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Abstract Sequence analysis of HVRI and HVRII mito-
chondrial DNA was carried out on 107 Jewish samples
from Ashkenazi, Oriental, North African, and Sephardic
origins. Control region sequences were assigned to a
haplogroup by means of the analysis of the RFLP
motif -7025 AluI or by using sequence motifs. A total of
88 different haplotypes were observed with a lower
incidence of unique haplotypes (68.2%) than in other
populations. Four individuals with one position of se-
quence heteroplasmy at nucleotides 16093, 16134, 16169,
and 235, respectively, were detected. The mean pairwise
difference in the Jewish population was 9.7 nucleotides.
The gene diversity was 0.996, and the random match
probability was 1.3%. When the data were compared with
the autosomal and Y-chromosome markers previously
studied in these populations, sex-specific differences could
be observed in the Jewish populations. This fact must be
taken into account for choosing suitable databases to
correctly weigh the value of the evidence of a mtDNA and/
or Y profile match.
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Introduction

Sequence analysis of mitochondrial DNA proved to be of
great interest in evolutionary studies and for forensic

purposes. The reasons are that the mtDNA is highly
polymorphic due to a rapid rate of evolution [17] and
shows maternal inheritance [23]. The noncoding region of
mtDNA, known as the control region, accumulates many
more mutations than the rest of the molecule, making it a
useful tool for studying short-term evolutionary phenom-
ena [67] and the tool of choice for human forensic
identification studies in cases where DNA is only present in
reduced amounts or where it is degraded [24, 25, 36, 44].
The statistical interpretation of the results depends on the
population frequency of a particular sequence or haplotype.
Moreover, the occurrence of population-specific lineage
groups [65] and an increase in the number of haplotypes
with sample size [14] were described. Different studies
have also shown the importance of taking into account the
ethnical and/or geographical differences of the populations
for forensic purposes [11, 21, 30, 43]. For these reasons, it
is essential to determine the haplotype frequency distribu-
tion of HVRI and HVRII in the mtDNA in any population
of interest so that databases can be expanded as much as
possible.

Jews can be traced back to populations occupying a
small geographic area in Israel several thousand years ago
[12]. Modern Jews constitute one ethnic group split into
several groups, the most numerous of which are the
Ashkenazim who have resided in north-eastern Europe for
centuries; the Sephardim (“Spanish” in Hebrew) who, after
their expulsion from Spain in 1492, lived in other
Mediterranean countries, especially Turkey; the North
African where evidence exists of Jewish communities as
early as the first centuries AD that were augmented as a
consequence of the Spanish expulsion; and the Oriental
Jews who have lived in Middle East countries throughout
their history [5, 27]. Geneticists have studied Jewish
populations since the turn of the 20th century in an attempt
to unravel what must be a complex system of interrelation-
ships among Jewish communities and their non-Jewish
neighbors. Several studies of “classical” and DNA markers
have attempted to describe these genetic relationships and
to study the evolutionary factors that have occurred during
the diaspora. These studies have provided evidence both
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for the common genetic origin of Jewish communities and
for admixture between Jewish communities and their host
peoples ([8, 41, 42, 56] among others), although the extent
of this admixture is controversial [1, 7, 28, 34, 35, 37, 40,
46]. Studies based on low-resolution mtDNA RFLP [57,
63] or HVRI sequences [2, 62] were published, but these
studies lack HVRII sequences and are therefore forensi-
cally useless, especially because many mtDNA types are
very similar to each other in HVRI. Therefore, no mtDNA
HVRI and II databases were reported to date for Jewish
populations, which are essential to estimate random match
probabilities in forensic casework.

The purposes of the present study were: (1) to develop a
HVRI and HVRII sequence mtDNA database from Jewish
individuals, (2) to compare the results with other non-
Jewish circum-Mediterranean populations, and (3) to
compare the differences in mtDNA found in Jews and
non-Jews with those found using Y-chromosome and
autosomal microsatellite data obtained from the same
population samples.

Materials and methods

Population

DNA samples of 107 Jewish individuals were obtained from
the collection of The National Laboratory for the Genetics
of Israeli Populations at Tel-Aviv University. Following
classical criteria, they were categorized into four groups:
Ashkenazi (20 individuals), Oriental (12 Iranian and 11 Iraqi
individuals), North African (12 Moroccan, 12 Tunisian, and
nine Libyan individuals), and Sephardic (31 individuals
from Turkey).

mtDNA amplification and sequencing

The mtDNA regions subjected to analysis were 16045–
16366 (HVRI region) and 69–374 (HVRII). Amplifica-
tions were performed using 2.5 μl of the sample in a 25-μl
reaction volume on a 2400 GeneAmp Thermal Cycler
(Perkin-Elmer). The temperature profile for 30 amplifica-
tion cycles was 94°C for 1 min, 50°C for 1 min, and 72°C
for 1 min. The primers used in these reactions were L15996
(5′-CTC CAC CAT TAG CAC CCA AAG C-3′) and
H16401 (5′-TGA TTT CAC GGA GGA TGG TG-3′) for
HVRI and L048 (5′-CTCACGGGAGCTCTCCATGC-3′)
and H408 (5′-CTG TTA AAA GTG CAT ACC GCC A-3′)

Mor15    U3 .......... .......... .........- .......... .......... .......... ...C...... G......... 
Tun22    U4 .......... .......... .........- .......... .......... .......... .......... .....C.... 
Tun28    V  .......... .......... .........- .......... .......... ........C. .......... .......... 
Lib9     X  .......... ..T.T..... .........- C....T.... .........T .......... ...C...... .......... 
Mor21    X  .......... .......... ......C..- C....T.... .T.......T .......... .......... .......... 16184-16193
Sephardic 
Tuk5     H  .......... .......... .........- .......... .......... .......... .......... .......... 16183-16193
Tuk15    H  .......... .......... .........- .......... .......... .......... .......... .......... 
Tuk11    H  .......... .......... .........- .......... .......... .......... .......... .......... 
Tuk2     H  .......... .......... .........- .........T .......... .......... .......... ........C. 
Tuk3     H  .....C.... .......... .........- .......... .......... .......... .......... .......... 
Tuk21    H  .....C.... .......... .........- .......... .......... .......... .......... .......... 
Tuk4     H  ........T. .......... .........- .......... .......... .......... .......... .......... 
Tuk7     H  .......... ...A...... .........- .......... .......... .......... .......... .......... 
Tuk13    H  .......... .......... .........- .......... .......... .......... ...C...... ........C. 
Tuk22    H  .......... .......... .........- .......... .......... .......... ...C...... ........C. 
Tuk18    H  .......... ....T..... .........- .......... ...T...... .......... .....A.... .......... 
Tuk19    H  .......... .......... .........- .......... .......... .......... ........C. .......... 
Tuk8     H  .......... .......... .........- ....T..... .......... .......... .........A ........C. 
Tuk25    H  .......... .......... .........- ....T..... .......... .......... .........A ........C. 
Tuk26    H  .......... .......... .........- ....T..... .......... .......... .........A ........C. 
Tuk27    H  G......... .......... .........- .......... .......... .......... .......... .......... 
Tuk28    H  .......... .......... ...T.....- .......... .......... .......... .......... .......... 
Tuk30    H  .......... .......... .........A .T........ .......... .......... .......... ........C. 
Tuk1     J  ..T....... C......... .........- .......... .......... .......... ...C...... .......... 
Tuk24    J  ..T....... C......... .........- .......... .........T .......... .......... .........T 
Tuk14    J1a..T....... C..A...... .........- .......C.. .....T.... .......... .......... .......... 
Tuk17    J2 ..T....... C......... G...G....- ..T....... .........T .......... .......... .......... 
Tuk29    J2 ..T....... C......... .........- ..T....... .......... ......T... .......... .......... 
Tuk20    K  .......... .A......T. .........- C.....C... .......... .......... ...C...... .......... 16184-16193
Tuk23    T  ....T..... C.....G... .C.......- C......... C......... ......T... .......... .......... 16184-16193
Tuk12    T2 .......... C......... .........- .......... .......... ......TT.. .C........ .......... 
Tuk31    U4 .......... .......... .........- .......... .......... .......... .......... .....C.... 
Tuk9     V  .......... .......... .........- .......... .......... ........C. .......... .......... 
Tuk10    X  .......... .......... ......C..- C......... .........T .......... .......... .......... 16183-16193
Tuk16    -  .T........ .......... ..T...C..- C......... .......... .......... T......... .......... 16183-16193
Tuk6     -  .......Y.. .......... .......T.- .......... .......... .......... .......... ....T.C... 

