Analysis of an Hertwig effect in the rainbow trout (Salmo
gairdneri Richardson) after fertilization with &gamma;-irradiated sperm
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In this work, we tried to optimize y-treatment of sperm to obtain large
numbers of haploid gynogenetic embryos after fertilization.
The analysis of increasing doses showed a typical « Hertwig effect)) in all cases, but we
found wide between-male variations in the most efficient dose. This variability was reduced
by mixing several irradiated samples collected from different males or given different
efficient doses.

Summary,

Introduction.
of parthenohas been induced
in many vertebrates (Rostand, 1934 ; Fankhauser, 1945) and more recently in several
fish species by means of X or y irradiated sperm (Romashov et al., 1963 ; Golovinskaia, 1968 ; Purdom, 1969). This treatment leads to haploid development with early
abortion generally before or immediately after hatching time. Cold-shocking the eggs
in the first minutes after fertilization prevents the extrusion of the second polar body
in some zygotes and gives rise to diploid gynogenetic fry.
It would be especially advantageous to induce gynogenesis in commercial species
as a direct way of producing monosexual populations (Stanley, 1976 ; Nagy et al.,
1978) and highly inbred lines (Nagy et al., 1978). Several works on salmonids described the obtention of haploid development but failed to induce diploidization (Purdom,
1969 ; Lincoln et al., 1974).
We tried in this first paper to optimize they-irradiation technique by determining
the best dose, and by localizing and reducing the causes of residual variations.
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Material and methods.
The sperm of one or several rainbow trout males was removed and distributed
volumes into 5 ml tubes held on ice in the irradiation room ; y-rays were
°Co« Pagure » source (CEN, Soclay) with a maximum of 900 krad/hr.
delivered by a s
in

equal

We analysed doses between 7.5 and 375 krad ; the duration of the treatment varied
from 15 to 60 min. Recently ovulated eggs (1 000 to 3 000/female rainbow trout)
were collected, and kept at 4 !C until fertilization. They were drained and distributed
in equal batches of 200 each. Dry fertilization was carried out as follows : 0.2 to 1 cc
of sperm was placed over the eggs then diluted with 10 to 20 cc of a sperm diluent
(saline buffered solution pH 9) (Billard, 1974) ; each batch was let stand for 15 min
and then introduced into a thermoregulated (10 !C) recirculating incubation system.
At that temperature, embryonic development comprises three stages (Vernier, 1969) :
(i) segmentation (Day 0 to Day 4), (ii) gastrulation (Day 5 to Day 10), and (iii) tailbud
(Day 11 to Day 35). The eggs can be handled from Day 20 which corresponds to the
beginning of the eyed-stage, characterized by the advent of melanine in the optic
vesicles. To sort the batches, we first separated the dead (W
white) from the live
eggs. Those with an embryo (E) could be easily distinguished at the eyed-stage from
the unfertilized eggs (C
clear) (at an earlier stage, we had used Stockard’s liquid
which fixed the eggs and revealed the embryos). The percentages of Wi and Ei were
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karyological examination of the blcistulae were those previously
(1963). The slides were stained and covered according to Jaylet’s

Results.
1. Dose effect. - The sperm collected from 3 males was given 15-min doses of
9 to 250 krad. The eggs obtained after mixing three spawns were fertilized at the rate
of 2 cc/1 000 eggs. We computed the white eggs at D,, ,
13 D
D
I8 and D
20 and the live
ones at D
27’ The following results are shown in figures 1 and 2.
The lowest doses caused a complete embryonic loss reflected in the increase of the
percentage of white eggs. The rate of clear eggs and eggs with an embryo increased
with the dose.

