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OH CHROMOSOMES

(melodie: 0 denneboom)

0h chromosomes, my chromosomes,

How faithful is thy mission,

Oh chromosomes, my chromosomes,

Thou bringest my condition.

You make my eyes look brown or blue.
My blood group, too, depends on vyou,
Meiosis brings us something new,

Not gained by simple fission.

Oh chromosomes, my chromosomes,
We've learned to know you better,
We know the code of DNA

We can translate each letter.

Our thymine must have adenine,
Our guanine mates with cytosine;
Their messenger, pure RNA

Puts our proteins together.

Oh chromosomes, my chromosomes,

How faithful is thy mission.

Oh chromosomes, my chromosomes,

How sad is my condition,

My grandsire's gift for singing well
Has gone to some lost polar cell,
That's why | sing this doggerel;

| can do no better.

G.L. Stebbins 1969
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Voorwoord

Het is voor mi] een gencegen dat 1k via dit veorwoord in de gelegenheid
ben om verschillende personen en instanties te bedanken voor hun steun en
bijdrage bij het tot stand komen van dit proefschrift.

In de eerste plaats gaat mijn dank uit naar mijn cuders die mijn studie
en studietijd mogelijk maakten,

Mijn promotor Dr. Ir. J. Sybenga wil ik in het bijzonder dankzeggen
voor de inzet en tijd gegeven aan dit onderzoek. Beste Jaap, enkele jaren
heb ik onder jouw cytogenetische hoede mogen werken. Zonder de voortdurende
kritische toets en de grote vrijheid van onderzoeken zou dit proefschrift
niet zfjn ontstaan. Verschillende manuscripten hebben pas na uitvoerige be-
sprekingen hun uiteindelijke vorm gekregen. Door de vele brieven en telefoon-
tjes heeft jouw bemoeienis het mogelijk gemaakt dat het onderzoek steeds weer
financieel gehonoreerd kon worden. De overstap van plant naar insekt die ik
destijds maakte heb ik niet betreurd en ik heb gemerkt dat chromosomen zich
wat hun gedrag en vlijt betreft van dit verschil weinig aantrekken.

Mijn gastheer, Prof. Dr. Ir. J.H. van der Veen, wil ik dankzeggen voor
de periode die ik op de afdeling Erfelijkheidsleer verbleef. Ik zal zeer goe-
de herinneringen aan deze tijd overhouden, maar de herinnering loopt nog ver-
der terug. Beste Jaap, als student maakt ik onder jouw supervisie een be-
langrijke fase door. Jouw geTnspireerdheid in het vak genetica bleek op mi]
besmettelijk te werken, zoals ondervonden tijdens het mutatieonderzoek in
Arabidopsis en de inzichtelijke colleges populatie-genetica. Ondanks mijn
vertrek naar het ITAL hoop ik nog regelmatig van de gastvrijheid gebruik te
mogen maken om het noodzakelijke contact te behouden,

De periode van samenwerking met mevrouw Drs. K,J.A, Wijnands-St3b (ITAL)
wil ik hier tevens memoreren. Beste Clary, ik zie terug op een plezierige
tijd van ons gemeenschappelijk onderzoek aan de uievliieg. Een deel van deze
dissertatie draagt ook jouw naam, hetgeen ik zie als een nuttig resultaat van
onze cobperatie.

To Dr. A.S. Robinsen (ITAL) | would like to speak my appreciation for

the continuous contact we have since he joined the project. Dear Alan, you
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STELL INGEN

‘De kleine acrocentrische chromosomen van de uievlieg Hylemya antiqua (Meigen)

zijn de geslachtschromosemen.
Dit proefschrift

t

Het induceren van structurele chromosoommutaties voor het gebruik bij de gene-
tische insektenbestrijding dient bij een zo laag mogelijke stralingdosis te
gebeuren. De genetische achtergrondschade en het risico van te complexe struc-

turele mutaties worden hierdoor geminimaliseerd.
Dit proefschrift

Duplicatie-defici&ntie gameten van translocatie heterozygote of translocatie
trisome vaders van de in dit proefschrift beschreven X-gekoppelde translocatie

zijn alle in staat tot bevruchting.
Dit proefschrift

v

Afwezigheid van chiasmata bij mannetjes van de uievlieg wordt bevestigd door
het normaal fertiel zijn van {pericentrische) inversie heterozygote mannetjes.

Dit proefschrift

v

De inductie van androgenese bij insekten kan met een groter effect geschieden

door middel van een temperatuurschok dan door middel van r8ntgenstraling.
Heemert, C. van {1973). Nature
New Biology 246, 149: 21-22

Vi

De somatische synapsis zoals door Halfer en'Barigozzi beschreven voor
Drosophila melanogaster is niet representatief voor de somatische paring in
Diptera in het algemeen.
‘ Halfer, C. and Barigozzi, C.
{1973). Chromosomes today Vol. 4:
181-186 '



VIl

De fertiliteit van een translocatie heterozygoot uitgedrukt als het percentage
Y'egg-hatch' is alleen een maat voor de “alternate' segregatie indien duplicatie~
deficiéntie karyotypen post-embryonaal niet levensvatbaar zijn. De door Curtis
en Hill in hun modellen gebruikte factor W voor fertiliteit kan hierdoor onder-
schat zijn.
Curtis, C.F. and Hill, W.G. (1971).
Theor.Pop.Bial.2:71-90

VIt

De postulering van Dennhdfer dat een enkele mendelende factor ''sg'' de verhou-
ding tussen de verschillende oriéntatietypen in een transtocatie heterozygoot
bepaalt is zeer onwaarschijniijk.
Dennhdfer, L. (1974). Theor.Appl.
Gen. 44:311-323

X

Eventuele introductie van genetische methoden bij de bestrijding van de uie-

vlieg in Nederland dient van overheidswege te geschieden.

X

Ontwikkeling van de wetenschap hangt niet alleen af van de geboden materiéle
mogel i jkheden en de vakkennis van de onderzoeker, maar tevens van diens
intuTtie -door Ramsey beschouwd als '"disclosure'': het dé6rbreken van een
nieuw idee- en diens capaciteit om dit idee uit te werken. In het kader van
het wetenschapsbeleid dient hieraan meer aandacht besteed te worden.
Ramsey, |.T. (1963). Religious
Language, New York, Macmillan

Paperback Edition

X1

Het zich te geTsoleerd in zijn specialisme opstellen van de wetenschappelijke
onderzoeker is een rem op de ontwikkeling van de geTntegreerde bestrijding van

ziekten en plagen in land- en tuinbouw.

