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Abstract Short tandem repeat loci are ideal markers fanits, the number of repeat units and the repeat unit pat-
forensic and paternity case work. A high degree of polgrn of the individual alleles (Puers et al. 1993; Urquhart
morphism, as determined by gross length measuremengtial. 1993; Moéller and Brinkmann 1994). Simple repeats
very often due to complex underlying sequence variati@antain units of identical length and sequence, compound
In the present study, we have studied the sequence stregeats comprise two or more adjacent simple repeats,
ture and population genetics of two short tandem repeaimplex repeats may contain several repeat blocks of
polymorphisms at loci D8S639 and D11S488 in Germuaariable length, along with variable intervening sequences
Caucasians from the region of Hesse. Sequence datgUWeguhart et al. 1994). Very often a high polymorphism is
vealed a considerable polymorphism at both loci. Locassociated with considerable sequence variations (Adams
D8S639 is characterized by a tetranucleotide (AGAT)n mt-al. 1993; Mdller and Brinkmann 1994; Brinkmann et al.
peat pattern with (GAT) and (AGGT) repeats dispers&896; Lareu et al. 1996). Although most STR loci are
throughout several alleles. These microvariations leadctwaracterized by a low mutation rate (Weber and Wong
alleles differing by one base pair or alleles of identical siZE993), some loci exhibit hypermutability (Talbot et al.
At locus D8S639 we observed 17 allelic lengths compris995) and microsatellite instability is found in a variety of
ing 25 different alleles. Alleles at locus D11S488 possesaepplasmas (Perucho 1996; Boland 1996) or has been as-
compound repeat region consisting of (AAAG)n arnsbciated with some human genetic disorders (Mahadevan
(GAAG)N repeats. At locus D11S488 we observed 15 al-al. 1992).

lelic lengths with a total of 24 alleles. Allelic lengths in- Due to the structural variations of particular STR loci,
creased in size by 4bp increments corresponding to seguence analysis of individual alleles is essential for the
addition of one tetranucleotide repeat unit. Populatiose of these markers for human identification. In the pre-
data of loci D8S639 and D11S488 revealed a high posent study, we have therefore analysed the sequence struc-
morphism with heterozygosity rates of 0.85 (D8S639) atde and population genetics of STR loci on chromosome

0.91 (D115488). 8, locus D8S639 at 8p21-pll (Nelson et al. 1994) and on
) chromosome 11, locus D11S488 at 11g24.1-g25 (Browne
Key words Short tandem repeat polymorphism - et al. 1992). Alleles at both loci were originally reported

D8S639 - D11S488 - Sequence analysis - Population tg vary in size by multiples of 4 bp.
genetics

. Materials and methods
Introduction

The repeat structure of alleles at short tandem rep'é%?u'atlon sample

(STR) loci varies due to the length of the individual reperéripheral blood samples were collected in EDTA from healthy
unrelated blood donors (locus D8S639 = 306 and locus
D11S488n = 186) from the region of Hesse (Mid-Germany) and
enomic DNA was isolated following the salting-out procedure
Miller et al. 1988).

The data presented here are part of the theses of S. Mdller an

O. Jager
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cially synthesized and thé Brimers were labeled with fluores-dations of the DNA Commission of the International Society for
cence dye markers (Perkin Elmer, Applied Biosystem DivisioRprensic Haemogenetics (Bar et al. 1997).

Weiterstadt, Germany), locus D8S639 with hexachloro-6-carboxy-

fluorescein (HEX) and locus D11S488 with 6-carboxylfluorescein

(FAM). PCR amplification was performed in a 9600 DNA thermdatatistical analysis

cycler system (Perkin Elmer, Forster City, Calif., USA) using 50 n% o ) )

of genomic DNA, 25 pmol of each primer, 200nmol dNTPs, 1 The polymorphic information content (PIC) was calculated using
PCR buffer and 0.5 U Taq polymerase (Appligene Oncor, Heidéle formula of Botstein et al. (1980). The matching probability
berg, Germany) in a final volume of 0 PCR cycling conditions (pPM) was calculated by the method of Jones (1972). The expected
were: (D8S639) 28 cycles at 95°C for 30 s, 60°C for 40 s, 72frgquency of heterozygotes was calculated according to Nei and
for 30 s; (D11S488) 28 cycles at 95° C for 30 s, 54°C for 40 s, 72Roychoudhury (1974). Hardy-Weinberg equilibrium was tested
for 30 s, with a final extension step at 72°C for 5 min. PCR prodsing thex2-goodness of fit test (Kirby and Puterman 1992).

