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ABSTRACT Blood samples were collected in Algeria from 4,444 army recruits and tested for
10 genetic polymorphic systems. These samples were collected from territorial Wilayas (adminis-
trative units of Algeria) from which the young soldiers had originated. Based on similar geography
and economic and political history, these Wilayas were clustered into 10 regions. These regions,
not part of the governmental administrative units, were characterized by allelic frequencies, and
analyzed using R-matrix principal components, Wright’s FST, spatial autocorrelation, and Mantel
tests. Hierarchical relationships between the culturally defined regions were examined using two
different analytical methods of phylogenetic tree constructions: neighbor-joining, and unweighted
pair group average arithmetic (UPGMA). These results indicated the predominance of genetic ho-
mogeneity due to the gene flow between regions, but with some migration emanating from sub-
Saharan Africa and Mediterranean Europe. Wright’s FST value of 0.0063, based on 16 alleles, sug-
gested a relatively small genetic microdifferentiation of the regions. In Algeria, gene flow appa-
rently swamped most of the effects of stochastic processes and disrupted the relationship between
geography and genetics, as characterized by the isolation-by-distance model. Some genetic differ-
ences and similarities were observed between regions or clusters of regions. The resulting genetic
structure of the Algerian populations is best explained by a combination of gene flow, ecology, and
history. Am. J. Hum. Biol. 18:492–501, 2006. ' 2006 Wiley-Liss, Inc.

The Maghrib populations of the northern part
of the African continent are currently located
in three modern nations: Tunisia, Algeria, and
Morocco (Fig. 1). The people of this large sub-
arid or arid territory are either Berber- or
Arabic-speakers, following their religious and
cultural conversion to Islam after 670 AD.

CLASSICAL MARKERS

During the last 60 years, numerous studies
were conducted on the genetic markers, their
frequencies, and their distributions in Tunisia,
Algeria, and Morocco. All studies focused on
small geographic isolates or tribal groups.
Only Kossovitch (1953), during the 1930–1938
time frame, attempted to construct gene maps
based on ABO and rhesus blood group poly-
morphic distributions for Morroco. However,
field investigations started in the late 1930s
and early 1940s could not be completed be-
cause of the disruption associated with World
War II. However, Benabadji and Chamla
(1971) reinitiated the genetic studies of this
region by examining a large sample of Alge-
rian blood donors for the ABO and D/d rhesus

alleles. As part of a large collaborative project
involving different laboratories from the Paul
Sabatier Medical University of Toulouse, the
French National Center for Scientific Re-
search (CNRS), and the National Blood Center
of Algeria, P. Lefevre-Witier and M. Benabadji
conducted a series of projects on Tuareg tribes,
mostly from the Algerian Sahara. Since 1964,
multidisciplinary studies have been conducted
on sedentary and nomadic populations of the
Algerian Sahara, mostly on Tuareg tribes of
the central region. Over a period of 30 years,
more than 10,000 samples were examined for
an ever-increasing number of red cell and se-
rum genetic polymorphisms (Aireche et al.,
1982; Aireche and Benabadji, 1986; Benabadji
et al., 1969; Benabadji, 1970; Constans et al.,
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1980; Lefevre-Witier, 1972, 1974, 1982, 1996;
Lefevre-Witier and Vergnes, 1977; Lefevre-
Witier et al., 1968; Ruffle and Lefevre-Witier,
1972). Bosch et al. (1997) synthesized the
available data on classic markers from North
African populations by using principal-compo-
nents analyses (PCAs) and synthetic gene
maps. In the first PCA, they detected an east-
west gradient, with the highest factor loadings
in Egypt, and the lowest in southern Algeria.

