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mtDNA

Vilaça et al. (2014) J. of  Biogeography – D-loop Rodriguez et al. (2009) J. of  Heredity - cytb
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mtDNA

Hassanin et al. (2009) J. Mol. Evol.
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i/eDNA
Pros Cons

• Low DNA quality
• Detectability of  rare or elusive species
• With the right combination of  primers can 
help screen the biodiversity in an area or the diet 
of  the target species

• Careful screening of  results needed
• Rely on availability of  reference sequences    

(soon to improve)
• Bioinformatic skills and computational 
facilities needed
• High initial costs



• Kinship analysis – paternity testing
• Forensic identification
• Marker assisted breeding
• Population genetics
• Evolution
• Local adaptation
• Disease associated studies
• Analyses of  specific traits

Applications



STR
Pros Cons

• Biparentally inherited
• Codominant 
• Neutral
• Individual specific
• Hybridization/migration
• High recombination
• Highly informative – many alleles
• Recent demographic events
• Cheap
• Low DNA quality
• Availability of  historical databases
• Availability of  standard marker sets for several 
species

• Difficult to have comparable results 
across labs
• Not all STR are equally informative
• Complex mutation mechanism
• Labour intensive (multiplex help)
• Price will not decrease

See Selkoe & Toonen (2006) Ecol. Lett. for an overview



SNPs
Pros Cons

• Biparentally inherited
• Individual specific
• Codominant
• Abundant
• Low to high recombination
• Present in both coding and neutral regions
• Automation
• Low genotyping error rates
• Comparable across labs
• Single locus/haplotypes
• Allow the identification of  genes/regions under 
selection for specific traits without prior information

• Biallelic (higher numbers needed)
• Costly
• High quality DNA needed
• Some are still unmapped
• Ascertainment bias
• Computational power & bioinformatic
skills



The Sardinian wild boar is considered a dwarf  
form of  the European wild boar

It was classified as a distinct subspecies

Sus scrofa meridionalis (Major 1883) 

confirmed by several morphometrical and genetic studies (De Beaux & Festa
1927, Groves 1981, Apollonio et al. 1988, Randi et al. 1989)

Photo courtesy of A. Addis

Photo courtesy of R. Unici

Photo courtesy of M. Scandura



DIFFERENTIATION

INTROGRESSION

POP STRUCTURE

Evaluating the genetic diversity of  the Sardinian wild boar (WB) population with 
respect to three aspects:

Main goal

genetic differentiation of  the Sardinian WB 
population from the continental WB 
populations and from the domestic pigs

signs of  genetic introgression from continental 
WB populations and from domestic pigs into 
the Sardinian WB

genetic structure into subpopulations within 
the Sardinian WB population

Expectation: high levels of  differentiation

high introgression (mainly from domestic stocks)

panmixia

Expectation:

Expectation:



STRs

10 STRs
used in Scandura et al. (2008) Mol. Ecol.

and Scandura et al. (2011) Heredity

200 SNPs

selection on the basis of FST

SNPs

45.000 SNPs

Porcine SNP60k Illumina Beadchip
only polymorphic autosomal SNPs included
used in Iacolina et al. (2016) Heredity

MARKERS

12.000 SNPs
removal of  SNPs in LD

16 STRs
addition of  six polymorphic loci

Sardinia-Europe

Sardinia-Dom Pigs



DIFFERENTIATION

FST = 0.085
97% correct 

assignment

overall FST = 0.078
90% correct assignment

WB Italy: Italian peninsula n = 75
WB Europe: rest of Europe n = 139
Dom Pigs: domestic pig breeds n = 114
WB Sardinia: Sardinian wild boars n = 381

