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Methods 

We performed the complete sequencing of 203 mtDNAs previously classified into haplogroup 

JT by the characterisation of the HVS-I region, as described elsewhere [1]. The population surveyed 

includes samples from Europe, especially from the Mediterranean Basin and Iberia, the Caucasus, the 

Near East and North Africa (Supplementary Data 1). We sequenced the samples using Sanger 

sequencing and scored whole-DNA sequencing results against the rCRS [2, 3]. We also included 1746 

published JT sequences (883 in haplogroup J and 863 in haplogroup T). We inferred a preliminary 

phylogeny with Network 4.6 software using reduced-median network analysis [4] together with 

PhyloTree [5] which we resolved into a putative most parsimonious tree using estimates of site-

specific rate variation [6]. We used mtDNA-GeneSyn to convert files [7]. The phylogenetic trees for 

haplogroup J and T mitogenomes are shown in Supplementary Data 1.  

For the time estimates we used two different methods: the rho (ρ) statistic [8] and maximum 

likelihood (ML) [9]. For both methods, we used a mutation rate estimate for the whole-mtDNA 

(mitogenome) sequence of one substitution every 3,624 years, corrected for purifying selection [6]. 

We also used ρ with a synonymous mutation rate of one substitution every 7,884 years [6]. For the 

ML age estimates, we used the PAML software, assuming the HKY85 model [10] with gamma-

distributed rate variation across sites (with 0.1 as the initial value of the shape parameter estimated 

for a gamma distribution with 32 categories) and an enforced molecular clock. Due to limitations of 

the PAML software, we only used 1700 sequences of our tree in order to obtain the age estimates. 

For the calculation of the ML time estimates, we considered two partitions: HVS-I (positions 16051-

16400) plus HVS-II (positions 68-263) and the remainder, due to the high mutation rate of the 

hypervariable regions when compared with the remaining molecule. Age estimates for the main nodes 

in the trees are shown in Table S1 (in Supplementary Data 2).  

Founder analysis [11-13] is an approach to estimating migration times from genetic data. It 

partitions the data into putative source and sink regions, and subtracts the diversity within the sink 



dataset that arose in the source region. The founder clusters diversifying from each founder lineage 

identified in this way are then dated by means of the ρ statistic and the mtDNA molecular clock. By 

this means we effectively reset the molecular clock to zero for each founder lineage. Several 

procedures are used to reduce the confounding impact of back-migration and back-mutation.  The 

procedure is conservative in that it provides only minimum estimates for the arrival time of each 

founder lineage, since the arrival necessarily predates the origin and expansion of the corresponding 

founder cluster.  

We performed founder analysis using in-house Founder Analysis software that applies an 

algorithm for choosing the best tree. We calculated the age estimate for the migration of each founder 

using the ρ statistic and obtained the effective number of samples associated with each founder as 

before [13-15] by multiplying the number of samples in each founder cluster by a ratio of the variance 

assuming a star-like network and the variance calculated with the method of Saillard et al. 

(Supplementary Data 2) [16]. We performed the founder analysis of mitogenome data in three ways: 

(1) from the Near East (including Anatolia) to Mediterranean Europe (including Iberia); (2) from the 

Near East and eastern/central Mediterranean Europe to Iberia; and (3) from the Near East and 

Mediterranean Europe to central/northern Europe (excluding the British Isles and Volga Tatars from 

Russia).  

Additionally, we performed the founder analysis considering Mediterranean Europe and the 

Near East as independent sources to Iberia as well as to central and northern Europe. We also 

performed a reciprocal founder analysis, reversing the migration direction of all the models described 

to confirm that all sources and sink regions were correctly assigned.  

In order to avoid being misled by false founders due to back-migration, we specified that the 

founder clade must include at least one specific basal branch in the source. We estimated the age of 

each founder using the ρ statistic with an independent mutation rate for each migration event, 

considering the timeframe of the event to allow for the effects of purifying selection, as before [13]. 



We scanned the distribution of the founders at equally spaced 200-year intervals from 0–70 ka [13-

15], and we also calculated the proportion of the founder lineages in a two-migration model that 

approximates to potential Late Glacial and Neolithic migration events from the Near East to the 

Mediterranean Europe (defined at 13.0 and 9.0 ka). We further assumed a third dispersal at 0.5 ka to 

allow for any recent/historical gene flow. 

We obtained Bayesian skyline plots (BSPs) [17] using the BEAST software and assuming the 

HKY nucleotide substitution model with gamma-distributed rates and an uncorrelated lognormal 

relaxed molecular clock. The mutation rate used was the one obtained previously for the U6 

haplogroup, calculated using BEAST and taking into account particular demographic events internal to 

the phylogeny [18]. The MCMC chain length was 100,000,000 and parameters were drawn every 

10,000 interactions with a 10% burn-in discarded. We used a generation time of 25 years to rescale 

the vertical axis of the BSP into years [19].  

 



Figure S1. Founder analysis results for whole mtDNA genomes. Probabilistic distribution across migration times scanned at 200-year intervals from 0-70 ka. (A) 
From Mediterranean Europe to Iberia. (B) From the Near East to Iberia. 
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Figure S2. Founder analysis results for whole mtDNA genomes. Probabilistic distribution across migration times scanned at 200-year intervals from 0-70 ka. (A) 
From Mediterranean Europe to northern/central Europe. (B) From the Near East to northern/central Europe. 
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Figure S3. Founder analysis results for whole mtDNA genomes. 
Probabilistic distribution across migration times scanned at 200-year 
intervals from 0-70 ka. (A) From Mediterranean Europe to the Near 
East. (B) From northern/central Europe to the Near East and 
Mediterranean Europe. (C) From northern/central Europe to the 
Near East. (D) From northern/central Europe to Mediterranean 
Europe. (E) From Iberia to the Near East and Mediterranean 
Europe. (F) From Iberia to Mediterranean Europe. (G) From Iberia 
to the Near East. 



Figure S4. BSPs indicating the median of the effective population size trough time based on haplogroup J (left panel) and T (right 
panel), assuming a generation time of 25 years. The blue area represents the 95% confidence intervals. (A) Near East/Arabia; (B)
South Caucasus/Anatolia; (C) Mediterranean Europe; (D) Iberia; (E) North and central Europe. 
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