Copyright © 1995 by the Genetics Society of America

Reduced mtDNA Diversity in the Ngobé Amerinds of Panama

Connie J. Kolman,* Eldredge Bermingham,* Richard Cooke,* R. H. Ward,'
Tomas D. Arias** and Francoise Guionneau-Sinclair’®

*Smithsonian Tropical Research Institute, Balboa, Panamd, TDepartment of Human Genetics, University of Utah,
Salt Lake City, Utah 84132, IColegio de Farmacia, Universidad de Panamd, Panamd City, Panamd
and $Departamento de Antropologia, Universidad de Panamd, Panamd City, Panamd

Manuscript received October 13, 1994
Accepted for publication January 23, 1995

ABSTRACT

Mitochondrial DNA (mtDNA) haplotype diversity was determined for 46 Ngobé Amerinds sampled
widely across their geographic range in western Panama. The Ngobé data were compared with mtDNA
control region I sequences from two additional Amerind groups located at the northern and southern
extremes of Amerind distribution, the Nuu-Chah-Nulth of the Pacific Northwest and the Chilean Ma-
puche and from one Na-Dene group, the Haida of the Pacific Northwest. The Ngobé exhibit the lowest
mtDNA control region sequence diversity yet reported for an Amerind group. Moreover, they carry only
two of the four Amerind founding lineages first described by Wallace and coworkers. We posit that the
Ngobé passed through a population bottleneck caused by ethnogenesis from a small founding population
and/or European conquest and colonization. Dating of the Ngobé population expansion using the
HARPENDING et al. approach to the analysis of pairwise genetic differences indicates a Ngobé expansion
at roughly 6800 years before present (range: 1850-14,000 years before present), a date more consistent
with a bottleneck at Chibcha ethnogenesis than a conquest-based event.

T is clear that humans occupied the New World more
recently than any other continental landmass. How-
ever, archaeologists, geneticists, anthropologists and
linguists disagree strongly over the timing, direction
and number of colonization events (MELTZER 1993).
One of the most firmly defended occupation scenarios
(GREENBERG et al. 1986) proposed three distinct ‘‘waves”’
of migration that brought the Paleoindians (purport-
edly ancestral to all modern Amerinds), Na-Dene and
Eskimo-Aleut to the New World. Recent support for the
three wave hypothesis has come from mitochondrial
DNA (mtDNA)-based studies, which suggest that
mtDNA diversity differences between Amerind and Na-
Dene indicate two distinct migrations for these groups
(TORRONI et al. 1992, 1993). Of course, diversity-depen-
dent arguments need first to establish empirically the
nature of the diversity and, at present, only a small
number of New World indigenous populations have
been assayed for mtDNA sequence polymorphism.
Herein we present mtDNA sequence data on the Chib-
cha-speaking Ng6bé Amerinds (sometimes known as
Guaymi or Ngawbe), which we determined to carry low
levels of mtDNA diversity. Smaller population samples
of eight Chibchan groups (including the Ngébé) have
been previously demonstrated to exhibit low numbers
of mtDNA haplogroups based primarily on restriction
fragment length polymorphism (RFLP) analysis (TOR-
RONI et al. 1994a; SANTOS ef al. 1994).
Residents of western Panama, the Ngobé speak a lan-
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guage assigned to the Chibchan stock (Paya-Chibchan
phylum) currently spoken by indigenous groups distrib-
uted from Nicaragua to Colombia (CONSTENLA-UMANA
1991). Linguistic, standard genetic marker, ethnohist-
oric and archaeological data suggest that the Ngobé
descend from populations that have resided in or near
their current location for several millennia (YOUNG
1971; LINARES and RANERE 1980; BARRANTES et al. 1990;
CONSTENLA-UMANA 1991; COOKE and RANERE 1992).
Their identification in historic documents is con-
founded by the fact that the term Guaymi applies to
both the Ngobé and their neighbors, the Buglé (or
Bokoti), who speak a related, but mutually unintelligi-
ble language. A Spanish document of 1709 indicates
that the Guaymi numbered 8000 at this time (FERNAN-
DEZ 1976). In the 20th century, the Ngobé population
has expanded rapidly, from 20,000-40,000 in the 1940s
(GJORDING 1991) to 125,000 individuals in 1990 (Pana-
manian government census) establishing the Ngobé as
the largest Chibchan group both in terms of numerical
size and geographic range.

