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ABSTRACT: LDLR, GYPA, HBGG, D7S8, GC (PM loci) and
D1S80 are widely used in forensic casework analyses and popula
tion data are required to estimate the frequency of a DNA profile.
This paper presents the results of a survey aimed at investigating
the allele and genotype frequency distribution of these loci in an
important Spanish population (Zaragoza, North Spain). Statistical
analysis to determine whether alele frequencies were in Hardy-
Weinberg equilibrium was carried out as well as to obtain some
parameters of medicolegal interest. There was no evidence of asso-
ciation between the aleles of the loci. The Zaragoza sample does
not differ substantially from other Caucasian populations.
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D1S80 (pMCT118) is a variable number of a tandem repeat
(VNTR) locus with a repeat size of 16 base pairs (1). Because of
its robust discrimination power and ease in typing (2—4), this sys-
tem has been applied in forensic laboratories worldwide. Multiplex
amplification and typing of low density lipoprotein receptor
(LDLR) (5), glycophorin A (GYPA) (6), hemoglobin G gam-
maglobin (HBGG) (7), D7S8 (8) and group specific component
(GC) (9) loci have also proved to be very useful for forensic identi-
fication (10,11-18).

We report here the allele and genotype frequencies for the
LDLR, GYPA, HBGG, D7S8, GC and D1S80 loci in a sample of
population from Zaragoza (North Spain).

Material and Methods

Blood samplesfrom 201 healthy unrelated individuals from Zar-
agozawere collected. DNA was extracted with Chelex(D 100 using
the method described by Walsh et d. (19).
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The LDLR, GYPA, HBGG, D7S8 and GC loci were simultane-
ously amplified and typed using the AmpliType® PM PCR Ampli-
fication Typing Kit (Perkin Elmer Corp., Norwalk, CT).
Amplification was carried out in a Perkin-ElImer DNA Thermal
Cycler 480. The conditions were those recommended by the manu-
facturer (Roche Molecular System, Branchburg, NJ). The D1S80
locus was typed using the method described by Lareu et al. (20).
Statistical analyses were performed as described previously (see
Refs 21 and 22 for details).

Results and Discussion

The distributions of observed genotype and allele frequencies
for the six loci are summarized in Tables 1 and 2. Table 3 shows
a summary of Hardy-Weinberg equilibrium tests.

There was no evidence of association detected between the
alleles of the loci (Table 4), thus multiplication of the individual
locus profile frequencies can be carried out to estimate multiple
locus profile frequencies. However, two loci HBGG and D7S8 | oci
did depart from Hardy-Weinberg equilibrium. There was an excess
of observed homozygotes at both loci. This observation must be
due to population substructure, sampling and/or technical limita-
tions that failed to detect alele(s). A review of the data does not
support technical limitations as a cause for the excess homozygos-
ity (10-13,15-18). It is interesting that these results (i.e., excess
of observed homozygotes) were observed for population samples
from areas near Zaragoza (22). Zaragoza has had some migrations
from those areas, particularly from isolated Pyrenean valleys free
of Arabic invasions of the Iberian Peninsula. Thus, there may be
some population substructures to consider. Regardless, to avoid
assumptions of independence when estimating profile frequencies,
the observed genotype frequencies could be used for the loci
HBGG and D7S8. However, multiple locus profile frequencies for
the six PCR-based loci would not be substantially different if the
observed or expected genotype frequencies were used for these
loci (data not shown).

The Zaragoza data were compared with other sample popula-
tions (3,10—19) using a RxC contingency table x? test for homoge-
neity. The Zaragoza population does not differ significantly from
other Caucasians, but significant differences were observed with
SW Hispanics, Afro-Americans, Arabs, Koreans and Japanese
(Table 5). Asindicated in Table 6, the combined chance of exclu-
sion (CE) is 88.72% and the combined discrimination power (PD)
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TABLE 1—Observed allele frequency distribution for LDLR, GYPA,
D738, HBGG and GC in 201 unrelated individuals from Zaragoza.

TABLE 2—Observed allele frequency distribution for D1S80 in 166

unrelated individuals from Zaragoza.

Observed dleles Allele Observed Number Observed Percent
Genotype Counts n = 402
System n = 201 Number Percent 14 1 0.301
17 2 0.602
LDLR AA = 40 A 178 44.279 18 77 23.193
AB = 98 B 224 55.721 19 3 0.904
BB = 63 - L. 20 6 1.807
GYPA AA = 50 A 204 50.746 21 21 6.325
AB = 104 B 198 49.254 22 10 3.012
BB = 47 23 2 0.602
HBGG AA = 61 A 205 50.995 24 119 35.843
AB = 82 B 196 48.756 25 16 4.819
AC =1 Cc1 0.249 26 4 1.205
BB = 57 27 6 1.807
BC =0 28 12 3614
D7S8 AA = 62 A 208 51.741 29 27 8.133
AB = 84 B 194 48.259 30 3 0.904
BB = 55 . .

