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Section 1 Scope of Work 
 
The ASCDL performs parentage and relationship testing in criminal cases of the 
following types: 

a. Forward one-parent paternity - where one biological parent is known and 
the other (often the father) is in question.  Reference samples are 
analyzed for all three individuals in this scenario. 

b. Forward zero-parent paternity – where one biological parent is in question 
and the other is not available.  Reference samples are collected from the 
two available individuals in this scenario. 

c. Reverse parentage – where a reference from an unidentified person or 
remains is compared against a pair of alleged biological parents.  
Reference samples for all three individuals are analyzed in this scenario. 

Cases which fall outside of this scope, particularly those involving close biological 
relatives (incest), may have laboratory analysis performed at the ASCDL.  Cases 
resulting in exclusions can be resolved; but relevant statistical analyses for inclusions 
cannot be performed in-house at this time. 
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Section 2 Parentage Testing Terminology  
 
For purposes of convenience, many of these definitions are phrased in terms of an 
alleged father, since that is the most common scenario encountered in forensic paternity 
work. 
 
Likelihood Ratio:  the ratio of two probabilities of the same event under different 
hypotheses.  For example, in the case of one-parent paternity testing, the likelihood 
ratio compares the support of the genetic evidence for the hypothesis that the alleged 
man is the true biological father, against the support of the biological evidence that a 
random and unrelated man is the true biological father. 
 
Paternity Index (PI):  A likelihood ratio at a single genetic locus that compares the 
probability of the observed genotypes (DNA profiles) if the tested man is the true 
biological father, to the probability of the observed genotypes (DNA profiles) if a random 
untested man is the true biological father. 
 
Combined Paternity Index (CPI):  Because the genetic information at each of the loci is 
inherited independently, paternity indexes can be multiplied together to get a combined 
paternity index.  The CPI is a measure of the strength of the genetic information from 
several loci.  It indicates whether the hypothesis that the tested man is the father, or the 
hypothesis that a random untested man is the father, is more supported by the genetic 
evidence. 
 
Combined Paternity Index Ranges:  In theory, for a CPI less than one, the genetic 
evidence is more consistent with non-paternity than paternity.  In theory, for a CPI 
greater than one, the genetic evidence supports the hypothesis that the tested man is 
the father:  “It is XXX times more likely to see the genetic results if the tested man was 
the true biological father than if an untested random man was the father.” 
 
Probability of Paternity:  A calculation based on both the paternity index and the prior 
odds.  This probability should, in theory, include all evidence in the case, including both 
the non-genetic information and the genetic information from the DNA paternity test; as 
such, it is a measure of the weight of all the evidence.  In practice, it is common to 
assume a prior probability of 0.5, or 1:1, when calculating and reporting probability of 
paternity. 
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Mutation rate:  the rate at which a genetic marker mutates or changes over time.  It is 
the number of mutations per hundreds of generations expressed as a decimal value or 
a percentage.  It indicates how often, on average, one expects a random man in the 
population, unrelated to the child whose parentage is in question, to appear as if he is 
the biological father.   
 
Mean power of exclusion:  the average probability that a random person would have a 
pattern of genetic information inconsistent with paternity at a particular locus.  It 
indicates how often, on average, one expects a random person in the population, who is 
unrelated to the child whose parentage is in question, to be correctly excluded as a 
biological parent. 
 
One-parent Paternity:  A scenario that includes biological reference samples from a 
child, one known parent and one alleged parent. 
 
Zero-parent Paternity:  A scenario that includes biological reference samples from a 
child and one alleged parent (with no reference from a known biological parent). 
 
Exclusion:  The obligate parental alleles in the child do not match the alleles in the 
alleged father in at least four loci.  The alleged father is excluded from being the 
biological father of the child being tested. 
 
Inclusion (Cannot Exclude):  The obligate parental alleles in the child match the alleles 
in the alleged father at all (or all but one) of the loci.  The alleged father cannot be 
excluded from (or is consistent with being) the biological father of the child being tested. 
 
Reverse parentage: A scenario in which a missing person’s reference sample is 
compared to samples from a pair of alleged biological parents. 
 
Parentage:  Refers to either paternity or maternity; paternity and parentage are often 
used interchangeably in genetic testing terminology. 
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Section 3 Data Interpretation   
 
On occasion, reference samples may be of poor quality or degraded by environmental 
conditions.  For such samples, loci not deemed complete (due to the possibility of partial 
or complete allelic drop-out) will not be considered exclusionary solely on the basis of 
incomplete information.  All complete loci will be considered in assessing consistency 
between reference samples. 

