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Abstract 
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We present application of polymerase chain reaction (PCR) - based short tandem repeat 
(STR) system for use in paternity testing. The process involves a single tube multiplex PCR of 9 
STR loci on different chromosomes, in conjunction with Amelogenin sex test and internal size 
standards, followed by using an automated DNA sequencer to detect amplified products. The 
results showed that this system provided unambiguously reliable results. In addition, the method is 

useful for routine use in that it is robust and reproducible and provides a reliable means of pater­
nity testing. 
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A polymerase chain reaction (PCR)-based 
short tandem repeat (STR) system has recently been 
developed for use in routine forensic identity test­
ing(!). The methodology involves the simulta­
neous amplification of alleles at many loci on dif­
ferent chromosome(2). The use of fluorescence 

detection technology in conjunction with PCR-STR 
analysis allows for efficient automation. STR loci 
are found in large numbers throughout the human 
genome and are usually approximately every 6-10 
kb(3). Since STR loci have small allele sizes (gene­

rally less than 300 bp), they can be amplified easily 
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by PCR and degraded samples are more amenable 
to analysis. PCR -based STR analysis for DNA 
profiling can be completed in a few days rather 
than several weeks as necessitated in RFLP (res­
triction fragment length polymorphism) analy­
sis( 4). In addition, the increasing use of automation 
enhances the prospects of computer aided systems 
to perform the identification of STR alleles(5). 

The purpose of this paper was to demon­
strate the analysis of paternity testing using PCR­
based STR method. 

MATERIAL AND METHOD 
Samples 

EDTA-blood samples from individuals 
who requested paternity testing were collected and 
sent for DNA typing at Human Genetics Unit, 
Department of Pathology, Faculty of Medicine, 
Ramathibodi Hospital. 

Amplification of sample DNA 
Genomic DNAs were extracted from 

EDT A-blood samples as described previously(6). 
Then, we performed multiplex PCR of 9 STR loci 
and the Amelogenin sex test using commercially 
available kits, either Profiler kit or Profiler Plus 
kit (Perkin Elmer, Applied Biosystem, USA). These 
STR loci in the first kit includes D3S 1358, vW A, 
FGA, THO!, TPOX, CSF!PO, D5S818, Dl3S317 
and D7S820. The STR loci in the second kit con­
sisted of the same loci idicated in the first kit 
except loci D8D 1179, D21 S 11 and D 18S51 instead 
of THO!, TPOX and CSFlPO. Amplifications were 
carried out in thin-walled MicroAmp tubes (Perkin 
Elmer) in a geneAmp PCR System 2400 (Perkin 
Elmer) using the following conditions: 95°C for 
13 min, 94°C for 1 min, 59°C for 1 min, noc for 1 
min, for 28 cycles and followed by 60°C for 45 
min. The amplified products were electrophoresed 
on automated DNA sequencer model 310 (Perkin 
Elmer). Fragment sizes were determined automati­
cally using Genescan software (Perkin Elmer) and 
allelic designations were made by reference to 
allelic ladders. 

RESULTS 
Simple paternity testing 

STR loci are routinely employed for indi­
vidual identification. We examined the perfor­
mance and reproducibility of a highly informative 
co-amplification system of a tetranucleotide STR 
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loci in conjunction with the Amelogenin sex test. 
In a heterozygote, each heterozygous locus consists 
of 2 alleles and the peak areas are automatically 
calculated by Genescan software. The simple pater­
nity testing of the first family consisted of a father. 
a mother and 2 sons (Fig. lA-C). These 2 sons in­
herited each allele from either the father or mother 
and the result was inclusion. When a child does 
not inherit his alleles from an alleged father. it 
means that the alleged father is not the biologlical 
father of that child and the result of paternity testing 
is exclusion. The second family requested paternity 
testing of an alleged father, a mother and 2 children. 
a son and a daughter. The children shared one allele 
with the mother but the other allele was not shared 
with the alleged father. For the son, the genotypic 
alleles were different from the alleged father for 
5 loci, D3S 1358, vWA, D5S818, D 13S317 and 
D7S820 (Fig. 2A-C). For the daughter, the genoty-
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Fig. lA. DNA profile of family 1. A) alleles of STR 
loci D3S1358, vW A and FGA. 
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Fig. lB. DNA profile of family 1. B) alleles of Ame­
logenin and 3 STR loci, THOl, TPOX and 
CSFlPO. 

pic alleles were different from the alleged father 
for 3 loci, D3Sl358, D5S818 and D7S820 (Fig. 
2A-C). However, if the assay comprised only gene­
tic markers of THOl, TPOX and CSFIPO, misin­
terpretation of this family would happen. 

