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Time table: Convergence Symposium (Hegne 1.-5. June 2022)
June 1st (Wednesday): Arrival of participants –

14– 17:00: Registration desk in Hotel Lobby open
17:00 Travel to “flower” Island Mainau for Dinner by bus from front of hotel
18:30 Dinner on Mainau Island (fixed cost €18/person excl. drinks, pay your own dinner and drinks)
*= Jr. Scientist, eligible for the best presentation award

June 2nd (Thursday):
Breakfast in hotel
8:50
9:00
9:40

Welcome to the conference
Katie Peichel: Replaying the tape of life: how predictable is evolution?
Chris Amemiya (Zoom): Convergence, divergence and cooption in two biological systems:
the chitin system and the adaptive immune system
10:00 Joost Woltering: Out on a fin – the evolution and development of appendage diversity in
teleost fishes
10:20 *Ariadna Morales: Genomes of coronavirus reservoir bats provide insights into potential
convergent immunity changes and viral tolerance
10:40 Coffee break
11:10 Hans Hofmann: The Evolution of Social Decision-Making: Convergence or variations on an
Ancient Theme?
11:40 Julian Torres-Dowdall: Convergence and predictability in the visual system of cichlid fishes
12:00

Lunch break

13:00 Axel Meyer: Genomics of parallel adaptations in cichlid fishes
13:20 *Rebekka Höch: Adipose spine evolution in Ancistrus sp. by partial co-option of a fin gene
regulatory network
13:40 *Emily Lau: Convergent evolution of bioluminescent substrate storage in fireflies and
ostracods
14:00 Rebecca Young: Parallel evolution of mutualistic cleaning behavior: evidence from the neural
transcriptome
14:20 Coffee break
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14:50 Martha Barluenga: Host-parasite interactions in crater lake cichlids
15:10 Walter Salzburger: Divergence and convergence in cichlid fishes
15:30 Ehab Abouheif (Zoom): The conundrum of convergence in the evolution of endosymbiosis in
ants
15:50 Jonathan Losos (Zoom): Contingency, determinism and phenotypic convergence
16:40 Michel Milinkovitch: On Skin Colour & Reptilian Scales: When Charles Darwin
-17:20 Meets John von Neumann & Alan Turing
18:00 BBQ @ Axel & Gabi in Hegne (Schlossbergstr. 14, walk 5min uphill from hotel)

June 3rd (Friday):
Breakfast in hotel
9:00
9:40

Wen-Hsiung Li: Highly repeated evolution of C4 photosynthesis in higher plants
*Hans Recknagel: The ecology and genetics of egg-laying and live-bearing in reproductively
bimodal lizards
10:00 *Rebecca Varney: Mutually exclusive constraints dictate path dependence during
rapid convergent evolution of chiton eyes
10:20 *Christoph Hahn: Genomics signatures of parallel shifts in life history traits and adaptations
in obligate parasitic flatworms
10:40

Coffee break

11:00 Lutz Becks: Repeated evolution of cell groups under predation
11:20 *Joseph Kelly: Multiple keys to one lock: the role of molecular exaptation in novel
intracellular endosymbiosis
11:40 Yves Van de Peer: Life with more than one genome
12:20 Lunch break
13:20 *Paul Masonick (Zoom): Phylogenomic analyses shoe repeated evolution of hypertrophied
lips among Lake Malawi cichlid fishes
13:40 Rafael Zardoya: Venom convergent evolution in piscivorous cone snails
14:00 Scott Edwards (Zoom): Wings, feathers, flight: using comparative pangenomes to link
genotype and phenotype in birds
14:40

Coffee break

15:00 Darrin Hulsey (Zoom): Genomics and Convergent Evolution of Premaxilla Morphology During
Cichlid Trophic Adaptation
15:20 Rosie Gillespie (Zoom): Adaptive radiation on oceanic islands: Isolation and
connection, repeatability and serendipity
16:00 Kathryn Elmer (Zoom): Genomics of ecological divergence in a salmonid fish after
-16:20 environmental recovery
17:00 Bus from hotel to Meersburg
19:00 Dinner - @ Gutschänke Meersburg (pay your own meal)
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Zoom link for external talks: https://uni-konstanz-de.zoom.us/j/91448390042
June 4th (Saturday):
Breakfast in hotel
9:00

Joanna Kelley: Convergent Evolution to Extreme Enviroments and the Predictability of
Evolution
9:40 Ryan Greenway: Ecology and Demography shape adaptation to a biotic Interaction
in Greenlandic stickleback populations
10:00 David Reznick: Rapid convergent genomic evolution in experimental populations of Trinidad
In guppies
10:20 *Sebastien Wielgoss: Selective diversification in cooperative kin groups of myxobacteria
10:40 Coffee break
11:00 Oleg Simakov: Non-algebraic chromosomal transitions and the emergence of novel regulatory
regions in cephalopods and elsewhere
11:20 *Ming Li: The role of structural variations in parallel sympatric speciation of Midas cichlids
11:40 Christian Sturmbauer: The transcriptional architecture of jaw adaptation: lessons learned
from eco-morphologically equivalent species from the three Great East African Lakes
12:00

Lunch break

13:00 Paolo Franchini: The genomic landscape of sympatric parallel evolution in cichlid fishes
13:20 *Xiaomeng Tian: Characterization of the genetic basis of mouth asymmetry in the scale-eating
cichlid fish Perissodus microlepis
13:40 *Jing Li: The sex chromosome evolution of Anablepidae
14:00

Coffee break

14:20 Frederico Henning: The proximate and environmental causes of convergence in Cichlid fishes:
lessons from genetic data on sex determination and hypertrophied lips
14:40 Shigehiro Kuraku: What do shark genomes tell us about vertebrate evolution?
15:10 Manfred Schartl: Convergence of sex determination
15:40 Prize ceremony for best ECR presentations
15:50 Thank you and farewell
16:15 Walk from Hegne to Allensbach Schifffahrt Baumann (walk 30-40min) or take train or bus
17:00 Dinner on boat to Stein am Rhein (€50/person)
~21:00 Return to Allensbach – walk or take train back to Hegne and hotel St. Elisabeth

June 5th:

Departure after breakfast in hotel
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Travel maps, social program, dinners:
Walk from Hegne train station to the hotel St. Elisabeth. Local trains take 11 minutes from the
Konstanz main train station and leave at 0:23 and 0:53 min after the hour to the Hegne train
station. Unfortunately, there is a big construction site near the tracks in Hegne station that you’ll
have to walk around. Go through the tunnel under the big street and up the hill. This Google map
shows the tunnel and the path not in the correct way. Follow the yellow path/tunnel under the street.
Alternatively: take a taxi from the Konstanz main train station to the hotel in Hegne (cost ~20-25€).

June 2nd BBQ at Schloßbergstr. 14 in Hegne. Walk 5min up the hill from the hotel.
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On June 3rd. We have arranged for a bus to bring us from the front of the hotel to a nice restaurant
(Gutschenke) in beautiful Meersburg on the north side of the lake overlooking Lake Constance. At the
restaurant you can pay for your food and drink.

