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Glossary 
 
 
AQUAEXCEL:  Aquaculture Infrastructures for Excellence in European Fish Research 
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Definitions 
 
Gynogenesis: a form of induced parthenogenesis in which the nuclear DNA of the 
organism is of maternal origin only. The sperm is irradiated before fertilising the egg, 
to inactivate the paternal nuclear genome. Diploidy may be restored by suppression 
of the second meiotic division (leading to “meiotic” gynogenetic, partially 
heterozygous due to recombination at meiosis) or of mitosis in the haploid zygote 
(leading to “mitotic” gynogenetic, dihaploid, completely homozygous). 
 
Homozygous clone founder: a completely homozygous individual produced by 
androgenesis or mitotic gynogenesis from an outbred clone founder. Genetically 
identical progeny produced from such an individual (by androgenesis or 
gynogenesis; in subsequent generations, hormonal sex reversal may be used to 
produce individuals of both sexes to allow propagation by normal crosses) will 
constitute an isogenic line. 
 
Isogenic line: a group of genetically identical, completely homozygous individuals. 
Also called fully inbred clonal line. In this context, homozygous clone founders 
are produced by induced androgenesis or mitotic gynogenesis from outbred clone 
founders, then these founders are propagated by androgenesis or gynogenesis. In 
subsequent generations, hormonal sex reversal may be used to produce individuals 
of both sexes to allow propagation by normal crosses. 
 
Outbred clone founder: an individual used as a source of eggs or sperm to produce 
a homozygous clone founder by androgenesis or mitotic gynogenesis. Such an 
individual may come from an outbred population, a defined strain or a line selected 
for particular traits. Such individuals would be expected to be heterozygous at a 
proportion of loci. 
  
Appendix 1 illustrates the production of an isogenic line using androgenesis. 
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Summary 
 
Objectives  
The objective of this deliverable was to optimize mitotic gynogenesis as a technique 
for developing isogenic lines in the Atlantic salmon. 
 
The term “optimize” should be qualified here. Yields of mitotic gynogenetic individuals 
(as survivors at first feeding stage) are normally low – in general a few percent 
relative to that observed in control groups (untreated sperm and eggs, normal 
crosses) – and variable. Some of this variation is due to egg quality (poor egg quality 
will give disproportionately low yields of mitotic gynogenetics, often zero) and the 
genetics of the individuals used as outbred clone founders (e.g. recessive lethal or 
deleterious alleles).  In practice, the objective is to be able to produce enough 
homozygous clone founders to then be able to go on to produce isogenic lines. 
Homozygous clone founders are completely inbred, so an (unpredictable) proportion 
will have reduced reproductive capacity. 
 
Rationale  
Mitotic gynogenesis (and androgenesis, producing equivalent dihalpoid animals apart 
from mitochondrial DNA being of maternal origin in androgenetics) has been induced 
in a wide variety of fish species (reviewed by Komen and Thorgaard, 2007). This 
includes some salmonids, but there is very little published research on inducing 
mitotic gynogenesis in the Atlantic salmon (Johnstone and Stet, 1995; Davidson et 
al., 2010). 
 
The methodology chosen to induce mitotic gynogenesis in Atlantic salmon here was 
UV irradiation of sperm to inactivate the paternal genome, followed by pressure 
shock to suppress mitosis. 
 
Main findings 
Optimized UV irradiation treatment of sperm produced hatched embryos with typical 
haploid syndrome, with a very low percentage of embryos of normal appearance. UV 
irradiation of sperm plus pressure shocks (9500 psi, 5 min. duration) given at 4400-
4800 degree-minutes (minoC) postfertilization resulted in surviving embryos (putative 
mitotic gynogenetics), while shocks given earlier (3800-4200 minoC postfertilization) 
did not.   
 
Over 300 fish from these treated groups have been reared, PIT tagged and biopsied. 
Genetic analysis using 15 markers showed that only two of these fish exhibited 
biparental inheritance (presumably UV inactivation failure), while all other fish were 
homozygous at all of the 15 markers for which the mother was heterozygous. 
 
These fish are candidate homozygous clone founders. 
 
Teams involved  
IMR, UoS 
 
Geographical areas covered  
Norway, UK: it is intended to make isogenic Atlantic salmon more widely available. 
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1. Optimization of mitotic gynogenesis in Atlantic salmon 
 
On 14 December 2011 at IMR, 4 ml of milt from one male salmon was diluted with 
160 ml milt fluid (milt from several males were centrifuged until clear and the clear 
milt fluid was frozen and stored at -20 C and thawed before the experiment). Twelve 
15 ml aliquots of the diluted milt were irradiated with UV light for 6 or 8 mins in 8 cm 
Petri dishes at 480 mW and transferred to 25 ml polyethylene (PE) containers and 
stored refrigerated and in darkness until fertilization. One control group was made 
with the diluted unirradiated milt (Table 1). 

 

Table 1. Experimental design and group names. 

Milt UV 
exposure 
times 
(min.) 

Group name 
(minoC shock 
time/UV exposure 
time) 

6 8 4800/6 4800/8 

6 8 4600/6 4600/8 

6 8 4400/6 4400/8 

6 8 4200/6 4200/8 

6 8 4000/6 4000/8 

6 8 3800/6 3800/8 

Control Control 
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The UV irradiation doses used were based on a trial carried out at UoS before the 
AQUAEXCEL project started (Figs. 1 and 2). 
 

