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ABSTRACT

Mitochondrial and nuclear DNA diversities were determined for two Chocé-speaking Amerind popula-
tions, the Embera and Wounan, sampled widely across their geographic range in eastern Panama. These
data were compared with mitochondrial and nuclear diversities determined here and previously for
neighboring Chibcha-speaking Ngobé and Kuna populations. Chocoan groups exhibited mitochondrial
diversity levels typical for Amerind populations while Chibchan groups revealed reduced mitochondrial
diversity. A slight reduction in autosomal levels of heterozygosity was determined for the Chibcha while
X and Y variation appeared equivalent in all populations. Genetic distinctiveness of the two linguistic
groups contradicts the anthropological theory that Paleoindians migrated repeatedly through the isth-
mian region and, instead, supports the idea of cultural adaptation by endogenous populations. Reduced
genetic diversity in Chibchan populations has been proposed to represent a population bottleneck
dating to Chibchan ethnogenesis. The relative sensitivities of haplotype pairwise difference distributions
and Tajima’s D to detect demographic events such as population bottlenecks are examined. Also, the
potential impact of substitution rate heterogeneity, population subdivision, and genetic selection on
pairwise difference distributions are discussed. Evidence is presented suggesting that a larger effective
population size may obscure the historical signal obtained from nuclear genes while the single mitochon-
drial locus may provide a moderately strong signal.

ANAMA occupies a unique geographic position as
the land bridge between North and South
America. Archaeological evidence demonstrating cul-
tural transitions and hiatuses has been used to suggest
that the Panamanian isthmus was a dynamic migration
corridor through which Paleoindians traveled repeat-
edly during colonization of the New World (BARTLETT
and BARGHOORN 1973; LINARES 1977; IcHON 1980; P1-
PERNO 1988). Recent archaeological, linguistic, and ge-
netic evidence, however, appears to discount the thesis
that late Pleistocene-era Panama represented a human
landscape in flux (YOUNG 1971; BARRANTES et al. 1990;
CONSTENLA-UMANA 1991; COOKE and RANERE 1992).
Instead, this alternate viewpoint supports the continu-
ous presence of Amerind groups in the isthmian region
since their arrival 7000-10,000 years before present
(YBP) and diminishes the role of population replace-
ment as the cause of cultural transitions in the archaeo-
logical record. Against this complex historical backdrop
rests the distribution of Panama’s contemporary indige-
nous groups. To the east along the rivers of the Darien
jungle, the Embera and Wounan represent the Chocé
linguistic family that extends south to Ecuador. To the
west and along the eastern Caribbean versant are the
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Ngobé and Kuna, members of the Chibchan linguistic
family extending north to Nicaragua (see Figure 1)
(ConsTENLA-UMANA 1991).

Our collaboration with Panama’s indigenous people
provides an opportunity to determine the degree of
genetic disjunction between two linguistic families liv-
ing in geographic proximity. Through comparison to
the rich archaeological record and language, the rela-
tive movement of ideas and genes across Paleoindian
people can be explored. The empirical value of our
human population analyses across the Panamanian
landscape is enhanced through study of two groups
within each linguistic family. Within this empirical
framework, the parallels and asymmetries in the mito-
chondrial and nuclear genetic records can also be inves-
tigated. It has been suggested that the mitochondrial
DNA (mtDNA) genome may be more sensitive to demo-
graphic changes such as population bottlenecks due to
its smaller effective population size (WILSON et al. 1985;
MooORE 1995). Our mtDNA-based studies of Panama-
nian Amerinds provide no evidence of admixture with
Caucasoids or Negroids (BATISTA et al. 1995; KOLMAN
et al. 1995) and support the contention that mtDNA
may be especially suited to tribal studies owing to the
probable asymmetry in the introduction of mtDNA
genes relative to nuclear genes to indigenous popula-
tions (BATISTA et al. 1995). In the case of the Chibcha
at least, admixture rates of nuclear genes are also very



1290 C. J. Kolman and E. Bermingham

; g
0

FiGURE 1.-—Geographic distribution of Embera, Wounan,
Ngobé, and Kuna Amerinds and location of collection sites
for Embera and Wounan populations. Sample sizes were as
follows: El, n = 2, E2, n = 9;E3, n =7, E4, n = 4, E5, n =
10; E6, » = 5; E7, n = 1 (birthplaces of six Embera were
unknown) and W1, n = 10, W2, n = 5; W3, n = 4, W4, n =
6; W5, n = 6. Approximately 21% of the Ember4 and 29% of
the Wounan reported birthplaces in Colombia.

low. Using blood group markers, BARRANTES (1993)
demonstrated mean admixture rates of 2.4 and 2.45%
with Caucasoids and Negroids, respectively.

Herein we present mtDNA and nuclear (nDNA) data
on four groups of Panamanian Amerinds. In the Em-
beri and Wounan populations, mitochondrial control
region I sequence was determined [360 base pairs
(bp)], seven mtDNA restriction/deletion sites were
scored, and 13 nuclear microsatellite and Alu insertion
loci were assayed. Control region I sequence and three
restriction/deletion sites had been previously reported
for the Ngobé and Kuna (BATISTA et al. 1995; KOLMAN et
al. 1995). In the present study, four additional mtDNA
restriction fragment length polymorphisms (RFLPs)
and 13 nuclear microsatellite and Alu insertion loci
were scored for the same set of Ngobé and Kuna sam-
ples.

MATERIALS AND METHODS

Population samples: Representing the two linguistic fami-
lies present in Panamd, the Emberd, Wounan, Ngo6bé, and
Kuna are also the largest Panamanian groups both in terms
of geographic range (Figure 1) and numerical size: Embera,
30,000; Wounan, 5,000; Ngobé, 125,000; and Kuna, 65,000
members (1990 Panamanian government census Panama
City, Panama). For the present study, seven Ember4 and five
Wounan settlements distributed throughout eastern Panama
were sampled (Figure 1). Fighty-one Emberi (74 blood sam-
ples and seven hair samples) and 38 Wounan (38 blood sam-
ples) samples were collected. Extensive biographical informa-
tion was recorded for each individual including names, birth-
places, and languages spoken by parents and grandparents.
Approximately 21% of the Emberd and 29% of the Wounan
reported birthplaces in Colombia, reflecting the recent and
ongoing migration of Embera and Wounan into Panama.

