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VOORWOORD

Hét stukje privé in dit boekwerkje; zoveel te zeggen maar hoe?
Laat het voor iedereen bij deze duidelijk zijn dat zonder de kritiese
begeleiding van Peter de Boer en mijn promotor Prof. J. Sybenga, dit
boekje zo noocit tot stand zou zijn gekomen. Zij zijn het bovendien
in de eerste plaats geweest, die indertijd besloten mij voor dit onder-—
zoek aan te trekken en daar ben ik dankbaarder voor dan ik mogelijk
de afgelopen jarem heb laten blijken. "Daadwerkelijke en welhaast
dagelijkse begeleiding van het promotieonderzoek" als de voorwaarde
voor het co-referentschap, als jij da%r niet aan voldaan hebt Peter!
Niets menselijks was ons beiden vreemd de afgelopen jaren en hoe leer-
zaam zijn onze diskussies ook daarover geweest. Ja, boeiend blijft het
verschijnsel mens. Mijn promotor heeft zich steeds grote moeite ge-
troost de betoogtrant in de verschillende hoofdstukken kort en helder
te houden en mogelijk ben ik daarin geen goede leerling geweest. Ik
blijf mijn best doen,.

Zonder muizen en dus zonder de rimpeloze medewerking van het Centrum
voor Kleine Proefdieren had geen van de hier beschreven eksperimenten
gedaan kunnen worden. Vooral René Bakker heeft op zijn eigen, rustige
wijze ("Hoe gaat 't Rem&?” "Z'n gangetje') steeds gezorgd dat het
magiese aantal van 1000 alleen zo nu en dan overschreden werd. Dank
zij jou heb ik me de laatste tijd kunnen koncentreren op zaken die op
dat moment belangrijker waren. Kippen slachten gaat me trouwens tegen-—
woordig goed af!

Binnen de sfeer op de vakgroep heb ik mij vrijwel vanaf het begin
thuis gevoeld en ik weet dat U Prof. van der Veen, als "man achter de
schermen', daar geen onbelangrijk aandeel in heeft. Door beslissingen
mijn persoon betreffende, heeft U vooral de laatste tijd een belang-
rijke rol gespeeld in mijn leven,

Veel mensen zijn gegaan en gekomen in de afigelopen jaren. Bart
Vosselman, met jou meer dan 3 jaren in hetzelfde "promotieschuitje"
zitten is een ervaring die ik iedereen kan aanraden. Werken tot
's avonds laat, elkaars koffie konsumptie opvoeren, fanatieke ping
pong partijen en gesprekken over van alles en nog wat waren zo jouw

vaste routine. Zonder sentimenteel te worden kan ik gerust zeggen dat



ik je af en toe nog mis in de barak. Frits van der Hoeven, de manier
waarcp jij als dorpsgenoct wist te verhalen over de geleden ontberingen
op onze winterse fietstochten naar en van het lab, heeft m'n geloof

in eigen kunmen meer dan versterkt. Hoe "ontspannend” 't knutselen

aan eigen huis kan zijn hoef ik jou ook niet meer te vertellen,. Dank,
dat je me de kneepjes van het vak hebt willen bijbrengen als ook voor
je bulp tijdens enkele van de werkzaamheden de afgelopen jaren.
Paulette Wauben, jou heb ik meer dan eens tot ma winkelsluiting (“dat
wordt dus weer eten ult de stad halen') bezig gehouden met mijn ver-
halen die ik juist dan kwijt modst. Je vermogen tot krities luisteren
en je hartelijkheid hebben de rust in mij zo vaak doen terug keren.
Jaap de Vries, onze kontakten - ook in de privé sfeer — zullen in de
toekomst nog menig aangenzam uur opleveren wed ik. Piet Stam, hoe een-
voudig 1lijkt de statistiek als jij het mij uitlegt; hedankt veoor al
jouw hulp hiermee.

Zeer erkentelijk ben ik Henriet Boelema, Trees Makkes en, last
but not least, Aafke Sieswerda voor de koncentieuze en snelle wijze
waarop jullie het vele typewerk hebben uitgevoerd. Hans de Vries heeft
met z'n afdrukken in diverse gradaties het foto en kollage materiaal
in dit proefschrift verzorgd, terwijl Jan Maassen - tussen z'n drukke
werkzaamheden door — nog kans heeft gezien het benodigde tekenwerk
hiervoor te leveren, Mijn dank voor jullie inspanningen. De overige
medewerkers ern cud-medewerkers van de vakgroep Erfelijkheidsleer wil
ik bedanken voor de fijne tiid en de ontspannende uren achter de ping
pong tafel of bij hun thuis,

Het ontwerp vocor de omslag en de illustraties van "luchtiger aard"
zijn getekend door mijn grote vriend Paul Vermeulen. De tekeningen
verraden dat hij een muizenkenner is.

Vader en moeder, ziehier mijn eerste schreden op 't biclogiese
pad. Dus toch nog!

Marja, 't viel niet altijd mee, h&?
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STELLINGEN
I

In studies met betrekking tot meiotische non-disjunctie moet meer aandacht

besteed worden aan celfysiclogische parameters.

1T

De aanwezigheid van een translocatie multivalent kan een verhoogde non-
disjunctie frequentie van de normale bivalenten in de eerste meiotische
deling tot gevolg hebben.

dit proefschrift.

III

Tijdens de eerste melotische deling is de 3:1 segregatie freguentie van
een quadrivalent vercorzaakt door een recipreke translocatie tussen een
meta- en acrocentrisch chromosoom hoger en de adjacent 2 segregatie fre-
quentie lager dan in het geval de multivalent wordt vercorzaakt door
dezelfde translocatie tussen twee acrocentrische chromosomen.

dit proefschrift.

Iv

De waarneming dat voor de categorie van bivalenten met 1 chiasma de plaats
ervan steeds blijkt samen te vallen met de plaats van overkruising, zicht-
baar tussen differentieel gekleurde chromatiden na broomuridine incorpo-
ratie in het DNA, is onvoldoende voor de conclusie dat in de mannelijke
muls chlasma terminalisatle niet plaatsvindt gedurende de meiose I. De
waarneming zal zich ock moeten uitstrekken tot bivalenten met 2 of meer
chiasmata, terwiil de Invlced van het gelncorporeerde broomuridine op de
meicse I dlent te worden nagegaan.

Kanda, N. en H. Kato (1380) Chromosoma 78, 113-121.

Vv

Het gebruik van testsystemen met een hoge spentane meiotische non-disjunc-
tie frequentie voor de studie naar de effecten van endogene en exogens
factoren op deze frequentie, vergroot zowel het bruikbare meetgebied als
ong inzicht in deze materie en verdient om die redenen ruimere toepassing.

dit proefschrift.



