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Abstract We have observed three hitherto undescribed
off-ladder alleles at three widely used STR loci. These were
isolated, sequenced and designated as follows: allele 10
(D2S1338, one case), allele 21 (D3S1358, two cases) and
allele 6.2 (D19S433, six cases). These sequences are de-
scribed in comparison to non-variant alleles, and their im-
plications for the semi-automated STR analysis will be
discussed.
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Introduction

The short tandem repeat (STR) loci D2S1338, D3S1358
and D19S433 are commonly used (e.g., [1]) in human
parentage as well as identity testing and are part of some
national DNA databases (e.g., UK, Austria). Allelic ladders
from kits (e.g., [9]) contain alleles 15–27 (D2S1338) and
9–18 (D19S433), whereas at D3S1358, 11 different alleles
ranging from 11 to 20 [2, 3] and even up to 26 repeats [4]
have been described. The NIST STRbase (http://www.cstl.
nist.gov/biotech/strbase) refers to more than 250 variant
alleles, but only very few of them have been characterized
properly and published so far (e.g., [5, 6]).

Materials and methods

Genomic DNA was extracted from buccal scrapings as
follows: a small piece of the cotton wool was cut off by
sterile scissors; 50 μl of 20 mg/ml proteinase K (Roche,
Mannheim, Germany) and 200 μl of 5% (w/v) chelex-100
suspension (Bio-Rad, München, Germany) were added.
The mixture was incubated for 30 min at 56°C and then
boiled for 8 min. D3S1358, D2S1338 and D19S433 were
amplified using commercially available kits (AmpFlSTR
SGMplus [7] and SEfiler [8], Applied Biosystems, Darm-
stadt, Germany; genRES MPX-3 [9], SERAC, Bad Hom-
burg, Germany) and analyzed on ABI PRISM 310 and 3100
Genetic Analyzers with Genotyper 2.5.2 (Applied Biosys-
tems). For sequencing, the samples were amplified using
published primer sequences ([10]; Genbank/GDB acces-
sion nos.: G08202, 196594 and G08036). After eluting the
alleles of interest from polyacrylamide gels, the sequence
was determined on both strands using the BigDye Ter-
minator kit v2.0 and an ABI PRISM 310 Genetic Analyzer
(Applied Biosystems).

Results and discussion

In one out of 2,857 samples [allele frequency, 0.0002; 95%
confidence interval (CI) 0–0.001], an off-ladder allele for
D2S1338 was observed by using the SGM Plus kit and
the MPX-3 kit. It was considered to be allele 10, which
was verified by sequencing. The variable region shows the
following structure that follows the consensus structure
(data given in Table 1):

TGCCð Þ4 TTCCð Þ6
Using the MPX-3 kit, allele 10 in D2S1338 is located

within the range of D3S1358 (Fig. 1a). Using the SGM
plus kit, this allele is located within the range of D16S539.
In both multiplex kits, allele 10 in D2S1338 represents an
integer allele in the range of appearance. Thus, the risk of
mistyping of this allele is very high.
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allele sequence of repeat region n 

