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Aim To present a compendium of off-ladder alleles and other geno-
typing irregularities relating to rare/unexpected population genetic
variation, observed in a large short tandem repeat (STR) dara-
base from Bosnia and Serbia.

Methods DNA was extracted from blood stain cards relating to ref-
erence samples from a population of 32 800 individuals from Bosnia
and Serbia, and typed using Promega’s PowerPlex"16 STR kit.

Results There were 31 distinct off-ladder alleles were observed in
10 of the 15 STR loci amplified from the PowerPlex"16 STR kit. Of
these 31 alleles, 3 have not been previously reported. Furthermore,
16 instances of triallelic patterns were observed in 9 of the 15 loci.
Primer binding site mismatches that affected amplification were ob-
served in two loci, D55818 and D8S1179.

Conclusion Instances of deviations from manufacturer’s allelic lad-
ders should be expected and caution taken to properly designate
the correct alleles in large DNA databases. Particular care should be
taken in kinship matching or paternity cases as incorrect designa-
tion of any of these deviations from allelic ladders could lead to false

exclusions.
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Commercial kits for forensic short tandem re-
peat (STR) multiplexes include allelic ladders
that assist the user in allele designation by co-mi-
grating with any commonly expected allelic vari-
ants in the population (1). In the selection of loci
and other steps in the development of commer-
cial STR kits, huge amounts of effort are put into
screening population genetic variation to ensure
that the locus varies in a simple and easy-to-in-
terpret manner, and that allele frequencies are
known for statistical interpretation. Allelic lad-
ders are based on variation observed in the de-
velopment process, but, inevitably, when large
population samples are typed, variants are en-
countered that were not represented in the de-
velopmental screening, This is particularly true
when the populations under testing differ from
those that were studied during kit development.

Practitioners of forensic STR typing need
to be aware of the possibility of rare variants, so
the variants can be recognized and dealt with
properly in casework interpretation. If designat-
ed correctly, variant alleles can sometimes great-
ly increase the power of discrimination in DNA
comparisons (2). In this regard, it is important
that the forensic science community share infor-
mation on the occurrence of these variants. In
some contexts, these variants may actually occur
rather commonly, and public documentation of
their occurrence can save individual investigators
much time and effort (3).

Unexpected or “anomalous” genetic varia-
tion that can complicate STR typing takes a
number of forms, with a variety of consequenc-
es on the testing results. New length variants not
represented on the allelic ladder can be due to in-
sertion/deletions of full repeat units, or to “mi-
crovariants” differing due to the insertion/dele-
tion of single bases or partial repeats (2,4-6). In
some cases, larger or smaller off-ladder alleles may
fall within the allelic ladder of an adjacent locus
(5,6), with the potential for significant confusion.
Triallelic patterns (7-9) can be due to length mu-
tations that occur and segregate during an indi-
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vidual’s development, or to localized duplication
of alocus, or to chromosomal trisomy. Sequence
variation, rather than length variation, can also
have effects, particularly in the case of sequence
differences in the amplification primer binding
sites. Primer mismatches can result in complete
amplification failure and cause null alleles, or can
lower the peak height of affected alleles (10-18).
Any of these anomalies can cause problems dur-
ing interpretation of results if the analysts are not
familiar with these occurrences.

The International Commission on Missing
Persons (ICMP) was founded in 1996 to address
the issue of persons missing as a result of the con-
flicts that occurred during the breakup of the
former Yugoslavia during the 1990s. DNA pro-
files are obtained from reference samples collect-
ed from living relatives which are entered into a
DNA reference database (currently greater than
80000 unique profiles). Likewise, DNA pro-
files generated from skeletal remains recovered
from grave sites are entered into a missing per-
sons DNA database (currently containing more
than 12000 unique profiles). Both databases are
screened against each other on a daily basis, re-
sulting in possible kinship matches.

We report_here a new compendium of all
off-ladder variants/microvariants, primer bind-
ing site mutations, and instances of triallelic pat-
terns that have been observed in a subset of the
ICMP blood sample reference database repre-
senting~32800 individuals from Bosnia and
Serbia, including Kosovo.

