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ABSTRACT

This study reports on variations at the mitochon-
drial DNA (mtDNA) hypervariable region 1 (HVR-1)
and at seven Y-chromosome microsatellites in an
African-American population sample from Chicago,
IL, USA. Our results support the hypothesis that the
population studied had undergone a European male-
biased gene flow. We show that comparisons of intra-
and inter-population diversity parameters between
African-Americans, Europeans and Africans may
help detect sex-biased gene flow, providing a com-
plement to quantitative methods to estimate genetic
admixture.
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INTRODUCTION

The European contribution to the gene pool of
African populations deported to the United States

Supplementary material avalible online at:
http:\\bjmg.edu.mk/tekstovi/bjmg15(2),2012/15(2)-01.pdf

! Dipartimento di Biologia Ambientale, Universita “La Sapienza”,
Roma, Italia

* Dipartimento di Biologia ¢ Biotecnologie “Charles Darwin”,
Universita “La Sapienza”, Roma, Italia

3 Istituto Italiano di Antropologia, Roma, Italia
*Istituto di Medicina Legale, Universita Cattolica, Roma, Italia

of America in the course of the Atlantic slave trade
may be regarded to as a paradigmatic case of gene
flow in human populations [1,2]. Coherently, studies
of genetic structure of present day African-Ameri-
cans have attracted a particular interest in molecular
anthropology [3]. The earliest investigations based
on protein loci estimated a 4.0-30.0% proportion of
European genes in African-Americans, pointing to
a higher admixture in northern rather than in south-
ern US regions [6]. More recent studies, based on
autosomal DNA poly-morphisms, highlighted the
level of admixture for northern US populations to
be lower than previously thought, and the lack of
a close relationship between latitude and extent of
European admixtures [7]. The introduction of uni
linear DNA polymorphisms of mitochondrial DNA
(mtDNA) and non recombining portions of Y-chro-
mosome, has made it possible to separately study
the male and female European contribution to the
African-American gene pool [7-9]. Finally, further
refinements have been obtained with the introduction
of genome wide approaches [10,11].

In a previous study, we used 10 autosomal mi-
crosatel-lites and an Alu polymorphism to explore
the genetic structure of an African-American popula-
tion from Chicago, IL, USA [12]. In this study, we
analyzed the variation at the mtDNA hypervariable
region 1 (HVR-1) and at seven microsatellites of
the Y-chromosome in the same population sample.
Using a broad population dataset, we showed that
comparisons of intra- and inter-population diversity
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parameters between African-Americans, Europeans
and Africans may help detect sex-biased gene flow,
providing a complement to quantitative methods to
estimate genetic admixtures.

MATERIALS AND METHODS

A total of 50 individuals (23 males and 27 fe-
males) was available for this study. Appropriate in-
formed consent was obtained from all individuals
participating in the study. Sequencing of the HVR-1
of mtDNA from nucleotide (nt) positions 16024 to
16383, and determination of size variations at loci
DYS19, DYS3891, DYS38911, DYS390, DYS391,
DYS392 and DYS393, was performed as previous-
ly described [13,14]. The amplified products were
analyzed in polyacrylamide denaturing gels using
a semi-automated DNA sequencer (A.L.F. express;
Pharma-cia Biotech, Uppsala, Sweden). Allelic and
internal standards were used for microsatellite typing.

The dataset for comparison was built selecting
data from the mtDNA and Y-chromosomal litera-
ture for European and 10 African populations. We
have preferentially used widely dispersed popula-
tions which could have contributed to the gene pool
of present day African-Americans and/or have not
undergone drift events in their evolutionary his-
tory (Supplementary Table 1). Moreover, data for
four African-American samples were considered
[15-17].

Parameters of intra-population diversity [hap-
lotype diversity (HD) and mean number of pairwise
differences (MNPD)] and genetic distances between
populations were calculated using the Arlequin soft-
ware ver. 3.5 [18]. Given the relatively high differ-
entiation expected between African and European
haplotypes, molecular methods were used in addition
to the haplotypic ones to detect further signatures of
admixture.