June 4th: Boat trip (~4 hours) from Allensbach across Lake Constance and down the Rhine River to
Stein am Rhein in Switzerland (we’ll have dinner on the boat). We can either walk from the hotel
(about 30min) or we’ll also arrange for bus service from the hotel to the boat. The cost for the boat
including dinner is €50.
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The conundrum of convergence in the evolution of endosymbiosis in ants
Ehab Abouheif
McGill University, Montreal, Canada

Obligate endosymbiosis, in which distantly related species integrate to form a single replicating
individual, represents a major evolutionary transition in individuality. Although such transitions
are thought to increase biological complexity, the evolutionary and developmental steps leading
to integration remain poorly understood. I will discuss how the obligate endosymbiosis between
the bacteria Blochmannia and the hyperdiverse ant tribe Camponotini originated and also
elaborated through radical alterations in embryonic development, as compared to other insects.
Furthermore, obligate endosymbiosis evolved independently in tribes closely related to the
Camponotini. The complexity, both in terms of the evolutionary and developmental pathways,
underlying these independent evolutions of obligate endosymbiosis represent a conundrum for
convergent evolution.

Convergence, divergence and cooption in two biological systems: the chitin
system and the adaptive immune system
Chris T. Amemiya
University of California, Merced, USA

I will describe our work in two biological systems where there has been substantial convergence

as well as divergence and cooption. Chitin is the second most abundant polysaccharide on earth
(next to cellulose) and is found extensively in invertebrates and fungi, but not thought to exist in
the vertebrates. We have found genes that encode chitin synthases in the aquatic vertebrates
(fishes and amphibians) and have shown that these chitin synthases are involved in the synthesis
of chitin. We find that the chitin in the vertebrates is deployed in a different manner than the
chitin in invertebrates (where it contributes to hard, horny structures like arthopod exoskeletons).
We posit that there may be an altogether different form of chitin that can adopt a colloidal nature
and exist in gel-like structures. Evolutionary implications of this “soft” chitin will be discussed. I
will also discuss our findings of a convergent adaptive immune system in the jawless vertebrates.
This system does not utilize the immunoglobulin-based system found in the jawed vertebrates,
but rather utilizes receptors based on leucine rich repeat modules, the variable lymphocyte
receptors (VLRs). There are clear parallels between the two systems despite the vastly different
toolkits employed. I will discuss how the VLRs are also used in early embryonic development and
are also useful vehicles for synthetic biology and the generation of monoclonal antibodies.

Host-parasite interactions in crater lake cichlids
Marta Barluenga
Museo Nacional de Ciencias Naturales CSIC, Madrid, Spain

Animals and plants are no longer viewed as autonomous entities, but rather as holobionts,
composed of the host plus macro and microorganisms coexisting with them. Coexistence and
adaptation to this biotic environment has consequences in many fundamental aspects of host’s
form, function, and fitness, including behavior, sociality and the origin of species. Host-parasite
co-evolution is one of the most important generators of biological diversity. We studied the
recent adaptive radiations of the Neotropical Midas cichlid in the Nicaraguan crater lakes, and
their associated parasite communities to investigate how changes in parasite communities induce
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changes in the fish physiology and immune system. We discuss how these changes might start,
maintain or enhance populations and species differentiation.

Repeated evolution of cell groups under predation
Lutz Becks
University of Konstanz, Konstanz, Germany

One major transition in the organization of life is the one from unicellular to multicellular life
where cells are differentiated and arranged into functioning tissue ("soma and germ") within an
integrated organism. This transition is one of the most important as well as one of the least
understood transitions in the organization of life, particularly at the ecological and genomic level.
The formation of aggregated cell groups is the first major steps involved in this transition. One
important condition that could facilitate the shift from undifferentiated cells within a group to
differentiated soma and germ cells is an increasing cost associated with increasing cell group size.
We used experimental evolution with the single celled green algae Chlamydomonas reinhardtii
and compared the evolution of cell groups in the presence and absence of selection by predators.
We found that predation selects for cell groups and that survival and reproduction evolve with a
concave trade-off curve, where individuals either optimize survival or reproduction. Evidence
from phenotypic assays and from the comparison of transcriptome data in different
environmental conditions suggests that the changes in survival and reproduction are heritable.
We further compared genomic changes between isolates of cell groups and single cells to identify
mutations that potentially underlie the phenotypic changes. Surprisingly, identical mutations
evolved in all cell group isolates and could be functionally linked to survival. This fairly high degree
of repeatability and the small number of generations suggest some degree of determinism for the
phenotypic and genomic response in C. reinhardtii to predation pressure

Wings, feathers, flight: using comparative pangenomes to link genotype
and phenotype in birds
Scott Edwards
University of Harvard, Cambridge, USA

Connecting genotype and phenotype is of ongoing interest in evolutionary biology. Comparative
genomics is now allowing us to map genes for traits using phylogenetic approaches (PhyloG2P;
Smith et al. 2020 TREE). By taking advantages of phenotypically unique lineages or convergent
evolution, PhyloG2P can provide surprisingly precise identification of coding and noncoding loci
underlying evolutionarily labile traits. I illustrate this approach with two examples, the first of
which focuses on whether the molecular underpinnings of the origin of feathers consist primarily
of protein sequence evolution or gene regulation. The second example applies multiple ‘omics
approaches to study the convergent loss of flight in paleognathous birds, which include the
ostrich, emu, kiwis and relatives. In both cases, regulatory evolution seems to have played an
important role in the gain and loss of fundamental avian traits. The use of long-read sequence
data to capture the pangenome across lineages will improve our ability to connect structural
variants, noncoding DNA, and adaptive phenotypic evolution. Overall, our results suggest a strong
role for non-coding regulatory evolution in the origin of key adaptations of birds.

7

Genomics of ecological divergence in a salmonid fish after environmental
recovery
Kathryn Elmer
University of Glasgow. Glasgow, United Kingdom

Environmental degradation caused by human activities can result in dramatic losses of species
diversity. However, comparatively little is known about the ability of biodiversity to re-emerge
following ecosystem recovery. We studied a European whitefish subspecies, the gangfisch
Coregonus lavaretus macrophthalmus, in Lake Constance to examine its change in ecologically
relevant diversity following the restoration of the lake’s water quality after anthropogenic
eutrophication. We showed a rapid increase in genomic, ecological and functional diversity in
fewer than ten generations. Molecular signals suggested this was driven by response to selection
and involved recruiting ancestral shared genetic variation. Our findings demonstrate the potential
of functional diversity to recover and even expand following habitat restoration, given the right
combination of genetic architecture, genetic diversity and strength of selection.

The genomic landscape of sympatric parallel evolution in cichlid fishes
Paolo Franchini
Sapienza University of Rome, Rome, Italy

Cichlid fishes provide textbook examples of explosive phenotypic diversification and sympatric
speciation, making them an ideal system for studying the mechanisms underlying rapid lineage
divergence. Among other adaptive traits, the pharyngeal jaws of cichlids are thought to have
promoted the exceptional ecological diversity and species richness in this group of fishes. For
instance, the Midas cichlid species complex (Amphilophus cf. citrinellus) of Nicaragua have
diverged substantially, but also in parallel, in their pharyngeal jaw morphology across two young,
small and deep crater lakes (Apoyo and Xiloá). Here we used morphometric, genomic and
transcriptomic data (both miRNA and mRNA) – analyzed using several approaches including
genetic mapping – in order to dissect the genetic basis of parallel pharyngeal jaw divergence in
cichlid species pairs from crater lakes Apoyo and Xiloá. Overall, we find that these traits are
controlled by many loci of small effect, and we document limited parallelism across lakes in both
the genomic regions associated to trait variation and gene expression. This study lends support to
the idea that rapid speciation and production of similar phenotypes in the two lakes have been
the result of different routes at the genetic level.

