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Abstract When DNA evidence is used to implicate a
suspect, it may be of interest to know whether it is likely
that the suspect’s near relatives also share the suspect’s
DNA profile. In this study we discuss methods for evaluat-
ing the probability that at least one of a set of the suspect’s
full or half-siblings shares the suspect’s DNA profile. We
present three such methods: exact calculation, estimation
via Monte Carlo simulations, and estimation by means of
sandwiching the probability between an upper and a lower
bound.We show that, under many circumstances, this upper
bound itself provides an extremely quick and accurate es-
timate of the probability that at least one of the relatives
matches the suspect’s profile.
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Introduction

In this study, we consider the situation in which a suspect’s
DNA profile is found to match a profile found at a crime
scene, and we wish to examine the hypothesis that one of a
set of the suspect’s near relatives might also have a profile
that matches. This is of interest because DNA profiles of
near relatives may be similar and, if a suspect has many
such relatives, there is a chance that at least one of them
shares the suspect’s profile. In this situation, a possible

defense would be for the suspect to claim that the DNA
found at the scene belonged to an unspecified one of these
relatives (i.e., “It was my one of my brothers”). If there is
no other reason to suspect these relatives of committing the
crime, they cannot be compelled to give their DNA for
genotyping and it is assumed that they will not volunteer
for such testing. The question arises: given that the sus-
pect’s DNA matches the sample found at the crime scene,
what is the probability that at least one of a specified set of
relatives also has a DNA profile that matches?

Forensic calculations involving related individuals have
been considered in a number of contexts. Brookfield [5]
and Donnelly [6] discussed the situation in which a sus-
pect’s DNA matched that found at a crime scene and ex-
amined the effect on the likelihood ratio of ignoring the
possibility that the culprit might be a relative of the suspect.
Within this context, Balding and Donnelly [2] suggested
that relatives of the suspect should be explicitly included in
the calculation of match probabilities. Balding and Nichols
[3], Belin et al. [4], Evett [7], Weir [14] and Weir and Hill
[16] all considered the calculation of match probabilities
and/or likelihood ratios in the case in which a single rela-
tive of the suspect may have been the culprit. Similar cal-
culations occur in paternity analysis. Lee et al. [12] and
Fung et al. [11] derived formulae for use in paternity testing
when the alleged father is a relative of the true father. More
generally, Ayres [1] developed a methodology for testing
whether two individuals had one of a number of genetic
relationships (e.g., full siblings, half-siblings, etc.). The pres-
ence of relatives has also been considered in the evalua-
tion of DNA mixtures [8, 10].

The situation of interest in this paper, in which we
consider a set relatives of a suspect, has been examined by
Evett [7], who considered the case in which the suspect had
a number of full siblings. Evett’s approach for multiple full
siblings was first to calculateQ, the probability that a single
full sibling matched the suspect’s profile, then use nQ to
approximate the probability that at least one of the suspect’s
n full siblings matched the profile. This approximation
works well if the probability of having multiple siblings
with the suspect’s profile is negligible (as would be the case,
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for example, if sufficiently many loci were typed), but
leaves two questions unanswered: how many loci are nec-
essary in order for this estimate to be valid and how can the
probability that at least one of the relatives matches the
suspect’s profile be calculated in cases in which this es-
timate is poor?

In this paper, we present a number of methods for
evaluating the probability that at least one of a group of the
suspect’s relatives shares the suspect’s DNA profile, in-
cluding a method for exact calculation and techniques for
estimating the probability when exact methods prove dif-
ficult. This work expands upon Evett’s work by addressing
the two questions listed above and by including both full
siblings and half-siblings in our analyses (we also briefly
include a simple situation with first cousins). In addition,
we generalize the previous work by including a parameter,
θ, which allows us to incorporate some amount of pop-
ulation structure into our calculations as described by Weir
[15].

Materials and methods

In this treatment, we will assume that genotypes are mea-
sured without error and population allele frequencies are
known. Those issues aside, we turn our attention to cal-
culating the match probability, that is, the probability that at
least one member of the suspect’s set of relatives matches
the suspect’s multilocus genetic profile.

Throughout this work, we assume a model that allows
populations to be composed of subpopulations. Such pop-
ulation structure leads to correlations between allele types
of seemingly unrelated people within a family. To take this
into account, we make use of a population parameter θ
(also known as FST). In practice, θ represents the proba-
bility that two alleles in a subpopulation are of identical
type because both are descended from a common (un-
known) ancestral source. To facilitate ease of computation,
we assume that allele frequencies in a subpopulation are
distributed according to a Dirichlet distribution over sub-
populations with expected values equal to the population
allele frequencies. This model has been presented more
fully by Weir [15] and has additional theoretical justifica-
tion from population genetic theory [9].