Methods and materials

Samples, tabulation, and frequency estimation of

variant alleles

Blood stain cards have been obtained from fam-
ily members of missing persons from Bosnia and
Serbia (approximately 80% from Bosnia, 14%
from Kosovo, and 6% from Serbia), and 32800
of these were carefully evaluated for the presence
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of variant alleles for this study. For the purposes
of kinship testing, multiple family members are
sought for each missing person, so this popula-
tion database does not contain only unrelated in-
dividuals. It has not been feasible to sort the data
so that only unrelated individuals are represent-
ed and this complicates the calculation of allele
frequencies. On average in the ICMP database,
missing persons are represented by approximately
three family members, so this database might, to
some approximation, be considered to represent
approximately 11000 “individuals,” or 22000
total alleles. When variant alleles were tabulated,
they were checked to determine if they occur in
multiple related family members; variant alleles
segregating within multiple family members were
counted as only a single occurrence. To estimate
allele frequencies (relating to the chance that a
randomly selected allele from the population will
match the variant), the number of unique (unre-
lated) occurrences was divided by 22000 “unre-
lated” alleles.

DNA extraction from S&S IsoCode® cards

DNA from reference samples was directly iso-
lated from blood stain cards using a non-or-
ganic extraction. S&S IsoCode® (Schleicher &
Schuell, Dassell, Germany) cards bind possi-
ble polymerase chain reaction (PCR) inhibi-
tors while DNA is eluted with water. 1/8-inch
punches from the dried blood stained cards
were punched into 96-well plates using a Wal-
lac DBS puncher (Perkin Elmer, Waltham,
MA, USA). The punches were washed twice
with 200 uL of sterile water, and then the DNA
was eluted in 100 pL sterile water at 95°C for
30 minutes.

STR typing

For the former Yugoslavia ICMP generally uti-
lizes the commercial STR kit PowerPlex16°
(“PP16”) System (Promega Corporation, Pro-
mega Corporation, Mannheim, Germany)
which simultaneously amplifies 15 separate STRs

(D3S1358, THOI1, D21S11, D18S51, Penta
E, D5S818, D13S317, D7S8820, D16S539, CS-
F1PO, Penta D, vWA, D8S1179, TPOX, and
FGA) in three different dye colors and the sex
determining marker Amelogenin. ICMP also
uses Identifiler” (Applied Biosystems, Foster
City, CA, USA), PowerPlex16” Monoplex Sys-
tem primers (Promega Corporation) and its own
internally designed mini amplicon kits (16).
PCR reactions using PP16 or Monoplex
primers were setup according to the manufac-
turer’s guidelines for each kit except for the fol-
lowing changes: reaction volumes were halved
and 2.5 U of AmpliTaq Gold” DNA polymerase
(Applied Biosystems) were added per reaction.
A total of 1-1.2 L of extracted DNA was add-
ed per reaction. PCR reactions using Identifil-
er” were setup according to the manufacturer’s

guidelines.

Amplification

Reference samples were amplified with PP16,
Identifiler or Monoplex primers on ecither the
GeneAmp® PCR system 9700 (Applied Biosys-
tems) or Eppendorf Mastercycler thermocyclers
(Eppendorf, Hamburg, ~Germany) according
to manufacturer’s guidelines with the follow-
ing changes: the cycle number was extended to
32 cycles for PP16 and Monoplex reactions, 30
cycles for Identifiler” and the final extension in-
creased from 30 minutes to 45 minutes for PP16
and Monoplex only.

Electrophoresis and analysis

Fragment separation was performed using ABI
PRISM® 3100 Genetic Analyzer (Applied Bio-
systems) using POP-4 polymer and the collec-
tion software, version 1.0 or 1.1. Data was sized
using ABI's GeneScan’, version 3.7, (Applied
Biosystems) and alleles designated using ABI’s
Genotyper®, version 3.7 NT (Applied Biosys-
tems), using the commercial macro PowerTyper
16 Macro V.2 (Vlttp://www.pmmegd.mm{) or the
Identifiler Macro (Applied Biosystems).



http://www.promega.com

Variant Allele Confirmation

All off-ladder alleles were confirmed either by re-
extraction and amplification (in some instances
using Monoplex primers), unless, in some cases,
they were determined to occur in multiple family
members with multiple verifying amplifications
already present.