Adaptive radiation on oceanic islands: Isolation and connection,
repeatability and serendipity
Rosemary Gillespie

University of California, Berkeley, USA

Adaptive radiation is one of the key drivers of species diversity, yet the mechanism through which
it is achieved, and the outcome of the process, are largely unknown. In many lineages, initial
divergence results from environmental or sexual selection leading to divergence of species
between environments and subsequent secondary contact. In other lineages, initial reproductive
isolation may be achieved without divergent selection; here, ecological niche divergence can
develop through interactions between close relatives during secondary contact. The Hawaiian
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archipelago – in which each island provides a snapshot in time of the evolutionary process – can
offer insights into the processes of adaptive radiation, allowing the early stages of radiation to be
studied in real time. Focusing on spiders, I identify lineages in which the abiotic environment
appears to play the dominant role in adaptive diversification, with taxa adapted to divergent
environments within islands, and convergent evolution to similar sets of taxa between islands. In
contrast, divergence in other lineages appears to be the result of character displacement
associated with direct interaction between close relatives, leading to sets of niche-specialized
ecomorphs that show convergence between islands. I will discuss the potential role of
hybridization, and lack thereof, in facilitating convergence to similar sets of divergent species on
different islands.

Ecology and Demography shape adaptation to a biotic
Interaction in Greenlandic stickleback populations
Ryan Greenway
University of Konstanz, Konstanz, Germany

Disentangling the effect of a particular biotic interaction on adaptation remains difficult in wild
populations due to the complex nature of interspecific interactions in natural food webs. Cases
where independent populations of one species have repeatedly evolved to live in the presence or
absence of another species provide the opportunity to study how natural selection stemming
from this biotic interaction shapes the ecology and evolution of the focal species. Using 17
freshwater lakes in southern Greenland, we investigated how threespine stickleback
(Gasterosteus aculeatus) have adapted to the presence or absence of arctic charr (Salvelinus
alpinus). We found that stickleback abundance was strongly influenced by the presence of charr,
with higher stickleback abundance in lakes without charr, while anti-predator morphology (body
shape and armor traits) was sometimes influenced by the presence of charr. Furthermore, we
identified regions of the genome affected by this biotic interaction using whole genome
resequencing data from each population and adjacent marine populations. While some regions of
the genome reflect a consistent response to charr presence, genomic divergence among lakes
appears to be strongly influenced by demographic processes and other ecological factors.
Investigating variation at loci known to be involved in freshwater adaptation in stickleback
provided support for demographic processes constraining the efficacy of natural selection in these
populations. Our study adds to the growing body of work highlighting the importance of subtle
ecological variation and access to standing genetic variation on the outcome of adaptation to
strong, shared sources of natural selection among lineages.

Genomics signatures of parallel shifts in life history traits and adaptations
in obligate parasitic flatworms
Christoph Hahn
University of Graz, Graz, Austria

With an estimated 40.000-100.000 species across three main groups - Cestoda (tapeworms),
Monogenea, and Trematoda (flukes), many of biomedical, veterinary and economic importance the Neodermata (Platyhelminthes) constitute one of the largest radiations of metazoan parasites
of vertebrates, and represent perhaps the evolutionarily single most successful transition to a
parasitic lifestyle in the animal kingdom. However, the interrelationships both within and among
the aforementioned major lineages remain controversial, hampering formal testing hypotheses of
convergent evolution of a rich array of specific life history-, biological and phenotypic traits and
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adaptations displayed in the group. We present initial results of an ongoing project which, based
on an extensive dataset combining previously published with newly assembled and annotated
genomes, aims to resolve the relationships of the Neodermata with a particular focus on the most
understudied group within, the Monogenea, and further, identify genomic features associated
with putatively parallel shifts in the mode of parasitism (endo- vs. ectoparasitism; direct vs.
complex life cycles), diet (epithelial- vs. blood feeding), and host preference, as well as
adaptations to abiotic- (salinity, pH) and biotic aspects of the habitat (microhabitat skin, gills,
intestines, body cavity). At the microevolutionary scale, we showcase the genus Gyrodactylus with
its stunning hyperdiversity (~20.000 species) and present first insights into the genomic landscape
of parallel host specialisation in the group.

The proximate and environmental causes of convergence in Cichlid fishes:
lessons from genetic data on sex determination and hypertrophied lips
Frederico Henning
Federal University of Rio de Janeiro, Rio de Janeiro, Brazil

Why do some lineages of organisms diversify and converge more than others? Is it in their
genomes, in the environment, or perhaps an interaction of both? The key role that environmental
pressures play is evident from the numerous instances of convergent morphological and
metabolic adaptations to universal physical pressures (e.g. thermodynamics, aerodynamics,
drought, etc.). However, the ability of natural selection to repeatedly find the same optimal
solutions does not explain the widely different rates of diversification between lineages. Since the
first examples of deep homology, it is clear that ancestral genes can serve as pre-adaptations,
suggesting that lineage-specific proximate mechanisms mediate evolutionary responses following Mayr’s definition of "all aspects of the decoding of the information contained in the
DNA program of the fertilized zygote”. However, the exact molecular nature of the factors that
direct or constrain evolutionary trajectories is unknown and is speculated to include
developmental-genomic (e.g. regulatory pathways, coadapted genes), as well as organismic preadaptations (e.g. morphological and behavioral). Testing these hypotheses requires knowing the
causal genetic bases of convergent traits, which despite the rapid advances is still restricted to
few systems. Here, I analyze the current genetic data in two model traits that have repeatedly
evolved in Cichlid fishes: sex determination and hypertrophic lips. Sex determination is a wellsuited trait to test for molecular parallelism empirically since it is genetically tractable and the
genes that trigger the process of differentiation have evolved repeatedly multiple times. We
recently pinpointed a causal mechanism for the origin of sex determination in Midas cichlids – the
interchromosomal insertional translocation of TGF-B genes – that seems to be the most conducive
path to the evolution of novel sex determiners in fish. The second model trait, hypertrophied lips,
is an adaptation to foraging for invertebrates in rocky crevices that evolved repeatedly in all the
cichlid adaptive radiations. Curiously, despite this niche being available to any aquatic predator,
only cichlids seem to arrive at this solution. Lip and head morphology are genetically more
complex and causal variants are still to be identified. Nevertheless, forward genetics have been
conducted in Mesoamerican and African lineages and are underway in a South American lineage,
indicating dissimilar genetic architectures and that both lineage-specific features and very
particular aspects of the environment interact to give rise to this adaptation.

