Mitochondrial DNA Analysis Reveals Substantial Native
American Ancestry in Puerto Rico
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Abstract To estimate the maternal contribution of Native Americans to
the human gene pool of Puerto Ricans—a population of mixed African, Eu-
ropean, and Amerindian ancestry—the mtDNAs of two sample sets were
screened for restriction fragment length polymorphisms (RFLPs) defining
the four major Native American haplogroups. The sample set collected from
people who claimed to have a maternal ancestor with Native American phys-
iognomic traits had a statistically significant higher frequency of Native
American mtDNAs (69.6%) than did the unbiased sample set (52.6%). This
higher frequency suggests that, despite the fact that the native Taino culture
has been extinct for centuries, the Tafno contribution to the current popula-
tion is considerable and some of the Taino physiognomic traits are still pres-
ent. Native American haplogroup frequency analysis shows a highly struc-
tured distribution, suggesting that the contribution of Native Americans
foreign to Puerto Rico is minimal. Haplogroups A and C cover 56.0% and
35.6% of the Native American mtDNAs, respectively. No haplogroup D
mtDNAs were found. Most of the linguistic, biological, and cultural evidence
suggests that the Ceramic culture of the Tainos originated in or close to the
Yanomama territory in the Amazon. However, the absence of haplogroup A
in the Yanomami suggests that the Yanomami are not the only Taino ances-
tors.

This study seeks to contribute to our knowledge about the maternal contribution
of Native Americans to the gene pool of Puerto Ricans, a people of mixed Afri-
can, European, and Amerindian ancestry, and to investigate the migration history
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of the extinct Tainos, the native people of Puerto Rico that were subjugated by the
Spaniards. .

Archaeological evidence shows that the Greater Antilles were already in-
habited 8000 years ago by the Archaic culture, nomads who relied on shellfish,
fish, and game for their subsistence (Rouse 1992). It is not known whether they
migrated to the Antilles from Venezuela or from the peninsulas of Yucatdn or
Florida. However, from most of the linguistic, biological, and cultural evidence, it
is apparent that the Ceramic culture that arrived in Puerto Rico 2200 years before
the present (YBP) originated in South America, in or close to the tetritory occu-
pied today by the Yanomami. The Tafno language belongs to the Arawakan fami-
ly of languages. From the distribution of the Arawakan family of languages,
Arawakan speakers have been inferred to have originated in the South American
lowlands of the Amazon Basin (Noble 1965). More recently, linguists have pro-
posed that the Proto-Arawakan speakers moved along north of the Negro River,
passed through the Casiquiare Canal, and descended the Orinoco River, along the
way producing the Proto-Maipuran language, which gave rise to the Proto-
Maipuran subfamily of languages to which the Arawak (Lokono) and Taino lan-
guages belong (Rouse 1992).

Similarly, using biological traits, Imbelloni (1938) traced the origin of the
Taino people from the Guyana lowlands and the Orinoco Valley into Amazonia.
In addition, the cultural ancestry of the Tafno Indians may be traced back at least
to the Ronquinan Saladoid people along the Orinoco River up to its junction with
the Apure River. From there, however, they could have come from the west via
the Apure and Meta Rivers or from the Amazon by the Negro River (Rouse
1992). Hence, the region in Venezuela occupied by the Yanomami, bordered by
the Orinoco to the north and the Casiquiare to the west, is located within the path
probably taken by the Tafno ancestors in their migration to the Orinoco lowlands.

Little is known about the genetic contribution to Puerto Ricans of the
Tainos or Native Americans in general. The native population of Puerto Rico was
decimated in the 16th century as a consequence of the Spanish colonization.
However, Indian towns existed on the coast two decades after the start of the
Spanish colonization in 1508 (Tapia 1854). Upon their emancipation in 1542,
many of the remaining Taino Indians stayed in the mountains in the central region
of the island and were slowly assimilated through the following decades or cen-
turies by the settler population.

The genetic contribution of the Tafno Indians is a matter of speculation. By
1530, gold was no longer found in quantities adequate for mining, and the gold
rush that developed in other colonies of Spain like Mexico and Perd had severely
reduced the mostly European settler population. The settler population remained
low for centuries, thus probably contributing significantly to a higher relative
abundance of Native American genotypes in the people that developed into Puer-
to Ricans than most historical accounts would imply. The 1777 census reported a
total of only 70,210 inhabitants in Puerto Rico. These were classified into 31,951
whites, 24,164 free “pardos” (light-skinned mixes mostly of Indian and white an-
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cestry), 4747 free blacks, 4249 black slaves, 3343 “mulato” (mixes of black and
white ancestry) slaves, and 1756 pure Indians.

The composition of the Puerto Rico population changed dramatically dur-
ing the 19th century. Upon the American Declaration of Independence in 1776, a
strong commercial relationship between the United States and Puerto Rico com-
menced. With it, the sugar industry, which had collapsed by 1640, was resurrect-
ed, as was the slave trade (Ferndndez-Méndez 1970). In addition, because the
Spanish Empire was now crumbling in Mexico and South America, wealthy
white refugees emigrated to Puerto Rico in great numbers and stimulated the
economy by developing the sugar and coffee industrues, and, to a lesser degree,
the tobacco industry.

Through the Treaty of Paris that ended the Spanish-American War, Puerto
Rico became a US colony in 1898. The first census carried out by the United
States in 1899 reported a population of 953,243 inhabitants, 61.8% of them clas-
sified as white, 31.9% as mixed, and 6.2% as black (Sanger et al. 1900). Thus, an
immigration wave with strong European and African components helped increase
the population of Puerto Rico over thirteenfold during the 19th century, no doubt
significantly diluting the Native American portion of the Puerto Rican gene pool.
No major immigration wave occurred during the 20th century.

To gain a better understanding of the Native American gene contribution to
Puerto Ricans, of the dynamics of the extensive admixture process that has oc-
curred during the past five centuries, and of the origins of the Tainos, we are un-
dertaking an extensive population genetics study. As a first step, the continental
origins of the maternally inherited mitochondrial DNAs (mtDNAs) are deter-
mined here by means of haplogroup identification.