Point mutation heteroplasmy was designated according to recommendations of International Union of Pure and Applied
Chemistry
Heteroplasmic positions were indicated in bold
The position of the insertions found was been indicated with a number followed by a dot and a number Ash Ashkenazi, Irq Iraqui,
Irn Iranian, Lib Libyan, Mor Moroccan, Tun Tunisian and Tuk Turkey and Hg=haplogroup

Table 1 (continued)
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for HVRII. For those sequences containing a homopoly-
meric cytosine stretch from positions 16184 to 16193
(usually associated with length heteroplasmy), additional
amplification and sequencing were performed using
primers L16209 (5′-CCC CAT GCT TAC AAG CAA GT-

3′) and H16164 (5′-TTT GAT GTG GAT TGG GTT-3′). In
HVRII, when necessary, additional sequencing was carried
out with primer H285 (GGG GTT TGG TGG AAA TTT
TTT G). Amplicons were purified with a QIAquick PCR
purification kit (Qiagen, Germany) and the sequence

Table 2 Variable positions in the mtDNA HVRII for 107 Jewish individuals
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analysis was performed directly on the purified products,
using the same primers and the Big Dye Terminator Ready
Reaction kit (Perkin-Elmer) following the manufacturer’s
instructions. Sequencing reaction products were purified by
ethanol precipitation and were analyzed using an ABI
PRISM 310 (PE/ABD) automated DNA sequencer. Each
template was sequenced in both directions and the
consensus sequence was aligned and compared with the
Cambridge reference sequence (CRS) using the software
SeqEd ver. 1.0.3 (PE/ABD). Proficiency testing of the GEP-
ISFH WG (http://www.gep-isfg.org) was carried out as a
quality control.

The RFLP motif-7025 AluI was also analyzed in the
samples to determine those that showed haplogroup H. In
non-H samples, every control region sequence was
assigned to a haplogroup by using the sequence motifs
indicated by Richards et al. [54] in supplementary data.
Each haplogroup was associated with a specific set of
substitutions involving some of the 117 nucleotide sites
considered polymorphic in our analysis. In the cases in
which a sequence contained mutations characteristic of two

different haplogroups, a parsimony criterion to assign each
case to the most probable haplogroup was followed. With
both methodological approaches, a total of 93.5% of the
sequences could be unambiguously assigned to one
haplogroup.

Statistical analysis

The genetic diversity of each population was estimated in two
different ways: (1) the mean pairwise differences performed
by the ARLEQUIN package [59] and (2) employing the
algorithm h=n(1−∑χ2)/(n−1) [61] where n is the sample size
and χ is the frequency of each mtDNA haplotype. The
probability of genetic identity was calculated using the
formula p=∑χ2. Pairwise genetic distance matrices between
populations and neighbor-joining trees were obtained by
using the phylogeny inference package (PHYLIP) [20].

Y-chromosome STRs data from the literature were used
to build a neighbor-joining tree based on Reynolds’s
distance [51] by applying the PHYLIP package.

Point mutation heteroplasmy was designated according to recommendations of International Union of Pure and Applied Chemistry
Heteroplasmic positions were indicated in bold
The position of the insertions found has been indicated with a number followed by a dot and a number
Ash Ashkenazi, Irq Iraqui, Irn Iranian, Lib Libyan, Mor Moroccan, Tun Tunisian and Tuk Turkey and Hg=haplogroup
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Results and discussion

The region between positions 16045 and 16366 in HVRI
and the region between positions 69 and 374 in HVRII
were sequenced in 107 Jewish individuals from four
different origins (Ashkenazi, Oriental, North African, and
Sephardic) (Tables 1 and 2). Table 3 shows that for the
HVRI region, 79 variable sites were detected and 74
different sequences (or haplotypes) were observed. For the
HVRII region, 38 variable sites and 65 different haplotypes
were observed in the 107 individuals studied. A total of 88

different sequences (or haplotypes) were identified from
both regions I and II, defined by 117 variable positions. In
total, 73 (68.2%) unique haplotypes were observed; 13 of
which were detected in Ashkenazi, 16 in Oriental, 22 in
North African, and 22 in Sephardic. In the literature, the
majority of the mtDNA sequences are reported to be
present only once within each population group, although
this can change depending on the sequence and the
population studied, ranging from a low frequency of
unique haplotypes (60%) in the Asian American sequences
to a high frequency (85%) in the French sequences [14]. In
European populations, the frequency of unique haplotypes
is usually about 80% [14, 18, 38, 50, 66, 68]. Thus, in the
Jewish population studied, there was a low incidence of
unique haplotypes. In relation to shared haplotypes, 15
haplotypes were shared by two or more individuals, 13
within the same population, and 2 from two populations
(Table 4). The most frequent haplotype in Caucasian
populations is the sequence defined by the transition of an
adenine at position 263 to guanine and the insertion of a
cytosine between positions 311 and 315 (with frequencies
ranging between 3 and 5%) [14, 18, 66, 68]. In our study,
this sequence was found in only two individuals (1.9%).
Moreover, the haplotype 263G-309.1C-315.1C, which is
among the most frequent sequences in Caucasoids, was
only found in one Ashkenazi Jew. Also, it could be seen
that each of the different Jewish groups had different modal
haplotypes, which are not common in non-Jewish popula-
tions. Thomas et al. [62], studying HVRI, found a wide
range of different modal haplotypes in different Jewish
communities and pointed out that the non-CRS modal

Table 3 The number of different haplotypes, variable sites, number
of unique haplotypes, mean pairwise differences, gene diversity, and
probability of identity that were found for HVRI, HVRII, and both
regions taken together in 107 Jewish individuals

HVRI HVRII HVRI +
HVRII

Number of different
haplotypes

74 65 88

Number of variable
sites

79 38 117

Number of indels 1 4 5
Number of unique
haplotypes

58 48 73

Mean pair wise
differences

5.55 4.13 9.67

Gene diversity 0.988±0.004 0.981±0.005 0.996±0.002
Probability of genetic
identity

0.021 0.028 0.013

Table 4 Haplotypes observed (%) in the Jewish populations that were found in at least two individuals

Haplotypes Ashkenazi
(20)

Oriental
(23)

North
African (33)

Sephardic
(31)

16224 (C), 16234 (T), 16311 (C), 73 (G), 114 (T), 263 (G), 315.1 (C) 10.0 0 0 0
16224 (C), 16311 (C), 73 (G), 146 (C), 152 (C), 263 (G), 315.1 (C) 10.0 0 0 0
16223 (T), 16224 (C), 16234 (T), 16311 (C), 73 (G), 114 (T), 263 (G), 315.1 (C) 10.0 0 0 0
263 (G), 315.1 (C) 5.0 0 0 3.2
16284 (G), 16362 (C), 239 (C), 263 (G), 309.1 (C), 315.1 (C) 0 13.0 0 0
16126 (C), 16292 (T), 16294 (T), 16 296 (T), 73 (G), 152 (C), 263 (G), 309.1 (C), 315.1
(C)

0 8.7 0 0

16126 (C), 16292 (T), 16294 (T), 16 296 (T), 73 (G), 152 (C), 263 (G), 309.1 (C), 309.2
(C), 315.1 (C)

0 8.7 0 0

195 (C), 263 (G), 315.1 (C) 0 6.1
16126 (C), 16362 (C), 263 (G), 315.1 (C) 0 0 9.1 0
16129 (A), 16223 (T), 16311 (C), 73 (G), 150 (T), 199 (C), 204 (C), 250 (C), 263 (G),
315.1 (C)

0 0 6.1 0

16134 (T), 16189 (A), 16223 (T), 16278 (T), 16311 (C), 73 (G), 153 (G), 195 (C), 225
(A), 263 (G), 309.1 (C), 315.1 (C)

0 0 9.1 0

16356 (C), 73 (G), 195 (C), 263 (G), 315.1 (C) 0 0 3.0 3.2
16218 (T), 16328 (A), 16362 (C), 249d, 263 (G), 292C, 315.1 (C) 0 0 0 9.7
16086 (C), 263 (G), 315.1 (C) 0 0 0 6.5
16311 (C), 16362 (C), 239 (C), 263 (G), 309.1 (C), 315.1 (C) 0 0 0 6.5

Modal haplotypes in each group are underlined
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haplotypes in these populations are generally rare in the
non-Jewish populations.

Insertions and deletions relative to the CRS are usually
rather rare, except at sites nt 303-nt 309 and nt 311-nt 315
within a stretch of C’s. We detected insertions in three
positions: in position 16188 (+A) one sequence; at position
303–309 we identified 41 sequences with an insertion of a
single C residue, 12 sequences with an insertion of two C
residues, and two sequences with an insertion of three
residues; and finally, at position 311–315, six cytidine res-
idues, instead of the five in the Anderson reference
sequence, were observed in all the 107 individuals
analyzed. Moreover, we found three Sephardic individuals
with a deletion in position 249.

