
Symposium on “Detecting the Genomic Signal of Polygenic
Adaptation 

and the Role of Epistasis in Evolution”

31 August – 1 September 2017
University of Zürich, Zürich, Switzerland, Rämistrasse 59, RAA-G-15

Abstracts –  Posters



Contribution 123 

Genomic response to environmental fluctuations in an allopolyploid in 
Cardamine

Reiko Akiyama1, Masaomi Hatakeyama1,2,3, Heidi E.L. Lischer1,3, Roman V. 
Briskine1,2, Xiangchao Gan4, Miltos Tsiantis4, Jun Sese5, Kentaro K. Shimizu1, 
Rie Shimizu-Inatsugi1

1University of Zurich, Switzerland; 2Functional Genomics Center Zurich; 3Swiss Institute of 
Bioinformatics; 4Max Planck Institute for Plant Breeding Research; 5Advanced Industrial 
Science and Technology; reiko.akiyama@ieu.uzh.ch

Keywords: allopolyploid, Cardamine, homeologs, environmental fluctuations, field 
transcripomics

Whole genome duplication (polyploidy) is pervasive in plants, but the fate of duplicated 
genes in fluctuating environments is yet to be documented. Here, we examined how the 
expression ratio of genes from different parental species (homeologs) differs along 
environmental gradients over time in an allopolyploid Cardamine flexuosa. We collected 
leaf tissues at three time points from three sites in the native area in Switzerland and 
quantified the homeolog expression by performing RNA-seq and mapping against parental 
genomes. The homeolog expression ratio differed between site pairs. The proportion of 
genes that changed the ratio was higher among genes involved in response to water 
availability, one of the most important environmental factors for habitat segregation. Those 
genes did not overlap much between site pairs or time points. The findings suggest that C. 
flexuosa responds to different environment by altering the usage of the homeologs relevant 
to the environmental and that it utilises different genes at different time point. The results 
also raised a question about whether the homeolog expression level of C. flexuosa mimics 
the gene expression level of the cohabiting parental species, opening the way for further 
analysis.
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Worldwide oyster production is affected by major epizootic disease in connection with viral 
infection. The resistance of individuals to pathogens's infection is a polygenic trait.
Understanding evolutionary mechanisms and the effects of selection on polygenic characters
is a major challenge for evolutionnary ecology. Previous research shows that the study of 
allelic frequencies alone is not sufficient to find locus under the effect of selection. 
Considering this result, the aim of the present study was to develop new statistics methods 
for the detection and the interpretation of selection from simulated and empirical genomic 
data.
To this end , we developed a multilocus biallelic model for the transmission of polygenic 
trait and the detection of locus that code for this specific trait. For each simulation we 
extract the haplotypic frequencies data that we process using a clustering method of time 
series and several theoretical results.
The first results show that the evolution of the haplotypic frequencies across several 
populations is a promising way for ranking the pairs of locus on which a haplotype would be
selected for its positive effect on the individual's fitness. Our results demonstrated that the 
trajectories of haplotypic frequencies with a phenotypic effect is shaped by selection.
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A current paradigm shift seems to radically change our view regarding the major 
mechanisms of evolutionary change. Ample experimental data indicates that most traits that 
potentially play a role in adaptations are controlled by many genes that are connected via 
complex gene interaction networks. Thus, it is now widely agreed that most adaptation 
events in natural populations are reached involving small changes at multiple genes at a 
time. Nevertheless, methods are still lacking to detect adaptive gene associations. Here, we 
re-discover a test of epistatic selection originally proposed by Ohta in 1982 based on the 
decomposition of the variance of linkage disequilibrium, and apply it to 53 climate-related 
candidate genes (546 SNPs) in European beech (Fagus sylvatica) originating from two pairs
of populations from contrasting environments. Overall, 0.23% of the SNP pairs (haplotypes)
showed evidence of epistatic selection, with nearly 80% of them being within genes. 
Additionally, we identified haplotypes containing selectively advantageous allele 
combinations, which were unique to high or low-elevation, and, northern or southern 
populations. A future project is aimed at incorporating Ohta’s test to network-based 
statistical test of selection.
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Whether adaptation to similar habitats is caused by selection from standing genetic variation
or by parallel evolution is one of the fundamental and unresolved questions in evolutionary 
