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minimal amounts of DNA template, even degraded, due to theirpopulation sample. J Forensic Sci 1998;43(4):841–844.
small size (, 300 to 350 bp) make them very suitable for human
identification (5–8).ABSTRACT: A sample of 265 subjects from central Italy was

The HumCD4 system (GenBank M86525) is an STR composedanalyzed at the HumCD4 locus by polymerase-chain-reaction
(PCR). Phenotypes were identified by comparison with a sequenced of a pentameric unit repeat—TTTTC (9) located on the short arm
ladder, after high-resolution horizontal polyacrylamide gel electro- of chromosome 12 (12q-12pter) which, in the various ethnic groups
phoresis (PAGE) followed by silver staining. A set of representative studied until now, displayed a polymorphism of 12 alleles in thealleles was sequenced by Taq-cycle-sequencing with dye terminator

range 81 to 136 bp (10). Because of its small molecular size, thislabeling and capillary gel electrophoresis strategies. Eight common
alleles—5,6,7,8,9,10,11,12—and a rare larger 14, never before STR is very useful for forensics, despite its low discriminating
described in Caucasians, were found. Allele and genotype frequen- power due to the occurrence of the three most common alleles:
cies were similar to those described in former studies on Caucasians, 5,6,10.
with a prevalency of alleles number 5, 6, 10. Sequence analysis

A study on the polymorphism of this system has just been per-showed that the polymorphism is due to a pentameric TTTTC basic
formed on Italians (11), but an excess of homozygotes indicative ofmotif, tandemly repeated, and that from allele number 10 onwards

the fourth repeat presents a T to C translation (CTTTC). Instead, population substructure was found, suggesting the need for further
allele number 9 may exist in two forms, because 75% of alleles studies. The present study analyzed a sample of 265 individuals,
examined in this study presented the CTTTC motif at the fourth to increase the number of observations for better knowledge ofposition, while the remaining 25% had the basic repeat structure.

polymorphism and to set up a database suitable for paternity testing
and personal identification. A set of different alleles was thereforeKEYWORDS: forensic science, DNA typing, short tandem
sequenced with the further aim of verifying structural microvaria-repeats, HumCD4, population genetics, sequencing analysis, struc-

tural variations, Italy tions in the repeat unit previously described (10,12).

Materials and Methods
Short tandem repeats (STRs) are an abundant class of microsa-

DNA was extracted from blood samples of 265 unrelated healthytellites widely spread throughout the human genome, consisting
donors living in Ancona (n 4 119) and Florence (n 4 146) byof tandemly repeated sequences of 2 to 7 bp length monomers
the phenol-chloroform method (13) and quantitated by a slot blot(1–3). Related to variations in the number of repeat units displayed,
procedure using a D17Z1 probe (Gibco-BRL) (14).most of these microsatellites have a high degree of length polymor-

PCR amplification was performed in a MiniCycler (MJphism, well investigated by the PCR technique (2,4). Although
Research, Watertown, MA) using the primers proposed bySTRs show a lower degree of polymorphism with respect to vari-
Edwards et al. (9) with 5 ng template in a 25 mL final volume.able numbers of tandem repeats (VNTR) loci investigated by
PCR conditions were: hot start at 948C for 2 min, followed by 31
cycles at 948C for 120 s, 628C for 90 s, 728C for 60 s, and a final

1 Istituto di Medicina Legale, Università degli Studi di Ancona, Policlin- extension step at 728C for 10 min. Electrophoresis of 3.5 mL of
ico Torrette, Ancona, Italy.

amplified product was carried out on a high-resolution non-dena-2 Servizio di Genetica Umana, Azienda Meyer, Università di Firenze,
turing polyacrylamide gel (PAG) using a discontinuous buffer (15).Firenze, Italy.

3 Cattedra di Genetica Medica, Università di Parma, Ospedale Maggiore, Bands were visualized by silver staining (16) and alleles were
Parma, Italy. identified by side-to-side comparison with a ladder consisting of

* Supported by a grant from the Ministero dell’Universita e della Ricercà a mix of sequenced amplified products (Fig. 1).Scientifica e Tecnologica.
Statistical analysis—Hardy-Weinberg expectations were veri-Received 17 June 1997; and in revised form 22 Oct. 1997 and 3 Dec.

