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Abstract

Nowadays DNA typing is an indispensable tool in criminal investigations. However, most of its forensic applications
are of the nature of reactive response. We report a particular maternity testing case, in which DNA typing played a proactive
investigation role, leading to resolution of the case. Four commercial STR kits and mitochondrial DNA sequence in D-loop were
analyzed. Of the 52 STRs tested, 6 mismatched loci (i.e., 88.5% of match percentage, 46 out of 52) were identified between the
alleged mother and the baby, however, both having identical mitochondrial DNA sequence. With the two pieces of information,
we judged that the biological mother should be a full sister of the alleged mother, and then actively told the police department.
Detectives were thus asked to check it up, and the whole story came out as expected. Significance of this case is that DNA
typing can also exhibit a proactive investigation function. DNA specialists and detectives could have different perceptions on
typing results, so institutionalization of a communication line between the both might be important for solving crime cases.
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Introduction

The use of DNA typing for human identification
appeared in late 1985. Since then, forensic DNA profiling
and criminal investigations are now inseparable. Modern
DNA profiles analyze short tandem repeats (STRs),
using dye probes that detect differences in the number of
STRs between individuals. DNA typing was employed
predominately by a one-to-one comparison, an evidence
profile compared with that from a reference sample.
With the benefits of various commercial STR kits, they
have been successfully utilized in criminal cases [1],
disaster victim identification [2], paternity testing [3],
and so on. Amongst the forensic uses, DNA typing
always played a reactive role, though an indispensable
tool, in proving (or disproving) criminal’s association.
For example, DNA analysts passively made a conclusion

*Corresponding author : paicy@mail.cpu.edu.tw

on whether biological evidence was associated with a
specific source. Contrary to the reactive role, a proactive
role of DNA typing in criminal investigations means that
DNA technicians actively specify the direction and/or
the method of coping with a crime case. However, the
proactive role in practice was seldom seen.

We hereby report a special case consisting of two
related suspect mothers (full sisters), in which DNA
typing exhibited a proactive function for revealing the
truth. Because of an illegal activity, the real mother
escaped from a hospital after childbirth, leaving a note
with her elder sister’s name on it. Six months later, the
elder sister (alleged mother, AM) was arrested. She
helped to counterfeit the mother’s identity and made
false statements of abandoning her baby intentionally.
Although the criminal investigators checked several
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records including the hospitalization document and
the tape of surveillance camera at the hospital, no any
suspicious sign was found. According to regulations,
a maternity testing should be conducted to make the
investigation complete. Unexpectedly, 6 exclusionary
and 46 inclusionary loci were identified from the 52
STRs analyzed, implicating that the real mother should
be a maternally close relative of the AM. The criminal
investigators were thus asked to confirm whether the AM
has a full sister, and finally the truth came out.

Materials and Methods

DNA extraction

Genomic DNA was extracted from the oral swabs
of the subjects in this case using the QIAamp DNA mini
kit (Qiagene, Valencia, CA, USA) under conditions
described by the manufacturer.

STRs DNA typing

We typed STR DNA using three autosomal STRs
and one X-chromosomal commercial kits. In addition to
the gender marker of Amelogenin, the three autosomal
DNA kits, AmpFISTR® Identifiler (Applied Biosystems,
Foster City, CA), Investigator HDplex (Qiagen, GmbH,
Hilden, Germany), and Genephile G-Plex (GenePhile
Bioscience Co., Ltd., Taipei, Taiwan) co-amplify 15,
13, and 15 STR loci, respectively. The X-chromosomal
Genephile X-Plex kit (GenePhile Bioscience Co., Ltd.,
Taipei, Taiwan) includes a multiplex 13 STR loci and
also the Amelogenin marker. The STR profiles were
identified with an Applied Biosystems 3130 XL Genetic
Analyzer according to the protocol of the manufacturer
(Applied Biosystems).

PCR amplification of mitochondrial DNA

Two hypervariable fragment lengths of
HV1 and HV2 in mitochondrial DNA were PCR
amplified. The following primer sets [4, 5], L15997F
(5’-CACCATTAGCACCCAAAGCT-3")/H 16401R
(5’-TGATTTCACGGAGGATGGTG-3"), and
L00029F(5’-GGTCTATCACCCTATTAACCAC-3")/
H00408R(5’-CTGTTAAAAGTGCATACCGCCA-3’),

were used for amplifying the HV1 and HV2, respectively.