Proefschrift van C. van Heemert

Wageningen, 27 maart 1975



made a quick start in a new field and it was surprising how fast you could

take over Clary's work. | hope we will soon be able to solve the puzzle of

the translocation homozygotes.
Zonder assistentie voor de kweek en de cytologie zou het werk zeer veel

langer hebben geduurd. Dankbaarheid ben ik dan ook verschuldigd aan Dorothée
Botje (I.A.E.A. budget) en aan Willem van den Brink {T.N.0. budget}.

Alle medewerkers van de afdeling Erfelijkheidsleer wil ik gaarne dank-
zeggen voer de goede contacten die ik de afgelopen jaren mocht hebben. In het
bijzonder wil ik de Heer K. Knoop bedanken voor zijn steeds weerkerende foto-
grafische en technische hulp en het vervaardigen van tekeningen en tabellien.
Manuscripten en brieven werden door Henri&t Boelema met veel typevaardigheid
behandeld. De klimatologische beheersing van de kweekruimte door de Heer P.L.
Visser werd zeer op prijs gesteld.

De leden van de uievliegclub op het [.P.Q0., Drs. Thijs Loosjes, Winold
Noordink Ing., Jan Nooriander, Ir. Jan Theunissen en Dr.lr. Jan Ticheler dank
ik voor de goede connecties, waardoor nieuwe feiten of idee&n verkregen werden.

De. Centrale Organisatie van T.N.0., Sectie Landbouwkundig Onderzoek
maakte het mij mogelijk ruim vier en een half jaar aan de uievlieg te werken.
Tevens werd ik in de gelegenheid gesteld om regelmatig congressen te bezoe-
ken. Verder dank ik T.N.0. voor de financiZle bijdrage in de kosten van dit
proefschrift.

De afdeling tekstverwerking van de Landbouwhogescheel ben ik erkente-
1ijk voor het typen van enkele manuscripten.

Graag vermeld ik hier de studenten die aan het onderzeek hun btjdrage
hebben gegeven: Annelies van Tiggele, Peter Engels, Jacqueline van Spronsen,
Cor van Silfhout, Bart Vosselman en Nel de Haan.

Dr. D. de Zeeuw ben ik zeer erkentelijk voor zijn inspanning om het
lopende onderzoek op het I.T.A.L. te kunnen voortzetten.

tr. P. de Boer wil ik graag noemen als goede buur op het laboratorium.
Beste Peter, de vele discussies, wetenschappelijk en niet-wetenschappeli jk,
zijn voor mij van betekenis geweest. We hebben tegelijkertijd in harmonie ons
verhaaltje mogen schrijven en ik vind het plezierig dat ons duc nu op dezelf-
de dag een duet mag blazen. Dat we afwisselend elkaars paranymph 2ijn en
daardoor afwisselend de eerste en tweede partij spelen, zie ik als een lo-
gisch gevolg.

Last, but not least, wil 1k mijn vrouw Janny bedanken voor haar bijzon=-
dere bijdragen. Ook erg veel dank voor het uittypen van het proefschrift.

Graag draag ik dit proefschrift aan jou en de kinderen op.
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Introduction

Mankind is continuously confronted with insects causing considerable da-
mage in agriculture or endangering public health especially in tropical coun-
tries. For different reasons alternatives for chemical insecticides were de-
veloped. Firstly, as a result of the chronic use of these agents resistance
against insecticides appeared in several insect species. Secondly, persis-
tence of the chemicals used in the field is considered by most people to be an
important case of environmental pollution. Thirdly, the non-specificity of
many insecticides used is an argument for investigations on a more selective
method of insect control not affecting beneficial insects and other organisms.

It is for these reasons that entomologists and geneticists have started
studies on a number of insect species to investigate if their reproduction
can be cut down by the use of a genetic or other autocidal system causing ste-
rility. The onion fly, Hylemya antiqua (Meigen) being an Important pest spe-
cies attacking the onion crop in the Netherlands was chosen as an object in
this country. Fortunately no other important insects attack the onion crop,
otherwise it would be difficult to test the damage caused exciusively by the
onfon fly after a control program. About ten years ago at the Institute for
Phytopathological Research (IP0) a number of studies was started on, among
others,mass-rearing,radiation effects, and ecology. The sterile insect release
method (SIRM) was the main purpose in the first few years. With this method
a recurrent release of a large number of sterilized insects many times per
generation and during many years has to be carried out. Some of the most im-
portant factors on which success of this method depends are good competitivi-
ty and longevity of the released complete sterile insects compared to the
native flies in the field. Mass-rearing must be carried out without problems.
Further, geographic isolation is very important to prevent fertile immigrants
moving into the treated areas. The sterile insect principle is based on the
induction of 100% dominant tethality in the gametes of the irradiated parents,
As a consequence, the fertilized eggs die in an early stage and do not hatch.

A different approach was started (1969) at the ITAL and the Department

of Genetics by developing strains with structural chromosome mutations (trans-



locations, inversions or compound chromosomes) causing !'semi''-sterility. By
the principle of using chromosomal rearrangements in contrast to the sterile
insect method, the sterility of the strain is hereditary and will show up a-
gain in later generations. In the first instance it was decided to concen-
trate on radiation-induced chromosomal rearrangements rather than on other
genetic means (cytoplasmic incompatibility, hybrid sterility, meiotic drive,
deleterious genes or sex-ratio distortion).

A chromosomal rearrangement can be used in an other way viz. as a gene-
tic transporting mechanism. Negative heterosis or underdominance of the struc-
tural heterozygotes can lead to elimination of one of the two homotypes (ei-
ther the normal or the translocation homozygous karyotype) in the case the
population is in a disequilibrium. By linking a conditional lethal gene with
the rearrangement one can replace the original population by the modified
population and subsecuently eliminate the new population by the effect of the
introduced gene. Here, this method has not been given further attention.

In absence of data for the onion fly on the optimal radiation dose and
conditions for inducing chromosomal rearrangements causing ''semi''-sterility,
first the methodology was developed. The first three articles of the under-
lying thesis cover the irradiation work, the selection on the basis of 'se-
mi''-sterility after testcrosses and the isolation of suitable strains. Fur-

ther, a cytological description of the isolated ''semi"

-sterile strains is
presented. This author is responsible primarily for the parts on cytogenetics
and fertility.

