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Abstract 

Human short tandem repeat (STR) loci identification can be for linking 

material from a crime scene to an individual or linking two individuals. Paternity 

testing is one form of linkage where typically samples are tested between the mother, 

child and putative father (trio) and a probability (CPI) of paternity (or maternity) can 

be calculated. If only one parent is available for a paternity test (duo), the probability 

of paternity will be reduced. Besides, the study also focuses on only two in putative 

siblings’ and only two putative half-siblings’ relationship determination, also strength 

of probabilities are expressed by Combined Sibling Indices (CSI) and Combined 

Half-sibling Indices (CHSI). 

Three real populations were used to generate visual offspring and random 

pairs to check if the existence of Coincidental Matched Pairs (CMPs) where 

unrelated individuals share alleles for all loci become false parent and child 

(nonexcluded inclusion). When real duos also observed for the distribution of CPI, 

then under different CPI cutoffs, the specificity and sensitivity of the STR systems 

can be determined. Siblingship and Half-siblingship were also examined the same 

way for observing different index cutoffs and their corresponding specificity and 

sensitivity, besides allele sharing situation, Two-Allele-Sharing-Locus (TASL) for 

sibling and All-Shared-Alleles (ASA) for half-sibling were added up for enhancing 

the specificity and sensitivity. A combination of these two data sets as index and 

allele-sharing increased the confidence in an determination of inclusion, especially 

for the low CSI and low CHSI cases. 

Recommendations are made in this thesis for flexible cutoff values to assist in 

determination of human relationship in normal and non-optimal situation. 
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Chapter 1: A review of the problem and the aim of the study 
 

1.1 Development of Forensic DNA Analysis 

Since the first use of DNA in the criminal justice system the technology 

behind forensic DNA profiling has gradually evolved. A major event in the 

development of DNA profiling was the advent of the polymerase chain reaction 

(PCR) (1). PCR has had a revolutionary affect on forensic DNA development 

allowing increased sensitivity and speed of analysis. 

DNA Typing Prior to the Advent of PCR 

Genetic polymorphisms were identified and characterised by using 

restriction fragment length polymorphism (RFLP) techniques between the 

1970s and 1990s. RFLP required the digestion of genomic DNA with restriction 

endonucleases and then hybridization to specific probes to the size fragments (1, 

2 ). The application of RFLP to detect and characterise genetic polymorphisms 

in a forensic context was first reported by Dr. Alec Jeffreys (3).  Dr Jeffreys 

(now Professor Sir Alec Jeffreys) reported that highly repetitive sections of 

minisatellites DNA can differentiate individuals based upon the length of the 

restriction fragment spanning a minisatellite. The length of the restriction 

fragment was detected by using a radioactive probe that would bind to the 
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central core sequence of the minisatellite. The original choice of the probe 

sequence meant that it would bind to a number of other restriction fragments 

and hence bind to multiple minisatellites resulting in a large number of positions 

where the probe bound. These positions were detected using an autoradiograph 

resulting in multiple bands corresponding to a lane on an agarose gel.  

Multi-locus probes (MLP) as they were called resulted in bar-code like bands 

that were termed a DNA fingerprint. This MLP method was firstly applied to 

resolve an immigration case (4) and shortly thereafter to solve a double 

homicide case in UK (5).  

MLP suffered from a number of drawbacks. It required around 1 µg of 

DNA as the starting template; electrophoretic motilities affected the matching of 

bands; inter-plate and inter-laboratory comparison was not possible; and the 

technique was found to be labour intensive. Due to these reasons MLP was 

superseded by single locus probes (SLP). 

SLP typing varied from MLP in that the probe was designed to be 

specific to the minisatellite locus. This would therefore result in recognizing a 

maximum of two bands for each minisatellite locus, and a serial or a cocktail of 

probes could be used to detect composite banding patterns, if the patterns are 
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distinctive then a high power of discrimination can be reported. The results 

could be recorded digitally according to the co-run ladders making inter-lab 

comparisons feasible, and the clear banding patterns made the developing of 

computerized databank of DNA profiles possible. Although the storing and 

comparison of data could be handled by computer, the automation of the DNA 

profiling was seen to be very difficult, especially for processing large amounts 

of samples in a short time. Fortunately the application of PCR technology to the 

forensic process increased greatly the sensitivity and speed of the process (1). 

PCR stage 

PCR not only revolutionised medical genetics but also forensic science.  

The PCR technique enabled the scientists to replicate (amplify) DNA templates 

from trace amounts of DNA (6, 7). Further, the process works most effectively 

on small size templates allowing trace amounts of degraded DNA to be 

processed (8, 9). 

One of the first applications of PCR in a forensic context was the 

development of amplified length polymorphisms (AMFLP) profiling systems. 

D1S80 and Apo B (10) are smaller versions of minisatellites. These two AMFLP 

loci were generally recognized as simple and robust, and were adopted by 
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laboratories in Europe and other areas. The two loci attracted interest from 

commercial suppliers and kits from the commercial company Applied 

Biosystems were developed. As there were only two loci the power of 

discrimination was low and the two could not be amplified in the same reaction. 

At the same time commercial companies had started to produce kits for 

some marker systems using PCR techniques. The first well-known kit for the 

detection of a sequence polymorphism within HLA DQa locus was launched in 

1990 (11). Although this kit had relatively low discrimination powers it alerted 

the forensic community to the use of PCR methods. 

In 1991, Dr. Jeffreys found differences between the repeating sequences 

within a single minisatellite and a novel method called minisatellite variant 

repeat PCR (MVR-PCR) was developed which applying PCR and SLP 

techniques to detect differences in the internal variation of a minisatellites (12). 

The technology was also termed digital DNA typing owing to having the 

potential to provide results for developing database. This process, although 

highly discriminating, had a problem with mixed samples. 

In 1992, the National Research Council of the United States and the 

European DNA Profiling group (EDNAP) recognized that the future of forensic 
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DNA was the use of new form of polymorphism generated from short tandem 

repeats (STRs) (13, 14), also known as microsatellites. These are a type of 

VNTR which consisted small repeating sequence units, usually three, four or 

five bases, also called simple sequence repeats. The maximum length of the loci 

was around 300 base pairs (9), which is an ideal size to be amplified by PCR. 

 The Forensic Science Service (FSS) in the UK had been working on a 

multiplex of four STR loci for routine use as well as the start for developing 

databases, and then expanded the number of loci to six autosomal STR loci and 

another locus for sex determination; this increased the power of discrimination 

of the test. The six loci STR multiplex was called the second generation 

multiplex (SGM) (15, 16). The multiplex systems for STR profiling allowed for 

simultaneous amplification of a number of STR loci in a single reaction, and the 

fluorescent dye labelled primer sets for different loci could be detected by 

automated DNA sequencers (17).  

Seeing the success of the STR multiplex of FSS, commercial companies 

had been encouraged to make the STR kits available as off-the-shelf products. 

There are several multiplexes available now on the market covering between 9 

to 15 autosomal STR systems as well as the sex-specific amelogenin locus (see 
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table 1.1). 

Table 1.1: Main commercially available STR multiplex kits profiled by capillary 

electrophoresis 

 Identifiler 

S
G

M
 P

lus 

P
rofiler P

lus 

C
O

filer 

P
rofiler 

M
inifiler 

S
E

filer 

P
ow

eplex 16 

P
ow

eplex E
S

 

 15 10 9 7 9 8 11 15 8 

D8S1179 * * *    * * * 

D21S11 * * *   * * * * 

D7S820 *  * * * *  *  

CSF1PO *   * * *  *  

D3S1358 * * * * *  * * * 

TH01 * *  * *  * * * 

D13S317 *  *   *  *  

D16S539 * *  * * * * *  

D2S1338 * *   * * *   

D19S433 * *     *   

VWA * * *  *  * * * 

TPOX *   * *   *  

D18S51 * * *   * * * * 

Amelogenin * * * * * * * * * 

D5S818  *       *  

FGA * * *  * * * * * 

SE33       *  * 

Penta D        *  

Penta E        *  

Identifiler, SGM Plus, Profiler Plus, COfiler, Profiler, Minifiler, SEfiler: STR Kits 

from Applied Biosystems (Foster City, CA), Homepage (18) 

PowerPlex 16, PowerPlex ES : STR Kits from Promega Corporation (Madison, WI), 

Homepage (19) 

** Commercial STR Kits are popularly used by forensic DNA laboratories around 

the world for their ease of handling and the automated profiling. 
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In 1995, the UK NDNAD (National DNA Database) was launched (20), 

shortly after DNA profiling using six STR loci (the SGM – second generation 

multiplex) was available for criminal casework. The necessary legislation was 

the Criminal Justice and Police Order Act 1994, which came into force on 10th 

April 1995. Subsequent legislation has expanded the scope of samples that may 

be collected and retained on the NDNAD. 

 

STR profiles are in digital form can be digitalised very easily and this 

has allowed for the effective processing of the DNA information by 

digitalisation of the data. That makes the searching and comparison of DNA 

profiles much easier. 

 

The match probability of SGM was 1 in 108 and, with the population of 

the UK being approximately 58 million, this power of discrimination was 

acceptable when the database was originally established. In order to exclude 

adventitious hits in part, in 1999 the six-locus SGM test was changed to the test 

of ten-locus kit-AmpFISTR® SGM Plus®. The probability that two STR 

profiles from unrelated people will share all alleles at ten loci is estimated to be 

more than 1 billionth. To date no two unrelated individuals have been found to 
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have exactly the same STR profiles at all ten loci. 

 

The effective application of the DNA database, in particular in the UK, 

has become a leading force for the establishment and expansion of DNA 

database in other countries, including the USA and many European and Asian 

countries that now have databases with hundreds of thousands of DNA profiles. 

In an average year the UK NDNAD produces around 40,000 crime scene to 

individual matches. With such a large number of DNA profiles held on the 

NDNAD there is currently a 45% chance that a DNA profile obtained from an 

incident will match a DNA profile on NDNAD (21). 

In 1998, Interpol established a register of sexual offenders that would 

contain DNA information, and THO1, VWA, FGA and D21S11 (15) were 

selected; these became known as European standard set of loci (ESS). Three 

more loci of D3S1358, D8S1179 and D18S51 were added one year later leading 

to a standardisation in the loci that should form part of a multiplex (16). 

These multiplex kits have been initially developed to meet the 

requirements of the FSS and latterly the Federal Bureau of Investigation (FBI) 

in the USA. In the USA the Combined DNA Index System (CODIS) was 

authorized by a Federal DNA Identification Act of 1994. Originally a panel of 
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13 STRs and a sex-specific locus were proposed by FBI in 1997 (22) and these 

loci can be found in Profiler Plus and Cofiler kits supplied by Applied 

Biosystems. The procedures for obtaining and managing DNA data have 

become one of the standard procedures for forensic DNA analysis. The success 

of any DNA profiling is can only be measured by the number of true inclusions 

resulting in the identifying of a perpetrator of a crime, the exoneration of falsely 

accused persons, and the reduction in crime. 

STR typing has superseded all previous forms of DNA typing and is 

generally accepted for human identification and relationship testing (13). 

Examples of the use of STR typing are shown in table 1.2.  

 

Table 1.2: Application of STR profiling in human identity testing 

Type of application Type of comparison 

Forensic DNA Casework Comparison of two or more genotypes. 

DNA Databases for convicted or 

suspect 

Comparison of a genotype to all those stored on 

a database. 

Mass fatalities from disasters  Comparison of a genotype from a reference 

sample to family members or reference ante 

mortem samples. 

Missing Persons Comparison of alleles to family members. 

Human relationship testing   Parentage test: half allele sharing matching.  

Kinship testing: siblingship, half-siblingship. 

Monitoring of bone marrow 

engrafting 

Full allele sharing matching. 

(23) 
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Despite the large number of commercial kits as shown in table 1, there are 

core loci used in Northern America, European, and Asia etc. which allows the 

exchange of the STR data. This is further illustrated in table 1.3. 

Table 1.3: STR loci used in some countries and INTERPOL 

 Identifiler®
 

U
.S

. C
ore loci 

U
K

/E
uropean C

ore 

L
oci 

G
erm

an 

Interpol S
tandard S

et 

of L
oci 

A
ustralia 

T
aiw

an 

 15 13 10 8 7 9 15 

D8S1179  * * * * * * * 

D21S11  * * * * * * * 

D7S820  * *    * * 

CSF1PO  * *   *  * 

D3S1358  * * * * * * * 

TH01  * * * *   * 

D13S317  * *    * * 

D16S539  * * *    * 

D2S1338  *  *    * 

D19S433  *  *    * 

VWA  * * * * * * * 

TPOX  * *     * 

D18S51  * * * * * * * 

Amelogenin * * * * * * * 

D5S818  * *     * 

FGA * * * * * * * 

SE33    *    

*Identifiler® is the name of the 15 STR kit produced by Applied Biosystems, 

Foster City, CA USA. 
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Fifteen STR core loci system, including the 13 STR loci of CODIS, 

D2S1338, D19S433 and a sex test loci, is currently the one of the largest 

number of loci that is amplified in one reaction as a commercial kit. Owing to 

the convenience of a single reaction to amplify 15 STR loci, these loci have 

become one of the major standard DNA tests for human identity testing and 

human relationship testing in many later-developed DNA testing laboratories 

around the world. 

The major events in the evolvement of forensic DNA are summarized in 

Table 1.4. 

Table 1.4: Evolution of forensic DNA. 

  

Year Events 

1980 Arlene Wyman and Ray White described first polymorphic RFLP marker 

(24). 

1983 PCR techniques first described by Kary Mullis (1). 

1984 Alec Jeffreys developed RFLP methods and termed the pattern a “DNA 

fingerprinting” (2).  

1985 Police in UK first use forensic DNA profiling (25). 

1986 DNA testing became public in US (25). 

1987 In UK forensic investigators use DNA to help solve the “Black Pad” 

murders and to identify the killer. The first case in which DNA evidence is 

used to determine the identity of a murderer, the first case in which a 

suspect was exonerated due to DNA (5). 

VNTR loci described and a series VNTR probes for use in RFLP analysis 

developed (13). 

DNA was first introduced as evidence in U.S. court system (14, 26). 

continues 
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Table 1.5 (continued) 

1988 Jeffreys showed that PCR can be used to faithfully amplify entire VNTR 

loci, genetic testing to be performed could be with far less DNA than 

previous techniques (12). 

First commercial kit using PCR techniques became available (14). 

EDNAP had its first meeting in London UK, collaboration and 

‘harmonization’ were agreed (27). 

1989 Promega first introduces probes for isotopic detection of VNTR loci (19). 

The Technical Working Group on DNA Analysis Methods (TWGDAM) in 

US proposed combing forensic DNA with computer advancements to aid 

in resolving violent crimes (20). 

First DNA exoneration took place, in US; Gary Dotson had a conviction 

overturned on the basis of DNA evidence (25). 

US People v. Castro raised important issues concerning reliability and 

quality of forensic DNA testing (25, 26). 

FBI US proposed a national DNA database for North America that would 

contain profiles from SLP analysis (27).  

EDNAP began a series of experiments aimed at achieving common 

standards (28). 

1990 HLA DQA1 kit using the PCR technique was introduced (26). 

CODIS pilot program started (29) 

1991  STR markers became recognized as an effective tool for human identity 

testing (16).  

Fluorescent STR markers first described (14). 

DNA extracted by Chelex was developed (14). 

1992 Promega first introduces probes for non-isotopic detection of VNTR loci 

(13). 

In US, National Research Council found that DNA testing was a reliable 

method for criminal identification (26) 

Working group within ISFG concluded that RFLP would be replaced by 

PCR based analysis (27). 

STR polymorphisms are discovered on the Y chromosome (29). 

Innocence Project was founded by Barry C. Scheck and Peter J. Neufeld 

to assist prisoners who could be proven innocent through DNA testing 

(31). 

continues 
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Table 1.6 (continued) 

1993 First STR kit became available and sex-specific typing (amelogenin) 

method developed (16, 26) 

DNA Commission of the International Society of Forensic Haemogenetics 

(ISFH) recommended nomenclature for STR systems which is commonly 

used today (27). 

First disaster case using PCR-based DNA typing method for identification 

of victims (32), the techniques proved to be reliable and robust. 

1994 NDIS and DAB (DNA Advisory Board created) were established. (26) 

The first FSS multiplex applied to casework published (THO1, VWA, 

FES/FPS and F13A1) (16). 

The DNA Identification Act was launched in US. Federal DNA 

Identification Act was enacted, authorized the FBI to establish a National 

DNA index for law enforcement (29) 

The EDNAP lead collaborative exercises demonstrated that simple STR 

systems were suitable candidate for standardization run by different 

laboratories in European (33) 

1995 UK DNA database established (SGM loci: THO1, VWA, FGA, D8S1179, 

and D21S11), the world’s first national DNA database (20). 

The ABI Prism 310 Genetic Analyzer with multicolour fluorescence 

detection capability launched (34). 

1996 FBI US started mtDNA testing (13)  

The US National Missing Persons DNA Database Program initially 

authorized (29). 

The International Commission on Missing Persons (ICMP) was created at 

G-7 Summit (35). 

Fluorescence detection methods produced a clearer banding than that from 

silver staining (36) 

1997 Short Tandem Repeat DNA Internet Database launched (23). 

CODIS 13 core loci defined (D8S1179, D21S11, D7S820, CSF1PO, 

D3S1358, TH01, D13S317, D16S539, VWA, TPOX, D18S51, D5S818, 

FGA) (20, 29). 

continues 
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Table 1.7 (continued) 

1998 Austria, Germany and The Netherlands introduced national databases 

(13). 

Interpol uses THO1, VWA, FGA and D21S11, became known as the 

European standard set (ESS) (16. 

Federal Bureau of Investigation announced quality assurance standards 

for forensic DNA testing laboratories (23). 

FBI launched national Combined DNA Index System (26). 

1999 Interpol set of STR was expanded to include three more loci (D3S1358, 

D8S1179 and D18S51) (16).  

SGM plus kit became available (16). 

Commercial multiplex STR kits were validated (26). 

In US, 13 assaults linked through DNA analysis and perpetrator identified 

(29). 

In Switzerland, a crime analysis system integrates forensic case data with 

operational police intelligence developed (37). 

2000 PowerPlex 16 kit enables first single amplification of CODIS STRs 

(Amelogenin, Penta D, and Penta E included in the kit) (13). 

FBI approved revisions to the minimum quality assurance standards 

required for DNA laboratories to join CODIS system (23). 

FBI in US stops processing RFLP and converted to multiplex of STRs 

(26). 

2001 Identifiler STR kit with 5 dyes released (including the CODIS 13, 

amelogenin, D2S1338 and D19S433) (16). 

Multi-capillary ABI 3100 analyzer with increased level of throughput 

available (34). 

CODIS STR Loci data from 41 Sample Population announced, provided a 

solid foundation for STR profile frequency estimate (38). 

2002 FBI in US released mtDNA population database (39) 

Microchip capillary array electrophoresis analyzers with rapid 

high-throughput of forensic DNA analysis was described (40). 

continues 
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Table 1.8 (continued) 

2003 Human Genome Project completed (16) 

50th anniversary of Watson-Crick DNA discovery 

Function of NDNAD maximized by identifying a suspect through his 

close familial members (41). 

SGM plus population study of 24 European populations was published for 

the foundation of frequency calculation (42). 

Y STRs kit available (43). 

2004 The effectiveness and success of DNA Expansion Program in UK was 

described (37). 

Portable DNA analysis systems described (40). 

AABB annual report described that 98.34% of relationship report using 

STR analysis technologies (44). 

2006 The UK and much of the European laboratories uses SGM plus kit or the 

equivalent (45). 

2008 A large comprehensive YSTR reference database with more than 13,000 

haplotypes available online at: wwww.usystrdatabase.org (46) 

 

1.2 Parentage testing 

Civil law or immigration related paternity (or maternity) cases are 

performed routinely around the world when the identity of the parent of a child 

is in dispute. The cases typically involve the mother, the child, and at least one 

alleged father. The children will inherit a combination of paternal and maternal 

alleles from the STR loci. In standard paternity testing it is relatively 

straightforward to examine alleles shared between the biological mother and 

child to identify any alleles not in common. These alleles must have been 

contributed by the biological father; the alleles that are identified as coming 
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from the biological father are termed paternal obligatory alleles.  

STRs loci are the main operating method for paternity testing laboratories 

(44, 47, 50). Their speed, relatively low cost, robustness, and reproducibility 

have long been recognized (49, 51). In order to obtain high levels of 

discrimination, typically more than 10 STRs systems are employed. The initial 

determination of parentage is made based upon whether or not paternal 

obligatory alleles were found between the child and the alleged father at the 

STR markers examined (47). If no allele is shared between the putative father 

and child at more than two STR loci, the putative man may be excluded as 

being the biological father of the child (49). This assumes that it is exceedingly 

that two mutational events will have occurred, although this could be factored 

into a likelihood ratio.  

In 1938 the theoretical procedures for calculating the strength of being a 

biological father, the paternity index (PI) was first developed in the publication of 

Essen-Moller (49). Since then it has become common to include a likelihood ratio 

into a paternity report that quantifies the information from DNA evidence under 

two competing hypothesizes if an inclusion is found. The role of the calculation is 

to aid in understanding the strength of the parentage relationship (47). The 
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paternity index (PI) is the ratio of two conditional probabilities, represented in the 

formula X/Y, where the numerator (X) assumes that the putative father is the 

biological father, and the denominator (Y) that assumes that a random man from 

the same ethnicity is the biological father. Event Y is a chance event dependent 

upon the commonality of the shared allele, so the value of Y is dependent on the 

frequency of the allele in the population. The value of X is dependent upon the 

genotypes of the three persons tested but may typically take a value of 1, if the 

observed locus of the alleged father (AF) is homozygous, 0.5 is assigned if the AF 

is heterozygous, or 0.25 if the mother and child share are heterozygous and share 

the same alleles. These events are shown in box 1. 

 

Box 1: Punnett square of the STR allele inheritance and relation to paternity index. 

Locus: D3S1358.  

Allele type and frequency:  

allele frequency allele frequency allele frequency 

12 0.0013 13 0.0014 14 0.0391 

15 0.3471 16 0.3106 17 0.2347 

18 0.0593 19 0.0057 20 0.0007 

Event 1: 

  Allele from father A  

  14 15  

Allele from 

mother B 

12 12, 14 12, 15  

 13 13, 14 13, 15  

1. Mother B is genotype 12, 13 and child is genotype 13, 14, if A (14, 15) is the 

father, then mother must pass on allele 13, and the father must pass on allele 14. 
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If he is not the father then the mother still has to pass on allele 13 but some other 

man from random population should pass on allele 14. 

2. If A is the biological father then 13, 14 can happen one in four ways, equals a 

probability of 0.25. 

3. If A is not the biological father, then B still has to pass on allele 13 with 

probability of 0.5 and the chance that a random male other than A is the father is 

dependent on the frequency of allele 14 (f) in the population. This gives a 

likelihood ratio of PI= 0.25/ (0.5* 0.0391) = 1/ (2* 0.0391) = 12.78. 

Event 2: 

  Allele from father A  

  15 15  

Allele from 

mother B 

12 12, 15 12, 15  

 13 13, 15 13, 15  

1. If A is the biological father and since A is homozygous, the assortments of 

children can only be two kinds, 13, 15 with a probability of 0.5. 

2. If A is not the father the mother must pass on 13 with probability of 0.5 and the 

probability that a male other than A can be a father depends the frequency of 15. 

3. The likelihood ration of PI= 0.5/(0.5* 0.3471) = 2.88 

Event 3: 

  Allele from father A  

  12 15  

Allele from 

mother B 

12 12, 12 12, 15  

 13 12, 13 13, 15  

1. Since the child is 12, 13, the mother must pass on 13, if A is the father, the 

assortments of children STR appears in four ways, the 12, 13 with a probability 

of 0.25. 

2. If A is not the biological father, then either 12 or 13 in 12, 13 can be from 

mother (0.5 of 12 and 0.5 of 13), meaning the chance for 12 and 13 coming from 

a random man other than A is 0.5 * frequency of 12 + 0.5* frequency of 13. 

3. This gives a likelihood ratio of PI= 0.25/ (0.5* 0.0013+ 0.5* 0.0014) = 1/ 

2(0.0013+ 0.0014) = 185.18. 

Calculation process and description of events based on the text in (52), and other 

allele combination events and equivalent formula can be accessed also. 
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A population database containing frequency distributions of various alleles 

for the tested STR markers, such as that described in appendix 1, is used to 

calculate the probability of a randomly selected man passing the obligatory alleles 

to the child (47, 49). 

As all the STR loci are assumed to be inherited independently, the 

individual PI values are multiplied together to obtain the combined paternity index 

(CPI). Some laboratories use a threshold value, termed a cut off value, to assume 

genetic linkage if the CPI is over preset value. There are various cutoff values for 

different laboratories, ranging from “0” to “10,000” (44). A generally accepted 

minimum standard for an inclusion of paternity is a CPI of 100 or greater; this was 

originally suggested by Coleman and Swenson in 2000 (49). With a priori 

probability of 0.5, a CPI of 100 indicates that the putative father is 100 times more 

likely to be the biological father of a child compared to a random man. The 

strength of the evidence can be transformed into percentage by using Formula (1) 

)1()1(  CPICPIW

to convert the likelihood ratio to a percentage probability of paternity (47). In this 

case it would be reported as a 99.0% probability of paternity. See box 2 for a 
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worked example. 

Box 2: A standard worksheet for a standard Chinese family. 

  Mother Child Father formula p= q= PI= 

STR D3S1358 17 17 17 17 16 17  1/(2.q) 0.0000 0.2347 2.13 

STR vWA 16 17 16 17 17 19  1/(2.p+2.q) 0.1575 0.2467 1.24

STR FGA 23 24 23 24 23 24 1/(p+q) 0.1738 0.2151 2.57 

STR TH01 8 9 9 9 8 9  1/(2.q) 0.0000 0.4748 1.05 

STR TPOX 8 11 8 11 8 8 1/ (p+q) 0.2869 0.5546 1.19

STR CSF1PO 11 12 12 12 12 13  1/(2.q) 0.0000 0.3647 1.37 

STR D5S818 10 10 10 12 11 12  1/(2.q) 0.0000 0.2145 2.33 

STR D13S317 8 9 9 11 9 11 1/(2.q) 0.0000 0.2399 2.08 

STR D7S820 9 13 9 13 9 10  1/(2.p+2.q) 0.0360 0.0668 4.86 

STR D8S1179 11 12 12 13 13 15  1/(2.q) 0.0000 0.2080 2.40 

STR D21S11 28 33 28 33 28 31  1/(2.p+2.q) 0.0520 0.0485 4.98

STR D18S51 15 15 12 15 12 15  1/(2.q) 0.0000 0.0386 12.95 

STR D16S539 11 12 9 11 9 14  1/(2.q) 0.0000 0.2657 1.88 

        CPI= 80,087.22 

p = 0.0000 means the frequency of p is not necessary. 

 

In a number of instances a complete parentage trio is not always available. 

Sometimes a sample from either of the parents is not available. This may be 

because one of them refused to provide a sample, one of them is missing or one of 

them is deceased. A mother-not-tested (MNT) case, also termed parentage duo 

cases, will lead to less statistical certainty (44, 50). A relationship between a child 

and putative father can still be assessed to a reasonable degree of confidence if the 

frequencies of shared alleles are rare. In such instances the addition of a DNA 

profile from a close relative can provide further confirmation. When testing a duo 
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case, the degree of confidence (or specificity) of the CPI still needs to be evaluated. 

This is particularly the case when the CPI is smaller than the preset cutoff values. 

There are few reports of such cases (53). 

Genetic linkage of putative relatives is necessary in missing person cases, 

mass fatality victim identification events, and mass graves. The specimens and 

reference samples for examination may be the same as a standard trio met in a 

parentage testing. If this is not the case then a sample from only a single parent 

(child) or sibling is often compared (35, 56), making the determination of the 

relationship more challenging and in line with a MNT instance. If the samples are 

old or ‘environmentally affected’ they may produce degraded DNA, leading to 

reduce of DNA information, which would further reduce the value of the DNA test. 

A floating CPI requirement following different number of loci used for testing, and 

their corresponding specificities can be identified under such scenarios. 

 

1.3 Other kinship testing: Siblingship and half-siblingship testing 

In certain Disaster Victim Identification (DVI) instances neither of the 

biological parents of the two individuals is available for testing (56). Comparison 

of two DNA profiles from putative siblings (siblingship) or half siblings where 
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only one parent is in common (half-siblingship) can be undertaken. It would be 

expected that two siblings have a 0.25 chance of sharing both alleles a 0.5 chance 

of sharing one allele and a 0.25 chance of sharing no alleles. A probability of 

siblingship can be determined based upon the frequency of the matching alleles in 

the two participants. The resulting siblingship index (SI) should increase if genetic 

loci with higher powers of discrimination are examined. An SI can therefore be 

used to determine the probability of a sibling genetic relationship between two 

individuals. The SI is generated from a likelihood ratio to evaluate the hypothesis 

that the evidence profile is from two siblings compared to the hypothesis from the 

two are not siblings (57). 

Two half-siblings are defined as two individuals sharing one parent only. 

On occasion it may be necessary to determine whether two DNA samples have 

come from two half-siblings. The confidence of such a DNA test, if there are 

matching alleles at the loci tested, will also increase with the number of loci 

examined. The confidence will also increase if there are multiple family members 

that can be examined. The probability indicating half-siblingship is based on the 

allele frequencies for any alleles that are shared between the two tested individuals 

is framed under the two hypotheses that either they are half-siblings or they are not 



 23

half-siblings. From this likelihood ratio calculation a combined half-sibship 

indices (CHSI) can be reported (57). There remains greater uncertainty for 

half-sibling relationships than that for full siblingship due to the chance that two 

half-siblings can share no alleles in common at a locus with double chance (0.5 

compared to 0.25). 

 

1.4 Mass kinship matching in mass fatalities identification 

Recently there have been many natural and man-made disasters, such as 

earthquakes, tsunami, aviation crashes, maritime disasters etc. that resulted in 

hundreds or thousands of fatalities. In many cases mass fatality incidents (MFI) 

lead to severe human remains fragmentation and a corresponding large number of 

reference samples for comparison (32, 58, 59, 60, 56, 61, 62, 63, 64). Some of the 

prominent disaster events in recent 10 years are shown in Table 1.5. In a number 

of these incidents DNA tests and comparison were made (65) to identify some of 

the human remains. 

 

Table 1.9: Different kinds of disasters with top 3 fatalities in 10 years. 

Fatalities Events Place Year 

Earthquake  

283,100 Earthquake/tsunami Indian Ocean 2004 

86,100 Kashmir earthquake Pakistan 2005 

Continues 
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Table 1.5 (continued) 

69,181 Sichuan earthquake Eastern Sichuan, China 2008 

Aviation 

2,998 September 11 attacks New York, Pennsylvania 

and Washington D.C. 