10 STRs

WB Sardinia

WB Italy WB Europe

Dom Pigs

16 STRs

WB Sardinia

WB Italy
WB Europe

Dom Pigs



200 SNPs

WB Sardinia

WB Italy

WB Europe

Dom Pigs

12k SNPs

WB Sardinia

WB Italy

WB Europe

Dom Pigs

WB Italy: Italian peninsula n = 15
WB Europe: rest of Europe n = 183
Dom Pigs: domestic pig breeds
n = 108
WB Sardinia: Sardinian wild boars
n = 115

FST = 0.113

All datasets consistently represent
the Sardinian WB as a separate 
cluster

FST = 0.450

45k SNPs

WB Sardinia

WB Italy

WB Europe

Dom Pigs

FST = 0.170



10 STRs

16 STRs
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45k SNPs

12k SNPs
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INTROGRESSION

16 STRs 10 STRs 45k SNPs 12k SNPs

• Similar resolution
• Possible overestimation of
introgression

• Loss of resolution
• Overestimation of introgression

r2 = 0.490 r2 = 0.937
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70%
16%

12%

2%

45k SNPs 12k SNPs 200 SNPs

• Loss of resolution

• Possible underestimation of
introgression

r2 = 0.525

Effect of  the non-random 
selection of  the 200 SNPs
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INTROGRESSION

12k SNPs16 STRs vs.

• Weak correlation between
individual Q-values obtained

with STRs and SNPs data



10 STR

POP STRUCTURE only Sardinian WB with QSar>0.9

16 STR 12k SNPs

n=54 n=71 n=71



200 SNPs

POP STRUCTURE

n=85

only Sardinian WB with QSar>0.9

Different inference of  
population structure

The selected panel of SNPs was
likely biased towards inter-

population divergence and poorly
informative about inner population

structure



DIFFERENTIATION

INTROGRESSION

POP STRUCTURE

To summarise

• All datasets detect a high level of
differentiation of the Sardinian population

• In all cases the cluster analysis identified a 
private cluster for Sardinian wild boars

• If introgressed individuals are removed, a 
similar genetic structure is detected by STRs
and 12k SNPs, but not with the selected panel
of 200 SNPs

• STRs detect a higher level of introgression than
SNPs (overestimation)

• A loss of resolution is generally associated with
reducing the number of markers, while a bias may
derive from selection of SNPs



F. Tuon

Fulgione et al. (2016) Evol. Appl.



vonHoldt et al. (2016) Mol. Ecol.



Åkesson et al. (2016) Mol. Ecol.

0 – 0.1 0.1 – 0.2 0.2 – 0.3 0.3 – 0.4 0.4 – 0.5 S. unrelated Unknown



Åkesson et al. (2016) 
Mol. Ecol.

Original pair

F1

F2

F1+F2

Pairing:
70% - 38%
Breeding:
65% - 26%

Beneficial 
effect of  
migrants

19-36 STR



97
(1977-2015)

6,701,147 SNP

Low diversity, even among immigrants and founders. 
One pair of  immigrants was full-sib → inbreeding 
based on pedigree is an underestimation

Confirmed presence of  homozygous chromosomes 
and of  possible purging selection

Kardos et al. (2018) Nat. Ecol. Evol.



Management

Kojola et al. 2009
Laikre et al. 2016

Sweden is committed to 
maintain naturally
occurring species at 
population sizes large 
enough to permit harbouring
genetic variation for long-
term persistence (Swedish 
Environmental
Objectives, Government 
Proposition 2009/10:155)





Moving towards the future



18 STR

96 SNP
92 autosomal, 1 mtDNA, 3 Y-chromosome



The choice of  a set of  markers is a critical point to any 
analysis, together with study design. What’s the scope?

Old but gold

Genome-wide genotyping technologies are attractive because of  
the huge amount of  information they can quickly and ever 

more cost-effectively provide

However, marker reduction is often required because of  
problems like lack of  independence, data handling, software 

and hardware limitations

Caution should be taken when using such data for population 
inferences, by critically checking possible bias that cross-species 
application or non-random selection can generate in the dataset