VI

Een veredelingsinstituut annex genenbank van parasieten en predatoren
van insecten en mijten is van wezenlijk belang om geintegreerde be-

strijdingssystemen op grotere schaal toepasbaar te maken.

VII

Het valt tce te julchen dat in studies betreffende de reikwiijdte van de
psychotherapie, opgevat als een methode om menselijk gedrag te veranderen,
nu weer meer dan In de afgelopen decennia de rol van erfelijke factoren

wordt benadrukt.

VIII

Het emancipatiestreven, gericht op een evenwichtige rolverdeling tussen
vrouw en man binnen een gezin, wordt in niet geringe mate gefrustreerd
doordat in de sociale zekerheldswetgeving het inkomen wan de kastwinner
de basls is veor de inkomensgaranties die deze wetgeving bledt,
Briinott, L.A.M, {1981) Sociale zekerheid en kostwinnerschap,

Intermediair 37.

IX

De belangrijkste deoelstelling bij het opvoeden is het kind te leren de

angsten in het leven nlet te laten omslaan 1n angst voor het leven.

X

Het in de handel brengen van een geparfumeerd chloorbleckmiddel bestemd

voor huishoudelijk gebruik is een belediging voor het gezond verstand.

J.H. Nijhoff
Meiotic behaviour and spermatogenssis in male mice heterozygous for
translocation types also occurring in man.

23 oktober 1981.
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GENERAL INTRODUCTION

A central theme of this thesis is the comparison of the meiotic
behaviour of two tramslocations in the mouse which are structurally
comparable with those in man, in order to determine the extent to which
the study of mouse translocations can be used as a substitute for the
study of the meiotic behaviour of translocated human chromcsomes.

During the last decade the value of the laboratory mouse for cyto-~
genetic studies has greatly increased. Since all its chromosomes are
acrocentric, and the human has both metacentric and acrocentric
chromosomes, it has become clear that the accumulated knowledge
concerning the meiotic behaviour of reciprocal translocations between
acrocentric mouse chromosomes (Searle et al.,, 1971; Eicher & Green,
1972; de Boer, 1976; Searle & Beechey, 1978) could not readily be
applied to man. In man the great majority of reciprocal translocaticns
are formed by translocations ¢ither between one metacentric and one
acrocentric or between two metacentric chromoscmes (c.f. Jalbert et al.,
1980). To gain more insight in the segregational behaviour during
meiosis of reciprocal translocations between metacentric and acrocentric
chromosomes, such a translocation has been counstructed by us in the
mouse, by recombination within a common segment of a reciprocal
translocation and a {metacentric) Robertsonian translocation. Besides a
more detailed description of the behaviour of this type of translocation
per se, a comparison with a group of principally identical translocations
ir man can now be made {Chapter 4&).

In man, Robertsonian exchanges, which invelve the fusion of two
acrocentrics to yield one metacentric chtomosome, are probably the most
frequently observed structural rearrangements. Their incidence among
11148 newborn children was estimated to be 0,l%Z compared to 0,0857 for
the reciprocal translocations (Nielsen & Sillesen, 19753). The ascertainment
of Rabertsonian translocaticn carriers in man is mostly done retro-
spectively through "reproductien failures'. This implies that this type
of translocation - when in the heterczygous condition - tends to be
associated with the production of aneuploid gametes through association
of one of the acrocentric chromosomes with the '"Robertsonian' chromosome
during anaphage of the first meiotic divisien. The same phenomenon ccecurs

in the mouse. In this species one Robertsconian translocation in male



carriers has been reported in this thesis in an attempt to elucidate

the mechanisms of non-disjunction (Chapters 2 and 3). A brief comparison
of the meiotic behaviour in Robertsonian translocation heterczygotes

in man and mouse will be made in the "General discussion”.

In addition, male murine carriers of the Robertsonian transiocation
were used to determine the effects of two types of irradiation,
administered at relatively low doses 2-3 hours before prometaphase-meta-
phase II {which probably coincides with metaphase—anaphase I). The working
hypothesis was that a meiotie system with a high initial incidence of
aberrant chromosome behaviour at anaphase I, may be prone to a changed
cellular environment as induced by irradiation {(Chapter 3). This project
was set up in an attempt to develop a sensitive test system for non-—
disjunctional events in general. Such a test system with a high initial
non—disjunction frequency may be strictly necessary when a substitute for

"spentaneous" meiotic

experimentation on man is scught, as the extent of
non-disjunction in mammals makes clear that man has a greater proneness
to this phenomencn than any of the experimental animals studied so far
(Chapter 1).

After the intreduction of translcocations Lnvolving metacentric and
acrocentric chromosomes, a significant rise in the incidence of the
rormal bivalent non-disjunction after anaphase I was found (Chapter 4).
This finding makes this mouse translocation system attractive as a model
system for the future study of the endogeneous and exogeneous factors on

the meiotic process, because extrapolation from mouse to man may now

become more warranted.
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SPONTANEOQUS MEIOTIC NON-DISJUNCTION IN MAMMALS

A study evaluating the various experimental approaches.

J.H. Nijhoff and P. de Beer

Department of Genetics, Agricultural University,
teneraal Foulkesweg 53, 6703 BM Wageningen,
The Netherlands.



1. General introduction

This report, in the first place, reviews and evaluates the various
methods and technigues used for measuring the incidence of spontaneous
meictic non-disjunction in mammals generally and particularly in mouse
and man. It also gives the principal results obtalned with these methods
and techniques and consequently, in a sense, is alsc a review of the
incidence of meiotic non-disjunction in these species. The incidence of
non-disjunction is only given for normal meiosis. Studies Involving
chromosomal aberrations, e.g. of translocation carriers, have not been
included,

Meiotic non-disjunction normally denotes the failure of chromosomes
associated in meiectic configurations (bivalents or multivalents) or not
so associated to separate "regularly” at first meiotic division, or cf
sister chromatids to do so at the second division. This failure will,
in the great majority of cases, result in (complementary groups of)
numerically and genetically unbalanced gametes. If such an abnormal ga-
mete is involved in fertilization the comsequence will be embryonic or
fetal death (the majority of cases) or more or less severe phenotypic
effects in live born progeny.

