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STELLINGEN 

1. De zeer lage frekwenties, c.q. afwezigheid van adjacent 2 segre-

gatie in mannelijke translocatieheterozygoten van de uievlieg 

vinden nun uiteindelijke oorzaak in de wijze waarop de meiotische 

chromosoomassociatie in deze sexe plaatsvindt. 

Dit proefschrift. 

2. De door Keith Reid en Wehrhahn voor de uievlieg aanbevolen me-

thode om translocatiehomozygoten te isoleren, is vanuit een prak-

tisch oogpunt gezien inefficient en bovendien wordt in deze me-

thode onvoldoende rekening gehouden met een homozygoteringsdepres-

sie als gevolg van inteelt. 

Keith Reid, J.A. en C.P. Wehrhahn(1976). Canad. Entomol. 108,1409-

1415. 

Keith Reid, J.A. en P.I. McEwen(1977). Canad. Entomol. 109,1287-1291 

3. Een genetische bestrijding met behulp van de zogenaamde "popula-

tievervangingsmethode" biedt weinig perspectieven wanneer gebruik 

gemaakt wordt van conditionele lethaliteit. 

4. Een numerieke variatie voor chromosoom Y„ tussen primordiale, ger-

minale cellen is hoogstwaarschijnlijk de belangrijkste oorzaak van 

het voorkomen van significant van de 1:1 verhouding afwijkende 

sex-ratio's in nakomelingschappen van XXY- mannetjes van de uie­

vlieg. 

Dit proefschrift. 

5. Een afzonderlijke klassificatie van alternate T en 2 origntaties 

(Endrizzi, 1974; Cochran, 1976 en 1977; Lacadena en Candela, 1977) 

is niet zinvol wanneer het doel is nadere informatie over de fak-

toren die van invloed zijn op de oriSntatie van translocatiequadri-

valenten te verkrijgen. 

Endrizzi, J.E.(1974). Genetics 77, 55-60. 

Cochran, D.G.(1976). Chromosoma 59, 129-135. 

Cochran, D.G.(1977). Chromosoma 62, 191-198. 

Lacadena, J.R. en M. Candela(1977). Chromosoma 64, 175-189. 

6. In de vaktijdschriften voor land- en tuinbouw wordt onvoldoende 

aandacht besteed aan de nevenwerkingen van bestrijdingsmiddelen. 



7. Onderzoek naar biologische, inclusief genetische, bestrijdings-

methoden van het aardappelcystenaaltje, Globodera vostoohiensis 

en G. pallida , zal naast de resistentieveredeling een hoge priori-

teit moeten verkrijgen. 

8. Accijnsheffingen op bestrijdingsmiddelen kunnen een doeltreffende 

maatregel zijn om een doelmatiger gebruik van deze middelen te be-

vorderen; de revenuen zullen echter weer ten goede aan de land- en 

tuinbouw moeten komen. 

9. *iet zelfstandig leren opzetten en uitvoeren van eenvoudige onder-

zoeksexperimenten zou een essentieel element van het hoger agra-

risch beroepsonderwijs moeten zijn; de facilitelten hiervoor zijn 

echter onvoldoende. 

10. Zowel biologisch als sociaal gezien is het logisch dat bij gelijke 

rechten van vrouw en man, het kind de familienaam van de moeder 

krijgt. 

Forel, A. Het sexueele vraagstuk. Amsterdam: Gebr. Graauw 1907. 

(Nederlandsche bewerking R. A. Oosterhout). 

11. Om althans de jager het gevoel te kunnen blijven geven dat hij op 

wild jaagt, zal bij de kweek van voor de jacht bestemde fazanten 

een negatieve selectie op "wilde" eigenschappen zoveel mogelijk 

vermeden moeten worden. 

L. Vosselman 

Translocations and sex ratio distortion in the onion fly, Hylemya 

antiqua (Meigen), and their relevance to genetic control. 

24 oktober 1980 



VOORWOORD 

In de eerste plaats mijn excuses aan alle medewerkers van de vakgroep 

Erfelijkheidsleer die de afgelopen jaren door mijn "bio-industri'ele" acti-

viteiten voortdurend zijn geconfronteerd met de meest onwelriekende geuren. 

De geneeskrachtige werking die toegedicht is aan de geur van de ajuin, moge 

een troost zijn voor degenen die geteisterd werden door de dampen afkomstig 

van meer dan 2 ton uien. 

Mijn grote dank gaat uit naar mijn promotor Prof. J. Sybenga voor de be-

geleiding van dit onderzoek. Ik heb zeer veel waardering voor het feit dat 

ondanks de zeer drukke werkzaamheden er altijd ruimschoots tijd beschikbaar 

was voor overleg en dat het corrigeren van de manuscripten op een zeer zorg-

vuldige en constructieve wijze is geschied. 

Prof. J.H. van der Veen ben ik zeer erkentelijk voor de grote gastvrij-

heid en de ruime bijdrage aan de goede en plezierige werksfeer op de vak­

groep Erfelijkheidsleer. Deze goede werksfeer is voor mij een belangrijke 

stimulans bij het onderzoek geweest. De directie van het ITAL zou ik willen 

bedanken dat zij mij financieel in staat gesteld heeft het praktische ge-

deelte van dit onderzoek te kunnen voltooien. 

Kees van Hemert heeft door zijn pionierswerk, vooral wat betreft de cyto-

logie van de uievlieg, ervoor gezorgd dat ik geen onbetreden paden behoefde 

te bewandelen. Als student heb ik onder jouw hoede kennis gemaakt met de uie­

vlieg en het heeft me verheugd dat ik in een later stadium jouw plaats op 

Erfelijkheidsleer mocht innemen. Onze samenwerking heeft ertoe geleid dat 

twee artikelen van dit proefschrift onzer beider namen dragen. Alan Robinson 

zou ik willen bedanken voor zijn kritische kanttekeningen en de vele correc-

ties van het Engels in de manuscripten. Bovendien ben jij de hoofdauteur ge­

weest van het laatste artikel in dit proefschrift. Door jouw constructieve 

ideeen en niet aflatend optimisme was het een groot genoegen om met jou 

samen te werken. Wim van de Brink en Gijs Schelling worden bedankt dat zij 

bereid waren af en toe een deel van de kweek over te nemen. De leden van de 

IPO-uievliegwerkgroep van weleer zou ik willen bedanken voor de goede rela-

ties en de faciliteiten waarvan ik gebruik mocht maken. 

Henk Nijhoff, onze overeenkomsten in maatschappelijke en ruimtelijke 

positie op het lab, zijn waarschijnlijk goede condities geweest voor het 

feit dat wij uitstekend als communicerende vaten bleken te functioneren. 

Met meestal een bekertje koffie als spraakwater hebben we heel wat hypothesen 

en ideeen omtrent muizen en vliegen uitgewisseld; de direkte omgeving zal 

het niet ontgaan zijn dat ook "koetjes en kalfjes" geliefd waren. Ik zal 

altijd met veel genoegen hieraan terugdenken. 



