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Supplementary Information SI 1 – Overview on analysed individuals 

Table S1. Location information (name, coordinates, abbreviations), year of collection, and sample sizes 

post-filtering (N) of Pityogenes chalcographus  

Site Coordinates Abbreviation/ 

Map code 

Year of collection N 

Austria/Rothwald 47°45′ N/15°04′ E ATRO 2004 9 

Croatia/Saborsko 44°59′ N/15°28′ E CRSA 2009 8 

France/Dole 47°05′ N/05°29′ E FRDO 2007 14 

France/Raon sur Plaine 48°31' N/07°06' E FRRA 2004 10 

Greece/Drama 41°08′ N/24°09′ E GRDA 2004 19 

Italy/Abetone 44°08′ N/10°39′ E ITAB 2009 9 

Italy/Asiago 45°52' N/11°30' E ITAS 2004 9 

Italy/Pavullo 44°20' N/10°50' E ITPA 2004 12 

Italy/Tolmezzo 46°24' N/13°01' E ITTO 2004 6 

Lithuania/Vilnius 54°04′ N/25°20′ E LIVI 2004 9 

Poland/Chojnice 53°42' N/17°34' E POCH 2004 7 

Romania/Bistra 46°22′ N/23°06′ E ROBI 2004 8 

Romania/Sacele 45°37' N/25°42' E ROSA 2004 5 

Russia/Luchanovo 56°21' N/85°02' RULU 2009 11 

Russia/Sverdlovsk  58°53′ N/61°51′ E RUSV 2009 9 

Sweden/Overkalix 66°19′ N/22°50′ E SWOV 2004 15 

  



Supplementary Information SI 2 – library preparation and sequencing 

ddRAD library preparation and sequencing 

For analyzing the demographic history of P. chalcographus on a multi-locus and genome-

wide level, double digest Restriction Associated DNA Sequencing (ddRADSeq) was 

applied. ddRAD libraries were prepared after 1, as modified after 2. 200 ng of genomic 

DNA per sample were digested using the restriction enzymes EcoRI and MseI. 

Afterwards, barcoded (8 to 10 nucleotides long as used in 2) EcoRI and non-barcoded 

MseI adapters were ligated to the digested DNA fragments. Restriction-digested and 

adapter-ligated fragments were PCR-amplified (30 cycles) with primers complementary 

to the adapters. Afterwards, PCR products of all samples were pooled and purified using 

magnetic beads (Agencourt AMPupre XP, Beckman Coulter, Indianapolis, IN). Pools were 

size-selected for a fragment length of 400-500 bp using a BluePippin System (automated 

DNA size selection system, Sage Science, Beverly, MA). Quality control of libraries was 

performed on a ‘Bioanalyzer 2100’ (Agilent) and a ‘Qubit 2.0 Fluorometer’ (Invitrogen, 

Inc.). The library of 192 samples was paired-end-sequenced with 100 bp reads on a 

single Illumina HiSeq2000 lane (BGI Americas, Cambridge, MA). 

 

  



Supplementary Information SI 3 – data processing 

De-multiplexing and filtering 

De-multiplexing and filtering of raw reads was done using a python script by 3, as used 

in 4, allowing one barcode and one cut-site mismatch, and retaining only reads longer 

than 20 bp. 

 

Creating the ‘pseudo reference’ genome 

The ‘pseudo-reference’ genome was created applying ustacks in STACKS (v1.35) 5,6. 

Following parameters were used: minimum depth to create a stack = 3, maximum 

distance between stacks = 2, retain unused reads, disabling haplotype calls from 

secondary reads, and enabling the deleveraging algorithm for over merged stacks. Only 

consensus contigs with log-likelihood values >-20 and >10 mapped reads were retained 

for further analyses. 

 

Genotype calling 

After SNP calling in GATK using the Unified Genotyper, SNP location was extracted and 

further analysis were performed in ANGDS(v0.913) 7 using the GATK model. The 

following filters on reads and SNPs were applied in ANGSD to retain high-quality called 

genotypes: a base quality phred-score >20, a mapping quality phred-score >20, a 

polymorphic p-value <1e-6, and a SNP posterior cut-off >0.95.  



Supplementary Information SI 4 – population statistics 

Additional population statistics metrics 

Population statistics metrics were inferred from called genotypes using 5,470 sites, 

calculated in ANGSD. Testing for Hardy-Weinberg-equilibrium (R function hw.test) and 

calculation of theta (R function theta.k) 8 were performed in the R package pegas 9. 

Tajima’s D 10 was calculated with the R package strataG (R function tajimasD) 11. 

Observed and expected heterozygosity, genotypic richness, genotypic diversity and 

genotypic evenness were calculated using the R package poppr 12,13. 

No significant deviations from Hardy-Weinberg-equilibrium were found (p = 0.343), 

theta was 0.186. Overall Tajima’s D was -0.061 (p = 0.499). Overall, observed 

heterozygosity (= 0.189) was smaller than expected heterozygosity (= 0.207).  

Results on genotypic richness, genotypic diversity, and genotypic evenness see Table S2. 

 

  



 

Table S2. Overview on Pityogenes chalcographus genotypic richness (multilocus genotypes), genotypic 

diversity (Simpon's index), and genotypic eveness per population (abbreviations of geographic sites see 

Fig. 1 and Table S1). 