Single locus calculations

In order to evaluate the match probability, we will need to
calculate genotype frequencies for a single individual and
joint genotype frequencies for groups of individuals. Note
that, since we are ultimately interested only in whether or
not an individual matches the genotype of the suspect, P,
we need consider at most three allelic types at each locus—
the one or two types P has, plus another type that repre-
sents all alleles that P does not possess. With this in mind,
let A1, A2, and A3 be alleles at the locus of interest, with
frequencies p1, p2, and p3, respectively. With this notation,
the single individual genotype frequencies are Pr(AiAi)=

pi[(1−θ)pi+θ] and, if i≠j, Pr(AiAj)=2(1−θ)pipj (see, for ex-
ample, [15]).

Define Mi,j=[(1−θ)pi+jθ], for i=1, 2, 3 and j=0, 1, . . . .
When allele frequencies are assumed to follow a Dirichlet
distribution, joint genotype frequencies among n individ-
uals can be easily calculated. Let g be the joint genotype
among the n people whose joint genotype frequency we
wish to evaluate. Let h be the number of individuals that are
heterozygous under g, and let ti be the number of Ai alleles
among the n individuals. Then

Pr gð Þ ¼
2h
Q3
i¼1

Qti�1

j¼0
Mi;j

Q2n�1

j¼0
1þ j� 1ð Þ�½ �

: (1)

We begin our calculations of the match probability with
the case in which the suspect, P, has nf full siblings and no
half-siblings. Let P1 and P2 denote P ’s mother and
father, respectively. Let P be the genotype of P, P1 and P2

be the genotypes of P1 and P2 , and S1; . . . ; Snf be the
genotypes of P’s full-siblings. In this problem, P is con-
sidered known and the other genotypes are all unknown.
Noting that the genotypes of the offspring are indepen-
dent once the genotypes of the parents are known, we can
calculate the probability that at least one of the siblings
matches P ’s profile by conditioning on P1 and P2 as
follows:

Pr at least one match Pjð Þ ¼ 1� Pr no match Pjð Þ
¼ 1�

X
P1;P2

Pr S1 6¼ P; . . . ; Snf 6¼ P P1;P2;Pjð Þ

�Pr P1;P2 Pjð Þ
¼ 1�

X
P1;P2

Pr S1 6¼ P P1;P2;Pjð Þnf Pr P1;P2 Pjð Þ;

(2)

where

Pr P1;P2 Pjð Þ ¼ Pr P P1;j P2ð ÞPr P1;P2ð Þ
Pr Pð Þ : (3)

When P is homozygous with genotype P=A1A1, we need
consider only two possible alleles. In this case, the only
possible parental genotypes are A1A1 and A1A2 and we
may use Eqs. (1) and (3) to derive:

Pr P1 ¼ A1A1;P2 ¼ A1A1 Pj ¼ A1A1ð Þ
¼ M1;3M1;2

�
1þ 2�ð Þ 1þ �ð Þ½ �

(4)

Pr P1 ¼ A1A1;P2 ¼ A1A2 Pj ¼ A1A1ð Þ
¼ M1;2M2;0

�
1þ 2�ð Þ 1þ �ð Þ½ �

(5)
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Pr P1 ¼ A1A2;P2 ¼ A1A2 Pj ¼ A1A1ð Þ
¼ M2;1M2;0

�
1þ 2�ð Þ 1þ �ð Þ½ �:

(6)

With these values, whenever nf ≥1, Eq. (2) yields:

Pr at least onematch Pj ¼ A1A1ð Þ

¼ 1� 0
M1;3M1;2

1þ 2�ð Þ 1þ �ð Þ þ
1

2

� �nf M1;2M2;0

1þ 2�ð Þ 1þ �ð Þ þ
1

2

� �nf M1;2M2;0

1þ 2�ð Þ 1þ �ð Þ þ
3

4

� �nf M2;1M2;0

1þ 2�ð Þ 1þ �ð Þ
� �

¼ 1� M2;0

2nf 1þ 2�ð Þ 1þ �ð Þ 2M1;2 þ 3

2

� �nf

M2;1

� �
;

provided nf≥1. When P=A1A2, similar calculations (again,
with nf≥1) yield the following result:

Pr at least onematch P ¼ A1A2jð Þ

¼1�
�
M1;1 þ

�
3
2

�nf
M3;0

�
1þ 2�ð Þ þM2;1 M2;2 þM3;0ð Þ

2nf 1þ 2�ð Þ 1þ �ð Þ :

When the family also includes half-siblings, calculations
must proceed by conditioning upon the joint genotypes of
all parents of P and the half-siblings. Let n1 and n2 be
the number of mates of P1 and P2 (not including each
other). For i=1, 2, let Pi;j denote Pi’s jth mate and let the

genotype of this individual be Pi,j, and let P* denote the
joint genotype of all the mates ofP1 andP2 . Moreover, let
ni,j be the number of offspring of Pi and Pi;j , and let the
genotypes of these offspring be denoted Si;j;1; . . . ; Si;j;ni;j .
Let G be the set of all possible joint genotypes among the
parents in the pedigree, where an observation, g, in G has
the form P1;P2;P1;1;P1;2; . . . ;P2;n2ð Þ ¼ P1;P2;P�ð Þ .