The presence of two or more mtDNA populations in a
single individual has shown a significant incidence in
several studies [4, 18, 31, 60]. Following the criteria
suggested to differentiate artifacts from true heteroplasmy,
i.e., replication of sequences, sequence analysis of the
opposite strand [45] and the proportions of the two peaks
(secondary peak of more than 40% peak height below the

primary peak) [31], we found four individuals with one
position of heteroplasmy at nucleotides 16093, 16134,
16169 (mixture of cytosine and thymine), and 235 (mixture
of adenine and guanine). Length heteroplasmy due to the
presence of several populations of mtDNA molecules
differing in the number of cytosines was described in HVRI
and HVRII, especially in the homopolymeric tracts of
cytosines between nt 16184–16193 and between nt 303–
315 where a T to C transition at nt 16189 and nt 310,
respectively, determines a polycytosine stretch [3, 39]. In
this study, the T to C transition at position 16189 was
observed in 11 subjects (10.3%) out of the 107 samples. Of
these, the transition in nt 16189 was coupled with an A to C
transversion at position 16183 in six sequences and with a
double A to C transversion at nt 16182 and 16183 in one
sequence, generating 11 and 12 cytosine stretches,
respectively. In the remaining four samples, the stretch
was ten cytosines long. Direct sequencing beyond these
tracts showed the characteristic unclear sequence by
overlap of different sequences derived from length
heteroplasmy [3].

From among the parameters important for statistical
evaluation of mtDNA typing in forensic casework, we
calculated the random match probability (0.013) and the
genetic diversity (0.996) (Table 3). These values were
similar to those found in other Caucasian populations
(i.e., [18, 60, 66, 68]).

In Tables 1 and 2 the corresponding haplogroup for
every sample was also indicated. The frequencies of the
haplogroups observed in all samples are summarized in
Table 5. The more predominant haplogroup in Sephardic,
Oriental, and North African samples was H with a
frequency that except for the Sephardic (58.1%), was in
the range reported for Near Eastern populations (∼25–
30%), which have lower H frequencies than European
populations (∼50%) [55]. In Ashkenazi, the most pre-
dominant was K with a high frequency (40%), which is
similar to the results found by Behar et al. [2]. This high
frequency of K among Ashkenazi Jews contrasts with its
much lower frequency (<6%) found in the other Jewish
groups studied and by other authors in both Near Eastern
and European non-Jews [54]. Behar et al. [2] pointed out
that within haplogroup K, based on HVRI sequences, there
are two subtypes that are almost entirely restricted to
Ashkenazi communities [16224–16234–16311 (7.6%) and
16223–16224–16234–16311 (10.6%)] whereas other
K-subtypes are geographically widespread. In our Jewish
samples, 11 individuals with haplotype K were found.
They belonged to the K-common subtype in six individuals
(three Ashkenazi, two North African, and one Sephardic)
and to the Ashkenazi-K subtypes in five Ashkenazi Jews
[16224–16234–16311 (15%) and 16223–16224–16234–
16311 (10%)]. The European contribution [64] encom-
passed most of the examined Ashkenazi and Sephardic
mtDNAs whereas the frequency of these haplogroups was
lower in North African and Oriental Jews. Oriental Jews
showed a high frequency (26%) of T and its subhaplo-
groups, which have a known origin in the Near East [53].
Other haplogroups also with known Near East origin, like

Table 5 mtDNA haplogroup distribution and diversity in Jewish
populations

Haplogroups Ashkenazi Oriental North
African

Sephardic

B – 1 (4.3) – –
U7 1 (5.0) – – –
H 2 (10.0) 6 (26.1) 8 (24.2) 18 (58.1)
HV1 1 (5.0) – 1 (3.0) –
(PreHV)1 1 (5.0) – 3 (9.1) –
I 2 (10.0) – 2 (6.1) –
JT – 2 (8.7) – –
J – 1 (4.3) – 2 (6.5)
J1 1 (5.0) – 2 (6.1) –
J1a – – – 1 (3.2)
J2 – 1 (4.3) 1 (3.0) 2 (6.5)
L3b – – 1 (3.0) –
R1 – – 6 (18.2) –
T – 1 (4.3) – 1 (3.2)
T2 – 1 (4.3) 2 (6.1) 1 (3.2)
T3 – 4 (17.4) – –
T4 1 (5.0) – – –
U
U1 – 1 (4.3) – –
U3 – 1 (4.3) 1 (3.0) –
U4 – – 1 (3.0) 1 (3.2)
K 8 (40.0) – 2 (6.1) 1 (3.2)
V – – 1 (3.0) 1 (3.2)
W 1 (5.0) – – –
X 1 (5.0) – 2 (6.1) 1 (3.2)
Others 1 (5.0) 4 (17.4) – 2 (6.5)
Total 20 (100) 23 (100) 33 (100) 31 (100)
Haplogroup diver-
sity

0.842 0.890 0.903 0.665

Number of individuals with the percentage in parentheses
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Pre-HV and U1 were found in five out of 107 individuals:
three North African and one Ashkenazi belong to Pre-HV
and one Oriental Jew was U1. The African contribution
represented by haplogroups U6 and L only found
sporadically in European populations was detected in one

North African individual that exhibited L3b. In the sample
from North African Jews, it is remarkable that the second
most common haplogroup (18.2%) was R1 because this is
an uncommon haplogroup in other populations.

To compare the results with other non-Jewish circum-
Mediterranean populations, only HVRI data were used due
to the larger availability of data on HVRI sequences in the
literature. Table 6 shows the parameters of sequence

Table 6 Parameters of sequence divergence in HVRI in different populations

Population N K A K/N (%) Gene diversity π Pi I

Ashkenazi Jews 20 13 30 65.00 0.953±0.028 0.017±0.009 5.500±2.761 0.095
Oriental Jews 23 16 34 69.57 0.949±0.031 0.018±0.010 5.897±2.922 0.092
North African Jews 33 24 37 72.73 0.968±0.019 0.017±0.009 5.388±2.665 0.061
Sephardic Jews 31 25 45 80.65 0.983±0.014 0.015±0.008 4.753±2.388 0.049
Galicia 92 53 56 57.61 0.929±0.023 0.009±0.005 3.110±1.629 0.081
Basques 45 27 32 60.00 0.948±0.021 0.009±0.005 3.236±1.700 0.073
Morocco 50 34 38 68.00 0.960±0.018 0.014±0.008 4.604±2.298 0.059
NE Spain 118 83 59 70.34 0.969±0.011 0.013±0.007 4.348±2.165 0.039
Valencia 42 39 50 92.86 0.995±0.006 0.011±0.006 4.555±2.284 0.029
Majorca 45 31 40 68.89 0.957±0.022 0.011±0.006 4.765±2.373 0.064
Minorca 46 35 40 76.09 0.987±0.007 0.011±0.006 4.802±2.388 0.034
Germany 199 132 89 66.33 0.974±0.007 0.012±0.007 4.067±2.037 0.031
Italy 83 62 62 74.69 0.971±0.013 0.012±0.006 4.786±2.362 0.041
Sicily 106 61 62 57.58 0.928±0.022 0.011±0.006 4.259±2.128 0.081
Turkey 45 40 55 88.89 0.994±0.007 0.016±0.008 5.333±2.622 0.028
M East 41 38 63 92.68 0.996±0.006 0.019±0.010 7.018±3.365 0.028

N Number of individuals, K number of different sequences found, A number of variable nucleotide positions, π nucleotide diversity, Pi mean
nucleotide pairwise differences, and I probability of genetic identity
Galicia [58], Basques [6], Morocco [10], Northeastern Spain [18], Valencia, Majorca and Minorca [48], Germany [38], Italy [60],
Sicily [16], Turkey [15], and Middle East [19]
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Fig. 1 mtDNA sequences neighbor-joining tree linking 16 European
and Mediterranean populations based on HVRI (Table 6). Genetic
distances are pairwise distances

Sephardic Jews Ashkenazi Jews
Oriental Jews

N. African Jews

Iraq
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Italy
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Valencia
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Germany

Fig. 2 Neighbor-joining tree based on Y-chromosome STRs (minimal
haplotype) using Reynold's distance. The numbers indicate the
bootstrap values (>50) in percentages. [Jewish populations (Picornell
et al. 49); Galicia and Basques (González-Neira et al. 26); Morocco
(Bosch et al. 9); Northeastern Spain (Gené et al. 22); Valencia,Majorca,
and Minorca (Jiménez et al. 32, 33); Germany (Hidding and Schmitt
29); Italy (Ricci et al. 52); Iraq (Brinkmann et al. 13)]
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divergence detected in each population in the present study
and in seven populations taken from the literature. The
mean pairwise differences in the Jewish populations were
in the range of 5.4–5.9 with the exception of Sephardic
Jews that had a lower value of 4.8. A clinal decrease of this
value with longitude was detected by Salas et al. [58] from
the Middle East (7.0) to the Basques and Galicians (3.1–
3.2), which is compatible with the hypothesis of an ancient
expansion from the Middle East to the Atlantic coast. The
studied Jewish populations followed the trend of this cline,
taking into account their Middle Eastern origin. The gene
diversity showed values between 0.95 and 0.98 in the same
range as the other circum-Mediterranean populations and
the random match probability, based on HVRI, was
between 4.9 and 9.5%.

Figure 1 shows a neighbor-joining tree linking European
and Mediterranean populations based on HVRI sequences.
It can be seen that most of the non-Jewish populations
occur in a central cluster with no internal structure as
reflected by the short interpopulation branches. Jewish
populations show a considerable distance between them
and, except for the Sephardim who are grouped with non-
Jewish populations, they are linked to the tree through
longer branches, reflecting their genetic differentiation.
These results agree with Thomas et al. [62] who indicated
that each of the different Jewish communities formed
independently around distinct groups of maternal founders
and that subsequent gene flow from the host populations
was limited on the female side.