That melotic non-disjunctien is an important problem in man can be
concluded from a) the occurrence of an extra chromosome in approxi-
mately half of the spontaneous abortuses (which constitute 15-20% of
all recognized conceptions; Bou& et al., 1975) and b) the fact that
at least 4.5% of the babies dying perinatally and half of the recognized
chromosome anomalies - in total making up 0.6% of the live births -
in newborns can be accounted for by "meiotic disjunctional errors"
(Hock and Hamerton, 1977). "Conceptus derived data” are the principal
source of information on the chromoscme constitution of human gametes.
The determination of the true incidence of meiotic non-disjunction from
such data is hampered by a number of distorting factors such as chromo-
some or chromatid loss during the anaphases of the meiotic divisicns,
mitctic nen-disjunction during the first - or subsequent - cleavage
division (often resulting in "mosaics") as well as selection against
unbalanced progeny at stage(s) of development earlier than that diag-
nosis take place. To enlarge our knowledge of the causes of meiotic
non-disjunction itself and to get a better insight in the various "dis-
torting factors" other mammalian assay systems than man have been

introduced.
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During both meiotic stages morphological aspects are studied pre-
dominantly. Some can be considered to be probable causative phenomena
related to anaphase originating non-disjunction: a} reduced pairing
of the homclogous chromosomes, b} low chiasma frequency, chiasma lo-
calizaticn, and ¢) occurrence of lagging univalemts during Meiocsis I
or "unpartnered chromatids™ at Meiosis II. Direct informatien about
the true incidende of non-disjunction should give the study of the
separate chromosome sets at both meliotic anaphases, but these cells
are rare (a consequence of the relative shortness of these periods)
and have not been studied in a gquantitative way in mammals. In prin-
ciple Metaphase II - meiccytes are used to determine anaphase I {(Al)
originating non-disjunction, while the incidence at anaphase II (AII}
must be assessed via the chromosome constitution of cells from "later
developmental stages" (from zygote tc live born progeny); each stage
with its own limitations of blological (as mentioned above} and/or
technical origin.

In this review the ewmphasis is on the technical aspects of the
various experimental approaches and on the discussion of their signi-
ficance for the determination cof the (true) incidence of meiotic non-
disjunction in man and other mammals (mainly the mouse). Ho detailed
discussion of the cellular processes underlying the phenomenon was
attempted, except in the sections dealing with the meiotic stages
themselves, primarily in view of the paucity of solid experimental
results.

The text has been subdivided according to the various stages
studled (table 1). The data published on the incidence of spontaneocus
non-disjunction have been tabulated for each stage separately. Results
concerning induced nen-disjunction in mammals are left cut of conside-

ration.



2. Meiosis 1 (table 2}

2.1. Introducticn

The course of melosis is fundamentally the same in both sexes al-
though two relevant differences can be noted: 1) In the fertile male,
gametogenesis is a continucus process which implies that in randomly
chosen pieces of testicular material, if not too small, all stages
can be found, On the other hand no continuity is found in the mammalian
female. Contrary to the male where meiosis starts around puberty, in
the female this stage is entered by all cells during fetal development.
Occyte development stops just before diakinesis in a modified diplotene
called the dictyate stage, which is reached around the time of birth.
In the mature female, gametogenesis 1s resumed pericdically and for
a few cells only (the number depends on the mammalian species) shortly
before ovulation. After covulation cocyte development again stops at
the MII-stage and meiosis is resumed only after the spermatozcon-head
had touched the vitelline membrane. 2) Whereas in the female only one
of the four meiotic products develops into an oocyte {the others become
polar bodies with no function in propagation), in the male in principle
all four products of the two meiotic divisions mature into spermatozoa.
Moreover, in mammalian females the majority of dictyate oocytes appear
to degenerate after birth and are consequently never used for nropa-
gation.

As regards the stages prior to anaphase I (the meiotic prophase
and metaphase) investigations, naturally, concentrate in both sexes on
possible mechanisms leading to non-disjunction at AI. The parameters
studied must be correlated with the incidence of Al-originating non-
disjunction as determined at metaphase II {MII}, because due to its
relatively short duration cells at AI are rare.

From a morphological peint of view four major events take place at
the mammalian melotic prophase: a) pairing of the homologous chromo-
somes {or chromoscme segments) called synapsis, b) exchange of genetic
material (recombination) between non-sister chromatids seen as
chiasmata at later stages, and c) the process of co-orientation
followed by d} segregation of the homelogous centremeres {(John, 1976).

Pairing at early prophase stages (zygotene, pachytene) can be
studied via the Synaptonemal Complex (5.C.), a tripartite structure

which consists of two lateral and a central element and is found between



the closely associated chromosomes cr chromosome segments. Besides as
a parameter for pairing behaviour, the 5.C. is sometimes also studied
for establishing the sites of recombination which are assumed to be
marked by (recombination)} nodules: solid bodies sometimes found to
connect the lateral elements {rat: Moens, 1978). For reviews concer-
ning the $.C. e.g. Moses (1968} and Gillies (1975).

The S.C. itself is predominantly studied by electron microscopy
(E.M.) but with the aid of "silver staining"” i1t iIs also possible with
the light microscope. Morphological aspects at later stages of meiosis
I (end diplotene to anaphase 1), like for instance chiasma-frequency
and -localization as well as the occurrence of nrematurely dissociated
bivalents at metaphase I[,are exclusively studied with the light
microscope.

In most mammals (among which man and mouse) these phenomena cannot
be fellowed for individual bivalents throughout the whole of mejosis I,
During this stage the chromosomes {(bivalents) cannot be distinguished
by differential staining while, moreover, during early prophase stages
(leptotene to diakinesis) cells with sufficiently spread chromosoms

complements are rare,

2.2. Experimental Methods

2.2.1, Methods to study male meiosis I

Early prophase to diplotene

E.M. techniques to study the 5.C. are : 1) the serial section

approach and 2) the whole mount spread technique.

In the first method the testicular and cellular structures are left
intact by a careful fixation of whole testes, or pieces therecf (biopsies),
immediately after removal. Smaller pieces taken from the fixed material
are subsequently stained (usually with uranyl acetate) dehydrated in a
graded alcochol series and embedded in polymerizing resin. Serial sec-
tions from relevant nuclei are used for electron microscopical investi-
gaticn. The series of electron micrographz made of each nucleus can
be used for three dimensional recenstructions of pairing configurations
(e.g. man: Holm and Rasmussen, 1377).

Contrary te the first method, the spatial relatienships of the chro-
moscmal configurations are not left intact in the second approach. The

Counce and Meyer (1373) technique (Locusta) is now used more often to
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visualize the S.C. in mammalian cells (for example Moses et al., 1975).

For liberating the spermatogenic cells, the mass of seminiferous
tubules, taken from fresh testis material, is gently macerated in
physiological saline. One microdrop («+1 pl)of the suspension of sepa-
rate cells so derived is spread on the surface of a hypotonic spreading
selution and allowed to stabilize. The cells are fixed immediately
after having been picked up on a copper grid, dried and stained with
ethanolic phosphotungstic acid. To facilitate the time consuming E.M.
investigation, good cells can be traced beforehand with the light
microscope (hamster: Moses, 1977).

