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PREFACE

This book contains the proceedings of an International Workshop, held in May
20-24, 1979 in Seillac - France, the aim of which was to assemble scientists
from different fields such as Embryology, Hematology and Neurobiology, who sha-
red a common interest in problems related to cell commitment,~stem cell proper-
ties and cell 1ine segregation. Such subjects, which have always been at the
centre of the preoccupations of Embryologists, are of added topicality in view
of recent advances in the field of hematology, since the blood-forming system
offers particularly suitable models for the study of stem cells functions as
well as cell line commitment and differentiation. The methods used to analyze
hemopoietic differentiation and the results obtained in this area appeared of
considerable relevance for scientists dealing with the more complex problems
raised by cell diversification in the embryo itself.

In addition to articles concerned with hemopoiesis, the segregation of cell
lines and the stability of the determined state are discussed with reference
to various embryonic systems and to the model provided by the mouse teratocarci-
noma. In the development of the nervous system, the subjects selected deal with
the modulation of both architectural and biochemical differentiation of nervous
tissue by environmental factors.

The Scientific'Committee of the Workshop, Nicole Le Douarin, Alberto
Monroy, Walter Gehring and Fritz Melchers, wish to thank 1'Institut National
de 1a Santé et de 1a Recherche Médicale, the European Molecular Biology
Organization and the International Society of Developmental Biologists for

their help and support which made this workshop possible.

The Editor



LIST OF PARTICIPANTS

Dr. Cristina ARRUTI

INSERM - U, 18

Unité de Recherches Gérontologiques
29, Rue Wilhem

75016 PARIS

Dr. Philippe AVNER

INSERM U. 152

Lab. d'Immunologie et
Virologie des Tumeurs

Hopital Cochin

27, Rue du Faubourg St Jacques
75674 PARIS CEDEX 14

Dr. Charles BABINET
Laboratoire de Génétique
Cellulaijre

Institut Pasteur

25, Rue du Dr. Roux
75015 PARIS

Prof. Jean-Francois BACH
Laboratoire d'Immunologie Clinique
INSERM U 25

Hopital Necker

161, Rue de Séevres

75730 PARIS CEDEX 15

Dr. Denise BEAUPAIN

Institut d'Embryologie du CNRS

et du Collége de France

49bis, Avenue de la Belle-Gabrielle
94130 NOGENT-sur-MARNE

Dr. Yvonne BERWALD-NETTER
Dept. de Biochimie Cellulaire
Collége de France

11, Place Marcelin Berthelot
75231 PARIS CEDEX 05

Dr. Jeannine BRETON-GORIUS
INSERM U. 91

CHU Henri Mondor

51, Avenue de Lattre de Tassigny
94010 CRETEIL

Dr. Elisabeth CHALMEAU
Laboratoire d'Embryologie
Faculté des Sciences de Nantes
2, Rue de la Houssiniére
44072 NANTES CEDEX

vii

Prof. Jean-Pierre CHANGEUX
Laboratoire de Neurobiologie Moléculaire
Institut de Biologie Molé&culaire
Institut Pasteur

25, Rue du Dr. Roux

75015 PARIS

M. Pierre COLTEY

Institut d'Embryologie du CNRS

et du Collége de France

49bis, Avenue de 1a Belle-Gabrielle
94130 NOGENT-sur-MARNE

Dr. Claude CUDENNEC

Institut d'Embryologie du CNRS

et du Coliége de France

49bis, Avenue de la Belle-Gabrielle
94130 NOGENT-sur-MARNE

Dr. Frangcoise DIETERLEN-LIEVRE
Insitut d'Embryologie du CNRS

et du Collége de France

49bis, Avenue de 1a Belle-Gabrielle
94130 NOGENT-sur-MARNE

Dr. Catherine DRESCH
INSERM ERA N° 4

Hopital Saint-Louis

2, Place du Dr. Feurnier
75475 PARIS

Dr. A.J3. DURSTON

Hubrecht lLaboratory

Uppsalalaan 8
Universiteitscentrum "De Uithof"
UTRECHT

Pays-Bas

Prof. Giinter Von EHRENSTEIN

Abt. Molekulare Biology

Max Planck Institut fir experimentelle
Medizin

3400-GOTTINGEN

AlTemagne Fédérale

Dr. Harvey EISEN

Laboratoire de Génétique Cellulaire
Institut Pasteur

25, Rue du Dr. Roux

75015 PARIS



viii

Dr. H.H. EPPERLEIN

Max Planck Institute fiir Virusforschung

Spemanstrasse 35
74 TUBINGEN
ATTemagne Fédérale

Dr. Martin EVANS
Dept. of Genetics
Downing Street
CAMBRIDGE CB2 - 3EH
Great-Britain

