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1. Introduction

All emerging life must function while being built. The developing embryo requires
an aqueous environment, a supply of nutrients, gas exchange and waste manage-
ment. Extraembryonic membranes accomplish these challenges by providing
multifunctional organs and interfaces between the embryo and the outside world.

The importance of extraembryonic tissues is particularly evident in animals
that have adapted to terrestrial life. For instance, amniotic vertebrates have
four extraembryonic tissues: amnion, chorion, allantois and yolk sac, with each
performing specialized, essential physiological functions. Terrestrial arthropods
have evolved other extraembryonic tissues, such as the serosa and amnion of
insects, which perform similar functions to their vertebrate counterparts (e.g.
in drought resistance, embryonic tissue morphogenesis and possibly waste man-
agement) and more (e.g. in innate immunity). Traditionally, extraembryonic
tissues were perceived to function only during embryogenesis, subsequently
being shed at birth or hatching.

Under close scrutiny, however, this embryonic—extraembryonic dichotomy
is far from being straight-forward. The boundaries of embryonic and extraem-
bryonic tissues are often ill-defined; the fates of the so-called extraembryonic
tissues may not be entirely extraembryonic; their physiological, biomechanical,
morphogenetic and signalling roles, with regard to embryonic development are
under-appreciated; and evolutionary constraints on conservation and diversifi-
cation of extraembryonic tissues are poorly understood. Increasingly, molecular
and cellular evidence points toward certain arbitrariness in making such a dis-
tinction between embryonic and extraembryonic tissues. Therefore, we feel it is
timely to dedicate a theme issue to the current understanding of cellular entities
that are traditionally viewed as extraembryonic.

Our goal in this theme issue is to present evidence for and raise awareness
of both the interconnection between the embryonic and extraembryonic tissues,
as well as the importance of further studies for a ‘holistic’ understanding of
animal development.

This issue features review and research articles on extraembryonic tissue
complements in vertebrates and panarthropods. Among them, eight articles
focus on mammalian extraembryonic tissues. Matsuo et al. [1] discuss develop-
mental and mechanical roles of Reichert’s membrane in mice, a non-cellular
basal lamina separating trophectoderm and parietal yolk sac endoderm.
Thowfeequ & Srinivas [2] present the idea of shifting boundaries between
embryonic and extraembryonic tissues in time and space during early mouse
development. Pfeffer [3] hypothesizes a connection between cavitation of the epi-
blast and loss of Rauber’s layer (polar trophoblast covering the inner cell mass) in
mammals. Chowdhary & Hadjantonakis [4] describe the ontogeny and specifica-
tion of primitive endoderm in mice. Downs [5] examines roles of the allantois
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during embryogenesis in mice. Siriwardena & Boroviak [6]
compare embryo implantation in different primate species
and suggest that the mechanisms controlling invasion depth
may provide new insights into human placental disorders.
Chuva de Sousa Lopes et al. [7] review modes of amniogenesis
in amniotes and morphogenetic and molecular signatures of
amniotic ectoderm and mesoderm in mice. Roelen & Chuva
de Sousa Lopes [8] discuss primordial germ cell specification
at the boundary of embryonic and extraembryonic territories
and their subsequent gonadal colonization.

Extraembryonic tissues in non-mammalian vertebrates are
the focus of four additional papers. Concha & Reig [9] give a
comprehensive overview of the origin, form, and function of
teleost extraembryonic structures, that is, the yolk syncytial
layer and the enveloping layer. Wen et al. [10] investigate differ-
ences in molecular signatures of the chorioallantoic membrane
between the live-bearing and egg-laying lizards. Nagai et al.
[11] describe morphogenesis of the chorioallantoic membrane
in chick development and hypothesize an evolutionarily
conserved process underlying extraembryonic mesothelial
fusion in chorioallantoic membrane formation in amniotes
and chorioallantoic placenta formation in eutherian mammals.
Wittington ef al. [12] compare placentation across vertebrates,
reminding readers of the deep evolutionary roots of placenta-
tion and of diverse strategies adopted in different vertebrate
groups to fulfill similar physiological needs.

Extraembryonic tissues in the Panarthropoda are dis-
cussed in five articles. Panfilio & Chuva de Sousa Lopes
[13] compare the anatomy, cellular ontogeny, physiological
function, evolutionary roles, molecular signatures and gen-
etic regulation between amniotes and insects. Treffkorn
et al. [14] assess the potential occurrence of extraembryonic
tissues in onychophorans (velvet worms) and tardigrades
(water bears), two invertebrate clades that are closely related
to arthropods. Prpic & Pechmann [15] discuss candidate
extraembryonic tissues in spiders and other chelicerates.
Jacob et al. [16] provide evidence for an immune function of
the serosa in hemimetabolous insects, which previously
was only known from holometabolous insects. Some flies,
including the fruit fly Drosophila melanogaster lack a differen-
tiated serosa along with its immune function, and instead
develop a unique extraembryonic tissue, dubbed amnioser-
osa. Schmidt-Ott & Kwan [17] trace the serosa and amnion
heritage of this tissue and examine how the serosa-specific
and amnio-specific developmental trajectories have merged
into one in D. melanogaster.

These articles offer snapshot views of both the intricacy
and complexity of embryonic-extraembryonic crosstalk in
animal development. However, in contrast to embryonic
development, in which concepts such as gastrulation, germ
layer formation, and dorsal-ventral and anterior—posterior
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axis formation can be broadly applied to all metazoans, no
such unifying themes have emerged for extraembryonic
tissue development. We hope that this theme issue will
encourage more biologists to work on extraembryonic tissues,
investigating questions regarding their roles in animal phylo-
geny and ontogeny and their potential application in
regenerative medicine. For example, are there common defin-
ing features and functions of extraembryonic tissues across
vertebrates and invertebrates? Do extraembryonic tissues
follow unique evolutionary trajectories that are largely
decoupled from embryonic tissues to meet specific physio-
logical needs present for different organisms during
development? Which extraembryonic tissues in vertebrates
and panarthropods contribute cells to the fetus and what
are the fates of these cells? How are extraembryonic tissues
involved in embryonic patterning? Do the so-called extraem-
bryonic tissues of onychophorans and chelicerates contribute
lasting embryonic tissue? What is the function of insect ven-
tral amnion (and amniotic cavity)? What drove its loss in
cyclorrhaphan flies? Does the residual (dorsal) amnion of
lower Cyclorrhapha drive the same morphogenetic move-
ments than the amnioserosa? If so, how does the dorsal
amnion power these processes?

Finally, a more practical use of knowledge of extraem-
bryonic tissues will be to model mammalian development
in vitro by reconstituting the physiological environment of
the fetal-maternal interface, a role usually fulfilled by extra-
embryonic tissues. Currently, we know relatively little about
molecular and morphogenetic principles by which we can
guide the differentiation of embryonic stem cells towards
proper organization of any extraembryonic tissue. We hope
this theme issue will spark discussions, debate and collabor-
ations within the field, ultimately moving research on these
essential but still somewhat mysterious tissues to a new level.
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