The 5.C. in whole mount spreads can alsc be made accessible to
light microscopical investigatien by preferential staining of this
structure (rich in proteins) with positively charged silver ions:

Many staining procedures, all variations of the "Agl and AgAS tech-
niques" are presently avajilable {for example Bloom and Goodpasture,
1976). Critical infoermation concerning pairing-irregularities however,
lies at the border of light microscopical resolution (hamster: Dresser
and Moses, 1980).

Diakinesis to Anaphase I

The standard method for light micrescopical analysis of primary
spermatocytes at later stages of prophase is the "Evans air-drying
technique™ (mouse: Evans et al,, 1964). Here the intratubular cell
associations are disrupted by macerating the seminifercus tubules in
iostonic saline. After hypotonic pretreatment (to ensure a better
final spreading of the chromoscme complement} the cells are fixed and
dried on a slide. High numbers of analysable cells, representing all
stages of spermatogenesis can be cobtained, although the standard pre-
paration appears to be enriched in diskinesis/metaphase I- (and possib-
ly metaphase II-) spermatocytes. Simply by using other isotonic- and
hypotonic-solutions, numercus pachytene spermatocytes and relatively
few cells at diakinesis/metaphase I can be obtained (mouse: de Boer
and Branje, 1979). An zlternative to air-drying is squashing of small
pleces of the seminiferous tubule. The method allows the study of
spermatocytes in restricted stages of meiosis but, because the re-
sults are less repeatable, is hardly used (but see for example Ohno

et al., 1959, analysing mouse spermatocytes at AT after squashing).



To facilitate the analysis of the chromosome complements, pre-
ferential staining of the constitutlve centric hetercchromatin (C-
banding) can be performed after air-deying (man: Sumner, 1972). This
standard staining technique is widely used in combination with light
microscopical analysis of meiccytes at diakinesis and later meioctic

stages.

Methods tc study female meiosis I

Early prophase: zygotene to dipletene

For reascns outlined in section 2.1., oocytesz at these stages have
to be liberated from the fetal ovary. Fetuses from laboratery animals
can be taken from females at the appropriate stages of pregnancy where-
as in man this requires the use of abortion material between the third
and seventh month of gestation (Uebele-Kallhardt, 1978, p. 3}. In man
air-dried preparations of such cocyte stages are made from suspended
ovarian material, aveciding the hypotonic pretreatment to preserve the
criginal chromesome structure and association patterns as well as
possible (Luclani et al., 1974). Slides made according to this proce-
dure contain high numbers of ooccytes but in a variety of early meictic
stages (Uebele-Kzllhardt, 1978, p. 99).

In the mouse, whole fetal ovaries can be tzken and are hypotonical-
ly treated and fixed after which small pieces of ovarian material are
carefully smeared on slides. After staining the chromosomes can be
studied with the light microscope (Jagielle and Fang, 1979).

Till now 5.C. studies in female meliosis have not been reported al-
though silver staining of this structure in "pachytene oocytes" can in
principle be carried out (E.F. Evans, personal communication; and alsc

personal observation of P. de Boer).

Diplotene to metaphase I

In a variety of mammals, Including man, these stages can be studied
in cocytes matured in vitro after selected culturing times {(Edwards,
1965, Donahue, 19683 Chandley, 1971; Basler, 1978). The "dictyazte oo-
cytes" have to be liberated first from their follicles. This can be
done by puncturing the ovaries in Isotenic saline or with the aid of

collagenase and deoxyribonuclease (mouse: Eppig, 18978), Oocytes with

1
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a ncrmal appearance, showing a clear germinal vesicle, are selected
for microculture in a few drops of a suitable medium, often under a
sterile paraffine oil layer. The microcultures have to e incubated
in a gas phase, usually 5% carbondioxide in air. After a chosen cul-
ture time, which depends on the desired nuclear stage tc be analysed,
the cocytes are transferred to a hypotonic solutior and subsequently
fixed directly on a slide with a few drops of fixative (Tarkowski,
19663.

. Results and Discussien

Most phenomena studied during the meiotic prophase are difficult to
correlate directly with Al-originating non-disjunectien. In fact only
the occurrence of single, unassociated, chromosomes (univalents) at
Metaphase I is assumed to lead to a distorted segregation due to a
random orientation which may result in homclogous chromosomes moving
to the same spindle pole. Phenomena more or less directly related to
univalence, although chserved at earlier stages of Meiosis I, are dis-

cussed later on in this section.

Univalents

Experimental evidence to sustain the assumption that univalence at
Metaphase I is indicative for non-disjunction is scanty, Polani and
Jagiello (mouse, 1976} found no parallel between the percentage of MI-
cells with univalents and the percentage of aneuploid MII's. This com-
parison may not be completely valid because of a) the interpretation
of so called "ambiguous univalents", homologues supposedly attached in
a non chiasmatic fashion at MI {(mouse: Speed, 1977) and b) the finding
that MI-cells which contain high levels of univalents are associated
with cell death at that stage (human: Pearson et al., 1970 ¢, mouse:
Purnell, 1973}. A parallel between the occurrence of univalents at MI
and Al-originating non-disjunction is found in aged translocation homo-
zygous T70H/T70H female mice for the small marker bivalent: an eight-
fold increase of the univalent frequency at MI is here accompanied by
a nine-fold inecrease of non-disjunction for this chromosome estimated

at MII {(de Boer and van der Hoeven, 1580).

13
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In all cases, the number of MI-cells showing univalents will be de-

pendent on the quality of the preparation.

Chiasma freguency

Homologous chromosomes at diplotene to MI are held together by
their chiasmata. Consequently a possibly distorted segregation at AI
due to the occurrence of single, unassociated, chromosomes at a pre-
mature stage of meicsis I can be related to the formation, locali-
zation and terminilization of chiasmata. If chiasmata are not formed
this may be caused by failing or incomplete pairing {synapsis) and
can possibly be studied via the S.C. (see later on in this section).

A smaller number of chiasmata at the moment of analysis, however, can
also be the conseguence of reduced formation or of precocious loss of
these structures (desynapsis) for reasons other than failing, or in-
complete, pairing.

Chiasma-frequency and -localization (from late diplotene to meta-
phase I} have been studied in connection to ageing especially of the
mammalian female. Hendersen and Edwards (mouse, 1968} observed a decline
in pumber of chiasmata per MI-oocyte with increasing maternal age and
proposed their " production line theory"™ to explain this phenomenon.
Bagic to this theory are the assumptions that a} the later the cocytes
are formed during fetal development the lower will be the number of
cross-over events (chiasmataz) and b) that this order in formaticon is
reflected in the ovulation order during reproductive live. The thecry
got some experimentzal support from Jagiello and Fang (mouse, 1979) who
ocbserved a higher mean chiasma frequency in dipletene cocytes from
early (day 16) mouse fetuses than from late (day 18) ones. Their re-
sults are disputable, however (mouse: de Boer and van de Hceven, 1980).