Adipose spine evolution in Ancistrus sp. by partial co-option of a fin gene
regulatory network
Rebekka Höch
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University of Konstanz, Konstanz, Germany

Spiny fin domains are a key innovation in Acanthomorpha, the spiny-rayed fishes, and a major
factor why these species are predominant. This novelty is established through a BMP-gremlin-shh
signaling gene network which leads to anterior development of spines and posterior development
of soft rays in dorsal and anal fins. Catfish species possess spine-like rays in all their five fins.
Additionally, Catfishes evolved a sixth fin, the adipose fin, that is located between the dorsal and
caudal fin. The composition shows great differences, considering the skeletal elements. Ancistrus
sp. bear an adipose fin formed by a single spine. This study identifies the genectic signature,
leading to adipose spine development, to be gremlin-shh-independent. Interference with these
genetic signals induces a homeotic transformation from an adipose spine to adipose soft rays. We
conclude that the adipose spine evolved by partial co-option of an ancestral fin gene regulatory
network in Ancistrus sp. Following this conclusion, we hypothesize that other adipose fin
phenotypes show differences in expression of genes embroiled in the ancestral fin gene signaling
network.

The Evolution of Social Decision-Making:
Convergence or Variations on an Ancient Theme?
Hans A. Hofmann
The University of Texas at Austin, Austin, USA

The diversity of social behavior across vertebrates is as striking as is the observation that both
similar social systems and specific behavioral types (e.g., alternative reproductive tactics, coping
styles) have evolved repeatedly in distantly related taxa. While the ecological and evolutionary
causes of such convergence phenotypes have long been studied, much less is known about the
evolution of the neural and molecular substrates underlying vertebrate social behavior. Careful
meta-analyses of decades of research effort by many researchers on a broad range of species,
along with a handful of comparative studies suggest that both the neural circuitry and molecular
pathways that govern context-appropriate social decision-making are evolutionarily ancient.
However, huge gaps in our understanding remain, including determining to which extent
convergently evolved behavioral types rely on the repeated (convergent) recruitment of similar
neural mechanisms vs. specific alterations of a deeply conserved regulatory apparatus (e.g., via
changes in gene expression, gene duplication, and similar processes). Here, I introduce a
conceptual framework to tackle these questions and report on several published and ongoing
studies that use comparative transcriptomics, single-nucleus RNA-seq, and spatial transcriptomics
to provide fundamental insights into the evolution of the neuromolecular mechanisms underlying
social behavior.

Genomics and Convergent Evolution of Premaxilla Morphology During
Cichlid Trophic Adaptation
Darrin Hulsey
University College Dublin, Dublin, Irland

Variation in jaw protrusion has been critical to cichlid fish trophic diversification. The length of the
ascending process of the premaxilla has been shown to influence the maximum distance some
cichlid fishes protrude their oral jaws, but its relationship to the angle of jaw protrusion is unclear.
Using a combination of phylogenetic comparative methods, morphometrics, field measurements
of jaw protrusion, and comparative genomics, I will examine the relationship between the length
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of the premaxillary ascending process and these two components of jaw protrusion. I will also
discuss what we know about the genomic basis of morphological divergence in the premaxillary
ascending process for multiple cichlid lineages.

Convergent Evolution to Extreme Enviroments and the Predictability of
Evolution
Joanna L. Kelley
Washington State University, Washington, USA

Multiple populations of Poecilia fish have adapted to hydrogen sulfide-rich springs from ancestral
freshwater streams, making them an ideal system to study the repeatability of the evolutionary
process. Extreme environments allow us to identify a clear strong selective pressure and make
predictions about evolutionary processes and the evolution of biodiversity. Organisms must both
eliminate hydrogen sulfide (H2S) from their cells and maintain optimal endogenous
concentrations that facilitate proper physiological function. Fish living in sulfidic springs have
evolved convergent phenotypes in this extreme environment. We have identified convergent
evidence of differential expression by comparing transcriptional changes across replicated pairs of
sulfidic and non-sulfidic populations in the absence of convergent changes at the genomic level.
Moreover, we demonstrate evidence for selection acting on genes underlying adaptation to the
extreme environment (up-regulated in sulfidic conditions) including loci that are targets of sulfide
toxicity (including COX1), involved in sulfide detoxification (sulfur dioxygenase and
sulfide:quinone oxidoreductase [SQR]), and hypoxia responses (myoglobin). Our research sheds
light on how novelty arises and genomes evolve and the lack of convergence at the genomic level
despite convergence at every other hierarchical level of organization.

Multiple keys to one lock: the role of molecular exaptation in novel
intracellular endosymbiosis
Joseph Kelly
University of Konstanz, Konstanz, Germany

Intracellular symbiosis between chlorophyte algae and ciliates evolved multiple times
independently in both partners' phylogenies. Pairings in these symbioses is often flexible, such
that a given algal species can establish symbiosis with multiple ciliate species and vice versa.
Which molecular mechanisms are involved in the repeated evolution of symbiosis between these
taxa and what their roles are in symbiosis with novel partners remain open questions in the study
of convergence in the context of host-symbiont coevolution. To address these gaps in knowledge,
we elucidated the molecular underpinnings of these symbioses by coupling comparative
transcriptomics with experimental cross-inoculations of Paramecium bursaria with Chlorella
variabilis, the former’s native symbiont, and Micractinium tetrahymenae, the algal symbiont of
the ciliate Tetrahymena utriculariae. We tested two hypotheses: 1) that similar genetic profiles
are involved in endosymbiosis of M. tetrahymenae and C. variabilis with their respective native
hosts and 2) that this shared suite of genes enables the infection of a novel host. We discovered
that despite evolving in similar host environments, substantial non-overlap in pathways that are
involved in inhabitation of ciliates exists between the two algae. Furthermore, we found that in
addition to the genes involved in symbiosis with the native host T. utriculariae, a significant
number of genes that are not expressed under native symbiotic conditions in M. tetrahymenae
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are recruited for symbiosis with the novel host P. bursaria. Together, these results contribute to
our understanding of how distinctly non-overlapping suites of genes can evolve in closely related
organisms to achieve the same phenotypic endpoint, with the present consequence being the
spontaneous establishment of new intracellular endosymbioses.

What do shark genomes tell us about vertebrate evolution
Shigehiro Kuraku
National Institute of Genetics & RIKEN BDR, Kobe, Japan

The subclass Elasmobranchii (sharks and rays) is one of the long-established evolutionary lineages
of vertebrates particularly understudied at the molecular level. This limitation is attributable to
the long-standing absence of their whole genome sequence information, resulting from the
elusiveness and low fecundity of those animals, as well as the relatively large and repetitive
genomes (reviewed in Kuraku, 2021. Dev. Biol. 477: 262-272). Previously, we reported interim
results of our genome analysis on three shark species (brownbanded bamboo shark, cloudy
catshark, and whale shark), together with tissue-level gene expression profiles and epigenomic
marks of the chromatin regulator CTCF (Hara et al., 2018. Nat. Ecol. Evol. 2: 1761-1771). More
recently, we organized the consortium Squalomix (https://github.com/Squalomix/info) and
employed HiFi long-read genome sequencing and Hi-C scaffolding to obtain chromosome-scale
sequences for several shark and ray genomes using the iconHi-C protocol (Kadota et al., 2018.
GigaScience 9: giz158). The obtained sequences have been validated with original high-fidelity
karyotype data provided by our cell culture protocol (Uno et al., 2020. Commun. Biol. 3:652). Our
resultant data set allowed us to analyze genomic trends of developmental gene repertoires, which
evoke great interest in structural constraints on the genomes that might have been relaxed in the
enlarged genomes. Remarkably, some of the shark and ray genome sequences harbored an array
of Hox C genes which was previously shown to be missing in elasmobranchs. These findings will be
introduced together with insights into the reconstruction of ancestral vertebrate genomes and
understanding of the phenotypic diversity of elasmobranchs.

