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Abstract The present study is a review of admixture studies in Latin
America. an interesting subject because of the unique history of the area.
in which populations from 3 different origins had contact and jnter-
crossed. The most often used methods of analysis ol admixture in Latin
America and some problems related to them. such as the determination
of the parental populations and selection of generic markers, are briefly
reviewed. Several sources of daia for admixture studies (surnames. quan-
titative traits, proteins, and molecuiar information) are summarized. The
results obtained using protein sysiems and blood groups. the most often
used markers in Latin America. are considered. They are classified ac-
cording to their application in 3 groups of populations: urban centers.
native Americans. and African-descended subjects. The data show that
almost every population is dihybrid or trihybrid. and when African influ-
ence is not detected. it is probably due more to the method than to an
absence of that contribution. A special section is dedicated to the direc-
tion of gene Aow, and results about directional mating based on miDNA.
Y-chromosome. and nuclear DN or proteins are also given. From these
studies it is possible to conclude that Amerindian admixture came mainly
from female lineages. but it is difficult 1 establish what happened with
the African contribution. A last subject considered is the relation between
interethnic crosses and diseases: it is easy to analyze that relation when
the pathological condition is related to a unigue allele. but when complex
diseases are considered, the results are not as clear because of the influ-
ence of nongenetic factors. Finally. the perspectives for admixture studies
in the 21st century are considered. and some attempts o predict their
future in Latin America are made.

Admixture studies have greatly coneributed and are still contributing to the
biological anthropology knowledge in Latin America (i.e.. Central and South
America). The interest for such a subject far exceeds its scientific limits: in
different countries the newspapers have taken part in the diffusion of resuits
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and in the support of analyses using different approaches [e.g., Noticias in
Argentina (Markic 1991). £! Espectador in Colombia (Rojas Posada 1992),
and E/ Pais in Uruguay (“Encuesta: Desde el origin.” 1998)]. The articles
published in papers and ines are usualiy ble, but they reflect
the population’s interest in their origins.

There are several goals for admixture studies in Latin America. The
understanding of the historical colonization process has been the most im-
portant, and it is related to the gene pool of the present populations. The
knowledge of early native American populations is another objective; in this
sense. intercrossing is not the focus, but the data are used to deduce the
original istics of the starting p i and discarding admi
is a basic condition for that. More recently, the relation between ethnic groups
and certain diseases has become another topic of interest.

Latin America is probably the most anatyzed region for admixture stud-
ies, but admixture investigations are not limited to this region. They have
been performed in North America and the Caribbean area with similar aims.
Admixture studies also have been performed in the Old World: in this case
the level of di iation of the 4 idered parental is h
different, because these studies in part seek to identify prehistoric migration
waves. However, some Old World admixture studies have the same purpose
as studies performed in Latin America, for example, the studies related to the
Afican influence on Canary Islands (Spanish) populations (Morilla et al.
1988: Afonso et al. 1989 Pinto et al. 1996: Esteban et al. 1998).

Who Are the Participants in the Admixture Process?

The interest for admixture studies in Latin America is based on the
region’s unique and relatively homogeneous history. During the last 5 cen-
turies 3 more or less diverse populations entered into contact with one another,
interacted, and mixed. They are, in chronological order. Amerindians (a fairly
h Asian-derived group), Europ (mostly Spanish and Portu-
guese), and Africans (who were brought Latin America as slaves). This
process can also be seen as a natural experiment for genetic epidemiology
and pology, in which p phic marker loci are used to infer a ge-
netic basis for traits of interest (Chakraborty and Weiss 1988).

Diverse data show that Amerindians did not have contact with the other
2 groups for at least 12,500 years. Rosenblat (1954) estimated that at the time
of the European conquest the native population in Latin America was
12,385,000, but Dobyns (1966) calculated 48,750,000 for South America only
and between 80 and 104 million for Latin America and the Caribbean region.
A review of these estimates is given by Ubelaker (1976). Crawford (1992)

ized the i ion and ded that Latin American inhabitants
numbered 35 million at the end of the 15th century.
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The introduction of people from Africa started early in the 16th century
and ended around 1850. when the slave traffic stopped. Brazil was the last
country to abolish slavery.

Slaves who came to Spanish America (i.e., old Spanish colonies) were
taken from different regions. Rout (1976) divided them into Upper Guinea
(Senegal, Guinea. Guinca-Bissau. Sierra Leone, western Mali. and Liberia).
Lower Guinea (Ghana. Togo, Benin, Nigeria. and northern Cameroon). the
Congo River delta and Angola (Gabon. Congo, Angoia), and Mozambique.
However, the slaves that arrived in Brazil were mostly from the Portuguese
colonies in Africa. According to Ramos (1939), they belonged mainly to 3
cultures: Sudanese (Yoruba, Ewe. Fanti, and Ashanii). Sudanese-Islamized
(Hausa, Tapa. Mandingo, and Fulah). and Banw (Angola, Congo.
Mozambique).