ucts were analysed using an allelic ladder on a 6% polyacrylamide
denaturing sequencing gel containing 8.3 M urea, 6% acry-
lamide/bis-solution and % tris/borate buffer. Electrophoresis wa
performed at 30 W for 8 h on an 373A automated DNA sequen
(Applied Biosystem Division, Perkin Elmer, Foster City, Calif.,
USA) and fragments were analysed using the Genescan 672 S#@eguence structure

ware (Applied Biosystem Division, Perkin Elmer). and variations of D8S639 and D115S488 alleles

ults

At locus D8S639 a total of 66 fragments were sequenced
and 17 allelic lengths corresponding to 25 different allelic

Sequence analysis was performed in both directions using the Beguences were found ranging from 316 bp to 371 bp
primers as sequencing primers. PCR products from homozyglgéble 1). In contrast to the published Genebank sequence

individuals were routinely sequenced. For heterozygous indivi . ;
als, the PCR products were separated by electrophoresis on ‘%)85639 (Nelson et al. 1994; Accession number L24797)

agarose gels (Agarose NA, Pharmacia Biotech, Uppsala, Schid@st of the alleles, with the exception of allele 233, had
den) and purified using Qiaex Il gel extraction kit (Qiagen Intwo (AGAT) repeats between the (GAT) and (AGGT) re-
Chatsworth, Calif., USA). Sequence reactions were set up accgydat. The repeat region at locus D8S639 is characterized

ing to standard protocols (Prism Sequenase DyeDeoxy Termingdor 5 considerable microheterogeneity which resembles
Sequencing Kit, Perkin Elmer). Sequence analysis was performed

on an 373A automated DNA sequencer using the SeqEditor 5inPIex STR systems. Small alleles from allele 20 to al-
Sequence Navigator software (Applied Biosystems Divisiolgle 27 exhibit variations in the number of (AGAT) re-
Perkin EImer). Alleles were assigned according to the recommpeats at both ends of the repeat region. The complexity of

Solid phase DNA sequence analysis

Table 1 Sequence variabilities

at locus D8S639 Allele Length Repeat region No. of se-
(bp) guenced
alleles
20 316  (AGAT)12 GAT (AGAT)2 AGGT (AGAT)6 1
21 320  (AGAT)13 GAT (AGAT)2 AGGT (AGAT)6 1
22 324  (AGAT)11 GAT (AGAT)2 AGGT (AGTA)9 4
23 23 328  (AGAT)11 GAT (AGAT)2 AGGT (AGAT)10 5
23, 328  (AGAT)12 GAT (AGAT)2 AGGT (AGAT)9 3
23, 328  (AGAT)11 GAT (AGAT)1 AGGT (AGAT)11 4
24 24 332  (AGAT)11 GAT (AGAT)2 AGGT (AGAT)11 4
24, 332  (AGAT)12 GAT (AGAT)2 AGGT (AGAT)10 3
- 25 2 336 AGAT)13 GAT (AGAT)2 AGGT (AGAT)10 5
b GAGTGATGGAMGARA. 2 72 238 (RNTS EaT (hGAT)2 AGGT (AGATILL i
GATTATTCAGAGAATAAA- 26 26 340  (AGAT)11 GAT (AGAT)2 AGGT (AGAT)13 3
AAGCAGAGTATAAAG 26, 340 (AGAT)12 GAT (AGAT)2 AGGT (AGAT)12 2
TCCAGCAGTGCACTTGCA- 263 340 (AGAT)13 GAT (AGAT)2 AGGT (AGAT)11 3
GTATTGTTAACTGAAGT- 27 27, 344  (AGAT)13 GAT (AGAT)2 AGGT (AGAT)12 3
ATTCTAATTATCCTAGTG- 27, 344  (AGAT)14 GAT (AGAT)2 AGGT (AGAT)11 2
GCTTGATTTGGACAT 27.3 347 (AGAT)12 GAT (AGAT)2 AGGT (AGAT)4 GAT (AGAT)9 1
TGGGATTCTAGATTTTTC-  og 348  (AGAT)14 GAT (AGAT)2 AGGT (AGAT)12 3
g}?&@;ﬁl&;‘?&gpﬁﬁr 283283 351  (AGAT)11 GAT (AGAT)2 AGGT (AGAT)4 GAT (AGAT)11 1
(AGGT)L(AGATIN A 28.3 351  (AGAT)12 GAT (AGAT)2 AGGT (AGAT)4 GAT (AGAT)10 2
TGATTTGTCATT TTTCTA- 29 352 (AGAT)14 GAT (AGAT)2 AGGT (AGAT)13 3
AGTTCTTGTGTTT CCTGA  29.3 355  (AGAT)13 GAT (AGAT)2 AGGT (AGAT)4 GAT (AGAT)10 2
CTTTACATTTTTTGGTT- 30.3 359  (AGAT)13 GAT (AGAT)2 AGGT (AGAT)4 GAT (AGAT)11 3
GAG 31.2 362  (AGAT)13 GAT (AGAT)2 AGGT (AGAT)4 GAT (AGAT)5 1
*Sequence of repeat region GAT (AGAT)6
(bold) and flanking regions in- 31.3 363 (AGAT)13 GAT (AGAT)2 AGGT (AGAT)4 GAT (AGAT)12 2
cluding primer sequences are 33.3 371  (AGAT)16 GAT (AGTA)2 AGGT (AGAT)4 GAT (AGAT)11 1