We compare Ngobé mtDNA sequence data with simi-
larly sized samples obtained from two other Amerind
groups located near the northern- and southern-most
extremes of Amerind geographic distribution, 63 Nuu-
Chah-Nulth of the Pacific Northwest (WARD et al. 1991)
and 38 Chilean Mapuche from the Chilean coast
(GINTHER et al. 1993), and with one Na-Dene group
represented by 40 Haida of the Pacific Northwest
(WARD ¢t al. 1993). Recent tribal history, including cul-
tural admixture and the dramatic demographic impact
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FIGURE 1.—Geographic distribution of Ngobé Amerinds
and location of collection sites. The five collection sites are
represented by letters: A, Bocas del Toro coastal sites (n =
15); B, Rio Cricamola (n = 5); C, Soloy (n = 7); D, Hato
Chami (n = 9);and E, Tolé (n = 10). The geographic range of
modern Ngobé is indicated by the line encircling the letters.

of European conquest, caution against overzealous
crosscultural comparisons between the sampled groups.
Nevertheless, the increasing number of mtDNA studies
of modern native peoples on both sides of the Bering
Strait provide a powerful incentive for examining the
advantages and limitations of mtDNA as a tool for ex-
ploring the historical processes at work in human popu-
lations.

MATERIALS AND METHODS

Population samples: Blood samples were collected from
individuals in five population clusters located at widely sepa-
rated locations across the area currently occupied by the
Ngo6bé in Panama (Figure 1). Biographical information was
recorded for each individual and included names, birth-
places, and languages spoken by their parents and grandpar-
ents. Forty-six individuals, unrelated in at least the fourth
degree of consanguinity, were chosen for mtDNA sequence
analysis based on family histories suggesting no obvious, i.e,
recent, admixture with other Amerind or non-Amerind popu-
lations.

Isolation, amplification, and sequencing of DNA: Blood
(20-30 ml) was collected into Vacutainer tubes (Becton Dick-
inson) containing ACD buffer (acid citrate/dextrose). DNA
was isolated from leucocytes in one of two ways. In the first
method, the leucocytes were pelleted and treated with pro-
teinase K followed by organic extraction and precipitation of
the DNA. The second method of DNA isolation involved lysis
of the erythrocytes followed by pelieting of the leucocytes.

Primers 1.15997:H16401 (WARD et al. 1991) and L00029 (5'-
GGTCTATCACCCTATTAACCAC-3'):H00408 (5'-CTGTTAA-
AAGTGCATACCGCCA-3") were used to amplify regions I and
II of the control region, respectively, (nomenclature from
VIGILANT et al. 1989) for each individual. An initial, balanced
amplification reaction was carried out for 25 cycles using the
following reaction conditions: 67 mm Tris-HCI, pH 8.8, 2 mm
MgCl,, 250 puM each of dAT?, dCTP, dTTP and dGTP, 250
#g/ml bovine serum albumin, 0.4 uM of each primer and
0.625 units Thermus aquaticus DNA polymerase (USB). The
amplification product was agarose-purified and used to seed
a second, asymmetric amplification that was carried out for
35 cycles in the reaction conditions described above except
that one primer was reduced in concentration by a factor of
50. (Thermal cycler conditions: 94° for 45 s, 55° for 1 min,
72° for 2 min). The final amplification products were purified
through Centricon-30 microconcentrators and sequenced us-
ing Sequenase Version 2.0 (USB). Due to a T-to-C mutation
at position 16189, which caused the Tag polymerase to stutter,

we could only confidently read sequence in each direction
until the location of the transition for the 15 individuals car-
rying this mutation. In all other cases (the remaining 31 indi-
viduals for region I, all 46 individuals for region II) the se-
quences analyzed were completely verified through full
overlap of light and heavy strands.