MOLECULAR SURVEYS

A number of recent studies surveyed North
African populations based on Nonrecombining
Y, single-nucleotide polymorphisms (STRs),

and mitochondrial DNA (mtDNA). The
mtDNA analysis was of a west Algerian stu-
dent sample (N ¼ 50) from the Oran region,
and concluded that Algerians are closest ge-
netically to an Israeli-Arab population, and
show less affinity to Mediterranean popula-
tions, i.e., Sicily, Majorca, Calabria, and Sardi-
nia (Ivanova et al., 1999). Similarly, Bosch
et al. (2000) sampled northwest Africans from
Morocco, north central and southern Berbers,
Saharawis, and Mozabites. They tested DNA
samples with two panels of autosomal STRs
and compared them to reference populations.
The North African groups clustered with an
Arab sample. A set of 119 binary markers and
15 microsatellites was used by Arredi et al.

Fig. 1. The geographical locations of the Regions and Wilayas of Algeria. Region 1: Sidi Bel Abbes (SIBA), Region
2: Saida (SAID), Region 3: Miliana (MILI), Region 4: Algier (ALGE), Region 5: Bejaia (BEJA), Region 6: Constan-
tine (CONS), Region 7: Annaba (ANNA), Region 8: Ain Beida (AIBE), Region 9: Msila (MSIL), Region 10: Ain Salah
(AISA).
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(2004) to characterize the Y-chromosome hap-
logroups of 275 men from Algeria, Tunisia, and
Egypt. They interpreted the results of Y-chro-
mosome typing as indicative of an expansion of
an early pastoral and agricultural population
with considerable gene flow. The Y-chromo-
some diversity is geographically structured,
and fits the isolation-by-distance model.
The present study reports on: 1) red cell

blood group variation in a large number of
samples from populations of Algeria; 2) geo-
graphical patterns of gene frequency distribu-
tions which were used to characterize the
genetic structure of Algeria; and 3) tests of the
isolation-by-distance model through the exam-
ination of genetic diversity in the Maghrib
regions, utilizing a spatial autocorrelation
analysis.

BRIEF HISTORY OF ALGERIA

For the last 100,000 years, Homo sapiens
populations have inhabited the Maghrib, the
northwestern region of the African continent,
corresponding to an area defined by 308 longi-
tude East and West of the Greenwich merid-
ian and approximately 158 latitude North,
between 20–358. The actual climatic condi-
tions in this area range from Mediterranean
semiaridity in the northern part, to an abiotic
desert in the south (Fig. 1).
Some researchers postulated that the Sa-

hara region offered Paleolithic humans sligh-
tly better living conditions than what was
found in the colder and mountainous Maghrib.
However, this northern part of Africa (Sahara,
Mahgrib, and Mahchrek) apparently provided
early humans with a relatively homogenous
environment during the Paleolithic. A more
striking contrast appeared during the Neo-
lithic period, when aridity became severe in
the Sahara, thereby limiting further demo-
graphic expansion to a greater degree than in
the Maghrib.
The increasing archeological knowledge of

the pre- and protohistoric periods indicates a
major occupation of the Maghrib by Berber-
speaking and so-called ‘‘Berber’’ populations.
Wherever their exact place of origin, the Ber-
bers were most likely autochthonous to the
region (Camps, 1974). Dispersed within a
zonal area of more than 4,000 km from the
Red Sea to the Atlantic Ocean, these Berber
populations have experienced severe geo-
graphical and ecological pressures, but had
limited contacts with foreigners since the be-
ginning of the historical era.