Ultimately, 44 Emberd and 31 Wounan individuals were
chosen for mtDNA sequence analysis based on family histories
suggesting no obvious, i.e., recent, admixture with other Am-
erind or non-Amerind populations. An additional two Em-
beri and one Wounan, each known to be maternally related
to one of the chosen samples, were included in the study as
controls. For analysis of nuclear loci, a subset of 25 Embera
and 25 Wounan samples were chosen based on lack of mater-

TABLE 1
Mitochondrial restriction/deletion sites with corresponding
PCR primers and conditions
Annealing
temperature
Site Primers ®)
Hadll:bp 663 L577:H743 62
(KOLMAN et al. 1995)
Alul:bp 5176 L5099:H5333 62
(BATISTA et al. 1995)
Ddd:bp 10394, L10284:H10484 61
Ald:bp 10397 (KOLMAN et al. 1996)
Alul:bp 13262 L13232:H13393 49
(WARD et al. 1991)
Hadll:bp 16517 L16453:H408 57
(KOLMAN et al. 1996)
COII/tRNA™® 1L8215:H8297 55

intergenic deletion (WARD et al. 1991)

nal and paternal relatedness. Forty-six samples from the pre-
viously studied Ngobé (KOLMAN ef al. 1995) and 55 samples
from the previously studied Kuna (BATISTA et al. 1995) were
scored for four mtDNA RFLPs and a subset of 27 Ngobé and
25 Kuna samples were chosen for nDNA analysis.

Isolation of mtDNA and nDNA: Blood (20-30 ml) was col-

lected into Vacutainer tubes (Becton Dickinson) as described
previously (KOLMAN et al. 1995). mtDNA and nDNA were
isolated from blood samples using one of two methods de-
scribed in KOLMAN ¢t al. (1995). mtDNA and nDNA were
isolated from hair samples following the procedure of BATISTA
et al. (1995).
" Amplification and sequencing of mtDNA: Primers L15997:
H16401 (WARD et al. 1991) and L00029:H00408 (KOLMAN et
al. 1995) were used to amplify regions I and II, respectively,
of the mtDNA control region (VIGILANT et al. 1989). Reaction
components were as described in KOLMAN ¢t al. (1995) except
that the final bovine serum albumin concentration was re-
duced to 100 pug/ml. Control region I sequence was generated
from A\ exonuclease-digested single-stranded DNA following
the protocol of BATISTA et al. (1995). Primers L15997 (WARD
et al. 1991), L16106 (BATISTA et al. 1995), and L16191 (Ba-
TISTA et al. 1995) were used to sequence the light strand and
primers H16401 (WARD ef al. 1991) and H16226 (BATISTA ‘et
al. 1995) were used to sequence the heavy strand of control
region 1. Owing to a T-to-C mutation at position 16189, which
caused the Taq polymerase to stutter, sequence could only be
read in each direction until the location of the transition for
the 25 Emberd and 11 Wounan individuals who carried this
mutation. An internal primer downstream of the mutation
(L16191) allowed additional sequence of the light strand to
be read from position 16230 to 16400. In the remaining 39
individuals lacking the T-to-C transition, the sequences ana-
lyzed were completely verified through full overlap of heavy
and light strands. For control region II sequence, single-
stranded DNA was generated by a second, asymmetric PCR
performed as previously described (KOLMAN et al. 1995). PCR
primers L00029 and H00408 (WARD et al. 1991) were used to
sequence the light and heavy strands, respectively, of region
II, with complete overlap of the resultant sequences. The
sequences reported in this article have been deposited in the
GenBank data base (accession nos. U95647-U95691).

RFLP analysis: Samples were assayed for seven polymor-
phic sites located outside of the mtDNA control region I se-
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TABLE 2
Microsatellite and Alwinsert loci with corresponding PCR conditions

Concentration
Locus® (um) Multiplex group® Chromosome Reference
HUMCSF1PO[AGAT], 0.09 B 5q33.3-q34 HAMMOND et al. (1994)
D68366([3bp] . 0.40 C 6q21-qter HAMMOND et al. (1994)
HUMF13A01[AAAG], 0.12 C 6p24-p25 HAMMOND et al. (1994)
HUMTHO1[AATG], 0.08 A 11p15.5 HAMMOND ¢t al. (1994)
HUMPLA2A1{AAT], 0.20 B 12q23qter HAMMOND ¢t al. (1994)
D13S126{CA}., 0.25 Single-locus PCR chrom.13 BOWCOCK ¢t al. (1994)
HUMFESFPS[AAAT], 0.80 B 15q25-qter HAMMOND et al. (1994)°
HUMARA[AGC], 0.40 Single-locus PCR Xcenql3 HAMMOND et al. (1994)
HUMHPRTB{AGAT], 0.56 A Xq26 HAMMOND ¢t al. (1994)
DYS19([4bp} 2 0.40 Single-locus PCR Yp SANTOS ¢t al. (1993)
ROEWER ¢t al. (1992)
(YAP) DYS287 0.12 Single-locus PCR Yqi1 HAMMER ¢t al. (1995)°
YCAIIIa/b[2bp] i 0.40 Single-locus PCR Y chrom. MATHIAS et al. (1994)

% Locus designations are the GenBank locus name with the repeat sequence in brackets. Exceptions are D65366, D135126,
DYS19, YAP, and YCAIIIL, which are Genome Database or common designations. In the text, loci are referred to by the first

three letters of the locus designations, with the following exceptions: HPRTB, D6, YAP, and DYS19.
*Seven primer pairs were multiplexed in three sets of PCR reactions.
¢ Correct sequence for the forward primer is 5-GCTGTTAATTCATGTAGGGAAGGC-3’ (H. HAMMOND, personal communica-

tion).

4 Also referred to as 27H39LR (ROEWER et al. 1992; SANTOS et al. 1993).

‘ Annealing temperature for these primers was raised to 54°.

fPrimers for this locus appeared to amplify two distinct ¥-derived products (MATHIAS ef al. 1994).

quence, using six sets of primers (Table 1). Balanced PCR
reactions {run for 29 cycles) utilized thermal cycler and PCR
conditions as described in KOLMAN et al. (1995) except that
primer pairs L377:H743 and L5099:H5333 used the following
temperature profile: 94° for 30 sec, 62° for 15 sec, and 72°
for 15 sec. PCR products were electrophoresed through 15%
polyacrylamide gels or 4% MetaPhor (FMC BioProducts)
agarose gels.

Analysis of nuclear Joci: Twelve sets of primers were used
to amplify seven autosomal, two X-chromosome and four Y-
chromosome microsatellite and Alu insertion loci (Table 2).
With the exception of the YAP primers, all forward primers
were labeled with one of three fluorescent dyes: FAM, HEX,
and TET (Research Genetics, Inc., Huntsville, AL). Optimal
primer concentrations for amplification reactions were deter-
mined empirically. Seven primer pairs were multiplexed, i.e.,
amplified simultaneously, in three sets of PCR reactions while
the remaining primer pairs were amplified individually (Table
2). Ten microliter amplification reactions contained compo-
nents as described in KOLMAN et al. (1995) with the noted
exception of primer concentrations. Thermocycler condi-
tions were as described in the referenced literature with the
exception of the YAP primers, which were annealed at 54°.
Three additional Y-chromosome microsatellite loci [SPY-1 (T.
KARAFET and M. HAMMER, unpublished results), DYS199 (Un-
DERHILL ¢t al. 1996) and DXYS156Y (CHEN et al. 1994)] were
assayed by T. KARAFET and M. HAMMER (unpublished results)
and were utilized in heterozygosity and Fstatistic calculations.