Dr. Marc FELLOUS

Laboratoire d'lmmuno-Hématologie
Institut de Recherches sur les
Maladies du Sang

Hépital Saint-Louis

75745 PARIS

Dr. Josiane FONTAINE-PERUS
Institut d'Embryologie du CNRS

et du Collége de France

49bis, Avenue de Ta Belle-Gabrielle
94130 NOGENT-sur-MARNE

Dr. E. FRINDEL

INSERM U 66

Groupe Hospitalier Paul Brousse
94800 VILLEJUIF

Dr. Mark FURTH

MRC Lab. of Molecular Biology
Postgraduate Medical School
Hills Road

CAMBRIDGE CB2 2QH
Great-Britain

Dr. Louis GAZZ0LO

Unité de Virologie

Fondamentale et Appliquée

1, Place du Professeur Joseph Renaut
69371 LYON CEDEX

Dr. Walter GEHRING
Biozentrum der Universitdt
Klingelbergstrasse 70
4056 BASEL

Suisse

Prof. Jacques GLOWINSKY
Groupe NB -~ Inserm U 114
Collége de France

11, Place Marcelin Berthelot
75231 PARIS CEDEX 5

Dr. Chris GRAHAM
Dept.of Zoology
Oxford University
South Park Road
OXFORD 0X1 3PS
Great-Britain

Dr.Pierre GUERRIER

Station Biologique de Roscoff
Place Georges Teissier

29211 ROSCOFF

Dr. Jacques HATZFELD

The Rockefeller University
1230, York Avenue
NEW-YORK N.Y. 10021

USK

Dr. Rolf HEUMANN

Max Planck Institut fiir Biochemie
8033 MARTINSRIED bei Miinchen
Allemagne Fédérale

Dr. Michel HAMON

Groupe NB - Inserm U 114
Collége de France

11, Place Marcelin Berthelot
75231 PARIS CEDEX 05

Melle HOMO

U.7 INSERM

Physiologie et Pharmacologie
vasculaire et rénale

Hopital Necker

161, Rue de sévres

75730 PARIS CEDEX 15

Dr. HOPPE

Dept. Biologie

Université de Genéve

154, Route de Malagnou
1224-CHENE-BOUGERIE/GENEVE
Suisse

Dr. Michael HORTON

Dept. of Zoology

Unjversity College of London
Gower Street

LONDON WCIE 6BT
Great-Britain

Dr. Karl ILLMENSEE

Dept. Biologie

154, Route de Malagnou
1224-CHENE-BOUGERIE/GENEVE
Suisse




Dr. Norman I1SCOVE

Basel Institute of Immunology
487, Grenzacherstrasse

4005 BASEL

Suisse

Prof. Frangois JACOB

Lab. de Génétique Cellulaire
Institut Pasteur

25, Rue du Dr. Roux

75015 PARIS

Dr. Robert JACQUOT

Faculté des Sciences

Lab. de Physiologie Animale
Moulin de la Housse

B.P. 347

51062 REIMS CEDEX

Dr. Wilfried JANNING
Zoologisches Institut der
Wilhelms-Universitdt
Badestrasse 9

D-4400 MUNSTER®

RYTemagne Fédérale

Dr. Gregory JOHNSON

Cancer Research Unit

Walter and Eliza Hall Institute
of Medical Research

P.0. Royal Melbourne Hospital
3050 VICTORIA

Rustralie

Dr. Francine JOTEREAU
Laboratoire d'Embryologie
Faculté des Sciences de Nantes
2, Rue de 1a Houssiniére