2001 

276 Air Force of the Army of the 

Guardians of the Islamic 

Revolution Ilyushin Il-76 

Sirach Mountains 2003 

265 American Airlines Flight 587 New York City 2001 

Maritime 

1,863 MV Joola Senegal 2002 

1,018 MV al-Salam Boccaccio 98 Red Sea 2006 

800 MV Princess of Stars capsized 

by Typhoon Fengshen off 

Sibuyan Island 

Philippines 2008 

Explosives 

1,000 Ammunition dump fire Lagos, Nigeria 2002 

234 PetroChina Chuandongbei 

natural gas field explosion 

Guoqiao, Kai, Chongqing, 

China 

2003 

Industrial accidents 

234 PetroChina Chuandongbei 

natural gas field explosion 

Guoqiao, Kai, Chongqing, 

China 

2003 

167 Piper Alpha oil rig disaster North Sea 1988 

Coal mine 

214 coal mine Sunjiawan, Fuxing, 

Liaoning, China 

2005 

181 coal mine with flooding Huayuan, Xintai, Shandong, 

China 

2007 

166 coal mine Chenjiashan, Tongchuan, 

Shanxi, China 

2004 

*Data were obtained from reference (66). 

In order to identity human remains from the mass fatalities, ante mortem 

data may be used first. In some cases this may not be reliable and hence there is a 



 25

need for DNA testing. Comparison of DNA profiles to reference samples taken 

from personal items is undertaken routinely. If these are not available, or are 

questioned, then linkage to a genetic relative is necessary. This form of indirect 

matching lacks the level of confidence of matching a crime scene sample to a 

suspect, but has been used effectively in the past (56). 

The establishment DNA databases and kinship matching mechanisms for 

missing persons identification has been such a successful development (67) that 

has led to increasing numbers of successful identification of missing people (68). 

National guidelines (69) and international (70, 71) guidelines have been developed 

to allow for uniformity in the DNA process. 

The majority of the DNA based kinship matching of potential first degree 

genetic relatives are “blind hits”, when an allele is shared at all the loci tested. The 

chance that the two samples originated from first degree relatives can be 

determined compared to coming from two unrelated individuals (72, 73). This 

calculation can be incorporated into the DNA report and combined with any ante 

mortem records prior to the putative identification of the human remains (73). 

When the number of missing people is in thousands then the number of 

family reference samples is also such a large number. In many cases the linkage of 
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the samples to a family member is the only means of identification (63, 73, 74, 75, 

76). In such cases, coincidental matches even when using 15 STR loci are 

possible. 

To minimise the number of false inclusions, multiple family members have 

to be tested for multiple kinship matching. Alternatively extended DNA testing 

including additional autosomal STR loci, mitochondrial DNA typing or Y 

chromosome STR typing may be needed. Multiple family members of first-degree 

consanguinity are not always available and multiple DNA profiling techniques 

may not be applicable. For this reason one aim of the thesis is to establish cutoff 

values for use in kinship testing. In the first instance first degree parent child 

combinations will be considered followed by two potential siblings and then 

half-siblings to mimic real case scenarios (78). Some recommendation to help 

determine these types of genetic relatives are proposed. 
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The aims of the thesis are: 

I. Achieve a better understanding of the specificity and sensitivity related to the 

indexes calculated from the standard kinship testing formulae. 

II. Improve the method to determine the siblingship relationship when traditional 

index measuring methods are not effective in low index cases. 

III. Increase the specificity of the DNA test from non-optimal DNA samples by 

developing a new triplex.  
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Chapter 2: Paternity duo test 

2.1 Introduction 

In a survey conducted by American Association of Blood Banks (AABB), an 

apparent increase in the number of duo cases has been found (44). A duo case occurs 

when a DNA sample can be obtained from only one parent for comparison to one 

DNA profile obtained from one offspring.  Based upon the data obtained a 

Combined Paternity Index (CPI) can be determined to report on the probability of a 

first degree genetic relationship. For many of the laboratories involved in paternity 

testing a minimal CPI requirement is preset for the purposes of determining a first 

degree genetic linkage. 

In the same report by the AABB (44), the minimum CPI value that was 

required for determining a duo case varied from 100 (25 out of the 39 laboratories) to 

10,000 (1 out of the 39 laboratories). CPI cutoff values varied from “whatever is 

obtained” (17 out of the 35 laboratories) to 1,000 (1 out of the 35 laboratories) for 

use in family reconstruction cases. When a CPI value greater than the cutoff figure is 

obtained there is a higher degree of confidence that the samples tested are from first 

degree relatives than being unrelated. There is still the chance that two unrelated 

people will share one allele at all the 15 loci tested, resulting in a possible false 
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inclusion (75, 77).  The use of fewer loci increases the opportunity for more false 

inclusions; this has been reported previously (78, 79, 80, 81, 82). Only a limited 

study on the evaluation of specificity of some CPI cutoff values has been reported 

previously (82). This chapter will examine the specificity and sensitivity of the 

current CPI cutoff values and will propose CPI cutoff values resulting 99% to 

99.99% specificity of the duo paternity test. 

 

2.2 Materials and Methods 

DNA profiles from 450 members of the Chinese population were obtained 

using the ABI AmpFlSTR Identifiler® PCR Amplification Kit (Applied 

Biosystems, Foster City, CA, USA). The STR products were analysed with an ABI 

Prism 3100 XL Genetic Analyzer. All the 450 copies of the 15 STR profiles were 

added to the Microsoft Excel data sheets and processed by a built-in Visual Basic 

programme written by authors of this study (programme codes are described in 

Table 2.1). Every individual of the population was paired with every other 

individual to form pairs, e.g. for the Chinese population in this study (450 x 449)/2 

equalling 101,025 pairs were made.  Every pair was processed by the same 

programme to have two children to be used for counting two duos CPI following a 
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standard formula (48). Totally 202,050 CPIs were obtained. 

Specific loci of the 15 STR core kit were removed to simulate the STR 

profiling data obtained from kits using fewer STR loci, e.g. D2S1338 and 

D19S433 were omitted to mimic the CODIS 13 system (the loci in Profiler Plus 

kit add Cofiler kit). Additional loci were removed to mimic commercial kits with 

fewer loci (different kits with different number of loci is described Table 1).  

To simulate DNA degradation, the loci creating the larger PCR products 

were taken off one by one, e.g. starting from the loci CSF1PO in the Identifiler kit, 

and then D2S1338, D18S51, FGA, D7S820 , D16S539 …to ultimately obtain only 

8 loci. 

From the 101,025 pairs generated from 450 members of the Chinese 

population picked at random, CPIs values were obtained for those pairs with 

coincidental matches where at least one allele was shared at all loci. The data were 

treated in the same manner for full profiles as well as in the reduced loci and 

degradation studies. 

DNA profiles from the 15 STR loci from a Caucasian (n = 301) and 

American African (n = 256) population were obtained from the Short Tandem 

Repeat DNA Internet Database (23). These profiles were also processed by the 
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same programme to generate real duos and to determine the number of 

coincidental matching pairs (CMPs). There were 90,300 real duos generated for 

CPI counting and 45,150 random pairs analysed for CMPs for the Caucasian 

population. For the African American population 65,280 real duos were made and 

32,640 pairs used to generate the number of CMPs. Inevitably for computer based 

populations no account of substructure is made and mating occurs randomly. 

The allele frequency table used for the Chinese population was from 

previous studies (83, 84, 85). The Caucasian and African Americans allele 

frequencies were downloaded from the same origin as their DNA profiles (23). All 

the frequencies of alleles were adjusted by using the 5/2N rule (49). 

The specificity of the duo test was calculated as 1 – the % of false 

inclusions and sensitivity of the CPI was based upon 1 – the % of false negatives 

(86). The rate of false positives, seen as a false inclusion in a paternity test, was 

determined by the percentage of pairs sharing STR loci coincidentally and when 

their CPI values were greater than any preset minimum CPI requirements. The 

percentage of false negatives (seen as an exclusion of paternity) was the 

proportion of real duos that might not be recognized as real duos based upon their 

CPIs lower than the preset cutoff values.
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Table 2.1: Main programme (top modules ) for generating real duos and processing 

coincidental matched pairs 

 (the complete programme was attached as appendix 4). 

Sub duo_cpi_main_Ch( ) 

'function: make every pair of STR profiles from random population to 

'generate two children STR profiles, calculate the CPI and 

'record them into the worksheets-duo-cpis 

'loading the frequency table from worksheets 

Dim freqtab(54, 15) 

Worksheets("freq tab").Select 

Range("A4").Select 

For i = 0 To 54 

    For j = 0 To 15 

        freqtab(i, j) = ActiveCell.Offset(i, j) 

    Next j 

Next i 

'loading all the random population 

Dim randompopulation(999, 30) 

id_columns = 31 

Worksheets("Ch").Select 

individuals = Range("C1") 

Range("A3").Select 

For i = 0 To individuals - 1 

    For j = 0 To id_columns - 1 

        randompopulation(i, j) = ActiveCell.Offset(i, j) 

    Next j 

Next i 

'generate all couples 

Dim cpi_base(203000) 

cpis = 0 

Dim parent(1, 30) 

For i = 0 To individuals - 2 

    For j = i + 1 To individuals - 1 

        For k = 0 To id_columns - 1 
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            parent(0, k) = randompopulation(i, k) 

            parent(1, k) = randompopulation(j, k) 

        Next k 

        Call get2children_Ch(freqtab, parent, cpi_base, cpis) 

        cpis = cpis + 1 

    Next j 

Next i 

Worksheets("real duo cpis").Select 

Range("A2").Select 

Lines = 0 

nextcolumns = 0 

For i = 0 To cpis * 2 - 1 

    ActiveCell.Offset(Lines, nextcolumns) = cpi_base(i) 

    Lines = Lines + 1 

    If Lines Mod 60000 = 0 Then 

        Lines = 0 

        nextcolumns = nextcolumns + 1 

    End If 

Next i 

Range("A1").Select 

End Sub 

 

 

2.3 Results and Discussion 

Distribution of CPI of Real Duos (RD) and Coincidental Matched Pairs (CMP) 

The ratio distribution of CPI values of 202,025 Chinese Real Duos 

(RDs), 90,300 Caucasian RDs and 65,280 RDs for the STR loci in the 

Identifiler®, SGM plus® and Profiler® kits are shown in figure 2. The 

box-plots for the distribution of CPIs of CMPs are also illustrated. When there 
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is an increase in the number of STR loci used, larger CPIs distributions are 

obtained. These results are as expected. There were no clear boundaries to 

differentiate the distribution of RDs and CMPs when smaller CPI cutoff values 

are set.
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Figure 3.1: Ratio distribution and box plot of CPI for 3 systems and 3 populations 

(Ch: Chinese, Ca: Caucasian, AA: African Americans, *:Identifiler, 

**:SGM plus and ***: Profiler are PCR Amplification kits made by 

Applied Biosystem, Foster City, LA, USA). 

RD: real duo 

CMP: Coincidental Mathed Pair 

* there are two boxplots without tails owing to less 

samples 
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For many relationship testing laboratories, a minimum CPI value requirement or cutoff 

point is used for determining the existence of a first degree genetic relationship. Due to the 

RDs with low CPI values and CMPs with high CPI values observed in this study, false 

exclusions could occur by setting the cutoff higher than required. Equally a false inclusion 

could occur if these values are set too low. Further evaluation of specificity and sensitivity of 

different CPI cutoff values under different situations was undertaken. 

 

Number of Real Duos and Coincidental Matched Pairs that Meet the Different CPI 

Requirements 

Twenty five CMPs were observed in the 101,025 random pairs from the 450 members 

of the Chinese population taken at random using 15 STR loci. Eight CMPs for the Caucasian 

population (from 45,150 pairs) and 4 CMPs (from 32,540 pairs) for the African American 

population were obtained, as shown in Table 2.2. When using STR kits which amplify fewer 

loci than the 15 used Identifiler, more CMPs were found. The nine loci in the Profiler® kit 

resulted in 1,474 CMPs for the Chinese population, 522 CMPs for the Caucasian population 

and 315 CMPs for African American population. 

 

Specificity and Sensitivity of different CPI Requirements 

In Table  the specificity and sensitivity for duos using varying numbers of STR loci 

are illustrated. As the CPI cutoff value increased, there was a subsequent decrease in sensitivity 



 37

and an increase in specificity. Using 15 STR loci the CPI cutoff value varying from 0 (stated as 

“whatever is obtained”) to 10,000, then the sensitivity varied from 100% to 74.48% and the 

specificity from 99.98% to 100.00% for the Chinese population. The change was more 

pronounced with fewer STR loci confirming the findings of a previous study (82). 

If a minimum CPI value of 100 was chosen using 15 STR loci, the specificity versus 

sensitivity for the Chinese population was 99.98% versus 99.72%. When the same test was 

preformed on the Caucasian population it was 99.99% versus 99.76% and for the African 

American population it was 99.99% versus 99.96%.  Again the percentages are reduced if 

fewer STR loci are used. If CPI = 100 for 7 loci (shown as the column 15-8 in Table 2.3), the 

specificity versus sensitivity for the Chinese population was 99.82% versus 42.83%. For the 

Caucasian population the same values were 99.85% versus 45.36% and for the African 

American population they were 99.79% vs. 56.01%. The conclusion from these data is that 

pre-setting a minimum CPI requirement may not be appropriate for all scenarios and may 

result in an increase in false inclusions and false exclusions. 
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Table 2.1: Number of RDs and CMPs that meet the minimum CPI requirements for 3 populations 

on 5 STR systems. 

System name Identifiler CODIS 13 SGM+ Profiler+* Profiler 

Minimum CPI requirement RD CMP RD CMP RD CMP RD CMP RD CMP

Population Chinese          

What ever is obtained 0 25 0 98 0 162 0 434 0 1,474 

10 2 25 105 90 160 153 712 392 5,585 919 

100 571 17 4,564 47 8,864 87 21,629 138 59,456 176 

101 576 17 4,620 47 8,982 87 21,894 137 59,810 175 

150 1,172 14 7,424 37 13,743 75 31,661 103 74,918 133 

200 1,743 12 10,104 30 18,248 67 39,780 82 86,242 95 

300 3,015 11 15,182 28 26,104 51 53,589 56 102,081 63 

500 5,552 9 23,358 17 38,745 36 72,804 35 121,301 31 

1,000 11,161 5 38,076 10 60,505 22 100,041 22 144,491 9 

1,001 11,172 5 38,101 10 60,552 22 100,074 22 144,521 9 

10,000 51,557 3 104,456 2 137,984 2 168,727 4 188,703 1 

number of RD 202,050          

number of CMP comparing 101,025          

RD: real duo 

CMP: Coincidental Matched Pair 

continues
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Table 2.1 (continued) 

System name Identifiler CODIS 13 SGM+ Profiler+* Profiler 

Minimum CPI requirement RD CMP RD CMP RD CMP RD CMP RD CMP

Population Caucasian         

What ever is obtained 0 8 0 31 0 67 0 159 0 522 

10 0 8 11 30 46 64 118 151 1,657 357 

100 218 4 1,135 20 2,425 34 7,724 73 23,007 72 

101 220 4 1,148 20 2,467 34 7,809 73 23,202 72 

150 389 4 2,007 15 4,087 28 11,640 53 30,178 55 

200 584 4 2,793 10 5,714 27 15,586 39 35,813 41 

300 1,005 4 4,472 10 8,875 21 21,273 24 43,731 29 

500 1,748 4 7,267 8 14,407 16 30,441 14 53,622 15 

1,000 3,477 2 12,980 4 24,232 8 43,631 4 65,215 7 

1,001 3,485 2 12,991 4 24,244 8 43,647 4 65,237 7 

10,000 20,183 1 44,910 0 63,181 1 78,648 0 86,155 0 

number of RD 90,300          

number of CMP comparing 45,150          

System name Identifiler CODIS 13 SGM+ Profiler+* Profiler 

Minimum CPI requirement RD CMP RD CMP RD CMP RD CMP RD CMP

RD: real duo 

CMP: Coincidental Matched Pair 

continues 
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Table 2.1 (continued) 

System name Identifiler CODIS 13 SGM+ Profiler+* Profiler 

Minimum CPI requirement RD CMP RD CMP RD CMP RD CMP RD CMP

Population African Americans        

What ever is obtained 0 4 0 21 0 30 0 110 0 315 

10 0 4 6 21 128 30 189 103 975 224

100 27 4 503 19 5,258 21 6,259 45 14,495 52 

101 28 4 509 19 5,323 21 6,345 44 14,617 52 

150 71 3 869 16 7,671 19 9,204 38 19,172 31 

200 105 3 1,256 15 9,965 18 11,647 29 22,867 23 

300 228 3 2,066 10 13,491 12 15,798 19 28,154 12 

500 437 3 3,530 9 18,864 9 21,790 12 34,840 7 

1,000 1,046 3 6,709 7 26,633 5 30,719 6 43,169 4 

1,001 1,050 3 6,717 7 26,639 5 30,734 6 43,176 4 

10,000 8,987 2 28,036 1 50,208 0 54,751 2 60,144 1 

number of RD 65,280          

number of CMP comparing 32,640                   

Profiler+*: abbreviation of Profiler Plus AmpliSTR kit from Applied 

Biosystem, USA. 
    

RD: real duo 

CMP: Coincidental Matched Pair 
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Table 2.2: Sensitivity and specificity versus minimum CPI requirements for 3 populations on 5 STR 

systems. 
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Table 2.3: Sensitivity and specificity versus minimum CPI requirements mimicking degradation from long loci for 3 populations on 8 degradation situation. 
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Evaluation of CPI cutoff based on Different Specificity in different situation 

By setting the specificity at 99% (equivalent to index of 100) , 99.9% and 99.99%, the 

correlated CPI cutoff could be calculated for varying number of STR loci (shown in Table  

and Table ). A specificity set at 99.99% using the 15 STR loci was obtained with a CPI of 139 

for the Chinese population, 94 for the Caucasian population and “whatever is obtained” for the 

African American population. When using the CODIS 13 STRs with the same specificity of 

99.99% the CPI cutoff for the Chinese population was 628, 565 for the Caucasian population 

and 2,024 for the African American population. The sensitivity would be reduced to 86.29%, 

91.06%, and 82.03% for the three populations respectively.  

By using the optimal cutoff selection method proposed by Zou (111), the optimal CPI 

cutoff that maximizes the specificity and sensitivity for all the situations was “CPI = 1” (data 

not shown). This is in line with the findings of similar low CPI cutoff values reported by a 

previous study using only a few hundred real duos (82). For automatic database searching, the 

efficiency of the test depends on how many candidate pairs that are picked by the computer 

programme that need further confirmation. Ultimately it is the role of the decision-maker to set 

the cutoff when balancing the specificity and sensitivity as improving the capability of one will 

result in the decrease in the capability of the other.  No CPI minimum value can be set for 

paternity duo tests that will never result in false inclusions or false exclusions. The laboratories 

that joined the AABB survey strongly supported that testing without a mother should be 
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processed only when the mother is unavailable or if she is deceased. Otherwise, every effort 

should be made to include the mother in the test (44). 
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Table 2.4: Predicted minimum CPI requirements of specificity of 99.90% and 99.99% for 3 populations and 5 STR systems. 

 

SPE: specificity, SEN: sensitivity 



 46

Table 2.5: Predicted minimum CPI requirements of specificity of 99.90% and 99.99% for 3 populations and 8 different degradation situation. 
Degradation 
situation 15-0 15-1 15-2 15-3 15-4 15-5 15-6 15-7 

Minimum 
CPI 
requirement 

spe sen spe sen spe sen spe sen spe sen spe sen spe sen spe sen 

Population Chinese               

What ever is 
obtained 

99.98% 100.00% 99.97% 100.00% 99.92% 100.00% 99.84% 100.00% 99.62% 100.00% 99.37% 100.00% - - - - 

1 - - - - - - - - - - - - 99.00% 99.90% - - 

10 - - - - - - - - - - - - - - - - 

14 - - - - - - - - - - - - - - 99.00% 90.01% 

20.4 - - - - - - - - - - - - - - - - 

37 - - - - - - 99.90% 98.70% - - - - - - - - 

124 - - - - - - - - 99.90% 87.22% - - - - - - 

139 99.99% 99.49% - - - - - - - - - - - - - - 

135 - - - - - - - - - - - - - - - - 

186 - - 99.99% 98.66% - - - - - - 99.90% 71.54% - - - - 

170 - - - - - - - - - - - - - - 99.90% 45.98% 

198 - - - - - - - - - - - - 99.90% 60.39% - - 

707 - - - - 99.99% 87.40% - - - - - - - - - - 

945 - - - - - - 99.99% 74.58% - - - - - - - - 

749 - - - - - - - - - - - - - - 99.99% 20.40% 

470 - - - - - - - - - - - - - - - - 

1,171 - - - - - - - - 99.99% 55.25% - - - - - - 

1,080 - - - - - - - - - - 99.99% 42.05% - - - - 

1,240 - - - - - - - - - - - - 99.99% 29.01% - - 

continues 
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Table 2.5 (continued) 
Degradation 
situation 15-0 15-1 15-2 15-3 15-4 15-5 15-6 15-7 

Minimum 
CPI 
requirement 

spe sen spe sen spe sen spe sen spe sen spe sen spe sen spe sen 

Population Caucasian               

What ever is 
obtained 

99.98% 100.00% 99.98% 100.00% 99.93% 100.00% 99.84% 100.00% 99.65% 100.00% 99.40% 100.00% 99.03% 100.00% - - 

12 - - - - - - - - - - - - - - 99.00% 94.92% 

19 - - - - - - - - - - - - - - - - 

41 - - - - - - 99.90% 98.87% - - - - - - - - 

68 - - - - - - - - - - - - - - - - 

94 99.99% 99.79% - - - - - - - - - - - - - - 

99 - - 99.99% 99.68% - - - - - - - - - - - - 

104 - - - - - - - - 99.90% 91.91% - - - - - - 

133 - - - - - - - - - - - - - - 99.90% 56.67% 

137 - - - - - - - - - - 99.90% 82.15% - - - - 

142 - - - - - - - - - - - - - - - - 

157 - - - - - - - - - - - - 99.90% 70.76% - - 

394 - - - - - - - - - - - - - - - - 

359 - - - - - - - - - - - - - - - - 

722 - - - - - - - - - - - - - - 99.99% 22.54% 

793 - - - - 99.99% 89.81% - - - - - - 99.99% 38.80% - - 

915 - - - - - - - - - - 99.99% 48.29% - - - - 

1,181 - - - - - - - - 99.99% 57.41% - - - - - - 

1,246 - - - - - - 99.99% 72.19% - - - - - - - - 

continues 
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Table 2.5 (continued) 
Degradation 
situation 15-0 15-1 15-2 15-3 15-4 15-5 15-6 15-7 

Minimum 
CPI 
requirement 

spe sen spe sen spe sen spe sen spe sen spe sen spe sen spe sen 

Population African Americans               
What ever is 

obtained 
99.99% 100.00% 99.98% 100.00% 99.95% 100.00% 99.87% 100.00% 99.75% 100.00% 99.53% 100.00% 99.14% 100.00% - - 

10 - - - - - - - - - - - - - - 99.00% 96.57% 

17 - - - - - - - - - - - - - - - - 

21 - - - - - - 99.90% 99.75% - - - - - - - - 

139 - - - - - - - - 99.90% 91.71% - - - - - - 

156 - - - - - - - - - - 99.90% 85.15% - - - - 

161 - - - - - - - - - - - - - - - - 

222 - - - - - - - - - - - - 99.90% 70.18% - - 

230 - - - - - - - - - - - - - - 99.90% 49.49% 

724 - - 99.99% 97.80% - - - - - - - - - - - - 

881 - - - -   - - - - - - - - - - 

982 - - - - 99.99% 91.75% - - - - - - - - - - 

1425 - - - - - - - - - - - - 99.99% 34.77% - - 

1,438 - - - - - - - - - - - - - - 99.99% 17.66% 

1,495 - - - - - - - - - - 99.99% 47.47% - - - - 

1,708 - - - - - - - - 99.99% 56.26% - - - - - - 

1,983 - - - - - - 99.99% 71.70% - - - - - - - - 
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2.4 Conclusion 

DNA laboratories using STR typing for relationship determination are suggested to apply 

suitable CPI cutoff values based upon the loci number of STR panel tested. Specificity values as 

shown in Table 2.4 had better be used in cases of low CPI values from non-optimal DNA samples. 

When establishing database for mass comparison such as for unidentified human remains or mass 

disasters, it is better to reference the data of this study to set the CPI policy for screening the 

potential matches. 
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Chapter 3: Siblingship test 

3.1 Introduction 

Siblingship determination is encountered in instances such as linking human remains to a 

relative (putative brother or sister) and when neither of the biological parents of the two individuals 

is available for testing. Theoretically at any one locus there is a 0.5 chance that two siblings will 

share one allele, a 0.25 chance that they will share neither alleles and a 0.25 chance that they will 

share both alleles, this sharing of alleles is termed two-allele-sharing-locus (TASL) (113). The 

chance that two unrelated individuals share either one or both alleles at any one locus is dependent 

upon the frequency of the alleles (112, 113). A probability of siblingship can be determined based 

upon the frequency of the matching alleles in the population and will increase when many loci are 

examined or loci with high powers of discrimination (113). There is an increase in uncertainty using 

DNA testing to resolve siblingship if the parents are heterozygous rather than homozygous (111, 

117). There is reduced evidence of siblingship if within the loci tested there are no loci where both 

alleles are shared between the individuals, on the contrary confidence of siblingship is increased if 

the number of TASL increase (112). 

Based upon the degree of sharing of alleles between two DNA profiles it is possible to 

determine a combined siblingship indices (CSI) (111). A CSI index less than 1 supports the premise 

that the two individuals tested are not siblings. If the index is over 1 then the data supports the 

existence of a sibling relationship. Other cutoff points have been recommended such as CSI ≥ 3 

(112). These figures are guides as that were found in this study that 1.6% of random pairs of DNA 
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profiles had CSI greater than 1 when using 15 STR loci. In a previous study using 16 STR loci 

0.1% of unrelated pairs of DNA profiles were found to have CSI > 100 and 0.01% for CSI > 1,000 

(114). Using the 15 STR loci used in the Identifiler® kit, none of the non-sibling pairs were found 

with CSI ≥ 1, while all sibling pairs have CSI > 10 (115). In a different study using the same 15 

STR loci, 6.06% of sibling pairs exhibited CSI < 1 and 9.1% of random unrelated pairs had CSI > 1 

(116). These differences are best explained by the fact that different allele frequencies were used in 

this published study and the study in this thesis. 

This study extended the scope of the experiments by using the 15 STR core loci to study 

three populations using 357,630 full sibling pairs and 178,815 non-sibling pairs generated from 

DNA profiles of random members of the three populations. Using this high number of sample pairs, 

it is possible to evaluate the specificity and sensitivity of the 15 STR loci for discriminating 

between full and non-siblings. Combining a determined CSI value with TASL counts further 

provides confidence in the specificity of the result. 

 

3.2 Materials and Methods 

The same 450 STR profiles of random members of the Taiwanese Chinese population 

were also processed by a Microsoft Excel Macros coded by Visual Basic programme (programme 

codes described in Table 3.1). Every member of the population was paired with every other 

member to form random pairs, e.g. for Chinese population in this study (450 x 449)/2, resulting 

in 101,025 pairs. Every pair was set to have two children, resulting in 202,050 sibling pairs being 
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generated. DNA profiles from the 15 STR loci from the Caucasian (n = 301) and the African 

American (n = 256) populations were processed in the same way as those of the Taiwanese 

population to generate sibling pairs (90,300 of Caucasians, 65,280 of African Americans) and 

random pairs (45,150 of Caucasians, 32,640 of African Americans). The Combined Siblingship 

Indices (CSI) was calculated for each simulated sibling pairs or random pairs by using standard 

formulae (111). By using built-in function provided by the software EXCEL, the formulae were 

transformed into cells of worksheet (Table 3.2). STR profiles from pairs were pasted onto the 

assigned area to produce the CSI value. The allele frequency tables used for calculation of CSI 

were adjusted by using 5/2N rule. 

The rate of false negatives equalled the percentage of real siblingship testing cases (in this 

study the simulated sibling pairs) that would be excluded based upon any given cutoff point of 

CSI or TASL. The rate of false positives equalled the percentage of random pairs of DNA profiles 

where their CSI or TASL was greater than any recommended cutoff value. The sensitivity of the 

test is based upon 1 – the % of false negatives, the specificity of the test is based upon 1 – the % 

of false positives. 
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Table 3.1: Programme for generating real siblings and processing random pairs. 

Sub sibling_generating_CSI_calculation_main( ) 

'xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

'loading of the profiles of random population 

'for Chinese=450 

'xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

Dim Individual_str(449, 30) 

Worksheets("Ch450").Select 

    ' loading of the number of couples 

    individuals = Range("C1") 

    'columns of data= 31 for Identifiler 

    infocells = 31 

    Range("A3").Select 

    'loading of array randompopulation 

    For i = 0 To individuals - 1 

        For J = 0 To infocells - 1 

            Individual_str(i, J) = ActiveCell.Offset(i, J) 

        Next J 

    Next i 

'call subroutine 

Call calculate_si(Individual_str, individuals, infocells) 

End Sub 
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Table 3.2: Calculation worksheet of CSI. 

Description of Function: 

 EXCEL worksheet is a table containing multiple cells, in each cell data or formula 

can be put. In this study, author designed a functional worksheet to calculate the CSI 

between two individuals automatically after posting the STR profiles. 

 In this sheet the original STR profiles can be posted on the upper part of the 

worksheet, and the lower part was filled with built-in EXCEL functions and 

commands for choosing the right CSI index formula, and calculating the index. 