For a period of 12 centuries (11th century
BC to 146 AD), the Phoenicians maintained
contact through trade in the harbors of east-
ern Algeria, but established few permanent
settlements. Eastern Algeria experienced less
contact and fewer invasions than in northern
Tunisia. For the next five centuries, the
Romans appeared in a large part of the east-
ern area (Lfriquya), but were limited to farm
management, administration, military con-
trol, and partial Christianization of some Ber-
ber groups. In the 5th century AD, the
Romans were replaced by Vandals and Byzan-
tines, few in number, but in the same eastern
coastal areas and towns. The severe poverty
that the invaders caused in such rich regions
of Tunisia and Algeria reinforced the strong
familial and tribal structure of the Berbers,
and precipitated numerous revolts. In the 7th
century, the Arabs (bringing their Islamic reli-
gion, language, and prodigious culture) exp-
anded to most of the populations of Maghrib,
and drove the remaining Berber-speaking
populations (their opposition) into mountain-
ous retreats. There is no precise information
on the demographic and genetic impact of the
newcomers from the Arabian peninsula, but
given the persistence of their political influ-
ence in the Maghrib region, it must have been
considerable, at least in the largest cities of
that time. This region experienced one cen-
tury of peace (from end of the 11th century to
the end of the 12th century) when the Empires
of Almoravids and Almohads merged. After
1159 AD, both Berber dynasties, through their
conquests, consolidated the first autochtho-
nous power in the entire Maghrib region. The
Arab empire generated in Maghrib a constant
partition between eastern political dynasties
(Aghlabids, Fatimids, Zirids, Hammadids,
and, after the 13th century, Hafsids) and west-
ern dynasties (Idrissids, Kharidjits, and later
Marinids). Such a partition was accompanied
by permanent conflicts and wars that could
have played a significant role in the patterns
of gene flow among the Maghribin populations
distributed over 3,000 km. As stated by Lar-
roui (1970), ‘‘Even if homogeneity (political
and cultural) has been accomplished in the
whole of Maghreb by the Arabic presence and
power, a permanent tendency to decentraliza-
tion and conflicts is also operating and should
be explained by the social structure of histori-
cal Maghreb.’’ Such population dynamics were
witnessed during the Ottoman period in Alge-
ria from 1515–1830 AD under the administra-
tion and military control of a series of 63 suc-
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cessive Beyler-Beys, Pashas, Aghas, and Deys
up to the time of French colonization.

MATERIALS AND METHODS

In 1980, the Blood Transfusion Center of
the Algerian Army took part in this Franco-Al-
gerian scientific collaboration in which blood
samples were collected from 4,444 young male
recruits from all geographical regions of Alge-
ria. Aireche (1987), using blood group fre-
quency data, reported on an initial analysis
that failed to demonstrate clear genetic pat-
terning in Algeria. In this study, we reana-
lyzed the data by compiling the original sam-
ple into regions (based on ecology, history, and
geography), and then searched for patterns of
observable genetic and geographic variation.

Population samples

Aireche (1987) subdivided the original
sample of volunteers by Wilayas of origin (see
Fig. 1; thin lines denote the boundaries of
Wilayas), the basic administrative units of
Algeria. We combined the contiguous Wilayas
into clusters that shared a common history
and ecology, in order to avoid fragmentation of
the total sample into a series of minuscule
administrative groupings. In addition, a more
comprehensive historical and ecological repre-
sentation of Algeria could be achieved on a re-
gional level.
This subdivision of Algeria into 10 regions is

shown in Figure 1 (bold lines indicate bounda-
ries of regions, while thin lines indicate the
Wilayas of origin). The following is a listing of
regions distributed from west to east:

� Region 1 (Sidi bel Abbes; Siba) was con-
structed by the compilation of gene frequen-
cies from five coastal Wilayas situated
around the historical town of Tlemcen and
the economically important harbor of Oran.

� Region 2 (Saida; Said) is a western high
plain consisting of two large Wilayas, where
the market towns of Saida and Mecheria
play a central role in pastoral production.

� Region 3 (Miliana; Mili) includes three
Wilayas of the coastal Mitidja rich plain,
developed by French colonization around
the towns of Blida, Medea and Miliana.

� Region 4 (Algiers; Alge) is the central main
harbor and capital of the country; it has
become a large melting pot of diverse popu-
lations.

� Region 5 (Bejaia; Beja) includes the Berber
mountain Kabylia and the sizable towns of
Tizi-Ouzou and the harbor of Bejaia. This
region contains four Wilayas.

