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ABSTRACT 

The BxH recombinant inbred strains of mi ce were used to 

undet"take a genetic analysis of the ma"cernal factors 

contro1ling the survival of trisomy 16 fetuses. The data 

presellted indicate that the prevalence of trisomic fetuses on 

day 15 of gestation varies significantly wi"th the genetic 

background of the mother. The strain difference in the 

frequency of trisomy appears to be the resul t of selective 

elimination of trisomic fetuses. Various statistic~l methods 

to elucidate the genetic architecture of the trait from the 

recombinant inbred strains data indicate that the number of 

loci involved in the selection process Têmg~s "from one ""CO 

five. Linkage association with two loci have been found: 

however, with a low probability level (p=O.292}. 
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ABREGE 

Une analyse génétique des facteurs maternels contrôllant 

la survie des foetus trisomiques pour le chromosome 16 a ete 

entreprise par l'utilisation des lignees murines 

recombinantes BxH. Les données presentees indiquent que la 

prévalence de fetus trisomiques observés au quinzième jour de 

la gestation varie de façon significative selon le bag<.1ge 

génétique de la mère. Les différences dE frequence de 

trisomie observées entre les souches murines seraient le 

résultat d'une élimination sélective des foetus trisomiques. 

L'utilisation de diverses méthodes statistiques permettant 

d'élucider la composition génétique du trait à partir des 

données obtenues des lignées recombinantes 1 indique que le 

nombre de loci impliqués dans le processus de sélection varie 

de un à cinq. Deux associations avec des loci déja localises 

ont été découvertes; ceci avec un niveau de probabilité 

relativement bas (p=O.292). 
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INTRODUCTION 

MaternaI inf l uenees on ernbryonic developwent have bccn 

recognized in Many organisms. This i5 not sur~ri5ing when it 

is realized that maternaI effects can manifest themsclves in 

a number of ways i through the egg cytoplasm, through tho 

uterine environment and through differentiai functioninq of 

chromosome regions (imprinting). 

The eytoplasm of the zygote is almost exciusively ù 

product of the female gamete i i ts content is prepared under 

the direction of the genome of the mother. The zygote is 

thus a very special cell in which the gene products of ono 

generation coexist with the not-yet functional genome of the 

next generation. Oevelopmental mutants that produee 

defective egg5 incapable of supporting ~ormal zygotic 

developrnent can provide valuable mater làl for analyzing the 

functions of individual egg components. 

In higher organisms, the uterine environmcnt can have a 

substantiai influence on growth and survival of the 

conceptus. In addition, differential imprinting of speci fic 

genes during female (as weIl as male) gametogenesis ean lead 

to quite severe phenotypic manifestations and even to 

developmental failure. 

AlI these phenomena are ultirnately controlJed by maternaI 

genes, e.g. genes coding for cornponents of the egg cytoplasrn, 

genes controlling the function of the uterus or genes 
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modifying (imprinting) the expression of c+:her genes. 

Therefore, they can be elassified as maternaI effect 

mutations beeause the mutant phenotype of t.he ernbryo depends 

on the genotype of the mother. 

In the follow ing pages, an overview of maternaI genetie 

factors influencing early development in different organisms 

will be presented. It will be seen that in Drosophila, the 

establ ishment of body axis in the blastoderm is under the 

control of maternally derived morphogens. In Caenorhabditis 

elegans, maternaI gene products are mostly involved in the 

events surrounding the first few cell divisions in the 

zygote. In amph ib ia, where the amount of cytoplasm in the 

egg is mueh more considerable than in human or mouse, a 

number of maternaI mutations act through the egg cytoplasm to 

provoke an early arrest in development. Fimtlly, in mouse, 

evidenee of maternaI genetie influences on the embryo through 

the uterine environment, the egg cytoplasm and by imprinting 

of specifie chromosome regions will be reported. 

The techniques used to establish a maternaI genetic effect 

in development (embryo transfer i ovary 9rafts, eross-

fostering) are difficul t to apply in humani therefore, the 

extent of maternaI effects in human fetal development is 

unknown. On the other hand, i t is evident tha~. chromosomally 

abnormal conceptions (particularly trisomies) are the object 

of a drastie in utero selection and that women exist that are 

at greater risk of produeing aneuploid progeny. An 
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examination of sorne factors influencing the survival of 

chrornosomally abnormal conceptuses vli11 thus be undertakcn. 

A model designed for the induction of specifie trisomies 

in the mouse has been used to investiga te the factors 

controlling the survival of aneuploid fetuses. It \.,ri.1S 

established that the survival of trisomy 16 and 19 fetuscs is 

under the control of a small number of maternaI goncs 

(Vekemans and Trasler, 1987; Epstein and Vekemans 1 1990). The 

last part of this study is thus an attempt te understand the 

genetic basis of the factors modulating tt.e survival of 

trisomy 16 mouse fetuses. 
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1 
1. MATERNAL GENES AFFECTING EARLY DEVELOPMENT 

lA. Drosophila 

The earliest events of embryonic development in Drosophila 

are under the control of the maternaI genorne. In fact, the 

Drosophila ernbryo develops in an egg that contains a large 

number of maternaI gene products. Two hours after 

fertilization, zygotic development proceeds to produce a 

blastula containing a cluster of pole cells at the posterior 

end and a syneitial blastoderm layer with about 3500 nuclei 

(Rice and Garen, 

transition to a 

1975) . Following this syncitial period, a 

cellular blastoderm, during whieh a cell 

membrane is formed around each blastoderm nucleus, occurs in 

normal embryos. Depending on their location within the egg, 

the nuelei are exposed to different maternaI gene products 

which trigger the expression of specifie set of zygotie genes 

(Manseau and Schupbach, 1989). 

The metameric organization of the Drosophila embryo is 

generated early during development. MaternaI factors set the 

frame in whieh the zygotie segmentation and homeotic genes 

act. Due to the coneerted action of the segmentation genes, 

the appropriate nurnber of segments is established, and 

homeotic selector genes control the diverse pathways by which 

each of the segment aequires a unique morphology. The gap 

genes participate in the eomplex process of pat.tern formation 

by providing a link between the maternaI and the zygotic gene 
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activities: the gap gene patterns are controlled by the 

maternal factors, and the gap gene activities in turn, 

control the pattern of zygotic segmentat ion and homeotic 

genes (Gaul and JackIe, 1989). 

positional information in the Drosophila embryo requires 

the activity and correct regulation of about 60 maternal and 

zygotic genes (Lasko and Ashburner, 1990). The maternally 

active genes can be grouped into 2 classes according to the 

phenotypes of embryos from mutant mothers: those which are 

essential for specifying positionai information along the 

anterior-posterior axis and those that affect the do.csal-

ventral fate Both classes of mutations will be considered 

in turn in order to illuminate the mechanisms involved in 

establishing positional information and to emphasize the 

influences of maternaI genes on Drosophila development. 

Anterior-posterior patterning 

Three maternaI genes (bicoid, exuperantia and swallow) are 

necessary for formation of anterior body pattern. Embryos 

from bicoid (bcd) mutant females lack head and thoracic 

structures and exhibit abnormalities in the first four 

abdominal segments (Manseau and Schupbach, 1989) • 

Cytoplasmic transplantation experiments reveal8d the presence 

of an activity located at the anterior tip cf embryos from 

wild-type but not from bcd mutant females. This activity, 

when transplanted to any position along the anterior

posterior axis of a recipient embryo, was ::lble ta induce 

6 
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anterior development and suppress the formation of posterior 

.1 structures at the site of injection (Driever et al, 1990). 

Bicoid is thus considered as a morphogen. 

The bcd gene is transcribed maternally and bcd mRNAs 

become localized at the anterior tip of the egg during 

oogenesis (Berleth et al, 1988). Since the oocyte nucleus is 

largely transcriptionally inactive, the bcd message, like 

most materna l messages, is probably produced in the nurse 

cells and transported into the oocyte. Propp.r localization 

of the bcd mRNA aiso depends on the swallow (~) and 

exuperantia (exu) gene products. Loss of eXil function, for 

example, causes a more even distribution of the bcd gene 

product, and consequently the loss of anter ior structures 

(Winslow et al, 1988). Shortly after ferr ilization, bcd 

prote in is present in a concentration gradient along the 

anterior-posterior axis with a maximum at the anterior tip 

(Driever et al, 1990). The bcd protein contains a homeo 

domain, suggesting it plays a role in DNA bi ndinq and gene 

regulation. The zygotic gap genes hunchback and Kruppel were 

shown to be activated by bcd in a concentration-dependent and 

a site-specifie manner (Gaul and Jackle, 1989; Hulskamp et 

al, 1990). 

There are nine maternaI genes required fcr formation of 

abdominal segments. Injection of cytoplasm from the 

poste ri or pole of a wild-type embryo into the abdominal 

region of posterior group mutant embryos results in extensive 
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rescue of abdominal segmentation (Nusslein-Volhard et al, 

1987) .. However, an exception to this is the mutation 

pumilio. Abdominal segmentation can be rescued in pumilio 

mutant embryos by transplantation of cytoplasm from the pole 

of the mutant embryo to the region of the prospective 

abdomen, indicating that pumilio embryos contain rescuing 

activity but lack the ability to distribute it to the 

prospective abdominal region (Lehmann and Nusslein-Volhard, 

1987) . nanos is the only posterior group mt.:tant that does 

not produce rescuing activity in the nurse cells during 

oogenesis (cited in Manseau and Schupbach, 1989). This makes 

nanos the best candidate for encoding the posterior 

segmentation rescuing activity. 

MaternaI control of abdominal segmentatio''1 is different 

from maternaI control of anterior segmentation. In the 

anterior of the embryo, the level of maternal bcd is used to 

direct the formation of structures along the anterior-

posterior axis. However, the only function of the maternal 

effect loci of the posterior group in abdomin~l segmentation 

is to repress maternaI hunchback in the posterior of the 

embryo, thereby perrnitting organization of the posterior 

segments by zygotic gap genes. For example, if the nanos 

gene product is not correctly localized to the posterior 

pole, then this will result in the failure of inactivation of 

the maternaI hunchback product and a consequent failure of 

activation of the zygotic gap gene knirR§ (Lasko and 
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Ashburner, 1990). Moreover, in the absence G: both maternaI 

hunchback and posterior group function, n' ~mal abdominal 

segmentation can occur (Manseau and Schupbach, 1989). 

AlI the genes of the posterior gro~lp, e'·cept nanos and 

pumil io, are also required for the formation of pole cell s 

(the germ cell progenitors). Synthesis ot polar granul e 

components, which are eventually required fo' the formation 

of the germ cell l ineage, and their local: zation to the 

posterior pole of the egg begins to oecur during late 

oogenesis. The fact that localized polar granules are absent 

in vasa mutants indicates that vasa is a neci2~:sary compone nt 

of polar granules (Lasko and Ashburner, 1990). Based on its 

homology with RNA helicases (nucleic acid-bir.ding proteins), 

another role of vasa is to regulate the tram·lation of mRNA 

(e.g. nanas) important for determination of posterior 

structures or to provide a permissive environment (RNA 

secondary structure) for RNA localization via other RNA-

binding proteins (Hay et al, 1990). Observ~tions from the 

phenotypes of oskar, staufen, cappucino and ~~pire mutations 

suggest that these gene functions are requirerl for posterior 

localization of vasa during maternaI oogenes5 s. The valois 

product is thought to function as a cytoske.'.etai component 

required throughout the embryo following fertilization 

whereas the tudor product is thought to be a polar granule 

component that is required for the assembly of that structure 

(Hay et al, 1990). 
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six loci are required for the correct establishment of the 

terminal regions of the Drosophila embryo. Homozygous 

mutant females produce embryos lacking all structures derived 

from approximately the anterior-most 10% as weIl as the 

posterior-most 20% of the blastoderme Instead, cellular 

fates that are only assumed by cells in more central 

positions are expanded to the poles. Mutations at the 

zygotic locus tailless eliminate a subset of the terminal 

structures, suggesting that tailless may be one of the 

zygotic target genes regulated by the terminal group of genes 

(Weigel et al, 1990). 

The torso and l(l)polehole genes have recently been 

cloned. The former encodes a putative receptor kinase while 

the latter encodes a protein with sequence similarity to the 

raf proto-oncogene, which possesses a SerjThr kinase domain 

(Manseau and Schupbach, 1989). This led these authors and 

Degelmann el: al (1990) to speculate that the genes of the 

terminal group encode members of a phosphoryLdtion cascade. 

The torso gene product might act as a transmembrane receptor 

that, upon activation by an extracellular signal and within 

the correct cellular environment, can phosphorylate and thus 

activate certain other gene products. These in turn, might 

activate zygotic genes such as tailless. Two other gene 

products, fs(1)Nasrat and fsC11polehole are rpquired for the 

stability of the vitelline membrane and have specialized 

functions at the poles which involve direct interaction with 
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other terminal gene products (Degelrnann et al, 1990). The 

torso protein is uniformly expressed at the surface of the 

early embryo, but specially activated at the poles. It is 

synthesized only after fertilization, implying that the 

activating ligand must be localized in the perivitelline 

space separating oocyte and follicle cells. One of the 

terminal class genes, torsel ike, has been reported to be 

synthesized by the follicle eells and is thus a candidate 

gene for producing a spatially restricted signal moleeule in 

the egg charnber. Degelmann et al (1990) speculated that 

fS(1)Nasrat and fs(llpolehole rnight be involved in the 

retention or stabilization of the torsolike product in the 

perivitelline space at the egg poles, thus ensuring localized 

activation of the torso proteine 

In summary, each of the three mater~al organizing 

activities (anterior, posterior and terminal) is responsible 

for the formation of a partieular subset of p'lttern elements 

in defined regions along the anterior-posterior aAis of the 

egg. However, these domains show considerable overlap. 

Therefore, interactions between the three maternaI activities 

must oceur at sorne level, since in the absenc~ of either the 

anterior or the terminal activity, the abdominal pattern 

elements are formed in the defective area (Hinslow et al, 

1988). Conversely, when anterior or terminal aetivity is 

elevated, pattern elements corresponding to the abdomen are 

compressed (Driever et al, 1990; Klinger et al, 1988). These 

11 
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observations demonstrate that anterior and terminal activity 

negatively modulate the extent and spatial distribution of 

the abdominal domain, aliowing for a certain plasticity in 

the formation of the anterior-posterior pattern of the 

embryo. 

Dorsal-ventral patterning 

MaternaI mutations affecting embryonic dorsal-ventral 

pattern can be separated in two groups. T1e first group 

(fs Cl) K10 and spindle) are pure IT'aternal effects and affect 

the polarity of the egg shell. Mutations in the genes of the 

second group (dorsal, gastrulation defective, easter, matllLa 

and mat(3)4) cause the total dorsalization 01 the embryonic 

pattern as a maternal effect, without affecti~g the polarity 

of the egg shell. Of course, a third group of mutants (twist 

and snail) are zygotic in their function, causing only 

partial dorsalization of the pattern, and are apparently the 

last in the temporal series of gene functions. 

In the mutant fs(1)K10, homozygous females produce eggs in 

which the egg shell is less asymmetric in the dorsal-ventral 

axis, and the appendages are fused and lie ventrally rather 

than dorsally. Whenever embryos develop from these abnormal 

egg shells, the embryos are dorsalized (aIl the cells of the 

blastoderm behave like the eells normally located in the 

dorsal positions of the blastoderm) (Priee et al, 1989). The 

female sterile loeus spindle produees eggs which appear to be 

ventralized in shape and whieh are never fertilized (Anderson 
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and Nusslein-Volhard, 1984). Identificatiol! of these two 

genes reveals that the dorsal-ventral polar:i ty of the egg 

case is under genetic control. 

The dorsal allelic series, comprised of s~~ong phenotypes 

in which the embryo is totally dorsal ized, '··i th the smooth 

progression to weaker phenotypes, involv.:! the gradual 

addition of more ventral structures in the same order in 

which they appear in the embryonic fate map (Anderson and 

Nûsslein-Volhard, 1984). This progression r0veals that the 

dorsal gene is involved in the establishment. of positional 

information along a dorsal-ventral gradier.t . Multiple 

alleles with a range of phenotypes going from complete 

dorsalization to progressive addition of ven"ral structures 

are also observed for the maternaI effe·:.... gastrulation 

defective, easter, mat(3)2 and mat(3l4 

Anderson and Nùsslein-Volhard, 1984). 

(Gan.; et al, 1975; 

The fa ct that the 

strong phenotypes are indistinguishable irnpi ~es that these 

genes are responsible for components of a si~~le, integrated 

process. The involvement of multiple compnnents, aIl of 

which are essential to prevent dorsalization ~f the embryo, 

suggests that the gene products are interactinJ cornponents of 

a coordinated, self-regulating system ~f positional 

information. 

