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GENETICS, SURNAMES, GRANDPARENTS’ NATIONALITIES, AND ETHNIC ADMIXTURE
IN SOUTHERN BRAZIL — DO THE PATTERNS OF VARIATION COINCIDE?
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ABSTRACT

A total of 2,708 individuals from the European-derived population of Rio Grande do Sul, divided into seven mesoregions, and
of 226 individuals of similar origin from Santa Catarina were studied. Seventeen protein genetic systems, as well as grandpar-
ents’ nationalities, individuals’ surnames, and interethnic admixture were investigated. The alleles which presented the high-
est and lowest differences were GLO1*2 (16%) and PGD*A (2%), respectively, but in general no significant genetic differ-
ences were found among mesoregions. The values observed were generally those expected for individuals of European
descent, with the largest difference being a lower prevalence (34-39%) of P*1. Significant heterogeneity among mesoregions
was observed for the other variables considered, and was consistent with historical records. The Amerindian contribution to
the gene pool of European-derived subjects in Rio Grande do Sul was estimated to be as high as 11%. Based on the four data
sets, the most general finding was a tendency for a northeast-southwest separation of the populations studied. Seven signifi-
cant phenotype associations between systems were observed at the 5% level (three at the 0.1% level). Of the latter, the two
most interesting (since they were also observed in other studies) were MNSs/Duffy and Rh/ACP.

INTRODUCTION towards a northeast-southwest division. Three significant
associations between systems were detected, and the
The non-Indian populations of the States of Ri&merindian contribution to the gene pool of people from
Grande do Sul and Santa Catarina have been fairly willo Grande do Sul phenotypically classified as white was
studied in the last three decades (Tondo and Salzano, 19&2imated to be as high as 11%.
Tondoet al, 1963; Salzano, 1963; Schwangésl, 1967;

Salzaneet al, 1967, 1968a,b; Lewgoy and Salzano, 1968; SUBJECTS AND METHODS
Hutzet al, 1977; Weimeet al,, 1981, 1987, 1993; Franco
et al, 1981, 1982, 1986; Silvat al., 1981; Franco and The data used in this analysis were obtained in 1617

Salzano, 1985; Riegeat al., 1988; Araiet al., 1989; cases of paternity determinations performed in our Depart-
Bortolini etal., 1992, 1994, 1995, 1997a,b, 1998; Heidricment between 1962 and 1996. Only European-derived,
etal., 1995; Robinsoetal., 1998). However, these inves-unrelated subjects were considered, and some of the sub-
tigations have not provided a detailed distribution pattejacts investigated in the early part of the study were ex-
of the polymorphisms investigated, nor a comparison witluded because the determinations did not include the full
attributes such as grandparents’ nationalities or the indiet of systems finally established. Non-Caucasian individu-
viduals’ surnames, which could give clues about the hials were omitted from the analysis because they were few
tory of these groups. Ethnic admixture was evaluated ues-number.
ing dihybrid (European/African-derived) models only. In The 17 genetic systems investigated and the refer-
addition, genetic diversity measures were seldom erances for the methods of determination employed are listed
ployed, and the relationships between markers in differantTable I.
genetic systems rarely considered. Over the years, we have  For the analysis, the samples from the State of Rio
collected a large amount of information during paternit¢érande do Sul were grouped according to the seven mesore-
determinations in these populations. These data inclugens proposed by the Brazilian Institute of Geography and
17 protein genetic systems studied in about 3,000 Eurstatistics (IBGE, 1991), namely northwest (NW), northeast
pean-derived subjects living in the States of Rio GrandNE), center-west (CW), center-east (CE), metropolitan Porto
do Sul and Santa Catarina. Analysis of these results showdegre (MPQA), southwest (SW), and southeast (SE). They
that despite a general homogeneity, there was a tendeacg indicated on the maps in Figures 1-4. Since the num-

ber of individuals studied living in Santa Catar{®C)

was much smaller, this sample was not divided into regions.

Frequencies of the phenotypes, alleles, grandpar-

1Departamento de Genética, Instituto de Biociéncias, Universidade Fedei@nts’ nationalities, and individuals’ surnames were obtained
do Rio Grande do Sul, Caixa Postal 15053, 91501-970 Porto Alegre, R§5ing the SPSS (Anonymous, 1992) and MAXLIK (Reed

Brasil. Send correspondence to FM.S. E-mail: salzano@ifl.if.ufrgs.br ;
?Departamento de Estatistica, Instituto de Matematica, Universidade Fg‘l—nd Schull, 1968) programs. Heterogenelty among

deral do Rio Grande do Sul, Campus do Vale, 91501-970 Porto Alegre, ggesoregions was analyzed by chi-square tests using the
Brasil. PEPI program (Gahlinger and Abramson, 1995) di3-
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Table | - Genetic systems and laboratory methods employed in the present study.