� Region 6 (Constantine; Cons) is an eastern
rich, high plain adjacent to the Tunisian
border, whose main towns are Setif, Con-
stantine, and Guelma (three Wilayas are
included).

� Region 7 (Annaba; Anna) contains two
Wilayas on the extreme eastern coast of the
Mediterranean Sea, including the harbors
of Skikda and Annaba.

� Region 8 (Ain Beida; Aibe) includes three
Wilayas. The geographic center of this
region is Ain Beida, surrounded by plateaus
and mountains (Aures) to the south of Con-
stantine, and is geographically proximal to
Tunisia.

� Region 9 (Msila; Msil) includes the central
continuation of region 8 up to the fringe of
the Sahara with the Biskra oases (two
Wilayas).

� Region 10 (Ain Salah; Aisa) is a compilation
of all six arid Wilayas of the Atlas plateau
around the town of Djelfa, to the Sahara up
to Tamanrasset.

Table 1 provides the distribution of our popu-
lation samples (by region and blood markers),

TABLE 1. Distribution of population sample by region and by red cell polymorphism tested

Region ABO RH Kell Duffy Kidd MNSs Lu P Xg

1 563 560 423 561 390 559 547 570 64
2 182 176 142 180 136 179 171 182 23
3 507 475 394 507 389 506 498 514 82
4 347 315 302 295 304 341 353 351 78
5 999 973 880 993 879 986 971 1,009 178
6 825 815 665 832 642 826 801 825 139
7 275 283 200 283 188 282 268 284 35
8 469 464 372 470 354 442 432 469 56
9 183 169 138 182 139 180 171 181 19
10 94 91 74 94 74 92 91 91 14

Total 4,444 4,321 3,590 4,397 3,495 4,393 4,303 4,484 688
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given this new territorial pattern. The maxi-
mum number of recruits tested was for the P
blood group, at 4,484, followed by the ABO
blood group system, with a total of 4,444.
Smaller subsamples were phenotyped for sys-
tems such as Xg.

Statistical analysis

Most samples collected from the Algerian
soldiers/volunteers were tested for nine red
blood cell polymorphic systems: ABO, rhesus,
Kell, Duffy, Kidd, Lutheran, MNSs, P, and Xg.
Allelic frequencies (first computed by individ-
ual Wilayas) were combined and recompiled
into ‘‘regions’’ clusters. Allelic frequencies for
Wilayas were computed either by the maxi-
mum likelihood method or by direct gene
counting for the 31 alleles and nine systems
(Aireche et al., 1982; Aireche and Benabadji,
1986; Aireche, 1987). The following loci and al-
leles were tested on the samples:

� ABO: O, A, and B;
� Rhesus: RH*Rl, R2, RO, Rz, r, r0, r00, and ry;
� Kell: K and k;
� Duffy: FY*A, B, and Y;
� Sutter: JK*A and B;
� Lutheran: LU*A, B, and LU;
� MNS: MS, Ms, NS, Ns, MSu, and NSu;
� P system: Pl and P2; and
� Xg system: XG*l and XG*0.

However, given the interdependence of alleles
in each polymorphic system, only 16 alleles
were used for one of the analyses (Table 2),
and 10 for all others (Tables 2 and 3).

Analytical methods

Based on the polymorphic blood group data,
the following population structural analyses
were performed on the compiled regional data:

1. In the FST of Wright (1931), the average
FST value was computed, based on 16 allelic
frequencies from 10 regions (see Table 2).

2. R-matrix (Harpending and Jenkins, 1973),
a principal-component analysis of squared
Euclidian distances (Harpending and Rog-
ers, 1984), was based on normalized gene
frequencies (Fig. 2).