In the fourth and fifth paper we deal with an unusual X-linked translo-
cation. This translocation appeared to be very suitable for basic studies on
meiotic disjunction of the chromosomes of the translocation complex as ap-
peared from observations on M Il (males) and young eggs (males and females).
Studies on the relationship between embryonic lethality ("semi''-sterility}
and the duplication/deficiency karyotypes are of fundamental importance. As
the result of meiotic numerical non-disjunction in translocation heterozy-
gous females, several different karyotypes iike translocation trisomics, pri-
mary trisomics, tertiary trisomics and duplication/deficiency karyotypes oc-
curred. Many of these were viable into the adult stage. The meiotic behavi-
our and embryonic lethality of these aneuploids is discussed.

For an ordinary X-linked translecaticn.only females can become homozy-
gous. Haowever, we have found both viable translocation homozygous males and
females -which can reproduce. These had one or two additional sex-chromosomes.

This will be further considered in the general discussion,




Radiation Induced Semi-Sterility for Genetic Control Purposes
in the Onion Fly Hylemya antiqua (Meigen)

1. Isolaton of Semi-Sterile Stocks and their Cytogenetical Properties
K.J. A. W NANDS-STAB and C. VAN HEEMERT

Institute for Atomic Sciences in Agriculture, Wageningen and Department of Genetics, Agricultural
University, Wageningen (The Netherlands)

Summary. In the preliminary stages of a stndy into the use of translocations for genetic contrel of the onion fly
Hylemya antiqua (Meigen), irradiations were carrieg out in order to obtain chromosomal rearrangements, Several
irradiation experiments, with X-rays or fast neutrons, were carried out on pupae and adults of both sexes at sub-
sterilizing doses below 3.0 krad, to establish a favourable way of induction.

Because no visible markers are available for the genetic screeniing of induced rearrangements, and the reciprocal
translocations or inversions in demand express themselves in the heterozygous condition by reduced fertility, a total
of 237 F, individuals of both sexes were checked for reduced fertility. 50 F, individuals were suspected of carrying
a translocation or inversion when they produced an egg hatch of between 30 and 60%, (semi-sterility).

This category was passed for cytogenetic analysis. In the progeny of 25 suspect F, individuals, 9 different rearran-
gements were established, of which 7 were translocations. This means a yield of 4% for all the tested Fy.

After a discussion of the normal karyotype, some of the observed rearrangements are described.

Irradiation of males with 1.0 krad of X-rays is advised for the preduction of semi-sterile stocks carrying trans-
locations. Fast neutrons were not found to be better than X-rays. At doses higher than 1.0 krad complex rearrange-
ments and/or fragments were observed.

A translocation homozygote could be isolated in the case of an X-autosomal ttanslocation, and this stock will be

used for further genetic control purposes.

Introduction

The onion fly Hylenya antigus (Meigen) was chosen
by the Dutch Government in 1965 as a model for the
development of genetic control methods (Ticheler and
Noordink, 1968). It is an important pest in the
Netherlands, and also in many other onion-growing
countries in the Northern temperate zone. The feed-
ing larvae cause losses in (export) quality and quan-
tity of the crop. In most places the fly is resistant
to chlorinated hydrocarbons, and in some areas it is
also resistant to organophoesphates. It lives in mono-
cultures as the sole insect threat to the crop. The
species belongs to the family Anthomyidae, which
also includes other agricultural pests such as Hylemya
brassicae (Bouche), Hylemya cilicrura (Rond) and
Psila rosae (F).

The sterile release method was given primary
attention. A method for continuous rearing of the
cnion fly has already been developed {Ticheler, 1971).
A dose-effect curve for sterilization with X-rays has
been determined {Noordink, 1971). The sterilizing
dose is 3 krad for.males and 2 krad for females.
Untreated and irradiated gonads have been studied
histologically (Theunissen, 1971). Population dyna-
mics in onion fields is being studied by M. Loosjes
(unpublished). Allied to this research team the
authors are investigating the possibility of obtaining

chromosomal rearrangements which could be useful
in control programmes because of the genetic load
they can introduce into the population in the field
(Serebrovski, 1940). For example, a translocation
induced in a field population at a suitable ratic puts
a lasting genetic load on the insect population, which
may stow down the rate of increase (Curtis and Hill,
1971) or even prevent the number of insects from
increasing. Double translocations may enhance the
genetic load on the population in the field (Curtis and
Robinson, 1971). Still more complex genetic engi-
neering has been suggested, such as the combination
of multiple translocations with conditional lethals
(Whitten, 1971). The authors were directly stimu-
lated by Laven's work (Laven, 1960) and lectures.

Laven (1967} suggests the use of natural incom-
patibility as a means of genetic control, but no
indication of natural incompatibility between geo-
graphic strains was found in the onion fly. The
Dutch x Canadian onion fly cross and the reciprocal
were fully fertile and produced fertile offspring.
Chromosomal rearrangements, such as reciprocal
translocations and inversions, alsc cause a fertility
barrier. Irradiation facilities to induce chromosomal
rearrangements were available. In the absence of
visible genetic markers for genetic screening of in-
duced rearrangements, it was necessary to design a



selection procedure on the basis of reduced {fertility
of the heterozygotes (Laven e al., 1971}

Cytogenetic methods could be applied for definite
proof of a rearrangement. The onion fly has 5 pairs
of large distinguishable chromosomes {Boyes, 1954)
and 2 or 3 small sex chromosomes. Somatic pairing
enables cytogenetic screening to be carried out.

Pupae and adults of both sexes were irradiated
with X-rays at sub-sterilizing doses to investigate the
conditions for efficient preduction of translocations.
Eventually, fast neutrons were used to confirm their
expected high REE (relative biclogical effectiveness)
compared with X-rays and, in preliminary experi-
ments, to investigate whether fast neutrons are
advisable for the induction of translocations.

Materials and Methods

Experimental work with the cnion fly was started in
October 1969. The insect was reared for 6 or more
generations under laboratory conditions at the Institute
for Phytaopathological Research, Wageningen. Hundreds
of pupae of this stock were used. The ofispring of irradi-
ated parents and of the control groups were reared in
small 8 cm @ perspex cages, 16 ¢m high, in a climate
room with 21 “C—23 °C, 80% R. A H. and 18hr light
per day of 1300 lux. Fresh flies had been collected from
onion fields on the island of Goeree, Junc 1971. Their
offspring were reared in small colonies of 15—20 flies
in larger cages.

