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Summary. We have compared band sharing between the
DNA fingerprints of members of an inbred human popu-
lation with band sharing between members of an out-
bred population. It had not previously been determined
whether the high rate of mutation at minisatellite loci is
sufficient to prevent an increase in band sharing in mod-
erately inbred populations. We have found that there is
an increase in band sharing in the 2-kb to 9-kb size
range. but not in the >9-kb size range, in the inbred
population. The difference was consisiently observed
using tour different multi-locus probes, viz, 33.6, 33.15.
{CAC)s and M13. Thus, we have demonstrated that
moderate but prolonged inbreeding can lead to increased
similarity in human DNA fingerprints. This should be
considered when analysing DNA fingerprints in forensic
or paternity cases involving members of an inbred com-
munity.

Introduction

DNA fingerprints consist of a complex pattern of bands
derived from many highly polymorphic VNTR (variable
number tandem repeats) loci (Jeffreys et al. 1985a).
These hypervariable regions contain multiple repeats of
varving complexity. from simple repeat motifs of as little
as 2bp, to “minisatellites™ of up to 80bp in length (Bell
¢t al. 1982: Capon et al. 1983; Nakamura et al. 1987; Lit
and Luty 1989). VNTR lengih vanation is caused by vay-
iation in the number of repcats within the hypervariable
region. Probes with homology to the core scquence can
simultaneously detcet many of these hypervariable re-
gions. thereby producing & totally individual-specific
DNA profile, analogous to a “genetic barcode™ (Jeffreys
et al, 1985b). The DNA fingerprinting technique has
found widespread applications in forensic medicine (Gill
¢t al. 1985), paternity testing (Hclminen et al. 1988),

Offprint requests 10! 8. S, Bhattachurya

immigration cases (Jeffreys ¢t al. 1985¢) and a variety
of scientific and medical fields (Hill and Jetfreys 1985,
Thein et al. 1986; Ponder et al. 1987; Wetton et al. 1987:
Weitzel et al. 1988; Burke et al. 1989).

VNTR alleles are stubly inhented in a Mendelian
fashion in humans (Jeffreys ct al. 1986) and in 4 range of
other specics (Ryskov et al. 1988). All bands present in
an individual’s DNA fingerprint can be traced to one or
the other of the parents’ fingerprints (unless a new muta-
tion has occurred): approximately half of the offspring’s
bands will have been inherited trom cach parent. The
expected band sharing between first degree relatives
from an outbred population can be calculated from the
number of coinherited band fragments (approximately
(.5) and the mcan band sharing between unrefated indi-
viduals {x). xis low in an outbred population (Jeffrevs et
al. 1985b). A single generation of consanguineous mat-
ing between fivst cousins should have litle effect on
band sharing beiween siblings produced by such mating,
as the offspring arc only one sixteenth more rclated to
each other than the offspring of an outbred marriage.
However. if a population were to become chronically in-
bred, cither by many generations of consanguincous
mating or because of prolonged population bottle necks.
single VNTR alleles may become fixed at some loci. This
could give mise 1o a population whose members have
DNA fingerprints with more similarities than those from
an outbred population. This has been demonstrated for
highly inbred lines of laboratory mice (Jeffreys et al.
1087), domestic chicken strains (Kuhnlein ¢t al. 1990},
and an almost genetically homogenous wild mammal
population, the cusocial naked mole rat (Reeve ct al.
1990). However. the rate of mutation to new length al-
leles at VNTR loci is high, and may be sufficient to pre-
vent significant increase in DNA fingerprint similarity at
intermediate levels of inbreeding. To date, it has not
yet been demonstrated whether the levels of inbreeding
found in culturally or geographically isolated human
sub-populations is sufficicnt to increase band sharing in
these populations. An increase in DNA fingerprint simi-
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Fig. 2a—c. DNA samples from some of the tamily members shown
in Fig. L. digested with /infl. cicetrophoresed through a dtlem.
0.7% agarosc gel at 2V/em for 52 h and probed sequentiully with
(a) 33.6 (b} MI13 and (¢) (CAC).. The pedigree, which is num
bered as in Fig. | applics to all three pels

larity in such populations would have important implica-
tions in legal medicine, Probability calculations of an al-
leged father being a child’s true father or of a forensic
sumple coming from a suspect depend on the mean band
sharing frequency (x) between unrelated individuals. Ifx
is increased in inbred populations then probability calcu-
lations based on estimates from outbred populations are
invalid.