underlined
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Table 2 Sequence variabilities at locus D11S488

Allele Length Repeat region No. of sequenced
(bp) alleles
26 242 (AAAG)14 (GAAG)4 GAAAG (GAAG)4 GAAAGAAAGGAAAG (GAAG)4 1
27 246 (AAAG)15 (GAAG)4 GAAAG (GAAG)4 GAAAGAAAGGAAAG (GAAG)4 1
28 250 (AAAG)12 (GAAG)7 GAAAG (GAAG)5 GAAAGAAAGGAAAG (GAAG)5 3
29 29 254 (AAAG)7 (GAAG)11 GAAAG (GAAG)5 GAAAGAAAGGAAAG (GAAG)6 4
29, 254 (AAAG)8 (GAAG)10 GAAAG (GAAG)5 GAAAGAAAGGAAAG (GAAG)6 2
30 30 258 (AAAG)7 (GAAG)12 GAAAG (GAAG)5 GAAAGAAAGGAAAG (GAAG)6 3
30, 258 (AAAG)14 (GAAG)7 GAAAG (GAAG)4 GAAAGAAAGGAAAG (GAAG)5 2
31 34 262 (AAAG)7 (GAAG)13 GAAAG (GAAG)5 GAAAGAAAGGAAAG (GAAG)6 5
31, 262 (AAAG)10 (GAAG)11 GAAAG (GAA)5 GAAAGAAAGGAAAG (GAAG)5 3
32 32 266 (AAAG)7 (GAAG)14 GAAAG (GAAG)5 GAAAGAAAGGAAAG (GAAG)6 3
32 266 (AAAG)11 (GAAG)10 GAAAG (GAAG)5 GAAAGAAAGGAAAG (GAAG)6 2
32; 266 (AAAG)10 (GAAG)11 GAAAG (GAAG)5 GAAAGAAAGGAAAG (GAAG)6 2
32 266 (AAAG)12 (GAAG)9 GAAAG (GAAG)5 GAAAGAAAGGAAAG (GAAG)6 3
32 266 (AAAG)15 (GAAG)7 GAAAG (GAAG)4 GAAAGAAAGGAAAG (GAAG)6 2
32 266 (AAAG)15 (GAAG)6 GAAAG (GAAG)5 GAAAGAAAGGAAAG (GAAG)6 2
33 33 270 (AAAG)13 (GAAG)9 GAAAG (GAAG)5 GAAAGAAAGGAAAG (GAAG)6 3
33, 270 (AAAG)12 (GAAG)10 GAAAG (GAA)5 GAAAGAAAGGAAAG (GAAG)6 3
34 34 274 (AAAG)14 (GAAG)9 GAAAG (GAAG)5 GAAAGAAAGGAAAG (GAAG)6 3
34, 274 (AAAG)13 (GAAG)10 GAAAG (GAAG)5 GAAAGAAAGGAAAG (GAAG)6 3
35 278 (AAAG)15 (GAAG)9 GAAAG (GAAG)5 GAAAGAAAGGAAAG (GAAG)6 3
36 282 (AAAG)15 (GAAG)10 GAAAG (GAAG)5 GAAAGAAAGGAAAG (GAAG)6 3
38 290 (AAAG)16 (GAAG)11 GAAAG (GAAG)5 GAAAGAAAGGAAAG (GAAG)6 4
39 294 (AAAG)13 (GAAG)15 GAAAG (GAAG)5 GAAAGAAAGGAAAG (GAAG)6 3
41 302 (AAAG)17 (GAAG)13 GAAAG (GAAG)5 GAAAGAAAGGAAAG (GAAG)6 1
b*: AGGCAATAGAGACCCTGTGAAAG AAGA (AAAG)5 *Sequence of repeat region (bold) and flanking regions including
GTAAGAA (AAAG)N (GAAG)N GAAAG primer sequences are underlined

