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Genetic markers in Conservation
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Genetic markers
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(2) mtDNA

Nucleotide polymorphisms
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Bos taurus
Bubalus bubalis
Damaliscus pygargns
FPantholops hodgsonii PANTHOLOPINA
Ammoeolragus lervia
Arabitragus fovakari
Rupicapra pyrenaica
Rupicapra rupicapra
Budorcas laxicolor
Psendois navanr
Capra nubiana
Capra falconeri
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Qreammnos americanus
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Ovibos moschaius
Naemorhedus grisens

OVIBOVINA
Capricornis crispis

Capricornis sumatraensis Hassanin et al. (2 00 9) J Mol. Evol.
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i/eDNA

Pros

* 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

Cons

* 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
e HEvolution

* Local adaptation
* Disease associated stuj
* Analyses of specific tr| S8

Ah ah! That's what I thought! Thi
that he is in fact a Cucke




STR

Pros Cons
* Biparentally inherited * Difficult to have comparable results
* Codominant across labs
* Neutral * Not all STR are equally informative
* Individual specific * Complex mutation mechanism
* Hybridization/migration * Labour intensive (multiplex help)
* High recombination * Price will not decrease

* Highly informative — many alleles

* Recent demographic events

* Cheap

* Low DNA quality

* Availability of historical databases

* Availability of standard marker sets for several
species

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




SN Ps

Pros

* 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

Cons

* Biallelic (higher numbers needed)

* Costly

* High quality DNA needed

* Some are still unmapped

* Ascertainment bias

* Computational power & bioinformatic

skills
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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)




Main goal

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

genetic differentiation of the Sardinian WB

DIFFERENTIATION RBtErtesgitelRitcyeltcitce AV

populations and from the domestic pigs

Expectation: high levels of differentiation

signs of genetic introgression from continental

INTROGRESSION WB populations and from domestic pigs into
the Sardinian WB

Expectation: high introgression (mainly from domestic stocks)

POP STRUCTURE genetic structure into subpopulations within
the Sardinian WB population

Expectation: panmixia




MARKERS

STRs

SNPs <

4 used in Scandura et al. (2008) Mol. Ecol.
10 STRs and Scandura et al. (2011) Heredity

J

addition of six polymorphic loci
16 STRs

Porcine SINP6Ok Lilumina Beadchip
45.000 SNPs only polymorphic autosomal SNPs included
. used in Iacolina et al. (2016) Heredity

removal of SNPs in [.LD
12.000 SNPs

Sardinia-Europe

selection on the basis of F

ST | Sardinia-Dom Pigs

200 SNPs




DIFFERENTIATION

'WB.'Safdﬁi'rﬁli?a_ S N

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

Axe 202,53 %)

4 & & B o 8 5 8 8

g

e 502,10 %5

overall Fe = 0.078

90% correct assignment

e " WBEurope

Fyp = 0.085

97% correct

Axe 2(2,22 %)

assignment

e 301,69 %)

Axe 1 (3,10%%)



45k SNPs

12k SNPs
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DIFFERENTIATION
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DIFFERENTIATION
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INTROGRESSION

16 STRs |f1> 10 STRs 45k SNPs 12k SNPs

* [Loss of resolution * Similar resolution

* Overestimation of introgression * Possible overestimation of
introgression

r2 = 0.490 r2 =0.937




INTROGRESSION

45k SNPs 12k SNPs 200 SNPs

* |.oss of resolution

e Possible underestimation of
introgression

Effect of the non-random
selection of the 200 SNPs

r2 =0525



INTROGRESSION

16 STRs vs. |12k SNPs

* Weak correlation between

individual Q-values obtained
with STRs and SNPs data

r2 =0.133



POP STRUCTURE only Sardinian WB with Qg >0.9

12k SNPs

n=71




POP STRUCTURE only Sardinian WB with Qg,>0.9

200 SNPs
n=85

Different inference of
population structure

The selected panel of SNPs was
likely biased towards inter-
population divergence and pootly
informative about inner population
structure



To summarise

DIFFERENTIATION

INTROGRESSION

POP STRUCTURE

* 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

* 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

* 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
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(A) mRAGS 14 (B) vonHoldt et al. (2016) Mol. Ecol.
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(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.




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)

Management

Fennoscan

Finland

220-245

Sweden

350-400 /

Kojola et al. 2009
Laikre et al. 2016
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ORIGINAL ARTICLE

Widespread, long-term admixture between grey wolves and
domestic dogs across Eurasia and its implications for the

conservation status of hybrids SCIENTIFIC REPORTS

Malgorzata Pilot? Claudia Greco® Bridgett M. vonHoldt® | Ettore
Randi™® | Wiodzimierz Jedrzejewski® | Vadim E. Sidorovich® | Maciej K.

Article | Open Access | Published: 01 July 2019
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Genome sequencing and conservation genomics in the
article | openaccess | Put Scandinavian wolverine population

a, Mihai Fedorca,

HOtSpOtS Of Roberlt Ekblom i, Birte Brechlin, Jens Persson, Linnéa Smeds, Malin Johansson, Jessica Magnusson,
@ystein Flagstad, Hans Ellegren

pigs and wild boars in Europe

Laura lacolina , Cino Pertoldi, Marcel Amills, Szilvia Kusza, Hendrik-Jan Megens, Valentin Adrian
Balteanu, Jana Bakan, Vlatka Cubric-Curic, Ragne Oja, Urmas Saarma, Massimo Scandura, Nikica

Sprem & Astrid Vik Stronen




Moving towards the future

NINA Report

Estimation of gene flow into the Scandinavian
wolverine population

Oddmund Kleven, Robert Ekblom, Géran Spong, Gerhardus M. J. Lan-
sink, Jouni Aspi, Scott Creel, llpo Kojola, Alexander Kopatz, Anni Ko-
skela, Laura Kvist, Navinder Singh, Jonas Kindberg, Hans Ellegren,
@ystein Flagstad




Figure 4. Map showing the geographic localiies for all samples included in the microsatelite
analfyses. Colours according to the genetic clustering produced using BAPS (K=4). Dashed lines
indicate borders between the three inferred subpopulations (central Scandinavia, northermn Fen-
noscandia and southern Fintand).

96 SNP
92 autosomal, 1 mtDNA, 3 Y-chromosome
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Figure 8. Reswlls from a spatial PCA ploffed onto a map (run in the R package ‘adegenet]). EV
stands for eigenvector, where positive values indicate global structure and negative values lo-
cal structure. Global structures exhibit posifive spatial autocorrelation while local structures dis-
play negative spatial autocorrelation. This approach (in contrast fo the algorithms wsed by the
software Structure) does nof use assumplions of Hardy-Weinberg eguiibnum to delineate clus-
ters. As can be seen in the figure, both EVT and EVZ show a weak global structure overall,
with the exception of the southern Firnish population




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

NEXT EXIT &

/
‘ AVOID BIAS \f

| inferences, by critically checking possible bias that cross-species

- application or non-random selection can generate in the dataset