The zygotic mutations (twist and snail) c.~use relatively 

minor aberrations in the dorsal-ventral patt ~rn of embryos 

compared to the maternaI effect mutati,ms " &impson, 1983). 
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Therefore, aIl the information neces;ary for the 

establishment of the embryonic dorsal-ventr&l pattern is 

maternally derived. This maternally provided ~ystem includes 

the production of the morphogen, the means (·f distributing 

the morphogen in a concentration gradient, and the receptor 

system which measures the morphogen concentré-tion (Anderson 

and Nusslein-Volhard, 1984). The zygotic gene, may stabilize 

or enhance this positional information (Simpso" 1983). 

lB. CAENORHABDITIS ELEGANS 

C.elegans is a self-fertilizing hermaphn.·dite with one 

pair of sex chromosomes (XX) and five pair!; of autosomes. 

Males (XO), which are morphologically disti.-guishable from 

hermaphrodites, appear in the population at a frequency of 1 

in 700 animaIs (Hirsh et al, 1977). Males mate with 

hermaphrodites but hermaphrodite',; do not mate with each 

other. 

uy about 10 minutes after fertilization, the C. elegans 

zygote has formed a vitelline membrane and a Ghitinous shell 

and become autonomous; i.e. it can continue normal 

development if removed from the parent. Embrycs are normally 

laid about. 3 hours after fertilization at a 30-cell stage 

that corresponds approximately to the time of gastrulation. 

The first-stage larva (LI), 250 um in lengtt., hatches from 

the egg about 14 hours after fertilization with a total of 

546 somatic nuclei and 4 primordial gonadal nuclei (Sulston 
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and Horvitz, 1977). During the next 35 hot:.rs, the animal 

passes through three more larval stages (L2-L4), separated by 

4 molts, and grows to a l mm adult with 808 somatic nuclei 

(Sulston and Horvitz, 1977). The four primordial gonadal 

nuclei begin to divide a few hours after hatching and 

proliferate to form the gonad during larval development. In 

the hermaphrodite, spermatogenesis takes place during the L4 

stage to produce about 1500 mature sperm in each of two 

spflrmathecae. Mature oocytes appear j ust before the fourth 

molt and oogenesis continues for up to 8 days in the adult 

(Hirsh et al, 1976). 

The nematode c. elegans provides a special opportunity for 

the study of maternal-effect lethal mutations by virtue of 

its completely described embryonic cell Ijneage and its 

strictly determinate and invariant developmental pattern. 

Genes essential for embryogenesis were first identified in 

screens for temperature-sensitive lethal mutations following 

EMS mutagenesis, using 25°C and 16°C as the ~estrictive and 

permissive temperatures respectively (Hirsh and Vanderslice, 

1976; Wood et al, 1980; Miwa et al, 1980; Cassada et al, 

1981; Hirsh et al, 1985). In these screens, between 10% and 

28% of the lethals recovered have shown phbnotypes of 

embryonic lethality; that is, homozvgous mutant 

hermaphrodites shifted to nonpermissive temperature as third 

or fourth-stage lôrvae self-fertilize to produce embryos that 

fail to hatch. 
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On the whole, a total of 55 genes required for 

embryogenesis were identified. Information on when these 

genes act in deve] opme nt has been obtained from parental

effect tests on the temperature-sensitive mutations that 

define them (Wood et al, 1980; Miwa et al, 1980; Isnenghi et 

al, 1983). These tests involve experimental elimination of 

one or more possible sources of the normal gene product, by 

varying the configuration of the parental and embryonic 

genotypes and determining the subsequent phenotypic 

expression of the mutation in the progeny (Vanderslice and 

Hirsh, 1976). These tests were performed for the 55 

embryonic lethal mutations and 4 classes could be 

distinguished: 

1) The 32 mutations in this class show d strict parental 

effect; that is the homozygous mutant (m/m) self progeny of a 

heterozygous mutant (m/+) hermaphrodite es=ape embryonic 

lethaljty, and the m/+ outcross progeny of an m/m 

hermaphrodite mated to a wild-type (+/+) male die as embryos. 

Therefore, expression of these genes in the maternaI parent 

appears to be both necessary and sufficient for embryonic 

survival. 

2) The 17 mutations in this class show a partial parental 

effect: miro self progeny of m/+ hermaphrodites survive, but 

so do m/+ outcross progeny of m/m hermaphrodites. Therefore, 

expression of these genes in either the maternaI parent or 

the embryo is suf~icient for embryonic survival. 
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3) Two mutations behaved in a strictly nonmaternal 

fashjoni that is, m/m self progeny of m/m hermaphrodites die 

as embryos, and m/-r outcross progeny of m/m hermaphrodites 

survive. Expression of these genes in the emb_;o is 

therefore both necessarj and sufficient for embryonic 

survival. 

4) Regarding the four genes in thi~ class, leither the m/m 

self-progeny embryos of m/+ hermaphrodites, nor the m/+ 

outcross progeny embryos of m/m hermaphrodites survive, 

indicating that expression of this gene is required both 

maternally and embryonically for embryonic sur?ival. 

These results are consistent with the view that rnost of 

the gene products required during embryogenesls are 

incorporated into the egg during oogenesis in the maternaI 

parent, and furthermore that most of them are produced 

maternally in sufficient excess that their embryonic 

production is not required. 

More detailed analysis of when these genes act has been 

carried out for the temperature-sensitive mutations by 

temperature-shi ft experiments to determine the time and the 

duration of the temperature-sensitive period (~SP) leading to 

embr~onie lethality (Wood et al, 1980; Miwa et al, 1980; 

Hirsh and Vanderslice, 1976; Isnenghi et al, 1985). 

Interpretations of such experiments is comp) icated by the 

uncertainty of whether the TSP defines the time cf synthesis 

or the time of funetion of the mutant gene product. However, 
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strict maternaI mutants tend to show the earliest TSPs, 

either before or close to the time of fertilization, and 

partial maternaI mutants show later TSPs, generally during 

the first half of ernbryogenesis. The two strict nonmaternal 

mutants have TSPs during the second half of ernbryogenesis. 

Most of the genes identified by the temperature-sensitive 

embryonic lethal mutations are also required a~ stages of the 

life cycle outside of embryogenesis. This pr·.:>bably reflects 

the likelihood that many genes identified by temperature-

sensitive embryonic lethal mutations encode general metabolic 

functions, and thus have essential roles in ce:l viability or 

proliferation rather than having controlling roles in 

embryogenesis (Wood et al, 1980; Cassada et al, 1981). 

Analysis of 29 maternaI effect lethal loci fr~m a saturation 

screen of a region of chromosome II has led te a more precise 

estimate of the number of pure maternaI effect genes in 

C.elegans as being probably around 12 (Ke~phues et al, 

1988b). In the set of 55 genes discussed above, only about 

14 are possible candidates for exclusively embryonic 

function. Among these 14 genes, 11 show strict maternaI, 3 

show partial maternaI, and only l shows strict nonmaternal 

requirements for function. 

Many of the strict maternaI mutants show defects in 

meiosis or first cleavage; for exampIe, absen~e of pronuclear 

fusion or of polar bodies, absence or dbnormal position of 

the first division cleavage, anomalous cytoplasmic streaming, 
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egg shell defects, abnormal cytoplasmic yolk granules, extra 

nuclei, endomitosis or arrest at the one-cell stage (Wood et 

al, 1980; Miwa et al, 1980; Denich et al, 19R4; Kemphues et 

al, 1986). In these, subsequent anomalies may be the result 

of aberrant chromosome distribution rather than lack of 

specifie factors required for determination of cleavage 

pattern or cell fates (Wood, 1988). Schierenberg et al 

(1980) and Denich et al (1984) observed that the mode of 

expression of most mutants with defects in the timing of 

embryonic cell divisions 

This led these authors 

is at least maternaI sufficient. 

to suggest that the autonomous 

division rates of the cell lines are preprogrammed in the 

C.elegans uncleaved egg by maternaI genes. Here again, it is 

not known whether the timing defects are symptomatic or 

independent of the other defects observed in these mutants. 

More extensive analysis of mutations defining two loci, 

zyg-9 and zyg-11, have shown that these are pure maternal 

effect genes, expressed specifically during oogenesis and 

encoding protein products whose functions are required only 

during embryogenesis (Kemphues et al, 1986). Mutations at 

both loci have TSPs during the one-cell stage and alter the 

position of the first cleavage spindle. 

the absence of functional zyg-g product 

More specifically, 

seems to affect 

microtubule functions in the one-cell embryo (Kemphues et al, 

1986). The existence of a maternally expressed gene 

nece~ sary for microtubule function is not surprising since 
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the relatively large size of blastomeres in early embryos 

requires microtubules of unusual length. Lack of functional 

zyg-l1 gene produces a wide range of effects suggesting that 

this product may play a role in several cytopl~smic prccesses 

(Kemphues et al, 1986). The zyg-l1 gene has been sequenced 

and codes for a 91 kDa protein (Carter et al, 1990). 

Microinjection of the cloned DNA can rescue zyg-11 mutations. 

Surprisingly, a transcriptional analysis shows that 

transcription of the gene is net limited to the female germ-

line, despite the strict maternal-effect phenotype of zyg-11 

mutations (Carter et al, 1990). Further studies using 

immunofluorescence staining wi th antibodies against zyg-ll 

and Norther.l blot analysis using RNA from males and 

hermaphrodites C.elegan~ of specifie developmental stages 

should clarify these findings. 

In addition, Kemphues et al (1988a) have isolated strict 

maternaI effect mutations at four new loci, designated par-l 

to par-4 (for partitioning-defective), which may be important 

in the asymmetric partitioning of cytoplasmic components in 

the early embryo. These mutations affect only embryogenesis 

and are characterized by synchronous and usually equal, 

rather than the normal asynchronous and unequal, early 

cleavages. These mutants have abnormal positioning of the 

early mitotic spindles: they fail to localize P granules (the 

germ-l ine precursors) properly; they do not produce the 

intestinal differentiation markers and finally arrest 
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development as amorphous masses of differentiated cells. 

Four mutations are incompletely expressed, that is some 

embryos from homozygous mothers survive and grow to becorne 

infertile adults due to the absence of functional gerrn cells 

(grandchildless phenotype). The authors proposed that the 

par genes could encode products required for the specialized 

functions or distributions of actin microfilaments in the 

early embryo since actin microfilaments have been previously 

shown to be required for both P granule locallzation and the 

proper positioning of the mitotic spindle in wild-type 

C.elegans embryos. 

A set of dominant maternaI effect temperature-sensitive 

embryonic lethal mutations has been isolated with the goal of 

identifying either haploinsufficient loci whieh are required 

in two normal doses for normal embryonic development or 

members of multigene families or of multimeric proteins which 

would not be identified in screens for recessive mutations 

(Mains et al, 1990). Eight such mutations have been found, 

representing six loci, one of which appear te be a loss-of

function mutation in a haploinsufficient locus and two others 

seern to encode gene products that interact with each other 

and with products of the zyg-9 locus during early ernbryonic 

cleavage. 
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le. AMPHIBIA 

The pattern of early post-fertilization amphibian 

development has been weIl docurnented as being largely under 

the control of the maternaI genome (Gilbert, 1985). It is, 

again, regional differences in the egg's cytoplasm which are 

thought to be responsible for the varied gene expression 

patterns of the embryo' s population of nuclei. There is 

evidence that specifie macromolecules which are synthesized 

during oogenesis and stored in the egg cytoplasm, participate 

in early ernbryogenesis. A summary of the extent to which 

some maternally derived egg cornponents persist in 

embryogenesis is presented in Malacinski and Spieth (1979). 

In the case of histones, sufficient amounts are present in 

the egg prior to fertilization ta supply a major proportion 

of the requirements of cleavage division up t.o the blastula 

stage. For more than a dozen enzymes of intermediary 

metabolism, catalytically active isozymes which are prnducts 

of the maternaI genome persist through the neural fold stage 

of development. Populations of mRNA which are synthesized 

during oagenesis remain functionally active up to the 

blastula stage, whereas maternaI ribosornal RNA persists up to 

the swimming tadpole stage. 

In order to study maternaI control on l.evelopment in 

amphibia, a number of maternal effect mutatj.ons have been 

recognized in the Mexican axolotl (a neotonous salamander) 

(Humphrey, 1975), and these will be described in the present 
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section. 

ne: no cleavage mutant 

The maternal effect which acts earliest on post

fertilization development is the gene nc (no cleavage). Eggs 

spawned by females homozygous for the nc, appear to be 

morphologieally normal. Fertilization and egg activation are 

accompanied by a normal cortical reaction, and rneiosis aIse 

proceed nermally. However, the mitotie apparatus and 

cytasters never form and eleavage division does net take 

place (Raff et al, 1976). This mutation appears ta be a true 

maternaI effect mutation in that fertilization by a wild-type 

sperrn is incapable of rescuing the mutant phenotype. 

Furthermore, the nç can be phenocopied by electrically 

activating unfertilized eggs from normal females (Raff et al, 

1976). 

Ovary graft experiments have shown that the effect of the 

D& gene occurs within the ovary itself rather than indirectly 

through effects on other tisSl..leS (Raff et al, 1976). The 

egg tubulin protein in the ne mut~nt was analyzed on protein 

gels and was shown to be present and net altered compared te 

wild-type (Raff, 1977). The nç phenotype can be partially 

corrected by inj ection of microtubules obtained from the 

tails of sea urchin sperm (Raff et al, 1976). The first 

cleavage divisions are apparently normal in the animal 

hemisphere but incomplete in the vegetal region. Later 

cleavages appear irregular and embryos finally arrest as 
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partial blastula. Microtubules form in paraI leI arrays in 

corrected embryos but do not attach to the ki~etochores, and 

the chromosomes appear fragmented. It was suggested that the 

defect in ne mutants involves an early event of egg 

activation (Raff, 1977). 

cl: cleavage defeet mutant 

The maternaI effect mutation cl (cleavage defect) which 

affects the cleavage process during embryogenesis has been 

first described by Carroll and Van Deusen (1973). The eggs 

from çlJcl femaies are fragile and tend to break during 

spawning or to flatten in the animal pole when the egg' s 

gelatinous capsule is removed. In addition, cytoplasrn 

oecasionally appears to leak from the crater-like areas which 

mark the points of sperm entry. Usually, cleavage is normal 

only in the animal hemisphere, leaving the entire vegetal 

region uncleaved. Even eggs left in their jelly capsules 

rarely complete gastrulation. Therefore, the surface of the 

egg appears to lack any rigidity, indicating the possibility 

of a defect in sorne aspect of the egg cortex ,Malacinski and 

Spieth, 1979). 

In eggs that arrest during the first few cleavages, the 

positions of the succeeding cleavages are evident on the egg 

surface as a white line at the time when these cleavages 

would normally occur (Carroll and Van Deusen. 1973). This 

indicates that the plane of cleavage, at least for the first 
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six cleavage divisions, are predetermined in the egg and do 

not rely on spatial orientation derived from preceeding 

cleavages or the presence of blastomere cell membranes. The 

ability of cells from the animal pole to survive and 

differentiate neural structures when gra fted into a 

homologous position in a normal recipient indicates that 

these cells are viable and that the uncleaved cytoplasm is 

the most l ikely cause of the limi ted development of mutant 

embryos beyond gastrulation (Carroll and Van Deusen, 1973). 

These resul ts suggest the existence of an animal-vegetal 

gradient of the wild-type cl gene product. Such a component 

probably exists in a high concentration at the animal pole 

and a low concentration at the vegetal pole. The maternaI 

effect might reduce the low concentration at the vegetal pole 

sUfficiently to render it developmentally inactive. A 

similar reduction in concentration at the animal pole might 

still maintain the cl gene product above a threshold 

concentration (Malacinski and Spieth, 1979). 

v: vasodilatation mutant 

The maternal effect mutation y (vasodilatation) show 

variable penetrance of the altered phenotype. Embryos which 

are homozygous for gene Y.. show reduc€d growth and 

vasodilatation. Most of these Y./v larvae dip-, but a small 

proportion develop to fertile adults (Humphrey, 1962). By 

raising y/v embryos i1'\ a medium which contains high leveis of 

sodium, potassium and calcium, a greatly increased yield of 
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surviving y/y larvae is obtained. It has been postulated 

that a def iciency in steroids may be responsible for this 

apparent defect in either the uptake or utillzation of ions 

(cited in Malacinski and spieth, 1979). 

A variable maternaI effect is always seen in the offspring 

of the few surviving Yly femaies. Embryos from these 

homozygous females usually arrest between cleavage stages and 

the onset of gastrulation. The genotype of the fertilizing 

sperm can modify the expression of the maternaI effect of y. 