The alternative remains that ageing as such leads fo an increase
of irregular bivalent behaviour with regard tc chiasma terminalization,
chromosome orientation and centromere separation. Concerning the last
point an increase with age is sometimes found in the incidence of mouse
secondary cocytes with separated chromatids, a phenomencn that may
find its origin before AI (mouse: Uchida and Freeman, 1977; de Beer
and van der Hoeven, 1980).

In man an increase in, for example, "trisomy 21" among the progeny

of women of 35 and over is a well documented fact (Erickson, 1978} but



the data on chiasma frequencies in human females are InsuZficient to
draw conclusions about the age effect on this parameter (Uebele-Kall-
hardt, 1978).

Ageing does not appear to affect the mean chiasma frequency in the
mammalian male. In the mcuse even a slight, though non-significant in-
crease with age was observed in some studies (Henderson and Edwards,
1968; Speed, 1977)}. A slight downward trend with increasing age is
suggested by the results derived from 183 human males (gathered from
the literature by Lange et al., 1975), but this trend is non-significant.

The range of chiasma counts in the human female (42 to 50 per cell;
Uebele-Kallhardt, 1968) is equal to cr somewhat lower than that in the
male (overall mean frequency of 52.3; Lange et al., 1975). Studies on
map distances in most linkage groups in man however, show an excess of
recombination in the female (for example the ratic of female male dis-
tance for chromesome 1 is: 1.86; Cook and Hamerton, 1979). Because
the numbers of chiasmata are mostly determined in cells at diakinesis/
MI, this discrepancy may be explained by a more rapid loss of chiasmata
in the female which In its turn may be the conseguence of the in vitro
maturation technlique used for oocytes.

In general the morphology of the chromoscme (degree of contraction)
in MI-cells is dependent on the quality of the preparations which will
directly influence the observations concerning presence and positions
of chjasmata: Lange et al. {1975) observed significant differences in
the chiasma frequencies found by various authors studying this sub-
ject in the human male, a phenomenon which may however alsc be condi-

tioned by genetic variation.

Synaptonemal complex

Close pairing is believed to be a prerequisite to crossing over,
while irregularities in pairing can be traced via E.M. studies of the
$.C. Whether the pairing phenomena are indeed "irregular" can, amcng
others, only be contluded if the exact meiotic prophase stage of the
cell is known (as defined by light microscopy). Recently these stages
have been described accurately for the male mouse (Qud et al., 1979}.
The method makes use of "selected cell killing" by which a restricted
gametic population (with all cells at the same stage) passes the

meiotic prophase. This approach appeared to be useful for describing
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pairing behaviour via E.M. studies of the 5.C. in the right sequential
order (Morsink and de Boer, unpublished results). At present no quanti-
tative E.M. studies of the $.C. in whole mount spreads have been under-
taken in a mammalian meiotic system showing a high frequency of MI's
with univalents.

$5.C. nodules were suggested to have a function in crossing over
although their exact role is still not understood (rat: Moens, 1978).
Fragments of the $.C. (S.C. remmants) are found at the sites of chias-
mata in diplotene (mouse: Solari, 1970) but have not been related
directly to chiasma position in man (Holm and Rasmussen, 1977). So,
in conclusion, studies of the 5.C. have not yet yielded much relevant
information in ccnnection with AI-originating non-disjunctior (Holm

et al., 1979}.

. Meiosis II {(tables 3 and 4)

. Introduction

An interkinesis followed by a prophase IT stage (if present at all)
is generally not distinguished during meiosis II of the mammalian
male and female. Prometaphase 11 appears to follow AI very quickly.
Metaphase II (MII) cells of both sexes are the major source of infor-
maticn for assessing the overall frequency of Al-originating non-dis-
junction simply by counting the number of chromoscmes per cell. Un-
fortunately technical problems caused by insufficient swreading of
the haploid chromosome set prevent analysis of secondary spermatocytes
in man.

Anaphase II (AII)-cells are rare (the stage must be of short duva-
tion), so MII's are also studied for factors possibly leading to AII-
originating non-disjunction: Chromatids of precociously split MII-
chromosomes avre assumed to segregate randomly to one of the two spindle
poles and may consequently lead to non-disjunction (Rodman, 1971).
Both premature centromere division during Meiosis IT and  separation
of sister chromatids during Meiosis I can underly this phenomenon ai-
though the latter process has seldomly been observed (mouse: Polani
and Jagiello, 1976},

The best assessment of All-originating non-disjunction can he
made by comparing MI1 counts (non-disjunction at AI) with the counts
cf the, still separate, haploid sets in the zygote at the first clea-

vage division (see section 5}. In the latter case the summed AI plus

17
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3.2.

All-originating non-disjunction is estimated; selection against un-

balanced gametes is assumed not to occur during this period.

Experimental Methods

Preparations of MII-spermatccytes can be made with the standard air-
drying technique (Evans et al., 1964; see Mciosis I, experimental
methods) .

Mammalian MII-oocytes from laboratory animals can be obtained after
culturing in vitro (see section 2.2.2.) or in vivo. In the latter case
MIl-ooccytes can simple be flushed from the oviduct because they will
stay at that stage if no fertilization takes place. To increase the
number of cocytes as well as to time ococyte maturation more accurately
females are frequently "superovulated" with the aid ¢f both pregnant
mares serum (PMS) and human chorionic genadetrophin (HCG) (mouse:
Edwards and Gates, 1959). If excgeneous gonadotrophins are to be
ommitted, timing of ovu.ztion reguires careful study of cestrus or
may be determired via pairing with e vasectomized or otherwise sterile
male. In the mouse the obtained number of MIT-cocytes appears to be
straln and age dependent (Evans, 1979).

As at Melosis I, nc general banding technique is known to recog-
nize the individual chromesomes at Meiosis II: Selective staining of
the constitutive heterochromatin {(C-banding) is in both stages the most
widely applied staining methed to facillitate the distincticn of the

chromescmes.

. Results and Discussion

The fregquency distribution of number of chromesomes in second meta-
phase spreads 1s, in most preparations,asymmetrical in faveur of the
hypo-haploid group. The conventional and likely assumption is that the
excess of cells containing less than the haploid set of chromesomes
is caused by artifactual chromcsome loss during preparation. The es-
timation of the inecidence of Al-originating non-disjunction will in
those cases be based on the hyper-haploid cells (male mice: Beatty et
al., 1975).

From the MII-data estimated for the mouse (tables 3 and 4) it can
be concluded that Al-originating non-disjunction is low in the male
and somewhat higher (and increasing with rising maternal age) in the

female.
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In man no data are available for the male and only few for the
female: All 37 MII-cocytes analysed contained the complete haploid
chromosome set (Uebele-Kallhardt, 1978).