Het vele typewerk dat voor de totstandkoming van dit proefschrift nodig 

was, is voor het merendeel uitgevoerd door Henriet Boelema en in latere 

fasen heeft ook Trees Makkes een belangrijke bijdrage geleverd; voor de 

concentieuze en snelle wijze waarmee dit gebeurd is, ben ik jullie zeer er-

kentelijk. De heer Knoop en Hans de Vries zou ik willen bedanken voor het af-

drukken van de diverse foto's en het maken van de collages. Jan Maassen heeft 

op een voortreffelijke wijze een groot deel van de illustraties verzorgd. 

Theo van Lent heeft het mogelijk gemaakt dat de vliegen en larven op een effi-

ciente wijze opgekweekt konden worden. Jan Molenveld wordt bedankt voor een 

tijdelijke ondersteuning van de kweekwerkzaamheden. De overige medewerkers van 

de vakgroep Erfelijkheidsleer zou ik willen bedanken voor ofwel hun bijdrage 

aan dit onderzoek ofwel de plezierige kontakten die ik met hen gehad heb; 

de vele (ont)spannende ping-pong partijtjes zal ik niet snel vergeten. 

Piet Dijkstra, jij, als welbekende uientapper, hebt gedurende een bepaal-

de periode aan den lijve kunnen ondervinden dat het tappen van een ui en het 

snijden van een siepel meestal tot hetzelfde eindresultaat leidt, namelijk 

siep(el)ogen. Ook Ep Mul heeft dit kunnen ervaren. Mijn dank, dat jullie een 

deel van je vrije tijd hebt willen opofferen. 

Marijke Neijzing en Arie Bruinink hebben tijdens hun doctorale fase ge-

merkt dat de uievlieg een lastig proefkonijn is wanneer het gaat om banderen 

van chromosomen, respectievelijk kweken van larven en isoleren van DNA. 

Marion Herfst heeft kunnen constateren dat de uievlieg wel van een winter-

slaapje houdt. Mijn dank voor jullie bijdrage aan het onderzoek. 

Mijn ouders ben ik dankbaar dat zij mij de gelegenheid hebben gegeven om 

te gaan studeren en dat ik ook af en toe praktizerend boer mocht zijn. De 

door jullie geteelde uien bleken goed voedsel voor de larven te zijn. 

Elly, jij hebt de afgelopen jaren moeten ervaren dat zelfs vliegen voor 

je partner interessante objecten zijn. Aan de soms vurige wens van je, dat 

ze beter allemaal "de lucht in konden vliegen" heb je gelukkig geen gestalte 

gegeven, Integendeel, jij hebt diverse malen actief meegeholpen en het is 

een gelukkige constatering dat uiensoep nog steeds een lievelingsgerecht van 

je is. 
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GENERAL INTRODUCTION 

There is an increasing demand for the development of pest management 

systems in which the use of pesticides is reduced to a minimum. A prerequisite 

is that the alternative control methods are effective and are also economi­

cally attractive. Involved in such system are methods based on the introduc­

tion of specific alterations in the genetic make up of insect populations 

leading to reduced reproduction rates. This thesis will treat some aspects 

of the feasibility of using translocations and sex ratio distortion for 

genetic control of the onion fly, Hylemya antiqua or Delia an.ti.qua. 

In Western-Europe the onion fly is the only important insect pest of 

the onion and in the absence of control measures larvae of this fly can 

cause high damage levels and therefore insecticides are generally applied. 

Until 1965 organochlorine compounds (DDT, aldrin, dieldrin and heptachlor) 

were mainly used but subsequently they were replaced by organophosphorous 

compounds or carbamates. In the last ten years the organophosphorous com­

pound trichloronate has been almost exclusively applied (Loosjes, 1976). 

The awareness of the harmful side-effects and the accumulation in food 

chains of the broad-spectrum and very persistant organochloric compounds 

used in the fifties and sixties together with the occurrence of resistance 

against these insecticides, were the main reasons that some fifteen years 

ago in the Netherlands, research was initiated to develop genetic control 

methods for the onion fly. Without doubt the successful control of the 

screwworm in the U.S.A. with the "Sterile Insect Release Method"(SIRM) 

was an important stimulus to start this project. Following detailed studies 

on different aspects of the SIRM, a research team of the Institute of 

Phytopathological Research (IPO) has succeeded in applying this method for 

the onion fly. Recently in large-scale field experiments (about 40 hectares) 

it was demonstrated that an effective control of the onion fly with the re­

lease of sterilized flies is possible. 

In 1969 at the Institute for Atomic Sciences in Agriculture (ITAL) and 

the Department of Genetics of the Agricultural University studies were 

started to establish the feasibility of using structural chromosome mutations 

for genetic control of the onion fly. In the main, reciprocal translocations 

were investigated. Translocations might be useful for insect control be­

cause the heterozygotes (T+) normally show a reduced fertility caused by 

the production of unbalanced (duplication/deficiency) gametes. In general, 

http://an.ti.qua


heterozygotes carrying one reciprocal translocation produce about equal 

numbers of balanced and unbalanced gametes. However, in multiple translocation 

heterozygotes higher frequencies of unbalanced gametes are formed, resul­

ting in lower fertilities. Translocation homozygotes, if viable, are expected 

to show normal fertility and are therefore especially suitable for mass-

rearing. 

When homozygotes are released into a natural population, a mixed popu­

lation of ++,T+ and TT types will arise in subsequent generations. Since, 

however, heterozygotes are at a disadvantage due to their reduced fertility 

an unstable equilibrium will normally be present. Consequently, a gradual 

shift in karyotype frequencies and in sterility level will occur until finally 

fixation of either ++ or TT takes place. To preclude such a fixation a 

monotoring of the population and additional releases of TT (or ++) after 

a certain number of generations would be necessary. Nevertheless, a single 

release of TT-individuals can result in a higher total genetic load com­

pared to a single release of an equal number of completely sterile indivi­

duals. This is because fully sterile individuals have no effect upon the 

population fertility in subsequent generations. It should be realized, how­

ever, that the reduction in population fertility following the release of 

a single translocation is mostly too low for the control of an insect. An 

enhancement of the sterility level is possible if more translocation strains 

are released but then it will be more difficult to obtain and to maintain an 

"optimal" ratio of the different karyotypes. 

Translocations can be exploited in several ways for insect control. In 

this thesis attention will be mainly paid to fertility reduction of popula­

tions based on the release of translocation homozygotes (see above). A second 

potential use of translocations in insect control are multiple translo­

cation heterozygotes showing high levels of sterility. These can be produced 

by intercrossing of (double-)homozygotes. Such highly sterile heterozygotes 

might be substituted for radiation sterilized individuals (in the SIRM), 

since a sterilization by means of irradiation often results in a reduced 

competitiveness. Thirdly, translocations can be used as "vectors" of genes 

causing conditional lethality or preventing disease transmission (refractory 

genes). Since no experimental work has been done on this subject, this method 

will only briefly be discussed. 

Sex ratio distortion in favour of males can be of great importance for 

the genetic control of insects if for instance 1) only females cause damage 



(Mediterranean fruit fly), 2) only females transmit diseases (several mos­

quito species), or 3) for a sterilization of females a higher dose of irra­

diation is needed than for males (a higher dose can have an adverse effect 

on the competitiveness). In H.antiqua it is for economic reasons that sex 

ratio distortion in favour of males is important. Since males of H. antiqua 
are polygamous it is expected that in the SIRM only males cause a signifi­

cant contribution to the reduction of the population fertility. Therefore, 

if with an appropriate crossing scheme only or predominantly males could 

be obtained, then about half of the mass rearing costs would be required. 

