
Summary

The topic of eye evolution was touched as early as at the very beginning of the

evolutionary theory itself. In his book 'On the Orign of Species' Charles Darwin expresses

concems for the explanation of the occlurence of complex eyes by natural selection. Even the

simplest 'proto-eye' composed of a single photoreceptor cell and a shading pigment requires
proper frrnctioning of dozens of genes involved in the phototansduction cascade, signal

transmission and pigmentation. Photoreceptor cells can be classified according to their

morphology as ciliary or rhabdomeric. Primary observations revealed the rhabdomeric
photoreceptors being predominantly present in the eyes of invertebrates, whereas the

vertebrate and cnidarians eyes employ the ciliary type. Key components of the photoreceptor

cells are visual pigments (opsins) and associated Ga subunits responsible for absorption of
photon and the first step of a photoffansduction cascade. To properly orchesftate the assembly

of these structural genes mediating biochemical processes into a functional organ, a tight
regulation by a dedicated set of tanscription factors is required. One of the most remarkable

and best studied examples of genes with an evolutionary conserved role in eye organogenesis

is a paired-homeobox gene Pax6. However, available literature points to other transcription

factors participating in photoreceptor development across animal phyla, for example a

homeobox gene Obr which is a conserved tanscription factor characteristic for both types of
photoreceptor cells and other genes, Rx and Prox have been suggested to be evolutionarily

conserved mmkers of ciliary and rhabdomeric photoreceptors, respectively.

The cephalochordate amphioxus is a primitive chordate and its overall morphology

and slowly evolving underived genome are supposed to be very similar to the features of
putative chordate ancestor. For this reason, amphioxus represents a crucial model organism

for understanding ancestral chordate condition and the origin of vertebrates. Amphioxus
possesses four putative photoreceptive organs of both ciliary and rhabdomeric type. Two of

these four photoreceptive structures are associated with shielding pigment and could be

therefore considered as primitive eyes. The identification, cloning and e4pression of eye-

related genes in the cephalochordate amphioxus form the main body of the experimental part

ofthis thesis.



In the recently published genome of amphioxus B. floridae, all opsin and Ga subunit

genes have been identified. The expression of all putative opsin genes was studied by RT-

PCR in embryos and different body part of an adult anirnal. Homeodomain transcription

factors Obq Rx and Prox have been cloned and their expression patterns during embryonic

development have been adressed by RNA rn situ hybidization. Next, a set of rabbit

polyclonal antibodies has been prepared against these transcription factors.

Immunohistochemical staining with the antibodies confirmed the results obtained by in situ

hybridization and revealed the co-expression of AmphiProx with rhab'domeric opsin in both

rhabdomeric cell-based organs of amphioxus. This result led to the cloning of Prox gene from

an annelid Platynereis dumerilii and the co-expression of Pdu-Prox with rhabdomeric opsins

has been shown in both larval and adult eyes in this species. Later immunohistochemical

staining with antibody prepared in this work confirrned, in situ results. Together with data

coming from Drosophila and chicken, Prox as an evolutionarily conserved rhabdomeric

photoreceptor cell-specific marker.

Transcription factors AmphiOb<, AmphiRx and AmphiProx were further

biochemically charact erized and their transactivation properties adressed by luciferase

reporter assays. Besides their natural promoters described in the literature, a set of artificial

reporter construct has been developed and validated. The information gathered through these

tests were used for designing a systhem for screening of DNA-binding motifs in long DNA

fragments derived from BAC clones.

This work confirmed the evolutionarily conserved role of OfiL Rx and Prox genes in

specification and differentiation of photoreceptors in amphioxus. In addition, the molecular

data gathered in this work together with available literature data led to the proposal of a model

for evolution of transcriptional regulation of opsin genes. The data and tools generated in this

work and will be not only relevant for the proposed model, but also in a more general sense

for illuminating the gene regulatory networks underlying the development of amphioxus

photoreceptive sfuctures and therefore may provide a substantial insight into the origins of

the vertebrate eye.