Eggs from y/y females sometirnes develop to advanced embryonic 

stages, but whether they survive these stal;Jes depends on 

their zygotic genotypes. Eggs fertilized by ~ wild-type (V) 

sperm often are viable, whereas eggs fertilized by a mutant 

Cy) sperm invariably arrest (Humphrey, 1962). 

The arrest of cleavage, or the failure to complete 

gastrulation seem far removed from the vasodilatation and 

pronephric enlargement seen at later stages in y}y embryos 

derived from YJv femaies. In this latter situ.\tion, a defect 

in the uptake or utilization of certain ions has been 

postulated. In the case of the early maternaI effect, 

embryos spawned as eggs from a y}v female do not respond as 

uniformly, or completely, to an increase in ions in their 

water. 

Retardation or cessation of growth may be the common 

factor linking the maternaI effect of gene y with the usual 

syndrome appearing in the y/v genotype derived from 
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heterozygous parents. The earliest mani festation of the 

maternaI effect is a cessation of development, be i t in 

cleavage, gastrulation or neurulation. It was suggested 

further that the vasodilatation and pronephric swell ing in 

aIl y/y larvae from heterozygous mothers may be a reflection 

of physiological problems in certain organs due to their 

delayed growth and differentiation (Humphrey, 1962). In 

ovary graft experiments, the YJY.. host produced sorne eggs 

which continued to express the mutant phenotype indicating 

that the maternaI effect is not the result of a general 

metabolic deficiency in the mother. Likewise, the deficiency 

leading to the arrest of development associated with the 

maternaI effect can be corrected by joining y/y embryos (from 

y'!y mothers) parabiotically to normal embryoS', suggesting a 

diffusible product of the gene y (Humphrey, 1962). 

f: fluid imbalance 

A. mexicanum embryos which are homozygous for gene .f 

(fluid imbalance) display, by the tail-bud stase, swelling in 

the suprabranchial regions. Later in development, the 

swelling diminishes and these embryos survive to sexual 

maturity. A more complicated picture of the gene f phenotype 

emerges from an examination of the progeny of a cross in 

which the female is homozygous for the gene 1 ~nd the male is 

heterozygous (.vI female x Vf male). AIl the offspring of 

this cross display a fluid imbalance as early as the cleavage 

stage of embryogenesis with an enlarged blast:Jcoelic cavity 
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at the late blastula stage. As the progeny of this cross 

develop to the hatching stage, an interesting segregation of 

the phenotypic effects is observed. The progeny which are 

fi! continue ta manifest the severe fluid imbalance. 

Subsequently, organogenesis is retarded and the embryos fail 

to hatch and die. However, ill embryos joined in parabiosis 

with normal embryos show a decrease in the swelling and 

survive (Humphrey, 1960). The rescue is probably 

accomplished by the action of the circulatory system of the 

normal parabiont. On the other hand, embryos heterozygous 

for 1 (El!) which originated from the cross fi! female x f/I 

male are indistinguishable from homozygotes at the 

gastrulation stage. During neurulation, however, much of the 

blastocoel fluid escapes. Later, these heterazygous can be 

divided into three groups: 1) those that appear normal and 

survive to adulthood; 2) those that become distended again 

and die; and 3) those that display interrnediate effects: 

blisters and wrinkled appearance (Humphrey, 1960). 

Ovary graft experiments have shown that ail the progeny 

from the cross of an fi! female with an ElI male display the 

characteristic fluid imbalance even when the eggs matured in 

a normal host (Humphrey, 1960). Furthermore, the swelling 

cou1d be diminished somewhat when the embryos were raised in 

a high osmotic strength mannitol solution. The Ut ernbryos 

also showed a diminished influx of sodium (Dunson et al, 

1971). 
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0: ova deficient mutant 

Eggs spawned by a female which is hornozygous for the gene 

Q (ova deficient) uniformly ar~est during gastrulation, 

regardless of the genotype of the tertilizing sperme During 

the late blastula stage, eggs from Q/Q females show reduction 

of both celi division and DNA synthesü; (Malélcinski, 1971). 

An analysis of the spectrum of newly synthesized proteins in 

mutant embryos revealed aiterations in the pattern of protein 

synthesis (Malacinski, 1971). By the late gastrula stage, 

morphogenesis in mutant eggs cornes to a complete halte 

Eggs which are spawned by Q/Q females can be completely 

rescued by microinjection of normal egg cytoplasm prior to 

first cleavage (Briggs, 1972). This provided direct proof 

that the gene Q is responsible for a cytoplasruic deficiency. 

The cytoplasrnic cornponent which is effective in correction of 

the defect is concentrated in the nucleus of the oocyte and 

has been found in the oocytes' nucleus of a variety of 

arnphibian species (Briggs, 1972). Therefore, genes 

resembling the gene Q rnight be active in the eilbryogenesis of 

a wide variety of species. 

Nuclear transplantation experirnents have given insight 

into the mechanism of action of the corrective component 

(Brother, 1976). Normal early blastula nuclei transplanted 

into enucleated eggs from an Q/Q female fai l ed to develop 

beyond the stage at which arrest u!:.ually occurs 

(gastrulation) • Normal mid-blastula or later stage nuclei, 
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however, were capable of supporting complete development when 

transferred in enucleated recipient eggs from Q/o fernales. 

These observations suggest that the corrective cornponent 

might act by effecting a stable (heritable) change in mid

blastula nuclei. 

Each of the axolotl maternal effect mutants act through 

effects on the egg cytoplasm. In one case, the gene 0, a 

single prote in is most probably missing from the cytoplasm of 

eggs spawned by homozygous femaies. For the other genes, 

direct evidence is Iacking. Finally, most of these genes 

appear to be the primary cause of arrest in embryos from 

mutant females. 

10. MOUSE 

In mice, maternaI effects may be E."'xerted before 

fertilization, through the cytoplas.'ll of the egg i during 

gestation through the environment of the reproductive tract; 

or after birth, for example via lactation. The effects can 

be distinguished by a combination of egg or embryo transfer 

and cross-fostering studies. For example, the number of 

Iumbar vertebrae varies among different inbred strains, and 

the Fl progeny of reciprocal crosses tend ta resemble the 

maternaI strain (McLaren, 1981) . Furt~hermore, mice 

developing from reciprocally transferred embryos resemDled 

their foster mothers rather than their geneti c mothers wi th 

respect to number of lumbar vertebrae, thus es-+:ablishing that 
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the maternal effect was exerted through the uterus rather 

than thraugh the egg cytoplasm (McLaren and Michie, 1958). 

Embryo transfer experiments have also established that 

maternai effects on birth weight are exerted dur ing 

intrauterine life in mice (McLaren, 1979). These mate rnùl 

effects on birth weight and vertebral type are controlled by 

genetic factors present in the uterine !.'oster mother. 

Furthermore, the maternal genotype plùys a pê rt in the rate 

of embryonic survival to term (Barkley and Fitzgerald, 1990), 

and the physiological basis for the genetic differences in 

survival between lines of mice resides ::"n the uterus, ei ther 

as a resul t of lacking cornponents essential tu a high embryo 

survival, or due ta asynchronous developrnent between the 

embryo and the uterus (Spencer Jenkins and Anderson, 1990). 

other genetically derived maternal e ffects which have not 

been analysed by embryo transfer includ:~ sorne effects on the 

penetrance and expression of genes in progen 1. Tabby mice 

resemble their mothers rather than their fathers wi th respect 

to whisker number (Kindred, 1961). For tr18 incompletely 

penetrant gene Fused, more of the young are affected if the 

mother is phenotypicaliy normal than if s:1e herself is 

affected (Green, 1989). For the agouti lOC'lS gene, which 

produces a variable phenotypic effect, ranging from yellow to 

agouti, the phenotype of the young depends on the genotype of 

the mother, but not at all on the phenotype of the father 

(Wolff, 1978). Another ma tenai E; ffect of the agouti locus 
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was discovered when it was observed that AY/AY (lethal 

yellow) mouse embryos develop further in the uterus of an A/A 

than in that of an AY/A female (Robertson, 1942). 

Evidence from the mouse suggests that the maternaI gene 

products are entirely responsible for develop~ent up to the 

two-cell stage, and continue to be involved at least up to 

the 8-cell stage (McLaren, 1979). This emphasizes the 

importance, in the control of early ëevelopment of 

cytoplasmic components in the egg. ThereforE', genes should 

exist that exert maternaI effects through modification of the 

egg cytoplasm. 

The possible role of genetic variation in maternally 

inherited mitochondria is raised by the results of Verrusio 

et al (1968). Two inbred strains of mice, if maintained on a 

particular diet, show a difference in the frequency of cleft 

palate after treatment with 6-aminonicotinamide. The 

difference persists in reciprocal crosses, and in the 

backcross progeny of F1 females of the two re~iprocal types. 

It was hypothesized that the diet-dependent difference in 

response to the teratogen is due to a cytoplasmic factor. 

Since 6-aminonicotinamide forros an inactive nicotinamide 

adenine dinucleotide analogue that Interferes with oxidative 

phosphorylation in mitochondria, the cytoplasmic factor may 

weIl be associated with a genetically determined difference 

in mi tochondria between the two strains (Verrusio et al, 

1968) • 
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The mutation ovum mutant (om) represents one instance of a 

genetic effect exerted through the cytoplasm of the egg. 

Female mice of the Japanese strain OOK, mated with males of 

their own strain, have litters of reasonable size, \Vith 

Iittie embryonic mortality. But if ODK females are mated to 

other strains, litter size drops significantly and most of 

the embryos die at about the time of implantation (Wakasugi 

et al, 1967). The reciprocal crosses are fully fertile. 

Embryological study revealed that a defect in trophoblast 

formation was a common feature of the dead embryos (Wakasugi, 

1973) . Moreover, FI embryos from the semi-sterile cross 

(ODK females to non-DOK males) showed a very low mean cell 

number and a reduced mitot-ic index compared ~'ith OOK morula 

(Wakasugi and Morita, 1977). 

Ovary grafts from ODK to F1 females established that the 

effect was cytoplasmic rather than uterine: that is, it was 

not the reproductive tract of OOK mothers that was reacting 

in a hostile manner to the genetically foreign material, but 

the cytoplasm of the egg (Wakasugi, 1973). It has been 

suggested that the abnormalities and arrest of development in 

om/om embryos are due to sorne incompatibility between DOK 

cytoplasm and alien spermatozoa, resul ting ir. a detrimental 

effect on development during cleavage. 

To distinguish whether the incompatibility ~as between the 

DOK maternaI pronucleus or egg cytoplasm, and foreign 

spermatozoa, zygotic pronuclei from the inviable cross of DDK 
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females and non-DDK males were transplanted .:.nto enucleated 

non-DDK egg (Mann, 1986). Normal development resulted, 

indicating that indeed, the incompatibility involved a 

cytoplasmic component. 

From a genetic analysis, Wakasugi (1974) po~tulated that a 

single locus or closely linked pair of loci was involved, 

determining a cytoplasmic factor in the egg, as weIl as a 

factor in spermatozoa. The syrnbols o~ and O~ were given to 

the DDK gene and i ts wild-type equivalent, and §, §. to the 

corresponding pair of alleles acting in spermatozoa; om and § 

being either identical or closely linked. Homozygous om/om 

and OM/OM females are postulated to produce substances Q and 

Q respectively during oogenesis; these are stored in the egg 

cytoplasm, and interact specifically with the 2 and §. gene or 

its products to synthesiz~ sorne substances necessary for the 

post-implantation development of the embryo. Heterozygous 

females (QID/OM) are presumed to produce Q and 0 in equal 

amounts, with one or the other interacting irreversibly with 

the sperm product in any given fertilized egg. Of the four 

cornbinations: Q/§, QJ§., Q/s and Q/§., the last ls usually (but 

not always) lethal. 

To prove whether such an interaction between the Q and §. 

products determine the appearance of the ernbryonic lethality, 

reciprocal nuclear transplantation between DDK and non-ODK 

strains were performed (Renard and Babinet, 1986). This 

experiment revealed that the mortality is due to a 
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modification of the egg cytoplasm mediated by the male 

pronucleus, because enucleated cytoplasm of a DDK oocyte 

after fertilization with non-DDK sperm is very inferior in 

supporting development, regardless of the :jenorne of the 

pronuclei subsequently placed into such a cytoplasrn. The 

nature of this effect remains uoknown. It has recently been 

observed that DDK eggs fertilized with non-ODK sperm result 

in embryos with reduced gap junctional communication between 

blastomeres (Buehr et al, 1987). However, this defect rnay be 

secondary to the initial incompatibility. 

Another examp1e of a materna1 gene prodl.ct transrni tted 

through the egg cytoplasm cornes from studies of XO mice. 

Since in normal xx females, bath X chromosclT'es are active 

dUl':ng oogenesis, X-coded enzyme activity is halved in eggs 

produced by XC females, and this relative en~yrne deficiency 

persists to the 8-cell stage (McLaren, 1979). Embryos from 

XC females have a high failure rate during the 

preimplantation period, a maternaI effect that must be 

mediated by the egg cytoplasm rather than the oviduct 

environment, because i t is still present unde:" conditions of 

in vitro culture (Burgoyne and Biggers, 1976). 

Nuclear transplantation experiments in TI.ice ta create 

zygotes which contalned only maternal or only paternal 

genetic contributions provided evidence that t~e maternaI and 

paternal genomes a~e differently imprinted and that the 

result of complete uniparental disomy was a failure to 
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complete embryonic development (McGrath and Sol ter, 1984a: 

Surani et al, 1984). The phenomenon of non-complementation 

in genetic crosses marked by translocation chromosomes 

represents an attempt to refille which regions of the genome 

are subject to imprinting (Lyon and Glenister, 1977: Searle 

and Beechey, 1978,1985; Cattanach and Kirk, 19S5). 

In animaIs with reciprocal translocations between 

nonhomologous chromosomes, normal meiotic disjunction will 

give rise to normal gametes, as weIl as those that are 

genetically unbalanced because they contain duplications or 

deficiencies of specific distal regions of the chromosomes 

(frequency=17%) (Searle and Beechey, 1978). Bimilarly, at a 

much lower frequency (5%) after adjacent-2 disjunction during 

meiosis, which involves nondisjunction of centromeric 

regions of the chromosomes, gametes with duplications or 

deficiencies of the proximal regions of sorne C·lromosomes will 

be produced (Searle and Beechey, 1985). Furthermore, 

nondisjunction in heterozygotes for Robertsonian (whole arm) 

translocations leads to gametes that are disomic or 

nullisomic for one or the other of the chromosomes involved 

in the translocation (Cattanach and Kirk, 198~). Therefore, 

i~tercrossing of mi ce carriers of such reciprocal or 

Robertsonian translocations produces a small number of 

progeny derived from a gamete carrying a dupJ.icated portion 

of a chromosome and a gamete in which the complementary 

chromosome region is deleted. The resulting zygote is 
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genetically normal in quantitative terrns; however, certain 

parts of the genorne are derived from o"'e pat"ent only. If 

that part of the genorne is suitably marked f by a recessive 

allele) in one parent, it becomes quite easy to score for 

nondisjunction complementation because this results in a 

visible, recessive phenotype. If a suffie.Î.ent number of 

progeny is obtained and an individual with the recessive 

phenotype is not observed, one can conc.ude that the 

nondisjunction cannot be complementedi that is, that specifie 

regions of the chromosome must be represented in both a 

paternal and maternal copy. 

studies with Robertsonian translocations hale demonstrated 

that mice that are monoparental for either maternal or 

paternal chromosomes 1,3,4,5,9,13,14 and 15 are viable and 

normal. Paternal disomy 6 is also normal (Cattanach, 1986). 

Moreover, resul ts from matings of reciprocal translocation 

heterozygotes have added to this array the distal parts of 

chromosomes 10 and 18 (Searle and Beechey, 1985). 

On the other hand, maternal duplication of specifie 

regions of chromosomes 2,6,7,8 and 17 failed to complement 

the corresponding paternal deficiency and th1S resul ted in 

nonviable embryos or offspring (reviewed ~n Searle and 

Beechey , 1985). However, the reciprocal combinéltion of 

paternal duplication w1th corresponding maternal deficiency 

of the same chromosomal regions produced fully viable 

animals. An exception to this however, is chromosome 7, 
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where both maternaI duplication/paternal deficiency and 

maternaI deficiencyjpaternal duplication of the distal region 

results in lethality. In this case, two imprlnted genes are 

postulated to be present in the same region: one is active 

only in the paternal genome and the other is active only in 

the maternaI genome (Solter, 1988). The fact that the 

paternal duplication results in earlier lethality reinforces 

this statement (Beechey and Searle, 1987a). Therefore, the 

tW() imprinted genes would probably be sepa::able by doing 

identical crosses with other reciprocal translocations 

involving chromosome 7. 