biology. Today’s distribution of North American Arabidopsis lyrata subsp. lyrata is shaped 
by periglacial survival in two refuge areas and post-glacial range expansion. This resulted in
two distinct genetic clusters that have been separated for at least one glaciation cycle and 
thus provide an ideal system to study parallel adaptation to climate.
We investigate adaptation related to several ecologically important climatic variables in 
these two genetic clusters and test for parallelism between them. Generally, we observe little
overlap between loci affected by adaptation to climate on the level of SNPs or genes. 
However, overlap is extensive on the level of Gene Ontology (GO) terms, suggesting 
independent, yet parallel adaptation to similar environmental gradients. Overall, our results 
signify that different evolutionary solutions to the same ecological problem can underlie 
apparent phenotypic parallelism.
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Footprints of selection found in empirical data from natural populations or experimental 
evolution experiments often exhibit partial sweeps of putatively adaptive alleles, in contrast 
to expected completed selective sweeps. It is vividly debated, why selection apparently fails 
to drive these alleles past intermediate frequencies, where they segregate relatively stable 
over time, subject only to stochastic fluctuations. Among other factors, polygenic adaptation
has been suggested to be an underlying cause.
Indeed, a model of a polygenic trait governed by many underlying loci, which are redundant
in their mutational adaptive effect, can explain the observed pattern of partial sweeps or low 
frequency shifts at many loci. We investigate conditions on mutation rates and genomic 
architecture of the trait, which favors a reponse to selection other than the classical 
completed selective sweeps of single adaptive loci, and show that polygenic responses to 
selection are quite likely to occur in biologically realistic scenarios.
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Pollen number is critical for reproductive success, and highly variable between and within 
species. Outcrossing species are expected to produce a large number of pollen due to male–
male competition, while pollen number in selfing species expected to be reduced because of 
the fitness cost of pollen production. Despite the wealth of knowledge at the phenotypic 
level, little is known about the molecular mechanisms controlling pollen number.
Through a genome-wide association study (GWAS) of pollen number with 144 accessions in
the predominantly selfing model plant Arabidopsis thaliana, we identified several loci 
associated with pollen number. The gene with the highest association was named 
REDUCED POLLEN NUMBER 1 (RDP1). rdp1 mutants were created by the 
CRISPR/Cas9 technique and rdp1 mutants produced about half the number of pollen grains 
compared to the wild type. RDP1 was expressed at early stages of anther and pollen 
development, and rdp1 mutants showed a striking reduction in the number of microspore 
mother cells and consequently pollen, demonstrating that RDP1 functions in controlling 
pollen number during early male germline development.
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Domesticated apple is one of the most polymorphic agricultural species. Studying the 
genetic diversity of the apple germplasm could provide important hints about the 
domestication process as giving a valuable resource for high resolution genetic mapping, 
QTL analysis and breeding programs. In apple, the availability of whole genome re-
sequencing data, has allowed the study the genome-wide genetic variability patterns and the 
identifications of genomic regions that may have been selected during the process of plant 
domestication. For this study more than 70 apple cultivars representative of the European 
germplasm diversity and about ten wild Malus accessions were resequenced at high 
coverage and variant calling was performed. The identified SNPs (over 15 millions) were 
filtered for quality and to avoid repeated and paralogous regions. The SNPs that passed all 
quality filters were used to study the population structure and the genetic diversity. A weak 
stratification with a high level of admixture emerged in the analyzed population. Two 
different approaches, based on site frequency spectrum and linkage disequilibrium patterns, 
were used to identify selective sweeps. Regions identified by both software were merged 
and used as candidate regions for positive selection.
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The mechanism by which a population rapidly adapts to a new or changing environment 
remains a difficult and open question in evolutionary biology. Potential adaptation 
mechanisms include both de novo mutations and standing (pre-existing) genetic variation. 
Threespine sticklebacks (Gasterosteus aculeatus) show repeated and parallel evolution of 
