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Abstract Null alleles can occur with any PCR-based STR
typing system. They generally are due to deletions within the
target region or primer binding sites or by primer binding site
mutations that destabilize hybridization of at least one of the
primers flanking the target region. Although not common,
null types were detected at the DYS448 locus in seven out of
1,005 unrelated males in the Hispanic population. Of these
DYS448 null types, four individuals displayed an apparent
duplication at the DYS437 locus. The additional allele
observed at the DYS437 locus is in actuality a smaller-sized
DYS448 amplicon, which is the result of a deletion of the
invariant N42 base pair domain and downstream repeats
within the DYS448 locus. Thus, some DYS448 null types
are not truly null. A true DYS448 null allele carried
numerous primer binding site variants and a large deletion
including the N42 base pair domain and surrounding or
downstream repeat regions. The presence of null alleles is
not a real concern for interpretation of Y STR loci evidence;
current methods for interpreting Y STR profiles easily
accommodate such phenomena.
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Introduction
The utilization of male-specific Y-chromosome STR loci are
useful molecular tools for the genetic characterization of
forensic biological evidence, particularly of male/female
DNA mixtures where there are low quantities of male DNA
amidst a large background of female DNA [1–11]. The
analysis of Y STR loci has been greatly facilitated by the
advent of commercial multiplex kits, such as the AmpFlSTR®
Yfiler™ kit (Applied Biosystems, Foster City, CA, USA)
[8]. The kit contains reagents for the simultaneous amplification of 17 Y STR loci: DYS19, DYS385 (counted as two
loci), DYS389I, DYS389II, DYS390, DYS391, DYS392,
DYS393, DYS437, DYS438, DYS439, DYS456, DYS458,
DYS635, DYS448, and Y GATA H4. A haplotype comprised of these 17 loci provides strong exculpatory evidence
as only a very small percentage of unrelated males would be
expected to share a complete haplotype.
Even with well-designed robust multiplex kits, genetic
anomalies may be observed. One anomaly that can occur
with any polymerase chain reaction (PCR)-based STR
typing system is the generation of null allele phenotypes
[12–14]. Null alleles generally can occur due to deletions
within the target region or primer binding sites or by primer
binding site mutations that destabilize hybridization of at
least one of the primers flanking the target region. Initial
primer design is based on sequence data housed in public
databases [15–18]. Using in silico informatics and empirical testing, individual primers are designed and evaluated,
and then multiplex assays are developed. The initial
sequence information available for primer design often is
limited to one or a few individuals. Many common
variations within a population at the target or at the primer
binding sites are unknown during initial primer design,
resulting in some primers which yield no amplification
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product, i.e., a null allele. To assess if null alleles are
infrequent and the selected primers are effective for
amplifying the alleles at the various loci, validation studies
on samples from different population groups are carried
out. However, if a null allele is infrequent, it is unlikely to
be observed given the typical sample sizes used in
population studies. Also, if a null allele is prevalent, but
only so in less common population group(s), it may not be
detected until that population is tested.
The presence of null alleles is not a real concern for most
direct comparison cases and especially not for haploid
markers, such as the Y STR loci. In most cases, a null
profile at a locus in an evidence sample will be consistent
with its true source reference sample, if the same primer
sets are used. Of course, as is common with paternity
testing, lineage studies must take into consideration the
possibility of null alleles as a mismatch between samples
may also occur due to mutational events during meiosis.
Null alleles typically are not common within the loci
evaluated in the Y-Filer™ kit in the populations tested to
date; when they arise, there are few, if any, problematic
interpretation issues (see below). However, phenomena that
require further evaluation and description sometimes arise.

In the course of our Y STR population study on a Hispanic
sample population (1,005 father/son pairs), a few samples
demonstrated null types (N=7) at the DYS448 locus. Of
these, a subset also showed an apparent duplication at the
DYS437 locus (Fig. 1). There are two possible explanations
for this observation. Either the DYS448 null type and the
DYS437 duplication are independent events or the DYS448
null type is the result of a deletion, and the allele is amplified
but now is located where DYS437 alleles migrate—with the
latter one being the simpler explanation. This paper describes
the molecular basis for some of the DYS448 null types (true
or apparent) observed and how these observations would
impact the calculation of the rarity of an observed Y STR
haplotype with this phenomenon.