Let H be the event that none of P’s full siblings matches
P’s genotype, and let Hi,j be the event that none of the
offsprings of Pi and Pi;j matches P’s genotype. With this
notation, the probability of finding at least one match
among P’s full and half-siblings is as follows:

Pr at least one match Pjð Þ
¼ 1� P

g2G
Pr nomatch gjð ÞPr g Pjð Þ

¼ 1� P
g2G

��Q2
i¼1

Qni
j¼1

Pr Hi;j Pi;Pi;j;P
��	 
�

Pr H P1;P2;Pjð ÞPr g Pjð Þ
�

¼ 1� P
g2G

Q2
i¼1

Qni
i¼1

Pr Si;j;1 6¼ P Pi;Pi;j;P
��	 
ni;j� �

� Pr S1 6¼ P P1;P2;Pjð Þnf Pr g Pjð Þ
� �

(7)

where (Pr∣gP) can be calculated according to Eq. (8):

Pr g Pjð Þ ¼ Pr P P1;P2jð ÞPr P1;P2;P�ð Þ
Pr Pð Þ (8)

In Eq. (8), Pr(P∣P1, P2) is evaluated using the laws of
Mendelian inheritance, whereas Pr(P1, P2, P*) can be cal-
culated using Eq. (1).

Multilocus calculations

Care must be taken in generalizing from single locus cal-
culations to multilocus calculations when there are multiple
relatives being considered. Whereas, for a single sibling,
the multilocus match probability can be found by simply
multiplying the single-locus match probabilities for each
locus, the same is not true in the case of multiple relatives.
At a single locus, the match probability is the probability
that at least one of the relatives has a profile matching the
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suspect. The product of these is the probability that some
relative shares the suspect’s genotype at each locus, not the
probability that there is a single relative that shares at all
loci.

The difference can be striking. For example, suppose a
suspect with a single full-sibling has genotype Aa at each of
ten loci, where both alleles A and a have a frequency of
0.20. In this case, the probability that the sibling matches
the suspect’s profile at one locus is 0.3817, so the prob-
ability of a match at all ten loci is 0.381710=6.56×10−5. If
the suspect had ten full siblings, the probability that at least
one of the siblings matches at a single locus is 0.9678. The
value 0.967810=0.72 is the probability that a match can be
found among the siblings at each locus, while the prob-
ability that at least one of the siblings matches at all ten loci
is in fact 6.6×10−4 (or about 1 in 1,500).

The correct way to calculate multilocus calculations
when there are multiple relatives of interest is similar to the
approach used in calculating the single-locus match prob-
abilities. Equations (7) and (8) still hold, except that now
each genotype must be considered to be a multilocus ge-
notype. More notation is necessary. If P is now the mul-
tilocus genotype of P, let P(k) be the genotype of P at the
kth locus. Let this convention follow for all previously
defined genotypes (for example, g(k) is the joint genotype
of all parents under consideration at the kth locus), and let
m be the number of loci at which P was typed. Under the
assumption that the loci are independent (i.e., unlinked and
are not in linkage disequilibrium with each other), the in-
dividual components in Eq. (7) can be found as follows:

Pr S1 6¼ P P1;P2;Pjð Þ
¼ 1�

Ym
k¼1

Pr

�
S1 kð Þ ¼ P kð Þ P1 kð Þ;P2 kð Þ;P kð Þj

�

Pr Si;j;1 6¼ P Pi;Pi;j;P
��	 


¼1�
Ym
k¼1

Pr

�
Si;j;1 kð Þ ¼ P kð ÞjPi kð Þ;Pi;j kð Þ;P kð Þ

�

Pr g Pjð Þ ¼
Ym
k¼1

Pr

�
g kð Þ P kð Þj

�

Note that the sum in Eq. (7) is now over the joint
multilocus genotypes of all parents in the pedigree. The
number of such genotypes may be quite large. If P’s ge-
notype at any locus is denoted A1A1 or A1A2, then, for each
parent, at each locus there are up to five possible geno-
types, namely A1A1, A1A2, A2A2, A1A3, and A2A3. Then, the
number of possible joint multilocus genotypes among the
parents is on the order of 5nm, where n is the number of
parents in the pedigree. Hence, unless there are relatively
few parents to consider and only a small number of loci, the
exact calculation may be computationally infeasible.