Convergent evolution of bioluminescent substrate storage in fireflies and
ostracods
Emily Lau
University of California, Santa Barbara, USA

The predictability of convergent evolution is influenced by evolvability, the capacity of raw
materials to evolve. However, genetic predispositions to evolutionary convergence are poorly
understood due to limited information on the genetic bases of convergent traits. Here we show
that convergent bioluminescent systems of fireflies and ostracods use homologous enzymes to
modify substrates for storage. We use gene expression, recombinant protein expression, and in
vitro functional analyses, to identify the genetic basis of substrate storage in ostracods. Our
results reveal that these convergent mechanisms for substrate storage repeatedly evolved by coopting sulfotransferases, a ubiquitous and promiscuous family of enzymes. We propose the high
evolvability of sulfotransferases, in combination with the opportunistic nature of evolution, might
explain why these substrate storage mechanisms evolved convergently.
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The sex chromosome evolution of Anablepidae
Jing Li
University of Konstanz, Konstanz, Germany

Sex chromosomes have evolved numerous times independently in different lineages. For
mammals and birds, their sex chromosomes are highly conserved, but in terms of fish, their sex
chromosomes are extremely diverse, even in closely related species, e.g., in Poeciliidae and
Cichlidae. Despite such a diversity, sex chromosome recruitment in fish is hypothesized not at
random. Here, we examined the sex chromosome evolution of Anablepidae. Through the analysis
of 3 closely related species, which diverged from each other only within 10 million years, we
found their sex chromosome are highly diverse from each other. There exist both XY and ZW
system, and one of the species which is A.dowei, even evolved 2 sex chromosome pairs. Sex
chromosome homology analysis revealed no synteny among these species, suggesting the sex
chromosomes in Anablepidae are recruited randomly and evolved independently. We are going to
extend more species to interpret more general pattern of sex chromosome evolution in
Anablepidae. Overall, the incredibly diverse sex chromosome composition in closely related
species of Anablepidae in short evolutionary time scale, giving us an opportunity to explore the
general pattern of early stage sex chromosome evolution.

The role of structural variations in parallel sympatric speciation of Midas
cichlids
Ming Li
University of Konstanz, Konstanz, Germany

Questions revolving around how new species originate, diversify and adapt to novel environments
are at the core of evolutionary biology. Except for typical allopatric speciation, speciation could
occur in sympatry, a process has only been demonstrated in very few empirical systems. The
Amphilophus citrinellus species complex (known as Midas cichlids) represents one of the few
supported cases of sympatric speciation and is an ideal tractable model for investigating the
molecular genetic basis of rapid parallel speciation. Genomic analyses relying exclusively on SNPs
have been carried out to identify the genetic basis of the major phenotypic axes (body
morphology, coloration, color perception, and trophic structures such as pharyngeal jaws and
hypertrophied lips) of divergence of Midas cichlids. These traits have been suggested to occur
repeatedly in parallel and contribute to population differentiation, adaptation, and parallel
speciation in the Midas cichlid system, but the quest for the causative variations has been elusive
so far. A recent study showed that most likely a novel transposon insertion constitutes the genetic
basis of the gold/dark polymorphism. Although structural variations (SVs) are a substantial source
of population genetic variation and can have direct functional implications, their role in promoting
rapid sympatric speciation still remains largely unexplored due to the technical limitations of SVs
detection in less than perfect reference genomes and short-read re-sequenced genomes. The
pan-genome graph model has been shown to be much superior to linear reference assembly in
representing genome diversity. Meanwhile, the novel PacBio HiFi long-read sequencing technique
gives the chance to construct a pan-genome by delivering population-scale haplotype-resolved
assemblies, and will allow reliable SV detection and genotyping. Our main goal is to construct a
graph-based Midas cichlids pan-genome by generating high-quality de novo genomes of each
Midas cichlid species, and to use it to obtain a high-quality SVs panel to explore the role of SVs in
controlling trait variation and more generally in promoting the speciation process in sympatric
condition.
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Highly repeated evolution of C4 photosynthesis in higher plants
Wen-Hsiung Li
Academia Sinica Taipei, Taiwan
University of Chicago, Chicago, USA

C4 plants have superior photosynthesis efficiency over C3 plants, mainly owing to their unique
Kranz leaf anatomy, in which the vein is surrounded by one layer of bundle sheath (BS) cells and
one layer of mesophyll (M) cells. Because of the Kranz anatomy structure, the number of M cells
between two veins in C4 plants is reduced to two, and the vein density becomes much higher in
C4 leaves than in C3 leaves. The Kranz anatomy facilitates the transport of metabolites between
BS and M cells, increasing the photosynthesis efficiency. Another important difference between
C4 and C3 plants is that C4 plants have evolved the so-called C4 enzymes, which are more efficient
than their C3 forms. Despite the conspicuous structural and physiological differences between C3
and C4 photosynthesis systems, C4 photosynthesis has evolved more than 60 times in higher
plants, representing an example of highly repeated evolution. In the past ten years, my lab has
investigated the steps and the mechanism in the evolution from C3 leaves to C4 leaves and also
the molecular basis for the higher vein density. In particular, we have studied how whole genome
duplication (WGD) facilitates the evolution of C4 photosynthesis, because WGD has been
considered a prerequisite for the evolution of C4 photosynthesis. These studies give insights into
the repeated evolution of C4 photosynthesis. The results of our studies will be presented in my
talk.

Phylogenomic analyses shoe repeated evolution of hypertrophied lips
among Lake Malawi cichlid fishes
Paul Masonick
University of Konstanz, Konstanz, Germany

Cichlid fishes have repeatedly evolved an astounding diversity of trophic morphologies. For
example, hypertrophied lips have evolved multiple times in both African and Neotropical cichlids
and could have even evolved convergently within single species assemblages such as African Lake
Malawi cichlids. However, the extremely high diversification rate in Lake Malawi cichlids and
extensive potential for hybridization has cast doubt on whether even genome-level phylogenetic
reconstructions could delineate if these types of adaptations have evolved once or multiple times.
To examine the evolution of this iconic trait using protein-coding and noncoding single nucleotide
polymorphisms (SNPs), we analyzed the genomes of 86 Lake Malawi cichlid species, including 33
de novo resequenced genomes. Surprisingly, genome-wide protein-coding SNPs exhibited enough
phylogenetic informativeness to reconstruct interspecific and intraspecific relationships of
hypertrophied lip cichlids, although noncoding SNPs provided better support. However, thinning
of noncoding SNPs indicated most discrepancies come from the relatively smaller number of
protein-coding sites and not from fundamental differences in their phylogenetic informativeness.
Both coding and noncoding reconstructions showed that several “sand-dwelling” hypertrophied
lip species, sampled intraspecifically, form a clade interspersed with a few other
nonhypertrophied lip lineages. We also recovered Abactochromis labrosus within the rockdwelling “mbuna” lineage, starkly contrasting with the affinities of other hypertrophied lip taxa
found in the largely sand-dwelling “nonmbuna” component of this radiation. Comparative
analyses coupled with tests for introgression indicate there is no widespread introgression
between the hypertrophied lip lineages and taken together suggest this trophic phenotype has
likely evolved at least twice independently within Lake Malawi.
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Contingency, determinism and phenotypic convergence
Jonathan Losos
Washington University, St. Lous, USA
Stephen Jay Gould proposed a thought experiment in which one replayed “life’s tape.’ You press
the rewind button and, making sure you thoroughly erase everything that actually happened, go
back to any time and place in the past. . . . Then let the tape runagain and see if the repetition looks
at all like the original.” But Gould also noted, “the bad news is that we couldn’t possibly perform the
experiment.” In recent years, scientists have argued that convergent evolution constitutes the
outcome of just the sort of experiment Gould was envisioning, but they have debated greatly just
how frequent or predictable such convergence is. This talk will review the history of research on
phenotypic convergence, suggest how studies on convergence at the molecular evolution fit into
this debate and proposes a set of questions to be considered in such studies.