The spermatid and spermatozoon stage (table 5)

Introduction

In the mammalian male no direct chremosomal analysis of the com-
bined AT- plus AlT-originating non-disjunction can ba made in the
spermatid stage. On the other hand, much effort has been made, pre-
dominently concerning the human, tc get an idea about the level of
numerically unbalanced spermatozca. These methods range from esti-
mating the amount of nuclear (or spermatozozl) material in individual
cells to methods approximating the frequency of meiotic non-disjunc-
tion for specific chromosomes, characterized by deviating staining
properties (human: Barlow and Vosa, 1970; Pearson et al., 1970b;
Geraedts and Pearscn, 1973; Microtus: Tates, 1978). In the latter
approaches extrapolation is needed to quantify for the whole gencme.
While in the first group of methods the estimation of the lewvel of
ploidy is inherent to the approach, care must he taken to avold this
disturbing factor when the incidence of non-disjunction is based on
the presence of marker chromoscmes. In these cases the visually
assessed size of the sperm head or the spermatecid cell is possibly
an useful parameter: In man for instance, the proup of relatively
larger sperm heads consists predominantly of diploid cells (Beatty,
1977).

Experimental Methods

Determination of nuclear DNA content

Cytophotometric determination of the relative DNA-content of in-
dividual sperm heads has been carried out by measuring their light-
zbsorpticen 1) "directly'" or 2) after Feulgen staining. In the first
approach DNA-absorption at 260 nm 1s estimated. The values cbtained
have to be corrected for protein absorpticn at 280 nm and often for
50 called "non-specific" absorpticn at 310 om (bull: Blackshaw and
Salisbury, 1972, mouse: Stclla and Gropp, 18974). Spermatozeca have to

be smeared on quartz slides and covered with glycerol and a quartz



cover glass. A fixed beam or scanning microspectrophotometer can be
used. Results presented make it unlikely that discrimination between
nuclei containing n and n + 1 chromosomes will be possible at the
moment (mouse: Stolla and Gropp, 197u4).

For Feulgen staining, sperm heads have to be fixed (important
step), air-dried on slides, hydreclysed and staine<d according to the
Feulgen method. Nuclear absorption is determined at about 556 nm but
must be corrected for background with the aid of an adjacent blank
area. Automated scoring of 20-60 cells per hour via a computer assisted
scamning and integrating microspectrophotometer with field limiting
system is possible {van der Plceg et al., 1877).

Alterations of DNA-content have also been diagnosed via determi-

nation of the relative fluorescence intensity of nuclei after staining

with a "DNA specific and quantitative fluorochrome', Examples of
fluorescent dyes used are; ethidium bromide plus mithramycin {man:
Meistrich et al., 1978b), propidium iodide {rat: Libbus and Schuetz,
1978), acriflavine (man: Sarkar et al., 1978; Levinson et al., 1978)
and acridine-orange (bull: Blackshaw and Salisbury, 1972). For the
automated analysis applied in most procedures cells flow in a narrow
stream across an intense beam of exciting light after which the emitted
fluorescent light pulses are automatically analysed {up to 105 cells/
min, can be done with flow cytofluorcmetry, mouse: Melstrich et zl.,
1978a}. The approach requires highly purified, unaggregated suspensions
of one cell type only.

In sperm heads smeared on a slide, the dry mass of both the pro-
tein and DNA-content can be determined via integrated optical path
differences (refractive index times thickness) with an integrating
micreinterferometer (Goldstelin and Hartmann-Goldstein, 1974)., A linear
relation between the amounts of DNA and dry mass seems to exist (man:
Sumper and Robinson, 1976). The method is claimed to be more sensi-
tive than the one based on Feulgen-DNA staining (coefficients of
variation about 9% here against 15% for the Feulgen method; man:

Sumner et al., 1971) but on the other hand, more specilization is re-

quired to operate the system.
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4.2.2. Determination via chromosome markers

These approaches are all based on the 1:1 representation of the

chromosomes in question by differentially stained spots visible in
the sperm heads.
a. The human Y chromosome

When a washed and fixed human sperm sample is stained with an
aqueous soluticn of quinacrine or guinacrine mustard, fluorescent
spots {F-bodies) can be observed in about half of the nuclei (Barlow
and Vosa, 1970; Pearseon and Bobrow, 1970). This is supposed to be
caused by the fluoresceing distal region of the long arm of the Y
chromosome. Therefore the frequency of, in this case, AlI-originating
non-disjunction of this chromoscme may be cbtained by determining the
incidence of 2F-bodies containling sperm cells. This incidence appeared
1o be extremely high and prompted the alternative that one single
"bifid Y"may also giverise to two (closely attached) F-bodies (Pearson

et al., 1975; Beatty, 1977).

b. Human autoscomal markers

Autosomal chromosomes (no. 1 and 9), polymorphic in their amount
of constitutive heterochromatin, are also used for determining meiotic
non-disjunction frequencies in spermatczoa. Fixed and air-dried on
slides the sperm cells are either pretreated with barium hydroxide at
pH 11 and stained with Giemsa (Gll-method used to recognize chromo-
some 9, Bobrow et al., 1972) or denatured in boiling 0.9% NaCl followed
by a treatment for 10 min with 0.2 ¥ CsCl before staining with Leish-
mans's solution (for recognition of chromosome 1; Geraedts and Pearsen,

1973).

¢c. The sex chromoscmes in Microtus oesconomus{Northern vole)

These chromosomes can be distinguished, alsc from each other, in
the round nuclei of early spermatids after C-banding. Air-dried pre-
parations of the whole content of the seminifercus tubules are made
according to the "Evans technigue" (Tates, 1979). Early spermatids of
normal size containing two hetercchromatic dots in their nuclel are
considered te be sex chromosomal non-disjunction preducts of the XX,

XY or YY type respectively.



4.3, Results and Discussion

For a number of reasons the results derived at this stage of sper-
matogenesis are not very useful at the moment:

1. Stecichicmetric staining of the DNA content in mature sperm cells
is hampered by their asymmetric shape and the very condensed state of
the nuclear chromatin (Meistrich et al., 1978h). These problems may be
overcome using a pure sample of round spermatids at the same stage of
development. The fraction can be obtained by combining the "HUT'"-selec-
tive cell killing system (mouse: Cud et al., 1379) and the "STA-PUT'-
sedimentation system {mouse: Chandley et al., 1977), Spermatids must
all be at the same stage of development because the degree c: DNA
condensation, a process that normally takes place during s?erm matrura-
tion, may influence both the amount of light absorbed in Feulgen stained
cells and the fluorescence intensity after staining with a jflucrochrome
(Salisbury et al., 1978). Both methods proved to be semnsitive enough to

jn F-body

showing & difference in DNA content of v 3.5% (Evams, 1971* Sumner et

resolve ¥ and Y bearing Luman sperm cells with or without

al,, 1971; Meistrich et al., 1978h). However, the mcre continuous and
partly overlapping distributions prevent an absolute discnimination
between individual X and Y hearing cells and, generally, between cells
containing n and n + 1 chromosomes.