44072 NANTES CEDEX

Dr. Judith KIMBLE

MRC Laboratory of Molecular
Biology

University Medical School
Hills Road

CAMBRIDGE CB2 - 2QH
Great-Britain

Prof. Jan KLEIN

Max Planck Institute
Dept. of Immunogenetics
42, Correnstrasse

7400 TUBINGEN

AlTemagne Fédérale

Dr. Hisato KONDOH
Dept. of Biophysics
Kyoto University
KYQTO

Japan

Dr. Klaus KRATOCHWIL

Institut fiir Molekularbiologie
Billrothstrasse 11

A-5020 SALZBURG

Autriche

Dr. Claudine LAZARD

Institut d'Embryologie du CNRS

et du Collége de France

49bis, Avenue de la Belle-Gabrielle
94130 NOGENT-~sur-MARNE

Prof. Charles LEBLOND
Dept. of Anatomy

Mac Gill University
MONTREAL Québec
Canada

Prof. Nicole LE DOUARIN

Institut d'Embryologie du CNRS

et du Collége de France

49bis, Avenue de la Belle-Gabrielle
94130 NOGENT-sur-MARNE

Dr. Christiane LE LIEVRE

Institut d'Embryologie du CNRS

et du College de France

49bis, Avenue de la Belle-Gabrielle
94130 NOGENT-sur-MARNE

Dr. Waldemar LERNHARDT

Basel Institute for Immunology
487, Grenzacherstrasse

4005 BASEL

Suisse

Dr. Marie-Héléne LEVI

Groupe NB - Inserm U 114
College de France

11, Place Marcelin Berthelot
75231 PARIS CEDEX 05

Prof. Cyrus LEVINTHAL

Dept. of Biological Sciences
Columbia University
NEW-YORK N.Y. 10027

U.S.A.

Dr. Hilary Ann Mc QUEEN
Imperial Cancer Research Fund
Mill Hill Laboratories
Burtonhole Lane

LONDON NW7-1AD

Great-Britain



Prof. Alfred MAELICKE Dr. Jean-Frangois NICOLAS

Max Planck Institute Lab. de Génétique Cellulaire
Rheinlandamm 201 Institut Pasteur

D-4600 DORTMUND 1 25, Rue du Dr. Roux
KTTemagne Fédérale 75015 PARIS

Prof. Paul MANDEL Dr. Maryvonne NINIO

Centre de Neurochimie du CNRS Centre de Génétique Moléculaire du CNRS
11, Rue Human 91190 GIF-sur-YVETTE

67085 STRASBOURG

Dr. Christiane NUSSLEIN-VOLHARD

Dr. Fritz MELCHERS EM.B.L.

Basel Institute for Immunology Postfach 10.2209
487, Grenzacherstrasse D-69 HEIDELBERG
4005 BASEL 5 KiTemagne Fedérale
Suisse

Prof. Tokindo OKADA

Dr. T. METS Institute of Biophysics
Dept. Internal Medicine and Faculty of Science

Geriatrics University of Kyoto

Akademisch Ziekenhuis KYOTO 606

De Pintelaan 135 Japon

9000-GENT

BeTgique Dr. V.E. PAPAIOANNOU
Dept. of Zoology

Melle MILON

Oxford University

Institut Pasteur South Parks Road

25, Rue du Dr. Roux OXFORD 0X1 - 3PS

75015 PARIS Great-Britain

Prof. Alberto MONROY Dr. Paul PATTERSON

Stazione Zoologica Dept. of Neurobiology

80121 NAPLES Harvard Medical School

Ttalie 25, Shattuck Street
BOSTON Mass. 02115

Dr. Ginés MORATA U.S.A.

Centro de Biologia Molecular

Universidad Autonoma de Madrid bPr. Elio PARISI

Facultad de Ciencias Stazione Zoologica

Canto Blanco 80121 NAPLES

MADRID 34 ItaTie

Espagne

Dr. Jean-Michel PAULUS
Dr. Kurt NAUJOKS INSERM U 48

Abteilung Neurochemie Hopital de Bicétre

Max-Planck Institut fiir Institut de Pathologie Cellulaire

Psychiatrie 94270 LE KREMLIN-BICETRE
8033 MARTINSRIED bei Minchen

Rllemagne Fédérale

Dr. Claude PENIT

IRBM Tour 43
Dr. Robert NEGREL Faculté des Sciences
Service de Biochimie 2, Place Jussieu
Université de Nice 75005 PARIS

Parc Valrose
06034 NICE



Dr. R.A. PHILLIPS

The Ontario Cancer Institute
500 Sherbourne Street
TORONTO Canada M4X-1K9

pProf. Edward REICH

The Rockefeller University
1230, York Avenue
NEW-YORK N.Y. 10021

U.S.A.

