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Gliederung

ÅNaturschutz-Genetik

ÅRegioDiv: Genetische Differenzierung von Wiesenpflanzen in Deutschland

RegioDiv deLUX

ÅRegiosaatgut: Evolution während der Saatgutproduktion ?



Naturschutz-Genetik

Genetische Identität

Å Art-Identität

Å Hybridisierung

Å Kryptische Arten

Å Cytotypen (Ploidie-Stufen)

Å Innerartliche Gruppen

Å Populations-Differenzierung (FST)

Relevante Prozesse

Å Genfluss / Drift

Å Samen-/Pollenaustausch

Å Populationsgröße

Å Metapopulation

Å Historische Wanderungsbewegungen

Å Phylogeographie

Genetische Vielfalt

Klonale Vielfalt

Allelische Vielfalt

Beobachtete Heterozygotie (Ho)

Erwartete Heterozygotie (He)

Inzucht-Koeffizient (FIS)
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Anpassung und Fitness

Å Selektion

Å Lokale/Regionale Anpassung

Å Erblichkeit (H)

Å Evolutionspotential



Anpassung und Fitness

Anpassungsfähigkeit

Relevante Prozesse

ÅDrift > Genfluß

Å Populationsgröße: kein starker Effekt

Å Anpassungsfähigkeit vorhanden

Å Anpassungsfähigkeit ~ He

Genetische VielfaltPopulations-Differenzierung (FST)

Walisch et al. 202 doi:10.1002/ece3.9462
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Adaptation ïRestoration ïSeed transfer zones

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

Adaptation

Sourcing

Use

Propagation

E
c
o
lo

g
y

E
v
o
lu

ti
o
n

C
o
n
s
e
rv

a
ti
o
n
  
  
  

M
a
n

a
g
e
m

e
n
t

Envionmental variation

Conserve ... genetic variation

Restore é local context and larger landscape

Seeds

Genetic variation

+

O
v
e
ra

ll 
 

g
o

a
l



9www.ufz.de

ĂRegiosaatgutñ  - Fitnessvorteile durch regionale Anpassung

Durka et al. 2019, NuL, doi: 

10.17433/4.2019.50153679.146-153
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ĂRegiosaatgutñ - Seed transfer zone system in Germany

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

22 regions
... based on ecoregions (ĂNaturrªumeñ, Meynen & Schmithüsen 

1953-1962)
... considering climate, soils, geology, landscape structure

Legally binding 
... for restoration: BNatSchG §40
... for production of preservation mixtures: ErMiV

(EU Directive 2010/60)

Economically relevant
Å Seed producers
Å Certification systems: RegioZertá, VWW-Regiosaatená

Å Market volume: 200 t,  ú12 Mio (Mainz & Wieden 2018)

Current seed transfer zones
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RegioDiv ïObjectives

Seed zones are questioned

Å Lack of knowledge of genetic or phenotypic adaptation

Å Systems applies uniformly to all grassland species

Å Ăzones are too small ... economicallyñ (Mainz & Wieden 2018)

Future seed transfer zones

RegioDiv objectives

ü Empirical knowledge of genetic variation

üSpecies groups ? E.g. grasses vs. herbs

üSuggest revised seed zones

Current seed transfer zones

?Multi species

analysis
Multi species

synthesis
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RegioDiv ïSpecies selection, sampling, genotyping

Sampling
160 skilled volunteers
22 seed zones = 72 subregions
28 plant taxa
5 samples per subregion in 
Ănatural grasslandñ

Species sites
Achillea millefolium 699
Agrimonia eupatoria 410
Agrostis capillaris 508
Anthoxanthum odoratum#

418
Arrhenatherum elatius 605
Bistorta officinalis 222
Bromus erectus 249
Campanula rotundifoliaP

422
Centaurea jacea 550
Corynephorus canescens 158
Cynosurus cristatus 290
Euphorbia cyparissias 385
Festuca rubra 532
Filipendula ulmaria 442
Galium album 642
Hypochaeris radicata 422
Knautia arvensisP#

579
Lathyrus pratensis 484
Leucanthemum vulgareP* 498
Lotus corniculatus 555
Lychnis flos-cuculi 314
Pimpinella saxifragaP

473
Prunella vulgaris 440
Ranunculus acris 528
Salvia pratensis 281
Silene vulgaris 314
Thymus pulegioides 404
Tragopogon pratensis sl* 409

Samples
19,000 samples
>2,500 sites
+ reference samples

SNP genotyping
1 sample/site/species* 
~12,000 samples
ddRAD protocol
~6000 SNP markers/species
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RegioDiv ïWhy study SNP markers ?

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

Å encompassing neutral variation

Å encompassing adaptive variation 

Basic assumption
Genetic population differentiation ...

... maintained by lack of gene flow ...
... allows for adaptive divergence

SNP variation ~ neutral variation ~ adaptive variation

~

Single nucleotide polymorphism
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RegioDiv ïSpecies level results

Arrhenatherum elatius

Galium album Knautia arvensis 4x
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RegioDiv ïSpecies level results ïpronounced structure

Knautia arvensis 4x

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

Intraspecific groups: K=6

ĂPureñ zones + ĂMixedñ zones
+ disected zones

Isolation-by-distance !
Isolation-by-environment: Climate

Population structure analysis: Admixture
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RegioDiv ïSpecies level results ïweak structure

Galium album

Differentiation among seed zones:
AMOVA: 1.79%, FST= 0.018

Intraspecific groups: K=4

ĂPureñ zones + ĂMixedñ zones

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

Population structure analysis: Admixture
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RegioDiv ïSpecies level results ïno structure

Arrhenatherum elatius

Differentiation among seed zones:
AMOVA: 0.23%, FST= 0.0023

Intraspecific groups: K=2

Many ĂMixedñ zones

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

Population structure analysis: Admixture
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RegioDiv         Nutzung von Regiosaatgut aus Deutschland ?

Welche Ursprungsregionen sind 
geeignet ?

SNP-Analyse von 12 Arten
Je 9 Proben aus...
... Lux-Gutland
... Lux-Ösling

deLUX

LUX
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RegioDiv       

12 Arten
Je 9 Proben aus...
... Lux-Gutland
... Lux-Ösling

Genetisch ähnlich zu...

UG 07 West
UG 09 West

deLUX

LUX

Galium album
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RegioDiv       
deLUX

LUX

Knautia arvensis 4x

12 Arten
Je 9 Proben aus...
... Lux-Gutland
... Lux-Ösling

Genetisch ähnlich zu...

UG 07 West
UG 09 West
UG 02 West
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RegioDiv       
deLUX

LUX

Centaurea jacea

C. nigra

12 Arten
Je 9 Proben aus...
... Lux-Gutland
... Lux-Ösling

Centaurea jacea:

Hybrid-Schwarm 
C. nigra 
ïC. x pratensis ï

C. jacea

Genetisch ähnlich zu...
~UG 07 West
~UG 09 West
~UG 02 West
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RegioDiv         Nutzung von Regiosaatgut aus Deutschland ?

Welche Ursprungsregionen sind geeignet ?

SNP-Analyse von 12 Arten
Je 9 Proben aus...
... Lux-Gutland
... Lux-Ösling

Zwischen-Ergebnis
Ą Cen.jac, Gal.alb, Kna.arv: 
Ą Große Ähnlichkeit mit UG 02, 07, 09
Ą ABER: UG 02, 07, 09 nicht homogen !

deLUX

LUX
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RegioDiv ïMulti species level