Anomalous phenotypes have also been described in 

chromosomally balanced mice that are monoparental for certain 

regions. Cattanach and Kirk (1985) showed that mice disomic 

for maternally derived chromosome 11 were significantly 

smaller than their littermates, whereas paternally derived 

disomic-11 mice were substantially larger. Postnatal growth 

rates of the small maternaI and large paternal disomies 

appeared similar to that of their normal sibs wi th the 

consequence that the size differences remained evident even 

in adul thood • Neither type of disomy exhibits viability 

problems and both sexes are fertile (Cattanach, 1986). 

Further work using mice with reciprocal translocations 

demonstrated that this effect was due to the proximal region 

of chromosome 11. 

Studies involving a distal region of chromosome 2 also 
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revealed contrasting phenotypes depending on the parental 

origin of the chromosomal region (Cattanach and Kirk, 1985). 

Maternal duplication/paternal deficiency for distal 2 

resulted in flat-sided, arch-backed, hypokinetic newborn 

which failed tG suckle effectively and usually died within 24 

hours. However, the reciprocal genetic type showed an 

opposite phenotype: the mice had short, square bodies and 

flat backs and were hyperkinetic. These often survived for 

several days but failed to thrive and developed tremor and 

balance defects. 

The contrasting phenotypes (small vs large; hyperkinetic 

vs hypokinetic) depart from the normal in opposite directions 

and this suggests excess versus shortage of gene activity. 

It could be that the level of gene expression differs in the 

maternal and paternal genes or that the time of action of the 

genes in the region of interest depend on their parental 

origin (Cattanach and Kirk, 1985; Sol ter, 19R8). The size 

phenomena associated with proximal 11 might ilwolve a growth 

hormone gene, Ames dwarf, which is located in chis chromosome 

region (Green, 1989). By homology with a region of a human 

chromosome, the proximal chromosome Il may also contain 

alleles for other growth hormones, one of which acts on the 

placenta (Cattanach and Kirk, 1985). Howeve::" there is no 

evidence as yet for hormonal control of fetal qrowth mediated 

through the placenta (Sol ter, 1988). For distal 2, the 

behavioural problems of the anomalous mice may be associated 
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with a neurological defect. Therefore, the adenosine 

deaminase (ADA) deficiency of the wasted mutent whose locus 

lies in the relevant region of chromosome 2 has been 

suspected (cattanach and Kirk, 1985) . However, no 

significant differences have been found in ADA levels between 

normal and both types of complementation defective mice 

(Cattanach, 1986). 

Studies were also carried out on chromosome 17, especially 

with respect to a proximal region of chromosome 17 that 

contains a deletion mutation, the hairpin tail (ïhp ) which is 

an allele of the mouse Yj; complex (Bennett, 1975). ï hp/± 

heterozygotes die in late gestation if the mutant gene is 

transmitted from the mother, but are fully viable in both 

sexes if it comes from the father (Johnson, 1974). Moreover, 

in matings between Thp/+ males and Tnp/+ females, 

heterozygous individuals receiving the paternal Thp 

chromosome live, whereas those receiving the maternaI Thp 

chromosome die (Johnson, 1975). MaternaI deficiency/paternal 

duplication for a region of chromosome 17 that included the j; 

complex was also found, in a number of crosses to give a 

lower frequency of successful complementation than its 

reciprocal. The lethality can be suppressed by aggregation 

of ï hp/± and normal embryos, but chimeric females are unable 

to transmit the ï hp gene to viable offspring, indicating 

preservation of the maternaI effect passed through the oocyte 

(Bennett, 1978). 
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The observed effect is c1ear1y due to the nucleus, 

rather than the cytoplasm of Thp/± eggs, because transfer of 

pronuc1ei to eggs of another strain als~ resulted in 

embryonic lethality (McGrath and Solter, 1984b). Similarly, 

the ï hp chromosome can be recovered from the mother if both 

Thp and wild-type forms of chromosome 17 are maternally 

inherited simultaneously through complementary nondisjunction 

in both parents, indicating again that the lethality was due 

to a nuclear effect (Winking, 1981). 

It has been suggested that the affected region of 

chromosome 17 contains an "activation centre" that functions 

only when it is maternally derived and that switches on sorne 

structural locus required for normal development in late 

gestation (Johnson, 1975). Alternatively, it has been 

suggested that the maternally inherited locus may be 

preferentially active, whereas the paternal locus is 

inactivated (McLaren, 1979). Therefore, when the ï hp 

deletion is transmitted from the mother, the ~mbryo would be 

essentia11y nu11isomic for the chromosome region in question. 

Deficiency mapping has a110wed the specifie chromosome region 

responsib1e, denoted T maternaI effect (Tm8) to be more 

precise1y identified (Winking and Silver, 1984). 

The conclusion from these studies is that maternaI and 

paternai copies of certain chromosome regions in the mouse 

may function differently during embryonic development. Thus, 

during gerrn cel1 formation, a modification of genetic 
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information temporarily occurs and permits differential 

expression of this information according to i ts parental 

origine 

lE. CATTLE 

The importance of potential cytoplasmic genetic effects on 

beef cattle performance (birth weight, growth, carcass 

traits, milk yield, etc.) has been studied (Maurer and 

Gregory, 1990: Tess and Robison, 1990). Because cytoplasmic 

elements, i~cluding mitochondria, are inherited only from the 

female parent, important cytoplasmic genetic effects on 

performance could increase the value of sorne maternaI 

families or breeds. However, both stud~es failed to 

demonstrate that ovum cytoplasm and uterine environment have 

important effects on performance among beef cattle. Rather, 

postnatal influences (lactation and other postnatal maternaI 

components) were of primary importance in c..ontributing to 

maternal effects on growth and carcass ~haracteristics 

(Maurer and Gregory, 1990). 

In sheep, selection for reproductive rate, which is the 

most important factor for profitability of an enterprise, was 

shown to be correlated with change in ovulation rate, rather 

than with embryo survival (Schoenian and Burfening, 1990). 

Ovulation rate in ewes is under genetic control. 
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2. EXTENT OF EMBRYONIC SELECTION IN ANEUPLOIDY 

Chromosome anomalies and mechanisms of selective 

elimination of abnormal zygotes are basic phenomena inherent 

in mammalian reproduction. Both principles are of 

considerable clinical importance in humans due to the 

particularly great risk of the human species to disorders of 

meiotic segregation in the course of gametogen~sis as weIl as 

of the fertilization process. As a resul t, high primary 

rates of different types of chromosome abnormalities occur 

that are subject to differential postzygotic selection (Boue 

et al, 1975). 

The order of magnitude of the prob1em in humans is 

characterized by the fact that chromosome abllorma l i ties are 

thus far the main cause of prenatal mortality, and trisomy is 

the Most frequent disorder among these abnormal i ties. In 

first trimester spontaneous abortions, the obs~rved incidence 

of chromosome abnormalities of aIl types is about 60%, but 

several n.ore frequent autosomal trisomies account together 

for more than half of this rate (Boué et al, 1985). On the 

basis of a commonly accepted 15% rate of spontaneous 

abortions among aIl conceptus, the proportions of the lethal 

chromosome aberrations as a whole and of autosornal trisomies 

in particular 1 extrapolated to all conceptuses are 9% and 

5.4% respectively (Gropp et al, 1983). On the other hand, 

the frequency of aIl chromosome aberrations at birth, 
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including nurnerical and structural disorders is 0.45%, while 

that of autosomal trisomy is only 0.18% (Hassold and Jacobs, 

1984) . Moreover, the trisomie conditions found at birth 

belong mainly to very few selected types in which survival to 

or beyond term is possible (trisomy 21, 13 and 18). 

The comparison of the extrapolated rates of first 

trimester losses with the rates of chromosome anomalies in 

newborns indicates the strong effects of selective 

elimination of abnormal, and not the lea3t trJ.somic zygotes. 

Such comparison also provides possibil~ties for an 

approximate estimation of the developmental span of zygotes 

with specifie types of chromosome aberrations. In fact, 

there is wide variation of indices for chan-:e of survival 

from the first trimester of prenatal life unt~l newborn age, 

as 1:7.5 in G trisomy, 1:44 in trisomy 18, 1:200 in trisomy D 

and 1: infinity in trisomy of chromosome 16 (Gropp, 1981). 

Thus, it is evident that aIl autosomal trisomies as weIl as 

the XXY condition are associated with an increased likelihood 

of fetal wastage, but that the degree of in utero selection 

varies greatly among different trisomies. 

What kind of factors would influence the capability of 

aborting an anomalolls fetus? Fetal survival is thought to be 

determined by both fetal and maternaI attributes, acting 

separately or together (Stein et al, 1975). The rate of loss 

of anomalous concept uses can thus be moderated by 

characteristics of the fetus other than the identified 
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defect. Selective survival by sex and mosaicism are two such 

characteristics (stein et al, 1975). Intrauterine mortality 

of chromosomally unbalanced zygotes can also be explained by 

the existence of vulnerable phases of development, in which 

the consequences of chromosome anomalies become critically 

expressed (implantation, early organogenesis and late fetal 

stage) (Gropp, 1981). Byrne et al (1985), in a comparison of 

anatomie malformations in aborted fetuses and terrnbirths with 

the same chromosome anomaly, found that the high rate of loss 

associated with chromosome anomalies was explained by the 

failure of such conceptuses to develop beyond the embryonic 

stage, and not by the presence of more severe mal formations 

than are seen in term births with identical karyotypes. 

One point that has emerged from the study o~ abortuses has 

been the observation that chromosomally normal women who have 

produced a chromosomally abnormal abortus or livebirth are at 

increased risk of producing another one, and this elevated 

risk is not entirely explained by the increase in maternaI 

age (Boué et al, 1975: Hassold, 1980: Alberman, 1981). This 

led to the conclusion that there might be individuals or 

couples at greater risk of producing aneuploid offsprings. 

Many excellent reviews exist that discuss the maternaI age

independent genetic and environmental factors susceptible to 

be implicated in the etiology of aneuploidy (e.q.: parental 

HLA antigens, alpha-1-antitrypsin genotype, radiation, 

chemical agents, ••• ) (Hassold and Jacobs, 1984: Warburton, 
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1985; Mikkelsen et al, 1989). These factors can act before 

or at conception to increase the incidence of meiotic 

nondisjunction in either parent or later in gestation as a 

selection process against aneuploid conceptuses. The next 

section will concentrate on the latter . 

. ' 
.~ 
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3. FACTORS INFLUENCING THE SURVIVAL OF ANEUPLOID CONCEPTUSES 

3A. MaternaI age and reIaxed selection 

Despite many years of inquiry, increasing maternal age 

remains the only indisputable factor associated with human 

trisomy. Nevertheless, the biological basis for the 

exponential increase in risk of trisomy which 'ccurs in women 

after the age of 30 is far from being understood. One of the 

hypotheses put forward to explain the relatj onship di f fers 

from aIl the others in that it assumes the frequency of 

trisomy i5 the same at conception acr05S all maternal ages. 

A decrease in the rate of loss of trisomie conceptions during 

geatation is assumed to lead to an increased frequency of 

trisomy among livebirths of older women (Ayrré and Lippman-

Hand, 1982; stein et al, 1986). 

This hypothesis, termed "relaxed selecti'),1", was drawn 

from two observa tians. First, several of ~he cytagenetic 

studies of the parental origin of Down syndrome observed no 

difference in mean materllal age between trisomies of paternai 

and maternaI origin, contrary to expectation if the maternaI 

age effect originates in meiasis. Second, Aymé and Lippman-

Hand (1982) estimated age-specifie rates of in utera 

selection against trisomie fetuses using published data on 

spontaneous abartian rate and on the incidence of trisomies 

in abortions and livebirths. They inferred a decrease in 

selection against trisomies among oider wolt'(m, which they 
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suggested, might be due to the weakening with age of a 

natural screening mechanism. Support for this hypothesis has 

come from Golbus (1981), who was unable to ietect an age-

related increase in aneuploidy among mouse oocytes even 

though an age effect has been clearly demonstrated among mid

gestation embryos (Fabricant and Schneider, 1978). This led 

Golbus (1981) to suggest th~t the age effect might be related 

to decreased selection against aneuploid conceptions instead 

of increased likelihood of nondisjunction. 

The views of Aymé and Lippman-Hand (19é 2) and Golbus 

(1981) have not been widely accepted. Carotters (1983) and 

Warburton et al (1983) have both s~'ggested that 

methodological flaws in the Aymé ana Lipl-,man-Hand study 

resul ted in spurious conclusions regarding t.le level of in 

utero selection. Specifically, in their analysis, Aymé and 

Llppman-Hand (1982) assumed that nondisjunction occurs 

equally among different chromosomes, that the probability of 

spontaneous abortion is the same for aIl trisomies, and that 

the maternaI age effect is similar for ill trisomies. 

However, none of these assumptions is correct (Carothers, 

1983) • Furthermore, Hook (1983) argued th::.t the relaxed 

selection model is not consistent with knotm data. For 

example, there i5 no reduction in mean mat.ernal age for 

trisomy 21 spontaneous abortions in comparis( n with trisomy 

21 livebirths as would be expected, nor is there any evidence 

of a maternaI age effect in translocation Dawn syndrome. In 
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addition, Rook (1983) pointed out that several subsequent 

studies of parental origin in Down syndrome have reported a 

reduction in mean maternal age associated with cases of 

paternal origin. Finally, in most studies of metaphase II 

oocytes of mouse, an obvious effect of matern~l age has been 

observed; therefore questioning the conclus.- ons of Golbus 

(1981) (reviewed in Dyban and Baranov, 1987). 

The fact that spontaneous abortions with viable trisomies 

show an increase with maternal age ü in 1 tself ev idence 

against the simplest form of the reléxed selection 

hypothesis, which would predict that youngor women abort 

trisomies more often, while older women would tend ta keep 

them untii birth. Warburton et al (1986), in an analysis of 

rate of survival of trisomy 21 for each matelnal age class, 

concluded that, in fact, there is no decreëse in rate of 

selection against trisomy 21 with maternaI age. Their data 

suggested a decrease in survival with increasing maternai age 

and this was corroborated by the ohservê~.ion that the 

gestational age at abortion for trisomies 2', 18 and sorne 

other chror.losome abnormalities, is actually less in oider 

mothers than in younger mothers, or, in other words that for 

trisomy 21 and 18, the pregnancies which achieved a greater 

degree of development had a lower m:an maternaI age. 

These data therefore, strongly argue agaipst the relaxed 

selection hypothesis as presented by Aymé ar-d Lippman-Hand 

(1982) • However, it is possible that all the differences in 
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selection occur before recognized pregnancy: i. e. between 

conception and the time a spontaneous ab~rtion can be 

recognized and karyotyped. stein et al (1986) suggested that 

this might occur at the first mitotic division of the embryo, 

where an extra chromosome might ~e mc~e efficiently 

eliminated in younger women. 

3B. Placental Mosaicism 

Discrepancies between the chromosomal complement in fetal 

and placental tissues (both cytotrophoblas~ and villous 

stroma) have been reported on 2% of pregnanc ies studied by 

chorionic villus sampling (CVS) (Mikkelsen, 1985; Simoni et 

al, 1986). The phenomenon has been coined "confined 

chorionic mosaicism" (CCM) and sorne hints on its role in 

fetal development have been recently collected by Kalousek et 

al (1987). When mosaicism is tissue limited o~ confined, its 

origin can be traced to specifie cell lineage(s) and to a 

specifie time at the pre-implantation and early post-

implantation periode The existence of CCM with its 

expression restricted only to the eytotrophoblast, the 

extraembryonic mesoderm, or both of these lineages, with a 

complete absence of mosaicism in the embryo reflects the 

complexity of placental development. The p:l..dCenta deri ves 

from three different lineages: polar ~ropheetoderm, 

extraembryonic mesoderrn and primitive embryonic streak. 

These will form tertiary villi whic~ are cha~acterized by a 
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villous core in which primitive capilla~ies t8gin to appear. 

This villous core is surrounded by cytotropho' ,last ceUs and 

externally by a layer of syncytiotrophobl~st (Kalousek, 

1988). Furthermore, the primary source of dividing cells for 

CVS, the cytotrophoblast, has almost aIl disappeared at late 

pregnancy, so that at term, it becomes ver'} difficult to 

confirm the presence of an abnorrnal cell linf' identified by 

CVS (Kalousek et al, 1987). 

The effects of CCM on placental function have not been 

determined yet. In some reports, CCM has '~een assoc ia ted 

with intrauterine death and intrauterine gro~th retardation 

(Kalousek and DilI, 1983), while in other~, a perfectly 

normal pregnancy ensued (Mikkelsen, 1985). In type III CCM, 

the presence of the diploid cell line confined to the 

cytotrophoblast in nonrnosaic aneuploid conceptions has been 

suggested to facilitate the intrauterine sllrvivdl of the 

cOllceptus. Kalousek et al (1989) showed that aIl analyzed 

placentas from live newborns and terminated pregnancies with 

trisomies 13 and 18 were Inosaic, whereas CC" type III has 

never been reported in spontaneously :ibortE:.d conceptions. 