For genetic control based on translocations, sex ratio distortion might be 

of even greater importance. When fully fertile translocation homozygotes 

are released to achieve an equal ratio of normal (+) and translocation (T) 

genomes in a target population it is necessary to double the reproducing 

population. By releasing only translocation homozygous males such as doubling 

of the reproducing population can be avoided. For these reasons detailed 

attention has been paid to the genetics of a sex ratio distortion mechanism 

in H. antiqua which was discovered during the research. 

The results of this sex ratio distortion mechanism are given in the 

first two chapters of this thesis. A selective killing of females with the 

aid of a Y-autosome translocation and a locus causing conditional lethality 

(located on the translocated autosome) gives another opportunity to mani­

pulate sex ratios. This theme comes up for discussion in the chapters 3 

and 4. The main subject of the chapters 3, 4 and 5 is the meiotic segegra-

tion behaviour of translocations in relation to fertility. Different types 

of translocations were studied: a highly fertile Y-linked translocation 

(chapter 3 ) , a Y-linked three-chromosome double-translocation (chapter 4) 

and five different autosomal reciprocal translocations (chapter 5 ) . 

Embryonic and larval mortality percentages have been compared with the 

frequencies of duplication/deficiency karyotypes observed in eggs of test-

crosses and/or Mil cells of males. Intrinsic factors of the multivalents 

which most probably affect the mode of segegration and therefore the 

frequency of duplication/deficiency karyotypes are discussed. Due to larval 

rearing difficulties it was only possible to test five translocations, in­

cluding three double-translocations, in respect of the viability of the 

homozygotes. For one translocation a pure breeding stock of homozygotes 

was obtained. The isolation procedure used is discussed in chapter 6. 



Competition experiments with these homozygotes were carried out in labora­

tory (chapter 6) and f i e l d (chapter 7) cages. F ina l l y , the egg-hatch and 

pupation percentages of some double-translocation heterozygotes were deter­

mined. The results of these studies have not been included but in the 

general discussion a short summary is given together with data on meiotic 

segregation of two of these double-translocation heterozygotes. 



Chromosoma (Berl.) 67, 201 - 218 (1978) 

Sex Determination of the Onion Fly, 
Hylemya antiqua (Meigen) 

I. Sex Chromosome Polymorphism, Gynandromorphism and X-Polysomy 

L. Vosselman 

Department of Genetics, Agricultural University 
Generaal Foulkesweg 53, Wageningen, The Netherlands 

Abstract. X and Y chromosomes of Hylemya antiqua occur in two forms 
each. XL and Xs, and Y! and Y2. The larger XL has an intercalary proximal 
segment which is absent in the more common smaller Xs. The acrocentric 
Y chromosome (Y,), does not differ morphologically from Xs. A smaller 
metacentric Y2 is apparently not homologous with Y^ Two types of males, 
XYj and XXY2, coexist in at least one Dutch population. XY2 has been 
observed in one individual only. In larval ganglion cells an association has 
been observed between chromosome Y2 and a probably non-homologous, 
intercalary segment of autosome 4. A numerical somatic variation of Y2 

can lead to gynandromorphs and sex ratios significantly different from 1:1. 
XX cells can differentiate into functional spermatozoa in XX/XXY2 mosaic 
testes. This indicates the presence of a diffusable male determining substance, 
which can reverse the "genotypic" sex of a cell. The occurrence of some 
spermatozoa-containing "cysts" in ovaries of two gynanders suggests a more 
or less autonomous (independent of the gonadal environment) differentiation 
of XXY2 germ cells. XXXY2 males and XXX females do not show a 
serious reduction in fertility. Even XXXXY2 males do not exhibit any sign 
of intersexuality and spermatogenesis seems unaffected. All 62 scored M 
II cells of X-tetrasomic males contained 2 Xs. 

Introduction 

Sex determination in Diptera is based on several different systems. Using aneu-
ploid individuals, expecially polysomics for X, the existence of (a) strongly 
male determining factor(s) on the Y chromosome in Dipteran species has been 
established e.g. in Phormia regina, Lucilia cuprina and Chrysomya chloropyga 
(Ullerich, 1963, 1976), Pales ferruginea (Ullerich et al., 1964), Musca domestica 
(Hiroyoshi, 1964; Milani et al., 1967) and Hylemya antiqua (van Heemert, 
1974b). Beside this so called "dominant Y " system, several other sex determina­
tion mechanisms are known in the Diptera (see White, 1973). 
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Using an X-linked translocation, van Heemert (1974a, b) could confirm 
Boyes' (1954) suggestion that the small acrocentric chromosome pair in the 
onion fly (H. antiqua) is the sex chromosome pair. According to van Heemert 
(1974 a, b) the difference between the X and Y should be the presence and 
absence resp. of a quite proximal secondary constriction. Boyes mentioned 
a slight difference in length and absence/presence of a submedian secondary 
constriction as possible differences between X and Y. 

Onion flies with some intermediate secondary sex characters but with normal 
testes are observed rather often (a few percent) in laboratory rearings, but 
in wild populations only three of 7057 individuals were of this type (Loosjes, 
1976). An "androgynous" onion fly was reported by Tiensuu (1935). In other 
Hylemya species comparable aberrations in sex phenotype have been mentioned 
(Hennig, 1974; Sick, 1967; Smith, 1972). 

Following the careful analysis of the sex determining system in H. antiqua 
by van Heemert (1974a, b) gynandromorphs and very deviant sex ratios were 
observed which could not be explained by his theory of an XX/XY sex determi­
nation. In addition, it became probable that a very small metacentric accessory 
chromosome, formerly considered a B chromosome, could play a role in sex 
determination. It does not pair somatically or meiotically with the sex chromo­
somes. These observations, together with the notion that sex ratio distortion 
may be a useful tool in genetic control of insects, prompted the present analysis. 
Further aspects will be presented elsewhere (Vosselman, in prep.). 

Materials and Methods 

The wild stock used was originally collected in Zeeland (southwestern part of the Netherlands) 
and reared for five generations in high numbers under laboratory conditions at the Institute for 
Phytopathological Research, Wageningen. Stock T14 with a reciprocal translocation between the 
autosomal chromosomes 2 and 6 was obtained from the Institute for Atomic Sciences in Agriculture 
(ITAL) in Wageningen. This stock has been backcrossed with the wild stock for more than three 
generations with always the wild type as male parents. X-polysomic flies have been derived from 
a trisomic arisen spontaneously in this stock. The translocation will be the subject of later papers. 

The adult flics are normally reared at 23° C, a relative humidity of approx 70% and 16 h daylight. 
Cages made of clear perspex pipe of 7 cm diameter and 10 cm high have been used. The upper 
and lower sides are covered with nylon gauze. The cage is positioned on top of a small box 
with onion segments. Between cage and box a perforated piece of hard pvc (immediately below 
the cage) and a small circle of filter paper are placed. Attracted by the smell of onion, the females 
oviposit through the holes in the pvc and onto the filter paper. 