Materials and methods
Samples
Samples were obtained from fathers and sons from
paternity testing cases submitted to DNA Identification
Lab at the University of North Texas Health Science

Sample 3

Sample 4

Sample 7

Fig. 1 Electropherograms of profiles for the null DYS448 locus and concomitant DYS437 locus
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Center, Ft. Worth, TX, USA. Population affinity was
ascribed by self-declaration. Paternity was confirmed by
autosomal STR typing, with a minimum PI of 1,000.
Sterile foam-tipped swabs with a 6-in. polypropylene shaft
(catalogue no.: 25-1616 2PF, Puritan Hardwood Products
Company, LLC, Guilford, ME, USA) were used for buccal
sample collection. Each swab was removed from the packaging by grasping the plastic handle and by directly placing the
tip into the individual’s mouth. The swab was vigorously
rubbed against the inner cheek for a minimum of 20 up and
down strokes per swab. The swab was allowed to air-dry.

423

performance-optimized polymer (POP-4™; Applied Biosystems) using the GeneScan 36vb_POP4 Dye Set G5 Module
for both instruments, and run time was 1,500 s. The data
were collected using the ABI PRISM® 3100 Data Collection
Software v1.1 (Applied Biosystems) and ABI PRISM® 3130
xl Genetic Analyzer Data Collection Software v3.0, respectively. Electrophoresis results were analyzed with GeneMapper® ID software v3.2 (Applied Biosystems). Allele peaks
were called when the peak heights were greater than or equal
to 50 relative fluorescence units.
Sequencing

Sample preparation
The buccal cells were eluted from the swab into 1 ml
Isotone® III buffer (Beckman) contained in a 2.0-ml
Dolphine (nipple) microcentrifuge tube (Costar, cat no.
3213, Corning, Corning, NY, USA). Cells were eluted by
swirling and pelleted by centrifugation (1 min at 1,500×g). A
15-μl aliquot of Coomassie Brilliant Blue G250 (1 mg/ml in
H2O) was added to the eluted cells to aid visualization of the
cell pellet for subsequent spotting onto the FTA® matrix.
The majority of the supernatant was decanted and the pellet
resuspended in the remaining residual buffer. A 15-μl aliquot
was spotted directly onto the target circles on FTA® Micro
Sheet™ (Whatman, Florham Park, NJ, USA). The FTA®
Micro Sheet™ was air-dried for a minimum of 1 h prior to
processing.
The FTA® Micro Sheet™ was placed into a Hybriboat™, and 35 ml of FTA® Purification Reagent containing
10 μg/ml of proteinase K was added and incubated at 65oC
for 15 min. The reagent was discarded, and the FTA®
Micro Sheet™ was washed according to the manufacturer’s
recommendations.
Y STR typing
The PCR amplification was performed using the AmpFlSTR®
Yfiler™ kit (Applied Biosystems) according to the manufacturer’s instructions, except that a 12.5-μl reaction volume
was employed with a 1.2-mm FTA® punch serving as the
template DNA. Amplification was performed in an ABI
PRISM® GeneAmp® 9700 Gold-plated or Silver block
Thermal Cycler (Applied Biosystems) using the 9600
emulation mode for 28 cycles. PCR products were separated
and detected on an ABI PRISM® 3100 and 3130 xl Genetic
Analyzer (Applied Biosystems) following the manufacturer’s
recommendations. Prior to electrophoresis, 1.5 μl of the
amplified product or allelic ladder and 0.3 μl of GeneScan™-500 LIZ® size standard (Applied Biosystems) were
added to 8.7 μl of deionized Hi-Di™ formamide (Applied
Biosystems), denatured at 95°C for 5 min, and then chilled
on ice for 5 min. Samples were injected for 15 s at 3 kV in

Sequencing reactions were performed to analyze the alleles
of the DYS448 null types. The region was amplified using
the forward primer GAAGGTGGGTTTTAGTTGGCTATG
and the reverse primer TGGAGGTTATTTCTTGAT
TCCCTG. PCR amplifications were carried out using the
same protocol as above, except that 800 nM of each primer
was used. The PCR products were cloned using the TOPO
TA Cloning® kit (Invitrogen, Carlsbad, CA, USA) and
sequenced with BigDye® Terminator v 1.1 Cycle Sequencing Kit (Applied Biosystems) using M13 forward and
reverse primers following the recommendations of the
manufacturer. Capillary electrophoresis was performed on
an ABI PRISM® 3130 xl Genetic Analyzer with Data
Collection Software v3.0. The resulting sequencing data
were analyzed with the software DNA Sequencing Analysis
5.2 (Applied Biosystems).

