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Teeth exhibit a complex internal organization in terms of their cellular composition and
microstructure of hard matrices, which gives them unique mechanical properties but also allows
them to respond actively to various changes in the external environment. This ensures their
sensitivity, long-term viability and also adaptability to some extent.

During the evolution of vertebrates, due to the pressure to adapt to changing environmental
conditions, dentition in different organisms have undergone several major innovations
accompanying the changes in their lifestyles. One of the interesting adaptations was the
development of hypsodont teeth with high crowns and subsequently hypselodont teeth whose
growth never stops. These types of teeth are often, but not always, associated with animals
specialized feeding habits and have brought a great evolutionary advantage to their holders.
From a scientific point of view, hypselodont teeth serve as great models for studying tooth
development, epithelial-mesenchymal interactions, stem cell dynamics, or investigating the
microstructure and patterning of enamel and dentin.

Although all the research work presented here is focused on dental biology, the aims and
results can be divided into two main subgroups. The first part aimed to comprehensively map
the cellular composition of the tooth and to understand it at both the cellular and molecular
levels. Here, using advanced single-cell RNA-sequencing techniques and subsequent
experiments which included bioinformatic analyses, lineage tracing and various in vivo
validations, new cell types in the teeth were discovered and their expression profiles described.
Furthermore, differentiation trajectories leading to the formation of odontoblasts and
ameloblasts from undifferentiated cells were mapped, and new types of quiescent mesenchymal
and epithelial stem cells were discovered.

The second part of the research work was focused on tooth development and patterning of
hard dental tissues. At the beginning of this part, a new genetically engineered mouse strain that
allows studying various microstructural aspects of odontoblasts was introduced. In these mice,
the expression of two major odontoblasts-specific genes (Dspp and Dmp]) is coupled with the
production of cyan and red fluorescent proteins. Using this new strain, a different dentin
structure in the crown and root of the tooth has been described. Further experiments have

uncovered the molecular basis standing behind the formation of these differences and different



elemental composition in these two studied dentin types was revealed. These findings have

uncovered an essential inductive role of different types of dental epithelium on the

microstructure of the adjacent root or crown dentin. The second part of this research also

included the study revealing the important role of enamel knots during the morphogenesis of

reptile teeth.

Taken together, this work brings new insights into the field of dental biology from the

perspective of studying different organisms and teeth types and thus provides a broader context,

allowing for better understanding of several previously separately observed phenomena.
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