RESULTS AND DISCUSSION

Mitochondrial DNA and Y-Chromosomal
Variation. DNA sequences of the HVR-1 were de-
termined in 50 unrelated individuals (Table 1). We
found nucleotide differences at 63 out of 360 posi-
tions with respect to the ‘consensus’ sequence [19],
five of which were transversions [16114 (A>C);
16183 (A>C); 16188 (C>G); 16258 (T>A)]. In total,

we were able to define 40 different lineages, with fre-
quencies ranging from 0.002 to 0.008. We obtained
a HD value of 0.987 £ 0.008 and a MNPD value of
7.673 £3.637.

Y-Chromosomal haplotypes, built using seven
microsatellite loci, were determined in 23 individu-
als (Table 2). Nineteen different haplotypes were
observed, with frequencies ranging from 0.042 to
0.125. We obtained a HD value 0f 0.996 £0.014 and
a MNPD value of 4.383 +2.246.

Intra- and Inter-population Diversity in Af-
rican-American and African Populations. Since
the seminal work by [20], the approach based on the
simultaneous use of mtDNA and Y-chromosomal
polymorphisms has been used in numerous stud-
ies of human genetic diversity [21]. This approach
may also turn out to be useful in the case of African-
American populations. In fact, the availability of uni
linear DNA polymorphisms offers the opportunity to
detect possible signatures of a sex-biased gene flow
from Europeans to African-Americans. Intriguingly,
whereas a male-biased gene flow was expected on
the basis of historical knowledge, demographic data
indicate that since 1960, most of the mixed marriages
involved African-American males to females of Eu-
ropean origin [22].

In a study carried out among African-American
students at the Texas University at Austin, Austin,
TX, USA, Hsieh and Sutton [23] compared admix-
ture estimates based on mtDNA and protein loci,
concluding that there is no evidence of a European
male-biased gene flow. On the other hand, the latter
case was supported by more recent studies carried
out in a number of African-American populations
from different areas and based on population specific
mtDNA and Y-chromosome alleles [7-10].

Estimates of sex-specific admixture suffer from
two different orders of limitations. Obtaining reli-
able African parental populations is difficult for three
main reasons. First, present day African-Americans
originate from populations scattered in a wide area
from the central and western parts of the continent.
Second, it is tricky to identify the populations in con-
tinuity with those from which slaves were taken to the
US, as their demography was reshaped by slave cap-
ture and forced migrations [24]. Third, there is also
substantial variation among sub-Saharan groups for
mtDNA and Y-chromosome polymorphisms [25,26],
so that results may vary substantially depending on
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Table 1. Variable nucleotide positions of the HVR1 of mtDNA control region in 50 AfricanAmerican samples

compared to the Cambridge reference sequence. The “i” stands for insertion.

1111111111111121111111211212121111111111111111111111111111111111111
6666666666666666666666666666666666666666666666666666666666666666
0000001111111111111111111122222222222222222222222223333333333333
3588990112224456678888899901123344455667778899999990011122256666
8116235144692836821378902393430915968450184601234690918905770128