The larvae arc reared in plastic boxes of approximately 300 cm3 on pieces of onion. The 
lower side of the box is perforated (an covered with fine nylon gauze) to prevent an excess of 
moisture in the box. In the box on a layer of vcrmiculite a pvc ring (diameter 8 cm) with coarse 
nylon gauze is placed. At the time of pupation the larvae move through the gauze into the vermiculite 
and pupate there: the remnants of onion can be taken out with the ring. Before the filterpaper 
with eggs is placed on the onion, the eggs and paper are desinfected with a 1.0% formaldehyde 
solution. For good larval growth and low mortality, the percentage of moisture in the box is 
very important; is it too high then a souring of the onion can take place, is it too low then 
there is a risk that the outside of the onion pieces becomes too hard for the larvae to penetrate. 
The larvae are first reared at 25° C in the dark during 3 d and afterwards at 20° C, 16 h daylight 
and a relative humidity of approx. 70%. The pupation percentages (number of hatched eggs/number 
of pupae, multiplied by 100) were 70 100%. 



Sex Determination in Hylemya. I 

The percentage of fertilized females is normally very low with "single pair mating". Van 
Heemert (1974a) reports 10%. Two factors play an important role for the degree of success of 
single pair mating :1) rearing conditions of the larvae, 2) duration of storage of the pupae before 
use (in the refrigerator at 4° C, starting 2-4 d after pupation). The best results were obtained 
without storing. The results given in Table 1 come from single pair matings (with about 70% 
fertilized females). The remaining results are obtained from progenies of single females, from 
cages with about 10 females and 10 males, which had been together during 1-2 d at an age 
of about 10-14 d. 

As fixing-staining medium a 2% lacto acetic orcein solution (van Heemert, 1974a) was used. 
For karyotyping larvae (brains) the best results were obtained with 5-9 d old larvae, which had 
fed 1 d on a fresh piece of onion. To obtain a high number of spermatogonial metaphases, the 
best stage for classifying the sex chromosomes, testes were dissected 1-2 d before eclosion of 
the pupae. For classifying dividing somatic cells of ovaries, the best results are obtained when 
the ovaries are isolated 1-2 d after eclosion of the pupae. Dissection was carried out in Levy's 
saline solution (van Heemert, 1974a) or directly in distilled water. Photographs were made with 
a Zeiss photomicroscope on an Agfa-Ortho 25 professional film (12 DIN). 

Results 

/. Sex Chromosome Polymorphism 

Four different sex chromosomes are postulated for the onion fly (diagrammati-
cally represented in Fig. 1). There are two non-homologous Y chromosomes. 
The phylogeny of these chromosomes is not certain and therefore the longer 
one is called Yx and the smaller one Y2 (cf. White, 1973). The homologous 
but in respect of length different X chromosomes are designated as X, ( = long) 
and Xs ( = short). The centromeres of the homologous chromosomes Xs, XL 

and Yi are positioned at the end of the chromosomes, no short arm being 
observable. These are called acrocentric rather than telocentric (also by Boyes, 
1954 and van Heemert, 1974a, b). 

Sc 
Fig. 1. Four different sex chromosomes of 
H. antiqua, diagrammatically. C 
centromere, Sc secondary constriction XL Xg Y| Y2 

Sc 
C C 

.C 

Chromosomes Xs and Yx 

With the conventional staining techniques the Xs and Y, chromosomes can 
not be distinguished morphologically. Both are acrocentric and have a secondary 
constriction (SC) near the centromere (Fig. 2a). This constriction is not always 
visible, and within an individual (brains of larvae) one can observe cells where 
both, one or none of the acrocentrics have the SC. In respect of homology 
and morphological correspondence between Xs and Y! the following observa­
tions are relevant: 

1) In several spermatogonial (pro)metaphases (Fig. 2 a) the two acrocentrics 
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Fig. 2a-g. Kar>ot>pes of H. aniiqua. a XSY(. Spermatogonial metaphase. Xs and Y t cannot be 
distinguished, b XLXSY2. Spermatogonial prometaphase, incomplete. Note difference in length 
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T + for translocation T14. e XSXSY2. Mitotic metaphase larva. Note association of Y2 with chromo­
some 4. f X,XS. Mitotic metaphase larva, incomplete. X, associated with chromosome 4. g XSXSY2. 
Diakinesis/prometaphasc <J: XSXS, XSXSY2 and XSXSY,Y, cell. The bars represent 10 um 
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paired with each other for their whole length. In each of the two a SC was 
present. 

2) In the progeny of the combination XLXL (?) x XLYX (<$) (see below) where 
the Y-chromosome is morphologically distinct from the X chromosomes, it 
was clearly observable that the Y, had the SC. 

It is remarkable that the kinetochores and proximal chromosome segments 
of the acrocentrics disjoin in the male as early as diakinesis/prometaphase 
(Fig. 2d) when the homologues of the autosomal bivalents are still closely asso­
ciated. This applies to XsYj and XSXS bivalents. Both sex chromosomes Xs 

and Yj seem to be largely or perhaps even entirely euchromatic, because only 
very small dots of darkly stained chromatin can be recognised in interphase 
nuclei. 

The frequencies of males and females in progenies of single pairs of the 
combination XSXS (?) and XsYj (<J) are given in the left part of Table 1. The 
ratio of females to males was in no case significantly different from 1:1. On 
the other hand in some of the crosses with XSXSY2(Y2) as males, an excess 
either of females or of males is observed (see below). A reciprocal translocation 
between the autosomes 2 and 6 is present in this material, but it has no impact 
on the sex ratios. 

Table 1. Frequencies of males and females in the progenies of single pairs of the onionfly. In the left part 
of the table(28d-5ld) the crosses: XSXS ($$, stock a) and XSY, (^<J, stock b). In the right part the "reciprocal" 
ones: XSXS (?$, stock b) and XSXSY2 (Y2) (^(J. stock a). Some males have a mosaic constitution for Y, 
(see text). A reciprocal autosomal translocation is present in the material used (see text). From the single 
pairs 33d, 36d, 38d and 42d a total of 20 adult males were cytologically screened, all were XSY! (not shown 
in the table) 

Single 

pair 
nr. 

28d 
31d 
32d 
33d 
34d 
35d 
36d 
38d 
39d 
42d 
49d 
51d 

total 

* 0.01 

Number of 

?$ 

32 
87 
31 
53 
27 
67 
20 
43 
29 
59 
46 
18 

512 

te 

44 
80 
27 
73 
31 
60 
28 
43 
28 
64 
44 
19 

541 

<p<0 .05 

z2 

(1:1) 

0.95 
0.29 
0.28 
3.17 
0.28 
0.39 
1.33 
0.00 
0.02 
0.20 
0.04 
0.03 

** 0.001 

Translo­
cation 
karyo­
types 
parents 

T + /T + 

+ +/+ + 
+ +/+ + 
T + / + + 
T + / + + 
T + / + + 
T + / + + 
T + / + + 

+ +/+ + 
+ +/+ + 
+ +/+ + 
T + / + + 

<p<0.01 

Single 

pair 
nr. 