freshwater ecotypes from marine ancestors and offer an ideal system to study rapid 
adaptation. Freshwater and marine ecotypes differ phenotypically in various morphological, 
physiological and behavioural traits. Previous studies have revealed a polygenic basis: 
freshwater sticklebacks evolve via parallel reuse of standing genetic variation at more than 
242 loci. My project aims to quantify the origin, spread and maintenance of both neutral and
adaptive standing genetic variation. SNP data of 95 freshwater-marine divergent regions and
50 neutral regions from >3,000 marine sticklebacks suggest that freshwater-adaptive genetic
variation is present in marine populations at appreciable frequencies (0.1- >5%), and in 
strong linkage disequilibrium for some, but not all loci. Almost every marine fish carries at 
least 1 freshwater-adaptive allele, and a very rare proportion of individuals carry more than 
15. Targeted enrichment sequencing of 10,000 marine three-spine sticklebacks will help to 
explore evidence for factors constraining or promoting the availability of standing genetic 
variation.
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Growth conditions can be extreme at high- or low-elevation sites, in different type of 
habitats like peat bogs, dry rocky substrates or even mixed forests, including significant 
stress factors like radiation, temperature variation, drought or anoxic conditions. 
Anthocyanins and the pathway coding enzymes may play a decisive role in the protection 
against damage from UV irradiation, several other enzymes like alanine- and aspartate 
aminotransferase, NAD malate dehydrogenase, shikimate dehydrogenase, glucose 6 
phosphate isomerase, RuBisCo, diterpene synthase or superoxide dismutase could be 
important in response to different biotic and abiotic environmental factors. As climate 
warming is a very concerning topic nowadays, understanding adaptation of different conifer 
species to climate changes has become more important. Tree species like Pinus cembra 
(Swiss stone pine) and Pinus sylvestris (Scots pine) are good study systems in this respect, 
as both occur in high elevation forests (Pinus cembra) or low elevation populations but in 
different type of habitats (Pinus sylvestris). The aim of the project is therefore to analyze 
and compare variation in above mentioned enzyme coding genes and transcription factors 
with role in their regulation, in relation to the ecological conditions in Scots pine and Swiss 
stone pine.
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Clines in adaptive traits can be formed by within population stabilizing selection towards 
different local optima along an environmental gradient. Here, we study the strength of 
selection on polygenic clinal traits -timing of bud set and cold tolerance. The data come 
from two different sets of trials, both of which started with a greenhouse experiment 
examining these traits in the first year seedlings. The seedlings were then planted to field 
sites, and followed to approximately 10 years of age. The first study comprised of 15 
populations across Europe, planted in two field sites (southern and northern Finland), 
enabling especially between population variation and directional selection to be measured. 
The second study had a large within population sample from southern Finland, placed in a 
local field site. This allowed in particular examination of within population stabilizing 
selection. Further, we searched for genetic associations between the measured characters and
fitness, and a set of SNP markers enriched for candidate genes for latitudinal adaptation.
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Inbreeding threatens the survival of small populations of naturally outbreeding species. 
However, studies taking advantage of modern genomic tools to study inbreeding depression 
in natural populations are rare. We used data from a long-term study of eight insular house 
sparrow populations in Northern Norway to examine inbreeding depression in 3150 adult 
individuals over their lifetime. The study islands face relatively similar environmental 
conditions but they differ in population histories. This study setting allows investigation of 
the effects that variance in inbreeding, population size and population growth rates have on 
the magnitude of inbreeding depression.
The individuals were genotyped for ca. 185,000 SNPs distributed across the house sparrow 
genome. We found that inbreeding coefficients estimated from multi-generational pedigrees 
correlated well with genome wide heterozygosity and with inbreeding coefficients estimated
from SNPs (FGRM, FROH). As expected, the correlation was stronger for the populations 
with deeper pedigrees. Using the genomic FGRM and FROH estimates, we found that 
inbred individuals had lower lifetime reproductive success, measured as the number of 
recruiting offspring produced during their lifetime. The strength of inbreeding depression 
did however vary between islands, and appeared to be related to population size and inter-