The authors concluded that in 5% of trisomy 13 and 18 

conceptuses, the mosaic placenta rnay facilitate complete 

embryonic and fetal development through functional 

compensation provided by diploid cells in the 

cytotrophoblast, while the remaining 95% of nonmosaic 

conceptions are spontaneously aborted prior to fetal 
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viability. No instance of mosaicism in cytotrophoblast of 

viable gestations with trisomy 21 has been reported (Kalousek 

et al, 1989). Therefore, trisomy 21 cells produce a less 

deleterious effect on placental function and a different 

mechanism for the intrauterine survival of trisomy 21 

conceptuses must existe 

The diploid cell line of the trophoblast in viable 

trisomies 13 and 18 is produced by postzygotic nondisjunction 

or anaphase lag. If it is assumed that aIl 5% of viable 

trisomy 13 and 18 conceptions have CCM, the incidence of 

nondisjunctionjanaphase lag in their cytotrophoblast 

progenitors would be significantly higher compared with the 

frequency of CCM seen at CVS in chromo:30mally normal 

conceptions, or in cytotrophoblast of viable fetuses with 

trisomy 21 (Kalousek, 1989). This result suq:1ests that the 

mechanism of intrauterine survival i5 spe~ific for each 

trisomy. The combination of both a pre- ar,d post-zygotic 

cell division defect in viable trisomy 13 and 18 conceptuses 

points to the possibility of a genetic predisposition to such 

events. 

In mouse, the relationship between fetus and placenta has 

been chromosomally investigated by the analysis of trisomy 

16-diploid mouse chimeras. Cox et al (1984) described two 

grossly normal and viable 18-day fetuses t'lat had organs 

composed of 40% to 80% trisomie cellE", but had placentas 

containing only 10% to 20% trisomie cells. On the other 
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hand, Gearhart et al (1986a) described three grossly 

edematous newborn mice that failed to thrive. These had only 

15% trisomie cells in their tissues but their placentas were 

composed of at least 60% trisomie eells. Clearly, the 

placenta eould play a role in the generation of the trisomie 

phenotype. 

Lastly, Bogart and Miyabara (1990) used experimentally 

reconstrueted blastocysts sa that sorne of them had ei ther a 

trisomie inner cell mass or a trisomie trcphectoderm, te 

examine the effects of a trisomie placenta on the growth and 

development of a euploid fetus and vice versa. These authors 

concluded, from the appearance of the f~tuses 

discordance between the chromosomes of the 

that complete 

fetus and the 

placenta is not compatible with survival ot the fetus, at 

least for trisomy 16. However, a trisomie fetus with a 

chimeric placenta was observed in this same study. The fetus 

showed typieal features of trisomy 16 and waa al ive at the 

time of examination (day 17). This situation tS analogous ta 

that reported for human trisomy 13 and 18 by Kalousek et al 

(1989) . 

Je. Origin of the extra chromosome and imprint~ng 

As explained earlier, studies in the mOUSE have revealed 

that transmissible gametic aneuploidy can kill, even when the 

resul tant zygote is fully balaneed. Thus, many authors 

raised the possibility that parental genome per se might have 
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a harmful effect on development, independent of that 

generated by the resultant trisomy (Searle and Beechey, 1985; 

cdttanach, 1986; Hall, 1990). Normal complementation seems 

to prevail for the whole length of mouse chr0mosome 16 (the 

homolog of human chromosome 21). This was demonstrated by 

the recovery in the expected frequencies, r . 0._ mlce disomic 

either for the maternaI or the paternaI chromosome 16 (Berger 

and Epstein, 1989). Hassold et al (198· t ) studied the 

parental origin of human autosomal trisomies and found that 

most were derived from primary nondisjunction in the female. 

However, trisomy 21 was more likely to be paternally derived 

than any of the other autosomal trisomies for which data were 

available (20% vs 7%) (Hassold and Jacobs, 1984). The 

authors proposed that this finding might be connected wi th 

differences in selection against trisomies of paternal and 

maternaI origine However, since no evidence was found of an 

effect of parental origin on gestational age nor of such a 

difference between liveborn and spontan~ously aborted 

conceptions with trisomy 21, it seems very un~ikely that the 

difference in origin between trisomy 21 and other autosomal 

trisomies results from differential selection (Hassold et al, 

1984) • 
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4. USE OF MOUSE MODEL TO STUDY ANEUPLOIDY 

Despite the high frequency of chromosomal anomalies among 

human conceptuses, very little is known about the direct and 

indirect consequences of chromosome imbalance In fact, the 

study of the pathogenesis of human aneuploiaies is greatly 

limi ted by our inability to investigate developmental 

phenomena in humans. For this reason, the development of a 

mouse model for the study of aneuploidy is ver~ appropriate. 

This mouse model allows systematic study of the 

pathogenesis of aneuploid conditions during aIl stages of 

embryogenesis and organogenesis. All cells and tissues are 

accessible to study in vitro and in vivo. Finally, the 

effects of genetic and environmental fèctors on the 

expression of the phenotype of the aneuploid c0ndition can be 

assessed (Epstein, 1986; Epstein et al, 1984). 

The benefit of using a mouse model for human chromosome 

abnormality is net impaired by the fact that the phenotypes 

are net the same in human and in mouse. The underlying 

assumption that the mechanisms by which chrom,)some imbalance 

produce developmental disorders are similar in both species 

is accepted by many authors (Epstein, 1981; Gropp, 1982; 

Gearhart et al, 1986b). Moreove:, i~ is becoming 

increasingly clear that homolegous chromosomal segments have 

remained structurally intact between mouse and humani 46 

conserved syntenies (presence of two or more genes on the 
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same chromosome) have been establ ished in thE' se two species 

(Nadeau and Taylor, 1984). 

4A. Breeding scheme for the production of aneuploid mice 

The breeding design for the experimentaJ induction of 

specifie autosomal trisomies and monosomies is based on the 

occurrence of and ability to control meiotic nondisjunction 

in a breeding system with Robertsonian heterozygosity (Gropp 

et al, 1975). The laboratory mouse (Mus musculus) normally 

has 19 pairs of acrocentric autosomes and two acrocentric sex 

chromosomes. Robertsonian (whole-arm) fusien metacentrics 

are, however, quite commom in wild mouse populations from 

Southern Europe and these can be introduced into laboratory 

strains by selective breeding procedures (Gropp and Winking, 

1981) • Mice heterozygous for two metacentric Robertsonian 

chromosomes wi th one arm in common (monobrachial homology), 

are produced from matings of suitable homozygous lines (Fig. 

1) (White et al, 1972; Gropp et al, LJ75). These 

heterozygous mice are mated to mice with a no~al chromosome 

complement. In doubly heterozygous animaIs, a quadrivalent 

is formed in prophase of meiosis land nondisjunction 

produces hypo- and hyperhaploid gametes at high frequency 

(F ig. 2). Fertilization with gametes from che all 

acrocentric chromosomes parent result in trisoMY and monosomy 

for the common chromosome arm in the Robertsonian 

heterozygous parent, as weIl as in balanced ?rogeny. With 
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FIGURE 1 

Breeding design for the production of mice doubly heterozygous 
for Robertsonian translocations with monobrachial homology. 

From Jacob (1990). 

Disomy 

Monosomy 

Trlsomy 

Mono-Trlsomy 
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FIGURE 2 

Diagram of chromosome segregation in the progeny from a cross 
between a male mouse heterozygous for two Robertsonian 
translocations with monobrachial homology and a wild-type female. 

monosomy mono-trisomy 

disomy trisomy 

From Jacob (1990) 
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this rnating scherne, it is possible to induce monos orny and 

trisomy for each of the 19 autosomes of tre mouse. The 

y ie1ds range from 14 to 22% for both trisomies and monosomies 

when determined within two days after fertilization and from 

15 to 42% for trisomies alone (the monosamie'.; having died) 

when determi1'1ed in midgestation (Epstein, 1985). 

4B. General features of mouse trisomies 

Although they aIl survive until at least midgestation, 

none of the Inouse trisomies, except for trisorny 19, survive 

beyond birth. The times of death appear ta e:uster in three 

periods: at about 9-11 days, 13-15 days, and .6 days to terrn 

(Gropp, 1981). The length of survival has been shawn ta 

depend greatly on the genetie background of t'8 strains used 

(Gropp and Grohé, 1981; Vekernans and Ttasler. 1987: Epstein 

and Vekemans, 1990). The cause of death seem~ ta be r~lated 

ta poor embryonie growth or ta insufficient olascularization 

of the fetal part of the placenta (Grapp, 1978). 

Two other general features observed in aIl trisomies, 

though in varying degrees, are growth retardation and 

hypop1asia resulting in a generalized deficien -:.y of ee11s. A 

possible mechanism by which a cell deficiencv can arise is 

through an al tered cell cycle. However, stl.-- ies on murine 

trisomies ::'2 and 19 showed no major differenl'es in the eell 

cycle and in the proliferative capacities of normal and 

trisomie cells (Gropp et al, 1983). Otherwise. the metabolic 
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consequences of the triplication of a great ~umber of genes 

on the chromosome involved may influençe the expression of 

hypoplasia and retardation in trisomy (Gropp, 1978). 

Trisomies that allow survival beyond days 14 or 15 of 

fetal development show usually transient subcutaneous edema 

of variable intensity (for trisomy 16, see Miyabara et al, 

1982) • Gropp (1981) attributed this edema ta hypoplasia of 

the fetal placenta, notably that of fetal vasculature. This 

circulatory deficiency on the fetal side could prevent oxygen 

and metabolite supply resulting in the edema and subsequent 

developmental failure. 

Finally, a fifth feature of the effect of t~isomy on mouse 

development is the association of specifie maLformations (of 

variable severity) with particular trisomies. These 

malformations are thought to be caused by the effects of 

local cell deficiency and locally impaired processes of 

induction in organogenesis rather than as a direct 

consequence of the triplication of specifie loci (Gropp, 

1978) • In fact, Gropp (1981) proposed three main critical 

phases that determine the eventual dev9lopm~ntal breakdown 

of aneuploid fetuses: implantation, organogf' nesis and the 

fetal periode Monosomics are generally lost dlring the peri-

implan~ation period (Epstein and Travis, 1979; Baranov, 1983; 

Magnuson et al, 1985). The origin of gross malformations 

commonly observed in trisomies, such as neural tube defects, 

craniofacial anomalies and cardiovascular disorders, falls 
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into the second cri tical phase. Each of the organ systems 

involved relies upon cell proliferation and migration to 

achieve its final structure. If threshold rumber of cclls 

are not established for these various organ precursors, 

significant rnorphological defects may result, and eventually 

death. 

Furthermore, the phenotypic manifestltiom' of particular 

trisomies have been shown in a number of stucy to depend on 

factors related to the strain background. l'1iyabara et al 

(1984) showed that the type and incidence of the 

cardiovascular anomalies observed in trisomy 16 were 

dependent on the maternal strain in the cross ~the male being 

carrier of the two Robertsonian translocati ms) • sL,ilar 

findings on the influence of the maternal strain on the 

phenotypic expression of various morpholog ic? l de fects have 

been reported for trisomy 12, 15 and 19 (GJ' .)pp and Grohe, 

1981; Beechey and Searle, 1987b; Gropp, 1981· White et al, 

1972). 

4C. The phenotype of trisomy 16 fetuses 

The developmental span of trisomy 16 fetuses extends to 

and even shortly beyond birth. These animals are somewhat 

smaller than their sibs, by approximately 25% in weight 

(Epstein et al, 1985). Between days 14 to 17 of gestation, 

trisomy 16 fetuses display a generalized edema that is alrnost 

completely resolved by day 19 (Miyabara et al, 1982). The 
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eyel ids which are closed in normal 1 i ttermates, remain open 

in trisomics. In addition, trisomy 16 fntuses show an 

enlargement of the urinary tract and other renal 

abnormalities (Miyabara et al, 1982). 

Anomalies of the cardiovascular system are ?resent in over 

90% of trisomy 16 fetuses (Miyabara et al, 1982; Bacchus et 

al, 1987). These mainly affect the great vessels (overriding 

aorta, double outlet right ventricle, completp. transposition 

of the great arteries) and about half of the t~isomic fetuses 

with these les ions also have a common atrioventricular canal 

(Miyabara et al, 1982). Miyabara et al (1984) noticed that 

the day when edema begins te appear coin .:ides with the 

manifestations 

suggesting that 

of cardiovascular anomalies, therefore 

the edema is caused by some circulatory 

disturbance due to the abnorrnal cardiovascular morphogenesis. 

The pathogenesis of common atrioventricular canal has been 

studied by Miyabara (1990). Since the fusion of the superior 

and inferior endocardial cushions (the essentidl event in the 

rnorphogenesis of the canals), rnediated by migrating 

rnesenchymal cells, fail to occur and the mesenchyrnal cells do 

not show impaired proliferative capacity, it was proposed 

that the migration of mesenchymal cells may be interfered 

with by increased cell adhesiveness in trisomy 16. This 

finding should provide good clues on the rnechanisrn by which 

the same malformation arise in human trisomy 21. 
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Sinee trisomy 16 miee do not survive the late fetal 

period, chimeras have been formed between trisomy 16 and 

normal mouse embryos to rescue the trisomy 16 cells for 

postnatal studies (Cox et al, 1984: Gearhart et al, 1986). 

In both studies, it was seen that trisomy 16 r.ells were able 

to populate a variety of tissues, including the brain, in 

signifieant quantities. However, a marked deficiency ot 

trisomie eells were found in the blood, splR2n, thymus and 

bone marrow of chimeras, pointing to abnormalities of 

hematopoietic precursor cells in trisomy 16 conceptuses and 

justifying their hypoplastic thymus. 

Murine trisomy 16 is of special interest because it shares 

sorne features with human trisomy 21 (Down syndrome). 

Comparative gene mapping showed that five ge~es known to be 

on human chromosome 21: superoxide dismutase (SOO-l) , 

phosphoriDosylglycinarnide synthetase (PR3S), a proto-oncogene 

sequence U':TS-2), the interferon alpha/beta :'3ceptor (IFRC) 

and high-mobility-group ehromosomal pl ~tein (HMG-14), are 

syntenie in the mouse and are located on chr0mosome 16 (Cox 

et al, 1980: Cox et al, 1981: Watson et al, 19d6: Pash et al, 

1990). Four of them (SOD-l, PRGS, ETS-2 and HMG-14) have 

been localized to band q22 of human chromosome 21, the 

consensus region for the Down syndrome phenotype. Moreover, 

SOD-1, PRGS and ETS-2 have been mapped to the distal segment 

(C3->ter) of mouse chromosome 16 (Cox and Epstein, 1985; 

Reeves et al, 1987). Given these relations.i.üps, it seerns 
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reasonable to infer that other homologous loci are aIso 

present on the two chromosomes in question. 

genetic model for trisomy 21, which is 

Therefore, the 

based on the 

production of mice trisomie for chromosome 16, reproduces the 

imbalance of considerably more than the five loci already 

mapped. 

From descriptive embryoIogy of murine trisomy 16, it is 

interesting to note that neuronal deficits, thymie hypoplasia 

and common atrioventricular canal (or endocardial cushion 

defect) are observed in both conditions. Th':! latter is of 

particular significance sj nce i t is exclusi v~ly experienced 

in human trisomy 21 among chromosome abnormali~ies (Miyabara, 

1990) . Similarly, the occurrence of "open e'! ~lid" wi th i ts 

subsequent degeneration of the ocular ltns in murine trisomy 

16 may be analogous to the lenticular (cdtarac~) anomalies in 

Down syndrome (Gropp et al, 1983). 

In spite of these interesting similari ties, there are 

reasons to believe that the trisomie mouse and human 

phenotypes may differ significantly from one another. The 

first one is that certain loci mapped to mousl~ chromosome 16 

are present on human chromosomes other than 21. Furthermore, 

the genetic length of mouse chromosome 16 is about 35% 

greater than that of human chromosome 21 (:pstein, 1986). 

Thus, trisomy for the complete mouse chromosC'me 16, resul ts 

in a more extensive genetic irnbalance than c~curs in human 

trisomy 21. A more appropriate model could be produced by 
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using mice carriers of reciprocal tra~slocations; animaIs 

can be obtained with a duplication of just the distal part of 

chromosome 16. 
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SECTION II: EXPERIMENTATION 
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1. INTRODUCTION 

The incidence of chromosome abnormalities of all types in 

first trirnester abortions is about 60% (Boue et al, 1985). 