The number of slaves who entered Latin America is almost as unciear
as the number of Amerindians present there when Europeans arrived. Curtin
(1969) estimated the Amerindian population to be more than 3.6 million for
Brazil and 1.5 miltion for Spanish America. Other calculations for Spanish
America vary from 700.000 to 5-6 million (Rout [976).

The estimation of the number of Europeans who entered Latin America
has a different kind of complexity, because the influx continued in large
numbers until recently. The origins and destinations of these populations de-
pend on the time of and reasons for the migration: the last wave occurred
after World War IL. Also. when populations are analyzed over different his-
torical periods. data about “Europeans™ may include “Criollos” (European
descendants) and sometimes “Mestizos™ (mixed European-Amerindian de-
scendants), as in Rosenblat’s (1954) analysis.

Contrary to the isolation of the Amerindian group, people living in
Africa and the Iberian populations had had previous contacts. Spaniards and
Portuguese have a long history of intermixture with other groups from either
Africa or Asia. Reuter (1934) mentioned that the Portuguese have always
mixed freely with the native populations of the countries that they colonized.

To what extent this previous admixture is reflected in the admixture
observed nowadays in Latin America is not clear, and it probably explains
some hidden African contribution. Crawford et al. (1976) considered this
problem in their analysis of the origin of the African contribution to the
Tlaxcala, Mexico, population. They suggested that the African genes could
have come from Spanish soldiers with Moorish ancestry or from coastal Am-
erindians who had interbred with slaves; they concluded that the answer lay
between these 2 possibilities.

It is clear that the behavior of conquerors and colonizers in Latin Amer-
ica differed from their behavior in North America. There was much more
interpopulation crossing in Latin America than in North America. The process
was influenced by the previous history of contacts. religion, and sex of mi-
grants (individual men vs. families).
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The level of differentiation among the 3 populations that entered into
contact should also be examined. Intrapopulation variation is always much
greater than interpopulation variation. Moreover. the concept of human
“races™ has become anathema. However, as Salzano (1997, p. 225) asserted,
“Wrong ideas about race and racist attitudes . . . should not lead us to incon-
sider the importance of interpopulation differences, just because this is not
politically correct. Human heterogeneity should be studied at different levels
of our biological hierarchy. and at distinct degrees of population differenti-
ation . . . neglect[ing] to consider the interpopulation variation may lead to
erroneous interpretations.”

Therefore the existence of interpopulation variation justifies the perfor-
‘mance of admixture studies. Because the populations’ gene pools derive from
different sources, they can be genetically treated as hybrids (Chakraborty
1986).

Most Used Markers and Methods

Even though admixrure studies related to blood groups and proteins
have been the most prevalent—and up to now these furnished a better knowl-
edge of the popuiations” history in Latin America—it is necessary to mention
the use of other markers. such as surnames, morphological traits. and DNA.

Use of sumames and morphological traits has the advantage of being
cheaper than studies performed using proteins or DNA, and because of that,
it is possible to analyze a larger number of populations or individuals. But
there are difficuities related to the use of surnames or morphological traits.

Surnames have been applied in different countries to reflect African or
Amerindian influences. There is a clear investigation advantage in Latin
America compared with North America, because 4 surnames (2 from the
father and 2 from the mother) are available in the records, giving information
about both sides. But problems exist. such as losses or mutations. Moreovet.
African slaves frequently took their masters’ surnames and Amerindians
changed their names, usually after baptism, adopting the conqueror’s names
or others.

Studies in Brazil, such as the studies performed by E.S. Azevedo. in-
dicate that Africans or their descendants many times adopted devotional
names. Therefore the frequency of religious names could reflect African ad-
mixture. For example, 25% of the population identified as “white” in the state
of Bahia has devotional but the p grows 1o 54% in the
group considered “black” (Azevedo and Freire 1984).

Another example of the use of surmames is the analysis done in Bolivia
by Chakraborty et al. (1989). The sample was separated by taking into account
the number of Aymara surnames, and after that the groups were analyzed
genetically using 17 polymorphic loci. The results showed a strong correlation
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between the amount of Amerindian admixture and the number of Amerindian
surnames. For example. the group that had 3 or 4 Aymara surnames showed
an Amerindian contribution of 89%. and the group with no Aymara surnames
had an Amerindian contribution of 64%

Tn North America Spanish surnames have been taken as a marker of
Mexican ancestry (Bean and Bradshaw 1970: Murguia and Frisbie 1977;
Goulieb 1983).

Morphological traits have aiso provided information about population
admixture. Some of these studies were based on 1 character only, such as
skin color, Mongolian or sacral spot, or shovel-shaped incisors. Chakraborty
(1983, 1990} pointed out that the analysis of quantitative traits is important
to understand the different sources of evolution acting on genetic variability:
they reflect more complex processes than traits determined by only 1 gene
and can provide information equivalent to that given by many monogenic
traits. However, the percentages of the different contributions cannot be quan-
titatively determined because of the scarce knowledge of the quantity of genes
involved and the ways in which the genes interact. Pollitzer and Elston (1973)
discussed the applicability of such markers. considering the correlation among
traits, the range of individual variation, and other aspects.

