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Genetic analysis of breeding stocks
Of LWFG (Anser erythropus)



      270 LWFG 
Germany (n=84), 
Sweden and Finnland; 
 27 wild birds from Russia

samples

Genetic composition and variability
of LWFG breeding stocks kept in Germany, 
Sweden and Finnland

Aims & Scope: to determine:
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of evolution, phylogeny
& phylogeography

1-10 million nucleotide differences
between 2 individuals of a species
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Methods of molecular systematics and evolution

DNA
Sequencing of marker genes Systematics, phylogeny, phylogeography

Microsatellite-PCR Population genetics;
Paternity determination 

AFLP-PCR; ISSR-PCR Population genetics; Gene mapping

PCR molecular sexing

SNP-analysis paternity analysis, forensic

DNA-Fingerprinting Paternity determination 
Forensics



mtDNA
Maternal
inheritance

ncDNA

Genetic Marker
-DNA Sequences
-Length polymorphisms
(z.B. Microsatellites)

ND2



From Sample to Sequence
Feathers Blood Muscle tissue

Isolation of total DNA

Amplification of marker genes by Polymerase Chain Reaction
(PCR) with specific primers

Cycle Sequencing PCR and Automatic DNA Sequencing

DNA Sequence

DNA buffer ethanol

From Sequences to Phylogeny and
Taxonomy

taxon 1   ATG CAT GGG CTT TAA GGC CT
taxon 2   ATG CAT GGT CTA GAA GGC CT
taxon 3   ATG CAA GGT CTA GAA GGT CT
taxon 4   ATG CAT GGT CTA TAA GGT CT
taxon 5   ATG CAA GGG CTT TAA GGT CT

Phylogeny reconstruction

Maximum Parsimony MP Neighbor Joining NJ Maximum likelihood
(ML)

Programs
 PAUP*, PHYLIP, MEGA, MrBayes

Alignment

networks



cytochrome b (1,043 bp); nd2 (1,041 bp)

ML

Anser is a young group!
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Network analysis mtDNA

 9 Haplotypes



Results of mtDNA-analysis

LWFG show 2 main genetic lineages with 9 haplotypes
German LWFG: no evidence for maternal hybridisation with

greyleg, barbacle, bean, brent, or Canada geese
20% of Swedish and Finnish birds are hybrids with greylegs
In both lineages LWFG 2 haplotypes are present that are shared with
White fronts
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STR (microsatellite analysis)
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From Sample to STR analysis
Feathers Blood Muscle tissue

Isolation of total DNA

Amplification of STR marker by Polymerase Chain Reaction (PCR)
with specific primers

High resolution PAGE or Automatic DNA Sequencing

DNA buffer ethanol

mother father      sib 1    sib 2 sib 3

Bird Locus 1       Locus 2
A1 A2 A3 A4 A5 A6  B1 B2 B3 B4 B5 B6

1a 0     1    0    0    1   0       0   0    0   1    1    0
1b       1     0    1    0    0   0       1   0    0   1    0    0



