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The Y-Chromosome Short Tandem Repeats Variation Within Haplogroup E3b:
Evidence of Recurrent Mutation in SNP

A. T. FERNANDES,* A. ROSA, R. GONÇALVES, J. JESUS, AND A. BREHM
Human Genetics Laboratory, University of Madeira, Funchal, Madeira, Portugal

ABSTRACT Haplogroup E3b is defined by a single nucleotide mutation (SNP) in locus M35 and is found at high fre-
quency (more than 35%) in populations from North Africa with a heterogeneous distribution. On the basis of compilation
of 553 Y-chromosomes from Europe and 633 from sub-Saharan Africa we selected 130 individuals belonging to haplogroup
E3b and characterized subhaplogroups according to the Y-Chromosome Consortium nomenclature. Y-chromosome haplo-
types can be defined using short tandem repeats (STR). The use of STRs makes it possible to measure diversity and esti-
mate age coalescence. Significant differences on frequencies of Y-chromosome STR loci were found among the E3b sub-
haplogroups and the same was observed when haplotype frequencies were considered. Some mutations in SNPs were
detected when comparing E3b subhaplogroups with the correspondent STR haplotypes. These results show that the
mutation rate for some SNPs could be higher than previously thought and also that it is important to associate both haplo-
type and haplogroup in Y-chromosome studies. Am. J. Hum. Biol. 20:185–190, 2008. ' 2007 Wiley-Liss, Inc.

The human Y chromosome haplogroup E3b is charac-
terized by mutations YAP, SRY4064, and M35 according
to the phylogeny and haplogroup nomenclature proposed
by the Y-Chromosome Consortium (Jobling and Tyler-
Smith, 2003; YCC, 2002). The haplogroup E3b is frequent
in northern Africa and also in Europe and western Asia
(Semino et al., 2004) because of migrations of farmers at
the time of the Neolithic expansion (Underhill et al.,
2001). Parallel to the paragroup M35 (E3b*) found in east
and south of Africa (Semino et al., 2004), the three main
subclades of haplogroup E3b can be defined by SNP muta-
tions E-M78 (E3b1), E-M81 (E3b2), and E-M123 (E3b3)
(Jobling and Tyler-Smith, 2003; YCC, 2002). None of these
clades are homogeneously distributed throughout the
African continent. E3b1 is the most common sub-
haplogroup, with a distribution in north and east of
Africa, E3b2 appears in north of Africa associated to Ber-
ber-speaking populations, and E3b3 was more likely intro-
duced in Ethiopia from the Near East and is today mainly
present in east of Africa (Semino et al., 2004).

Haplogroups are considered to be stable because of the
very low mutation rate of most binary markers (SNPs),
around 10�9 per base per generation (Thomson et al.,
2000), showing evidence of recurrent mutation at only 6 of
240 SNPs (YCC, 2002). On the contrary, the mutation rate
in short tandem repeats (STRs) is higher (just about 10�4)
and varies with the mean number of repeats and the motif
length (Forster et al., 2000). Nevertheless, mutations in
some SNPs were described as being associated to gene
conversion events (Rozen et al., 2003).

The aim of the present work is to define a Y-chromosome
STR profile within each E3b subhaplogroup, to observe if
there are haplotype differences within the haplogroups
and to find possible mutations in SNPs.

MATERIALS AND METHODS

DNA samples

We have selected 130 E3b chromosomes from a compi-
lation of 1,186 unrelated men already typed for Y-chromo-
some SNPs, from European populations of mainland Por-
tugal north (N ¼ 101), center (N ¼ 102) and south (N ¼

100), Madeira (N ¼ 129) and Azores (N ¼ 121) archipela-
gos (Gonçalves et al., 2005), and African populations from
Cabo Verde north (N ¼ 101) and south (N ¼ 100), Guinea-
Bissau (N ¼ 282) (Gonçalves et al., 2003), and São Tomé e
Prı́ncipe (N ¼ 150) (Gonçalves et al., 2007).

Binary markers typing

The binary markers M35, M78, M81, and M123 were
typed according to Underhill et al. (2001) and the classifi-
cation of E3b subhaplogroups was done according to Y-
chromosome Consortium (Jobling and Tyler-Smith, 2003;
YCC, 2002).

Y-STR typing

To further define the variation and the coalescence time
of each E3b subhaplogroup, nine STR loci (DYS19,
DYS389 I, DYS389 II, DYS390, DYS391, DYS392,
DYS393, DYS438, and DYS439 from Powerplex Y system
kit (Promega Corporation, Madison, WI) were assayed
using standard methodology.