Method Systems References
Starch gel electrophoresis Acid phosphat#€eR) Harris and Hopkinson (1976)
Adenylate kinaseAK) Fildes and Harris (1966); Spencral (1968)
Albumin (ALB)* Kueppers and Bearn (1966)
Ceruloplasmin CP) Bowman and Bearn (1965)
Esterase DESD) Harris and Hopkinson (1976)
Glucose-6-phosphate dehydrogenas6RD) Fildes and Parr (1963)
Haptoglobin HP) Poulik (1957)
Phosphoglucomutas®GM1, PGM2)? Spenceeet al. (1964); Blake and Omoto (1975)
Phosphogluconate dehydrogenaB&D) Fildes and Parr (1963)
Transferrin TF) Poulik (1957); Bowman and Bearn (1965);
Gesericket al (1968)
Agarose starch electrophoresis Glyoxalasell@1) Riegeret al. (1988); Paret al. (1977)
Immunological ABQO? Dunsford and Bowley (1967)
Duffy (FY)
MNSs
P
RH

To confirm variants: Weitkampt al. (1967);2Typing by isoelectric focusing was performed according to Yeasd. (1986);A
subtypes were identified usitglex europaeugxtract (Boyd and Shapleigh, 1954).

tances were calculated as indicated in &tedl. (1983) Grande do Sul and in Santa Catarina (phenotype frequen-
and Nei and Roychoudhury (1993). The correspondirgjes are too extensive to be shown here, but can be sup-
dendrograms were obtained by UPGMA (unweighted paiplied on request). The albumin, ceruloplasmin, phospho-
group method with arithmetic mean; Sneath and Sokaglucomutase 2 and transferrin loci presented very restricted
1973), and the reliability of the trees evaluated by the boafariability, while the remaining 13 loci showed nonsig-
strap test using 2,000 replications (Hedges, 1992). All thesiicant variations among regions. The largest dissimilar-
calculations were done using the DISPAN program (Otidy occurred with theéGLO1*2 allele of the glyoxalase 1
1993). The same distances were used for a principal cosystem, which showed a frequency of 47% in the Center-
dinate analysis using the NTSYS program (Rohlf, 1987)Vest region of Rio Grande do Sul and 63% in Santa
The congruence between the matrices obtained fGatarina. The values were generally those expected for an
the genetic, nationality, surname, and admixture frequelBuropean-derived population, the average deviation from
cies was evaluated by Mantel's (1967) method, usirgputative parental group (which included Portuguese, Ital-
NTSYS and a DOS program kindly provided by J.C. Londgans, Germans and Spaniards) being only 4% for all of
Association between phenotypes, considering thRio Grande do Sul, and 3% for Santa Catarina. The larg-
different systems, was evaluated by chi-square tests. Whet deviation was observed ft1 of the P blood group,
more than 20% of the numbers showed less than five valhich had an average prevalence of 39% in Rio Grande
ues, the method of Roff and Bentzen (1989) was employelh Sul and 34% in Santa Catarina; the frequency in the
Correction for the large number (52) of comparisons madeference population was 53%.
was obtained by dividing the formal 5% level by this num- There was little genetic diversity among the
ber (Fafanastal., 1997). The degree of intra- and intermesoregions, with the average heterozygosity varying be-
population variability was evaluated using Nei's (1973ween 30 and 32%. Total variability (Hwas calculated
1986, 1987) statistics and the DISPAN program. as 0.309, only 0.6% of which was attributable to differ-
Estimates of interethnic admixture were calculatednces among mesoregions.
by the gene identity method (Chakraborty, 1985) using the The distribution of the grandparents’ nationali-
ADMIX program kindly provided by this author. Parentaties is given in Table Ill. As expected, grandparents of
allele frequencies were estimated by weighted average<oézilian nationality were the most frequent in all regions,
the data compiled by Mouraet al (1976), Tillset al. but their prevalence varied from 78% in the NE to 94%
(1983), Roychoudhury and Nei (1988), Bortolatial in the CE. Grandparents of Italian nationality were the

(1995), and Salzanet al (1997). second most common in five of the eight mesoregions
(with frequencies varying from 2% in the SW to 19% in
RESULTS the NE), with German in two (4% in the CW and the