55d 
56d 
57d 
59d 
60d 
62d 
63d 
64d 
68d 
69d 
70d 
73d 
75d 
76d 

total 

***p< 

Number of 

$$ 

41 
34 
7 

68 
52 
49 
40 
35 
35 
26 
50 
53 
33 
37 

560 

0.001 

<?<? 

53 
25 
86 
37 
46 
18 
42 
37 
28 
60 
50 
32 
65 
44 

623 

z2 

(1:1) 

1.53 
1.37 

67.11*** 
9.15** 
0.37 

14/54*** 
0.05 
0.06 
0.78 

1 ^44*** 
0.00 
5.19* 

10.45** 
0.61 

Translo­

cation 
karyo­

types 
parents 

+ +/+ + 
+ +/+ + 
T + /T + 
T + / + + 
T + /T + 

+ +/+ + 
T + / + + 

+ +/+ + 
T + /T + 

+ +/+ + 
+ +/+ + 
+ +/+ + 
T + / + + 

+ +/+ + 

Karyotyped 

$$ 

xsxs 

2 

4 
2 

2 

4 
3 
4 
3 

24 

$$ 

XSXSY2(Y2) 

6 

7 
5 

10 

4 
3 
3 
6 

44 
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Table 2. Frequencies of karyotypes in the offspring of XLXS and X,Y, (<J), XLXL (?) and XLY! 
(<J). Chromosomes Xs and Y, cannot be distinguished morphologically. The individuals scored 
as larvae are only classified according to karyotype, the sex cannot be determined phenotypically 
in this stage 

Crossing combination Stage of Females Males 
scoring 

? 6 XLXL XLXS XLY, XSY! 

XLXS X ,Y, adults 7 5 4 5 
X,XL X ,Y, larvae 5 - 8 -
XLXL XLY, adults 5 5 -

Chromosome XL 

In the progeny of certain crosses, individuals were observed with an acrocentric 
chromosome which is homologous for most of its length with Xs and Y, (Fig. 2b 
and c). But there is a clear deviation in length and in position of the SC. 
The distal part, beyond the SC seems to be completely homologous with the 
Xs and Y1 chromosomes mentioned above. The proximal part, between SC 
and centromere, however, is much longer in the case of XL, so that the place 
of the SC is submedian (Fig. 2c). There is no proximal SC. Despite the structural 
difference between X, and Xs, Y, resp., there is a regular meiotic disjunction 
(AI). The additional chromosomal segment of XL seems to be heteropyenotic, 
although we are not completely sure about this. 

In progenies of the parental combination XLXS (?) and XLY! (<J) two distinct 
karyotypes were present in females as well as in males. In larvae only three 
karyotypes could be distinguished, because X, Xs and XLY l are morphologically 
identical. One offspring was found with exclusively XLXL females and XLY, 
males (Tabic 2). No phenotypical differences in respect of the sexual characteris­
tics between XSXS, XLXS and XLXL females, and between XSY: and XLYX 

males, were observed. There is no doubt that X, behaves as a normal X chromo­
some. 

Chromosome Y2 

A smaller and metacentric chromosome, here indicated as Y2 and considered 
to be a B chromosome by van Heemert (1974a), differs from the other sex 
chromosomes in respect of a number of characters: 

1) A numerical somatic variation is observable. 2) It is mostly present single. 
In meiosis it does not pair with the other sex chromosomes. In larvae there 
is a weak association with XL, but a more pronounced association with chromo­
some 4. 

ad 1. In brains of larvae and in testes of adults frequently a numerical 
variation being observable, i.e. within an individual there are cells with 0, 1, 
2 or even more Y2 chromosomes. More details about the degree of variation 
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will be represented elsewhere (Vosselman, in prep.). In Figure 2g an example 
of this variation is shown. 

ad 2. Although Y2 normally has no meiotic pairing partner, this has no 
direct implications for a regular course of meiosis. In anaphase I Y2 goes 
undivided to one of the poles and in the second meiotic division a normal 
disjunction of the sister chromatids takes place. The possibility that occasionally 
nondisjunction of Y2 in A II occurs, cannot be excluded (Vosselman, in prep.). 
If two or more Y2 chromosomes were present, always a bivalent or multivalent 
is observed, never univalents. 

In ganglion cells of larvae there is a clear association of Y2 with chromosome 
4, in the region between centromere and secondary constriction in the short 
arm of this chromosome (Fig. 2e). This association is not restricted to cells 
with only one Y2. It is not as perfect as in average somatic pairing. Several 
cells can be found without this association, but probably "squashing effects" 
play a role. In testis preparations, in spermatogonia! (pro)metaphases as well 
as in meiotic cells no association between Y2 and chromosome 4 is observed. 
In larval ganglion cells also an association is sometimes found between the 
proximal part of X, and the part of chromosome 4 (Fig. 2f) which associates 
with Y2. This association, however, is much weaker and often not perceptible. 
It is not observed in testis preparations. In larvae with both XL and Y2 chromo­
somes a pseudomultivalent of all these chromosomes is sometimes seen. 

The frequencies of males and females in progenies of single pair combinations 
XSXS ($) and XSXSY2 (£) are shown in the right part of Table 1. Some ratios 
are significantly different from 1:1. In all males Y2 was present. However, many 
had testes with a mosaic constitution for Y2. The testes of most males consisted 
predominately of cells with 1 Y2, but also males with a relatively high number 
of cells with 0 Y2 or with predominately cells with 2 Y2s were observed. The 
number XSXSY2Y2 karyotypes have not been presented here, because the fre­
quency distribution of the average number of Y2s per individual in the range 
1.0 2.0 is not discontinuous (cf. Vosselman, in prep.) 

The theoretical possibility that one of the acrocentrics might be a Y1 chromo­
some (morphologically not different from Xs) and that the holandric inheritance 
of the metacentric chromosome was caused by a preferential disjunction in 
AI, i.e. that the metacentric would go to the same pole as Y1; could not 
be excluded for such karyotypes. This problem could be solved by crossing 
males with the long acrocentric XL. The frequencies of karyotypes found in 
the offspring of the parental combination XSXS (?) and XLXSY2 (<3) and of 
X,X, (?) and XLXSY2 (cj) are given in Table 3. There is no preferential segrega­
tion of Y2 with regard to one of the acrocentrics and Y2 is again only found 
in males. Apparently Y2 is a strictly male determining chromosome. An XLX[ Y2 

karyotype is shown in Figs. 3 a and 3 b and a somatic metaphase of an XLXL 

female in Fig. 3 c. 