To evaluate the probability that at least one of P’s sib-
lings or half-siblings matches P’s genetic profile in cases in
which analytical calculations are infeasible, one may use
Monte Carlo techniques. Using this approach, we simulate
N sets of genotypes for the individuals in P ’s family and
use the results to estimate the proportion of such con-
figurations in which at least one of P’s full or half-siblings
shares P’s genetic profile. For the ith simulated genotype
configuration, we record xi=1 if at least one of the siblings
or half-siblings matches P’s profile and xi=0 otherwise. Our
sampling strategy is as follows:

1. Simulate the genotypes of P1 and P2 conditioned on
the genotype of P, using Eq. (3).

2. Simulate the genotypes of P’s siblings using the rules
of Mendelian inheritance from P1 and P2. If any of
these matches P, record xi=1 and go on to the next
simulation, starting with step 1. Otherwise, continue on
to step 3.

3. For each of the other parents in the pedigree, simulate
that parent’s genotype conditional on all previous pa-
rental genotypes in the current simulation. Use the rules
of Mendelian inheritance to simulate genotypes for
each of the offspring of that parent. If, at any point, a
half-sibling is generated that matches P’s profile, re-
cord xi=1 and move on to the next simulation. If the
entire pedigree is simulated with no siblings or half-
siblings whose genotype matches P, record xi=0.

When all N simulated genotype configurations are com-
pleted, the estimate for the probability that at least one of
P’s siblings or half-siblings shares a genetic profile with
P is p̂ ¼ PN

i¼1 xi=N . The estimated standard error of this

estimator is

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
p̂ 1� p̂ð Þ

.
N

r
.

The Monte Carlo technique works well when the match
probability is not too small (i.e., not too many loci, several
relatives of interest). When the match probability is very
low, a prohibitive number of samples must be generated in
order to yield a standard error small enough to give us
confidence in the accuracy of the estimated match prob-
ability. Fortunately, it is exactly in this situation that the
following method, for estimating the match probability by
sandwiching it between two bounds, works well.

Estimation by bounding

In this section, we demonstrate upper and lower bounds for
the match probability, based on Bonferroni’s inequality.
When the match probability is quite small, these bounds are
close together and so give a quite precise estimate of the
match probability.

Let S1; . . . ;Sn be the relatives of interest, with profiles
S1, . . . Sn. We are interested in the probability that at least
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one of S1, . . . Sn is equal to P, the profile of the suspect.
It is always true that:

Pr at least onematchð Þ � Pr S1 ¼ Pð Þ
þ S2 ¼ Pð Þ þ . . .þ Pr Sn ¼ Pð Þ:

(9)

The right-hand side of Eq. (9) is often a good estimate
for the match probability and is valid regardless of the
nature of the relationships between S1; . . . ;Sn and P. A
list of formulae for single-locus match probabilities, Pr
(Si=P), for various relationships can be found, for example,
in Weir [15]. Since in this case we are interested in the
probability that a single individual matches P, the multi-
locus match probabilities can be found by taking the prod-
uct of the single-locus match probabilities.

In the case in which P has nf full siblings and nh half-
siblings, Eq. (9) becomes:

Pr at least one matchð Þ � nf Pr a full� sib matches Pð Þ
þnh Pr a half � sib matches Pð Þ;

which, if nh=0 and the inequality sign is replaced by an
approximation sign, reduces to Evett’s formula for multiple
full siblings [7].

A lower bound for the match probability can also be
derived. For the lower bound, in addition to calculating the
probability that each individual relative of interest matches
P’s profile (as in the calculation of the upper bound), one
must also compute, for each possible pair ofP’s relatives of
interest, the probability that both individuals in the pair
match P’s profile. Then,

Pr at least one matchð Þ �
Xn
i¼1

Pr Si ¼ Pð Þ

�
Xn
j¼1

Xn
k¼jþ1

Pr Si ¼ Sj ¼ P
	 


:

In contrast to the upper bound, which relied only on
single-individual match probabilities, the lower bound

contains probabilities that both individuals in a pair will
match P’s profile. These probabilities will depend upon the
relationships between the individuals in the pair. For
example, when only full siblings and half-siblings of P are
considered as people of interest, there are five possible
types of relative pairs: (1) both individuals in the pair are
full siblings to P, (2) one individual is a full sibling and the
other a half-sibling to P , (3) both individuals are half-
siblings to P but are full siblings to each other, (4) both
individuals are half-siblings to P and are half-siblings to
each other, and (5) both individuals are half-siblings to P
but are unrelated to each other.

Formulae for the probabilities that both individuals
match P’s single-locus genotype in each of these situations
are presented in Appendix A. Multilocus probabilities that
both individuals in a pair match P’s profile can be found
by multiplying the single-locus probabilities.