Autosomal microsatellite data obtained from the same
population samples showed no significant differences
between all four populations studied or between them
and other circum-Mediterranean populations [47]. Y-chro-
mosome data based on the so-called minimal haplotype
[49] showed, as can be seen in Fig. 2, that all the Jewish
populations were grouped in the same cluster together with
the non-Jewish Near Eastern population and presented a
clear differentiation with respect to the other non-Jewish
populations. Therefore, sex-specific differences can be
observed in Jewish populations and this fact must be taken
into account for a suitable choice of databases to correctly
weigh the value of the evidence of a mtDNA and/or Y
profile match.

Acknowledgements This work was supported by grant PM97-
0041 from the Dirección General de Enseñanza Superior (Spain) and
by grants PRDIB-2002-GC3-15 and PRDT-2003-12099 from the
Direcció General de Recerca, Desenvolupament Tecnològic i
Innovació (Comunitat Autònoma de les Illes Balears). We thank
Dr. Lourdes Prieto for her helpful technical assistance.

References

1. Behar DM, Garrigan D, Kaplan ME, Mobasher Z, Rosengarten
D, Karafet TM, Quintana-Murci L, Ostrer H, Skorecki K,
Hammer MF (2004a) Contrasting patterns of Y chromosome
variation in Ashkenazi Jewish and host non-Jewish European
populations. Hum Genet 114(4):354–365

2. Behar DM, Hammer MF, Garrigan D, Villems R, Bonne-Tamir
B, Richards M, Gurwitz D, Rosengarten D, Kaplan M, Della
Pergola S, Quintana-Murci L, Skorecki K (2004b) MtDNA
evidence for a genetic bottleneck in the early history of the
Ashkenazi Jewish population. Eur J Hum Genet 12(5):355–364

3. Bendall KE, Sykes BC (1995) Length heteroplasmy in the first
hypervariable segment of the human mtDNA control region.
Am J Hum Genet 57:248–256

4. Bendall KE, Macaulay VA, Sykes BC (1997) Variable levels of
a heteroplasmic point mutation in individual hair roots. Am J
Hum Genet 61:1303–1308

5. Ben-Sasson H (1976) A history of the Jewish people. Harvard
Univ. Press, Cambridge

6. Bertranpetit J, Sala J, Calafell F, Underhill PA, Moral P, Comas
D (1995) Human mitochondrial DNA variation and the origin
of Basques. Ann Hum Genet 59:63–81

7. Bonné-Tamir BS, Ashbel S, Kenett R (1979) Genetic markers:
Benign and normal traits of Ashkenazi Jews. In: RM Goodman,
AG Motulsky (eds) Genetic diseases among Ashkenazi Jews.
Raven, New York, pp 59–76

8. Bonné-Tamir B, Zoossmann-Diskin A, Ticher A (1992) Genetic
diversity among Jews reexamined: preliminary analyses at the
DNA level. In: Bonné-Tamir B, Adam A (eds) Genetic diversity
among Jews: diseases and markers at the DNA level. Oxford
Univ. Press, Oxford, pp 80–94

9. BoschE,Calafell F, ComasD,Oefner PJ,Underhill PA,Bertranpetit
J (2001) High-resolution analysis of human Y-chromosome vari-
ation shows a sharp discontinuity and limited gene flow between
northwestern Africa and the Iberian Peninsula. Am J Hum Genet
68:1019–1029

10. Brakez Z, Bosch E, Izaabel H, Akhayat O, Comas D,
Bertranpetit J, Calafell F (2001) Human mitochondrial DNA
sequence variation in the Moroccan population of the Souss
area. Ann Hum Biol 28:295–307

11. Brandstätter A, Parsons TJ, Parson W (2003) Rapid screening of
mtDNA coding region SNPs for the identification of west
European Caucasian haplogroups. Int J Legal Med 117:291–298

12. Bright J (1981) A history of Israel, 3rd edn. Westminster,
Philadelphia

13. Brinkmann C, Forster P, Schürenkamp M, Horst J, Rolf B,
Brinkmann B (1999) Human Y-chromosomal STR haplotypes
in a Kurdish population sample. Int J Legal Med 112:181–183

14. Budowle B, Wilson MR, DiZinno JA, Stauffer C, Fasano MA,
Holland MM, Monson KL (1999) Mitochondrial DNA regions
HVI and HVII population data. Forensic Sci Int 103:23–35

15. Calafell F, Underhill P, Tolun A, Angelicheva D, Kalaydjieva L
(1996) From Asia to Europe: mitochondrial DNA sequence
variability in Bulgarians and Turks. Ann Hum Genet 60:35–49

16. Cali F, Le Roux MG, D’Anna R, Flugy A, De Leo G, Chiavetta
V, Ayala GF, Romano V (2001) MtDNA control region and
RFLP data for Sicily and France. Int J Legal Med 114:229–231

17. Cann RL, Stoneking M, Wilson AC (1987) Mitochondrial
DNA and human evolution. Nature 325:31–36

18. Crespillo M, Luque JA, Paredes M, Fernández R, Ramírez E,
Valverde JL (2000) Mitochondrial DNA sequences for 118
individuals from northeastern Spain. Int J LegalMed 114:130–152

19. DiRienzo A, Wilson AC (1991) Branching pattern in the
evolutionary tree for human mitochondrial DNA. Proc Natl
Acad Sci U S A 88:1597–1601

20. Felsenstein J (2001) PHYLIP (Phylogeny inference package),
ver. 3.6. Department of Genetics, University of Washington,
Seattle (distributed by the author)

21. Forster P, Cali F, Röhl A, Metspalu E, D’Anna R, Mirisola M,
De Leo G, Flugy A, Salerno A, Ayala G, Kouvatsi A, Villems R,
Romano V (2002) Continental and subcontinental distributions
of mtDNA control region types. Int J Legal Med 116:99–108

22. Gené M, Borrego N, Xifró A, Piqué E, Moreno P, Huguet E
(1999) Haplotype frequencies of eight Y-chromosome STR loci
in Barcelona (North-east Spain). Int J Legal Med 112:403–405

23. Giles RE, Blanc H, Cann HM, Wallace DC (1980) Maternal
inheritance of human mitochondrial DNA. Proc Natl Acad Sci
U S A 77:6715–6719

279



24. Gill P, Ivanov PL, Kimpton C, Piercy R, Benson N, Tully G,
Evett I, Hagelberg E, Sullivan K (1994) Identification of the
remains of the Romanov family by DNA analysis. Nat Genet
6:130–135

25. Ginther C, Issel-Tarver L, King MC (1992) Identifying
individuals by sequencing mitochondrial DNA from teeth.
Nat Genet 6:130–135

26. González-Neira A, Gusmao L, Brión M, Lareu MV, Amorim A,
Carracedo A (2000) Distribution of Y-chromosome STR
defined haplotypes in Iberia. Forensic Sci Int 110:117–126

27. Goodman RM (1979) A perspective on genetic diseases among
the Jewish people. In: Goodman RM, Motulsky AG (eds)
Genetic diseases among Ashkenazi Jews. Raven, New York,
pp 1–17

28. Hammer MF, Redd AJ, Wood ET, Bonner MR, Jarjanazi H,
Karafet T, Santachiara-Benerecetti S, Oppenheim A, Jobling
MA, Jenkins T, Ostrer H, Bonné-Tamir B (2000) Jewish and
middle eastern non-Jewish populations share a common pool of
Y-chromosome biallelic haplotypes. Proc Natl Acad Sci U S A
97:6769–6774

29. Hidding M, Schmitt C (2000) Haplotype frequencies and
population data of nine Y-chromosomal STR polymorphisms in
a German and a Chinese population. Forensic Sci Int 113:47–53

30. HuYQ, FungWK (2003) Evaluating forensic DNAmixtures with
contributors of different structured ethnic origins: a computer
software. Int J Legal Med 117:248–249

31. Hühne J, Pfeiffer H, Brinkmann B (1998) Heteroplasmic
substitution in the mitochondrial DNA control region in mother
and child samples. Int J Legal Med 112:27–30

32. Jiménez G, Picornell A, Tomàs C, Castro JA, Ramon MM
(2001) Y-chromosome polymorphism data in Majorcan,
Minorcan and Valencian populations (Eastern Spain). Forensic
Sci Int 124:231–234

33. Jiménez G, Picornell A, Castro JA, Ramon MM (2003) Allele
frequencies of Y-chromosome STR loci DYS385 andDYS392 in
three Eastern Spanish populations. J Forensic Sci 48(4):898–900

34. Karlin S, Kenett R, Bonné-Tamir B (1979) Analysis of
biochemical genetic data on Jewish populations. II. Results
and interpretations of heterogeneity indices and distance
measures with respect to standards. Am J Hum Genet
31:341–365