All amplification reactions using fluorescently labeled prim-
ers were electrophoresed through 6% (19:1) acrylamide:bisa-
crylamide denaturing (8 M urea) sequencing gels run on an
Applied Biosystems 373 DNA Sequencer. One-half to one mi-
croliter of each reaction was combined with formamide, load-
ing dye, and fluorescently labeled molecular-weight marker
(Genescan-350, Applied Biosystems, Inc.) in a 4:1:1 ratio.
Electrophoresis at 26~28 W and data collection for 3.5 hr

detected fragments as large as 350 bp. Genescan 672 software
(Applied Biosystems, Inc.) was used to determine the size of
all locus alleles. Computer-calculated allele sizes for loci CSF,
FES, and DYS were +1, +2, and +2, respectively, relative to
published allele sizes (SANTOS et al. 1993; HAMMOND et al.
1994). To confirm allele designations, control DNAs RJK1094
and RJKI1258 with published allele sizes (HAMMOND and
CaskEey 1994) were amplified and electrophoresed on all rele-
vant gels. Amplification reactions using the YAP primers were
electrophoresed on 4% MetaPhor (FMC BioProducts) agar-
ose gels and visualized by ethidium bromide staining.

Diversity, statistical, and phylogenetic analyses: Haplotype
diversity, h (equation 8.4, NEI 1987), nucleotide diversity, =
(equation 2, NEI and JiN 1983), and variances due to sampling
and stochastic processes were calculated for mitochondrial
control region 1 DNA sequence data using Arlequin, v. 1.0
(S. SCHNEIDER, ]J.-M. KUEFFER, D. ROEssLI and L. EXCOFFIER;
http://anthropologie.unige.ch/arlequin). Calculations of
Tajima’s D (TAjiMA 1989), number of segregating sites, and
mean number of pairwise differences were also determined
using Arlequin, v. 1.0. Heterozygosity measures and standard
errors based on nuclear loci were calculated using BIOSYS-1,
v. 1.7 (SwOFFORD and SELANDER 1981). For X loci, only data
from females were used.

Minimum-spanning trees (MSTs) depicting the relation-
ship of mtDNA control region haplotypes were constructed
by hand following the recommendations of EXCOFFIER et al.
(1992) and used in the analysis of molecular variance
(AMOVA), which partitioned genetic variability among and
between the studied populations. AMOVA analyses (AMOVA,
v. 1.5, L. EXCOFFIER) were performed using a distance matrix
calculated from the evolutionarily parsimonious network
shown in Figure 4. Significance of variance terms derived in
the AMOVA was tested by permuting the original data 1000
times. F statistics for the microsatellite data were calculated
using GENEPOP, v. 2.0 (RAYMOND and ROUSSET 1995).
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Calculations of Dy, Dy, and derived phylogenies based on
the nine polymorphic microsatellite loci presented here were
provided by M. SHRIVER (SHRIVER ¢ al. 1995). Pairwise genetic
difference analyses were computed using Arlequin, v. 1.0.
Population expansion estimates from these analyses were
based on the divergence rate for mtDNA control region I as
calculated by HARPENDING et al. (1993). Simulation of pairwise
difference genetic data were performed using programs pro-
vided by H. HARPENDING.

RESULTS

mtDNA sequence analysis in Emberd and Wounan
populations: Forty-four Emberi and 31 Wounan sam-
ples were analyzed by determining the DNA sequence
of mitochondrial control region I (bp 16040-16400,
numbered according to ANDERSON et al. 1981) (Figure
2). Twenty Emberd and 14 Wounan haplotypes were
observed with five sequences in common for a total of
29 mtDNA sequence haplotypes. Of the 361 nucleotide
positions sequenced, 32 were polymorphic. Thirty-one
transitions, with a strong bias towards pyrimidine transi-
tions, and a single A-to-C transversion were observed.
Five of the Embera and Wounan haplotypes had been
detected previously in Amerind populations while the
remaining 24 mtDNA sequence haplotypes were de-
scribed for the first time.

Fifteen Embera and 10 Wounan individuals were also
sequenced for nucleotide pairs 39-380 of mitochon-
drial control region II (Figure 3). Nine Emberd and
seven Wounan DNA sequence haplotypes were ob-
served with three sequences in common for a total of
13 control region II DNA sequence haplotypes. Of the
341 nucleotide positions determined, 15 were found
to be polymorphic, including 11 transitions and three
deletions. Relative to the human reference sequence
(ANDERSON et al. 1981), monomorphic mutations were
observed at bp 73, 263, 303.1, and 311. The A-to-G
transition at bp 263 has been observed in all Amerind
populations studied to date (MERRIWETHER 1993; SAN-
TOS et al. 1994; KOLMAN et al. 1995; BATISTA et al. 1995)
and has been proposed to represent an Amerind-spe-
cific mutation (KOLMAN et al. 1995). In terms of haplo-
type counts, regions I and II showed similar levels of
variability: 13 region I and 13 region II haplotypes were
observed. Similar levels of polymorphism between re-
gions I and II have also been detected in the Manden-
kalu of West Africa (EXCOFFIER et al. 1996). Owing to
the limited number of control region II sequences de-
termined, no region II data were used in any of the
following analyses.

As a control for accurate DNA sequencing, two pairs
of siblings known to be maternally related were se-
quenced for control region I and one pair of maternally
related siblings were sequenced for control region IL
In all cases, identical sequences were obtained for each
pair of siblings (Figures 2 and 3). Only one individual

from each sibling pair was used in the following an-
alyses.

Mitochondrial RFLP analysis of Chocoan and Chib-
chan populations: Six restriction/deletion haplotypes
were observed in the Wounan, with five of the haplo-
types also occurring in the Emberd, for a total of six
restriction/deletion haplotypes in Chocoan popula-
tions (Figure 2). Analysis of additional restriction sites
(Alul:bp 5176, Ddd:bp 10394, Alul:bp 10397, and
Hadll:bp 16517) in the Ngobé and Kuna samples re-
vealed three restriction/deletion haplotypes in both
Chibchan populations as previously reported (BATISTA
et al. 1995; KOLMAN et al. 1995) (Table 3).