Results and discussion
Null types at the locus DYS448 have been reported
previously [19–24]. Roewer et al. [23] identified seven
out of 99 Kalmyk individuals with null types. This
population study represents the highest DYS448 null allele
frequency in a sample population reported to date. Several
authors suggested that the null types may be due to
deletions, although sequencing was not performed to verify
that a deletion was the cause of the null type. Null types
have been reported primarily in Asian populations; however, Sanchez et al. [24] identified two individuals out of
247 Catalonians who were null at the DYS448 locus. They
recommended further studies to determine if the null types
were due to a large deletion or a primer binding site
mutation(s). In our study, seven out of 1,005 unrelated
Hispanics from Texas demonstrated a DYS448 null type
[the population genetic data on these 1005 Y STR
haplotypes will be provided in a separate paper (manuscript
in preparation)]. Unlike the other null alleles reported to
date, four of the DYS448 null males also showed an
additional allele at the DYS437 locus (Fig. 1; Table 1).
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Table 1 Y STR haplotypes for the DYS448 null males
Samplea

3
4
5
6
7
8
9

DYS389I
Allele 1

DYS389II
Allele 1

DYS390
Allele 1

DYS456
Allele 1

DYS19
Allele1

DYS385
Allele 1

DYS385
Allele 2

DYS458
Allele 1

DYS437
Allele 1

14
14
14
14
13
13
13

29
29
29
29
29
29
19

23
23
23
23
23
23
23

15
15
15
15
15
15
15

16
17
16
16
14
14
14

12
12
12
12
15
15
15

12
16
12
12
18
18
18

19
19
19
19
15
15
15

15
15
15
15
14
14
14

DYS437b
Allele 2
18.2
17
18.2
17
–
–
–

a

Samples 1 and 2 were reference samples that do not have the DYS448 null type and therefore are not displayed in the table.

b

The extra DYS437 alleles for samples 3–6 are actually DYS448 alleles with a deletion.

Note that the Y STR profiles are similar for the four
individuals with the apparent DYS448 null type and
DYS437 duplicate alleles as are the profiles for the three
individuals displaying the DYS448 null type only. This
observation supports that each phenomenon likely resides
within a specific haplogroup [23], although haplogroup
determination was not performed in this study.
The basic repeat motif of the DYS448 locus is the
hexanucleotide repeat AGAGAT [25]. There are two
polymorphic domains separated by an invariant 42-bp
region. The basic structure at the locus is:
ðAGAGATÞm N42ðAGAGATÞn
where m and n are integers representing the number of
repeats, and N42 is the sequence AT(AGAGAT)AG(AGA
GAT)3(AGAT)2(AGAGAA). Two individuals, a father/son
pair (designated samples 1 and 2, respectively, herein), that
exhibited allele 18 at the DYS448 locus were selected and
sequenced to serve as a reference for alignment (Table 2).
The sequences obtained for samples 1 and 2 were
consistent with the basic structure of the locus and the
same as that reported by Tang et al. [26]. The only
difference was that the son had a SNP at the fifth repeat
resulting in the hexanucleotide AGAGGT.
All seven null profiles were sequenced at the DYS448
locus. In all seven samples, there were deletions encompassing at a minimum the N42 region and the AGAGAT
repeats downstream, and one sample (sample 9) had a
deletion encompassing upstream repeats as well (all alignments were based on allele 18, i.e., samples 1 and 2). For
samples 3–6, a DYS448 amplicon was generated, but due
to the deletion smaller amplicons were created that
migrated within the range of the DYS437 locus and were
typed as an OL (18.2) and 17 allele, respectively. Thus,
these four samples did not have DYS448 null alleles. They
were designated “apparent null” alleles. Samples 7–9 also
had a deletion in the same region. But there were also a
number of nucleotide differences in the flanking regions,
compared with the sequences of reference samples 1 and 2.