‘When the pupae are 4—7 days old and thelr cuticle
has hardened, they can be stored at 2 °C, 90% R.- A, H.
They may be kept for a year but eclosion percentages
will decreasein time. The flies were irradiated at different
stages: pupae just before eclosion; 13 days old at 23 °C;
and newly emerged males or females. Late pupal stage
is the most suitable for manipulation in mass irvadiation.
Irradiation is usually carried out at this stage for the
sterile release method as the pupae can withstand high
doses without immediate effects on fitness, and after
release the males are able to tompete for females and
mseminate them. Spermatozoa are already present,
but all l}l::'ecedu:\g stages of spermatogenesis are also pre-
sent (Theunissen, 1971).

Due to the unstable way of storing the pupae, their
developmental stage is not precisely defined. At the
moment of eclosion all flies have reached the satne stage
of development. Flies in the first 6 hours after eclosion
are therefore better suited for the comparison of irradi-
ation effects.

When females are irradiated, either as old pupae or as
young adults, their ovaries are still developing {Theu-
nissen, 1971),

The following apparatus was used for irradiation:

X-rays were applied with a Philips 250/25 deep
therapy apparatus, operating at 250 kVp and 15 mA,
without an additional filter. The dose rate applied was
200 rad/min. X-ray doses were determined w1t¥) a Philips
Universal Dosimeter connected to a hese-shaped intra-
cavity ionization chamber,

A van de Graaff electron generater, producing X-rays at
an energy of 1.5 MeV, was used as a substitute for the
X-ray machine.

Fast neutren irradiation was carried out in the BARN
{Biological Agricultural Reactor Netherlands) reactor,
Fast neutron doses were determined using acetylene
equivalent and muscle tissye equivalent ionization cham-
bers. The fast neutron spectrum has an average energy
of 1.7 MeV. The y-contamination amounts to 80 rad/h.

The material was irradiated in flat boxes so that the

dose was distributed equally, and in ordinary air. The
doses applied were all below the sterilizing dose of 3 krad
as established by Noordink (1971). Dose rate was as
high as possible in order to exclude dose-rate effects.

After irradiation the adults were crossed with non-
irradiated mates, either individually 1 & x 399 or
in small groups of § irradiated to 10 non-irradiated
mates. When the irradiated pupae had emerged, the
sexes were separated and the tested sex was out-
crossed to untreated mates. Eggs were collected
after a pre-oviposition period of 7—10 days, 3 times
a week, and incubated at 23 °C, 80% R. A. H,, for
2—3 days, during which time embryonic develop-
ment is usually complete.

The percentage empty eggs of all collected eggs
(%, egg hatch) has been used as a measure of fertility
of the treated flies and their offspring. The remaining
full eggs may consist of:

1. defective eggs, often very small and glassy;

2. non-fertilized eggs, which preserve their white
colour;

3. fertilized eggs

a. without any observable embryonic development,
these eggs are also white;

b. with short embryonic life, the eggs being some-
what coloured;

¢. with a clear embryonic development. Segmenta-
tion andjor jaws are visible, but the larvae die before
or during hatching. These eggs are brown in colour.

The percentage of unfertilized eggs fluctuates; it
is relatively high in the first egg batch, then decreases,
and increases as the female grows older. In the first
selection series, unfertilized eggs were included while
calculating the %, egg hatch. The number of defective
eggs also increases as the females grow older. De-
fective eggs were excluded from calculation. The
percentage egg hatch used is the mean of egg hatch
during the 2—4 weeks of egg collection, not corrected
to the control value.

The symbol P is used for irradiated flies and their
untreated mates; their offspring are called F,, and
were backcrossed to untreated mates {B, cross), to
yield the B, generation. The following backcross is
called By ete,

The first score gives the immediate effects of
irradiation on the reproductive capacity of the P
generation. The fertilized full eggs are thought to
represent dominant lethal mutations in which em-
bryonic development usually ceases at an early stage.
Attempts were made to backcross 25 —30 individuals
of the F, with control mates for each treatment, in
order to investigate their individual fertility by
scoring the egg hatch.

Stocks of B, crosses with 60—30%, egg hatch
(semi-sterile) were passed for cytogenetic investi-
gation. Stockswith an egg hatch of between 75—60%

Theovet, Appl. Genetics, Vol 44, No. 3



and a high percentage of brown eggs, or with a very
low fertility (30—15%} but with enough larvae, were
also analyzed cytogenetically. In suspected cases,
or when too few oifspring could be obtained, a B,
backcross was made with § B, males and § B, females
individeally, so as to enlarge the stock and/or to see
if the reduced fertility was stable {in some of the
offspring), or sex-linked.

For cytogenedic screening, testes and ovaries were used
just after eclosion of the adults, and brains from 7—9
day-old larvae were used for analyzing the karyotypes.

After anaesthetizing the males with chloroform vapour
they were put into a soap sclution for a few minutes to
promote wetting of the cuticle, The caudal 4 — 5 segments
of the abdomen were torn away and the testes were
dissected in a physiological saline solution under a dis-
secting microscope {12 X magn.) with a pair of fine need-
les (Theunissen, 1971). Distilled water was added for
5—10 minutes in order to spread the chromosomes, after
which staining was carried out in 29 lacto-acetic-orceine,
overnight, at room temperature. Squash preparations
were then mads in 459 acetic acid. Larval brains,
ovaries and young eggs (11 hours old at 24 °C after
oviposition) could be prepared in the same way, but the
tissue had to be crushed with fine needles before squash-
ing. If larval brain tissue was used, the larvae were
supplied with additional onion two days before, to ensure
that they were in good condition. Most photographs
were taken with a Zeiss Photo-microscope on Agfa Copex
Crtho high-contrast negative film.

