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Abstract If the DNA profiles of a crime stain and the
reference sample from the suspect do not match, the sus-
pect is excluded as the donor of the crime stain. However,
in some situations the DNA evidence can suggest that a
closerelative of the suspect might match the stain, in par-
ticular when the reference sample from the suspect and
the crime stain share rare alleles. This finding can be im-
portant for the authorities. The forensic scientist has to de-
cide whether or not to notify the authorities in these cir-
cumstances. To the best of our knowledge there is not yet
an objective rule for making this decision. We propose
such a decision rule for brothers of the suspect, investi-
gate its performance and address some ethical, legal, and
practical aspects. Our calculations can be simply adjusted
for other relatives of the suspect.

Key words Forensic DNA typing - DNA profile -
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Introduction

In forensic DNA typing the DNA profile of the crime
stain is usually compared to that of the reference sample
from the suspect. If these profiles do not match the sus-
pect is excluded as the donor of the crime stain. However,
since DNA evidence concerns inheritable features, there
can be situations in which the two non-matching DNA
profiles suggest that a close relative of the suspect might
match the crime stain. This holdsin particular for casesin
which the two non-matching DNA profiles share several
very rare alleles. This information may be important in a
criminal investigation.

Evett (1992) has considered a situation in which a sus-
pect matched the crime stain, and the defence was “it was
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my brother”. Others have investigated the effect of rela-
tives on the strength of the evidence against a suspect
which matches a crime stain (e.g., Balding and Nichols
1994; Brookfield 1994; Donnelly 1995; NRC 1996). As
yet, however, the implications for relativesin case the sus-
pect does not match the crime stain are rarely investigated
and it isnot clear if and when the forensic scientist should
inform the authorities. Obviously, it is not desirable that
the authorities are informed if in fact the crime stain was
left by an unrelated person (false alarm). The forensic sci-
entist thus needs an objective decision rule when to in-
form the authorities, with alow rate of false alarms.

In this paper, we develop such a decision rule for
brothers of the suspect based on a pre-set low level of the
false darm rate. The rule can easily be extended to other
relatives. We investigate the detection chance for brothers
actually matching the crime stain by illustrating our
method with areal case example. Furthermore, we discuss
the effect of the population of the offender on the calcula-
tions. Ethical and legal issues and practical consequences
are addressed in the discussion.

Definition of an objective decision rule

Suppose that the DNA profiles of a semen stain from the
offender and the reference sample from the suspect do not
match. Let X be the profile of the semenand Y that of the
suspect (X # Y). Furthermore, suppose that the population
in which the crime has occurred is not highly inbred. We
can then calculate the likelihood ratio (LR) for the hy-
pothesis that a brother of the suspect left the semen stain
against the hypothesis that an unknown unrelated individ-
ual left the stain:

P[suspect has type Y, semen stain istype X |
semen stain was left by a brother]

P[suspect has type Y, semen stain is type X |
semen stain was left by an unrelated individual]

LR=

)
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This can be rewritten as:

P[semen stain istype X |
semen stain was left by a brother]

— 2
P[semen stain istype X |
semen stain was left by an unrelated individual]
multiplied by
P[suspect has typeY | semen stain is type X
and was left by a brother] 3)

P[suspect has typeY | semen stain is type X
and was left by an unrelated individual]

Under the assumption that in the denominator there is no
correlation between the DNA profile of the donor of the
stain and that of the suspect, which may not be true in
case of informative search protocols (Balding and Don-
nelly 1995), and ignoring differences between populations
for the moment, the LR can be approximated by

. Psuspect hastypeY | brother hastype X]
P[suspect has type Y]

Under the assumption of independence of alleles within
and between loci, this ratio can be estimated if an appro-
priate database is available (see e.g. the formulae in Weir
1996). The likelihood ratio can be interpreted as follows:
the observation that the suspect’s DNA typeis Y and that
of the semen stainis X is LR times as likely if the semen
stain was left by a brother of the suspect than if the semen
stain was left by an unrelated individual. Hence, a LR
larger than 1 can be considered as evidence against a
brother of the suspect. The magnitude of the LR can thus
be used to define an objective decision rule for informing
the investigating officer.