Cases of presumed primer binding site muta-
tions were re-amplified with PP16, and also am-
plified with the ABI Identifiler kit. The hypothe-
sis of primer mismatch was considered confirmed
if amplification with different primer pairs re-
stored amplification of the allele in question.

All samples containing triallelic patterns were
confirmed by re-extraction and amplification.

Results

Off-ladder alleles

A total of 275 off-ladder alleles were observed
in a subset of ICMP blood reference database
consisting of 32800 individuals. Of these 275,
176 off-ladder alleles were from unrelated indi-
viduals (Table 1). Of these 176, 31 distinct vari-
ant alleles were identified within 10 of the 15
loci amplified by the PP16 kit (Table 1). The 10
loci include THO1, D21S11, D18S51, Penta E,
D13S317, D75820, D16S539, CSF1PO, Pen-
ta D, and FGA. In one instance, with D13S317,
the off-ladder allele was shifted up in size creating
the unusual and troublesome situation of falling
in an allelic bin for the adjacent larger locus with
the same fluorescent label in the multiplex elec-
tropherograms.

Primer binding site mismatches

Two loci exhibited presumed primer binding
site mismatches that affected PP16 typing results
(Table 2). Both D55818 and D8S1179 each had
several cases in which a silent (null) allele was
produced by the effect of the binding site mis-
match. For the D55818 locus, all cases involved
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Table 1. Observed variant alleles

Locus Allele No. of observations Frequency
THO1 8.3 1 0.0500
10.3 1 0.0045
D21S11 33.1 4 0.0182
341 3 0.0136
D18S51 15.2 2 0.0091
Penta E 16.4 1 0.0045
17.4 1 0.0045
18.2* 4 0.0182
D138317 6 22 0.0999
16 16 0.0727
17 1 0.0045
D7S820 73 24 0.1090
9.1 15 0.0681
9.3 1 0.0045
1.1 3 0.0136
15 1 0.0500
D16S539 12.1 2 0.0091
16 1 0.0045
CSF1PO 10.1 1 0.0045
16 1 0.0045
17* 1 0.0045
Penta D 11.2 1 0.0045
121 18 0.0818
12.2 1 0.0045
14.1 1 0.0045
18 12 0.0545
19* 1 0.0045
FGA 201 1 0.0500
22.3 4 0.0182
26.2 1 0.0045
27.2 1 0.0045

*Alleles not previously reported (STRbase).

Table 2. Primer binding site mutations observed

No. Kit
Locus Allele  observations affected  Frequency (%)
D55818 10 9 PP16 0.0409
D55818 11 1 PP16 0.0045
D8S1179 14 4 PP16 0.0182

asilent 10 allele except for 1 case, which involved
asilent 11 allele. All cases involving D8S1179 in-
volved a silent 14 allele. Of the two loci, D5S818
had the higher frequency of primer binding site
mismatch alleles, with a frequency of 0.045%.

Triallelic patterns

A total of 15 three allele patterns were observed
in our study (Table 3), involving the follow-
ing nine loci: THO1, D21S11, D18S51, Penta
E, CSF1PO, Penta D, D8S1179, vWA, TPOX
and FGA. The loci with the highest rate of trial-
lelic bands include D21S11 (3 cases), D18S51 (3
cases), and FGA (2 cases). No single pattern was
observed more than once in unrelated individu-
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Table 3. Triallelic patterns observed

No.
Locus observed Alleles Type Confirmation
THO1 1 7/8/9 | 2reps PP16
D21S11 3 29/30.2/31.2 I 2reps PP16
29/31/32 | 6reps PP16
28/30.2/32.2 Il 3reps PP16
D18851 3 13/14/21 | 3reps PP16
16/17/18 I 3reps PP16
14/15/16 | 2rep PP16
Penta E 1 13/16/17 | 2reps PP16
CSF1PO 1 10/12/13 | 2reps PP16
Penta D* 1 9/10/10 Il 3reps PP16
D8S1179 1 14/16/17 | 2reps PP16
VWA 1 15/16/20 | 3rep PP16, 1 rep Identifiler
TPOX 1 8/11/12 Il 5reps PP16
FGA 2 20/21/22 | 2reps PP16
23/25/26 | 2reps PP16