(GAAG)n GAAAG AAAG GAAAG (GAAG)n GAAAG
(AAAG)2 AGAGAGGGAG (AAAG)2 GAAG
GAAACTAA CTCTCAGTAACAATTCATCATC

the system increases in larger alleles with variations in takes (Table 3). Both STR systems have a considerable
number of the (GAT) and (AGAT) repeats. Several of ti®lymorphism with PIC values of 0.821 (D8S639) and
larger alleles have additional (GAT) repeats giving rise @888 (D11S488) and heterozygosity rates of 0.85
alleles that differ by only 1 bp in size. In these cases, ([B8S639) and 0.91 (D11S488).
(GAT) trinucleotide repeats are included in the allele as-
signment.
Locus D11S488 is characterized by a compound repBiscussion
structure consisting of (AAAG) and (GAAG) repeats
(Table 2). This locus has a basic sequence structurdnathe present study we observed a considerable sequence
(AAAG),_1{GAAG),_1:GAAAG(GAAG), -GAAAGAA - variation among alleles at locus D8S639 and locus
AGGAAAG(GAAG),_¢ Sequence analysis was performed11S488. Originally, both STR systems were described
on 60 fragments giving a total of 15 allelic lengths thas regular tetranucleotide repeat polymorphisms (Browne
comprise 24 alleles. The complexity of this system is let al. 1992; Nelson et al. 1994). Sequence analysis re-
cated mainly in the'Segion of the repeat array with varivealed that the loci D8S639 and D11S488 are both char-
ations in the number of (AAAGH GAAG), repeats. In acterized by alleles with sequence variations in the repeat
contrast, the'3nd of the repeat region is characterized bggions but identical length when analysed by PCR. Al-
a tetra/pentameric repeat array and exhibits low variatidlic lengths at locus D11S488 differ by 4 bp, whereas at
ity with 4—6 copies of a (GAAG) repeat. locus D8S639 we observed a more complex sequence
structure of alleles giving rise to alleles that differ only by
1 bp in size. Population data revealed that both loci are
Population genetics very polymorphic and display a considerable number of
alleles. Due to the presence of (AAAG) and (GAAG) re-
There was no deviation from Hardy-Weinberg equilitpeats, the STR system at locus D11S488 could be classi-
rium (D8S639x2 = 8.23, df = 55P > 0.9; D11S488x2= fied as a compound STR, such as locus D11S554 (Adams
6.58, df = 62,P > 0.9). Locus D8S639 exhibits a uniet al. 1993) or locus D12S391 (Lareu et al. 1996). In con-
modal distribution of allele frequencies whereas loctraist the STR system at locus D8S639 has intermediate
D11S488 is characterized by a bimodal distribution of aicrovariations with similiarities to complex STR sys-
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Table 3 Allele frequencies and additional population genetic paaore, this STR system exhibits a considerable number of
rameters at STR locus D8S639 and D115488 alleles with sequence variations of identical fragment

D8S639N = 306 (612) D11S488N = 186 (372) sizes (i.e. allele 32 consists of six sequence variations).
Repeat slippage during DNA replication could be a poten-
Allele (bp!) Frequency Allele (b) Frequency tial cause for these sequence variations at this locus.

The presence of ‘iso’-alleles or alleles differing only

5(1) g;g; 8:882 ;3 gjg 8:88? by single_base pairs in length makes sizing. of these S_TR

22 (324) 0.023 28 (250) 0038 systems important. In t_he present study using denatu_rlng

23 (328) 0.111 29 (254) 0.099 COﬂdItIOI‘IS' and an allelic ladder, we were able to define

24 (332) 0.152 30 (258) 0.091 the 1 bp dlﬁerences observed at locus D88639. Thg use of

25 (336) 0.274 31 (262) 0.081 no.n-denaturlng ge_ls.could also be useful, since ‘iso’-al-

26 (340) 0.224 32 (266) 0.156 lelic sequence variation can be resolved. However, _the re-

27 (344) 0.087 33 (270) 0.156 produc[bnlty of nqn—denaturlng g_el electrophq(e5|s is re-

27.3 (347) 0.008 34 (274) 0.129 du_ced in comparison to denatl_Jrlng gel condltl_on_s. Thus,

28 (348) 0.039 35 (278) 0.075 using denaturing gels ‘iso’-allelic sequence variation have

28.3 (351) 0.005 36 (282) 0.040 to be treated as allelic groups when used for gene map-

29 (352) 0.016 37 (286) 0.040 ping or human identification.

29.3 (355) 0.010 38 (290) 0.048
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