The allele 9 of STR DYS460 (or GATA7.1) was tested to
further define E3b1 cluster a and allele 10 of STR DYS439
was used to define E3b1 cluster b whereas, allele 11 from
STR DYS19 was used to define E3b1 cluster g (Cruciani
et al., 2004). The samples from E3b1 subhaplogroup that
presented none of these alleles were designated as E3b1,*
because there seems to be an assemblage of all those who
are not included in cluster a, cluster b, or cluster g and
could represent a whole of other clusters not yet defined.

Data analysis

The coalescence time of STR variation was estimated as
the average squared difference in the number of repeats
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TABLE 2. Allele frequencies and gene diversity (gd) estimated for each STR within E3b sub-haplogroups

E3b total E3b1 E3b2 E3b3 E3b*

N ¼ 130 N ¼ 58 N ¼ 37 N ¼ 19 N ¼ 16
DYS19

13 0.838 0.936 0.919 0.316 0.937
14 0.062 0.064 0.081 0.053
15 0.092 0.631
16 0.008 0.063
gd 0.287 6 0.049 0.131 6 0.058 0.153 6 0.075 0.526 6 0.089 0.125 6 0.106

DYS389I
12 0.108 0.277 0.158 0.125
13 0.631 0.681 0.351 0.737 0.563
14 0.254 0.042 0.622 0.105 0.313
15 0.008 0.027
gd 0.530 6 0.037 0.350 6 0.071 0.503 6 0.053 0.444 6 0.124 0.608 6 0.090

DYS389II
29 0.200 0.388 0.243 0.053 0.125
30 0.569 0.431 0.676 0.316 0.688
31 0.223 0.171 0.081 0.632 0.188
32 0.008 0.010
gd 0.591 6 0.032 0.612 6 0.046 0.491 6 0.076 0.526 6 0.089 0.508 6 0.126

DYS390
22 0.046 0.010 0.027 0.250
23 0.231 0.236 0.135 0.421 0.188
24 0.662 0.671 0.811 0.579 0.563
25 0.062 0.083 0.027
gd 0.507 6 0.042 0.551 6 0.057 0.332 6 0.092 0.515 6 0.052 0.625 6 0.093

DYS391
9,10 0.023 0.010 0.125
9 0.308 0.022 0.865 0.053 0.375
10 0.546 0.811 0.054 0.947 0.438
11 0.123 0.157 0.081 0.063
gd 0.596 6 0.029 0.388 6 0.066 0.249 6 0.090 0.105 6 0.092 0.692 6 0.074

DYS392
10 0.008 0.063
11 0.931 0.949 0.973 1.000 0.813
12 0.046 0.040 0.027 0.063
13 0.015 0.010 0.063
gd 0.132 6 0.040 0.163 6 0.063 0.054 6 0.051 0.000 6 0.000 0.350 6 0.148

DYS393
12 0.131 0.065 0.054 0.368 0.250
13 0.746 0.852 0.892 0.263 0.688
14 0.115 0.084 0.054 0.316 0.063
15 0.008 0.053
gd 0.416 6 0.048 0.305 6 0.073 0.204 6 0.086 0.731 6 0.048 0.492 6 0.117

DYS438
8 0.008 0.063
9 0.023 0.027 0.053 0.063
10 0.854 0.958 0.946 0.632 0.563
11 0.100 0.020 0.316 0.313
12 0.015 0.022 0.027
gd 0.262 6 0.048 0.101 6 0.054 0.107 6 0.068 0.526 6 0.089 0.617 6 0.096

DYS439
9 0.015 0.054
10 0.323 0.356 0.730 0.053 0.188
11 0.277 0.271 0.162 0.684 0.063
12 0.269 0.313 0.054 0.158 0.313
13 0.092 0.051 0.105 0.313
12,13 0.023 0.010 0.125
gd 0.613 6 0.073 0.707 6 0.034 0.447 6 0.091 0.521 6 0.123 0.800 6 0.057

DYS385
13,13 0.023 0.081
14,14 0.038 0.135
15,15 0.015 0.020
16,16 0.069 0.073 0.105 0.063
17,17 0.038 0.063
12,15 0.031 0.010 0.188
13,14 0.231 0.703 0.188
13,15 0.008 0.027
13,16 0.008 0.063
13,18 0.038 0.263
14,16 0.015 0.010 0.063
14,18 0.015 0.010 0.053
15,16 0.046 0.043 0.027 0.053 0.125

(Continued)
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between all current chromosomes and the founder haplo-
type (defined by the most frequent allele to each STR), di-
vided by w ¼ 6.9 3 10�4 per 25 years (Zhivotovsky et al.,
2004). The coalescence time is expressed in kilo (thou-
sand) years ago (kya).