Results
A survey of the treatments, fertility scores and
cytogenetic data of the experiments up to date is

fwitn| na

egg hatch of By cross{®h)

given in table 1. This scheme illustrates the irradia-
tion procedure, selection and cytogenetic analysis.
It can be seen that there were few individuals per
treatment, and sometimes interesting stocks could
not be maintained for further analysis. Treatments
aimed for comparison were often carried out on
different material with different antecedents,

Fertility of the Fy Generation

The fertility of B, crosses ranged from nearly 100%,
egg hatch to complete sterility. The variation in egg
hatch of the B, crosses is illustrated in fig. 1, on the
left for irradiated males, on- the right for irradiated
fernales. A small experiment with fast neutrons has
been omitted from this figure. The figure at the top
right hand corner shows the range of egg hatch in
control crosses,

Although semi-sterility is generally considered to
be a property of individuals carrying a reciprocal
translocation or pericentric inversion, chromosomal
rearrangements may be carried by individuals with
an almost normal egg hatch. However, the group
with an apparently reduced fertility is more inter-
esting with regard to any application of the rearran-
gements. Too high a degree of sterility impedes the
rearing of the stock. If a mean egg hatch of between
60 and 30% was found, the tested parent was sus-
pected of carrying a chromosomal rearrangement.

e €9

#gg hatch of By crass (%)

100 60

20 krod

1% krod

11 krog

10 krad

legends: 1tested Fy &' am
Ttesied F Q ==

o 1 tested & with few dato
@ 1 tested @ with few data

dossof code agg hatch
X rays of Pi%)

] 206
Q0 krad  juli 7.

15 krod D 233

10 ked D 485
I 10 krad juli [-1]

il 0% krae D 028

mmm LOth sexes tested

Fig. 1. Diagram of the range of egg hatch of B, crosses after different irradiation treatments of P ¢ or P 9. Dotted areas
and area between 60—30% E.H. contain the F, stocks suspected of carrying a chromosomal rearrangement. Shaded
area contains the failures
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Fig. 2. Photographs of the normal and translocated karyotypes in the onion fly.

a — Normal karyotype, diplotene in male meiosis, 5 autosemal
pairs and one complex of three sex chromosomes;

b — Normal karyotype, spermatogonial metaphase, 2n — 13,
clear somatic pairing;

¢ — Translocation heterozygote III 9 a, diplotene in male,
see c¢ross figure, cell incomplete;

d — Translocation heterozygote KA. mitotic metaphase in
larval brain cell, exchange 5'— 6%

The dotted areas with egg hatches of 75—609%,
and 30—15Y% also show structural rearrangements,
as had been proved cytogenetically. Scores in the
dotted areas are especially suspect when reduced
fertility was accompanied by brown eggs, This is an
expression of late embryonic death, probably due to
unbalanced genotypes. In the case of a translocation,
this feature is the result of adjacent meiotic segrega-
tions of the chromosomes in the tested parent.

The shaded area does not give much information
on the tested parents, either because they were fully
sterile (S—), had no egg hatch at all (S-}-), or had
a very low egg hatch {< 10% E. H.), which is not
reliable. This class of failure is rather large. Although

Theorel. Appl. Genelics, Vol. 44, No. 3

e — Translocation heterozygote I 31 8, diplotene in male,
exchange 31— §5—¢!;

f — Translocation heterozygote I 31 §, mitotic metaphase in
larval brain cell;

# — Translocation heterozygote RE, mitotic metaphase in
larval brain cell, exchange 3¥—X. Chromosome X and
X3 acrocentric;

h — Translocation homozygote RE, mitotic metaphase in
larval brain cell, chromosomes 3% and X% in duplo,
See the Y chromosome

it may be a delayed effect of irradiation, failure to
mate must have played a role in the high frequency,
because the contrels also contained a high number
of failures.

Normal Karyotype of Hylemya antiqua

In order to obtain a clear picture of the normal
karyotype and somatic pairing, many larval brain
cells were studied. Boyes (1954) has described the
karyotype of Hylemva antigua in detall. His classi-
fication of the different chromosomes was used. The
chromosome numbet is 12—13, depending on the sex.
Each pair of the five pairs of large. sub-metacentric
chromosomes, 9—12 x long at mitotic metaphase,



could be distinguished by looking at the total chro-
mosome length, arm ratio and secondary or tertiary
constrictions (fig. 2b).

Two or three very small chromosomes, presumably
the sex-chromosomes, + 2 u long, were also present
(figs. 2a and b). Boyes asserts: Twelve chromosomes
were regularly present in larvae studied, of which a
small pair of chromosomes are considered to be the
sex chromosomes. Contrary to Boyes findings three
small chromosomes were usunaily found in approxima-
tely 50%, of the larvae checked cytogenetically, and
two small chromosomes in the other §0%,. In larvae
with 13 chrompsomes, in spermatogonial metaphases
as well as in male meiosis, it could be seen that there
were nearly always two acrocentric chromosomes
present, as well as a somewhat smaller metacentric
one. Sometimes only the 2 acrocentric chromosomes
were visible, but the metacentric one was not de-
tectable probably due to its small size. Oogonial
metaphases always showed only two small acrocentric
chromosomes.

In male meiosis the three small chromosomes
sometimes form a trivalent, so a multiple sex deter-
mination system is being considered, the male being
the heterogametic sex (fig. 2a).

Presumably there is a XXY/XX system and not a
Y, Y, X/XX system involved, as could be concluded
from a translocation {RE) of the acrocentric chromo-
some and one of the large chromosomes {unpub-
lished;.

Cytogenetic Analysis of Chromosomal Rearrangements
When an asymmetrical exchange between two pairs
was induced by irradiation, the translocation could
be established fairly easily and sometimes a somatic
quadrivalent could be seen. When the exchanged

chromosome segments had approximately the same
length and were rather short, or if a multiple or
cyclic translocation or an inversion was involved,
pachytene or diplotene were the only stages at which
the presence of a structural mutation could be est-
ablished cytogenetically.

As seen in table 1, some of the semi-sterile stocks
originating from 25 suspected F; males or females,
which were cytogenetically analyzed, carry a reci-
procal translocation. Eight different translocations
were found, six of them being reciprocal transloca-
ticns, I 31 & a cyclic one in which three pairs were
involved {figures 2e and {), and the RE translocation
appeared to be an X-autosome translocation (figures
2g and h).

In some cases it could be established which chro-
mosomes or arms were involved and it could also be
seen whether the translocated arms became longer (+)
or shorter (—).

I gw: 34 — 560 fig. 2¢
RA 564 — G fig. 2d
13148 : 349 - gi+) — G- fig. 2e and
RE : 31— X8 fig. 2gand h

In three cases the presence of a translocation was
not convincing, because of the bad quality of the
slides or insufficient material. In one case, RG, a
pericentric inversion appeared to be the reason for
the semi-sterility. In some slides it could be seen
that the karyotype had also been changed for some
other chromosomes.