35. Kobyliansky E, Micle S, Goldschmidt-Nathan M, Arensburg B,
Nathan H (1982) Jewish populations of the world: genetic
likeness and differences. Ann Hum Biol 9:1–34

36. Krings M, Stone A, Schmitz RW, Krainitzki H, Stoneking M,
Pääbo S (1997) Neanderthal DNA sequences and the origin of
modern humans. Cell 90:19–30

37. Livshits G, Sokal RR, Kobyliansky E (1991) Genetic affinities
of Jewish populations. Am J Hum Genet 49:131–146

38. Lutz S, Weisser HJ, Heizmann J, Pollak S (1998) Location and
frequency of polymorphic positions in the mtDNA control
region of individuals from Germany. Int J Legal Med 111:67–77

39. Marchington DR, Hartshorne GM, Barlow D, Poulton J (1997)
Homopolymeric tract heteroplasmy in mtDNA from tissues and
single oocytes: support for a genetic bottleneck. Am J Hum
Genet 60:408–416

40. Morton NE, Yee S, Lew R (1982) Bioassay of kinship in
populations of Middle Eastern origin and controls. Curr
Anthropol 23:157–167

41. Mourant AE, Kopec AC, Domaniewska-Sobczak K (1978) The
genetics of the Jews. Clarendon, Oxford

42. Nebel A, Filon D, Brinkmann B, Majumder PP, Faerman M,
Oppenheim A (2001) The Y chromosome pool of Jews as part
of the genetic landscape of the Middle East. Am J Hum Genet
69:1095–1112

43. Olze A, Schmeling A, Taniguchi M, Maeda H, van Niekerk P,
Wernecke KD, Geserick G (2004) Forensic age estimation in
living subjects: the ethnic factor in wisdom tooth mineralization.
Int J Legal Med 118:170–173

44. Pääbo S, Gifford JA, Wilson AC (1998) Mitochondrial DNA
sequences from a 7000-year-old brain. Nucleic Acids Res
16:9775–9778

45. Parsons TJ, Muniec DS, Sullivan K, Woodyatt N, Alliston-
Greiner R, Wilson MR, Berry DL, Holland KA, Weedn VW,
Gill P, Holland MM (1997) A high observed substitution rate in
the human mitochondrial DNA control region. Nat Genet
15:363–368

46. Patai R, Patai-Wing J (1975) The myth of the Jewish race.
Charles Scribner’s Sons, New York

47. Picornell A, Tomàs C, Jiménez G, Castro JA, Ramon MM
(2002) Jewish population genetic data in 20 polymorphic loci.
Forensic Sci Int 125:52–58

48. Picornell A, Gómez-Barbeito L, Tomàs C, Castro JA, Ramon
MM (2005) Mitochondrial DNA HVRI variation in Balearic
populations. Am J Phys Anthropol 128:119–130

49. Picornell A, Jiménez G, Castro JA, Ramon MM (2004)
Minimal Y-chromosome haplotypes plus DYS287 in Jewish
populations. J Forensic Sci 49(2):410–412

50. Poetsch M, Wittig H, Krause D, Lignitz E (2004) Corrigendum
to “Mitochondrial diversity of a northeast German population
sample”. Forensic Sci Int 145(1):73–77

51. Reynolds J, Weir BS, Cockerham CC (1983) Estimation of the
coancestry coefficient: basis for a short term genetic distance.
Genetics 105:767–779

52. Ricci U, Sani I, Giovannucci-Uzielli ML (2001) Y-chromo-
somal STR haplotype in Toscany (central Italy). Forensic Sci
Int 120:210–212

53. Richards MB, Macaulay VA, Bandelt HJ, Sykes BC (1998)
Phylogeography of mitochondrial DNA in western Europe.
Ann Hum Genet 62:241–260

54. Richards M, Macaulay V, Hickey E, Vega E, Sykes B, Guida V
et al (2000) Tracing European founder lineages in the Near
eastern mtDNA pool. Am J Hum Genet 67:1251–1276

55. Richards M, Macaulay V, Torroni A, Bandelt HJ (2002) In
search of geographic patterns in European mitochondrial DNA.
Am J Hum Genet 71:1168–1174

56. Ritte U, Neufeld E, Broit M, Shavit D, Motro U (1993a) The
differences among Jewish communities-maternal and paternal
contributions. J Mol Evol 37:435–440

57. Ritte U, Neufeld E, Prager EM, Gross M, Hakim I, Khatib A,
Bonné-Tamir B (1993b) Mitochondrial DNA affinities of
several Jewish communities. Hum Biol 65(3):359–385

58. Salas A, Comas D, Lareu MV, Bertranpetit J, Carracedo A
(1998) mtDNA analysis of the Galician population: a genetic
edge of European variation. Eur J Hum Genet 6:365–375

59. Schneider S, Roessli D, Excoffier L (2000) ARLEQUIN, ver.
2000. A software for population genetics data analysis.
Genetics and Biometry Laboratory. University of Geneva,
Switzerland

60. Tagliabracci A, Turchi C, Buscemi L, Sassaroli C (2001)
Polymorphism of the mitochondrial DNA control region in
Italians. Int J Legal Med 114:224–228

61. Tajima F (1989) Statistical method for testing the neutral
mutation hypothesis by DNA polymorphism. Genetics
123:585–595

62. Thomas MG, Weale ME, Jones AL, Richards M, Smith A,
Redhead N, Torroni A, Scozzari R, Gratrix F, Tarekegn A,
Wilson JF, Capelli C, Bradman N, Goldstein DB (2002)
Founding mothers of Jewish communities: geographically
separated Jewish groups were independently founded by very
few female ancestors. Am J Hum Genet 70:1411–1420

63. Tikochinski Y, Ritte U, Gross SR, Prager EM, Wilson AC
(1991) mtDNA polymorphism in two communities of Jews.
Am J Hum Genet 48:129–136

64. Torroni A, Huoponen K, Francalacci P, Petrozzi M, Morelli L,
Scozzari R, Obinu D, Savontaus ML, Wallace DC (1996)
Classification of European mtDNAs from an analysis of three
European populations. Genetics 144:1835–1850

280



65. Torroni A, Bandelt HJ, D’Urbano L, Lahermo P, Moral P,
Sellitto D, Rengo C, Forster P, Savontaus ML, Bonne-Tamir B,
Scozzari R (1998) MtDNA analysis reveals a major late
Palaeolithic population expansion from southwestern to north-
eastern Europe. Am J Hum Genet 62:1137–1152

66. Vanecek T, Vorel F, Sip M (2004) Mitochondrial DNA D-loop
hypervariable regions: Czech population data. Int J Legal Med
118(1):14–18

67. Varesi L, Menni M, Cristofari MC, Mameli GE, Calo CM, Vona
G (2000) Mitochondrial control-region sequence variation in the
Corsican population, France. Am J Human Biol 12:339–351

68. Zupanič Pajnič I, Balazic J, Komel R (2004) Sequence
polymorphism of the mitochondrial DNA control region in
the Slovenian population. Int J Legal Med 118(1):1–4

281


	Mitochondrial DNA sequence variation in Jewish populations
	Abstract
	Introduction
	Materials and methods
	Population
	mtDNA amplification and sequencing
	Statistical analysis