Paternity testing of deceased father 
Identification of a deceased person can be 

investigated by using reference blood samples (col­
lected from living relatives) which had been posi­
tively identified. Family 3 and 4 were examples of 
a deceased, alleged father's DNA firgerprint in­
vestigation. The deceased father had married mother 
1 and had 4 children, son 1, son 2, daughter 1 and 
son 3, respectively (Family 3). Before he passed 
away, he had a second wife and then, had a daugh-
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Fig. lC. DNA profile of family 1. C) alleles of STR 
loci D5S818, D13S317 and D7S820, respec­
tively. Each row represents DNA profile of 
each individual. The results are inclusion. 

ter, daughter 2 (Family 4). After death, the second 
wife requested proof that her daughter was the child 
of this father. Therefore, all involved persons were 
subjected to DNA typing. First of all, DNA typing 
of family 4 was identified (Fig. 3). The parental 
genotypes of family 4 could be predicted. Then, the 
genotype of the alleged-deceased father was in­
vestigated from his family 3's children (Table I). 
The deceased father's genotypes of 9 STR loci, 
D3Sl358, vWA, FGA, THO!, TPOX, CSFIO, 
D5S818, D 13S317 and D7S820 were predicted to 
be 16 and 15 or 17, 18 and 19,23 and 24,6 and 10, 
8 and 8 or 9, 12 and 10 or 12, 7 and 11 or 12, I 0 and 
12, and 9 and 8 or 9, respectively (Table 1 ). The 
genotypes from the alleged-deceased father. 
mother 2 and daughter 2 were compared and the 
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Fig. 2A. DNA profile of family 2. A) alleles of STR 
loci D3S1358, vW A and FGA. 
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DNA profile of family 2. B) alleles of 
Amelogenin and 3 STR loci, THOI, TPOX 
and CSFIPO. 

Table 1. Identification of an alleged-deceased father. 

STR locus Genotypic alleles 

mother I son I son 2 daughter I son 3 father* 

D3Si358 15,17 16,17 16,17 16,17 15,17 16,15 or 17 
vWA 16,19 16,18 16,19 16,18 19,19 18.19 
FGA 22,22 22,23 22,23 22,23 22.24 23.24 
THO! 7,9 6,7 7,10 9,10 7.10 6.10 
TPOX 8,9 8,8 8,8 8,8 8.9 8.8 or 9 
CSFIPO 10,10 10,12 10,12 10,12 10.12 12.10 or 12 
D5S818 11,12 11,12 11,12 7,11 7.11 7,11 or 12 
Dl3S317 8,11 10,11 8,10 11,12 8,12 10.12 
D7S820 8,10 9,10 8,9 8,9 8.9 9.8 or 9 

* predicted paternal genotype 
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Fig. 2C. DNA profile of family 2. C) alleles of STR 
loci DSS818, DI3S317 and D7S820, res­
pectively. Each row represents DNA Profile 
of each individual. The results are exclu­
sion. 

Table 2. Comparison of daughter with alleged­
deceased father. 