Mitochondrial DNA has long been a powerful tool to study the evolutionary
and migration history of humans because of its rapid mutation rate (Brown et al.
1979, 1982; Miyata et al. 1982; Kocher and Wilson 1991; Torroni et al. 1994a)
and its maternal, nonrecombinant mode of inheritance (Hutchison et al. 1974,
Giles et al. 1980). Genetic bottlenecks associated with historical migrations fol-
lowed by population expansions were often accompanied by mutations that be-
came unique to the derived expanded populations. Thus, mtDNAs carrying such
mutations or restriction fragment length polymorphisms (RFLPs), which can be
detected by RFLP analysis, can be traced to particular population expansion
events. Mitochondrial DNAs sharing such RFLPs belong to particular hap-
logroups (Ballinger et al. 1992; Torroni et al. 1993a, 1993b, 1994b, 1994c, 1996;
Chen et al. 1995; Wallace 1995), which are thus defined by these RFLPs that can
now be called haplogroup-specific markers. Because haplogroups are usually
continent-specific, the continental origin of mtDNAs in a population of mixed an-
cestry can be traced by means of haplogroup identification.

Mutations can sometimes arise independently more than once. Thus, when
identifying haplogroups from a population of mixed ancestry, it is wise to test not
only for haplogroup-specific markers, but for RFLPs that are known to have been
present in the mtDNAs in which the haplogroup-specific marker originally arose.



494 / MARTINEZ-CRUZADO ET AL.

In this work, we use the Ddel and Alul restriction motifs at the 10394 and 10397
nucleotide positions (np), according to the Cambridge reference sequence (An-
derson et al. 1981).

Four major Native American haplogroups constitute 98% of the mtDNAs
of the New World. Their specific markers and their restriction motifs are shown in
Table 1. Haplogroups A and B lack the 10394 Ddel and 10397 Alul sites, and un-
der that context are defined by an Haelll site gain at np 663 and a 9-base-pair (bp)
deletion within region V of Cann and Wilson (1983), between the cytochrome ox-
idase second subunit and the tRNA™* genes (COIVtRNA™" site), respectively.
Haplogroups C and D possess both sites, and under that context can be defined by
an Alul site gain at np 13262 and an Alul site loss at np 5176, respectively.

Because of the continent specificity of haplogroups, the matemal contribu-
tion of any continent to the gene pool of a mixed population can be estimated. In
this work, we focus on the Native American contribution to Puerto Ricans. We
find that the maternal contribution of Native Americans to the Puerto Rican gene
pool is 52.6%. Furthermore, we find some geographic structuring of the Native
American mtDNA diversity within Puerto Rico and considerable structuring in its
haplogroup frequencies. The implications of this observation for the continental
origins of the Tainos is discussed.

Materials and Methods

Samples. Two different sample sets were obtained following informed con-
sent. The first sample set was biased for Native American ancestry. It included 56
Puerto Ricans living in communities known historically for their strong Indian
component, or those not living in these communities but having mothers or ma-
ternal grandmothers with phenotypic traits identified by themselves as “Indian-
like,” such as straight, dark hair; pronounced cheekbones; almond-shaped, dark
eyes; and bronzed skin color. Of these persons, 10 came from Sector el Treinta,

Table 1. RFLP Motifs Defining the Four Major Native American Haplogroups

Subhaplogroups and
10394 Ddel/ Haplogroup-Specific Their 16517 Haelll
10397 Alul Motif Haplogroup Marker Motifs
) A +663 Haelll Al (+16517 Haelll)
A2 (16517 Haelll)
B 9bpdelreg V BI (+16517 HaellD)
. B2 (-16517 Haelll)
(+4) c +13262 Ald CI (+16517 HaellD)
C2 (-16517 Haelll)
D —5176 Alul D1 (+16517 Haelll)

D2 (~16517 Haelll)
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Figuare 1.  Geographic map of Puerto Rico. The localities from which samples were collected are
indicated as follows: A = Indiera Alta, Maricao; B = Indiera Baja, Maricao; M = Mi-
raflores, Afiasco; U = University of Puerto Rico at Mayagiiez.

Indiera Alta, Maricao; 8 from Indiera Baja, Maricao; and 5 from Miraflores,
Aifiasco (Figure 1). Another 33 persons had mothers or maternal grandmothers
with Indian-like phenotypic traits or who had originated from central Puerto
Rico, an area that is considered to have the largest degree of Indian ancestry. This
last group was composed of people associated with the University of Puerto Rico
at Mayagtliez or living in western Puerto Rico. The second, unbiased sample set
was obtained independently from the first. It was taken at random from 38 Puerto
Ricans associated with the University of Puerto Rico at Mayagitiez or living in
Mayagiiez. In discussing comparisons between them, the last group of the biased
sample set and the unbiased sample set will be referred to as the Native Ameri-
can-biased university group and the unbiased sample group, respectively.

Mitochondrial DNA Extraction.  Volunteers provided three hair roots that
were immersed in 0.5 mL of 5% Chelex (Sigma Chemical Co.) in a labeled 1.5
mL microcentrifuge tube. The tubes were stored in Styrofoam boxes cooled with
cool packs until arrival at the lab on the same day. The samples were treated as in
Walsh et al. (1991), with small modifications. They were placed at 58°C until the
following day, when they were thoroughly vortexed, boiled for 8 min, vortexed
again, and centrifuged at 13,000 g for 3 min to liberate the DNA. They were then
stored at —20°C.

Polymerase Chain Reaction Amplification.. Not more than eight fragments
were amplified by the polymerase chain reaction (PCR) from each DNA sample
for restriction or deletion analyses. The primers used for such amplifications and
the restriction sites tested for their presence or absence in each fragment are
shown in Table 2. The amplification reaction conditions were 1X PCR Buffer
{Roche Molecular Biochemicals), 2.5 mM MgCl,, 400 uM dNTP, 1 uM each
primer, 5 pL of sample DNA, and 2.5 units of 7zg DNA polymerase in a total
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Table 2. Primers Used To Amplify Tested Sites