Four haplogroups, labeled A, B, C, and D, were ini-
tially defined by TORRONI et al. (1993) to represent
founding New World lineages based on four restric-
tion/deletion polymorphisms: HadlIl:bp 663, the 9-bp
deletion; Alul:bp 13262; and Alul:bp 5176, respectively.
Recently, MERRIWETHER and FERRELL (1996) divided
haplogroups A-D into two subsets based on the
Hadll:bp 16517 polymorphism; Al, Bl, Cl, and D1
possess this polymorphism while A2, B2, C2, and D2 do
not. All four originally defined haplogroups (A, B, C,
and D) and six of the newly defined haplogroups (Al,
A2, Bl, C1, C2, and D2) were detected in the Emberi/
Wounan data set; no unclassifiable haplotypes were ob-
served (Figure 2). As previously reported, Ngobé and
Kuna populations revealed lower levels of mitochon-
drial diversity with only two of the originally defined
haplogroups (A and B) and three of the newly defined
founding haplogroups (Al, A2, and Bl) identified in
the Chibchan data set (Table 3). Previous analysis of six
additional Chibchan groups (Teribe, Cabecar, Bribri,
Guatuso, Huetar, and Boruca) also determined signifi-
cant frequencies only of haplogroups A and B, with
low levels of haplogroup D detected in two populations
(SANTOS et al. 1994; TORRONI ¢t al. 1994).

nDNA analysis of Chocoan and Chibchan popula-
tions: Subsets of the samples assayed for mtDNA. poly-
morphisms were selected for nDNA analysis based on
an additional criterion stipulating no paternal relation-
ship. Of the 12 loci assayed, six autosomal, two X-chro-
mosomal, and one Y-chromosomal microsatellite repeat
were polymorphic in the Panamanian populations and
are presented in the Appendix. Three additional loci
were determined to be uninformative for the study and
are not presented; D135126 was monomorphic in all
individuals tested and a single primer pair simultane-
ously amplified similarly sized alleles from loci YCAIIla
and YCAIIIb, making it impossible to distinguish one
locus from the other. We provided DNAs representing
the same individuals analyzed herein to T. KARAFET and
M. HaMMER for their study of ¥-chromosomal variation
in human populations. They have kindly provided us
their unpublished results on three additional Y micro-
satellite loci; SPY-1, DYS199, and DXYS156Y.
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FIGURE 2.—Polymorphic nucleotide, restriction, and deletion sites determined for Embera and Wounan populations. Sites are numbered according to ANDERSON et
al. (1981). Collection sites are illustrated in Figure 1. The designation of New World haplogroups is defined in MERRIWETHER and FERRELL (1996). References for

previously reported sequences are as follows: 1, KOLMAN et al. 1995; 2, BATISTA et al. 1995; 3, SANTOS ef al. 1994, 4, WARD et al. 1991; 5, WARD et al. 1993; and 6, GINTHER

et al. 1993. EW4 and EW25 represent the two pairs of maternally related siblings that were sequenced for control region 1.
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Region | Region Il Reference
1111111111111 111111111111 6711111111222222333 for
6668665666666€6606666666666686 43445565599034688001 previously
D nn 0001111112222222222333333 06012345458367331 reported
EmWo 5891226891123679999011228 it
1641696937834540158119572 1 2 1 sequences
Reference ATTCTGATCTCCCAGCCCTCTGTCT CACTCCTACTTAAAAAXXX
EW1-1 1 oL C.C. . . ¢ i i i v v v .G, T G..C.C
EW1-2 1T oL C.C. ... .. ... ... . G LT G..C.C
EwW4 21 ... ... c.cC B D C G..C.C 1
EWé L A.C.C. .. ... ... ... B C T G..C.¢C 1
EW9-1 1 e c.C....... T.T. . G LGT . Lo Lo G..CCC
EWg-2 1 s c.C....... T.T. . C B C T G..C.C
EW10 1 ... c.Cc....... T.T.. ... .LGT . Lo Lo, G..C.C
EW13 1< J c...T. LT A..C TG. C. .G...G6G.G..C.C 1
EW14 1 .T. .C. LT LTl A..C TG.C. .G.C.G.G..cCcCC
EW17 2 LT L. T. LT oo 0L A..C TG.C..CG...G.G..cC.C
EW18 1 LT T .. T LT oL A..C TG.C. .G...G.G..ccCcC
EW21-1 1 L T. .T. ..CA..C .G.C. .G..CG.G..C.C
EW21-2 2 T. LT ..CA..C G. ...... c...G..cCcCC
EW24 1 G. . ... G. LT cC...CT. G.C........ XGXXC.C
EW25 3 2 G.C........ T...... C. .CT P T T. XGXXC.C
EW27 1 G.C........ T.......... CT [ C T. XGXXC.C

FIGURE 3.—Polymorphic nucleotides of Embera and Wounan individuals sequenced for mtDNA control regions I and II. Sites
are numbered according to ANDERSON et al. (1981). Deletions are represented by X. Previously reported sequences are from
SANTOS et al. 1994. EW18 represents the pair of maternally related siblings that were sequenced for control region II.

In general, the Chibchan and Chocoan groups re-
sembled Asian or Asian-derived populations assayed for
the same nuclear markers. At autosomal loci FES, PLA,
and THO, all four Panamanian populations exhibited
allele frequencies that placed them firmly with the
Asian or Mexican-American populations analyzed by
HAMMOND ¢t al. (1994) and EDWARDS et al. (1992). The
Panamanian populations also resembled the Amerind
groups assayed by DEKA et al. (1995a) more closely than
any other populations in the study, and the Embera,
Ngobé, and Kuna shared virtually identical allele fre-
quencies with the neighboring Cabecar. As expected,
all Panamanian populations lacked the Y-chromosomal
Alu insertion, which has not been detected in any Asian
or Asian-derived population except the Japanese (HAM-
MER and HORAI 1995).

Genetic diversity in Chocoan and Chibchan popula-
tions: Based on mitochondrial control region I DNA
sequence data, haplotype diversity, k, was determined
to be 0.94 for the Embera and 0.91 for the Wounan
and nucleotide diversity, 7, was 0.017 for the Embera
and 0.019 for the Wounan (Table 4). mtDNA diversity

values for the Ngdbé and Kuna were also calculated: £
was 0.76 in the Ngobé and 0.59 in the Kuna and 7 was
0.012 in the Ngobé and 0.009 in the Kuna. Chocoan
mtDNA diversity was similar to that of other Amerind
groups [e.g., m = 0.016 for the Nuu-Chah-Nulth and
Mapuche and % = 0.95 and 0.91 for the Nuu-Chah-
Nulth and Mapuche, respectively (KOLMAN et al. 1995)]
but was elevated relative to Chibchan mtDNA diversity.
However, when standard errors of the two diversity mea-
sures were taken into account, only haplotype diversities
were significantly different between Chocoan and Chib-
chan populations. Total number of haplotypes, percent-
age of rare haplotypes, and number of segregating sites
were also elevated in Chocoan populations (Table 4).
Tajima’s D (TAjiMA 1989) values were nearly zero in the
Emberi and Wounan and positive for the Chibchan
populations, although none of the values varied signifi-
cantly from zero (Table 4).

Heterozygosity values were also calculated for each
population by pooling autosomal, X-chromosomal, and
Y-chromosomal loci separately (Table 4). Autosomal
heterozygosities were slightly elevated in Chocoan pop-

TABLE 3
Polymorphic restriction sites and frequency of haplotypes in Ngobe and Kuna (Chibchan) populations®

ID ID N N Hadll  Ahd Ddd Ald Al Hall 9 bp New World

Ngobe Kuna Ng Ku 663 5176 10394 10397 13262 16517  8272/8289  haplogroup’
NGI1-3,68 Kl,3,4 24 30 1 1 0 0 0 0 2 A2
NG4-5 KL, 5 7 8 1 1 0 0 0 1 2 Al
NG9-15 K7, 21, 28 15 17 0 1 0 0 0 1 1 Bl

“Sites are numbered according to ANDERSON et al. (1981). HadlIl/663, Alul/13262, and the 9-bp deletion were assayed

previously by BATISTA et al. (1995) and KOLMAN et al. (1995).