Dr. Marie-Thérése de REVIERS
Station de Physiologie de 1a
Reproduction

Centre de Recherche de Tours
INRA

37380 NOUZILLY

Dr. Roberto REVOLTELLA
Lab. di Biologia Cellulare

Consiglio Nazionale delle Ricerche

Via G. Romagnosi 18/A
00196 ROMA
Ttalie

Dr. Mary RITTER
Membrane Immunology Lab.
Imperial Cancer Research
Fund Laboratories

P.0. Box n°l23

LONDON WC2A 3PX
Great-Britain

Dr. Claude ROSENFELD
INSERM U 50
Institut de Cancérologie

et d'Immunologie Gustave Roussy
14, Avenue Paul-Vaillant Couturier

94800 VILLEJUIF

Dr. Elisabeth ROSS
MRC Cellular Immunology Unit

Sir William Dunn School of Pathology

University of Oxford
OXFORD - 0X1 3RE
Great-Britawn

Dr. Chica SCHALLER

Lab. Europ. de Biologie Moléculaire

Postfach 102209
69-HEIDELBERG
RiTemagne Fédérale

Dr. Trudi SCHUPBACH
Zoologisch-Vergl. Anatomisches
Institut der Universitdt Zirich
Kiinstlergasse 16

8006 ZURICH

Suisse

Dr. Martine MENAHEM-SCRIVE

Institut de Microbiologie

Bat. 109 Faculté des Sciences d'Orsay
91405 ORSAY

Dr. Atuhiro SIBATANI

CSIRO - Molecular and Cellular Biology Unit
P.0. Box 184

NORTH RYDE NSW 2113

Australie

Dr. Peter STERN

Dept. of Immunology
Biomedical Center
University of Uppsala
S-751 23 UPPSALA
Suéde

Dr. Siegward STRUB

State University of New-York
at Stony-Brook

Dept. of Biology
STONY-BROOK N.Y. 11794
U.5.A,

Prof. Mario TERZI
Lab. di Mutagenesi
10, Via Svezia
56100 PISA

TtaTie

Dr. Ugo TESTA

INSERM U 91

Unité de Recherche sur les Anémies
CHU Henri Mondor

51, Avenue du Maréchal de Lattre de Tassigny
94010 CRETEIL

Dr. Jean-Paul THIERY

Institut d'Embryologie du CNRS

et du Collége de France

49bis, Avenue de la Belle-Gabrielle
94130 NOGENT-sur-MARNE



Dr. David TURNER

Eidgenossiche Technische Hochschule

Institut fir Zellbiologie
Honggerberg

8093 ZURICH

Suisse

Dr. William VAINCHENKER
INSERM U 91

CHU Henri Mondor

51, Avenue Henri Mondor
94010 CRETEIL

Dr. Jay VALINSKY

The Rockefeller University
1230, York Avenue
NEW-YORK N.Y. 10021
U.S.A.

Or. Frangoise de VITRY
Groupe de Neuroendocrinologie
du Collége de France

11, Place Marcelin Berthelot
75213 PARIS CEDEX 05

Dr. Barbara WALLENFELS
Max Planck Institut
fiir Virusforschung
Spemannstrasse, 35/11
D-TUBINGEN

ATTemagne Fédérale

Dr. Jorma WARTIOVAARA
111 Dept. of Pathology
University of Helsinki
SF-02290 HELSINKI
FinTande

Dr. Marie WEISS

Centre de Génétique Moléculaire
du CNRS

91190 GIF-sur-YVETTE

Dr. André WEYDERT

Dept. de Biologie Moléculaire
Institut Pasteur

25, Rue du Dr. Roux

75015 PARIS

Dr. Robert WHALEN
Institut Pasteur

25, Rue du Dr. Roux
75724 PARIS CEDEX 15

Pr. Eric WIESCHAUS
E.M.B.L.
Postfach 10.2209

'D-69-HEIDELBERG

ATTemagne Fédérale

Dr. Marcia YAROSS

Dept. of Biology

University of Virginia

Gilmer Hall

CHARLOTTESVILLE Virginia 22901
U.S.A.

