod).
Canadian Dept. Fisheries and Oceans.

The genetics of a larval cod aggregation and genetic identification of a larval cohort in
relation to some oceanographic features (Gyre-like eddies) are determined.

+ Six microsatellite DNA loci were assessed for polymorphism.

Cod larvae were sampled repeatedly over a 3-week period from an aggregauon on
Western Bank.

- There is one paper.: pubhshcd on this; sub_]ect (Ruzzante ef al. 1996 CJIFAS 532695—
- 2703). :

‘Marine Gene Probe Lab., Dalhousna Umversnty, Halifax / Dr D. Ruzzante, D. Cook, and
Dr C, Taggart.

Gadus morhua (Atianuc cod)

. Canadian Dept. Fisheries and Ocea.ns

To describe broad and fine-scale genetic structure among cod populations in the NW
Atlantic,

Microsatellite markers.

There are two papers on this topic the first (Bentzen ef al. 1996 CJFAS 53 2706-2721)
describes evidence of genetic structure at ocean basin and continental shelf scales.
Another manuscript has been provisionally accepted in Molecular Ecology (Ruzzante et
4l.) describing emerging evidence of genetic structure among cod populations from
throughout the species range in the NW Atlantic in relation to oceanographic features
(gyre-like circulations or eddies that might-act as retention mechanisms for eggs and‘or
larvae) and spatlo temporal d1fferences in peak spawning time.

Marine Gene Probe Lab., Dalhousie University, Halifax / Dr D. Ruzzante.

- Gadus morhua (Atlantic cod).

Canadian Dept. Fisheries and Oceans. -

A comparison of several measures of genetic distance and population structure with
microsatellites.

Microsatellite markers.

There is currently a paper in press in CJFAS by D, Ruzzante (1998) on this topic
(CJFAS 55(1)).

- Dept. Fisheries and Oceans, Canada, West Vancouver Laboratory, West Vancouver,

British Columbia / LI Solar (pro_]ect ]eader), E.M. Donaldson.

- Salmonids.

NRC-IRAP, DFO core fundmg
Develop one generation technigue for production of Atlantic female milt based on
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gynogenesis and masculinization. Extend production of monosex females from ehmeok
to Atlantics and coho. Production of monosex males by direct masculinization or '~

" indiréctly (YY males prodiced by androgenesis). Monosex production objectives willt "

also be approached by current and firture work linked with the Genetic Engineering

i ‘Program: The long term deévelopment of identical cloned salmon will enable-the! future

replication of superior fish. Studiés with aromatase inhibitors, antiestrogens and
antiandrogens on sex differentiation are expected to reveal valuable information on the -

- mechanism of sex differentiation and lead to new ways to produce monosex salmon
: stocks

Success has been achleved int the use of an effcctlve sperm extender and the
establishment of suitable protocols for UV radiation of extended sperm and the
induction of gynogenetic Atlantic, chinook and coho salmon. Studies are underway in
collaboration with the Genetics Program for further production and testingof =
gynogenetic groups and this subsequent sex reversal (masculinization) of these Using a
high potency non aromatizable androgen. We are cooperating with the MAFF and

-MELP Province of B.C. and the Salmon Farmers Association to produce trial grinips.of

monosex female Atlantic salmon. Success has been achieved in the production of
monesex female Atlantic salmon and coho sperm by masculinization of gynogenes. -,

University of Guélph, Ontano Agncultural College Guelph, Ontario /1, Mchllan
(project leader). . R
Salmonids.

Genetic improvement of commiercial stocks of salmonids in the province. Development’
of a spring-spawning commercial rainbow trout strain for industry. (1) Comparison of
growth, mortality, maturation rates and reproductive traits among four strains of spring-
spawned rainbow trout and two management groups (1991 year class). (2) Comparison
of early growth, maturation and mortality in crosses of three of four strains from (1}
(1994 year class). (3) Initiation of additional crosses of three of the four strains in (1)
(95/96 year class), (4) Development of Computer modsis to compare inbreeding and *
rates of genetic progress under different genetic improvement strategies.
Characterisation of four pure strains and crosses between 95/96 year classes.

Measurements of growth, mortality, maturatmn rates and reproductwe traits.
Develapment of computer models.

On going,

i Department of Fisheries and Oceans, Canada, Vancouver / T. Beacham, K. Miller, R.

Wlthler (project contact)
Pacﬂ' 1¢.Salmonids. .

. -To isolate MHC genes in Pacific salmomd spec1es and determine levels of genetic

variation at these loci within and among species, To determine if specific MHC
genotypes are resistant to BKD (bacterial kidney disease).

One Class II and two Class I genes have been isolated from seven Pacific salmomds
PCR assays have revealed high levels of genetic variation both among and within
species, Analysis of cobo salmon families resistant and susceptible to BKD is underway
to examine possible correlation with MHC genotype. A BKD challenge of Cl'unook
salmon is underway. - : ;

: . . Bk (N
Scietice' Branch, Department of Fisheries and Oceans, St. John's /V. Pepper (project
leader), T. Nicholls.
Atlantic salmon (Salmo salar).
Project implemented in 1989. Present funding
SCB Fisheries Limited. 1995 Department of Fisheries and Oceans, 1994

- Atlantic Fisheries. Acljustment Program, 1989 Newfoundland Inshore Fisheries. .
- Development Agreement.

To develop a native Newfoundtand salmon.stock for application to salmon farming. *
under local industry conditions and evaluate the performance of this stock relative. to:
the industry standard strain (Saint J. River) of Atlantic salmon. e
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Parallel grow-out (GCR vs. SJR). Monthly sampling to document growth (G); mortality
(Z); biomass elaboration (G-Z); and Food Conversion Ratio.

= Insufficiciit futiding to date t6 4ddiess penetic markers. Expected to také part as one -
Lo ‘component of a breeding: prugram it planned facilities are available in time for the 1997

spawning season, .
Grand Codroy performance mfcnor for first generation aquaculture salmon. - Grand
Codroy strain outperformed industry, standard strain during second generation on-
growing. Industry has set as1de 1000 of the best performers of the GCR strain as broed

_ zstock for 1997

Science Branch, Department of Fisheries and Oceans, St. John's / V. Pepper (project
leader), T. Nicholls.

} Atlantic salmon (Salmo salar).

Project implemented in 1991, Present funding
SCB Fisheries Limited, 1993, Ath.ntip Fisheﬁes Adjustment Program, 1994
Atlantic_Fisheﬂ_es Adjustment Program. Department of Fisheries and Oceans, 1991

To transfer, adapt and demonstrate procedures for development of non-maturing
Atlantic salmon for use by the Newfoundland salmon farming industry and to quantify
the relative merits of non-maturing salmon relative to the industry standard strain (Samt
1. River) of Atlantic salmon.

Parallel grow-out (all-female, triploid salmon vs. SIR). Monthly sampling to document

‘growth (G); mortality (Z); biomass elaboration (G-Z); and Food Conversion Ratio.

Bleod sampling, flow cytometry.

-“Through the first summer of estuarine on-growing, all-female triploid salmon out

performed all other salmon in the industry het-pens. However, a bimodal size
distribution developed in the experimental groups in August of 1996. The experiment
will not be complete until the falt of 1997.

Biology Department and Ocean Science Centre, Memorial University of Newfoundland,

__.5t. John's, Nfld. / Dr D. Innes (project leader), Dr R. 1. Thompson, I. E. Toro, Ph.D.

Student
Mytilus eduhs, M. rrassulus (mussels)

Physiology, ecology and genetics of the hybndlzmg marine bivalve molluscs Myn[us
trossulus and Mytilus edulis in Eastern Newfoundland.

Dynamic and static cohort analysis will be carried out. Reproductive cycles and
physiological variables determined in both species and their hybrids.

“Mussels are collected subtidaly by SCUBA at four locations, located in Trinity Bay,

eastern coast of Newfoundland, from November 1995 (after the spawning season). At
each location, two sites will be sampled, one exposed to wave action and another
protected and sheltered. Species M.er

A PCR-based nuclear species Marker developed by Heath ef af. (1995), based on the
internal transcribed spacer (FTS) regions between the 185 and 285 nuclear rDNA
coding regions is applied in the present study.

In progress

. Marine Gene Probe Lab., Dalhousie University, Halifax / D. Ruzzante, C. Taggard, D

Cook in collaboration with University of Iceland / E. Amason.

Gadus morhua (Atlantic cod).

NATO.

Examination of cod stocks from around [celand with microsatellite markers.
Mlcrosatclhte markers

Ongoing. ‘
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- Marine Gene Probe Lab.; Dalhousie University, Halifax / D, Ruzzante, C. Taggard; D
_Cook in collaboration with P. Galvin (Ireland) and J. Mork (Norway).

Various gado]d species.

' European Union Gadoid'Prog'ram.

Microsatellite markers. .

Ongoing. MGPL sent samples of various species, fresh tissue. We also sent cod samples
from NFLD and Scotian Shelf that we did microsatellites on for their use as an
cutgroup and for companson of techniques. B

Dept. of Flshenes and Oceans West Vancouver, B.C / R. Devlin.
Salrion.

Production of transgenic salmor with enhanced growth and altered rcproductive
' capabﬂlty using “all—salmon gene COnstructs.

C _Gngomg

. Dept. of Fisheries and Oceans, West Vanaouver, B.C / R. Devlin.

Salmon.

.Characterization cf Y chromosomal DNA probes from salmon for use in monosex all- .
- female culture. . .

. Ongoing. -

Dept. of Fisheries and Oceans, West Vancouver, B. C /R. Devhn
Salmon.

" Development of DINA based diagnostics for several Microsporean and Myxosporean

parasites to assist with management of mfectlon in sea-farm facilities.
Ongomg ‘ :

" Dept. of Fisheries and Oceans, West Vancoaver, B.C / R. Devlin.
. Salmon. : :
-+ Examination of the potential for hybrldlsatmn between Atlantic and Pacific salmon with

regard to the possible reproductive interaction between escaped farmed Atlantic salmon
and wild Pacific salmon stocks.

: Ongoing.:

Dept. of Fisheries and Oceans, West Vancouver, B.C / R. Devlin.

" Chinook Salmor.

Development of a RAPD lmkage inap tor Chinook salmon, -

' Dngomg

Dept. of Fisheries and Oceans, West Vancouver B.C/R. Devlin.
Salmon.

Development of a sensitive PCR-based assay for CYPIA 1 gene expression to evaluate
the biclogical effects of xenobiotic exposuge.

Ongoing.
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-Applied Breeding chhnology, St Andrew’s, New Brunswick / Dr J. Bailey (project
‘leader). '

Atlantic stilrtlon (Salma salar)

Atlantic Canada Opportumtles Agenéy, Canadian Institute of Biotechnology, . . .
Department of Fisheries and Occans, National Research Council, New Brunswick =~

" Department of Flshenes and Aquaculture, Néw Brunswick Salmon Growers
-Association, :

“To establish four Atlantic salmon strains for aquaculture.

Growth and developmental traits arc monitored in both fresh and sea water for each
year class of each strain, Selection is carried out when the fish have spent 18 months in

* ‘sea water and the-broodstock population is reduced from approximately 5000 to 800,
-~ Spawning takes place the following year with a population of approximately 400 fish.
' 'Selectlon is based on an index to increase percent 1+ smolts, percent non-grilse, M.et
" length and fesistance to bacterial kidney disease. In one of the strains, selection was
" based on truncated mass selectmn for market length
... Ongoing. .
_— Substantlal .genetic gams of. s:gmﬁcant econmmc value to salmon farmers have been
made. -

Salmen Genetics Research Program, Atlantic Salmon Federation, St. Andrews, New:
Brunswick / G. Friars, I. Bailey and F. O'Flynn. University of New Brunswick / T.
Benfey and A. McGeachy.

. _,Atlantlc sa]mon (Salmo salar)

Atlantic Canada Opportunities Agfutcy, Canadian Institute of Biotechnology, . .
Department of Fisheries and’ Oceans, National Research Council, New Brunswick
Department of Flshcnes and Aquaculture, New Brunswick Salmon Growers

' Assoctat]on

- To compare the aquaéultural perfoﬁ:nance of diploid and triploid Atlantic salmon.

| "Mixed-sex triploid groups of Atlantic salmon were made in all SGRP aquaculture
_strains. All-female triploid grcups were made in two SGRP strains and have all-female
_dlplmd contemporanes Growth and survwal is being monitored in both fresh and sea

. water.
A 2.7 litre pressure vessel was used to produce triploid salmon. Fertilisation with mono-
“milt produced all-female groups. At the parr stage blood samples were taken tc tesi the

ploidy level of the ﬁsh by ﬂow cytnmetry

:Completed

Salmon Genetics Research Program, Atlantic Salmon Federation, St. Andrews, New
Brunswick / G. Friars, J. Bailey and F. O'Flynn. Research and Productivity Council / §.
Griffiths.

" Adantic salmon (Salmo salar).

Atlantic Canada Opportunities Agency, Canadian Institute of Biotechnology,
Department of F1shenes and Oceans, National Research Council, New Brunswick
Departmenit of Fisheries and Aquaculture, Mew Brunswick Salmon Growers :
Association. .

To investigate genetic variatioh in resistance to Bacterial Kidney Discase (BKD).

‘Samnples of parr and smolt from three SGRP strains were challenged with

Rembacterzum safmonimum.

'Hentabﬂtty values were esurnated based on full-stb families, for survival and tlme to

‘death.

" Project Completed.

' “The information obtained from this study was used to include resistance to BKD as an
~ index trait in the selection of broodstock.
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~_ transcription factors, and the clevelopment of transgenic fish.

" Institute of Molecular Biclogy and B'loiehe'rmstry, Simon Fraser University, Bumaby# -

B. P. Brandhorst, G. Corley-Smith andJ Chmten Lim.
Danio rena (zebrafish). ’

" NSERC.
' _The prOducnon of d1p101d androgeneuc fi sh and their use as a genetic tool.

The female genome is eliminated by X—ray 1rrad1at1on and the first cleavage is inhibited
by heat shock. Polymorphic DNA rnarkers are used to assess transmission from the .
female and male parents " o
DNA markers. : .

Numerous drplmd androgenotes have been produced with a success rate of 1-2 %.
These have a normal appearance and have been bred. A manuscript has been submitted.
Haploid androgenotes have been produced with an efficiency of up 30-50 %. This. ...

" should allow the1r use in haplmd genetic mutational screens, and production of a male’
_meiotic cross-over map in collahoratlon with J. Posttethwait (U, Qregon) is near

completion. Currently, the focus is on improving the efficiency of production of .
androgenotes and assessing the sex of androgenotes and their progeny, Wthh may be

“informative about sex determination, another interest of the laboratory.

The extensive DNA Marker data provides compelling evidence for the production of
androgenotes with little or no leakage of maternal genes. The methods may be adaptable
to other fish. A paper on this work was published in Genetics 142 (1996} 1265-1276: "

Institute of Molecular Btology and Btochermstry, Simon Fraser University, Bumaby/
B. P. Brandhorst, G. Corley-Smith and J Chinten Lim.

. 'Oncorhynchus nerka (sockeye salmon)
' 'None at present. '

Development of a method for the rap1d identification of stock specific DNA markers.

Random amplified pelymorphic DNA (RAPD) analysis using fluorescent primers is,
being applied to bulked DNA samples | of spawning sockeye salmon from adj acent and
distant geographic regions, in an effort to establish the efficacy of a method for qu1ckly
identifying stock specific markers. Sequence analysis of distinctive amplification
products, if any, should result in the production of highly 5pcc1ﬁc PCR primers

. allowing for rapid DNA typing on small amounts of material. .
" RAPD analys1s using ﬂuorescent pnmers and an ABI automated DNA sequencer, o

runmng GeneScan software

The sensitivity and reli ab1l1ty of RAPD analys15 is considerably improved with the use._
of fluorescent primers and high resolution polyacrylamide gel electrophoresis, ~ '
Application to identification of stock specific DNA markers is just beginning.

This is a proof of concept project, not part of a planned long term program.

Departments of Clinical Blocherrustry ancl B10chem15try University of TorOntO / C L
Hew.

) Wmter ﬂounder (Pleuroneczes amencanus) ocean pout (Macrozaarces amencanus)
: Medlcal Research: Councrl of Canada. .

To investigate the molecular mechamsms controlling the seasonal and hormonal

_ - tegulated synthesis of fish.antifreeze proteins, and to explore the use of antifreeze .
. protein. genes. in conferrlng freeze resistance to other fish species.

These include gene. clomng, promoter.analysis in tissue culture cells, charactenzatmn Of
SR
Gene clomng, transcnpted factors and transgenics.

We have demonstrated that the winter floonder contains both extracellular and .- . .,
intracellular AFPs. These have raised further guestions on the structure and funcuon
regulatlon and evolunon of AFPs (Gong eral., 1996, Skin antifreeze protein genes of
the winter flounder, Pleuronectes americanus, encode distinct and active polypeptides
without the secretory signal sequences. J. Biol. Chem. In Press).

1998 WGAGFM Report




Study 74
‘ . -

LABORATORY/RESEARCHER

SPECIES -
FUNDING
OBJECTIVE' .- -

DESIGN

METHODOLOGY
STATUS .

Study 75

LABORATORY/RESEARCHER

SPECIES
PROJECT FUNDING
OBJECTIVE '~

DESIGN

METHODOLOGY
STATUS

Study 76

;LABORATORYIRESEARCHER :

SPECIES
PROJECT FUNDING
OBJECTIVE

DESIGNS

METHODOLOGY.
STATUS .

Study 77

LABORATORY/RESEARCHER.

1998 WGAGFM Report

. '!Departments of Clmwal Blochermstry and Bmchelmstry, Unwers:ty of Toronto / C L.
= Hew.:

<1 Chinook salmon (Oncorhynchus tschawtscha) rainbow trout {Oncerhynchus imykiss).

Medical Research Council of Canada.

+"Using salmon as a medel, we are studying the molecular events controlling fish

: rreproduction The ‘genetic mec'hanism(s) for gonadotropin gene expression is examined.
" ~The cis-acting and transcnptlnn factors important in gonadotropin gene expression are
) charactensed by a wide variety of biochemical and molecular biological techniques.

Gene clonmg, pmmoter analysis, charactenzatlon of transcription factors, etc.
‘We have demonstrated for the first tlme in the gonadotropin gene that both

. . steroidogenic factor and estrogen receptor act in synergism for the gonadotmpé—spec:fic

expression of the salmon gonadotropin 18 subunit gene (Le Drean er al., 1996,

) Stemldogemc factor 1 and estradiol receptor act in synergism to regulate the expression
' of the sa]mon gnnadotropm IIB subumt gene Mol. Endocrinol. In press).

Departments of Clinical Biochemistry and Biochemistry, University of Toronto / C.L.
Hew.

Atlantic salmon (Salmo salar).
‘Natural Sc:ences and Engmeermg Research Council of Canada. :
The objectwe is the development of transgenic salmon beneficial to aquaculture these

" include

(i) the transfer of antifrecze protem gene (AFP) for freeze resistance; (ii) the transfer of
growth hormone gene (GH) for growth enhancement; and (iii) the transfer of lysozyme
gene (LY'Z) for disease resistance, .

