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scape Genetics

etics is an emerging discipline

> fields

Iscape ecology



cape Genetics

at the genotype x environment
lally in terms of land and its
environment.

0ss, extinction,
tion size, genetic diversity are also
the subjects of landscape genetics.




gar vs wolf



nology, Jargon

netics
teractions between landscape

onmental factors affect patterns of adaptive
IC variation.



10logy, Jargon

nich a population or a species
apts to its environment.

ion at loci that are under selection.



nology, Jargon

ructure

e repeated data or autocorrelation
among errors in time), a matrix
is incorporated into the

s widest sense, the transfer of alleles or genes
one entity to another: between populations.



iInology, Jargon

lon approaches

dation or testing se

onmental association

dscape-genomic approach to detect loci at which
frequencies are significantly correlated with
mental factors.



nology, Jargon

any samples at a large number of
to see whether any variant is



10logy, Jargon

- 'ng

individuals based on their

e-wide associa ion study (GWAS)
omic method searching for loci in a genome
hat are significantly associated with

ypic traits.




nology, Jargon

models

2] (linear regression) containing

n which the loss of alleles through genetic drift
ipensated by the gain of alleles via gene flow.



lerminology, Jargon

hich the full genome and significant

can show the signals of adaptation if they are
gly linked to loci under selection.

loci

= Loci identified as showing signs of selection using
population-genomic methods and genome scans.



lerminology, Jargon

nspection of spatial coincidences

differentiation among populations (i.e., outlier loci)
than expected under neutral conditions.



ology, Jargon

1CS
In marine ecosystems.
morphism (SNP)

Ic variation at e position in a genome



diversity?

is required to keep up with the
anging conditions such as
redators/prey, changing

o viruses (New selective

or monkey AIDS.

ced to know how the environment and
1dscape itself affects gene flow.



ly diversity?

sually due to global change

ding factors when climate change

1 change refers to planetary-

hanges in the Earth system.

ystem consists of the land, oceans, atmosphere
depletion), polar regions, life, the planet's
natural cycles and deep Earth processes.

o Now includes human society



change and genetic
variation

ers causing loss of the diversity of
and ecosystems (biodiversity)

mplete extinction of an entire species is
~ the most eye-catching result of this biodiversity
loss.

Source: S. Manel, R. Holderegger. 2013. Ten years of landscape genetics. Trends Ecol.
Evol,, 28, pp. 614-621 http:/ /dx.doi.org/10.1016/j.tree.2013.05.012



Global change and genetic
variation

1 entire species is finally lost,
s significantly affected

o0 extinct three times

Source: S. Manel, R. Holderegger. 2013. Ten years of landscape genetics. Trends Ecol. Evol., 28, pp. 614-621 http:/ / dx.doi.org/10.1016/j.tree.2013.05.012



|'"change and genetic
~variation

> of populations is a process
) the loss of intra-species

ces adaptive processes.

Source: S. Manel, R. Holderegger. 2013. Ten years of landscape genetics. Trends Ecol. Evol., 28, pp. 614-621 http:/ / dx.doi.org/10.1016/j.tree.2013.05.012



Global change and genetic
variation

the key questions are

rlobal change (land use and climate
oge) affect erns of neutral and adaptive

enetic variation

species likely to adapt to ongoing global change

n ecological time scale?
nain objective of modern landscape
oenetics 1s to

= Understand the effects of global change on genetic
patterns to address these questions.

Source: S. Manel, R. Holderegger. 2013. Ten years of landscape genetics. Trends Ecol. Evol., 28, pp. 614-621 http:/ / dx.doi.org/10.1016/j.tree.2013.05.012



-jfst ten years of landscape
genetics

to combine ecology and
1CS.

> hard because of the disparities between the
scientific communities.

ntroduction of landscape genetics helped
nulate research by facilitating the

i ation of researchers in the fields of
population genetics, landscape ecology, and

~ spatial statistics.

Source: S. Manel, R. Holderegger. 2013. Ten years of landscape genetics. Trends Ecol. Evol., 28, pp. 614-621 http:/ / dx.doi.org/10.1016/j.tree.2013.05.012



years of landscape
genetics

etics has increased our
two main processes: gene

in a purely theoretical space
terized by geographical distances only

he study of gene flow in heterogeneous and
mented landscapes providing estimates of
functional connectivity.

Source: S. Manel, R. Holderegger. 2013. Ten years of landscape genetics. Trends Ecol. Evol., 28, pp. 614-621 http:/ / dx.doi.org/10.1016/j.tree.2013.05.012



years of landscape
genetics

encing methods offer an

ild and domes cies

eal landscapes

pposed to theoretical modeling and
ulations.

ing it possible to detect environmental factors
driving the process of adaptation.

