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ABSTRACT

Telomeres are the stable ends of linear chromosomes in eukaryotes. These
complex protein-nucleic acid structures are essential to maintain genomic stability and
the integrity of linear chromosomes. Chromosome fusions have been reported in a
variety of human tumours, ageing cells and several instability syndromes. Telomeres
are composed of simple repetitive sequences, which exhibit high homology within most
species, except in Drosophila. Studies in Drosophila have demonstrated that specific
retrotransposons, Het-A and TART, are present in chromosome ends and that
protection of telomere ends is achieved by a capping mechanism that may be
sequence independent.

This study reports a new Drosophila mutation that causes high frequency of
end-to-end fusions of chromosomes during mitosis and meiosis. The mutation, causes
chromosome fusions that do not resolve, leading to cycles of chromosome breakage
and rejoining and severe genome rearrangements. Linear chromosome ends appear to
be essential for fusions to take place. The gene is essential for normal cell proliferation
and mutant tissue shows significant apoptosis. This study suggests that the function
encoded by the mutant gene is required to protect the linear ends of chromosomes.

Progress in mapping the tef mutation by meiotic recombination analysis and
further complementation with various deficiency strains is also reported. The tef gene is
located in the 88B8-C4 cytological division. Molecular analysis of a P1 clone mapped
within these limits was performed, and cDNAs were isolated from phage libraries.
Several coding regions from the “Berkeley Drosophlia Genome Project” were selected
from this analysis as potential candidates of the tef gene. Further analysis will have to
be performed in order to test these sequences.

Chromosome painting in Drosophila was also developed. This technical

approach will enable analysis of mitotic phenotypes concerning chromosome structure

or genome rearrangements.
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SUMARIO

Os teldmeros sao estruturas formadas por um conjunto de proteinas
especificas associadas as sequéncias teloméricas, e s&o essenciais para a
estabilidade e correcta segregagdo dos cromossomas durante a divisdo celular.
Fusdes entre as extremidades de cromossomas foram ja observadas em varios tipos
de tumores humanos, células envelhecidas e uma série de sindromes caracterizados
por instabilidade cromossémica. Os telébmeros s&o constituidos por sequéncias
repetitivas simples que apresentam elevada homologia entre a maioria dos eucariotas
excepto Drosophila. Estudos neste organismo revelaram que os telomeros séo
constituidos por dois tipos de transposdo, Het-A e TART, e que o mecanismo de
protecgédo da extremidade dos cromossomas & eventualmente independente do tipo de
sequéncia de DNA presente.

Este estudo reporta a caracterizagdo de um novo mutante de Drosophila que
exibe uma elevada taxa de fusdes entre todos os cromossomas em mitose € em
meiose. Esta mutacido induz a fusdo das extremidades dos cromossomas que resulta
na formacdo de pontes de DNA em anafase, conduzindo a ciclos de quebra da
cromatina e de nova fusdo. Os cromossomas apresentam tambem uma elevada taxa
de rearranjos cromossomais eventualmente associados a esses ciclos de quebra e
fusdo. Chromossomas lineares parecem ser essenciais para a existéncia de fusbes. O
gene é essencial para a proliferagio celular normal e os tecidos mutantes apresentam
um elevado indice de apoptose. O presente estudo sugere que a fungdo codificada

pelo gene tef € necessaria para a protecgao das extremidades dos cromossomas.

O progresso do mapeamento do gene fef foi também realizado através de
recombinacdo meidtica e de testes de complementagdo com estirpes de Drosophila
deficientes em determinadas porgdes do genoma. O gene tef esta mapeado na zona
citologica 88B8-C4. Foi efectuada a analise molecular de um clone P1 mapeado entre
esses limites. Este clone foi utilizado como sonda para efectuar o rastreio de varias
bibliotecas de cDNA, tendo-se isolado varios cDNAs que fo‘ram sequenciados e

analizados. Foram seleccionados algumas regibes codificantes do “Berkeley

Drosophlia Genome Project” como potenciais genes que codificam a fungao tef.
Neste trabalho foi também desenvolvida a técnica de “chromosome painting”
em Drosophila que permitird mais faciimente a analise de fendtipos mitdticos que

afectem a estrutura cromossémica, nomeadamente com rearranjos genémicos.
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RESUME