•  Four or more loci with non-consistent genetic markers – the alleged parent(s) 
is/are excluded.  It is not necessary to calculate CPI or probability of paternity in 
such cases. 

• Two or three loci with non-consistent genetic markers – these results are 
inconclusive.  The CPI and Probability of Exclusion will be calculated and 
reported, but further testing with additional markers will be recommended to the 
submitting agency. 

• One locus with an inconsistent genetic marker within one repeat unit of the 
obligate allele – given the possibility of a genetic mutation, this will not be 
deemed an exclusion.  In such a case, the alleged parent(s) cannot be excluded, 
and CPI and Probability of Exclusion will be calculated and reported. 

• All loci have consistent genetic markers – the alleged parent cannot be excluded, 
and the CPI and Probability of Exclusion will be calculated and reported. 

 
Section 4 Significance Estimation   
 
As with ASCDL casework, calculations will be performed and reported for the following 
populations:  Caucasians, African-Americans, Athabaskans, Inupiats, and Yupiks.  
Calculations are performed using the U. S. Department of Justice, FBI Popstats 
Standalone program, version 7.0.  The resultant values may be truncated for reporting, 
but should never be rounded up. 
 
Some assumptions underlying the statistical calculations include: 
 

• Hardy-Weinberg equilibrium 
• In a false trio - the biological father is from the same population 
• In a false trio – the biological father is unrelated to the mother and child 
• In a false trio – the biological father is the same genotype as the tested father 
• PI for a mutation is not allele dependent 
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For all calculations, 0.5 is used as applicable for prior probability. 
 
For all calculations at a locus with possible mutation, Paternity Index = mutation rate for 
that locus / mean power of exclusion for that locus.  Calculations will use mutation rates 
by locus as reported by NIST, and mean powers of exclusion from the published articles 
for the respective databases (references listed at the end of this section). 
 
Paternity Index (PI) is calculated for each locus, according to the formulas listed in the 
tables below.  In those tables, capital letters refer to the allele(s) present in each 
individual tested, and the small letters refer to the frequency of the allele(s). 
 
After PI is calculated (as below) for each locus, the Combined Paternity Index (CPI) is 
calculated by multiplying together all the individual PIs.   
 
Assuming a prior probability of 0.5, probability of paternity (expressed as a percentage) 
is calculated as (CPI/(CPI+1)) x 100.  Probability of paternity is reported to three 
decimal places (XX.xxx %).  These values will be truncated, not rounded, for reporting 
purposes. 
 
Forward one-parent testing: 
 
Known Parent Child Alleged Parent Paternity Index 
BD AB AC 1/2a 
BC AB AC 1/2a 
BC AB AB 1/2a 
BC AB A 1/a 
B AB AC 1/2a 
B AB AB 1/2a 
B AB A 1/a 
AB AB AC 1/[2(a+b)] 
AB AB AB 1/(a+b) 
AB AB A 1/(a+b) 
AB A AC 1/2a 
AB A AB 1/2a 
AB A A 1/a 
A A AC 1/2a 
A A A 1/a 
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Forward zero-parent testing: 
 
Child Alleged Parent  Paternity Index 
AB AC 1/4a 
AB AB (a+b)/4ab 
AB A 1/2a 
A AC 1/2a 
A A 1/a 
 
Reverse parentage testing: 
 
Alleged Parent - 1 Child Alleged Parent -2  Paternity Index 
BD AB AC 1/8ab 
BC AB AC 1/8ab 
BC AB AB 1/8ab 
BC AB A 1/4ab 
B AB AC 1/4ab 
B AB AB 1/4ab 
B AB A 1/2ab 
AB AB AC 1/8ab 
AB AB AB 1/4ab 
AB AB A 1/4ab 
AB A AC 1/4a2 
AB A AB 1/4a2 
AB A A 1/2a2 
A A AC 1/2a2 
A A A 1/a2 
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Section 5 Using Standalone Popstats 7.0 for Parentage Statistics 
 
[NOTE:  On occasion, especially when entering mutation rates or toggling between 
databases, the screen may not automatically refresh to show updated changes.  If you 
do a Print Preview, you can confirm that changes have been applied.] 
 
A. One-parent forward paternity (trio): 

1. Open Popstats and choose Parentage from the menu on the left side of the 
screen. 

2. Choose the Parentage tab at the top of the screen. 
3. Use the Lab ID field to enter the lab number at least, item number space 

permitting.  If the item numbers do not fit in the typed filed they may be hand-
written on the printout. 

