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ABSTRACT (1000 characters, including spaces):

In recent years increasing human activities are threatening the biodiversity of the Mediterranean Sea, making
it one of the most impacted seas in the world. The spread of invasive species, from the Red Sea into the
Mediterranean, (Lessepsian alien species) is one important driver of biodiversity loss, as invasive species are
negatively interfering with native species. In this project we want to study the impact of adaptive and
deleterious genetic variation of successful Lessepsian species in the invasion of the Mediterranean Sea: test
whether they share genomic characteristics that predispose a population to easily spread in a new
environment and understand the consequences of the invasive processes on the genetic variability of these
species. We expect to detect signatures of both neutral and selective processes in the invasive population
and, in general, the dynamics and consequences of the invasive event.

Part 1. Scientific case of the PhD Research (2 to 3 pages, including figures)
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- BACKGROUND

The Mediterranean Sea 1s considered as a highly heterogeneous environment with great variety in climatic
and hydrological conditions, to such an extent that it 1s defined as a miniature ocean [1]. The high diversity
in habitats and the isolation of this sea are reflected in high levels of biodiversity and in the presence of
numerous endemic species [2]. In recent years numerous factors are threatening the biodiversity of this
environment, making the Mediterranean one of the most impacted seas in the world [2]. The invasion by
exotic species i1s one crucial point, as the list of species invading the Mediterranean environment is
continuously growing. After the opening of the Suez canal, many species, called Lessepsian invaders, are
entering the mediterranean, and some of them are successfully spreading all over the basin. The spread of
these species is a serious threat for biodiversity [3]. This invasion seems also to be favoured by the impact of
global warming on the Mediterranean [2].

Thanks to the increasing availability of sophisticated genomic approaches, the study of marine invaders has
recently focused on understanding the genomic basis of successful invaders [3, 4, 5, 6]. The role of
pre-adaptations and post-invasion selection in the invasive success of some species has been considered as a
fundamental aspect to investigate, but the studies considering these factors, although increasing, are still
limited [4]. Recent studies on Lessepsian invaders found evidence of directional selection acting on the
Mediterranean population [5. 6].

However, genomic studies on Lessepsian species have not thoroughly investigated the role and impact of
adaptive and deleterious variability in the colonisation of the Mediterranean Sea [4]. Nonetheless, the
investigation of such variability has been considered as crucial to fully understand the factors underlying the
success of invasive species in the new environment and to allow the design of predictive models [3].

SCIENTIFIC AIMS

Using Lessepsian fish species as a model, our aims are to categorise genetic variability based on its function:
adaptive, deleterious and neutral, and to investigate the trajectories of these different types of genetic
variability in the colonisation of new habitats, 1n order to answer the following questions:

- Are there ongoing selective processes acting in the invasive range?

- Are some of the genetic variants under selection in the new environment present in the source
population as possible preadaptation?

- How did the invasion of the Mediterranean by Lessepsian species occur? And what are the dynamics

of expansion in the invasive range?

- WORKPLAN AND RESEARCH ACTIVITIES
WP 1. Sampling activity

The main objective for the first year of the PhD project was to obtain samples of the Lessepsian invasive
species chosen for the project.

The chosen sampling locations were: Red Sea, Cyprus and Greece (Figure 1); while the invasive species on
which the sampling activities were focused were: Siganus luridus, S. rivulatus, Pterois miles, Lagocephalus
sceleratus, Fistularia commersonii (Figure 1).
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Figure 1. Sampling locations and chosen species for the sampling.

The sampling design was structured to obtain 10 individuals from which to extract DNA (from muscle) and
5 individuals from which to extract RNA samples (from muscle, gonad, liver, brain, and kidney) for each
species, from each sampling locality.

Regarding the Red Sea, we sought reliable contacts to obtain the necessary samples; while for the
Mediterranean Sea the sampling was carried out by myself, Emanuela Fanelli (supervisor), Ernesto Azzurro
and Emiliano Trucchi (supervisor). Samplings were carried out through the cooperation of local fishermen or
by spearfishing.

We were able to obtain almost all of the samples we set out to get, from Cyprus, Crete and Kefalonia. Some
species were more difficult to find, especially at the borders of the invasive range. At the end of the
sampling, as was already planned, we decided to narrow the focus of our project to 3 species: Siganus
luridus, S. rivulatus, and Pterois miles, as they were found at each sampling site in sufficient quantity for the
planned analyses.

WP 2. Research of available data and analysis methodologies.

In addition to collecting samples, the objective of the first year was to search for genomic and transcriptomic
data available in various online databases and identify the most suitable and up-to-date methodologies to
perform our analyses.
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The search for genomic data was done through the use of various online tools, such as VGP (Vertebrate
Genome Project), NCBI (National Center for Biotechnology Information), ENA (European Nucleotide
Archive) databases; but also through Google Scholar search. The search has revealed the limited availability
of genomic and transcriptomic data regarding these species; however, on the other hand, for P. miles [7] and
L. sceleratus |8] reference genomes are available online (P. miles in preparation). The rest of the necessary
data will be produced by us during the project.

Regarding the methodologies for analysing data, some software has been identified. These software are
advanced and widely used by the scientific community.

- The Cactus software [9] has been identified as an ideal tool for detecting mutations under selection
by constructing multi-alignments among numerous species.

- GONE software [10] will likely be used to reconstruct recent demographic histories of these species

- XP-EHH software [11] will be used to go and detect selective signals along the genome of sampled
individuals.

- EdgeR pipeline [12] will be used to detect highly expressed genes and to highlight different patterns
of expression between genes.
- SLiM [13] simulative software will be used to validate expectations and test hypotheses.

Data preparation for the analyses will be produced through the use of standard-use software such as
VCFtools [14], GATK [15] or Freebayes [16].
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Part 2. PhD student information on the overall vear activity (courses/seminars/schools, mobility
periods, participation to conferences)

List of attended courses/seminars/schools

1. 12/04/22 - UNIVPM - A Shot of Science: “Marine Benthic microalgae as indicators for
environmental quality”™

Online - SLiM Workshop - SLiM, an evolutionary simulation framework

Online - Linux Shell Scripting: A Project-Based Approach to Learning

Online - Python A-Z ™: Python per Data Science
Online - SLiM Workshop - SLiM, an evolutionary simulation framework

(el

List of periods spent abroad

1. 5-18 June 2022, Cesky Krumlov, Czech Republic: participation at the: “2022 WORKSHOP ON
POPULATION AND SPECIATION GENOMICS, CESKY KRUMLOV™

2. 24 June - 8 July 2022, Larnaca - Cyprus: sampling activity in order to get samples of the invasive
species that we are going to study

3. 1-11 October 2022, Cephalonia - Greece: sampling activity in order to get samples of the invasive
species that we are going to study

List of conferences/workshops attended and of contributions eventually presented

I. 5-18 June 2022, Cesky Krumlov, Czech Republic: participation at the: “2022 WORKSHOP ON
POPULATION AND SPECIATION GENOMICS, CESKY KRUMLOV”

2. 4-7 September 2022, Ancona, Italy: participation and presentation a poster at the: “9TH SIBE
CONGRESS”™

3. 21 September 2022, Online: participation at the conference: “The role of genomics for biodiversity
conservation in a changing climate™

Part 3. PhD student information on publications

List of publications on international journals

In preparation - Study of the the relationship between mito-nuclear discordance and sex biased
dispersal in natural populations, using a forward simulation method (SLiM).

List of publications on conference proceedings
none
List of other publications (books, book chapters, patents)

nonc
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