This is the upper part of the worksheet:  

(post the profiles into columns to get the CSI)  

CSI= 7.85E+03  

 individual 1 individual 2 

STR D8S1179 11 15 15 15 

STR D21S11 29 32.2 30 32.2 

STR D7S820 8 12 12 12 

STR CSF1PO 9 10 11 13 

STR D3S1358 15 17 15 18 

STR TH01 9 9 9 9 

STR D13S317 8 10 8 9 

STR D16S539 9 12 9 12 

STR D2S1338 20 22 22 23 

STR D19S433 13 15 13 14 

STR vWA 14 17 17 18 

STR TPOX 8 14 8 14 

STR D18S51 16 17 16 16 

STR Sex X X X Y 

STR D5S818 10 12 11 12 

STR FGA 19 26 19 22 
 

continues
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STR D8S1179       k0 k1 k2 

Sibling Index = 10.0156 B$19   vlook col= 11 0.25 0.25 0.25 

  
shared with ind 2 

position 

Hor 

ck 
freq a value formula  0n/0ff  

check child 

homo 
1st allele of C 0 0 0 0.0000 0.0128  (K2+2K1*a+k0*a*a)/a*a 0 0.0000 

hetero 2nd allele of C 17 17 17 0.0128 0.0000  (K1+k0*a)/a 0 0.0000 

check father 

homo 
Ver ck 17 17 1  b value  K0 0 0.0000 

hetero   2 1 
<=no. sha 

allele 
0 

 

(K2+k1*a+k1*b+k0*2*a*b)/2*a*

b 

0 0.0000 

      check for b  (k1+2*k0*a)/2a 1 10.0156 

      0  sum 10.0156 
 

 

 

 

 

 

 

continues

The cell shows the shared 

allele 

Frequency of allele 

obtained 

Index formula chosen and 

index calculated 

Table 3.2 (continued) 



 56

 

 

=A$5     

Sibling Index =  =IF(T9,T9,1) B$19   

  shared with ind 2 position  Hor ck 

check child homo 1st allele of ind1 =IF(B$5=D5,B$5,0) =IF(B$5=E$5,B$5,0) =IF(M4,M4,N4) 

=IF(B$5=C$5, "homo", "hetero")  =IF(C$5=D5,C$5,0) =IF(C$5=E$5,C$5,0) =IF(M5,M5,N5) 

check father homo Ver ck =IF(M4,M4,M5) =IF(N4,N4,N5) =COUNTIF(O4:O5,">0") 

=IF(D$5=E$5, "homo", "hetero")   =COUNTIF(M6:N6,">0") =IF(O6<N7,O6,N7) 

 

 

  k0 

vlook col= 11 0.25 

freq a value formula  

=IF(O4>0,VLOOKUP(O4,'freq tab'!A$1:P$67,Q2,FALSE),0) =IF(Q9,Q5,MAX(P4:P5))  (K2+2K1+k0*a*a)/a*a 

=IF(O5>0,VLOOKUP(O5,'freq tab'!A$1:P$67,Q2,FALSE),0) =IF(Q9,MAX(P4:P5),0)  (K1+k0*a)/a 

 b value  K0 

<=no. sha allele =IF(Q9=1,MIN(P4:P5),0) 

 

(K2+k1*a+k1*b+k0*2*a*b)/2*

a*b 

 check for b  (k1+2*k0*a)/2a 

 =IF(K5="hetero",1)*IF(K7="hetero",1)*IF(O7

=2,1) 
 

 

 

An “if” check is written to 

check heterozygous or not 

Use VLOOKUP function to 

obtain the allele frequency  

Table 3.2 (continued) 

continues 
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k1 k2 

0.25 0.25 

0n/0ff  

=IF(K5="homo",1)*IF(K7="homo",1)*IF(O6=2,1) =IF(S4=1,(T2+2*S2+R2*Q4*Q4)/(Q4*Q4),0) 

=(IF(K5="hetero",1)*IF(K7="homo",1)+IF(K5="homo",1)*IF(K7="hetero",1))*(IF(O

7=1,1)) 
=IF(S5=1,(S2+R2*Q4)/Q4,0) 

=IF(O7=0,1,0) =IF(S6=1, R2,0) 

=IF(K5="hetero",1)*IF(K7="hetero",1)*IF(O7=2,1) 
=IF(S7=1,(T2+S2*Q4+S2*Q7+R2*2*Q4*Q7)/(2*Q4*Q

7),0) 

=IF(K5="hetero",1)*IF(K7="hetero",1)*IF(O7=1,1) =IF(S8=1, (S2+2*R2*Q4)/(2*Q4),0) 

sum =SUM(T4:T8) 
 

 

 

Five “if” checks here to 

choose the right Index 

Five index calculation 

processes 

Table 3.2 (continued) 
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3.3 Results and Discussion 

Ratio Distribution of CSI for Three Populations 

The CSI ratio distribution of simulated sibling pairs and random pairs are depicted in 

Figure 3.1. Bipolar models with a widespread ratio distribution were found for all three 

populations. From the data obtained CSI values of less than 1 were found for 1.500%, 1.608% 

and 1.340% of simulated sibling pairs for the Chinese, Caucasian and African American 

populations respectively. In contrast when examining random pairs of DNA profiles resulted in 

1.875%, 1.590% and 1.415% with a CSI larger than 1 (Table 3.3). Simulated siblings pairs 

with very low CSI values (1.68E-05 for Chinese population) and random pairs with very high 

CSI values (6.24E+08 for African American population) were observed in this study. These 

data indicate the wide possible CSI values that can be obtained from real siblingship data with 

a high degree of uncertainty in any report. It has been proposed that when two DNA profiles 

produce CSI values between 0.067 and 10 further loci should be analysed (116). In this present 

study the lowest CSI value for a sibling pair was significantly less than 0.067 and CSI for 

random pairs was much larger than 10.3. Our data indicate that simply applying a minimum 

CSI requirement may result in false exclusions if set too high or false inclusions if too low. 
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Figure 3.1: Ratio distribution of CSI for 3 populations. 

AA: African Americans 
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Sensitivity and Specificity under Different CSI Cutoffs 

The ability of the DNA test to correctly classify kinship testing results into two 

categories (sibling or not sibling) is assessed by specificity and sensitivity (86). In Table 3.3 

the sensitivity and specificity using a range of CSI cutoff values is illustrated. CSI cutoff 

values at 0.067, 3 and 10.3 were added following previous recommendations (112, 116). As the 

CSI cutoff values increased there was a corresponding decrease in sensitivity and increase in 

specificity. When adopting a simple CSI value of 1, below which indicates non-sibling and 

above supports a sibling pair, then for the three populations the sensitivity was 98.500% and 

the specificity was 98.125% for the Chinese population, for Caucasian population the 

sensitivity was 98.392% and the specificity was 98.410% and for African American population 

the sensitivity was 98.660% and the specificity was 98.585%. 

 

Ratio Distribution, Sensitivity and Specificity of TASL 

The TASL ratio of simulated sibling pairs and random pairs is depicted in Figure 3. 

Bipolar models were found for all of the three populations.  

The sensitivity and specificity for 1 to 15 of TASL are illustrated in Table . As the 

number of cutoff loci increased there was a corresponding decrease in sensitivity and increase 

in specificity. At the TASL cutoff ≥ 5, the specificity was greater than 99% for all of the 

populations, but the sensitivity was only around 75%. Based upon these data, TASL alone is 

not an optimal screening method for the siblingship determination. 
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Table 3.3: Evaluation of sensitivity and specificity for siblinship determination using. 
15 STR systems. 
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Figure 1.2: Ratio distribution of TASL for three populations (*sib: siblings; **rp: random pairs; 

***AA: African Americans. 
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Table 3.4: Sensitivity and specificity versus two allele sharing cutoff points. 
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Evaluation of Synergy Effects of Two Criteria for the Siblingship Determination 

The sensitivity and specificity of both the CSI and TASL values were combined. Values 

of CSI varying from 0.125 to 100 were analysed against the values of 1 to 9 for TASL (Table 

3.5). A combination of these two data sets increased the confidence of an exclusion or 

inclusion. A CSI of 0.125 and TASL of 5 resulted in a specificity of 99.727% for Chinese 

population, 99.626% for the Caucasian population and 99.804% for African American 

population. Instances of medium CSI values reflected the true specificity, e.g. when CSI = 3 

and TASL = 5, resulted in the specificity increasing to 99.885% instead of 99.050% (Table 3.5), 

when based on CSI=3 only), 99.825% instead of 99.207% for Caucasian population and 

99.905% instead of 99.277% for African American population. 

The data obtained in this study indicates that values of CSI and TASL to be adopted as 

the cutoffs may vary from population to population. The values used may also vary if the DNA 

test is used for identification of human remains or in criminal cases if the burden of proof 

required varies. The ideal situation to resolve siblingship cases with greater confidence would 

be to use more autosomal STR loci if possible or to use mitochondrial DNA analysis or STR 

loci on either of the sex determining chromosomes. 

3.4 Conclusion 

The use of CSI and TASL together resolved the difficulty in siblingship determination for 

cases with low CSI value. When medium index value was obtained then the confidence could be 

raised if an increasing number of TASLs. 



 65

Table 3.5: Synergy effects of TASL and CSI for siblingship determination. 
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Chapter 4: Half-Siblingship Test 

4.1 Introduction 

A claim of half-sibling relationship may be made in cases of inheritance, immigration (118) 

and genetic counselling (119). A genetic link as a half-sibling may assist in the identification of 

human remains if no closer genetic relative is available for testing.  A half-sibling is defined as two 

individuals sharing one parent, this may be a mother when it is termed uterine, or one father when it 

is called agnate or consanguine. Theoretically there is a 0.5 chance that two half-siblings will share 

1 allele at any one locus and a 0.5 chance that they will share no alleles (112). The confidence that 

two individuals are half-siblings, or not, will increase if more loci are examined, or if there are more 

potential half-siblings for comparison. When determining the probability whether or not two 

individuals are half-siblings it is necessary to consider the allele frequencies of any alleles that are 

shared. From this calculation a combined half-siblingship indices (CHSI) (111) is reported. If CHSI 

is less than 1 then the evidence supports the two individuals as not being related as half-siblings, 

otherwise the data supports the existence of a half-sibling relationship. There remains much 

uncertainty after this calculation (111, 112, 118). Uncertainty remains with the evaluation of the 

resulting LR figure in terms of its reliability in determining whether two samples have come from 

half-siblings. 

Three populations containing 355,620 simulated half-sibling pairs and 178,815 random pairs 

generated from 15 STR profiles were created within the populations. Using this large number of 

sample pairs, it is possible to evaluate the sensitivity and specificity for the 15 STR core set in 
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discriminating between half-siblings and random pairs. The discriminating power combining the 

CHSI and all shared alleles (ASA) is reported to assist a laboratory with an interpretation of test 

results. 

 

4.2 Materials and Methods 

STR DNA profiles from 450 individuals were processed by a Microsoft Excel Macros 

written by built in Visual Basic, with minor modification of the code stated in Table 3.1 for 

sibling study. Every individual of the population was paired with every other individual to form 

random pairs, e.g. for Taiwan population in this study (450 x 449)/2, equalling 101,025 pairs 

were made. For generating half-siblings, every individual in the population was paired with two 

other individuals, e.g., (449x448)/2, equalling 100,576 triples (one person with two mates). One 

offspring was generated from each of the two pairs within a triple, resulting in 201,152 

half-sibling pairs. DNA profiles from the 15 STR loci from the Caucasian (n= 301) and the 

African American (n= 256) populations were also processed in the same way as those for the 

Taiwanese population to generate half-sibling pairs and random pairs. For the Caucasian 

population 89,700 half-sibling pairs were generated and 45,150 random pairs were obtained and 

for African American population 64,770 half-sibling pairs and 32,640 random pairs were 

generated. The CHSI values were calculated according to standard formulae (111). By using 

built-in function provided by the software EXCEL, the formulae were transformed into cells of 

worksheet (Table 4.1). The CHSI values were obtained when STR profiles of the pairs were 
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pasted into the assigned area of the worksheet. The allele frequency tables used for Caucasian 

and African American populations were downloaded from the same source as the DNA profiles 

(35) and the frequency table for the Chinese population was from previous studies (83, 84). All 

the frequencies of alleles were adjusted by using 5/2N rule for this study. 

The rate of false negatives was calculated as the percentage of real half-siblingship that 

could be excluded based upon any given cutoff point of CHSI. The rate of false positives 

equalled the percentage of random pairs of DNA profiles where their CHSI was greater than any 

chosen CHSI threshold value. The sensitivity of the test is based upon 1 – the % of false 

negatives and the specificity is based upon 1 – the % of false positives (86). 

All-shared-alleles (ASA) were determined by counting all the alleles shared by paired 

profiles. In the case of both alleles at any one locus being shared a score of 2 is registered. If 1 

allele is in common a score of 1 is registered.  

The above formulae were also applied to four situations to evaluate the specificity and 

sensitivity of the test. These four situations included low CHSI with low ASA, low CHSI with 

high ASA, high CHSI with low ASA and high CHSI with high ASA. 
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Table 4.1: Calculation worksheet of CHSI. 

Description of Function: 

 EXCEL worksheet is a table containing multiple cells, in each cell data or formula 

can be put. In this study, author designed a functional worksheet to calculate the CSI 

between two individuals automatically after posting the STR profiles. 

 In this sheet the original STR profiles can be posted on the upper part of the 

worksheet, and the lower part was filled with built-in EXCEL functions and 

commands for choosing the right CHSI index formula, and calculating the index. 

This is the upper part of the worksheet: 

(post the profiles into columns to get the CHSI) 

CHSI= 4.40E+00 

 individual 1 individual 2 

STR D8S1179 11 15 15 15 

STR D21S11 30 31 30 31 

STR D7S820 10 11 12 10 

STR CSF1PO 11 11 12 12 

STR D3S1358 15 16 15 15 

STR TH01 9 7 9 9 

STR D13S317 11 10 11 9 

STR D16S539 12 13 12 13 

STR D2S1338 20 26 23 20 

STR D19S433 13 15 13 15.2 

STR vWA 15 18 17 18 

STR TPOX 11 11 11 11 

STR D18S51 12 15 12 12 

STR Sex X X X X 

STR D5S818 12 11 12 10 

STR FGA 19 24 19 20 

     
 

continues
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This is the lower part of the worksheet, there are multiple cells with allele-sharing-check, formula picking and calculation function, “description 

box” in dotted line are also presented. 

 

STR D8S1179       k0 k1 k2 

Sibling Index =  2.0042 B$9   vlook col= 11 0.5 0.25 0.5 

   Hor ck freq a value formula  0n/0ff  

check child homo 
1st allele of  

ind1 
0 0 0 0 0.1662  (2K1+k0*a)/a 0 0.0000 

hetero 
2nd allele of 

ind1 
15 15 15 0.1662 0  (K1+k0*a)/a 1 2.0042 

check father homo Ver ck 15 15 1  b value  K0 0 0.0000 

homo   2 1
<=no. sha 

allele 
0

 

(k1*a+k1*b+k0*2*a*b)/2*a*b
0 0.0000 

      check for b  (k1+2*k0*a)/2a 0 0.0000 

      0  sum 2.0042 
 

 

 

 

continues

The cell shows the shared 

allele 

Frequency of allele 

obtained 

Index formula chosen and 

index calculated 

Table 4.1 (continued) 
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The formula developed by the author that residing at the multiple cells, the formula is not seen bu users when using the calculation table, details are 

described in “description box” (in dotted line). 

 

=A$5       

Sibling Index =  =IF(O9,O9,1) B$9   

      

check child homo 1st allele of  ind1 =IF(B$5=D5,B$5,0) =IF(B$5=E$5,B$5,0) 

=IF(B$5=C$5, "homo", "hetero") 2nd allele of ind1 =IF(C$5=D5,C$5,0) =IF(C$5=E$5,C$5,0) 

check father homo Ver ck =IF(H4,H4,H5) =IF(I4,I4,I5) 

=IF(D$5=E$5, "homo", "hetero")     =COUNTIF(H6:I6,">0") 

        

        

 

      

  vlook col= 11 

Hor ck freq a value 

=IF(H4,H4,I4) =IF(J4>0,VLOOKUP(J4,'freq tab'!A$1:P$67,L2,FALSE),0) =IF(L9,L5,MAX(K4:K5)) 

=IF(H5,H5,I5) =IF(J5>0,VLOOKUP(J5,'freq tab'!A$1:P$67,L2,FALSE),0) =IF(L9,MAX(K4:K5),0) 

=COUNTIF(J4:J5,">0")   b value 

=IF(J6<I7,J6,I7) <=no. sha allele =IF(L9=1,MIN(K4:K5),0) 

    check for b 

    =IF(F5="hetero",1)*IF(F7="hetero",1)*IF(J7=2,1) 

An “if” check is written to 

check heterozygous or not 

Use VLOOKUP function to 

obtain the allele frequency  

Table 4.1 (continued) 

continues 
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k0 k1 

0.5 0.25 

formula  0n/0ff 

 (2K1+k0*a)/a =IF(F5="homo",1)*IF(F7="homo",1)*IF(J6=2,1) 

 (K1+k0*a)/a =(IF(F5="hetero",1)*IF(F7="homo",1)+IF(F5="homo",1)*IF(F7="hetero",1))*(IF(J7=1,1)) 

 K0 =IF(J7=0,1,0) 

 (k1*a+k1*b+k0*2*a*b)/2*a*b =IF(F5="hetero",1)*IF(F7="hetero",1)*IF(J7=2,1) 

 (k1+2*k0*a)/2a =IF(F5="hetero",1)*IF(F7="hetero",1)*IF(J7=1,1) 

  sum 

 

k2 

0.5 

  

=IF(N4=1,(2*N2+M2*L4)/L4,0) 

=IF(N5=1,(N2+M2*L4)/L4,0) 

=IF(N6=1, M2,0) 

=IF(N7=1,(N2*L4+N2*L7+M2*2*L4*L7)/(2*L4*L7),0) 

=IF(N8=1, (N2+2*M2*L4)/(2*L4),0) 

=SUM(O4:O8) 
 

Five “if” checks here to 

choose the right Index 

Five index calculation 

processes 

Table 4.1 continued 
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4.3 Results and Discussion 

Ratio Distribution of CHSI for Three Populations by using 15 STR core set 

The CHSI ratio distribution of simulated half-sibling pairs and random pairs for three 

populations is shown in figure 4.1. Bipolar models with a widespread ratio distribution were 

found for all of the three populations. Simulated siblings pairs with very low CHSI values 

(1.40E-03 for the Chinese population) and random pairs with very high CHSI values 

(2.29E+05 for African American population) were observed in this study. From the data 

obtained for the 15 STR loci ( Table 4.2), 12.02%, 12.86% and 11.73% of CHSI values from 

simulated half-sibling pairs were found to be less than 1 for Chinese, Caucasians and African 

Americans populations respectively. Random pairs that produced CHSI values greater than 1 

for these populations were 13.24%, 12.22% and 11.33% for these three populations. 



 74

Figure 2.1: CHSI ratio distribution for 3 populations (*hsib: half-siblings, **rp: random pairs). 

Ch: Chinese Ca:Caucasian AA: African Americans 

rp: random pair hsib: half-sibling 
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Table 4.2: Evaluation of sensitivity, specificity and CHSI threshold value for half-siblingship 

determination using 15 STR systems. 

 

 

Sensitivity and Specificity under Different CHSI Cutoffs for 15 STR systems 

The ability of the DNA test to correctly classify kinship testing results into two 

categories is assessed by their specificity and sensitivity (114). In Table 4.2 the sensitivity and 

specificity are illustrated using a range of CHSI values from 0.03125 to 1,000. The CHSI 

requirements as cutoff values followed previous recommendations (117). As the CHSI cutoff 

values increased there was a corresponding decrease in sensitivity and increase in specificity. 

According to Table 4.2, when adopting CHSI value of 1 as the cutoff value, and using the 15 

STR loci for the three populations, the sensitivity was 87.98% and the specificity was 86.76% 

for the Chinese population, for Caucasian population the sensitivity was 87.14% and the 
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specificity was 87.78% and for African American population the sensitivity was 88.27% and 

the specificity was 88.67%.  Using a CHSI of 1 would falsely exclude more than 10% of real 

half-sibling, indicating the potential problems with this type of DNA testing. 

 

Ratio Distribution of Allele sharing for three populations 

The ratio distribution of allele-sharing for simulated half-sibling pairs and random pairs 

is shown in Figure 4.2.  Three instances of allele sharing between two DNA profiles across 

the loci tested are illustrated. The three graphs illustrate the percentage of loci where there are 

two alleles shared (A), one alleles shared (B) and all the alleles shared (C).  With more alleles 

shared there is a corresponding separation of real and false half-sibling pairs. Graph C 

illustrates the ASA situation where there is greatest separation between half-sibling pairs and 

random pairs (with smaller percentage of overlapping area in the bipolar model). These data 

indicate the potential value of ASA in the determination of half-siblingship. 

 

Evaluation of Synergy Effects of Two Criteria for the Half-siblingship Determination 

The CHSI versus ASA ratio distribution was calculated for all the simulated 

half-siblings and random pairs, and the sensitivity and specificity for each CHSI and ASA 

combination was evaluated. Values of CHSI varying from 0.125 to 10 were analysed against 

the values of 7 to 18 for ASA using the 15 STR loci (Table 4.3). A combination of these two 

data sets increased the specificity thus reducing the chance of a false inclusion. A CHSI of 
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0.125 and ASA of 13 resulted in a specificity of 86.14%, whereas if only considering the CHSI 

specificity was only 54.96% (Table 4.2) for the Taiwanese population. When CHSI = 1 and 

ASA = 13, the specificity increased to 91.22% instead of 86.76% for the Taiwanese population 

(see Table 4.2 when based on CHSI = 1 only), 92.27% instead of 87.78% for Caucasian 

population and 93.97% instead of 88.67% for African American population. Combining the 

two criterion increases the specificity for half-sibling determination especially for the cases of 

“low CHSI with high ASA”. If these two factors are not considered in tandem there is a higher 

chance that two real half siblings will be falsely excluded.  

An alternative approach to resolve half-siblingship cases with greater confidence would 

be by using more autosomal STR loci, using mitochondrial DNA analysis if appropriate or by 

using STR loci on either of the sex determining chromosomes.  

 

4.4 Conclusion 

The combination of CHSI and ASA can be used to resolve complex cases of alleged 

half-siblingship. This may be where there are low CHSI values obtained. By combining the number 

of alleles where all the alleles are shared the specificity can be increased thus reducing the false 

exclusions.
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Figure 4.2: Ratio distribution of allele sharing across the loci. A for the number of 2-allele sharing 

loci, B for the number of loci with one allele shared and C when all shared alleles are 

counted. 

hsib: siblings 

rp: random pairs 

AA: African Americans 
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Table 4.3: Synergy effects of ASA and CHSI for half-siblingship determination by using 15 STR. 
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Chapter 5: Develop a non-CODIS triplex 

5.1 Introduction 

STR typing using commercially available kits may amplify up to 15 STR loci in one 

reaction. When a DNA sample is subject to microbial degradation, or if sub-optimal amounts 

of DNA are present, the larger alleles in the multiplex are most likely to no longer generate a 

product. It is possible to compensate for this by using shortened PCR products than those in 

commercially available kits (120). Further, when a sample containing degraded DNA is being 

linked to a family member, such as a sibling or a mother, lower powers of association will be 

obtained. To combat this problem either novel loci are required or the use of new primers 

designed to DNA sequences closer to the STR is needed. This chapter outlines the design of 

novel STR primer sets to amplify three tetra repeat loci; namely D10S674, D14S608 and 

D15S659. 

5.2 Materials and Methods 

The three STR loci (D10S674, D14S608 and D15S659) were selected from the Taiwan 

Polymorphic Marker Database (TPMD) (121). The size of each amplicon was reduced by 

designing primers as close to the STR sequence as possible. This led to all the alleles being 

shorter than 250 bp. The primers were designed by using the software Primer3 (122, 123), which 

is freely available. All the newly designed primers were entered into the software BLAST in 

NCBI (124) to identify any mispriming sites beyond the target region. Then all the sequences of 

these 6 primers were checked by the software AutoDimer, available on the internet (23), before 

being combined into a triplex. The primers sequences and tandem repeats are described in Table 
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5.1. 

 

Table 5.1: The fluorescent dye and primer sequences of the triplex for the three selected loci. 

No. Locus name Primers 

1 D10S674 FAM —5’ AGGATGTGAACTGGAAATTCAT 

5’ GTGTCTTTGCATGTGCAGACAGACAGA 

2 D14S608 VIC —5’ CGTGGTACAGGTAGATAAATGGA 

5’ GTGTCTTGGATCTCCTTCTTTTTATGGATG 

3 D15S659 NED—5’ CCCAACATAACATATTGCTTAAACT 

5’ GTGTCTTTGGATAGACACATGACAGATAGGT 

 

The triplex was analysed using a Chinese population living in Taiwan to examine allele 

frequencies and various forensic parameters (236 optimal profiles of the triplex were obtained). 

Total DNA was extracted from saliva using the Qiagen blood kit (Qiagen, Hidden, Germany) or 

Genomic DNA Extraction kit (Real Genomic’s TM, Taiwan). 

The triplex was amplified in a 15 μL reaction including 10X buffer (Gold ST*R, Promega) 

1.5 μL, primers 2 μL [primers were made into the concentration of 10 pmol/μL, and mixed in 

the ratio of 4(D10): 6(D14): 3(D15)], DNA template 2 μL (conc. 0.5 ng/μL), polymerase 0.3 μL 

(Ampli Taq Gold TM 250 unit 5units/μL, ABI) and ddH2O 9.2 μL. Amplification was performed 

using a GeneAMP PCR system 9700 (Appiled Biosystem, Foster City, USA). The cycling 
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reaction consisted of denaturation at 95 oC for 10 min, and then 30 cycles at 95 oC for 45 sec, 59 

oC for 45 sec, and 72  oC for 45 sec, followed by final incubation at 60 oC for 45 min. Aliquotes 

of 1 μL of the PCR products were mixed with 12 μL deionized formamide containing an internal 

size standard (Genescan-500, LIZ, ABI), denatured at 95 oC for 3 min, cooled on ice a few 

seconds, and subjected to laser-induced foluorescence capillary electrophoresis on an ABI Prism 

3130 Genetic Analyzer using POP 7, 36-cm capillaty arrays, and default instrument settings. 

Homozygote alleles of all the 3 markers were amplified using unlabelled forward and 

reverse primers in singleplex reactions with a cycler protocol the same as that for labelled 

primers. Two samples of the PCR products of each locus were sequenced by the T7-cloning 

method to confirm the length of the products and the assortments of the tandem repeats. 

The allele frequencies, forensic DNA parameters, and Hardy-Weinberg equilibrium were 

analysed by using a Visual Basic Programme written by the author published at the local annual 

meeting of Taiwan Association of Forensic Science (125 ), the code stated in Table 5.2. 

 

Table 5.2: Main programme to process STR profiles and generate forensic DNA population study 

parameters (complete programme was posted in appendix 6). 

Sub main_popu_study() 

'xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

' ' export data into text mode 

' import the data using Excel software 

' change the worksheet name to "Identifiler STR" 
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' profiling of 15 loci can be processed at once 

'xxxxxxxxxxxxxxxxxxxxxxxx 

'array to load all the locus name 

Dim locusnames(15) 

'array to load all the identifiler profiles for all the individuals 

Dim all_alleles(5999, 30) 

'array to record all the possible alleles 

Dim allele_cat(79) 

'array to record all the allele frequencies 

Dim freq_tab(79, 15) 

'get the basic information from STR profiles 

Worksheets("Basic Info").Select 

individuals = Range("A2") 

locitot = Range("A4") 

mintot = Range("C4") 

maxtot = Range("C5") 

allele_no = 0 

'load the locus name 

Worksheets("STR profiles").Select 

Range("B1").Select 
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locus = 0 

For i = 1 To locitot 

    locus = (i - 1) 

    locusnames(locus) = ActiveCell.Offset(0, (i - 1) * 2) 

Next i 

'call the sunroutine to pick all the possible alleles 

Call pick_allele_category(individuals, mintot, maxtot, allele_cat, all_alleles, allele_no) 

'assign the unique alleles to frequency table 

For i = 0 To allele_no - 1 

    freq_tab(i, 0) = allele_cat(i) 

Next i 

'call the subroutine to calculate the allele frequencies 

Call count_allele_freq(individuals, locitot, allele_no, freq_tab, all_alleles) 

'call output frequency table 

Call freq_tab_output(allele_no, locusnames, freq_tab, locitot) 

'check the fintness and calculate all the forensic DNA parmeters 

Call g_test_and_parameter(individuals, locitot, allele_no, freq_tab, all_alleles) 

'call output parameters 

Call freq_tab_output(allele_no, locusnames, freq_tab, locitot) 

Call parameter_output(freq_tab, locitot) 
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'Call 5/2Ncorrection() 

….. 

 

5.3 Results and Discussion 

The design of the new primers reduced the amplicon size for the three loci. The new allele 

size ranges for the three loci are shown in Table 5.3. Homozygous alleles were sequenced to 

determine the true nucleotide length and sequence within the tandem repeats. The sequencing 

was performed in both directions to confirm the DNA sequence.  Electrophoresis peaks are 

depicted in Figure 5.1 and the peaks from the triplex reaction are depicted in figure 5.2. All three 

loci were found to be highly polymorphic and no deviation from Hardy-Weinberg equilibrium 

was observed (p>0.05). 

The allele frequencies for the triplex, homozygosity, heterozygosity, power of 

discrimination (PD), power of matching (PM), mean exclusion probability (MEP), polymorphism 

information content (PIC), typical paternity index (PI), and probability value ( p value of G-test) 

of exact tests for Hardy-Weinberg equilibrium are given in Table 5.4. The most frequent allele 

types for each locus were: D10S674 allele 12, D14S608 allele 10, D15S659 allele 12. The most 

common allele frequencies range from 0.2076 (D15) to 0.2945 (D10). 

The allele distribution of D14S608 varied from 5 to 13, which is in line with the 7-11 

allelic range of a previous study (126). The allelic size range of D15S659 was between 11 and 19, 

which is different from that of 6-17 in the previous study (127). This difference may be reflection 
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of the different populations sampled in these two studies. 

The PD for the 3 three markers were 0.9083 for D10S674, 0.9355 for D14S608, and 

0.9472 for D15S659. These figures are comparable to the average PD of routinely used forensic 

STR systems, adding specificity to the determination of human relationship test is anticipated.
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Table 5.3: Information on the genetic loci used in the novel triplex.  

Locus 

name 

Original 

length 

range in 

GeneBank 

Shortened 

length 

range  

Sequence tandem 

repeats 

Length of the 

sequencing 

D10S674 218-254 92-120 GATGCCATGGCGGCCGCGGGAATTCGATTAGGATGTGAACTGG

AAATTCATTCTGTCTTTCGATAGATAGATAGATAGATAGATAGAT

AGATAGATAGATAGATAGATAGATGGATGTCTGTCTGTCTGCAC

ATGCAAATCACTAGTGAATTCGCGGCCGCCTGCAG 

TAGA* 12 108 bp 

D14S608 188-224 155-178 CCGCCATGGCGGCCGCGGGAATTCGATTCGTGGTACAGGTAGAT

AAATGGATGATAGATAGATAATGGAGATAGATGATAGACAGATA

GATAGATAGATAGATAGATAGATAGATAGATAGATAGATAGAGTA

TATATATAATGGACTATATAATATGTGACATAGCATATATAATGGAA

TATTATTCATCCATAAAAAGAAGGAGATCAATCACTAGTGAATTC

GCGGCCGCCTGCAGGTCGACCATATGGGAGAGCT 

GATA * 11 182 bp 

D15S659 174-206 109-137 CGGTCGCATGCTCCGGCCGCCATGGCGGCCGCGGGAATTCGATT

TGGATAGACACATGACAGATAGGTATGATAGATAGATAGATAGAT

AGATAGATAGATAGATAGATAGATAGATAGATACAGAGAACTTA

GTTTAAGCAATATGTTATGTTGGGAATCACTAGTGAATTCGCGG

CCGCCTGCAGGTCG 

GATA * 13 113 bp 
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Figure 5.1: Electrophoresis peaks of sequencing of the triplex. 

 

D10S674 

 

continues
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Figure 5.1 (continued) 

D14S608 

 
continues
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Figure 5.1 (continued) 

D15S659 
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Figure 5.2: The peaks of the triplex. 

 

continues 
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Figure 5.2 (continued)  
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Table 5.4: Allele frequencies and forensic parameters for the triplex using a 

Taiwanese population. 