*This locus exhibited diallelic pattern consistent with 2 copies of 1 allele and 1 copy
of the other allele. This represents the same individual with the triallelic pattern
28/30.2/32.2 in D21811, likely resulting from an extra copy of the 21st chromosome
donated by the father.

als. A single case was observed in which siblings

shared the same three alleles at TPOX.
Discussion

In total 31 distinct off-ladder alleles, 16 instanc-
es of triallelic patterns and 14 instances of primer
binding site mutations were observed in profiles
amplified using the PowerPlex"16 STR kit.

Of the 31 distinct off-ladder alleles observed,
14 were seen only in a single individual or family,
each with a nominal frequency of 0.0045% (Ta-
ble 1). Of course, it is not reasonable to consider
that frequencies can be reliably known from such
rare observations, and the fact that our source
population contains multiple sets of related in-
dividuals makes the frequency estimates all the
more of an approximation. Nine of the off-lad-
der variants represented full repeat insertions or
deletions placing them outside the size range of
the allelic ladder. The remaining 22 were off-lad-
der as partial repeats or microvariants. The most
commonly observed variant allele was the 7.3 al-
lele of D7S820, which was observed 24 times in
unrelated individuals, representing a 0.11% fre-
quency in our population. The STRBase Web
site (3) (Yattp://www.cstl.nist.gov/biotecb/strbaseb
lists seven different reports of this D75820 vari-

ant. This was followed closely by the 6 allele from

D13S317 which was observed 22 times in unre-
lated individuals representing a 0.10% frequency
in our population. This allele has been separately
reported ten times in STRBase.

Of the 31 distinct off-ladder alleles listed, 3
were not reported as previously being observed
(STRbase). Interestingly, 2 of these were found
in the Penta loci, perhaps due to the fact that
these loci are not frequently being tested in larg-
er databases such as the UK (19) or CODIS da-
tabases (yﬂtlp:// www.fbi.gov/hq/lab/codis/index1 l
@) The 18.2 allele of Penta E was observed 4
times in unrelated individuals while the 19 allele

in Penta D was observed once. We also report a
17 allele in the locus CSF1PO. The Penta D lo-
cus had the greatest number of unique off-lad-
der alleles. A total of 6 alleles did not fall on lad-
der, including the “19” allele, which has not been
reported before (STRbase). D75820 followed
closely with 5 off-ladder alleles.

It sometimes occurs that increases or de-
creases in length can take variant alleles into the
size range of an adjacent locus; several examples
have been published in the literature (5,6) or
STRbase. This is most problematic when the al-
lele falls within an allelic bin from the adjacent
locus. Generally, multiplex kits are designed to
avoid this problem by having adjacent loci “out
of phase” with respect to full repeat units, so
that off-ladder alleles from one locus will not fall
into an allele bin of the adjacent locus. Howev-
er, with PP16 we encountered a kinship case
with two off-ladder alleles in different individu-
als, one of which binned as an allele of the adja-
cent locus (Figure 1). Here, in one person, an off-
ladder D13S317 allele 16 falls directly between
the D135317 and D75820 ladders. In this per-
son’s two siblings another off-ladder D13S317
allele 17 falls within the bin of D75820 allele 6.
To reach these conclusions, amplifications were
also done using Identifiler and with primers for
D13S317 in Monoplex. The Monoplex am-
plifications proved that the peaks were off-lad-
der alleles of D13S317. Moreover, the Identifil-
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Figure 1. Amplifications from three siblings (A, B, C) manifesting off-ladder D13S317 alleles 16 or 17, using PP16 (left), Identifiler (center), or
D13S317 Monoplex amplification primers from Promega (right). For each amplification type, the D13S317 locus is at the left side and the adjacent
larger locus at the right side (D7S820 for PP16 kit or Promega Monoplex; and D168539 for Identifiler). Note that the 17 allele of D13S317 for both
PP16 and Identifiler falls on bin with the first allele in the adjacent largerlocus in each kit.