Source: S. Manel, R. Holderegger. 2013. Ten years of landscape genetics. Trends Ecol. Evol., 28, pp. 614-621 http:/ / dx.doi.org/10.1016/j.tree.2013.05.012



enetic patterns depend on
emporal and spatial scale

enetics also highlights temporal-
addition to spatial effects.

e is lag times.

ementing a barrier rapidly results in a
table genetic response

emoval of a barrier will become



IC patterns depend on

L Ef
ey oral and spatial scale

ost landscape-genetic studies

ances among populations to
ate gene £

ywever, genetic distances (mainly) reflect historical

terns of gene flow and might not be indicative of
o-flow patterns in contemporary landscapes.

irical studies have found that genetic
distances reflect contemporary landscapes
better than historical landscapes (not gene

flow).




bulations.

Ing so, researchers have found that unique
ts of landscape are often detected only up to
distances (changed after a certain distance).

= For example, a damselfly stuck to streams during short-
distance dispersal but used open agricultural land during
long-distance dispersal.



‘ theory can help in understanding how

lly explicit patterns of gene flow are
ced.



1ld species using genome scans with a
 number of molecular markers genotyped
individual (SNP chips).

evelopment of landscape genomics was
greatly aided by the emergence of large
genomic and environmental datasets in
population genomics.






ture and / or demographic effects.

5 can be done using linear mixed models.



type Environment
Interaction

Model Y=Env Rep(Env) Gene Gene*Env; Test H=Env E=Rep(Env);
Ismeans Gene*Env / pdiff;
B  Run; Quit;

Source: http:/ /analytics.ncsu.edu/sesug/2003/SD15-Bondari.pdf



Fdscape genomics, a powerful tool for
SLUCyINng adaptive genetic variation

with many genetic markers

ntify candidate genes under selection.
single nucleotide polymorphism (SNP)
ets based on next-generation sequencing

ques has encouraged the development of

~ new techniques for genome-wide association
studies (GWAS).



Fcscape genomics, a powerful tool for
SLUCyINng adaptive genetic variation

se throughout the genome of

and are commonly observed in
al genes making them ideal markers to
adaptive molecular variation.

S search for associations of SNPs with
cular phenotypic traits that are stronger
ould be expected under neutral

CONC '.ns.




Fdscape genomics, a powerful tool for
SLUCl/INg adaptive genetic variation

’s indicate genomic areas that are
selection for a given trait.



Selection signature

SN P studies showing the common
ic variation (HapMap) can

the differentiation of

- selection for complex

on a favorable mutation occurs within a
ypulation under directional selection, the

frequency of the favorable allele is likely to
Increase over time.

= Directional selection, bi-directional selection, control

Source: Stella A., Ajmone-Marsan P., Lazzari B., Boettcher P., 2010. Identification of selection signatures in cattle breeds selected for
dairy production. Genetics 185: 1451-1461.



Selection signature

vosed of linear molecules

of recombination is inversely
distance separating them

0 the favorable mutation also tend
in a sort of “hitch-hiking”

- '
p

Nucleotides adjacer
0 increase in frequen
ocess.

‘process leads to “signatures of selection”

aracterized by distributions of nucleotides around

orable mutations that differ statistically from that

ected purely by chance.

= Detection of selection signatures can increase the
understanding of the biology underlying a given
phenotype and may provide tools to increase
efficiency of selection.

Source: Stella A., Ajmone-Marsan P., Lazzari B., Boettcher P., 2010. Identification of selection signatures in cattle breeds selected for
dairy production. Genetics 185: 1451-1461.



election signature

alculating population genetics statistics that are a
ion of allelic or genotypic frequencies

ssuming Hardy Weinberg equilibrium.
tly covered in the genetics class, we even had chi square
= For (change in allele diversity) and linkage disequilibrium

& In addition, specific tests for detecting signatures
have been developed.

Source: Stella A., Ajmone-Marsan P., Lazzari B., Boettcher P., 2010. Identification of selection signatures in cattle breeds selected for
dairy production. Genetics 185: 1451-1461.



Fdscape genomics, a powerful tool for
SLUCYIng adaptive genetic variation

enomics links patterns of adaptive
n to environmental

ersity under global change:
at is the relationship between global and local

heterogeneity in maintaining adaptive genetic
variation?



[lon and conservation
management

netics can inform conservation

effectiveness of connectivity measures.

arly, landscape genomics can determine
ich populations should be given priority
when conserving adaptive genetic variation.



Aultispecies Approach

etics is evolving from a
Ice to a predictive science to
conservation

' quires
1derstanding of the behavior of multiple
les in the same or multiple landscapes

polation from one species to other species and
from one landscape to other landscapes.



landscape-genetic or -genomic
mising approach to achieve
tion strategies

cause it is almos ossible to deduce general
dscape effects on gene flow or local adaptation
single-species studies.

r example, Amos et al. used genetic data to rank
ious alternative models, from high-resistance

els for sedentary species (i.e., species that barely
move through the landscape) to a ‘no isolation by
distance” model for the most mobile species (i.e., the
landscape has no effect on movement), in ten
woodland birds.