STR locus Genotypic alleles 

mother 2 daughter 2 father 

D3SI358 16,17 16,17 16,15 or 17 
vWA 14,18 14,14 18,19* 
FGA 22,24 22,24 23,24 
THO! 9,9 7,9 6,10* 
TPOX 8,11 I !,II 8,8 or 9* 
CSFIPO 10,12 10,11 12,10 or 12* 
D5S8!8 10,11 10,14 7,llorl2* 
DI3S317 9,11 10,11 10,12 
D7S820 11,11 10,11 9,8 or9* 

*excluded alleles 
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Fig. 3. DNA profile of family 4. The first and 
second rows are profiles from mother and 
daughter, respectively, on 3 STR loci, 
D3Sl358, vWA and FGA. The third and 
fourth rows represent profiles from those 
mentioned, respectively, on Amelogenin 
and 3 STR loci, THOI, TPOX and CSFIPO. 
The Fifth and sixth rows indicate profile 
from those mentioned, respectively, on 3 
STR loci, DSD818, D13S317 and D7S820. 

result showed that there were non-transmitted 
alleles from the alleged father for 5 STR loci in 
daughter 2's profile (Table 2). These excluded 
alleles were genotypes of STR loci vWA, THO I, 
TPOX, CSFIPO, D5S818 and D7S820. 

Paternity testing of a uniparent 
For the purpose of paternity testing, it IS 

necessary to have samples from each parent and a 
child or children. However, in some cases, it is dif­
ficult or impossible to get the samples from both 



S60 

0351358 

F;~tn~r 

~ 
0] 

Soo 

B. RERKAMNUAYCHOKE et al. 

A..__}. 
@] @ 

FG' 

<DO 
200 AA 

WJ~ 
~
600 

~----'-

" 
4000 

zooo 

: l"o 300 

I ; ; ; ~gg 

roo ; ',: '1S00 
' : ~ 1000 

,' ' I . 500 

Fig. 4. DNA profile of family 5. The first and 
second rows are profile from alleged 
father and son, respectively, on 3 STR loci, 
D3Sl358, vW A and FGA. The third and 
fourth rows represent profiles from men· 
tioned individuals on Amelogenin and 3 
STR loci, D8Sll79, D21Sll and D18S51. 
The fifth and sixth rows indicate profiles 
from those mentioned individuals on STR 
loci D5S818, D13S317 and D7S820. The 
results are exclusion. 

parents. Family 5 is an example of paternity testing 
based on the DNA samples from only a father and 
a child (Fig. 4). By comparing 9 STR alleles of the 
son with an alleged father, it is possible to evaluate 
the data precisely eventhough there is no informa­
tion from maternal evidence. The non-transmitted 
alleles occured in 5 STR loci, D3S 1358, vW A, 
FGA, D 18S51 and D 13S317. Therefore, the alleged 
father was not the biological father of this chid. 
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DISCUSSION 
The STR loci exhibit length polymor­

phism among individuals due to variation in the 
number of repeat units(4). A multiplex PCR system 
has been developed for routine identity testing in 
forensic caseworkO). The typing results are usually 
recorded as DNA fragment lengths or "alleles" 
indicating the number of core repeat elements for 
STR(7). Clear and unambiguous results were 
obtained from all samples encountered in casework. 
DNA fingerprint which is completely specific to 
an individual can be applied directly to human 
identification, including parenthood testing(8). From 
the fact that a child inherits his alleles from each 
biological parent, it is possible to investigate the 
relationship of all members of the family. However. 
there are 4 possible genetic recombinations of the 
parental genotypes at each locus(9). In cases of per­
sonal identification by comparison with other 
family members, the situation is even more compli­
cated. 

For investigation of a deceased person's 
DNA profile, the most straight forward situation, 
other than where the deceased has a surviving mono­
zygotic twin, is where both mother and father have 
provided reference samples. In this situation, the 
deceased's genotype is predicted simply by consi­
dering all the possible genetic combinations, 
according to Mendelian principles, that could arise 
from a mating between the 2 individuals( I 0). In 
family 3, DNA profile was obtained from the 
deceased's children compared to that of his wife. 
The information was gathered from a family tree. 

Often, only a single parent is surviving. 
The sufficiently informative STR loci investigated 
could make possible interpretation of the result. 
Hence, family 5 which had no information of mater­
nal DNA profile could be summarized unambi­
guously. 

This report has demonstrated the utility 
and potential of PCR amplification of STR loci 
when applied to individual identification. Simulta­
neous amplification of all STR loci decreased time 
and the cost of genotyping and enabled addition of 
controls, including internal size standards to score 
alleles precisely. The separation of amplified pro­
ducts by an automated DNA sequencer was shown 
to be sensitive, high throughput and reproducible. 
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