 

 

 

 

 

 

 

 

 

 

 
Figure 1. The effect of UV irradiation of sperm on survival of embryos at 300 degree 
days. C1, C2 = controls (no UV irradiation). UVx = duration of UV irradiation (min). 
Sperm was diluted to 5 x 108 ml-1 and irradiated at 170 µW.cm-2 with 254nm UV light. 

 

 
Figure 2. Hatched embryos from control and 8 min UV groups (see Fig 1). Scale bar = 1 
mm. 
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1000 salmon eggs from one female were fertilized with each of the sperm aliquots 
and left to hydrate in 0.5 L PE bottles at 8 C until pressure treatment. At 3798 (3800), 
4000 (4000), 4193 (4200), 4403 (4400), 4605 (4600) and 4816 (4800) minoC the PE 
bottles were transferred to the pressure chamber and the eggs were pressurized for 
5 mins at 9500 psi (The simplified group name is shown in brackets). 
At the eyed stage and at hatching the groups were checked for survival (Table 2). No 
surviving eggs were found in the 3800, 4000 or 4200 group, but surviving eggs were 
found in all other groups. 
 
Table 2. Survival (percent) in salmon eggs fertilised with UV light irradiated sperm. 
The survivals on 31 January  and 26 March are measured in a sample of c. 20 eggs. 
The survival to 7 August is based on number of surviving individuals.  
 
Sample 
date 

UV 
(mins) 

Survival (%) at different times for pressure induction 
(minoC postfertilisation) 
3800 4000 4200 4400 4600 4800 

31 Jan 6 0 0 0 0 6.25 63.20 
 8 0 0 0 4.35 8.70 50.00 
26 Mar 6 0 0 0 3.7 4.0 47.6 
 8 0 0 0 0 13.4 52.4 
7 Aug 6    0 1.2 13.5 
 8    0.2 1.7 15.1 
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2. Genetic analysis of putative mitotic gynogenetics 
 
On 7th August 2012 the surviving fish were PIT tagged and a small fin-clip was taken 
for genotyping. 
DNA was extracted from fin-clips. This was performed in 96-well format using a 
commercially available extraction kit (Qiagen DNeasy®96 Blood & Tissue Kit). Each 
96-well plate included two blank wells as negative controls. All samples were subject 
to genotyping with a set of 18 microsatellites that are used in the molecular genetics 
laboratory at the Institute of Marine Research for Atlantic salmon genetics projects 
(e.g., Glover et al. 2010, 2011, 2012). These loci were amplified in three multiplexes, 
using standard protocols for fresh tissues (full genotyping conditions available from 
authors upon request); SSsp3016 (Genbank no. AY372820), SSsp2210, SSspG7, 
SSsp2201, SSsp1605, SSsp2216 (Paterson et al. 2004), Ssa197, Ssa171, Ssa202 
(O´Reilly et al. 1996), SsaD157, SsaD486, SsaD144 (King et al. 2005), Ssa289, 
Ssa14 (McConnell et al. 1995), SsaF43 (Sanchez et al. 1996), SsaOsl85 (Slettan et 
al. 1995), MHC I (Grimholt et al. 2002) and MHC II (Stet et al. 2002). PCR products 
were analyzed on an ABI 3730 Genetic Analyzer and sized by a 500LIZ™ size-
standard. The raw data was controlled manually twice before export for statistical 
analysis. The chromosomal position of these markers and thus their power to 
discriminate mitotic and meiotic gynogenetics is being investigated. 
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Parents

Controls

Individual with
male contribution

Individual with
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Figure 3. Microsatellite analysis of 2 parents and 362 offspring. The first 45 
individuals are fertilized with diluted, but unirradiated milt. The others were fertilized 
with UV-irradiated milt and pressure shocked. Sire (sperm) alleles are presented in 
blue and green. Only two individuals from the putative mitotic gynogenetic groups 
showed any paternal contribution. 
 
 
After tagging and sampling the experimental fish (including 45 control fish) were 
transferred to three tanks for further ongrowing. The different experimental groups 
were distributed among these three tanks for safety reasons. 
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Table 3. Numbers of surviving individuals in the different groups. 
 

Pressure 
(minC) 

UV irradiation (min.) 

6 8 

4400 0 2 

4600 121 17 

4800 135 1511 

1 One fish with male contribution was found in each of these groups. 
 

All the remaining fish will be reared on for further analysis and for phenotypic 
description. All the individuals without male contribution were homozygous for all the 
markers where the mother was heterozygous (15 of the markers). These fish will all 
be candidates for the production of clonal lines. 
 
In October we will start the work to further optimize the protocol and to produce the 
candidates for the second generation of clonal lines. 
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Conclusions 
 
 

 A series of pressure shocks were given to Atlantic salmon eggs fertilized using 
UV-irradiated sperm. 

 >300 putative mitotic gynogenetic Atlantic salmon were produced from 
pressure shocks given at 4400-4800 minoC post-fertilization. 

 These fish are being grown on as potential isogenic line clone founders. 
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Appendix 1: 
 
Example of development of an isogenic line, in an XX/XY species via gynogenesis 
 
The diagram below illustrated the development of an XX isogenic line in a species with 
XX/XY sex determination, using gynogenesis (and hormonal masculinization in later 
generations). A single outbred clone founder will generate inbred clone founders that differ 
from each other, reflecting heterozygosity in the outbred clone founder and recombination 
leading to gamete (egg) production. Thus isogenic lines generated from sibling inbred clonal 
founders will vary from each other. 
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