3. Heterozygosity vs. distance from the cent-
roid (Harpending and Ward, 1982) involved
a regression analysis of mean per locus het-
erozygosity (het) on the distance from the
centroid of distribution of gene frequencies
per region (rii). Populations that fall below
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the theoretical regression line [mean het
(l � rii)] experience significantly more drift
than those proximal to the line. Popula-
tions that experienced significant gene flow
tend to exhibit high levels of heterozygos-
ity, and low rii are found well above the the-
oretical regression (Fig. 4).

4. Phylogenic trees: We constructed trees based
on two different types of hierarchical classifi-
cations (Fig. 5): Neighbor-joining (Saitou
and Nei, 1987) trees were constructed from
a matrix consisting of Reynolds distances
(Reynolds et al., 1983) computed on 16 allelic
frequencies, with corrections for differences
in population sample sizes. Unweighted
pair-group average arithmetic (UPGMA)
trees were constructed from a matrix of chi-
square distances (Jacquard, 1974), and com-
puted using 16 allele frequencies.

5. Mantel tests were used to compare the
genetic distance matrix with a great-circle
geographic distance matrix (distances based
on the geographical center of each region).

6. Spatial autocorrelation analysis was per-
formed for the purpose of evaluating pat-

terns of biological variation, and to test the
isolation-by-distance model in the large
geographical Algerian area (Sokal, 1978).
In this study, 16 allelic frequencies were
used to elucidate the patterning of genes in
geographic and cultural regions of Algeria.
Latitude and longitude were estimated
from the centroid of each region. Spatial

TABLE 3. Algerian gene frequencies of 10 more alleles for 10 regions

Region RH*RZ RH*r0 RH*r00 ABO*B MNS*Ns MSu Nsu Fy Lu*b Lu

1 0.0026 0.0132 0.0000 0.1222 0.3899 0.0321 0.0000 0.2461 0.9367 0.0495
2 0.0073 0.0076 0.0074 0.1429 0.3698 0.0175 0.0000 0.3022 0.9831 0.0020
3 0.0007 0.0137 0.0077 0.1176 0.4179 0.0233 0.0000 0.2821 0.9468 0.0374
4 0.0113 0.0000 0.0192 0.1273 0.3759 0.0000 0.0556 0.3119 0.9783 0.0000
5 0.0028 0.0071 0.0050 0.1269 0.4264 0.0000 0.0114 0.1735 0.9461 0.0354
6 0.0000 0.0305 0.0024 0.1243 0.3984 0.0000 0.0000 0.2303 0.9606 0.0239
7 0.0009 0.0153 0.0018 0.1326 0.4130 0.0000 0.0286 0.3644 0.9280 0.0540
8 0.0000 0.0426 0.0000 0.1166 0.4492 0.0110 0.0000 0.2042 0.9787 0.0000
9 0.0074 0.0334 0.0125 0.1111 0.4145 0.0000 0.0000 0.3212 0.9831 0.0020
10 0.0000 0.0000 0.0000 0.1373 0.3439 0.0322 0.0238 0.4635 0.8773 0.1089

Fig. 2. Principal-components analysis of an R-matrix,
based on gene frequencies of the 10 Regions of Algeria.

Fig. 3. Plot of the alleles contributing to the genetic rela-
tionships shown in Figure 2 of the 10 Regions of Algeria.

Fig. 4. Plot of a theoretical regression line between
mean per locus heterozygosity (het) and distance from
the centroid of distribution (rii) in 10 Regions of Algeria.
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autocorrelation analysis and correlogram
construction were based on the procedures
of Cliff and Ord (1981). Moran’s I correlo-
grams were constructed using standar-
dized z-scores and spatial lags.