In fact, the flanking region, and thus primer binding site, of
samples 7–9 was very different in sequence composition
compared with the sequences observed in samples 1–6.
Samples 7–9 had a true null allele with the Y-Filer™ assay;
no amplification occurred due to primer mismatch. These
three samples were designated “true null” alleles. From an
evolutionary perspective, extant data were insufficient to
determine whether the deletion occurred before or after the
numerous substitutions in the flanking region of samples
7–9 and their lineage. Therefore, while a deletion was found
in all null alleles sequenced herein, albeit a very limited
sampling, one cannot rule out the possibility that some
DYS448 null alleles may not exhibit the deletion and are
solely the result of a primer mismatch.
A null type observed at one locus, such as that shown for
samples 7–9, does not present an interpretation problem for
single source samples or mixtures. Indeed, null types have
been observed in forensic DNA typing systems since their
inception [27, 28] and can easily be addressed both for
interpretation of the evidence and for assessing the rarity of
a Y STR haplotype. For single source samples (and
depending on signal strength across the profile), one could
reasonably call the null type at the DYS448 locus.
Alternatively, if no allele is observed, the locus could be
deemed inconclusive and not used for inclusion or
exclusion purposes when compared with a reference
sample. This practice applies to any haplotype displaying
a null type at a locus.
When an inclusion is obtained, the rarity of the Y STR
haplotype can be calculated using existing practices. The
forensically important Y STR loci reside in the nonrecombining portion of the Y chromosome. Thus, the
assumption of independence between and among loci does
not apply for the Y STR loci. For statistical calculations,
the Y STR haplotypes essentially are treated as alleles of a
single locus when using the current method of choice for
statistical assessment, the counting method [29, 30]. The
counting method entails: (1) searching a population
database(s) for the number of profiles matching the Y
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DYS438
Allele 1

DYS448
Allele 1

Y_GATA_H4
Allele 1

DYS391
Allele 1

DYS392
Allele 1

DYS393
Allele 1

DYS439
Allele 1

DYS635
Allele 1

10
10
10
10
9
9
9

0
0
0
0
0
0
0

12
12
12
12
11
11
11

10
10
10
10
9
9
9

11
11
11
11
13
13
13

13
13
13
13
13
13
13

12
12
12
12
12
12
12

23
23
23
23
21
21
21

STR haplotype derived from the evidence, (2) counting the
number of times the Y STR haplotype is observed in a
database(s), (3) dividing that count by the total number of
profiles in the reference database(s), and (4) placing a
confidence interval on the proportion of count/total profiles
in a database(s). A Y STR haplotype, such as that observed
for samples 7–9, can be searched in the database(s), and
only those database entries matching at all of the other loci
of the haplotype and containing a null type at the DYS448
locus would be counted. Alternatively, the locus can be
deemed inconclusive, and the DYS448 locus is not
considered when performing the database search and count
for the rest of the haplotype loci.

For a mixed profile, a null type is not problematic either.
Consider a two-person, mixed profile displaying two alleles
at the other 16 loci, and the DYS448 locus shows only one
allele, for example, an allele 21 (and assume that allele
dropout due to stochastic effects during PCR is not a
consideration). Those haplotypes that share alleles with the
mixed profile and cannot be excluded as part contributors
would be counted. The mixed profile at the DYS448 locus
is either the result of the contributors both having allele 21
or of one of the contributors having an allele 21 and the
other having a null allele. Using the same counting method
principles as above and the mixture statistical approaches
described by Budowle et al. [29, 30], all profiles that cannot