Genomics of parallel adaptations in cichlid fishes
Axel Meyer
University of Konstanz, Konstanz, Germany

Cichlid fishes are a model of rapid diversification. Yet, the major adaptive radiations from Lakes
Victoria, Malawi and Tanganyika are also characterized by conspicuous parallelism. In each of
these species flocks several types of ecomorphs re-evolved from generalists common ancestors.
Based on comparative genomic and transcriptomic datasets we have investigated whether similar
or different genetic mechanisms underly the repeated evolution of lips, pharyngeal jaw
morphology and coloration.

On Skin Colour & Reptilian Scales: When Charles Darwin Meets John von
Neumann & Alan Turing
Michel Milinkovitch
University of Geneva, Geneva, Switzerland

Using our research results in non-model species of reptiles, I will show that some specific aspects
of skin morphology in vertebrates are emerging from Turing and mechanical instabilities. In that
dynamical-system framework, our recent analyses reveal that two connected spectacular
phenotypic characters, scale-by-scale colour patterns and Cellular-Automaton dynamics of
patterning, have evolved independently in multiple divergent lineages of squamates.

Genomes of coronavirus reservoir bats provide insights into potential
convergent immunity changes and viral tolerance
Ariadna Morales
LOEWE Centre for Translational Biodiversity Genomics

Bats possess a special immune system that allows them to live with viruses that can be lethal to
humans and other mammals. Current research suggests that bats evolved unique antiviral
defense systems to dampen immune responses and limit cell damage. However, the underlying
genomic and molecular changes that differentiate bats from other mammals are not fully
understood. As part of the Bat1K project, we generated state-of-the-art PacBio HiFi genomes of
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several bat species that are suspected SARS-CoV-2 reservoirs. These genomes improve upon the
best existing bat assemblies in terms of contiguity, completeness, and base accuracy. To identify
convergent and/or unique changes that differentiate the immune system and virus tolerance of
bats to other mammals, we used TOGA to annotate genes and infer orthologs across >100
mammalian genomes. Genome-wide screens for patterns of positive selection showed that
selection in immune-related genes is more prevalent in bats compared to other mammals.
However, in other mammalian groups, we detected weaker signals of selection in genes with
equivalent functions suggesting potential convergent adaptations linked to immune-related
processes. We identified genes with changes in key residues that may suppress inflammatory
responses and enhance antiviral mechanisms. Our work highlights mechanisms that could
contribute to viral tolerance in bats and other mammals.

Replaying the tape of life: how predictable is evolution?
Katie Peichel
University of Bern, Bern, Switzerland

How predictable is evolution? If we placed similar starting populations into replicated similar
environments and then watched evolution happen, would each replicate population evolve in a
predictable, deterministic way? Or, is evolution fundamentally unpredictable, dominated by
chance events during and after colonization? Repeated evolution, often called ‘parallel evolution’,
is taken as strong evidence for the role of natural selection in driving deterministic evolutionary
change. I will first discuss our research identifying the factors that contribute to repeated
evolution at both the phenotypic and genetic level in threespine sticklebacks, a classic system for
the study of parallel evolution. One limitation of our previous studies is that we take a
retrospective approach and therefore lack crucial historical data on the founding ancestral
populations and ecosystem changes over time, which are contingencies that can shape
subsequent evolutionary trajectories. An alternative approach is to conduct forward-in-time
experimental evolution studies in which the properties of the founding populations are known.
Then, we could ask whether replicate populations follow deterministic eco-evolutionary
trajectories, or whether contingencies during and after colonization predominate these
trajectories. I will describe just such an experiment in which we are following eco-evolutionary
trajectories in real time. We stocked 8 natural lakes in Alaska with ~10,000 stickleback fish and
will quantify the extent to which these replicate populations evolve in parallel, with respect to
genotypes, phenotypes, and ecosystem properties, providing the first forward-in-time, highly
replicated and whole-ecosystem study of parallel evolution in nature.

Rapid convergent genomic evolution in experimental populations of
Trinidadian guppies
David Reznick
University of California, Riverside, USA

A long history of research on guppies has revealed convergent evolution in traits as diverse as life
histories, physiology, behavior and morphology as guppies adapted to life in communities that
varied in risk of predation as a function of the other species guppies co-occur with. Here we take
the first steps in investigating the genes that underlie this convergence. Our data are derived from
an experimental episode of directional selection – we transplanted guppies from a site where they
experience high risk of predation into four replicate headwater streams where they were destined
to have much lower risks of predation because there was only one relatively small resident
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species before their introduction. We have intensive monthly mark-recapture censuses since the
introduction and saved scales from all individuals as a source of DNA. This setting provides an
unusual opportunity to assess genome-wide patterns of genetic variation to estimate past
demography, which can be compared with known demography. We have used a combination of
genome scans, forward simulations and a novel analysis of allele frequency change vectors to
uncover the signature of selection. We will report on the analysis of multiple time points
(ancestral population, 5 years post-introduction, 10 years post-introduction). Five years is
sufficient time for there to have been significant evolution of male age and size at maturity and
male coloration. We detected clear signals of population growth and bottlenecks at the genomewide level that matched the known history of population numbers. We found a region on
Chromosome 15 under strong selection in three of the four populations. Our multivariate
approach revealed subtle parallel changes in allele frequency in this same region in all four
populations. We will also present preliminary results derived from samples collected ten years
into the experiment.

The ecology and genetics of egg-laying and live-bearing in reproductively
bimodal lizards
Hans Recknagel
University of Ljubljana, Ljubljana, Slovenia

All amniotes reproduce either by egg-laying (oviparity), which is ancestral to vertebrates or by
live-bearing (viviparity), which has evolved many times independently. The two reproductive
strategies involve changes in anatomy, immunology, and behavior, and have an impact on the
evolution of other life-history traits. The environment plays a critical role in modulating which
strategy is optimal. However, the genetic basis of parity mode has never been resolved and,
consequently, its convergence across evolutionary scales is currently unknown. Here, I investigate
the environmental, ecological and genetic conditions of an evolutionarily young transition from
oviparity to viviparity in common lizards (Zootoca vivipara). Leveraging natural hybridizations
between oviparous and viviparous common lizards I describe the functional genes and genetic
architecture of parity mode and its key traits, eggshell and gestation length. In these lizards, parity
trait genes are associated with progesterone-binding functions and enriched for tissue
remodelling and immune system pathways. Viviparity involves more genes and complex gene
networks than oviparity. Angiogenesis, vascular endothelial growth and adrenoreceptor pathways
are enriched in the viviparous female reproductive tissue, while pathways for transforming
growth factor are enriched in the oviparous. Natural selection on parity mode genes is evident
genome-wide. A comparison to seven independent origins of viviparity in mammals, squamates
and fish shows that genes active in pregnancy are related to immunity, tissue remodelling and
blood vessel generation. Therefore, these results suggest that pre-established regulatory
networks are repeatedly recruited for viviparity and that these are shared at deep evolutionary
scales.