_ These genes (AFP GH LYZ) were injected separately into salmon eggs b}f gene

transfer. The mhentance and expressnon of the transgene is being studied.
Transgenetics.
Positive, transgemc fish have been accornphshed for AFP and GH gene transfer GH

‘ transgemc fish grow 5 to 10 times faster than the control and the inheritance of

' transgenes to F2 generation is ‘gstablished (See Gong and Hew 1995), Transgenic fish in
‘aquaculrure and developmcntal blology Current Topics in Developmental Biology 30

- 177-214.

Departments of Clinical Blochemlslry and Blochenustry, University of Toronto / C.L.
Hew. :

“Chinook salmon (Oncorhynchus tichawytscha) and zebrafish (Darnio rerio).
" Naural Sciences and Engineering Research Council of Canada

To investigate the structure, function and regulation of Isl-1 and related gene famlly in
the neurcendocrine cell and motor neuron development. :

Isi—1, Isl-2 and Isl-3 are LIM domain homeodomain transcription factors. They are

- detected in-brain, pituitary and other organs: Howevet, the role of these protéins is

unclear, Biochemical, molecular biological and cell biology techniques are used'to

-examine the role of these proteins.

In sim hybridisation, DNA binding assay and others. o

The. genes are cloned and their ontogeny established. In situ hybridisation indicates that
the transcripts of all three genes are localised.in subsets of neurons in the brain and
spinal cord {Gong et al., 1995, Presence of isl—1-related LIM domain homeobox genes

-in teleost and their similar patterns of.expression in brain and spinal cord. J. Biol,

Chem. 2703335-3343

Magaguadavic Watershed Management Association, General Delivery, St. George, New

Brunswick and Marine Gene Probe Laboratory, Dalhousie University, Hatifax, Nova
Scotia / J. Carr, G. Hammond, A.J.D). Ambali and J. Anderson.
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Atlantic salmon (Safmo salar). : i
Magaguadavic Watershed Management Association, Atlantic Salmon Federation, Canada \

- N.B.-Coop. Agreesment on Rec. Fisheries Salmon Growers Association, N.B: Depart. of

Fisheries and Aquaculture, Depart. of Fisheries and Oceans Salmon Council.

To.establish if genetic introgression is decurring between wild and aquaculture escapees in
the Magaguadavic River, New Brunswick,

Scale and blood samples were cellected from wild salmon of the Magaguadavic RIVEI', and
from aquaculture salmon that escaped from the N.B. industry. Samples included wild
salmon scales collected from 1975-77, wild salmon scale and blood samples from 1992- .

94, and scales from aquaculture escapees from 1994, The 1975-77 samples represented the
) ‘ongmal Magaguadavu: River srain before the development of the N.B, salmon L
* aquaculture mduslry in 1979. T

Z Populatlon polymorpl‘usms at four microsatelite loci (Omy 27,38,105, and Ssa 4) were

examined in Atlantic salmon from 7 ycar-classes by extracting DNA from scale and blood

: ::samples
" The wild 1970’ strain was geneucally distinct from the wild 1990's strain. The 1994

escapees were genetically distinct from both year classes of wild salmon, but were closer to

. the 1990's strain of wild salmon.

University of New Brunswick / T.J. Benfey

~ Various salmonids (mcl Brook trout, Arctic charr, Atlantic salmon and rambow trout)

Natural ‘Sciences and Engmeenng Rescarch Council of Canada, Canada Department of
Fisheries and Oceans, New Brunswick salmon Growers Association, Canada/New
Brunswick Subsidiary Agreement on Industrial Innovation and Technology

" Developmenit, University of New Brunswnck Atlantic Veterinary College (University of
" Prince Edward Island). .

"To examine the basic physmlcag)‘r and behaviour of triploid salmonids.

_' :Expenmental assessment of physmlogmal and behavioural characteristics under

controlled laboratory conditions.

. Currently concentrating in the followmg areas
4} resplratcry physmlogy haematology, oxygen consumption rate, opercu]a.r pumpmg
B and swimming effi iciency, and aerobic capacity; (2) competitive abilities - feeding
h1erarch1f;s and g_'rowth ratt;; fo_r triploids cohiabitating at different densities with
* diploids: (3) ovarian development - histological examination of ovarian development in

triploids beyond the normal age of reproduction; (4) thermal optima - development and
growth at various temperatures, acute and chronic tolerance of high temperatures and
(5) stress. response - endocrinological and haematological responses to stress. @ 12
Ongoing,.

There is growing:pressure from- various sources for Canadian fish Tarmers-to use triploid
fish, in order to prevent spawning in the wild of any escaping farmed fish. Optimal

.. rearing conditions for triploids, based on.a better understanding of their basic biology,,
_ must be determined before advocating their widespread use in commercial culture.

_ Memorial Univessity of Newfoundland / C. McGowan and W.S. Davidson,
- Atlantic salmon and brown trout.

Natural Sciences and Engineering Research Council of Canada.

" To develop a méthod to-distinguish normal XY males from sex-reversed XX males

E ‘Screenmg a library of pnmers for any that show d1fferences in DNA fragment sizes after
+"PCR amplifi catlon ‘

RAPD. technique - randomly amphﬁed polyrnorphlc DNA based on screening a library
of oligonucleotide!primers (each 10 base pair leng) on DN A purified from male and
female Alantic salmon and brown trout. ™

Ongoing

The RAPD technique has been used successfully to determine the sex of birds'and
plants. 300 to 400 markers were tested on Arctic charr and brook trout but no sex
specific Marker was found. : C ; :
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Dept. of Biochemistry, Memorial Umverslty, St. John’s, Newfoundland / C. M°Gowan
and W. Davidson, . :

Brown trout and Atlantic salmon.

NSERC. .

Genome mapping of Salmo species. .

‘Hybrid families have been produced and segregation of alleles at different loci is being .

examined. -

-Genetic markers being examined 1nc1udc
-« RAPD, microsatellites and expressed sequence tags (¢cDNA"s).

- 'Six linkage groups have been identified to date for brown trout.and five for Adantic
- salmon Thisis an Ongoing project.

Dept. Flshenes and Oceans, Canada Wcst Vancouver Laboratory, West Vancouver,
British Columbia / 1.1. Solar, E2M. Donaldson.

Salmonids.
NBS and Province of BC.

Develop one generation technique for production of Atlantic female milt based on
gynogenesis and masculinization. Extend production of monosex females from chinook
to Atlantics and coho. Studies with aromatase inhibitors, antiestrogens and

- antiandrogens on sex differentiation are expected to reveal valuable information on the

mechanism of sex differentiation and lead to new ways to produce monosex salmon
stocks.

Success has been achieved in the use of an effective sperm extender and the -
establishment of suitable protocels for UV radiation of extended sperm and the

Jinduction of gynogenetic Atlantic, chinook and coho salmon. Studies are underway in_ .
collaboration with the Genetics Program for further production and testing of
.. gynogenetic groups and the subsequent sex reversal (masculinization) of these using a
""high potency nion aromatizable androgen We are cooperating with the MAFF and

MELP Province of B.C. and the Salimon Farmers Association in a farmscale trial of
regular, monosex female and monosex female triploid Atlantic salmon. Success has
been achieved in the production of monosex female Atlantic and coho salmon sperm by
masculinization of gynogenes.

Dept. of Biology, Memorial Uniuersity / 8. Carr, Dept. of Biochemistry, Memorial

University / W. Davidson. Department of Fisheries and Oceans, St. Johns,
Newfoundlandi R. Bowering.

_ .Gr_eenl_anc_l_ hahbut (turbot)_ o
_.CCFL
Populatlon structure of Greenland hal1but in the North Atlantic.

40 turbot from 7 sampling sites across the North Atlantic were examined for genetlc .
variation within and between samples. ’

Sequence analysis of a2 400 bp region of the cytochrome b mitochondrial DNA was
examined.

Completed. No evidence for genetic substructuring of turbot in the North Atlantic from

*- as far apart-as Norway and the Gulf of - St Lawrence, (Published in CIFAS Visetal. -

1997).

Dept. of Biology, Memorial University, St. John's, Newfoundland / S. Carr.

" Atlantic cod.:l

NSERC.
Population structure of Atlantic cod

Many samples of cod from all ovér the North Atlantic have been examined for evidence
of population structuring.

61



METHODOLOGY
STATUS

LABORATORY/RESEARCHER
SPECIES :
PROJECT FUNDING

OBJECTIVE
DESIGN:

METHODOLOGY

STATUS

S__l:_udy:_SS"= N

LABORATORY/RESEARCHER

SPECIES
PROJECT FUNDING
OBJECTIVE
DESIGN -

METI-IODOLOGY o
STATUS ..

Study 1

LABORATORYIRESEARCI—IER

SPECIES
PROJECT FUNDING
OBJECTIVE

DESIGN
METHODOLOGY
STATUS '

Study 2
LABORATORY/RESEARCHER
SPECIES

PROJECT FUNDING
OBJECTIVE

DESIGN

METHODOLOGY
STATUS,

62

Mitochondrial DNA and microsatellites.
Ongoing project.

Stocks Assessment and Genetics Unit, Ontario Ministry of Natural Resources, Maplel
P.E. Ihssen and G.Wm. Martin. o
Atlantic salmon, aurora trout, brook trout, brown trout, Chinook salmon, trout, lake
whitefish, coho salmon and rainbow. trout,

Ontario Ministry:of Natural Resources (OMNR).

-Monitoring of OMNR hatchery stocks for maintenance of genetic vanablllty
. -Successive year classes of hatchery-reared fish of the above species are monitored for -

approximately 50-allozyme loci. In cases where the phenotypes of the original parents
were determined, comparison is made with succeeding year classes to determine if there
has been a loss of genetic variability. In the case of Atlantic salmon, Chinook salmon
and lake whitefish, gametes are collected from wild fish. For all other species, gametes
arc collected from hatchery brood stock.

- Starch ge} and cellulose acetate clactrophoresns of cathodal and genetal muscté protein '

and 23 allozyme systems.
Ongoing.

Dept. of Biochemistry, Memorial University, St. John’s, Newfoundland / J. Johansen
and W.S, Davidson, . :

Arctic charr.

NSERC. . i

M’a.rkér assisted: se’lecticin'of b'roodstoc':k

- mlcrosate]hte alleles with'growth.
‘Genetic markers bemg examined are microsatellites,

In progress

National Institute of Animal Sclences ! L -E. Holm.

*Rainbow Trout.
Ini house/ Agncultural Sc1ence Research Counml

Development and use of genetic markers to be used for identification of hatchery strams
and for markers of commerclally important traits.

Screening of rainbow trout from a number of Danish hatchery strains,
Microsatellites.
Ongmng

' Damsh Insntutc for Flshenes Rcscarch Dept of Inland Fisheries, Silkeborg / E E

Nielsen.

Atlantic salmon.

In house. : _ g
Studies of long-term temporal changes in allele frequencies at loci that are possibiy

_ affected by selection. C e

Gcographlcally distinet populatmns are analysed Vanatlon is analysed ona temporal
scale by amplifying DNA from old scale samples.

ScnDNA.
Ongomg Started 1998, due 10 cnd by 2000
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“Danish Tnstitute for Fisheries Resehichi: Dept. of Inland Fisheries, Sitkebotg / M.M.

Hansen, University:of Aarhus / H.B.H: Jergensen, S. @stergaard, V, Loeschcke.
Brown trout.
In house.

- Estimation of genetic variability :and differentiation in and among Damsh brown trout
- populations and hatchery strains. Analysis of‘metapopulation dynamics (extinction-
- recolonisation).” Analysis of relationship between flnctuating asymmetry and
. heterozygusity (at microsatellite loci). :
o Samplmg of trout {rom various localities.

" Microsatellites (fmm tissue and old scale samples}, mDNA, analysis of metric and

meristic morpholog;lcal traits, modelllng
Ongoing,

Danish institute for Fisheries Research, Dept. of Inland Fisheries, Silkeborg / M M.
Hansen.

Brown trout.

" In house.

Estimation of the impact of stocking activity (using non-native hatchery trout) on
natural brown trout populatlons

" Hatchery trout are stocked into wild populanons Reproductive perfonnance and
“interbreeding between stocked and ‘wild trout is monitored, using genetic markers. The

development in the stocked populations will be fellowed through more generatmns

" ‘Microsatellités and mtDNA

Ongoing.

. Danish Institute for Fisheries Research, Dept. of Inland Fisheries, Silkeborg / M.M.
"Hansen. Pike mlcrosatellltes developed by 1. Taggaxt Umversuy of Stirling, U, K.

Coregonus !avaretus €. “oxyrhynchus”, Esox lucius, Thymalius thymalius.

In house.

Estimation of phylogeographic patterns and genetic differentiation,

Screening of samples from geographically distinct and morphologically divergent
populations.

Microsatellites and mtEN. A New tetranuclcoude mlcrosatellltes have been developed
forpike.

Ongoing. The study of coregonid fishes show that postglacial recolonisation of
Denmark probably has taken place via the postglacial Elbe River system, whereas
populations from the Baltic Sea appear to be the result of another recolonisation event.

. Damsh Instl'ti.lte f'or'F'shenes' Research, Dept of Inland Fisheries, Silkeborg / E.E.
Nielsen and M.M. Hansen, Several callaborators from the Danish Institute for Fisheries
‘Résearch, Dept. of Marine Fisheries, Copenhagcn University of Aarhus / P. Grgnkjer

and V. Loeschcke.
Cod.
The Danish Ministry of Agricuiture and Fisheries.

Studies of the genetic population structure of cod in the South-eastern part of Kattegat, -
the Danish Belt Sea and in the Baltic Sea area. Estimation of the possible drift of
Jjuvenile ced into the Baltic Sea and the contribution of Belt Sea cod to the fishery in:the
Baltic Sea area.

. Sampling of ced larvae and adult spawners from various-loca]jties.:

Microsatellites and other molecular markers.
Started 1998, due to.end by 2000.
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LABORATORY/RESEARCHER . - Danish Institute for Fisheries Research, Dept. of Inland Fisheries, Silkeborg./M.M:
R -7 .: Hansen (coordinator) + 22 other parﬂmpants from laboratortes in Europe and Canada.

SPECIES Brown trout.

PROJECT FUNDING EU FAIR. : S
OBJECTIVE . . <« - Concerted: Action on brown trout population genetics (TROUTCONCERT) The

objectives are to promote collaboration among laboratories that are active in research on
population genetics of brown trout; to-harmonise the use of genetic markers, to give
recommendations for a European strategy for. management and conservation of the
species, and to.establish.databases on relevant literature, available genetic markers, and. .
data from published and unpublished studies. The databases will be made publlcly
access:ble on the World. Wlde Web (WWW ),

DESIGN : Concerted action, i.e., network among laborateries.

METHODOLOGY Workshops, exchange visits among laboratories, common databases and WWW
facilities.

STATUS Two-year project (1998—1959),

RECENT DANISH PUBLICATIONS:

Nielsen, E.E., Hansen, M.M. and Loeschcke, V. {1997). Analysis of nucrosatelhte DNA from old scale samples of Atlant:c salmnn
A companson of genetic compomlmn over sixty years. Molecular Ecology 6: 487 492

Hansen,, M.M,, . Nielsen,. E.E. and Mensberg, K.-L.D (1997) The prob]em of samplmg familics rather than pc_pulatmns
Relatedness among lnc[wlduals in samples of _]uvemle brown trout (Sa!mo rrutra L). Mo!ecular Ecology 6, 469-474.

Hansen M M., Mensberg, K -L. D, Rasmussen. G and Sunonsen V (1997) Genenc variation within and among Danish. brown
trout (Salme trutta L.) hatchery strains, assessed by PCR-RFLP analysm of mitochondrial DNA segments. Agquaculture 15_3_ 15 -29.

Hansen, M.M. and Mensherg, K.-L.D. (1998). Genetic dlfferentlanon and relationship between genctic and geographical d:stance
in Danish sea trout (Salmo trusta L.) populations. Herediry. In press.

Nielsen, EE Hansen M. M and Mensberg, K.-L.D. (1998). Improvecl pnmer sequences for the faitochondrial NDI ND3/4 and
ND5/6 segments in salmomd ﬁshes Apphcanon to' RFLP analys1s of Atlantic sa]rnon Journal of Fish Biology. In press -

Study 1

LABORATORY/RESEARCHER 'Dept. of Fish Farming, Institute of Animal Husbandsy, Estonian Agricultural =
Umversny, Tartu/ R, Gross, T, Paaver, A. Vasemigi.

SPECIES o D _ . Sea trout and Atlantic salmon
PROJECT FUNDING T Estonian Science Foundation, Estoman Flsherles Foundation.
OBJECTIVE To reveal genetic differentiation and structure of natural and hatchery satmon and trout

populations, estimate the influence of stocking on gene pools of natural populanons
reveal frequency of salmon X trout hybrids in salmon rivers.

DESIGN o : Samples are taken from parr, caught by electrofishing in five salmon rivers of cnllected
o from Juvemles reared in two hatcheries of Estonia. o
METHQDOLOGY__ '_ ' ) __PCR-amphﬁed DNA markers (nucrosatelhtes growth hormone genes, mtDNA genes),
' S allozymes. :
STATUS Ongoing (1997-1999)

Stady 1 i

LABORATORY/RESEARCHER ° * ~Finnish Game and Fisheries Research Institute, Helsinki / M.-L. Koljonen. Umvers:ty x
of Helsinki, Department of Animal S¢ience/J. Tahtinen and M. Séisd. -~ = :

SPECIES Atlantic salmon, brown trout,
PROJECT FUNDING In house, Academy of Finland.
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Estimate stock compasition of salmon catches and proportion of wild stocks in the.
catches.

Genetic stock identification (GSI), allozymes, microsatellites.
Ongoing, '

Agncultural Research Centre, Departmeut uf Animal Breeding, Jokioinen / L. Siitonen.

‘Rainbow trout.
-In house, P
: Develop rainbow trout stocks w1th better growth rate.

Selective breedmg
Ongoing. '

;.. University of- Jcensuu, Department of- B;o]ogy { J. Vuorinen.

Coregomds

In house:: : S

Evolution and taxonomy of Holarctic Coregonids.

Mapping of gene frequencies. AR
Enzyme electrophores1s mtDNA, sequencing (collaboration), SINEs (collaboratlon)

-~ Ongoing.:

“University of Kuopio; Department of Applied Zoology and Veterinary Mcdlcme / H

Molsa, T Pitkinen; M. Remlsalo andA Krasnov.

‘Rainbow’ trout.

Mlmstry of Agnculture and Forestry, M1n15try of Interior Affairs, Academy of Finland,
I house.

Enhanced growth and metabohsm of rmnbow trout via gene transfer technology
Micro injections and integration assays, gene expression

Micro injections, mRNA, RT-PCR,

Ongoing

; Umvcrsuy of Oulu Depanment of Bmlogy / J Lumme.

Atlantic salmon

_.Academy of Finland, mostly open.

Origin and evolution of Baltic salmon -

. .MtDNA sequencing, m1crosatell1te vananon
. Preliminary resulis o
-D-loop unsu.ltable, ND1 and micros waik fundmg

" University of Joensuu, Department of Biology / L. Kuusipalo.

