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This preface introduces the two parts of a theme issue on vertebrate sex chromo-
some evolution (title below). We invited and edited 22 articles concerning the
following main topics (Part 1): sex determination without sex chromosomes
and/or governed by epigenetics; origin of sex-determining genes; reasons for
differentiation of sex chromosomes and differences in their rates of differen-
tiation as well as (Part 2): co-option of the same linkage groups into sex
chromosomes; is differentiation of sex chromosomes a unidirectional path-
way?;, consequences of differentiated sex chromosomes; differences in
differentiation of sex chromosomes under male versus female heterogamety;
evolution of sex chromosomes under hybridization and polyploidy.

This article is part of the theme issue ‘Challenging the paradigm in sex
chromosome evolution: empirical and theoretical insights with a focus on
vertebrates (Part I)".

Sitting on a hill not far from Tonglu, a Chinese town unexpectedly hosting the
World Congress of Herpetology in 2016 (due to ‘security reasons’ for the
planned G20 summit, the whole congress was moved away from Hangzhou
by the Chinese government, just a few hours before the meeting’s start), we dis-
cussed what we know and do not know about sex chromosome evolution. We
agreed that a large revision, based mostly on empirical results in a group of ani-
mals with a large diversity in sex determination systems and sex chromosomes,
would be great to illuminate the research field, and to see where it has moved
during the more than 100 years since the pioneering steps of the paradigm on
sex chromosome evolution [1]. You may guess that we were and still are con-
vinced that vertebrates are the most suitable group (we say so with great
respect for other organisms) to address these questions. This choice reflected
our own research interests and the fact that vertebrates are popular for empiri-
cal research, allowing us to dive much deeper into several aspects—such as
gene ontology and molecular pathways—than in less well-examined groups.
Of course, this also considers our own taxonomic classification, and naturally,
we are interested in the evolution of our phylogenetic past, although—at
the same time—such an anthropocentric view results in some obvious
scientific limitations.

Our initial idea started to ‘materialize’ during a first meeting on sex chromo-
some evolution in vertebrates, organized by us and hosted by the Faculty of
Science of the Charles University in Prague in 2018, when a group of vertebrate
sex-determination enthusiasts discussed sex chromosome evolution and ident-
ified the most controversial and vivid topics, not only for discussion in the
classroom, but also amongst ourselves during the observation of voracious
feeding of Komodo dragons and giant salamanders in the Prague Zoo. Equally
fruitful was the second meeting in 2019, hosted by IGB in Berlin [2], to which—
thanks to support from the German Science Foundation (DFG)—we were able
to invite more experts from even further afield, and outlined the topics for the
current Theme issues in detail. This time, we were inspired not only by dino-
saur skeletons in the Berlin Natural History Museum, but also by the delicate
beauty of plants and flowers in the Botanical Garden in Berlin-Dahlem.
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From here, it was a straightforward next step to work on
the application for this Theme issue.

We would like to thank the editorial board of Philosophical
Transactions B for giving us the opportunity to publish the
results of this project. In particular, Helen Eaton, Senior
Commissioning Editor provided great help at every step of
the work. We are grateful for her very professional and at
the same time amiable help.

Of course, these issues present a collective work, and we
are most grateful to the authors; it was a great pleasure to
work with all of them, with their particular contributions
forming a mosaic of the concepts to elaborate the general para-
digm. The friendly, but fierce and thus jokingly named
‘religious wars’ over definitions of some key terms and con-
cepts (mainly concerning the Glossary in [3]) were
demanding, but provoked deeper thinking about the meaning
of words, and as it appeared, our understanding and use of
scientific terms may sometimes differ to a large extent. The
issues are founded on a taxonomic overview of sex determi-
nation/sex chromosomes in vertebrates with a pledge for
‘sexomics’ [3], then frame a mosaic of topics and case studies,
demonstrate and discuss specific aspects, and lead to a con-
cluding paper, intended to show how all the contributions
together make up a complex, up-to-date overview of many
questions of vertebrate sex chromosome evolution [4].

In Part 1, we gather articles around the following major
topics:

— Sex determination without sex chromosomes and/or
governed by epigenetics [5,6];

— Origin of sex-determining genes [7-9];

— Reasons for differentiation of sex chromosomes and
differences in their rates of differentiation [10-14].

In Part 2, we assemble papers on these main topics:

— Co-option of the same linkage groups into sex chromo-
somes [15,16];

— Is differentiation of sex chromosomes a unidirectional
pathway? [17,18];

— Consequences of differentiated sex chromosomes [19];

— Differences in differentiation of sex chromosomes under
male versus female heterogamety [20,21];

— Evolution of sex chromosomes under hybridization and
polyploidy [23-24].

We are grateful to all reviewers; their comments were absolutely
essential. We would also like to thank Jérg Wachtel (Brachwitz,
Germany), who kindly prepared the cover images. We bothered
him by our obsession for some anatomical details of the depicted
organisms and branching based on up-to-date phylogenies,
potentially important for biologists, but less for the artist—we
are glad that thanks to Jorg’s patience and skilfulness, we did
not harm the graphical appeal of the figures too much.

Last but not least, we are grateful that we can work with
such beautiful organisms and on such an interesting and
intellectually challenging topic as sex chromosome/determi-
nation evolution. We are impatiently awaiting progress in the
field. As evolutionary biologists, we are convinced that evol-
ution can only be predicted to some degree...thus, we are
sure that amazing empirical surprises are still lying ahead,
and that curiosity drives us.
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