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Introduction

It is now widely agreed that the Native American founders 

originated from a Beringian source population ~15-18 

thousand years ago (kya) and rapidly populated all of the New 

World on a Pacific coastal route. The currently identified 

mtDNA founders comprise the major pan-American lineages 

A2, B2, C1b, C1c, C1d, and D1, and the minor lineages D2a, 

D3, X2a, X2g, C4c, and D4h3a [1-4].

Questions concerning the number, route, and timing of human 

migration events into and across the American double 

continent are still far from being completely addressed. 

Several models have been proposed to explain the 

coexistence of lineages with pan-American and others with 

much more limited dispersal patterns. 

Even though Native American populations were among the 

first to be examined in detail [5], high quality full mtDNA 

genome sequences are still scarcely available, thus limiting 

any genetic research. We provide an additional piece to the 

puzzle of Native American history by shedding light on the 

mtDNA composition of the Southern Cone of South America, 

an area so far only marginally evaluated, and presenting novel 

data concerning the final phases of the long journey that 

brought humans from Beringia to the tip of South America.

Material and Methods

To examine the pioneering peopling phase of the South 

American continent, we screened literature and mtDNA 

database reports and identified two specific mitochondrial 

clades of the pan-American founder lineage D1 that are not 

yet described in the comprehensive mitochondrial phylotree 

[6, build 12]. According to highest forensic quality standards 

[7], we identified, selected and then completely sequenced 43 

mtDNA genomes of the two novel lineages that we termed 

D1g and D1h, constructed phylogenetic trees and performed 

phylogeographic analyses.

We calculated maximum likelihood (ML) molecular 

divergences for the novel mtDNA clades using PAML 4.4, as 

previously reported [3]. The calculations were performed on 

the entire mtDNA haplotypes; mutational distances were 

converted into years using the corrected molecular clock [8]. 

Results

The novel haplogroup D1g (represented by 26 entire mtDNA 

genomes) is defined by the mutational pattern A8116G-

C16187T and exhibits at least six major basal branches 

(D1g1 – D1g6). Haplogroup D1h (17 mtDNA genomes) is 

characterized by the motif T152C-C16242T-T16311C and 

currently one prominent subbranch, Dh1a (Fig. 1). 

The ML point estimate of 16.9 ± 1.6 ky for both sublineages 

taken together (18.3 ± 2.4 ky for D1g, 13.9 ± 2.9 kya for D1h) 

agrees with the age of the most ancient known settlement in 

South America at the Monte Verde site, dated to 14.1-14.6 

kya [9]. Phylogeographic analyses revealed a widespread 

distribution of younger and older (= 5-17 ky) subclades of 

D1g and D1h on both the Pacific coastal and the continental 

side of the Andes, not restricted to specific regions (Fig. 2).

In the available database and literature reports, both D1g 

and D1h show overall relatively rare occurrences (= 5% 

countrywide), but local high frequencies, and are essentially 

restricted to populations from the Southern Cone of South 

America (Chile, Argentina and Brazil).

Discussion

The ample diversity of the novel mtDNA haplogroups D1g 

and D1h, limited to the Southern Cone of South America, 

suggests that these two lineages arose in this area, while 

their age implies that they originated at the very early stages 

of human colonization of the continent and were most 

probably part of the mtDNA pool of the pioneer settlers. Our 

findings indicate a very early arrival of Paleo-Indians in the 

Southern Cone after a rapid movement along the entire 

American double continent (~15,400 km [10]), which 

appears feasible along the postulated Pacific coastal route 

under similar ecological resources, requiring little adaptation 

[9].  

Integrating the age estimates for D1g and D1h and their 

apparent dispersal, we hypothesize an extremely fast 

Pacific coastal migration in probably less then 2,000 years, 

followed by continuous and extensive gene flow over the 

Andean cordillera, as the most likely scenario for the 

peopling of the South American continent. Migrations over 

the mountain barrier could have been facilitated by several 

deglaciation and warming periods after 14.6 kya [11], i.e. 

about the time when Monte Verde was founded [9]. The 

Mapuche people, in which the mtDNA haplogroups D1g and 

D1h are present, have been settling on both sides of the 

cordillera in the Southern Cone for thousands of years, and 

could have served as a genetic trans-Andean link. 

This study confirms that major sampling and sequencing 

efforts are mandatory for uncovering all of the most basal 

variation in the Native American mtDNA haplogroups by 

targeting both the mixed population of national states and 

autochthonous Native American groups, especially in South 

America. 

Figure 2.  Origin of D1g and D1h sample donors. 
The provinces/states of origin of the sample donors of the fully sequenced mtDNA 
haplogroup D1g (represented by circles) and D1h (represented by squares) 
samples are shown. Sizes of circles and squares correspond to the number of 
samples, their colours indicate subhaplogroups. The arrow points at the location of 
the Monte Verde site [9]. 

Figure 1. Phylogenetic tree of the two novel Southern South 
American mtDNA haplogroups D1g and D1h. 
This tree includes 43 new complete mtDNA sequences. The country of origin of 
the sample donors is indicated by the circle colour. The prefix @ indicates the 
reversion of a mutation occuring earlier in the phylogeny. The suffixes s and ns 
indicate synonymous and non-synonymous substitutions, respectively, while ~t 
and ~r indicate affected positions in tRNA and rRNA loci, respectively. Recurrent 
mutations within the phylogeny are underlined. All mutations are indicated except 
cytosine insertions at np 309. Haplogroups except D1g and D1h as in [6, build 12].   
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