Salmo trutta, Ciclids, clupeids and Nile perch in lakes Malawi and Tanganyika,

‘FAQ, Culture Fund of Finland, Women's Science Foundation, The Foundation of

Research of Natural Resources in Finland.
Speciation, stock identification.
AIlozymes and RAPD m:crosatelhtes

* ‘Ongoing.
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t European flat oyster (Osrrea edulrs)

Laboratoire de Ge’nétrque, Aquaculture et Pathologie, IFREMER — BP133 — 17390 La
Tremblade / A. Gérard.

Pacific oyster (Crassostrea glgas)

- IFREMER. e . e i

Development and optimization of triploidy and tetraploidy induction in C. gigas’ -
Triploidy induces sterility or reduced gametogenesis. As the energy allocated to: 7

. gametogenesis js large in oysters, triploidy leads to better growth and better qualitj;- v,

during the reproductive period.

Fertilized eggs of diploid and tnplmd oysters are treated to induce tnp}md and i o
tetraploid offspring respectively. :

Cytochalasin B or 6-dimethylaminopurine treatments are used to suppress polar body I
or II formation in fertilized eggs of diploid and triploid. Ploidy level is estimated by -
image analysis techniques.

Triploidy induction is routine work and efforts are dedicated to tetraploidy-and matmg
tetraploids and diploids to obtain all-tripleid stocks. ‘

S.K. Allen Jr c:urre:ntl},r applies for a patent on tetraploid oysters and related. techmques

Laboratoire de Génétique, Aquaculture et Pathologie, IFREMER - BP133 - 17390 La ..
Tremblade / P. Boudry.

Pacific oyster (Crassostrea gigas), Portuguese oyster (Crassostrea angulata).
[FREMER, Conseil Général de Charente-Maritime,

Study of genetic resources and genetic differentiation of Pacific ayster stocks. ,
- Pacific-oysters originated from various origins have been sampled both for DNA and

live animals. Live oysters are maintained under strict quarantine conditions accordmg [}
ICES recommendations. Sampled populatrons will be bred in the, hat«:hcrj.r and
progenies will be compared to the French stock of C. gigas.

MtDNA PCR-RFLP, nucrosatelhtes, comparatwe breeding.

. In progress

Laboratoire de Génétique, Aquaculture et Pathologie, IFREMER - BP133 — 17390:1:5
Tremblade / A. Gérard, E. Goyard, S. Lapégue, 1. P. Baud and P, Boudry

IFREMER.

Selective breedmg of the ﬂat oyster 0 eduhs for resistance agamst bonarmosrs o
(Bonamia astreae) R
Breeding was ‘formerly based on mass’ ‘selection and mass spawning. “Selection is now
based on full-sib families in order to-control effective population size and inbreeding.: -

- Resistance to bonamiosisis aséessed both under field conditions and laboratory

infection with the parasite. Microsatellites are used to estimate genetic diversity and
inbreeding in the 3 populations under selection.

In progress.

- This project was started in 1985. Growth performance-has now been included as.a-
) selectlon crrterla

Laboratoire de Généthuc Aquaculture et Pathnlogre, IFREMER - BP133 = 17390 La
Tremblade / Y. Naciri-Graven and F, Bonhomme . :

European flat oyster (Ostrea edulis).
IFREMER, BRG (Bureau des Ressources Génétiques, Paris).

Assessment of genetic differentiation and genetic structure of European flat oyster
populations. Samples were collected from 13 European wild populations and studied

1998 WGAGFM Report




METHODOLOGY
STATUS
COMMENTS

Study 5
LABORATORY/RESEARCHER
SPECIES

PROJECT FUNDING

OBJECTIVE
DESIGN

METHODOLOGY

STATUS
COMMENTS

Study 6

LABORATORY/RESEARCHER

SPECIES

PROJECT FUNDING
OBJECTIVE

DESIGN .

METHODOLOGY
STATUS
COMMENTS

Study 7

LABORATORY/RESEARCHER .

SPECIES
PROJECT FUNDING |

OBJECTIVE
METHODOLOGY

STATUS
COMMENTS

Study 8
LABORATORY/RESEARCHER
SPECIES

PROJECT FUNDING
OBJECTIVE

1998 WGAGFM Report

for five iciosatéllite lock.

" Microsatellites.

Achieved.
This study should be extended using mitochondrial DNA markers on the same samples.

Laboratoire de Génétique, Aquacultiire et Pathologie, IFREMER ~ BP133 - 17390 La -

Tremblade / A. Gérard, M. Héral, P. Boudry, S. Bougrier, 1. and LF. Samain.

Pacific oyster (Crassastrea g:gas)

IFREMER EC (FAIR Project).

To establish relatlonshms between growth, genetics and physiclogy in C. gigas.

Three populations, based on factorial crosses of five males and five females from three

" French siles, were estabhshed in 1996. Rearing practices were designed to maximize
‘genetic and phenotyplc variability. A multi-disciplinary approach is favored by studying
“the same material from growth physm]oglca] and genetical pararmeters.

.Ind1v1dual growth recordmg, allozymes aneuploidy, microsatellites, physiological

studies (metabolism, dlgesuve enzymes,  protein turn-over).
In progress (started in 1996, to be concluded in 2000).

 Thisisa FAIR project coordmated by A, Gérard. European pariners are T. Hawkins

(U K.), C Thiriot (France) F. Bonhomme (France), N. Wilkins (lreland) and E. Zouros

(Greece).

Mediterranean laboratory on marme p15c1culture research, IFREMER 34250 Palavas-
les-flots / C, Fauvel.

- . Sea bass,. D:cen:mrchus labrax. .

IFREMER.
Optmuzannu of gamete quahty, amfic:la] fertlllzatmn and cryopreservation.
Fertility, fertilization and early development are being studied under different .

“conditions in order to 1dent1fy and control variation factors. A conservation medlum is .

being used without mterfenng w1th the quallty of gametes.
Reproduction physmlngy, analyncal rearing technicques.
To be reevaluated and reoriented next year. .

Basic work for genetic purposes. It already allows to limit the environmental and _ .
physiclogical interaction on phenotype.

jMedlterranean laboratory on manne plsc1culrure research IFREMER 34250 Pa.lavas-

les-flots / B, Menu and B, Chatam

" Sea bass, Dicentrarchus [abmx

IFREMER, the French Agriculture Council, the French Research Council, the French

‘Syndicate of poultry and fish breeders (SYSAAP).

_ Study of sex determining mechanisms in the European sea bass in order to produce
'monosex female populations.

Gynogenesis, study of sex-ratios of sex inverted genitors' offspring, caryotype analysis.
The project has begun in 1995.
The project is finished by the end of 1999. Collaborations with the Nanonal [nsul‘ute of

Agronomical Research (INRA Rennes), the Scientific Research National Center (CNRS
Montpellier), the Natural History Museum (Paris),

Mediterranean Iaborato:y on manne plscwulture rescarch, IFREMER 34250 Palavas-
les-flots / T.C. Falguiére and B, Chatain.

Sea bass, D:centmrchus labrax

‘IFREMER.

Control of the maturation by pnlyplmdy
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Production of triploids and evaluation of sex ratio, morphological and weight
characteristics. Companson of performances between communal and separate reanng

Polyploidisation by pressure and temperature shocks on eggs.
Analysis in progress.
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oL les- ﬂots! B. Chatam and F. Bonhemme
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Sca bass, Dicentrarchus Iabrax. :
{FREMER, Eumpean Commumtj.r (FA]R) rndustnes

Identification of wild and domesnc populatlons and evaluation of thelr zootechmcal
performances

Study of genetlc po]ymorphrsm in wild and domestic populations in collaboration with

: the Sc1ent1ﬁc Research Natlonal Center (CNRS Montpellier). Besides, IFREMER is

coordmator of a ¢oncerted actlon aumng at assessing procedures for the development of
a Buropean standardlzed multisite testing program. This work is conducted in
parmershrp with 13 European laboratories, '

PCR and microsatellites markers

" The polymorphlsm study ended in 1997. The concerted action, started in 1998, wrll last
2 years and proposals will'be done to the EC through a final report. :

A study on the estimation of genetrc parameters in sea bass with low common
environmental effects is in project for the coming year.

" Laboratoire * Flux de Matlere et Réponse du vivant ” ' UMR CNRS 6539 Tnstitut

Universitaire Européen de 1a Mer Université de Bretagne Occidentale Place Copermc,
technopéle Brest-Iroise, 29280 Plouzane { D. Moraga.

Mam]a cam (Ruditapes phrlrppmamm) Pac1ﬁc oyster {Crassostrea grgas}
CNRS:
Genetic differentiation and of mvertebrate populatmns to environmental variation.

Sampling of populations exposed to dlfferent natural or experimental environmental
factors (temperature, sa]rmty, pol]utants) to identify genes associated to adaptwe

* response of populations,

Allozymes, clomng of genes involved in heavy metal resistance.
In progress

. Laboratoire Génome et Populations UPR 9060 CNRS, Station Mechterraneenne de

I'Erivironnement Littoral; S&te / P. Borsa and F. Bonhomme.
The blue mussel s_pectes co_rnplex (Mytrlu._r _edu!u, M. galloprovincialis, M. tiv'o_ss_i',r!u_:i)T ]
CNRS.

lntron length polymorphlsm and phylogeography in the mussels from M. edulis § specres
complex

"Genetic charactenzanon of blue mussels populatrons using intron length polymorphlsm
. and reconstitution of the genus Myulus blogeographrcal history using nuclear gene .

genealogres
PCR ampllﬁcatlon in mtron nuc]ear genes sequencmg

_Analysrs in progress

Laboratoire Génome et Populations UPR 9060 CNRS, Station Méditerranéenne de
I'Environnement Littoral, 1 Quai de la Daurade, 34200 Stte/F. Bonhomme

" Dicentrarchus labrax and D. punctams

CNRS.

Study of the populatlons of D. Zabrax and D. punctatus using six hypervanable L .
mrcrosatelllt_e markers,
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-Beginning of the: sfudy.

Genetic characterization of seabass wild populations, comparison with reared stocks.
PCR amphficatlon of nucrosatclhtestlom
Analysis in progress.

Laboratoire Génome et Popuiatlons UPR 9060 CNRS, Station Méditerranéenne de
1'"Environnerent Littoral; 1 Qua.l de’la Daurade, 34200 Séte / F. Bonhomme _

Sea bass (Dwentrarcha_fs Iabrax)

" CNRS.

Genetic analysis of the response to the enwronmenta] stress in the medltcrranean sea_
bass {(Dicentrarchis labrax).

Identification of genes respcrmble for-the differentiation between sea and lagoon’
stocks. Analysis of the effects of the selection on the genes fluxes between sea and
lagoon.

Bulk Segregant Analysis on multiloci amplification methods. RNA differential dlsplay.
Sequencing, . :

Laboratoire Génome et Populations UPR: 9060 CNRS, Station Méditerranéenne de

. I'Environnement Littoral, 1. Quai de la Daurade, 34200 Séte; Laboratoire de
- Zoogéographie; Université Paul Valéry Montpellier / F. Blanc and F. Bonhomme.

Pear] oysters (Pinctada mazatlanica, Pteria sterna).

Study of the genetic differentiation and population genetic structure along the mexlcan
coasts using mitochondrial and DNA nuclear markers. o

MtDNA, PCR-RFLP, 55CP.
In progress.

Laboratoire Génome et Populatlons UPR 2060 CNRS, Station Méditerranéenne de
IEnvironnement Littoral, 1 Qual de la Dauradc 34200 Se&te / 1.-]. Versini and F.
Bonhomme.

Giant tiger prawn {Penaeus monodan)
IFREMER, CNRS.
Populatlon genetlcal struceure and ‘stoék identification using microsatellites loci.

) ,Mlcmsatellltes

In progrcss

Laboratoire d' Aquaculture Tropicale, Centre Océanologique du Pacifique - IFREMER,

Penaeus stylirostris.

IFREMER.

Study of genetic variability of tahitian and caledonian hatchery stocks using
microsatellite loci. Parental analysis of family selected for growth and IHHN virus
resistance. The project is first emphasized on markers (microsatellites) associated

- heterosis as-an explanation for genetic variability in small controlled breeding
_:populations..

Microsatellites, amphﬁcatlon and. revelatmn using silver staining system.
In progress :
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Institute of Animal Husbandry and Genetics (IAG), University of Gottingen, Gotingen
{ G. Horstgen-Schwark and A. Miiller-Belecke.

Greochromis niloticus.

_ Deutsche Forschungsgememschaft (DFG).

Development and performance. testing of homozygous tilapia lines and their crosses.
Mitotic and meiotic gynogenesis, test cross diallels including separate and comml_ma_l

. testing of genetic groups.

UV treatment of sperm, heat treatment of actwated tilapia eggs.
Ongoing project.

Institute of Animal Husbandey and Genetics (IAG), University of Gottingen,
Gidttingen/G. Horstgen-Schwatk and S. Hoang,

Brachydanio rerio.

IAG and Friedrich Naumann Sﬁftung : :
Development of test fish populanons of defined genetic vanablhty for ecotoxlcologlcal

_ ‘studies, :

- Mitotic and meiotic gynogenems test cross diallels between homozygous lmes
- performance testing under unpolluted water conditions and reference tests accordmg to
- the German Chemical Control Act.. :

UY treatment of sperm, heat-, cold- and pressure treatments of activated zebra- ﬁsh eggs

.. for suppression of first mitosis,
: Ongomg project.

Institute of Animal Husbandry and Genetics (IAG), University of Gottingen, Gattingen
/ G. Horstgen-Schwatk, J.-N. Meyver. Institute of Inland Fisheries (inc.) (IIF), 14476
GroB Glienicke / H. Wedekind. Research Center for Animal Production and . o
Technology of the Facilty of Agnculture (RCAPT) University of Gottmgen FH-
Langholz and K. Eder.

Oncorhynchus mykiss,

IAG, IFF, RCAPT,

Comparison of growth, carcass- and meat quahty of heat-shocked and tetraplold-
derived tnplmd and diploid rainbow trout

Paternal half sib families, con51stmg of heat-shocked and tetraploid denved tnplmd
rainbow trout and diploid controls have been raised under the same environmental
conditions tiil fish were slaughtered at 2.5 years (at the beginning and the end of
spawning season),

Measurements and classifications of the outer product quality (growth, body
proportions, carcass composition)-and the inner prodyct quality (physical- . . . . .
technologlcal— chcmlcal- and sensorial criteria), '

Ongoing pl’OjeCt

- Instituté-of Animal: Husbandry and Genetics (IAG), University of Gottingen, Gottingen
1N Meyer; G HBrstgen-Schwark, T. Jenneckens and A, Miiller-Belecke. Institute of

Inland Fisheries (inc.) {IIF), 14476 GroB Ghemcke /H. Wedekmd

. Acipenser spp., Oreochromis spp. -

DFG.

Identification of species, populations (lines) within species and hybrids between species
by the use of gene markers.

Collection of adequate samples from different origins

Enzyme electrophoresis and DNA analyses (multilocus DNA fingerprinting, RAPD,
S$8Ra-PCR, AFLP).
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Ongoing project.

Institute of Flshbxology and Institute of animal breeding and genetics, Technical

Thymallus thymallus.

‘Landesfischereiverband Bayern e: V. -

‘In an ecological work on graylirig differences in growthrate and maximal growth were *
" found in'Bavarian grayling populanons These differences are to be correlated to DNA

polymorphism.

- Populauons from three Bavanan nver-systems will be sample and analyzed.

DNA analyses
Just started.

Bundesforschungsanstalt thr Fischerei, Institut for Fisheries Ecology / J. Trautner.

" _Umversny of Hamburg, Institut for Hydroblology and Fisheries Research / W. Nellen.

Oncorhynchus myktss and Zoarces vwipams

. . Ministry of agriculture. | :
.. Population structure of wild populatmns and hatchery strains of 0. mykzss and wild

populations of Z. viviparus. Estimation of intraspecific biodiversity.

0. mykiss species have been sampled from hatcheries and Canadian lakes and Rivers -
and Z. viviparus from the North Sea. DNA analyses are performed.

RFLP-, RAPD- AFLP- and mtDNA -analyses
Ongoing project.

Noﬁhrhme Westfalian Agency for Ecology, Land and Forestrleorthrhme—Wéstfahan

" Office for Agricultiire Developement m Recklmghausen {(LOBF NRW) { I. Lehmann

and F.-J. Stlirenberg.
Salmo salar and Salom trutta trutta.
Land Morthrhine-Westfalia/NRW.

Genetic identification and characterisation of wild Atlantic saimon and Salmo trutta
trisita in the. Rhenanian drainage and Weser system of NRW. Eyed eggs and fingerlings
from eight wild populations used for reintroduction for the Rhine were reared up to
analyses at LOBF.

Enzyme electrophoresis (allozyme genotypmg) and flow-catofluorometic deterrmnatlon
of relative DNA contents of cell nuc1e1 (relatwe genome sizes).

Ongomg pro;ect

Institute of Freshwater Ecology and Inland Fisheries {(IGB}, Depart. of Fish Culture and
Fish Pathology, Berlin / K. Kohlmann.

Salmo salar.
IGB.

" Genetic identification of wild At]antlc sa]mon used for reintroduction iator, Elbe,

Germany:
Eyed eggs from three wild populations (two Irish and one Swedish) used for

- reintroduction were incubated and fingerlings were reared up to analyses at IGB: .- ..

Enzyme and DNA analyses were performed.

- Enzyme electrophoresis, RFLP and microsatellite analyses of DNA.
- .Ongoing project.” ..
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Institute of Freshwater Ecology and Inland Fisheries (IGB), Depart. of Fish Culture-and
Fish Pathology, Berlin / K. Kohlmann. Inland Fisheries Institute Olsztyn, Salmonid

. Research Laboratory Rutki, 83-330 Zukowo (Poland)./ S. Dobosz and K, Goryczko i

IGB (German Ppart) and State Comrmttee for Scientific Research Poland (Pohsh part)
Oncorhynchus mykiss. e

. Genetic improvement of rainbow trout growth

Family. selection based on mixed half and full sib families. Esdmatlon of hentabllmes

- for body welght and length, Influence of parental body weight on progeny performance

has been studied.

Performance tests (separate 1ncubat10r| and rearing until tagging as one summer old -
finger]mgs, communal rearing later on) with control measurements of growth (at half
vear intervals) and sexual maturatlon :

Ongoing project.

Institute of Freshwater Ecology and Inland Fisheries (IGB), Depart. of Fish Culture and
Fish Pathology, Berlin/ K. Kohlmann. Umversnty of South Bohemia, Research Institute
of Fish' Culture and Hydrobiology, ‘Vodnany {Czech Republic) / M. Flajshans. Academy
of Sciences of Czech Republic: Institute of Animal Physiology and Genetics,-

Department of Genetics, Libechov (Czech Republic) / V. Slechtova and V. Slechta.c -

~IGB (German part) and thstry of Agnculture (Czech part).
Tinca'tinca.
“Genetic characterisation of wnld and cultured populations; genetlc 1mprcvement of

cultured strains.