individual variance in the level of inbreeding.
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Genetic association studies in forest tress would greatly benefit from information on tree 
response to environmental stressors over time. Dendroecology can close this gap by 
providing such time series measurements. Here, we jointly analyzed dendroecological and 
genetic data to explore the genetic basis of resistance, recovery and resilience to episodic 
stress in silver fir.
• We used individual level tree-ring data to characterize the growth patterns of surviving 
silver fir (Abies alba) during the forest dieback in the 1970s and 1980s in Central Europe 
and associated them with SNPs in candidate genes.
• Most trees at our study sites in the Bavarian Forest experienced severe growth decline 
from 1974 until the mid-1980s, which peaked during the drought year of 1976. Using the 
machine learning algorithm random forest, we identified 15 candidate genes that were 
associated with the variance in resistance, resilience and recovery among trees in this period.
• With our study we show that the unique possibility of phenotypic time series archived in 
treerings are a powerful resource in genetic association studies. We call for a closer 
collaboration of dendroceologists and forest geneticists to focus on integrating individual 
tree level signals in genetic association studies in long lived trees.
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The project will be based on understanding the evolution of pathogenicity in the fungal 
pathogen of wheat, Zymoseptoria tritici, using genome-wide association studies (GWAS). Z.
tritici is one of the major pathogens affecting the productivity of wheat in Switzerland as 
well other countries around the world. The basic idea is to use GWAS to map different 
phenotypes associated with the pathogenicity of the Z. tritici under different environmental 
conditions. Previous studies confirmed that this pathosystem is highly amenable to GWAS 
due to rapid decay in linkage disquilibrium and high heritability of traits. In my planned 
studies, it is expected that some pathogenicity traits will be monogenic (i.e. governed by 
gene-for-gene interactions), but many other pathogenicity traits are very likely polygenic 
(i.e. growth traits, ecological interactions, etc.). As successful infections likely require a 
multitude of different traits, we expect that this leads to complex selection regimes. This 
study will help in understanding standing genetic variation for adaptive traits that shape the 
evolution of the pathogen and how the pathogen performs under different environmental 
conditions.
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Seascape genetics integrates concepts from population genetics, spatial ecology, and 
oceanography to investigate environmental and physical factors influencing genetic 
structure in the sea. Development of sequencing tools for non-model organisms has pushed 
the field into the realm of “seascape genomics”, allowing for characterization of spatial 
patterns of both neutral and adaptive genetic variation. We synthesize multiple approaches 
including biophysical models, simulations, and analyses of empirical genomic data to 
investigate drivers of spatial patterns of neutral and adaptive genetic variation for the 
California sea cucumber (Parastichopus californicus) in the Canadian Pacific. Using an 
oceanographic model to simulate passive larval dispersal in conjunction with a simulation of
gene flow, we find fine-scale genetic structure driven by ocean currents despite the potential 
for long distance dispersal. Simulation results are compared to empirical assessments of 
genetic structure with ~5000 SNP markers from >700 individuals, using asymmetric 
eigenvector maps to account for current flow. Finally, we identify potential loci under 
selection using Moran spectral outlier detection and redundancy analysis and investigate 
associations between outlier loci and environmental predictors. Using both simulation-based
and empirical data, we create a holistic picture of spatial and environmental drivers of 
neutral and adaptive processes in a marine invertebrate.
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The genetic basis of the recurrent evolutionary transition from outcrossing to selfing has 
been a major focus in evolutionary biology. Polyploids, which are commonly found in 
plants, are suggested to self more frequently than their diploid relatives. However, the 
underlying mechanism is still largely unknown. Here, we detected the presence of gene-
disruptive mutations in the male components, S-locus cysteine-rich protein (SCR) in A. 
kamchatica. Transgenic method of A. kamchatica was developed to functionally validate the
roles of SCR genes in A. kamchatica. We show that the loss-of-function mutation in the 
dominant male component contributed to the evolution of selfing in allotetraploid 
Arabidopsis kamchatica.


