
© jdcgumpal© jdcgumpal

Dr. James Dennis C. Gumpal, M.D., J.D. 
© 20250926

Practice Essentials

Understanding DNA 
Profiles to Prove 
Parentage:
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DNA Profile Basics

• Genes 

• Introns 

• STRs 

• Alleles 

• Allelle frequencies 

• Paternity & Maternity 
Indices 

• Probability of Paternity 
or Maternity
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Introns - location of most STRs

springeropen.com/bia.edu/
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Short Tandem Repeats (STRs)

STRs = Short sequences of DNA (2–6 base pairs) 
repeated in tandem found in introns, which are highly 
variable among persons. 

  
2 bp repeat = dinucleotide STR (e.g., ATATATATATATATATAT….) 
3 bp repeat = trinucleotide STR (e.g.,CATCATCATCATCATCAT…) 
4 bp repeat = tetranucleotide STR (e.g., GATAGATAGATAGATA…)         
                                           most common in forensic DNA profiling
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20 Loci CODIS + AMEL X and AMEL Y

https://www.mun.ca/biology/scarr/CODIS
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CODIS STR Repeat Motifs, and  
Chromosome locations
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DNA 
Paternity  

Test
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DNA Profile - Paternity
STR loci = specific places in the genome (complete set of DNA)  where STRs (short tandem repeats) are 

found. 

Alleles: numeric repeat counts at STR loci; the 2 numbers represent the STR inherited from a person’s 
biological parents 

Obligate paternal allele: the allele in a child’s DNA profile that is not inherited from the mother and 
therefore must have come from the biological father. 

Allele frequencies: the proportion of a specific allele in a given population  showing how common that 
allele is compared to all others at the same genetic locus.

Locus Child’s 
Alleles

Mother’s 
Alleles

Obligate 
paternal 

allele

Putative 
Father #1

Putative 
Father #2 Allele Frequencies

D3S1358 15, 18 15, 17 18 18, 19 12, 14 15 = 0.20; 17 = 0.25; 18 = 0.10;  
19 = 0.08;  12 = 0.12; 14 = 0.15

vWA 16, 18 16 16 18 17, 18 14, 15 16 = 0.18; 17 = 0.22; 18 = 0.12;  
14 = 0.14; 15 = 0.09

FGA 22, 25 21, 22 25 24, 25 19, 20 21 = 0.11; 22 = 0.16; 24 = 0.10;  
25 = 0.07; 19 = 0.14; 20 = 0.13

D7S820 8, 10 8, 9 10 10, 11 12, 13 8 = 0.19; 9 = 0.15; 10 = 0.12;  
11 = 0.08; 12 = 0.13; 13 = 0.10

D8S1179 12, 14 12, 13 14 14, 15 9, 10 12 = 0.20; 13 = 0.14; 14 = 0.11;  
15 = 0.09; 9 = 0.13; 10 = 0.10



© jdcgumpal
© jdcgumpal

Paternity Index (PI)

The Paternity Index, or PI, is a measure of how strongly the DNA evidence supports 
that a tested man is the biological father. 

● It is computed using the formula PI = 1/p, where p represents the allele frequency of 
the obligate paternal allele — the allele in the child that came from the biological 
father and is not shared with the mother. (See column: PI of PF#1 = 1/p ) 

●The PI for PF#2 in the table below cannot be mathematically computed because he 
is already genetically excluded as a father.

Locus Child Mother
Oblig. 