Tench from wild and cultured'populanons were collected in Germany and Czech'
Republic. The examination of growth rate, foud conversion efficiency, survival and
product quality in the different populations will be accompanied by investigations on their
genetic structure. ‘
Enzyme electrophoresis is performed DNA analysis will be introduced. Performance,

 tests are carried out under warm water conchtlons in a closed recirculating system.

Ongomg project.

Instituteof Freshwater Ecology-and Inland Fisheries (IGB), Depart. of Biology and
: Ecology of Fishes, Berlin /: A Ludwlg andC Wolter.

Different species of Cypnnu(s

Bundcsrmmstenum fiir Forschung und chhnologle

Invesugatlon of populatlon as well as sub—.populatlon structure. Estimation of .
intraspecific and interspecific biediversity,

Development of marker systems for geneflow within different sampling points.
Sequence and microsatellites analyses.

Ongoing project.

Institute of Freshwater Ecology and Inland Fisheries (IGB), Depart. of Biology-and. ,
Ecology of Fishes, Berlin, Germany/ A. Ludwig and F. Kirschbaum.
Acipenser sturio.. | :

“Deutsche Forschungsgememschaft KI 189/11 1

Genetic characterisation of historical stocks of Acipenser sturio originated in German

¥ waterways. Comparison with samples from other sturgeon catches of European’ waters

especially the Gironde population with respect to the reestablishment of Acipeénsei
sturio in German waterways,

Museum samples of Acipenser sturio were collected originating from dlfferent River
systems and from the North Sea. DNA analyses are performed.

Sequence analyses.
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" S';_arﬁng'p:aj.ect.

’ Zoologlsches Instltut LMU of Mumch Prof Tautz, U. Schliewen, Dr K. Rassmann and

C. Englbrecht.
Salmo trutta and Salvelinus alpinus.

- Federal Mlmstry of envnronment (UBA)
Do study. changes in genetic vanabﬂxty (connected with changes in behavior,

morphology, etc.) of autochthonous species resulting from crossing with non-

autochthonous speéies (e.g., stoclung) 2) To establish a model to estimate Ehe risk of
o ‘releasmg genencally mampulated organismis.
. ",._Sa]mo trutta specncs have been sampled in- many brooks within Bavaria, Salvelinus
. alpinus samples were obtained from major prealpine lakes and small alpine lakes of

Germany. Morphological and genétic analyses are performed.
Sequencing of mDNA, Mlcrosatelhtc-analyses
Ongoing project.

Zoological Institute I, Univcrsity of. Hcidélberg, Heidelberg / A. Schreiber.
Salmo thutta, Thymallus, Cottus, Gobto Chondrostoma and Lampetra.

“+Fisheries authorities.
* Geneltic population’ structure as basts for conservation management.
_ Populatlon samples from wild stocks in dlfferent river basins are investigated.
: :Enzyme eIcctrophoresm, RAPDS. morphometry

Ongomg prolect

UFZ-Centre for Environmental Research, Dept. Community Ecology / B. Lauchstaedt.
Rutilus rutilus.

. UFZ-Centre for Environmental Research.

Habitat frag:mentatlon in riverside. forest waters of the "Blosphaerenrcservat Mlttlere
Elbe".

Sampling of 24 s1tes from the Elbe nver and backwaters at different stage of lsolatmn '

_Allozyme ana.lyses

Ongoing project.

: UFZ—Cemrc for Envuonmcntal Research, Dept Community Ecology / B. Lauchstaedt.

and B. Haenfling
24 Central European Cyprinid species
UFZ-Cenire for Environmental Research.

Phylogenetic relationship among and within cyprinid subfamilies,

. Sampling of 24 cyprinid species of German waters, including all genera occurting m
~ Central Europe

Allozyme analyses.
Ongoing project.

Holar Agncultural Coilege, Saudarkrokur / E Svavarsson.

- Arctic charr.. .
*+ The National Research Councnl ard-the Agncultura] Productivity Fund in Iceland.
' To détermiine genctlc parametf:rs,l e, heritability and genetic correlation of
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: MRI The National Research Council of Iceland and various trawlers.

economically important traits of Arctic charr in Aquaculture. The results will be uuhsed
in a national breeding program of Arctic¢ chiarr.

Data are collected from charr in the first 2 or 3 year classes of the Arctic charr breeding
program. Each year class is made up of 100 - 120 full sib families, with two otithree x: -
families pr. sire. The families are reared for two and a half year from hatching. Data are
collected on growth, sexual maturity at different life stages, flesh coloration.and -
possibly fat content of fish. Data are analysed after standard methods in animal
breeding.

The preject sta.rted in 1993 ancl is planned for.four years. Preliminary results for the ﬁrst
year class have been pubhshed in Iceland. A revised project plan has béen sent to the
‘Reésearch Coungil for the years 1996 - 1998 Continued work according to-the revised *

- plan will depend on funding.
" The prOJectls in co~operatlon between The Agricultaral school at Hélar in North
; Iceland, that is in chargé of the actual breedmg program for Arctic charr, The Institute

of Freshwater Fisheriés and The Agricultural Research Institute. The breeding program

+ i funded by the Agricultural Productivity Fund in Iceland.

Marine Research Institute (MRI), c/o Biotechnology House, Reykjavik / A. K.
Danielsdottir, 0.D. Jonsdottir and O.Y. Atladottiz. An EU-FAIR projectin =~
collaboration with University of Trondheim, Norway / J. Mork; University College

~Cork; Ireland / T, Cross; University of East Anglia, UK. / G. M. Hewitt and C. Rico;. . -

Directorate of Fisheries.Research, MAFF, UK. / R. 5. Millner and M. Nicholson, - .- ..
Cod (Gadus Morhua), hake (Merluccius merluccius), blue whiting (Micromesistius. - -
poutassou) and poar cod (Tri_sap_tems minututs). ‘

‘MRlLand EU FAIR ) .
Cod stock structure in lcelandlc waters and cahbratlon of different molecular Markers .

for use in discrimination and management of cod, blue whiting, hake and poor cod
Haemoglobin’s, allozymes and ahonymous cDNA RFLP.

Four year project. Cod sampling has started, analysis of samples started in October
1996. (1996-2000). S

Manne Research Institute (MR[) cfo Bmtechnology House, Reykjavik / A. K

" Danielsdottir (project leadét).

Redfish (Sebastes mentella).

Study the genetic population structure of ocearuc and deep-sea §. mentella in Irmmger
sea and Icelandic waters. :

Redfish samples from different locations Southwest of Iceland and the Inmnger Sea
Allozymes, haemoglobin’s and anonymous ¢cDNA RFLP. T
Three to five year project. Redfish sampling and analyses started summer 1995

The project is in collaberation with University of Bergen; Norway/ T. Johansen:and (G.
Naevdal :

" Institute of Freshwater Fisheries, c/o Biotechnology House, Reykjavik / AK. 17 47

Danielsdottir and S. Gudjonsson. Danish Institute for Fisheries Research, Dept, of
Inland Fisheries, Silkeborg / M:M: Hansen (coerdmator) + 21 other partncnpants from:
laboratories in Europe and Canada. : ,
Brown trout (Salmo trutia).

In house, the Icelandic Science fund and EU FAIR : SRUREE
Genetic variation in wild populations of landlocked and anandromous brown trout in
Ieeland. Concerted Action on brown trout population genetics ('TROUTCONCERT)
The objectives are to promote collaboration among laboratories that are activein =~

_research on population genetics of brown trout, to harmonise the use of genetic

markers, to give recommendations for a European strategy for management and” 1.7
conservation of the species, and to establish databases on relevant literature, available’

- genetic markers and data from published and unpublished studies. The databases will be
- made publicly accessible on the World Wide Web (WWW). -
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Mapping of gene frequenme Concerted action, i.e., network among laboratories..
Allozymes. Workshops, exchange visits among laboratories, common databases and
WWW facilities.

Samples from 13 locations have been analysed and the study is ongoing. Two-year
project (1998-1999), '

: University of [celand, Department of Biology, Reykjavik / E. Amason.
‘Cod, salmon, brown trout and Arctic charr.

In house and the Icelandic Science fund.
Genetic population structure and species variation.
Mapping of gene frequencies and sequence variation.

‘RFLP of miDNA, mtDNA cytochrome b sequencmg and microsatellite markers.
_ AOngolng P

Stofnfiskur ltd., private fishfarmers / J. Jonasson.

Atlantic salmon.

Icelandic Government, private. : .
Use selective breeding to improve economically important traits in rearing of salmon in

landbased units and net pens. .
.. .Produce- 100-200 families a year for selectlon

Started in 1991, ongoing.

Stofnfiskur Ltd., private fishfarmers / J. Jonasson.

-Atlantic salmon.

.

Icelandic Research Council. :

- Bstablish: rearing methods by using geothermal heat and light regimes to accelerate: -

growth and age at maturity to shorten the generation interval to increase response to
selection.

- Produce 100-150 farmhcs a-year,
Started in 1993-1997.

Stofnfiskur Ltd., private ﬁshfﬁrmefs-! J Jonasson.
-, Atlantic saimon.
~.Icelandic Resedrch Council. -

* - Salmon quality. Estimate heritabilities fc_::r fat content and genetic correlation between
-fat content and other life history traits in salmon farming.

" Use Tory-fish fat meter to measure fat content.
_ ' VProducc 100-150 familics a year.
. Started in 1995-1997,

Stofnifiskur Ltd. / J. Jonasson. Saebyli Itd. / 5. E. Stefansson. Institute of Freshwater
Fisheries / A. Gudnason., The Marine Research Institute,, A. Steinarssomn.

Red Abalone.
Icelandic Research Council.

- Estimate genetic parameters for body weight, survival and shell and meat proportion; in

the attempt to plan a breeding: program:for red abalone culture in Iceland to reduce .

. production cost for coming years.
Classic selective breeding programs. ;
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RECENT ICELAND[C PUBLICATIONS:

Produce 100-150 full- and half-sib families a year.
Started'in 1996-1999. :

University of Iceland, Holar Agricultural College, Saudarkrokur / 3. Skulason-and D.
Gislason. Joint population genetic laboratory of the Marine Research Institute and - -
Institute of Freshwater Fisheries, c/o Biotechnology House, IS—112 Reykjavik /£ A. K.

- Danielsdottir. Also one partner in Ireland, one in Sweden and one in Scotland:In ..

collaboration with the University of Guelph / M. Ferguson.
Arctic charr, Salvelinus alpinus.

-EU FAIR-CT-96-1981.

Development of sustainable aquaculture of Arctic charr. co
Multidisciplinary approach involving fish-farmers, ecologists, brood:stock: rnanagers,
fish husbandry experts and molecular biologists. Holistic approach encompassing a- -
variety of techniques to provide a sound scientific basis for the development of this
species for aquaculture. :

Genetic variation in wild populations and domesticated stains from iceland, Scotland
Ireland and Sweden by the use of Microsatellites.

- Project will start in September 1997, to continue for 2 years.

Danielsdéttir, A K., Marteinsdditir, G., Arnason, F. and Gudjdnsson §. 1997, Genetic structure of wild and reared Atlantlc salmon
(Salmo salar L.} populations in Iceland. TCES Jounal of Manne Science 54(6):986-997.
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National Dmgnostlcs Centre, Umversny College. Galway /' T. Stmth S.AM. Mamn, H

Husbye and M. Johnson.
Salmon (Galway), trout (Rennes) ulapla (Southampton) and zebrafish (Oslo and

- - Southampton).

EU Biotech programme.

The use of transgenesis to render fish sterile and to evaluate the effectiveness ef the
induced sterility. , :
Biological containment of transgenic fish and risk assessment of i mterspccms gcne
transfer.

Antisense and ribozyme technology is being used to inhibit the synthesis of
gonadotropin releasing hormone (GnRH). This is expected to render fish sterile as has

‘beenshown previonsly in the mouse. Injections of GnRH will be used t6 return some -

fish to fertility and provide brood stocks. As part of the studies further insights into-fish
reproductive physiology will be achieved. Reporter genes will be co-injected into fish-to
moniter transgenesis and possible gene flow. Ultimately the aim would be: to.introduce

. sterility in conjunction with.a valuable irait (e.g., disease resistance}.

The Galway group is involved.in the isolation of strong all tissue expressing. promoters.
from salmon which w:ll be used to drive expression of antisense GnRH and reporter
genes. In parallel brain specific cDNAs ‘and their promoters are being isolated,

The current situation is that antisense and reporter gene expression constructs ‘have been
made and are being tested in vitro and being microinjected into fish for in vive analysns
Duration three years from Dec.1997. S

National Diagnostics Centre, Umvers1ty College Galway / T. Smlth S.A, M Martm, J
Davidson and P. O'Dea. :

_. Rainbow-trout (Galway), trout and medaka (}NRA Paris) and medaka (Wurzburg)

EUFAIR programme.
Identification of genes involved in fish immunity. Generation of molecular markers to
predict fish immunity and use identified genés to protect fish from pathogen itfectiofi,’
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"Molecular basis of fish 1mmumty for disease resistance.

a) Clonirig of cellular and humoral factors involved in immune response using a variety
of approaches, b) Isolation’ ‘and ciiltiire of fish cells involved in immune response, c)

" 'Combination of a)’ and b) above to estabhsh functional relationship. Transfer of génes
7 jdeiitified into fish. :

"The Galway group is’ involved il':l the isolation of genes whose expression is up or down-

regulated as a result of infection. Differential cloning and differential display RT-PCR
will be used to identify such genes.

Differential display RT-PCR and subtractive hybridisation experiments are ongoing in

| an attempt to isolate novel genes. Duration three years (Jan. 96-Dec 98).

Nationat Dlagnostrcs Centre, Umversrty College Galway / T. Smith, 5.A.M. Martin.and
Q. McMeel. :

Rainbow trout.
EU FAIR Grant...

- .Basis of sex determination and gonadal sex differentiation for sex control in
-+ aquaculture. : Cr

Isolation cDNAs expressed in a male / female specific pattern. Genes are isolated from
developing gonads isolated from genetically male and female line of trout.

Differential display r-PCR and subtractive cloning to isolate cDNAs expressed in male
or female gonads prior to dtfferentnanon In parallel homology clomng of genes know in
other specres will be performed !

“Three year project (JAN 98-2000)

Nauonal Dragnosucs Centre, Umversrty College, Galway / S.A.M. Martin.

Atlantic salmon. -

Funding applied for, presently in house fundmg

Molecular biology of Thyroid Stimulating Hormone and its role in smoltification in
Atlantic salmon (Safmo salar). .
Clone and characterise the Atlantic salmon TSH b-subunit. Study the expression dunng
key stages of thelife cycle. |

Sequence analysrs Detenmne expressron patiern by Northern blot analysis of pitu:tary
RMA. samples. Ana]yses of feedback mechamsm of thyroid hormones on TSH gene

, C}Lpl‘E:SSlm'l
"~ Funding applied for.

Biochemistry Department, National University of Ireland, Galway/ L. Byrnes and K,

Gately.
Atlantic salmon, Salmo salar.
B1oResearch Ireland.

_To examine the regnlation of salmon transferrin gene expression, partlcuiarly dunng

smoltification.

Promoter of salmon transferrin gene has been isolated.

DNA sequence analysrs, electrophoretrc mobrhty shift assays, DNase footpnntmg,
functlonal assays of promoter activity in cell lines,

" Final year (}f project.

Biochemistry Department, National University of Ireland, Galway / L. Byrnes, J. Hill
and A, Kelly. Also two partners in Iceland, one partner in Sweden and one pariner in .
Scotland.

-Arctic charr, Salvelinus alpmus

EU FAIR- CT 96—1981
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.Development of sustamable aquaculture of Arctic charr.

Muln-dismp]mary approach involving fish- farmers, ecologists, brood stock managers,

)  ' fish husbandry experts and molecnlar biologists
.Hollstlc approach encompassing a vanety of techniques to provide a sound smenuﬁc

basis for the development of this species for aquacalture,

- Project started in December, 1996, to continue for three years.

" Recombinant I'NA ‘Group, Department of Microbiology, National University of

Ireland, Galway / R. Powell, E. Powell and G. Cloherty.
Atlantic salmon (Salme salar), rainbow trout (Oncorhynchus
mykiss), brown trout (Salmo trutta).

.. E:U. FAIR Programme 1996--1999,

Generation of highly informative DNA markers and genetic marker maps of salmomd
fishes (SALMAP). : s

Research involves the cloning, isolation and design of PCR assays targeting repétitive -

" microsatellite DNA sequences in the genomeé of the selected salmonids. The objectives

are to define low density genetic maps for the three selected salmonid species.

Recombinant DNA Group, 'Depamuérit of Microbiology, National University of
Ireland, Galway / R. Powell, N. P. Wllkms I.A. Houghton and G. Rafferty.

Pacific oyster (Crassoszrea g:gas)

E.U. FAIR Programme 1995-1999,

Development of a molecular karyotype system for Pacific oyster.

Research involves the construction of large-insert genomic DNA libraries of Pacific

" oyster using E. coli cosmid vectors. The aim is to definc clones that mark spec1f' c '

chromosome pairs and develop a chmmosomal karyotype system based on such

molecular markers.

Recombinant DNA Group, Department of Microbiology, National Umversnty of

" “Ireland, Galway / R. Powell and G. Davey:
" Atlantic saltnon (Salme salar) :

Forbairt Basic Science Programme i997-2000.
Generation of expressed sequence tags for Atlantic salmon,

Research involves the construction of cDNA libraries from four tissues of Atlantic
salmon. Partial DNA sequencing will be used to generate ESTs and define the major =

abundant messenger RNA transeripts in the selected tissues.

Recombinant DNA Group, Department of Mlcroblology, National Umversuy of ‘ | f‘:‘

" Treland; Galway / R, Powell, D. Nolan, T. Smlth and Sam Martin.

Sea lice (Lepeophrhetms salmams)

” N Marme Institute Operatlonal Programme 1997 1999. B
' Clomng and charactensatmn of Lepeoph!he:rus salmonis rmcrosatelhte geneuc

elements as useful tools i in sea llce ecology studies.

Research involves the cloning and des1gn of PCR assays targeting sea lice rmcrosatelhte
elements. The aim is to examine whether such microsatellite assays can be used to
provide useful data tracing sea lice populations with respect to their impact on cultured
and wild fish systems.

Recombinant DNA Group, Department of Microbiology, National University of
Ireland, Galway / R. Powell and J, Thornton.
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" E.U. AIRngramme 1994—199‘7“ e
Improved ldentlﬁcatlon and taxonomy of atyplcal isolates of the fish pathogen

Aeromonas salmonicida, Salmomd afid non-salmonid species.

Aeromonas sa!momada

Research is underway ona gcnetlc biochemical and immunological analysis of new
isolates of ‘atypical’ Aeromonas salmonicida presently being isolated from a large range
of discased sea- and fresh-water fish species. The objectives are (i) to develop definitive
diagnostic procedures for the identification of this bacterial group, and (ii} to quantify
the detrimental effect of this group on native fish resources.

 Department of Genetics, Trinity College, Dublin / A. Norris.