//. Gynandromorphism 

The frequency of phenotypically clearly recognisable gynandromorphs is low. 
In Table 4 only those individuals from which also cytological information is 
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Table 3. Cytological data of the offspring of the parental combinations a) XSXS (?) and XLXSY2 

(tJ) b) XLXL (5) and XLXSY2 (<J). Some males and larvae had a mosaic constitution for Y2 

(see text). The larvae are classified according to the karyotype, the phenotypic sex is not known 

Cross 

a 

b 

Stage of 

larvae 
adults 
total 

larvae 
adults 
total 

Females 

xLxL 

-
-
3 
5 
8 

XLXS 

16 
9 

25 

3 
6 
9 

XsXs 

18 
11 
29 

— 
-
-

Males 

XLXLY 

-
-
1 
4 
5 

2(Y2) x,x 
20 
17 
37 

5 
6 

11 

SY2(Y2) XsXsY2(Y2) 

24 
9 

33 

— 
-
-

Table 4. Description of some morphological sexual characteristics and cytological data of 4 gynandro-
morphous types of the onion fly. 1) studied at pupal stage, s.met. = somatic metaphases 

External 
sexual 
character­
istics 

Internal 
repro­
ductive 
organs 

Cytological 
results 

a) distance 
between 
eyes 

b) position of 
wings 

c) external 
cj genitalia 
ovipositor 

a) ovary/ 
testis 

b) number of 
spermatheca 

gyn. 1 

about as <J 

about as (J 

intermediate 
form (see text) 

ovary + testis, 
in ovary some 
spermatozoa 
present 

two 

ovary: s.met 
5 cells: XSXS 

testis: dipl./ 
diak. 
6cells: XSXSY2 

gyn. 2 

about as $ 

about as <J 

intermediate 
form (see text) 

ovary + testis, 
no 
spermatozoa 
in ovary 

two 

ovary: s.met. 
6cells: XSXS 

testis: dipl./ 
diak. 
2 cells: XSXS 

3 cells: XSXSY2 

Mil 
3 cells: Xs 

gyn. 3 " 

-

tJ-external 
genitalia 
(somewhat 
reduced) 

two ovaries; 
in ovary I 
appr. 150 
spermatozoa 

none 

ovary I: s.met. 
3 cells: XSXS 

1 cell: XSXSY2 

ovary II: s.met 
5 cells: XSXS 

gyn. 4 

as $ 

a s ? 

normal 
ovipositor 

two ovaries 

three 

ovaries: s.met. 
19 cells: XSXS 

present are given, and of these only the most striking characteristics. Two 
gynanders (1 and 2) had a female and a male gonad. The external genitalia 
were a mixture of male and female characteristics: an ovipositor-like organ, 
which could be pushed out, and partially developed male external genitalia 
at the top of this organ. Instead of the normal number of three spermatheca 
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(Theunissen, 1976) only two were present. Gynander 3, studied at pupal stage 
1-2 d before eclosion, had normal but somewhat smaller male external genitalia. 
However, instead of testes two ovaries were present; no spermatheca could 
be detected. The ovaries had a normal appearance but a peculiarity was that 
a group of about 150 spermatozoa was present in one of the ovaries. In the 
female gonad of gynander 1 a comparable situation was observed with two 
groups of spermatozoa embedded in a cyst-like wall. It is hardly possible that 
the spermatozoa have come from the testis of this gynander, because the gonads 
were well separated before bringing them on different slides. Besides, the sperma­
tozoa were embedded in "cysts". The ovaries in these gynanders did not seem 
different from normal ovaries, except for the presence of the spermatozoa and 
probably some more unidentifiable male germ cells. Several female germinal 
cell types could be recognised. Of gynander 4 it is not completely certain if 
it was a true gynandromorph; the only male characteristic was the relative close­
ness of the eyes. The other characters were all female. 

The cytological data are not very extensive and in the case of female gonads 
only somatically dividing cells could be scored. It is not known from which 
part of the somatic tissue of the gonad these cells were derived. In the ovaries 
of gynanders 1 and 2 no Y2 chromosome was observed, but in both testes 
XSXSY2 cells were present, although one of the testes had a mosaic constitution 
(Table 4). In the spermatozoa-containing ovary of gynander 3 one of the four 
analysable somatic cells was clearly XSXSY2. 

One male without any external genitalia was observed; 24 cells (diplotene/dia-
kinesis) could be karyotyped and all were XSY2 (Fig. 3d) except one, which 
was XSY2Y2. This is the only case that Y2 has been observed together with 
only one X chromosome. It is not likely that there is a causal relationship 
between these two facts, as will be discussed later. 

/ / / . X-Polysomy 

The frequencies of karyotypes in the progeny of two X-trisomic parents (derived 
from a disomic/trisomic cross) are shown in Table 5. The karyotypes of the 
parents are in fact not known, but deduced from the (frequencies of) karyotypes 
in the offspring. Most probably the parents were XLXLXS ($) and XLXSXSY2 

(c?) or XLXSXS (?) and XLXLXSY2 {<$). For a few individuals it was not 
possible to determine the exact karyotype (in respect of XL/XS) and for 
safety some karyotypes have been combined. The X-trisomic males (Fig. 3e) 
and females showed a normal viability and no serious reduction in fer­
tility. For the X-tetrasomic males (Fig. 3h) no fertility scores are available, 
but no sign of intersexuality has been observed. Spermiogenesis seemed to 
be normal and an abundant number of sperm cells was present. X-tetrasomic 
females (Fig. 3f) were in any case viable. 

The disjunction of the X-quadrivalent (XLXLXLXS and XLXLXSXS) in four 
tetrasomic males was always very regular: 62 cells scored at M II all were 
2 X. In diakinesis/M I (Fig. 3g) it was often seen that two centromeres of 
the quadrivalent are directed to one pole and the other two to the opposite 
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Fig. 3a-h. Karyotypes of//, antique/, a X,XLY2 . Mitotic metaphase, larva, b XLXLY2. Spermatogo­
nia! metaphase. c X,XL, Somatic metaphase in ovarium, d X s Y2. Diakinesis/prometaphase (J. e 
XLXLXSY2. Spermatogonial metaphase. f X|XLXLXS. Somatic metaphase in ovarium, g 
X 1X IX|XSY 2 . Diakinesis/prometaphase (J. h X|XLXSXSY2. Spermatogonial metaphase. The differ­
ence between X, and Xs in e, f, g and h is not always clear, but the given karyotypes are based 
on several cells. The bars represent 10 urn 
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Table 5. Offspring of the cross XLXLXS (?) and XLXSXSY2 (<J), or XLXSXS (?) and XLXLXSY2 

(ij): the parental karyotypes are not known, but deduced from the presence and relative frequencies 
of karyotypes in the offspring. In a few cases it was not possible to determine the exact karyotype, 
and therefore some have been combined 

Karyotypes 

?? 33 

Obsen 

?$ 

0 
1 
1 
0 

4 + 2c 

0 

7 

o+r 

ed N 0 

33 

2 

4 
0 
0 

11 + lc 

0 

4 

0 

Total N 

Obs. 

? 

5 
1 
0 

18 

0 

11 

1 

3 ( ?$ 

Exp. 

2.1 
5.3 
2.1 
1,1 

17,0 

1,1 

7.4 

2.1 

±33) 

Exp." 

_ 
9,5 

-
-

19,0 

-

9,5 

— 

X L X L X L X L Y } 

X L X S XLXS \ , 

XSXS X S X S Y, 

X L X | X L X ^ X ^ X L Y I 

X L X | X S 1 X I X I X S Y 2 

X L X S X S J XLXsXsYi 

XsXsXs XXSXSY2 

^ l A l . L ^ S l A | A | A i A t j Y i L X S \ 

SXsJ 
Xi.XsXsXs X|XSXSXSY2 

11 Numbers expected on the basis of random coorientation of the different X chromosomes 
h Numbers expected on the basis of coorientation exclusively between fully homologous X chro­
mosomes 

Scored as larvae 

pole (note: never 2 bivalents in the achiasmate males). In the right columns 
of Table 5 the expected numbers of karyotypes are given: in the case of 1) 
random coorientation of the different X-chromosomes in both parents 2) a 
coorientation exclusively between fully homologous X-chromosomes in both 
parents. 

