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Two special cases were reported where inconsistency between children and the fathers were observed at FGA
locus. Regular additional STR tests were performed and no more inconsistency was observed in the ﬁrst case.
Through the following TA cloning and sequencing, the ﬁrst case turned to be a two-step mutation between child
and father. In the second case, however, one more inconsistency was found in the additional test at D4S2366,
which was on Chr. 4 as well. Then, seven randomly selected STR-loci on Chromosome 4 were analyzed, indicating a possible maternal uniparental disomy (UPD) in the child with normal phenotype. This study emphasizes gene or chromosomal variations may mislead parentage test, especially variations like UPD that are
relatively unfamiliar to investigators. If all the inconsistent loci are on the same chromosome, investigators
should take UPD into consideration, and further tests, like chromosomal-speciﬁc STR-typing, should be applied
to prevent pseudo-exclusions.

1. Introduction

2. Material and methods

Parental tests are widely applied in forensic science based on STR
genotype. It’s possible to observe inconsistencies between parents and
children because of mutations. Most of inconsistencies can be explained
by STR one-step mutation (e.g. allele 10 to allele 9 or 11) between child
and parent [1]. However, multi-step mutation [1] or chromosomal
variation [2] may also occur, which can be confusing in some situations.
While STR mutations are relatively common to observe, chromosomal variations can be much more complex and unfamiliar to investigators, like trisomy, large-scale deletion, etc. In the second case,
the inconsistencies turned out to be caused by a rare chromosomal
variation called Uniparental Disomy (UPD). In the case of UPD, two
copies of a chromosome, or parts of the two copies, were inherited from
only one parent, and no copy from the other parent [3]. Several abnormal conditions in chromosome rearrangement may result in uniparental isodisomy, while structural or numerical aberrations of chromosomes at meiosis and post-zygotic stage might lead to uniparental
heterodisomy [4]. UPD might result in clinical symptoms due to the
expressions of recessive genes [5], or changes in genomic imprinting
[6]. However, a person might also have totally normal phenotype with
UPD [7].

2.1. DNA samples

⁎

Three individuals, putative father, mother and the child, involved in
the trio parentage tests gave their consent to perform further tests and
to publish the results. DNA samples were collected by blood cards for
following tests.
2.2. STR typing
In the parentage test, samples were ampliﬁed with standard procedures provided by the manufacturer. In the second case, seven more
STR-loci evenly distributed on Chromosome 4 were then analyzed to
conﬁrm the inheritance of this chromosome, using the primers suggested by UCSC Genome Browser.
2.3. Clone and sequencing
The inconsistent locus in case 1 was detected by sequencing as
follows. Amplify the FGA locus and check the quality of amplicons by
2% Agarose-gel electrophoresis. The quantitatively recovered PCR
products were ligated by T vector and transformed. The plasmid of
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Table 1
Seven selected STR markers and the test result.
Locus

Genome location

Repeat Unit

Putative father (nt)

Mother (nt)

Child (nt)

D4S2639
D4S2308
D4S2409
D4S2364
D4S1647
D4S3354
D4S2368

4p15.31
4q13.1
4q21.23
4q22.1
4q23
4q32.1
4q32.3

(ATAG)n
(AGAT)n
(ATAG)n
(ATTC)n
(ATAG)n
(ATAG)n
(CTAT)n

183.40,
295.69
271.71,
135.96,
147.41
174.00,
336.60

191.48,
297.00
279.82
131.64
147.39,
170.04,
328.65,

203.80
297.61
280.00
131.63
147.48
170.08
332.67

187.45
292.78
143.97
177.97

203.65

159.62
178.01
332.61

What makes our ﬁnding diﬀerent is that the child has a totally
normal phenotype with complete UPD 4, which may confuse a parentage test since it might appear to be a multi-step STR mutation. Our
work emphasized that pseudo-exclusion might occur if the inconsistent
loci were all on the same chromosome. In this situation, investigators
must consider the possibility of UPD. We demonstrated that additional
STR test, with evenly distributed loci on that chromosome, is an effective method to detect UPD, helping investigators draw conclusions in
parentage tests.

positive clones were extracted and sequenced following the instruction
of ABI Bigdye 3.1 sequencing kit (Applied Biosystems, USA), and.
Analyze the sequence of targeted FGA locus using Chromas 2 and
DNAMAN v6.
3. Results
In both cases, the samples were detected with Microreader™ 21 ID
System (Suzhou Microread Genetics, Suzhou, China). When ﬁnding an
inconsistency at FGA locus, an additional test was performed using
Microreader™ 23sp ID System, with the number of STR-loci adding up
to 40. The genotypes of putative father, mother and child at FGA in case
1 were 21, 22, and 19/22. We clone the three samples and proved the
inconsistency was caused by a two-step mutation by sequencing.
In the second case, the genotypes of putative father, mother and
child at FGA were 22/24, 20/23, and 20. Another inconsistency was
found at D4S2366 in the additional test, where the genotypes were 11,
14, and 14. We found it of low possibility that the child had a two-step
mutation and a three-step mutation at the same time. Noticing both
FGA and D4S2366 were on Chromosome 4, a reasonable explanation
was a large-scale chromosomal variation happened, like a maternal
UPD of Chromosome 4 in the child, since those two loci showed to be
homozygous with the same genotype as the mother’s results. To test this
hypothesis, seven more randomly selected STR-loci distributed on
chromosome 4 were further analyzed (gene mapping see Fig. S1). The
additional STR-loci and their primers were selected from UCSC database. The result of a trio test on these seven loci was showed in Table 1.
Because there was no standard allelic ladder for these seven loci, we
determined the fragments were of the same allele if their size diﬀerence
was smaller than 1 nt (labeled in red). D4S1647 was not distinguishable
since the three samples shared a same allele. Except that, all eight loci
on Chr. 4 of the child were homozygous and had the same genotype as
one of the mother’s alleles, which supported the idea of a complete
maternal UPD in child.
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4. Conclusions
While STR mutations were relatively common to observe, UPD was
quite a novel phenomenon to forensic investigators. Several cases of
UPD 4 with clinical phenotype were described in previous works [8].
The estimated incidence for UPD is about 0.029% (1 in 3500) according
to Robinson’s report [3]. It seems that the incidences for UPD of different chromosomes vary a lot. UPD 4 is a relatively rare type of UPD,
which is dominant by maternal UPD [9].
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