Microsatellite-Analysis

8 polymorphic Gene-Loci

GWFG       GLG   LWFG



#outgroup2#Ans.ery.29746#Ans.ery.29747#Ans.ery.35336#Ans.ery.35335#Ans.ery.R33079#Ans.ery.29878#Ans.ery.35348#Ans.ery.35351#Ans.ery.36899#Ans.ery.29862#Ans.ery.29872#Ans.ery.35345#Ans.ery.35346#Ans.ery.35349#Ans.ery.36909#Ans.ery.29882#Ans.ery.R33073#Ans.ery.R33080#Ans.ery.35347#Ans.ery.29879#Ans.ery.R33074#Ans.ery.R33075#Ans.ery.R33076#Ans.ery.R33078#Ans.ery.29868#Ans.ery.29877#Ans.ery.35325#Ans.ery.29874#Ans.ery.29881#Ans.ery.29884#Ans.ery.36905#Ans.ery.36896#Ans.ery.35342#Ans.ery.29863#Ans.ery.36902#Ans.ery.36903#Ans.ery.35332#Ans.ery.36906#Ans.ery.R32752#Ans.ery.R32753#Ans.ery.R33064#Ans.ery.R32754#Ans.ery.35343#Ans.ery.29869#Ans.ery.29883#Ans.ery.35341#Ans.ery.36913#Ans.ery.29865#Ans.ery.36907#Ans.ery.36916#Ans.ery.29867#Ans.ery.35353#Ans.ery.35331#Ans.ery.29875#Ans.ery.R33066#Ans.ery.36897#Ans.ery.36901#Ans.ery.36904#Ans.ery.29880#Ans.ery.36910#Ans.ery.R33062#Ans.ery.36915#Ans.ery.R33063#Ans.ery.36908#Ans.ery.36911#Ans.ery.36912#Ans.ery.36914#Ans.ery.35333#Ans.ery.35334#Ans.ery.35338#Ans.ery.35350#Ans.ery.35344#Ans.ery.R33069#Ans.ery.R33071#Ans.ery.29864#Ans.ery.35328#Ans.ery.29870#Ans.ery.35324#Ans.ery.35327#Ans.ery.29866#Ans.ery.36917#Ans.ery.36900#Ans.ery.35321#Ans.ery.29748#Ans.ery.R32756#Ans.ery.35322#Ans.ery.R33072#Ans.ery.29876#Ans.ery.35323#Ans.Alb.31026#Ans.ery.35340#Ans.ery.35352#Ans.ery.R32757
#Ans.ery.R33070#Ans.ery.36918#Ans.ery.29749#Ans.ery.29750#Ans.ery.35330#Ans.ery.36898#Ans.ery.35339#Ans.ery.R32755#Ans.ery.R33065#Ans.ery.R33067#Ans.ery.R33068#Ans.ery.35326#Ans.ery.35329#Ans.Alb.31014#Ans.Alb.31027#Ans.ery.29871#Ans.ery.29873#Ans.Alb.31023#Ans.ery.31981#Ans.Alb.29992#Ans.Alb.29995#Ans.Alb.31028#Ans.ery.31982#Ans.ery.31983#Ans.Alb.31008#Ans.Alb.31013#Ans.ery.33077#Ans.Alb.29993#Ans.Alb.29980#Ans.Alb.29982#Ans.Alb.29999#Ans.Alb.31006#Ans.Alb.29985#Ans.Alb.29990#Ans.Alb.31009#Ans.Alb.29986#Ans.Alb.31007#Ans.Alb.31011#Ans.Alb.31004#Ans.Alb.31016#Ans.Alb.31029#Ans.Alb.29987#Ans.Alb.31022#Ans.Alb.31025#Ans.Alb.31005#Ans.Alb.31018#Ans.Alb.29981#Ans.Alb.31003#Ans.Alb.31024#Ans.Alb.29983#Ans.Alb.29994#Ans.Alb.29998#Ans.Alb.31019#Ans.Alb.31021#Ans.Alb.31012#Ans.Alb.31017#Ans.Alb.29984#Ans.Alb.29988#Ans.Alb.31015#Ans.Alb.29991#Ans.Alb.31002#Ans.ery.35337#Ans.Alb.31020#Ans.Alb.31001#Ans.Ans.6965#Ans.Ans.6966#Ans.Ans.6984#Ans.Ans.6963#Ans.Ans.6964#Ans.Ans.6985#Ans.Ans.6987

UPGMA

#Ans.ery.R32758

GLG

GWFG

Microsatellite analysis; 8 Loci

LWFG

Cluster analysis



Results of microsatellite analysis

LWFG, GWFG and GLG alleles cluster in distinct clades
No general hybridisation!
GWFG and LWFG are separated

But some birds are obvious hybrids with GWFG or GLG



From Sample to ISSR
analysis Feathers Blood Muscle tissue

Isolation of total DNA

Amplification by Polymerase Chain Reaction (PCR) with a
specific single ISSR  primer

High resolution PAGE or Automatic DNA Sequencing

DNA buffer ethanol

Bird A1 A2 A3 A4 A5 A6 A7 A8 A9 B1 B2 B3 B4
1a 1    0    1    1    1   1    1     0     1   0    1   0    1
1b        0    1    1    1    1   1    1     1     0   1    0   1    0

1a 1b



ISSR-Analysis

GLG WFGGLG WFG LWFG



Results of ISSR-fingerprinting
Similar as STR-analysis



Conclusion
•Genetic methods provide evidence for the genetic structure and

evolutionary history of LWFG
•They identify most hybridisation events
•Breeding stocks can be optimised according to the genetic data (i.e.

hybrids and birds with douptful genetic composition will be
excluded from breeding & reintroduction programs)

•Genetic diversity is relatively high.

•Genetically, breeding stocks of LWFG are suitable 
for the reintroduction project after reorganisation
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