CE), and Portuguese in one (3% in the SE). The hetero-
Table Il presents the allele frequencies for the 1geneity among mesoregions proved to be statistically
genetic systems studied in the seven mesoregions of Righly significant.
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Table Il - Allele frequencies for the 17 genetic systems studied in seven mesoregions of the State of Rio Grande do Sul (RS) aDatamiSan&C)

Genetic systems
and alleles

Mesoregidns

or haplotypes NW NE cw CE MPOA SW SE Total RS SC Total
ABO

Al 0.202 0.167 0.226 0.205 0.192 0.193 0.239 0.199 0.216 0.1

A2 0.071 0.059 0.040 0.074 0.057 0.064 0.052 0.057 0.053 0.0

B 0.072 0.057 0.106 0.082 0.069 0.063 0.103 0.071 0.060 0.0

o 0.655 0.717 0.628 0.639 0.682 0.680 0.606 0.673 0.671 0.6
N.° studied 684 298 50 176 1261 172 67 2708 224 2932
ACP

A 0.291 0.277 0.308 0.304 0.277 0.299 0.280 0.285 0.330 0.2

B 0.664 0.669 0.671 0.646 0.685 0.660 0.652 0.672 0.606 0.6

C 0.045 0.054 0.021 0.050 0.038 0.041 0.068 0.043 0.064 0.0
N.° studied 682 296 47 171 1211 169 66 2642 226 2868
ALB

A 0.999 1.000 1.000 0.997 1.000 1.000 1.000 0.999 1.000 0.9

\Y 0.001 0.000 0.000 0.003 0.000 0.000 0.000 0.001 0.000 0.0
N.° studied 680 288 48 174 1237 170 67 2664 226 2890
AK

1 0.970 0.970 0.988 0.985 0.979 0.970 0.948 0.974 0.978 0.9

2 0.029 0.029 0.012 0.015 0.021 0.030 0.045 0.025 0.022 0.0

3 0.001 0.001 0.000 0.000 <0.001 0.000 0.007 0.001 0.000 0.0
N.° studied 668 287 41 171 1205 170 66 2608 226 2834
CP

A 0.001 0.000 0.000 0.000 0.002 0.000 0.000 0.001 0.000 0.0

B 0.999 1.000 1.000 1.000 0.997 1.000 1.000 0.998 1.000 0.9

\Y 0.000 0.000 0.000 0.000 0.001 0.000 0.000 0.001 0.000 <0.0
N.° studied 682 288 48 174 1241 168 67 2668 226 2894
ESD

1 0.852 0.853 0.878 0.857 0.855 0.837 0.828 0.853 0.858 0.8

2 0.147 0.147 0.122 0.143 0.145 0.163 0.172 0.147 0.142 0.1

3 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.0
N.° studied 682 279 45 171 1164 166 64 2571 226 2797
DUFFY

A 0.291 0.316 0.175 0.275 0.272 0.310 0.304 0.283 0.242 0.2

A- 0.709 0.684 0.825 0.725 0.728 0.690 0.696 0.717 0.758 0.7
N.° studied 677 286 50 175 1225 168 64 2645 226 2871
GLO1

1 0.446 0.401 0.533 0.415 0.416 0.373 0.437 0.422 0.369 0.4

2 0.554 0.599 0.467 0.585 0.584 0.627 0.563 0.578 0.631 0.5
N.° studied 680 279 45 171 1153 165 64 2557 225 2782
G6PD (males)

A 0.006 0.000 0.000 0.020 0.009 0.000 0.026 0.003 0.009 0.0

A- 0.003 0.007 0.000 0.000 0.003 0.000 0.000 0.008 0.000 0.0

B 0.985 0.980 1.000 0.980 0.984 1.000 0.974 0.985 0.982 0.9

Med 0.006 0.000 0.000 0.000 0.002 0.000 0.000 0.002 0.000 0.0

\Y 0.000 0.013 0.000 0.000 0.002 0.000 0.000 0.002 0.009 0.0
N.° studied 338 148 25 88 579 79 39 1296 113 1409
G6PD (females)

A 0.015 0.011 0.045 0.000 0.011 0.018 0.020 0.013 0.013 0.0

A- 0.000 0.004 0.000 0.000 0.006 0.012 0.000 0.004 0.004 0.0

B 0.985 0.985 0.955 1.000 0.980 0.964 0.980 0.981 0.979 0.9

Med 0.000 0.000 0.000 0.000 0.001 0.000 0.000 <0.001 0.000 <0.0

\Y 0.000 0.000 0.000 0.000 0.002 0.000 0.000 0.001 0.004 0.0
N.° studied 330 135 22 84 570 83 25 1249 113 1362
HP

