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The following Supporting Information is available for this article: 

Fig. S1. Observed and expected genome size values in Veronica subsect. Pentasepalae.  

Fig. S2. Box plots of the 12 quantitative environmental variables that are significantly 

associated with the distribution of cytotypes.  

Fig. S3. Relative frequencies of cytotypes in relation to the three most common vegetation types 

and the three most common biogeographical regions. 

Fig. S4. Distribution of cytotypes in relation to vegetation type, and biogeographical regions. 

Table S1 (provided as a separate excel file). Details of individuals of Veronica subsect. 

Pentasepalae included in this study, including population code, ploidy level, genome size 

values (1Cx, 1C and 2C-value), sample CV, number of measurements per individual, collector 

number, country, region, locality, geographical coordinates, altitude, date of collection, 

collectors and herbarium number. Ploidy levels marked with an asterisk indicate that 

chromosome counts were performed for this population. Mixed-ploidy populations are 

indicated with a grey shaded population code. 

Table S2 (provided as a separate excel file). Mean and standard deviation of genome sizes for 

each ploidy (only samples with CV < 5%).  

Table S3. Environmental variables used in univariate and multivariate analyses. 

Table S4. Associations between ploidy levels and environmental variables in populations of 

Veronica subsect. Pentasepalae found by the univariate analyses.  
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Fig. S1. Observed and expected 1C-values (A) and 1Cx-values (B) in the four groups of ploidy 
levels (2x, 4x, 6x, and 8x) found in Veronica subsect. Pentasepalae (only samples with CV < 
5%). The solid lines indicate the correlation of mean observed values for different groups and 
the dot-dashed lines represent expected values based on mean observed diploid values. The 
upper outliers in the tetraploid group correspond to individuals of northwestern Spain 
(population 129; see discussion). 
  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. S2. Box plots of the 12 quantitative environmental variables that are significantly associated with the distribution of cytotypes. Significant 
differences between ploidy levels were identified by the Dunn´s test (P < 0.01) and are indicated by different letters above the box plots.  



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. S3. Relative frequencies of cytotypes of V. subsect. Pentasepalae in relation to the three 
most common vegetation types (A), and the three most common biogeographical regions (B). 
 

 

 

 

 

 

 



Fig. S4. Distribution of cytotypes of V. subsect. Pentasepalae in relation to vegetation types (A), and biogeographical regions (B).



Table S3. Summary of the 33 environmental variables used in univariate and multivariate analyses, its definition, spatial resolution, and source. 

Variables in bold represent the 17 low correlated variables used in the multivariate analysis. 

 
Variable Definition Spatial Resolution Data source 
Bio 1 Annual Mean Temperature (ºC *10) 

30 arc seconds (ca. 1 km) 
WorldClim 
(1960-1990) 

(Hijmans et al., 2005) 

Bio 2 Mean Diurnal Range (Mean of monthly (max temp - min 
temp)) (°C * 10) 

Bio 3 Isothermality (BIO2/BIO7) (* 100) (%) 

Bio 4 Temperature Seasonality (standard deviation * 100) 
(°C * 10) 

Bio 5 Max. Temperature of Warmest Month (°C * 10) 
Bio 6 Min. Temperature of Coldest Month (°C * 10) 
Bio 7 Temperature Annual Range (BIO5-BIO6) (°C * 10) 
Bio 8 Mean Temperature of Wettest Quarter (°C * 10) 
Bio 9 Mean Temperature of Driest Quarter (°C * 10) 
Bio 10 Mean Temperature of Warmest Quarter (°C * 10) 
Bio 11 Mean Temperature of Coldest Quarter (°C * 10) 
Bio 12 Annual Precipitation (mm) 
Bio 13 Precipitation of Wettest Month (mm) 
Bio 14 Precipitation of Driest Month (mm) 
Bio 15 Precipitation Seasonality (Coefficient of Variation) (%) 
Bio 16 Precipitation of Wettest Quarter (mm) 
Bio 17 Precipitation of Driest Quarter (mm) 
Bio 18 Precipitation of Warmest Quarter (mm) 
Bio 19 Precipitation of Coldest Quarter (mm) 
NDVI av NDVI* annual average 250 m NASA EOSDIS LP DAAC 