In some cases morphological traits have been used to classify individ-
uals for medical purposes or to select more homogeneous samples. For ex-
ample, a study done in Brazil that focused on the frequency of hemoglobin
S carriers divided the population into classes according to skin color, showing
that the darker the skin, the higher the frequency of hemoglobin S (Salzano
and Tondo 1982).

Other stwudies have used skin color to classify individuals and. subse-
quently, to analyze the degree of admixture in each class. Krieger et al. (1963)
correlated morphological and monogenic markers; they took into considera-
tion pigmentation of the abdomen. color and type of hair, and the confor-
mation of nose and lips as a basis (o analyze admixture in “Nordestinos”
(people from the northeast) living in Sao Paulo, Brazil. Krieger et al. used 17
polymorphic foci and concluded that “white™ people had 17% African ad:
mixture, “medium mulattoes” had 32% African admixture, and “Negroes”
had 49% African admixture.

Tn other cases morphological markers were used simply to show that a
population is admixed, despite some popular beliefs. This was the aim of
some studies in Uruguay, where the national identity refers to the population
as composed entirely of European descendants. When the frequency of the
Mongolian spot was investigated. the results gave intermediate values be-
tween Europeans on one hand and Africans and Amerindians on the other
(Sans et al. 1986, 1991; Sans, Mafé-Garzon et al. 1993). These studies were
the basis for justifying blood group, protein, and DNA analyses that were
performed to determine the percentages of the different contributions (Sans.
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Sosa et al. 1993; Bravi et al. 1997; Sans et al. 1997; Bonilla 1998; Sans,
Bonilla et al. 1999; Sans, Weimer et al. 1999).

The use of blood groups and proteins can be divided into studies using
unigue alleles (i.c., alleles that are present in only 1 of the parental popula-
tions) and studies based on loci with alleles that vary only in frequency among
them.

In Latin America the use of unique alleles or rare variants is relatively
common. In an early study Saldanha (1962) applied the formula developed
by Ottensooser {1944) {basically an extension of the equation designed by
Bernstein (19311}, using the alleles DI*4 and RH cDe, to quantify the Am-
erindian and African contributions, respectively. The use of these markers
continues up to the present, despite the fact that trihybrid populations must
be, in this type of analysis, sequentially treated as dihybrid.

After the appearance of the general formula of Bernstein (1931), several
other methods were derived that consider 2 as well as 3 parental populations
and multiple alleles and systems {Ottensooser 1944, 1962; Krieger etal. 1965;
Elston 1971; Chakraborty 1975, 1985; Szathmary and Reed 1978; Long 1991;
Long et al. 1991). Most of these methods are based on the least-squares
method to compute an overall estimate of admixture. using maximum like-
lihood to provide it. Less frequent is the use of genetic identity, as in the
method developed by Chakraborty (1975, 1985). Chakraborty's (1985) study
included a least-squares approach to give more stability to the estimations.
Some methods also contemplate genetic drift, mutations, and size of the
groups, but population size is usually the most criticized part. Chakraborty
(1986) provided a detailed review of the characteristics of the different
methods.

A study performed among the Tlaxcaltecans of Mexico included a re-
view of the different methods and applied several of them to the data from
this population (Crawford et al. 1976). Crawford et al. considered the popu-
lation both dihybrid and trihybrid. When the trihybrid approach was consid-
ered. they obtained a variation for the Amerindian contribution of 67-76%
and a variation for the African contribution of 7-9%. They concluded that
the estimates were stable and that i ikeli miidly i d
the Amerindian contribution.

A problem in these analyses is the determination of the parental popu-
lations becavse of the scarcity of historical data, differences in the time since
the original parental populations came to the Americas and the moment when
the hybrid populations are analyzed, and the lack of information about some
ethnic groups. because some may have been extinguished or mixed.

Although descendants of the 3 basic original populations seem to be
present in any urban center, Latin American populations are not homoge-
neous, and parental populations vary from | region to another. Most of the
admixture studies use only Spanish or Portuguese as the European parental
population. Our own studies on the Uruguayan population have shown that,
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at least for Uruguay, better results are obtained by using a mix of different
European populations (Sans et al. 1997). However, because some areas in
Latn America had a stronger Iberian migration. the first option can be
Jjustified.

Another problem is related to the number of systems and loci that are
considered, the number of parental populations. and the confidence obtained
depending on the method. The credibility of some results is affected when
only a few markers are used or when in mixed Amerindian and European
countries biparental models are used, avoiding consideration of the African
contribution. Some researchers also omit data about the chi-square values or
other error estimators.