To investigate the cffects of inbreeding on the com-
plexity of human DNA fingerprints, we studied a large
family from the Gaza strip (Valili and Smith [988). where
consanguineous marrages are a cultural norm (Fig. 1).
The pedigree shown almost certainly underestimates the
level of inbreeding that has occurred in this family, since
detailed records were only available on males in the fam-
ily: moreover, inbreeding had probably occurred for many
generations before the pedigree begins. Four multi-locus
probes, 33.6 and 33.15 (Jeffreys et al. 1985a). (CAC):
(Schafer et al. 1Y88) and M13 (Vassart et al. 1987) were
used to produce DNA [ingerprints of all or part of the
Gaza family. British familics were used as outbred con-
trols. Another multilocus probe (TTGGGG). (Hastie
and Allshire 1989) was used to compare fingerprints of
Indian and Caucasian populations.
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Materials and methods

DNA cxtraction, restriction enzyme digestion and Southern trans-
fer conditions have been deseribed previously (Inglehearn et al.
1990). Digested DNA was size [ractionated by electrophoresis
through & #hem, 0.7% agarose gel at 2 Viem for 52 h with recircu-

Table L. Expected mean band sharing lrequency. (x,) for first degree
relatives was calculated as by Georges et al, (1988). Expected mean
band sharing frequency for first degree relatives is (1 + g — ¢* M
(2 = ¢} where ¢ s the mean allele frequency. ¢ is relared o the
mean band shaning frequency between unrelated individuals (x) by
¥ =2¢— ¢ x was estimated by pairwise comparisons between the
DNA fingerprints of unrelated individuals run in adjacent lanes,
using the sume hybridization conditions as for the inbred and out-
bred familics. Since x varies with experimental conditions, we felt
it important to make our own cstimates of band sharing, rather
than use figures obtained in other laboratories. These values with
their standard deviations are shown in b under columns x and sd,

lation of buffer (0.089 M TRIS-borate, (L89 A boric acid. pHS.2)
and then transferred to Hybond N membranes {( Amersham). Probes
33.6 and 33.15 were labelled with (i-¥P)dTTP by the method of
Jeffreys et al. (1985a). MI3 was labelled by the random-priming
method (Feinberg and Vogelstein 1983). The oligomers (CAC):
and (TTGGGG): were labelled by (T-NP)ATP end labelling
{Chaconas and Van der Sande 1980),

respectively. Observed mean band sharing (x,) was calculated by
comparisons between DNA fingerprints in adjacent lanes, The
number of degrees of freedom was equal to the number of pairwise
comparisons minus onc. The two-tailed ¢ value was caleulated by
r={x,— xJHSD/M"} (where $D = standurd deviation of x,, and
s = mean number of bands scored). The probability in the final col-
umn is that of observing this difference, if there is no real differ-
cnece berween the observed and expected band sharing, Effectively
unrelated individuals are those who are no more closely related
than third cousins. The cocificient of refatedness for third cousins
is 1/128: this should have a negligible effect on mean band sharing

a Observed v expected band sharing for first degree relatives in the Gaza family

sD o df

Probe Size runge X, X, Probability
Mi13 >9 0.543 0.618 0.342 1.33 40 NS
9-4 (.613 0.754 0.132 6.48 el < 1.0001
4-2 0.692 0.842 0.071 12,77 A < 0.0001
Total 0.639 0.794 0.073 1288 e < (L0
(CAC). =9 0.372 0.585 0.251 0.392 41 NS
-4 0.641 0.769 0.093 R95 41 < 0.0001
-2 0.725 0.867 f.052 17.88 41 < (LDOOT
Total 0,606 0.781 0.067 11.13 41 < (.0001
KRN =9 0.582 0,552 0.336 0.578 41 NS
9-4 0.632 0.737 0.115 5.96 42 < 0.0001
4-2 0.702 0.818 0.080 4,48 42 < 0.0001
Total (660 .758 0.062 911 4 < 0.0001
33.15 >0 0569 0.571 0.208 0041 17 NS
94 1,656 0.791 0.102 5.60 17 < 0.000]
4-2 1.680 0% 0.057 16.39 17 < ALONI
Total 0.654 0800 0.074 3.92 17 < (L0001
b Observed v expected band sharing for cffectively unrelated members of the Gaza family
Probe Size runge X sd X, SD, t df Probability
Mi3 >9 0.113 0.106 0.208 0.396 0.679 7 NS
Y- (1.285 0110 11,481 0.225 2,46 7 (1.443
4-2 (1.968 0.105 0.671 0.056 10.29 7 < (L0001
Total 0.348 0077 0.582 0064 9.57 7 < 0.40001
(CAC)s =9 (. 186 (194 0.213 0,133 (.729 12 NS
O 0,353 0.074 0.544 0.098 7.03 12 < 0.0001
4-2 .539 .080 0.722 . 080 8.27 12 < (.0001
Total 0.410 0.050 0.570 0.087 6.37 12 0.0001
336 >9 0.210 0.179 0140 0.240 0,921 9 NS
Y-4 0,330 (LIRS0 0.521 0.150 4.4M 9 0.003
4-2 {1,489 0.094 0.697 0.076 8.63 9 < 0.0001
Total 0,395 0.059 0.582 0.09%4 6.28 9 0.0002
33.15 >9 0.178 {149 (0,455 0,308 222 4 NS
9.4 0.387 0.053 0.618 0.081 6.39 4 0.003
4-2 0.441 0.085 0.641 0.057 7.89 4 (G.0014
Total 0.382 042 0.603 0,054 9.23 i 0.0008