2, The results of DNA measurements, via absorption at 260 nm, in
unstained sperm heads of a meiotic system known for high levels of
aneuploid gametes reveal that this approach too cannot dinstinguish un-
ambigucusly between cells containing n and n + 1 chromosomes (mouse:
Stolla and Gropp, 1974).

3. In man, the special staining properties of the autcsomes 1 and
9 as well as the Y chromesome are doubted to be reliable wmarkers. The
meiotic non-disjunction frequencies for these chromoscmes are extreme-
ly high when estimated via this method, leading to an overall fre-
quency of ahout #0% of aneuploid spermatozoa when extrapolated to the
whole genome (Gerzedts and Pearson, 1973; Beatty, 1977 and 1978).

This conclusion may, in case of the human Y chromosome, be sustained
by the finding that the dry mass of spermatozoa containing 2 F-bodies
is, contrary to the expectations, still significantly lower than that

of X-bearing cells without an F-body (Sumner and Robinson, 1976).
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.1.

In spite of this sericus criticism the "F-bedy approach™ has been used
in practice to trace Y-chromsomal non~disjunction in dibromochloro-

propane exposed workmen (Kapp jr. et al., 1979).

The first cleavage divisicn (table 3)

Introduction

This stage offers the best opportunity for tracing the share of
beth sexss in the production of chromosomally aberrant progeny. The
egg, arrested at MIT, will complete its second meiotic division sub-
sequent to the penetraticn of the sperm cell., Male- and female-derived
gametic nuclei form pronuclei, replicate their DNA and enter the first
cleavage prophase almest simultanecusly. Due to different states of
contraction the maternally- (most contracted of the two) and patermally-
derived chromosome sets can be distinguished and cytoleogically ana-
lysed (mouse: Donahue, 1972a, Hansmann, 1973; I'raser and Maudlin, 1379).
Banding techniques for recognition of individual chromosomes can be
successfully applied at this meiotic stage, so the incidence of meiotic
non-disjunction can be estimated for individusl chromosomes as well.
This stage cannot be studied iIn man, but the approach proved tc be pro-
mising for analysing the chromosome content of human sperm after inter-

specific fertilization in vitro {Rudak et al., 1878).

Experimental Methods

In most studies using mammalian assay systems, irrespective of the
fertilization system chosen, females are induced tc superovulate after
injecting gonadotrophins (PMS followed by HCG; see also section 3.2.).
The advantages are a greater number of occytes and a more accurate
timing of the stages from maturation till the first cleavage division
(mouse: Edwards and Gates, 1959; Donahue, 1972b).

Fertilization in vivo

Females, induced to superovulate, are allowed to mate, Ovulation
will take place a specific time interval after the last hormone in-
jection (in mouse about 12 hours after application of HCG, Edwards
and Gates, 1958} so the "one cell embryo" can be recovered from the
oviduct a specific number of hours later. This time interval is of
particular importance because, if the cells are transferred too early
to a culture medium, alsc containing a spindle ivhibitor, especially

male chromoscme condensation will be stopped too prematurely to allow
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a proper analysis (mouse: Fraser and Maudlin, 1979). Goocd prepa-
rations are also obtained after 2u hours culturing in the presence
of a mitotic inhibitor of cocytes removed from the oviduct a few

hours after fertilization (C.V. Beechey, persconal communication, 1978).

§.2.2. Fertilization in vitro

The eggs are released from the oviducts as soon as ovulation is
completed and are put directly into a sperm suspensicn. After ferti-
lization, as determined by the presence of second polar bodies, the
eggs are transferred to a culture medium with a mitotie inhibotor. For
good results, well suspended sperm cells are an important condition, a
datum which appears to be genetically influenced: For this purpose TO-
strain male mice (used in the studies of Fraser and Maudlin, 1979,
Maudliin and Fraser, 1977, 1978) proved to be suitable.

The in vitro fertilization technique has recently been used to study
the chromosome content of mature human sperm. Golden hamster eggs re-
leased from the oviducts of superovulated females were, enzymatically
freed from cumulus cells and zona pellucidabefore incubation with human
sperm, after which the condemsation of the chromosomes of the pene-
trated male germ cells made these accessible to analysis. Chromosome
identification toock place after Q-handing {(quinacrine staining} and

lacto-acetic orcein staining (Rudak et al., 1979).

5.3, Results and Discussion

26

The results with both fertilization systems in mouse indicate that
the in vitro system in general may be preferable to the in vivo system:
As a consequence of a better synchrony of fertilization and subsequent
chromosome condensation more preparaticns are suitable for analysis
with the first (80%) than with the latter (50%) system (Fraser and
Maudlin, 1979). Geod results are also cbtained after combining the
in vivo/in vitro techniques (see section 5.2.1.).

Because ovulation is induced with exogeneous gonadotrophins in all
the studies cited in this section, it is of relevance to check its
possible influence con the level of aneuploidy. Although PM5 seems to
enhance the level of peolyploidy proportional te the dose given, the
level of (non-disjunction caused) aneuploidy appears not to be affected
in zygotes derived after induced ovulation (mouse: Maudlin and Fraser,
1977). Analogous to the reascning given for the MII counts, preparation

caused chromosome loss may make it necessary to base the estimate of




the incidence of meiotic non-disjunction on the hyperhapleid group,
for selectlon against unbalanced gametes is not assumed to occur
(mouse: Fraser and Maudlin, 1879).

In general this stage has not been studied on a large scale until
now. The reason seems to be the fact that 1) it requires a relatively
time consuming procedure 4as experimental animals in general demon-
strate low levels of spontaneous non-disjunction and 2) the procedure
is of no use for man due to a lack of human oocytes. Rudak et al,
(1978) were able to analyse the chromosome constitution of human sper-
matozea via "interspecific fertilization". Due to technical pitfalls
their data are far from being quantitative: A maximum of 10 sets of
sperm chromosomes could be analysed with the aid of 150-200 hamster

eggs (see also table 5).