The newest approach is based on analysis at the molecular level. Most
of these studies use restriction fragment length polymorphisms (RFLPs).
Admixture estimates can be done with the same methods used for proteins,
taking into consideration that there is no recombination when mtDNA or
Y-chromosome markers are used. Shriver et al. (1997) estimated the ethnic
contribution for major US resident populations based on population-specific
DNA markers: a similar analysis was done by Bravi et al. (1997) for an
African-derived group in Uruguay. However. because the frequency of some
of these markers in different populations is not well known or because it is
not easy to find markers that are restricted to 1 population, the use of molec-
ular markers is still difficult. Point mutation frequencies have also been used.
Despite the absence of recombination, the results seem to be fairly adequate
because more data can be used independently of the unique presence of a
marker in a specific population (Sans, Weimer et al. 1999).

DNA-based admixture analyses. especially analyses that use miDNA
and/or Y- markers. are especially i ing because the mater-
nal and paternal contributions can be determined.

Last, there is the question of the estimation of individual admixture.
Even if the results have not been satisfactory up to now, it is necessary to
mention that some new methods and applications have been developed
(MacLean and Workman 1973a.b: Chakraborty 1986: Hanis et al. 1986:
Shriver et al. 1997).

Populations Analyzed

Latin American populations can be divided into 3 categories: (1) urban
populations, usually di- or trihybrid. without considering possible substruc-
tures; (2) African-derived populations in fairly isolated communities: and
(3) Amerindian groups. In the last 2 groups the emphasis is generally the
degree of European admixture.

A complete review of admixture studies would be a complex and hard
task, especially because most of the studies were published in journals or
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annals that are available in only z few places: however, it is possible to
analyze some of the data.

Urban Populations.  The different ethnic contributions to Latin American
populations can be analyzed considering the biocultural regions defined by
Harris (1964) and lately by others (Momer 1967: Wagley 1968, 1971; Ribeiro
1969: Stepan 1991). Nevertheless. it should be pointed out that these studies
did not consider any quantitative estimation based on genetic contributions
1o the different groups to support their ethnic classifications.

Tn general. the genetic data agree with the delimitation of the regions.
For instance, there is usually a clear difference among “Amerindian” (Mexico.
Chile), “European” (Argentina, Uruguay), and ~African” (Brazil) countries.
but this is not always true.

The population of Mexico is | of the best analyzed, but although the
population can be considered mixed Amerindian and European. there are
some regional differences related to the African contribution. Mexico City
probably reflects most of the population: for it Lisker et al. (1986) calculated
419 European. 56% Amerindian. and 3% African contributions. However.
on the Caribbean coast the African contribution increases: In Veracruz it
reaches 26%, and in Tamahihua. in the same state of Veracruz. the calculated
value is 40% (Lisker and Babinsky 1986). These last values are similar to
those found in “African” countries.

Cerda-Flores and Garza-Chapa (1989) performed a different type of
analysis on the Mexican population. They analyzed the degree of admixture
that 3 different generations of people living in Monterrey would have and
concluded that the oldest generation (people born between 1896 and 1925)
had more Spanish contribation than the other generations.

Another example of a mixed Amerindian-European country is Chile.
For Santiago Rothhammer (1987) calculated 57% European and 43% Am-
erindian contributions; a more recent study established that the degree of
admixture was related to socioeconomic class (Rothhammer 1993).

Brazil is a good exampie of a mixed African-European country. Two
early studies. done in the 1960s (Saldanha 1962; Krieger et al. 1965). con-
sidered northeastern migrants tested in the southern city of Sdo Paulo. Besides
the correlation between gical and blood pol; hisms, Krieger ¢
al.’s article was of interest because it ped a method that esti d
admixture from 3 parental populations.

One problem related to admixture studies in Brazil is that some of the
studies analyze the admixwre inside separate groups of individuals (as
“placks,” “whites,” or others). Sometimes these groups are based on data
coming from censuses where “race” is evaluated, but that division can fead
to confusion when analyzing the whole population.

It is interesting to note that the African contribution in Brazil is distrib-
uted from 4% in Parintins (Amazonas) to 34% in Aracaju (northeastern re-
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gion) (Schiiler et al. 1982; Conceicio et al. 1987): the Amerindian contri-
bution also varies, being almost 0% in the south and increasing to 27% in
Manaus. in the north (Franco et al. 1982: Santos et. 1983).

Unexpected results were found in “European” countries. In Uruguay the
capital city, Montevideo. has about 10% non-European contribution; how-
ever. this contribution increases to at least 49% in the northern city of Ta-
cuaremb6 (Sans et al, 1997).

For another “European” country, Argentina, an article in a popular mag-
azine (Markic 1991) stated that the present population had only 1% Amer-
indian ancestry, without reference to the African contribution. The European
fraction was mostly [talian (40%) and Spanish (35%): no mention was made
about admixed Amerindians or admixed blacks. But. a recent study done in
La Plata. close to Buenos Aires. showed a composition that was unusual
considering common beliefs: 30% Amerindian and 7% African contributions
(Lopez Camelo et al. 1996).

A summary of data for some urban centers. presented in chronological
order, can be seen in Table 1.

Native Populations.  Studies on Amerindian populations are mostly fo-
cused on the degree of European admixture in more or less isolated groups
and rarely on the African admixture. This kind of analysis is in some cases
related to the interest in inferring the characteristics of those populations
before the European conquest.