, for 13 wide-ranging alpine
nts, the same environmental variables drive adaptive
2tic variation at the whole biome scale of the

common or dominant spec1es) makes it poss1b1e to
identify general patterns that go far beyond single-species
studies.



tispecies Approach

1put next-generation sequencing

 In processing costs per

2 large genomic datasets for
nisms.

baring the genetic patterns of many
es will make it possible to test hypotheses
nat cause variation among species in the



acles Approach

everal species also makes it
mine whether there is selection

estions of importe

| ot only for science but also
nservation biology.



esampling methods

ediction, cross-validation of
ic models is an important step
successful conservation

you have a landscape genetic model for a
s and for a particular landscape

is model's predictive power can be assessed using
lous cross-validation approaches

= [ eave-one-out: Pick one out, calculate heritability,
put it back, pick another one out, calculate
heritability etc.

= K-fold: divide data into K roughly equal-sized parts



esampling methods

10n, jackknife and the bootstrap
12 methods.

> bootstrap is a flexible and powerful

stical tool that can be used to quantify the
rtainty associated with a given estimator
istical learning method.

example, it can provide an estimate of the
dard error of a coefficient

= Itis powerful because it can be used with
various data types including discrete data.



’rediction and conservation
management

s predictive power is sufficient,
d now be changed in
ule ording to a specific

1ge scenario.

instance, does the construction of a residential
L dramatically influence functional connectivity?

ological compensation areas significantly
increase gene flow?
» Few corresponding studies have been conducted.



0N and conservation
management

heory and simulations can be
ssing questions relevant to

levance to the integrity of habitat
orks, allowing the testing of various
arios of landscape change.

= So, simulations are useful



~hange on Genetic Variation

nces of global change on genetic
ar been understudied.



Change on Genetic Variation

g of the effects of global change
51ty requires:

notypic variation (via Ac aptive diversity)

 distribution of genetic variation connected to
ation and species shifts (via neutral diversity).



‘rediction and conservation
management

ays of the current distribution of
within landscapes,

determine how influence the distribution of
ptive genetic variants.

al temperature regimes influence the
bution of adaptive genetic variation in
model and non-model organismes.



0N and conservation
management

abidopsis thaliana genotypes
3 the species’ ecological niche
is of candidate SNPs for

er-flowering genotypes have a more restricted
ige potential and narrower niche breadths than
rlier-flowering genotypes.

ndicates that some geographical regions
n habitats suitable for some genotypes
but not for others.

» GXE interaction at its best



Jrediction and conservation
management

eatly illustrates how it is essential
genetic diversity level when

cial selection requires study of genetic
1ce, heritability first to estimate accuracy
uccess.



Jrediction and conservation
management

emporary gene flow using
ariation makes it possible to
tial for adaptive genes to
apes.

rate ti

ad across lands

O

s potential is high, gene flow will enable
1lations and species to adapt to changing
onmental conditions not only due to
standing genetic variation, but also owing to
gene migration.



liction and conservation
management

developed a mechanistic model
ariation at the self-
omg s in Arabidopsis
lleri reacts and changes under specific
perature scenarios.

1ges in allele frequencies at the self-
ympatibility locus will have a substantial
ence on gene flow patterns.
= Similar hypotheses could be developed for many

species, once loci that are relevant under global
change have been identified.




0N and conservation
management

ine spatial patterns of adaptive
1 with information on the pace

we can forecast the future spatial
ibution of genetic variation in a range of
es under various global-change scenarios.

ich applications are now feasible thanks to
the ever-increasing sophistication of landscape-
genetic and -genomic tools.




onclusion

ars of landscape-genetic
amental to go beyond the

ess has been
tical interpretation of the processes

flow vs. selection vs. drift vs. recombination
d observed patterns of genetic variation.



onclusion

etics now offers promising tools to
genetic patterns-process

example, landsca 10mics already contributes to
understanding of the nature of genes involved in
‘adaptation to spatial environment differences.

scape genomics identifies the loci or genomic
s under selection

= Should be moving to dissecting and characterizing the
underlying genes, genome architecture, molecular
mechanisms, and ecological functions as well as their
interactions.




onclusion

s analysis needs to go beyond
eutral and adaptive genetic

1d be useful
porary gene flow.

estimates of

)w affects genetic variation, allele
cies, inbreeding levels etc.



onclusion

the detailed analysis of
eads alleles of adaptive relevance

trong gene nteracts local adaptation,

trong selection advantages of immigrating
have to be to become established in resident
ools.

instance, Andrew et al. studied adaptation under a regime
stantial gene flow in a sand dune species of sunflower.

eported that isolation by adaptation increases divergence
when gene flow decreases

o Becaue natural selection against immigrants reduces gene flow
between different dune habitats.




onclusion

ches could be used to monitor
genetlcally modified
situations where
ective measure h as isolating crop

have been implemented to reduce gene
rom GMO fields.

could also be used to optimize reserve design
egrating the adaptive potential or adaptability
of species.




Conclusion

dies make inferences from
such as microsatellites, SN s,

approach and next
ation sequencing techniques would
it this field immensely

irds from a mountain range, and 20 from a

y. Sequence their whole genomes and analyze
the results

This is the largest obstacle now, analyzing such

large data and making sense out of it.



onclusion

etics increases awareness of the
that spatial patterns of

nd environmental factors
\ptive genetic variation.

on neutral an

er words, landscape genetics has brought
tion genetics research closer to the

ical world as seen and experienced by
sms.

organis
- = This endeavor should continue.