GC AA = 25 A 132 32.836 - 1 e
AC =72 C 219 54.478 34 1 0.301
BB =4 35 0 0.000
BC = 33 36 2 0.602

CC =57 ’
37 0 0.000
38 1 0.301

Total 332 100,000

TABLE 3—Summary of HWE tests.
LDLR GYPA HBGG D7S8 GC D1S80

Observed homozygosity 51.2% 48.3% 58.7% 58.2% 42.8% 22.9%
Expected homozygosity 50.5% 49.9% 49.7% 49.9% 41.9% 19.9%
Homozygosity test* 0.840 0.644 0.0101 0.019t 0.805 0.341
Likelihood test* 0.898 0.693 0.0141 0.024t 0.186 0.093
Exact test* 0.898 0.693 0.011t 0.024t 0.169 0.138

* These vaues are probability values.
T Statistically significant.

TABLE 4—Summary of linkage analyses.

Loci p-Vaue
1LDLR/2 GYPA 0.656
1 LDLR/3 HBGG 0.797
1LDLR/4 D7S8 0.485
1LDLR/5 Gc 1.000
1 LDLR/6 D1S80 0.834
2 GYPA/3 0.740

HBGG
2 GYPA/4 D78 0.444
2 GYPA/5 Ge 0.526
2 GYPA/6 0.660
D1S80
3 HBGG/4 D7S8 0.900
3 HBGGI/5 Gc 0.502
3 HBGG/6 0.906
D1S80
4 D7S8/5 Ge 0.877
4 D7S8/6 D1S80 0.733
5 GC/6 D1S80 0.888
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TABLE 5—Comparison of different populations for LDLR, GYPA, HBGG, D7S8, GC and D1S80 loci.

Populations LDLR GYPA HBGG D7S8 GC D1S80
ZaragozalUSA Afro-American (3) (10) 0.0001 0.5693 0.0002 0.0472 0.0001 0.0024
ZaragozalUSA Cauc. (3) (10) 0.9391 0.1203 0.6469 0.0449 0.1933 0.3544
ZaragozalUSA S-W Hispanic (3) (10) 0.0159 0.0018 0.0007 0.0004 0.1061 0.1272
ZaragozalKorean (12) 0.0001 0.0001 0.0001 0.9299 0.0001 0.0001
ZaragozalArab (13) 0.7754 0.0242 0.0215 0.0058 0.0012 0.1177
ZaragozalPortugal S (14) 0.2292 0.6069 0.4185 0.3618 0.7000 .
ZaragozalBasgue Country (15) 0.9391 0.8954 0.7416 0.2439 0.7125 0.4192
ZaragozalPortugal N (16) 0.5911 0.9113 0.4230 0.1328 0.6531 .
ZaragozalJapanese (18) 0.0001 0.0745 0.0001 0.0635 0.0001

TABLE 6—Statistical parameters of medicolegal interest. Comey CT. Vadlidation and population studies of the loci LDLR,
GYPA, HBGG, D7S8, and Gc (PM loci), and HLA-DQa using a
Loci H % PD % CE % multiplex amplification and typing procedure. J Forensic Sci 1995;
40(1):45-54.
LDLR 49.47 63 18.58 11. Hausmann R, Hantschel M, Lotterle J. Frequencies of the 5 PCR-
GYPA 50.12 62.37 18.74 based genetic markers LDLR, GYPA, HBGG, D7S8, and GC in
HBGG 50.35 66.10 19.06 a North Bavarian population. Int J Leg Med 1995;107:227-8.
D7S8 50.06 65.55 18.73 12. Woo KM, Budowle B. Korean population data on the PCR-based
Gc 58.07 74.60 29.95 loci LDLR, GYPA, HBGG, D7S8, HLA-DQA1, and D1S80. J
D1S80 81.10 93.85 63.00 Forensic Sci 1995;40(4):645-8.
Total 98.90 99.96 88.72 13. Hayes M, Budowle B, Freund M. Arab population data on the
— — — — — — PCR-based loci: HLA-DQA1, LDLR, GYPA, HBGG, D7S8, G,
o Zxaugléﬁllc diversity; PD = power of discrimination; CE = chance and D1S80. J Forensic Sci 1995;40(5):888—92.
: 14. Espinheira R, Ribeiro T, Geada H, Reys L. Polymarker and HLA
DQA1 genetic markersin forensic casework. In: Mangin P, Ludes
B, editors. ActaMedicinae Legalis. Berlin, Heidelberg, New Y ork:
Springer-Verlag, 1994;37-8.
is 99.96%. This data are comparable to those for other Spanish 15. Garcia O, Martin P, Albarran C, Alonso A. Allele frequencies of

population samples (21,22).
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