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Il. There is uncertainty concerning the relative contri-
butions to Ashkenazi Jewry of, on one hand, western
versus eastern immigration of Jews and, on the other
hand, internally generated population growth versus
conversion to Judaism. In particular, it has been sug-
gested that subjects of the Khazar Empire (located to
the northeast of the Black Sea), who had adopted Ju-
daism in the last quarter of the first millennium c.E.,
were an important constituent of the nascent Ashkenazi
community (Encyclopaedia Judaica 1972).

The term ““Sephardi” originally described Jews de-
scended from the communities that existed in Spain
prior to the expulsion in 1492 c.e. However, current
usage applies this designation to all descendants of the
communities of North Africa and the Near East who
follow the Sephardi rite of worship and cultural tra-
ditions. It is thought that, prior to the middle of the
20th century, gene flow between the Ashkenazi and non-
Ashkenazi groups was relatively restricted.

The purported different modes of transmission of Le-
vite and Cohen versus lIsraelite status provide a priori
expectations about patterns of genetic variation on the
paternally inherited nonrecombining region of the Y
chromosome (NRY). In particular, because of recent
shared ancestry, Cohanim and Levites would be ex-
pected to display lower gene diversity of NRY haplo-
types than would Israelites. In addition, the distribution
of haplotype frequencies, in the absence of drift, should
be similar (a) in Cohanim and (b) in Levites across the
Ashkenazi-Sephardi division, given that this division oc-
curred after the founding of these two groups.

In fact, previous studies have indeed shown that the
NRYs of Ashkenazi and Sephardi Cohanim are genet-
ically more closely related to each other than they are
to the NRYs of Israelites or non-Jews (Skorecki et al.
1997; Thomas et al. 1998). This pattern arises primarily
from differences in the frequency of a particular NRY
haplotype (the Cohen Modal Haplotype [CMH], de-
fined by six rapidly mutating microsatellites [Thomas
et al. 1998]), and a cluster of closely related haplotypes
within a single haplogroup (defined by slowly mutating
unique event polymorphisms [UEPs]). Chromosomes
belonging to this haplotype and its related cluster were
found at high frequency among Cohanim but at a much
lower frequency among Israelites. Furthermore, the pat-
tern of diversity within the cluster was found to be con-
sistent with descent from a common ancestor who lived
between 2,100 and 3,900 years ago. The CMH is also
found, at lower frequency, in non-Jewish populations
in the Near East, which would be consistent with its
origin in this geographic region. However, the same
studies found high frequencies of multiple haplogroups
in the Levites, indicating that no single recent origin
could be inferred for the majority of this group, despite
an oral tradition of a patrilineal descent similar to that
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of the Cohanim. Moreover, a cluster of closely related
NRY haplotypes was identified within a distinctive
deep-rooting NRY clade that was found at much higher
frequency among Ashkenazi Levites than in either Se-
phardi Levites or any other Jewish group. However, the
reasons for this difference in the Ashkenazi Levites were
not explored.

Given the importance of the paternally defined Levite
caste in Jewish history and tradition, the multiple the-
ories of the ethnogenesis of the Ashkenazi Jewish com-
munity, and a suggestion that Yiddish is a relexified
Slavic tongue (Wexler 1993), we undertook a detailed
investigation of the paternal genetic history of Ashke-
nazi Levites and compared the results with matching
data from neighboring populations among which the
Ashkenazi community lived during its formation and
subsequent demographic expansion. By analyzing NRY
haplotypes, we have revealed (a2) a plausible historical
explanation for the multiple paternal histories of the
Levite caste, (b) the probable period during which a
European introgression into the caste took place, and
(¢) the likely demographic scale of the event.

Subjects and Methods

Sam ling

We analyzed NRY variation in a set of 988 unrelated
males from Ashkenazi Jews, Sephardi Jews, and four
non-Jewish European populations. Populations were
categorized using a combination of geographic, reli-
gious, and ethnohistorical criteria and individual affili-
ation within a category was determined according to
self-designation by the participant providing the sample.
Three of the four non-Jewish groups (88 Germans, 112
Sorbians, and 306 Belarusians) were chosen because of
their geographic location relative to the ancestral Eu-
ropean communities of the Ashkenazi Jews, and also
because of prior knowledge of the geographic areas
known to have high frequencies of the NRY haplogroup
within which the distinctive Ashkenazi Levite high-fre-
quency cluster was previously reported. This haplogroup
is designated ““R1al” according to the Y Chromosome
Consortium (2002). An additional non-Jewish group
consisting of 83 samples previously collected in Norway
(Weale et al. 2002) was chosen, to represent a geographic
location that excluded Jewish entry until the middle of
the 19th century and is known to be outside the area in
which Ashkenazi communities originated.