On the other hand, when evaluated at birth, the frequency ot 

chromosome aberrations drops to 0.45% (Hasso ld and J ùeobs, 

1984). The difference in the rates of chromosome aberrations 

in first trimester losses and in newborns is a sign of the 

strong selection pressure exerted agai~st aneuploid 

conceptuses. 

The survival of trisomie fetuses, and of anomalous 

conceptions in general, depends upon genetie factors acting 

in the fetus and in the mother, ilS well as upon an 

interaction between the se two (stein et al, 1975). The rate 

of 10ss of trisomie fetuses can thus be moderated or enhanced 

by other factors than those brought about by the trisomie 

state. An appreciation of this staternent r,omes from the 

observation that the aborted fetuses wlth chromosome 

anomalies do not show more severe mal1..ormat tons than terrn 

births with the same karyotypes (Byrne I·t al, 1985). 

Therefore, olher factors playing a role in fptal demi se may 

reside in the maternal environment or involve a defective 

interaction between mother and ccnceptus. 

6y maintaining the incidence of aneuploidy at conception 

constant, i t is poss ible to investigatf~ the factors 

influencing the survival of trisomie fetuses. A mouse model 
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producing trisomy 16 and 19 has been used ta this end, and 

from i t, Vekemans and 'l':r:asler (1987) and Epstein and Vekemans 

(1990) established that the survival of trisomy 16 and 19 

fetuses is under the control of maternal genes. 

This study reports the use of recombina1"'t inbred (RI) 

strains of mice ta map the maternaI ge~e(s) involved in the 

strain difference for the frequency of trisomy 16. This 

approach seemed appropriate both because the data accumulated 

50 far suggest that a small number of genes (perhaps one) are 

involved and because this genetic approach is cumulative. 

The incidence of trisomy 16 on day 15 of gestation was 

determined in a RI set derived from progenito~ strains which 

differed significantly ~ith respect to this trait. The 

strain distribution pattern of the trait cou:ct thuE provide 

sorne information about the number of gr-mes lnvolved in the 

strain difference for the frequency of trisomy 16 observed on 

day 15 of gestation. 
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2. MATERIALS AND METHODS 

2A. Construction of a RI set 

RI strains are constructed by crossing two inbred strains 

of mice, and by maintaining them independently through 

sister-brother matings since the F2 generation (Figure 3) 

(Bailey, 1971). The new set of inbred strains that are 

established are a mixture of the two progenitor strain 

genomes. The obvious difference between the genotypes of the 

strains in an RI set and individuals in an F~ generation is 

that the assorted alleles in the RI strains are ail 

homozygous. 

The RI strains thus generated, are th en typ~d with respect 

to the numerous genetic differences that distinguish the 

progenitor strains. Each locus has a particular pattern of 

inheritance called a strain distribution pattern (SDP) as 

exemplified in figure 3. Because linked loci will tend ta 

become genetically fixed in the same combinat ions as in one 

of the parental strains, they will have similar SDPs. 

Closely matching SDPs between two traits wil~ thus indicate 

the possibility of linkage. For instance, in figure 3, the 

frequency of trisomy 16 observed on day 15 of gestation 

segregates into two groups: high (H) and low (L) in the RI 

set examined. Thus, the gene involved in this strain 

difference would be linked ta marker A. If more than one 

locus seems to determine the trait of interesL (suggested by 
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FIGURE 3 
Construction of a RI set and example of a strain distribution pattern. 
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Modified from Vekemans and Biddle (1984). 



the observation of at least one RI phenotype differing from 

that of either progenitor strain), the analysis of the RI 

strains data still permits the estimation o( the size and 

direction of gene effects (Bailey, 1981). 

2B. Breeding scheme 

The B x H (C57BL!6J x C3H/HeJ) RI strains established by 

Dr. B.A. T~ylor at the Jackson Laborator~ werE chosen because 

there is a significant difference between C57BL/6J and 

C3H/HeJ in the incidence of trisomy 16 on day ~5 of gestation 

(11.2% and 21.1% respectively, p<O.05, G-test of 

independence) (Epstein and Vekernans, 1990). 

Female mice hornozygous for the Robertsonia~ translocation 

Rb(6.16)24Lub were rnated with males hornozygous for the 

Rb{16.17)8Lub translocation (Jackson Laboratorf). Hence, the 

Fl obtained were heterozygous for two Robertsonian 

translocations bath invol ving chromosome 16 , "'igure 1). Ta 

induce trisomy 16, Fl males (Rb(6.16)/Rb,16.17}) were crossed 

ta females of the 12 BxH RI lines (aIl acrocentric 

chromosomes) (Figure 2). All females were virgin nt the tirne 

of first encounter with the male. Furtherrnor~, materna1 age 

was controlled for by using exclusively females more than 2 

months, but less than 6 months of age at the time of 

conception. All mice were given water ad li bi turn and were 

fed Lab Chow (purina). 

Males and females were brought together cl!ring the dark 

period of a 18~ hours light-5\ hours c5ark cycle. Females 
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( were checked for the presence of a vaginal plug at the onset 

of the light period. If a plug was present, this was 

recorded as day 0 of pregnancy and the fema Le was weighed. 

Fourteen days later, the female was weighed again and 

palpated. If pregnant, it was put aside for dissection on 

the following day. Pregnant females were killed on day 15 of 

gestation by cervical dislocation. The uterus was dissected 

out and the positions of living and dead fetuses were 

recorded. Only healthy females bearing three or more living 

fetuses were included in the data. The nurrber of corpora 

lutea was counted from the dissected ovaries. 

2C. Cytogenetics 

The fetuses were cleared of their membranes. The liver 

was cut out and incubated for 2~ hours in 2-3 mIs of Minimum 

Essential Medium (Flow) containing 15% fetal calf serum and 

colcemid (Gibco) (final concentration 0.1 ugjml) at 37°C in a 

5% carbon dioxide atmosphere. Remains of the fetus and its 

placenta were immersed in Bouin for one week, lnd then stored 

in 70% ethanol. 

standard cytogenetic technique was appliE,c~ in order to 

karyotype the fetus from liver tissues. Tha~ is, after the 

incubation in colcemid, the liver pieces were transferred ta 

0.5% KCL at 37 ° C for 45 minutes and ther· into freshly 

prepared cold fixative (3 methanol: 1 acetic acid) for at 

least an hour at 4"C. Next the fixative was removed and the 
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tissue was covered with 60% acetic acid. After four minutes, 

the liver pieces were crushed using a paste 1.lr pipette and 

dropped on slides plaeed on an inelined slide warrner heated 

to 40 0 C. Two sI ides of each fetus were prepared in evet"y 

case. The following day, the sI ides were stained in a 4 '6 

Giemsa (Gibeo) solution (in phosphate buffer; pH=6.4) for 10 

minutes. 

Slides were screened on a Leitz compound 'l' icroscope. At 

least three metaphase spreads were countod for each fetus and 

the position on the slide was recorded. Tt isomie fetuses 

were readily identifiable by the presence of two Robertsonian 

translocations (38 acrocentric and two submetacentrie 

chromo;;omes or 41 chromosome arms) (Figure 4). Diploid 

fetuses displayed 38 aerocentric chromosomes and one 

Robertsonian translocation (either Rb(6.16) or Rb(16.17}); 

with 40 chromosome arms in total (Figure 4). only complete 

litters where every fetus could be karyotypeù were used ':"n 

the data analysis. 

Trisomy 16 fetuses present with a generaliz~d edema on day 

15 of gestation (Figure 4). This morphologie criterion is a 

reliable marker for the identification of trisomie fetuses 

(Miyabara et al, 1982; Gearhart et al, 1986b; Epstein and 

Vekemans, 1990). In this study, the presence of an edema in 

a trisomie fetus had a sensiti.vity evaluateè te 98% and a 

specifieity of 97% (Haynes, 1981). Therefore, trisomie 

fetuses were identified on the basis of this charaeteristie, 
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but in every case, the trisomie state was confirmed by 

eytogenetic analysis. 

20. statistieal analysis 

Heterogeneity G-tests (Sokal and Rohl-, 19&1; p. 722) were 

computed to test for significant differences i~ the frequency 

of trisomy 16, as weIl as in pre- and p03t-implantation 

losses between rnouse strains. Because significant 

heterogeneities between female strains were detected, a 

further test was carried out to deterrnine whether there are 

homogeneous groups of mouse strains with respe~t to the three 

aforernentionned pararneters (Sokal and Rohlf, 1981: p.728). 

sinee aIl possible cornparisons were tested fo~', the constant 

critical G value for 13 degrees of freer'om an'l a probability 

Ievel of 0.05 is 22.362. 

Regressions and correlations were perfolffied using the 

statview 512+™ program on a MacIntosh SE personal computer. 

The arcsine transformation was " dd in the correlations 

because it is considered pal I~u, cly appropriate for 

percentages (Sokal and Rohlf, 1981; p.386). 
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FIGURE 4 
Phenotypes and karyotypes from normal and trlsomy 16 
mouse fetuses observed on d 15 of gestatIon. 
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3. RESULTS 

3A. Freguency of trisomy 16 

The prevalence of li':ing trisomy 16 fetuses on day 15 of 

gestation in C57BL/6J and C3H/HeJ inbred females mated ta 

Rb ( 6 . 16) /Rb ( 16 . 17) males has been deterrniued reviously 

(Epstein and Vekemans, 199'). A significant ditference in 

the frequeney of triso ~y 16 between the two female strains 

was abserved (GH =~.32, d.f.=1, p<O.02;) (Table 1). 

Therefore, the prevalence of trisomy 16 in th( fernales ,~~" the 

RI strains derived from these two inbrerl strains was 

investigated, u '_n'1 the same male as the 'lforementionned 

study. 

A total of 808 fetuses (682 diploid, 126 trisomie) were 

examined from the twelve crosses (Table 1). Using an 

heter,:,geneity G-test (Sokai and Rohlf, 1981), a 

statistically significant di ference was found in ::he 

frequency of trisomy 16 on day 15 of gestation between the 

BxH RI female strains (GH=25.62, d.f.=ll, p<O.(ll). 

In order to determine whether the prevalence of trisomy 16 

c1usters into high (around 20%) and 10w (around 10%) groups, 

as in EFstein and Vekemans (1990) (see aIs.) Vekemans and 

Trasler (1987) for trisomy 19), aG-te Jt for the 

jeterrnination of hornogeneous groups was p( !"forrned on the RI 

and progeni tor strains data (Sokal and Rohl:L', 1981). The 

resul t of this test indeed shows seg~egation oE the 14 female 
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TABLE 1 
Prevalence of trisomy 16 on day 15 of gestation in females 
of the 8xH recombinant inbred strains and their progenl
tors mated ta Rb(6 16)/Rb(16.17) males. 

G-test STRAIN FETUSES EXAMINED FREQUENCY OF 

NORMAL TRISOMie TRISOMY (%) 

• B X H 2 41 2 4 7 

• B x H 19 86 10 104 

• #C57BL/6J 127 16 11.2 

• • B x H 9 97 14 12 6 

• • B x H 10 86 13 13 1 

· • B x H 14 44 7 13.7 

• BxH 7 74 1 2 14.0 

· • B x H 3 53 9 14.5 

• • B x H 11 29 5 14.7 

• • B x H 8 63 14 18 2 

• • #C3H/HeJ 116 31 21.1 

· • B x H 1 51 14 21 5 

• • B x H 6 37 1 2 24 5 

• B x H 12 1 21 14 40.0 

# Data from Epstein and Vekemans (1990) 
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strains into two classes (G=30.97, d. f.=13, p<O.005) with 

respect to the frequency of trisomy 16 (Table 1: aligned 

as'teriks show the delimitation of the groups). The overlap 

between the high and low groups can he explained by the small 

sample size of fetuses obtained from sorne .,trains due to 

their poor heal th or scarci ty. In fact, a san )le size of 15 C 

would have been necessary for each strain ~o e ,tablish a 

significant difference (p<O.05) between 10% an1 20& (Vekemans 

and Tras1er , 1987). 

38. Influence of other factors 

A variety of factors were exarnined in o't'dESr to assess 

their influence on the strain difference for t1e frequency of 

trisomy 16 on day 15 of gestation. The factors ~nvestigatej 

were: maternaI age at conception, number of ova shed 

(represented as corpora lutea) per pregntint fe~ale and number 

of implants per pregnant fema~e. A regression procedure was 

performed in order to determine whether th~se independent 

variables significantly influ~nce the proportion of trisomie 

fetuses in a li~ter. The frequency of trisomy 16 was 

transformed to arcsine and the '\i.11ue 1/4n (n=n'lmber of living 

fetuses in a litter) was used in lieu cf zero values 

(Bartlett, 1947). 

The procedure was run for each of the 12 crosses involving 

the RI strains (Table 2). In most ca:;es, ':he independent 

variables had no significant influences on tr.e frequency of 
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TABLE 2 
Regression ana:ysis of three independent variables on the plevalence 

of trisomy 16 ln the B x Il l ,,-,ombmant inbred female mice. 

FEMALE VARIABLES 

STRAIN MATERNAL Al..e~ CORPORA LUTEA IMPLANTS 

F-value p-value F-value p-value F-value p-value 

B XH 2 0.073 0.793 3 062 0.118 1.427 0.267 

B X H 3 1 ~ 68 0.303 0.111 0.745 0.121 0.734 

B XH 4 5 137 0.045* 0.210 0.655 0.550 0.474 

B X H 6 3.868 0.085 0.299 0.599 0.032 0.862 

B XH 7 0.255 0.622 3.137 0.098 0.701 0.417 

B XH 8 0.0001 0.993 o 216 0.649 0.915 0.354 ---. 
B X H 9 1.231 0.279 1.648 0.213 0.006 0.937 1 

1 

B X H 10 0.234 0.634 0.019 0.892 3.677 0.070 

B X H 11 0.703 0.434 0.174 0.691 0.623 0.460 

B X H 12 1.523 0.272 ' !).O01 0.972 0.016 0.904 

B X H 14 0.200 0.665 0.332 0.578 o 155 0.703 

B X H 19 0.532 o 476 8.139 0.012 • 5.040 0.039 • -_._ .. _--

* slgniflcant at the 0 05 jJrobability level. 
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tr lsomy 16 fetuses. However, the proportion of trisomie 

fetuses was shawn to depend significantly on the age of the 

female in the B x H 4 strain. Furthermore, th8 number of ova 

shed and the number of implanted embryos significantly 

influenced the prevalence of trisorny 16 in the BxH 19 

females. However, since a significant influence of one 

variable over many strains was not observed, it seems very 

unlikely that the three factors examined have a direct 

influence on the prevalence of trisomy 16 on day 15 of 

gestation. 

In addition, a correlation analysis behleen the mean 

number of corpora lutea per litter for ~ach o~ the twelve RI 

strains and the frequency of trisomy 16 (arcslne) turned out 

not ta be significant (r=-O.559, d.f.=10, p>O.05) (Table 3). 

Similar results were obtained when the mean number of 

implants per litter and the mean number of moles per litter 

were compared to the frequency of trisomy 16 (r=-O. 217, 

p=0.50 and r=-0.293, p>0.20 respectively). T1erefore, these 

findings further suggest that the number of eg1s shed and the 

mean litter size have no influence on the prevalence of 

trisomy 16. 

Since the correlation ~etween mean number 0: corpora lutea 

and prevalence of trisomy 16 was of borderlin~ significance, 

a further statistical test was carried out. The number of 

corpora lutea for e&ch strain was ranked from ~igh to low and 

the litters were divided into two subgroups. For each 
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TABLE 3 
Corpora lutea/litter, implantsllitter and moles/litter in the B x H 
female mice mated to Rb(6.16)/Rb(16.17) males 

STRAIN NUMBER CORPORA LUTEAI IMPLANTS/ MOLES/ 
OF LlTTERS LlTTER LlTTER LlTTER 

BXH 2 10 10.90 7.70 3.10 

B X H 3 1 3 10.46 6.31 1.54 

BXH 4 1 3 8.92 7.23 200 

B X H 6 10 8.00 7.20 2.20 

B XH 7 16 8.25 6.63 1 19 

B X H 8 1 7 8.18 6.47 1.88 

B X H 9 24 10.21 8.71 3.88 

B X H 10 22 7.9\ 6.64 2.05 

B X H 11 8 7.88 6.50 2 13 

B X H 12 7 8.14 6.86 1.86 

B X H 14 1 1 8.46 5.64 0.91 

B X H 19 18 11.78 8.00 2 33 
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strain, the frequeney of trisomy was ealculated for the high 

and low groups and compared by a G-test (Table 4). On1yone 

strain (BxH 19) displayed a statistically significant 

differenee in the frequeney of trisomy 16 between high and 

low corpora lutea subgroups; therefore, indiC'ating that the 

prevalenee of trisomy in that strain is dependent upon a 

heterogeneous group of corpora lutea. This is not surprising 

sinee the same strain revealed a statistiea] ly signifieant 

regression of mean number of corpora lutea per litter on the 

proportion of trisomie fetuses. It should be noted that 

strain BxH 19 has the highest mean number of corpora lutea 

per litter of the 12 BxH RI strains (Table 3). 