Table 2 Sequence in the relevant flanking and repeat region of the DYS448 locus for normal and null alleles
Sequence**
Sample 1 (Genbank accession number EU682948—18 allele reference for alignment) ATCGCGAGACAGAAAGGGAGATAGAGACATGGA
TAA(AGAGAT)11N42(AGAGAT)7AGAGAGGTAAAGATAGAGATAAATTTCCAGACCGGCCAGAA
Sample 2 (Genbank accession number EU682949—18 allele reference with SNP variation from biological father)ATCGCGAGACAGAAAGG
GAGATAGAGACATGGATAA(AGAGAT)4AGAGGT (AGAGAT)6N42
(AGAGAT)7AGAGAGGTAAAGATAGAGATAAATTTCCAGACCGG CCAGAA
Sample 3 and sample 5 (Genbank accession number EU682950; Genbank accession number EU682951—apparent null)a ATCGCGAGACAGA
AAGGGAGATAGAGACATGGATAA(AGAGAT)11—[84 bp del relative to 18 allele (N42 and AGAGAT7)]—AGAGAGGTAAAGATAGAGA
TAAATTTCCAGACCGGCCAGAA
Sample 4 (Genbank accession number EU682953—apparent null) ATCGTGAGACAGAAAGGGAGATAGAGACATGGATAA(AGAGAT)10—
[90 bp del relative to 18 allele (N42 and AGAGAT8)]—AGAGAGGTAAAGATAGAGATAAATTTCCAGACCGGCCAGAA
Sample 6 (Genbank accession number EU682952—apparent null) ATCGCGAGACAGAAAGGGAGATAGAGACATGGATAA(AGAGAT)10—
[90 bp del relative to 18 allele (N42 and AGAGAT8)]—AGAGAGGTAAAGATAGAGATAAATTTCCAGACCGGCCAGAA
Sample 7 Genbank accession number EU682954—true null) ATAATGGGATAGAAAG(4 bp del)AT(14 bp Del) (AGAGAT)8ACAGATAGAG
ATACAGATAGAGA—[82 bp del relative to 18 allele (N42 and AGAGAT6)]—TAGATAAAGATAGAGATTAACTTCCTGACAGGCTAGAA
Sample 8 (Genbank accession number EU682955—true null) ATAATGGGATAGAAAG (4 bp del)AT(14 bp Del)(AGAGAT)5AGAGAA
(AGAGAT)2 ACAGATAGAGATACAGATAG—[82 bp del relative to 18 allele (N42 and AGAGAT6)]—AGATAGATAAAGATAGAGATTA
ACTT CCTGACAGGCTAGAA
Sample 9 (Genbank accession number EU682956—true null) ACAGTGAGACAGAAAG (4 bp del) AT (34 bp del) AGATAGAGATAGAGA
AAGA(2 bp del)TAG—[106 bp del relative to 18 allele (AGAT + AGAGAT3, N42 and AGAGAT6)]—AGATGGATAAACATAGAGATAAA
CTTCATGACAGGCCAGAA
While samples 3 and 5 have the same Y STR profile and DYS448 allele sequence, respectively, their 13 autosomal loci profiles are quite different.
Sequences were evaluated and aligned with reference to allele 18 using MEGA software version 4.0 [31].
**SNPs are identified by boldface and underlining.

a
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be excluded at the 16 loci and carrying a DYS448 allele 21
and a null allele would be haplotypes counted for a
statistical assessment. The same approach would apply to
any profile having any locus that carries a null type.
Observing a Y STR profile such as seen for samples 3–
6 might, at first glance, create a concern for interpretation
and statistical analysis. It is not possible, without
sequencing the samples, to unequivocally assign alleles
when a DYS448 null type and two alleles at the DYS437
locus are observed. But specific allele assignment is
unnecessary. For interpreting whether the reference sample
is included or excluded as a possible source of the DNA
evidence, evaluation of allele sharing between the profiles
is still the recommended method of comparison. Because
a haplotype is treated as a single entity for counting, the
null and two allele patterns observed just represent
another haplotype. Haplotypes can be counted if all alleles
match or cannot be excluded. Duplications at the DYS437
locus are rare [7]; therefore, it is unlikely that many
profiles with two allele patterns at the DYS437 locus will
reside in the reference population database(s). If so, the
result would be a more conservative count because
haplotypes with shifted DYS448 alleles and duplicated
DYS437 alleles that appear identical will be combined for
counting purposes.
In conclusion, DYS448 null alleles have been sequenced and their molecular composition described. They
have deletions that encompass the N42 region and
downstream repeat units, with one sample also having
upstream repeats deleted. Amplicon size of these DYS448
alleles will result in a change in electrophoretic migration,
and the alleles will be observed in the DYS437 locus
range in the electropherogram. Therefore, these null types
are not the result of true null alleles; they are apparent null
types. A true DYS448 null allele may occur when there
are variants in the flanking region where either primer
binds. In this case, no extra allele will be observed at locus
DYS437. Observing a null profile at the DYS448 locus
solely or in concert with an extra allele at the DYS437
locus should not present interpretation problems; current
methods for interpreting Y STR profiles easily accommodate such phenomena.
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