1997; accepted 5 Dec. 1997. fied in the two original subpopulations from Ancona (n 4 119)
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FIG. 1—PAGE and silver staining of the amplified products. Polyacrylamide gel: 8% T, 3% C, 750 mm thick, piperazine diacrylamide as crosslinker,
28 mM CHES, 80 mM formate (pH 9.0). Electrophoresis in discontinuous buffer with 2% agarose plugs in 22 tris (0.5 M)/borate buffer; separation
distance 18 cm; 1000 V, 40 mA, 5 W with ramping every 90 min up to 15 W and stop when the bromophenol blue had reached the anode (anode at
the top). From left to right: 100 bp, 123 bp 4 molecular weight markers; K562 4 positive control; L 4 sequenced ladder (fragment size bp’s in the
right of the picture); 9/11, 5/11, 5/12, 6/10, 10/14, 5/6, 10/11, 5/10, 6/11, 5/10 4 phenotypes.

TABLE 1—HumCD4 allele frequencies and tests for Hardy-Weinbergand Florence (n 4 146) and in the pooled population (n 4 265)
equilibrium (HWE) in a sample of 265 Italians (Ancona n 4 119;in two ways: (1) with the chi-square test, pooling genotypes with

Florence n 4 146).
an observed frequency below 5. In this case the degree of freedom
(d.f.) was calculated as number of classes (observed genotypes)
minus 1 and (2) with the Smith chi-square test (17) with small
numbers, without pooling genotypes. In this case the d.f. was calcu-
lated as the number of observed classes of genotypes minus the
number of alleles. Observed and expected heterozygosity frequen-
cies were also compared (18).

The hypothesis of homogeneity in allele frequencies in the Cau-
casian population samples was tested by pairwise comparisons
with the chi-squared and G-statistic tests using an R 2 C contin-
gency table (19) and a computer program provided by G. Carmody
(Carleton University, Ottawa, Canada). The power of discrimina-
tion and exclusion chance were also calculated (20,21).

Sequencing analysis was performed on a range of representative
alleles. Taq-cycle-sequencing was performed on both strands using
the Taq-Dye-Deoxy-Terminator Cycle Sequencing Kit (Applied
Biosystems, Foster City, CA) in the conditions indicated in the
P/N 402078 protocol with some modifications: 15 to 20 ng DNA
template and half the amount of dye-labeled terminators were used,
taken to 20 mL with deionized water. Analysis was carried out by
capillary electrophoresis on an ABI Prism 310 (Applied Biosys-
tems). The data were analyzed with PE/ABD software Sequencing
Analysis 3.0.

bands located in the range of alleles and causing problems with
identification was overcome by decreasing the amount of template.Results and Discussion

Nine alleles (range 86 to 131 bp) and seventeen genotypes were
found in our study (Tables 1 and 2). Among them, a larger alleleA study on allele and genotype frequency distribution of the STR

HumCD4 was performed on a sample of 265 Italians belonging to 14, until now only described in non-Caucasian populations (10),
was discovered. Apart from genotypes containing the three com-two different regions of central Italy (Ancona, n 4 119; Florence,

n 4 146). Electrophoresis in horizontal native high-resolution mon alleles n. 5, 6 and 10, all the remaining ones showed expected
frequencies of less than 5. Extremely rare genotypes were alsoPAG using discontinuous buffer and silver staining permitted good

separation of different bands (alleles). Following the recommenda- found: two heterozygotes 9,11 and one homozygote 12.
No differences were found in allele frequencies in the two sub-tions of the DNA Commission of the International Society of

