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Research on the mechanisms of temperature-dependent sex

determination in American alligator (Alligator
mississippiensis)
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Summary of thesis contents

Reproduction is one of the core aspects of life science, and has vast implications
from genetic to population level studies. Gonochorism is widely employed among
vertebrates to allow reproduction, and many of the individual variation in genetics,
physiology, and behavior result from the sex of the individual, and hence sex
determination mechanism is one of the key areas of interest in biology. In vertebrates,
sex determination system can be broadly subdivided into two categories. Sex
determination system based on intrinsic genotypic factors, in which the sex is
determined at fertilization, is more commonly observed among the vertebrates, and
can mainly be classified by heterochromosomes, such as XX/XY, ZW/ZZ systems.
This system results in a 50:50 ratio between male and female production, and is a
highly stable system. In contrast, sex determination system can also be regulated by
biotic or physiological environmental factors, such as population density, photoperiod
and temperature. Sex determination regulated by the latter is known as
temperature-dependent sex determination (TSD), in which the temperature of the
surrounding environment during embryonic development determines the sexual fate of
the individual. TSD is most notably present among reptiles such as crocodilians,
turtles, and a few lizards. This includes the American alligator, Alligator
mississippiensis. In A. mississippiensis, egg incubation at 30°C and lower
temperatures induces female development, while incubation at slightly higher
temperature 33.5°C induces male development. However, much of the details
concerning its underlying molecular mechanism remain unelucidated, and the genetic
framework that allows transfer of thermal signal to activation of male/female sex
determination cascade is little understood. This is further hindered by the fact that, at
the moment, reptiles are one of the vertebrate clades that cannot be genetically
manipulated effectively.

In this thesis, the contribution and the further advancements toward
understanding the TSD mechanism using American alligator is documented. The
thesis is composed of two chapters. First chapter examines the initial elusive
thermosensitivity mechanism and provides evidence for involvement of
thermosensitive cation channel Transient Receptor Potential cation channel subfamily
V member 4 (TRPV4) in the alligator TSD. Second chapter examines the
transcriptome of the gonad during the initial phases of sex determination, one of the
least understood periods of TSD, and comprehensively categorizes gene expression
changes that might be part of the sex determination cascade in alligators. These two
chapters provide novel insight of TSD that has neither been observed in other TSD

species nor in GSD species as well.
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Molecular link between temperature and genetic cascade has been one of the key
missing links to explain the genetic framework behind TSD. In the past, several
candidate genes and theories have been proposed. Here, a prominent vertebrate
environmental sensor Transient Receptor Potential (TRP) channels are focused upon,
and high TRPV4 expression was found in the gonad during sex determination period
in alligator embryos. Functional characterization of alligator TRPV4 channel via
voltage-clamp method revealed that alligator TRPV4 is activated in warm temperature
environment, proximate to the temperature range associated with alligator TSD. Using
in ovo drug administration experiment, selective inhibition and activation of TRPV4
channel were shown to induce both down and upregulation of key genes involved in
male sex differentiation. Inhibition of TRPV4 at male producing temperature resulted
in partial feminization in some of the individuals, such as increase in Miillerian duct
prominence.

Additionally, much of the genetic information on crocodilians were, until fairly
recently, unavailable. Hence, knowledge on the gene expressions was very limited,
especially during the initial phases of TSD, in which very little apparent sexual
dimorphism are present. RNAseq analysis on the developing gonads during TSD
allowed comprehensive characterization of the gonadal transcriptome. Potential clues
to TSD mechanisms were observed, such as immediate temperature-dependent
downregulation of jumonji protein KDM6B and JARID?2, associated with histone
modification, and upregulation of transcription factor C/EBPA. Two hundred thirty
genes were deemed as potentially involved in sex determination, which included few
non-coding RNAs, and genes known to function in sex determination of other species,
such as HEMGN, and ARX. Nine transcription factors were also identified, and an
inferred regulatory gene network was constructed.

These findings from each chapter are documented in two papers. These findings
provide opportunity for several further insights to TSD, and can be powerful tools for
future studies, and serve as basis for further understanding gonadal fate pathway

during vertebrate sex determination.
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