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ABSTRACT: D17S2266E is a new, variable genetic marker exhibiting polymorphism of the number of repeats of four- and two-nucleotide
motifs. This study, carried out on a group of 250 unrelated persons from various regions of Poland, revealed the presence of 24 different alleles rang-
ing in size from 232 to 290 base pairs. Analysis of the sequenced fragments demonstrated that the alleles consisted of two flanking regions and two
variable blocks that were separated by a consensus sequence. There were (AAAG)5(AG)1(AAAG)3–4 repeats in the first block, and [(AAAG)2
(AG)1]0–1[(AAAG)6(AG)1]0–1(AAAG)n repeats in the second block. On the basis of the allele frequencies in the population, we were able to do bio-
statistical calculations, which gave the following results: expected heterozygosity 0.8947 € 0.0137, power of discrimination 0.9793, polymorphism
information content 0.8837, probability of exclusion (PE) 0.7859, PE for motherless cases 0.6473, and an average paternity index of 4.7470. These
biostatistical parameters show that the marker D17S2266E can find a wide range of applications in forensic testing.
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Microsatellite short tandem repeat (STR) markers have been
used for personal identification purposes for over 10 years and ful-
fill this function exceptionally well. Although many STR markers
have been precisely described and are routinely used, many more
are being identified (1–4).

We analyzed the sequence structure and population genetics of
an STR marker located within the GH@ locus on chromosome 17
(5). Although polymorphism of locus D17S2266E has been known
for a few years, proper genetic analysis and forensic application are
presented in this report. The locus GH@ contains two growth hor-
mone genes interspersed with three chorionic somatomammotropin
genes, all in the same transcriptional orientation. The STR marker
is situated between the growth hormone 1 gene (GH1) and the cho-
rionic somatomammotropin hormone-like gene (CSHL1) (6).

Materials and Methods

Sample Preparation

The study material consisted of buccal samples taken from
250 nonrelated persons from different regions of Poland. The iso-
lation of genomic DNA was carried out with the QIAGEN�
(Hilden, Germany) system. Additionally, genomic DNA was
investigated from 50 mother–father–child trios (100 meioses) with
genetically confirmed parentage, using Amp Fl STR Identifiler
PCR amplification kit (Applied Biosystems, Foster City, CA).

The quantity of DNA was determined by fluorometric measure-
ment using a Fluroskan Ascent FL 2.5 (Venta, Finland)
apparatus.

PCR Amplification

Optimization of the PCR amplification reaction was performed,
i.e., primer concentrations, quantity of template DNA, and amplifi-
cation conditions (temperature of hybridization, number of cycles).
The PCR reactions were carried out using the GeneAmp PCR Sys-
tem 9700 (Applied Biosystems), volume 25 lL. Amplification con-
ditions were determined to be as follows: 2.5 lL 10x PCR Buffer
(Promega, Madison, WI), 1.5 lL 25 mM MgCl2, 0.2 lL dNTPs
0.25 mM (Promega), forward and reverse primers 1.4 nM, 1 U
Taq DNA polymerase (Promega), 2.5–5 ng genome DNA. Reac-
tion temperature profile consisted of: initial denaturation 94�C—
2 min, the subsequent 30 cycles: 94�C—30 sec, 64�C—30 sec,
72�C—30 sec, final extension 72�C—45 min. Forward primer 5¢-
GACAGAATGAGACTCCAACTG-3¢ (marked with blue ester dye
FAM) and reverse primer 5¢-CAGAACAGGTAGTGTGGTGT-3¢
were used for amplification (1).

STR Typing

The PCR reaction products were subjected to capillary electropho-
resis using the ABI PRISM 3100 genetic analyzer (Applied Biosys-
tems). The products were separated in a 36-cm capillary filled with
POP4 gel (Applied Biosystems). The results obtained were analyzed
using the programs GeneScan 3.7 NT and Genotyper 3.7 NT with
respect to the internal size standard ILS 600 (Promega).

Allele Sequencing

For sequencing, alleles were chosen from homozygous individu-
als and heterozygous individuals differing by at least 8 bp. The

1Department of Biology, Central Forensic Laboratory, General Headquar-
ters of Police, Iwicka 14, 00-735 Warsaw, Poland.

2Institute of Biotechnology and Antibiotics, Staroscinska 5, 02-516 War-
saw, Poland.

3Department of Forensic Medicine, Medical University of Lodz, Sed-
ziowska 18a, 91-304 Lodz, Poland.

*Poster presentation at the 4th European Academy of Forensic Science
Conference, Helsinki, June 13–16, EFAS 2006.