The RC stock probably carries both a translocation
and a pericentric inversion or sometimes the frans-
location only.

In 13 of the 25 investigated cases no structural
rearrangements were found.

Table 2. Resulls of different radiation treatments of males and females (comprimaled), as measured by
the egg haick in B, crosses, and the number of obsevved vegrrangements

- Cytogenetic .
Dose krad Fy fertility normal suspected analysis failures
n tested n % n % n Tesult n %
P & treated 28 1Q 43 5 50.0 2 200 2 — 3 30.0
X-rays 2.0 103 +192 3 72.7 — - . 3 27.3
1.5 68 1% 2 1.6 3 17.4 1 — 12 71.0
Group > 1.1 38 15 39.5 5 13.2 3 - 18 47.3
1.1 16 3 6 37.5 4 250 3 2 6 375
1.0 23+ 189 11 27.5 13 325 6 4+17 16 40.0
Group | 1.0 17 304 17 304 9 64 1? 22 39.2
0.5 378+ 6¢
17 39.6 14 32,5 7 z24+1? 12 27.9
P ¢ treated 1.0 94+ 49 5 384 2 154 1 1 6 462
fast neutrons 0.25 94 +9¢ 5 27.8 4 222 - 9 50.0
Group IN 1 10 322 6 19.4 1 1 15 48.4
P 2 treated 1.5 3d+5% 125 1 125 — - ] 750
X-rays 1.0 228 4+ 21 ¢ 1 116 8 18.6 4 — 30 69.8
0.5 1048 + 25¢ — - 4 11.4 1 17 3 88.6
Control group 208+ 6%
+ 10 pairs 14 389 7 19.5 — — 15 41.6
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Results of Different Radiation Experiments

Table 2 gives a summary of the results. The treat-
ments are compressed together, neglecting differences
in growth stage, for males with X-rays, males with
fast neutrons, and females with X-rays. The X-irra-
diations of males are summarized in three groups,
one with doses above 1.1 krad, one with doses of
1.1 krad together with 1.0 krad and one with a dose
of 0.5 krad.

In the fast neutron treatments an irradiation of
0.25 krad is mentioned, which is still being investi-
gated. Values for control crosses are also represented.
The tested F, was divided into a class with more than
75% egg hatch (normal), a class with an egg hatch
of between 60 and 309 or suspect on account of
many brown eggs, and a class (failures} with an egg
hatch of below 10%, no egg hatch or even no eggs.

For each class the percentage of the total number
of tested F, for that dose is listed. Some strains of
the suspected class have been analyzed, and the
number with observed chromosomal rearrangements is
noted under results.

Altogether the fertility of 146 F, males was tested,
of which definite rearrangements were found in seven
stocks while in 2 stocks the conclusion is not clear
{table 1) 9'1.F, females were also tested, with 2 proved
rearrangements and one indistinet case. The total
output of the 237 tested F, was 4%, clearly visible
rearrangements. Table 3, in which the percentages
are calculated on the numbers of respondents (being
the total tested minus failures), is even more com-
pressed.

Conclusions and Discussion

The data obtained so far prove that it is possible
to induce translocations and/or inversions in the
onion fly, which express themselves in heterozygotes
by the reduction of fertility. These results resemble
those of Laven ef al. (1971) for Culex pipiens L. To
induce these rearrangements, X-rays can be applied
to males and females either as late pupae just before
eclosion or as young adults (table 1).

As far as semi-steriles in the F, are concerned, it
makes no difference whether late male pupae or
young adult males are irradiated, probably because
the early spermatids, expected to be the most sen-
sitive for translocation induction, are already present
in late male pupae (Sobels, 1069}

Table 3. Number of

Irradiation of females causes serious reduction
of fecundity. When females are irradiated as old
pupae or as young adults their ovaries are still
developing (Theunissen, 1971}. Irradiation with the
doses used at these stages results in a loss of fecundity.
The whole cogenesis ceases in young females. Apart
from lethal mutations in the germ line, the disturbed
activity of nurse cells causes egg production to be
stopped (Theunissen, 1971). Roughly, it may be
stated that irradiation of females is not advisable
for the production of semi-sterile stocks because
little F, is produced and many F, individuals are
sterile or nearly sterile, whereas the number of
visible rearrangements among the respondents is not
decisively higher (fig. 1, table 2and 3). In the back-
crosses both sexes can be used, the males being better
respondents (fig. 1).

Irradiation of males with 1.0 krad fast neutrons
induces more dominant lethals than 1.0 krad X-rays
{table 1, P generation %, egg hatch). In the smaller
Fi-pool that is left, the nember of carriers of a
structural rearrangement might be higher than for
X-rays. The few data represented here do not allow
any conclusions to be drawn. All conclusions on the
efficiency of the irradiation treatments are given
without statistical proof. The variation of the mate-
rial used and the few data on each treatment are not
suited to statistical analysis.

From fig. 1, it is apparent that most of the induced
translocations were observed in the suspect class
which had an egg hatch of between 60 and 309, but
some, such as RG, III 31 and RE, could be found
in the dotted area between 75 and 609, and between
30 and 15%. In the experiments reported, cyto-
logical analysis of stocks originating from an F, with
a normal egg hatch was omitted, In later experi-
ments, some material from stocks with a normal
fertility in F,, and also from stocks of controls with
a suspected 9%, egg hatch was analyzed. Chromo-
somal rearrangements were never found, but this
does not prove that rearrangements will not occur
in these categories.

Egg hatch B;  Egg hatch Bj—4

13146 40% 459,
RE 20%, 60— 70%
RA 50% 70%

oved struchural vearrangements related to wumber of semi-sterile F,
and their pevcentage from lested F, with an eg,

ﬁhntck ebove 10%,, growped for males treated
with X-rays ov fast neutyons and fema,

s with X-vays, and the control valuss

Irradiated Treatment tested F, respondent suspected  rearrangement

sex n o n % R %

3 X-rays 137 85 36 424 8 (+21) 94(11.7)
3 fast neutrons kI 16 [ 37.5 % 6.35

? X-rays 83 19 12 631 17 5.3
d+% control 36 21 7 33.3
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In later generations of sotne of the translocations
reared for cytogenetic purposes, a higher fertility has
sometimes been achieved.. This is probably influen-
ced by a change of incubation method for the eggs:
three instead of two days and a temperature of 29 °C
instead of 23 °C. This change permits a better
distinction between unfertilized eggs and late em-
bryonic deaths. The unfertilized eggs were, from
that time, deducted while calculating the '%, egg
hatch. In this way the fertility of the control crosses
is also essentially higher, because incomplete ferti-
lization falls out. A natural selection against induced
recessive lethals or other effects of irradiation might
also have influenced egg hatch. The increase in
fertility is favourable for the rearing of the insect
in small numbers.