PCR amplification was performed in 25uL of
reaction mixture in a 9700 thermal cycler (Applied
Biosystems) with the following conditions: denatured
at 95°C for 10 min, followed by 32 cycles of 95°C for
10 sec, 60°C for 30 sec and 72°C for 30 sec. The PCR
product was checked on a 3 % agarose gel.

Sequencing of mitochondrial DNA

Prior to the sequencing reaction, the PCR products
were purified using a QIAquick® PCR Purification Kit
(QIAGEN Inc, Valencia, CA, USA). Cycle sequencing
was conducted in a Perkin Elmer 9700 thermal cycler.
Automated DNA sequencing was carried out on an ABI
3130 sequencer.

Results and Discussion

Initially, the AmpFISTR® Identifiler™ kit was
carried out on oral swab samples from the alleged mother
(AM) and the baby. Unusually, except for one mismatch
at D2S1338, the other 14 loci were found matched
between the two (Table 1). This peculiar outcome might
result from a maternal one-step mutation, and could
not exclude her as the biological mother of the baby. In
literatures [6, 7], a wrong paternity exclusion case with
two mismatches was reported, in which the alleged father
is indeed the real father. Moreover, Gunn et al. (1997)
and Sun et al. (2012) [8, 9] suggested that exclusionary
events at three or more independent STR loci should be
essential for indication of non-paternity. Accordingly, we
performed other three kits, i.e., Investigator ®HDplex,
GenePhile G-Plex, and GenePhile X-Plex. Table 1 shows
the 6 exclusionary loci at D2S1338 (ID), Penta E (GP),
D3S1744 (GP/HD), D6S474 (GP/HD), D20S470 (GP),
and DXS8378 (GX), which obviously ruled out the AM
as the biological mother of the baby. It is noteworthy
that the other 46 STRs out of the 52 loci tested, i.e.,
with a percentage of 88.5%, meet the Mendelian
inheritance for the AM and the baby, implicating that the
biological mother and the AM could have a close kinship
relationship. Table 2 presents the same mitochondrial
DNA sequence between the AM and the baby, confirming
the above inference.
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Table 1: Complete STR-typing results of the counterfeiting case. Four commercial STR kits were employed. A total
of 71 shared STR alleles between the alleged mother and the biological mother were found. The underlined
boldface numbers represent the exclusionary STR loci..

No. STR Locus Comn?ercial Baby Alleged Biological .Shared .allele
Kit* mother mother in the sisters

1 D8SI179 ID 13/14 13/14 13/14 13/14
2 D21S11 ID 28/29 29/31.2 29/31 29

3 D7S820 ID 8/11 11/11 8/11 11

4 CSF1PO ID 10/12 10/11 10/11 10/11
5 D3S1358 ID 15/16 16/17 16/18 16

6 THO1 ID 7/9 9/9 8/9 9

7 DI13S317 ID 9/12 8/12 8/12 8/12
8 D16S539 ID 9/11 9/11 9/14 9

9 VWA ID 14/18 14/17 14/20 14
10 TPOX ID 8/11 8/11 8/11 8/11
11 D18Ss1 ID,HD 14/16 14/19 14/19 14/19
12 DS5S818 ID 9/12 12/13 12/12 12
13 FGA ID 22/24.2 22/23 22/23 22/23
14 D2S1338 ID 21/24 18/23 18/21 18
15 D19S433 ID 14/14 14/14.2 14/14.2 14/14.2
16 Penta E GP 5.2/22 10/16 10/22 10
17 PentaD GP 9/9 9/14 9/14 9/14
18 D12S391 HD 19/22 22/22 18/22 22
19 D2S1360 HD 21/22 21/22 22/22 22
20 D3S1744 HD, GP 18/18 14/17 17/18 17
21 DA4S2366 HD, GP 9/11 9/11 9/11 9/11
22 D5S2500 HD 13/17 14/17 14/17 14/17
236 D6S474 HD 15/15 14/14 14/15 14
24b  D6S474 GP 15/15 11/15 11.1/15 15