One might also note that, in the case in which there is
just one relative of interest, the lower and upper bounds are
identical and equal to the exact value of the match prob-
ability. In the case with two relatives of interest, the lower
bound gives the exact probability. With more than two rel-
atives, the exact value will lie somewhere between the two
bounds.

Results and discussion

Single-locus match probabilities

We begin by showing results for a single locus. To in-
vestigate how the probability of at least one match depends
upon the family’s configuration, we compared probabilities
among the four pedigrees shown in Fig. 1. In pedigree A,
the relatives of interest are full siblings to P, while in the
other three pedigrees they are half-siblings to P, but vary in
their relationships to each other. For pedigree B, we
supposed that the half-siblings were evenly divided be-
tween P’s two parents.

For each given pedigree, we calculated the probability
(using θ=0.03) that at least one full sibling or half-sibling
matches P’s genotype and have plotted this as a function of
allele frequencies in Fig. 2. For the case in which P is

...

...

...

...P ...

P...P

P

...

...

Pedigree A Pedigree B

Pedigree C Pedigree D

Fig. 1 Sample pedigrees. Pedi-
gree A represents the situation in
which the suspect, P, has a
number of full-siblings. Pedi-
grees B, C, and D show a few of
the different family configura-
tions possible when the relatives
of interest are the suspect’s
half-siblings
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homozygous, the allele frequency used was that of P’s only
allele. In the heterozygous case, we assumed that both of
the suspect’s alleles had equal frequencies and plotted the
match probability against that frequency. A second
heterozygous case, in which one of P’s alleles was twice
as common as the other was also examined, but yielded a
plot quite similar to the equifrequent case presented here.

In addition to the probability calculations based upon the
pedigrees in Fig. 1, Fig. 2 also displays the match probabilities
(solid lines) that would be obtained if only the number of
full siblings or half-siblings were known and analysis
proceeded as if the genotypes of these individuals were
independent. For example, in the full-sibling case, we cal-
culated p, the probability that a single full sibling of P
shared P’s genotype (using population parameter θ=0.03),
then supposed that the number of matching siblings fol-
lowed a binomial distribution with parameters n=4 and p.
This approach is not correct because it ignores the rela-
tionships between P’s siblings, but we have included these
values as a reference.

In both the homozygous and heterozygous cases, ped-
igrees A and C, in which there are strong relationships
between the full siblings or half-siblings gave results that
differed strongly from the results produced under the in-
dependence assumption. The match probabilities for the
other pedigrees, B and D, in which the half-siblings were
not as closely related to each other, showed close agree-
ment with each other and with the probabilities generated
under independence. Since these two pedigrees showed
such close agreement, and to save computational time, we
have decided to exclude pedigree B from the remaining
analyses.

In each of the situations exhibited in Fig. 2, the inde-
pendence calculation proved to be conservative, that is, it
gave a higher estimate of the match probability than the
calculation that took into account the relationships among
the full siblings or half-siblings. While it is true that prob-
abilities calculated under the independence assumption will

generally be conservative, situations can be devised inwhich
the reverse is true.

In addition to comparing the results under the given
pedigrees to the probabilities resulting under the indepen-
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Fig. 3 The effect of the number of siblings. Here, we compare the
match probability under pedigrees A, C, and D for various numbers
(N=1, 2, 3, 5, 8, ∞) of siblings
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Fig. 2 Single-locus comparisons between various pedigrees. Here
we have plotted the relationship between allele frequencies and
match probabilities for the situation in which P has four siblings
according to pedigrees A, B, C, and D. The two plots represent the
situations in which P is homozygous and heterozygous (with both

alleles having equal population frequencies). For comparison with
the exact match probabilities (dashed lines), we have also plotted the
match probabilities that would be calculated in each case by as-
suming that the genotype of each sibling was independent of the
others (solid lines)
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dence assumption, we may also compare the pedigrees
with each other. Following the principle that the presence
of more parents in the pedigree offers more opportunities
for alleles matching P’s alleles to enter the family, we see
that the pedigree in which the half-siblings are full
siblings to each other (pedigree C) gives the lowest match
probabilities.

One might also note that Fig. 2 was produced under
θ=0.03. Plots produced under other reasonable values of
θ(0≤θ≤0.05) were produced, but were found to look qual-
itatively similar to those presented and so were not in-
cluded here. Generally, the effect of raising or lowering θ
was to raise or lower the match probabilities. This effect
was substantial for low allele frequencies but rather slight
when P had more common alleles. Throughout the remain-
der of this discussion, we use a value of θ=0.03, as sug-
gested by the National Research Council [13].