er amplification indicated that the problem of
locus crossover of off-ladder alleles is not con-
fined to PP16. In Identifiler, the locus adjacent
to D13S317 is D16S539, and the off-ladder
D13S317 allele 17 bins as a D16S539 allele 5.
As a final interesting note to this kinship case, it
is evident through comparison to other relatives
(not shown) that the D13S317 allele 16 (present
in a single individual in this family) is a result of
a mutation from the father’s 17 allele. This inter-
section of unusual observations (presence of an
extremely rare off-ladder allele, and an intergen-
erational mutation event) invites the speculation
that the large 17 allele may be unusually prone to
mutation via strand slippage.

In both PP16 and Identifiler the bins of the
D13S5317 locus are “in phase” by full repeat units
with the adjacent larger locus. The distance be-
tween last allele from D13S317 and first allele
from either D75820 (PP16) or D16S539 (Iden-
tifiler) is exactly 8 base pairs. In the case listed
above, both D13S317, D7S820 and D16S539
were heterozygous, which flagged an apparent
triallelic pattern for closer inspection. But what if
D13S5317 were heterozygous and either D75820
(in PP16) or D16S539 (in Identifiler) were ho-
mozygous? This could complicate analysis, as the

non-D135317 locus would appear heterozygous,
while D13S317 would appear homozygous. In
response to this potential for mistyping, our en-
tire database was screened for any samples hav-
ing an allele 15 in D13S317 (the last allele in the
ladder) and/or allele 6 from D7S820 (the first al-
lele in the ladder). In total, 18 cases were found
in which a 16 allele was submitted for D13S317
(falling between the allelic ladders). A total of
302 samples were found in which a 15 allele
from D135317 was observed, while 61 samples
were found in which a 6 allele was observed for
D78820. All profiles were rechecked for misin-
terpretation of allele calls. Cases where D135317
was homozygous and D75820 heterozygous, or
vice-versa, were closely reviewed. In certain cases
Monoplex primers were used to check the origi-
nal call. In all cases, the original designation was
confirmed and no improper allele designations
had been made.

Primer binding site “mutations” (sequence
variants that mismatch with amplification prim-
ers) have been observed in most loci found in
commercial STR kits (10-18). When these cause
a drop out in amplification, this can be difficult
to detect, particularly with case samples where

peak heights can vary by more than the usual-
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ly expected ratios for heterozygotes and homo-
zygotes. Sometimes the mismatch causes only a
decrease in amplification, rather than complete
drop-out. This can cause pronounced peak im-
balance (11,18), and if heterozygous alleles are
within one repeat of each other, this can be mis-
interpreted as stutter. Null alleles due to primer
mismatch can be more readily detected in pater-
nity testing or kinship matching due to apparent
inconsistent allele sharing among relatives.

In our study we observed probable prim-
er binding mismatch at two loci, D5S818 and
D8S1179. This is not the first time a mutation
at D5S818 has been reported for PP16. Sever-
al groups have identified a possible polymorphic
nucleotide in the reverse primer binding site of
the 10 allele (10,17). It is interesting to note that
most (9 out of 10) of the instances of D5S818

A

primer mismatch observed in our work also in-
volves the 10 allele. It seems likely that this is the
same identical-by-descent variant in both cases.
Our single observation of an 11 allele with the
mismatch may be due to repeat length mutation
of the “mutant” 10 allele.

Most cases of reported polymorphic nucleo-
tides in the primer binding site of D851179 do
not involve the PP16 kit (10,13-15). However,
we report 4 instances of primer binding site mu-
tations at D8S1179 which involve the 14 allele in
the PP16 kit. One of these cases was previously re-
ported by our laboratory in a mini amplicon con-
cordance study (16). It is important to note that
point mutations are not isolated to PP16, but oc-
cur in most other STR kits also (10,13-15).