25 D7S1517 HD 23/25 23/25 21/23 23
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26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52

D8S1132
D10S2325
D128S391
D21S2055
SE33
D21S1437
D22S683
D8SI110
D12S1090
D1751294
D16S608
D20S470
D18S536
D13S765
DXS8378
DXS9898
DXS8377
HPRTB
GATA172D05
DXS7423
DXS6809
DXS7132DX
S101
DXS6789
DXS9902
DXS6807
DXS7424

HD
HD, GP
HD
HD
HD
GP
GP
GP
GP
GP
GP
GP
GP
GP
GX
GX
GX
GX
GX
GX
GX
GX
GX
GX
GX
GX
GX

17/18
12/13
19/22
25/34
15/26.2
11/15
12/20.2
26/28
11/13
12/16
7/9
15/17
11/12
7/8
11/11
12/12
49/53
12/14
6/8
14/15
29/31
13/15
26/26
17/19
10/12
14/15
14/15

18/19
10/12
22/22
25/33
15/30.2
15/17
12/19.2
27/28
9/13
14/16
7/10
10/16
12/12
9/8
9110
12/12
49/54
12/14
8/11
15/16
31/32
13/15
22/26
19/20
10/10
11/14
14/17

18/19
10/12
18/22
25/33
15/16.2
11/15
12/20.2
23/26
11/12
12/13
7/13
17/17
12/12
8/8
10/11
12/12
49/53
12/14
8/11
14/15
31/32
13/15
22/26
19/20
10/11
11/14
14/17

18/19
10/12
22
25/33
15
15
12

N O o O

12/12

10
12/12
49
12/14
8/11
15
31/32
13/15
22/26
19/20
10
11/14
14/17

a Abbreviations: ID, AmpFISTR® IdentifilerTM ; HD, Investigator ®HDplex; GP, GenePhile G-Plex, and GX,GenePhile X-Plex.
b A discrepancy at D6S474 locus (No. 23 and 24) between the HD and GP kit. This locus could be wrongly designated by either the HD or
the GP manufacturer.
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Table 2: Results of maternal testing by mitochondrial DNA sequencing. Only polymorphic sites in the fragment
lengths of HV1 and HV2 are shown. Note that the alleged mother, biological mother, and the baby

have the same mitochondrial DNA sequence.

Nucleotide Variable Anderson Bab Alleged Biological
a
position region sequence y mother mother

160223 C T T T

160234 C T T T
HV1

160316 A G G G

160632 T C C C

73 A G G G

150 C T T T

153 A G G G

185 G A A A
HV2

189 A G G G

263 A G G G

309.1 -- C C C

315.1 -- C C C

“--*: no information in Anderson sequence [22].

In the medical sense, a first-degree relative is
defined as a family member sharing about half of
genes in common with his (her) blood relative [10, 11]
which includes the individual’s parents, full siblings,
or children. Therefore, the true source may be from a
relative of the suspect, if the STR profiles are close with
a significant number of alleles in common. In this case,
two pieces of information, as high as 88.5% of genetic
concordance in the AM-child and identical mitochondrial
DNA sequence between the two, lead to an inference that
the biological mother and the AM should be the first-
order female siblings. With the two pieces of clues, we
asked the detective to confirm if the AM has a full sister.
As expected, the real mother was caught, with a great
resemblance in appearance to the AM, and she finally
confessed. Afterward, complete DNA typing for the real
mother was done for confirmation. Table 1 also reveals
that the two sisters have 68.3% of their STR profiles in
common (71 out of 104 alleles tested in total).