Discussion 

Chromosomes Xs, XL and Y{ 

With an X-linked translocation van Heemert (1974a, b) established that the 
small acrocentrics are sex determining chromosomes. A morphological differenti­
ation between the X and Y was suggested to be a secondary constriction in 
the X, which was found missing in the Y chromosome. Although van Heemert 
(personal communication) studied the chromosomes which are here indicated 
as Xs and Y1, we have not been able to confirm the morphological difference 
between these chromosomes. In several spermatogonial prometaphases of differ­
ent males two acrocentrics, pairing for the whole length and both with a second­
ary constriction have been observed (Fig. 2a). Also, the possible differences 
between X and Y which were suggested by Boyes (1954) seem not to hold 
true in our material. 

In the same population where Xs and Y1 were found, a few individuals 
were present with a longer acrocentric chromosome with one submedian second­
ary constriction. The results of hybridization experiments (Table 2) between 
these individuals and flies with the Xs chromosomes, clearly demonstrate that 
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this chromosome is an X chromosome (XL). In the progeny of the cross XLXS (?) 
x XLY ( (<$) only females were homozygous for the longer acrocentric and only 
males had a homomorphic pair for the small acrocentric (Xs and Yj morpho­
logically identical). However, a heteromorphic pair could be present in both 
males as well as females. Full-sib mating in the above-mentioned progeny has 
given an offspring with exclusively homomorphic (XLXL) females and hetero­
morphic (XLYj) males. 

It is not certain which chromosome (XL or Xs) was the original one and 
how one chromosome has been derived from the other. 

If XL was the original one, Xs might have been arisen by: 
1. An intercalary deletion of XL. 
2. A crossing-over between X, and Y1 (normally no crossing-over in males). 
3. A translocation between Yj and XL. 
If Xs was the original, XL might have arisen by repeated duplication of 

the chromosome segment (or part of it) between centromere and SC of Xs 

(repetitive DNA). 
For Dipteran species such polymorphisms have been recorded for instance 

in Musca domestica (Boyes, 1967; Milani et al., 1967) and in three different 
species of Tipulidae (Ullerich et al., 1964). 

Chromosome Y2 and Evolutionary Aspects 

In various respects the small metacentric sex chromosome is different from 
the other chromosomes. On account of the absence of somatic and meiotic 
pairing with the other sex chromosomes and the fact that this chromosome 
is only present in some material, van Heemert (1974a) considered this chromo­
some to be a B-chromosome. From the cytological results of different hybridiza­
tion experiments it can be concluded, however, that the small metacentric is 
a male determining chromosome. As mentioned before, initially only stocks 
with Xs chromosomes were available. Because chromosome Y; cannot be dis­
tinguished morphologically from Xs, the holandric inheritance of the metacentric 
(Y2) could be explained in two ways: 1) the metacentric is a Y chromosome 
and both acrocentrics of the male parent are X chromosomes 2) one of the 
acrocentrics of the males is Y, and the holandric inheritance is caused by 
preferential segregation, i.e. Yj and the metacentric always go to the same 
pole. 

However, using the long acrocentric XL, it was possible to discriminate 
between the two alternatives by choosing as male parent an individual with 
a heteromorphic acrocentric pair. As shown in Table 3 there is no preferential 
disjunction of the metacentric with regard to one of the acrocentrics. Both 
acrocentric sex chromosomes of the male parent show a Mendelian inheritance, 
while the metacentric is again only found in the male offspring; there were 
no males without it. This can only be explained by assuming that both acrocen­
trics are X chromosomes (XL and Xs) and the metacentric (Y2) has a male 
determining function. 

The frequently observed somatic numerical variation of chromosome Y2 

can bring about sex ratios significantly different from 1:1 (Table 1). Progenies 
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with an excess of males (57d, 69d, 75d) come from males with testes with 
a relatively high number of cells with 2Y2s and progenies with an excess of 
females (59d, 62d, 73d) come from males with testes mainly consisting of cells 
with 0 and 1 Y2. More details will be presented elsewhere (Vosselman, in 
prep.) 

Because chromosome Y2 does not pair (meiotically and somatically) with 
chromosome Xs, while Xs pairs for the whole length with Y ( , it seems reasonable 
to assume that Y2 has at most a very small segment homologous with Y,. 
The absence of any pairing between a likely mutated, nonfunctional Y2 chromo­
some and Yj (Vosselman, in prep.) leads to the same conclusion. However, 
judging from the sexual phenotypes the genetic information seems to be the 
same, in any case for the primary male characteristics. The most logical hypoth­
esis to explain this, is that the male determining genes (or gene) are restricted 
to a very small chromosome segment and that this segment has been involved 
in a translocation (see below). In Chironomus tentans Beermann, 1955) and 
Aphiochaeta xanthina (Tokunaga, 1958; Mainx, 1959) two non-homologous sex 
determining chromosomes have been found. In both cases it is supposed that 
the two types have arisen by a translocation of the male determining gcne(s). 
In polytene chromosomes of Calliphora erythrocephala a structural difference 
between the X and Y consists of a single additional intercalary heterochromatic 
band (Ribbert, 1967). It has not been proven, however, that the male deter­
mining gene(s) are indeed restricted to this additional chromosome segment. 
That sex determination can be restricted to a small chromosome segment or 
even to one locus has been shown e.g. for Aecles aegypti (McClelland, 1967) and 
for Culex pipiens (Gilchrist and Haldane, 1947). 

It is still an open question which chromosome has been the original male 
determining chromosome. We will discuss two alternative hypotheses: 1) Y2 is 
the original Y chromosome and Y! has arisen by a translocation between 
Y2 and one of the X chromosomes. 2) Y, is the original one and Y2 has 
arisen by a translocation between Y! and a supernumerary. There are some 
arguments which favour the hypothesis that Y2 is the original Y chromosome. 
First, the observed low transmission by females of a nonfunctional form of 
chromosome Y2 (Vosselman, in prep.) is an indication that this chromosome 
may not be able to function as a supernumerary, owing to an elimination 
from the population in a number of generations. This nonfunctional form of 
Y2 has been observed in only one cross and is studied in crosses derived from 
this material. Secondly, from an evolutionary point of view it is more likely 
that a chromosome mutation Y2->Y! has taken place, because Y, has a stable 
and Y2 has an unstable somatic behavior. Except for gynandromorphs, it is 
not clear if a somatic numerical variation of Y2 has indeed implications for 
fertility/fitness of the XXY2 males. An argument in favour of the hypothesis 
that Y2 originally has been a supernumerary may be, that a frequent occurrence 
of somatic nondisjunction is often reported for supernumeraries, especially in 
plants but also in some insect species (for references see Hewitt, 1973; White, 
1973; Jones, 1975), and hardly for other chromosomes. 