-

- Survival rate variations in terms of incubation time (fig. 2) allowed us to distinguish two different batches : (i) those corresponding to the higher doses in which
most of the embryos lived past D
27 but died before hatching (embryos with many
morphological abnormalities : short body, small eyes, weak vascularization around
the yolk), and (ii) those corresponding to the lower doses and generally aborting
before .
13
D

-
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All the histological slides (50) corresponding to the 150-krad batch resembled those
fig. 3. The nuclei contained an haploid genetic set (n 30).
=

2. Volume of sperm per egg.
We irradiated (150 had for 15 min) a mixture of
sperm removed from 2 males and tested it with eggs collected from 10 females, then
compared its effect with that of the non-irradiated sperm. The latter was equally
effective at all dilutions, whereas the treated sperm lost 50 p. 100 of effectiveness when
the volume was less than 0.5 V
.1/egg (dilutions of 0.5, 1, 2, 3 g
legg gave equivalent
l
Volumes
than
0.5 g
results).
higher
legg were always used in the other experiments
l
described in this paper.
-

3. Dose rate and time-course between spem collection and fertilization.
For the
same total doses, we compared two durations
and
two
fertilization
60
and
(20
min)
delays (T = 3 and 5 hrs) in a three-factor factorial experiment. The analysis of
-
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4. Choice of males and sperm mixture.
The sperm of 3 males was compared after
5 different irradiation doses. The results at D
23 (fig. 4) showed wide variations among
the males. Expecting to reduce this variability, we studied seven doses between 120
and 210 krads and compared the curve corresponding to a mixture of four sperm
batches removed from 4 different males (fig. 5) with those of the individual results and
their arithmetical mean. The embryonic development rate of males was found to
vary again, and there was a favorable effect of sperm mixture, enhanced when the
individual results were more heterogeneous.
-

Still expecting to reduce the variability, we analyzed a sperm mixture given three
different doses (table 2). The results were slightly better than the arithmetical mean,
but no significant different was found.

Discussion and conclusions.
1. The number

effect, i.e. the
zero

in the different batches showed a typical Hertwig
variations in terms of the dose level : (i) a sharp decrease to
then an increase to a maximum (at around 150 krad), (ii) an

of live embryos

following

for the low doses,

n the number of abortive eggs, followed by a decrease, the maximum corresponding to the first zero of the preceding curve. Abortion usually occurred before
gastrulation, and the survivors observed later belonged either to the control or to the

increment

batches that were fertilized with sperm given more than 50 krad.
The maximum haploid activation rate was obtained by using higher doses than
those previously announced in other papers (Vassileva-Dryanovska and Belcheva,
1965 ; Purdom, 1969). The use of an appropriate sperm diluent (extending the duration
of sperm activity and considerably reducing the requisite number of spermatozoa for
one egg) might play a role in these results.

Karyological examination of« high-dose » batches revealed the haploidy of the
developing embryos, probably subsequent to gynogenesis. Edwards (1957) working
on the mouse showed that the X-irradiated male pronucleus entered the eggs and was
extruded during the first cleavages, whereas UV irradiation prevented its entering at
all. In Pleurodeles waltlii after X-irradiation, Gaillard (1974) recognized a residue of
replicated paternal chromatin in several larvae and advised the use of UV rays.
We did not observe such a phenomenon, but our karyological methods did not permit any very definitive conclusions. However, and according to many authors, we
speculated that the Hertwig effect was a consequence of differenticil viability between
the eggs having received and replicated an irradiated male pronucleus (antegastrulation abortion) and those having developed without paternal genetic set at all (haploid).
2.

3. Analysis of the variation factors showed that the dose rate and the time-course
between sperm collection and fertilization did not influence the results, and that the
wide differences among males could be reduced by mixing their sperm. Also, mixing
several batches of sperm, which had received different doses, could increase the repeatability of the treatment. To summarize, it is now possible to use the y-ray treatment,
which is efficient enough, for further study of diploid restoration.
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Au cours de ce travail, nous avons cherché à optimiser le traitement du sperme
rayons y dans le but d’obtenir après insémination des taux élevés de développements
gynogénétiques haploïdes. L’analyse de doses croissantes a montré un effet Hertwig typique
dans tous les cas, mais nous avons enregistré pour la dose optimale d’importantes variations dues au mâle utilisé. Cette variabilité peut être réduite en utilisant un mélange de
plusieurs fractions de sperme irradiées (provenant de mâles différents ou ayant reçu
différentes doses efficaces).
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