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Molecular and quantitative genetic variation within and
between populations of the declining grassland species
Saxifraga granulata®©

Tania J. Walisch?@ | Guy Colling'® | Sylvie Hermant! | Diethart Matthies?

Populations-Differenzierung (Fgy) Genetische Vielfalt Anpassung und Fitness
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Molecular genetic diversity (H.,)

Relevante Prozesse

A Drift > GenfluR

A PopulationsgroRe: kein starker Effekt
A Anpassungsfahigkeit vorhanden

A Anpassungsfahigkeit ~ H,
Walisch et al. 202 doi:10.1002/ece3.9462
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Adaptation T Restoration T Seed transfer zones

Envionmental variation

+ — Adaptation
Genetic variation

Ecology
Evolution

Seed transfer zones are a tool to produce regionally
adapted seed material

Seeds

Sourcing | Propagation

Conservation
Management
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ARegi os aakitgasgdvdrteile durch regionale Anpassung

Durka et al. 2019, NuL, doi:

10.17433/4.2019.50153679.146-153

Tab.1: Genetische Differenzierung und regionale Anpassung von sieben Graslandarten fiir (A) molekulare Marker, (B) Fithess-Merkmale

und (C) Bliih-Phanologie.

CEN DAU
(A) Molekulare Marker
Herkiinfte sind differenziert - - - - - - -
Differenzierung steigt mit geographischer Distanz = - = ** (Polyploide)
Differenzierung steigt mit klimatischer Distanz = . *
(B) Fitness-Merkmale
Biomasse
Herkiinfte unterscheiden sich o - - - - =
Regionale Pflanzen sind produktiver -0,4% +14% -1% +39% ™ +12% (%) -3% +16 % **
Veranderung je 100 km Distanz +2% -5%(%) -4% -9%* -3%* -0,6% +2%
Veranderung je 1°C klimatischer Distanz —-0,05% -17%* +9% -8% +3% +35% -3%
Anzahl Blitenstande
Herklinfte unterscheiden sich - = - - - - =
Regicnale Pflanzen sind produktiver +5% +34%" +1% -19% +18% -3% +37% "
Verénderung je 100 km Distanz 0% -10% ** -8%* +9% -2% +6% +4%
Veranderung je 1°C klimatischer Distanz —-8%(") -13%* +8% +26 % -1% +74% -20%*
(C) Bliih-Phanologie
Bluih-Wahrscheinlichkeit
Herkiinfte unterscheiden sich - = - - =
Verénderung je 100 km Distanz +3% +3%* +3%* +3% +3%(") -16%* +2%
Veranderung je 1°C klimatischer Distanz -1%* +3% +3% +4% 0% +9% -4%
Blith-Zeitpunkt
Herkiinfte unterscheiden sich = = - - - W] =
Verschiebung (Tage) je 100 km Distanz +0,1 +0,3 +0,8 +0,5 -0,1 -0,4 +0,0
Verschiebung (Tage) je 1°C klimatischer Distanz +1,1(% -24 +1,3 -55* +19* +0,5 +1,7*

Die Farben der Zellen zeigen an: signifikante Effekte (blau), signifikante Effekte in der erwarteten Richtung (griin), nicht signifikante Effekte in der erwarteten Richtung (hell-
grin) und nicht signifikante Effekte entgegen der erwarteten Richtung (hellrot).

Signifikanzniveaus: ™ <0,001, **<0,01, *<0,05, (") <0,1

Die Zahlen in den Zellen zeigen die Effektstarke.

ARR =Arrhenatherum elatius, CEN = Centaurea jacea, DAU =Daucus carota, GAL = Galium album, HYP = Hypochaeris radicata, KNA = Knautia arvensis, LYC = Lychnis flos-cuculi
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ARe gi o s a-aSeay trangfer zone system in Germany

Generalised system of seed transfer zones for all grassland
plants (Prasse et al. 2010)

22 regions

: based on ecor evgyenastdithaenA Nat ur r 2 u
1953-1962)
... considering climate, soils, geology, landscape structure

Legally binding

... for restoration: BNatSchG 8§40

... for production of preservation mixtures: ErMiV
(EU Directive 2010/60)

Economically relevant

A Seed producers

A Certification systems: RegioZertd, VWW-Regiosaatena
A Market volume: 200t, G 12 Mio (Mainz & Wieden 2018)

Current seed transfer zones




RegioDiv i Objectives

Seed zones are questioned RegioDiv objectives

A Lack of knowledge of genetic or phenotypic adaptation U Empirical knowledge of genetic variation
A Systems applies uniformly to all grassland species U Species groups ? E.g. grasses vs. herbs
A Az o rae o small ... economicallyfi(Mainz & Wieden 2018) U Suggest revised seed zones

Current seed transfer zones i*ii’* Future seed transfer zones

ViBluRSpecies
giialysis
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RegioDiv T Species selection, sampling, genotyping