Primers Fragment
Sites Tested Name® Sequence and Length Size
10394 Ddel and L10261 ACCTTCTTATTATTTGATCTAG (22 bp)
10397 Alul H10425 ~TTAATGAGTCGAAATCATTCG (21 bp) 208 bp
663 Haelll L612 ACCTCCTCAAAGCAATACACTG (22 bp)
H742 GTGCTTGATGCTTGTCCCTTTTG (23 bp) 176 bp
9bpdelRegV L8216 ACAGTTTCATGCCCATCGTC (20 bp)
H8296 ATGCTAAGTTAGCTTTACAG (20 bp) 121 bp*
13262 Alul 113233 CGCCCTTACACAAAATGACATCAA (24 bp)
H13392  TCCTATTTTTCGAATATCTTGTTC (24 bp) 208 bp
5176 Alul L5121 ©~ TAACTACTACCGCATTCCTA (20bp)
- H5229 AAAGCCGGTTAGCGGGGGCA (20 bp) 149bp |
4577 Nlalll ' L4500 GGCCCAACCCGTCATCTAC (19 bp) ‘
H4659 GAAGGATTATGGATGCGGTTG (21 bp) 200bp
16517 Haelll L16210 CCATGCTTACAAGCAAGT (18 bp)
H407  CTGTTAAAAGTGCATACCGCCA (22 bp) 807 bp .
3592 Hpal L1636 AACACAAAGCACCCAACTTAC (21 bp)
H4083 GAAGTAGGGTCTTGGTGAC (19 bp) 2488 bp

a. Primers are named according to the strand extended from them (H for heavy, L for light) and Lh
first base of the extension. 3
b. Primers included. {

¢. When no deletion or insertion occurs. ,
E

volume of 25 pL. The amplification reaction mixture was heated to 94°C for |
min before being subjected to 30 cycles of 1 min at 94°C, 1 min at 55°C, and 1.
min at 72°C. One extension cycle of 10 min at 72°C completed the amplificatior

Restriction Digestion.  The restriction digests were performed according t
the manufacturer’s conditions, using 10 to 15 pL of the amplification reactlou
and the DNA fractionated side-by-side to an undigested simile in a 2% or 3%
agarose gel. To identify the 9-bp deletion at region V that defines haplogroup B i
a (~/-) context (Table 1), the fragments amplified using primers L8216 anf
H8296 (Table 2) were fractionated in 4% NuSieve-1% standard agarose gels. Th
agarose gels were stained with ethidium bromide and photodocumented und¢
UV light.

DNA Sequencing. To determine the sequence of four PCR fragments ampl
fied with primers L8216 (Table 2) and H8416 (5* GGTGATGAGGAATAGTG
TAAG 3'), the fragments were purified using the High Pure PCR Product Purif .
cation Kit (Roche Molecular Biochemicals) as instructed by the manufacture -
One hundred nanograms of each PCR product were sent together with 40 plcc ,

§
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moles of L8216 as the sequencing primer to the New Jersey Medical School Mol-
ecular Resource Facility for automated sequencing. :

Results

All samples were tested for the 10394 Ddel / 10397 Alul restriction motif
and the four major Native American haplogroup-specific markers. All samples
but the non-Native American samples of the unbiased sample set were also test-
ed for the 16517 Haelll hypermutable site. In addition, all samples from the bi-
ased sample set were tested for the 4577 Nlalll site. Finally, eight samples of the
biased sample set were tested for the +3592 Hpal marker that, in a (+/-) context,
defines African haplogroups L/ and L2, together known as superhaplogroup L*.
With one exception in each sample set, all Native American haplogroup-specific
markers were found within the correct 10394 Ddel / 10397 Alul context. In the bi-
ased sample set, the exception was sample B5 from Indiera Baja, which exhibited
the 9-bp deletion specific for haplogroup B in a (+/~) context. In the unbiased
sample set, the exception was U59, which exhibited the only haplogroup D-spe-

In addition, only one mtDNA showed two haplogroup-specific markers:
U22 in the biased sample set exhibited the specific markers for both haplogroups
A and B within their correct (—/~) context. Because all four (~/~) mtDNAs with
both of these haplogroup-specific markers whose control region have been se-
quenced have been shown to belong to haplogroup A (see Discussion), it was con-
sidered appropriate to regard it as belonging to haplogroup A and to include it in
the Native American and haplogroup A totals.

The haplogroup distribution of the unbiased sample set (Table 3) shows that
20 of 38 (52.6%) mtDNAs were unambiguously identified as belonging to a Na-
tive American haplogroup. More than half of these (11) belonged to haplogroup

in Puerto Rico. Of the 39 Native American mtDNAs in this sample set, 37 belong
to one of these two haplogroups. Haplogroup D is again not represented in the
sample set,

The haplogroup distribution of the Puerto Rican Native American mtDNA
was further analyzed by testing for the hypermutable Haelll restriction sequence
at position 16517. Each haplogroup may be subdivided into two subhaplogroups
according to its 16517 Haelll motif and assigned the suffix “1” for the presence
or “2” for the absence of this site (Table 1). Table 3 shows that there is a strong
predominance of one or the other of the two motifs for each haplogroup. Specifi-
cally, for all samples combined, all haplogroup B and 20 of 2] haplogroup C
mtDNAs possess the site, but 24 of 33 haplogroup A mtDNAs lack it.
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Table 3. Haplogroup and Subhaplogroup Distribution in Native American Samples

Distribution

Unbiased Sample Set Biased Sample Set Sample Sets Combined .

Native American 114 3Al 224 6Al 334 9Al;
Haplogroups (28.9)° 8 A2 (39.3) 16 A2 (35.1) 2442
3B 3BI 2B 2B1 5B 5Bl

(7.9 0B2 3.6) 0B2 (5.3) 0B2

6C 6ClI 15¢C - 14CI 21¢C 20C1

(15.8) 0c2 (26.8) 1C2 (22.3) 1C2:

0D 0D? 0D 0D! 0D 0DI 5

()] 0D2 ) 0D2 ©) 0D2

Total Native
American mtDNAs 20 (52.6) 39 (69.6) 59 (62.8)
Total Non—Native
American mtDNAs 18 (47.4) 17 (30.4) 35(37.2) !
Total 38 (100%) 56 (100%) 94 (100%)

a. Percentages from total. i

Table 4. Native American Subhaplogroup Distribution According to Collection Slte 1-
the Biased Sample Set i

University at -

Subhaplogroup Indiera Alta Indiera Baja Miraflores Mayagiiez !
Al 4 0 0 2
A2 2 2 1 11
BI 0 1 0 1
B2 0 0 0 0
Cl 0 1 3 10
Cc2 0 0 0 1
DI 0 0 0 0
D2 0 0 0 0
Total Native American
mtDNAs 6 4 4 25 ;
Total number of mDNAS 10 8 5 33

]
i
!

Table 4 shows the Native American subhaplogroup distribution accordm
to collection site in the biased sample set. Statistical analysis shows that the Ng
tive American-biased university group has a significantly higher percentage %
Native American mtDNAs (25/33) than its unbiased counterpart [20/38; G-te.
with Williams’ correction, G(adj) = 4.06, degrees of freedom (df) = 1, p < 0.05
This analysis suggests that, among the subjects composing the university groti
of the biased sample set, either there exists a generally correct notion of the sen-.