4. Under Subtype, select the Trio button (see following image) 
5. Enter STR information from all complete loci (If a locus has partial information, it 

will not be used for statistics – this includes not only the reference with the partial 
information, but the same locus in the other references as well).   
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6. When the correct information has been entered, select the Calculate button 

(upper left). 
7. If any loci have mutations (mismatched), you will be prompted to enter the 

mutation rate and the mean power of exclusion (see following image). 
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8. Enter the locus-specific mutation rate from the NIST website.  A printout of the 
relevant page is included in this manual. 

9. Enter the locus-specific mean probability of exclusion (PE) from the published 
database references listed at the end of this section of the manual.  Please note 
that these values are NOT the default values included in the Popstats software. 

10. Once these values are entered, click OK. 
11. Printing:  Under the File tab, select Print, then select Parentage Trio Calculations, 

then select Print.   
12. Print out statistic reports for the Caucasian and African-American databases 

(from the FBI – STR database file) and the Athabaskan, Inupiat, and Yupik 
databases (from the Alaska database file).  In order to toggle between 
databases, click on the Configuration Summary tab on the left side.  Choose 
Browse to switch between the Alaska and FBI databases (see following image).  
Once the new database has been selected, click the Target Profile tab to return 
to the data entry screen, where you will again choose Calculate.   
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13. As before, if necessary, you will be prompted to enter mutation rate and mean 
power of exclusion.  When finished, choose OK.  Print report as described 
previously. 

 
 

B.  Reverse parentage (trio): 
1. Open Popstats and choose Parentage from the menu on the left side of the 

screen. 
2. Choose the Parentage tab at the top of the screen. 
3. Use the Lab ID field to enter the lab number at least, item number space 

permitting.  If the item numbers do not fit in the typed filed they may be hand-
written on the printout. 

4. Under Subtype, select the Reverse button (see following image) 
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5. Repeat steps 5-12 from Section A.   
6. On reverse parentage trios, Popstats does not allow for the use of a locus 

with a mutation.  In cases with a mutation, omit the locus with the mutation 
from the Popstats calculation.  On the Popstats printout, manually calculate 
the PI for the locus with the mutation.  Use this manual calculation to adjust 
the CPI and Probability of Paternity calculations as well.  Show work clearly. 
 

C.  Zero-parent forward:   
1. Open Popstats and choose Kinship from the menu on the left side of the 

screen. 
2. Choose the Kinship tab at the top of the screen. 
3. Use the Lab ID field to enter the lab number at least, item number space 

permitting.  If the item numbers do not fit in the typed filed they may be hand-
written on the printout. 

4. On the right side of the screen, make sure that only the PO (Parent-Offspring) 
box is checked (see following image). 
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5. Repeat steps 5-10 from Section A. 
6. Printing:  Under the File tab, select Print, then select Popstats Single 

Parentage Statistics, then select Print (see following image). 

 
 

Page 13 of 21 
All printed copies are uncontrolled      Approved by: DNA Technical Manager 

         
 
 



Alaska Scientific Crime Detection Laboratory 
Forensic Parentage Manual 

 
Issued: 1/13/14  Version: FPM 2014 R0 
Effective: 1/13/14  Status: Archived 
 
 

7. Print out statistic reports for the Caucasian and African-American databases 
(from the FBI – STR database file) and the Athabaskan, Inupiat, and Yupik 
databases (from the Alaska database file).  Directions and image for toggling 
between databases are listed in Section A step 12.  
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Section 6 Sample Report Language 
 

Sample report language for one parent forward paternity 
 
Inclusion: 
 
Based on the DNA profiles obtained from the samples listed above (XX core loci), 
ALLEGED FATHER cannot be excluded as the possible biological father of CHILD’S 
NAME, assuming MOTHER’S NAME is the biological mother of CHILD’S NAME.  
 
[If applicable:  A single genetic inconsistency is observed for the obligate allele at 
locus___.  This is indicative of a mutation or recombination event in which the allele 
inherited from the alleged father by the child has been altered.] 
 
Population   Combined Paternity Index  Probability of Paternity 
Caucasian 
African-American 
Athabaskan 
Inupiat 
Yupik 
 
Combined paternity index indicates how many times more likely the observed genetic 
evidence is if the alleged father is the true biological father of the tested child rather than 
an unrelated individual from each of the above populations.   
 
