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Thesis Summary (approx.800 English Words )

Amphibians (frogs, salamanders and caecilians) form digits free of webbing through differential growth
of the digital and interdigital regions, and are often aquatic for part of their lives. Amniotes (birds,
reptiles and mammals) use cell death to remove their interdigital membranes, and develop in an egg or
uterus lined with membranes which deliver oxygen in a very efficient way. Here I investigated the role
of environmental oxygen in the evolution of interdigital cell death (ICD) in tetrapods. Chickens had
extensive interdigital production of reactive oxygen species (ROS), while in African clawed frogs (Xenopus
laevis) cell death and ROS were restricted to the limb margins. In chicken, low oxygen levels (hypoxia)
inhibited ICD, while higher oxygen levels (hyperoxia) increased the number of dying cells. Surprisingly,
incubating tadpoles under hyperoxia was sufficient for inducing cell death specifically across their
interdigital regions; environmental oxygen levels increased ROS production within the limb, promoting
ICD in an amphibian that typically lacks it. Next, the role of blood vessels, which are essential for
tissue oxygenation, was investigated by studying transgenic [X. Jaevis frogs with an increased limb
vasculature (Prrxi-VegfA-EGFP). These tadpoles had ectopic cell death as well as ROS production in the
interdigital region, revealing that increasing the density of blood vessels - the source of oxygen in
the limbs - promoted cell death specifically in the interdigital mesenchyme of X. Jaevis. To add a
comparative perspective, the distribution of cell death and ROS was assessed in two other amphibian species.
Japanese fire-bellied newts (Cynops pyrrhogaster), which have aquatic tadpoles as X. Jaevis, had no ICD
or interdigital ROS production. However, a surprising pattern was observed in the coqui frog
(Eleutherodactylus coqui): dying cells and high ROS production was found in their interdigital regions.
There is an important ecological distinction between this species and the previous investigated X. /aevis
and C. pyrrhogaster: coqui frogs have direct development, in which fertilized eggs are laid on land and
an immature adult animal emerges at the end of the embryonic period without an aquatic larval stage. Thus,
E. coqui embryos are exposed to the higher atmospheric oxygen levels, comparable to amniotes. This way,
high oxygen availability is correlated with the presence of cell death during limb development of tetrapods,
although it is not clear if these dying cells are required for shaping the limbs or only a byproduct of
increased ROS levels. Then, the local oxygen tension in the limbs was measured using EF5, a hypoxia marker.
Chicken limbs had a high oxygen tension in the interdigital region, while X. /aevis had low oxygen tension
in their interdigital regions in all investigated stages. Then, I evaluated experimentally if the oxygen
concentration in the tissue was responsive to environmental oxygen levels. Hypoxia reduced tissue oxygen
tension in chickens’ interdigital mesenchyme. On the other hand, incubating X. /aevis under hyperoxia
- the same condition that previously induced ectopic ICD - increased oxygen tension in the interdigital
region. Thus, oxygen tension of the interdigital region, a highly vascularized tissue, is correlated with
environmental oxygen levels that surround the embryo or tadpole. In conclusion, the life history strategy
regulates oxygen availability in the limbs, and that high oxygen levels were necessary for the appearance
of interdigital cell death. It is key to understand why the amphibian interdigital region is already
permissive for the induction of cell death. Two features important for patterning the fingers of all
tetrapods - Bmp signaling and blood vessel remodeling - are also required for induction of cell death
in the interdigital regions. I propose that an independent developmental step, ICD, might have emerged
from preexisting traits of digit morphogenesis in the presence of increased environmental oxygen levels.
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