1

Ref AAATTTTCCTTGCCGACTAACCTCC-TGCCACACTCACACTCACCCCACCAAATAGCTCTCGTT

ARMOL i e e e e e Teveiiiiin. T...... T Gevevnnians 1
AAMO2 ... A.T..TC..TGC...... TG ettt i i it ettt e C..T....... 1
ARAMO3 i e e e e Lo e e e e ettt et T.ooo... 1
ARMO4 i e e e e e Teeiiiiiinn T...... T Gevevnnnnnn c1
AAMOS ... Covvinnn T.C...... Teoonnn. T.T.T..... G..... Covinnnnin 1
ARAMOG i e et et e e e e e Teveien.. T..o.o... T Geviviinnn 1
AAmO07 ..... C.T..Coviininnn. T.C...... T T.T..... G..... Covivnnnnnn 1
AAmMOS8 C e Govvnnnnnn Teeiiiiiienn T..o.o... T Gevennnninn 1
AAm09 ........... A.T..TC..TGC...... B C..T.o.oun.. 1
AAm10 Gttt e e e e e e Teviiiiinn.. Tt et it i i i i e 1
AAm1l ..... Covinnnnnnn C.Coviviinn Tt e e e e e i e T 1
AAml2z2 ..... C CCi ittt ii i Lo et e i e ittt ettt ittt 1
AAmMI3 ..., Covvn [ Tt e e i i e et ittt ettt 1
AAml4 ......... Coe et e i e Teveeeenn.. Tt e e e ettt i e e c. 1
BAIMIS  teteee e G Covennnnn 1
AAM16 ... TC e e et e iiiie R CT e et i i i e e e e e c. 1
AAm17 ... A.A...ooeee.. C.T Teveiiiiinn T...... T Gevevniiann 1
I T e et e e e e 1
AAm19 ... Tooeooo. Covnnn T e e e e e e e e e i e e C c. 1
AAmM20 O T..... Tooeonn. T et e i i ittt ettt 1
ARM21 e C Covunn T e e i e e et ettt T....... 1
ARAM22 i ettt Covunnn Tt e e e e e it ii i T 1
ARAM23 it et et e et e T.o.o... Tt e G..... T.ooo... 1
AAm24 ..., Coeee e i e i e Teeeiiiiinn T i i i e e e c. 1
N Teviiiiiinn T...... T Gevevniinn 1
AAF2 ..., Ceeee e e Teveeennn. CTe et i i e i e e c. 1
AAF3 Coool. Cc A e e e e e e e e S 1
AAF4 C ettt e e e Teeeiiiiin T.TT T T..... 1
N Teviiiiiienn T..... G...... Gevevnnnnn 1
AAF6 ... Col e i T. Covininin Tooooo... C.A...... c. 1
N N Tt e e e e i et e e T 1
AAF8 ..., Covivvnnnn T.C...... Toooon.. T.T.T..... G..... Covivnnnnnn 1
AAF9 ... Ceee e e Teweiiiiinn T e i i i e e e c. 1
ARAF10 i it e e e Covnnn Teviinienn.. T.oo.o... T G.voovnn C 1
0 2 L Covivnnnnnn 1
N T T..... T 1
AAF13 Covvvnns A.T..... -..C..Coiiiiii i T Geviniiiii 1
N N Teveeeenn.. T.o.o... T Geveviiien 1
AAF1S ... A.T..TC..TGC...... TG Tt e i C..T....... 1
AAFl6 ... Ao T.C..... TT........ C..T.A.T..T Covvnn T 1
AAF17 G..C....... Ao, T.C...... Teeeiiiii TG GT Covvnn T 1
AAF18 ...... Coveii i L T...... T i i 1
AAF19 ..... Covivnnnnn [ T.oo.o... C ottt e e e e e 1
AAF20 o i it e e e C.T Teveeen.. T..o.... T Geveviiinnnn 1
AAF21 i e e e e e e Tevenennn Tt iiiee e Covevnnnnnn 1
AAF22 ot e C.T Teeiiiiiin T...... Teeiiiiiii. C 1
AAF23 Covivnn Ao T.C...... T..Govvnnn T T..T Covenn T 1
AAF24 ... Av A ittt S T e e it e e 1
AAF25 ..., Covinnnnnnn. Covunnn Teveiiiiinn T T et i i i e 1
AAF26 ... Cee e e Teviiiiin. T i e c. 1

the populations chosen as the parental ones. A further The second considerable problem is in the large

source of confusion may be created by geneticists statistical uncertainty of admixture estimates based
and molecular anthropologists when they use inac- on mtDNA and Y-chromosome polymorphisms.
curate ethnolinguistic labels and/or assume particular ~ Given their intrinsic nature of single loci in evolu-
populations as representative of wider groups [27].  tionary terms, both the uni linearly transmitted ge-
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Table 2. Seven loci Y chromosome haplotype frequencies in 23 African-American subjects.

t |35l 2| 8|5 8|38 |38|38]|%.|z%¢E
g = 3 g 7 ] 2] 12 2 12 =8 =
i | E 2| &z | z | &8 | & | & | & | E|:zz
Z = = = 7nAa