Je. Pre-implantation loss 

The pre-implantation loss is ealculated by dividing the 

number of nonimplanted embryos (eorpora lutea hlinus implants) 

by the total nurnber of ova shed. Table 5 lists the frequency 

of pre-implantation 10ss for the 12 RI str.lÏns and their 

progenitors. These frequencies were eompared using aG-test 

for homogeneity (GH=85.74, d.f.=1J, p<O.001) and shown to 

eluster into two groups; the overlap between the two qroups 

being attributed to srnall sample size (Tatle 5; aligned 

asterisks show the de] imitation of the groups). Sinc~l the 

prevalence of trisomy 16 in the 14 mouse strains has been 

previously shown to separate in two groups by the same test 

(Table 1), a correlation analysis between tl-J.e frequenc:ies 
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TABLE 4 
Comparison between the frequency of trisomy 16 in Iitters ranked into high 
and low groups for the number of corpora lutea. 

STRAIN MEAN" CORPORA LUTEA FREQUENCY TRISOMY 16 PROB.LEVEL 

HIGHGROUP LOWGROUP HIGHGROUP LOWGROUP 

B x H 2 14.2 (5) 7.6 (5) 00 11.1 > 0.05 

B X H 3 11.6 (5) 9.8 (8) 13.6 13.0 >0.50 

B X H 4 10.8 (8) 7.8 (5) 37.5 22.2 >0.50 

B X H 6 9.4 (5) 6.6 (5) 28.0 20.8 >050 

B x H 7 10.3 (4) 7.6 (12) 7.4 17.0 >0.10 

B X H 8 9.7 (7) 7.1 (10) 15.6 20.0 >0.50 1 

B X H 9 11.8 (10) 9.1 (14) 17.7 8.3 > 0.05 

B x H 10 8.6 (8) 6.8 (14) 14.1 10.7 >0.50 

B X H 11 9.3 (4) 6.5 (4) 12.5 16.6 >0.50 

B X H 12 9.5 (2) 7.6 (5) 33.3 43.5 >0.50 

B X H 14 10.0 (4) 7.6 (7) 20.0 9.7 >0.10 

B x H 19 13.9 (10L 9.1 -(~) -
3.5 21.1 < 0.01 • 

-

Number in parentheses refers te the number of Iitters exammed. 
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TABLE 5 

Pre-implantation loss and prevalence of trisomy 16 in females of the 

BxH recombinant inbred strains mated to Rb(6. 16)/Rb( 16.17) males. 

G-test STRAIN CORPORA IMPLANTS PRE-IMPL FREQUENCY OF 
LUTEA LOSS (%) TRISOMY _(%) 

· B x H 6 80 72 10.0 24.5 

· #C57BL/6J 227 201 11 5 11.2 

· B x H 9 245 209 14.7 12.6 

· B x H 12 57 48 15.8 40.0 

· B x H 10 174 146 16.1 13.1 

· #C3H/HeJ 232 194 16.4 21.1 

· 8 x H 11 63 52 17.5 14.7 
• 8xH 4 116 94 19.0 21.5 
• • 8 x H 7 132 106 19.7 14.0 

· • B x H 8 139 110 20.9 18.2 

· • B x H 2 109 77 29.4 4.7 

• 8 x H 19 212 144 32.1 10.4 

• 8 x H 14 93 62 33.3 13.7 

• 8 x H 3 136 82 39.7 14.5 

# Data from Epstein and Vekemans (1990). 
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(arcsine) of pre-implantation loss and the frequencies 

(arcsine) of trisomy 16 \vas executed and proved not to be 

significant (r=-O.407, d.f.=12, p>0.10). 

3D. Post-implantation 1055 

The post-implantation loss was obtained ty dividing the 

number of resorptions and late deaths by the total number of 

implants. The frequencies of post-implantation loss in the 

RI and progenitor strains were shown to differ significantly 

by a G-test for heterogeneity (GH=50.22, d.f.=13, p<O.OOl) 

(Table 6). In fact, the 14 strains again formed two groups 

by an homogeneity G-test (aligned asterisks ~ '1 Table 6 show 

the delimitation of the two groups). Thn over _ap between the 

two groups may be due to the small number of ~etuses sampled 

from sorne strains. No signit icant correla .ion was found 

either between pre- and post-implantation lasses, both 

transformed to arcsine (r=o.210, d.f.=12, p>O.20) or between 

post-implantation loss frequencies (arcsine) and prevalence 

of trisomy 16 (ürcsine) observed on day 15 of gestation (r=-

0.330, d.f.=12, p>O.20). Additionally, a '1on-significant 

inverse correlation exists between the mean nurnber of de ad 

fetuses per litter and the arcsine of the ':ercent trisomy 

(r=-0.341, d.f.=12, p>0.20) (Figure 5). 

85 



,. , 

TABLE 6 
Post-implantation loss and prevalence of trisomy 16 in temales ot the 
B x H recombinant inbred strains mated to Rb(6.16)/Rb(16.17) males. 

G·test STRAIN IMPLANTS MOLES POST-IMPL. FREQUENCY OF 

LOSS (%) TRISOMY (%) 

· B X H 14 62 10 17.7 13.7 

· BXH7 106 19 18.9 14.0 

· #C3H/HeJ 194 44 24.2 21.1 

· B x H 3 82 20 24.4 14.5 

· B x H 12 48 13 27.1 40.0._ 

· · #C57BL/6J 201 54 28.9 11.2 

· • B x H 8 110 32 30.0 18.2 

· • B x H 4 94 26 30.9 21.5 

· • B x H 6 72 22 31.9 24.5 

· • B x H 10 146 45 32.2 13.1 

· • B Je H 19 144 42 33.3 10.4 

· • B x H 11 52 17 34.6 14.7 

• B x H 2 77 31 44.2 4.7 

• B x H 9 209 93 46.9 12.6 

# Data tram Epstein and Vekemans (1990) 
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FIGURE 5 
Correlation between fetalloss and frequency of 

trisomy 16 in the BxH females mated to Rb(6.16)/ 

Rb(16.17) males. 
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4. DISCUSSION 

From previous work in this laboratory (Vekemans and 

Trasler, 1987; Epstein and Vekemans, 1990), it was shown that 

the prevalence of both trisomy 16 and 19 fetuses observed on 

day 15 of gestation (plug day=O) varies significantly with 

the genetic background of the female parent. This conclusion 

was reached through the observation of a significant 

difference in the frequency of trisomy 16 or 19 between 

genet.i.cally unrelated female mice mated to mal.~s heterozygous 

for two Robertsonian translocations wit'} monobrachial 

homology (either Rb(6.16)jRb(16.17) or Rb(5.19)jRb(9.19)). 

However, when the reciprocal crosses were analysed, this 

strain difference was not seen. 

The expected frequency of trisomy 19 on day 15 of 

gestation has been extrapolated from a study of metaphase II 

preparations from sperm of Rb(5.19)jRb(9.19) males (White et 

al, 1972). According to Vekemans and Trasler 1987) who used 

the same male to induce aneuploidy, the incidence of trisomv 

19 on day 15 of gestation was predicted to be at least 20%. 

Similarly, Zackowski and Martin-DeLeon (1989) 1 by karyotyping 

first-cleavage stage embryos produced by mating normal 

females with Rb(6.16)jRb(16.17) males, evaluated at 22% the 

incidence of trisomy 16. 

In both studies of the prevalence of trisony 16 and 19 on 

day 15 of gestation (Vekemans and Trasler, 19[7; Epstein and 
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Vekemans. 1990), the fernale strains segregated 

significantly different groups with re~pect 

into two 

to that 

character. The first group dispIayed a frequency of trisomy 

of about 20%, very close to the expected vallle. The second 

group presented with a frequency of trisomy of about 10%, 

thereby giving a hint that the maternal g9netic factr:>rs 

controlling the frequency of trisomy 16 and ln act through a 

selection process. 

The observation of a negative correlation between the 

number of moles per litter and the frequency of trisomy in 

both studies further substantiated the hypothesis of a 

selective elimination of trisomie fetuses. F inally, further 

evidence for the selection mechanism came from the eValuation 

of the rate of 10ss of trisomy 16 conceptuses (Epstein and 

Vekern?os, 1990). The ability to select against a trisomy 16 

conceptus was shown to be improved in the mouse s_Lains with 

a low prevalence of trisomy 16, compared -:-:'0 those mouse 

strains with a high prevalence of trisomy 16. 

In order to determine when during gestation this process 

is taking place, chromosomal analysis of blastocyst-stage 

embryos aneuploid for chromosome 16 and 19 was undertaken 

(Jacob,1990). No significant strain differences were found, 

therefore, indicating that the maternaI genetic factors 

influencing the survival of trisomy 16 a~d 19 embryos was not 

functienai befere implantation. 
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Cornparison of the prevalence of trisomy 1~~ and 19 on day 

15 of gestation in the same female strains revealed a 

strïking observation. Where one wou1d expect that the 

maternaI genetic process that selects against fetuses with 

trisomy 19 is present and functional in the same mother in 

reaction to a fetus with trisomy 16, it was, in fact, found 

that the maternaI gene(s) controlling the selection mechanism 

is/are specific for the particular trisomy irrlolved (Epstein 

and Vekemans, 1990) 

AlI these findings prompted us to genetical~y characterize 

the maternaI factors controlling th~ sel~ction process 

against fetuses trisomie for chromosome 16 with the use of RI 

strains. The prevalence of trisomy 16 on day 15 of gestaion 

was assessed in each of the 12 BxH RI strains (C57BL/6J x 

C3H/HeJ) and this frequency was seen to differ significantly 

with the genetic background of the female strain (Table 1). 

The resul ts from this study are highly comparclble ta that of 

Epstein and Vekemans (1990), since the same male was used 

(Rb(6.16)8LubjRb(16.17)24Lub) and mice were subjected to 

similar environmental conditions (fooe', li9ntjdark cycle, 

temperature, humidity, ... ); therefore, it is legitimate to 

conclude that the strain difference in th!;. frequency of 

trisomy 16 on day 15 of gestation is determined in a 

significant rnanner by maternaI gene(s). 

The prevalence of trisomy 16 on day 15 of gestation is a 

function of the incidence of that defect at c01ception and of 
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t. the probability that the abnorrnal fetuses survive until the 

tima or observation (stein et al, 1975). It is highly 

unlikely that the significantly increased frequency of day 15 

trisomie fetuses in sorne strains is depeldent upon an 

increased incidence of hyperhaploid sperm. In this study, 

the male genotype was kept constant; therefore, ensuring that 

genetically equivalent sperm complements were 3upplied to all 

females. Moreover, Zackowski and Martin-DeLeon (1989) have 

found no differences in the fertilizing capabilities of the 

meiotic segregation products from germ cells of the 

Rb(6.16)jRb(l6.17) males. This finding provides evidence 

that no prezygotic selection is occurring against hypo- or 

hyperhaploid spermatozoa. 

Once it was established that the incidence of trisomy 16 

at conception was constant, a variety of fac :'0rs that could 

potentia11y be related to the prevaJ ence ;:Jf trisomy 16 

observed in a stra in, were investigated. One of these, 

maternal age at conception, was examined bE cause it is a 

well-known risk factor in the etiology of trisomy in human. 

However, one should take note that, in this study, maternal 

age was controlled for by using female mi ce between two to 

six months of age. A second factor examined was the nurnber 

of corpora lutea which could be associated with pre

implantation selection, i. e. aneuploid embryos being at a 

disadvantage over euploid ones in the process of implantation 

when the number of ova shed is large. Thirdly, the influence 
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of the number of implants on the prevalence of trisomy \";clS 

looked at, because trisomie embryos could -. gain be at a 

disadvantage in larger litters due to the li1ited supply of 

nutrients available (post-implantation selectiJn). 

The effect of these three variables on thu proportion of 

trisomie fetuses in a litter was investigated by means of a 

regression procedure (Table 2). In only three comparisons 

out of the possible 36 were there significant effects 

detected. In addition, the significant effec:s involved the 

three variables in turn on the frequency of trjsomy 16 in two 

female strains. Had there been a significart influence of 

one factor obselved over many strains, then ..:-his would have 

been interpreted as conclusive evidence Clf its direct 

relationsh ip wi th the frequency of trü orny 16. In 

conclusion, in this study, the influences of maternaI age, 

number of corpora lutea per pregnant female and number of 

implants per pregnant femaie on the prevalenc8 of trisomy 16 

fetuses are considered negligible. Epstein and Vekernans 

(1990) found no influences of either of these chree variables 

on the frequency of trisorny 16 in the progenitor strains. 

Dividing each strain into high and low subgroups with 

respect to the number of corpora lutea and subsequentIy 

testing the independence of the frequencies of trisomy 

calculated from both groups yielded only c.ne signi f icant 

difference (Table 4). The prevalence of trisorny 16 in the 

BxH 19 strain seemed to be correlated with sorne heterogeneity 
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in the number of corpora lutea. However, sinc~ this does not 

seem to be a general trend, either in the RI strains or their 

progenitors, it is therefore assumed that the number of ova 

shed affect in a very minor way the prevalence of trisomy 16. 

It should also be noted that the number of l~tters for each 

group in table 4 is rather small. 

Correlation analyses between the mean nurrlJer of corpora 

lutea, the mean number of implants, the mean .• umber of moles 

per litter and the frequency of trisomy 16 ,1t day 15 were 

performed and found not to be statistieally si)nificant. The 

correlation analysis is taken as a more representative 

comparison between female strains since it uses the frequency 

of trisomy for the strain instead of the proportion of 

trisomie fetuses in a litter. These last resul ts seem ta 

confirm that the number of eggs shed and the litter size have 

no influences on the prevalence of trisomy 16. 

since the incidence of trisomy at concept 0n is constant 

and none of the factors studied exert art influence, over all 

femaie strains, on the prevalenee of trisomy 16 on day 15 of 

gestation, the possibility that a pre-implantation seleetüm 

mechanism could explain the strain difference in the 

frequency of trisomy was examined. Such conclusion could not 

be reached from prevlous studies (Vekemans and Trasler, 1987; 

Epstein and Vekemans, 1990). However, the p~e-implantation 

1055, as it is evaluated on day 15 of gestation, does not 

take into account the occurrence of unfertili:~ ~d eggs in the 
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female mouse and can only be considered an E'stimate of the 

true pre-implantation loss. In this study, th~ 12 RI strains 

and their progenitors segregated into two groups with respect 

to their pre-implantation lasses (Table 5). ~evertheless, a 

significam: correlation was not found bet'veen the pre

implantation 1055 and the frequency of trisomy 16 in the 14 

strains. A very recent study of bl dstoCyst chromosome 

complements produced by a breeding design for the induction 

of aneuploidy for chromosome 16 and 19 revealed no 

significant variation with the female background in the 

frequency of trisomy (Jacob, 1990). In conclu5ion, aIl these 

findings indicate that preferential loss of trIsomie embryos 

(at least for trisorny 16 and 19) is not oc·.;urring before 

implanta t ion. 

Better evidence is available for a post-implantation 

selection process occurring against trisomie fetuses. The 

frequencies of post-implantation losses among the 14 mouse 

strains formed two groups (Table 6). Negative, but non

significant correlations were found ~etween post

implantation loss and the frequency of trisomy 16 and between 

the number of dead fetuses per litter a~d trisomy 16 

prevalence (Figure 5). The same negative correlations have 

also been found by Vekemans and Trasle!." (19B7) and Epstein 

and Vekemans (1990). Therefore, the findings ~rom this study 

confirm that the maternaI gene (s) responsible for the strain 

variation control (s) a selection process against trisomie 
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fetuses. The lack of statistical significanee of the 

correlations is probably explained by the fact that the post

implantation loss, as measured on day 15 of gestation, is 

comprised of both euploid and aneuploid deaths, there fore, 

constituting an heterogeneous group. 

A more aceurate deterrnination of the proportion of dead 

trisomie fetuses ean be derivE:-~ from a model published by 

stein et al (1975), for the distribution, amcng spontaneous 

abortions and births, of conceptuses wit, and without 

anomalies. From this model, the equatiod show 1 at the bottom 

of Table 7 can be inferred, and states that the prevalence of 

trisomy at a given time in ge~tation is equal co the expected 

nurnber of living trisomie conceptuses over the total number 

of living conceptuses (both trisomie and diploid}. 

The assumptions necessary to fit this model have been 

reviewed elsewhere (Epstein and Vek8rnans, 1990). The 

incidence of trisorny 16 at conception (p) is npproximated ta 

20% (Zackowski and Martin-DeLeon, 1989; WhitE et al, 1972). 