This definition must satisfy two conditions: firstly, the
investigating officer should only be notified if thereisfair
or strong evidence against a brother of the suspect and
secondly the rate of false alarms should be low. The first
condition involves choosing a minimum level for the
strength of the evidence, such that the investigating offi-
cer isonly informed if thislevel isexceeded. Sincethe LR
is a measure of the strength of the evidence, this involves
choosing a minimum level, LR

The second condition involves choosing an acceptable
upper limit for the percentage of times that the authorities
are informed when the suspect’'s brothers are not the
donors of the crime stain (false alarm). Thisis equivalent
to setting an upper limit to the type | error level in con-
ventional statistical hypothesis tests. Let a be the chosen
percentage, e.g. 1%, and let LR;; satisfy

LR

(4)

P[LR > LR | semen stain was left by an
unrelated individual] < a. (5)

The second condition is satisfied if the authorities are in-
formed only if LR, is exceeded. LR;; can be determined
using the frequency distribution of the LRs in an appro-
priate population database. This distribution can be esti-
mated by calculating for each possible genotype an esti-
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mate of its frequency and the LR. LR, is defined as the
value above which a percentage o of LRs lies. Since the
LRs depend on X, the crime stain profile, LR;; will aso
depend on X.

Combining the two conditions above, we come to the
following decision rule: notify the investigating officer if,
and only if, LR exceeds both LR, and LR;;. We will
now study the performance of thisrule.

Performance of the method

The chosen levels of a and LR, determine the detection
probability 3 i.e. the probability that the authorities arein-
formed if indeed a brother of the suspect left the semen
stain. The probability 1- is comparable to the type Il er-
ror in conventional statistical hypothesis tests. The detec-
tion probability B can be determined using the frequency
distribution of persons whose brothers have DNA type X.
This distribution can be estimated by calculating an esti-
mate of the frequency (given a brother with type X) and
the LR for each possible genotype. Then (3 is defined as
the percentage of LRs larger than LR.;; and LR,;,. Since
the LR;; depends on the crime stain profile X and the
chosen level of the false alarm rate a, 3 depends on X,
a and LR, For a specific profile X, one can make a
table for various choices of LR, and a.

Example

The DNA profiles of samplesin a particular case, submit-
ted to the Dutch Forensic Science Laboratory are given in
Table 1. For each locus the LR concerning a brother of the
suspect is calculated by using the allele frequencies in a
sample from the Dutch Caucasian population (Serpset al.
1995; Ovington et al. 1997; Kloosterman manuscript in
preparation).The combined LR is obtained by multiplying
the LRs for each locus which yields 9653. Figure 1 shows
the estimated frequency distribution of the LR in the
Dutch Caucasian population. This frequency distribution
is obtained by calculating the LR and the frequency of oc-
currence (estimated by multiplying alele frequencies) for
each possible genotype. It is estimated that 95% of the
Dutch Caucasians have a LR smaller than 1, and 99.995%
have a LR smaller than 9653. LR;; is found using the fre-

Table1 the DNA profilesin arape case, and the LR for each lo-
cus

Locus Semen stain Suspect LR

HUMTHO1 6/10 6/ 8 0.8
HUMFES/FPS 11/11 10/11 0.8
HUMVWA3Y/1 14/18 14/17 22
HUMF13A1 5/ 6 6/ 7 0.7
D21S11 63/67 63/67 9.6
D18S51 14/15 12/14 0.9
D8S1179 13/16 13/16 204
HUMFIBRA (FGA) 25/26 25/26 57.6
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Fig.1 Histogram of the frequency distribution of likelihood ratios
of Dutch Caucasians, based on the DNA profile of the crime stain
in Table1

quency table corresponding to Fig.1. A false adlarm rate
o = 1% corresponds with LRy = 8.7 and a = 0.1% corre-
sponds with LR;; = 105.2.

Figure 2 shows the estimated frequency distribution of
the LR in Dutch Caucasians who have a brother with the

same DNA profile as the crime stain. The detection prob-
ability B isfound using the frequency table corresponding
to Fig.2. Table 2 gives the values of 3 for several values
of a and LR,,- The high LR (9653) in this particular case
is mainly due to the rare alleles shared by the DNA pro-

Fig.2 Histogram of the frequency distribution of likelihood ratios
of Dutch Caucasians, given that their brother matches the crime
stain, based on the DNA profile of the crime stain in Table 1
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Table 2 The detection probability 3 as afunction of a and LR,

a LRin
10 33

100

0.1% (LR = 105.2)
1% (LR = 8.7)

57%
79%

57%
69%

57%
57%

files of the crime stain and the suspect at loci D8 and
FGA. If in this case example the suspect’s profile had the
most common alleles at the loci D8 and FGA (13/14 and
21/22 respectively), the LR would have been 1.27. Hence
the evidence becomes so weak that for reasonable choices
of LR, the authorities would not have been notified. If
the suspect’s profile had been the most common profilein
the Dutch Caucasian population, the LR would have been
only 0.15. This LR isin favour of the hypothesis that the
suspect’s brothers did not leave the crime stain, as ex-
pected.