The Jewish samples comprised 236 Ashkenazi Jews
(AJ) and 163 Sephardi Jews, who were further divided
into 100 Ashkenazi Israelites (Al), 76 Ashkenazi Co-
hanim (AC), 60 Ashkenazi Levites (AL), 63 Sephardi
Israelites (SI), 69 Sephardi Cohanim (SC), and 31 Se-
phardi Levites (SL). The 60 AL samples were collected
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from Ashkenazi males who identified themselves as Le-
vites, with a paternal ancestry from one of the following
nine Ashkenazi Jewish communities; Austria-Hungary
(10), Belarus (4), France (6), Germany (10), Lithuania
(8), Netherlands (5), Poland (7), Romania (4), and Rus-
sia (6). Current political borders (including the current
borders of Austria and Hungary) were used to define
geographic origin. When the Ashkenazi Levite sample
was split into western (France, Netherlands, and Ger-
many) versus eastern (all others) communities, no sig-
nificant differences were found in haplogroup or hap-
lotype frequencies (using the exact test of Raymond and
Rousset [1995]), but we note that the sample size is too
small to have power to detect anything other than very
large differences in frequency. Information regarding pa-
ternal lineage was collected from each of the partici-
pants. Paternal population affiliation was determined by
the oldest male-line ancestor that the participants iden-
tified, which extended back to at least the grandparental
level. The participants were not related through their
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(Bonne-Tamir et al. 2003), as did a study based on mu-
tational analysis of single sperm cells (Holtkemper et al.
2001). In contrast, some other studies based on dating
deep-rooting Y chromosome clades have suggested
lower “evolutionary’” mutation rates (Caglia et al. 1997;
Forster et al. 2000). These considerations introduce ad-
ditional uncertainty in the true value of u for our loci
(Zhivotovsky et al. 2001). We allowed for some uncer-
tainty in u when calculating confidence limits for the
TMRCA, and we note that the length-dependent model
described below may also accommodate some locus-spe-
cific variation in mutation rate (Carvalho-Silva et al.
1999). Two microsatellite loci typed in our study,
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Table 1

Am. ]J. Hum. Genet. 73:768-779, 2003

Haplogroup Frequencies across Six Jewish and Four Non-Jewish Sample Sets

FREQUENCY IN SAMPLE SET?

AC SC AL SL Al Sl Ger Nor Sorb Bel
HAPLOGROUP (mn=76) (n=69) =60 (=31 m=100) (n=63) (=88 (n=83) (n=112) (n = 306)
Y*(xBR,A3b2) . .0159
BR*(xDE,JR) .0263 .0290 .0333 1935 .1400 .0794 .3295 .4458 .1786 .2582
E*(xE3a) .0395 .0435 .2000 .0968 .2200 .1905 .0341 .0120 .0625 .0458
J .8684 .7536 .1000 .3226 .3700 .3651 .0341 .0241 .0268 .0327
K*(xL,N3,02b,P) .0263 .0290 .0333 .2258 .0800 1270 .0033
L .0323
N3 .0114 .0361 .0089 .1046
P*(xR1a) .0263 .0870 1167 .0968 .1500 .2063 4659 .2651 .0893 .0425
Rla* .0033
Rlal .0132 .0580 5167 .0323 .0400 .0159 .1250 .2169 .6339 .5098

* Population sample labels: AC = Ashkenazi Cohen; SC = Sephardi Cohen; AL = Ashkenazi Levite; SL = Sephardi Levite; Al = Askenazi
Israelite; SI = Sephardi Israelite; Ger = German; Sorb = Sorb; Bel = Belarusian; Nor = Norwegian.

The other Jewish data sets separate according to whether
they are Cohanim or non-Cohanim, and, within these
two groups, there are no significant differences between
Ashkenazi and Sephardi data sets (all tests for popula-
tion differentiation performed using the exact test of
Raymond and Rousset (1995). The genetic similarities
among these five Jewish data sets range from 0.79 to
1.0. In contrast, the Ashkenazi Levites cluster more with
the Slavonic data sets than they do with the other Jewish
data sets. The genetic similarities with the other Jewish
data sets range from 0.22 to 0.47, whereas the I values
with the Sorbian and Belarusian data sets are 0.95 and
0.88, respectively. When a bootstrap test is used, the I
value for Ashkenazi Levites with Sorbians and Belaru-
sians is, in both cases, significantly higher than the [
value for Ashkenazi Levites with Sephardi Israelites, the
most similar Jewish data set to the Ashkenazi Levites
(P = .004 for Sorbians and .008 for Belarusians).