Atlantic salmon,

-Forbairt; Hydro Seafood Fanad
- 1. To investigate levels of heterozygdsity and allelic variation among Fanad's stocks

and the hypothesis that inbreeding miay be a cause of declining fertility and other
physiological problems. 2. To investigate methods for increasing genetic improvement
for certain traits by selection procedures.

Samples have been collected from 5 years of Fanad's stocks, Fanad’s original
broodstock (archived), wild Saimon from 3 Irish rivers and 1 Norwegian river. Samples
from a number of full-sib groups and thelr parents are also being used ina parentagc
study.

Microsatellite DNA for the first stage of the project, quantitative genetics procedures

“for the seconid stage.
Two year project finishing in October 1998.

Department of Zuology, University Cbllege,‘ Dublin/ E. J. Duke, 1.J, Bracken, M.

Sutton-and M. Kelly-Quinn.

Brown trout, Salme trutta.

Zoology, Umversn:y College, Dublm

Examination of the molecular genetics of isolated brown trout populations.

a} fish farm, b) isolated river above impassable waterfall, i.e., no upstream movement of
fish to this system.

MIDNA, RAPDs, genetic fingerprinting,
One year project which started in August 1996.

. School of Sc1f:nce Regmnal Technical College, Galway / E. Gosling. Also one UK, ane
. Belgian and one Portuguese partner.

. Periwinkle species, Littorina (L. saxatilis group, L. littorea, L. striata).

EC MAST IT1. CT95-0042.

Using periwinkles as model orgarisms, to determine the 1nterrelanonsh1ps betweeu the
physical properties of ecosystems and the ecology of organisms in the generation of
biediversity, to measure the resultant diversity, and to produce operational concepts of
biodiversity which are of general applicability and importance,

~Sample collection over a wide geographic range in Western Burope and the Azores.
"Three year project finishing in January 1999

 Salmon Research Agency of Ireland / P. McGinnity. Queens University Belfast / P.

Prodohi and A. Ferguson. National University of Ireland, Cork / T, Cross.
Atlantic salmon, ; '
In house, external funding being sought.

Determination of relative ocean survival of wild and farmed salmon and their F1
hybrids, also the freshwater survival of F2 hybrids and backerosses relative to wild and
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farmed. parents

Use of experimental stream and hatchery controls. with salmon where parents typed for .
several microsatellite loci to allow’ identification of progeny.

Field studies using nucrosatellltes as molecular tags.

Four year project startecd 1997

Salmon Research Agency of Ireland / P. McGinnity.

Atlantic salmon.
Salmon Research Agency of Ireland.

To determine the genetic impact of Ocea.n Ranch Atlantm salmon on natura]
populations. : :

Two scenario's are being studied where (a) the ocean ranch population has ongmated o
from the recipient wild population and (k) where there is no relationship between the
ocean ranch population and the recipient population.

Allozyme unalysis. . .

Ongoing study, -

Salmon Research Agency of Ireland / R. Poolc. With one Norwegian and two UK
partriers.

" Atlantic saimon, anadromous and resident brawn trout,
- AIR3 PL94 2434,

The goal of the research pro;ect is to quantlfy and understand the effects of
hybridisation between Atlantic salmon and brown trout, particularly as it relates to
escapes from aquaculbtre. T

Quantify interspecific hybndxsatmn and introgression in unspmled and genencally
comprom1sed rivers :

Application of mini-satellite and mltochondnal DNA identification techmques
Two year project ﬁmshed in March 1997 :

Salmon Research Agency of Ireland / D. Cotter With one Irish, two Scottish and one
Norweglan partner. ‘ o

Atlantic salmon.
EC AIR Programme.

A comprehensive evaluation of the use of sterile triploid Atlantic salmon in reducmg .
the interaction between wild and farm stocks.

Characterisation of the petformance of triploids in culture.

Setting up experimental population, control population, ocean ranching, reanng
experiments, tagging, simulation of escapes from sea cages. -
Four year programme t& be completed October 1998,

N Aquaculture Development Centre, Natmnal University of Ireland, Cork / T. Cross, P

Galvm and E. Dillane, With two UK and several other European partners.
Ommastrepid squid, fifex coindetii and Todaropsis eblanae.

EC FAIR.CT96.1520. .

To develop microsatellite primers for these squid species, and to use them to search for

inter populatlon variability throughout the range
“"Microsatellite DNA loci.
" Three year project started 1997:
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Aquaculture Development Céntré; Nitional University of Ireland, Cork T. Cross, R
FitzGerald, J. Coughlan and P. Galvin. With one Irish turbot farming company. -
Turbot, Scophthalmus maximus.

Irish Marine Operational Programme.

To compare genetic variability in wild and farmed turbot.

* Four microsatellite loci were developed forturbot and.tested for Mendelian inheritance. :

Farmed and wild samples have been compared from Ireland and Norway.

_ Microsatellite loci, _
'Twao year project ﬁmshed in 0ctober 1997

Aquaculture Development Centre, National University of Ireland, Cork / T. Cross, R.
FitzGerald, J. Coughlan and M. O: Stefansson. With Norwegian and Dutch groups.
Turbot, Scophthafmus maximeus, halibut, FHippoglossus hippoglossus.

FAIR CT97-3544. L
To quantify genetic variability in wild turbot and halibut and to compare it with levels
in nataral populatmns Also, to assess the extent of geographlc vanabﬂlty in w:ld

'populatmns

Microsatellite loci.

Three year projact_sta:rl;e& Januarj.r 1998

Aquacuiture Devalhpment Centre,.Natiorial University of Ireland, Cork / T. Croas, P

- Galvin, J. Coughlan, L. Bourke. With two UK, one Norwegian and one Icelandic ;-
~ Pariner, . .

Cod, hake, blué whltmg and poor cod

... ECFAIR CT95.0282, . Lo . .
- Toinvestigate population structure on-macro- and micro-geographic scales
" Sarnples are:being screened for macrogeographic variation and additional loct are being

characterised.
Minisatetlite DNA loci, transcribed sequences.
Four year project from April 1996.

Aquaculture Development Centre, National Umversny of Ireland, Corle Cross, L.
Bourke andl P, Galvin... - :

. Atlantic salmon;, Salmo salar. .

Electricity Supply Board. -

! To assist the breeding programmies on the tivérs Shannon and Lee by carrying out
- molecular studies; also to collect baséline data for GSI.
" Several hatchery and wild samples have been screened.

M1msatel]1te DNA loci,

" One year project from March 1996. .

: Aquaculture Development Centre, Natlonal Umverslty of Ireland, Cork / T. Cross, P

Galvin, M. Cross and M. Aheme:”

* Atlantic salmon, Sa!mo satar
- EC Interreg

To study genetlé fanabﬂny in the hatchery stram in the river Erne and wild populations
from nearby rivers.

Samples from the hatchery and four nearby rivers have been screened for minisatellites
and are now being assayed for microsatellites.
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" Latvian Flshcnes Research Instltute / O P Vasin.
" Atlanti¢ salmon, "¢ - b o '

OBJECTIVE: Survey of genetic variation. Genetic monitoring of main hatchcry stock

To study the genetic structure and it’s nemporal diversity in order to prevent reduction
and conserve the genelic structure in hatchery reared population.

Allozymes (in Polyacrilamide).
Long term study, since 1984,
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} Department of Flshenes and Manne B]ology, University of Bergen (DFMB) / G.

Nevdal.

Sandeels (Ammodyridae).

The Norwegian Research Council/University of Bergen.

Study the genetic variation between morphelogical similar species, and the poprulatnon
structure within the most aboundant species of sandeels.

Samples from localities from the North Sea, Iceland and Scotland, the Facroe Islands

! and Denmark are being analysed. -+ ¢ - .

Gel electrophoresis and isoelectric focusmg (allozymes).

Three year project started in Januar_j,r 1995 and was terminated in 1997 except for data
treatment.

Cooperation has been established with'several fisheries research institites Around the'

-:Notth Sea-and Tcland. With'a very few exceptions all samples collected from Norwegmn
- waters have been identified as Amodytes marinus. :

Department of Fisheries and Marine Biology, University of Bergen (DFMB)} / G.
Nzvdal. In collaboration with Institute of Marine Research (IMR) Bergen, andi - .=
Mgreforskning, Alesund.

.Redfish, Genus Sebastes. .

The Norwegian Research Councﬂ IMR and the Umversnty of Bergen

Study the genetic. variation between morpholog:cally similar 5pcc1cs and the populatlon
structure within the species. -,

Extensive sampling has taken place throughout the distibution argas of tho rodﬁsh

: _ species, with main emphasise on Icelandic and Greenland waters in collaboration with
.. Institute of Marine Research, Reykjavik, and Mgreforsking, Alesund. Samples have..-
" also been Bxchanges w1th Canadtan researchers.

Gel elecl:rophorests and 1soelectr1c focusmg (ailozymes) RAPD in co]laboranon
IMR

Studies on haemoglobins and allozymes by electrophoresis and isoelectric focusing
have been going on since 1987; the last years with main emphasize on Icelandic and i+
Greenland waters. From 1995 DNA-analyses have been included with the main
emphasize of studying the eceanic and dcep sea 8, mentella; A "new" threg year project
started in January 1995, -

- The project has revealed.a relatwe sn‘nple spocms and population structure for redfish -

species in the eastern North Atlantic, while the picture seems very comphcated n .o
Greenland waters. The G1ant redfish at the Reyk] anes Ridge deviate from the oth”

~ redfisk groups.
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: Depariment of Flshenes ancl Manne Bmlogy, University of Bergen (DFMB)/ G.

Navdal.
Mesopelagic fish species.
Own funding and partly the Norwegian Research Council.

~Identify morphologically similar species and study the structure of the more common

mesopelagic fishes (Maurolicus miileri, Benthosema glaciale, Notolepis rissoi. kroyen).
Samples from Norweglan fiords and offshore waters are being analysed,
Atthe moment SGE of al]ozymes (BNA analyses are planned, but not yet funded)

' VSeveral polymorphic systems are identified i in the three main species. Comparisons. of

frequency distributicns are under way.

Designed as doctor thesis.

Institute of Marine Research (IMR), Bergen, @ystein Skaala.
Atlantic salmon (Sailmo salar L.).
The Norwegian Research Council. .

1. To study the genet:tc implications of transgenic fish by using genetlcal]y marked
multigeneration cultivated salmon as a model organism. 2. To quantify gene flow from :
the modzl species to wild salmon populations. 3. To estimate growth and survival of

- different genotypes (wild, introduced and heterozygotes). 4. To investigate the extent of

genetic initrogression from the model orgamsm to sympatric salmonid species, i.e.,
brown trout (Safmo trutta L.). -

Release of genetically marked multigeneration farmed salmon in a river with-salmeon :
and trout stocks.

Allozymes and minisatellite DNA.

-Spawners with genetic markers returned to spawn in 1995 and 1996, and Fl

individuals, in 1996 and 1997 year class, with marker detected. Further minisatellite
typing necessary to improve resolution of taterial.

Collaborative work on minisatellites with John B. Taggart, University of Stirling. The

 study does not include ransgenic fish, but employ multigeneration farmed salmon as a

model to investigate 1mpacts from trangemc fish potensially used in fish farming in the
fumre.

Institute of Marine Research (IMR), Bf:rgemJ @ystein Skaala.
Atlantic salmon,

The Directorate for nature managcﬁléntL

Studies of temporal stability of gene frequencies in R. Vosso salmor.

Screening of naturally spawned year classes between 1983 and 1996, including
spawners classified as “wild” and “farmed” type by morphology and scales.

starch gel electrophoresis with emphasis on the MEP-2* locus, where the fast allel is
close to fixation in-one of the major brood stocks of farmed salmon, and elevated in
“farmed’”’ type spawners.

Baseline samples of wild Vosso salmon and farmed salmon analysed, all together some

.. 800 individuals from at least 8 year classes. Gradual increase over year classes in

freqﬁency of #125 allele from 0.49 to 0.65 which corresponds to frequency of the allele

_in “escaped” spawners in the river. Significant differences between wild and farmed

spawners at MEP-2*,

“* Collaborative work with Dr K. Hindar at NINA

Institute of Marine Research (IMR), Bergen / @ystein Skaala.
Atlantic salmon and Brown trout.
The Norwegian Sea ranching programme (PUSH}.

" Genetic comparison of three salmon stocks employed under the ranching pmgramme

Genotyping by polymorphlc lsozyme loci.
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Isozyme loci AAT-4%, IDDH-2*, IDHP-3*, MDH-3 4*, MEP-2*, TPI-3*.

All three stocks sampled, genotyped and compared. Pairwise companscns revealed
significant differences between all stocks at several loci. : LT

" Instituté of Marine Research {lMR) Bergen/ K.E. Jprstad.
‘ Eumpean lobster (Hommarus gammarus)

IMR, Norweglan Research Council.
Genetic companson of cultured and wild lobsters.

'Samplmg of wild and recaptured cultured lobsters. Comparison with samples of wild -

stock at Kv1t5¢y and nearby regions.

Starch gel electrophoresis, polymorphic enzymes.
Preliminary report 1997,

The work is part of a large-scale lobster enhancement project.

Institute of Marine Research (IMR), Bergen / K.E. Jarstad.

. _ Malnly hemng (Ctupea harengus). ‘
'~ IMR, Ministry of Foreign Affairs, Norway.
 Yearclass study of herring fjord stocks; identification methods of different herring

stocks in Barents Sea and Russian coastal areas.

Sampling hy research vessel surveys; analyses carried out on board.
Starch-gel electrophnresnslallczyme vanation.

First report 1997,

Part of the study is a joinit work- with: Russian institutions (Moscow State. Unwersuy, :
SevPlNRO (Arkhangelsk) and PINRO: (Murmansk)

Institute of Marine Research (IMR), Bergen / K.E. Igrstad.

European lobster (Hommarus gammerus),

IMR, Norwegian Research Council.

Estimate genetic impact from Scottish lobster/import.

Collection of lobster samples from Scotland and compare with samples from recxplent

_ areas in Norway.

a]lozyme and microsatellite DNA analyses
Initiated spnng 1998. _
Partly in co-~ operat:on with prof Ferguson, Belfast

-~ Department of Aquaculture, Institute of Marine Research (IMR), Bergen / G. Dahle.

Halibut (Hippoglossus hi'ppoglossus).'-

' --‘Norweglan Research Council. -
) Produce genetlc markers i in the aquaculture specnes halibut.

Clone restncnnn dlgested DNA into plasmld vector, and search in the DNA "library”
for repeated sequences which can be used as microsatellite loci.

Cloning, sequencing and exten51ve testing pf possible microsatellite primers.. .. . .

Three year project started in 1996, and will terminate in 1998.

A DNA library has been established and is being screened for possible microsatellite
regions, .

- Department of Aquaculture, Institute of Manne Research (IMR), Bergen f G Dahle

Mackerel (Scomber scombrus),
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Norwegian Research Couneil.

Develop and use new speclesrspemﬁc mtDNA markers in order to stidy the populanon
structure in mackerel::

' Sample individuals from three dtifferent locations in the North East Aflantic, isolated
- mtDNA, and ¢lone and sequence ‘selected fragments.

Isolation’ and sequencmg of mtDN A fragments to identify possible primer sites. -
Two year pI'Q]EBt started m 1998

“Department of Aquaculture, Institute of Marine Research (IMR), Bergen / G. Dahle.

Different marine species.
Norwegian Research Council.

Describe two different DNA techniques for identification of seafood on a species level.
Determine. the error-in each of the methods based on limits for identificarion of different
species in mixed products.

-Isolate DNA from a.variety of d1fferent marine species (fish, mussels, scallops, crabs .

etc). Create a database based on RAPD and RFLP of selected mtDNA fragments Use

" this database to determine the content of dlfferent mixed products.

RFLP of different mtDNA amphﬁed fragments and RAPD based on approximately 60
different primers.

Three year project started in 1997. Several species have been characterised with 40 - 60
different primers (RAPD) and RFLP ot' selected PCR amplified mDNA regions.

' The Norweglan College of Flshery Sc:ence, Umversﬂ:y of Tromsﬁ I S.E. Fevo]den Tn

collaboration with Norwegian Institute of Fisheries and Aquaculture (NIFA), Tromsqi
Deep water shrimp, (Pendulous borealis).
The Norwegian Research Council.

To study the popu}atlon structure of deep water shrimp in the Barents Sea and j ords of
Northern Norway.

.. Shrimps are sampled north (Spltsbergen) east and west in the Barents Seaplusin
;vanous fjords in Northem Norway..

E Allozyme variation plus RAPDs (NIFA)
.. .Three years project starting in 1995.
..~ One allozyme locus (MDH) shows. hlghly significant allele frequency dlfferences when

Barents sea shrimps are compared to shrimps sarapled in fjords in Northern Norway.

University of Tromsg, Norwegxan College of Fishery Science / 5.E. Fevolden.

- Ailantic cod.

Morwegian Research Councﬂ

To study possible genetic differentiation between the North-East Arctzc cod and coastal
cod in Northern Norway. o

-Samples of spawning ced and of O-group cod from the Barents sea and from variocus -

fjords in Northern Norway are compared for DNA variation over consecutive years.

- RFLP at a single copy nuclear DNA polymorphism.
. Three years. project commenced 1993,

The results so far have revealed highly significant allele frequency differences between
the NE Arctic-cod and Norwegian coastal cod.

- The Norwegian College of Fishery Science, University of Tromsg / S.E. Fevolden

{(Norwegian partner in a joint EU-project coordinated by Institute of Freshwater
Ecology, The Windermere Laboratory)
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EU..

Rainbow trout, Oncorhynchus mykiss.

To establish a protocol for the selective breeding of finfish for increased tolerance to
stress and to assess whether stress tolerance is at an advantage under aquacuiture R
condltlons in, terms of growth, dlscasc resistance and reproductive performance.

. Thc hcntablhty, oL genetlc components of stress-related traits will be deternnned in.

progenies groups from paresnts selected among 50 families being tested for stress _
tolerance. The performance of each progeny group (growth, adaptability and dasease a
resistance)will be assessed. S
The selection scheme will be based on stress response of individuals within families,

The selection traits are post—stress plasma cortisol levels and post-stress lysozyme;:.

levels.

Four year project started in. 1996,

"Norweglan Insutute for Nature Research (NINA) / K. Hindar.

Atlantic salmon.

' :Dlrectorate: for Nature Management, Norway and NINA. S
Establish baseline lnformatlon about thc populatlon genetic structure of Atlantic salmon
“in Norway

Samples from all over Norway to analyse spat:a] and temporal variation in gene

frequencies.

Allozymcs .
Ten- -year project to be completed 1998

. Norwegian Institute for Nature Research (NINA) / K Hmdar In co]laboratton w1th two

UK and one Irish group.

* Atlantic salmon and brown trout.

EU AIR3 94 2484.
Quantify and unclerstand hybnd1sat:on between Atlantic salmon and brown trcut
especially in the llght of an 1ncreasmg tcndcncy of escaped farmed salmon to hybnd1se
with trout.

" Index samples from Ircland Scitland and Norway including undisturbed and

“genetically polluted” rivers; behavioural studies of spawning; cstlmatcs of ﬁtness
components in artificially produceid hybrids. s
Genetic markers {(allozymes, nuclear and mitochondrial DNA); feeding history'niarkers

- (natural and synthenc p1gments), constructed spawning arenas; rearing and reléase

studies;
27 month study completed December 1996,

Norweglan Institute for Nature Research (NINA) / I. Fleming, B. Jonsson and K
Hindar. . . . poooe
Atlantic salmon,: . - ¢ .