Les téloméres sont les extrémités stables des chromosomes linéaires des
eucaryotes. Ces structures protéine-acide nucléique complexes sont essentielles pour
le maintien de la stabilité génomique et lintégrité des chromosomes linéaires. Des
fusions entre chromosomes ont été rapportées dans de nombreuses tumeurs
humaines, dans les cellules sénescentes et dans une variété de syndromes
d'instabilité. Les téloméres sont composés de simples séquences répetitives
présentant une grande homologie entre les espéces sauf chez Drosophila. Des études
chez Drosophila ont montré que des rétrotransposants speécifiques, Het-A et TART,
sont présents dans les extrémités des chromosomes et que la protection des
extrémités des télomeéres est assurée par un mécanisme de capping probablement
séquence indépendant.

Le présent travail décrit une nouvelle mutation chez Drosophila causant une
grande incidence de fusions entre les extrémités des chromosomes durant la mitose et
la meéiose. Les fusions provoquées par cette mutation ne se defont pas, donnant
origine & des cycles de cassures et unions chromosomiques ainsi qu'a des
réarrangements génomiques sévéres. Les extrémités des chromosomes linéaires
paraissent étre essentielles pour que les fusions aient lieu. Le géne est essentiel pour
la prolifération cellulaire normale et les tissus des mutants montrent une intense
activité d’apoptose. Ces résultas suggérent que la fonction codée par le géne mute tef
est de protéger les extrémités des chromosomes linéaires.

Un progrés significatif a été réalisé dans le but de cartographier la mutation tef
a travers l'analyse de recombinaisons méiotique et les tests de complémentation avec
des souches déficientes. Le géne tef est localisé au niveau de la division cytologique
88B8-C4. L'analyse moléculaire d'un clone P1 couvrant cette région a été effectuée et
le cDNA a été isolé a partir d’'une bibliothéque de phages. Plusieurs régions codantes
ont été sélectionnées a partir de « Berkeley Drosophila Genome Project » comme
potentiels candidats du géne fef. Des analyses ultérieures devraient tester ces
séguences.

Des expériences de chromosome painting chez Drosophila ont été aussi
effectuées. Cette approche technique permettrait 'analyse des phénotypes mitotiques

concernant la structure des chromosomes ou les réarrangements génomiques.
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Introduction

1. INTRODUCTION

1.1 The Cell Cycle: General Description

Cells are able to proliferate by dividing in two identical daughter cells. The cell
division cycle consists of an ordered and highly controlled series of specific events.
Most eukaryotic cells never proceed to the next stage of the cycle without successfully
completing the previous event. Therefore, to produce a pair of genetically identical
daughter cells the DNA must be faithfully replicated and sister chromatids must be
correctly segregated into two separate cells. The vast majority of cell types also
doubles their mass and duplicates all cytoplasmic organelles in each cell cycle. In
multicellular organisms loss of cell division control ultimately leads to cancer or cell
death.

The eukaryotic cell cycle is divided into distinct phases with variable time-
lengths depending on the cell type and the development stage of the organism (Fig. 1).

Metaphase/Anaphase Checkpoint:
Is the mitotic spindle properly

) assembled?
G2/M Checkpoint: Are all chromosomes aligned on
Is DNA repaired? the spindle?

Is the environment favourable?
Is the cell big enough?

Is chromatin completely
packaged?

G1/S Checkpoint:
Is the cell big enough?
Is the environment favourable?

Figure 1: The cell cycle stages. The relative duration of each phase is variable and
depends on the cell type and the development stage of the organism. During G1, cells
can also exit the cell cycle into a GO stationary phase and later return to G1. Checkpoint

controls take place in several points of the cell cycle and are referred inside boxes.