One of the conclusions reached by Lisker et al. (1996), who were study-
ing native populations of Mexico. is that every Amerindian group shows a
variable degree of admixture, mostly with Europeans. but African admixture
is also frequent on the coast. This conclusion can be extended to the other
countries: Amerindian groups without European or African admixture are
almost nonexistent, including the groups that are more isolated.

Salzano and Callegari-Jacques (1988) summarized the admixture data
for several Amerindian groups of South America. Table 2 shows some of
them and also other results. The apparent absence of African admixture is
probably due to the fact that most researchers do not consider it or to the
choice of some methods that do not allow the separation of the European and
African contributions.

African-Derived Populations.  As it happens with Amerindian groups. the
degree of isolation of African-derived communities varies considerably. but
no population with only African-derived genes was observed. In some cases
the whole population can be considered “African,” as in Venezuela. northern
Brazil, and the Caribbean region; in others cases the individuals constitute an
auto-defined group inside a more hybridized population. as in Uruguay and
southern Brazil.
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Table 1. Admixre in Trban Dihybrid or Trihybrid Latin American Populations

’!}'f‘;)'f'xfj;s Amount of Admixiure (%)
Population Used  European  Amerindian  African  Reference*
“Nordestinos.” Sio Paulo, Brazil 17 59 it 1
Tlaxeala. Mexico 9 16 i) 2
Sentiago. Chile I 57 43 3
Puerto Montt, Chile | a7 53 3
Concepeién, Chile 1 6 35 3
Belem. Brazil 1 54 20 27 4
Saltillo (Chamizal). Mexico 1 45 52 3 H
Naal, Brazil 8 58 17 8 6
Porto Alegre. Brazil (whites) 12 92 0 8 6
Panintins, Brazil 9 61 29 4 7
Manaus, Brazil 7 61 7 12 3
Veracruz, Mexico 9 35 39 £ 9
‘Tamahihua, Verscruz. Mexico 9 29 31 40 9
Mexico City. Mexico 6 at 56 3 10
Aracajd. Brazil 14 62 4 34 n
(sl Margarita, Venezuela 3 >50 <40 10 &
Oriximind. Brazil 7 57 8 15 13
Pucbla, Mexico 1 33 36 1 14
Ouxaca. Mexico 9 30 68 2 15
Mérida, Mexico 9 3 51 6 15
La Placa, Argentina 9 63 30 7 16
Montevideo. Unuguay 1 %0 1 ¢ 7
Tacuarembo. Uruguay 20 65 20 15 17
Laitec. Chile 5 2 80 we 18
Poposo. Chile 5 40 60 we 13

afe., not considered

a. (1) Krieger et al. (1965); (2) Crawford et al. (1976): (3) Rothhammer and Cruz Coke (1977)
(4) Schncider and Salzano (1979); ($) Crawford and Devor (1980): (6) Franco et al. (1982):
(7) Schiiler et al. (1982); (8) Santos et al. (1983); (9) Lisker and Babinsky (1986); (10) Lisker et
al. (1986); (11) Conceigdo et al, (1987): (12) de Diaz Ungria (1987): (13) Santos et al. (1987):
(14) Lisker et al. (1988); (15) Lisker et al. (1990): (16) Lopez Camelo et al. (1996); (17) Sans et
al. (1997); (18) Harb et al. (1998).

The ou!snde contributions to African-derived groups can be European
or A ing on the g phic regions and historical facts.
Castro de Guerra et al. (1993) did an interesting study in 2 Venezuelan pop-
ulations. One population, Patanemo, showed strong European admixture.
whereas the other population, Ganga. had mostly Amerindian admixture. Cas-
o de Guerra et al. concluded that their results were due to differentiated
origins; the Patanemo population was founded by fugitive blacks who escaped
slavery, and the Ganga population was founded by free blacks (libertos).

Data about African-derived groups or populations are shown in Table 3.
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Table 2. Admixture in Amerindian Latin American Populations

Number Amounr of Admixiure (%)
of Scstems —_—

Population Used* European/african” Amerindian Reference®
Aymara, Chile 1 9% 1
Mapuche. Chile 1 73 1
Pehuenche, Chile 1 95 1
Alacaluf. Chile 1.6 39 2
Caingang. Brazil 6.10 91 2
Chané, Bolivia 1.6 E 97

Chiriguano. Bolivia 46 19 81 2
Cofén, Ecuador 7 0 100

Matuco, Argentina 9 10 90

Quechua, Peru 10 2 k]

Parakand, Brazil 6.9 1 99

Warao. Venezuela 3 1 %9 2
Yupa, Colombia 5,7 ! 99

Yanomama, Venezuela 10,12 0 100

Boruca, Costa Rica 6 14,4 82

Cabécar. Costa Rica 6 a.<1 95

Huétar, Costa Rica 6 3.4 63

Guaymi, Panamd 6 7.2 91

Kuna. Panama 6 4, =1 95

Mapuche, Argentina 5 6 94

Huasteca, Mexico 9 37 53

Huichol, Mexico 9 9 91 s
Gavido, Brazil 13 4 9% 6
Zor6, Brazil 13 o 100 a

a. When 2 values are given, the first value corresponds o the number of systems considered for the
estimation of the possible European admixmre. and the second value corresponds 10 the number
of systems considered for possible African admixture. The value given for European and African
admixture is the average of these 2 estimates.