At the haplotype level (combining UEP information
with the six microsatellite loci), significant differences
in haplotype frequency emerge between all data sets
(table 3), but the same underlying patterns of similarity
remain (fig. 2). Full haplotype information for all data
sets is available in supplemental tables A and B (online
only). The genetic similarities between the Ashkenazi
Levites and the other Jewish data sets range from 0.04
to 0.18, whereas the I values with the Sorbian and Be-
larusian data sets are 0.52 and 0.49 respectively. Using
a bootstrap test, the I value for Ashkenazi Levites with
Sorbians and Belarusians is again significantly higher in
both cases than the corresponding I value for Ashkenazi
Levites with their most similar Jewish group, the Ash-
kenazi Israelites (P = .006 for Sorbians and .004 for
Belarusians).

Within haplogroup R1al, the microsatellite haplo-
types found in the AL data set are tightly clustered
around a modal haplotype (16-12-25-10-11-13) that

comprises 74% of Ashkenazi Levites within this hap-
logroup, and 38% of Ashkenazi Levites overall (table
4). This modal haplotype is evenly distributed across
the geographically defined communities from which the
Ashkenazi Levite sample was taken (see the “Subjects
and Methods™ section and table A), so that clues to its
origin could not be found from these data. The very
high frequency of this modal haplotype makes the ge-
netic diversity of Ashkenazi Levite NRYs within the
R1al haplogroup much lower than in the non-Jewish
comparative data sets in which R1al is found at high
frequency (table 5). Bootstrap tests indicate that, within
R1al, 4 is significantly lower in AL than in the Sorbian,
Belarusian, and Norwegian data sets (P < .001 in each
case). The P value for the comparison with the German
data set is of borderline significance (P = .064), but the
number of R1al chromosomes within this data set is
small (» = 11), resulting in a larger sampling variance.
The additional six microsatellites genotyped for Ash-
kenazi Levites only reduce the modal haplotype fre-
quency within the R1al haplogroup to 58%, also con-
firming the high degree of haplotype homogeneity (table
6). As is explained in the “Discussion” section, this ar-
rangement of Rl1lal haplotypes within the Ashkenazi
Levite data set is consistent with common descent from
a recent ancestor and is unlikely to have resulted from
a large number of founding lineages. By assuming that
the most recent common ancestor (MRCA) possessed
the modal haplotype and by using a male intergenera-
tion time of 25 years, we estimated a mean TMRCA of
663 years before present under the Simple Stepwise Mu-
tation Model and a mean time of 1,000 years before
present under the Linear Length-Dependent Stepwise
Mutation Model (see the “Subjects and Methods™ sec-
tion). These dates coincide with the historically esti-
mated time when compact settlements of Jews in
northwest Europe began and the important religious
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Figure 1 Principal coordinates plot of the genetic identity values
(haplogroup level) shown in table 2. Axis labels indicate the percentage
explained by the first two principal axes.

Table 2
Pairwise Comparisons at Haplogroup Level among Six Jewish and Four Non-Jewish Sample
Sets

AC SC AL SL Al Sl Ger Nor Sorb Bel
AC 407 <001 <001 <001 <001 <001 <.001 <001 <.001
SC 1.002 <001 <001 <001 <001 <001 <001 <.001 <.001
AL 216 .293 <001 <001 <001 <001 <.001 <001 <.001
SL 793 .821 .381 111 200 <001 <.001 <001 <.001
Al .821 .856 468 977 548 <001 <001 <001 <.001
Sl .819 .860 425 983 1.021 <001 <001 <001 <.001
Ger 106 .192 426 .507 .510 .523 .048 <001 <.001
Nor .089 .159 515 531 461 .398 927 <001 <.001
Sorb .071 144 .953 .273 .276 .205 A75 .656 .002
Bel .089 .152 .875 .342 .307 212 .510 .745 975

NoTe.—Lower left triangle

= Nei’s Genetic ldentity, I; upper right triangle = P values for
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Table 3
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Principal coordinates plot of the genetic identity values
(haplotype level) shown in table 4. Axis labels indicate the percentage
explained by the first two principal axes.
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Table 4