)
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blance of Indian phenotypic traits and an ability to identify them, or the central re-
gion actually has a larger Indian ancestry than elsewhere in western Puerto Rico.
The Native American mtDNA frequency in the biased sample university group
(75.8%) is even higher, although not significantly higher, than that found in the
combination of the three communities known historically for their strong Indian
component (60.9%).

Interestingly, the Indiera Alta distribution within haplogroup A is statistical-
ly significantly different from all other groups combined [G(adj) = 4.62, df = 1,
P < 0.05]. Four of the six haplogroup A mtDNAs in Indiera Alta belong to sub-
haplogroup A1, whereas only 5 out of 27 do so in all other groups. Furthermore,
when tested for the 9-bp deletion in region V, it was found that three of the four
Al mtDNASs in Indiera Alta possessed a 9-bp insertion instead. These were the
only three mtDNAs in the biased sample set with such an insertion. Only one oth-
er- mtDNA in the unbiased sample set did (U65), and it belonged to subhap-
logroup A1 as well. The presence of the 9-bp insertion was confirmed in all four
mtDNAs by DNA sequencing. It may be that these mtDNAs are identical by de-
scent, and that the observed subhaplogroup distribution difference in Indiera Alta
has historical meaning. The Indiera Alta population could have been founded by
a population with few or maternally related women, distinct from the rest of the
Native American population in Puerto Rico.

All samples from the Native American-biased sample set tested positive
for the Nlalll site at position 4577. The lack of such a restriction site in a (~/~)
context is a specific marker for the Caucasian haplogroup V. This site is otherwise
present in all other Caucasian and African mtDNAs tested to date. To our knowl-
edge, however, no test for this site in Asian or Native American mtDNAs had
been published. Our data suggest that the 4577 Nlalll restriction site is also pres-
ent in virtually all Puerto Rican Native American mtDNAs, and that the frequen-
cy of haplogroup V mtDNAs in Puerto Rico is very low.

Interestingly, the frequency of (+/-) mtDNAs among the non—-Native Amer-
ican mtDNAs seemed higher for the biased sample set than for the unbiased one
(Table 5). However, the difference was not significant at the 95% statistical level
(G=3.53;df=1,0.1; p>0.05).

Table 5. Distribution in Native American Biased and Unbiased Sample Sets of Non—
Native American mtDNAs Classified in Their Respective 10394 Ddel / 10397 Alul Motifs

Restriction Motif Biased Sample Set Unbiased Sample Set Total
(+/-) 15 11 26~
(--) 2 7 9

Total 17 18 35
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Discussion

The data from both sample sets suggest a strong Native American contribu-
tion to the mitochondrial gene pool of Puerto Ricans. Of the 56 samples in the
biased sample set, 39 were identified as Native American in origin; of the 38
mtDNAs in the unbiased sample set, 20 were so identified. It could be argued that
those five mtDNAs identified here as belonging to haplogroup B were not of Na-
tive American origin because the same 9-bp deletion that is specific to this hap-
logroup has arisen independently in Southeast Asia (Ballinger et al. 1992), Africa
(Chen et al. 1995), Australia and the Pacific (Redd et al. 1995), and India
(Watkins et al. 1999), as well as in Europe, although in this last case it has been
found only in one mtDNA belonging to haplogroup I (Torroni et al. 1997). How-
ever, only the Asian-derived 9-bp deletion has been found within the -10394
Ddel / -10397 Alul context, as those found here. The African and European dele-
tions have been associated with a (+/—) context, and the Indian version with a
(+/+) context. The Australian and Pacific deletions were not tested for their 10394
Ddel / 10397 Alul motifs. Furthermore, of 21 mtDNAs with the deletion found by
~ Alves-Silva et al. (1999) in Brazil, all 16 that were identified as Native American

in origin according to their HV-1 sequence were (—/-), whereas all 4 that were
identified as African were (+/-), as was the only European-derived one, which
belonged to haplogroup I. Thus, it is reasonable to conclude that those (—/-)
mtDNAs found here with the 9-bp deletion were Native American and belonged
to haplogroup B.

In addition, it could be argued that many of the mtDNAs found here that be-
long to any of the four major Native American haplogroups were due to modern
Asian immigration, since all four Native American haplogroups have their origin
in Asia (Schurr et al. 1990; Torroni et al. 1993b). However, this is very unlikely.
The 1899 census reported only 75 Asians, 66 of whom were men, in Puerto Rico
(Sanger et al. 1900). Furthermore, Asian immigration to Puerto Rico through the
20th century was scant to the point that censuses taken every 10 years throughout
the century never included any Asian country or region among those reported as
origins for foreign residents, despite typically naming over 10 such countries or
regions.

The only mtDNA found with the 9-bp deletion in a (+/~) context, B5, was
probably African in origin. Alternatively, it could be a Native American mtDNA
that gained the Ddel site at np 10394 by mutation. Although it failed to produce

' the +3592 Hpal motif (data not shown) characteristic of haplogroups LI and L2
(Chen et al. 1995), which together encompass approximately 70% of sub-Saharan
mtDNA:s, it could belong to the African haplogroup L3. A (+/-) mtDNA with the
9-bp deletion that belongs to African haplogroup L3 was recently reported in
Brazil (Alves-Silva et al. 1999). Because this deletion has been shown to have
arisen independently multiple times in Africa (Soodyall et al. 1996) and in Asia
(Betty et al. 1996; Watkins et al. 1999), an African origin for B5 is more likely
than a Native American origin.
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blance of Indian phenotypic traits and an ability to identify them, or the central re-
gion actually has a larger Indian ancestry than elsewhere in western Puerto Rico.
The Native American mtDNA frequency in the biased sample university group
(75.8%) is even higher, although not significantly higher, than that found in the
combination of the three communities known historically for their strong Indian
component (60.9%).

Interestingly, the Indiera Alta distribution within haplogroup A4 is statistical-
ly significantly different from all other groups combined [G(ad)) = 4.62, df = 1,
P < 0.05]. Four of the six haplogroup A mtDNAs in Indiera Alta belong to sub-
haplogroup A1, whereas only 5 out of 27 do so in all other groups. Furthermore,
when tested for the 9-bp deletion in region V, it was found that three of the four
Al mtDNAs in Indiera Alta possessed a 9-bp insertion instead. These were the
only three mtDNAs in the biased sample set with such an insertion. Only one oth-
er mtDNA in the unbiased sample set did (U65), and it belonged to subhap-
logroup Al as well. The presence of the S-bp insertion was confirmed in all four
mtDNAs by DNA sequencing. It may be that these mtDNAs are identical by de-
scent, and that the observed subhaplogroup distribution difference in Indiera Alta
has historical meaning. The Indiera Alta population could have been founded by
a population with few or maternally related women, distinct from the rest of the
Native American population in Puerto Rico.