The clear distinction of brown eggs was favourable
for cytogenetic investigation. For example, in the
case of RE the cross of the translocation heterozygote
with the normal mates scored an average of 30%,
brown eggs. If translocation heterozygotes were
intercrossed, 519 brown eggs was observed. In this
cise, translocatmn homozygotes were detected for the
first time among the progeny (fig. 2h). Experiments
will be carried out to establish a stock of homozygotes
so that cage experiments may be started with these
translocation homozygotes released into a normal
population stock.

Several kinds of chromosomal rearrangerments were
observed. Although the efficiency of induction and
selection is not very high (109 of respondents at
1.0 krad X-rays on males), it should be possible to
isolate the kind of chromosomal rearrangement desir-
able for genetic control in the onion fly.

A problem which still has to be solved is the design
of a procedure for genetic control in which chromo-
somal rearrangements at least fit theoretically (Wij-
nands-Stib and Frissel, 1973). The combination
of rearrangements with conditional lethals should
now be studied experimentally.

Another question is the relationship betweea radi-
ation dose and chromosome-breakage events. In-
creasing the dose results in a higher chance of
breakage so that complicated rearrangements andfor
fragments will occur. This was ebserved in the cases
I31 6 and I 6 after 1.1 krad of X-rays on late male
pupae. In 1314, a clear cyclic translocation was
found because of a three-hit-event in which three
chromosome pairs were involved. Three rather leng
chromosome segments were exchanged (figs. 2e andf).
This stock perfectly resembles the theoretical des-
cription by Curtis and Robinson {1971) of a three-
chromosome double translocation. I 6« showed an
extra fragment. Doses of about 1.0 krad of X-rays
give a reasonable result. At lower doses the pro-
portion of normal individuals in the F, rises. This
fact increases the amount of work necessary. Im-
proving the mating conditiens, which is being studied

10

at present, would increase the efficiency of the
selection procedures,

It was observed that most of the chromosomes
were involved several times in one of the reciprocal
translocations. Chremosome 3 was involved in trans-
locations RE, 1314 and III 9«, chromosome 5 in
1314, III 9« and RA, chromosome 6 in RA, 1318
and in the pericentric inversion of RG. The length
of the chromosome is one of the factors which deter-
mines the chance of becoming involved in a rearran-
gement, so it is strange that the small X-chromosome
was found in the RE translocation. It is also inter-
esting to note where the breaks occurred, on the
chromosomes. In the case of chromosome 3, the long
arm %' was always involved and there is some indi-
cation that the initial breaks were often more or lessin
the middle of 3', as observed in IIl g, I 31 d and RE,

In many somatic metaphases one or two tertiary
{(heterochromatic) constrictions were seen in the
middle of chromoseme arm 3! {Boyes, 1954). For
example, Whittingham and Stebbins (1969) pointed
out that breakage positions in translocations are
usually located within or at the end of heterochroma-
tic regions. This agrees with our observations that
the breaks in the long arm of chromosome 3 as well
as the break in the X-chromosome are close to or
inside the heterochromatic region,
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From later experiments in the X-linked translocation stock (RE) it appeared that a normal X Y'¥XX® sex-deter-
mination system is involved. The third small (metacentric) chromosome doesn’t pair usually with the two acrocentric
sex chromosomes. In the control series we could get rid of this chromosome in both sexes and therefore should be

considered as a B-chromosome.
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Radiation induced semi-sterility for genetic control
purposes in the onion fly Hylemya antiqua (Meigen)

Il. Induction, lsolation and Cytogenetic Analysis of

New Chromosomal Rearrangements

C. van Heemert and K.J.A. Wijnands-Stdb

Department of Genetics, Agricultural University, Wageningen and

Institute for Atomic Sciences in Agriculture, Wageningen {The Netherlands)

SUMMARY

The study of the radiobiological and cytogenetic aspects of induced semi-
sterility for the application in genetic control of the onion fly Hylemya antiqua
(Meigen) has been continued. Doses of 1.5 krad of X-rays or 0.25 krad of fast
neutrons were applied to males and 1.0 krad of X-rays or 0.25 krad of fast neu-
trons to seven days old females. On the basis of semi-sterility (between 60% and

30% egg hatch) in backcrosses to normal flies, eleven strains were suspected of
carrying a chromosomal rearrangement. Seven had a reciprocal translocation and

two from a 1.5 krad X-ray treatment, showed complex rearrangements. In two strains
no rearrangements were found. Combining experimental data of earlier experiments
with the new results we concluded that the irradiation of males with low doses,
0.5 krad of X-rays or 0.25 krad of fast neutrons is suitable for the induction

of chromosomal rearrangements. Strains carrying rearrangements from such low

dose treatments will be further used for the genetic control experiments of the

cnion fly.

INTRODUCT ION

The induction of chromosomal rearrangements for the contrel of the onion fly,
Hylemya entiqua (Meigen), has been described by Wijnands-St4b and van Heemert,
(1974). More data were needed which are presented in this report. When males

were irradiated with 1.0 krad of X-rays, this dose appeared suitable for the
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production of semi-sterile translocation stocks. In order to increase the yieild
of rearrangements, this time a dose of 1.5 krad of X-rays was decided upon.
Females were treated with 1.0 krad of X-rays when seven days oid, instead of one
day old females which had a very low fecundity after irradiation due to disturbed
ovarian development (Theunissen, 1971). Fast neutrons were administered at a
iower dose {0.25 krad) than previously (1.0 krad) to both sexes in order to in-
crease the parental fertility.

As described in the previous paper the selection for semi-sterility was
carried out in the F1 generation (see Materials and Methods). Crosses with an
egg hatch between 60% and 30% mainly were used for cytological analysis. This
category of semi-sterile Fl-crosses will be further named suspected. In contrast
to the previous paper the crosses in which no eggs were produced and the crosses
of which no eggs hatched are called failures.