* Haplogroup nomenclature and description according to MERRIWETHER and FERRELL (1996).
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TABLE 4
Measures of mitochondrial and nuclear diversity in Chocoan and Chibchan populations

Embera (Cc)” Wounan (Cc) Ngobé (Cb) Kuna (Cb)

mtDNA

Haplotype diversity, A 0.94 = 0.021 091 =* 0.030 0.76 = 0.039 0.59 = 0.060

Nucleotide diversity, 7 0.017 = 0.0090 0.019 = 0.010 0.012 + 0.0068 0.009 = 0.0054

Tajima’s D 0.364 (NS)® —0.250 (NS) 1.68 (NS) 1.52 (NS)

No. of haplotypes 20 14 7 7

Rare haplotypes (%)° 90 78 28 43

S (no. of segregating sites) 23 29 12 10
nDNA

Autosomal

Heterozygosity 0.59 =+ 0.048 0.65 =+ 0.039 0.52 = 0.092 0.56 =+ 0.040

Average no. of alleles/locus 5 5.2 3.8 3.7

Rare alleles (%)° 30 16 22 14
X-chromosomal

Heterozygosity 0.69 = 0.092 0.71 = 0.097 0.72 =+ 0.093 0.64 =+ 0.047

Average no. of alleles/locus 7 7.5 7 6

Rare alleles (%)° 50 47 34 33
Y-chromosomal

Heterozygosity 0.12 = 0.12 0.23 = 0.098 0.10 = 0.069 020 *0.10

Average no. of alleles/locus 2.5 2.5 2.25 2.25

Rare alleles (%)° 30 20 22 22

 Cc, Chocoan populations; Cb, Chibchan populations.
NS, not significant.
“ Haplotypes or alleles with a frequency of one or two.

ulations relative to Chibchan groups, although the dif-
ference was not significant. Average number of alleles
at autosomal loci was reduced 50% in the Chibcha in
comparison with the Chocé. In contrast, X and ¥-chro-
mosomal heterozygosities and allele counts appeared
equivalent across all four populations (Table 4).

Statistical analyses of Chocoan and Chibchan popula-
tions: Two separate analyses of genetic diversity were
used to detect substructure among the populations
studied here. An AMOVA was performed on the mito-
chondrial control region I DNA sequence data (EXCoF-
FIER et al. 1992). The nuclear loci were analyzed using
a standard determination of F statistics (WEIR and
COCKERHAM 1984).

Mitochondrial interpopulation variances were based
on the MST-network pictured in Figure 4, which pro-
vided a graphical summary of the 37 mtDNA haplotypes
determined for the four Panamanian groups. AMOVAs
revealed no significant associations within Embera or
Wounan populations. For example, we compared
coastal and inland communities of both Emberi and
Wounan populations (E4, E5, E6, and E7 wvs. E1, E2,
E3 and W1, W2, W3, and W5 vs. W4) and found no
statistical support for a genetic distinction between sub-
populations (P = 0.84 and 0.37, respectively). Previous
AMOVAs had revealed no population subdivision
within Ng6bé or Kuna populations (BATISTA et al. 1995;
KOLMAN et al. 1995).

AMOVAs were also performed to test for associations
between Emberi, Wounan, Ngobé, and Kuna popula-

tions. Significant interpopulation variances were deter-
mined for all population pairs (Table 5). Levels of inter-
population variance ranged from 6.9% for the Chocé-
speaking Embera and Wounan and 12% for the Chib-
chaspeaking Ngobé and Kuna to 24% for the Emberi
and Kuna. An average interpopulation variance of 18%
for all four groups was determined. When a nested anal-
ysis was performed, the only combination that yielded
a significant interpopulation variance was the analysis
that grouped Embera and Wounan populations in one
region and Ngobé and Kuna populations in a second
region, i.e., according to the linguistic classification
(13% intergroup variance, P < 0.001).
Interpopulation variances, calculated as Fgs, were
also determined for the Panamanian populations based
on autosomal, X-chromosomal, and Y-chromosomal
loci (Table 5). No significant differences were deter-
mined between Emberi and Wounan populations. In-
terpopulation variances based on autosomal loci were
significant in all remaining populations pairs and X
chromosome-based interpopulation variances were sig-
nificant between Emberi/Kuna and Ngobé/Kuna pop-
ulation pairs. Analysis by F statistics supported the
AMOVA results in that the Embera and Wounan were
most closely related in both analyses. However, AMO-
VAs determined that the Ngobé and Kuna were the
next most closely population pair related whereas F'sta-
tistics suggested that the Ngobé and Kuna were as dis-
tant from each other as they were from the Chocoan

groups.
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FIGURE 4.—MST illustrating the relationships between mitochondrial haplotypes of the Ember4d and Wounan (Chocd) and
the Ngobé and Kuna (Chibcha). The size of each circle reflects the frequency of that haplotype and different fill patterns
represent each of the four populations. Each line connecting the circles represents a single mutation except where the cross-
hatches enumerate mutations greater than one. The MST is based on the 29 Emberad and Wounan sequences presented here
in addition to Ngobé sequences NGI1, 2, 7, and 9 (KOLMAN ¢f al. 1995) and Kuna sequences K1, 3, 21, and 28 (BATISTA et al.
1995). The four clusters centered on haplotypes EW17, EW1, EW22, and EW29 correspond to haplogroups A, B, C, and D,

respectively, from TORRONI et al. (1992).

Phylogenetic analysis of Chocoan and Chibchan nu-
clear loci: Phylogenetic analyses of the nuclear data
compared the resolving power of a traditional calcula-
tion of genetic distance with a newly derived distance
measure designed to more accurately model the muta-

TABLE 5

Interpopulation variances for Chocoan
and Chibchan populations

Wounan  Ngobé Kuna
(Cay” (Cb) (Cb)
mtDNA-AMOVA results
Embera (Cc) 0.069*  0.22%* 0.24%*
Wounan (Cc) 0.18%%* 0.20%*
Ngobé (Cb) 0.12%*
nDNA-F,, values
Embera (Cc)
Autosomal 0.0092  0.037%%%  (.045%**
X chromosome —0.016 0.050 0. 11%¥*%
Y chromosome 0.018 0.0034 0.22
Wounan (Cc)
Autosomal 0.068%** (), 04h%**
X chromosome —0.0098 0.0087
Y chromosome 0.024 —-0.014
Ngobé (Cb)
Autosomal 0.063***
X chromosome 0.039%*+%x
Y chromosome 0.15