Site 

Genotypic 

richness 

(multilocus 

genotypes 

Genotypic diversity 

(Simpson's index) 

Genotypic 

evenness 

ITAS 9 0.889 1 

ITTO 6 0.883 1 

ATRO 9 0.889 1 

ITPA 12 0.917 1 

FRRA 10 0.9 1 

ROSA 5 0.8 1 

ROBI 8 0.875 1 

POCH 7 0.857 1 

SWOV 15 0.933 1 

GRDA 19 0.947 1 

ITAB 9 0.889 1 

FRDO 14 0.929 1 

CRSA 8 0.875 1 

LIVI 9 0.889 1 

RULU 11 0.909 1 

RUSV 9 0.889 1 

 

  



Supplementary Information SI 5 – approximate Bayesian computing (ABC) to 

analyze the demography of P. chalcographus 

Four evolutionary scenarios for the demographic history of P. chalcographus were 

tested, using ABC analysis implemented in DIYABC 2.1.0 14. For each of the four 

scenarios 1 million simulations and 36 summary statistics were calculated, assuming 

uniform prior distributions (details on prior parameters see Table S3). To estimate 

posterior probabilities for each scenario via logistic regression and to assess posterior 

parameters for the best-supported scenario, the closest 1% of the simulated data was 

used. Confidence parameters of the selected scenario were estimated via type I and type 

II errors from 500 pseudo-observed data sets. 

Table S3. Scenario parameters for ABC analysis of Pityogenes chalcographus in DIYABC 2.1.0 (Cornuet et 

al. 2014). A (ancestral population), CESE (central/south-eastern sites), NE (north-eastern sites), ITDI 

(Italian-Dinaric sites). 

Parameter Prior distribution Minimum prior value Maximum prior value 

Population size 

(ITDI) Uniform 10 300,000 

Population size 

(CESE) Uniform 10 300,000 

Population size 

(NE) Uniform 10 300,000 

Population size 

(A) Uniform 10 500,000 

Time (t1) Uniform 1,000 3,000,000 

Time (t2) Uniform 1,000 3,000,000 

Admixture rate 

(ra) Uniform 0.001 0.999 



    

 

 

The four evolutionary scenarios were tested on a reduced data set. To confirm that this 

data yield similar results a DAPC was performed (Fig. S1). 

 

Figure S1. DAPC of a reduced data set analyzing 712 loci of Pityogenes chalcographus for use in DIYABC 

2.1.0. Abbreviations of geographic sites see Fig. 1 and Table S1. 

 

  



Supplementary Information SI 6 – details on pairwise Nei’s FST values 

Using called genotypes (5,470 loci) Nei’s pairwise FST value among geographic sites were 

calculated using the R package hierfstat 15. 

 

Table S4. Pairwise Nei's FST values among Pityogenes chalcographus geographic sites (abbreviations of 

geographic sites see Fig. 1 and Table S1). 

  ATRO CRSA FRDO FRRA GRDA ITAB ITAS ITPA ITTO LIVI POCH ROBI ROSA RULU RUSV 

CRSA 0,040                             

FRDO 0,027 0,032                           

FRRA 0,034 0,040 0,027                         

GRDA 0,025 0,029 0,021 0,024                       

ITAB 0,040 0,042 0,035 0,040 0,032                     

ITAS 0,036 0,039 0,030 0,038 0,029 0,042                   

ITPA 0,032 0,035 0,029 0,033 0,028 0,030 0,033                 

ITTO 0,043 0,047 0,034 0,043 0,030 0,048 0,043 0,038               

LIVI 0,040 0,045 0,031 0,036 0,026 0,049 0,043 0,041 0,049             

POCH 0,046 0,051 0,034 0,044 0,031 0,054 0,050 0,043 0,059 0,045           

ROBI 0,037 0,046 0,030 0,037 0,025 0,046 0,044 0,039 0,052 0,042 0,050         

ROSA 0,052 0,057 0,037 0,047 0,029 0,059 0,054 0,046 0,071 0,051 0,064 0,054       

RULU 0,038 0,043 0,029 0,036 0,028 0,044 0,041 0,037 0,044 0,032 0,041 0,039 0,046     

RUSV 0,043 0,049 0,034 0,041 0,029 0,051 0,047 0,042 0,054 0,040 0,047 0,044 0,054 0,037   

SWOV 0,032 0,036 0,028 0,030 0,025 0,038 0,035 0,035 0,037 0,027 0,035 0,033 0,038 0,027 0,032 

                

 

 

  



Supplementary Information SI 7 – details on NGSadmix analyses 

Results for the optimal number of Ks inferred from genotype likelihoods (analysing 

13,105 loci) and changes in log-likelihood values between Ks 16, tested for K1 to K15. 

 

Figure S2. Optimal K-value (=2) based on genotype likelihoods (analysing 13,105 loci) and changes in log-

likelihood values. 

 

  



Supplementary Information SI 8 – details on NGSadmix analyses 

In addition to K =2 and K = 3, NGSadmix analysis for K = 4 was performed (Fig. S3). 

 

 

Figure S3. Admixture plot (NGSadmix) for K = 4 for Pityogenes chalcographus, using genotype likelihoods 

(13,105 loci analysed, abbreviations of geographic sites see Fig. 1 and Table S1). 
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