Allele D10S674 D14S608 D15S659 

5 - 0.0021 - 

5.3 - 0.0042 - 

6 - 0.0975 - 

6.3 - 0.0021 - 

7 - 0.2076 - 

8 0.0297 0.0318 - 

9 0.1017 0.1292 - 

10 0.0424 0.2564 - 

11 0.1144 0.1631 0.1186 

11.3 - 0.0042 - 

12 0.2945 0.0784 - 

12.3 - 0.0064 - 

13 0.2669 0.0169 0.2013 

13.3 0.0021 - - 

14 0.1144 - 0.1356 

15 0.0339 - 0.0508 

16 - - 0.1462 

17 - - 0.2076 

18 - - 0.1208 

19 - - 0.0191 

    

Homozygosity 0.1992 0.1568 0.1653 

Heterozygosity 0.8008 0.8432 0.8347 

PD 0.9083 0.9355 0.9472 

PM 0.0917 0.0645 0.0528 

PIC 0.7754 0.8095 0.8257 

PE 0.5594 0.6318 0.6166 

PI 2.5106 3.1892 3.0256 

p value 0.2786 0.6497 0.7473 
PD: power of discrimination 
PM: power of matching 
PIC: polymorphism information content 
PE: power of exclusion 
PI: typical paternity index 
P: probability value of G tests for Hardy-Weinberg disequilibrium test. 
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5.4 Conclusion 

The addition of these three STR loci can only be of benefit when analysing 

poor quality DNA samples. This non-CODIS triplex may be applied when 

increased powers of association are required in resolving relationship disputes. 
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Chapter 6: General Discussion 

6.1 Unique Characteristics of this Study 

Development of the methods of studying CPI cutoff values 

Duo cases requiring the comparison of two DNA profiles believed to 

have come from two related persons is not a rare event (107). The starting 

process is to obtain STR profiles from the samples of interest. In the case of a 

paternity test (duo) case there should be an allele in common at all the loci 

tested, unless there is a mutational event. If there are matching alleles then a 

CPI can be calculated. If the CPI meets any preset minimum requirement (CPI 

cutoff values) then there is confidence that the two individuals tested are 

first-degree relatives. Unfortunately there is no universal CPI cutoff value, and 

though some cutoff values are accepted by many testing laboratories, these 

values may not supported by empirical data. The lack of an agreed CPI cutoff 

value may be due to the variation in the number of STR loci used in relationship 

testing laboratories. The effect of the CPI cutoff values based upon the STR loci 

used has not been reported previously. The duo paternity testing studies reported 

in this thesis highlight the need to consider kinship identification based upon the 

STR loci used, the CPI values obtained, specificity and sensitivity of the system 
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and their interaction with each other. Only then is there confidence in assigning 

an optimal preset CPI cutoff value. 

The sensitivity (1 –rate of false exclusions)  and specificity (1- rate of 

false positives) of the loci used need to be determined prior to setting CPI cutoff 

values. For evaluating sensitivity, sufficient numbers of paternity pairs (duos) 

with a proven genetic relationship (e.g. biological father and son) is the most 

important requirement. Unfortunately there is no easy way to access these data. 

This is a pioneering report by pairing 15 STR profiles from a random 

population to generate “real” off-springs. When using 15 STR profiles it is 

possible to obtain sufficient and reliable duo combinations, e.g. for the Chinese 

population 202,050 real duos were obtained. Based on access to this large 

amount of samples, the normal distribution of CPI can be seen, and the 

percentage of real duos excluded by different CPI cutoff values could be 

surveyed. Using these data it is possible to evaluate the sensitivity of the test. 

In common with the sensitivity studies to examine the specificity of the 

DNA test under different CPI cutoff values, a sufficient amount of random pairs 

is also needed to check coincidental matches, typical of those observed in a 

paternity duo case. Using these data it is then possible to observe the effect of a 
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wide range of CPI values relative to false inclusions. If this study was based 

upon real data it would be prohibitively time consuming and may be the reason 

why there have been few such studies. 

 

Development of the method of combining the index and allele-sharing number to 

determine the specificity of siblingship 

The main method to assist with the determination of a potential sibling 

relationship between two people relies on the strength of the calculated DNA sibling 

index. Previous reports suggested that in addition to the indices obtained that by 

surveying the number of allele-shared at each locus further confirmation of a sibling 

relationship may be obtained (81). Thus allele-sharing could be an indicator to 

support a sibling linkage.  Chapters 3 and 4 in this thesis are the first attempts to 

consider both the sibling index and the number of alleles that are shared. Using the 

combination of data real cases where a low DNA index is obtained may gain further 

support if TASL is considered. An example of this situation is when the CSI value is 

lower than “1”, the result is inconclusive owing to the low index, but based on the 

data in Table 3.5 and given a TASL of 4, the specificity would be raised to 99.40% 

for Chinese. 
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Use of EXCEL Software to aid in the determination of various values 

EXCEL™ is a part of OFFICE software provided by Microsoft Company. It 

is used widely in analytical laboratories for data analysis. The software is capable of 

manipulating STR data as part of the output by the DNA Sequencer. During the 

course of these studies STR data was imported into the worksheets of EXCEL. The 

output of the software was to produce a Visual Basic programme and Macros (a 

process to run a series of commands) to process the pairing of STR profiles, the 

generation of offspring DNA data, checking the allele-sharing of locus, and 

calculating of index. This software is widely available and could be used by almost 

all of those involved in the identification of human remains and linkage of DNA 

samples.  

 

6.2 Future Studies 

STR profiles from three populations were analysed. A similar method of 

analysis could be conducted on many more or smaller populations.  

STR profiles can be searched rapidly against those held on criminal justice 

databases. Familial searching is possible if there are no matches but there is a 

possibility of a genetic relative being on the DNA database. The cutoff parameters 

recommended in these studies may be applied to identify various genetic relatives. 
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6.3 Fulfilling the goal of the study 

One aim of this study was to better understand the specificity and 

sensitivity related to the indexes calculated from the standard kinship testing 

formulae. Based upon the recommendations in this thesis it is hoped that there can 

be greater confidence when determining siblingship when traditional index 

measuring methods result in low indexes. 

Paternity duo determination 

In this study 15 STR loci were examined from a total of 358,080 real duos, and 

179,040 random pairs from 3 populations of Chinese in Taiwan, American 

Caucasians and African Americans.  Due to the large sample size and resulting 

number of sample pairs meaningful data can be obtained that would not be possible 

by observations of non-virtual populations.  The examination of a variable number 

of STR loci, from 7 to 15 loci, with the CPI cutoff values from 0 to 10,000. The CPI 

cutoff value applied affected the increase or decrease in specificity and sensitivity of 

the test. In short, under the same cutoff values, if more STR systems were applied, 

both specificity and sensitivity would be increased at the same time.  If fewer STR 

loci were used the specificity could be maintained but sensitivity would be sacrificed 

with the potential increase in the number of false exclusions.  For example, if the 9 

loci that comprise STR Profiler kit is applied to the Chinese population in Taiwan 
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and the CPI cutoff value are set at 100, the specificity is 99.83% and sensitivity is 

70.57%.  However if 15 STR loci were used in this same population then specificity 

is increased to 99.98% and at the same time the sensitivity is increased to 99.72%.  

A similar situation was found for the other two populations.  Based upon these data 

it is clear that at least 15 STR loci should be used if possible to maximise confidence 

in any DNA test as there should be an increase in both the specificity and sensitivity 

of the test. 

Besides surveying the specificity of CPI under cutoff values, the probability of 

paternity could be obtained by using the Formula (1).  

With a CPI value of 1 then the probability would be 1/ (1+1) = 50%. With a 

CPI value of 1,000 then the probability would be calculated as W=1,000/ (1,000+1) 

= 99.9%.  

)1()1(  CPICPIW

When cases are examined using the 10 loci in SGM+, with a lower CPI value than 

that of Identifiler, a CPI value as low as 10 can be obtained from a duo case using 

two members of the Chinese population in Taiwan. The probability of paternity is 

only about 91% with a resulting low confidence that the two individuals are first 

degree relatives. It should be noted that according to Table 2.3 in this study, a 
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specificity of 99.85% can be reached. A similarly high specificity was found when 

using data from the populations of American Caucasians and African Americans. 

Apparently, when dealing with low CPI cases, this study provides a method for 

reporting the specificity based upon real data rather than calculating a probability of 

paternity in a duo case. 

Siblingship determination 

When comparing two DNA profiles to determine if they may be from siblings, 

traditionally determination of siblingship relies upon the calculation of the CSI. 

Most commonly this is performed using the formula issued by Wenk (57). The 

index can be transformed into probability of siblingship by using Formula (2)..  

)2()1(  CSICSIW

For example, if CSI > 1 then the probability of siblingship is larger than 50%. With 

the larger CSI indices then the probability of siblingship will also increase. 

Unfortunately random pairs of DNA profiles with CSI higher than 1 were found 

commonly within all three population. Even if the CSI value is increased to 10 

there is no significant increase in the specificity, although there is no reduction in 

the sensitivity. Previous reports have suggested that the TASL 

(two-alleles-sharing-locus) is a crucial indicator to the determination of siblingship 

(112); this is also supported by the data presented in this thesis. 
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A software programme termed Visual Basic was specifically written to generate 

15 STR loci data to mimic the DNA profiles of real siblings and of random pairs of 

individuals. This was conducted for all 3 populations generating a total of 357,630 

real sibling pairs and 178,815 random pairs. Due to the large number of 

combinations generated it was possible to analyse the affect of CSI cutoff values 

with regard to the specificity and sensitivity. 

The affect of various commonly used CSI cutoff values, ranging from 0.03125 

to 1,000, including the affect on the rise and fall of specificity and sensitivity, is 

tabulated (Table 3.3). While this is the first table that describes such an extensive 

range of cutoff values and their affects to specificity and sensitivity, there remains an 

issue with putative sibling cases where there is a low CSI. A survey of routine cases 

by the author found that some comparisons with low CSI values had a high number 

of TASL. In this current study CSI cutoff values were combined with TASL to 

analyse their specificity and sensitivity. Eight variations of CSI (0.125-100) versus 

eight TASL situations (from 1 to 8), resulting in a total of 64 combinations showing 

the variation of these two parameters (Table 3.4) was presented. Instances of low CSI 

cases may be aided by the addition of TASL (from 1 to 8) thus altering the 

corresponding specificity and sensitivity.   
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)2()1(  CSICSIW

For example, if the CSI is only 0.5, by using the traditional Formula (2) the two 

putative siblings might be excluded.  However when applying a TASL = 5, from 

data in Table 3.4, a specificity of 99.79 % for the Chinese population in Taiwan can 

be obtained.  This high specificity indicates a high confidence for determining 

siblingship. The same combination for the Caucasians and African American 

populations reaches a specificity of 99.74 %. This is the first study to illustrate the 

synergistic effects of CSI and TASL for the resolution of the siblingship 

determination, especially for the low index situation that could result in inconclusive 

cases. 

Half-siblingship determination 

When there is only one of the parents that are in common for the two individuals 

this is termed as half-siblingship. The uncertainty is higher in such a test compared to 

true siblings. The formula developed by Wenk (57) can still be used to obtain the 

CHSI for an evaluation. It has been predicted that the ratio of real half-siblingship 

with CHSI less than 1, and the ratio of random pairs with CHSI larger than 1, is 

higher than that for siblingship study. This study used the self-written programme to 

process the same populations in which there were a total of 355,622 real half-sibling 

pairs and 178,815 random pairs. Owing to the large number of sample pairs, all the 
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variations of CHSI cutoffs and their corresponding specificity and sensitivity could 

be analysed reliably. 

Varying CHSI cutoff values ranging from 0.03125 to 1,000 were tabulated (Table 4.3) 

along with their relevant specificity and sensitivity. It was found that TASL could 

also differentiate real half-sibling group from random pairs group, but the 

differentiating capability was less than ASA. So ASA and CHSI index were 

combined to analyse the two groups.  

Low CHSI index (0.125-10, 9 values) when paired to 12 various ASA situation (7-18, 

12 values) resulted in 108 (9 x 12) combinations. Using these data the effects on both 

of specificity and sensitivity of CHSI cutoffs values could be examined 

If the resultant CHSI was 0.5, by using the index-evaluation method described, 

half-siblingship could be excluded with confidence. Using the data in Table 4.3 if the 

ASA was 15 then a specificity of 97.29% could be referenced for members of the 

Chinese in Taiwan. For American Caucasians and African Americans, the specificity 

could be greater than 97.79 %. Combining the index and ASA for evaluating 

half-siblingship from STR profiles results in increased specificity and sensitivity in 

this initial and pioneering study. 

The consistency of CPI cutoffs, CSI cutoffs, CHSI cutoffs and their 
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corresponding affects on specificity and sensitivity was found in all the three 

populations used in this study. The data presented indicates that these methods and 

programme are robust and reliable. 
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Conclusions 

From this study 6 points could be concluded: 

1. DNA laboratories using STR typing for kinship relationship testing are 

recommended to use suitable and appropriate CPI cutoff values based upon the 

number of STR loci tested. 

2. Specificity values as shown in Table 2.4 should be used in cases of low CPI 

values from non-optimal DNA samples. 

3. DNA laboratories are recommended to set a suitable CPI cutoff value to 

maximise the specificity and sensitivity. The data in Table 2.5 illustrates that 

with increasing STR loci only low CPI cutoff values are needed to reach a 

specificity of 99.99% while at the same time the sensitivity is also high. For 

example when using 15 STR and a CPI cutoff value of 94 the specificity was 

99.99% and the sensitivity was 99.79%. When using the CODIS 13 and a CPI 

cutoff value of 565 the specificity was 99.99% but the sensitivity was only 

91.06%. 

4. It is better for a DNA laboratory to enhance the capability for evaluating low 

index cases in sibling determination by combining CSI with TASL. To enhance 

the capability for evaluating low index cases in half-sibling determination by 
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combining CHSI with ASA, for avoiding losing of cases. 

5. For processing the siblingship and half-siblingship cases, it is suggested to use 

more STR loci, e.g. the 15 Core STR system in this study, to maintain the 

sufficient specificity and sensitivity simultaneously. 

6. The cutoff index values combined with allele sharing number in this study can 

be applied to victim identification in mass disasters and familial search of DNA 

database as a means of screening for potential matches as first degree relatives 

or second degree of relatives. 
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Appendix 1: Table of Alllele frequencies of a population taken from the Chinese population in Taiwan 

 
Continues 
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Appendix 1 (continued) 

 

 

*The frequency table generated by using the author written programme on 450 random Chinese STR profilers.
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Appendix 2: Table of allele frequency of a Caucasian population. 

 

continues 
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Appendix 2 (continued) 

 

*Allele frequency table adopted from (23).
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Appendix 3: Table of allele frequency of a population of African Americans 

 
continues
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Appendix 3 (continued) 

 

*Allele frequency table adopted from (23).
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Appendix 4: Complete Programme for generating real duos and processing coincidental 

matched pairs (continuation of Table 2.1) 

Sub duo_cpi_main_Ch() 

'function: make every pair of STR profiles from random population to 

'generate two children STR profiles, calculate the CPI and 

'record them into the worksheets-duo-cpis 

'loading the frequency table from worksheets 

Dim freqtab(54, 15) 

Worksheets("freq tab").Select 

Range("A4").Select 

For i = 0 To 54 

    For j = 0 To 15 

        freqtab(i, j) = ActiveCell.Offset(i, j) 

    Next j 

Next i 

'loading all the random population 

Dim randompopulation(999, 30) 

id_columns = 31 

Worksheets("Ch").Select 

individuals = Range("C1") 

Range("A3").Select 

For i = 0 To individuals - 1 

    For j = 0 To id_columns - 1 

        randompopulation(i, j) = ActiveCell.Offset(i, j) 

    Next j 

Next i 

'generate all couples 
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Dim cpi_base(203000) 

cpis = 0 

Dim parent(1, 30) 

For i = 0 To individuals - 2 

    For j = i + 1 To individuals - 1 

        For k = 0 To id_columns - 1 

            parent(0, k) = randompopulation(i, k) 

            parent(1, k) = randompopulation(j, k) 

        Next k 

        Call get2children_Ch(freqtab, parent, cpi_base, cpis) 

        cpis = cpis + 1 

    Next j 

Next i 

Worksheets("real duo cpis").Select 

Range("A2").Select 

Lines = 0 

nextcolumns = 0 

For i = 0 To cpis * 2 - 1 

    ActiveCell.Offset(Lines, nextcolumns) = cpi_base(i) 

    Lines = Lines + 1 

    If Lines Mod 60000 = 0 Then 

        Lines = 0 

        nextcolumns = nextcolumns + 1 

    End If 

Next i 

Range("A1").Select 
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End Sub 

Sub duo_cpi_main_Ca_AA_HA() 

'function: make every pair of STR profiles from random population to 

'generate two children STR profiles, calculate the CPI and 

'record them into the worksheets-duo-cpis 

'loading the frequency table from worksheets 

Dim freqtab(58, 15) 

Worksheets("freq 3p").Select 

Range("A4").Select 

Caoffset = 0 

AAoffset = 1 

HAoffset = 2 

For i = 0 To 58 

    freqtab(i, 0) = ActiveCell.Offset(i) 

Next i 

Range("B4").Select 

For i = 0 To 58 

    For j = 1 To 15 

        freqtab(i, j) = ActiveCell.Offset(i, (j - 1) * 3 + AAoffset) 

    Next j 

Next i 

'Worksheets("temp").Select 

'Range("A1").Select 

'For i = 0 To 58 

'   For j = 0 To 15 

'        ActiveCell.Offset(i, j) = freqtab(i, j) 
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'    Next j 

'Next i 

'x = 1 

'loading all the random population 

Dim randompopulation(999, 30) 

id_columns = 31 

Worksheets("AA").Select 

individuals = Range("C1") 

Range("A3").Select 

For i = 0 To individuals - 1 

    For j = 0 To id_columns - 1 

        randompopulation(i, j) = ActiveCell.Offset(i, j) 

    Next j 

Next i 

'Worksheets("real duo cpis").Select 

'Range("A1") = individuals 

'Stop 

'generate all couples 

Dim cpi_base(203000) 

cpis = 0 

Dim parent(1, 30) 

For i = 0 To individuals - 2 

    For j = i + 1 To individuals - 1 

        For k = 0 To id_columns - 1 

            parent(0, k) = randompopulation(i, k) 

            parent(1, k) = randompopulation(j, k) 
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        Next k 

        Call get2children_Ca_AA(freqtab, parent, cpi_base, cpis) 

        cpis = cpis + 1 

    Next j 

Next i 

Worksheets("real duo cpis").Select 

Range("A2").Select 

Lines = 0 

nextcolumns = 0 

For i = 0 To cpis * 2 - 1 

    ActiveCell.Offset(Lines, nextcolumns) = cpi_base(i) 

    Lines = Lines + 1 

    If Lines Mod 60000 = 0 Then 

        Lines = 0 

        nextcolumns = nextcolumns + 1 

    End If 

Next i 

End Sub 

Sub get2children_Ch(freqtab, parent, cpi_base, cpis) 

Dim children(1, 30) 

'generating 2 children 

For i = 0 To 1 

    Rnd1f = Rnd() 

    Rnd1m = Rnd() 

     

Rnd2f = Rnd() 
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    Rnd2m = Rnd() 

     

Rnd3f = Rnd() 

    Rnd3m = Rnd() 

     

    Rnd4f = Rnd() 

    Rnd4m = Rnd() 

     

    Rnd5f = Rnd() 

    Rnd5m = Rnd() 

     

    Rnd6f = Rnd() 

    Rnd6m = Rnd() 

     

    Rnd7f = Rnd() 

    Rnd7m = Rnd() 

     

    Rnd8f = Rnd() 

    Rnd8m = Rnd() 

     

    Rnd9f = Rnd() 

    Rnd9m = Rnd() 

     

    Rnd10f = Rnd() 

    Rnd10m = Rnd() 
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    Rnd11f = Rnd() 

    Rnd11m = Rnd() 

     

    Rnd12f = Rnd() 

    Rnd12m = Rnd() 

     

    Rnd13f = Rnd() 

    Rnd13m = Rnd() 

     

    Rnd14f = Rnd() 

    Rnd14m = Rnd() 

     

    Rnd15f = Rnd() 

    Rnd15m = Rnd() 

         

children(i, 0) = parent(0, 0) & "+" & parent(1, 0) & "-" & i 

'loci 1 

If Rnd1f > 0.5 Then 

    children(i, 1) = parent(0, 1) 

    Else 

    children(i, 1) = parent(0, 2) 

End If 

If Rnd1m > 0.5 Then 

    children(i, 2) = parent(1, 1) 

    Else 

    children(i, 2) = parent(1, 2) 
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End If 

'loci 2 

If Rnd2f > 0.5 Then 

    children(i, 3) = parent(0, 3) 

    Else 

    children(i, 3) = parent(0, 4) 

End If 

If Rnd2m > 0.5 Then 

    children(i, 4) = parent(1, 3) 

    Else 

    children(i, 4) = parent(1, 4) 

End If 

'loci 3 

If Rnd3f > 0.5 Then 

    children(i, 5) = parent(0, 5) 

    Else 

    children(i, 5) = parent(0, 6) 

End If 

If Rnd3m > 0.5 Then 

    children(i, 6) = parent(1, 5) 

    Else 

    children(i, 6) = parent(1, 6) 

End If 

'loci 4 

If Rnd4f > 0.5 Then 

    children(i, 7) = parent(0, 7) 
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    Else 

    children(i, 7) = parent(0, 8) 

End If 

If Rnd4m > 0.5 Then 

    children(i, 8) = parent(1, 7) 

    Else 

    children(i, 8) = parent(1, 8) 

End If 

'loci 5 

If Rnd5f > 0.5 Then 

    children(i, 9) = parent(0, 9) 

    Else 

    children(i, 9) = parent(0, 10) 

End If 

If Rnd5m > 0.5 Then 

    children(i, 10) = parent(1, 9) 

    Else 

    children(i, 10) = parent(1, 10) 

End If 

'loci 6 

If Rnd6f > 0.5 Then 

    children(i, 11) = parent(0, 11) 

    Else 

    children(i, 11) = parent(0, 12) 

End If 

If Rnd6m > 0.5 Then 
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    children(i, 12) = parent(1, 11) 

    Else 

    children(i, 12) = parent(1, 12) 

End If 

'loci 7 

If Rnd7f > 0.5 Then 

    children(i, 13) = parent(0, 13) 

    Else 

    children(i, 13) = parent(0, 14) 

End If 

If Rnd7m > 0.5 Then 

    children(i, 14) = parent(1, 13) 

    Else 

    children(i, 14) = parent(1, 14) 

End If 

'loci 8 

If Rnd8f > 0.5 Then 

    children(i, 15) = parent(0, 15) 

    Else 

    children(i, 15) = parent(0, 16) 

End If 

If Rnd8m > 0.5 Then 

    children(i, 16) = parent(1, 15) 

    Else 

    children(i, 16) = parent(1, 16) 

End If 
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'loci 9 

If Rnd9f > 0.5 Then 

    children(i, 17) = parent(0, 17) 

    Else 

    children(i, 17) = parent(0, 18) 

End If 

If Rnd9m > 0.5 Then 

    children(i, 18) = parent(1, 17) 

    Else 

    children(i, 18) = parent(1, 18) 

End If 

 

'loci 10 

If Rnd10f > 0.5 Then 

    children(i, 19) = parent(0, 19) 

    Else 

    children(i, 19) = parent(0, 20) 

End If 

If Rnd10m > 0.5 Then 

    children(i, 20) = parent(1, 19) 

    Else 

    children(i, 20) = parent(1, 20) 

End If 

'loci 11 

If Rnd11f > 0.5 Then 

    children(i, 21) = parent(0, 21) 
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    Else 

    children(i, 21) = parent(0, 22) 

End If 

If Rnd11m > 0.5 Then 

    children(i, 22) = parent(1, 21) 

    Else 

    children(i, 22) = parent(1, 22) 

End If 

'loci 12 

If Rnd12f > 0.5 Then 

    children(i, 23) = parent(0, 23) 

    Else 

    children(i, 23) = parent(0, 24) 

End If 

If Rnd12m > 0.5 Then 

    children(i, 24) = parent(1, 23) 

    Else 

    children(i, 24) = parent(1, 24) 

End If 

 

'loci 13 

If Rnd13f > 0.5 Then 

    children(i, 25) = parent(0, 25) 

    Else 

    children(i, 25) = parent(0, 26) 

End If 
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If Rnd13m > 0.5 Then 

    children(i, 26) = parent(1, 25) 

    Else 

    children(i, 26) = parent(1, 26) 

End If 

'loci 14 

If Rnd14f > 0.5 Then 

    children(i, 27) = parent(0, 27) 

    Else 

    children(i, 27) = parent(0, 28) 

End If 

If Rnd14m > 0.5 Then 

    children(i, 28) = parent(1, 27) 

    Else 

    children(i, 28) = parent(1, 28) 

End If 

 

'loci 15 

If Rnd15f > 0.5 Then 

    children(i, 29) = parent(0, 29) 

    Else 

    children(i, 29) = parent(0, 30) 

End If 

If Rnd15m > 0.5 Then 

    children(i, 30) = parent(1, 29) 

    Else 
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    children(i, 30) = parent(1, 30) 

End If 

Next i 

 

Call pi_calculator_Ch(freqtab, children, parent, cpi_base, cpis) 

End Sub 

Sub get2children_Ca_AA(freqtab, parent, cpi_base, cpis) 

Dim children(1, 30) 

'generating 2 children 

For i = 0 To 1 

    Rnd1f = Rnd() 

    Rnd1m = Rnd() 

    Rnd2f = Rnd() 

    Rnd2m = Rnd() 

    Rnd3f = Rnd() 

    Rnd3m = Rnd() 

     

    Rnd4f = Rnd() 

    Rnd4m = Rnd() 

     

    Rnd5f = Rnd() 

    Rnd5m = Rnd() 

     

    Rnd6f = Rnd() 

    Rnd6m = Rnd() 
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    Rnd7f = Rnd() 

    Rnd7m = Rnd() 

     

    Rnd8f = Rnd() 

    Rnd8m = Rnd() 

     

    Rnd9f = Rnd() 

    Rnd9m = Rnd() 

     

    Rnd10f = Rnd() 

    Rnd10m = Rnd() 

     

    Rnd11f = Rnd() 

    Rnd11m = Rnd() 

     

    Rnd12f = Rnd() 

    Rnd12m = Rnd() 

     

    Rnd13f = Rnd() 

    Rnd13m = Rnd() 

     

    Rnd14f = Rnd() 

    Rnd14m = Rnd() 

     

    Rnd15f = Rnd() 

    Rnd15m = Rnd() 
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 children(i, 0) = parent(0, 0) & "+" & parent(1, 0) & "-" & i 

'loci 1 

If Rnd1f > 0.5 Then 

    children(i, 1) = parent(0, 1) 

    Else 

    children(i, 1) = parent(0, 2) 

End If 

If Rnd1m > 0.5 Then 

    children(i, 2) = parent(1, 1) 

    Else 

    children(i, 2) = parent(1, 2) 

End If 

'loci 2 

If Rnd2f > 0.5 Then 

    children(i, 3) = parent(0, 3) 

    Else 

    children(i, 3) = parent(0, 4) 

End If 

If Rnd2m > 0.5 Then 

    children(i, 4) = parent(1, 3) 

    Else 

    children(i, 4) = parent(1, 4) 

End If 

'loci 3 
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If Rnd3f > 0.5 Then 

    children(i, 5) = parent(0, 5) 

    Else 

    children(i, 5) = parent(0, 6) 

End If 

If Rnd3m > 0.5 Then 

    children(i, 6) = parent(1, 5) 

    Else 

    children(i, 6) = parent(1, 6) 

End If 

'loci 4 

If Rnd4f > 0.5 Then 

    children(i, 7) = parent(0, 7) 

    Else 

    children(i, 7) = parent(0, 8) 

End If 

If Rnd4m > 0.5 Then 

    children(i, 8) = parent(1, 7) 

    Else 

    children(i, 8) = parent(1, 8) 

End If 

'loci 5 

If Rnd5f > 0.5 Then 

    children(i, 9) = parent(0, 9) 

    Else 

    children(i, 9) = parent(0, 10) 
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End If 

If Rnd5m > 0.5 Then 

    children(i, 10) = parent(1, 9) 

    Else 

    children(i, 10) = parent(1, 10) 

End If 

'loci 6 

If Rnd6f > 0.5 Then 

    children(i, 11) = parent(0, 11) 

    Else 

    children(i, 11) = parent(0, 12) 

End If 

If Rnd6m > 0.5 Then 

    children(i, 12) = parent(1, 11) 

    Else 

    children(i, 12) = parent(1, 12) 

End If 

'loci 7 

If Rnd7f > 0.5 Then 

    children(i, 13) = parent(0, 13) 

    Else 

    children(i, 13) = parent(0, 14) 

End If 

If Rnd7m > 0.5 Then 

    children(i, 14) = parent(1, 13) 

    Else 
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    children(i, 14) = parent(1, 14) 

End If 

'loci 8 

If Rnd8f > 0.5 Then 

    children(i, 15) = parent(0, 15) 

    Else 

    children(i, 15) = parent(0, 16) 

End If 

If Rnd8m > 0.5 Then 

    children(i, 16) = parent(1, 15) 

    Else 

    children(i, 16) = parent(1, 16) 

End If 

'loci 9 

If Rnd9f > 0.5 Then 

    children(i, 17) = parent(0, 17) 

    Else 

    children(i, 17) = parent(0, 18) 

End If 

If Rnd9m > 0.5 Then 

    children(i, 18) = parent(1, 17) 

    Else 

    children(i, 18) = parent(1, 18) 

End If 

 

'loci 10 
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If Rnd10f > 0.5 Then 

    children(i, 19) = parent(0, 19) 

    Else 

    children(i, 19) = parent(0, 20) 

End If 

If Rnd10m > 0.5 Then 

    children(i, 20) = parent(1, 19) 

    Else 

    children(i, 20) = parent(1, 20) 

End If 

'loci 11 

If Rnd11f > 0.5 Then 

    children(i, 21) = parent(0, 21) 

    Else 

    children(i, 21) = parent(0, 22) 

End If 

If Rnd11m > 0.5 Then 

    children(i, 22) = parent(1, 21) 

    Else 

    children(i, 22) = parent(1, 22) 

End If 

'loci 12 

If Rnd12f > 0.5 Then 

    children(i, 23) = parent(0, 23) 

    Else 

    children(i, 23) = parent(0, 24) 
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End If 

If Rnd12m > 0.5 Then 

    children(i, 24) = parent(1, 23) 

    Else 

    children(i, 24) = parent(1, 24) 

End If 

 

'loci 13 

If Rnd13f > 0.5 Then 

    children(i, 25) = parent(0, 25) 

    Else 

    children(i, 25) = parent(0, 26) 

End If 

If Rnd13m > 0.5 Then 

    children(i, 26) = parent(1, 25) 

    Else 

    children(i, 26) = parent(1, 26) 

End If 

'loci 14 

If Rnd14f > 0.5 Then 

    children(i, 27) = parent(0, 27) 

    Else 

    children(i, 27) = parent(0, 28) 

End If 

If Rnd14m > 0.5 Then 

    children(i, 28) = parent(1, 27) 
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    Else 

    children(i, 28) = parent(1, 28) 

End If 

 

'loci 15 

If Rnd15f > 0.5 Then 

    children(i, 29) = parent(0, 29) 

    Else 

    children(i, 29) = parent(0, 30) 

End If 

If Rnd15m > 0.5 Then 

    children(i, 30) = parent(1, 29) 

    Else 

    children(i, 30) = parent(1, 30) 

End If 

Next i 

Call pi_calculator_Ca_AA(freqtab, children, parent, cpi_base, cpis) 

End Sub 

Sub pi_calculator_Ch(freqtab, children, parent, cpi_base, cpis) 