* Cc, Chocoan populations; Cb, Chibchan populations. * P
= 0.014; ** P = 0.001; ** P = 0.0001; **** P = (0.0003;
Hdkdk P o= (),023,

tional mechanism of microsatellite loci. Based on the
allele frequencies of nine polymorphic nuclear loci, the
two genetic distances were D,, a traditional distance
measure that assumed an infinite-alleles model (NEI
1987), and Dgy; a stepwise-weighted distance measure
designed for a single-step stepwise mutation mechanism
such as that proposed for microsatellite loci (SHRIVER
et al. 1995). Phylogenetic trees based on each distance
were generated and are shown in Figure 5. For compar-

2 Ngobe
l—' Kuna
[———————Embera
-Wounan
D,
SW
Y Ngobe
Kuna
T Embera
Wounan
DA
I Ngobe
L Kuna
I Embera
L——Wounan
mtDNA AMOVA

FIGURE 5.—Neighbor-joining trees, using midpoint root-
ing, of the nine presented polymorphic nuclear loci. Trees are
based on Dsy, a stepwise-weighted genetic distance (SHRIVER ef
al. 1995), and D,, an infinite-alleles genetic distance (NEI
1987). Bootstrap values are indicated. An additional tree
based on mtDNA interpopulation variances is also included.
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FIGURE 6.—Pairwise difference distributions of mtDNA control region I sequence data from Emberi, Wounan, Ngobé, and
Kuna populations. The X-axis represents the number of pairwise differences in units of mutational difference (1 unit = 9300
years; HARPENDING ef al. 1993) and the Yaxis represents the frequency of each pairwise difference.

ative purposes, a tree based on mtDNA interpopulation
variances is also presented. The D based tree depicted
the Ngobé-Kuna divergence as ~1.5 times older than
the Emberi-Wounan divergence while the Dsy-based
tree depicted the Chocoan and Chibchan divergences
as temporally separated by a factor of 5.5.

Pairwise genetic difference distributions: Pairwise
genetic difference distributions were calculated for the
four Panamanian populations (Figure 6). All groups
shared a peak at 7-10 units of mutational time, sug-
gesting a common expansion between 65,000 and
93,000 YBP. A second major peak was revealed in the
Chibchan populations, suggesting a second, more re-
cent expansion. This expansion occurred during 0 and
1 unit of mutational time and had been previously esti-
mated at 6800 YBP with a range of 1850-14,000 YBP
(KOLMAN ¢t al. 1995). However, the previous analysis
dated the population expansion based on a bimodal
distribution with no attempt made to distinguish be-
tween the two peaks, i.¢., the two expansions. Therefore,
in the present study, an additional analysis was per-
formed based only on group A haplotypes, which pro-
duced a unimodal distribution with a peak at 0 units
of mutational time (Ngobé and Kuna data were pooled
to increase the sample size). In this analysis, the Chib-
chan expansion was dated at 10,900 YBP (r = 1.17
mutational units), a date consistent with the range of
dates previously reported (KOLMAN et al. 1995).

DISCUSSION

Mitochondrial and nuclear markers were assayed in
four Panamanian populations of Amerinds who live in
close proximity but represent two distinct linguistic fam-
ilies. The Chocé-speaking Embera and Wounan exhib-
ited mtDNA diversity values similar to other Amerind
groups and carried all four New World founding haplo-
groups proposed by TORRONI et al. (1993). Chibcha-
speaking Ngobé and Kuna populations, on the other
hand, displayed the lowest mtDNA diversity yet re-
ported for Amerind groups and carried only two of
the four New World founding haplogroups. Levels of
heterozygosity, as measured by autosomal loci, were
slightly elevated in Chocoan populations relative to
Chibchan populations while Xand Yvariation appeared
equivalent across all four populations. mtDNA-based
interpopulation variances were significant for all popu-
lation pairs while ~40% of nuclear-derived interpopu-
lation variances were significant.

Differences in the mitochondrial and nuclear rec-
ord: Differences in diversity levels between Chibchan
and Chocoan groups were significant at the mitochon-
drial level but not at the nuclear level. This result was
further reflected in the fact that all mitochondrial inter-
population variances were significant in contrast to nu-
clear interpopulation variances, which were significant
in fewer than half the cases. At first glance, the lack of
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accord between the mitochondrial and nuclear results
might be interpreted as a difference in maternal and
paternal patterns of migration. However, the presence
of private alleles in each of the two linguistic groups
argues against this idea and, instead, supports a lack of
migration by both men and women between the linguis-
tic groups. The conflicting diversity comparisons may
instead reflect differences in the mitochondrial and nu-
clear genomes themselves. The fact that the mtDNA
genome has one quarter the effective population size
of the autosomal genome implies that a population
could lose all of its mtDNA variability while retaining a
significant fraction of its nuclear variability (WiLsON
et al. 1985), a conclusion consistent with the results
presented here. Although historical and cultural differ-
ences between the Chibcha and Chocé obviously con-
tribute to their intergroup variances, these influences
can be, in a sense, controlled for by only comparing
Chibcha to Chibcha or Chocé to Chocé. Using only
withindinguistic group comparisons, more mtDNA-
based interpopulation variances were significant com-
pared to those based on nuclear loci (2/2 mtDNA and
2/6 nDNA variances were significant). Thus, it appears
that mtDNA may be better able to resolve population
differences than nDNA (based on 13 nuclear loci).

Support for a Chibchan population bottleneck:
Chibchan populations exhibited reduced levels of ge-
netic diversity relative to the Chocé as demonstrated
by mitochondrial diversities and, to a lesser extent, by
nuclear diversity measures. KOLMAN et al. (1995) have
proposed that reduced Chibchan diversity is the result
of a population bottleneck at Chibchan ethnogenesis
wherein only a fraction of the diversity carried in the
migration wave that colonized the Americas was sam-
pled. This idea is supported by the fact that a survey of
six additional Chibchan populations revealed similarly
reduced levels of mitochondrial diversity (SANTOS ¢t al.
1994; TORRONI et al. 1994).

The potential of autosomal, X, and Y loci to reveal
past population bottlenecks depends on these loci car-
rying sufficiently high levels of diversity that detection
of a bottleneck as reflected in a reduction in diversity
would be possible. High levels of heterozygosity across
autosomal loci have been documented by various labo-
ratories (BOwcOCk et al. 1994; DEKA et al. 1995a,b).
Although the mutation rate of Y loci is thought to be
quite low, by combining the five loci studied here on
the nonrecombining portion of the ¥ chromosome, we
obtained the following haplotype diversities: Embera,
0.62; Wounan, 0.56; Ngobé, 0.32; and Kuna, 0.59. These
values are similar to the haplotype diversities calculated
for Chibchan mtDNA, suggesting that the levels of ¥
variation determined in our study are sufficiently high
to allow detection of a population bottleneck. Since Y
loci and mtDNA have equivalent effective population
sizes in that a single copy of each is transmitted from