DNA typing has been applied to many situations,
namely, mass disaster identification (victims’ identity
confirmation) [2], criminal investigations (whether
the suspect is innocent/if evidence related to a specific
suspect) [12], parentage testing (who is the father/

mother) [3], immigration testing (whether two people
are related) [13], missing persons investigation (whose
remain compared to biological relatives) [14], armed
forces identification (the identity of the killed soldiers)
[15], purloined animal identification (whether the wildlife
conservation species) [16], exonerate the innocent
(preventing false charges and wrongfully convicted) [17],
and others (e.g., plant species identification) [18]. Of all
the many application scenarios, one feature in common
is that DNA typing usually plays a reactive investigation
role in solving cases. DNA analysts were passively asked
to answer the information the investigator would like to
know, and probably without knowing that the laboratory
can actually provide more. This could be partially caused
by an excess of workload. In Taiwan, for example, during
the past five years, the number of forensic DNA tests
performed by police across the nation per year was over
150,000, according to an in-house data of the Criminal
Investigation Bureau. Additionally, police personnel
qualified to do this specialized work are severely in
short supply, and the available scientists are too busy
to have time paying more attention for interpreting the
DNA results in most of the cases. Apart from a high cost
of DNA testing, the two challenges, the lack of experts
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and the abundance of cases, could also be encountered
in other countries. Notwithstanding these difficulties, it
is vital to establish a communication channel between
the DNA technicians and detectives for interpreting
a typing result. In this case, but for an enthusiastic
analyst explaining the meaning of the profiling result to
investigators, the case could remain unsolved still.

In fact, DNA typing has other instances of proactive
role in criminal investigations. For example, sexual
offenders in certain populations can be traced using
Y-haplotype screening of patrilineages followed by
autosomal STR typing [19]. Another one would be that
DNA database can be used to extend the investigative
lead potential of DNA typing in familial searching
for cold cases [20]. Moreover, perhaps in the future, a
suspect’s age can be determined from a spit of saliva
sample [21], dramatically reducing the potential pool
of suspects in a crime. Nevertheless, these knowledge
and concepts should actively be specified in detail to
the investigators so as to effectively help solve more
cases and uncover other crimes committed by the same
offenders.

Conclusions

In the past 30 years, forensic DNA technologies have
had a breathtaking progress, and in the future, advanced
scope of their applications in criminal investigations will
continuously be expanded. The perception gap between
DNA specialists and investigators on the professional
knowledge could be widened. The establishment of
institutionalized communication channels between the
two would be important to shorten the gap.

Significance of this case is that DNA typing could
also exhibit a proactive function in solving criminal and/
or difficult cases, and that the crime technician should
actively inform the detective of the relevant information
interpreted from typing results. DNA typing is not only
used for identification purposes. It can go beyond the
traditional response uses in criminal investigations.

Acknowledgments

The authors are grateful to Ms. Chia-ling Liu for her
experimental assistance.

References
1. Gées AC, Silva DA, Domingues CS, Sobrinho JM,
Carvalho EF. Identification of a criminal by DNA typing in

a rape case in Rio de Janeiro, Brazil. Sao Paulo Med J 2002;
120(3): 77-9..

2. Budimlija ZM, Prinz MK, Zelson-Mundorff A, Wiersema

J, Bartelink E, MacKinnon G, Nazzaruolo BL, Estacio SM,
Hennessey MJ, Shaler RC. World Trade Center human
identification project: experiences with individual body
identification cases. Croat Med J 2003; 44(3): 259-63.

3. Schlenk J, Seidl S, Braunschweiger G, Betz P, Lederer

T. Development of a 13-locus PCR multiplex system for
paternity testing. Int J Legal Med 2004; 118(1): 55-61.

4. Wilson MR, DiZinno JA, Polanskey D, Replogle J, Budowle

B. Validation of mitochondrial DNA sequencing for forensic
casework analysis. Int ] Legal Med 1995; 108(2): 68-74.

5. Sekiguchi K, Imaizumi K, Matsuda H, Mizuno N, Yoshida K,

Senju H, Sato H, Kasai K. MtDNA analysis using capillary
electrophoresis and its application to the analysis of mtDNA
in hair. Japanese journal of science and technology for
identification 2003; 7(2): 123-30.

6. Balloch KJD, Marshall J, Clugston J, Gow J W. Reporting

paternity testing results when 2 exclusions are encountered.
Forensic Sci Int Genet Suppl Ser 2008; 1(1): 492-3.

7. Akhteruzzaman S, Majumder AK, Ferdous A, Ali ME. False

paternity with one or two mismatches using commercial
kits. Aust J Forensic Sci 2012; 44(3): 253-9.