Dim pi15(14) 

cpi = 1 

systemname = 0 

identifiler_loci = 15 

'cpi calculated--first child with first parent 

    cpi = 1 

    systemname = 0 
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    For j = 1 To 30 Step 2 

    child1 = children(0, j) 

    child2 = children(0, j + 1) 

    father1 = parent(0, j) 

    father2 = parent(0, j + 1) 

    systemname = systemname + 1 

    pi15(systemname - 1) = pi(systemname, child1, child2, father1, father2, 

freqtab) 

    Next j 

    'combine all the pi 

    'control block for degradation, mutation, different kit 

    'degradation--from long loci, CSF-5, D2-13, D18-11, FGA-2, D7-8, D16-12, 

D21-10, D13-7 

    'D3 

    'pi15(0) = 1 

    'vWA 

    'pi15(1) = 1 

    'FGA 

    'pi15(2) = 1 

    'THO1 

    'pi15(3) = 1 

    'TPOX 

    'pi15(4) = 1 

    'CSF1PO 

    'pi15(5) = 1 

    'D5 
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    'pi15(6) = 1 

    'D13 

    'pi15(7) = 1 

    'D7 

    'pi15(8) = 1 

    'D8 

    pi15(9) = 1 

    'D21 

    pi15(10) = 1 

    'D18 

    pi15(11) = 1 

    'D16 

    pi15(12) = 1 

    'D2 

    pi15(13) = 1 

    'D19 

    pi15(14) = 1 

    For k = 0 To identifiler_loci - 1 - codis_minus2 

        cpi = cpi * pi15(k) 

    Next k 

    cpi_base(cpis * 2) = cpi 

'cpi calculated--second child with second parent 

    cpi = 1 

    systemname = 0 

    For j = 1 To 30 Step 2 

    child1 = children(1, j) 
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    child2 = children(1, j + 1) 

    father1 = parent(1, j) 

    father2 = parent(1, j + 1) 

    systemname = systemname + 1 

    pi15(systemname - 1) = pi(systemname, child1, child2, father1, father2, 

freqtab) 

    Next j 

    'combine all the pi 

    'control block for degradation, mutation, different kit 

    'degradation--from long loci, CSF-5, D2-13, D18-11, FGA-2, D7-8, D16-12, 

D21-10, D13-7 

    'D3 

    'pi15(0) = 1 

    'vWA 

    'pi15(1) = 1 

    'FGA 

    'pi15(2) = 1 

    'THO1 

    'pi15(3) = 1 

    'TPOX 

    'pi15(4) = 1 

    'CSF1PO 

    'pi15(5) = 1 

    'D5 

    'pi15(6) = 1 

    'D13 



 150

    'pi15(7) = 1 

    'D7 

    'pi15(8) = 1 

    'D8 

    pi15(9) = 1 

    'D21 

    pi15(10) = 1 

    'D18 

    pi15(11) = 1 

    'D16 

    pi15(12) = 1 

    'D2 

    pi15(13) = 1 

    'D19 

    pi15(14) = 1 

    For k = 0 To identifiler_loci - 1 - codis_minus2 

        cpi = cpi * pi15(k) 

    Next k 

    cpi_base(cpis * 2 + 1) = cpi 

End Sub 

Sub pi_calculator_Ca_AA(freqtab, children, parent, cpi_base, cpis) 

Dim pi15(14) 

cpi = 1 

systemname = 0 

identifiler_loci = 15 

'cpi calculated--first child with first parent 
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    cpi = 1 

    systemname = 0 

    For j = 1 To 30 Step 2 

    child1 = children(0, j) 

    child2 = children(0, j + 1) 

    father1 = parent(0, j) 

    father2 = parent(0, j + 1) 

    systemname = systemname + 1 

    pi15(systemname - 1) = pi(systemname, child1, child2, father1, father2, 

freqtab) 

    Next j 

    'combine all the pi 

    'control block for degradation, mutation, different kit 

    'degradation--from long loci, CSF-0, D2-13, D18-11, FGA-1, D7-7, D16-10, 

D21-12, D13-9 

    'CSF1PO 

    pi15(0) = 1 

    'FGA 

    pi15(1) = 1 

    'THO1 

    'pi15(2) = 1 

    'TPOX 

    'pi15(3) = 1 

    'vWA 

    'pi15(4) = 1 

    'D3 
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    'pi15(5) = 1 

    'D5 

    'pi15(6) = 1 

    'D7 

    'pi15(7) = 1 

    'D8 

    'pi15(8) = 1 

    'D13 

    'pi15(9) = 1 

    'D16 

    'pi15(10) = 1 

    'D18 

    pi15(11) = 1 

    'D21 

    'pi15(12) = 1 

    'D2 

    pi15(13) = 1 

    'D19 

    'pi15(14) = 1 

    For k = 0 To identifiler_loci - 1 

        cpi = cpi * pi15(k) 

    Next k 

    cpi_base(cpis * 2) = cpi 

'cpi calculated--second child with second parent 

    cpi = 1 

    systemname = 0 
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    For j = 1 To 30 Step 2 

    child1 = children(1, j) 

    child2 = children(1, j + 1) 

    father1 = parent(1, j) 

    father2 = parent(1, j + 1) 

    systemname = systemname + 1 

    pi15(systemname - 1) = pi(systemname, child1, child2, father1, father2, 

freqtab) 

    Next j 

    'combine all the pi 

    'control block for degradation, mutation, different kit 

    'degradation--from long loci, CSF-0, D2-13, D18-11, FGA-1, D7-7, D16-10, 

D21-12, D13-9 

    'CSF1PO 

    pi15(0) = 1 

    'FGA 

    pi15(1) = 1 

    'THO1 

    'pi15(2) = 1 

    'TPOX 

    'pi15(3) = 1 

    'vWA 

    'pi15(4) = 1 

    'D3 

    'pi15(5) = 1 

    'D5 
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    'pi15(6) = 1 

    'D7 

    'pi15(7) = 1 

    'D8 

    'pi15(8) = 1 

    'D13 

    'pi15(9) = 1 

    'D16 

    'pi15(10) = 1 

    'D18 

    pi15(11) = 1 

    'D21 

    'pi15(12) = 1 

    'D2 

    pi15(13) = 1 

    'D19 

    'pi15(14) = 1 

    For k = 0 To identifiler_loci - 1 

        cpi = cpi * pi15(k) 

    Next k 

    cpi_base(cpis * 2 + 1) = cpi 

End Sub 

Function sharingcheck(c1, c2, f1, f2) 

If c1 = f1 Or c1 = f2 Or c2 = f1 Or c2 = f2 Then 

    sharingcheck = True 

    Range("D2") = sharingcheck 
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Else 

    sharingcheck = False 

    Range("D2") = sharingcheck 

End If 

End Function 

Function pi(system, c1, c2, f1, f2, freqtab) 

If c1 > c2 Then 

    temp = c1 

    c1 = c2 

    c2 = temp 

End If 

If f1 > f2 Then 

    temp = f1 

    f1 = f2 

    f2 = temp 

End If 

childhomo = False 

fatherhomo = False 

If c1 = c2 Then 

childhomo = True 

End If 

If f1 = f2 Then 

fatherhomo = True 

End If 

allele1 = 0 

allele2 = 0 
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sharingtot = 0 

If c1 = f1 Then 

        allele1 = 1 

End If 

If c1 = f2 Then 

        allele2 = 1 

End If 

If c2 = f1 Then 

        allele1 = 1 

End If 

If c2 = f2 Then 

        allele2 = 1 

End If 

sharingtot = allele1 + allele2 

'Range("D7") = sharingtot 

'formula 1. q q 1/q 

If childhomo = True And fatherhomo = True Then 

    q = c1 

    pi = 1 / allele_freq(system, q, freqtab) 

    'Range("F2") = "Formula1" 

End If 

'formula 2. pq q 1/2q 

If childhomo = False And fatherhomo = True Then 

    q = f1 

    pi = 1 / (2 * allele_freq(system, q, freqtab)) 

    'Range("F2") = "Formula2" 
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End If 

'formula 3. q qr 1/2q 

If childhomo = True And fatherhomo = False Then 

    q = c1 

    pi = 1 / (2 * allele_freq(system, q, freqtab)) 

    'Range("F2") = "Formula3" 

End If 

'formual 4. pq pq p+q/4pq 

If childhomo = False And fatherhomo = False And sharingtot = 2 Then 

    q = f1 

    p = f2 

    q1 = allele_freq(system, q, freqtab) 

    p1 = allele_freq(system, p, freqtab) 

    pi = (p1 + q1) / (4 * p1 * q1) 

    'Range("F2") = "Formula4" 

End If 

'formula 5. pq qr 1/4q 

If childhomo = False And fatherhomo = False And sharingtot = 1 And allele1 = 1 

Then 

    q = f1 

    pi = 1 / (4 * allele_freq(system, q, freqtab)) 

    'Range("F2") = "Formula5" 

End If 

If childhomo = False And fatherhomo = False And sharingtot = 1 And allele2 = 1 

Then 

    q = f2 
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    pi = 1 / (4 * allele_freq(system, q, freqtab)) 

    'Range("F2") = "Formula5" 

End If 

End Function 

Function allele_freq(system, allele, freqtab) 

found = False 

For i = 0 To 54 

    If freqtab(i, 0) = allele Then 

    allele_freq = freqtab(i, system) 

    If allele_freq = 0 Then 

        allele_freq = 0.0025 

    End If 

    found = True 

    End If 

Next i 

If found = False Then 

    allele_freq = 0.0025 

End If 

End Function 
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Appendix 5: Complete Programme for generating real siblings, half-siblings and 

processing random pairs (continues of Table 3.1) 

Sub sibling_generating_CSI_calculation_main() 

'xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

'loading of the profiles of random population 

'for Chinese=450 

'xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

Dim Individual_str(449, 30) 

Worksheets("Ch450").Select 

    ' loading of the number of couples 

    individuals = Range("C1") 

    'columns of data= 31 for Identifiler 

    infocells = 31 

    Range("A3").Select 

    'loading of array randompopulation 

    For i = 0 To individuals - 1 

        For J = 0 To infocells - 1 

            Individual_str(i, J) = ActiveCell.Offset(i, J) 

        Next J 

    Next i 

'call subroutine 

Call calculate_si(Individual_str, individuals, infocells) 

End Sub 

Sub calculate_si(couples_str, couples, infocells) 

'one couple generate 2 pairs of si 

Dim si_hsi_base(250000, 2) 
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Dim least_sib_pairs1(3, 34) 

Dim least_sib_pairs2(3, 34) 

Dim largest_sib_pairs1(3, 34) 

Dim largest_sib_pairs2(3, 34) 

' set the cutoffs to obtain the least & largest CSI 

least_si = 0.004 

largest_si = 10000000000# 

'paste the profiles to CSI claculation worksheets to get the index 

Worksheets("Ch formula").Select 

Range("A1").Select 

Lines = 0 

For i = 0 To couples - 2 

    Range("A1").Select 

    For m = 0 To infocells - 1 

        ActiveCell.Offset(0, m) = couples_str(i, m) 

    Next m 

    For J = i + 1 To couples - 1 

        Range("A1").Select 

        For m = 0 To infocells - 1 

            ActiveCell.Offset(1, m) = couples_str(J, m) 

        Next m 

        si_hsi_base(Lines, 0) = Range("AH4") 

        si_hsi_base(Lines, 1) = Range("AI4") 

        si_hsi_base(Lines, 2) = Range("AR4") 

        'find out the least si 

        If Range("AH4") < least_si Then 
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            For m = 0 To infocells - 1 

                least_sib_pairs1(0, m) = couples_str(i, m) 

                least_sib_pairs1(1, m) = couples_str(J, m) 

            Next m 

            least_sib_pairs1(0, 32) = si_hsi_base(Lines, 0) 

            least_sib_pairs1(0, 33) = si_hsi_base(Lines, 1) 

            least_sib_pairs1(0, 34) = si_hsi_base(Lines, 2) 

            Range("A4").Select 

            For m = 0 To infocells - 1 

                least_sib_pairs1(2, m) = ActiveCell.Offset(0, m) 

                least_sib_pairs1(3, m) = ActiveCell.Offset(1, m) 

            Next m 

            least_si = Range("AH4") 

            least_sib_pairs1(0, 32) = least_si 

        End If 

        'find out the largest 

        If Range("AH4") > largest_si Then 

            For m = 0 To infocells - 1 

                largest_sib_pairs1(0, m) = couples_str(i, m) 

                largest_sib_pairs1(1, m) = couples_str(J, m) 

            Next m 

            largest_sib_pairs1(0, 32) = si_hsi_base(Lines, 0) 

            largest_sib_pairs1(0, 33) = si_hsi_base(Lines, 1) 

            largest_sib_pairs1(0, 34) = si_hsi_base(Lines, 2) 

            Range("A4").Select 

            For m = 0 To infocells - 1 
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                largest_sib_pairs1(2, m) = ActiveCell.Offset(0, m) 

                largest_sib_pairs1(3, m) = ActiveCell.Offset(1, m) 

            Next m 

            largest_si = Range("AH4") 

            largest_sib_pairs1(0, 32) = largest_si 

        End If 

        Lines = Lines + 1 

        'activate another rand() to get another pair of sibling 

        Range("A6") = 1 

        si_hsi_base(Lines, 0) = Range("AH4") 

        si_hsi_base(Lines, 1) = Range("AI4") 

        si_hsi_base(Lines, 2) = Range("AR4") 

        If Range("AH4") < least_si Then 

            For m = 0 To infocells - 1 

                least_sib_pairs2(0, m) = couples_str(i, m) 

                least_sib_pairs2(1, m) = couples_str(J, m) 

            Next m 

            least_sib_pairs2(0, 32) = si_hsi_base(Lines, 0) 

            least_sib_pairs2(0, 33) = si_hsi_base(Lines, 1) 

            least_sib_pairs2(0, 34) = si_hsi_base(Lines, 2) 

            Range("A4").Select 

            For m = 0 To infocells - 1 

                least_sib_pairs2(2, m) = ActiveCell.Offset(0, m) 

                least_sib_pairs2(3, m) = ActiveCell.Offset(1, m) 

            Next m 

            least_si = Range("AH4") 
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            least_sib_pairs2(0, 32) = least_si 

 

        End If 

        If Range("AH4") > largest_si Then 

            For m = 0 To infocells - 1 

                largest_sib_pairs2(0, m) = couples_str(i, m) 

                largest_sib_pairs2(1, m) = couples_str(J, m) 

            Next m 

            largest_sib_pairs2(0, 32) = si_hsi_base(Lines, 0) 

            largest_sib_pairs2(0, 33) = si_hsi_base(Lines, 1) 

            largest_sib_pairs2(0, 34) = si_hsi_base(Lines, 2) 

            Range("A4").Select 

            For m = 0 To infocells - 1 

                largest_sib_pairs2(2, m) = ActiveCell.Offset(0, m) 

                largest_sib_pairs2(3, m) = ActiveCell.Offset(1, m) 

            Next m 

            largest_si = Range("AH4") 

            largest_sib_pairs1(0, 32) = largest_si 

        End If 

        Lines = Lines + 1 

        Next J 

Next i 

si_hsi_ct = Lines - 1 

Worksheets("Ch si vs hsi").Select 

Range("A3:EA60000").ClearContents 

Lines = 0 
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nextcolumns = 0 

Range("A3").Select 

For i = 0 To si_hsi_ct 

    ActiveCell.Offset(Lines, 0 + nextcolumns) = si_hsi_base(i, 0) 

    ActiveCell.Offset(Lines, 1 + nextcolumns) = si_hsi_base(i, 1) 

    ActiveCell.Offset(Lines, 2 + nextcolumns) = si_hsi_base(i, 2) 

    Lines = Lines + 1 

    If Lines Mod 60000 = 0 Then 

        Lines = 0 

        nextcolumns = nextcolumns + 3 

    End If 

Next i 

Range("AA1").Select 

For n = 0 To 3 

    For m = 0 To 34 

        ActiveCell.Offset(n, m) = least_sib_pairs1(n, m) 

    Next m 

Next n 

Range("AA5").Select 

For n = 0 To 3 

    For m = 0 To 34 

        ActiveCell.Offset(n, m) = least_sib_pairs2(n, m) 

    Next m 

Next n 

Range("AA9").Select 

For n = 0 To 3 
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    For m = 0 To 34 

        ActiveCell.Offset(n, m) = largest_sib_pairs1(n, m) 

    Next m 

Next n 

Range("AA13").Select 

For n = 0 To 3 

    For m = 0 To 34 

        ActiveCell.Offset(n, m) = largest_sib_pairs2(n, m) 

    Next m 

Next n 

Range("E1") = least_si 

Range("E2") = largest_si 

Range("A1").Select 

End Sub 

Sub rp_csi_calculation_main() 

 

'xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

'main program of random pair csi calculation 

'loading of the profiles 

'xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

Dim Individual_str(449, 30) 

Worksheets("Ch450").Select 

    ' loading of the number of couples 

    individuals = Range("C1") 

    'columns of data= 31 for Identifiler 

    infocells = 31 



 166

    Range("A3").Select 

    'loading of array randompopulation 

    For i = 0 To individuals - 1 

        For J = 0 To infocells - 1 

            Individual_str(i, J) = ActiveCell.Offset(i, J) 

        Next J 

    Next i 

Call rp_calculate_si(Individual_str, individuals, infocells) 

End Sub 

Sub rp_calculate_si(couples_str, couples, infocells) 

'one couple generate 2 pairs of si and hsi 

Dim si_hsi_base(250000, 2) 

Dim least_sib_pairs1(3, 34) 

Dim least_sib_pairs2(3, 34) 

Dim largest_sib_pairs1(3, 34) 

Dim largest_sib_pairs2(3, 34) 

least_si = 0.004 

largest_si = 1000# 

'paste the profiles to get the index 

Worksheets("Ch rp formula").Select 

Range("A1").Select 

Lines = 0 

For i = 0 To couples - 2 

    Range("A1").Select 

    For m = 0 To infocells - 1 

        ActiveCell.Offset(0, m) = couples_str(i, m) 
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    Next m 

    For J = i + 1 To couples - 1 

        Range("A1").Select 

        For m = 0 To infocells - 1 

            ActiveCell.Offset(1, m) = couples_str(J, m) 

        Next m 

        si_hsi_base(Lines, 0) = Range("AH4") 

        si_hsi_base(Lines, 1) = Range("AI4") 

        si_hsi_base(Lines, 2) = Range("AR4") 

        'find out the least si 

        If Range("AH4") < least_si Then 

            For m = 0 To infocells - 1 

                least_sib_pairs1(0, m) = couples_str(i, m) 

                least_sib_pairs1(1, m) = couples_str(J, m) 

            Next m 

            least_sib_pairs1(0, 32) = si_hsi_base(Lines, 0) 

            least_sib_pairs1(0, 33) = si_hsi_base(Lines, 1) 

            least_sib_pairs1(0, 34) = si_hsi_base(Lines, 2) 

            Range("A4").Select 

            For m = 0 To infocells - 1 

                least_sib_pairs1(2, m) = ActiveCell.Offset(0, m) 

                least_sib_pairs1(3, m) = ActiveCell.Offset(1, m) 

            Next m 

            least_si = Range("AH4") 

            least_sib_pairs1(0, 32) = least_si 

        End If 
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        'find out the largest 

        If Range("AH4") > largest_si Then 

            For m = 0 To infocells - 1 

                largest_sib_pairs1(0, m) = couples_str(i, m) 

                largest_sib_pairs1(1, m) = couples_str(J, m) 

            Next m 

            largest_sib_pairs1(0, 32) = si_hsi_base(Lines, 0) 

            largest_sib_pairs1(0, 33) = si_hsi_base(Lines, 1) 

            largest_sib_pairs1(0, 34) = si_hsi_base(Lines, 2) 

            Range("A4").Select 

            For m = 0 To infocells - 1 

                largest_sib_pairs1(2, m) = ActiveCell.Offset(0, m) 

                largest_sib_pairs1(3, m) = ActiveCell.Offset(1, m) 

            Next m 

            largest_si = Range("AH4") 

            largest_sib_pairs1(0, 32) = largest_si 

        End If 

        Lines = Lines + 1 

    Next J 

Next i 

si_hsi_ct = Lines - 1 

Worksheets("Ch rp si").Select 

Range("A3:EA60000").ClearContents 

Lines = 0 

nextcolumns = 0 

Range("A3").Select 



 169

For i = 0 To si_hsi_ct 

    ActiveCell.Offset(Lines, 0 + nextcolumns) = si_hsi_base(i, 0) 

    ActiveCell.Offset(Lines, 1 + nextcolumns) = si_hsi_base(i, 1) 

    ActiveCell.Offset(Lines, 2 + nextcolumns) = si_hsi_base(i, 2) 

    Lines = Lines + 1 

    If Lines Mod 60000 = 0 Then 

        Lines = 0 

        nextcolumns = nextcolumns + 3 

    End If 

Next i 

Range("AA1").Select 

For n = 0 To 3 

    For m = 0 To 34 

        ActiveCell.Offset(n, m) = least_sib_pairs1(n, m) 

    Next m 

Next n 

Range("AA5").Select 

For n = 0 To 3 

    For m = 0 To 34 

        ActiveCell.Offset(n, m) = least_sib_pairs2(n, m) 

    Next m 

Next n 

Range("AA9").Select 

For n = 0 To 3 

    For m = 0 To 34 

        ActiveCell.Offset(n, m) = largest_sib_pairs1(n, m) 
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    Next m 

Next n 

Range("AA13").Select 

For n = 0 To 3 

    For m = 0 To 34 

        ActiveCell.Offset(n, m) = largest_sib_pairs2(n, m) 

    Next m 

Next n 

Range("E1") = least_si 

Range("E2") = largest_si 

Range("A1").Select 

End Sub 

Sub count_si_1_ratio_main() 

'xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

'main program 

'discriminating the pairs with si<1 by number of two allele sharing loci 

'xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

Dim two_allele_pairs(15, 1) 

Worksheets("Ch si vs hsi").Select 

si_hsi_ct = 202050 

Lines = 0 

nextcolumns = 0 

margin_csi = 2 

Range("A3").Select 

For i = 0 To si_hsi_ct - 1 

    si = ActiveCell.Offset(Lines, 0 + nextcolumns) 
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    loci = ActiveCell.Offset(Lines, 1 + nextcolumns) 

    If si < margin_csi Then 

        two_allele_pairs(loci, 0) = two_allele_pairs(loci, 0) + 1 

    Else 

        two_allele_pairs(loci, 1) = two_allele_pairs(loci, 1) + 1 

    End If 

    Lines = Lines + 1 

    If Lines Mod 60000 = 0 Then 

        Lines = 0 

        nextcolumns = nextcolumns + 3 

    End If 

Next i 

Worksheets("si>=<1 ct").Select 

Range("b104").Select 

For i = 0 To 15 

    ActiveCell.Offset(i, 0) = two_allele_pairs(i, 0) 

    ActiveCell.Offset(i, 1) = two_allele_pairs(i, 1) 

Next i 

Range("b122") = si_hsi_ct 

End Sub 

 



 172

 

Appendix 6: Complete programme to process STR profiles and generate forensic DNA 

population study parameters (continues of Table 5.2) 

Sub main_popu_study() 

'xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

' a program to process the Identifiler data from ABI sequencer 

' export data into text mode 

' import the data using Excel software 

' change the worksheet name to "Identifiler STR" 

' profiling of 15 loci can be processed at once 

'xxxxxxxxxxxxxxxxxxxxxxxx 

'array to load all the locus name 

Dim locusnames(15) 

'array to load all the identifiler profiles for all the individuals 

Dim all_alleles(5999, 30) 

'array to record all the possible alleles 

Dim allele_cat(79) 

'array to record all the allele frequencies 

Dim freq_tab(79, 15) 

'get the basic information from STR profiles 

Worksheets("Basic Info").Select 

individuals = Range("A2") 

locitot = Range("A4") 

mintot = Range("C4") 

maxtot = Range("C5") 

allele_no = 0 
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'load the locus name 

Worksheets("STR profiles").Select 

Range("B1").Select 

locus = 0 

For i = 1 To locitot 

    locus = (i - 1) 

    locusnames(locus) = ActiveCell.Offset(0, (i - 1) * 2) 

Next i 

'load all the profiles and check empty or non-digital cell 

Dim emptycell(100, 1) 

Dim textcell(100, 1) 

empty_cell = 0 

text_cell = 0 

Range("B2").Select 

For i = 0 To individuals - 1 

    For j = 0 To locitot * 2 - 1 

        all_alleles(i, j) = ActiveCell.Offset(i, j) 

        If all_alleles(i, j) = "" Then 

            emptycell(empty_cell, 0) = i 

            emptycell(empty_cell, 1) = j 

            empty_cell = empty_cell + 1 

        End If 

        If TypeName(all_alleles(i, j)) = "String" Then 

            textcell(text_cell, 0) = i 

            textcell(text_cell, 1) = j 

            text_cell = text_cell + 1 
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        End If 

    Next j 

Next i 

'if empty cells or string cells found, output a table describing them 

Worksheets("Check rep").Select 

Range("A4:D103").Select 

Selection.ClearContents 

If empty_cell > 0 Or text_cell > 0 Then 

    Range("A4").Select 

    For i = 0 To empty_cell - 1 

        ActiveCell.Offset(i, 0) = emptycell(i, 0) + 1 

        ActiveCell.Offset(i, 1) = emptycell(i, 1) + 1 

    Next i 

    Range("C4").Select 

    For i = 0 To text_cell - 1 

        ActiveCell.Offset(i, 0) = textcell(i, 0) + 1 

        ActiveCell.Offset(i, 1) = textcell(i, 1) + 1 

    Next i 

    Range("A1").Select 

    MsgBox "empty cell or string cell found, proceed or not?" 

    answer = InputBox("Y / N ?") 

    If answer = "N" Then 

        MsgBox "Please make sure that there is no empty or string cell" 

        GoTo Label_end 

    End If 

End If 
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'call the sunroutine to pick all the possible alleles 

Call pick_allele_category(individuals, mintot, maxtot, allele_cat, all_alleles, allele_no) 

'assign the unique alleles to frequency table 

For i = 0 To allele_no - 1 

    freq_tab(i, 0) = allele_cat(i) 

Next i 

'call the subroutine to calculate the allele frequencies 

Call count_allele_freq(individuals, locitot, allele_no, freq_tab, all_alleles) 

'call output frequency table 

Call freq_tab_output(allele_no, locusnames, freq_tab, locitot) 

'check the fintness and calculate all the forensic DNA parmeters 

Call g_test_and_parameter(individuals, locitot, allele_no, freq_tab, all_alleles) 

'call output parameters 

Call freq_tab_output(allele_no, locusnames, freq_tab, locitot) 

Call parameter_output(freq_tab, locitot) 

'Call 5/2Ncorrection() 

MsgBox "Do you want 5/2N correction for the minimum allele percentage ?" 

answer = InputBox("Y / N ?") 