Research Council of Norway.

Quantify reproductive success ‘of farmed and sea ranched fish relative to wild fish: -

" Behavioural- ecological analysis of reproduction in artificial spawnmg arenas; rclcasc of
-+ genetically marked wild and farmed fish into a river. ; i

Video recording and direct observation of spawning; ecological and genctrc analysrs of
spawners- and their-offspring. : . R o
Ongoing -project to be completcd 1999

Notrwegian Institute for Nature Research (NINA) / K. Hindar and K. Kvalgy, .

' 'Atlannc salmon.
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.. Research Council of Norway

Ana]yse genetic variation in extmct and re-established populations based on
icrosatellite DNA 1solated from

Sl‘udj.r of populatlons for Wl’llCh .good sEale sa.mples exist.

.PCR able-microsatellite DNA

Four-year project started i in 1998

University of Trondheim, Biological Station / J, Mork,
Atlantic salmon.
Research Council of Norway.. - -

- General, interactive PC simulation program for, e.g., prediction and analysis of genetic
~effects of interaction between cultured and wild populations.

Simultaneous handling of combined genetic cffects from random genetic drift, gene

‘flow (model-independent), and seleétion (additive effects) at multiple loci on a
~genetically. pre-characterized set of populations. Any number of genérations can be run.
“Theoretical population genetics, mathematical modelling, computer, Monte Carlo-

simulations.

. Functional version in use at;several'sntes. .

* University of Trondhe1m Blologmal Statmn /J. Mork.

Indifferent.
Instltutlonal

.General, interactive PC simulation program for, e.g., prediction and analysis of genetic
effects of interaction between cultured and wild populations.

- Simultaneous handling of combined genetic effects from random genetic drift, gene

flow:.{medel-independent), and selection (additive effects) at multiple locion a
genetically pre-characterized set of populations. Any mumber of generations can be run,

Theoretical population genetics, mathematical modelling, computer, Monte Carlo |
simulations,

Functional version in use at several sites.

University of Trondheim, Biological Station./ M. Gizver.
Bilue whiting (Micromesistius poutassou).

‘The Norwegian Research Council, grant NF 113606/122. :
" To enlightén the genetic populauon structure in the biue whiting, with special emphas;s

on the north-eastern parts of its distribution range (the Norwegian Sea and the Barents

¢ Seal.

Genotyping of a large number of individuals from a tight sampling net in the relevant
arcas, during and outside the spawmng Seasoi.

‘Allozymes and minisatellites.
Project to be end reported in ]998

Allozyme allele frequencies in a previous Stl.ld}’ indicated a separate stock in the north-
cast part of the blue whiting distribution area. This study has supported those results

and enabled a more detailed delineation and genetic characterization of the north-
" eastem blue whiting.

University of Trondheim, Biological Station / J. Mork.
Cod (Gadus merhua).
Institutional.

. Study of the long term stability of hasmoglobin, alozyme and DNA markers allele

frequencies in'a local populatlon of cod, and test for correlations between genotype and
growth/survival.
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Bi-annual sampling (research vessel) of about 200 specimens from a  Tocal cod . ;

~‘popuilation with no commercial explontatmn

Collection of blologlcal data (length, agc, seX ete. ) and genotyping for polymorphlc

- haemoglobins and tissue enzymes,

Haemoglobin analysis started in 1974 and is ongomg, allozymes from 1980 a.nd ol
ongoing. i
DNA mini- and microsatellites included from 1998 (back-tracking analyses p0551b1e as
well). : :

Biological Station, University of Trondheim / J. Mork. In collaboration with University.
College, Cork, Ireland / T. Cross and P. Galvin, University of Wales, Swansea, UK./

- G. Carvalho and C. Turan and the Norwegian Institute of Fisheries and Aquaculturﬂ, '

Tromsa. Norway /1L E E]lassen .

_ CDCI ‘haddock, Wh:tmg, salthc blue wh]tlng, Norway pout, capelin and herring.

The- Norweg1an Research Council and The Directorate for Nature Management.

: Baseline studies of genetic-population structures in Norwegian coastal waters.::

Collection of ~100 specimens from most Norwegian fjords from the Kola peninsula to
Aalesund (totalling.about 40 locations), storing tissue samples at -84 °C, and analysing-
them using allozymes and various others techniques when such become available,
Sample collection during intensive research vessel cruises along the Norweglan coast 6-
7 weeks each year 1992-1994,

Allozymes, haemoglobins, DNA mini- and mlcm-satelhtes :

Haddock, cod and blue whiting allozyme analyses are a jour (>3000 spemmens each)
DNA minisatellite analyses ongomg for whltlng and (as pilot stud1es) some other
species. :
The genetic studies are coordinated with bmloglcal studies on the same material by The
Norviegian Institute of Fisheries and Aquaculture, Tromsg, in its Coastal Resource
Program. All-specimens are biologically characterised (sex, length, age etc.). Tissué -

- samples have been made available for‘colleagues with interesting projects,

Biological Station, University of Trondheim / I. Mork. In collaboration with Univérsity
College, Cork, Ireland / T. Cross, Marine Research Institute, Iceland / A K.
Danielsdottir, University of East England / H. Godirey {¢o-ordinator) and C. Rico,aiid
MAFF, Lowestoft, UK,

.. Cod, hake, blue whiting snd poor cod.

EU FAIR CT95.0282 (4 years1996-2000).

-Ta develop and calibrate a set of molecular markers for use in detection and

characterization of stocks of commermally important marine fish species in I:he north
Al:lanur:

Collecnon of 100 spemmens from each node in a macro-geographic sampling net
throughout the species’ distribution ranges. Thereafter a micro-geographic sampling ;..
schedule in areas of spec:la.l interest. Use of traditional as well as development of new
genetic ‘markers which are tested for usability. Explering potential general patterns and
correlations betwccn gcnctlc structures and species-specific traits in biology.

Allozymes, haemoglobms DNA mini- and rmcro-sate]htes. cDNA, transcnbed

o sequences, mtDNA.
Haddock cod and blue whltmg allozyme analyses are a jour (>3000 specimens each).

DNA minisatellite ana]yses are ongoing for whiting, blue whiting and cod.

For all samples, individual bmlog:ca] records (sex, length, weight, maturity stage, age)
as well as sampling information (vessel, date, gear, fishing depth) are coilected.

Sea Flshenes Institute, Gdynia /E. W]odarczyk and R. Wenne
Sea trout (Salmo trutta).
Institutional.
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To study population genetic structure of the sea trout in Poland.

Collection of eight samples (40 spec:mens each) from Polish rivers. Fin clippings are
stored in ethanol:

RFLP analysis of PCR amphﬁed mtDNA segments (ND—l and ND- Sf6)

© Ongoing.’

Sea Fisheries Institute, Gdynia l A Was and R Wenne.

Sea trout (Salmo tmtta)
Institutional.

_To study population genetic structure of the sea trout in Poland.

. Collection of eight samples (40 specimens each) from Polish rivers. Fin chppmgs are
_ stored in. ethanol

Tetranuclectide rmcrosatelhtes, PCR sﬂver staining.
Ongoing.

Marine Blology Center, Polish Acadel:ny of Sctences, Gdymal M Pempera and R

- 'Wenne: In collaberation with School of Biological Sciences, University of Wales,

Swansea, UK/ D.O.F. Skibinski and 5. Bell..

Mussel, Mytilus trossulus, .

Committee for Scientific Research

6P04C 004 11 and 6P04C 065 09, . .
To charactense length heteroplasmy of mitochondrial DNA and population vanatlon in
Poland. . . N URRE LR
11 samples-(50 specimens each) were col]ected and analysed. o

PCR amplification and restriction analysisiof two regions of mtDNA, sequencing of the
major noncoding region.

Ongoing.

** Marine Biology Center; Polish Academy of Sciences, Gdynia / B. Smietanka and R.

Wenne. In collaboration with Zcologxcal Museum, Helsinki University, Finland# R,
Vainola. -

Mussels, Mytilus.

: Institutional, Commitiee for Scientific Research

6P04C 004 11.

To compare European populations; . : _—
Eleven samples representing populations in Europe were collected and are analysed.
PCR arnplification of mtDNA, restriction analysis.

Ongoing.

Inland Fisheries Insntute Saimomd Researeh Department Rutki / K.:Goryciko and 5.
Dobasz. In collaboration with.

Institute.of Freshwater Ecology and Inland Flshenes, Berlin, Germany / K. Kohlmann,
and Warsaw University of Agriculture / A. Zynczynski.

Rainbow trout. -

Committee for Scientific Research and institutional.

To improve the breeding value of rainbow trout.

Family selection from outbred broodstock. The 100 F1 families were started in 1991, In

1994 from the 10 selected Tamilies the 100 F2 families were produced and réared during
1595, Growth and morphology were monitored.

“Each family is reared separately until the end of the first season, then the fishes are -

tagged (PTT tags), number of families culled is 60, fishes are reared in one pond until
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sexual maturity.

Inland Fisheries Institute, Salmonid Research Department, Rutki / K. Goryezko, S: -

Dobosz and H, Kuzminski.
Rainbow trout.
Institutional,

To protect genetic dwersﬁy ina valuabIe strain mamtamed by stockmg (Vistula sea
trout gene bank).

Freshwater broodstock is produced fmm representatwe group of nver ascendmg sea :
trout.

Samples of 50 g of fertilised eggs from each wild female spawned were takern, mcubated

and réared at SRL. Random samples of 1991 and 1993 year generations presmolts wére

PIT tagged (1200 and 600 fish rcspectwely) Smoltification, growth and age at ﬁrst

T maarity are menitored.

“Inland Fisheries Institute, Salmonid Research Department Rutk1 K- Goryczko and S
. Dobosz. In collaboration with : ) et

* University of Agnculture and Technology, Olsztyn / M. Luczynskl

Whitefish,

Committee for Scientific Research.

Enhancement of endangered stock of Baltic whitefish.

Freshwater broodstock produced from eggs obtamed during 3 consecutive years from

~ wild spawners,

Using the trout farming methods the stockmg material (Summer fi ngerllngs} and bmod
fishes were produced. The biochemical genetlc studies of farmed whiteﬁsh were: i

. realised,

Institute of Oceanography, University of Gdansk, Gdynia / K. Blicharska and M.
Wolowicz. In collaboration with Observatoire Oceanologique, Universite Pierre et
Marie Curie, CNRS-INSU, thlefranche sur Mer, France / C. Thiriot-Quigvreux.

.. -Bivalves

Myrilus trossulus, Macoma balthica, Cerastaderma glaucum and Mya arenaria.
Institutional. . e
To'characterise karyotypes of Baltic bivalve spectes

Analysis of colhicin-treated mitotic chromosomes from somatic tissue, silver staining.

Chair of Genetics and Cytology, University of Gdansk, Gdansk / A. Wysocka and T.
Sywula.
Ostracod, Candona neglecta.

: Commitiee. for Stientific. Research and institutional.

Genetic comparison of populations from fresh and sea waters.

" Ning populat]ons from lakes and the Gulf of Gdansk were sampled.
: Allozyrnes ' ‘ ‘

s Chan' of Genencs and Cytology, Umversnty of Gdansk, Gdansk { I. Laszczuk and T

Sywula

Marenzellena vmdts (Polychaeta) Palaemonetes variants and Rhlthropanopeus hamsn
(Decapoda), Neogoblus melanostomus (Gobudae)

Institutional.
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To characterise genetic polymorphism in recently established populations in Baltic.

20-25 allbzyme loci for each {gp‘écnes were studied.

Biological Station, Umvermty of Gdansk Gorki Wschodnie / E. Mulkiewicz and EF.
Skorkowski. :

- -Saduria enthomon (Isnpoda)

Institutional.
To characterise genetic polymorphism of LDH.

- Bxpression of 3 tetramenc LDH (A, B and C) loci in different tissues was siudied. -

Institute of Maritime and Tropical Medicine, Gdynia / B. Szostakowska and P. Myj ak,
In cellaboration with Gdansk Technical University, Dept. of Microbiology / J. Kur,
Anisakis, Pseudoterranova, Contracaecum.

Institutional.

To constrct molecular diagnostic markers for species identification.

Allozymes, nuclear DNA, PCR, RFLP,

Chair of Blochemlstry, Umversﬂy of Gdansk (Gdansk / M. Zmijewski, G. Klein and B.

. Lipinska.
" Sea bactena Vibrio harveyz _
- Institutional; Committee for, Scientific Rcsearch
“To characterise gerie codmg heat shock protem HSP - DnaK and Dnad and to study role

of its products.

Molecular cloning, Northern blotting, sequencing, transcription analysis.

Olsziyn University of Agriculture and Technology, Department of Basic Fishery
Sciences /:M: Luczynski and collaborators In collaboration with Sea Fisheries Instlmte
/M. Wyszynski.

‘Whitefish-(Coregonus !avaretus) brearn (Abramis brama), pikeperch (Stizostedion

-+ lucioperca), viver lamprey (Lamperruﬂuwanhs), herring (Clupea harrengus) and other

species.

- - Committee for Scientific Research; Institutional.

Baseline studies of genetic populanon structures in the Polish Baltic Sea coastal waters.

" ‘Collection of ~100 specimens from different locations, analysing them usmg a]]ozymes

Sample collection during the spawmng Seasor.

g Allozymes S

Ongoing

Olsztyn Umvers;ty of Agriculture and Technology, Department of Basic Fishery
Sciences / M. Luczynski and collahorators Ini collaboration with Sea Fisheries Institute

" in Gdynia / R. Bartel and Fish Fa.rm “Aquamar’ * { Marczynski.

Salmon {Salme salar).
Institutional, Polish Committee ‘for Sciemiﬁc Research.

To assess _gginétig:_ polymérphism i_:! hatchery population.
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UCTRA, Universidade do Algarve, Portugal; Bivlogy Department. University of
Padova; Department of Genetics. Institute. of Marine Biology of Crete (coordmator)
Anchovy (Engraulis encrasicolus), . -~ Gy o
DG XIV FAIR. N

Study of the stock structure in the Med:;ten'ancan and adjacent seas. S
Adult and larval samples from Black, Aegean, Adriatic, Tyrrhenian, Alboran- Seas and
from the Atlantic coast of Portugal will be analysed with the proposed methodology. All
laboratories will standardise the procedure with a central depository of samples ; and data
in Crete.

RFLPs, mDNA and microsatellites.

 Started December 1996. o T S S

UCTRA Umvermdacle do Algarve (cuordmator) School of Sciences, Unwt:rsny of
Birmingham, UK. :

Norway lobster Nephraps narvegic'us'). )
DG XIV Biological studies.

- Estimation of population sizes in Norway lobster, a new methodology.

Collection of specimens in 2 consecutive years. Development of a genomic library for
microsatellites. Screening of samples o csumate genetic variation, Data analy$is:

Use of molecular genetic techniques to estimate genetic variation and its relationship to
population breeding size, Genetic variability will be estimated as the expected’ = 71
proportion 'of heterozygotes assuming Hardy-Weinberg equilibrium. This statistic wnll

: beused as 2 basis for the estimation of effecr.lve population size.

Starts March 1997.

Lab. de Citogenetica, ICBAS / Prof, I, Malheiro, University of Porto / Dr C. Thiriot.+
Observatoire Oceanologique de Vlllefamce—sur-Mer Umvermty P. et M. Curle, CNRS-

. INSU.
- Ostrea edulis, Cmssostrea angu[am C gigas, C. v:rgmtca and C. sxkama

Chromosome analysis to study the cytegenetic organisation of different species of
oyster; detection of the response of aneuploidy and the possible transmission of this.- - :

. .phenomenon to the next:generation; relationships between the presence of aneuploidy

and development.

: Karyotyping from branchial tissue, morphometric analysis of the: chromosome, GG
. and NOR chromosome banding. ‘ : & R

Ph. D thesis project.in progress, in collaboration with France (thesis in co- tutela)

This project-opens the door to-a special coeperation between the two-countries. The
thesis that is involved in this project will be simultaneously recognised in Portugat.and.
France without an extra evaluation.

.Dept. of Fisheries Technology, IPIMAR. / Dr AM. teia dos, Santos, Instituto de . ..
' 'Investlga(:lones Marinas (S - Head of prolect) Federal Research Cenire of Fisheries *

(D) Umversnty de Santiago de Compostela (S). Rowett Research Institute (UK).
Sardine and squ1d

. EU-FAIR (accepted).

To devclop DNA-based diagnostic techmques adequate to ldentlfy species of aquatlc
organisms (fish, shellfish and motluscs) in products of which other techmques, such as
protein methods are inappropriate.
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Various techniques to isolate and distinguish DNA sequences such as RFLP, SSCP,
specific probes and sequencing.

This project has the-aim to sét li;ﬁ #DNA. computer data base for the;identification of -
fishery products.

Dept. of Fisheries technology, IPIMAR / Dr A.M. Teia dos Santos. INETI

(IBQTA}'DB(BQII).
Sardine (Sardinia pilchardus).
PRAXIS XXI {(submitted).

" Intra- and inter-specific genetic variability Study of sardine from the Portuguese-

continental coast.

Various techniques to-isolate and distinguish DNA sequences such as RFLP, RAPD,.
SSCP, microsatellite DNA fingerprint and sequencing, e
This project has two principal aims .

to know what kind of behaviour the speciesshows in this area in order to allow an
ordered and rational management of this resource, and the maintenance of Portuguese.
sardine fisheries derived products quality in order to guarantee the competltweness of
these prodizcts in the internal and external markets.

Departrnénf of Genetics, Faci]lty of S'.c':'icnce, University of Vigo/ A. Sanjuan 'Lf)pf:z.' '
Cephalopod.

AMBS4-0371. CICYT.

Genetic variation in cephalopod species of commercial importance by mean of mDNA

- sequence and allozyme polymorphism,

. ; Department of Genetics, Faculty of B1olOgY, University of Granada / M. Ruiz Rején.

Sparidae.
PB92-0964. DGICYT.

Study of phylogenetic relationships between Sparidae species using ribosomal and
sateliite DNA analysis.

. Department of Genetlcs, Faculty of Smences, University of Malaga /M. C. Alvarez

Herrero.
BIO93— 1461 CE CICYT
Identification of genes involved in early development of fish.

Instituto de Acuicultura de Torre de Sal. IARS, CSIC / §. Zanuy Doste.

-of AGF94~1321-CE. CICYT.

Development of genetic DNA Markers for sex determination in farmed fish:

Department of Genetlcs, Faculty of Medicine, Umversﬂy of Qviedo. E. Garcia Vﬁzquez

- Atlantic salmon.

AIR1-CT-92-0719. UE.

An assessment of the genetic consequences of deliberate or madvenent mtmductmn of
non-native Atlantic salmon’ mto natural:populations. : :
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- Department of Genetics. Faculty of Medlcme University of Oviedo / E. Garcfa -

Vazquez.