Triallelic patterns are classed as two predomi-
nant types (8) (Figure 2). In Type I, somatic mu-
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Figure 2. Examples of triallelic patterns. (A) Type | pattern generally associated with somatic mutation during development. (B) Type Il pattern

generally associated with an additional copy of the locus.




tation of one allele occurs during an individual’s
development, resulting in a chimera with some
cells containing the original allele and others
the mutant allele. Type I patterns are character-
ized by uneven peak heights for the two variants
of the affected allele that sum to the height of an
unmutated allele. In Type II, a localized duplica-
tion event, or chromosomal aneuploidy (8,20), is
responsible for multiple alleles with peaks usual-
ly appearing of equal height. Localized duplica-
tion on chromosomes is more frequent on the Y-
chromosome than autosomes (21). In our study,
12/15 triallelic patterns seen were of Type L.

In several instances we were able to track the
inheritance of duplicated alleles responsible for
Type II triallelic patterns. When localized du-
plication events occur, it is likely that the two re-
sulting alleles would be tightly linked, and there-
fore inherited together in progeny (8). In one of
the cases we observed, two siblings had the same
Type II pattern at TPOX. A third sibling was
homozygous. It would seem that two of the three
siblings inherited the same duplication event
from one of the parents. Since the parents were
not typed this cannot be confirmed.

Type II patterns can also be the result of au-
tosomal trisomy. Many cases involving autoso-
mal trisomy can be detrimental to the health of
the developing fetus. However, certain cases of
aneuploidy involving chromosome 13, 18, and
the most common, 21, result in live births (22).
STRs have been employed to diagnose possible
trisomies (20,23). We observed one case where
the profile exhibits a Type II pattern with alleles
at 28, 30.2, and 32.2 at the D21S11 locus, locat-
ed on the 21st chromosome (data not shown).
It is possible that this occurred due to a local-
ized duplication in which two repeats were lost.
However, it is also possible that that this could
be the result of autosomal trisomy. The father
(28/32.2) and mother (29/30.2) have all the al-
leles seen in the affected child (28/30.2/32.2).
It could be that non-disjunction occurred in the
father’s sperm during meiosis I. This would lead
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to two out of four gametes having two copies of
chromosome (28/32.2) instead of one. If one of
these combined with the mother’s egg (30.2), the
result would be aneuploidy in the progeny with
a 28/30.2/32.2 at the D21S11 locus. Paternal
non-disjunction giving rise to trisomy 21 is rare
(22,24) but could be the cause of the banding
pattern in this case.

Further insight into this case was gained from
examination of Penta D, also located on chromo-
some 21. Penta D did not exhibit triallelic band-
ing pattern, but it did indicate a diallelic pattern
characteristic of a “double dose” of one of the pa-
ternal alleles (20,23). In all three amplifications
the first allele of Penta D (a 9 allele) had signif-
icantly lower peak height than the second allele
(a 10 allele), resulting in an average fluorescent
intensity ratios of 1.7:1. The father is 10/10 and
the mother is 9/12 for Penta D. If this case were
to fit the paternal non-disjunction, then the fa-
ther would be contributing two 10 alleles, while
the mother would donate the 9 allele. Therefore
the 10 allele would be ~ twice the height of the 9
allele, which is reflected in the fluorescent inten-
sity ratios. This case would seem to fit a paternal
error in meiosis. The health of the individual in
question is unknown.

In conclusion, our study offers a detailed dis-
cussion on a compendium of unusual variant al-
leles detected in a large database of nuclear STR
profiles from the former Yugoslavia, based on the
PP16 multiplex kit, with particular emphasis on
how the variants were diagnosed and the types
of interpretation issues they can cause. Contin-
ued public dissemination of this information will
assist practitioners in an awareness of anomalies
that may be encountered due to variants such as
off-ladder alleles, primer binding site mismatch-
es, and triallelic patterns. All variant/microvar-
iant and triallelic patterns discussed in this paper
will be uploaded to STRbase and we encourage
other laboratories to contribute such examples
to the public domain. Documentation that par-
ticular variants have been previously identified
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can assist greatly in interpretation and presenta-
tion of results. Particular care should be taken in
kinship matching or paternity cases, as incorrect
designation of any of these deviations from allelic

ladders could lead to false exclusions.
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