AAO1 2 17 14 31 21 10 11 15 0.0870 0.0601
AA02 3 16 13 30 21 10 11 14 0.1304 0.0718
AAO03 1 14 13 29 24 10 13 13 0.0435 0.0435
AA04 1 15 14 33 21 10 11 13 0.0435 0.0435
AAO05 1 16 14 31 25 10 11 13 0.0435 0.0435
AA06 1 14 12 28 25 10 11 13 0.0435 0.0435
AAQ07 1 15 14 32 21 10 11 13 0.0435 0.0435
AA10 1 14 12 28 24 11 13 13 0.0435 0.0435
AALll 1 15 14 31 21 10 10 13 0.0435 0.0435
AA12 1 17 13 30 21 11 11 15 0.0435 0.0435
AA13 1 15 13 30 22 10 13 13 0.0435 0.0435
AAl4 1 14 13 29 24 11 13 14 0.0435 0.0435
AAl6 1 14 12 28 22 10 11 13 0.0435 0.0435
AA17 1 17 14 31 20 10 11 14 0.0435 0.0435
AA18 1 15 12 27 23 10 14 13 0.0435 0.0435
AA19 2 15 13 31 21 10 11 13 0.0870 0.0601
AA22 1 14 14 30 24 11 13 13 0.0435 0.0435
AA223 1 14 13 30 24 11 13 13 0.0435 0.0435
AA24 1 14 12 28 23 10 11 13 0.0435 0.0435

Table 3. Haplotype and molecular intra-population diversity measurement in African-Americans and Africans.

Mitochondrial DNA estimates refer to nucleotide positions 16090 to 16365. Y-chromosome estimates refer to the five
loci haplotypes (DY S3891, DYS3910, DYS391, DYS392 and DYS393).

mtDNA Y-Chromosome
n HD (SE) MNPD (SE) | MNPD/HD | n HD (SE) MNPD (SE) | MNPD/HD
African-Americans I | AAL | 50 | 0.984 (0.009) | 7.291 (3.471) 7.410 23 1 0.976 (0.0201) | 2.818(1.543) 2.887
African-Americans 2 | AA2 | 230 | 0.993 (0.002) | 7667 (3.587) 7.721 106 | 0.978 (0.0045) | 2.839 (1.508) 2.902
African-Americans 3 | AA3 | 78 | 0.987(0.006) | 6.651(3.173) 6.739 426 | 0.984 (0.0022) | 3.034 (1.584) 3.082
Bakaka BAK | 50 | 0.983(0.008) | 9.457 (4.414) 9.620 49 | 0.796 (0.0270) | 1.232(0.796) 1.548
Bamileke BAM | 48 | 0.988(0.007) | 7.869 (3.725) 7.965 50 | 0.850)0.0375) | 1.875(1.091) 2.207
Bassa BAS | 46 | 0.991 (0.007) | 9.194 (4.306) 9.277 49 | 0.843 (0.0355) | 1.764 (1.040) 2.093
Beti BET | 48 | 0.965(0.012) | 8.395(3.955) 8.699 36 | 0.916(0.0232) | 1.738 (1.035) 1.898
Cabinda CAB | 110 | 0.988(0.003) | 8.960 (4.159) 9.069 72 1 0.900 (0.0168) | 1.993 (1.138) 2215
Ewondo EWO | 53 | 0.983(0.008) | 9.666 (4.500) 9.833 39 | 0.804 (0.0449) | 1.505 (0.926) 1.871
Fulbe FUL | 34 | 0.975(0.016) | 6.460 (3.134) 6.626 27 1 0.946 (0.0253) | 2.644 (1.456) 2.795
Guinea Bissau GUB | 372 | 0.985(0.002) | 7.466 (3.496) 7.580 162 | 0.937(0.0110) | 2.183(1.215) 2.330
Mozambique MOZ | 107 | 0.967 (0.007) | 8.216(3.839) 8.496 112 1 0.907 (0.0152) | 1.975(1.125) 2.177
Ngoumba NGO | 44 | 0.984(0.007) | 8.798 (4.137) 8.941 36 | 0.929(0.209) | 2.324 (1.301) 2.502

HD: haplotype diversity; SE: standard error; MNPD: mean number of pairwise differences.
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Figure 1. Scatterplots of MNPD and HD values for mtDNA and Y-chromosomes in the populations under study.
Abbreviations are given in Table 3. Dotted lines indicate the 95.0% confidence interval for the regression line obtained

for African populations.

netic systems generally produce values with extended
confidence intervals that substantially overlap (e.g.,
see estimates for Maryland, Texas and Virginia of
table 5 in [9]).