~ Atlantic salmon and brown trout,

DGICYT. :
Contribution of precoc:ous mature Atlantic salmon male to hybridisation with brown

-~ trout,

:Department of Genetics, Faculty of Medlmne, University of Oviedo/ J. A Sanchez

Prado.

" Atlantic salmon and brown trout,

AQ-2.493. UE: b
Selective breeding and' genenc management through genome marking and inbred
clones.. - i .

Department of Genetics, Faculty of Medicine, University of Oviedo / J.A. Sdnchez.
Prado.

Atlantic salmon.

PB-92-0992. DGICYT.

. Development of molecular genetlc Ma.rkers to 1dent1fy natura] populatlons of Atlantlc
“salmon:

Department of Genencs Faculty of Mechcme, University of Oviedo / A, Saru:hez
Prado.

Turbot.

PB-94—1348. DGICYT.

Use of chromosome mampulatlon and molecular technlque 5in genetlc 1mprovement of
turbot. :

Department of Genetics, Faculty of Medicine, University of Oviedo / LA, Sdnchez
Prado. o

Brown trout and Atlantic saimon.

© . Institutional-and regional funds of Navarra; Guipiizcoa and Leén Governments, ~ * -

Genetics studies of brown trout and/or Atlant:c salmon restockmg pregrams in rivers cf
Navarra, Gulpuzcoa and'Ledn.

Department of Genetics, Faculty of Medlcmc. Unwcr51ty of Ov1edol LA, Sa.nchez
Prado., i iy
Brown trout, rainbow trout, Atlantlc salmon, Pacific salmon

. ICI, 8pain, FONDEF PI-10, Chile.

Genetic analysis of Chilean salmonid species.

Department of Genetics, Faculty of Vf:tennana, Umversnty of Santlago de Compostela
Campus de Lugo / L. Sdnchez Pifién. . g

;... Brown trout.
PB-93:0648, DGICYT
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Chromosomal distribution of DNA tandem repeats in salmonids.

Department of Genetics, Faculty of Veterinaria, Uruvers:ty of Santlago de Compostela,

7 Campus de Lugd / L. Sanchez Pifién, -
© Eel.. '

XUGA-26109B95. Xunta de Galicia.

Molecular analysis and chromosomal location of satellite sequences in eel species.

Departnient of Genetics, Faculty of Veterinaria, University of Santiago de Compostela,

. Campus de Lugo / P. Martinez Portela.

Brown trout.
XUGA 26201A94. Xunta de Galicia.
Polymorphism of ribosomal genes of brown trout.

Department of Genetics, Faculty of Veterinaria, University of Santiago de Compostela,
Campus de Lugo / P. Martinez Portela.

Turbot.

- MAR95-1855. CICYT.

Use of chromosomal techniques'and genetic diversity analysis in the improvement of
turbot. :

Department of Genetics, Faculty of Veterinaria, University of Santiago de Compostela,
Campus de Lugo / L. Sinchez Pifidn and P. Martinez Portela.

Brown trout.
SC95/005. INIA.

Ecological and genetic variation in brown trout

Salmon Research Institute / H. Jansson.

Atlantic salmon.

NMational funds,

National survey of genetic-variation in Atlantic salmon.

Gene frequencies are used to describe. spanal and temporal genetic diversity among
salmon populations.

- Allozymes and DNA.

Long term study.

N SLU- Dept of Aguaculture / Jan Nilsson.

Arctic charr,
EC, Swedish Council for Forestry and Agrlcultura] Research.

*. Develop sustainable aquaculture of Arctic charr, develop breeding plan for Arctic char

in European aguaculture.

Genotype- eénvironment interactions-are studied using family structured breeding
populations replicated and reared in different fish-farms. Importance of variation in
genes with potential effects on economically important traits are studied in
domesticated strains as an attempt to obtain useful genetic markers for breeding.
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Quantitative and molecular genetics.

Second year.

Insﬁtufc of Freshwater. Rcscérch_, Fisi:léries;BoaId of S\n;'cdén / L.Edsman and B R

Ekstrand. GV
Noble crayfish {(Astacus astacus), Signal crayfish (Pacifastacus leniusculus). e ': o
Carl Tryggers Foundation. .
Mapping genetic variation in the natlvc noble crayfish-genotypical d1vers1ty for
biologically relevant crayfish management and policy.

Samples of noble crayfish populations from different geografical regions in Sweden are
collected and tested for genetic differences in the laboratory

"PCR, RFLP in rntDNA microsatellites. °

Just started, first report dlscnbmg mel‘hodology for sampling and for getting a PCR
product ready

National Board of Fisheries, Institute of Freshwater Research, Laboratory of Fish  *
Genetics / T, Jirvi (Prof.), B. Ekstrand (Res ass. ), L. Laikre (Smcnust 20 %)

-Atla.ntlc salmon. Brown trout.

N. Bd. Fish., Swedish Couhcil for Forestry and Agricultural Research, EC

Reveal any ecological effect of releasing domesticated salmon and trout on wild -
conspecifics. The study include quanmatwe genetics (QTL} and patemlty studles based

. -on-micro satellites..

RFLP/mtDNA Microsatellites.
Just started.

Salmon Research Institute. / H. Jansson
Atlantic salmon and brown trout,

“National funds.

Genetic moitoring of hatchery stocks.

Hatchery stocks are monitored at regular intervals in order to prevent reduction iof - :
genetic variability.

Allozymes and DNA.,

Long term study.

Salmon Research Institute / H, Jansson. Department of Genetics, Uppsala Umversxtyl .

- K..Fredga . and H. Tegelstrém. ;

Atlantic salmon X brown trout hybrids.

Swedish Council for Forestry and- Agnculmral Research.

To study

1} the incidence and direction of hybndlsatlon between Atlantic salmon and brown
trout in Sweden, 2) factors that promote hybridisation, and 3) genotypes, survival and. .
fertility of progeny from hybrids backcrossed to parental species.

Hybrid frequencics are assessed annually in different habitats, The maternal spec:les of

the hybrids is determined. Experiments with different types and numbers of spawnefs
are performed in controlled environment. First generation hybrids and backerogs-—

- individuals are used in crossing experiments. Parts of the project are performed i’

cooperation with T Jarvi, E. Petersson and B, Rag‘na:sson / National Board of: -
Fisheries. :

.. ‘Allozymes and mitochondrial DNA. .
~ Three year study 19971999,
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‘ Department of Zoology, Uppsala
* Research, National-Board of Flshenos {E. Petersson

veﬁlty /1. Dannewitz. Institute of Freshwater

Atlantic salmon (Satma salar)

" Institutional fundmg and pnvate fundmg

To investigate the influence of egg size on future growth, survival and life history
adoption in Atlantic salmon. To test new methods for releasing hatchery produced
Atlantic salmon.

The experiments will be conducted in natural and sermni-natural streams.

" Microsatellites will be used as markers in the parentage-studies.

One field experiment has been initiated. The laboratory work will start in autumin 1998,

‘ ._ Division'of Populétion Genetios; -Stc)ckho'lm: University / N.Ryman.

Brown tront (model orgamsm)

 Swedish MNatural Science. Rcscarch Counc1l (NFR).

Long-term genetic/ecological study:of natural brown trout populations in a protected

.. area in northern Sweden. The aim is o, illuminate how natural populations function

genetically. Several issues have been addressed using the data collected s far, and the
results will be of practical significance for fish conservation in general. For instance,
theory developed at the Division for estimating effective population size when
generations are overlapping has been applied to empirical data accumulated within'the
project.

The same natural and introduced populations:are sampled annually. Data on-age, sex,
length, weight are collected for every individual. Tissue samples (muscle, liver, eye} is_ -
collected for every individual,

Ailozyme and partly, mtDNA a.nalyses Thf:ory development, staust:cal a.nalyses

Ongoing, long term study.

Division of Population Genetics, Stockholm University / N.Ryman and L. Laikre :
Brown trout (model organism).

Foundation for Strategic Environmental Research (MISTRA),

The release of hatchery fish into the wild (stocking) is practised extensively within the

. field of fishery management. Stocking may result in a series of genetic interactions-

between the hatchery-bred fish and natural populations. The genetic integrity of wild
populations is threatened not only when releasing fish with an exotic genetic
background - loss of genetic variation may occur also when the released fish ongmate

from, or belong to, the recipient: population (so-called supportive breeding).

Nevertheless, the genetic-effects of breeding-release activities on the genetic

- composition of natural populations are poorly understood. The aim of the project is to
* produce information that makes it possible to reduce or eliminate the harmful effects on
- biodiversity on the gene level that are potentially inherent to stocking activities.

‘Anadromons brown trout’ popuiatlons from the Baltic Sea (Gotland) will be used as a

“ ‘model system.

i _"I'heory development and computer simulations. Biochemical analyses of brown trout
" tissues samples collected from populatlons at Gotland.

Theory development pnmanly allozyme analysm

o Ongoing.

Division of Population Genétics, Stockholm University / N.Ryman.
Brown trout (model organism). i
Swedish Natural Science Research Council (NFR).

Studies of molecular genetic markers have added relatively little to the understanding of
the genetic basis for variation in phenotypic traits. Here the existence of genetically
determined phenotypic differences between populations of brown trout that are
divergent at electrophoretically detectable protein loci is investigated.
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Genetically tagged individuals from two stocks exhibiting behavioral and ecological « - -
differences have been introduced into a drainage system previously void of brown trout.
In the common environment the presence of phenotypic differences amaong different

groups of offspring is expc::ted to reflect genetically determined dissimilaritiés betweén

" the original stocks.

Allozyme analyses, statlstlcal evaluatlon nf genetic and morphologmallecologlcal data )
Ongoing, long term study ' ' '

Division-of Population Genetics, Stockholm University / N.Ryman. .. .- . . "
Brown trout:(model organism). .

Swedish Natural Science Research Council (NFR)

Release of genetically modified organisms poses a potential threat to wild populations. -
Important information on the spread of genes can be obtained through the study of gene
introgression via orgamsms which are not genetically altered. By not usmg realff_ o
tranisgenic organisms risks are ‘avoided and costs minimized. ‘
Two genetlcally different stocks of brown trout have been translocated into a naxural
lake system. The introgression of genes from these stocks to naturally occurnng brown !
trout-populations is. studied.

' Allozyme analyses computer simulations, statistical evaluations.
' Ongomg, long term study '

- Division of Population Genetics, Stockholm University / L. Laikre.

Browri trout (model orgarism):
County admlrustranve board of Va.rmland (Lansstyrelsen, Viarmland).

" To address the problems of momtonng bidlogical diversity at the gene jevel usmg

natural brown trout populations in the Province of Virmland.

Biochemical analyses of nssue samples collected from sefected brown trout
populations.
Primarily allozyme analys1s statistical evaluations, computer simulations.

. -Ongoing.

'D1v1510n of Popitlation Gcnetlcs, Stockholm University / L. Laikre.
o _Brnwn trout (rnodel orgamsm)
Erik Phlhp Sorensens Foundation.,
.. Information regardmg the tcrnpora] dynamncs of alleles at genetic marker loci in natural
.. populations.is.exceedingly, sparse. Typically, population genetic investigations include
.:sampling. at one particular occasion only. This fairly limited knowledge of the extent of
.. temporal variation of DNA markers influences the interpretation of observed spatial
.. patterns; it is Jargely unclear if they are stable over time. In this project temporal shifts
" of mtDINA haplotypes. in-natural brown trout. populations in the Province of Jamtland is

studied. The amount of genetic drift over several consecutive cohorts (year classes) is
quantified and provides the basis for estimating female effective size in these -

. populatmns The extent of .mtDNA haplotypc frequency change is compared with the

. correspondmg allele frequency changes at a]]ozyme loci for the same populatlons and

cohorts.

Tissue sample collections from natural brown trout populations over several yéar‘s ‘
Biochemical analyses of the samples followed by data analyses involving apphcatlon of
theoretical developments provided by other projects at the Division.

Primarily mtDNA analyses using PCR. and restriction enzyme analysns, statmnca]

.. evaluations, computer simulations.
Ongoing.
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School of Biology and B:ochemxstry, The Queen s University of Belfast / O. MicMeel,
L. Hoey and A. Ferguson.

Brown trout (Salmo tritta),
Natural Environment Research Council.
To obtain cDNA nucleotide sequences of the LDH-CI* 100 and *90 alleles forbrown

" trout and, based ori the’ sequence difference, to develop a method for genotyping LDH-

CI#* after PCR' amphﬁcatmn of genotmc DNA from tissue biopsies and archive

‘material. -
~ Produce cDNA by reverse transcnptase PCR of RNA isolated from retmal tissue and

sequehce.
PCR, automated sequencing,
Completed March 1998,

School of Biology and Blochemlstry, The Queen s University of Belfast / A. Duguid,
P.Prodihl and A, Ferguson :

‘Brown trout (Salmo truita).

Dept of Education for NI watil September 1998 Fisheries Society of the Bnnsh IsIes

Studentship 1998 2001.

“To determine the extent of populanon structufing within and among bmWn troutin’
* large freshwater lakes in Scotland. -

Population sampling of major lake systems. Population genetic analysis.

'Allozymes, mtDNA RFLPs, rmcmsate[htcs, specific nuclear gene RFLPs and
.sequencing,

Started October 1997,

School of Biclogy and Biochemistry, The Queen’s University of Belfast / R. Hynes, P
Prodohl and A. Ferguson. .

Brown trout {Salme trutta).
Internal University funds.
To determine the extent of population structuring and postglacial colonisation patterns

.. for brown trout in Britain and Ireland. ‘
: - Sampling of unstocked freshwater and anadromous populatmns Populatmn genetlc

analysis,
MiDNA RFLFs and scqucncmg, transferrin and LDH sequencing,

Ongoing.

School of Biology and Biochemistry, The Queen’s University of Belfast / P. Prodohl;

R. Hynes and A. Ferguson. In collaboration with the Salmon Research Agency of -~

Ireland / P. McGinnity.
Atlantic salmon (Salmo salar).
Internal funding.

Four groups were reared in common envmmment in hatchery and released to sea at
smolt stage. Adulis sampled in coastal drift nets and on return to freshwater in fixed

_ traps. Parentage is being determined by DNA profiling.

Standard fisheries measurements,. microsateilite and minisatellite DNA proﬁhng
Due for completion June 1998,
Follow on from juvenile freshwater project which was funded by EU-FAIR,

- To determine the survival at sea and homing abilities of Atlantic salmon of native, - -
farmed and hybrid parentage. .

99



Study 5

LABORATORY/RESEARCHER

SPECIES
PROJECT FUNDING
OBJECTIVE , .
DESIGN
METHODOLOGY
STATUS
COMMENTS

Study 6

LABORATORY/RESEARCHER

SPECIES
PROJECT FUNDING
OBJECTIVE

DESIGN

METHODOLOGY
STATUS.. .
COMMENTS

Study 7

LABORATORYIRESEARCHER

SPECIES -
PROJECT FUNDING
OBJECTIVE

DESIGN

METHODOLOGY
STATUS -

‘ salmon on native populanons throngh an assessment of the performance of second

- School of Biology and Biochemistry, The Queen’s University of Belfast / P. Prodohl -

- conditions to enable high-resalution studies of European lobster genetics. To determine . i

' potentlal genetic impact of stock management and enhancement on natural populatlons

School of Biclogy and Biochemistry, The Queen’s University of Belfast / P. Prodéhl-
and A, Ferguson. [n collaboration with Salmon Research Agency of Ireland / P.
McGinnity. Stofnfiskur Ltd., Iceland / J. Jonasson. National University of, Ireland Cork/ i
T. Cross. : i
Atlantic salmon (Salmo saiar) ‘ ' o
Internal funds used to support initial work.

Te determine the genet:c impact of hybrldlsaunn between wild and fa.nned Atlantlc

generatlon hybrids ‘and backcrosses .

The freshwater and marine performance of F2 hybrids and backcrosses of F1 hybnds to
both wild and farmed stocks is being assessed.

Standard fisheries measurements, nucrosatelllte DNA profiling.
Ongoing. _
EU FAIR funding appl:ed for

and A. Perguson. In collaboration with IMR, Bergen, Norway / K. Jorstad. Shellfish
Research Laboratory, Galway, Ireland / J. Mercer. Aristotle University of Thessalomkl
Greece / C. Triantaphyllidis.

European lobster (Homarus gammarus). .
Internal funding; Norwegian Research Council. S o
To deve]op microsatellite and mitochondrial DNA markers and to optimise screemng '

the contnbuuon of ranched mdmduals in mixed wild and ranched harvests and the

To elucidate the breeding structure in vatious European lobster populations.
Population samples are being obtained from throughout the native range. Eges from
“berried” females are being examined for parentage. Genetic impact of ranching is
being assessed using genetic tags. o
Standard fishery measurements, rmcrosatelhtes, mtDNA RFLPs,

Ongoifig. : :

EU-FAIR funding applied for. -

School of Biology and Biochemistry, The Queen's University of Belfast / P Prodohl

-and’ A Fergusorn. In collaboratién with Danube Delta Institute, Romania / R, Suciu.

Sturgeons (Ac:penser Husa).

Royal Society: Y

To determine the genetic population structure of endangered sturgeon specles of the
Lower Danube. . i
Biopsy tissue samples will be obtained from ascending individuls in the lower part of
the river, Individuals will be given ultrasonic tags to determine final spawning .
locations.

Microsatellites, mtDNA RFLPs. |

Ongoing.

REeCeNT NORTHERN IRELAND PUBLICATIONS:

Prodihl, P:A:, Walker, A., Hynes, R.; Taggart, J.B. and Ferghson, A, {1997} Gehetwa]ly monomorphic brown trout (Salmo trutta
L.) populatmns as revealed by nutochondnal DNA multilocus and smgle locus minisateflite (VNTR) analyses, Heredtty 7%

208-2 l 3

Stone, C.E., Taggart, ].B. and Ferguson, A7 (1997). Single locus minisatellite DNA variation in European populatlons of Atlantnc
salmon (Salmo salar L.}. Hereditas 126 268-275. 4]
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McGinnity, P., Stone, C., Taggart, 1.B., Cooke, D, Cotter, D, Hynes, R., McCamley, C., Cross, T. and Ferguson, A, (1997).
Genetic impact of escaped farm Atlantic salmon (Salmo salar L) on native populations: use of DNA profiling to assess

freshwater performz_mce of wild, farm and hybnd progeny m

54: 998-1008.

'vcr emnronment 1 CES Jaumal of Manne Science.

Clifford, S.L., Mchmty, P. and. Ferguson, A. (1998)., Genetic changes m an Atlantlc salmon (Salme salar L.) populauon
resulting from escaped Juvemle farm salmon J’ Fish Bzol 52 118—-127

Clifford, 8.L., McGinnity, P. and Ferguson, A. Genetic changes in Atlantic salmon (Saimeo salar L.) populations of NW Irish rivers
resulting from escapes of adult farm salmon. Can. J.. Fish. Aquat. Sr:: (in prcss)

[

Thompson, C., Pocle, R., Matthews, M. and Ferguson, A, Genetic assessment,_using .minisatellite DNA pmﬁling','of secondary
male contribution in the fertilisation of wild and ranched Atlantic salmon (Salme salar L.) ova. Can. J. Fish. Aquat. Sci. (in

press).
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Molecular Genetics Section, Fish Cu]tiiratioﬁ Team, FR3 Marine Léb'or’ato_ry. Aberdeen
/ E. Verspoor (project leadet). In collaboration with Department of Zoology, University
of Aberdeen and Scottish Agncultural Collegc Edinburgh.