Paternal 
Allele

Putative 
Father #1 

(PF#1)

Putative 
Father #2 

(PF#2)

Frequency 
(p) 

PF#1

Frequency 
(p) 

PF#2

PI= 1/p 
(PF#1)   

“no match 
no PI” 

(PF#2  )

D3S1358 15, 18 15, 17 18 18, 19 12, 14 0.10 0 1/0.10=10 0 (excluded)

vWA 16, 18 16 16 18 17, 18 14, 15 0.12 0 1/0.12=8.33 0 (excluded)

FGA 22, 25 21, 22 25 24, 25 19, 20 0.07 0 1/0.07=14.29 0 (excluded)

D7S820 8, 10 8, 9 10 10, 11 12, 13 0.12 0 1/0.12-8.33 0 (excluded)

D8S1179 12, 14 12, 13 14 14, 15 9, 10 0.11 0 1/0.11-9.09 0 (excluded)
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Combined Paternity Index

Combined Paternity Index (CPI) - multiply all PIs 
PF#1: 10.00 × 8.33 × 14.29 × 8.33 × 9.09 ≈ 90,187.59 
PF#2: product includes zeros → 0 (excluded) 

This means the putative father #1 is 90,187.59 times 
more likely to be the biological father of the child 
compared to any random person. 
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Probability of Paternity

Probability of Paternity (POP) (prior = 0.5): 
PF#1: POP = CPI/(CPI+1) 

  = 90,187.59/90,187.59+1 
  = 0.9999823703  
  = 99.9989% 

PF#2: 0% (excluded) 

This means that the putative father #1 is 99.9989% is 
most likely the biological father of the child, which under 
the Rule on DNA Evidence, creates a disputable 
presumption of paternity.
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Maternity Index

STR Locus Child’s 
alleles

Putative 
Mother 

#1

Obligate 
maternal 

allele

Putative 
Mother 

#2

Allele frequencies 
used (p) p(obligate) MI (PM#2 

= 1/p) MI (PM#1)

D3S1358 15,18 12,14 18 16,18 12:0.12; 14:0.15; 
15:0.20; 18:0.10 0.10 10.000 0 

(excluded)

vWA 16,18 14,15 16 16,16 14:0.14; 15:0.09; 
16:0.18; 18:0.12 0.18 5.556 0 

(excluded)

FGA 22,25 19,20 25 24,25
19:0.14; 20:0.13; 
24:0.10; 22:0.16; 
25:0.07

0.07 14.286 0 
(excluded)

D7S820 8,10 12,13 8 8,9 8:0.19; 9:0.15; 10:0.12; 
12:0.13; 13:0.10 0.19 5.263 0 

(excluded)

D8S1179 12,14 9,10 12 12,13
9:0.13; 10:0.10; 
12:0.20; 14:0.11; 
13:0.14

0.20 5.000 0 
(excluded)

Maternity Index (MI) —measures how likely a woman is to be the biological mother of a 
child compared to an unrelated woman. 

Obligate maternal allele: the allele in a child’s DNA profile that is not inherited from the 
father and therefore must have come from the biological mother. 

• A higher MI value means stronger genetic evidence that she is the true mother. 

• It is conceptually similar to the Paternity Index (PI) but instead evaluates maternity.
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Combined Maternity Index (CMI)

Combined Maternity Index (CMI) - multiply all MIs  
PM#1 CMI = product of zeros = 0 (excluded) 
PM#2 CMI = 10.000 × 5.556 × 14.286 × 5.263 × 5.000  
                    ≈ 20,887 

This means that the putative mother #2 is 20,887 more 
likely to be the biological mother of the child.
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Probability of Maternity (PoM)

Probability of Maternity (PoM) 
(assuming the standard neutral prior = 0.5)  
PoM = CMI / (CMI + 1)) 
PM#2 PoM = 20,887 / (20,887 + 1) ≈ 0.999952 → 99.995% 
PM#1 PoM = 0 / (0 + 1) = 0 → 0% (genetic exclusion)

PoM Value Interpretation Meaning in Words

> 99.9% Practically proven 
maternity

The DNA evidence overwhelmingly supports that the tested woman is the 
biological mother.

90–99% Strong support for 
maternity Highly likely that she is the biological mother.

50–89% Moderate support Some genetic similarity, but not conclusive — more testing or additional relatives 
needed.

≈ 50% (0.5) Inconclusive DNA evidence does not favor either side (equal likelihood).

< 50% Evidence against 
maternity DNA is more consistent with the tested woman being unrelate

This means that the DNA evidence overwhelmingly supports that 
the tested woman is the biological mother of the child.
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