RESULTS AND DISCUSSION

Wright’s FST values by locus indicate the
weak level of heterogeneity of the total Alge-
rian population for each genetic polymor-
phism tested (Table 4). The overall FST value,
0.0063 for the 10 regions, indicates a low level
of genetic differentiation among regions. Only
the distribution of alleles of the XG erythro-
cytic blood group (FST ¼ 0.04) exhibits a signif-
icant difference for eastern region 2 (Said) and
western region 7 (Anna). The reason for this
statistically significant difference in the two
regions is unclear, given that there is no
known contact, historic or economic, between
these areas. However, both regions exhibit rel-
atively high heterozygosities and medium lev-
els of rii, suggesting some gene flow (possibly
from a common source) and the action of sto-
chastic processes (Fig. 4).
The R-matrix PCA reveals some genetic dif-

ferences among Algerian regions (Fig. 2). The
first eigenvector, accounting for 52.8% of the
total variation in the sample, confirms a clus-

ter of seven regions, while the second eigen-
vector (25.9% of the variation) separates
region 2 (Said) and region 7 (Anna) from the
others. Region 10, the Ain Salah grouping, con-
sists of the Algerian Saharan Wilayas. This
cluster of one region is clearly separated by its
high frequencies of RH*RO, RH*R2, MNS*Ms,
and ABO*O, as indicated by the PCA of the S-
matrix dispersal of alleles used in the analysis
(Fig. 3). Saida and Annaba are distinguished
by their high frequency of XGA-.

Figure 4 provides a plot of heterozygosity
vs. distance from the centroid of distribution.
Several regions fall proximal to the theoretical
(prediction) regression line. The difference in
gene frequencies for region 10 (Ain Salah-
Aisa) revealed by the PCA can be accounted
for by the differentiation from sub-Saharan
Africa to the Mediterranean Sea and the
observed morphological presence of black Afri-
can admixture, still evident in the Sahara but
diminishing toward coastal areas. This ob-
served dispersion of regions can also be ex-
plained by genetic drift, given the limited con-
tacts of southern with northern populations.
Region 2 (Saida) appears to have experienced
considerable gene flow from the south, per-
haps through trade and slavery relationships
with sub-Saharan populations, the impor-
tance of which, especially for slavery, must be
measured and confirmed.

Fig. 5. a: Unrooted neighbor-joining tree of the hierarchical relationships between the 10 Regions of Algeria.
Only bootstraps greater than 50% are incorporated in the plot. b: Unweighted average phylogenetic distance tree
(UPGMA) for 10 Regions of Algeria.
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Out of these three analyses, no single
genetic pattern emerges. However, the trees
obtained by hierarchical classification bring
more interpretable results by demonstrating
some slight contrasts between regions. The
neighbor-joining tree (Fig. 5a) reveals an evi-
dent genetic structure in Algerian popula-
tions, even if differences from region to region
are limited. We can observe in the R-matrix
plot that region 4 (Alge) and region 10 (Aisa)
cluster far apart. Saharan populations are ge-
netically closer to their sub-Saharan black
neighbors, but Algiers is a large melting pot of
local Afro-Mediterranean and Euro-Mediter-
ranean invaders. In the two trees, western
region 2 (Said) clusters closely to the Saharan
region, given the historical and economical
factors we mentioned above. Eastern region 7
(Anna) again displays a genetic similarity
with western region 2. This could be explained
by the high XG0 gene frequency in both sam-
ples, but it could be purely stochastic, as men-
tioned in the comment on FST results. Regions
5 (Beja) and 6 (Cons) cluster together, given
the relationships they have maintained for
centuries or millennia in their mountains and
plateaus as a population of Berber-speaking
tribes. Both regions, and especially region 6,
appear close to region 8 (Aibe) and region 9
(Msil) as a common part of a prehistoric and
historic eastern settlement. The western pop-
ulations of regions 1 (Siba) and 3 (Mili) cluster
together with a homogeneity due probably to
their particular coastal environment and polit-
ical history, especially in the Ottoman period.
The UPGMA tree (Fig. 5) clearly confirms

this difference in the genetic structure of the
eastern vs. western gene pool on the one hand,

and the Mediterranean coastal areas vs. the
Atlas high plains and plateaus on the other,
and the particular positions of Algiers in the
north and the Sahara in the south. A geo-
graphic projection of the UPGMA tree depicts
the proposed genetic structure of Algeria.
(Fig. 6).
The Mantel test, a comparison of matrices

based on geographic distances (measured from
the center of each region) and genetic distan-
ces, indicates no modification of gene frequen-
cies as a result of geographic separation: R ¼
0.4659, R2 ¼ 0.2171, P ¼ 0.1880 (NS).
However, since there are too few data points

