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Description of the thesis subject and methods envisaged: 

In the majority of sexual organisms, male gametes are flagellated. However, there are some rare taxa 
distributed in the tree of life in which male gametes do not have flagella (see for review Morrow, 2004, 
Biol.Rev.). In these groups, it is important to understand how gametes encounter is maximized since 
the sperm does not have the capacity to move actively or to change direction to fertilize the female 
gametes nearby. This major issue in evolutionary biology paradoxically has been relatively overlooked 
except in rare cases such as fungi (Bultman et al., 1998, Mycol Res.) or red algae (Searles, 1980, Am 
Nat., Engel al., 1999, Proc Roy Soc Lond.B). Red algae have a haploid-diploid cycle where sex is 
genetically determined and expressed in the haploid form (unisexual gametophytes / dioecious), 
fertilization occurring on the female is followed by a phase of zygote vegetative multiplication (the 
cystocarp). The aim of this thesis project is to address this fundamental question of the gamete 
encounter by using the new molecular tools available today in these organisms, in order to study the 
evolutionary strategies that have been implemented to maximize the probabilities of fertilization. In 
particular, this project proposes to test the relative importance of the different mechanisms potentially 
involved in fertilization: (1) increasing the abundance of male gametes (synchronization of release, 
density); (2) biotic pollinator-type interactions; (3) polymorphism in the expression of the sexual 
phenotype that generates bisexual variants resulting in a physical proximity between spermaties and 
female gametes. 
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This PhD project involves sampling campaigns and Laboratory stays in Chile and France. The selected 
species: Gracilaria gracilis and G. chilensis, distributed in different geographic areas (North East 
Atlantic and South East Pacific), will allow to test the generality of evolutionary processes by comparing 
phylogenetically and ecologically similar species but differing by their natural histories. To study these 
mechanisms, we propose to combine experimental approaches, survey in the field, genetic analyses, 
molecular ecology and transcriptomics in both species. In the field, the relationship between 
population density, reproductive success and frequency of bisexual variants will be explored. The 
genotyping of cystocarps will be planned to estimate male reproductive success by paternity analyses. 
Finally, the analysis of the differential expression of genes related to the production of reproductive 
structures will be studied for bisexual variants. 

Publication Strategy: 

At least three manuscripts should be written to be submitted in the best journals of ecology and 
evolutionary genetics. The first on experimental aspects concerning longevity, density of male gametes 
and role of "pollinators" in reproductive success; the second on the analysis of reproductive success in 
natural populations via paternity analyses and the third on the description of variants of the 
reproductive cycle and their impact on reproductive success. 

Possible reorientation of the subject if failures: 

This is a subject that involves several complementary approaches conducted in parallel. It is therefore 
quite possible in case of failure to redirect the focus of the PhD on one of the other approaches 
according to the choice of the student. 

Feasibility over 3 years (schedule): 

The first year will be done in Roscoff (France). The first step will be the sampling of G. gracilis 
populations, to (1) map individuals in 4 natural populations for paternity analysis, (2) select and culture 
the individuals that will be used for the experimental approach and (3) identify the frequencies of 
variants of the reproductive cycle. Genotyping will be completed in less than three months. The 
experimental approach developed in Roscoff during this first year will thus be applied in Chile. The 
second year will be in Valdivia (Chile) to sample populations of G chilensis and to carry out the same 
approaches as in Roscoff. The third year will be dedicated to the study of variants of the reproductive 
cycle identified during sampling campaigns. The tools and methods considered during this thesis have 
already been used in at least one of the partner laboratories. A genome sequencing project (including 
transcriptomic approaches) of several species of Gracilariales and in particular G. chilensis is underway 
in Roscoff. The sampling campaigns as well as the laboratory experiments will be financed within the 
framework of the UMI with support for genotyping and sequencing of the Fondecyt projects 
(Gracilaria, ML Guillemin) and PIA IDEALG (resp WP2, M Valero). 
 
The ideal candidate should have a Master with a background in evolutionary genetics and ecology. 
Knowledge in the field of plant breeding will be appreciated. Good Knowledge of spoken and written 
English is essential. In addition, knowledge of Spanish is recommended. 
100% funding for three years PhD is obtained (CNRS doctoral salary) 
Dead line for application: 15th of July 2019 (mail to valero@sb-roscoff.fr and to 
marielaure.guillemin@gmail.com 
 

Availability of the required equipment: 

Culture rooms or thermostatically controlled cabinets, Molecular biology laboratory for genotyping, 
Supporting technical staff available on both sites. Travel and stays of the doctoral student between the 
2 sites (Roscoff and Valdivia) will be covered by the UMI. 
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