Divergence and convergence in cichlid fishes
Walter Salzburger
University of Basel, Basel, Switzerland

Owing to their spectacular taxonomic, phenotypic, ecological and behavioral diversity and
propensity for explosive speciation, the assemblages of cichlid fishes in the African Great Lakes
Victoria, Malawi and Tanganyika are prime role models for the evolutionary phenomenon of
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adaptive radiation. These cichlid faunas are characterized by exceptional (“explosive”) rates of
diversification as well as the frequent occurrence of convergent forms between - and also within species flocks. Here, I focus on the temporal dynamics of divergence in large-scale cichlid adaptive
radiations along different axes of phenotypic evolution and some of the most striking examples of
convergence.

Convergence of sex determination
Manfred Schartl
University of Würzburg, Würzburg, Germany / Texas State University, Texas, USA.

The polymorphism of being male or female is one of the oldest phenomena in biology. Despite its
ancient origin the mechanisms how sex is determined show an outstanding diversity and the
different mechanisms do not follow a phylogenetic pattern, making sex determination probably
the most widespread result of a convergent evolution. Particularly in fish, sex determination is
highly variable, sometimes even among closely related species or within one and the same
species. The current understanding is that the primary signal, which triggers the genetic sex
determination cascade, differs between the various groups of organisms, while the downstream
regulatory network remained evolutionarily highly conserved. Our studies in different species of
fish indicate, however, that also downstream of the primary sex determiner a great variety of
molecular mechanisms exist. This is contrasted by the strict uniformity of the output of the sex
determination process, the morphology of testes and ovaries. Thus, the question arises if there is
a common cell biological mechanism for establishing male or female organ development that can
be controlled by a number of different signals. The evolutionary forces underlying convergence of
sex determination and the biological meaning of the plasticity of the mechanism leading to male
or female development are unkown, but several hypotheses exist that will be discussed in this
presentation.

Non-algebraic chromosomal transitions and the emergence of novel
regulatory regions in cephalopods and elsewhere
Oleg Simakov
University of Vienna, Vienna, Austria

Chromosomes are largely conserved throughout animal evolution. Using simple "algebraic"
notation representing combinations of basic building blocks, most of animal chromosomes can be
derived and represented. However, some species have deviated substantially from this ancestral
scheme. While vertebrates have undergone several rounds of whole genome duplication
(followed by characteristic fusions with mixing), other organisms (e.g., fruit flies) have scrambled
their chromosomes, relative to the ancestral animal order. Coleoid cephalopods (octopus, squids,
cuttlefish) provide yet another mode of chromosomal scrambling with ancetral chromosomal
building blocks dismantled into smaller pieces and seemingly randomly combined across both
octopus and squid genomes. The final result, however, shows similar degree of mixing as
compared to vertebrate genomes. Using comparative genomics, chromosomal topological data,
and open chromatin profiling, we investigate how this genome reorganization has impacted gene
expression and resulted in expression of novel cephalopod expression domains. We furthermore
investigate the degree of similarity between regulatory region organization in cephalopods and
vertebrate genomes and how similar genomic and topological organization can emerge
convergently in these distantly related clades using distinct genomic mechanisms
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The transcriptional architecture of jaw adaptation:
lessons learned from eco-morphologically equivalent species from the
three Great East African Lakes
Christian Sturmbauer
University of Graz, Graz, Austria

Instances of convergent evolution provide an opportunity to study the constraints that shape
phenotypic evolution. The recurrent evolution of cichlid species flocks in several East African lakes
provides a unique opportunity to study convergent evolution of trophic adaptations, for example
repeated transitions between herbivory and carnivory from a generalist ancestor. Cichlid trophic
diversity is partly predicated on the evolutionary functional decoupling of the oral and pharyngeal
jaws, so that two functional units can be studied in parallel. Using 200 whole-transcriptomes from
oral and pharyngeal jaws of cichlid fishes from the sister adaptive radiations in Lake Tanganyika,
Malawi, and Victoria, and two riverine species, we investigate the role of gene expression
underlying convergent carnivorous and herbivorous trophic adaptation. We find that the general
pattern of gene expression of cichlids in these lakes and surrounding rivers suggests greater
variation in the seeding generalist ancestor of these three haplochromine radiations. This
ancestral variation got fine-tuned over time, with younger radiations expressing greater gene
expression variation and older radiations harbouring lower gene expression variation. We find
surprisingly little evidence for convergent gene expression underlying herbivore and carnivore jaw
adaptations across these three sister cichlid radiations that split form a common ancestor < 3.8
MYA. Our results suggest that the gene regulatory network of cichlid jaws has been remodelled in
different ways to produce similar morphologies to adapt to similar trophic regimes. Therefore, the
genotype-phenotype map determining cichlid jaw shape is highly redundant (i.e. many to one
genotype-phenotype mappings). As jaw shape is a complex trait, the high genetic redundancy
likely enabled extensive evolutionary tinkering to generate the incredible diversity of trophic
adaptations that we see in cichlid fishes.

Characterization of the genetic basis of mouth asymmetry in the scaleeating cichlid fish Perissodus microlepis
Xiaomeng Tian
University of Konstanz, Konstanz, Germany

Morphological asymmetry has been repeatedly found in various animals, particularly vertebrates.
In the vertebrates, fish is the most ancestral group and is expected to exhibit primordial forms of
vertebrate laterality. Among different lineages of fish, bimodal asymmetry in mouth opening has
been identified in several fish species. This was first reported in scale-eating cichlids, Perissodus
microlepis, which has been recognized as a remarkable example of extreme trophic adaptations –
lateralized head asymmetry that facilitates feeding on the scales of other fish from either the left
or right side of their prey. However, the molecular mechanisms that underlie this phenotypic
asymmetry remain elusive. In this study, we aim to detect the signatures that account for this
repeated phenotype at the molecular level in this remarkable system, which could shed new
insight on the genetic basis of convergent evolution of head asymmetry.
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Convergence and predictability in the visual system of cichlid fishes.
Julián Torres Dowdall
University of Konstanz, Konstanz, Germany

The visual system provides a great opportunity to study convergence at different levels of
biological organisation, and more general, to evaluate the predictability of adaptive phenotypic
change. Vision is initiated by visual pigments in the retina, which are composed by an opsin
protein and a photosensitive chromophore. Tunning the retina spectral sensitivity can be achieved
by changes in the amino acid sequence of opsin proteins affecting the absorbance of visual
pigments, or by differential opsin genes expression with varying peaks of maximum absorbance.
Focusing on spectral sensitivity, we evaluate at which of these levels of biological organisation we
see or fail to see convergence in the visual system of cichlid fishes. Overall, we found
predictability to be relatively high at the phenotypic level, i.e., individual spectral sensitivity, but
low or non-predictable at the level of the underlying molecular mechanisms that produce those
phenotypes. Most of the variation in spectral sensitivity of cichlid is due to differential expression
of opsin genes, and often dissimilar patterns of expression underlie similar changes in overall
spectral sensitivity. On the other hand, when looking at point mutations affecting the spectral
sensitivity of specific visual pigments, we see many instances of convergence with the same amino
acid substitution being fixed in different lineages. Yet, our power to predict which lineages show
or do not show such changes is more limited. This indicates that often phenotypes evolved
deterministically in response to similar selection pressures, but that they can do so by
nonconvergent underlying molecular mechanisms, highlighting the idea that evolution has
different ways to solve the same problem.