The probability that a normal fetus w'.ll die (rn ) can be 

determined by first caleulating the proportic 1 of moles and 

late deaths that are trisomies. This is done by rnultiplying 

the number of eorpora lutea by the expected incidence of 

trisomy at conception and by substracting from the value thus 

obtained, the number of living trisomies. Tt'e remainder of 

the fetal 10ss will be considered as diploid c·)nceptions. It 

then becomes easy to evaluate r n by dividing the number of 
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diploid moles by the total number of diploid eoneeptllses 

(living and dead). 

using the aforementioned equation, it is possible to 

compute ra (the probability that a trisomie tetus will elie) 

for each of the female strains of mouse exam l.1ed (Table 7). 

Substantial differences in the rate t f lo~'s of trisor.\k 

fetuses are present. Generally, female stralns with a Imv 

frequency of trisomy 16, have a high rate of s~ontaneous 1055 

of trisomie fetuses; whereas, female strains wi th a h igh 

prevalence of trisomie fetuses, have a low ra: i.e. their 

ability ta selectively eliminate aneuploid fetuses is 

decreased. This is illustrated in Figure 6, which indeed 

shows a negative correlation between frequency of trisomy 16 

and ra (r=-0.972, d.f.=12, p< 0.001). 

The length of survival of aneuploid conce~tuses has been 

observed by many authors to depend on genetiC' factors. For 

example, differential survival, as weIl a; severity of 

malformations, have been shawn to vary drastically with the 

maternal genetic background in trisomy 12 (Gropp and Grohe, 

1981) . More specifieally, longest developmept and survival 

seerned to be related to the occurrence of exencephaly. 

Similar to the situation with trisomy 12, longer survival of 

trjsomy 18 fetuses was observed in a particular female mouse 

strain and in association with cleft palate nd ventricular 

septal defect (cited in Epstein, 1986). 
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TABLE 7 
Values of rn and ra for the BxH females and their progenitors 
mated ta Rb(6.16)/Rb(16.17) males. 

STRAIN FREQUENCY OF rn 
TRISOMY (%) (0/0) 

B x H 2 4.7 25.4 

B x H 19 10.4 15.4 

#C57BL/6J 11.2 18 6 

B x H 9 12.6 39.4 

B x H 10 13 1 22.7 

B x H 14 13.7 0.0 

B x H 7 14.0 7.0 

B x H 3 14.5 3.3 

B x H 11 14.7 26.4 

B x H 8 18.2 23.4 

#C3H/HeJ 21.1 17.5 

B x H 4 21.5 28.0 

B x H 6 24.5 33.9 

B x H 12 40.0 42.6 

# Data tram Epstein and Vekemans (1990). 

F= Xp(1-ra) 

Xp(1-ra) + X(1-p) (1-rn) 

F: prevalence of trisomy on day 15 

X: number of fetuses examined 

p: incidence of trisomy at conception (20%) 

ra: probability that a trisomIe fetus will die 

rn: probability that a diploid tetus will die 
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FIGURE 6 

Correlation between rate of loss of trisomie fetuses 

and frequency of trisomy 16. 
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Miyabara et al (1984), in their study of t~'isomy 16, also 

observed di fferences in the prevalenc! of trisomies w i th 

respect to the maternal strains studied, with. as in Epstein 

and Vekemans (1990), an higher prevalence in .:he C3HjHe than 

in the C57BLj6 strain. Bacchus et al (1987) were the first 

to notice an inverse correlation between resorption rate and 

frequency of trisomy 16 and therefore, suggested that a 

selection process aiming at the elimination c.f monosomy and 

trisomy 16 embryos was oecurring. 

'rhe genetic control of the time of death of embryos by 

maternal genes seem to apply aiso to monosomy as suggested by 

the data of Magnuson et al (1985) 

lethal period beginning later 

background. 

on monosomy 19, with the 

in the C'ï7BL/6J strain 

The ul timate goal of RI strains is to take advantage of 

strain differences to determine the number ~nd position of 

the genes invol ved in this variation. Thj s strategy is 

particularly useful for traits measured as fr =quency because 

a large number of genetically identical individuals can be 

investigated. 

The resul ts of testing females of the 12 BxH RI lines for 

the frequency of trisomy 16 on day 15 of gesta.tion are shown 

in Table 1. From this table, it can be seen t~at the highest 

and lowest frequencies fall outside the progenitor levels, 

suggesting genetic complexity (more than one locus). But as 

mentioned previously, a sample size of 150 v.-ouid have been 
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necessary for each strain to detect a statistically 

significant difference between 10% and 20%. Unfortunately, 

this ceuld not be attained in a reasonable amount of timc. 

Nevertheless, a nurnber of statistical metbods have becn 

devised to help in the determination of the number Ol 

phenotypic groups. 

One such method is a G-test for homoge 'el ty which i5 

performed on the ranked frequency of trisomy 16 in the RI 

strains and their progeni tors (Sokai and Rohl F, 1981). \'ihen 

this is done, it i s seen that the fourteen RI strains form 

two groups (Table 1). Some questions arise as ta which group 

the stra ins located in the area of overlap belong te. Oy 

increasing the number of fetuses examined from the se strains, 

the problem might be resolved. Then, it will be found that 

these RI strains ei ther j oin one of the two groups, or forrn a 

separate group with an intermediate frequency of trisomy 16, 

suggesting in the former, responsibiL ty 01. one maternaI 

locus in the selection process, or in the lattAr, invol vement 

of many loci. 

A rankit analysis which can be used ta determine the type 

of frequency distribution formed by the data (SakaI and 

Rohlf, 1981) indicates that the distribution of frequencies 

of trisomy 16 is bimodal (Figure 7). This !:uggests that a 

small nurnber of loci (perhaps one) might be involved in the 

selection process. The intersection of ran.d. t 0 wj th the 

fitted line yields the mean. In the dat" the mean frequency 
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FIGURE 7 
Rankit analysis of the frequency of trisomy 16 in 
females of the BxH recombinant inbred strains 
mated ta Rb(6.16)/Rb(16.17) males. 
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of trisomy 16 in the 14 strains was calculated as 16.1%, i.e. 

falling just between the BxH 11 and BxH 8 stralns in table 1. 

This mean value can help to establish a strajn distribution 

pattern for the RI strains: strains with prevalence of 

trisomy above the rnean being labelled high and strains with 

frequencies of trisorny below the rnean termed low. 

It is also possible to generate a strain distribution 

pattern for the BxH lines based on the 95% confidence 

intervals for the prevalence of trisomy in the parental 

strains. Using this methodology, each strain could be 

assigned to one of the two classes (high or low) based on 

their observed prevalence of trisomy 16 (Tabl? 8). However, 

it should be noted that the 95% confide.nce Lltervals of the 

BxH strains trisomy frequencies was not taken into account. 

Coincidentally, the strain distribution patt~rn obtained by 

this method corresponds perfectly to the one obtained from 

the rankit analysis, further confirming that one or very few 

loci are responsible for the strain differences in the 

selection process. 

One further methad, first derived by Wric"lht (1952) but 

then modified ta account for inbreeding of t {.e RI strains, 

can be used ta estimate the minimum ïumber of loci that 

determine a trait (Taylor, 1976; Mather and Ji lks, 1982). It 

is based on the variance observed between the means of the 

strains in a RI set. The equation is set up as follows: 

L=02/4V 
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TABLE 8 
Strain distribution pattern for the BxH recombinant inbred 
strains based on the 95% confidence intervals for the 
frequency of trisomy 16 in the progenitor strains. 

STRAIN FREQUENCY OF 95% CI SDP 
TRISOMY (%) 

B X H 2 4.7 0.6-15.8 LON 

B X H 19 10.4 5.1-18.3 LON 

#C57BL/6J 11.2 6.5-17.2 LOW 

B X H 9 12.6 7.2-20.5 LON 

B X H 10 13.1 7.2-21.4 LON 

B X H 14 13.7 5.7-26.3 LON 

BX H 7 14.0 7.4-23.1 LON 

B X H 3 14.5 6.9-25.8 LON .-
B X H 11 14.7 5.0-31.1 LON 

B X H 8 18.2 10.3-28.6 HIGH 

C3H/HeJ 21.1 14.8-28.4 HIGH 

B x H 4 21.5 12.3-33.5 HIGH 

Bx H 6 24.5 13.3-38.9 HIGH 

B x H 12 40.0 23.9-57.9 HIGH 

# Data from Epstein and Vekemans (1990). 
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where 0 is the difference between the high,~st and lowest 

means and V is the genetic variance between the means of aIl 

RI strains. The number of factors segregating in the BxH 

crosses estimated in this manner is 4.6. This method is 

based upon four assumptions (Mather and Jinks, 1982): 1) that 

the highest and lowest means included in the calculation 

represent the rnost extreme genetic combinatiolls possible, 2) 

that the loci have equal effects on the trai1., 3) that they 

are unlinked, and finally 4) that there is absence of 

epistasis. If these assumptions do not hold, dnd there is no 

proof that they do here, the number of effeC'tive loci will 

always be underestimated. 

In summary, i t has been found that anywhere from one to 

five genes might be implicated in the selection process 

occurring against trisomy 16 fetuses in the \TIouse. A more 

precise estimate of the number of loci invol ved could be 

attained by increasing the data already available for the BxH 

RI strains or by performing an identic~l stu~y with another 

RI set in which the progenitors differ signif"cantly for the 

prevalence of trisomy. 

with the strain distribution pattern shown ln Table 8, two 

possibilities of linkage have been proposed. First, the 

genetic factor selecting against trisorny 16 f0tuses could be 

linked to the Emv-2 (ecotropic murine leukernja virus) locus 

on the distal part of mouse chromosome 8. Second, linkage to 

Mtv-6 (mouse mammary tumor virus) was detected on proximal 
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chromosome 16. However, in both cases two recombinants were 

found (strains BxH 7 and 12 for Emv-2, strains BxH Il and 19 

for Mtv-6) which yields a probability of linkége of the gene 

of interest to the marker locus of only CI 292 (Neumann, 

1990) . 

An interesting association has been found between female 

strains that are selective against trisomy 16 fetuses and the 

fast aliele of the pre-implantation embryo development (Ped) 

gene (Jacob, 1990). 

be substantiated in 

trisomy 19 fetuses. 

However, the same relationship could not 

the mouse strains selecting against 

The Ped g~ne which controls the rate of 

embryonic cleavage before implantation, manifests itself in 

two allelic forms, fast and slow, and maps to the Q region of 

the H-2 ccmplex (Warner et al, 1988). The aforementioned 

relationship suggested that the Ped antigen c011ld trigger the 

maternaI response against trisomy 16 fetuses. However, when 

the strain distribution pattern for the Ped gene in the BxH 

RI strains was compared to their respective frequencies of 

trisomy, 6 discordants were observed, thereby questioning the 

possible involvement of the Ped gene in tt'le differentiai 

survivai of trisomic fetuses (Table 9) . 

The role of the placenta in the selective elimination of 

trisomic fetuses should be investigated }:Ipcause of its 

location at the interface between mocher and conceptus. 

Indeed, it has already been shown that the development of the 

placenta is markedly affeeted by the trisomie genome. 
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TABLE 9 
Observed and expected trisomy 16 response based on the 
Ped gene segregation in the BxH recombinant inbred strains. 

STRAIN H·2 ALLE LE TRISOMY 16 TRISOMY 16 
EXPECTED OBSERVED * 

C57Bl/6J b (fast Ped) LON LON 

C3H/HeJ k (slow Pedl HIGH HIGH 

B xH 2 k HIGH LON 

B x H 3 k HIGH LON 

BxH 4 b LON HIGH 

BxH 6 k HIGH HIGH 

BxH 7 k HIGH LON 

BxH 8 b LON HIGH 

BxH 9 b LON LON 

B x H 10 b LON LON 

B x H 11 b LON LON 

B x H 12 k HIGH HIGH 

B x H 14 k HIGH LON 

B x H 19 b LON LON 

• based on data from table 8. 
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Reduction in vascularization of the fetal side of the 

placenta and in placental weight have been obJerved for both 

trisomy 16 and 19 (Miyabara et al, 1982; K,.)rnguth et al, 

1987; Gropp, 1981) and this insufficiency of the placenta is 

though~ ta be a determinant factor in the late developmental 

failure of trisomie fetuses (Gropp, 1978). Furthermore, 

studies of chimeras (Trisomy 16<->Diploid) t ave emphasized 

the importance of a predominant population of ~ormal cells in 

the placenta for the viabil i ty of the fet1.'s, until late 

gestation (Cox et al, 1984; Gearhart et al, 15S6a; Bogart and 

Miyabara, 1990). 

It is possible that the maternaI gene~ic 

influences placental development in such a way 

background 

that the 

maternal part of the placenta is better at maintaining the 

aneuploid fetuses in sorne strains of mothers, but not in 

others. Along the same line, the underdevelopment of the 

junctional zone of the placenta in trisomy 16 fetuses, which 

is the interface between maternaI and fetal tissue has been 

propased ta have a relationship with the Lncreased gene 

dosage for alpha- and beta-interferon c~ll surface receptors 

(Bersu et al, 1989). The level of H-2 expression on cells of 

the junctional zone increases after exposure to interferon. 

It is possible that the trisomy 16 fetuses with their 

inherent increased expression of interferon receptors are 

more at risk for a maternaI al10geneic immune response. One 

can then specu1ate that the strain difference in the 
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selection proeess against trisomie fetuses resides in one of 

the loci eontrolling the maternaI immune response toward the 

fetal "allograft". 

This meehanism, extrapolated to aIl mouse trisomies, could 

mean that sorne maternaI immunologie factor would interact 

with a gene involved in a eell surface receptc'~' or in antigen 

formation whieh would be located on the speciÇic triplieated 

chromosome, and this interaction would trigg,=r a selection 

process. Therefore, the induction of partial trisomy wi th 

male miee earrying reeiproeal translocations could be used to 

examine whethp.r the maternaI selection process needs the 

entire triplieated chromosome to oecur, or just part of it. 

A further genetie tool is available to elueidate the 

genetie archi tE:!cture of the selection process: recombinant 

congenie strains. These are buil t by , wo generation 

baekcrossing between two strains differlng wi~h respect to a 

trait, and perpetuation by sister-brother matings (Démant and 

Hart, 1986). Therefore, each recombinant (,'ongenie strain 

carries a small portion of the genome of one strain, on the 

genetic background of the second strain. 1'1 this system, 

unlinked genes controlling the same trait beC0~e separated in 

different recombinant congenie strains and .;an be studied 

individually. 

Another approach to the investigation of thE components of 

the selection process would be to al tE.::- som-:! environmental 

factors such that the effect of a major gene would be 
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1 . 

enhanced or masked. As it has already been observed that , 
feeding the female mice a particular diet (PurJna Mouse Chow) 

improves the selection process while provioing them with 

another type of food (purina Rat Chow) renders the selection 

process ineffective (Vekernans, 1989), the study of thp 

frequency of trisomy 16 in the BxH strains fed with a 

different diet could be undertaken. 
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5. CONCLUSION 

In this study, recombinant inbred strains of mice have 

been used to map the maternaI gene(s) involveû in the strain 

difference for the frequency of trisomy 16. Resul ts concur 

with those of others in that selective elimination of 

trisomie fetuses, controlled by materna~ gene(s), is 

occurring. This conclusion was reached ,~ th~ observation of 

a negative correlation between the frequency of trisomy 16 

and the number of de ad fetuses per litte··. A general 

tendency for strains with a low prevalence of trisomy 16 to 

exhibit a higher calculated rate of 1055 of trisomie fetuses 

is further evidence for the existence 01 a selection 

mechanism. 

From the prevalence of trisomy 16 in the BxH lines, a 

variety of methods can be used to estimate the number of loci 

invol ved in the selection process agai11st tr:i_somic fetuses. 

Implementation of these method sets the number of segregation 

factors to a minimum of 1 and a maximum of 5. 

A potential strain distribution pattern could be derived 

from the RI set data. This suggested linkage to either Emv-2 

on chromosome 8 or Mtv-6 on chromosome 16. However, due to 

the presence of two discordant strains, the probability of 

linkage is very low (0.292). The proposed association 

between the maternaI genetic factors eliminating trisomy 16 

conceptuses and the Ped gene seems not to holè in the present 
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study. 

Because the RI strains approach is cumulùti ve, and the 

data suggest that a small number of genes are involved, this 

study will eventually contribute to th'~ description of the 

genetic make-up of the trait. If one makes use of the 

conservation of syntenic genes between mouse a~d human, these 

murine data will shed some light on the nature of the 

selection process occurring against trisomy 21 in human and 

will help in the identification of individuals genetically at 

risk for giving birth to an aneuploid offsprin~. 
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