Species sites
Achillea millefolium 699 .
Agrimonia eupatoria 410 Samp“_ng
Agrostis capillaris 508 160 skilled volunteers
Anthoxanthum odoratum® 418 22 seed zones = 72 subregions
Arrhenatherum elatius 605
Bistorta officinalis 222 28 plant taxa . .
Bromus erectus 249 5 samples per subregion in
Campanulq rotundifolia” 422 A natur al grass |
Centaurea jacea 550
Corynephorus canescens 158
Cynosurus cristatus 290 Samples
Euphorbia cyparissias 385 p
Festuca rubra 532 19,000 samples
Filipendula ulmaria 442 >2,500 sites
Galium album 642 + reference samples
Hypochaeris radicel ) 422
Knautia arvensis™ 579
Lathyrus pratensis 484
Leucanthemum vulgarep* 498 SNP genotyping
O e > 1 sample/site/species*
Lychnis flos-cuculi 314 P P
Pimpinella saxifraga® 473 ~12,000 samples
Prunella vulgaris 440 ddRAD protocol
Ranunculus acris 528 .
Salvia pratensis 81 ~6000 SNP markers/species
Silene vulgaris 314
—Thymus pulegioides 404 / www.ufz.de 12
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RegioDiv 1T Why study SNP markers ?

SNPs = Single nucleotide polymorphisms
A Random subset of genome wide genetic variation

A encompassing neutral variation
A encompassing adaptive variation
Basic assumption
Genetic population differentiation ...
... maintained by lack of gene flow ...
... allows for adaptive divergence

SNP variation ~ neutral variation ~ adaptive variation

)
. . CGTAATGCCGTACTGAT. . ! \\
. .CGTAATGCGGTACTGAT. . / I \

Single nucleotide polymorphism

) &

. .CGTAATGCCGTACTGAT. .
Ind1 |  CGTAATGCGGTACTGAT. .

. .CGTAATGCCGTACTGAT. .
Ind2 |  CcGTAATGCCGTACTGAT. .

.CGTAATGCGGTACTGAT. .

Ind3 CGTAATGCGGTACTGAT. .
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RegioDiv i Species level results

ACH.MIL ASR{EUP

%f Arrhenatherum elatius
i

GAL.ALB RA o P LEU.AGG

Galium album - Tk M Xk

LEU.VUL

SAL.PRA A THYt:PUL
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RegioDiv i Species level results T pronounced structure

PC1vs. PC2

Knautia arvensis 4x

Differentiation among zones:
AMOVA: 2.3%, Fs= 0.023

Intraspecific groups: K=6
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RegioDiv i Species level results T weak structure

Galium album

Differentiation among seed zones.

AMOVA: 1.79%, Fg;= 0.018
Intraspecific groups: K=4
APurefi zones +

Isolation-by-distance !
Isolation-by-environment: climate

Fsr
0.02 0.04 006 0.08

0.00

PC2 (0.7%)

' PC1vs. PC2

PC1 (4%)

Population structure analysis: Admixture
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RegioDiv i Species level results T no structure

Arrhenatherum elatius

Differentiation among seed zones:

AMOVA: 0.23%, Fg;= 0.0023
Intraspecific groups: K=2
Many AMi xemde s

Weak isolation-by-distance
Isolation-by-environment: T/prec.

Fsr

0.010

PC2 (1.3%)

0.020

0.000

Population structure analysis: Admixture
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RegioDiv™®"”" Nutzung von Regiosaatgut aus Deutschland ?

Welche Ursprungsregionen sind
geeignet ?

Utrecht
-

tterdam

SNP-Analyse von 12 Arten
Je 9 Proben aus...

... Lux-Gutland

... Lux-Osling

Charleville
Mezeres




deLUX

RegioDiv

Galium album

12 Arten

Je 9 Proben aus...
... Lux-Gutland

... Lux-Osling

Genetisch ahnlich zu...

UG 07 West
UG 09 West

PC1 vs. PC2

/ www.ufz.de
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deLUX

RegioDiv

Knautia arvensis 4x

12 Arten

Je 9 Proben aus...
... Lux-Gutland

... Lux-Osling

Genetisch ahnlich zu...

UG 07 West
UG 09 West
UG 02 West

PC1 vs. PC2

www.ufz.de
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deLUX

RegioDiv Centaurea jacea

12 Arten ' .

Je 9 Proben aus... PC1 vs. PC2
... Lux-Gutland

... Lux-Osling C. niira

Centaurea jacea:

Hybrid-Schwarm
C. nigra
I C.Xx pratensis i
C. jacea

Genetisch ahnlich zu...

~UG 07 West
~UG 09 West
~UG 02 West

/ www.ufz.de
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LUX

RegioDiv* Nutzung von Regiosaatgut aus Deutschland ?

Welche Ursprungsregionen sind geeignet ?

SNP-Analyse von 12 Arten
Je 9 Proben aus...

... Lux-Gutland

... Lux-Osling

Zwischen-Ergebnis

A Cen.jac, Gal.alb, Kna.arv:

A GroRe Ahnlichkeit mit UG 02, 07, 09
A ABER: UG 02, 07, 09 nicht homogen !
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RegioDiv i Multi species level
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