(10 regions) and insufficient statistical power,
the results prove not to be statistically signifi-
cant. Figure 7 is a plot of the z-scores of three
alleles in relation to the lag distances. All
three alleles, while showing apparent patterns
of spatial autocorrelation and significant lag
values, fail to exhibit overall statistical signifi-
cance. Although allelic frequency clines were
interpreted by Bosch et al. (1997) for North
Africa from synthetic gene maps (i.e., maps of
principal-component scores based on correla-
tions of interpolated surfaces), caution must
be exercised (Sokal et al., 1999). In criticism of
the use of synthetic gene maps, Sokal et al.
(1999, p. 1) wrote, ‘‘These maps are subject to
large errors and apparent geographic trends
may be detected in spatially random data.’’

CONCLUSIONS

The genetic homogeneity of this Algerian
population, as demonstrated by statistical
analyses computed on this sample and set of
markers, is suggestive of the long history of
autochthonous populations spreading into the
Maghrib region at the end of Paleolithic (Epi-
paleolithic) and early Neolithic times, and
experiencing gene flow from invading armies
and the sub-Saharan slave trade. Apparently,
considerable gene flow seems to have resulted
from the movement of traders or invaders into
this large territory. The role of gene flow,
rather than genetic drift, is dramatically
shown in the heterozygosity vs. rii plot that
exhibits high levels of heterozygosity and low
rii in 7 of 10 regions. Only Ain Salah appears
to have undergone genetic microdifferentia-
tion due to stochastic processes.
The slight differences demonstrated by the

tree reconstructions can be observed on the
two main axes of the observed structure. The
first axis is oriented east-west, and the most
likely clustering factor is the territorial orga-
nization and numerous conflicts of local politi-

TABLE 4. FST values for 16 alleles of the red
cell polymorphisms

Alleles FST by allele

RH*R1 0.003497
RH*R2 0.005095
RH*R0 0.004643
RH*r 0.005267
ABO*A 0.005011
ABO*B 0.003180
XG*0 0.039880
LA 0.000460
MNS*MS 0.001682
MNS*Ms 0.004453
MNS*NS 0.003568
K 0.001410
JK*B 0.003297
FY*A 0.002765
FY*B 0.001491
P2 0.002062
Overall 0.006324
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cal and military powers (see above); two more
(minor) factors can be seen for the eastern
part of Algeria. On the one hand, a genetic
contribution (gene flow) from some other Med-
iterranean areas, such as Italy, Greece, or the
Near East, is perhaps related to the allelic fre-
quency cline described by Bosch et al. (1997),

but on the other hand, genetic drift operated
in the isolated and highly endogamous Ber-
ber-speaking groups of the mountains of
Kabylia (region 5) and Aures (region 8)
(Smith, 1974). However, caution must be exer-
cised in the interpretation of apparent clines
that are based on synthetic gene maps, which
are more impressionistic and fail to statisti-
cally test hypotheses (Sokal et al., 1999).

On the north-south axis, the observed varia-
tion in latitude suggests a genetic cline of over
3,000 km from sub-Saharan black Africans to
Afro-Mediterraneans. This apparent cline pla-
ces the coastal Berber people closer to Euro-
peans of the northern bank of the Mediterra-
nean, while on the basis of observations of mor-
phological variation, the southern Berbers
more closely resemble black Africans. This
north-south genetic cline parallels the extreme
changes of climate and environment, stretch-
ing from humid tropical Africa, to the searing
heat and aridity of the Sahara, to the dry pla-
teaus and plains of the Atlas region, to the tem-
perate Mediterranean seashore.