1 0.429 0.408 0.398 0.454 0.444 0.447 0.470 0.437 0.409 0.4

2 0.570 0.592 0.602 0.543 0.556 0.550 0.530 0.562 0.591 0.5

\Y 0.001 0.000 0.000 0.003 0.000 0.003 0.000 0.001 0.000 <0.0
N.° studied 685 294 49 176 1254 170 67 2695 226 2921
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Table Il -Continued

Genetic systems Mesoregidns
and alleles
or haplotypes NW NE Cw CE MPOA SW SE Total RS SC Total
MNSs
MS 0.205 0.225 0.168 0.176 0.199 0.210 0.183 0.202 0.205 0.203
Ms 0.401 0.366 0.374 0.351 0.355 0.398 0.357 0.371 0.337 0.367
NS 0.095 0.052 0.092 0.081 0.094 0.098 0.111 0.089 0.076 0.088
Ns 0.299 0.357 0.366 0.392 0.352 0.294 0.349 0.338 0.382 0.342
N.° studied 667 274 48 167 1200 167 63 2586 226 2812
P
1 0.372 0.418 0.409 0.350 0.384 0.444 0.432 0.387 0.339 0.383
1- 0.628 0.582 0.591 0.650 0.616 0.556 0.568 0.613 0.661 0.617
N.° studied 637 275 43 161 1192 155 62 2525 213 2738
PGD
A 0.982 0.978 0.989 0.974 0.975 0.975 0.969 0.977 0.978 0.977
C 0.017 0.022 0.011 0.026 0.025 0.025 0.031 0.022 0.022 0.0R2
R 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.000 <0.001
N.° studied 672 281 a7 172 1163 163 65 2563 226 2789
PGM1
1 0.771 0.718 0.685 0.692 0.745 0.729 0.823 0.745 0.709 0.744
2 0.229 0.279 0.315 0.308 0.255 0.271 0.177 0.254 0.291 0.256
7 0.000 0.003 0.000 0.000 0.000 0.000 0.000 0.001 0.000 <0.001
N.° studied 385 165 27 91 854 98 48 1668 98 1766
PGML1 (isoelectric focusing)
1A 0.568 0.623 0.525 0.601 0.612 0.643 0.632 0.599 0.657 0.6/06
1B 0.167 0.130 0.200 0.161 0.131 0.147 0.105 0.147 0.138 0.145
2A 0.187 0.194 0.200 0.202 0.192 0.147 0.184 0.189 0.134 0.183
2B 0.078 0.053 0.075 0.036 0.065 0.063 0.079 0.065 0.071 0.066
N.° studied 301 131 20 84 385 71 19 1011 128 1139
PGM2
1 0.999 1.000 1.000 1.000 0.999 1.000 1.000 0.999 1.000 0.999
2 0.001 0.000 0.000 0.000 0.001 0.000 0.000 0.001 0.000 0.001
N.° studied 362 164 24 83 818 101 48 1600 80 1680
Rh
DCE 0.013 0.009 0.014 <0.001 0.007 0.000 <0.001 0.008 0.001 0.008
DCe 0.405 0.401 0.399 0.379 0.402 0.483 0.369 0.405 0.419 0.406
DcE 0.113 0.114 0.096 0.129 0.135 0.134 0.097 0.125 0.113 0.124
Dce 0.095 0.046 0.064 0.038 0.093 0.097 0.106 0.083 0.081 0.083
dCE 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.006 <0.001
dCe 0.020 0.028 0.048 0.025 0.028 <0.001 0.019 0.024 0.012 0.024
dcE 0.012 0.009 0.000 0.007 0.007 0.000 0.000 0.008 0.006 0.008
dce 0.342 0.393 0.379 0.422 0.328 0.286 0.409 0.347 0.362 0.347
N.° studied 685 297 50 176 1260 171 67 2706 226 2932
TF
B 0.002 0.000 0.000 0.006 0.001 0.000 0.000 0.001 0.000 0.001
C 0.997 1.000 1.000 0.994 0.999 1.000 1.000 0.998 1.000 0.999
D 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.000 <0.001
N.° studied 684 292 48 174 1240 170 67 2675 226 2901