All samples from the Native American-biased sample set tested positive
for the Nlalll site at position 4577. The lack of such a restriction site in a (~/~)
context is a specific marker for the Caucasian haplogroup V. This site is otherwise
present in all other Caucasian and African mtDNAs tested to date. To our knowl-
edge, however, no test for this site in Asian or Native American mtDNAs had
been published. Our data suggest that the 4577 Nlalll restriction site is also pres-
ent in virtually all Puerto Rican Native American mtDNAs, and that the frequen-
cy of haplogroup V mtDNAs in Puerto Rico is very low.

Interestingly, the frequency of (+/-) mtDNAs among the non—Native Amer-
ican mtDNAs seemed higher for the biased sample set than for the unbiased one
(Table 5). However, the difference was not significant at the 95% statistical level
(G=3.53;df=1,0.1; p>0.05).

Table 5. Distribution in Native American Biased and Unbiased Sample Sets of Non-
Native American mtDNAs Classified in Their Respective 10394 Ddel / 10397 Alul Motifs

Restriction Motif Biased Sample Set Unbiased Sample Set Total
(+- 15 11 26~
) 2 7 9

Total 17 18 35
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Only one other mtDNA had a haplogroup-specific marker out of its 10394
Ddel / 10397 Alul context. US9 had the 5176 Alul site loss specific for hap-
logroup D mtDNAs but within a (+/-) rather than a (+/+) context. An extensive
literature search (Ballinger et al. 1992; Torroni et al. 19934, 1993b, 1994b, 1994c,
1996, 1997; Chen et al. 1995; Starikovskaya et al. 1998) did not produce any oth-
er mtDNA like it, although two Tibetans, two Taiwanese Han, two Sabah aborig-
ines, one Siberian, and one Mayan were found with the 5176 Al site loss in a
(~/-) context. Further RFLP and HV-1 sequence analysis will be needed to identi-
fy the biological origin of this mtDNA.

The data presented here are consistent with the HV-1 sequences that
Sdnchez-Crespo (1999) obtained from four human skeletal remains unearthed in
Arecibo, Puerto Rico. These remains were radiocarbon dated at 1420 YBP (cali-
brated to 4.D. 590 to 675, 2 sigma, 95% probability, Beta Analytic). Interestingly,
all of the Arecibo samples were identical, exhibiting the 16298C and 16327C mu-
tations characteristic of Native American haplogroup C mtDNAs (Torroni et al.
1993a).

Our data are also consistent with the results of Abujoub (1994), who se-
quenced the HV-1 region from 50 mtDNAs collected at random in the southern
city of Ponce. Although Abujoub estimated the Native American contribution at
68%, our reanalysis of his data using more recent published sequences of Cau-
casian (Calafell et al. 1996; Torroni et al. 1996; Richards et al. 1996) and African
(Graven et al. 1995; Soodyall et al. 1996) origin showed that some of the
mtDNAs initially identified as Native American were really African or Cau-
casian. Only 23 of the 50 mtDNAs studied could be identified as belonging to a
Native American haplogroup; in this case, they belonged to either haplogroup A
(11) or € (12). Of the remainder, 12 were identified as African and 3 as Caucasian
in origin. Of the 12 sequences that could not be identified, none could belong to
haplogroup B, and only 2 may have belonged to Native American haplogroup D.
Because haplogroup D does not have base substitutions in the HV-1 region as
specific as those of the remaining major Native American haplogroups (Torroni et
al. 1993a), the evidence provided by the HV-1 sequence is too weak to classify
these mtDNAs as belonging to haplogroup D. Furthermore, the absence of hap-
logroup D in both of our sample sets strongly suggests that haplogroup D is very
rare in Puerto Rico. However, these two mtDNAs exhibited transitions at two of
the three sites where most haplogroup D mtDNAs do (Easton et al. 1996; Stone
and Stoneking 1998; Alves-Silva et al. 2000). Namely, they exhibited transitions
at np 16223 and 16362 but not at 16325. Thus, RFLP analyses would be needed
to clarify the identity of these mtDNAs.

In conclusion, if the Abujoub sample was representative of the Puerto Ri-
can population, the contribution of the four major Native American lineages
would be estimated between 46% and 50%, depending on the identities of the two
potential haplogroup D mtDNAs. This range is very close to the 52.6% estimated
from our unbiased sample set. It must be emphasized, however, that neither our
sample sets nor Abujoub’s sample set are necessarily representative of Puerto
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Rico as a whole. His consists mainly of residents from the south side of the island
while ours are mainly from residents of the west side of the island.

Interestingly, among the 12 Abujoub sequences whose haplogroup could
not be identified, 3 possessed the transitions at np 16223 and 16278 that charac-
terize haplogroup X mtDNAs, although they lacked the transition at np 16189 that
usually accompanies them (Torroni et al. 1996; Brown et al. 1998; Smith et al.
1999; Alves-Silva et al. 2000; Richards et al. 2000). Haplogroup X was first de-

“scribed as a minor Caucasian haplogroup, accounting for 4.5% of a combined
sample of Finnish, Swedish, and Tuscan (Torroni-et al. 1996) mtDNAs, and later
shown also to represent a minor Native American founding lineage (Forster et al.
1996). It is widespread in Native North Americans. It is found in at least seven
unrelated language families, accounting for approximately 3% of their mtDNAs
(Smith et al. 1999). Although a literature search did not produce mention of mod-
ern haplogroup X mtDNAs in South America, they were found in 3 of the 18
skeleta] remains from the Brazilian Amazon with datings estimated at 500 to
4000 YBP, which were studied by Ribeiro-Dos-Santos et al. (1996). It is note-
worthy that these ancient haplogroup X mtDNAs showed transitions at np 16223
and 16278 but not at np 16189, just as the aforementioned Abujoub sequences.
Thus, it is possible that haplogroup X was present in the Taino population.