10.0 (TGCC)4 (TTCC)6 1 

17.0 (TGCC)6 (TTCC)11 1 

18.0 (TGCC)6 (TTCC)12 1 

(TGCC)8 (TTCC)11 1 
19.0

(TGCC)7 (TTCC)12 1 

(TGCC)7  (TCCC)   (TTCC)12 3 
20.0

(TGCC)7 (TTCC)10  (GTCC)1 (TTCC)2 1 

21.0 (TGCC)7 (TTCC)11  (GTCC)1 (TTCC)2 1 

22.0 (TGCC)7 (TTCC)12  (GTCC)1 (TTCC)2 1 

23.0 (TGCC)7 (TTCC)13  (GTCC)1 (TTCC)2 2 

24.0 (TGCC)7 (TTCC)14   (GTCC)1 (TTCC)2 2 

25.0 (TGCC)7 (TTCC)15  (GTCC)1 (TTCC)2 2 

26.0 (TGCC)7 (TTCC)16  (GTCC)1 (TTCC)2 2 

D2S1338 

27.0 (TGCC)7 (TTCC)17  (GTCC)1 (TTCC)2 2 

11.0 (AGAT)7   (AGAC)2 (AGAT)2 2 

12.0 (AGAT)8   (AGAC)2 (AGAT)2 1 

13.0 (AGAT)9   (AGAC)2 (AGAT)2 2 

14.0 (AGAT)10  (AGAC)2 (AGAT)2 3 

(AGAT)10  (AGAC)3 (AGAT)2 1 

(AGAT)11  (AGAC)2 (AGAT)2 1315.0

(AGAT)12  (AGAC)1 (AGAT)2 2 

15.2 (AGAT)10 (AG)1     (AGAC)3 (AGAT)2 2 

(AGAT)11  (AGAC)3 (AGAT)2 5 

(AGAT)12  (AGAC)2 (AGAT)2 1316.0

(AGAT)13  (AGAC)1 (AGAT)2 2 

(AGAT)13  (AGAC)2 (AGAT)2 13

(AGAT)12  (AGAC)3 (AGAT)2 1017.0

(AGAT)14  (AGAC)1 (AGAT)2 1 

(AGAT)13  (AGAC)3 (AGAT)2 12

(AGAT)12  (AGAC)4 (AGAT)2 1 18.0

(AGAT)14  (AGAC)2 (AGAT)2 4 

(AGAT)14  (AGAC)3 (AGAT)2 3 
19.0

(AGAT)15  (AGAC)2 (AGAT)2 1 

20.0 (AGAT)16  (AGAC)2 (AGAT)2 1 

D3S1358 

21.0 (AGAT)16  (AGAC)3 (AGAT)2 2 

16.2 (AAGG)  (AA)    (AAGG)  (TAGG)     (AAGG)5 6 

19.0 (AAGG)  (AAAG)  (AAGG)  (TAGG)  (AAGA)     (AAGG)6 1 

10.0 (AAGG)  (AAAG)  (AAGG)  (TAGG)     (AAGG)8 1 

11.0 (AAGG)  (AAAG)  (AAGG)  (TAGG)     (AAGG)9 2 

.0 (AAGG)  (AAAG)  (AAGG)  (TAGG)  (AAGG)   A (AAGG)8 1 

12.0 (AAGG)  (AAAG)  (AAGG)  (TAGG)     (AAGG)10 2 

12.1 (AAGG)  (AAAG)  (AAGG)  (TAGG)  (AAGG)5 A (AAGG)5 4 

13.0 (AAGG)  (AAAG)  (AAGG)  (TAGG)     (AAGG)11 3 

13.2 (AAGG)  (AA)    (AAGG)  (TAGG)     (AAGG)12 1 

14.0 (AAGG)  (AAAG)  (AAGG)  (TAGG)     (AAGG)12 3 

15.0 (AAGG)  (AAAG)  (AAGG)  (TAGG)     (AAGG)13 3 

15.2 (AAGG)  (AA)    (AAGG)  (TAGG)     (AAGG)14 1 

16.0 (AAGG)  (AAAG)  (AAGG)  (TAGG)     (AAGG)14 4 

16.2 (AAGG)  (AA)    (AAGG)  (TAGG)     (AAGG)15 1 

17.0 (AAGG)  (AAAG   (AAGG)  (TAGG)     (AAGG)15 1 

17.2 (AAGG)  (AA)    (AAGG)  (TAGG)     (AAGG)16 2 

D19S433 

18.0 (AAGG)  (AAAG)   (AAGG)  (TAGG)  (AAGG)16 2 

11.1

Table 1 Overview of the sequenced alleles of the STR systems D2S1338, D3S1358 and D19S433

The repeat structure and the number of sequenced alleles (n) is indicated; the three variants from this study
are shown in bold
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After multiplex PCR analysis, a peak outside of the
Genotyper range for D3S1358 was detected in two out
of 11,070 samples (allele frequency, 0.0001; 95% CI 0–
0.0003; Fig. 1b). According to the apparent amplicon size,
we considered it as allele 21. This was confirmed by se-
quencing leading to the following structure of the variable
region, which is similar to the other alleles at D3S1358 with
three variable AGAY blocks (see Table 1):

AGATð Þ16 AGACð Þ3 AGATð Þ2
Allele 21 at D3S1358 appears in a different category range,
e.g., in vWA using SEfiler (Fig. 1b).

In four—as far as we know—unrelated persons in a set
of 4,181 samples (allele frequency, 0.0005; 95% CI
0.0002–0.0013), a peak outside the range of D19S433 ap-
peared in the electropherogram. According to the apparent
amplicon size, we considered it as allele 6.2, which was
verified by sequencing. The variable region shows the fol-
lowing structure that is similar to those of longer, non-integer
alleles, e.g., 15.2, 16.2, 17.2 (data shown in Table 1):

AAGGð Þ AAð Þ AAGGð Þ TAGGð Þ AAGGð Þ5
Using the MPX-3 multiplex kit, the allele 6.2 in D19S433

appears in the category range of the STR system vWA
(Fig. 1c). Using the SEfiler or the SGM Plus kit, the allele
6.2 may not be observed because the default settings of the
Genotyper macro show a zoom window size starting at 95
bp. Thus, the peak indicating allele 6.2 (apparent size, 91.5
bp) is outside of this range. This may lead to mistyping of
samples as homozygote in D19S433.

Interestingly, all four persons carrying an allele 6.2 in
D19S433 are known to have a Turkish origin. Two additional
samples carrying 6.2 in D19S433 were sent to us from other
laboratories for sequence analysis: one from Turkey and
one with an unknown origin but with a Turkish forename.

In Turkish population genetic studies, the observation of
an allele 6.2 has not been mentioned so far (e.g., [11]).

All these rare alleles have implications in the (semi-
automated) analysis: the zoom of the Genotyper window
should start at ∼85 bp in case of using the SEfiler and/or the
SGM Plus kits to assure that short alleles in D19S433 are
indeed displayed. Additionally, one should not solely rely
on the category ranges given in a Genotyper macro, but
rather keep in mind the possibility of off-ladder variant
alleles.

Finally, understanding STR particularities such as prim-
er binding site mutations [12] and off-ladder alleles should
assist the future development of improved reagents to type
STR loci correctly.
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