When 2 values are given, the first value corresponds to the estimted value of the European
admixiure and the second value corresponds to the African admixture: when oniy 1 value is given,
the admixture could be due to either Europeans or Africans.

(1) Rothhammer (1987); (2) Salzano and Callegari-Jacques (198
nese et al. (1993): (5) Lisker et al. (1996): (6) Salzano et al. (1993).

-

3) Barraotes {1993); i Car-

Direction of Gene Flow

In an analysis of the direction of gene flow, Cavalli-Sforza et al. (1993,
p. 35) stated that “in certain circumstances the gene flow, as it is called, may
occur only, or mostly, in one direction. This is the case for Black Americans.
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Table 3. Admixture in Latin American African-Derived Populations or Subpopulations

Vmber Amownt of Admisture (%)
oF Systems
Population Used European Amerindian African Reference’
Livingsion. Guatemala 1 1 29 70 1
Punta Gorda. Belize 1 5 24 7L a
Trombetas. Brazil 11 19 1 70 3
Bluefields. Nicaragua 7 1 33 66 4
Ganga. Venezuel 6 0 2 7% <
Patanemo. Venezucla 6 34 13 53 5
Cametd. Brazil 14 18 34 48 6
Paredio. Brazil 14 8 3 79 6
Curiepe. Venezuela 14 28 14 58 6
Panaquire. Venezueia 12 i5 26 59 7
Porto Alegre, Brazil blacks) 12 39 0 4] 8
Melo, Uruguay (blacks) i 3 i3 52 )
Mimbé, Brazil 10 17 2 61 w
Sitio Velho. Brazil 10 12 16 72 10

(1) Crawtord et al. (19811 (23 Schantield et al. (1984): (3) Schneider et al. (1987); (4) Biondi 2t
ul. (1988); (51 Castro de Guerra et al. (1993): (6) Bortolini et al. (1995): (7) Castro de Guerra et
al. (1996); (8) Bortolini et al. 11997); (9) Suns. Weimer et al. (1999%; {10 Arpini-Sampaio et al.
1999).

®

who. in the 300 or more years since they were forcibly taken from Africa to
America have received genes from Caucasoid people in a small proportion
at every generation.”

If this is true for North America (and it is so because of cultural. not
biological, reasons), it is not possible to assert the same for Latin America.
In Latin America the gene flow between populations usually gave rise to a
new, hybrid group. such as the “Mestizos” or the “Mulattos™ (Pardos). These
2 groups sometimes appear differentiated in censuses and could have had
different legal rights in the past. Some reglons especially those rhzn received
European ions early in the process, d a complex
system of castes that never functioned efficienty.

Depending on the country, the population was involved in a more ot
less fast “whitening” process. This process sometimes had a legal connota-
tion: African descendants had the opportunity to purchase a license (céduda
de gracias al sacar) that would favor them. It was the king’s prerogative to
place the Africans and their descendants in the privileged social class. their
economic status being the condition for that (Morner 1967).

1t is true that most of the African d had difficulties integ
into other populations. and they maintained their identity as an ethnic ﬂr\)up
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but it is possible o assert that some of them mixed more or less treely, creating
new social groups, the castes (castas).

On the contrary. Amerindians, especially in the areas where they had a
stratified social structure before European conquest, were easily assimilated
in the “Spanish™ group or in a new group inside the society. the “Mestizo.”
Sometimes. the union between a conqueror and an Amerindian had political
or religious reasons: the domination of a territory or the conversion to
Catholicism.

Population admixture became an ideology. such as J. Vasconcelo’s con-
cept of the cosmic race or G. Freyre's idea of a racial democracy. However,
this idealistic view of admixture was not true in most cases. and discrimina-
tion against some groups, depending on the country, became common fact.
Bieber (1997) provided a critical analysis of these ideologies.

One approach to analyzing the way in which admixture has occurred is
to separate the male and female contributions. In the last years the possibility
of Y-chromosome or miDNA molecular analysis has furnished that
opportunity.

‘When Amerindian admixture is analyzed. all the results are coherent in
suggesting that the female contribution is much higher than the male contri-
bution. Dipierri et al. (1998) performed an interesting analysis of the Euro—
pean contribution to Amerindian populati Dipierri et al i i
populations from the province of Jujuy. Argentina: San Salvador and Hu-
mahuaca. Both populations have 100% Amerindian mtDNA, but Humahuaca.
at a higher altitude (2,500-3,500 m above sea level compared with 1.200 m
for San Salvador) showed a much smaller European contribution (28% vs.
64%) of Y chromosomes.