To simplify the table, rare variants were grouped under the letter V. Their names are as follows: (a) albumin - NW mé&msegibondo, CE: Vera
Cruz (Francet al.,1998); (b) ceruloplasmin - Porto Alegre (Fraetal.,1981); (c) G6PD - NE: Seattle and Farroupilha, MPOA: Seattle, SW: S&o Borja,
SC: Seattle and Lages (Weinetral, 1993, 1998); (d) Haptoglobin - not studied in detail and therefore no definite nomenclature should be applied.
2NW: Northwest;NE: Northeast;,CW: Center-WestCE: Center-EastMPOA: Metropolitan Porto AlegreSW: SouthwestSE: SoutheastRS: Rio
Grande do SulSC: Santa Catarina.
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Table Il - Distribution (%) of the grandparents’ nationalities of individuals living in the seven mesoregions of the
State of Rio Grande do Sul (RS) and in Santa Catarina (SC).
Grandparents’ Mesoregiohs
nationalities
NW NE CW CE MPOA sw SE RS SC
Argentinean 0.1 0 0 0 0.1 0.4 0 0.1 D
Brazilian 89.0 77.5 90.4 94.1 89.3 934 93.2 88.6 92.8
German 3.2 0.9 4.3 4.3 3.1 0.7 0.8 2.8 2|3
Italian 6.0 18.9 3.2 1.0 3.7 2.4 0.4 5.6 3.9
Polish 0.9 1.0 0 0.6 0.9 0 0.4 0.8 D
Portuguese 0.2 1.0 1.1 0 0.7 0 3.2 0.6 0.4
Uruguayan <0.1 0 0.5 0 0.7 1.0 1.6 0.4 0
Others 0.6 0.7 0.5 0 15 2.1 0.4 11 06
Total 2668 1164 188 684 4859 676 252 10491 876

1Abbreviations as defined in Table }? = 686.55; d.f. = 49; (B SE) < (0.00% 0.000) (Roff and Bentzen’'s (1989)
method).

Table IV - Distribution (%) of the surnames of individuals living in the seven mesoregions of the State of Rio Grande
do Sul (RS) and in Santa Catarina (SC).

Surnames Mesoregiohs

NW NE CW CE MPOA sw SE RS SC
Arabian 0.3 0 2.0 0 0.2 0.6 0 0.2 1.0
English 0.7 1.0 0 11 1.0 0.6 15 0.9 05
French 2.1 0.7 2.0 0.6 1.0 2.3 15 1.3 1|5
German 16.7 5.8 225 35.6 16.1 5.8 104 15.7 12/0
Greek 0.1 0 0 0 0.1 0 15 0.1 1.0
Italian 30.7 50.5 10.2 16.7 13.6 13.4 104 22.0 32.0
Latin 0.4 0 0 0.6 0.3 0 0 0.3 5.5
Polish 3.4 1.3 0 0.6 2.0 0.6 0 2.0 4.5
Portuguese 42.5 37.3 57.2 41.3 61.3 68.6 73.2 53.4 38.0
Spanish 2.2 3.4 6.1 2.9 3.7 7.5 15 35 4.0
Others 0.9 0 0 0.6 0.7 0.6 0 0.6 D
Total 678 295 49 174 1256 172 67 2691 200

1Abbreviations as defined in Table }? = 340.68; d.f. = 70; (R SE) < (0.00 0.000) (Roff and Bentzen'’s (1989)

method).

Individuals with Portuguese surnames were theach, lower than those estimated for Rio Grande do Sul as
most frequent (from 38% in the SC to 73% in the SE) ia whole (7 and 11%, respectively). The largest African
seven of the eight mesoregions (Table V). In the NE, howsfluence (12%) was estimated for the SE, while the SW
ever, Italian surnames predominated (50%). Italian sypresented the highest Amerindian admixture (13%).
names were also the second most frequent in three other  Multivariate approaches were employed to ana-
mesoregions (in the SE the frequency of 10% was the salyee similarities among mesoregions based on the four
as for German surnames). The latter were the second mista sets. P genetic distances provided dissimilarity
common in three other cases. Again, the heterogeneity waatrices for the construction of UPGMA dendrograms
highly significant. and three-dimensional principal coordinate diagrams. The

There was considerable diversity in the interethniesults of these two grouping methods were generally

admixture among regions (Table V). The trihybrid modetoncordant and are shown in Figures 1-4 along with cor-
did not fit the CW data, indicating little contribution fromresponding maps.
Amerindians. The calculations for this mesoregion were Figure 1 summarizes the findings for the 17 genetic
therefore repeated considering only European and Afgystems studied. A cluster incorporating five mesoregions
can ancestries. This new analysis showed an African gtitw, MPOA, SC, NE and CE) is apparent; of the remain-
mixture of 14%. In Santa Catarina, the African anthg regions, the most deviant is mesoregion CW. A gen-
Amerindian contributions were estimated as being 5%ral northeast-southwest division is discernible.
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Table V - Estimated interethnic admixture in the European-derived
populations of seven mesoregions of the State of Rio Grande do Sul (RISH

and in Santa Catarina (SC).