The relatively small size of our sample may
not represent the total Algerian population. A

Fig. 6. Map projection of hierachical tree for Regions of Algeria.

Fig. 7. Spatial autocorrelation of three alleles in
Algeria. ABO*B, solid line (P ¼ 0.166–0.9569); RH*R1,
large-dashed line (P ¼ 0.00006*** (lag 6)–0.9847); P2,
small-dashed line (P ¼ 0.03082* (lag 2)–0.6392).
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limited number of genetic parameters was
used in our study, but due to the compilation
of allelic frequencies of Algeria by virtual
regions, we are able to propose an approach to
the global genetic structure of this country, as
pictured in a provisional map (Fig. 6).
This preliminary analysis should be consid-

ered complementary to the synthetic studies
of Mourant et al. (1975), Cavalli-Sforza et al.
(1994), and Bosch et al. (1997), as a guide for
further research on the genetics of Algeria, its
North African neighbors and ‘‘cousins,’’ and
surrounding areas.
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51–74.

Bosch E, Calafell F, Perez-Lezaun A, Comas D, Mateu F,
Bertranpetit J. 1997. Population history of North Africa:
evidence from classical genetic markers. Hum Biol 69:
295–311.

Bosch E, Calafell F, Perez-Lezaun A, Comas D, Izaabel H,
Akhayat O, Sefiani A, Hariti GG, Dugoujon JM, Bertran-
petit J. 2000. Y chromosome STR hapolotypes in four
populations from northwest Africa. Int J Legal Med 114:
36–40.

Camps G. 1974. Les civilisations prehistoriques de l’Afrique
du Nord et du Sahara. Paris: Doin.

Cavalli-Sforza LL, Menozzi P, Piazza A. 1994. The history
and geography of human genes. Princeton: Princeton
University Press.

Constans J, Lefevre-Witier P, Richard P, Jaejer G. 1980. Gc
(vitamin D binding protein) subtype polymorphism and
variant distribution among Sahara, Middle East, and
black African populations. Am J Phys Anthropol 522:
435–441.

Felsenstein J. 1973. Maximum likelihood estmation of evo-
lutionary trees from continuous characters. Am J Hum
Genet 25:471–492.

Harpending H, Jenkins T. 1973. Genetic distance among
southern African populations. In: Crawford MH,
Workman P, editors. Methods and theories of anthropo-
logical genetics. Albuquerque: University of New Mex-
ico Press.

Harpending H, Rogers A. 1984. ANTANA: a package
for multivariate data analysis. Distributed by the authors.

Harpending H, Ward RH. 1982. Chemical systematics and
human populations. In: MH Nitecki, editor. Biological
Aspects of Evolutionary Biology. Chicago: University of
Chicago Press, p. 177–199.

Ivanova R, Astrinidis A, Djoulah S, Lepage V, Wijnen E,
Hors J, Charron D. 1999. Mitochondrial DNA polymor-
phisms of a west Algerian population (Oran region).
Biomed Pharmacother 53:386–392.

Jacquard A. 1974. The Genetic Structure of Populations.
NY: Springer-Verlag, p 420–492.

Kossovitch N. 1953. Antltropologie et groupes sanguins des
populations du Maroc. Paris: Masson.

Larroui A. 1970. L’histoire du Maghreb: un essai de syn-
these—petite collection. Paris: Maspero.

Lefevre-Witier P. 1972. Note sur I’heterogeneite biologique
des Touaregs In: Actes du colloque ‘‘Etude des Popula-
tions Sahariennes’’—Abbaye de Senanque (France)—15–
18 Octobre 1971.

Lefevre-Witier P. 1974. Un isolat du sud-Sahara: les
Touaregs Kel Kummer: structures genetiques des systèmes
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