On the contrary, the direction of the African contribution is not as clear.
This may be due to difficulties of analysis when RFLPs are considered. be-
cause RFLPs do not always allow separation of the African and European
contributions. An example is a study of African descendants in Melo, Uru-
guay (Bravi et al. 1997).

In trihybrid populations data about the African contribution are abso-
tutely insufficient from the molecular point of view. In African-descended
populations the situation is a litile better but also somewhat unclear: When
African admixture is analyzed. the higher contribution can come from the
maternal or from the paternal lineages. such as what happens in different
groups in Brazil. In contrast, in Amerindian or tryhibrid populations the Am-
erindian contribution is always higher when maternal lineages are analyzed
(Bortolini et al. 1999).

Another complex issue is that the admixture values from autosomal
markers can be lower or higher compared with mtDNA or Y-chromosome
estimates, such as in Ribeirdo Preto, Pareddo, and Trombetas (Bortolini et al.
1999); data in process from Tacuarembé, Uruguay, seem to indicate the same
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situation (Bertoni 1999). The explanation for that is not simple. and it will
probably require deeper analysis in future studies. ToeTmTe emeemnEE

Some results about directional mating studies in Latin American pop-
ulations are shown in Tabie 4. In some cases only Amerindian or European
contributions are given. without idering the African i on, as in
some studies using protein markers.
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Diseases and Population Admixture

The existence of alleles that are restricted to certain populations is well
known. Some of them, such as hemoglobin S or GD*A —, are directly refated
to the existence of pathological conditions in Africa or southern Europe (Ac-
quaye and Oldham 1973; Livingstone 1984, 1989: Beutler 1991). These con-
ditions are also present in the hybrid populations formed by those who carried
the allele, although the frequencies are usually lower than expected. probably
because the selective value they had i in the past was lost.

A general review of h thies and enzyme iencies in
Latin American populations was made by Arends (1971). Arends showed that
almost every country in Central America and South America has hemoglobin
S and that some of them also have other hemoglobin variants, f-thalassemia.
and G6PD deficiency.

The presence of sickle celi disease, a result of hemoglobin S, is well
known in Brazil. Salzano (1985) estimated that approximately 45,000 Bra-
zilian inhabitants present sickle cell disease, whereas the frequency of carriers
varied from 5-6% for individuals considered black to 1% for those considered
white. The variability of hemoglobin types in Brazil has been reviewed by
Salzano and Tondo (1982) and Zago and Costa (1985).

Interestingly, the presence of hemoglobin S was also observed in high
proportion in Mexico; on the Gulf coast the frequency of the allele reaches
6%, and the frequency of - gotes reaches 15% (Ruiz-
Reyes 1998). These results agree with the African admixture present in that
area.

Some studies have investigated associations between genetic markers
and malaria. Arends (1971) tested the levels of hemoglobin A2 and hemo- B
globin F in malaria patients from Venezuela. Santos et al. (1983) found in
the ABO blood group system a higher frequency of individuals with B and
AB types in malaria patients. Restrepo et al. (1988) considered 2 Amerindian.

1 African-derived, and 1 mixed group in Colombia and determined that when E
some European HLA alleles are present, there is a smaller resistance to ma-
laria, This fact was explained by a shorter exposure to Plasmodium vivax ot
P. falciparum: the European descendants have been in contact with malaria
only in the past 65 years, because the disease was not endemic before that in
the region where the mixed group lives.
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Recently, the association between complex diseases and admixture has
also been analyzed. The list of pathological conditions with different fre-
quencies in distinct ethnic groups continues to grow. but the derived infer-
ences are not always straightforward because of the number of factors in-
volved (customs, diet, physical environment, etc.).

One of the most studied diseases is non-insulin-dependent diabetes mel-
litus (NIDDM). Some studies have shown that Mexican Americans have a
higher frequency of NIDDM. For instance, Weiss et al. (1989) found a fre-
quency of NIDDM of 6.9-9.5% in Mexican Americans compared with 1.9
4.2% in white Amenuxm Moreover, Gardner et al. (1984) analyzed 3 dif-
ferent neighbork ding to soci ic class: they obtained rates
of N1oDM of 14.5%, 10%, and : % for low-, middle-. and high-income areas.
respectively; the estimation of native American admixture, according to skin
color. gave 46%, 27%. and 18%.

On the other hand. in a study done in Durango. Mexico. Guerrero Ro-
mero et al. (1997) found a low prevalence of NIDDM. They concluded that
this result was related to the low level of obesity found in the study population.

Another widely analyzed ical condition is g disease.
As with NIDDM. gallbladder disease has been associated with the presence of
Amerindian ancestry. For Mexican American females. by age 85 the risk is
as high as 40%: also, the mean age of onset of the disease is lower in Hispanics
(40 years) than in white Ameri (50 years). The preval ratio in females
compared to males is 2-3 to 1 in white Americans but 4-5 to i in Hispanics
(Weiss et al. 1984).