In that case, because our study did not screen for haplogroup X mtDNAs,
the Native American ancestry of Puerto Ricans may be higher than estimated
here. Haplogroup X is defined by the lack of a Ddel site at np 1715 in a (-=/~) con-
text. In our unbiased sample set, 7 out of 38 mtDNAs had the (~/-) motif and did
not belong to any of the four major Native American haplogroups. If all of them
belonged to the Native American haplogroup X, the estimate would increase from
52.6% to 71.1%. However, we are not aware of a retiable method to distinguish
Native American from Caucasian haplogroup X mtDNAs in a population of
mixed ancestry such as that in Puerto Rico. Thus, finding haplogroup X mtDNAs
in modern Puerto Ricans would not necessarily imply a higher Native American
ancestry.

Another group of Native American mtDNAs was found in 10 of 83
Yanomami mtDNAs (Easton et al. 1996). These lacked any haplogroup-specific
marker but had the +10394 Ddel/+10397 Alul motif found in mtDNAs belonging
to haplogroups C or D. A neighbor-joining tree of Native American and Mongo-
lian lineages based on control region sequences failed to find a common origin for
them (Stone and Stoneking 1998), although they shared a transition at np 16325
and generally tended to associate with haplogroup D sequences in the tree. These
mtDNAs were not found in our study, since all mtDNAs that exhibited the (+/+)
motif were shown to belong to haplogroup C.

The percentage contribution of Native Americans to the Puerto Rican mito-
chondrial gene pool estimated here could come as a surprise to some. The number
of Taino Indians in Puerto Rico was estimated by some historians at only 20,000
at the start of the Spanish colonization in 1508. The conditions imposed by colo-
nization presumably led to the massive emigration to the Lesser Antilles of most
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of those Tainos not killed by war, the abuses of slavery, or diseases brought by the
Europeans (Anderson-Cérdova 1995). The 1530 census reported only 1148 Indi-
ans in Puerto Rico (Brau 1904), 675 slaves and 473 servants, and by many ac-
counts the Tainos were exterminated before the end of the 16th century.

It is apparent, however, that the 1530 census ignored what could have been
thousands of Tainos living in the inhospitable mountains of the central region of
Puerto Rico. Indian emancipation shortly thereafter (1542) may have propitiated
the slow and relatively peaceful assimilation of this population into the colonial
society. In addition, the size of the Tafno population at the time of Spanish colo-
nization is in dispute, some authors estimating it at 600,000 (Abbad 1788). Fur-
thermore, Indian slave immigration to Puerto Rico was common before Indian
emancipation. These were mostly brought from the islands of Margarita,
Trinidad, Aruba, and Bonaire, and from the coast of Venezuela, but some were
brought from the Yucatin peninsula (Zavala 1948) or Brazil (Tapia 1854). More-
over, up until the American Revolution, European immigration to Puerto Rico
was scant, and European emigration quite common (Ferndndez-Méndez 1970).
Even African slaves were not introduced in very large numbers until the begin-
ning of the 19th century, when they were brought in to work in the sugar industry
that was then stimulated by wealthy refugees from the Spanish colonies in revo-
lution. Thus, before the large immigration wave of the 19th century, the 1777 cen-
sus put the total population of Puerto Rico at only 70,210 inhabitants, and the Na-
tive American genetic component may have been the largest one at the time. )

The Native American-biased university group had a statistically significant
higher frequency of Native American mtDNAs than that of the unbiased group. It
is possible that, because of the large Indian ancestry found, Indian physiognomic
traits persist in the population and are remembered by the people even though the
Taino culture has long been extinct. However, it should be kept in mind that only
the female ancestry can be tracked through mtDNA studies. Because the majority
of Europeans who arrived in Puerto Rico, especially before the 19th century, were
men, and because the social stigma attached to European women bearing children
of non-European men was much more severe than that attached to European
men fathering children of non-European women, it is reasonable to expect that
mtDNA studies will underestimate the Caucasian ancestry and consequently
overestimate all other ancestries in Puerto Rico.

For example, recent studies using mtDNA and Y-chromosome Amerindian
markers have found strikingly disparate contributions of Amerindian men and
women to the population of Brazil. Whereas 59% of the mtDNAs in Belém were
identified as Amerindians, less than 5% of the Y chromosomes were (Batista dos
Santos et al. 1999). In another study on Brazil, virtually all Y chromosomes ex-
amined by Carvalho-Silva et al. (2001) were of European origin, while more than
60% of the mtDNAs were Amerind. Similarly, whereas 71.0% of the nuclear
DNA of Canary Islanders is European in origin, Pinto et al. (1996) found that
only 35.6% of the mtDNA is. The combination of these results suggests that the
vast majority of the paternal contribution to the Canarian gene pool must be of
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European origin. An even more drastic asymmetry was found in Antioquia
Colombia. In this province, approximately 94% of the Y chromosomes were of'
European origin and only 1% was Amerind, but close to 90% of the mtDNAs
were of Native American origin (Carvajal-Carmona et al. 2000). ;
Ancient DNA studies have shown that haplogroup frequencies in native
populations of North America have remained stable over thousands of yearsf»
(O’Rourke et al. 2000). Thus, haplogroup frequencies may be useful to trace thef
origin of the Tainos to their continental ancestors. The haplogroup distribution in
the Puerto Rican Indian mtDNAs is highly structured, with haplogroups A and €
accounting for 91.5% of all mtDNAs. A highly structured population with re-i
duced mtDNA diversity has been observed frequently in Native American tribes
in North, Central, and South America (Torroni et al. 1993a: Santos et al. 1994/
Batista et al. 1995; Kolman et al. 1995; Merriwether and Ferrell 1996; Ward et alz
1996; Kolman and Bermingham 1997), suggesting that they were founded by
groups of women with low mtDNA diversity and that they developed mostly in
isolation. This observation suggests that most of the Native American mtDNAs‘;
found in Puerto Ricans have a common origin in the Tafnos and that the number
of women with Native American mtDNAs migrating to Puerto Rico after the
Spanish arrival has been small compared with the number of female descendamtsi
that the Taino women were able to leave in the colony. Otherwise, because the
documented immigration from other Spanish colonies of Indians and mixed wo-,
men that could have had Native American mtDNAs stemmed from various local:
ities (see above), a high immigration rate would have been expected to reduce thcf
frequency of haplogroups A and C and the haplogroup distribution structuring|
The highly structured haplogroup distribution also suggests that the Tainos had,
reduced genetic diversity. This scenario is consistent with the repeated waterl
crossings over the Lesser Antilles that a colonization originating in the Orinoco,
delta would entail.
To further characterize the genetic variability of the Native American
mtDNAs of Puerto Rico and to analyze their possible pre-Columbian origin ing:
more detail, the haplogroups were divided into subhaplogroups according to the!
presence (1) or absence (2) of the 16517 Haelll site. Like other sites in the!
mtDNA control region (Wakeley 1993), the 16517 Haelll site has been deter-
mined to be hypermutable, since it has been found in both states in high frequen-