parent to offspring, it might be predicted that a popula-
tion bottleneck would similarly impact the levels of di-
versity measured by both loci. Therefore, the fact that
Y variation is similar across Chibchan and Chocoan
groups and does not mirror the dichotomy seen in
mtDNA diversities suggests that the proposed Chibchan
population bottleneck may not have cut across both
male and female populations. It has been suggested
that polygamy (practiced by all Panamanian groups)
may result in larger genetic variance at ¥ loci (EXCOF-
FIER ¢t al. 1996) and the contrasting marriage practices
of the Chibcha and Chocé might also impact levels of
variation at ¥loci. While these effects, and others, may
play a role in determining Y variation, the dichotomy
in mtDNA diversity levels and the equivalence of Yvaria-
tion across Chibchan and Chocoan groups are consis-
tent with a mild population bottleneck at ethnogenesis
of the Chibcha that was limited to the maternal line.
Chibchan populations were further distinguished
from Chocoan populations at the mitochondrial level
by the bimodal nature of their pairwise difference distri-
butions and the high frequency of identical haplotypes.
These results also suggest a relatively recent population
bottleneck and subsequent expansion in Chibchan pop-
ulations. Pooling of Ngobé and Kuna data placed the
proposed bottleneck and expansion at ~10,900 YBP.
Recently, the use of pairwise difference distributions
to reconstruct the evolutionary history of populations
has come under scrutiny by a number of researchers
who have suggested that a multimodal distribution can
be caused by any factor that creates a lack of correlation
between DNA sequences, such as population substruc-
ture, mutation rate heterogeneity, or selection for a
particular haplotype (MARjORAM and DONNELLY 1994;
ARIS-BROSOU and EXCOFFIER 1996; BERTORELLE and
SLATKIN 1995). The AMOVA results presented here
demonstrate that, although all four Panamanian popu-
lations are genetically distinct, no population structure
exists within any of the four populations. ARIS-BROSOU
and EXCOFFIER {1996) showed that mutation rate heter-
ogeneity could produce a multimodal pairwise differ-
ence distribution when « (y shape parameter) = 0.01.
However, a = 0.01 implies an extremely high level of
rate heterogeneity even for the human mitochondrial
control region. Using four different substitution mod-
els, the lowest a calculated for the data set presented
here was 0.0933 (data not shown) and, in ARIS-BROSOU
and EXCOFFIER’s (1996) study, &« = 0.1 generated a
multimodal distribution only when accompanied by a
population expansion. Furthermore, LUNDSTROM et al.
(1992) showed that exclusion of the seven most hyper-
variable sites from a sample data set of New World con-
trol region I DNA sequences (WARD ef al. 1991) did not
significantly change their pairwise difference distribu-
tion. The issue of selection is more difficult to address.
Calculations of Tajima’s D for all four populations did
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not deviate significantly from zero, suggesting that se-
lection was not present. However, it has been proposed
that population expansion and mutation rate heteroge-
neity have synergistic effects on D values and may re-
duce the chance of rejecting the hypothesis of selective
neutrality (ARIS-BROSOU and EXCOFFIER 1996). No
other appropriate test exists for detecting selection be-
tween closely related populations such as those studied
here. Nevertheless, a visual inspection of the data re-
veals inconsistencies with a selection mechanism for
generation of the multimodal distribution. The two
haplogroups present in the Chibcha, A and B, are two
of the most divergent found in the New World (KOLMAN
et al. 1995) whereas effects such as selection and genetic
hitchhiking (BALLARD and KREITMAN 1995) would be
expected to act on a single haplotype or group of re-
lated haplotypes. Furthermore, due to their geographic
proximity, the Chibcha and Chocé would have experi-
enced similar environments and opportunities for a
hyperadapted mtDNA type to spread throughout their
populations but this apparently did not occur.
Elimination of all factors other than historical demo-
graphics supports the interpretation that the mult-
modal distribution and elevated number of identical
haplotypes exhibited by Chibchan groups may indeed
reflect a population bottleneck and subsequent expan-
sion. Simulation analyses also demonstrated that only
a mild population bottleneck (n = 1500-3000) at 1
unit of mutational time produced a major peak between
0 and 1 mutational unit while retaining a major peak
at 7-10 mutational units (data not shown). Moreover,
the estimated date of 10,900 YBP for the Chibchan
expansion is consistent with the 10,000-7000 YBP time
frame for ethnogenesis of the Chibchan linguistic fam-
ily that is supported by archaeologic, linguistic, and
standard genetic marker data (BARRANTES et al. 1990;
CONSTENLA-UMANA 1991; COOKE and RANERE 1992).
Statistics such as Tajima’s D (TAJIMA 1989), a decrease
in rare variation, and the number of segregating sites
have also been used to document past population bot-
tlenecks and expansions, but these measures may not
be sufficiently sensitive to detect events as recent as
10,000 YBP. For example, Chibchan populations ex-
hibit a positive D value and a reduction in mitochon-
drial rare variation and number of segregating sites.
These values are consistent with a population currently
in a bottleneck. However, mutation rate heterogeneity
will push Tajima’s D to positive values and is also consis-
tent with a reduction in number of segregating sites
(AriS-BROSOU and EXCOFFIER 1996). Furthermore, his-
torical records document the expansion of Chibchan
populations in the 20th century (1990 Panamanian gov-
ernment census; GJORDING 1991). The question of
whether a population is currently in a bottleneck or has
passed through one and the contrasting influences of
population expansion and mutation rate heterogeneity

on the measures discussed here may revolve around the
amount of time elapsed since a proposed bottleneck
and the relative sensitivities of these measures to detect
recent events. For example, an analysis of pairwise dif-
ference distributions may be more sensitive to the ef-
fects of a recent bottleneck since generation of a bi-
modal distribution depends only on an increase in the
number of identical haplotypes, i.e., common variation.
Measures such as Tajima’s D, on the other hand, require
the generation of rare variation (to produce a negative
D value), which will occur subsequent to the increase
in common variation seen immediately following a pop-
ulation bottieneck. The number of segregating sites will
also increase with the generation of rare variation. Us-
ing one of the highest estimates for the control region
mutation rate yet reported [11% per 100,000 years
(LUNDSTROM et al. 1992)], 10,900 years is likely insuffi-
cient time to generate the rare variation necessary to
affect Tajima’s D and the number of segregating sites.
Itis interesting to note that, in ARIs-BROSOU and EXCOF-
FIER's (1996) study using both pairwise difference distri-
bution and Tajima’s D and related measures, none of
the population bottlenecks and subsequent expansions
detected in several human populations were recent
events but dated to 40,000--70,000 YBP using HARPEND-
ING et al’s (1993) conversion factor (9,300 years per
mutational unit),