Similar to what happened with NIDDM. however. a recent study by Tseng
et al. (1998) did not support the Amerindian association. Tseng et al. esti-
mated admixture rates based on GM and KM haplotypes and found no asso-
ciation with gallbladder disease (36% and 40% of Amerindian in cases and
noncases, respectively). They su ted that the reasons for the high preva-
fence of gallbladder disease in Mexican Americans is mostly related to non-
genetic factors (weight, diabetes. acculturation).

[n Chile Miquel et al. (1998) tested the frequency of possible aboriginal
cholesterol lithogenic genes and determined that those genes appeared to be
widely spread in Chilean Indians and Hispanics. According to Miquel et al.,
this fact could be related to the formation of gallstones and to the high prev-
alence of gallbladder disease among some South American populations.

Another disease that has been analyzed with regard to population ad-
mixture, in this case European ancestors, is cystic fibrosis. Cabello et al.
(1999) found a low frequency of the DF508 allele in Rio de Janeiro. Brazil.
and also a low frequency of the disease in the population: this finding was
attributed to non-European admixture. Similar results were found in Uruguay
(H. Cardoso. personal communication, 1999).

A study related to drug-metabolizing enzymes underlined the influence
of genetic admixture between Amerindians and European descendants that
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could affect the results when these individuals are treated with drugs that are
inactivated through polymorphic enzymes (Martinez et al. 1998).

Finally, some recent studies have investigated the resistance to HIV1
and AIDS afforded by the SCCR3 deletion allele. Gonzdlez et al. (1998)
pointed out that the frequency of heterozygotes for this allele is 15% in Cau-
casians, 5-7% in Hispanics and US blacks. and 1% or less in Asians. Data
from Brazil indicate that the allele frequency is 3.5% and that the frequency
of heterozygous individuals is 7% (Passos and Picanco 1998). This value
agrees with the expected value for an admixed population.

Admixture Studies in the 21st Century

To predict what will happen in the 2Lst century is an almost impossible
task. As can be seen by looking at the futures conceived by H.G. Wells in
The Shape of Things To Come or by George Orwell in Nineteen Eighty Four
or, more recently, by Arthur C. Clarke in 2001: A Space Odyssey, the risks
are huge. Usually, the present is far different from the one that was predicted.
However, some of the research done in the recent past can help us to think
about the future, and hopefully Aldous Huxley’s A Brave New World will not
reach us very fast.

First of all. Latin America cannot be separated from what happens in
other regions of the world. The spread of methods and techniques is increas-
ingly faster, and contacts among scientists from different areas are more fre-
quent every day. The use of computers (and the facility they give to biblio-
graphic access) is being expanded and will simplify future research.

Some of the different studies developed in the 20th century will prob-
ably con(mue People s need to know their origins will not end and, after the

the ion is that this search will be intensified.
Therefore admixture studies with the goal of understanding our past will
remain. enriched by the use of molecular markers and the possibility of writ-
ing a more clear history considering male and femate contributions.

Related to molecular anthropology, some work needs to be done. Ba-
sically, this work will be related to methods, such as the methods recently
developed by Shriver et al. (1997) and Bertorelle and Excoffier {1998). Also.
more data about specific markers (e... point mutations, RFLPs) are needed.
and studies in Latin America will be connected to those made on parental
populations abroad.

However, the most important tield of research related to admixture sud-
ies in the 21st century will probably be related to ethnic groups and diseases.
At present, there is a long list of pathological conditions that have different
population frequencies. Until now. some results have been inconclusive be-
cause of the effect of nongenetic factors and the difticulty of isolating them.
In the future a larger number of studies with better controls will help us 1o
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understand complex diseases. Then ancestral identification will be an easy
way to evaluate the risk of disease and its prevention, This will also have an
economic effect, because screening techniques related to that risk will be
applied.
The

of yzing individual will have a prepon-
derant role in the future. Some research has already been done in relation to
this {Chakraborty 1986; Hanis et al. 1986; Shriver et al. 1997), but more
markers, more data. and more accurate methods are needed. We should also
be alert to avoid the pitfall that the knowledge may eventually be used to
discriminate against individuals or groups.

The imp of admixed populations for genetic epidemi ical in-

must be i pecially the possibility of d ing link-
age related to genes involved in complex diseases. This subject was consid-
ered in a recent paper by McKeigue (1998), and its title probably summarizes
1 of the most important subjects to be developed in the next century: “Map-
ping genes that underlie ethnic differences in disease risk: Methods for de-
tecting linkage in admixed populations by conditioning on parental
admixture.”

Finaily, some speculation is warranted. The feasibility of cloning ani-
mals has been demonstrated, and therefore the limit to do the same with
humans relates more to ethics than to technology. More easily, it is now
possible to choose the sex of a future baby, and probably the chance to choose
a child’s eye. hair, and skin color will soon become possible. How this will
affect admixture studies, especially studies related to individual admixture. is
unpredictabie. and some of the possibilities can disturb our sleep. Will the
ancestor’s genetic background be an essential issue when some of our future
descendants select their spouses?

Received 5 Juiv 1999: revision received 26 September 1999.
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