Microsatellite Haplotype Frequencies within Haplogroup R1al across Six Jewish and Four Non-Jewish Sample
Sets

MICROSATELLITE

FREQUENCY IN SAMPLE SET

HAPLOTYPE? AC SC AL SL Al Sl Ger Nor Sorb Bel
14 1225101113 .0033
151224101112 .0033
151224101113 .0333 .0098
151224111113 .0120 .0179 .0098
151225101113 .0132 .0333 .0323 .0100 .0114 .0482 .0536 .0294
1512251012 13 .0065
151225111113 .0241 .0089 .0458
1512251111 14 .0114 .0120
151226101113 .0065
15122611 11 13 .0241 .0065
151325101313 .0033
151325111113 .0089
151425111113 .0120
1611241111 14 .0033
161224101112 .0167
161224101113 .0167 .0159 .0120 .0893 .0131
1612241011 14 .0065
161224 10 12 13 .0033
161224111113 .0145 .0229
161225101112 .0114
161225101113 .0145  .3833 .0100 .0120 .1071 .0850
161225111112 .0065
161225111113 .0290 .0200 .0568 .0361 .0179 .1209
1612251111 14 .0033
161225111213 .0065
16122512 11 13 .0033
161226101113 .0089
16122611 11 13 .0089 .0131
161325101113 .0163
16 132510 11 15 .0033
16132511 11 14 .0033
171024 10 11 13 .0120

1712231111 14 .0120
17 12241011 13 .0167 .0114 .0268 .0033
1712241011 14 .0089
171224111113 .0089
171225101112 .0089
17 1225101113 .0167 .0114 1786 .0425
1712251011 14 .0033
17 1225101213 .0089
171225111113 .0357 .0131
171226101113 .0114 .0268 .0033
171226 10 12 13 .0033
17 1325101113 .0033
171325111113 .0033
171326111113 .0089

NoTe.—Population sample labels are the same as in table 1.
& Composed of the repeat sizes of microsatellite loci, in the following order: DYS19, DYS388,DYS390,DYS391,
DYS392, DYS393.

the Cohen Modal Haplotype, for example, which be-
longs to a haplogroup that is more likely to be of Near
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Table 5

Sample Size and Microsatellaite Diversity within Haplogroup R1al

VALUE IN SAMPLE SET

VARIABLE AC SC AL SL Al Sl Ger Nor Sorb Bel

No. of Subjects in R1al Haplogroup 1 4 31 1 4 1 11 18 71 156
Haplotype Diversity .. .. 4B16 ... .. .. 8182 9281 .86721 .896
SE for Haplotype Diversity .1097 1191 .0401  .0245  .0142

* By use of the unbiased gene diversity formula (Nei 1987), for cases where 7 > 10.

cific to the Ashkenazi Levites. This is borne out by the
fact that the haplogroup is virtually absent from the
Sephardi Levites, which would indicate an event that
occurred after the separate formation of the Ashkenazi
and Sephardi groupings, and also by the very recent
inferred date for the common ancestor of the NRYs
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Table 6

Microsatellite Haplotype Frequencies within Haplogroup R1al for 12 Microsatellites
Typed in the Ashkenazi Levite Sample

Frequency in  Frequency
6-Locus® and Constituent 12-Locus® Haplotypes Count  Haplogroup  in Sample

1512241011 13:

[151114121317241011131214] 2 .0645 .0333
15122510 11 13:

[151114121317251011131214] 1 .0323 .0167

[151114121316251011131214] 1 .0323 .0167
16 12241011 12:

[161114121318241011121214] 1 .0323 .0167
16 12241011 13:

[161114121317241011131214] 1 .0323 .0167
16 122510 11 13:

[161114121316251011131214] 4 .1290 .0667

[161114121318251011131214] 1 .0323 .0167

[161114121317251011131214] 18 .5806 .3000
1712241011 13:

[171114121317241011131214] 1 .0323 .0167
17122510 11 13:

[171114121317251011131214] 1 .0323 .0167

2 Composed of the repeat sizes of microsatellite loci, in the following order: DYS19,
DYS388, DYS390, DYS391, DYS392, DYS393.

® Shown in brackets and composed of the repeat sizes of microsatellite loci, in the
following order: DYS19, DYS385a, DYS385b (arbitrarily given larger repeat size over
DYS385a), DYS388, DYS389-1, DYS389-1I, DYS390, DYS391, DYS392, DYS393,
DYS426, DYS439.

but not at high frequency elsewhere. An alternative ex-
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