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Materials
Genotyping
• At least 48 animals x breed/population: 

genotyped with the GGP 70K SNP/60k Illumina 
chips.

• For some breeds – a larger number of pigs was 
genotyped

Sequencing
• 30-35 animals x breed/population: DNA-pools
• Whole genome sequencing of all DNA pools 

(40X – Illumina paired end)



Breed No. of reads (in pairs) No. of animals in 
pool

Cinta Senese 422120850 35
Alentejano 419690476 35
Apulo Calabrese 418529727 35
Mangalitsa 416663891 35
Black Slavonian 405316112 35
Casertana 435598516 35
Mora Romagnola 411095541 35
Nero Siciliano 405812223 35
Krskopolje 404204144 35
Duroc 420384723 35
Negre Mallorqui 414314159 35
Gascon 408764207 30
Basque 407698128 30
Bisaro 415284437 35
Lietuvos Baltosios 405822217 35
Lietuvos Vietines 409935460 35
Turopolje 416663891 35
Scwabisch Hallisches 428982876 35
Moravka 413100992 35
Sarda 442035147 35
Large White 450673024 35
Landrace 442780637 35
Wild boars 184076376 35

Sequencing data



Databases/ 

items
Features No. of SNPs No. of INDELs

dbSNP

Common* 19,004,673 961,368

Rare# 3,315,987 95,287

Fixed$ 5,295 9

Novel Common 3,475,057 2,184,363

Rare 1,423,002 445,019

Fixed 4,871 358

Total 27,228,885 3,686,404

*AFmean ≥ 0.0143; #AFmean < 0.0143; $Fixed: only the ALT allele is present.



Consequence No. of SNPs

Intron variant 27,723,666

Intergenic variant 15,604,676

3’-UTR variant 469,853

Non-coding transcript variant 396,126

Synonymous variant 274,870

Missense variant 149,180

5’-UTR variant 93,507

Splice region variant 52,788

Non-coding transcript exon variant 15,757

Stop gained 1,357

Splice donor variant 806

Splice acceptor variant 567

Start lost 376

Stop lost 201

Stop retained variant 144

Coding sequence variant 107

Mature miRNA Variant 48

Total* 44,784,029

• SNPs impacting 

the gene at the 

protein level (i.e. 

start/stop 

gained/lost and 

missense SNPs) 

accounted only 

for 0.34%. 



Breed PCC SNPs

Cinta Senese 0.97 46,674

Alentejano 0.96 40,614

Apulo Calabrese 0.96 45,354
Mangulica 0.96 40,278

Black Slavonian 0.92 46,730
Casertana 0.96 44,813

Mora Romagnola 0.97 35,238

Nero Siciliano 0.93 47,283
Krskopolje 0.94 46,625

Negre Mallorquì 0.96 44,895
Gascon 0.96 42,319
Basque 0.97 37,531
Bisaro 0.93 46,948

Lietuvos Baltosios 0.93 45,163

Lietuvos Vietines 0.95 44,376
Turopolje 0.98 39,194

Schwäbisch Hällisches 0.91 46,946
Moravka 0.95 47,063
Sarda 0.92 47,540

MAX correlation

MIN correlation

Estimation of allele frequency:
SNP-CHIP vs DNA Pool-Seq



Whole genome sequencing data



Germany/Slovenia

Italy

Italy

Lithuania

Spain/France

Spain

Italy

Fst based Neighbour-Joining treeHeatmap plot of Fst distances

Genetic similarity between populations



Identified genome windows
• A total of 276 outliers windows identified across the 23 populations
• 68 genome windows shared among two or more populations. 
• 9 genome windows were shared by four to seven populations.

Combined Hp plot

Pooled heterozygosity1



Genome Windows

(SSC:start-end)*

Breeds No. of 

SNPs

Annotated genes (±200-

kb)*

1:170,300,001:170,400,001 Apulo Calabrese, Casertana

Krskopolje, Negre Mallorquì

829 na

4:42,900,001:43,000,001 Black Slavonian, Nero Siciliano

Krskopolje, Gascon

683 TMEM67; PDP1 ; 

FAM92A; RBM12B

4:75,500,001:75,900,001 Cinta Senese, Apulo Calabrese

Krskopolje, Lietuvos Baltosios,

Sarda Large White, Landrace

2356 CHCHD7; SDR16C5; 

MOS; PENK; TMEM68; 

LOC100626876; TGS1; 

LYN; LOC106510084; 

PLAG1; XKR4

8:12,900,001:13,000001 Bisaro, Schwäbisch Hällisches,

Large White, Landrace, Negre

Mallorquì

1067 NCAPG; CAF16; 

FAM184B; LCORL

8:42,600,001:42,700,001 Bisaro, Lietuvos Baltosios, Large 

White, Landrace

683 LOC102162630; 

LOC100526059; TLL1; 

LOC100620475

8:45,500,001:45,600,001 Bisaro, Lietuvos Baltosios, Large 

White, Landrace

1482 PDGFC

LOC102162630

LOC100526059

MAP9

TLL1

LOC100620475

Genome windows, suggestive for selective sweeps, shared by four or more pig breeds



Fst analysis of single breeds

Fst values 

• Fst ranged from 0.0878 (Sarda) to 0.2016 (Turopolje)

• The average Fst value was 0.1347 in agreement with a previous study

Combined Fst plot

2
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Fst analysis of single breeds2



Cinta Senese vs All others
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FST analyses of breed groups3
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Italian Large White
Italian Landrace Italian Duroc

Mora RomagnolaCinta Senese Apulo Calabrese Nero SicilianoSarda
Casertana

Italian autochthonous breeds 

Italian cosmopolitan-derived breeds 

FST analyses of breed groups3



Red breeds (Italian Duroc + Mora Romagnola) vs all other breeds

Mora Romagnola

Italian Duroc

Allele frequency of the alternative allele

0                       0.2                      0.4                     0.6                     0.8                     1.0 



Combined SNP genotyping and 
whole genome sequencing data



Casertana



Phenotypic heterogeneity in Casertana

Hairless Hairy

Curly tail Straight tail



Small-
forward
ears

Large-
floppy 
ears

Slate-
grey coat
colour

Black 
coat
colour

Presence
of wattles Absence

of wattles

Phenotypic heterogeneity in Casertana



GWAS plot

Fst plot

Genome
Wide
Association
Study

SNP chip data



SNP chip data
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Presence/absence of wattles

Slate-grey vs black coat colour



SNP chip data



Conclusions

• We have characterized genetic variability in 
European pig breeds

• The large number of comparisons made it 
possible to detect hundreds of selection
signatures

• We are moving from the description to the use 
of genetic variability in pigs
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All other normal haired breeds

TuropoljeMangulica

Long-curly haired

FST analyses of breed groups3