In general chromosomal rearrangements can be found in the whole fertility
range from 0% to 100% (Searle et al, 1974). The fertility is positively corre-
lated with the percentage of alternate orientations of translocation multivalents.
Mainly strains with a 60%-30% egg hatch were selected because these can still be
reared efficiently and may be useful for genetic control purposes.

Varfations in fertility had been found in the irradiated generation (Wijnands-
St#b and van Heemert, 1974) at each irradiation treatment. We assumed that the va-
riation in radiation sensitivity of the material related to the method of rearing
might cause a part of this variation. Therefore the same treatment was given to
males from a continuous reared stock without inducing diapause and to males from
an earlier generation which had been stored for several months as pupae in dia-
pause. No difference in radiosensitivity was found and the results of both groups

are therefore combined in this report.

MATERIALS AND METHODS

In general the same materials -and methods were used as decribed in Wijnands-
St3b and van Heemert, 1974. After initial collection of larvae from the field,
the onion flies had been reared for three to five generations in the laboratory
with avoidance of inbreeding, The male flies were irradiated on the first day
of their adult life. The female fiies were irradiated on the seventh day after
emergence. On the seventh day the ovaries are full-grown and the females mate
and subsequently oviposite quickly following massmating. F1 flies were individ-

ually testcrossed in the first backcross (B]). In this paper like in the previous
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one the symbol P is used for the irradiated flies and their untreated mates;
their offspring is called F], and is backcrossed to untreated mates (B1 cross),
to yield the B] generation. The following backcross is called 32’ etc. The fér-
tility was determined by measuring the percentage hatched eggs over the total
number of eggs deposited. This percentage is not corrected for the reduction in
fertility as measured from the control crosses.

For scoring hatchability and browning in B] and B, crosses the eggs were
incubated for three days at 29°C and at a high R.A.H. This permits a good dis-
crimination of brown eggs (late embryonic lethals) from the unfertilized and the
hatched {empty) eggs (van Heemert, 1973). The percentage of brown eggs versus
empty eggs ( E%E x 100} is used as another criterion for the selection of semi-
sterile stocks.

The offspring of semi-sterile B1 crosses was preserved for further rearing
and/or cytological analysis. if possible five sons and five daughters were test-
crossed individually in a second backcross (Bz), to see if any sex-linkage is
present. The fertility in the control in general is about 85%, however in a few
cases a rather low fertility was found. For cytologic analysis testes were pre-
ferred, since primarily due to meiotic pairing the presence of a rearrangement
can be established even when small segments are exchanged or a symmetrical ex~
change is present. Larval brains were useful for cytology as well although diffi-
culties in the analysis may arise when the exanged segments were small and/or

similar in size.

RESULTS

A survey of the treatments and most fertility scores and cytogenetic ana-
lyses is given in table 1. The fertility of the irradiated parents in crosses
with normal mates expressed as the percentage of egg hatch is rather low (4% -
15%). Strains suspected of carrying a chromosomal rearrangement {60%-30% E H.}
are listed with the percentage of egg hatch and the percentage of brown eggs
(late embryonic lethals)., In a control cross usually the percentage of brown eggs
is below 10%. Mostly semi-sterility in the B1 and the 82 is correlated with a
percentage of brown eggs of 20%-60%. The frequency of rearrangements found in a
particular stock is given as the number of individuals with the rearrangement
divided by the total number analyzed. A short indication of the kind of rear-

rangement is given in the table.
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Table 1. The effect of different radiations on the onfon fly in terms of FertilTty and structural mutations

in the Bl and BZA Only the strains which are analyzed cytologically are mentioned.

P generation Bl cross B, cross Structural Comments

2
Bose in krad sex E.H. tested on tested cytcologically tested cytologicaily mutat fons™
fertilivy BI code sex E.M. B.E. 32 code sex E.H. B.E.

1.5 X-rays ' 4 33 B, = o W7 49 376
Fe 1 o 1 t3lsb & ag W 376 gl gstal
B, ¢ [ 57 kil 3/6
Fez o 5 60 B, g 32 15 176 3 gt
Fe 3 ¢ 54 20 - 15723 three pairs
* in complex
Fe &4 ] 30 67 - 6/8 chreom. 3,6 and
X or ¥ in complex
Bz a ¢ 31 23 11
B, 6 g 33 o3 Lo
Ha b g MW B, o < 715 176 vo-e
B, d o 26 6l /3
Ha 5 < 63 B g 27 55 0/1
2 1=)_ g5t
1.0 X-rays g 15 2 Ha 1 57 18 246 278
0.25 fast < 10 25 ] g 65 26 /12 ey s te)
t =) S+
neutrans Mal g 3B 43 o 37 3B o/3 g 6
Ha 8 ° 39 51 [ 51 50 0/9
Mz 10 & 58 18 - 141 recipr. transl.
Ha 11 o 3w 47 - 2/2 31 - 8!
0.25 fast i 8 12 “
neutrons
control 85
Legends table 1
E.H. % egg hatech  *ratlas are numbers of individuals with

rearrangements divided by tota2) number
of individuals from each stock, which
e, Sib strains were checked cvtologically {in BI and/for BZ).

B.E. % brown eggs

Eleven strains suspected of having a rearrangement were analyzed cytologi=
cally for the presence of chromosomal rearrangements and in nine of these a re-
arrangement was found. Five F] stocks which were suspected were lost during the
rearing before cytologic analysis was carried out.

In fig. 1a the normal karyotype is shown, In the progeny of backcrossed
flies from the Fe 1 stock, a reciprocal translocation was found between chromo~
somes 3 and 6 in mitotic as well as meiatic stages. The long arm of chromosome
3 had become shorter and the short arm of chromosome 6 had gained in length:
3](_) - 65(+). Fig. 1b shows a mitotic metaphase in a larval brain cell of a
heterozygote for this translocation. Among larvae from B2 crosses of Fe 2 in one
case out of six a rearrangement between 3](_) and 6](+) was found. The other five
appeared to be normal. Complex rearrangements were found in the offspring of Fe 3
and Fe 4. Three pairs of chromosomes were involved {Fe 4 see fig. 1c) and even
trisomy for chromosome 3 could sometimes be observed in a few larvae. One reci-

procal translocation was found in the progeny of B, crosses (Ma 4). Testes pre-
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