If answer = "Y" Then 

    Call correction5_2N(freq_tab, locitot) 

    MsgBox "minimum allele frequency = 5/2N processed" 

End If 

'show the frequency table 

Worksheets("freq tab").Select 

Range("A1").Select 

Label_end: 
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End Sub 

Sub pick_allele_category(individuals, mintot, maxtot, allele_cat, all_alleles, allele_no) 

'xxxxxxxxxxxxxxxxxxxxxxxx 

Dim all_possible_allele(159, 1) 

allele_increament = 0 

i = 0 

'list all the possible alleles into array 

'make the allele template for allele-chosing 

While mintot <= maxtot 

    all_possible_allele(i, 0) = mintot + allele_increament 

    'ActiveCell.Offset(i, 0) = alleles(i, 0) 

    i = i + 1 

    allele_increament = allele_increament + 0.1 

    If allele_increament >= 0.4 Then 

        allele_increament = 0 

        mintot = mintot + 1 

    End If 

Wend 

'compare all the alleles to the allele template 

'if there is a match, make the template with "1" 

i = 0 

While all_possible_allele(i, 0) > 0 

    j = 0 

    Do While j < individuals 

        k = 0 

        Do While k < 31 
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            If all_possible_allele(i, 0) = all_alleles(j, k) Then 

               all_possible_allele(i, 1) = 1 

               j = individuals 

               Exit Do 

            End If 

            k = k + 1 

        Loop 

        j = j + 1 

    Loop 

    i = i + 1 

Wend 

'screen the real allele cateagory out 

j = 0 

For i = 0 To 159 

    If all_possible_allele(i, 1) = 1 Then 

        allele_cat(j) = all_possible_allele(i, 0) 

        j = j + 1 

    End If 

Next i 

'paste the allele number to worksheets 

allele_no = j 

'Worksheets("Basic Info").Select 

'Range("A6") = allele_no 

End Sub 

Sub count_allele_freq(individuals, locitot, allele_no, freq_tab, all_alleles) 

'xxxxxxxxxxxxxxxxxxxx 



 178

Dim locusminmax(15, 1) 

Worksheets("Basic Info").Select 

Range("C2").Select 

For loci = 1 To locitot 

    locusminmax(loci, 0) = ActiveCell.Offset(0, (loci - 1) * 2) 

    locusminmax(loci, 1) = ActiveCell.Offset(1, (loci - 1) * 2) 

Next loci 

For loci = 1 To locitot 

    locusmin = locusminmax(loci, 0) 

    locusmax = locusminmax(loci, 1) 

    For i = 0 To allele_no - 1 

        If freq_tab(i, 0) = locusmin Then 

            min_position = i 

        End If 

        If freq_tab(i, 0) = locusmax Then 

            max_position = i 

        End If 

    Next i 

    For i = 0 To individuals - 1 

        For j = min_position To max_position 

            If freq_tab(j, 0) = all_alleles(i, (loci - 1) * 2) Then 

                freq_tab(j, loci) = freq_tab(j, loci) + 1 

            End If 

            If freq_tab(j, 0) = all_alleles(i, (loci - 1) * 2 + 1) Then 

                freq_tab(j, loci) = freq_tab(j, loci) + 1 

            End If 
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        Next j 

    Next i 

Next loci 

'sum the counting of every locus 

For i = 1 To locitot 

    freq_tab(79, i) = 0 

    For j = 0 To allele_no - 1 

        freq_tab(79, i) = freq_tab(79, i) + freq_tab(j, i) 

    Next j 

Next i 

'divide the number of each allele by the sum of the total counting of a locus 

For i = 1 To locitot 

    For j = 0 To allele_no - 1 

        freq_tab(j, i) = freq_tab(j, i) / freq_tab(79, i) 

    Next j 

Next i 

End Sub 

Sub g_test_and_parameter(individuals, locitot, allele_no, freq_tab, all_alleles) 

'xxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

'get the allele frequency for one locus 

'rearrange the allele list to become continuous allele array 

'easy for counting observed and expected genotype frequency 

'prepare the parameter array and for the parameters 

'array to load the allele number for each locus 

Dim locus_allele_number(14) 

Worksheets("freq tab").Select 
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Range("B2").Select 

For loci = 1 To locitot 

    locus_allele_number(loci - 1) = ActiveCell.Offset(0, loci - 1) 

Next loci 

For loci = 1 To locitot 

    Dim parameters(8) 

    Homozygosity = 0 

    Heterozygosity = 0 

    Effective_no_alleles = 0 

    PIC = 0 

    PD = 0 

    PE = 0 

    Pro_identity = 0 

    Paternity_index = 0 

    locus_allele_no = locus_allele_number(loci - 1) 

    'prepare the allele array for a locus 

    ReDim locus_allele_tab(25, 1) 

    j = 0 

    For i = 0 To allele_no - 1 

        If freq_tab(i, loci) > 0 Then 

            locus_allele_tab(j, 0) = freq_tab(i, 0) 

            locus_allele_tab(j, 1) = freq_tab(i, loci) 

            j = j + 1 

        End If 

    Next i 

    'make the genotype template for genotype counting 
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    ReDim locusgenotypes(300, 2) 

    k = 0 

    For i = 0 To locus_allele_no - 1 

        For j = i To locus_allele_no - 1 

            locusgenotypes(k, 0) = locus_allele_tab(i, 0) & "/" & locus_allele_tab(j, 

0) 

            locusgenotypes(k, 2) = locus_allele_tab(i, 1) * locus_allele_tab(j, 1) 

            If i <> j Then 

                locusgenotypes(k, 2) = 2 * locusgenotypes(k, 2) 

            End If 

            k = k + 1 

        Next j 

    Next i 

    genotypes = k 

    'transform the 2 cells format in one cell format for a locus 

    ReDim locusonecellformat(5999) 

     

    For i = 0 To individuals - 1 

        'calculation of Homoygosity 

        If all_alleles(i, (loci - 1) * 2) = all_alleles(i, (loci - 1) * 2 + 1) Then 

            Homozygosity = Homozygosity + 1 

        End If 

        locusonecellformat(i) = all_alleles(i, (loci - 1) * 2) & "/" & all_alleles(i, (loci - 

1) * 2 + 1) 

    Next i 

    'calculation of the expected genotype frequencies 
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    genotype_ct = 0 

    For i = 0 To individuals - 1 

        For j = 0 To k - 1 

            If locusonecellformat(i) = locusgenotypes(j, 0) Then 

                locusgenotypes(j, 1) = locusgenotypes(j, 1) + 1 

                genotype_ct = genotype_ct + 1 

            End If 

        Next j 

    Next i 

    'G test 

    'G= 2 * sum (fi *ln*(fi/cap fi)) 

    Gtest = 0 

    obs_divided_exp_sum = 0 

    temp1 = 0 

    temp2 = 0 

    temp3 = 0 

    tempsum = 0 

    'Worksheets("temp").Select 

    'Range("A1").Select 

    For i = 0 To genotypes - 1 

        temp1 = locusgenotypes(i, 1) / (locusgenotypes(i, 2) * genotype_ct) 

        temp2 = 0 

        If temp1 > 0 Then 

            temp2 = Log(temp1) 

        End If 

        'ActiveCell.Offset(i, loci - 1) = (locusgenotypes(i, 2) * genotype_ct) 
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        temp3 = locusgenotypes(i, 1) * temp2 

        tempsum = tempsum + temp3 

    Next i 

    Gtest = 2 * tempsum 

    degree_freedom = genotypes - locus_allele_no 

    Worksheets("Basic Info").Select 

    Range("B8") = Gtest 

    Range("B9") = degree_freedom 

    parameters(0) = Range("B10") 

    ' calculate forensic parameters 

    Homozygosity = Homozygosity / genotype_ct 

    parameters(1) = Homozygosity 

    Heterozygosity = 1 - Homozygosity 

    parameters(2) = Heterozygosity 

    Effective_no_alleles = 1 / Homozygosity 

    parameters(3) = Effective_no_alleles 

    'calculation of PIC 

    squaresum = 0 

    quarticssum = 0 

    square_of_squaresum = 0 

    For i = 0 To locus_allele_no - 1 

        squaresum = squaresum + locus_allele_tab(i, 1) * locus_allele_tab(i, 1) 

    Next i 

    square_of_squaresum = squaresum * squaresum 

    For i = 0 To locus_allele_no - 1 

        quarticssum = quarticssum + locus_allele_tab(i, 1) * locus_allele_tab(i, 1) * 
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locus_allele_tab(i, 1) * locus_allele_tab(i, 1) 

    Next i 

    PIC = 1 - squaresum - square_of_squaresum + quarticssum 

    parameters(4) = PIC 

    PD = 1 - 2 * square_of_squaresum - quarticssum 

    parameters(5) = PD 

 

    PE = Heterozygosity * Heterozygosity * (1 - (1 - Heterozygosity) * Heterozygosity 

* Heterozygosity) 

    parameters(6) = PE 

    Pro_identity = squaresum 

    parameters(7) = Pro_identity 

     

    Paternity_index = 1 / (2 * Homozygosity) 

    parameters(8) = Paternity_index 

    For i = 0 To 8 

        freq_tab(60 + i, loci) = parameters(i) 

    Next i 

Next loci 

End Sub 

Sub freq_tab_output(allele_no, locusnames, freq_tab, locitot) 

'xxxxxxxxxxxxxxxxxxxxxxxx 

Worksheets("freq tab").Select 

Range("A1:P1").Select 

Selection.ClearContents 

Range("A3:P82").Select 
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Selection.ClearContents 

Range("B1").Select 

For i = 0 To locitot - 1 

    ActiveCell.Offset(0, i) = locusnames(i) 

Next i 

Range("A2") = allele_no 

Range("A3").Select 

For i = 0 To locitot 

    For j = 0 To 59 

        If freq_tab(j, i) = 0 Then 

            ActiveCell.Offset(j, i) = "-" 

        Else 

            ActiveCell.Offset(j, i) = freq_tab(j, i) 

        End If 

    Next j 

Next i 

End Sub 

Sub parameter_output(freq_tab, locitot) 

'xxxxxxxxxxxxxxxxxxxxxxxx 

Worksheets("freq tab").Select 

Range("A63") = "p value" 

Range("A64") = "Homozygosity=" 

Range("A65") = "Heterozygosity=" 

Range("A66") = "Effective number of alleles=" 

Range("A67") = "PIC=" 

Range("A68") = "PD=" 



 186

Range("A69") = "PE=" 

Range("A70") = "Probability of identity=" 

Range("A71") = "Paternity index=" 

Range("A3").Select 

For i = 1 To locitot 

    For j = 60 To 79 

        ActiveCell.Offset(j, i) = freq_tab(j, i) 

    Next j 

Next i 

End Sub 

Sub correction5_2N(freq_tab, locitot) 

'xxxxxxxxxxxxxxxxxxxxxxx 

Worksheets("freq tab").Select 

Range("B3").Select 

For i = 0 To locitot - 1 

    For j = 0 To 59 

        If ActiveCell.Offset(j, i) < 5 / freq_tab(79, i + 1) Then 

        ActiveCell.Offset(j, i) = 5 / freq_tab(79, i + 1) 

    End If 

    Next j 

Next i 

End Sub 
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A study on the false avuncular inclusion rates in human identification 

Chang En Pu M.Sc. 1* and Adrian Linacre Ph.D.2 

1. Scientific and Technical Research Center, Ministry Justice Investigation Bureau, 

Taipei County, Taiwan. 

2. Centre for Forensic Science, WestCHEM, University of Strathclyde, Glasgow, UK. 
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Abstract 

Avuncular testing may be required when the uncle of a child is DNA tested to 

determine paternity if the father is not available. Also a putative father may in fact be 

the uncle of a child and share an allele at all the genetic loci tested by chance. This 

chance of a coincidental match (a false inclusion) will increase greatly in a duo case 

where the mother is not available for testing. 

We report on duo scenarios from both real populations and computer generated 

populations using the 15 STR markers within the Identifiler® kit. The populations are 

used to model the chance of false inclusions and false exclusions to differentiate 

fathers from uncles. STR profiles of members of the population were paired at 
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random to generate STR profile of children and then one of the children’s profile was 

paired with another STR profile to generate an STR profile of a grandchild. This 

allowed a child’s and putative uncle’s DNA profiles to be compared. When an allele 

was shared at all loci tested between pairs separated by one generation a combined 

paternity index (CPI) was calculated. In total there were 187,402 comparisons for the 

four populations processed and CPI values were calculated using 15, 13, 10 and 9 

STR loci. Ratio distributions of CPIs were found to be overlapping for child/uncle 

pairs and child/father pairs. The specificity (1-% of false inclusions) and sensitivity 

(1-% of false exclusion) under different minimum CPI requirements were estimated 

empirically. When using 15 STR loci, the specificity at a CPI cutoff value of 100 was 

only over 96.1% for all the 4 populations and only over 90.9% when 10 of the 15 STR 

loci used. 

By setting the specificity at 95%, the minimum CPI requirement was 606 for the 

Chinese population, 665 for the Caucasian population, 348 for African American 

population and 364 for Hispanic population using CODIS 13 STR. Based upon the 

data obtained it is evident that with more loci the specificity and sensitivity will 

increase. We report on how varying CPI values should be used dependent upon the 

number of STR loci used. 
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Key Words: forensic science, short tandem repeat (STRs), paternity, duo, uncle, 

avuncular. 

 

Introduction 

A high probability can be obtained when performing a standard paternity test 

using DNA profiles from a child, mother and father. A problem may arise if the 

biological father is unavailable for testing and the brother of the putative father is used 

as a proxy, or if the person assumed to be the father is actually the brother of the 

father.  In previous studies a brother of the biological father was found to match at 

all 16 STR loci tested in 3.3 % of cases [1]. This false inclusion rate increased to 6.3 

% if the biological mother was not available for testing [2]; such without-mother 

situations occur frequently [3]. In a study of 93 child and biological fathers, where the 

paternal uncle was also available for testing, five out of 125 child/uncle pairs 

exhibited a shared allele at the loci tested with Combined Paternity Index (CPI) values 

between 3,652 and 33,545 [4]. A preset CPI minimum is chosen to prevent as few as 

possible false inclusions and false inclusions. These CPI values currently range from 

0 to 10,000 [5].  We report on a study to determine the specificity and sensitivity of 

the current setting of different CPI cutoff values in avuncular and paternity testing and 

optimal CPI values are suggested. 
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Materials and Methods 

DNA profiles from 450 random members of the Chinese population in Taiwan 

were obtained by using the ABI AmpFlSTR Identifiler® PCR Amplification Kit 

(Applied Biosystem, Foster City, CA, USA). All the 450 copies of the 15 STR profiles 

were posted to the worksheets of Microsoft Excel and processed by a built-in Visual 

Basic program written by the authors of this study. Every individual of the population 

was paired with every other individual to form pairs of STR profiles ((449x448)/2). 

Every pair was then processed by the program to have two children (A & B). A third 

STR Profile was introduced from the same random population and paired with child A 

to generate a DNA profile of child C. Under this scenario child C and B would be 

uncle and nephew/niece. The STR profiles of B and child C were compared to check if 

B has matching alleles at all loci tested, as would be the case if he was the biological 

father of C. The CPI was calculated for the child/uncle (avuncular) pairs and for real 

child/father (paternity) pairs by a standard formula [6]. Some of the loci of the 15 STR 

Identifiler® kit were removed to simulate the STR profiling data obtained from using 

fewer STR loci, e.g. D2S1338 and D19S433 were omitted to mimic the CODIS 13 

system, others were omitted to mimic the SGM plus®, Profiler Plus®, and Profiler® 

kit systems. 
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DNA profiles from 15 STR loci from Caucasian (n= 301), African American (n= 

256) and Hispanic (n= 140) populations were obtained from the Short Tandem Repeat 

DNA Internet Database [7]. These profiles were also processed by the same program 

to generate real duos and avuncular pairs to determine the rate of any false inclusions. 

There were 44,850 comparisons, 32,385 comparisons and 9,591 comparisons for these 

three populations respectively. The CPI calculation based on allele frequency table of 

the Chinese population was from previous studies [8, 9, 10] and the Caucasian, 

African Americans and Hispanic population allele frequencies were downloaded from 

the same origin as their DNA profiles from [7]. All the frequencies of alleles were 

adjusted by using 5/2N rule [11]. 

The specificity of the paternity test was calculated as 1 – the % of false positives 

and sensitivity of the CPI was based upon 1 – the % of false negatives [12]. The rate of 

false positives seen as an inclusion in an uncle being incorrectly designated as the 

father, was determined by the percentage of avuncular pairs sharing an allele at all 

STR loci tested. The percentage of false negatives (seen as an exclusion of paternity) 

was the proportion of child/father pairs that might not be recognized as real duos based 

upon their CPIs lower than the preset cutoffs. The optimal cutoffs were obtained by 

the method stated in (16). 
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Results and discussion 

Success rates for uncles to impersonate the father were estimated under different scale 
of STR loci 

The success rates (false inclusion rates) for uncles to be confused with fathers 

after a total of 187,402 comparisons for 4 populations, and the 1- PER (the probability 

of excluding a brother of the true father) being the formula of PER developed in [2], 

are shown in table 1. When using 15 STR loci there was about 4 % inclusion rate 

within the Chinese population for uncles sharing an allele with the child at the alleles 

tested, as would be expected if they were the father in a paternity tests. As the number 

of STR loci tested decreased; such as when using the nine STR loci in the Profiler 

system the false inclusion rate increased to 19.31%. The other three populations 

showed the same trend and in all cases the empirical false inclusion rate was 

marginally higher than the 1- PER value predicted based on the allele frequency 

tables. When using 1- false inclusion rates to calculate exclusion rates, the tabulated 

data is in line with previous studies [1, 2, 3]. A CPI value of 1,000 has been suggested 

previously [1] although avuncular pairs have been reported to exceed this value [4]. 

Setting a CPI cutoff value will always have the potential to falsely include an uncle as 

a biological father [13]. 

 

Specificity and Sensitivity of different CPI requirements for differentiating uncles 
from real fathers 
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In instances where there is a potential false inclusion or false exclusion a CPI 

value was calculated.  The two parameters affected by the false inclusion of uncles 

as a father using varying numbers of STR loci under different CPI cutoffs are shown 

in table 2. The large sample size created by using a virtual population allows both the 

sensitivity and specificity to be determined. As the CPI cutoff increased, there was an 

increase in specificity and a subsequent decrease in sensitivity. Using the 15 STR loci 

with all 4 populations and when no cutoff values were set, specificity reached 96 % 

with 100 % sensitivity.  If CPI cutoffs value varied from 100 to 10,000, then the 

specificity varied from 96.09 % to 97.96 %, but the sensitivity was reduced from 

99.78 % to 75.01 %. If setting the specificity at 95 % and the 13 STR loci comprising 

the CODIS loci are used, the cutoff values required are 606, 604, 348 and 364 for the 

Chinese, Caucasian, African American and Hispanic populations respectively.  As 

fewer loci are used there was no sharp difference in cutoff values but the sensitivities 

were greatly reduced. With a requirement for a specificity of 99 % then the cut off 

values would be between 57,621 and 109,297 and the sensitivities would be around 

50 % for these 4 populations. This illustrates how a requirement for high specificity 

leads to poor sensitivity and reflects the high false inclusion rates found for uncles 

compared to unrelated members of the population. These data may be of assistance to 

those laboratories that deal predominantly with paternity tests related to immigration 
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events.  Other forensic laboratories involved with human identification may wish to 

note the optimal cutoffs in table 2 for keeping the minimum differences between 

specificity and sensitivity.  

In conclusion, a different CPI cutoff may be applied for paternity tests when 

evaluating the possible interfering from the uncle is necessary. 
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Table 1: FIR and 1- PER for the uncle impersonating the father.

comparisons FIR 1-PER FIR 1-PER FIR 1-PER FIR 1-PER FIR 1-PER

Chinese 100,576 3.99% 2.76% 6.98% 5.01% 8.99% 7.17% 11.78% 9.62% 19.31% 15.65%

Caucasians 44,850 3.58% 2.29% 6.61% 4.26% 8.31% 6.00% 11.00% 8.56% 17.53% 13.41%

African Americans 32,385 3.00% 1.62% 5.84% 3.35% 7.29% 4.47% 12.44% 7.89% 16.54% 12.18%

Hispanic 9,591 3.27% 2.27% 5.40% 4.05% 7.95% 6.23% 10.17% 8.76% 15.13% 12.93%

Identifiler, SGM plus, SGMplus, Profiler plus, Profiler: STR kits provided by Applied Biosystems LtD. USA

FIR: False Inclusion Rate.

PER: the probability of excluding a brother of the true father(2).

ProfilerIdentifiler CODIS SGM plus Profiler plus
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Table 2: Specificity and sensitivity affected by false  inclusion under different CPI cutoffs.

cutoff spe* sen** cutoff spe sen cutoff spe sen cutoff spe sen cutoff spe sen

Ch 100 96.09% 99.78% 100 93.53% 98.56% 100 92.14% 95.78% 100 90.89% 90.03% 100 90.05% 71.40%

1,000 96.66% 95.11% 1,000 95.58% 83.04% 1,000 95.71% 68.55% 1,000 96.30% 49.61% 1,000 97.46% 26.89%

10,000 97.96% 75.01% 10,000 98.18% 47.34% 10,000 98.68% 28.48% 10,000 99.08% 14.85% 10,000 99.61% 5.35%

0 96.01% 100.00% 606 95.00% 88.43% 638 95.00% 76.08% 545 95.01% 61.87% 372 95.01% 44.93%

65,486 99.00% 47.38% 31,246 99.00% 30.28% 15,580 99.00% 22.97% 8,759 99.00% 16.03% 3,383 99.00% 12.31%

701 96.51% 96.61% 286 94.21% 94.29% 158 92.69% 92.74% 92 90.71% 90.77% 40 86.19% 86.22%

Ca 100 96.45% 99.63% 100 93.73% 98.92% 100 92.42% 96.92% 100 91.04% 91.89% 100 90.23% 75.10%

1,000 96.87% 96.39% 1,000 95.51% 86.06% 1,000 95.71% 70.77% 1,000 96.34% 49.97% 1,000 97.62% 26.56%

10,000 98.04% 75.72% 10,000 98.26% 48.26% 10,000 98.78% 26.55% 10,000 99.37% 11.82% 10,000 99.76% 4.25%

0 96.42% 100.00% 604 95.00% 91.26% 665 95.01% 77.37% 568 95.00% 62.32% 364 95.01% 46.99%

57,621 99.00% 50.00% 26,232 99.00% 30.58% 12,901 99.00% 23.22% 5,918 99.00% 17.96% 2,641 99.00% 13.32%

824 96.79% 96.89% 374 94.50% 94.60% 186 93.11% 93.16% 107 91.14% 91.20% 46 87.28% 87.33%

AA 100 97.00% 99.90% 100 94.39% 98.84% 100 93.10% 98.39% 100 90.41% 88.88% 100 90.13% 77.51%

1,000 97.23% 98.25% 1,000 95.83% 86.78% 1,000 95.61% 79.92% 1,000 95.91% 49.21% 1,000 96.76% 32.65%

10,000 98.00% 86.32% 10,000 98.05% 53.41% 10,000 98.57% 35.42% 10,000 99.03% 14.57% 10,000 99.45% 6.76%

0 97.00% 100.00% 348 95.00% 94.61% 677 95.02% 84.96% 676 95.00% 57.05% 470 95.00% 46.35%

73,864 99.00% 58.64% 40,163 99.00% 31.62% 18,414 99.00% 25.64% 9,675 99.00% 15.07% 4,347 99.00% 13.12%

1,351 97.30% 97.33% 319 94.94% 95.03% 285 93.88% 93.94% 89 90.14% 90.19% 48 87.54% 87.62%

HA 100 96.76% 100.00% 100 94.69% 99.61% 100 92.59% 98.56% 100 91.18% 94.46% 100 89.67% 83.74%

1,000 96.95% 98.09% 1,000 95.68% 93.63% 1,000 95.11% 78.22% 1,000 95.82% 59.08% 1,000 96.91% 35.98%

10,000 97.81% 85.35% 10,000 97.78% 61.97% 10,000 98.43% 32.81% 10,000 98.98% 16.31% 10,000 99.52% 6.89%

0 96.73% 100.00% 364 95.01% 97.68% 923 95.01% 79.27% 707 95.01% 66.05% 502 95.02% 51.69%

109,297 99.01% 51.91% 42,787 99.01% 35.33% 22,291 99.01% 21.13% 10,055 99.01% 16.10% 3,844 99.01% 15.71%

1,141 97.04% 97.13% 606 95.28% 95.37% 281 93.45% 93.44% 138 91.60% 91.69% 73 88.68% 88.70%

Ch: Chinese, Ca: Caucasians, AA: African Americans, HA: Hispanic.

spe*: specificitysen**: sensitivity

ProfilerIdentifiler CODIS SGM plus Profiler plus
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Abstract 

If only one putative parent and a child are available for genetic linkage studies, 

termed a duo situation, the discrimination power of the DNA test is on average 

reduced by half. This increases the chance of a false inclusion and a false exclusion.  

We report on duo scenarios from both real and computer based populations using 

the 15 STR markers within the Identifiler® kit. In order to understand the capability 

of the duo scenario for paternity testing, members of the population were paired at 

random to generate children from whom combined paternity indices (CPI) were 

calculated. There were 202,050 of these real duos (RDs) created from the Chinese 
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population, 90,300 RDs from the Caucasian population and 65,280 RDs from the 

African American population.  CPI values were calculated using a varying number 

of STR loci and the random pairs from the three populations were also checked for 

the existence of coincidental matched pairs (CMPs). Ratio distributions of CPIs were 

found to be overlapping for RDs and CMPs, thus the specificity (1-% of false 

inclusions) and sensitivity (1-% of false exclusion) under different minimum CPI 

requirements were estimated empirically. When using 15 STR loci, the specificity at a 

CPI cutoff value of 0 was over 99.98% for 3 the populations and only 97.58% when 8 

of the 15 loci used. 

By setting the specificity at 99% (CPI=100), 99.9% (CPI=1,000) and 99.99% 

(CPI=10,000), the CPI cutoff values were determined. With a specificity value of 

99.99%, the minimum CPI requirement was 139 for the Chinese population, 94 for 

the Caucasian population and 0 for African American population. Based upon the data 

obtained we report on how the number of loci used will require the use of varying CPI 

cutoff values. 

 

Key Words: forensic science, short tandem repeat (STRs), paternity, false inclusion 

duo, specificity, sensitivity. 
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Introduction 

In a survey conducted by American Association of Blood Banks (AABB), an 

apparent increase in the number of duo cases has been found (1). A duo case occurs 

when a DNA sample can be obtained from only one parent for comparison to one 

obtained from one offspring.  Based upon the data obtained a Combined Paternity 

Index (CPI) can be determined to report on the probability of a first degree genetic 

relationship. For many of the laboratories involved in paternity testing a minimal CPI 

requirement is preset for screening test results as a guideline for first degree genetic 

linkage. 

In the same report by the AABB, the minimum CPI value that was required for 

determining a duo case varied from 100 (25 out of the 39 laboratories) to 10,000 (1 

out of the 39 laboratories). CPI cutoff values varied from “whatever is obtained” (17 

out of the 35 laboratories) to 1,000 (1 out of the 35 laboratories) for family 

reconstruction cases. When a CPI value greater than the cut off figure is obtained 

there is a high degree of confidence that the samples tested are from first degree 

relatives. There is still the chance that two unrelated people will share one allele at all 

the 15 loci resulting in a possible false inclusion (2,3), and the use of fewer loci 

inducing more false inclusions was also shown in other studies (4, 5, 6, 7, 8). 

Previously only a limited study on the evaluation specificity of some CPI cutoff 
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values have been reported (8). We report on a study to determine the specificity and 

sensitivity of the current setting of different CPI cutoff values using: 99%, 99.9% and 

99.99% as the specificity of the test. 

 

Materials and Methods 

DNA profiles from 450 random members of the Chinese population in Taiwan were 

generated using the ABI AmpFlSTR Identifiler® PCR Amplification Kit (Applied 

Biosystem, Foster City, CA, USA). All the 450 copies of the 15 STR profiles were 

added to the Microsoft Excel data sheets and processed by a built-in Visual Basic 

program written by authors of this study. Every individual of the population was 

paired with every other individual to form pairs, e.g. for the Chinese population in this 

study (450 x 449)/2 equaling 101,025 pairs were made.  Every pair was processed by 

the program by a standard formula to have two children to be used for counting as a 

duo CPI (9). Totally 202,050 CPIs were obtained. Some of the loci of the 15 STR core 

kit were removed to simulate the STR profiling data obtained from using fewer STR 

loci, e.g. D2S1338 and D19S433 were omitted to mimic the CODIS 13 system. And 

for mimicking the DNA degradation situation, loci that with longer PCR products 

were taken off one by one, e.g. starting from the “longest” loci CSF1PO, and then 

D2S1338, D18S51 etc., to ultimately obtain only 8 loci. From the 101,025 random 
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pairs generated using loci in a number of commercially available kits or mimicking 

DNA degradation, CPIs values were obtained for those pairs with coincidental 

matches where at least one allele was shared at all loci examined. 

DNA profiles from the 15 STR loci from a Caucasian (n= 301) and American African 

(n= 256) population were obtained from the Short Tandem Repeat DNA Internet 

Database (10). These profiles were also processed by the same program to generate 

real duos and to determine the number of matching pairs. There were 90,300 real duos 

generated for CPI counting and 45,150 random pairs analyzed for Coincidental 

Matching Pairs (CMPs) for the Caucasian population. For the African American 

population, 65,280 real duos were made from which 32,640 pairs were used to 

generate the number of CMPs. The allele frequency table used for the Chinese 

population was from previous studies (11, 12, 13) and the Caucasian and African 

Americans allele frequencies were downloaded from the same origin as their DNA 

profiles (10). All the frequencies of alleles were adjusted by using 5/2N rule (15). 

The specificity of the duo test was calculated as 1 – the % of false positives and 

sensitivity of the CPI was based upon 1 – the % of false negatives. The rate of false 

positives, seen as an inclusion in a paternity test, was determined by the percentage of 

pairs sharing STR loci coincidentally, and their CPI values were greater than any 

preset minimum CPI requirements. The percentage of false negatives (seen as an 
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exclusion of paternity) was the proportion of real duos that might not be recognized as 

real duos based upon their CPIs lower than the preset cutoff.  

 

Results and discussion 

Distribution of CPI of Real Duos (RD) and Coincidental Matched Pairs (CMP) was 

found to be overlapping 

The ratio distribution of CPI values of 202,025 Chinese Real Duos (RDs), 90,300 

Caucasian RDs and 65,280 RDs for the STR loci in the Identifiler®, SGM plus® and 

Profiler® kits are shown in Figure 1. The box-plots for the distribution of CPIs of 

CMPs are also illustrated. With an increasing number of STR loci used larger CPIs 

distributions are obtained as expected. There were no clear boundaries to differentiate 

the distribution of RDs and CMPs when smaller CPI cutoff values are obtained. 

For many relationship testing laboratories, a minimum CPI value requirement or 

cutoff point is used for determining the existence of a first degree genetic relationship. 

Due to the RDs with low CPI values and CMPs with high CPI values observed in this 

study, false exclusions could occur by setting the cutoff higher than required, and false 

inclusion could occur if set too low. Further evaluation of specificity and sensitivity of 

different CPI cutoff values under different situations is required. 
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Number of Real Duos and Coincidental Matched Pairs that Meet the Different CPI 

Requirements 

25 CMPs were observed in the 101,025 random pairs from the 450 members of 

the Chinese population taken at random using 15 STR loci. Eight CMPs for the 

Caucasian population (from 45,150 pairs) and 4 CMPs (from 32,540 pairs) for the 

African American population were obtained (table 1). When using STR kits with 

fewer loci, more CMPs were found. The nine loci in the Profiler® kit resulted in 

1,474 CMPs for the Chinese population, 522 CMPs for the Caucasian population and 

315 CMPs for African American population. 

 

Specificity and Sensitivity of different CPI Requirements 

In table 2 and 3, the specificity and sensitivity for duos using varying numbers of 

STR loci are illustrated. As the CPI cutoff increased, there was a subsequent decrease 

in sensitivity and an increase in specificity. Using 15 STR loci the CPI cutoff value 

varied from 0 (stated as “whatever is obtained”) to 10,000, the sensitivity varied from 

100% to 74.48%, the specificity from 99.98% to 100.00% for the Chinese population. 

The change was more pronounced with fewer STR loci confirming the findings of a 

previous study (8). 

If a minimum CPI value of 100 was chosen using 15 STR loci, the specificity 
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versus sensitivity for the Chinese population was 99.98% versus 99.72%, for the 

Caucasian population it was 99.99% versus 99.76% and for the African American 

population it was 99.99% versus 99.96%.  The percentages are reduced if fewer STR 

loci are used. If CPI=100 for 7 loci (shown as the column 15-8 in table 3), the 

specificity versus sensitivity for the Chinese population was 99.82% versus 42.83%, 

for the Caucasian population it was 99.85% versus 45.36% and for African American 

population it was 99.79% versus 56.01%. Based upon these data setting a minimum 

CPI requirement may not be appropriate for all scenarios. 

 

Evaluation of CPI cutoff based on Different Specificity in different situation 

By setting the specificity at 99% (CPI=100), 99.9% (CPI=1,000) and 99.99% 

(CPI=10,000), the correlated CPI cutoff could be calculated for varying number of 

STR loci (shown in tables 4 and 5). A specificity set a 99.99% using the 15 STR loci 

was obtained with a CPI of 139 for the Chinese population, 94 for the Caucasian 

population and “whatever is obtained” for the African American population. When 

using the CODIS 13 STR loci and the same specificity of 99.99%, the CPI cutoff for 

the Chinese population was 628, 565 for the Caucasian population and 2,024 for the 

African American population. With these 13 STR loci the sensitivity would be 

reduced to 86.29%, 91.06%, and 82.03% for the three populations respectively.  
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By using the optimal cutoff selection method proposed by Zou (17), the optimal 

CPI cutoff that maximizes the specificity and sensitivity for all the situations were all 

around “CPI=1” (data not shown). This is in line with the findings of similar low CPI 

cutoff values reported by a previous study using only a few hundred real duos (8). For 

automatic database searching, the efficiency of the test depends on how many 

candidate pairs that are picked by computer program need further confirmation. 

Ultimately it is the role of the decision maker to set the cutoff when balancing the 

specificity and sensitivity as improving the capability of one will result in the 

decrease in the capability of the other.  No optimum CPI minimum value can be set 

for paternity duo tests that will never result in false inclusions or false exclusions. The 

laboratories that joined the AABB survey strongly supported that testing without a 

mother should be processed only when the mother is unavailable or if she is deceased. 

Otherwise, every effort should be made to include the mother in the test (1). 