Y-chromosome STR haplotype frequencies were esti-
mated by direct counting. The variability indexes and the
comparisons of STR frequencies for each locus within each
subhaplogroup were calculated according to Fisher’s exact
test using the Arlequin software (Schneider et al., 2000).
Probability values of P < 0.05 were considered as statisti-
cally significant.

RESULTS

All haplotypes found harbored within Y-chromosome
haplogroups are shown in Table 1. Some individuals share
similar haplotypes belonging to different E3b sub-
haplogroups: for example two E3b* and one E3b1* indi-
viduals share a similar haplotype (H5 and H33) character-
ized by double alleles at DYS391 and DYS438 STR loci.
Similar haplotypes (H6 and H37) are shared on an E3b*
and E3b1* background, respectively, and the same hap-
pens to haplotypes H49 and H66 associated to individuals
E3b1* and E3b2.

For instance, DYS391 allele 9 and DYS385 genotype
13,14 appear with a high frequency in the E3b2 sub-
haplogroup but not in the others where allele sizes are
generally higher, varying between 15 and 20 repeats.
Moreover, DYS19 allele 15 appears only associated to indi-
viduals of the E3b3 subhaplogroup (Table 2). When haplo-
type frequencies were considered, significant differences
(P < 0.05) between all the subhaplogroups were found.

Coalescence age of E3b haplogroup is lower (21.1 6 7.8
kya) than those calculated by Cruciani et al. (2004); 25.6,
95% CI 24.3–27.4 kya but considering the high standard
error it could be accepted as in the range. On the contrary,
the E3b2 coalescence age of 13.4 6 5.0 is higher (already
considering the standard error) than the one suggested by
Cruciani et al. (2004); 5.6, 95% CI 4.6–6.3 kya.

DISCUSSION AND CONCLUSIONS

The existence of three individuals that share a haplo-
type with a double duplication in two different loci sug-
gests that a recurrent mutation occurred in SNP M78
because the duplication event is rare (Butler et al., 2005)
and it is unlikely to occur twice. For the two individuals
sharing the same haplotype (H49 and H66) but belonging
to different E3b subhaplogroups (E3b1* and E3b2), two
situations may have occurred: two recurrent mutations in
M78 and M81, or several STR mutations including one in

DYS385 that changes from a probable 13,14 that is associ-
ated to 70% of individuals belonging to E3b2 haplogroup
to an 17,18 that appears in 38% of individuals from E3b1
haplogroup (Table 2).

In support of previous examples, one should be careful
when suggesting the creation of new branches and new
classifications like in Cruciani et al. (2004), where a new
organization of E3b subhaplogroups is presented based
only on two individuals mutation (<1%). Taking in consid-
eration the cases described in this article, it is possible
that the derivate state at M215 or the ancestral state at
M35 occur because of a recurrent mutation in M35 or a
recombination in case of M215 that is located in the X-
homolog region. Therefore, we suggest using only the Y-
Chromosome Consortium nomenclature, avoiding the new
nomenclature proposed by Cruciani et al. (2004). Never-
theless, the clusters defined by Cruciani et al. (2004)
within subhaplogroup E3b1 can be a useful tool to distin-
guish the various geographic influences in populations
but may sometimes generate some confusion because the
mutation rate of DYS439 is the highest of the STR set
used (Gusmão et al., 2005). For example, haplotype H27
belongs to an individual that had the allele 10 from
DYS439 and also the allele 9 from DYS460 and can there-
fore be considered as belonging to cluster a or cluster b.
Likewise, H35 haplotype is similar to haplotype H19
(E3b1a) but is classified as E3b1*, because it did not har-
bor allele 9 from DYS460. These examples show how care-
ful one must be when using STR data to define a particu-
lar cluster, especially if the mutation rate of the STR is
high, as with DYS460 and DYS439 (Gusmão et al., 2005).

The fact that some individuals share the same haplo-
type and belong to different E3b subhaplogroups suggests
that SNP mutations may occur frequently, like the recur-
rent mutations in M78 that seem to occur four times,
probably because of mechanisms of gene conversion.

The data presented here suggests that using SNPs and
STRs information together provides a more reliable char-
acterization of an individual in terms of Y-chromosome or-
igin, minimizing the risk of misassignment because of
mutations.
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Portugal, Madeira and Açores record elements of Sephardim and Berber
ancestry. Ann Hum Genet 69:443–454.
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