	Results and discussion
	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AardvarkPSMT
    /AceBinghamSH
    /AddisonLibbySH
    /AGaramond-Italic
    /AGaramond-Regular
    /AkbarPlain
    /Albertus-Bold
    /AlbertusExtraBold-Regular
    /AlbertusMedium-Italic
    /AlbertusMedium-Regular
    /AlfonsoWhiteheadSH
    /Algerian
    /AllegroBT-Regular
    /AmarilloUSAF
    /AmazoneBT-Regular
    /AmeliaBT-Regular
    /AmerigoBT-BoldA
    /AmerTypewriterITCbyBT-Medium
    /AndaleMono
    /AndyMacarthurSH
    /Animals
    /AnneBoleynSH
    /Annifont
    /AntiqueOlive-Bold
    /AntiqueOliveCompact-Regular
    /AntiqueOlive-Italic
    /AntiqueOlive-Regular
    /AntonioMountbattenSH
    /ArabiaPSMT
    /AradLevelVI
    /ArchitecturePlain
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMTBlack-Regular
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeLight
    /ArialUnicodeLight-Bold
    /ArialUnicodeLight-BoldItalic
    /ArialUnicodeLight-Italic
    /ArrowsAPlentySH
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /Asiana
    /AssadSadatSH
    /AvalonPSMT
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /AvantGardeITCbyBT-Demi
    /AvantGardeITCbyBT-DemiOblique
    /AvantGardeITCbyBT-Medium
    /AvantGardeITCbyBT-MediumOblique
    /BankGothicBT-Light
    /BankGothicBT-Medium
    /Baskerville-Bold
    /Baskerville-Normal
    /Baskerville-Normal-Italic
    /BaskOldFace
    /Bauhaus93
    /Bavand
    /BazookaRegular
    /BeauTerrySH
    /BECROSS
    /BedrockPlain
    /BeeskneesITC
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BenguiatITCbyBT-Bold
    /BenguiatITCbyBT-BoldItalic
    /BenguiatITCbyBT-Book
    /BenguiatITCbyBT-BookItalic
    /BennieGoetheSH
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardBoldCondensedBT-Regular
    /BernhardFashionBT-Regular
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /Bethel
    /BibiGodivaSH
    /BibiNehruSH
    /BKenwood-Regular
    /BlackadderITC-Regular
    /BlondieBurtonSH
    /BodoniBlack-Regular
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /BodoniBT-Bold
    /BodoniBT-BoldItalic
    /BodoniBT-Italic
    /BodoniBT-Roman
    /Bodoni-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Regular
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolFive
    /BookshelfSymbolFour
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /BookwomanDemiItalicSH
    /BookwomanDemiSH
    /BookwomanExptLightSH
    /BookwomanLightItalicSH
    /BookwomanLightSH
    /BookwomanMonoLightSH
    /BookwomanSwashDemiSH
    /BookwomanSwashLightSH
    /BoulderRegular
    /BradleyHandITC
    /Braggadocio
    /BrailleSH
    /BRectangular
    /BremenBT-Bold
    /BritannicBold
    /Broadview
    /Broadway
    /BroadwayBT-Regular
    /BRubber
    /Brush445BT-Regular
    /BrushScriptMT
    /BSorbonna
    /BStranger
    /BTriumph
    /BuckyMerlinSH
    /BusoramaITCbyBT-Medium
    /Caesar
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-Italic
    /CalligrapherRegular
    /CameronStendahlSH
    /Candy
    /CandyCaneUnregistered
    /CankerSore
    /CarlTellerSH
    /CarrieCattSH
    /CaslonOpenfaceBT-Regular
    /CassTaylorSH
    /CDOT
    /Centaur
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturyOldStyle-BoldItalic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Cezanne
    /CGOmega-Bold
    /CGOmega-BoldItalic
    /CGOmega-Italic
    /CGOmega-Regular
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /Charting
    /ChartreuseParsonsSH
    /ChaseCallasSH
    /ChasThirdSH
    /ChaucerRegular
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /ChildBonaparteSH
    /Chiller-Regular
    /ChuckWarrenChiselSH
    /ChuckWarrenDesignSH
    /CityBlueprint
    /Clarendon-Bold
    /Clarendon-Book
    /ClarendonCondensedBold
    /ClarendonCondensed-Bold
    /ClarendonExtended-Bold
    /ClassicalGaramondBT-Bold
    /ClassicalGaramondBT-BoldItalic
    /ClassicalGaramondBT-Italic
    /ClassicalGaramondBT-Roman
    /ClaudeCaesarSH
    /CLI
    /Clocks
    /ClosetoMe
    /CluKennedySH
    /CMBX10
    /CMBX5
    /CMBX7
    /CMEX10
    /CMMI10
    /CMMI5
    /CMMI7
    /CMMIB10
    /CMR10
    /CMR5
    /CMR7
    /CMSL10
    /CMSY10
    /CMSY5
    /CMSY7
    /CMTI10
    /CMTT10
    /CoffeeCamusInitialsSH
    /ColetteColeridgeSH
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CommercialPiBT-Regular
    /CommercialScriptBT-Regular
    /Complex
    /CooperBlack
    /CooperBT-BlackHeadline
    /CooperBT-BlackItalic
    /CooperBT-Bold
    /CooperBT-BoldItalic
    /CooperBT-Medium
    /CooperBT-MediumItalic
    /CooperPlanck2LightSH
    /CooperPlanck4SH
    /CooperPlanck6BoldSH
    /CopperplateGothicBT-Bold
    /CopperplateGothicBT-Roman
    /CopperplateGothicBT-RomanCond
    /CopticLS
    /Cornerstone
    /Coronet
    /CoronetItalic
    /Cotillion
    /CountryBlueprint
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CSSubscript
    /CSSubscriptBold
    /CSSubscriptItalic
    /CSSuperscript
    /CSSuperscriptBold
    /Cuckoo
    /CurlzMT
    /CybilListzSH
    /CzarBold
    /CzarBoldItalic
    /CzarItalic
    /CzarNormal
    /DauphinPlain
    /DawnCastleBold
    /DawnCastlePlain
    /Dekker
    /DellaRobbiaBT-Bold
    /DellaRobbiaBT-Roman
    /Denmark
    /Desdemona
    /Diploma
    /DizzyDomingoSH
    /DizzyFeiningerSH
    /DocTermanBoldSH
    /DodgenburnA
    /DodoCasalsSH
    /DodoDiogenesSH
    /DomCasualBT-Regular
    /Durian-Republik
    /Dutch801BT-Bold
    /Dutch801BT-BoldItalic
    /Dutch801BT-ExtraBold
    /Dutch801BT-Italic
    /Dutch801BT-Roman
    /EBT's-cmbx10
    /EBT's-cmex10
    /EBT's-cmmi10
    /EBT's-cmmi5
    /EBT's-cmmi7
    /EBT's-cmr10
    /EBT's-cmr5
    /EBT's-cmr7
    /EBT's-cmsy10
    /EBT's-cmsy5
    /EBT's-cmsy7
    /EdithDaySH
    /Elephant-Italic
    /Elephant-Regular
    /EmGravesSH
    /EngelEinsteinSH
    /English111VivaceBT-Regular
    /English157BT-Regular
    /EngraversGothicBT-Regular
    /EngraversOldEnglishBT-Bold
    /EngraversOldEnglishBT-Regular
    /EngraversRomanBT-Bold
    /EngraversRomanBT-Regular
    /EnviroD
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErasITC-Ultra
    /ErnestBlochSH
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EuroRoman
    /EuroRomanOblique
    /ExxPresleySH
    /FencesPlain
    /Fences-Regular
    /FifthAvenue
    /FigurineCrrCB
    /FigurineCrrCBBold
    /FigurineCrrCBBoldItalic
    /FigurineCrrCBItalic
    /FigurineTmsCB
    /FigurineTmsCBBold
    /FigurineTmsCBBoldItalic
    /FigurineTmsCBItalic
    /FillmoreRegular
    /Fitzgerald
    /Flareserif821BT-Roman
    /FleurFordSH
    /Fontdinerdotcom
    /FontdinerdotcomSparkly
    /FootlightMTLight
    /ForefrontBookObliqueSH
    /ForefrontBookSH
    /ForefrontDemiObliqueSH
    /ForefrontDemiSH
    /Fortress
    /FractionsAPlentySH
    /FrakturPlain
    /Franciscan
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /FranklinUnic
    /FredFlahertySH
    /Freehand575BT-RegularB
    /Freehand591BT-RegularA
    /FreestyleScript-Regular
    /Frutiger-Roman
    /FTPMultinational
    /FTPMultinational-Bold
    /FujiyamaPSMT
    /FuturaBlackBT-Regular
    /FuturaBT-Bold
    /FuturaBT-BoldCondensed
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-ExtraBlack
    /FuturaBT-ExtraBlackCondensed
    /FuturaBT-ExtraBlackCondItalic
    /FuturaBT-ExtraBlackItalic
    /FuturaBT-Light
    /FuturaBT-LightItalic
    /FuturaBT-Medium
    /FuturaBT-MediumCondensed
    /FuturaBT-MediumItalic
    /GabbyGauguinSH