In conclusion, a different CPI cutoff may be applied for duo cases based upon the 

number of STR loci used. 
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Fig 1. Ratio distribution and boxplot of CPI for 3 systems and 3 populations (Ch: Chinese, Ca:
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Table 1. Number of RDs and CMPs that meet the minimum CPI requirements for 3 populations on 5 STR systems
System name
Minimum CPI requirement RD CMP RD CMP RD CMP RD CMP RD CMP
Population Chinese

What ever is obtained 0 25 0 98 0 162 0 434 0 1,474
10 2 25 105 90 160 153 712 392 5,585 919

100 571 17 4,564 47 8,864 87 21,629 138 59,456 176
101 576 17 4,620 47 8,982 87 21,894 137 59,810 175
150 1,172 14 7,424 37 13,743 75 31,661 103 74,918 133
200 1,743 12 10,104 30 18,248 67 39,780 82 86,242 95
300 3,015 11 15,182 28 26,104 51 53,589 56 102,081 63
500 5,552 9 23,358 17 38,745 36 72,804 35 121,301 31

1,000 11,161 5 38,076 10 60,505 22 100,041 22 144,491 9
1,001 11,172 5 38,101 10 60,552 22 100,074 22 144,521 9

10,000 51,557 3 104,456 2 137,984 2 168,727 4 188,703 1
number of RD 202,050
number of CMP comparing 101,025
Population Caucasian

What ever is obtained 0 8 0 31 0 67 0 159 0 522
10 0 8 11 30 46 64 118 151 1,657 357

100 218 4 1,135 20 2,425 34 7,724 73 23,007 72
101 220 4 1,148 20 2,467 34 7,809 73 23,202 72
150 389 4 2,007 15 4,087 28 11,640 53 30,178 55
200 584 4 2,793 10 5,714 27 15,586 39 35,813 41
300 1,005 4 4,472 10 8,875 21 21,273 24 43,731 29
500 1,748 4 7,267 8 14,407 16 30,441 14 53,622 15

1,000 3,477 2 12,980 4 24,232 8 43,631 4 65,215 7
1,001 3,485 2 12,991 4 24,244 8 43,647 4 65,237 7

10,000 20,183 1 44,910 0 63,181 1 78,648 0 86,155 0
number of RD 90,300
number of CMP comparing 45,150
Population African Americans

What ever is obtained 0 4 0 21 0 30 0 110 0 315
10 0 4 6 21 128 30 189 103 975 224

100 27 4 503 19 5,258 21 6,259 45 14,495 52
101 28 4 509 19 5,323 21 6,345 44 14,617 52
150 71 3 869 16 7,671 19 9,204 38 19,172 31
200 105 3 1,256 15 9,965 18 11,647 29 22,867 23
300 228 3 2,066 10 13,491 12 15,798 19 28,154 12
500 437 3 3,530 9 18,864 9 21,790 12 34,840 7

1,000 1,046 3 6,709 7 26,633 5 30,719 6 43,169 4
1,001 1,050 3 6,717 7 26,639 5 30,734 6 43,176 4

10,000 8,987 2 28,036 1 50,208 0 54,751 2 60,144 1
number of RD 65,280
number of CMP comparing 32,640
Profiler+*: abbreviation of Profiler Plus AmpliSTR kit from Applied Biosystem, USA.

Identifiler CODIS 13 SGM+ Profiler+* Profiler
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Table 2. Sensitivity and specificity versus minimum CPI requirements for 3 populations on 5 STR systems
System name
Minimum CPI requirement spe* sen** spe sen spe sen spe sen spe sen
Population Chinese

What ever is obtained 99.98% 100.00% 99.90% 100.00% 99.84% 100.00% 99.57% 100.00% 98.54% 100.00%
10 99.98% 100.00% 99.91% 99.95% 99.85% 99.92% 99.61% 99.65% 99.09% 97.24%

100 99.98% 99.72% 99.95% 97.74% 99.91% 95.61% 99.86% 89.30% 99.83% 70.57%
101 99.98% 99.71% 99.95% 97.71% 99.91% 95.55% 99.86% 89.16% 99.83% 70.40%
150 99.99% 99.42% 99.96% 96.33% 99.93% 93.20% 99.90% 84.33% 99.87% 62.92%
200 99.99% 99.14% 99.97% 95.00% 99.93% 90.97% 99.92% 80.31% 99.91% 57.32%
300 99.99% 98.51% 99.97% 92.49% 99.95% 87.08% 99.94% 73.48% 99.94% 49.48%
500 99.99% 97.25% 99.98% 88.44% 99.96% 80.82% 99.97% 63.97% 99.97% 39.96%

1,000 100.00% 94.48% 99.99% 81.16% 99.98% 70.05% 99.98% 50.49% 99.99% 28.49%
1,001 100.00% 94.47% 99.99% 81.14% 99.98% 70.03% 99.98% 50.47% 99.99% 28.47%

10,000 100.00% 74.48% 100.00% 48.30% 100.00% 31.71% 100.00% 16.49% 100.00% 6.61%
Population Caucasian

What ever is obtained 99.98% 100.00% 99.93% 100.00% 99.85% 100.00% 99.65% 100.00% 98.84% 100.00%
10 99.98% 100.00% 99.93% 99.99% 99.86% 99.95% 99.67% 99.87% 99.21% 98.17%

100 99.99% 99.76% 99.96% 98.74% 99.92% 97.31% 99.84% 91.45% 99.84% 74.52%
101 99.99% 99.76% 99.96% 98.73% 99.92% 97.27% 99.84% 91.35% 99.84% 74.31%
150 99.99% 99.57% 99.97% 97.78% 99.94% 95.47% 99.88% 87.11% 99.88% 66.58%
200 99.99% 99.35% 99.98% 96.91% 99.94% 93.67% 99.91% 82.74% 99.91% 60.34%
300 99.99% 98.89% 99.98% 95.05% 99.95% 90.17% 99.95% 76.44% 99.94% 51.57%
500 99.99% 98.06% 99.98% 91.95% 99.96% 84.05% 99.97% 66.29% 99.97% 40.62%

1,000 100.00% 96.15% 99.99% 85.63% 99.98% 73.17% 99.99% 51.68% 99.98% 27.78%
1,001 100.00% 96.14% 99.99% 85.61% 99.98% 73.15% 99.99% 51.66% 99.98% 27.76%

10,000 100.00% 77.65% 100.00% 50.27% 100.00% 30.03% 100.00% 12.90% 100.00% 4.59%
Population African Americans

What ever is obtained 99.99% 100.00% 99.94% 100.00% 99.91% 100.00% 99.66% 100.00% 99.03% 100.00%
10 99.99% 100.00% 99.94% 99.99% 99.91% 99.80% 99.68% 99.71% 99.31% 98.51%

100 99.99% 99.96% 99.94% 99.23% 99.94% 91.95% 99.86% 90.41% 99.84% 77.80%
101 99.99% 99.96% 99.94% 99.22% 99.94% 91.85% 99.87% 90.28% 99.84% 77.61%
150 99.99% 99.89% 99.95% 98.67% 99.94% 88.25% 99.88% 85.90% 99.91% 70.63%
200 99.99% 99.84% 99.95% 98.08% 99.94% 84.73% 99.91% 82.16% 99.93% 64.97%
300 99.99% 99.65% 99.97% 96.84% 99.96% 79.33% 99.94% 75.80% 99.96% 56.87%
500 99.99% 99.33% 99.97% 94.59% 99.97% 71.10% 99.96% 66.62% 99.98% 46.63%

1,000 99.99% 98.40% 99.98% 89.72% 99.98% 59.20% 99.98% 52.94% 99.99% 33.87%
1,001 99.99% 98.39% 99.98% 89.71% 99.98% 59.19% 99.98% 52.92% 99.99% 33.86%

10,000 99.99% 86.23% 100.00% 57.05% 100.00% 23.09% 99.99% 16.13% 100.00% 7.87%
spe*: specificity.
sen**: sensitivity.
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Table 3. Sensitivity and specificity versus minimum CPI requirements mimicking degradation from long loci for 3 populations on 8 degradation situations
Degradation situation*
Minimum CPI requirement spe sen spe sen spe sen spe sen spe sen spe sen spe sen spe sen spe sen
Population Chinese

What ever is obtained 99.98% 100.00% 99.97% 100.00% 99.92% 100.00% 99.84% 100.00% 99.62% 100.00% 99.37% 100.00% 98.97% 100.00% 97.91% 100.00% 96.38% 100.00%
10 99.98% 100.00% 99.97% 100.00% 99.93% 99.96% 99.86% 99.87% 99.69% 99.35% 99.52% 98.01% 99.27% 96.46% 98.79% 93.18% 98.31% 87.63%

100 99.98% 99.72% 99.98% 99.46% 99.96% 98.02% 99.93% 95.56% 99.88% 89.23% 99.83% 80.44% 99.81% 72.20% 99.79% 56.66% 99.82% 42.83%
101 99.98% 99.71% 99.98% 99.45% 99.96% 97.98% 99.93% 95.52% 99.88% 89.16% 99.84% 80.31% 99.81% 72.03% 99.80% 56.49% 99.83% 42.56%
150 99.99% 99.42% 99.98% 99.00% 99.96% 96.86% 99.94% 93.34% 99.91% 85.23% 99.88% 74.70% 99.86% 65.27% 99.88% 48.37% 99.91% 34.59%
200 99.99% 99.14% 99.99% 98.51% 99.97% 95.74% 99.95% 91.34% 99.92% 81.78% 99.90% 70.37% 99.90% 60.22% 99.92% 42.72% 99.94% 29.26%
300 99.99% 98.51% 99.99% 97.59% 99.98% 93.70% 99.96% 87.85% 99.95% 76.46% 99.93% 63.71% 99.94% 52.72% 99.95% 35.01% 99.96% 22.63%
500 99.99% 97.25% 99.99% 95.79% 99.98% 90.28% 99.97% 82.61% 99.96% 68.87% 99.97% 55.01% 99.97% 43.76% 99.98% 26.32% 99.99% 15.59%

1,000 100.00% 94.48% 99.99% 92.08% 99.99% 84.05% 99.99% 73.80% 99.98% 57.80% 99.98% 43.29% 99.98% 32.27% 99.99% 16.74% 99.99% 9.14%
1,001 100.00% 94.47% 99.99% 92.07% 99.99% 84.04% 99.99% 73.79% 99.98% 57.78% 99.98% 43.27% 99.98% 32.25% 99.99% 16.73% 99.99% 9.13%

10,000 100.00% 74.48% 100.00% 68.44% 100.00% 53.44% 100.00% 38.35% 100.00% 22.93% 100.00% 13.52% 100.00% 7.97% 100.00% 3.05% 100.00% 1.43%
Population Caucasian

What ever is obtained 99.98% 100.00% 99.98% 100.00% 99.93% 100.00% 99.84% 100.00% 99.65% 100.00% 99.40% 100.00% 99.03% 100.00% 98.14% 100.00% 96.52% 100.00%
10 99.98% 100.00% 99.98% 99.99% 99.93% 99.99% 99.84% 99.91% 99.65% 99.64% 99.40% 99.01% 99.03% 98.32% 98.14% 96.04% 98.43% 91.49%

100 99.99% 99.76% 99.98% 99.67% 99.93% 98.88% 99.84% 96.57% 99.65% 92.24% 99.40% 86.14% 99.03% 78.37% 98.14% 62.89% 99.85% 45.36%
101 99.99% 99.76% 99.98% 99.67% 99.93% 98.86% 99.84% 96.53% 99.65% 92.15% 99.40% 86.01% 99.03% 78.18% 98.14% 62.67% 99.86% 45.09%
150 99.99% 99.57% 99.98% 99.39% 99.93% 98.08% 99.85% 94.69% 99.71% 88.67% 99.56% 80.86% 99.34% 71.44% 98.93% 53.95% 99.90% 36.32%
200 99.99% 99.35% 99.99% 99.10% 99.96% 97.37% 99.92% 93.00% 99.89% 85.69% 99.87% 76.62% 99.84% 66.13% 99.85% 47.60% 99.94% 30.66%
300 99.99% 98.89% 99.99% 98.56% 99.96% 95.87% 99.92% 89.99% 99.89% 80.50% 99.88% 69.74% 99.84% 58.00% 99.85% 38.72% 99.97% 23.39%
500 99.99% 98.06% 99.99% 97.46% 99.97% 93.25% 99.94% 84.78% 99.92% 72.61% 99.90% 60.26% 99.89% 47.74% 99.91% 28.63% 99.99% 16.16%

1,000 100.00% 96.15% 99.99% 94.88% 99.97% 87.79% 99.95% 75.42% 99.94% 60.51% 99.93% 46.59% 99.91% 34.61% 99.94% 17.83% 100.00% 9.02%
1,001 100.00% 96.14% 99.99% 94.87% 99.98% 87.78% 99.96% 75.41% 99.96% 60.49% 99.94% 46.56% 99.95% 34.60% 99.96% 17.80% 100.00% 9.02%

10,000 100.00% 77.65% 99.99% 72.21% 99.99% 54.31% 99.97% 36.02% 99.97% 21.27% 99.97% 12.59% 99.97% 7.10% 99.98% 1.80% 100.00% 0.86%
Population African Americans

What ever is obtained 99.99% 100.00% 99.98% 100.00% 99.95% 100.00% 99.87% 100.00% 99.75% 100.00% 99.53% 100.00% 99.14% 100.00% 98.27% 100.00% 97.58% 100.00%
10 99.99% 100.00% 99.98% 100.00% 99.95% 99.99% 99.88% 99.95% 99.77% 99.73% 99.61% 99.51% 99.36% 99.00% 98.97% 96.77% 98.65% 95.34%

100 99.99% 99.96% 99.98% 99.90% 99.97% 99.32% 99.93% 97.93% 99.87% 94.06% 99.86% 89.88% 99.79% 83.04% 99.77% 67.31% 99.79% 56.01%
101 99.99% 99.96% 99.98% 99.89% 99.97% 99.31% 99.93% 97.90% 99.87% 93.97% 99.86% 89.79% 99.79% 82.96% 99.77% 66.98% 99.79% 55.78%
150 99.99% 99.89% 99.98% 99.73% 99.97% 98.79% 99.94% 96.69% 99.90% 91.07% 99.89% 85.65% 99.84% 76.97% 99.84% 58.77% 99.88% 45.96%
200 99.99% 99.84% 99.98% 99.63% 99.97% 98.31% 99.95% 95.35% 99.92% 88.46% 99.91% 81.91% 99.88% 72.03% 99.89% 52.36% 99.92% 39.17%
300 99.99% 99.65% 99.98% 99.24% 99.98% 97.34% 99.95% 93.11% 99.94% 83.90% 99.94% 76.10% 99.92% 64.58% 99.92% 43.99% 99.96% 30.37%
500 99.99% 99.33% 99.98% 98.58% 99.98% 95.59% 99.97% 89.11% 99.95% 76.90% 99.97% 67.51% 99.96% 54.62% 99.95% 34.32% 99.97% 21.38%

1,000 99.99% 98.40% 99.99% 96.81% 99.99% 91.63% 99.97% 81.58% 99.98% 65.71% 99.98% 54.81% 99.98% 41.16% 99.98% 22.80% 99.99% 12.29%
1,001 99.99% 98.39% 99.99% 96.81% 99.99% 91.61% 99.97% 81.56% 99.98% 65.69% 99.98% 54.78% 99.98% 41.15% 99.98% 22.79% 99.99% 12.27%

10,000 99.99% 86.23% 99.99% 79.14% 100.00% 62.70% 100.00% 43.53% 100.00% 27.01% 100.00% 18.41% 100.00% 10.62% 100.00% 3.37% 100.00% 1.52%
Degradation situation*: degradation of loci following the sequence of CSF1PO, D2S1338, D18S51, FGA, D7S820, D16S539, D21S11, D13S317 in the Identifiler kit.
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Table 4. Predicted minimum CPI requirements of specificity of 99.90% and 99.99% for 3 populations and 5 STR systems
System name
Minimum CPI requirement spe sen spe sen spe sen spe sen spe sen
Population Chinese

What ever is obtained 99.98% 100.00% 99.90% 100.00% 99.84% 100.00% 99.57% 100.00% - -
7.7 - - - - - - - - 99.00% 98.12%
62 - - - - 99.90% 97.56% - - - -

139 99.99% 99.49% - - - - - - - -
145 - - - - - - 99.90% 84.76% - -
182 - - - - - - - - 99.90% 59.09%
628 - - 99.99% 86.29% - - - - - -
680 - - - - - - - - 99.99% 34.61%

1,381 - - - - 99.99% 64.42% - - - -
1,433 - - - - - - 99.99% 43.74% - -

Population Caucasian
What ever is obtained 99.98% 100.00% 99.93% 100.00% 99.85% 100.00% 99.65% 100.00% - -

4.2 - - - - - - - - 99.00% 99.70%
44 - - - - 99.90% 99.18% - - - -
94 99.99% 99.79% - - - - - - - -

166 - - - - - - 99.90% 85.53% - -
171 - - - - - - - - 99.90% 63.86%
565 - - 99.99% 91.06% - - - - - -
759 - - - - - - 99.99% 57.62% - -

1,010 - - - - - - - - 99.99% 27.61%
1,109 - - - - 99.99% 71.35% - - - -

Population African Americans
What ever is obtained 99.99% 100.00% 99.94% 100.00% 99.91% 100.00% 99.66% 100.00% 99.03% 100.00%

140 - - - - - - - - 99.90% 71.96%
168 - - - - - - - - - -
703 - - - - - - - - 99.99% 40.01%

1,088 - - - - 99.99% 57.85% - - - -
2,024 - - 99.99% 82.03% - - - - - -
2,236 - - - - - - 99.99% 37.53% - -
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Table 5. Predicted minimum CPI requirements of specificity of 99.90% and 99.99% for 3 populations and 8 different degradation situation
Degradation situation
Minimum CPI requirement spe sen spe sen spe sen spe sen spe sen spe sen spe sen spe sen spe sen
Population Chinese

What ever is obtained 99.98% 100.00% 99.97% 100.00% 99.92% 100.00% 99.84% 100.00% 99.62% 100.00% 99.37% 100.00% - - - - - -
1 - - - - - - - - - - - - 99.00% 99.90% - - - -

10 - - - - - - - - - - - - - - - - - -
14 - - - - - - - - - - - - - - 99.00% 90.01% - -

20.4 - - - - - - - - - - - - - - - - 99.00% 76.08%
37 - - - - - - 99.90% 98.70% - - - - - - - - - -

124 - - - - - - - - 99.90% 87.22% - - - - - - - -
139 99.99% 99.49% - - - - - - - - - - - - - - - -
135 - - - - - - - - - - - - - - - - 99.90% 36.67%
186 - - 99.99% 98.66% - - - - - - 99.90% 71.54% - - - - - -
170 - - - - - - - - - - - - - - 99.90% 45.98% - -
198 - - - - - - - - - - - - 99.90% 60.39% - - - -
707 - - - - 99.99% 87.40% - - - - - - - - - - - -
945 - - - - - - 99.99% 74.58% - - - - - - - - - -
749 - - - - - - - - - - - - - - 99.99% 20.40% - -
470 - - - - - - - - - - - - - - - - 99.99% 16.32%

1,171 - - - - - - - - 99.99% 55.25% - - - - - - - -
1,080 - - - - - - - - - - 99.99% 42.05% - - - - - -
1,240 - - - - - - - - - - - - 99.99% 29.01% - - - -

Population Caucasian
What ever is obtained 99.98% 100.00% 99.98% 100.00% 99.93% 100.00% 99.84% 100.00% 99.65% 100.00% 99.40% 100.00% 99.03% 100.00% - - - -

12 - - - - - - - - - - - - - - 99.00% 94.92% - -
19 - - - - - - - - - - - - - - - - 99.00% 82.47%
41 - - - - - - 99.90% 98.87% - - - - - - - - - -
68 - - - - - - - - - - - - - - - - - -
94 99.99% 99.79% - - - - - - - - - - - - - - - -
99 - - 99.99% 99.68% - - - - - - - - - - - - - -

104 - - - - - - - - 99.90% 91.91% - - - - - - - -
133 - - - - - - - - - - - - - - 99.90% 56.67% - -
137 - - - - - - - - - - 99.90% 82.15% - - - - - -
142 - - - - - - - - - - - - - - - - 99.90% 37.56%
157 - - - - - - - - - - - - 99.90% 70.76% - - - -
394 - - - - - - - - - - - - - - - - - -
359 - - - - - - - - - - - - - - - - 99.99% 20.63%
722 - - - - - - - - - - - - - - 99.99% 22.54% - -

793 - - - - 99.99% 89.81% - - - - - - 99.99% 38.80% - - - -
915 - - - - - - - - - - 99.99% 48.29% - - - - - -

1,181 - - - - - - - - 99.99% 57.41% - - - - - - - -
1,246 - - - - - - 99.99% 72.19% - - - - - - - - - -

Population African Americans
What ever is obtained 99.99% 100.00% 99.98% 100.00% 99.95% 100.00% 99.87% 100.00% 99.75% 100.00% 99.53% 100.00% 99.14% 100.00% - - - -

10 - - - - - - - - - - - - - - 99.00% 96.57% - -
17 - - - - - - - - - - - - - - - - 99.00% 90.42%
21 - - - - - - 99.90% 99.75% - - - - - - - - - -

139 - - - - - - - - 99.90% 91.71% - - - - - - - -
156 - - - - - - - - - - 99.90% 85.15% - - - - - -
161 - - - - - - - - - - - - - - - - 99.90% 44.30%
222 - - - - - - - - - - - - 99.90% 70.18% - - - -
230 - - - - - - - - - - - - - - 99.90% 49.49% - -
724 - - 99.99% 97.80% - - - - - - - - - - - - - -
881 - - - - - - - - - - - - - - 99.99% 13.72%
982 - - - - 99.99% 91.75% - - - - - - - - - - - -

1425 - - - - - - - - - - - - 99.99% 34.77% - - - -
1,438 - - - - - - - - - - - - - - 99.99% 17.66% - -
1,495 - - - - - - - - - - 99.99% 47.47% - - - - - -
1,708 - - - - - - - - 99.99% 56.26% - - - - - - - -
1,983 - - - - - - 99.99% 71.70% - - - - - - - - - -
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Abstract

A half-sibship relationship is when two siblings share only one parent. It may be necessary to determine if two individuals are half-
siblings in cases of immigration, inheritance, genetic counseling or the identification of human remains. In such instances a combined
half-sibship index (CHSI) can be calculated. Support for this kinship is also based upon the number of shared-alleles at DNA loci.
We report on the combination of the calculation of CHSI with the all-shared-alleles (ASA) to enhance the specificity of any half-sibship
test. The 15 STR loci (including CODIS 13) that comprise the Identifiler� loci were applied to three populations using 355,620 simulated
pairs of half-siblings and 178,815 unrelated pairs. Based upon the data obtained, the sensitivity and specificity can be evaluated to deter-
mine the existence of half-sibship. This report highlights the uncertainty problems inherent in this form of indirect kinship testing and
recommends a combination evaluation of CHSI and ASA.
� 2008 Elsevier Ltd and FFLM. All rights reserved.

Keywords: Short tandem repeat (STR); Kinship; Half-sibship; Combined half-sibship index (CHSI); Sensitivity; Specificity

1. Introduction

A claim of half-sibling relationship may be made in cases
of inheritance, immigration1 and genetic counseling.2 A
genetic link as a half-sibling may assist in the identification
of human remains if no closer genetic relative is available
for testing. A half-sibling is defined as two individuals shar-
ing one parent, this may be a mother when it is termed uter-
ine, or one father when it is called agnate or consanguine.
Theoretically there is a 0.5 chance that two half-siblings will
share 1 allele at any one locus and a 0.5 chance that they will
share no alleles.4 The confidence that two individuals are
half-siblings, or not, will increase if more loci are examined,
or if there are more potential half-siblings for comparison.
When determining the probability whether or not two indi-
viduals are half-siblings it is necessary to consider the allele

frequencies of any alleles that are shared. From this calcu-
lation a combined half-sibship indices (CHSI)3 is reported.
If CHSI is less than 1 then the evidence supports two indi-
viduals as not being related as half-siblings, otherwise the
data supports the existence of a half-sibling relationship.
There remains much uncertainty after this calculation.1,3,4

Uncertainty remains with the evaluation of the resulting
LR figure in terms of its reliability in determining whether
two samples have come from half-siblings.

We report on the use 15 STR, that comprise the Identi-
filer� loci (including the 13 CODIS loci), to study three
populations containing 355,620 simulated half-sibling pairs
and 178,815 random pairs generated from DNA profiles
created within the populations. Using this large number
of sample pairs, it is possible to evaluate the sensitivity
and specificity for the 15 STR core set in discriminating
between half-siblings and random pairs. The discriminating
power combining the CHSI and all-shared-alleles (ASA) is
reported that would assist a laboratory with an interpreta-
tion of test results.
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2. Materials and methods

450 STR DNA profiles from random Chinese individu-
als within the Taiwan population were obtained using the
ABI AmpFlSTR Identifiler� PCR Amplification Kit
(Applied Biosystem, Foster City, CA, USA).

The profiles were processed by Microsoft Excel Macros
controlled by built in Visual Basic a program written by
authors of this study. Every individual of the population
was paired with every other individual to form random
pairs, e.g. for Taiwan population in this study
(450 � 449)/2, equaling 101,025 pairs, were made. For gen-
erating half-siblings, every individual in the population was
paired with two other individuals, e.g., (449 � 448)/2,
equaling 100,576 triples (one person with two mates).
One offspring was generated from each of the two pairs
within a triple, resulting in 201,152 half-sibling pairs.
DNA profiles from the 15 STR loci from a Caucasian
(n = 301) and American African (n = 256) population were
obtained from Short Tandem Repeat DNA Internet Data-
base.6 These data were processed in the same way as those
for the Taiwanese population to generate half-sibling pairs
and random pairs. For the Caucasian population 89,700
half-sibling pairs were generated and 45,150 random pairs
were obtained and for African American population 64,770
half-sibling pairs and 32,640 random pairs were generated.
The CHSI were calculated according to standard formu-
lae,3 and allele frequency tables used for Caucasian and
African American populations were downloaded from the
same origin as the DNA profiles6 and the frequency table
for the Chinese population was from previous studies.7–9

All the frequencies of alleles were adjusted by using 5/2N
rule10 for this study.

The rate of false negatives was calculated as the percent-
age of real half-sibship that could be excluded based upon
any given cutoff point of CHSI. The rate of false positives
equaled the percentage of random pairs of DNA profiles
where their CHSI was greater than any chosen CHSI
threshold value. The sensitivity of the test is based upon
1 – the % of false negatives and the specificity is based upon
1 – the % of false positives.11

ASA were determined by counting all the alleles shared
by paired profiles. In the case of both alleles at any one
locus being shared a score of 2 is registered. If 1 allele is
in common a score of 1 is registered.

The above formulae were also applied on four situa-
tions, like low CHSI with low ASA, low CHSI with high
ASA, high CHSI with low ASA and high CHSI with high
ASA for real half-siblings and random pairs to evaluate the
synergy effects combing both CHSI and ASA.

3. Results and discussion

3.1. Ratio distribution of CHSI for three populations by

using 15 STR core set

The CHSI ratio distribution of simulated half-sibling
pairs and random pairs for three populations is shown in
Fig. 1. Bipolar models with a widespread ratio distribution
were found for all of the three populations. Simulated sib-
lings pairs with very low CHSI values (1.40E�03 for the
Chinese population) and random pairs with very high
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CHSI values (2.29E+05 for African American population)
were observed in this study, together with other extreme
CHSI values are reported in Table 1. From the data
obtained for the 15 STR loci (Table 2), 12.02%, 12.86%
and 11.73% of CHSI values from simulated half-sibling
pairs were found to be less than 1 for Chinese, Caucasians
and African Americans populations, respectively. Random
pairs that produced CHSI values greater than 1 for these
populations were 13.24%, 12.22% and 11.33% for these
three populations.