While Fig. 2 shows results for the case in which P has
four full siblings or half-siblings, it may be of interest to
examine more carefully how the match probabilities vary
with the number of siblings. In Fig. 3, we show the rela-
tionship between match probability, allele frequency, and
number of full siblings or half-siblings for pedigrees A, C,
and D in the case in which P is heterozygous and both
alleles are equifrequent. For each pedigree, the solid line
represents the limiting case in which there are infinitely
many siblings.

When the relatives of interest are the suspect’s full
siblings (pedigree A), the number of siblings has a strong
effect on the match probability for small or moderately
sized families, but the effect of each additional sibling
decreases as the number of siblings grows.

The results for pedigree C are substantially different than
the other pedigrees. In this case, P has N paternal half-
siblings, but these are all full siblings to each other. Since it
is possible that the allele passed to P from P’s mother will
not be present in the mother of the half-siblings, there will
always be a considerable chance that none of the half-
siblings will share P’s genotype. Hence, pedigree C yields
lower limiting match probabilities than the other pedigrees
examined here.

In pedigree D, P has N paternal half-siblings, but each of
these has a different mother. Like the full sibling case, the
limiting probability as the number of siblings becomes
large is 1.0 for this pedigree. In contrast to the previous
pedigrees, increasing the number of half-siblings beyond 8
will have appreciable effects on the match probability for
pedigree D because each additional half-sibling brings with
it an additional mother and, hence, a larger chance for
alleles matching P to enter the pedigree.

Multilocus match probabilities

As seen in Figs. 2 and 3, when only one locus is typed, the
probability that at least one of the suspect’s relatives shares
the suspect’s profile can be quite large. When numerous
loci are typed, however, the match probability decreases
substantially. Figure 4 shows the relationship between the

match probability and number of loci for pedigrees A and C
with various numbers of siblings. We chose to present re-
sults for only one of the half-sibling cases because, for
eight or more markers, all half-sibling pedigrees gave sim-
ilar results. For this figure, the suspect is considered to be
heterozygous at each locus with alleles that each have a
population frequency of 0.20. This scenario was chosen as
a representation of a “typical” profile.

The values used to generate Fig. 4 are a mixture of exact
values, values found by simulation, and values found by
taking the median between upper and lower bound prob-
abilities. We used exact values where these could be cal-
culated quickly. We used the median between the upper
and lower bound probabilities whenever the difference be-
tween these was less than 2% of the upper bound. When we
were unable to obtain suitably accurate estimates using the
bounding method, we estimated the match probability by
simulation. For the estimates by simulation, we chose sam-
ple sizes large enough to ensure that the standard error be
less than 1% of the estimated value.

As can be seen in Fig. 4, the match probability decreases
rapidly with an increase in number of loci typed. As a
result, when even a moderate number of loci are typed,
the probability of finding a match for the suspect’s profile
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Fig. 4 Multilocus match probabilities viewed on the log scale. This
plot depicts the decrease in match probability as the number of loci
increases for a “typical” situation in which the suspect’s profile is
heterozygous at each locus and each allele has a frequency of 0.20.
Note that, even for large families, the match probability becomes
small when a moderate amount of loci are typed. Pedigree C was
used for the half-sibling case

101



among the relatives is quite small, even when the number
of relatives is large.

Continuing with the situation in which the suspect is
heterozygous at each locus (and each allele has a popula-
tion frequency of 0.2), we next investigated the number of
loci necessary in order to ensure that the upper and lower
bounds on the match probability were close enough to-
gether to allow the upper bound alone to be used as the
estimated match probability. Recognizing that the bounds
will be farthest apart when the probability of two or more
matches among the relatives is greatest, we chose to use
only pedigree C for the half-sibling case. Since we are
looking only at the bounding probabilities, we were able to
expand our calculations to include the situation in which
the suspect has n first cousins of interest. We chose to
examine the case in which the cousins are all full siblings to
each other because this is the case in which the upper and
lower bounds will be farthest apart.

To evaluate the similarity between the two bounds, we
calculated the difference between the upper and lower
bounds as a proportion of the lower bound. Figure 5 shows

this scaled difference between the bounds for three family
types (full siblings, half-siblings, and cousins) for three,
five, ten, and 20 relatives. We did not look at the case in
which there is just one relative of interest, because in that
case the upper bound is exact. Similarly, since the lower
bound is exactly the match probability when there are only
two relatives being considered, we did not plot that case.
The rapid decline in the scaled difference with an increase
in the number of loci led us to present our results on the log
scale.

One thing to be seen from Fig. 5 is that, when the
number of loci is low, there can be substantial differences
between the upper and lower bounds. This indicates that
these bounds are not helpful in estimating the match
probability when few loci have been typed. Hence, in this
situation, either exact calculations or Monte Carlo estima-
tions must be used. Perhaps more importantly, the figures
show that for all three family types and virtually any
reasonable number of relatives of interest, when at least
nine loci have been typed, the difference between the upper
and lower bounds is at most 1%. This means that the
bounding method can be used in these cases and, even
better, the upper bound itself will be within 1% of the true
match probability.