Forensic Haemogenetics (22), allele typing carried out by side-to- samples when tested for homogeneity.
The Hardy-Weinberg equilibrium, verified by pooling geno-side comparison with a ladder composed of sequenced alleles was

easy and reliable. The problem of uncommon occurrence of extra types with an observed frequency below 5, showed agreement
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TABLE 4—Sequence structure of HumCD4 representative alleles.between observed and expected genotype both in the whole popula-
tion and in the two subpopulations. When using the Smith test,
the results changed dramatically. Only the smaller subpopulation
of Ancona was in Hardy-Weinberg equilibrium, whereas the other
populations deviated significantly from Hardy-Weinberg expecta-
tions because of the unexpected high frequency of genotypes 9,11
and 12,12 (Table 1). It is worth noting that the degree of polymor-
phism of HumCD4 locus was lower in the Ancona population
because some rare alleles were never found. Instead, the presence
of very low frequency genotypes strongly perturbs the equilibrium
in the population from Florence and in the pooled population,
mainly because of the presence of the two 9,11 heterozygotes,
one from Ancona and the other from Florence, above expectations
causing highly significant deviation in the statistical test (x2 4
31.44).

In our opinion, the deviations from Hardy-Weinberg expecta-
tions were caused by sampling error. Because of the presence of
low-frequency alleles and genotypes which may be either missed
or perturb the equilibrium when found, the HumCD4 system needs
a larger population sample to maintain its high degree of polymor-

number of alleles and an excess of homozygous types, indicatingphism. Furthermore, the possibility of generation of rare alleles by
a surplus due to Wahlund’s effect or population admixture, asmeans of unequal crossovers cannot be ruled out.
suggested by the same authors.The observed heterozygosity frequencies calculated in the whole

The discriminating power of the HumCD4 locus was 0.85 andpopulation were in the expected range (0.705 and 0.704 5 0.028,
the chance of exclusion 0.45.respectively). Comparison of allele frequencies with results from

Sequence analysis using Taq-cycle-sequencing and dye termina-previous studies on Caucasians showed good agreement with the
tor labeling strategies was performed by means of capillary electro-data reported for American Caucasians (4), Austrians (23) and
phoresis to confirm the size of the new allele 14, which showedGermans (24), while a slight heterogeneity was found with respect
a TTTTC unit motif tandemly repeated fourteen times, and ato the Italian sample investigated by Casarino et al. (11) (Table
molecular size of 131 bp.3). It must be noted that these authors also found a much lower

Structural analysis was also carried out on a set of representative
alleles (Table 4). Sequencing studies recently performed on STRs
have shown structural differences in repeat units, concerning bothTABLE 2—HumCD4 genotype distribution in a sample of 265 Italians

(Ancona n 4 119; Florence n 4 146). length and sequence and affecting several loci (10,12,25,26,27,28).
HumCD4 has been described as a simple repeat, consisting of a
regular series of TTTTC with a modified CTTTC in the fourth
repeat unit from allele 9 onwards (10). Our analysis confirmed the
pentameric TTTTC structure as a basic motif, responsible for the
length polymorphism and, from allele 10 onwards, the fourth basic
motif was CTTTC in all the alleles sequenced. Nevertheless, out
of the four alleles 9 sequenced, only three showed the T-to-C transi-
tion present in the fourth repeat for the largest alleles, while the
last one showed the basic TTTTC motif. The variant allele was
indistinguishable from the consensus allele in PAG electrophore-
sis. Therefore, allele 9 exists in two basic forms, with the unit
repeat TTTTC and the T-to-C transition in the fourth repeat, the
latter with a frequency of 75% (3 of 4 samples sequenced in this
study). Glock et al. (23) reached the same conclusions sequencing
the complementary strand.

Although HumCD4 locus displays a low degree of informative-
ness with respect to other STRs, it is very suitable for individualTABLE 3—Pairwise comparisons for homogeneity test between

Italians (n 4 265, this study); American Caucasians (n 4 191, (4)); identification, because positive results can be achieved with mini-
Austrian Caucasoids (n 4 300, (23)); Germans (n 4 139, (24)); and mal amounts of DNA from bloodstains (400 pg in our experience;

Italians (n 4 134, (11)). data not shown). For this reason, the HumCD4 system is a helpful
tool in forensic analysis.
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