Dornelest al.

Mesoregions Contributions
European African Amerindian
Mean SE Mean SE Mean SE
NW 0.825 0.010 0.066 0.006 0.109 0.008
NE 0.871 0.018 0.032 0.012 0.097 0.014
cw 0.957 0.019 0.069 0.015 -0.027 0.01
CE 0.869 0.003 0.075 0.002 0.056 0.002
MPOA 0.796 0.015 0.081 0.011 0.122 0.01B
SwW 0.802 0.013 0.070 0.009 0.129 0.011
SE 0.812 0.001 0.123 0.001 0.065 0.001
RS 0.821 0.012 0.072 0.008 0.107 0.0}IO
SC 0.895 0.012 0.051 0.008 0.054 0.010
Results of the dihybrid analysis
cw 0.856 0.024 0.144 0.024 -
lAbbreviations as defined in Table II.
cwl
|
T B.
b |sC '
b || NE ':‘
\ \
\ X
i
Hyd
R OrA
SC
HE b.

Three of the five mesoregions which clustered in
e genetic distribution analysis (NW, MPOA, SC) also
associated when the grandparents’ nationalities were con-
sidered (Figure 2). In this case, however, mesoregion CW
was included in this cluster and the most deviant
mesoregion was now NE.

Two main groups were obtained when surnames
were considered (Figure 3). Three of the mesoregions form-
ing the cluster in Figure 1 (NE, NW, SC) were now sepa-
rated from the other five, leading again to a northeast-south-
west partition.

Finally, Figure 4 depicts the interethnic admixture.
Two clusters were discernible, with mesoregion CW be-
ing completely isolated from both of them. One of the clus-
ters included three of the five mesoregions grouped to-
gether in Figure 1 (NW, MPOA, NE), the other connect-
ing SC with CE and, at a lower level, SE.

Mantel’'s (1967) coefficients were calculated to
verify the congruence between these four sets of results
(Table VI). As expected, distances based on genetic mark-
ers were correlated with those obtained using admixture
estimates (r: 0.57; P = 0.044), while distances based on
grandparents’ nationalities correlated with those calculated
for the individuals’ surnames (r: 0.61; P = 0.002). On the
other hand, there were no significant correlations between
genetics, grandparents’ nationalities and individuals’ sur-
names. A multiple Mantel’s (1967) correlation coefficient
comprising these three matrices was also nonsignificant
(multiple r: 0.317; P = 0.560).

Table VI lists the seven phenotype associations
between systems for which significant results were ob-
tained at the 5% level. Based on the number of compari-
sons made (52), and using a probability value of 0.1%,
only three of these associations (ACP/Hp, MNSs/Duffy,
and Rh/ACP) remained significant.

DISCUSSION

The allele frequencies obtained in the present study
did not differ markedly from those found by others (cited
in the Introduction and Subject and Method sections) in
Rio Grande do Sul and Santa Catarina or in their putative
parental groups. As expected, the level of interpopulation
variability observed here (G: 0.006) was lower than that
obtained for Europe as a whole (0.046.002; Cavalli-
Sforzaet al, 1994), since the geographical area consid-
ered was smaller, and the number of populations and loci
examined was much less than those studied by the authors
indicated above. The latter also evaluated more diversi-
fied populations.

Figure 1 - Multivariate analyses of the genetic variation: (a) principal coor-
dinates, (b) dendrogram obtained from thedistances, (c) map of both
distributions. Shading is arbitrary, but indicates the major associations among
mesoregions.
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Figure 2 - Multivariate analyses of the distribution of grandparents’ nationFigure 3 - Multivariate analyses of the distribution of surnames: (a) princi-
alities: (a) principal coordinates, (b) dendrogram obtained from tteis®  pal coordinates, (b) dendrogram obtained from theliBtances, (c) map of
tances, (c) map of both distributions. Shading is arbitrary, but indicates theth distributions. Shading is arbitrary, but indicates the major associations
major associations among mesoregions. among mesoregions.