The pre-implantation stage {table 6)

. Introduction

Reasons for establishing the incidence of aneupleidy at this ear-
ly stage of embryogenesis may be the following: 1) By flushing the
oviducts and/or uterine horns embryonic material uncontaminated with
maternal cells can be derived easily in experimental animals. 2)
Selection against unbalanced progeny is assumed to start during this
stage. The latter can be concluded for instance from the pre-implanta-
tion loss data derived after mating Robertsonian translecation hetero-
zygous male mice (with high levels of aneuploidy at MII} with chromo-
somally normal females (Ford and Evans, 1973; Gropp et al., 1974%).
Assuming a 100% fertilization, pre-implantation losses are estimated
by subtracting the sum of dead and living implants from the total
number of ovulated eggs (as number of corpora lutea in the ovaries).
Normally the quantitative assessment of the incidence of meiotic non-
digjunction in this period is based on trisomics only because it is
assumed that part of the monoscmics have already been lost (mouse:
Ford and Evans, 1973). The importance of analysis of this stage is
that it permits the ascertainment of the moment of death of genetical-

ly unbalanced (predominantly monosomic) embryos.
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6.2. Experimental Metheds

In principle, approaches identical to those mentioned for first
cleavage cells can be used here. In practically all studies females
are induced to superovulate, After fertilization has taken place
in the natural way, the embryos can either be flushed from the ovi-
ducts soon after fertilization or are allowed tc develop until Jjust
pricr tc implantation. In the first case, eml.vos at the two-cell-
stage are removed from the oviducts a defined time after mating
(Chinese hamster, 72 hr; Basler and R3hrborn, 1977; mouse, 44 hr,
Basler et al., 197€) and cultured in vitre in medium covered with a
sterile oil layer. Development can be followed with an inverse micros-
cope. A few hours before chromosome preparations are made, a mitotic
inhibitor is added tc enhance the number of metaphases.

In case the embryonal development until implantation takes place
in vivo, embryonic cell division is stopped by incubating embryos for
a short time in a mediur. with a mitotic inhibitor or by injecting the
pregnant female with colchicine. Chromosome spreads from metaphase
cells can be made according the standard procedure (mouse: Tarkowski,

19667).

6.3. Results and Discussion

Although methods for in vitro culturing of pre-implantation em-
bryos have been improved (Chinese hamster: Basler and R&hrborn, 1977
mouse: Biirki and Sheridan, 1978), up to now most data have been de-
rived with the in vive apprecach. late morula/early blastccyst stages
are the most suitable for analysis: Towards implantation, which takes
place in mammals at late blastcecyst stage, the metaphase chromoscmes
of, for instance, mouse embryos beccome fuzzy.

The incidence of meiotic non-disjunction estimated at the pre-
implantation stage (AI- and All-criginating non-disjunction, table 6)
can be compared with the MII-data combined for beoth sexes {non-dis-
junction only AI in origin, tables 3 and 4). The incidence of non-dis-
junction, contrary to the expectations, appears to be higher afrer Al
than after AL and AIT combined. To avoid problems with regard to nega-
tive selection against genetically unbalanced zygotes and/or pre-
implantation embryos, the incidence is in most cases hased on hyper-
haploid MII's, respectively trisomic embryos {see tables 3, 4 and 6,
groups assumed not to he affected by selection before implantation
{meuse: Ford and Evans, 1973; Ford, 1975}. The comparison is restricted

however by differences in strains or in animal age (an increase in the
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7.2.
7.2.1,

30

incidence of non-disjunction can be observed with increasing-maternal
age; mouse: e.g. Fraser and Maudlin, 1979; de Boer and van der Hoeven,
1980; man: e.g. Erickson, 1978). The possibility exists that the
differences in outcome can be ascribed to non-random sampling of
embryonic cells at metaphase in favour of the, more rapidly dividing,
numerically and genetically balanced embryos.

No data concerning pre-lmplantation leosses are known for man, be-
cause embryonlic death at this stage normally remains unrecognized.
Some preliminary conclusions may be drawn from a study by Williamson
and Miller (presented at the Wessex symposium, Southampton, 1979) who
used the level of heta HCG in urine and plasma for early recognition
of conception. Of 143 conceptions an extremely high percentage, 31.5%,
appeared to be lost before they were recognized by current criteria.
The contrikbution of numerically unbalanced products to this level is,

of course, unknown but possibly high.

. The post-implantation stage (table 7)

. Introduction

In man, this is the second stage (after MI) yielding cytological
information of a sufficient quantity to make comparisen with experi-
mental animal-derived data possible,

In general data concerning the karyotypes of "implantation embryos"
at a very early stage are meagre especially in man. Fdr experimental
animals the reascn is the difficulty of separating the minute quantity
of embryonic cells from the uterine wall without contamination with
maternal cell material.

In man karyotype analysis of embryos and fetuses can be done via
ammiocentesis or after abortion. In both cases the majority of the
material is obtained between the 12th and 16th week of gestation (post-
menstrual age)} and here again care must be taken to avoid contami-

nation with cells of maternal origin.

Experimental Methods

Laboratory animals

At known periods after mating pregnant females are dissected. The
uterine content can be subdivided Inte dead and living implants. If

the embryo dies scon after implantation, enly a local swelling of the



uterine wall will be seen (deciduomal reaction). Died at later stages,
the moment of death can roughly be judged from the state of resorption.
The source of embryonic cell material to be used for analysis depends
on the stage of development: a) When the number of dividing cells is
low chromosome preparations are made from whole implants (membranes
plus embryo}. b) Karyotype analysis at later stages of fetal develop-
ment can be carried cut on metaphase cells taken from either rapidly
dividing crgan tissue or from the embryonic membranes. Generally the
number of metaphases is enhanced in both approaches, by a short time
incubaticn of fetzl tissue in medium with mitotic inhibitor (mouse:
Evans et al., 1972) hut also, prior to dissection, by injecting preg-
nant females with this compound. However, not all chemicals will pass
the placenta (mouse: Jojena and Leliever, 1973). The subsequent treat-
ment of the cells prior to air-drying includes the usual hypotonic

swelling- and fixing-steps (method of Evans et al., 1972).

Man

In case of a terminated pregnancy chromoscme preparations are made
primarily of cultured cells derived from embryonic tissue or chorion
and amnion but in case of still dividing tissue, for example after
induced abortion, culturing can he omitted {(Yamamoto et al., 1975)}.

In these cases, possible contamination with maternally derived cell
material is often histologically verified {Laurtisen, 1976}.

Intra uterine diagnosis is also possible however. Amniocentesis
(sampling of amniotic fluid cells) is normally performed transabdomi-
nazlly between the 1luth and 16th week of gestation (calculated from the
first day of the last memnstruation e.p. Leschot et al., 1972},

Both extraembryonic explants and amniotic fluid cells, are cul-
tured in standard medium under a "5% carbondioxide in air gas phase"
at 37 0C, untill a considerable number of cell divisions can be ch-
served. Metaphase spreads for karyotype analysis are made according to
the standard air-drying technique (Evans et al., 1972). Chromosome
identification can be done via a number of banding techniques of which

Q, G or R-banding are most widely appilied.
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