A possible approach is represented by the search
for possible effects of gene flow on intra- and inter-
population genetic variation. Since the two genetic
systems cannot be directly compared due to sub-
stantial difference in types and rate of mutations and
demographic dynamics, we have compiled a paired
mtDNA and Y-chromosomal population database
including both European and African populations
[25,28]. This makes it possible to compare the ex-
tent of mtDNA and Y-chromosome variation within
a given population, by contrasting it with data from
other populations included in the database.

An incoming European male-biased gene flow
predicts a greater ratio of Y-chromosome to mtDNA
diversity for African-Americans than for African
populations. This expectation is met by our African-
American sample. In fact, their mtDNA HD is equal
or lower than in five African populations, where-
as their Y-chromosomal value is higher (Table 3).
The greater diversity of African-Americans is even
more evident comparing MNPD, a measure which
weighs molecular differences. In this case, the di-
versity between Europeans and Africans may have
a greater impact than happens with HD, in which
the extent of inter-haplotypic differentiation is not
taken into account. In fact, there are eight African
populations with a mtDNA MNPD higher than our

African-Americans, and only one for the Y-chromo-
somal polymorphisms. It is noteworthy that the lat-
ter case involves the Fulbe, a population which has
been shown to have undergone a male-biased gene
flow due to African migrations [29]. Although no
inference on asymmetric gene flow can be made for
other African-American populations, it is remark-
able that the ratio between molecular and haplotypic
measures of intra-population diversity are the lowest
for mtDNA and the highest for Y-chromosome poly-
morphisms (Figure 1).

A male-biased gene flow in African-Americans
from Chicago, IL, USA is also supported by the
analysis of genetic distances (Table 4). They show
the lowest genetic distance (both molecular and hap-
lotypic from Europeans for Y-chromosomal polymor-
phisms but not for the mtDNA ones. Furthermore, the
ratio of mtDNA to Y-chromosomal genetic distances
from Europeans is markedly higher (18.3-38.3% for
molecular and haplotypic distances, respectively)
than all African groups. The introgression of Y-chro-
mosomes into other African-American populations
is consistent with their comparatively low genetic
distance from Europeans.

To sum up, our results coherently support the
hypothesis that the African-American sample under
study has undergone a European male-biased gene
flow. On a more general note, our research showed
that comparative analysis of intra- and inter-popula-
tion variation for Y-chromosome and mtDNA poly-
morphisms in a broad dataset including African and
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Table 4. Average genetic distances of Africans and African-Americans from Europeans.

Molecular Distances Haplotype Distances

mtDNA Y Chrom. mt/Y mtDNA Y Chrom. mt/Y
African-Americans | AAl 0.219 0.281 0.779 0.027 0.024 0.151
Bakaka BAK 0.240 0.624 0.385 0.028 0.120 0.232
Bamileke BAM 0.267 0.456 0.585 0.025 0.095 0.270
Bassa BAS 0.266 0.598 0.445 0.024 0.098 0.241
Beti BET 0.312 0.477 0.653 0.036 0.058 0.624
Cabinda CAB 0.250 0.435 0.575 0.025 0.066 0.374
Ewondo EWO 0.278 0.528 0.527 0.028 0.114 0.244
Fulbe FUL 0.198 0.399 0.496 0.032 0.038 0.832
Guinea Bissau GUB 0.184 0.560 0.328 0.026 0.052 0.501
Mozambique MOZ 0.254 0.415 0.612 0.035 0.067 0.528
Ngoumba NGO 0.248 0.377 0.659 0.025 0.058 0.427

Europeans groups, may help detect admixture signa-
tures, providing a useful complement to methods for
admixture estimates.
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