The higher percentage of European contributionil. For the European-derived population of Porto Alegre,
to the interethnic admixture in Santa Catarina (89%) cortie African contribution was found to be 8% (Framto
pared to Rio Grande do Sul (82%) was expected, since tile 1982), exactly the same value observed here for met-
former has received a smaller number of non-Caucasiapolitan Porto Alegre. However, no trihybrid estimates
immigrants. But there are differences within Rio Grandeere done in the above studies, which were restricted to
do Sul that would also be expected on historical groundgban populations. As shown by Sastsal (1997) for
Thus, the lowest African admixture (3%) was found itUruguay, important urban/rural differences in the preva-
mesoregion NE, an area in which the Italian contributidence of interethnic crossings may exist.
was most marked, while the highest (12%) was encoun- Four data bases (gene frequencies, grandparents’
tered in the SE, a region in which there was a high conationalities, individuals’ surnames, and interethnic admix-
centration of slave labor during the colonial period (Cesdure) were used to analyze heterogeneity in the region stud-
1972). The average Amerindian contribution for Riged. Although there was agreement between the two types
Grande do Sul as a whole (11%) was higher than expecteflmultivariate evaluations (dendrograms and principal
but the highest estimated Amerindian proportions wepmordinate analysis) used for all variables, differences were
located in regions (SW, NW, and coastal portion of MPOApund when the four sets of data were considered. The
where historically there were higher Indian concentratiomon-genetic data clearly reflected the different European
(Freitas, 1987). Salzano (1997) summarized the previotsntributions to the composition of these populations. The
estimates of interethnic admixture found in Southern Bratustering of mesoregions was attributable mainly to simi-
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Table VI - Agreement between distance matrices based on four sets of
data obtained in Rio Grande do Sul and Santa Catarina. Upper triangle:
Mantel's (1967) coefficients; lower triangle: P values.

Genetic Grandparents’ Individuals’' Interethnic
systems  nationalities surnames  admixtyre
Genetic 0.253 0.307 0.574
systems
Grandparents’  0.233 0.612 -0.136
nationalities
Individuals’ 0.130 0.002 0.107
surnames
Interethnic 0.044 0.476 0.319
admixture

larities in the frequencies of German and Italian grandpar-
ents, on one hand, and similar prevalences of Italian, Pol-
ish, and Portuguese surnames on the other. The groups
obtained were in agreement with the known first settle-
ments of immigrants to these mesoregions. The Portuguese
and Spanish were the first Europeans to arrive in Rio
Grande do Sul, and the frequency of grandparents with
these nationalities was low, the majority already being clas-
sified as Brazilians. The more recent migration of Ger-
mans (1824) and Italians (1870) (Cesar, 1972; Flores, 1990)

_ o _ _ _ ~was well represented by the separation of the NE (colo-
Figure 4 - Multivariate analyses of the interethnic admixture: (a) principal

coordinates, (b) dendrogram obtained from thedBtances, (c) map of ”'Zeo_' m_al_nly byylta“ans) and CE (Germans) mes_ore_glons'
both distributions. Shading is arbitrary, but indicates the major associatioh§1€ individuals’ surnames, on the other hand, indicated
that the state’s population was becoming more homoge-

among mesoregions.

Table VII - Phenotype associations between systems (results significant at the 5% or lower levels).

Systems and their X2 Degrees Probability Corrected Phenotypes with
chromosome location of freedom P) significahce highest associations
0O/1-1
(9) ABO/GLO1 (6) 18.17 10 0.052 NS
Al/2-1
A/l-1
(2) ACP/Hp (16) 285.41 10 <0.0a S
B/2-1
(2) ACP/Duffy (1) 11.03 5 0.051 NS AB/Fya
(22) P/Duffy (1) 7.96 1 0.005 NS P+/Fya
MNSs/Fya
(4) MNSs/Duffy (1) 32.25 8 <0.001 S
Ms/Fya-
MSs/P
(4) MNSS/P (22) 22.26 8 0.004 NS
NS/P-
DcEe/BC
(1) Rh/ACP (2) 105.85 52 0.0 S
dce/AB

ISignificance corrected relative to the number of comparisons made (52). NS: Nonsignificant; S: sighfitant.
Roff and Bentzen’s (1989) method.
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neous, still reflecting, however, the effect of more receniferencas significantes entre as mesorregies, os alelos que
European migrations (Polish, among others). apresentaram a maior e a menor diferenca 8h@i*2 (16%)