Received 24 Mar. 2007; and in revised form 13 Oct. 2007; accepted 13
Oct. 2007

J Forensic Sci, May 2008, Vol. 53, No. 3
doi: 10.1111/j.1556-4029.2008.00720.x

Available online at: www.blackwell-synergy.com

� 2008 American Academy of Forensic Sciences 683



samples were amplified in a PCR reaction using a specific forward
primer 5¢-GACAGAATGAGACTCCAACTG-3¢ and a reverse pri-
mer 5¢-CAGAACAGGTAGTGTG GTGT-3¢. The PCR reactions
were carried out using Pfu DNA Polymerase (EURx, Gdansk,
Poland), in accordance with the manufacturer's recommendations.
Each DNA sample reacted in two 25-lL Eppendorf tubes. The ther-
mal conditions were as follows: initial denaturation 95�C—2 min,
the following 32 cycles: 94�C—30 sec, 64�C—30 sec, 72�C—
30 sec, final extension 72�C—10 min. The obtained products were
separated in an 8% polyacrylamide gel (bis-acrylamide:acrylam-
ide = 1:59) in TAE buffer for 3–4 h under an electric field of
10 V ⁄ cm. The separated DNA fragments were stained in ethidium
bromide (2 lg ⁄mL) and portions of the gel containing the DNA
fragments were cut out and each was placed in a separate Eppendorf
tube. The alleles were eluted from the gel using the method
described by Dybczynski and Plucienniczak (7). The resultant DNA
was dissolved in 10 lL of H2O and then used in the sequencing
reaction, which was carried out using the reagent system of ABI
Prism BigDye Terminator 1.1 (Applied Biosystems), 50–100 ng
DNA and 5 pM unlabelled primers. The following thermal condi-
tions were applied in a 25-cycle sequencing reaction: 95�C—20 sec,
52�C—15 sec, 60�C—1 min. The products were separated in a 36-
cm capillary filled with POP7 gel in an ABI PRISM 3730 apparatus.

Statistical Analysis

Statistical processing of the results was carried out using the
computer programs GDA (8) and DLP (9), the data for which were

prepared in the form of a standard NEXUS (10) computer file.
With these programs, the observed and expected heterozygosity as
well as its error (11), power of discrimination (PD) parentage (12),
polymorphism information content (13), probability of exclusion
for complete (14) and partial (15) parentage trios, and the mini-
mum, maximum (16), and average ⁄ mean paternity index (17) were
calculated.

Results

Location on the Chromosome

The STR marker analyzed is situated on chromosome 17 (at
band 17q23) in the region of the Homo sapiens growth hormone
locus GH@ (NCBI accession number NG_001334 base pairs
11,027–11,290), between gene GH1 and gene CSHL1. It should be
noted that there are other STR markers located on chromosome 17.
Klintschar et al (18) studied STR markers at the locus D17S976 in
the region 17p11.2, and Polymeropulos et al. (19,20) studied
another marker situated in the H. sapiens growth hormone locus
GH@ (NCBI accession number NG_001334 base pairs 25,725–
25,967) between gene CSHL1 and gene CSH1, at a distance of
14,435 bp from the D17S2266E marker.

Nomenclature

We submitted the studied marker to the GDB human genome
database and it was given number D17S22 66E (GDB:11524910

TABLE 1—Size, variable regions, nomenclature, and the number of sequenced alleles of D17S2266E.

Allele size (bp) Repeat regions
Allele

designation
No. of sequenced

alleles
GenBank accession

number

290 d(AAAG)5(AG)1(AAAG)4 (AAAG)2(AG)1(AAAG)6(AG)1(AAAG)18 36.2 2 EF010888
286 d(AAAG)5(AG)1(AAAG)4 (AAAG)2(AG)1(AAAG)6(AG)1(AAAG)17 35.2 2 EF010887
282 d(AAAG)5(AG)1(AAAG)4 (AAAG)2(AG)1(AAAG)6(AG)1(AAAG)16 34.2 2 EF010889
278 d(AAAG)5(AG)1(AAAG)4 (AAAG)2(AG)1(AAAG)6(AG)1(AAAG)15 33.2 1 EF010890
276 d(AAAG)5(AG)1(AAAG)4 (AAAG)2(AG)1–(AAAG)21 33 1 EF010891
272 d(AAAG)5(AG)1(AAAG)4 (AAAG)2(AG)1–(AAAG)20 32 2 EF010892
268 d(AAAG)5(AG)1(AAAG)4 (AAAG)2(AG)1–(AAAG)19 31 3 EF010893
264 d(AAAG)5(AG)1(AAAG)4 (AAAG)2(AG)1–(AAAG)18 30 6 EF010894
262 d(AAAG)5(AG)1(AAAG)4 (AAAG)2(AG)1(AAAG)6(AG)1(AAAG)11 29.2 1 EF010895
260 d(AAAG)5(AG)1(AAAG)4 (AAAG)2(AG)1–(AAAG)17 29 6 EF010896
260 d(AAAG)5(AG)1(AAAG)3 (AAAG)2(AG)1–(AAAG)18 29 1 EF010897
256 d(AAAG)5(AG)1(AAAG)3 (AAAG)2(AG)1–(AAAG)17 28 5 EF010898
256 d(AAAG)5(AG)1(AAAG)4 (AAAG)2(AG)1–(AAAG)16 28 2 EF010899
254 d(AAAG)5(AG)1(AAAG)3 —(AAAG)19 27.2 2 EF010900
252 d(AAAG)5(AG)1(AAAG)3 (AAAG)2(AG)1–(AAAG)16 27 2 EF010901
252 d(AAAG)5(AG)1(AAAG)4 (AAAG)2(AG)1–(AAAG)15 27 2 EF010902
250 d(AAAG)5(AG)1(AAAG)3 —(AAAG)18 26.2 3 EF010903
248 d(AAAG)5(AG)1(AAAG)3 (AAAG)2(AG)1–(AAAG)15 26 1 EF010904
248 d(AAAG)5(AG)1(AAAG)4 (AAAG)2(AG)1–(AAAG)14 26 3 EF010905
246 d(AAAG)5(AG)1(AAAG)4 —(AAAG)16 25.2 1 EF010906
244 d(AAAG)5(AG)1(AAAG)3 (AAAG)2(AG)1–(AAAG)14 25 2 EF010907
242 d(AAAG)5(AG)1(AAAG)3 —(AAAG)16 24.2 3 EF010908
240 d(AAAG)5(AG)1(AAAG)3 (AAAG)2(AG)1–(AAAG)13 24 1 EF010909
236 d(AAAG)5(AG)1(AAAG)3 (AAAG)2(AG)1–(AAAG)12 23 1 EF010910
234 d(AAAG)5(AG)1(AAAG)3 —(AAAG)14 22.2 2 EF010911
232 d(AAAG)5(AG)1(AAAG)3 (AAAG)2(AG)1–(AAAG)11 22 1 EF010912