Dr. Rolf ZINKERNAGEL

Dept. of Immunopathology

Scripps Clinic and Research Foundation
10666 North Torrey Pisses Road

LA JOLLA California 92037

US.A.



xiii

CONTENTS
Preface v
List of Participants VII

SEGREGATION OF CELL LINES, AN EARLY DEVELOPMENTAL EVENT

Introductory remarks on the segregation of cell lines
in the embryo
A. Monroy 3

A model for early segregation of territories in the Ascidian
€gg
G. Catalano, C. Eilbeck, A. Monroy and E. Parisi 15

Intracellular activation and cell interactions in so-called
mosaic embryos

P. Guerrier and J.A.M. van den Biggelaar 29
Analysis of cell behaviour in the preimplantation mouse

lineage

C.F. Graham and E. Lehtonen 37

Cell lineages of the wild type and of temperature-sensitive
embryonic arrest mutants of Caenorhabditis elegane
G. von Ehrenstein, E. Schierenberg and J. Miwa 49

Regulative development in the post-embryonic lineages of
Caenorhabditis elegans
J. Kimble, J. Sulston and J. White 59

Pattern mutants in Drosophila embryogenesis
C. Niisslein-Volhard 69

The distribution of anlagen in the early embryo of
Drosphila
W. Janning, J. Pfreundt and R. Tiemann 83

THE MOUSE TERATOCARCINOMA. A MODEL TO STUDY THE DETERMINATION
AND SEGREGATION OF CELL LINES

Properties of some monoclonal antibodies raised against
mouse embryonal carcinoma cells
R. Kemler, D. Morello and F. Jacob 101

Cell lineages of the mouse embryo and embryonal carcinoma
cells: Forssman antigen distribution and patterns
of protein synthesis
M.J. Evans, R.H. Lovell-Badge, P.L. Stern
and M.G. Stinnakre 115



Cellular interactions between embryonal carcinoma cells
J.-F. Nicolas

Interactions between mouse embryos and teratocarcinomas
V.E. Papaioannou

Gene expression in chimeric mice
K. Illmensee

Embryonic hemoglobin production by teratocarcinoma-derived
cells in in vitro cultures
C.A. Cudennec, A. Delouvee and J.-P. Thiery

BLOOD FORMING CrLL SYSTEM

Potentialities and migrations of hemopoietic stem cells of
yolk sac and intraembryonic origins, studied in
avian chimeras obtained by blastoderm recombination
F. Dieterlen-Lievre, D. Beaupain and C. Martin

Granulo-monocyte colony forming cells from bone marrow,
blood, cord blood and foetal liver in normal man
C. Dresch and A. Faille

The commitment of multipotential hemopoietic stem cells:
Studies Zn vivo and in vitro
G.R. Johnson and D. Metcalf

Differentiation and maturation 7Zn vitro of human
megakaryocytes from blood and bone marrow precursors
W. Vainchenker and J. Breton-Gorius

Regulation of bone marrow stem cell kinetics
E. Frindel

Allograft reaction: Atavism or immunological tour de force?
J. Klein

Two stages of H-2 dependent T cell maturation
R.M. Zinkernagel, A. Althage, E. Waterfield, P. Pincetl,
G. Callahan and J. Klein

The target cell of thymic hormones
J.~-F. Bach, M.-A. Bach, M. Dardenne and J.-M. Pleau

The hemopoietic system as a model for studies on deter-
mination and regulation of differentiation
R.A. Phillips

Three waves of B-lymphocyte development during embryonic
development of the mouse
F. Melchers

131

141

157

163

175

191

199

215

227

241

251

261

269

281



STABILITY OF THE DETERMINED STATE

fe(1)K10, A female sterile mutation altering the pattern of
both the egg coverings and the resultant embryos in
Drosophila
E. Wieschaus 291

The development of the thoracic segments of Drosophila
G. Morata and P.A. Lawrence 303

Heteromorphic regeneration in the developing imaginal
primordia of Drosophila
S. Strub 311

Renewal of the pyloric epithelium
C.P. Leblond and E.R. Lee 325

The presence of multipotential progenitor cells in embryonic
neural retina as revealed by clonal cell culture
T.S. Okada, K. Yasuda and K. Nomura 335

Self-agsembly of a nerve: Optic fibers follow their neighbors
in embryogenesis
C. Levinthal and N. Bodick 347

