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low let's imagine that population, not as a combination of subjects, but of gamete

If gametes combines randomly (as commonly in human populations...) then:

Frequency of homozygotes PP = 5® X @ =70% x 70% = 49% (P?)

Frequency of homozygotes QQ = 5@ X @ = 30% x 30% = 9% (Q2?)

Frequency of heterozygotes PQ = 5@ X @ +5@ X @

= 70% x 30% + 30% x 70% = 42% (2PQ)



The law relating adllele and genotype frequencies is called Hardy-Weinberg
(HW) law.

HW law makes several assumpftions:

« random mating in the population

* no selection

« population sufficiently large that there is no random fluctuation of
frequencies between generations

« No change in population structure across generations because of
migration

However, STR allele and genotype frequencies observed in most natural
human populations respect HW law, i.e. they are in «kHW equilibrium» (HWE).

Deviations from HWE can be observed because of:

« inbreeding (excess of homozygous genotypes)

- dalleles that are deleterious in the homozygous form but give a selective
advantage in heterozygous form (excess of heterozygous genotypes)

« primer binding site mutation recurring with high frequency within @
population (apparent excess of homozygous genotypes)
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On average RMPs for variable numbers of tested SIR loci are:

v 6STR: 1 X 10 (one out of 100,000)

v 9STR: 1 X107 (one out of 10,000,000,000)
v ESS (12 STRs): 10°'¢ (one out of 1,000,000,000,000,000)

v CODIS (13 STRs): 10-¢ (one out of 1,000,000,000,000,000)
v 15STR: 1 X 107 (one out of 10,000,000,000,000,000)

v Expanded CODIS (20 STRs): 1 X 104 (one out of 1,000, 000,000,000,000,000,000,000)



v an alternative way to express the weight of the evidence in case of a DNA
profile match is the likelihood ratio (LR) approach

v the LR is a fraction which compares the probability of the observing the
genotypes given two opposite hypothesis

Probability fo observe a DNA profile (matching that of the suspect),
given that the stain comes from the suspect

LR
Probability to observe a DNA profile (matching that of the suspect),

given that the stain does not come from the suspect

1 1

=hisy = 1018
Frequency of the DNA profile 1 X 10-18
In the relevant population (RMP)

LR

The LR approach becomes extremely useful, and is therefore preferred, when
facing challanging samples, as degraded or mixed DNA profiles To BE CONTINUED.-



What is the relevant population for genotype frequency calculations?

* The relevant population is that of the offender, not that of the suspect

« However when a match is found between stain and suspect calculations
are routinely made using allefe frequencies from the suspect’'s population
(assuming that DNA profiles matching that of the suspect wil have
maximum possible frequency in the population he comes from) ¢

 An alternatfive approach is to replicate RMP/LR calculations using allele
frequencies from different broad bio-geographic groups

But what if we do not know allele frequencies in the relevant populationg or
we suspect the presence of stratification/substructuring (subgroups carryinng
significant - genetic differences). in the “brodd i bio-geographictreierenae
sample?

Population genetic studies support the conclusion that, for forensic SIRs,
differences in dallele frequencies between subgroups within broad bio-
geographic areas (continents or subcontinents) are negligible, at least in
cosmopolitan (not isolated) populations.

A correction (called fixation index «Fsp, or «O») that takes account of
population structure (allele sharing by common descent) can be applied to
RMP/LR calculations.






Homozygote

D18S51 17,17
p=0.139
6= 0.01

Heterozygote

CSF1PO 11,12
p = 0.309

q = 0.360

¢ =0.01

Formula

Calculation

Result

Formula

Calculation

Under HWE

p*

(0.139)

2(0.309)(0.360)

Unconditional
(NRC II
recommendation 4.1)

p>+p - p)o

(0.139)% + (0.139) x
(1-0.139) x (0.01)
=0.0193 + 0.00120

= 0.0205

2pq

2(0.309)(0.360)

Conditional with substructure adjustment
(NRC II recommendation 4.10a)
(NRC II recommendation 4.10b)

[p(1-6)+ 20]"[—1)‘(1 -0) +30]

Pr(FRIPF) = (1+6)(1+20)

[0.139(1 - 0.01) + 2(0.01)][0.139(1 - 0.01) + 3(0.01)]
= (1+0.01)(1 +2(0.01))

= 0.0256

2[p(1-6) + 6] [q(1 - 0) + 6]

Pr(PQIPQ) = (1+6)(1+26)

2[0.309(1 - 0.01) + 0.01][0.360(1 - 0.01) + 0.01]
(1+0.01)(1 +2(0.01))




Fsy (6) values for each locus (per kit)










Table 21.6
Example calculations with corrections for relataves using the NRC II recommended formula.

From U.S. Caucasian (N = 302); Appendix Il - sample In database
Under HWE NRCii Recommendation 4.4

Al A2 Allele 1 Allele 2 Calc freq F=1/4 F=1/8 F=1/16
freq (p) freq (q) (parent) (half sib) (1st cousin)

D135317 0.33940 0.04801 0.0326 eq. 4.8b 0.1937 01131 0.0729
THO1 0.23179 — 0.0537 eq. 4.8a 0.2318 0.1428 0.0982
D165539 0.11258 0.32119 0.0723 eq. 4.8b 0.2169 0.1446 0.1085
D18551 0.13742 0.13907 0.0382 eq. 4.8b 0.1382 0.0a82 0.0632
D21511 0.15824 0.27815 0.0884 eq. 4.8b 0.2185 0.1535 0.1209
D351358 0.25331 0.21523 0.1090 eq. 4.8b 0.2343 01717 0.1403
D55818 0.38411 0.14073 0.1081 eq. 4.8b 0.2624 0.1853 0.1467
D75820 0.17715 — 0.0314 eq. 4.8a 0.1772 0.1043 0.0678
D8s1179 0.18543 0.16556 0.0614 eq. 4.8b 0.1755 0.1184 0.0899
CSF1PO 0.21689 —_ 0.0470 eq. 4.8a 0.2169 0.1320 0.0895
FGA 0.18543 0.21854 0.0810 eq. 4.8b 0.2020 0.1415 0.1113
TPOX 0.53477 —_ 0.2860 eq. 4.8a 0.5348 0.4104 0.3482
VWA 0.28146 0.20033 0.1128 eq. 4.8b 0.2409 0.1768 0.1448
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