Boyes (1954) reported the possible presence of three morphologically different 
supernumeraries in Hylemya cilicrura. The inheritance of these chromosomes 
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is not known. The good agreement in respect of morphology and length of 
one of the supernumeraries with Y2 of H. antiqua is striking. Therefore it 
seems worthwhile to investigate if this chromosome of H. cilicrura is indeed 
a supernumerary and not a Y chromosome, the more so as in this species 
also gynandromorphs and/or intersexes have been found (Sick, 1967). In Hyle-
myafugax (Boyes, 1952, 1954) and X1XiX2X2 /X1X2Y sex determination is pres­
ent. Maybe a long supernumerary of H. cilicrura is involved in the derivation 
of the fugax complement (Boyes, 1952) or the fugax complement is derived 
from a 14 chromosome complement (Boyes, 1954). 

The association of Y2 with a particular segment of chromosome 4 in larval 
ganglion cells may indicate some kind of homology. However, the fact that 
no male determining genes have been detected in chromosome 4, the association 
has not been observed in meiotic cell stages and the derivation must have 
been rather complicated, it is more likely that there is some kind of nonhomolo­
gous association. Likewise it is questionable if the sometimes observed somatic 
association of the proximal part of XL with chromosome 4 and with Y2, is 
caused by homology. The disjunction of Y2 in respect of XL and Xs is random 
(Table 3). 

About the relative frequencies of XY, and XXY2 males and the distribution 
of these karyotypes in natural populations of the onion fly, only limited informa­
tion is available. The material studied here originates from 24 males, randomly 
taken from a population, which had been collected in the Netherlands and 
reared during five generations in high numbers under laboratory conditions. 
From the karyotypes observed in progenies of these males, it could be concluded 
that 20 were XXY2 and 4 were X Y P Possibly XY! and XXY2 also coexist 
in Canada. Van Heemert (1974a) has observed onion flies of a Canadian popula­
tion with a small metacentric chromosome, morphologically identical with Y2. 
Boyes (1954), however, has only described males with acrocentric sex chromo­
somes. 

Gonadal Influence on Phenotype of Germ Cells 
and Gynandromorphism 

In mammals much work has been done to establish if XX or XY cells can 
develop as germ cells in a phenotypically opposite gonadal environment. All 
results with tetraparental chimaeric mice (Mintz, 1968; Mystkowska and Tar-
kowski, 1968, 1970; Milet et al., 1972; McClaren, 1972, 1975; Ford et al., 1975) 
indicate that only XY cells in XX/XY male chimaeras can develop into func­
tional sperm. The research done in cattle and marmoset monkeys has given 
conflicting results and this is discussed extensively by Ford and Evans (1977). 
In mouse (Evans, in Ford and Evans, 1977) and marmoset (Hampton, cited 
by Ford and Evans, 1977) XY oocytes have been observed and may even 
be functional. In Drosophila van Deusen (1976) has obtained evidence that 
donor cells in a host gonad of the opposite phenotypic sex cannot differentiate 
into functional gametes. In H. antiqua XX germ cells in an XX/XXY2 (XXY2Y2) 
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mosaic testis can contribute to the functional spermatozoa of the males, as 
can be concluded from the following observations: 

1. In several progenies from the cross between XX ($) and XX/XXY2 (c?), 
Table 1, and see Vosselman (in prep.), a significant excess of females has been 
observed. 

2. XX cells from XX/XXY2 chimaeric testis show male diplotene/diakinese/ 
MI stages (Fig. 2g). 

To what extent XXY2 cells in ovarian tissue can develop into germ cells 
is not fully clear. The presence of some cysts with spermatozoa in ovaria of 
two gynanders may suggest that the "phenotypic sex" of an XXY2 cell is deter­
mined by its own chromosome constitution. The lack of cytological information 
of oogonial divisions and the limited information about the distribution (patch 
size) of genotypically different cells in the somatic tissue of the ovaria of these 
gynanders, makes it impossible to draw more definite conclusions. 

The occurrence of gynanders in the onionfly supports the generally accepted 
idea that in insects no circulating sex hormones are present (White, 1973). 
Hitherto only in larvae of the beetle Lampyris noctiluca strong indications have 
been found, that neurosecretory brain cells can play an endocrine role in the 
formation of apical tissue in the testis (Naisse, 1969). It is possible that in 
the onionfly within the testis Y-chromosome gene product(s) can diffuse, because 
XX cells can differentiate into male germ cells in a testicular environment. 
The presence of spermatozoa in the female gonad of some gynanders might 
be interpreted to support the hypothesis that within a gonad concentration 
differences for the Y-chromosome gene product(s) exist and that after exceeding 
a threshold for this product a cell can differentiate into a male germ cell. 

One male without external genitalia has been found. Although this individual 
was the only one with an XSY2 constitution (at least in the testis) it is not 
likely that there is a causal relation between these two. Van Heemert (1974a) 
has observed phenotypically normal males without an X chromosome and with 
one Y t chromosome. 

X-Polysomy 

The results obtained with the X-polysomics show that Y2 contains (an) epistatic 
male determining gene(s), which corresponds with the conclusion of van Heemert 
(1974b) for Y1. Even XXXXY2 individuals show no sign of intersexuality and 
have a normal spermatogenesis; no records about mating ability of this type 
are available. Males with an XXXY2 constitution can mate and are apparently 
not strongly reduced in their fertility. The same remarks can be made for 
XXX females, and XXXX females are in any case viable. Rubini and Palenzona 
(1967) have also clearly demonstrated that additional X chromosomes do not 
affect sexuality of the housefly, even males with five X and one Y are fertile. 
However in the housefly also autosomal genes can play a role (Milani et al., 
1967; Wagoner, 1969). 

In several mammalian species, e.g. mouse (Cattanach, 1961; Russel and 
Chu, 1961; Slizynski, 1964), pig (Breeuwsma, 1968), sheep (Bruere et al., 1969), 
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dog (Clough et al., 1970) and tamnar wallaby (Sharman et al., 1970), it has 
been observed that an XXY constitution causes sterility. Also the Klinefelter 
syndrome in man is attended with complete azoospermia at the time of puberty 
(Ferguson-Smith, 1959; Mittwoch, 1967). 

Normal spermatogenesis in XXXXY2 males and the production of XX 
sperm in XX/XXY2 chimeras are indications that spermatogenesis in the 
onionfly is regulated by another system. As outlined before, it is possible that 
exceeding a threshold for (a) Y-chromosome gene product(s) is enough for 
"masculinization" of a future male germ cell and that this process is not in­
fluenced, or cannot be reversed by " any" number of X chromosomes. 

The disjunction of the X-quadrivalent (in XLXLXLXSY2 and XLXLXSXSY2 

males) seems to be very regular, all 62 scored Mil cells contained 2 Xs. 
This agrees with the observed regular orientation in diakinesis/MI, where 

the centromeres are directed two by two to either of the poles. The number 
of individuals scored in the progeny of two X-trisomic parents (Table 5) is 
not high enough to draw definite conclusions about the coorientation between 
Xs and XL. It is only clear that there is no exclusive coorientation between 
fully homologous X-chromosomes. 
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