8. Gunn PR, Trueman K, Stapleton P, Klarkowski DB. DNA

analysis in disputed parentage: the occurrence of two
apparently false exclusions of paternity, both at Short
tandem repeat (STR) loci, in the one child. Electrophoresis
1997, 18(9): 1650-2.

9. Sun HY, Li HX, Zeng XP, Ren Z, Chen W1J. A paternity case

with mutations at three CODIS core STR loci. Forensic Sci
Int Genet 2012; 6(1): e61-2.

10. Jakovski Z, Jankova R, Nikolova K, Spasevska L,
Jovanovic R, Janeska B. Forensic DNA expertise of incest
in early period of pregnancy. J Forensic Leg Med 2011;
18: 34-7.

11. Weir BS, Anderson AD, Hepler AB. Genetic relatedness
analysis: modern data and new challenges. Nature
Reviews Genetics 2006; 7(10): 771-80.

12. Oz C, Levi JA, Novoselski Y, Volkov N, Motro U.
Forensic identification of a rapist using unusual evidence.
J Forensic Sci 1999; 44(4): 860-2.



13.

14.

15.

16.

17.

18.

19.

20.

21

Junge A, Brinkmann B, Fimmers R, Madea B.
Mutations or exclusion: an unusual case in paternity
testing. Int J Legal Med 2006; 120(6): 360-3.

Coble MD, Loreille OM, Wadhams MJ, Edson SM,
Maynard K, Meyer CE, Niederstitter H, Berger C,
Berger B, Falsetti AB, Gill P, Parson W, Finelli LN.
Mystery solved: the identification of the two missing
Romanov children using DNA analysis. PLoS ONE
2009; 4(3): e4838.

Marjanovi¢ D, Durmié-Pasi¢ A, Kovacevi¢ L, Avdié
J, Dzehverovi¢ M, Haveri¢ S, Rami¢ J, Kalamuji¢
B, Luki¢-Bilela L, Skaro V, Proji¢ P, Bajrovi¢ K,
Drobnic K, Davoren J, Primorac D. Identification
of skeletal remains of Communist Armed Forces
victims during and after World War II: combined
Y-chromosome (STR) and MiniSTR approach. Croat
Med J 2009; 50(3): 296-304.

Wozney KM, Wilson PJ. Real-time PCR detection
and quantification of elephantid DNA: species
identification for highly processed samples associated
with the ivory trade. Forensic Sci Int 2012; 219(1-3)
:106-12.

Chang SS. Protecting the Innocent: Post-Conviction
DNA Exoneration. Hastings Constitutional Law
Quarterly 2009; 36(2): 285-306.

Tsai LC, Hsieh HM, Huang LH, Wang JC, Linacre A,
Lee JC. Cannabis seed identification by chloroplast
and nuclear DNA. Forensic Sci Int 2006; 158(2-3):
250-1.

Huang D, Shi S, Zhu C, Yi S, Ma W, Wang H, Li
H. Y-haplotype screening of local patrilineages
followed by autosomal STR typing can detect likely
perpetrators in some populations. J Forensic Sci
2011; 56(5): 1340-2.

Budowle B. Familial Searching: Extending the
Investigative Lead Potential of DNA Typing. 2010;
http://worldwide.promega.com/~/pdf/resources /
articles/ profiles-in-dna/familial-searching-extending-
the-investigative-lead -potential-of-dna-typing/

. Zubakov D, Liu F, van Zelm MC, Vermeulen J,

Oostra BA, van Duijn CM, Driessen GJ, van Dongen
JJ, Kayser M, Langerak AW. Estimating human age
from T-cell DNA rearrangements. Current Biology
2010; 20(22): 970-1.

Proactive investigation role of DNA typing 7

22. Anderson S, Bankier AT, Barrell BG, de Bruijn MH,

Coulson A R, Drouin J, Eperon I C, Nierlich DP,
Roe BA, Sanger F, Schreier PH, Smith AJ, Staden R,
Young IG. Sequence and organization of the human
mitochondrial genome. Nature 1981; 290: 457-65.