NDVI sd NDVI* annual standard deviation  (Vermote, 2015) 

NDVI min NDVI* annual minimum  
NDVI max NDVI* annual maximum  
NDVI ran NDVI* annual range  

Tree cover Percent Tree Cover from 2010 250 m Global Land Cover Facility (VCF) 
(NASA) (DiMiceli et al., 2011) 

Slope Slope map in percent from 2002 to 2010 2 km 

WorldGrids 
(Reuter and Hengl, 2012) 

Sunr av Solar radiation average from 2011 ( × 365/8 kWh / 
m2) 

700 m 

Sunr sd Solar radiation standard deviation from 2011 ( × 
365/8 kWh/m2) 

700 m 

HFP Global Human Footprint from 1995 to 2004 1 km WCS and CIESIN (2005) 

Soil Soil type 1 km World Soil information  
(Hengl et al., 2014) 

N Formation Potential natural vegetation Scale 1:2,500,000 Map of the Natural Vegetation of Europe 
(Bohn et al., 2003) 

Land cover Land cover from 2008 to 2012 300 m European Space Agency-CCI  
(Land Cover Map, 2014) 

Biogeo Biogeographical region from 2008 to 2011 ** European Environment Agency (2011) 
*NDVI: Normalized Difference Vegetation Index averaged over the years 2001-2011. 
** The scale varies between 1:1 000 000 and 1:10 000 000 depending on regions. 
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Table S4. Associations between ploidy levels and environmental variables in populations of 

Veronica subsect. Pentasepalae found by the univariate analyses. Differences were tested either 

by one-way ANOVA, Kruskal-Wallis test (KW) or contingency tables (CT). d.f. = degree of 

freedom. Variables in bold showed significant association after Bonferroni correction (P-values 

< 0.0003). 

 

 
 

Variable Test d.f. Test statistics P 
Bio 1 ANOVA 3 6.038 0.0006 
Bio 2 KW 3 7.221 0.065 
Bio 3 KW 3 24.036 2.45e-05 
Bio 4 KW 3 29.3944 1.85e-06 
Bio 5 ANOVA 3 9.063 1.12e-05 
Bio 6 KW 3 22.1684 6.02e-05 
Bio 7 KW 3 14.1403 0.0027 
Bio 8 KW 3 6.3198 0.0970 
Bio 9 KW 3 29.4925 1.76e-06 
Bio 10 ANOVA 3 6.219 0.0005 
Bio 11 KW 3 31.613 6.32e-07 
Bio 12 KW 3 11.075 0.011 
Bio 13 KW 3 8.5406 0.036 
Bio 14 KW 3 28.4057 2.99e-06 
Bio 15 KW 3 11.4439 0.010 
Bio 16 KW 3 9.8693 0.020 
Bio 17 KW 3 18.6895 0.0003 
Bio 18 ANOVA 3 25.65 3.06e-14 
Bio 19 KW 3 5.8955 0.117 
NDVI av KW 3 28.946 2.299e-06 
NDVI sd KW 3 44.904 9.695e-10 
NDVI min KW 3 0.539 0.91 
NDVI max KW 3 46.867 3.71e-10 
NDVI ran ANOVA 3 16.72 8.26e-10 
Tree cover KW 3 15.3953 0.00151 
Slope KW 3 2.329 0.507 
Sunr mean KW 3 2.6223 0.454 
Sunr sd KW 3 6.9591 0.073 
HFP KW 3 1.0817 0.782 
Soil CT 33 41.53 0.147 
N Formation CT 30 70.43 4.25e-05 
Land cover CT 24 37.27 0.041 
Biogeo CT 18 80.26 7.716e-10 