Evolutionary relationship between the Chocé and
Chibcha as detected by phylogenetic analysis: Phyloge-
netic trees are only as valid as the distance measures
on which they are based and the recent surge in analysis
of nuclear microsatellite repeats has spurred the devel-
opment of genetic distance measures designed to re-
flect the unique mutational mechanism of these loci.
Specifically, the new distance measures assume a single-
step stepwise mutation model as opposed to the more
common infinite-alleles model (GOLDSTEIN et al. 1995;
1995b; SHRIVER et al. 1995; SLATKIN 1995). SHRIVER et
al. (1993) found that 3-5 bp repeat loci were modeled
most accurately by a stepwise mutation process while
1-2 bp repeat loci were described less well (all loci
presented here were 3 or 4 bp repeats). Figure 5 shows
phylogenies of the Panamanian groups based on Dsy,
a stepwise-weighted measure (SHRIVER et al. 1995), D,,
an infinite-alleles distance measure (NEI 1987), and, for
comparative purposes, mtDNA interpopulation vari-
ances. Although all trees shared similar topologies, they
differed in the time scale estimated for divergence of
the four groups: the Dywbased tree predicted that the
Chibchan divergence predated the Chocoan diver-
gence by a factor of 5.5 while the D,- and mtDNA-based
trees showed the two divergences occurring on the
same time scale. Based on linguistic evidence, KAUFMAN
(1990) reported minimum time depths of 5,600 years
for the Chibcha and 700 years for the Choc6. This trans-
lates to a factor of eight differences between the two
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divergences, a number most consistent with the Dgy
based tree. Smaller mtDNA- and nDNA-based interpop-
ulation variances were detected for the Embera and
Wounan than for the Ngobé and Kuna, which also sup-
port a more recent divergence of the Chocé relative to
the Chibcha. SHRIVER el al. (1995) has reported that
D,-based phylogenies of microsatellite loci tend to exag-
gerate recent divergences and underestimate ancient
ones, a conclusion that appears consistent with the re-
sults presented here.

Migration history of lower Central America: Genetic
distinctiveness of the two linguistic groups presented
here supports the idea of a fragmentation of ancestral
populations into separate tribal groups with very low
levels of subsequent migration between neighboring
groups. Lack of mtDNA haplogroups C and D in the
Chibcha provides evidence against migration of Cho-
coan women into the Chibchan populations and nu-
clear markers suggest a lack of migration in either direc-
tion between Chibchan and Chocoan populations. De-
spite the geographic proximity of the Panamanian
populations, there appears to have been very little inter-
marriage and genetic admixture between the two lin-
guistic groups.

The frequencies of haplogroups A—D throughout the
Chibcha and Chocé, more so than a comparison of
diversity levels, make the most compelling argument
against the role of lower Central America as a continu-
ous migration corridor between cultures to the north
and south. On the contrary, it appears that the isthmian
region acted as an effective barrier against movement
between distant cultures and that apparent cultural
transitions in lower Central America were the result of
cultural adaptation by endogenous populations rather
than large-scale population infiltration or replacement.
In other words, it appears that isthmian populations
acquired specific cultural components, such as tool
technologies, exogenous plant use, and certain words
(BARTLETT and BARGHOORN 1973; LINARES 1977; ICHON
1980; PrpERNO 1988) from neighboring populations
without significant levels of genetic contact and ex-
change.

Origin of New World indigenous groups: The data
presented here can also be used to address the issue of
Kuna ancestry, a question that remains unresolved by
current evidence. The fact that linguists have noted
several Chocélike words in the Kuna language has led
some scientists to postulate non-Chibchan origins for
the Kuna. Furthermore, the Kuna currently practice a
mixture of Chibchan and Chocoan cultural traditions.
In response to these conflicting associations, it has been
suggested that the Kuna may not represent a distinct
Amerind group but may instead encompass an agglom-
eration of remnant Amerind groups decimated during
the Spanish conquest (HOWE 1978; STIER 1979). Alter-
natively, some historians have suggested that the Kuna

are descendants of the “‘Cueva,” a group of Amerind
populations of unknown linguistic and cultural affilia-
tion who inhabited the Pacific coast of Panama4 in the
1500s and were thought to have been extirpated by
the Spanish. Yet another theory proposed that slaving
practices of the Chocé brought Kuna into Chocoan
populations.

The lack of haplogroups C and D in the Kuna, Ngobé,
and other Chibchan groups stands in sharp contrast
to the significant frequencies of these haplogroups in
neighboring Chocoan groups and suggests that, by a
mitochondrial measure, the Kuna are Chibcha, not
Chocé. As measured by Fstatistics, the closeness of Em-
berd and Wounan populations is not mirrored in the
Kuna-Chocé distances, suggesting there is no evidence
for a strong nuclear association between the Kuna and
Chocoan groups either. Thus, it would appear that any
words or cultural traditions shared between the Kuna
and Chocé are evidence of the movement of ideas
rather than genes between these groups. Furthermore,
since language evolves faster than genetic differences,
it seems unlikely that both words and genes could have
been exchanged between the two groups, yet only evi-
dence of the shared words has been preserved.

The mtDNA data, specifically the lack of haplogroups
C and D and attendant reduced genetic diversity, sup-
port the proposed population bottleneck at Chibchan
ethnogenesis. However, the same evidence, in fact lack
of the same haplogroups, has been interpreted in Na-
Dene groups as evidence of an independent migration
to the New World by the Na-Dene relative to Amerind
groups (TORRONI ef al. 1993). We have argued that this
is an incorrect interpretation and that proto-Na-Dene
populations, like the proto-Chibcha, were simply a
smaller sampling of the migration from Asia and that
the Na-Dene do not represent an independent migra-
tion event (BATISTA et al. 1995; KOLMAN et al. 1995).
Now that we have extended our study of Chibchan
groups to nuclear loci, we can ask how a similar analysis
might shed light on questions of New World coloniza-
tion. Levels of diversity at autosomal and Y loci are
sufficiently high that one could reasonably expect to
detect differences between New World groups that
might indicate different genetic origins in Asia or ar-
rival in the New World as separate waves of migration.
For example, reported autosomal heterozygosities for
Asian populations were 0.80 and for New World groups
ranged from 0.51 to 0.61 (DEKA et al. 1995b). Y hetero-
zygosities for the Japanese were 0.89 (HAMMER and
Horal 1995) and for Amerinds were 0.53 (this study).
Our results indicate that a joint mtDNA/nDNA study
of groups representing the different proposed migra-
tions to the New World could be instructive in de-
termining the number, time depth, and genetic origin
of migrations to the New World.

Conclusion: Our study of four Panamanian popula-
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tions from two linguistically distinct but geographically
proximal groups provides evidence of a strong barrier
to gene flow between these neighboring populations as
measured by both mtDNA and nDNA. In contrast to
the archaeological record, the genetic data indicate that
ideas have flowed across the isthmian region more suc-
cessfully than genes. Our nuclear results provide quali-
tative support for our previous mtDNA-based hypothe-
sis of a mild population bottleneck at Chibchan ethno-
genesis. Furthermore, our results suggest that, due to
its smaller effective population size, mtDNA may pro-
vide an enhanced signal over nDNA for defining dis-
tinct human populations. In terms of applicability to
anthropological questions, our study argues against sev-
eral theories regarding Kuna ancestry and demon-
strates the potential of comparable studies to address
questions of New World colonization.
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