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Antiqua
    /Garamond-Bold
    /Garamond-Halbfett
    /Garamond-Italic
    /Garamond-Kursiv
    /Garamond-KursivHalbfett
    /Garcia
    /GarryMondrian3LightItalicSH
    /GarryMondrian3LightSH
    /GarryMondrian4BookItalicSH
    /GarryMondrian4BookSH
    /GarryMondrian5SBldItalicSH
    /GarryMondrian5SBldSH
    /GarryMondrian6BoldItalicSH
    /GarryMondrian6BoldSH
    /GarryMondrian7ExtraBoldSH
    /GarryMondrian8UltraSH
    /GarryMondrianCond3LightSH
    /GarryMondrianCond4BookSH
    /GarryMondrianCond5SBldSH
    /GarryMondrianCond6BoldSH
    /GarryMondrianCond7ExtraBoldSH
    /GarryMondrianCond8UltraSH
    /GarryMondrianExpt3LightSH
    /GarryMondrianExpt4BookSH
    /GarryMondrianExpt5SBldSH
    /GarryMondrianExpt6BoldSH
    /GarryMondrianSwashSH
    /Gaslight
    /GatineauPSMT
    /Gautami
    /GDT
    /Geometric231BT-BoldC
    /Geometric231BT-LightC
    /Geometric231BT-RomanC
    /GeometricSlab703BT-Bold
    /GeometricSlab703BT-BoldCond
    /GeometricSlab703BT-BoldItalic
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /GeometricSlab703BT-Medium
    /GeometricSlab703BT-MediumCond
    /GeometricSlab703BT-MediumItalic
    /GeometricSlab703BT-XtraBold
    /GeorgeMelvilleSH
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Gigi-Regular
    /GillSansBC
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSansCondensed-Bold
    /GillSansCondensed-Regular
    /GillSansExtraBold-Regular
    /GillSans-Italic
    /GillSansLight-Italic
    /GillSansLight-Regular
    /GillSans-Regular
    /GoldMinePlain
    /Gonzo
    /GothicE
    /GothicG
    /GothicI
    /GoudyHandtooledBT-Regular
    /GoudyOldStyle-Bold
    /GoudyOldStyle-BoldItalic
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleExtrabold-Regular
    /GoudyOldStyle-Italic
    /GoudyOldStyle-Regular
    /GoudySansITCbyBT-Bold
    /GoudySansITCbyBT-BoldItalic
    /GoudySansITCbyBT-Medium
    /GoudySansITCbyBT-MediumItalic
    /GraceAdonisSH
    /Graeca
    /Graeca-Bold
    /Graeca-BoldItalic
    /Graeca-Italic
    /Graphos-Bold
    /Graphos-BoldItalic
    /Graphos-Italic
    /Graphos-Regular
    /GreekC
    /GreekS
    /GreekSans
    /GreekSans-Bold
    /GreekSans-BoldOblique
    /GreekSans-Oblique
    /Griffin
    /GrungeUpdate
    /Haettenschweiler
    /HankKhrushchevSH
    /HarlowSolid
    /HarpoonPlain
    /Harrington
    /HeatherRegular
    /Hebraica
    /HeleneHissBlackSH
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HenryPatrickSH
    /Herald
    /HighTowerText-Italic
    /HighTowerText-Reg
    /HogBold-HMK
    /HogBook-HMK
    /HomePlanning
    /HomePlanning2
    /HomewardBoundPSMT
    /Humanist521BT-Bold
    /Humanist521BT-BoldCondensed
    /Humanist521BT-BoldItalic
    /Humanist521BT-Italic
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-Roman
    /Humanist521BT-RomanCondensed
    /IBMPCDOS
    /IceAgeD
    /Impact
    /Incised901BT-Bold
    /Incised901BT-Light
    /Incised901BT-Roman
    /Industrial736BT-Italic
    /Informal011BT-Roman
    /InformalRoman-Regular
    /Intrepid
    /IntrepidBold
    /IntrepidOblique
    /Invitation
    /IPAExtras
    /IPAExtras-Bold
    /IPAHighLow
    /IPAHighLow-Bold
    /IPAKiel
    /IPAKiel-Bold
    /IPAKielSeven
    /IPAKielSeven-Bold
    /IPAsans
    /ISOCP
    /ISOCP2
    /ISOCP3
    /ISOCT
    /ISOCT2
    /ISOCT3
    /Italic
    /ItalicC
    /ItalicT
    /JesterRegular
    /Jokerman-Regular
    /JotMedium-HMK
    /JuiceITC-Regular
    /JupiterPSMT
    /KabelITCbyBT-Book
    /KabelITCbyBT-Ultra
    /KarlaJohnson5CursiveSH
    /KarlaJohnson5RegularSH
    /KarlaJohnson6BoldCursiveSH
    /KarlaJohnson6BoldSH
    /KarlaJohnson7ExtraBoldCursiveSH
    /KarlaJohnson7ExtraBoldSH
    /KarlKhayyamSH
    /Karnack
    /Kartika
    /Kashmir
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KeplerStd-Black
    /KeplerStd-BlackIt
    /KeplerStd-Bold
    /KeplerStd-BoldIt
    /KeplerStd-Italic
    /KeplerStd-Light
    /KeplerStd-LightIt
    /KeplerStd-Medium
    /KeplerStd-MediumIt
    /KeplerStd-Regular
    /KeplerStd-Semibold
    /KeplerStd-SemiboldIt
    /KeystrokeNormal
    /Kidnap
    /KidsPlain
    /Kindergarten
    /KinoMT
    /KissMeKissMeKissMe
    /KoalaPSMT
    /KorinnaITCbyBT-Bold
    /KorinnaITCbyBT-KursivBold
    /KorinnaITCbyBT-KursivRegular
    /KorinnaITCbyBT-Regular
    /KristenITC-Regular
    /Kristin
    /KunstlerScript
    /KyotoSong
    /LainieDaySH
    /LandscapePlanning
    /Lapidary333BT-Bold
    /Lapidary333BT-BoldItalic
    /Lapidary333BT-Italic
    /Lapidary333BT-Roman
    /Latha
    /LatinoPal3LightItalicSH
    /LatinoPal3LightSH
    /LatinoPal4ItalicSH
    /LatinoPal4RomanSH
    /LatinoPal5DemiItalicSH
    /LatinoPal5DemiSH
    /LatinoPal6BoldItalicSH
    /LatinoPal6BoldSH
    /LatinoPal7ExtraBoldSH
    /LatinoPal8BlackSH
    /LatinoPalCond4RomanSH
    /LatinoPalCond5DemiSH
    /LatinoPalCond6BoldSH
    /LatinoPalExptRomanSH
    /LatinoPalSwashSH
    /LatinWidD
    /LatinWide
    /LeeToscanini3LightSH
    /LeeToscanini5RegularSH
    /LeeToscanini7BoldSH
    /LeeToscanini9BlackSH
    /LeeToscaniniInlineSH
    /LetterGothic12PitchBT-Bold
    /LetterGothic12PitchBT-BoldItal
    /LetterGothic12PitchBT-Italic
    /LetterGothic12PitchBT-Roman
    /LetterGothic-Bold
    /LetterGothic-BoldItalic
    /LetterGothic-Italic
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Regular
    /LibrarianRegular
    /LinusPSMT
    /Lithograph-Bold
    /LithographLight
    /LongIsland
    /LubalinGraphMdITCTT
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSansUnicode
    /LydianCursiveBT-Regular
    /Magneto-Bold
    /Mangal-Regular
    /Map-Symbols
    /MarcusHobbesSH
    /Mariah
    /Marigold
    /MaritaMedium-HMK
    /MaritaScript-HMK
    /Market
    /MartinMaxxieSH
    /MathTypeMed
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /MaudeMeadSH
    /MemorandumPSMT
    /Metro
    /Metrostyle-Bold
    /MetrostyleExtended-Bold
    /MetrostyleExtended-Regular
    /Metrostyle-Regular
    /MicrogrammaD-BoldExte
    /MicrosoftSansSerif
    /MikePicassoSH
    /MiniPicsLilEdibles
    /MiniPicsLilFolks
    /MiniPicsLilStuff
    /MischstabPopanz
    /MisterEarlBT-Regular
    /Mistral
    /ModerneDemi
    /ModerneDemiOblique
    /ModerneOblique
    /ModerneRegular
    /Modern-Regular
    /MonaLisaRecutITC-Normal
    /Monospace821BT-Bold
    /Monospace821BT-BoldItalic
    /Monospace821BT-Italic
    /Monospace821BT-Roman
    /Monotxt
    /MonotypeCorsiva
    /MonotypeSorts
    /MorrisonMedium
    /MorseCode
    /MotorPSMT
    /MSAM10
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MSReference1
    /MSReference2
    /MTEX
    /MTEXB
    /MTEXH
    /MT-Extra
    /MTGU
    /MTGUB
    /MTLS
    /MTLSB
    /MTMI
    /MTMIB
    /MTMIH
    /MTMS
    /MTMSB
    /MTMUB
    /MTMUH
    /MTSY
    /MTSYB
    /MTSYH
    /MT-Symbol
    /MTSYN
    /Music
    /MVBoli
    /MysticalPSMT
    /NagHammadiLS
    /NealCurieRuledSH
    /NealCurieSH
    /NebraskaPSMT
    /Neuropol-Medium
    /NevisonCasD
    /NewMilleniumSchlbkBoldItalicSH
    /NewMilleniumSchlbkBoldSH
    /NewMilleniumSchlbkExptSH
    /NewMilleniumSchlbkItalicSH
    /NewMilleniumSchlbkRomanSH
    /News702BT-Bold
    /News702BT-Italic
    /News702BT-Roman
    /Newton
    /NewZuricaBold
    /NewZuricaItalic
    /NewZuricaRegular
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NigelSadeSH
    /Nirvana
    /NuptialBT-Regular
    /OCRAbyBT-Regular
    /OfficePlanning
    /OldCentury