Population issues

Since alele frequencies differ between populations, the
LR will depend on which population data are used. De-
pending on the genetic differences between the popula-
tions, the LRs may differ considerably. To see which pop-
ulations are relevant, we will consider two situations: (a)
it is known to which population the donor of the crime
stain belongs and (b) it is unknown to which population
the donor of the crime stain belongs. In situation () the
suspect must also be a member of the donor population.
Hence, theratio in Eq. (2) is 1 and the LR is, under some
assumptions of independence (Balding and Donnelly
1995), given by Eq. (4). It is important to note, however,
that Eq. (4) is not valid in case the crime has been com-
mited in a highly inbred popul ation.

In situation (b) we calculate the LR for several possible
donor populations according to the NRC report |1 (1996).
Let py be the frequency of type X in the suspect’s popula-
tion, and let gy be the frequency in the donor population.
Then Eq. (2) can be written as py/qyx and similarly Eq. (3)
can be written as Py yrother type x/Pv, SO that Eq. (4) is re-
placed by the product of these two ratios. From thisit can
be seen that if the donor population is unknown, the LR
depends on the allele frequencies in the suspect’s popul a-
tion. Note that this differs from situations in which the
suspect matches the crime stain, since in these cases one
has to report the profile frequency in several populations
(NRC report 11 1996).

Discussion

In criminal cases where the suspect does not match the
crime stain but where the DNA profiles indicate that a
close relative of the suspect might be the actua donor of
the crime stain, the forensic scientist needs an objective
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decision criterion whether to inform the authorities. In
case the crime has not been commited in a highly inbred
population group, we have shown that the likelihood ratio
(LR) can be used as such for brothers of the suspect. Our
method can easily be adjusted for other relatives. By do-
ing so, the frequency of “false alarms’ is below a pre-set
low threshold, with a reasonable detection probability of
brothers matching the crime stain. This decision rule may
also be used as a guideline for deciding to perform addi-
tional tests (for example Y-chromosome specific STR loci).

The decision to inform the investigating officer has
severa ethical and legal aspects (Schneider et al.1997).
Using this method, the consequence may be that innocent
relatives become suspects, merely because of their relat-
edness to the primary suspect. This may have serious con-
sequences for these relatives. On the other hand, if the
forensic scientist has valuable information in a particular
case, it isunjustified not to share this with the authorities.
Although to the best of our knowledge there are no reli-
able data on the frequency of arrests of close relatives of
an offender, such cases may not be unusual (Balding et al.
1994; Lempert 1994). Hence, there may be quite a num-
ber of casesin which thiskind of information is valuable.

It is questionable whether ahigh LR is sufficient justi-
fication for the investigating officer to obtain a DNA ref-
erence sample from relatives of the suspect. In the Nether-
lands this can only be taken under very strict regulations,
in particular there must be a strong reason for suspicion
(Kloosterman and Janssen 1997). As yet, there are no
guidelines whether a high LR is sufficient reason. In addi-
tion, if the DNA profiles cannot be obtained from the rel-
atives of a suspect, it is unclear whether the DNA profile
of the exonerated suspect can be used as evidence against
acloserelative.

The choice of the “false alarm” frequency a and the
minimum evidence strength LR, is also an ethical ques-
tion. This choice is the responsibility of the legal authori-
ties and not of the forensic scientist. However, no guide-
lines are available at this moment. The forensic scientist
therefore needs to contact the proper authorities and agree
with them on these threshol ds. Once these threshol ds have
been established, the forensic scientist can use the result-
ing rule.

A practical point for the forensic scientist is the clear
explanation of the impact of the results to the authorities.
Suppose for example that in a rape case the profiles from
the suspect and the semen stain differ by both alleles in
several loci. We suggest to use the following expression:
“We observed that the semen stain has type X and the
suspect has type Y. Hence, the suspect did not leave the
semen stain. The father and any sons of the suspect can
also be excluded as the donor of the semen stain. How-
ever, our observation is 1000 times as likely if a brother of
the suspect left the crime stain than if an unrelated man
left the crime stain. We consider this as a strong indication
that a brother of the suspect has left the crime stain. Care
must be taken with the interpretation of the results if the
crime was committed in a highly inbred population
group.”
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In conclusion, we propose that this method should be-
come a standard procedure for the forensic scientist in
cases where the suspect does not match the crime stain.
The legal authorities should set an acceptable upper limit
to the frequency of “fase darms’ and the minimum
strength of the evidence. Furthermore, they must decide
whether this type of indirect DNA evidence is sufficient
grounds to start an investigation against the relatives of
the suspect and to demand DNA samples from the rela-
tives. If no DNA samples can be obtained they should de-
cide whether this type of indirect evidence may be used.
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