Probability of paternity assumes a prior probability of 0.5 and is compared with an 
untested, unrelated individual from each of the above populations. 
 
Exclusion: 
 
Based on the DNA profiles obtained for the samples listed above (XX core loci), 
ALLEGED FATHER is excluded as a possible biological father of CHILD’S NAME, 
assuming MOTHER’S NAME is the biological mother of CHILD’S NAME.  
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Inconclusive: 
 
Based on the DNA profiles obtained for the samples listed above (XX core loci), no 
conclusions are reported as to whether ALLEGED FATHER could be a possible 
biological father of CHILD’S NAME, assuming MOTHER’S NAME is the biological 
mother of CHILD’S NAME. It is recommended that further testing be performed to gain 
additional information from more genetic loci. 
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Sample report language for zero parent forward paternity 
 
Inclusion: 
 
Based on the DNA profiles obtained for the samples listed above (XX core loci), 
ALLEGED FATHER cannot be excluded as the possible biological father of CHILD’S 
NAME. 
 
[If applicable:  A single genetic inconsistency is observed for the obligate allele at 
locus___.  This is indicative of a mutation or recombination event in which the allele 
inherited from the alleged father by the child has been altered.] 
 
Population   Combined Paternity Index  Probability of Paternity 
Caucasian 
African-American 
Athabaskan 
Inupiat 
Yupik 
 
Combined paternity index indicates how many times more likely the observed genetic 
evidence is if FATHER’S NAME is the true biological father of CHILD’S NAME rather 
than an unrelated individual from each of the above populations.   
 
Probability of paternity assumes a prior probability of 0.5 and is compared with an 
untested, unrelated individual from each of the above populations. 
 
Exclusion: 
 
Based on the DNA profiles obtained for the samples listed above (XX core loci), 
ALLEGED FATHER is excluded as a possible biological father of CHILD’S NAME.  
 
Inconclusive: 
 
Based on the DNA profiles obtained for the samples listed above (XX core loci), no 
conclusions are reported as to whether ALLEGED FATHER could be a possible 
biological father of CHILD’S NAME.  It is recommended that further testing be 
performed to gain additional information from more genetic loci. 
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Sample report language for reverse parentage  
 
Inclusion: 
 
Based on the DNA profiles obtained for the samples listed above (XX core loci), 
ALLEGED CHILD cannot be excluded as the possible biological child of FATHER and 
MOTHER. 
 
[If applicable:  A single genetic inconsistency is observed for the obligate allele at 
locus___.  This is indicative of a mutation or recombination event in which the allele 
inherited from the parent by the alleged child has been altered.] 
 
Population   Combined Parentage Index Probability of Exclusion 
Caucasian 
African-American 
Athabaskan 
Inupiat 
Yupik 
 
Combined parentage index indicates how many times more likely the observed genetic 
evidence is if ALLEGED CHILD is the true biological child of FATHER and MOTHER 
rather than unrelated individuals from each of the above populations.   
 
Exclusion: 
 
Based on the DNA profiles obtained for the samples listed above (XX core loci), 
ALLEGED CHILD is excluded as a possible biological child of FATHER and MOTHER.  
 
Inconclusive: 
 
Based on the DNA profiles obtained for the samples listed above (XX core loci), no 
conclusions are reported as to whether ALLEGED CHILD could be a possible biological 
child of FATHER and MOTHER. It is recommended that further testing be performed to 
gain additional information from more genetic loci. 
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Appendix A: NIST Mutation Rates at STR Loci 
 

  

Data from the NIST webpage http://www.cstl.nist.gov/div831/strbase/mutation.htm 
(current as of 1/9/14) 
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Appendix B: Revision History 
 

FPM 
2014 R0 

Page 

FPM  
2013 R0 

 Page 
Location Revision made 

1 1 Document 
Structure Updated page numbering and contents as required.  

18 18 Section 6 
Replaced “paternity” with “parentage” in the phrase 
“combined parentage index” in the reverse 
parentage sample report (2 instances). 

18 18 Section 6 
Replaced “Probability of Paternity” with “Probability 
of Exclusion” in the table of the reverse parentage 
sample report. 

18 18 Section 6 
Removed the paragraph beginning with “Probability 
of paternity assumes…..” from the reverse 
parentage sample report. 

20 n/a Appendix A Added NIST table which was inadvertently omitted 
from previous version. 

21 n/a Appendix B Added Revision History as Appendix B. 
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