Restriction fragment length polymorphism analysis: Lim-
ited RFLP analysis was performed on the sequenced individu-
als to permit comparison of our data to the four major mtDNA
restriction site classes defined by SCHURR et al. (1990) and
TORRONI et al. (1992, 1993; mtDNA restriction site classes are
henceforth referred to as mtDNA haplogroups following the
nomenclature used in TORRONI et al. 1993). Three sets of
primers were used in balanced PCR reactions (run for 29
cycles) to screen for presence of the Hadll site at bp 663
(haplogroup A), the COII/tRNA"" intergenic deletion (hap-
logroup B), and the Akl site at bp 13262 (haplogroup C);
haplogroup D was defined by absence of the above three sites.
The polymorphic sites we used to identify the four mtDNA
haplogroups are different than those used in TORRONI et al.
(1992, 1993), but are supported by data presented in that
paper. The primer pairs were L577 (5"-GTTTATGTAGCTTA-
CCTCCTC-3"):H743 (5"-GATCGTGGTGATTTAGAGGGTG-
3"), L8215:H8297 (WARD et «l. 1991) and L13232:H13393
(WARD ¢t al. 1991). Primers were annealed at temperatures
of 55, 55 and 49°C, respectively and, except for the one noted
change in annealing temperature, reaction and thermal cy-
cler conditions were as described above. PCR products were
electrophoresed through 15% polyacrylamide gels.

Diversity, phylogenetic, and statistical analyses: Haplotype
diversity, A (NEt and ROYCHOUDHURY 1974) and two measures
of nucleotide diversity, m (NEI and TAjiMA 1981) and E(v)
(WATTERSON 1975) were calculated. Sequence differences be-
tween mtDNA haplotypes were measured using Kimura’s two-
parameter model. These genetic distance data were summa-
rized by the neighborjoining (N]) algorithm in NTSYS (ROHLF
1993). Phylogenetic trees were constructed with the Phyloge-
netic Analysis Using Parsimony package (PAUP; SWOFFORD
1989), although computational limitations prevented us from
analyzing all possible trees. Minimum-spanning trees (MSTs)
were constructed by hand following the recommendations of
ExCOFFIER and colleagues (1992) and used in the analysis of
molecular variance (AMOVA) program provided by L. EXCOF-
FIER. The AMOVA analyses were performed using a squared
Euclidean distance matrix based on the number of nucleotide
differences between pairs of mtDNA haplotypes and a distance
matrix calculated from the evolutionarily parsimonious net-
work shown in Figure 2. Significance of variance terms was
tested by permuting the original data 1000 times. Pairwise ge-
netic difference analyses were performed using the programs
described in ROGERS and HARPENDING (1992) and HARPEND-
ING et al. (1993) and population expansion estimates were
based on the mutation rate for mtDNA control region I deter-
mined by HARPENDING et al. (1993).

Data analyzed: In analyses specific to the Ngobé, we com-
pared 701 bases across the 46 individuals analyzed: bp 16040-
16400 (region I) and bp 39-380 (region II). In analyses across
cultural groups, we used all 63 Nuu-Chah-Nulth mtDNA se-
quences determined by WARD et al. (1991), 38 Mapuche
mtDNA sequences (GINTHER ¢t al. 1993; the fourth haplotype
of pattern 3 was not used because of missing sequence data
at position 16362) and 40 Haida mtDNA haplotypes (WARD
et al. 1993; sequence 35 was eliminated because of suspected
non-Native American origin). The 45 Chilean Amerind
mtDNA sequences determined by HoRAl e al. (1993) gave
levels of diversity similar to the Mapuche but, because no
information on the ethnic identity of the samples was avail-
able, those results are not presented here. To compare haplo-