_ cies in all world haplogroups described to date. It is, thus, of low informative val-
ue for human population migration and expansion studies (Forster et al. 1996),
which generally use restriction sites that change, on average, every 24,420 years
(Torroni et al. 1998). However, this site might be useful for studies of very recent
migration and expansion events, such as the arrival of the Ceramic culture to,
Puerto Rico 2200 years ago (Rouse 1992). :
Table 6 shows the subhaplogroup distribution in the Native American
mtDNAs of Puerto Rico, together with those of the Yanomami, non-Yanomami
Amazonians, and Mexican or Central American Amerinds found in the literaturef
.(Merriwether and Ferrell 1996; Kolman and Bermingham 1997). No such infor-
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Table 6. Native American mtDNA Subhaplogroup Percentage Distribution in Puerto
Rico, the Amazon, and Mexico and Central America®

Non-Yanomama Mexico and
Puerto Rico Yanomama Amazon Central America®

Subhaplogroup (n=159) (n=107) (n=917 (n=267)
Al 153 0 7.1 116

A2 40.7 0 8.8 434

B1 8.5 7.5 14.3 30.3

B2 0 0.9 0 0

Cl 33.9 355 7.7 6.0

C2 1.7 33.6 23.1 75
DIl 0 2.8 15.4 : 04
D2 Q 103 220 0.7

X6 0 6.5 1.1 0

X7 0 2.8 0 0

a. MtDNAs classified as “other” are not included. These are 8 mtDNAs from Mexico and Central
America and 3 from the non-Yanomama Amazon.

b. Includes mtDNAs from the following tribes: 10 Piaroa, 10 Makiritare, 12 Wapishana, 10 Macushi,
25 Ticuna, 10 Marubo, and 14 Kraho.

¢. Includes mtDNAs from the following tribes: 15 Mixtec-Alta, 14 Mixtec-Baja, 15 Zapotec, 16
Mixe, 23 Maya, 24 Bribri-Cabecar, 13 Boruca, 20 Guatuso, 20 Teribe, 16 Guaymi, 16 Kuna, 44
Ember4, and 31 Wounan.

mation was found for Native Floridians, although it is well known that the
mtDNA of the 7000-year-old remains found in southwestern Florida (Piibo et al.
1988) belonged to the rare Native American haplogroup X (Hauswirth et al.
1994). Two important observations come to light. First, the proportion of C! to
C2 mtDNAs is very much higher in Puerto Rico than in the Yanomami, the rest of
the Amazon, or Mexico and Central America. This observation combined with
the hypermutability of the 16517 Haelll site suggests that subhaplogroup CI may
represent a very recent human population expansion in pre-Columbian Puerto
Rico. Many Native American RFLP haplotypes have been found to be identical
between themselves except for the 16517 Haelll site, including tribal-specific
haplotypes (Torroni et al. 1992, 1993a, 1994a). Even in populations less than
10,000 years old, pairs of haplotypes like these have been found (Starikovskaya
et al. 1998). Thus, subhaplogroup CI in Puerto Rico may be much younger than
10,000 years old, and could represent the arrival of the Ceramic culture 2200
years ago.

Second, subhaplogroup C! is not common in Mexico—Central America or
in the non- Yanomami Amazonians, but is common in the Yanomami. This finding
is consistent with a close genealogical relationship between the subhaplogroup
CI mtDNAs in Puerto Rico and the Yanomami, as may be expected according to
cultural, linguistic, and biological evidence that suggests a South America origin
for the Ceramic culture of Puerto Rico, close to the territory occupied today by
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the Yanomami. However, it is noteworthy that the Yanomami have other subhapé:
logroups at relatively high frequencies that are absent in Puerto Rico (Table 6).

In addition, haplogroup A, which encompasses the majority of the Puerto
Rico Indian mtDNAs, is absent in the Yanomami and uncommon in the rest of the
Amazon. Hence, a strong non-Amazonian contribution to the Tafno gene poo]
cannot be discarded from the data. i

Some archaeological evidence points towards a strong influence from exg
tinct cultures along the northern coast of South America in Puerto Rican cultureg
that preceded the Tainos (Chanlatte and Narganes 2001), but mtDNA sampling ig
this region has not been performed. In addition, the very high frequency of hap”
logroup A in Mexico and Central America (Table 6) and the fact that the Archalcs
that preceded the Ceramic culture may have originated from the Yucatén pemnsu
1a should not be ignored. The finding of haplotype U22, a haplogroup A mtDNA
with the 9-bp deletion in region V, supports a Mexican—Central American ongm
for haplogroup A mtDNAs. Only five other mtDNAs having the 663 Haelll site
and the region V 9-bp deletion have been identified elsewhere, and all have beer
from Mexico or Central America: one from the Maya (Schurr et al. 1990), one
from the Boruca (Torroni et al. 1993a), and three from the Mixtecs from the Bajg
(Torroni et al. 1994d).

Thus, the simplest scenario, which is often not the true one when it comes
to historical human population migration events, would be that haplogroup A rep-.
resents the Archaic culture that migrated from the Yucatn peninsula through
Cuba and Hispaniola, and that haplogroup C represents the Ceramic culture that
migrated later from the Amazon through the Lesser Antilles. The less frequent
Puerto Rican haplogroup B could represent minor founding lineages or modern’
migrations. More thorough characterization of the Native American mtDNAs of
Puerto Rico and reduced median network analysis (Bandelt et al. 1995) may bet!
ter distinguish the native, more closely related and frequent mtDNA haplotypes
from recent immigrants, and shed some light on the continental origin of the
Tainos. Genetic diversity studies in native mtDNAs should lead to an estimation
of the time at which the last genetic bottleneck in the population that gave rise to
the Tafnos occurred.