The history told by social data is not completely PGD*A (29%), respectivamente. Os valores observac_ios f(_)ram
matched by the genetic results. This may reflect the fRS esperados para descepdgntes de europeus, a maior diferenca
that the genetic markers used are too similar within EJEN0 uma menor prevaléncia do alh (34-39%). Por outro

rope to detect the different capabilities of the derived etfd®: fol encontrada heterogeneidade significante entre
. . . mesorregides em relagdo as outras variaveis consideradas, a qual
nic and social groups to intercross, or to assess the le

. . . . I consistente com dados histéricos. A contribuicdo amerindia
of time they have coexisted in a region. The only generalissimada para o conjunto génico de descendentes de europeus

zation possible is that of a distinction between the northa populagéo do Rio Grande do Sul foi tio alta quanto 11%. O
ern regions of Rio Grande do Sul and Santa Catarina, aggultado mais geral obtido, considerando os quatro conjuntos
the southern and western of Rio Grande do Sul. It is, hode dados, foi o de uma tendéncia de divisdo nordeste-sudoeste
ever, noteworthy that despite the intense migratory flipara as populagdes estudadas. Sete associa¢des fenotipicas
that occurs in the whole area, we still have been able significativas entre sistemas foram obtidas a nivel de 5% (irés a
detect this subdivision, which is probably a reflection d¥ivel de 0.1%). Duas destas foram também observadas por outros

past settlements. autores: MNSs/Duffy e Rh/ACP.
For the phenotype associations, nine previous stud-
ies (Shreffleret al, 1971; Sinnock and Sing, 1972a,b; REFERENCES

Brackenridgeet al, 1975; Rasmusoet al, 1979; Mohan _
Raj et al, 1990; Engréaciat al., 1991; Hatagima and Anonygwgussgggzl).spgﬁ_ Base System Syntax Reference GRédease

. RS . .0. nc., Chicago.
K”eger’ 1994’ Fahanas al' 1997) may be Comp_ar_ed with Arai, K., Huss, K., Madison, J., Putham, FW., Salzano, F.M., Franco,
the present one. Only three of the seven associations which M.H.L.P., Santos, S.B.and Freitas, M.J.M. (1989). Amino acid
were significant at the 5% level in our study were also substitutions in albumin variants found in Brafifoc. Natl. Acad.
found by the above authors. Two of these, MNSs/Du Sci. USA 861821-1825. . .

d Rh/ACP. showed a particularlv strona association ke, N.M. andOmoto, K. (1975). Phosphoglucomutase types in the Asian-
an \ p y g Pacific area: a critical review including new phenotyges. Hum.
< 0.001) here and were also observed by Rasmetsah Genet. 38251-273.
(1979) and Engréaciat al (1991), respectively. The re- Bortolini, MC Weimer,_ TA, Franco,_ M.H.L.P., Salzano, F.M.,
maining association (P/Duffy; P:0.005) was also observed L-isse, Z,, Schneider, H., Schneider, M.P.GandHarada, M.L.

. (1992). Genetic studies in three South American black populations.

by Shreffleret al. (1971), although further analyses in the Gene Geogr. 61-16.

same population (Sinnock and Sing, 1972a,b) yielded c@vrtolini, M.C., Weimer, T.A., Salzano, F.M., Callegari-Jacques, S.M.,
flicting results. Schneider, H.and Layrisse, Z.(1994). The ethnic origin of South

Since in all cases the systems involved are localized g\;‘?ggca" blacks: an estimate using genetic dataropol. Biol. 2

in different chromosomes, we can only speculate about #&olini, M.C., weimer, T.A., Salzano, F.M., Callegari-Jacques, S.M.,

reasons for these associations. Population heterogeneity Schneider, H., Layrisse, Z.and Bonato, S.(1995). Evolutionary

cannot explain these findings, since no significant genetic :F'a“OSShiPSB _bft‘g%z?bfscg South American and African popula-
H . H ons. Hum. blol. - .

qlﬁerenc_esf \_/ve(e Obser\_/ed _among mesoreglons' The rem@g}folini, M.C., Weimer, T.A., Salzano, F.M., Moura, L.B. andSilva,

ing possibility is selective interaction, but there are as yet  m.c.B.0. (1997a). Genetic structure of two urban Afro-Brazilian

no specific physiological or biochemical indications in this ~ populationsint. J. Anthropol. 125-16.

direction. This is a subject worth further investigation. Bortolini, M.C., Salzano, F-M,, Zago, M-A,, Silva-Junior, W.A. and
Weimer, T.A. (1997b). Genetic variability in two Brazilian ethnic

groups: a comparison of mitochondrial and protein data.J. Phys.
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