d Flanking sequence 5¢ (63 bp): forward primer sequence underlined
5¢GACAGAATGAGACTCCAACTGAAAAAAAAGAAAGAAAGAGAGAGAGAGAGACAAAGAGGAAGG 3¢
3¢CTGTCTTACTCTGTGGTTGACTTTTTTTTCTTTCTTTCTCTCTCTCTCTCTGTTTCTCCTTCC 5¢

Consensus sequence (34 bp) located between variable regions:
5¢AAAAGGAAAGGAGGAAGGAAAGAAAAAGAAAAAG 3¢
3¢TTTTCCTTTCCTCCTTCCTTTCTTTTTCTTTTTC 5¢

Flanking sequence 3¢ (47 bp): reverse primer sequence underlined
5¢AAACTAAAATAACTAAATAACTGAGTAACACCACACTACCTGTTCTG 3¢
3¢TTTGATTTTATTGATTTATTGACTCATTGTGGTGTGATGGACAAGAC 5¢
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and GDB:11524917). For the marker studied, we propose the name
D17S2266E, in accordance with the recommendations of the Scien-
tific Working Group on DNA Analysis Methods (21) and ISFH,
currently ISFG (22,23).

For the alleles of the STR system, we applied the nomenclature
recommended by the ISFG on the basis of the number of repeats
(22,23). Sequences of 26 different D17S2266E alleles were submit-
ted to the GenBank (Table 1).

Sequence Structure and Variation of D17S2266E Alleles

The 58 alleles of the locus D17S2266E from 250 unrelated per-
sons were sequenced, and the results are presented in Table 1. The
analysis of the sequenced fragments showed that the alleles are com-
posed of two flanking regions (including the primer sites) and two
variable blocks, which were separated by a consensus sequence (see
Table 1). In the first block there were (AAAG)5(AG)1(AAAG)3–4

repeats and in the second block [(AAAG)2(AG)1]0–1[(AAA-
G)

6
(AG)1]0–1 (AAAG)n repeats. The size of the alleles ranged from

232 to 290 bp. Alleles characterized by the same length may have
different nucleotide sequences (22,23), and in our study, we
observed this in the case of alleles 26–29 (Table 1). It is possible that
sequence polymorphism may also appear among the other alleles.

Population Genetics

The analysis of 250 DNA samples from males and females in the
Polish population revealed the presence of 24 different alleles ranging
from 232 to 290 bp in size. The frequency distribution of the alleles
was in agreement with that determined on the basis of the Hardy–
Weinberg law (Fisher exact test: p = 0.4678). The analysis of allele
segregation in 50 mother–father–child trios, i.e., in 100 meioses,
showed no deviation from Mendel's first law with respect to the
length of the fragments studied. The size of the locus D17S2266E
alleles and the frequencies observed in the studied group are pre-
sented in Table 2. The biostatistical parameters determining the
degree of polymorphism of this locus are given in Table 3.

Discussion

It is worth emphasizing that only a few STR markers, such as
ACTBP2, possess a number of alleles greater than that of the locus
D17S2266E (24,25).

From among the 24 defined length variants at the locus
D17S2266E, the most frequent in the studied population were the
four alleles 27–30, and their frequency of occurrence was over
12%. By contrast, the least frequent alleles were 29.2 and 33,
which appeared only once in the studied group. Only rarely are
STR markers encountered that show a polymorphism similar to that
of the marker we studied, with a PD value of 0.979, such as ACT-
BP2, Penta E, and D2S1338, for which the PD values for the Pol-
ish population are 0.991, 0.979, and 0.972, respectively (26–28).
The favorable parameters of usefulness in forensic medical examin-
ations (Table 3) indicate that D17S2266E could be a valuable
forensic marker.
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