While Fig. 5 indicates that the upper bound probability
may be used as an estimate for the match probability when
there are at least nine loci in a “typical” case for which the
suspect is heterozygous at each locus and all allele frequen-
cies are 0.20, there may be some question as to whether
nine loci is an appropriate cutoff in other situations. To
investigate this, we evaluated the scaled difference between
the bounds in the “worst reasonable” case scenario for each
family situation. The difference between the two bounds is
greatest when the probability that a pair of relatives both
match the profile is greatest. Since this probability in-
creases when the relatives are most closely related, the
family configurations shown in Fig. 5, in which the rela-
tives are all full siblings to each other, are already the
worst case possible. Increasing the allele frequencies is
the most effective way to increase the probability of mul-
tiple matches. Since it is relatively rare for any allele used
in these situations to have a frequency of over 0.25, we
chose, for our “worst reasonable” case, to use allele fre-
quencies of 0.25. While it is not realistic for the suspect
to be homozygous at each locus, the match difference
between the bounds (with θ=0.03) is greatest in the full
siblings and half-sibling cases for homozygous loci, so we
considered the case in which the suspect was homozygous
at each locus. When the people of interest are cousins to the
suspect (and θ=0.03), the difference between the bounds is
slightly greater in the heterozygous case, so for our “worst
reasonable” case scenario with cousins, we chose to let P
be heterozygous.

The results of our “worst reasonable” case scenario com-
putations are as follows: With nine loci and ten full siblings,
the scaled difference between the bounds is 0.0163, or just
over 1.6%. When the suspect has 20 half-siblings, the
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Fig. 5 Scaled differences between upper and lower bounds. In this
plot, we show the difference between the upper and lower bounds as
a proportion of the lower bound. In each case, these plots represent
the situation in which the suspect is heterozygous at each locus and
every allele has a population frequency of 0.20
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scaled difference is 0.0153. Finally, with 20 first cousins,
the scaled difference is just 0.00615. Based on these re-
sults, we suggest that, as a rule of thumb, if the suspect
has no more than ten full siblings (or, in the absence of
full siblings, no more than 20 half-siblings and/or cousins)
and the suspect has nine (or more) loci at which the alleles
both have frequencies of under 0.25, then the match prob-
ability can be accurately estimated by simply using the
upper bound probability.

Conclusions

We have presented a methodology for calculating the
probability that at least one of a suspect’s “relatives of
interest” shares the suspect’s DNA profile. This probability
is of interest in forensic settings when a suspect whose
profile matches a profile found at a crime scene is known to
have a number of relatives who might also share that pro-
file. In cases in which there are few loci and the family
configuration is simple, this probability can be found by
direct calculation. Alternatively, the match probability can
be estimated by using upper and lower bounds to obtain a
range of values that includes the actual match probability.
When the number of loci is large, these bounds will be
close together, allowing the match probability to be well
specified. We have shown that, in general, if nine or more
loci have been typed, the two bounds are close enough
together that the upper bound itself provides a good es-
timate for the match probability.

In certain circumstances, if the number of loci is neither
very small nor large and the family structure is complicated
(e.g., the suspect has several half-siblings with a large
number of parents between them), direct calculation of
the match probability may be infeasible and the bounds
described above may be too far apart to provide a useful
estimate. In this situation, the match probability may be es-
timated by Monte Carlo simulation according to the meth-
od we described.

Thus, by using one of the three methods presented here,
the probability that one of a suspect’s full siblings or half-
siblings matches the suspect’s profile can be evaluated for
any number of loci or family configuration.

Acknowledgement This work was supported in part by NIH grant
GM45344 and NSF grant DMS9819895.

Appendix

The probability that both individuals in a pair of the
suspect’s relatives share the suspect’s single-locus geno-
type can be found by summing over all possible genotypes
among their parents in a manner similar to that described
in Materials and methods. The results for various relative
pairs are given as in the following equations, using the

notation described previously and the convention that
Cj=(1+jθ)(1+(j−1)θ) . . . (1+θ).

For the case in which both individuals in the pair are full
siblings to P, we derive:
Pr both match P ¼ A1A1jð Þ

¼ 8M1;2 1þ 2� þM1;3ð Þ þM2;1M2;0

16C2

(10)

Pr both match P ¼ A1A2jð Þ

¼ �
1þ 2�ð Þ 4M1;1 þ 4M2;1 þM3;0ð Þ

þ12M1;1M2;1�
�
16C2

(11)

The next equations hold when one individual is a full
sibling and the other is a half-sibling to P, or (same for-
mula) when both individuals are half-siblings to the suspect
but are full siblings to each other.