An analysis of cell line segregation in the neural crest
N. M. Le Douarin, C.S. Le Lievre, G. Schweizer and
C.M. Ziller 353

Determination of the neurotransmitter phenotype of sympathetic
neurons in vitro
P.H. Patterson 367

Merocyanine 540: A useful stain for hemopoietic and

leukemic cells )
J. Valinsky and E. Reich 373

Author index 377



SEGREGATION OF CELL LINES, AN EARLY
DEVELOPMENTAL EVENT






Cell Lineage, Stem Cells and Cell Determination

INSERM Symposium No. 10

Editor: N. Le Douarin

© 1979 Elsevier/Narth-Holland Biomedical Press 3

INTRODUCTORY REMARKS ON THE SEGREGATION OF CELL LINES IN THE EMBRYO

ALBERTO MONROY

Zoological Station, Naples, Italy

In all multicellular organisms, the cleavage of the egg gives rise to cells
which differ from one another and which, through successive cell divisions,
will eventually give rise to homogeneous cell populations (cell lines) each en-
dowed with its own specific developmental program. This not only implies a pro-
cess of sorting out of molecules (either pre-existing in the egg before fertili-
zation or being synthetized in the course of development) into the various
blastomeres; but also of cells recognizing one another and coordinating their
movements, their rate of cleavage, their metabolic activities, and the like.

In this Introduction I shall discuss some examples drawn from our work and
from the work of other Laboratories to direct attention to some of the events
which I consider as among the most important not only in connection with the
segregation of cell lines but indeed with embryonic development as a whole.

Before entering into the subject, I would like briefly to present some spe-
culations on the phylogenetic history of the segregation of cell lines in multi-
cellular organisms.

We have recently suggested (Monroy and Rosatil) that one of the major events,
if not the major event, connected with the appearance of multicellular orga-
nisms is the segregation of the somatic from the germ cell line. We have postu-
lated that the dichotomy between the two cell lines involves:

(a) That in the somatic cell line, the genes which in the unicellular orga-
nisms code for the surface structures responsible for the recognition of and
interaction between cells of the two gametic types, are silenced. The evidence
for this is indirect. Although to our knowledge the matter has never been in-
vestigated with this question in mind, the formation of mouse chimaeras
(Tarkowski?; Mintz?; see also review by Herbert and Graham®) shows that geneti-

cally male and female embryonic cells do not discriminate one another as dif-~



ferent. Also, hybrid hystotypic aggregates can be formed in culture from such
species as far apart as chick and mouse (Moscona®; Moscona and Moscona®). (How-
ever, the possibility should be taken into consideration that in vitro condi-
tions may alter the organization of the cell surface in such a way that some of
its properties such as the species-specificity are lost while the tissue-
specificity is retained). These observations are compatible with the view that
the structures discriminating between male and female are not expressed at the
surface of these cells.

(b) The retention of a largely derepressed genome by the cells of the germ
line. This is inferred from the fact that in the oocyte, the complexity of the
transcripts is several-fold greater than in the somatic cells (see e.g. Galau
et al.’). Although to our knowledge there is no such direct evidence in the
case of the male germ cells, it has been shown that at least in Drosophila,
spermatocytes exhibit lampbrush chromosomes comparable to those of the oocyte
(Hess®).

In addition, we would like also to argue that the emergence of multicellular
organisms has required the establishment of cell junctions; not only as a means
of holding the cells together, but as a vehicle of functional coordination be-
tween cells (Monroy et al., unpublished).

A classical example of a very precocious segregation of the somatic from the
germ line is that of Ascaris first described by Boveri® (Fig.1). 1In this nema-
tode while the lineage cells of the germ line retain their full chromosome com-
plement, in the cells of the somatic line pieces of chromosomes are lost; the
loss amounts to about 27% of the total DNA of the cell. Interestingly, about
one~half of the eliminated DNA consists of repetitive sequences and the other
half of unique sequences (Tobler et ai.'!)

Chromosome elimination is a frequent occurrence in Hemiptera; one of the most
interesting cases is that of Seciara, first described by C.W.Metz (see review!?).
In Seiara coprophila the zygote carries three X chromosomes, one contributed by
the egg and two by the spermatozoon (this results from an equational non dis-
junction of the maternally derived X chromosome at the second meiotic division

in the male following the selective elimination of paternal homologues at the