Life with more than one genome
Yves Van de Peer
Ghent University, Ghent, Belgium

Thousands of species are currently polyploid, and contain multiple copies of their genome. On the
other hand, the long-term establishment of organisms that have undergone ancient whole
genome duplications (WGDs) has been exceedingly rare. The apparent paucity of ancient genome
duplications and the existence of so many species that are currently polyploid provides a
fascinating paradox. Interestingly, many ancient WGDs seem to have been established at very
specific times in evolution, for instance during major ecological upheavals and periods of
extinction. Our work has shown that WGDs observed for many different plant lineages seem to
have coincided with the most recent major mass extinction, i.e. the K/Pg extinction, 66 million
years ago. I will put forward different hypotheses of why polyploids, compared to their diploid
progenitors, might have had some selective advantage that might explain their survival at times of
extinction or environmental turmoil. On the other hand, the duplication of entire genomes also
greatly increases the genomic (and physical) complexity of gene regulatory and interaction
networks. It is currently unclear how the increased complexity, modularity and redundancy of
duplicated gene regulatory networks might affect polyploids. Preliminary studies seem to suggest
that more complex – e.g. more densely connected - duplicated networks might allow bigger
and/or faster jumps in the fitness landscape, which might be advantageous in highly disturbed
environments or during periods of environmental turmoil, while being disadvantageous in stable
environments, where bigger ‘moves’ in the fitness landscape might be maladaptive or
detrimental.
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Mutually exclusive constraints dictate path dependence during
rapid convergent evolution of chiton eyes
Rebecca Varney
University of California, Santa Barbara, USA

The evolution of complex, multi-part systems is often portrayed as a march of adaptive progress
toward a single, optimal phenotype. Nevertheless, key early steps in the evolution of complexity
could constrain future directions and result in multiple analogous solutions through path
dependent evolution. Although path dependent constraints emerge under artificial fitness
landscapes imposed on genes in laboratory experiments, their impact on natural systems remains
challenging to demonstrate. Here, we describe two evolutionary convergent, analogous, and
mutually exclusive solutions for complex visual systems in chiton mollusks, that are consistent
with path dependent constraints channeling evolutionary outcomes depending on initial starting
conditions. We use relaxed clock Bayesian analyses of phylogenomic data to show each type of
visual system evolved rapidly multiple times within a closely related group of animals with similar
life histories. These analyses provide a framework for examining path dependence across
organismal morphospaces and reveal a role for path dependence in naturally evolved, complex
visual systems of animals.

Selective diversification in cooperative kin groups of myxobacteria
Sebastien Wielgoss
ETH Zürich, Zürich, Switzerland

Myxobacteria represent excellent model organisms for studying developmental biology and social
evolution experimentally. Many aspects of their spectacular multicellular life cycles have been
studied in great molecular detail. This includes fruiting body development, swarming and
communal prey killing. Given their widespread occurence in structured soil environments,
myxobacteria are particular well suited to better understand the drivers of microbial
biogeography. In my talk, I will shed light on the genomic composition of multi-unit fruiting body
groups of Myxococcus xanthus isolated from soil. I demonstrate that these cooperative structures
depict long-lived kin lineages that accumulate substantial genetic diversity. The non-neutral
diversity is strongly concentrated (i.e., it converges) in genes important for social behavior and
bacterial immunity. These genomic regions thus represent selection hotspots that promote
endemic diversification of kin lineages. Since these groups remain together over long histories of
local interaction, this process potentiates social coevolution.

Out on a fin – the evolution and development of appendage diversity in
teleost fishes
Joost Woltering
University of Konstanz, Konstanz, Germany

The radiation of teleost fishes displays a great morphological diversity in dermal skeletal elements
such as fins, scales and bony plates. Using the model cichlid Astatotilapia burtoni we have
investigated the developmental basis for the emergence of evolutionary novelties such as the
Acanthomorph spiny fin and the patterning of body scales into discrete proximal and distal
domains. Knowledge of such developmental mechanisms provides a basis for understanding the
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convergent evolution of fin spines in different fish lineages and the occurrence of cycloid versus
ctenoid scales as well as bony plates across the fish radiation.

Parallel evolution of mutualistic cleaning behavior:
evidence from the neural transcriptome
Becca Young
University of Texas at Austin, Austin, USA

The neural transcriptome is closely tied to behavior. Still, high variability of gene expression poses
a challenge for linking expression patterns with behavior. Phylogenetic comparative methods
provide a powerful tool to identify molecular pathways that may have evolved repeatedly in
association with convergent phenotypes. Thus, comparisons of neural transcriptomes across
species can serve as natural experiments to test hypotheses of behavioral evolution. However,
approaches to phylogenetically-informed transcriptomic analyses are still being developed. Here,
we take a comparative transcriptomic approach to identify neuromolecular correlates of a
fascinating example of interspecific cooperation, mutualistic cleaning behavior in coral reef
wrasses. In the Labridae wrasses at least 58 species exhibit this mutualistic cleaning behavior.
Resulting from an estimated 26 to 30 independent evolutionary transitions, mutualistic cleaning
has emerged in wrasses over relatively recent evolutionary history (i.e., within the last 20 million
years). We characterize neural gene expression diversification across six wrasse species that vary
in cleaning behavior and identify robust correlates of cleaning behavior. Our results provide
insights into the evolution of the neuromolecular basis of repeated evolution of a complex
behavioral phenotype.

Venom convergent evolution in piscivorous cone snails
Rafael Zardoya
Museo Nacional de Ciencias Naturales, CSIC, Madrid, Spain

Cones (Gastropoda: Conidae) are marine venomous predators that actively hunt on worms, snails
and fish. Their venom is a cocktail constituted by hundreds of peptides named conotoxins, as well
as by hormones and by other proteins that participate in the synthesis or enhance the activity of
the venom. Although this venom has been studied for decades, most of the effort has been
focused on Indo-Pacific species. Instead, Atlantic species received little attention despite recent
radiations have led to a hotspot of diversity in West Africa, with high levels of endemic species.
The Atlantic Chelyconus ermineus is thought to represent an adaptation to piscivory independent
from the Indo-Pacific species and is, therefore, key to understanding the basis of this diet
specialization. We studied the transcriptomes of the venom gland of three individuals of C.
ermineus. The different cysteine pattern of mature A contoxins in Indo-Pacific versus Atlantic
cones suggest that piscivory in the cones from both oceans evolved through convergence.
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