Pr both match P ¼ A1A1jð Þ

¼ M1;2 8M1;4M1;3 þ 6M1;3M2;0 þM2;1M2;0ð Þ
8C3

(12)

Pr both match P ¼ A1A2jð Þ
¼

h
1þ 3�ð Þ	2M1;2M1;1 þ 2M2;2M2;1 þ 10M1;1M2;1

þM3;0 M1;1 þM2;1ð ÞÞ þ 6M1;1M2;1 M1;2 þM2;2ð Þ
i

=16C3:

(13)

For pairs of individuals in which both individuals are half-
siblings to the suspect and are half-siblings to each other,
the following equations hold:

Pr both match P ¼ A1A1jð Þ ¼ M1;3M1;2 3M1;5 þ 1ð Þ
4C3

(14)

Pr both match P ¼ A1A2jð Þ
¼

h
1þ 3�ð Þ M1;2M1;1 þM2;2M2;1ð Þ

þ6M1;1M2;1 M1;2 þM2;2ð Þ
i
=8C3

(15)

The remaining half-sibling case is the situation in which
the two half-siblings are unrelated to each other (i.e., one is
related to the suspect through the suspect’s mother and the
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other is related through the father). The equations for this
type of half-sib pair are as follows:

Pr both match P ¼ A1A1jð Þ

¼
h
M1;3M1;2 4M1;5M1;4 þ 4M1;4M2;0ð Þ
þM2;1M2;0

i
=4C4

(16)

Pr both match P ¼ A1A2jð Þ
¼ M1;1M2;1

h
1þ 4�ð Þ 3M1;2 þ 3M2;2 þM3;0ð Þ

þ4M1;2M2;2

i
=4C4:

(17)

References

1. Ayres KL (2000) Relatedness testing in subdivided populations.
Forensic Sci Int 114:107–115

2. Balding DJ, Donnelly P (1995) Inference in forensic identifi-
cation (with discussion). J R Stat Soc, A 158:21–53

3. Balding DJ, Nicholas RA (1994) DNA profile match proba-
bility calculation: how to allow for population stratification,
relatedness, database selection and single bands. Forensic Sci
Int 64:125–140

4. Belin TR, Gjertson DW, Hu MY (1997) Summarizing DNA
evidence when relatives are possible suspects. J Am Stat Assoc
92:706–716

5. Brookfield JFY (1994) The effect of relatives on the likelihood
ration associated with DNA profile evidence in criminal cases.
J Forensic Sci Soc 34:193–197

6. Donnelly P (1995) Nonindependence of matches at different
loci in DNA profiles: quantifying the effect of close relatives on
the match probability. Heredity 75:26–34

7. Evett IW (1992) Evaluating DNA profiles in a case where the
defence is “It was my brother”. J Forensic Sci Soc 31:5–14

8. Fukshanky N, Bär W (2000) Biostatistics for mixed strains: the
case of tested relatives of non-tested suspect. Int J Leg Med
114:78–82

9. Griffiths RC (1979) A transition density expansion for a multi-
allele diffusion model. Adv Appl Probab 11:310–325

10. Hu YQ, Fung WK (2003) Interpreting DNA mixtures with the
presence of relatives. Int J Leg Med 117:39–45

11. Fung WK, Chung Y, Wong D (2002) Power of exclusion re-
visited: probability of excluding relatives of the true father from
paternity. Int J Leg Med 116:64–67

12. Lee JW, Lee HS, Park M, Hwang JJ (1999) Paternity prob-
ability when a relative of the father is an alleged father. Sci
Justice 39:223–230

13. National Research Council (1996) The evaluation of forensic
DNA evidence. National Academy Press, Washington DC

14. Weir BS (1994) The effects of inbreeding on forensic calcu-
lations. Annu Rev Genet 28:597–621

15. Weir BS (2003) Forensics. In: Balding D, Bishop M, Cannings
C (eds) Handbook of statistical genetics, Chap 27. Wiley,
Chichester, pp 830–852

16. Weir BS, Hill HG (1993) Population genetics of DNA profiles.
J Forensic Sci Soc 33:218–225

104


	It was one of my brothers
	Abstract
	Introduction
	Materials and methods
	Single locus calculations
	Multilocus calculations
	Estimation by bounding

	Results and discussion
	Single-locus match probabilities
	Multilocus match probabilities

	Conclusions
	Appendix
	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
    /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
    /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
    /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
    /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-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSansUnicode
    /LydianCursiveBT-Regular
    /Magneto-Bold
    /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
    /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
    /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
    /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
    /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
    /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
    /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
    /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
  ]
  /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