3.2. Sensitivity and specificity under different CHSI cut-offs

for 15 STR systems

The ability of the DNA test to correctly classify kinship
testing results into two categories is assessed by their spec-
ificity and sensitivity.11 In Table 2, the sensitivity and spec-
ificity using a range of CHSI values from 0.03125 to 1000
are illustrated. The CHSI requirements as cutoff values fol-

lowed previous recommendations.5 As the CHSI cutoff val-
ues increased there was a corresponding decrease in
sensitivity and increase in specificity. According to Table
2, when adopting CHSI value of 1 as the cutoff value, then
in 15 STR core set system for the three populations the sen-
sitivity was 87.98% and the specificity was 86.76% for the
Chinese population, for Caucasian population the sensitiv-

Table 1
Highest and lowest CHSIs for three populations using 15 STR systems

Pairs Highest Lowest

Chinese Simulated half-
siblings

201,152 1.90E+07 1.40E�03

random pairs 101,025 1.04E+04 5.34E�05
Caucasians Simulated half-

siblings
89,700 1.35E+06 2.30E�03

random pairs 45,150 6.90E+02 7.77E�05
African

Americans
Simulated half-
siblings

64,770 1.37E+06 8.13E�04

random pairs 32,640 2.29E+05 7.15E�05

Table 2
Evaluation of sensitivity, specificity and CHSI threshold value for half-
sibship determination using 15 STR system

Population Chinese Caucasians African
Americans

CHSI threshold
value

aSEN
(%)

bSPE
(%)

aSEN
(%)

bSPE
(%)

aSEN
(%)

bSPE
(%)

0.03125 99.70 28.76 99.69 30.37 99.71 33.88
0.0625 99.22 41.46 99.21 43.18 99.24 46.85
0.125 98.23 54.96 98.12 56.63 98.21 59.59
0.25 96.34 67.87 96.10 69.42 96.44 71.35
0.5 93.04 78.70 92.62 79.83 93.16 81.31
1 87.98 86.76 87.14 87.78 88.27 88.67
2 80.74 92.48 79.58 93.09 81.50 93.48
3 75.63 94.80 74.20 95.30 76.62 95.39
10 57.19 98.49 54.92 98.67 58.83 98.69
33 37.93 99.63 34.97 99.71 39.02 99.68
100 23.14 99.92 19.99 99.96 23.37 99.91
150 18.83 99.95 15.70 99.98 18.74 99.94
200 16.19 99.97 13.05 99.99 15.86 99.96
300 12.95 99.98 9.90 100.00 12.33 99.98
330 12.25 99.98 9.23 100.00 11.59 99.98
7500 9.68 99.99 6.79 100.00 8.89 99.99
1000 6.46 100.00 3.95 100.00 5.37 99.99

a Sensitivity: % true half-sibs with CHSI values greater than threshold.
b Specificity: % random pairs with CHSI values less than threshold.
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Table 3
Synergy effects of All-Shared-Alleles cutoffs and CHSI cutoffs for half-sibship determination by using 15 STR

Chinese 0.125 0.25 0.5 1 1.25 1.5 2 3 10

ASA SEN
(%)

SPE
(%)

SEN
(%)

SPE
(%)

SEN
(%)

SPE
(%)

SEN
(%)

SPE
(%)

SEN
(%)

SPE
(%)

SEN
(%)

SPE
(%)

SEN
(%)

SPE
(%)

SEN
(%)

SPE
(%)

SEN
(%)

SPE
(%)

7 98.23 54.96 96.34 67.87 93.04 78.71 87.98 86.76 85.87 88.89 84.02 90.39 80.74 92.48 75.63 94.80 57.19 98.49
8 98.22 55.03 96.33 67.89 93.04 78.71 87.98 86.76 85.87 88.89 84.02 90.39 80.74 92.48 75.63 94.80 57.19 98.49
9 98.11 55.57 96.27 68.04 93.00 78.75 87.96 86.78 85.85 88.90 84.00 90.40 80.73 92.49 75.62 94.81 57.19 98.49

10 97.42 58.16 95.82 68.98 92.74 79.07 87.80 86.87 85.72 88.98 83.89 90.46 80.64 92.52 75.56 94.82 57.17 98.49
11 94.96 65.15 93.92 72.24 91.45 80.27 86.98 87.30 85.02 89.28 83.28 90.68 80.13 92.66 75.18 94.89 57.03 98.50
12 89.00 75.86 88.57 78.72 87.15 83.38 83.86 88.58 82.26 90.19 80.79 91.39 78.07 93.14 73.62 95.16 56.39 98.54
13 78.46 86.14 78.37 86.78 77.84 88.49 76.13 91.22 75.15 92.23 74.19 93.03 72.29 94.23 68.93 95.75 54.22 98.64
14 63.57 93.34 63.56 93.41 63.46 93.73 62.91 94.60 62.53 95.00 62.11 95.35 61.15 95.96 59.21 96.84 48.89 98.84
15 46.36 97.24 46.36 97.24 46.35 97.29 46.24 97.43 46.14 97.52 46.01 97.62 45.71 97.81 44.96 98.16 39.51 99.17
16 29.86 99.02 29.86 99.02 29.86 99.02 29.85 99.03 29.84 99.04 29.82 99.06 29.76 99.10 29.58 99.17 27.53 99.52
17 16.86 99.70 16.86 99.70 16.86 99.70 16.86 99.71 16.86 99.71 16.86 99.71 16.85 99.71 16.83 99.72 16.29 99.81
18 8.18 99.93 8.18 99.93 8.18 99.93 8.18 99.93 8.18 99.93 8.18 99.93 8.18 99.93 8.18 99.94 8.10 99.94

Caucasian

7 97.47 56.63 95.46 69.42 92.00 79.83 86.57 87.78 84.34 89.69 82.46 91.15 79.05 93.09 73.71 95.30 54.55 98.67
8 97.46 56.70 95.45 69.44 92.00 79.84 86.56 87.78 84.34 89.69 82.46 91.15 79.05 93.09 73.71 95.30 54.55 98.67
9 97.31 57.26 95.37 69.57 91.95 79.85 86.54 87.78 84.32 89.69 82.44 91.15 79.03 93.09 73.70 95.30 54.55 98.67

10 96.57 60.16 94.91 70.55 91.69 80.12 86.40 87.85 84.21 89.73 82.35 91.17 78.96 93.10 73.66 95.30 54.54 98.67
11 93.78 67.91 92.75 74.22 90.21 81.54 85.52 88.33 83.46 90.07 81.71 91.40 78.45 93.25 73.30 95.37 54.44 98.68
12 87.29 78.64 86.88 81.01 85.46 84.94 82.15 89.70 80.52 91.06 79.08 92.14 76.29 93.70 71.67 95.60 53.85 98.71
13 76.17 88.10 76.09 88.61 75.59 89.96 73.98 92.27 73.03 93.09 72.12 93.80 70.22 94.86 66.80 96.25 51.75 98.83
14 60.90 94.41 60.89 94.46 60.81 94.73 60.31 95.44 59.94 95.77 59.53 96.02 58.64 96.54 56.73 97.27 46.35 99.01
15 43.31 97.76 43.31 97.76 43.30 97.79 43.22 97.90 43.15 97.96 43.05 98.01 42.78 98.15 42.09 98.42 36.85 99.29
16 27.20 99.21 27.20 99.21 27.19 99.21 27.18 99.22 27.17 99.23 27.16 99.24 27.11 99.26 26.95 99.34 25.16 99.63
17 14.52 99.75 14.52 99.75 14.52 99.75 14.52 99.76 14.52 99.76 14.52 99.76 14.51 99.76 14.50 99.78 14.11 99.84
18 6.49 99.94 6.49 99.94 6.49 99.94 6.49 99.94 6.49 99.94 6.49 99.94 6.49 99.94 6.49 99.94 6.43 99.95

African Americans

7 97.35 59.60 95.53 71.35 92.10 81.31 87.05 88.67 85.05 90.66 83.26 91.75 80.08 93.48 75.12 95.39 57.27 98.69
8 97.32 59.74 95.52 71.38 92.09 81.31 87.05 88.67 85.04 90.66 83.26 91.75 80.08 93.48 75.12 95.39 57.27 98.69
9 97.13 60.71 95.40 71.66 92.02 81.39 87.02 88.68 85.02 90.67 83.24 91.76 80.07 93.49 75.11 95.39 57.27 98.69

10 95.82 64.72 94.43 73.27 91.42 81.90 86.66 88.81 84.73 90.74 82.97 91.80 79.86 93.52 74.97 95.40 57.23 98.69
11 92.09 73.69 91.33 77.86 89.15 83.76 85.14 89.52 83.42 91.16 81.80 92.11 78.92 93.69 74.27 95.49 56.98 98.69
12 84.38 83.73 84.14 85.04 83.05 87.63 80.56 91.20 79.28 92.41 78.03 93.13 75.73 94.36 71.79 95.89 55.96 98.73
13 71.83 91.69 71.79 91.89 71.48 92.54 70.45 93.97 69.80 94.57 69.07 94.97 67.74 95.66 65.13 96.68 52.71 98.86
14 56.13 96.48 56.13 96.49 56.07 96.55 55.78 96.86 55.56 97.06 55.30 97.18 54.72 97.44 53.47 97.88 45.72 99.09
15 38.95 98.72 38.95 98.72 38.95 98.72 38.90 98.74 38.84 98.76 38.79 98.78 38.63 98.84 38.26 98.99 34.76 99.45
16 23.19 99.55 23.19 99.55 23.19 99.55 23.18 99.55 23.18 99.55 23.16 99.56 23.14 99.56 23.07 99.59 22.05 99.70
17 11.95 99.87 11.95 99.87 11.95 99.87 11.95 99.87 11.95 99.87 11.95 99.87 11.95 99.87 11.94 99.87 11.73 99.88
18 5.18 99.97 5.18 99.97 5.18 99.97 5.18 99.97 5.18 99.97 5.18 99.97 5.18 99.97 5.18 99.97 5.16 99.97
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ity was 87.14% and the specificity was 87.78% and for Afri-
can American population the sensitivity was 88.27% and
the specificity was 88.67%. Using a CHSI of 1 would falsely
exclude more than 10% of real half-sibling, indicating the
potential problems with this type of DNA testing.

3.3. Ratio distribution of allele sharing for three populations

The ratio distribution of allele-sharing for simulated
half-sibling pairs and random pairs is shown in Fig. 2, three
of the allele sharing situation were compared. Graphs C
illustrate the ASA situation where there is greater separa-
tion between half-sibling pairs and random pairs (with
smaller percentage of overlapping area in the bipolar
model). These data indicate the potential value of ASA in
the determination of half-sibship.

3.4. Evaluation of synergy effects of two criteria for the half-

sibship determination

The CHSI vs. ASA ratio distribution was calculated for
all the simulated half-siblings and random pairs, and the
sensitivity and specificity for each CHSI and ASA combi-
nation was evaluated. Values of CHSI varying from
0.125 to 10 were analyzed against the values of 7–18 of
ASA using the 15 STR system (Table 3). A combination
of these two data sets increased the specificity in an inclu-
sion of the relationship. A CHSI of 0.125 and ASA of 13
resulted in a specificity of 86.14%, whereas if only consid-
ering ASA the specificity was only 54.96% (Table 2) for
the Taiwanese population. When CHSI = 1 and
ASA = 13, the specificity increased to 91.22% instead of
86.76% for the Taiwanese population (see Table 2, when
based on CHSI = 1 only), 92.27% instead of 87.78% for
Caucasian population and 93.97% instead of 88.67% for
African American population. Combining the two criterion
increases the specificity for half-sibling determination espe-
cially for the cases of ‘‘low CHSI with high ASA”, other-
wise they are maybe denied as half-siblings by using
CHSI cutoffs only.

There is alternative of resolving half-sibship cases with
greater confidence by using more autosomal STR loci,

using mitochondrial DNA analysis and using STR loci
on either of the sex determining chromosomes.

4. Conclusion

The use of CHSI and all-shared-alleles together
increases the specificity with a resulting increase in the con-
fidence in half-sibship determination for low CHSI cases.
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Abstract

DNA-based tests commonly use 13 STR (short tandem repeat) loci in human identification and
paternity testing – the Combined DNA Index System or CODIS.  Its average degree of accuracy of
paternity identification is greater than 0.9999 under the circumstance of a mother, a child and a putative
father.  However, the possibility of false inclusions increases under circumstances such as [1] only two
members of a family group are available – a duo case during determination of paternity or [2]
identification of human remains while only one living relative is present.

In Taiwan, the National Unidentified Human Remains Database uses the CODIS 13 STR for the
identification of family members.  Two or more reference samples in the DNA database have been found
to share one allele at all loci tested.  Then the Combined Paternity Index (CPI) is used to determine and
provide an estimate of kinship in such cases.  Combining 499,500 sets of DNA data for the 13 STR CODIS
loci, totally 431 (0.086%) cases are false inclusions where all 13 loci shared at least one allele.  Simulated
partial DNA profiles (not all 13 loci yielded results) were created to mimic the mutation and degradation
process. All 431 real duo cases were analyzed to evaluate sensitivity and specificity.  This report provided
four kinship-matching situations with CPI cutoff values when the number of allele-sharing loci exceeded
11.  CPI values greater or lesser than the suggested cutoff point will provide a greater degree of
confidence in determining whether two samples are derived from first-degree relatives.

Key Words: forensic science, short tandem repeat (STRs), paternity, false inclusion duo, sensitivity,
specificity

Introduction

The Combined DNA Index System (CODIS),
originally established by the FBI in 1998, is composed
of 13 autosomal short tandem repeat (STR) loci in addition
to a sexual (gender) identity test (6).  These loci have
become the standard examination for human identification
and paternity testing in many countries throughout the
world.  The 13 STR loci used within the CODIS have
an average power of paternity exclusion greater than
0.9999 for most populations based upon mother, child
and father combinations, a paternity trio case (2, 9).  A

duo paternity case is defined as the availability of only
two sets of genetic relatives, such as one parent and
one offspring.  Such duo cases occur in paternity testings,
e.g. either when the mother is unavailable to provide a
sample, or in cases of identification of human remains
by linking its DNA to a living relative only.  In such
duo cases, if allele sharing is found in all of the 13 loci,
the probability of parentage, known as the Combined
Paternity Index (CPI), is calculated.  Even if high CPI
values are obtained, there is still a chance that two
unrelated people will share one allele at all 13 CODIS
loci resulting in a false inclusion (1, 3).  In Taiwan, the
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CODIS 13 STRs used during determination of kinship
(first-degree) match the National Unidentified Human
Remains Database.  There have been instances where
a DNA profile matched an unrelated individual along
with a known member of the family on this reference
database.  False inclusions such as this have been found
in previous studies (4, 5, 8, 10).  If fewer than 13 CODIS
loci are used, then the chances of a false inclusion will
increase.  Fewer loci are generated if less than the optimal
amount of DNA is present, such as in degraded samples.
Such a situation occurs commonly in the isolation of
DNA from human skeletal remains.

At any single locus the Paternity Index (PI) can
be calculated between two samples that share at least
one allele.  The PI for each locus tested can be multiplied
to generate the combined PI (CPI), thus increasing the
odds in favor of the person being a parent of a child
compared to other unrelated individuals.  The probability
of paternity can be determined from the CPI by a
standard method1.  For many laboratories, a minimal
CPI value is used; increased values indicate a high
degree of confidence that the samples tested are
genetically linked as first degree relatives and not that
of a false inclusion.

In a recent study conducted by 34 laboratories
for the American Association of Blood Banks (AABB),
the minimum CPI value that was required for determining
a Mother not Tested (MNT) case, which is the same as
a duo case, varied from “Whatever is obtained” (2 of
the 34) to 10,000 (1 of the 34).  In 23 laboratories, the
minimal CPI value was 1002.  The choice of an appropriate
minimal CPI value will affect the sensitivity (1-rate
of false negatives) and specificity (1-rate of false
positives) of the DNA test. There is an inverse relationship
between these two measures, when by setting cutoffs
their capabilities can  be adjusted, but increasing the
capability to improve one will have the effect of
decreasing the capability of the other (7) We report on
a study to determine a CPI value that can be used in
duo paternity cases that will minimize the occurrence
of a false inclusion yet not exclude real first degree
relatives.

Materials and Methods

From January 2003 to December 2005, 431 real
paternity cases provided by the Science and Technical
Research Center for the Investigation Bureau of the
Ministry of Justice, Taiwan were analyzed.  The
Combined Paternity Index (CPI) using the CODIS 13
STR from real paternity duo cases was determined by
a standard formula (please see footnote 2 in page 3).

To simulate degraded DNA, either one or two
loci from the 13 loci were erased randomly to create
12 loci and 11 loci matches, respectively.  To simulate
mutational events duo pairs matching, all 13 loci were
used and a non-match was created at one locus.  This
resulted in a match at 12 loci and 1 mutation at the
13th loci (or 12mut/13).  CPI values were modified by
incorporating the rate of mutation into the probability
of paternity calculation (please see footnote 1 in page
3).

One thousand members of the Chinese population
in Taiwan were randomly selected and processed by
Microsoft Excel Macros using the Visual Basic program.
Every member of the population was paired with every
other member, e.g. (1,000 × 999)/2 equaling 499,500
pairs.  CPI values were obtained for pairs where at least
one allele was shared at all 13 loci.  CPI values were
obtained from mimicked degraded samples with 12 allele
sharing out of 12 loci and 11 alleles shared from 11 loci.
CPI values were also obtained from mimicked 12mut/
13 cases.  When processing pairing by computer, no
substructure of the population was considered.

The rate of false negatives which equaled the
percentage of real paternity cases would be excluded
for any given cut off point.  The rate of false positives
equaled the percentage of co-incidental matches above
any given cut off point.  The sensitivity of the test is
based upon 1 - the % of false negatives.  The specificity
of the test is based upon 1 - the % of false positives.

The optimum CPI cutoff point was obtained by
choosing the maximum of square root of sensitivity2

+ specificity2 (11).

Results

The Smallest and Largest CPI Values Found

Using the CODIS 13 STR loci for paternity test,
real paternity duo cases with very low CPI values
(20.81) and coincidental kinship-matched pair with
very high CPI values (47,042.98) were observed in
this study (Table 1).

Number of Duos and Coincidental Pairs that Meet the
Different CPI Requirements

A total of 431 coincidental matches were observed
with at least one matching allele at all 13 loci for the
499,500 computer-generated pairs of the random
population.  When only 12 loci were used, such as in
the degraded samples, there were 4,286 coincidental
matches out of the 499,500 pairs observed, while

Query 1:
Explain what
is 1-rate

1 AABB, 2002 Parentage testing annual report. MD, USA, American association of blood banks,°@2002. [Available at http://www.aabb.
org /Documents/ Accreditation/ Parentage_Testing_Accreditation_Program/ptannrpt02.pdf. (Accessed March 2007).

2 AABB, Guidance for standards for relationship testing laboratories, MD, USA, American association of blood banks, 2006, pp 139.
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6,555 pairs was found when 11 alleles were shared
from 11 loci (Table 2).

Sensitivity and Specificity of CPI Frequency Ratio
Distribution

In table 3, the sensitivity and specificity of the
DNA test were illustrated.  As the CPI cutoff values
increased, there was a subsequent decrease in sensitivity
and increase in specificity.  In 13/13 scenario, as the
increment of CPI cutoff varied from 10 to 10,000, the
sensitivity varied from 100% to 47.332%; the specificity
from 99.921% to 99.999%.  The effect was sharper in
12mut/13, 12/12 and 11/11 scenario.  If 100 was chosen

as the minimum CPI requirement, the sensitivity varied
from 19.258% for 12mut/13, 91.647% for 11/11,
96.752% for 12/12 to 98.144% for 13/13.

Evaluation of CPI Cutoff for Different Kinship Matching
Situations

By increasing the CPI cutoff values in increments
of 1 starting from 0 to 16,384, the optimum CPI value
was obtained empirically by choosing the maximum
of the square root of (sensitivity2 + specificity2), when
there is one allele shared at all 13 loci, and under the
circumstances of degraded DNA and/or a single
mutation (Table 4).  The optimized cutoffs for 12mut/

Table 1. The smallest and largest CPI values resulted from real duo paternity cases and coincidental matched duos
under CODIS 13 STRs systems

Real Paternity Duo

Locus Child Father PI Child Father PI
STR D3S1358 16,18 16,16 1.63 15,17 15,15 1.40
STR vWA 16,18 18,19 1.36 19,19 14,19 5.29
STR FGA 22,23 19,22 1.39 24,24 19,24 2.78
STR TH01 9,9 6,9 1.09 7,9 7,9 1.43
STR TPOX 8,11 8,9 0.43 8,8 8,8 1.73
STR CSF1PO 10,13 10,12 0.95 12,12 10,12 1.50
STR D5S818 10,12 11,12 1.13 10,11 10,10 2.62
STR D13S317 8,12 8,13 0.89 10,12 11,12 1.65
STR D7S820 11,12 12,12 2.18 9,13 8,13 7.25
STR D8S1179 11,15 11,12 2.43 13,14 14,14 2.58
STR D21S11 29,33.2 29,31 0.93 29,33 30,33 50.00
STR D18S51 13,16 13,14 1.60 15,19 15,19 8.05
STR D16S539 9,11 9,11 1.89 10,11 10,10 3.95

Least CPI= 20.81 Largest CPI= 9,756,809.81

Coincidental Match (False Positive might be established)

Locus Ind. a Ind. b PI Ind. c Ind. d PI
STR D3S1358 15,17 15,16 0.70 16,16 16,16 3.27
STR vWA 14,18 18,18 2.71 16,18 16,16 3.16
STR FGA 22,23 20,22 1.39 20,23 23,23 2.29
STR TH01 7,9 9,9 1.09 7,8 8,9 3.94
STR TPOX 8,12 8,9 0.43 8,11 8,8 0.86
STR CSF1PO 11,12 10,12 0.75 9,10 10,12 0.95
STR D5S818 7,11 10,11 0.75 13,13 10,13 3.70
STR D13S317 11,11 11,12 2.03 11,11 10,11 2.03
STR D7S820 11,12 11,13 0.70 10,10 10,12 3.14
STR D8S1179 10,13 13,14 1.19 12,13 13,13 2.39
STR D21S11 30,31.2 30,32 0.95 31,33.2 31,32 2.23
STR D18S51 15,16 14,15 1.30 15,15 13,15 2.59
STR D16S539 11,12 9,11 1.02 9,11 9,11 1.89

Least CPI= 1.49 Largest CPI= 47,042.98

PI: Paternity Index was calculated as formulae suggested by AABB (please see footnote 2 in page 3)
CPI: Combined Paternity Index, the product of multiplication of all paternity indices.
Ind. a, b, c, d: Individuals from one thousand random sample population.
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DUO TEST CPI CUTOFFS 7

13 matches, 13/13 matches, degraded DNA with
12/12 matches, further degraded DNA with only
11/11 matches were  “whatever is obtained”, 20, 18,
and 13, respectively.

Discussion

For many relat ionship ( identi ty)  test ing
laboratories, a minimum CPI value requirement or
cutoff point is used, above which there is a high degree
of confidence that the samples tested are genetically
linked as first degree relatives and that a false inclusion
will be prevented.  Because real paternity duo cases
with very low CPI values and coincidental kinship-
matched pair with very high CPI values were observed
in this study, false exclusions could happen by setting
too high of cutoffs, and false inclusion could happen
if setting too low of cutoffs.  Simply applying a fixed
requirement of minimum CPI for different matching
situation may not be a good choice.

The ability of the DNA test to correctly classify
events into two categories (inclusions and exclusions)
is assessed by sensitivity and specificity (7).  The
sensitivity and specificity of the CODIS 13 STRs
system for paternity duo testing was determined for
real cases and computer generated pairs from
populations under different scenarios.  As the CPI
cutoff values increased, there was a  resultant decrease
in the chance of a false inclusion (sensitivity) and
increase in the false exclusion (specificity).  The effect
was more significant when fewer loci were available,
e.g. in the degraded sample situation. For many
laboratories, a cut off point of a minimum CPI value
of 100 was used (23 in 34 laboratories in the AABB
survey (please see footnote 2 in page 3) and recognized
as generally accepted minimum standard for an
inclusion of paternity (3) in the 13/13 scenario, with
a sensitivity of 98.144% and specificity of 99.951%.
As the specificity was not 100%, 0.05% of the cases
were false inclusions.  At a CPI of 100 the sensitivity
was only 98.14%, resulting in 1.86% of real duo
paternity being classified as exclusions.  For example,
a high CPI such as 10,000 would result in 52.668%
(1-47.332%) of real duo paternity cases being reported
as an exclusion.  The optimized CPI value, being a
balance between sensitivity and specificity, should
be suggested.

From AABB data (please see footnote 2 in page
3) most of the DNA laboratories (19 of 29 laboratories)
used “whatever is obtained” as CPI requirement for
family reconstruction cases.  Applying this criterion
to these data, the sensitivity was 100% for 13/13
matches, 12/12 matches and 11/11 matches, and the
specificity was 99.914%, 99.142% and 98.688% for
each scenario respectively.  If the cutoff of CPI = 0
was increased to CPI = 20 for 13/13 scenario, then the

specificity could be increased to 99.928% and sensitivity
maintained 100%, for the other two match situations,
similar effects were found.

Clear differences in the sensitivity of the test
when using a CPI cutoff value of 100 were observed
for 13 allele shared (98.144%) compared to a single
mutation (12mut/13) (19.258%).  A single mutation,
which is a routine observation for paternity testing
laboratories (3), would result in approximately 80%
of paternity case being reported as exclusions, if the
cutoff were not adjusted.

By using the optimal cutoff selection method
proposed by zou et al. (11), the optimum CPI values
were obtained empirically for different scenarios.
They may serve as the minimum CPI requirements.

In conclusion, a different CPI value should be
applied for duo cases when there is full allele sharing
at all 13 loci compared to a case where there is a
possible mutation in one of the loci.  For a paternity
duo test and a family reconstruction test, the cutoff
could be set at a CPI value of 20 if only one allele were
shared at all 13 loci.  If the sample were degraded and
only 12 loci were available then the cuff off CPI value
should be 18, and a CPI value of 13 for 11 loci.  If a
mutation had been suspected in a duo case, more STR
tests should be added to confirm the mutation, and
then DNA test results and non-DNA finding should
be combined to determine the paternity.  Applying
CPI = 0 as the cutoff directly is not suitable although
in table 4 CPI = 0 was listed as the candidate.  For no
optimum CPI minimum value can be set for paternity
duo tests that will never result in false inclusions or
false exclusions, although the application of these
suggested CPI cutoffs will maximize the paternity
screening.  The ideal situation to resolve duo cases
with greater confidence would be to add more
autosomal STR loci to increase the CPI value (the
specificity will be higher), and if possible to use
mitochondrial DNA analysis or STR  loci  on sex
Chromosome for further confirmation.
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Abstract 

The STR loci comprising CODIS has an average power of paternity exclusion larger than 0.9999 
based upon mother, child and father combinations (a trio case).  This figure is true for many 
populations.  In cases requiring the identification of human remains if only one living relative (either 
of the parents or offspring) is available, this represents a duo case for parentage building.  In duo cases 
when allele sharing is found in all the 13 loci, the probability of parentage could be determined.  
However it is hard to avoid a false parentage evaluation if the pair happened to share an allele at all 13 
loci. In Taiwan, the National Unidentified Bodies CODIS 13 STR Database has approximately 1250 
bodies and 350 families for comparison originally.  Using STR typing and blood-relative comparing 
instances a body first-degree matched to more than one individual was found not rarely, however the 
CPI (Cumulated Paternity Index) was extremely low. It is necessary to evaluate the false parentage 
rate and set a cut-off value of CPI and vise versa to analyze the distribution of CPIs from real 
paternity cases, hope to help evaluate the paternity and lead to identification. 

According to the published frequencies of STR alleles, the cumulated power of exclusion (PE) for 
duo for Chinese in Taiwan is 98.13%. The data showed that about 1.87 % random individuals could 
not be excluded from being a first-degree blood relative to the population. For proving this, CODIS 
13 population data of 1,000 Chinese in Taiwan was collected and paired resulting in 499,500 pairs.  
Microsoft Excel Macros controlled by a Visual Basic program written by authors was used to handle 
the allele sharing comparison and CPI calculation.  There were 462 (0.0925%) pairs found with all 13 
allele sharing loci.  False parentage relation was noted when the CPI for pairs ranged from 2.56 to 
6,835,432.78, and the median CPI was 484.69 meaning that if the CPI of 484.69 were used as the 
cut-off, 50% of the false pairs would not be recognized as first-blood-relative, and if the CPI cut-off 
increased to 1,000, 62.9% false pairs could be eliminated, however the false exclusion rate for real 
duos was 5.7%(cut-off = 484.69) and then increased to 10.8%(cut-off = 1,000) respectively.  The 
dilemma could be resolved by profiling more STR systems when duos were found with low CPI or 
adding anthropology and other information to make the confirmation.  This is especially the case for 
mass and open comparing operation of STR database for the unidentified bodies.  
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We present the computer program STRstatistics 2005.1, which is capable of calculating forensic 

population study parameters including: p value of G-tests for HWE proportion; the number of types 

of a particular allele; the occurrence frequency of alleles, expected and observed heterozygosity (H); 

polymorphism information content (PIC) ; power of discrimination (PD) ; probability of a match (PM) ; 

power of exclusion (PE) for trio and duo paternity tests ; typical paternity index (PIt) and typical 

power of exclusion (PEt).  The evaluation data by these means is frequently a requirement in 

forensic practice, particularly when examining a new population.  At present there are limitations to 

the computer programs that are available for forensic population studies, such as locus by locus 

handling (not batch handling), limited sample volume, data format transformation, and many other 

genetic processing related computer programs were not designed exclusively for forensic 

evaluation of population study and therefore only provide analysis for a few forensic population 

parameters, requiring additional calculation tools to be used. The STRstatistics 2005.1 program 

runs on the basis of the initial STR data such as that directly imported from Applied BioSystem’s 

Genotyper software as well as an Excel format or by manual addition. Microsoft Excel Macros and 

built-in functions controlled by Visual Basic language written by the authors was used to handle the 

Hardy-Weingberg test and other forensic calculations. The application requires only that the users 

post or import their 15 STR genotypes from a population onto a Microsoft Excel worksheet, then 

press the hot key to activate the Macros.  The allele frequency and forensic parameter table will be 

generated ready for publishing or for use as a population database. The program is capable of 

handling data of 1,000 individuals and 15 loci simultaneously, from which the informative forensic 

parameters will be tabulated automatically. The “STRstatistics 2005.1” Microsoft Excel template 

contains several worksheets. The “ori STR” worksheet provides brief instructions for using the 

template, and describes some limitations of the template. The genotype data for 15 STR loci, which 

comprises 30 columns with 2 columns for each locus, may be pasted onto the “ori STR” worksheet.  

Up to 40 alleles for each locus are acceptable. Genotypes containing text alleles (e.g., nc or 9.x) or 

with more than 2 alleles will be treated as in text (nonnumeric) mode and ignored in the auto-run 

program analyses. However, the final results frequency table in “publish tab” can be modified 

manually by users to meet the required formats for publication.  For a test of the program, 15 loci 

STR genotypes of a Chinese population in Taiwan was pasted into the program, allele frequencies 

and other parameters were generated in a Excel worksheet table in minutes. The data generated by 

the program was rechecked by the authors manually, also assisted by Excel, to confirm the 

efficiency and accuracy of the program. Besides these known parameters, another one named FPR 

(false parentage rate) and all the random pairs that happen to have first-degree-blood-relative 
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match in the sampling population will also be tabulated for reference. The easy handling and 

once-for–all parameter’s program could be a useful tool for forensic scientists for evaluating STR 

systems or renewing population statistics.  The program is freely available to any forensic scientist 

interested.  Please e-mail requests to the corresponding author. 

 

Keywords: Forensic Science, STRs, forensic parameters, computer programs. 
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Abstracts 
The DNA in human body is biological material and very vulnerable to the 

environmental factors when taken outside the body or when the body were dead. 
The insulting factors including temperature, humidity, sun light etc., adding on 
many affecting factors to the specimens, resulting in the difficulties for DNA 
purification and STR typing. 

The unidentified bodies when found were usually in a very bad conditions, 
especially the bodies that were purposely burned, dropped into water, disposed at 
open field, most of the time only skeletons could remain. From the experiences of 
forensic DNA of MJIB DNA lab, there were at least 10% of the human remains that 
could not be DNA typed owing to the badly degraded samples. DNA STR typing 
methods should be enhanced to increase success rate of STR typing.  

We used 35 clavicle bone specimens divided into five groups (7 for each group), 
groups were treated such as buried in soil, immersed in sea water, immersed in fresh 
water, exposed to the atmosphere with shelter and exposed to the atmosphere without 
shelter respectively. The samples were processed for a time course of 5 months, for 
each month 35 samples were taken out for sawing 1 cm long away for DNA 
extraction, then the STR multiplex kits were used for CODIS 13 typing, for each 
group if every bone were successfully STR typed, there should be 98 STR typing for 
one group for one month, and totally 490(7 x 14 x 5)STR typing for a group for 5 
months.  

The data showed that the success rate decreased as the degrading time lasted 
longer, and the general success rate for STR typing for the above groups were 9/490, 
52/490, 34/490, 113/490 and 69/490, the groups without mixing with waters directly 
had the higher rate, and the buried in soil group had the lowest rate maybe owing to 
the much more saprobes in soil or maybe owing to the inhibitors from soil for PCR 
reaction. 
The primer sequences for the loci CSF1PO and D7S820 were modified to have the 
PCR products shortened, and they were applied onto the 35 five months’ treated 
samples, the success rate for CSF1PO was increased from 3/35 to 14/35, and D7S820 
from 3/35 to 11/35, and for real case handling when no STR types were obtained 
mtDNA was still applied to get enough information for maternity matching. The 

000243

mailto:pu4431@ms14.hinet.net


redesigning of the primers’ sequences and the adding of mtDNA sequencing could 
enhance the unidentified body DNA recognizing. 
 
Key Words: Forensic Science, Forensic DNA, aged and degraded bone specimens, 
unidentified body 
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Abstracts 
In recent years, many disasters happened in Taiwan, on Feb. 16, 1998, China 

Airline CI006 crashed, about 200 people died, more than half of the bodies were  
broken into pieces, thousands of people died in 921 earth quake in 1999, on Oct. 31, 
2000, Singapore Airline SQ006 crashed before taking off, 82 persons died, for each 
disaster many much more family members appeared for  building genetic 
relationship to the dead to lead to the body identification, it was a lot of forensic DNA 
work in a very short time. 

 During that period of time, the DNA comparison and matching were done by 
manual, in another CI 676 case, a committee of more than 10 experts of Medical 
doctors, forensic scientists, professors worked together for about 15 days to match the 
DNA data between dead body and families, the time and labor could have been 
saved.  

The CODIS 13 systems are the most popular forensic DNA system in the 
forensic world, stable and specific, and also very suitable for body identification. If 
the STR typing of one of a family was found to share allele for all 13 loci with a dead 
body, after calculating the CPI, the identification of the dead body could be built. The 
comparison can be done manually, but for sibship comparison, because for each loci, 
the allele sharing could either exist or not, it is very time-consuming to do it manually, 
besides this, the STR databases of unidentified bodies and families from all over the 
country should be compared every week, it is necessary to have a software that help 
the comparing works.. 

Software EXCEL provided by Microsoft are widely used in forensic laboratory 
for STR database handling, but the software can not be used for determining paternity 
or sibship directly, authors established a software system to determine genetic 
relationship directly and automatically from the allele table imported from the 
auto-sequencer, when used on the current national databases of 900 unidentified 
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bodies and 245 families, less than 2 seconds was needed to finish all the 
blood-relative comparing, the efficiency was increased apparently. 
 
Key Words: STR polymorphism, genetic comparison, unknown body identification. 
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