Regarding subhaplogroup Al, it is interesting that four of the nine mtDNAs
identified as belonging to this subhaplogroup exhibited a 9-bp insertion in region
V, thus further subdividing haplogroup A. The fact that three of the mtDNAs with:
the insertion were found in the same locality (Indiera Alta) suggests a common
origin for these mtDNAs. Insertions in region V have been reported only sporad-
ically and in small numbers. They have been found to be produced by a 3- to 4-bp
expansion of the C-run that constitutes 5 bp of the 9-bp repeated unit (Ballinger et
al. 1992; Torroni et al. 1993b; Watkins et al., 1999), by the addition of a third,
9-bp unit (Shields et al. 1992; Passarino et al. 1993; Torroni et al. 1997; Lum and: :
Cann 1998; Alves-Silva et al. 1999), or by an apparent combination of both.é
Thus, a 12-bp insertion has been reported for this region in three Pygmies from
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“the Central African Republic (Chen et al. 1995). DNA sequencing showed that
the insertion corresponds to an addition of a third 9-bp unit in the three Indiera
Alta mtDNAs and in U65. Furthermore, no nucleotide differences were observed
among any of the four sequences, even when the sequenced region extended for
176 bp (nucleotide positions 8241 to 8416). Thus, the four mtDNAs may have a
common origin, distinct from that of most of the Native American mtDNAs in
Puerto Rico. »

The Indiera Alta Indian population was first reported in the census of 1777
as a group of “pure Indians.” Brau (1904) maintains that this population was con-
stituted by a group of Indians from southwestern Puerto Rico that in 1570 moved
deep into the mountains to remain isolated from the colonjal society for centuries.
Our data, although scant, suggest that this was a very small group.

Although our data are consistent with those of Abujoub (1994), neither study
used a sample representative of the Puerto Rican population. We have started a
study, the results of which will be presented elsewhere, that will identify the bio-
logical origin of Native American, sub-Saharan African, and Caucasian mtDNAs
based on the continent-specificity of haplogroups. This study entails testing sam-
ples from a representative group of Puerto Ricans for all known haplogroup-spe-
cific markers. However, to our knowledge, the —4577 Nlalll specific marker for
Caucasian haplogroup V (Torroni et al. 1996) had not been tested in Asians or Na-
tive Americans. The presence of this motif in Native American mtDNAs could
lead to the wrong identification of those mtDNAs that had a mutation eliminating
their Native American haplogroup-specific marker. This could mislead the study
towards a conclusion significantly deviated from the true Native American and
Caucasian mtDNA ancestries of Puerto Ricans if such mtDNAs were to represent
a founding lineage of the island. Thus, it was considered a prudent preliminary step
to test for the presence of the —4577 NlaIll motif on all samples of the biased sam-
ple set. The lack of such marker in all mtDNAs stron gly suggested that it is indeed
found only in Caucasian mtDNAs belonging to haplogroup V, and that haplogroup
V mtDNAs are very infrequent in Puerto Rico.

The information obtained from a study that identifies the biological origin
of mtDNAs in a sample set representative of Puerto Ricans should include their
geographic distribution within Puerto Rico. The apparent association between
(+/-) non—Native American mtDNAs and the biased sample set, the set with a
higher percentage of Native American mtDNAs (Table 5), would suggest that the
sub-Saharan African component predominates in the non-Native American an-
cestry of groups of strong Native American ancestry. Approximately 91% of sub-
Saharan African mtDNAs exhibit the (+/-) motif (Chen et al. 1995), whereas only
25% of Tuscans and 19% of Scandinavians do (Torroni et al. 1996). Thus, it
should be reasonable to expect that Puerto Rican groups with a higher (+/-) fre-
quency may have a stronger African ancestry. The apparent association between
(+/-) non-Native American mtDNAs and Native American mtDNAs could re-
flect the historical socioeconomic segregation of ethnic groups. However, the
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- the Central African Republic (Chen et al. 1995). DNA sequencing showed that
the insertion corresponds to an addition of a third 9-bp unit in the three Indiera
Alta mtDNAs and in U65. Furthermore, no nucleotide differences were observed
among any of the four sequences, even when the sequenced region extended for
176 bp (nucleotide positions 8241 to 8416). Thus, the four mtDNAs may have a
common origin, distinct from that of most of the Native American mtDNAs in
Puerto Rico. )

The Indiera Alta Indian population was first reported in the census of 1777
as a group of “pure Indians.” Brau (1904) maintains that this population was con-
stituted by a group of Indians from southwestern Puerto Rico that in 1570 moved
deep into the mountains to remain isolated from the colonial society for centuries.
Our data, although scant, suggest that this was a very small group.

Although our data are consistent with those of Abujoub (1994), neither study
used a sample representative of the Puerto Rican population. We have started a
study, the results of which will be presented elsewhere, that will identify the bio-
logical origin of Native American, sub-Saharan African, and Caucasian mtDNAs
based on the continent-specificity of haplogroups. This study entails testing sam-
ples from a representative group of Puerto Ricans for all known haplogroup-spe-
cific markers. However, to our knowledge, the —~4577 Nlalll specific marker for
Caucasian haplogroup V (Torroni et al. 1996) had not been tested in Asians or Na-
tive Americans. The presence of this motif in Native American mtDNAs could
lead to the wrong identification of those mtDNAs that had a mutation eliminating
their Native American haplogroup-specific marker. This could mislead the study
towards a conclusion significantly deviated from the true Native American and
Caucasian mtDNA ancestries of Puerto Ricans if such mtDNAs were to represent
a founding lineage of the island. Thus, it was considered a prudent preliminary step
to test for the presence of the —4577 Nlalll motif on all samples of the biased sam-
ple set. The lack of such marker in all mtDNAsS strongly suggested that it is indeed
found only in Caucasian mtDNAs belonging to haplogroup V, and that haplogroup
V mtDNAs are very infrequent in Puerto Rico.

The information obtained from a study that identifies the biological origin
of mtDNAs in a sample set representative of Puerto Ricans should include their
geographic distribution within Puerto Rico. The apparent association between
(+/-) non-Native American mtDNAs and the biased sample set, the set with a
higher percentage of Native American mtDNAs (Table 5), would suggest that the
sub—Saharan African component predominates in the non-Native American an-
cestry of groups of strong Native American ancestry. Approximately 91% of sub-
Saharan African mtDNAs exhibit the (+/-) motif (Chen et al. 1995), whereas only
25% of Tuscans and 19% of Scandinavians do (Torroni et al. 1996). Thus, it
should be reasonable to expect that Puerto Rican groups with a higher (+/-) fre-
quency may have a stronger African ancestry. The apparent association between
(+/-) non-Native American mtDNAs and Native American mtDNAs could re-
flect the historical socioeconomic segregation of ethnic groups. However, the
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data did not show a significant difference in the frequency of (+/-) mtDNAlA
among the non-Native American mtDNAs between the biased sample set and th
unbiased one. . i
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