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OpenSymbol
    /OttawaPSMT
    /OttoMasonSH
    /OzHandicraftBT-Roman
    /OzzieBlack-Italic
    /OzzieBlack-Regular
    /PalatiaBold
    /PalatiaItalic
    /PalatiaRegular
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /PalmSpringsPSMT
    /Pamela
    /PanRoman
    /ParadisePSMT
    /ParagonPSMT
    /ParamountBold
    /ParamountItalic
    /ParamountRegular
    /Parchment-Regular
    /ParisianBT-Regular
    /ParkAvenueBT-Regular
    /Patrick
    /Patriot
    /PaulPutnamSH
    /PcEncodingLowerSH
    /PcEncodingSH
    /Pegasus
    /PenguinLightPSMT
    /PennSilvaSH
    /Percival
    /PerfectRegular
    /Pfn2BlackItalic
    /Phantom
    /PhilSimmonsSH
    /Pickwick
    /PipelinePlain
    /Playbill
    /PoorRichard-Regular
    /Poster
    /PosterBodoniBT-Italic
    /PosterBodoniBT-Roman
    /Pristina-Regular
    /Proxy1
    /Proxy2
    /Proxy3
    /Proxy4
    /Proxy5
    /Proxy6
    /Proxy7
    /Proxy8
    /Proxy9
    /Prx1
    /Prx2
    /Prx3
    /Prx4
    /Prx5
    /Prx6
    /Prx7
    /Prx8
    /Prx9
    /Pythagoras
    /Raavi
    /Ranegund
    /Ravie
    /Ribbon131BT-Bold
    /RMTMI
    /RMTMIB
    /RMTMIH
    /RMTMUB
    /RMTMUH
    /RobWebsterExtraBoldSH
    /Rockwell
    /Rockwell-Bold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /RomanC
    /RomanD
    /RomanS
    /RomanT
    /Romantic
    /RomanticBold
    /RomanticItalic
    /Sahara
    /SalTintorettoSH
    /SamBarberInitialsSH
    /SamPlimsollSH
    /SansSerif
    /SansSerifBold
    /SansSerifBoldOblique
    /SansSerifOblique
    /Sceptre
    /ScribbleRegular
    /ScriptC
    /ScriptHebrew
    /ScriptS
    /Semaphore
    /SerifaBT-Black
    /SerifaBT-Bold
    /SerifaBT-Italic
    /SerifaBT-Roman
    /SerifaBT-Thin
    /Sfn2Bold
    /Sfn3Italic
    /ShelleyAllegroBT-Regular
    /ShelleyVolanteBT-Regular
    /ShellyMarisSH
    /SherwoodRegular
    /ShlomoAleichemSH
    /ShotgunBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SignatureRegular
    /Signboard
    /SignetRoundhandATT-Italic
    /SignetRoundhand-Italic
    /SignLanguage
    /Signs
    /Simplex
    /SissyRomeoSH
    /SlimStravinskySH
    /SnapITC-Regular
    /SnellBT-Bold
    /Socket
    /Sonate
    /SouvenirITCbyBT-Demi
    /SouvenirITCbyBT-DemiItalic
    /SouvenirITCbyBT-Light
    /SouvenirITCbyBT-LightItalic
    /SpruceByingtonSH
    /SPSFont1Medium
    /SPSFont2Medium
    /SPSFont3Medium
    /SpsFont4Medium
    /SPSFont4Medium
    /SPSFont5Normal
    /SPSScript
    /SRegular
    /Staccato222BT-Regular
    /StageCoachRegular
    /StandoutRegular
    /StarTrekNextBT-ExtraBold
    /StarTrekNextPiBT-Regular
    /SteamerRegular
    /Stencil
    /StencilBT-Regular
    /Stewardson
    /Stonehenge
    /StopD
    /Storybook
    /Strict
    /Strider-Regular
    /StuyvesantBT-Regular
    /StylusBT
    /StylusRegular
    /SubwayRegular
    /SueVermeer4LightItalicSH
    /SueVermeer4LightSH
    /SueVermeer5MedItalicSH
    /SueVermeer5MediumSH
    /SueVermeer6DemiItalicSH
    /SueVermeer6DemiSH
    /SueVermeer7BoldItalicSH
    /SueVermeer7BoldSH
    /SunYatsenSH
    /SuperFrench
    /SuzanneQuillSH
    /Swiss721-BlackObliqueSWA
    /Swiss721-BlackSWA
    /Swiss721BT-Black
    /Swiss721BT-BlackCondensed
    /Swiss721BT-BlackCondensedItalic
    /Swiss721BT-BlackExtended
    /Swiss721BT-BlackItalic
    /Swiss721BT-BlackOutline
    /Swiss721BT-Bold
    /Swiss721BT-BoldCondensed
    /Swiss721BT-BoldCondensedItalic
    /Swiss721BT-BoldCondensedOutline
    /Swiss721BT-BoldExtended
    /Swiss721BT-BoldItalic
    /Swiss721BT-BoldOutline
    /Swiss721BT-Italic
    /Swiss721BT-ItalicCondensed
    /Swiss721BT-Light
    /Swiss721BT-LightCondensed
    /Swiss721BT-LightCondensedItalic
    /Swiss721BT-LightExtended
    /Swiss721BT-LightItalic
    /Swiss721BT-Roman
    /Swiss721BT-RomanCondensed
    /Swiss721BT-RomanExtended
    /Swiss721BT-Thin
    /Swiss721-LightObliqueSWA
    /Swiss721-LightSWA
    /Swiss911BT-ExtraCompressed
    /Swiss921BT-RegularA
    /Syastro
    /Sylfaen
    /Symap
    /Symath
    /SymbolGreek
    /SymbolGreek-Bold
    /SymbolGreek-BoldItalic
    /SymbolGreek-Italic
    /SymbolGreekP
    /SymbolGreekP-Bold
    /SymbolGreekP-BoldItalic
    /SymbolGreekP-Italic
    /SymbolGreekPMono
    /SymbolMT
    /SymbolProportionalBT-Regular
    /SymbolsAPlentySH
    /Symeteo
    /Symusic
    /Tahoma
    /Tahoma-Bold
    /TahomaItalic
    /TamFlanahanSH
    /Technic
    /TechnicalItalic
    /TechnicalPlain
    /TechnicBold
    /TechnicLite
    /Tekton-Bold
    /Teletype
    /TempsExptBoldSH
    /TempsExptItalicSH
    /TempsExptRomanSH
    /TempsSwashSH
    /TempusSansITC
    /TessHoustonSH
    /TexCatlinObliqueSH
    /TexCatlinSH
    /Thrust
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldOblique
    /Times-ExtraBold
    /Times-Italic
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Oblique
    /Times-Roman
    /Times-Semibold
    /Times-SemiboldItalic
    /TimesUnic-Bold
    /TimesUnic-BoldItalic
    /TimesUnic-Italic
    /TimesUnic-Regular
    /TonyWhiteSH
    /TransCyrillic
    /TransCyrillic-Bold
    /TransCyrillic-BoldItalic
    /TransCyrillic-Italic
    /Transistor
    /Transitional521BT-BoldA
    /Transitional521BT-CursiveA
    /Transitional521BT-RomanA
    /TranslitLS
    /TranslitLS-Bold
    /TranslitLS-BoldItalic
    /TranslitLS-Italic
    /TransRoman
    /TransRoman-Bold
    /TransRoman-BoldItalic
    /TransRoman-Italic
    /TransSlavic
    /TransSlavic-Bold
    /TransSlavic-BoldItalic
    /TransSlavic-Italic
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /TribuneBold
    /TribuneItalic
    /TribuneRegular
    /Tristan
    /TrotsLight-HMK
    /TrotsMedium-HMK
    /TubularRegular
    /Tunga-Regular
    /Txt
    /TypoUprightBT-Regular
    /UmbraBT-Regular
    /UmbrellaPSMT
    /UncialLS
    /Unicorn
    /UnicornPSMT
    /Univers
    /UniversalMath1BT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Italic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-CondensedOblique
    /UniversExtended-Bold
    /UniversExtended-BoldItalic
    /UniversExtended-Medium
    /UniversExtended-MediumItalic
    /Univers-Italic
    /UniversityRomanBT-Regular
    /UniversLightCondensed-Italic
    /UniversLightCondensed-Regular
    /Univers-Medium
    /Univers-MediumItalic
    /URWWoodTypD
    /USABlackPSMT
    /USALightPSMT
    /Vagabond
    /Venetian301BT-Demi
    /Venetian301BT-DemiItalic
    /Venetian301BT-Italic
    /Venetian301BT-Roman
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /VinetaBT-Regular
    /Vivaldii
    /VladimirScript
    /VoguePSMT
    /Vrinda
    /WaldoIconsNormalA
    /WaltHarringtonSH
    /Webdings
    /Weiland
    /WesHollidaySH
    /Wingdings-Regular
    /WP-HebrewDavid
    /XavierPlatoSH
    /YuriKaySH
    /ZapfChanceryITCbyBT-Bold
    /ZapfChanceryITCbyBT-Medium
    /ZapfDingbatsITCbyBT-Regular
    /ZapfElliptical711BT-Bold
    /ZapfElliptical711BT-BoldItalic
    /ZapfElliptical711BT-Italic
    /ZapfElliptical711BT-Roman
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZappedChancellorMedItalicSH
    /ZurichBT-BlackExtended
    /ZurichBT-Bold
    /ZurichBT-BoldCondensed
    /ZurichBT-BoldCondensedItalic
    /ZurichBT-BoldItalic
    /ZurichBT-ExtraCondensed
    /ZurichBT-Italic
    /ZurichBT-ItalicCondensed
    /ZurichBT-Light
    /ZurichBT-LightCondensed
    /ZurichBT-Roman
    /ZurichBT-RomanCondensed
    /ZurichBT-RomanExtended
    /ZurichBT-UltraBlackExtended
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