Salmo salar.

"Scotnsh Office, NERC, Scottnsh S'almon 'Growers Assoctation.

To develop the scientific basis for the appllcatmn of molecular markers to the selecuve
breeding of Atlantic salmon.

Research into three areas of molecular markéf'dcvelopment and application

pedigree analysis, assessemnt of genetic diversity, and assessment of breeding merit
using QTLs. S

Microsatellites; allozymes. miDNA and rmmsatelhtes
Ongoing. R :

" Molecular Genetics Section, Fish‘CuIt'ivatib’n Team, FRS Marine Laboratory, Aberdeén

!/ E. Verspoor. In collaboration with Department of Cel! and Molecular Blology,
University of Aberdeen / P.J. Wright anid N. Haites. '

Ammodytes marinus; Melanagrammu.s aegleﬁnus
Scottish Office, ™~
To identify optimal molecular markers for marine fish population structure studies.

To identify variation in the coding and non-coding regions of the DNA of growth
hormone and tranferrin genes and compare their utility in resolving population
subdivisions.

~ Minisatellites, cDNA libraries, DNA sequencmg

Ongoing.

‘Molecular Genetics Section, Fish Cultivation Team, FRS Marine Laboratory, Aberdcen

/ E. Verspoot. In collaboration with the Centro Ictiolégico de Arredondo, Spam f1Co
Garcia de Leaniz. :

Salmo salar,
EU, Scottish Oifice, British Council.

To gain insight into the genetic consequences of deliberate or inadvertent transfers-of:
salmon from one river to another,

Transplantation and monitoring. of genetlcally markered groups of fish using common

garden experiments. .

MMDNA, allozymes, mlmsatellltes
Ongoing. Lo
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* Scoitish Office, Atlantic Salmon Trust INTAS (pendmg)
" Coltation of published and unpubllshed genetlc data; selected sampling of néw

‘ 'Ongomg

. and the same hosts in d1fferent geographical regions focusing on ribosomal and ‘

'DNA séquencing, RFLP al'ljalysis. .

) nssues

. Sequencmg of paﬂmgen DNA ancl development of species specific PCR detection _ o
~ method. R

Molecular Genetics Section, Fish Cu]twatmn Team, FRS Marine Laboratory, Aberdeen
/ E. Verspoor. In collaboration w1th others,

Salmo salar. . 5 .

To investigate into the phylogenetlcs and phylogeography of Atlantic salmon across the
species range.

locations; syathetic analysis of data.
Microsatellites, miDNA, allozymes

Molecular Genetics Section, Fish Cultivation Team, FRS Marine Laboratory, Aberdeen
{ C. Cunningham (project leader).

Gyrodactylus salaris.

. .EU, Scottish Office.

. To resolve taxanomic groups at the spemfic and mtraspecrﬁc level to facilitate pathogen
deteetlon

Analy51s of DNA sequence variation among paras1tes associated with different hosts ,

rrutochondnal DNA.

Ongoing.

Molecular Genetics Section, Fish Cultivation Team, FRS Marine Laboratory, Aberdeen
/ C. Cunningharm,

Various.

Scottish Office.

To develop novel, rap:d sensmve methods for the detecnon of pathogens in ﬁsh

DNA sequencmg, RFLP analysns

... Ongoing.

. Molecular Genetics Sectron Fish Cuitivation Team, FRS Marine Laboratory, Aberdéen

/M. Snow and C. Cunmngham
Rhabdovirus.
Scottish Office, EU.

To determine if different species specific or geographically distinct straints of
Rhabdoviruses exist in relation to VHS outbreaks in marine species.

; .Culture of Rhabdovlruses from d1fferent species and locations and sequencmg of genes.

DNA sequencing, o . ‘-‘: R
Ongoing. AT :

Gatty Marine Laboratory, University of St.‘Andrews, St. Andrews / I. Johnstone. -
Molecular Genetics Section, Fish Cultwatlon Team, FRS Marine Laboratory, Aberdeen
/ A. McLay. : : § S

Salmo salar, Salmo trutta. o
NERC,Scottish Office, British Council.
To determine the effect of incubation temperature on early growth and muscle
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development.

Comparison of parameters among genetically tagged families and populations reared
under ¢ontroled hatchery condmons arld under ambient ¢onditions in the wild. .

Microsatellites.
Ongoing.

FRS Marine Laboratory, Aberdeen, Scotland ! A. McLay.

" Salmo salar.

Scottish Office.
To assess family and population variation in maturation timing.

Comparison of two synchronously spawned, genetically tagged stocks of salmon in a
common controlled rearing environment.

- ‘Minisatellites; hormone assays. -

Ongoing.

Gatty Marine Laboratory, School of Environmental and Evolutionary Biology,

University of St Andrews, 5t Andrews / C.D. Todd, K. Wolff and M.G. Ritchie.

Lepeophitheirus salmonis (Salmo trutta, S. salar).
NERC, U.K. (1997-2000).
(1) Development of molecular markers for population analyses of sea lice infesting wild

and farmed salmonids around the Scottish coasts. (2} Quantification of interactions
between wild and farmed stocks in terms of infestation dynamics.

. Contfirmation of marker heritability in laboratory cultures. Screening.of pa.rasnes from

wild and farmed stocks. Time-series analyses of specified populauons
DNA sequencing, RAPD, SCAR microsatellites.

Ongoing.

Behaviour, Speciation and Genetics Research Group, Bute Building, University of 5t
Andrews etc, / M. G. Ritchie, J. Graves and A. E. Magurran

Various Mexican Goodeid spemes

NERC, UK.

(1) To determine levels of genetic diifferentiation among lineages of goodeid which

- differ in the extent of female-controlled sexual selection (2) To determine the genetic

heterogeneity of captive populations.of endangered species.

Collection of samples from the wild and captive populations. Deveopment of -
microsatellite DNA markers and DNA sequencing for genetic analysis.

_DNA sequef!i;ifi:_g, I:;n_ierosratellite_s,r_rbehaviou:al analysis.
Ongoing;. ...

Fish Muscle Research Laboratory, Gatty Marine Laboratory, School of Enivronmental -
and Evolutionary Biology, University of 8t. Andrews, St. Andrews / I.A_ Johnston. Part
of larger project involving

Marine Laboratory, Scottish Office Agriculture and Fisheries Laboratory, Aberdeen;
Department of Zoology, University College, Galway, Ireland; Matre Aquaculture

. Research Station, Havforskingsinstitutett, Norway
‘Salmo saiar

ECU. .

Minimising the interaction of cultured and wild fish

a comprehensive evaluation of the use of sterile, triploid, Atlantic salmon.
Sampling of fish to assess .muscle growth throughout development.
Histology, microscopy and image analysis. -

Ongoing.
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Department of Zoology, University of Aberdeen Aberdeen. In collaboration wnth others
/ P. Boyle and E. Greatorex . _ R
Loligo forbesi plus others.

EU. .

To identify molecular markers which can resolve population structure.

development of microsatellite loci; screening of wild samples from different
geographical areas.

" Microsateilite clomng, DNA sequencmg, PCR primer development

Ongoing.

Department of Zoology, Unwer31ty of Aberdeen and FRS Marine Laboratory, Aberdeen:
{ N. Bailey, P. Boyle and L. Noble.

Nephrops norvegicus.
Scottish Office, Aberdeen University,
To identify molecular markers which can resolve population structure.

_ development of microsatellite loci; screening of wild samples from different .,

geagraphical areds.
M1crosatelllte cloning, DN A sequencmg, PCR primer development, mtDNA RFLPs.,
Ongoing.

FRS Freshwater:Fisheries Laboratory, Pttlochry / A. Youngson, J, Taggart and athers..
Salma salar. :

Scoitish Officé, MAFF.

To assess within population variation in spawning success, offspring survival and
distribution in fish ascending the Girnock Burn, Scotland.

Biopsy of mature fish passing through the Girnock trap, sampling of spawning redds
above the trap, electrofishing of post-hatch juveniles.

: Minisatellite DNA ﬁngerpnntmg
- Ongoing..

Atlantic Salmon Trust, Pitlochry, Scotland! FRS Freshwater Fisheries Laboratory,

* Pitlochry/ J. Webh; A. Youngson,] Taggart
© - Salmo salar

Atlantic Salmon Trust Scottish Office
to study competition among families in relation to parentage, redd locatlon f:y densmes
and patterns of dispersal and survival in the Baddoch bum, Scotland

planting out of families at the eyed ova stage into the burn in artificial incubatiors
followed by sampling of fry and juveniles by electrofishing and in a downstream trap; -
monitoring of retuming adults.

Minisatellite DNA ﬁngerprmttng

. Ongomg

' School of Enwronmental and Evoluttona.ry Btology, Behaviour, Speciation and |

Genetics Group, University of St Andrews, St Andrews / A, Magurran J Graves and J
Evans.

‘Poecilia reticulala.
'Phb stadentship University of St Andrews.

The development of microsatellites for the ana.lysts of paternity and for populatton '
structure. - ’ ‘

1998 WGAGFM Report




DESIGN

STATUS
Study 18" -
LABORATORY/RESEARCHER

SPECIES

PROJECT FUNDING
OBJECTIVE
DESIGN

METHODOLOGY
STATCS |

Study 19
LABORATORY/RESFARCHER
SPECIES

PROJECT FUNDING
OBJECTIVE

DESIGN

METHODOLOGY
STATUS -« .-

Stody 20

LABORATORY/RESEARCHER '~
T T  CU S stinding, Stirling 7 N Bromage.

SPECIES
PROJECT FUNDING
OBJECTIVE

DESIGN

METHODOLOGY . . .
STATUS

Study 21

LABORATORY/RESEARCHER

SPECIES o
PROJECT FUNDING -
OBJECTIVE

DESIGN

METHODOLOGY
STATUS

Study 22

LABORATORY/RESEARCHER

1998 WGAGFM Report

Use enriched techmque to isolate fiicrosatellite sequences, design primers and test for
polymoxphlsm o
Ongoing.

"Genetics and Réﬁrddﬁctidn Résearch G'*ro'up_, Institute of Aquaculture University of

Stirling, Stirling l B.McAndrew; Adams

" Salmo salar.

Commercia/NERC.
Inheritance of disease resistance.

200 families will be monitored under commercial conditions and resistant and
susceptible individuals will be identified to family level. Full sib families will be
challenged and results correlated with commercial results.

Parentage analysis using microsatellites and controlled disease challenges.
Ongoing:. .- - : g

*-Genetics and Reproduction Research Group, Institute of Aquaculture University of -

Stirling, Stirling / B. McAndrew and N. Bromage

©"Attantic halibut.
" Private/BBSRC.

. To describe differences in growth and other features in male and female halibut.
" Identify sex-determination mechamsm and develop microsatellite markers for

broodstock management.

Compare growth and performance under controlled conditions of farm produced halibut
fry. .
Chromosome set mampulation, mlcrosatelhtes

. Ongoing.::

Genetics and' Reproductlon Research Group, Institute of Aquaculture Umversny of

Tilapia / rainbow trout.
EC Training and Mobility Grant.

To follow chromosome pairing during meijosis in tnplmd fish to identify possible sites
of sex specific markers.

Foltow gonadal maturation in experimentatly derived populations during multiple

-(tilapia) and single (rambow trout) gonadal maturation cycles

Supranema] chromosome. .complex and dna probing.
Ongoing. :

- Genetics and Reproduction Reséarch Group, Institute of Aquaculture University of - . -

Stirling, Stirling /'D. Penman and B. McAndrew.
Puntius gonionetus,

* DFID Fish'Génetics Progfamme.

Development of monosex culiure in Puntius species.

Investigation of the sex determination systems of Puntius species; production and
evaluation of monosex female P. gonionotus.

Chromosome set manipulation, DNA fingerprinting.
Ongoing.

Genetics and Réprézdu;i'ti'ori Research Group, Institute of Aquacuitiire University of
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.. Stirling, Stirling / D, Penman... .

Common and major carp species:.
DFID Fish Genetics Programme.
Genetic improvement of Indian and commeon carp for aquaculture.

Investigation of the present status of Catla catla in Karnataka state and development of a
genetic improvement programme. [nvestlgauon of early sexual maturation and
unwanted reproductlon of common 1 carp in Karnataka state. and development of

' solutmns L

MIDNA, allozymcs nucrosatelhtes, chromosome set manipulation,
Ongoing.

School of Ocean Sciences,: University of Wales, Bangor / A, Beaumont and M.D.R.,
Portilla.

Myztilus edulis.

CONACYT (Mexico) and UWB (PhD programme).

To investigate the potential genetic effects of the artificial selection of fast growmg
larvae in hatchery culture, -

Series of laboratory matmgs (mass matmgs and single family crosses) with subscquent .
selection for fast and slow growmg latvae and eventual allozyme electrophores:s of
juveniles.

- Larval reanng, allozyme electrophoresm and some DNA analysis.

Ongorng preparatlon of papers

School of Ocean Sciences, University-of Wales, Bangor / A. Altun, A. Beaumont.and'J.
Latchford.

Mytilus edulis and Crassostrea gigas.

Mustafa Kemal University, Turkey and UWB (PhD programme).

. To develop gene transfer technologies suitable for bivalves..

Development of suitable insert DNA:and its transfection by electroporanon of eggs
Electroporation, clomng, genomic DNA library. R
Ongomg .

*-Schiool 6f Ocean 'Sciénces, University of Wales, Bangor / F. Carissan and A. Beaumont.
Plymouth Maring Laboratory / R. Pipe. ZENECA Laboratories, Brixham'/T:*f .

Hutchinson.

Mytzlus edulis and Hediste (Nereis) diversicolor,

Welcome Trust Ecotoxicology Studentship (PhD programme). T el
To investigate genetic variobility in relation to immunocompetence.

;. Individuals characterised on the basis.of their immunocompetence and correlated.toy .
. -allozyme genotype at enzyime loct.

Immunocompetence measured, on the basis of variation in numbers of different blood
cell types and their phagocyte capacity-in the-face of challenge. Allozyme
electrophorems at enzyme loct. ‘

()ngmng

"School of Ocean Sciences, University of \‘;’ales, Bangor / K. Abey, A. Beaurnont and J.

Latchford.

Cerastoderm edule, the cockle.

NERC and UWB (PhD studentsmp)

To investigate population genetic variation over species range
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Develop microsatellite Markers.and test on samples from various populations.

© ' Create DNA library, search for and:sequence suitable microsatellite Markers. Develop:
- primers and use wn;h PCR to*inVesﬁg‘ate popu]atwn genetic variation.

o Ongomg

Molecular Ecology and Fisheries Genetics Laboratory, Department of Biological
Sciences, University of Hull, HULL, HUé 7RX, / G.R. Carvalho and W H. Hutchmson)
and CEFAS. Fisheries Laboratory; Lowestoft/ . Rogers., -

Cod, herring and plaice.
Hull University Scholarship and in-house funding.
To determine whether changes in the intensity and nature of exploitation have

' _smﬂuenced genetic populatlon structure in North Sea exploited fishes
Examine genetic structure in past and present-day populations using archived otoliths -

and fish scales

Techniques will be developed to extract DNA from archived material (otoliths and
scales) for microsatellite and mitochondrial DNA analysis from north sea fishes
collected over the past 30-40 years. Data will examine changes in levels and
distribution of genetic diversity, as well as investigation of relationships between
documented shifts in phenotypic characters (e.g., reduction in size and age at maturity)
and genotypic structure.

Started in Qctober 1997, and will contlnuc for 3 years. At carly stage of methodological
development and sample collection.

The study will form the basis for'a Ph. D. thesis and part of an Ongoing programme of
studies designed to assess the lmpact of selective fishing on levels of populanon '
biodiversity. . .

Molecular Ecology and Fisheries Genetics Laboratory, Department of Biological
Sciences, University of Hull, HULL, HU6 7RX, / G.R. Carvalho and G. Adcock).
British Antarctic Survey, Cambridge / P.G. Rodhouse.

. Squid ({lex argentinus).

Natural Environment Research Coum:ll UK.
To determine the impact of fishing intensity on genetic diversity.

Preserved samples of I argentinus collected from Falkland waters between 1988-1996
will be examined to compare genetic structure over a period that the intensity of fishing

_has changed markedty, and there have been documented crashes in population size.

Microsatellite analysis of preserved samples will be undertaken to assess levels of
genetic diversity and temporal patterns of allele frequencies. Genetic data will be
compared with information on the intensity of exploitation, catches landed and’
estimates of population size.

The project will commence in Aprtil 1997, and continue for an initial 9 month period.
This Study will provide one of the first to compare genetic structure in an exploited
fishery over a period of major change in the intensity of harvesting. Data will provide
some indication of whether the current low levels of genetic diversity are characteristic
of relatively unexploited populations, or related to fishery-induced reductions in
population size.

Molecular Ecology and Fisheries Genetics Laboratory, Department of Biological
Sciences, University of Hull, HULL, HU6 7RX, / G.R. Carvatho and C. Turan,

Atlantic herring (Clupea harengus).

Overseas post-graduate studentship (Turkey) + in-house funding,

To develop novel molecular Markers for stock discrimination of herring,

To develop novel genetic Markers in widely-separated populations of herring from the
North Sea (esp. Norwegian fjords), Baltic and Canadian waters using novel approaches
(Polymerase chain reaction (PCR) based analysis of mitochondrial and nuclear DNA.
PCR-based analysis of mtDNA (ND genes), allozymes and microsatellites,
morphometrics and meristics.
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i

April 1994 - April 1997, -

All practical studies are:now complete,: and ﬁnal stages of analysis are underway
Genetic differentiation (allozymes) between Norwegian fjord herring and coastal stocks,
and all samples and Baltic herring. Si gnificant genetic differentiation detected between
previously geneticaily homogeneous samples using microsatellites (e.g., Icelandic”
herring). Paper in press in J. Mar. Biol. Assoc. UK. (late 1997).

School of Blol()gmal Scmnces Umversnty of Wales Swansea, Singleton Park, Swansea /
DeD.OF. Sklblnsk.l

NERC. . j _ S N

.To. ahalyse growth and geﬂe flow in'muss'.cl 'populations.

Allozyme, nuclear DNA and mitochondrial DNA analysis of diverse populations-and
species.

-As aboye,
Ongoing.

School of Biological Sc1ences Umverstty of Wales Swansea, Singleton Park, Swansea!
DrDOF Skibinski.

_- Aquatic animals.

NERC. .

To analyse causes of genetlc diversity in aquatic animals.
Use of allozyme database.

Statistical and stmulation analyses of database.
Ongoing.

School of Biological Smences University of Wales Swansea, Singleton Park Swanseal
Dr D G F Skibinski. Sl

Tilapia.-
ODA. :
To produce improved strains for aguaculture in Africa and the Far East.

“Sélective breeding and chromosome manipulation.
" DNA and transgenic technology.

Ongoing. . ‘ . 3
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