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Exercise 1. In the pedigree below some members have been typed with a single DNA marker.

a) What kind of marker is this: SNP or STR? Autosomal or X-chromosomal? How do you know?

b) How many alleles are observed in the family.

c) What are the genotypes of individuals 4 and 5?

d) Can you determine the genotype of individual 3?

e) What are the possible genotypes for individual 9, and how likely is each of them?

f) What is the likelihood ratio for an individual with genotype 113/114 to be individual 9, versus
being an individual unrelated to the pedigree?

g) What is the likelihood ratio for an individual with genotype 113/114 to be individual 9, versus
being individual 4?

Exercise 2. In the pedigree below some members have been typed with a X-chromosomal SNP marker.

a) What is the genotype of individual 3?

b) What is the genotype of individual 4?

c) What is the genotype of individual 7? Which allele did she inherit from her mother?

d) Can you determine the genotype of individual 8? What about individual 10?

e) What is the relationship between 9 and 11? Between 5 and 11? 8 and 10?

Exercise 3.



Figure 1: A standard paternity case with genotypes for two markers, see Exercise 3.

The purpose of this exercise is to illustrate the basic concepts based on a simple paternity case. Figure 1
shows a mother (undisputed), an alleged father (AF) and a child. We consider

H1: The alleged father (AF) is the biological father.

H2: The alleged father and the child are unrelated.

The mother is undisputed.

a) Consider �rst only one autosomal locus, called S1, with alleles A, B and C, as displayed in
Figure 1. The allele frequencies are pA = pB = 0.05 and pC = 0.9. Explain why the likelihood
ratio is LR = 1/pA. How do you interpret the LR?

b) There is a second autosomal locus, called S2, with alleles a, b, c and d with allele frequencies 0.1,
0.1, 0.1 and 0.7, respectively. Calculate the likelihood ratio for this marker and also for the two
�rst markers combined .

c) Assume the prior probabilities are P (H1) = P (H2) = 0.5. Calculate the posterior probability for
H1 and H2. Interpret the answers.

d) Discuss the assumptions underlying the calculations of this exercise.

Exercise 4. In this exercise we address IBD (�Identical By Descent") and IBS (�Identical By State").

a) Explain what is meant by IBD and IBS.

b) Give examples of IBD and IBS.

c) What are the probabilities that full sibs share 0, 1 and 2 alleles IBD?

d) What are the probabilities that half sibs share 0, 1 and 2 alleles IBD?

e) Make pedigree plots to illustrate the full and half sib cases above.

f) Give an example of two pedigrees with the same IBD coe�cients not covered in the presentations.

g) Recall that for a kinship index with IBD coe�cients κ we have KI = κ0 + κ1PI + κ2ID, where
PI is the parent-child index and ID is the LR for genetical identity (versus unrelated). Identify
the genotypes such that SI > PI regardless of allele frequencies.



Exercise 5. Discuss with your neighbour the following issues

a) Whether or not to use a mutation model by default for all calculations, or only when there are
inconsistencies. Which model would you use and why?

b) Which frequency would you use for an allele that is not in the reference database? Would you
change the frequencies of other alleles too?

Exercise 6. Consider the hypotheses

H1: A and B are �rst cousins.

H2: A and B are unrelated.

a) What is the LR if A and B share no alleles?

b) What is the smallest possible LR with 16 independent markers? Consider an autosomal locus
with alleles a, b, c and d with allele frequencies 0.1, 0.1, 0.1 and 0.7, respectively. What is the LR
if both individiduals are homozygous for allele d?

Exercise 7. On two loci that are in linkage equilibrium, a person has genotype (a1, a2) and (b1, b2).
Therefore, the chromosomes could have as alleles a1, b1 and a2, b2 or a1, b2 and a2, b1. Show that these
two combinations are equally probable.

?
Exercise 8 (A �ctitious paternity case). A child was conceived as a result of a rape. The DNA-pro�les
of the defendant, mother, and child are available, see Table 1.The Likelihood Ratio LR1,2 of this genetic
evidence for the hypotheses

H1 : The defendant is the father of the child,

H2 : The defendant is unrelated to the father of the child,

is very high, thus providing strong evidence for paternity of the defendant.

Locus Mother Child Defendant LR1,2

1 CSF1PO 10/14 10/15 14/15 4.56
2 D2S1338 17/17 17/24 17/24 4.26
3 D3S1358 14/16 14/17 17/18 2.36
4 D5S818 11/13 12/13 11/12 2.83
5 D7S820 11/12 11/12 11/12 2.92
6 D8S1179 10/14 10/15 14/15 4.56
7 D13S317 8/13 12/13 12/12 3.24
8 D16S539 9/10 9/9 9/12 4.81
9 D18S51 13/14 14/18 13/18 5.45
10 D19S433 14/14 14/14 14/14 2.93
11 D21S11 29/29 29/30 30/33.2 2.15
12 FGA 22/24 24/24 22/24 3.63
13 TH01 9.3/9.3 9.3/9.3 7/9.3 1.64
14 TPOX 8/8 8/8 8/8 1.84
15 vWA 15/18 15/16 16/16 4.96

16 All 50218439.00

Table 1: Data for Exercise 8.

Now suppose that the defendant claims that he is innocent, but that he believes his brother is the
actual father of the child. We formulate a third hypothesis

H3 : The defendant's brother is the father of the child,

see Figure 2.
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My brother did it! CSF1PO, D7S820, D19S433

Figure 2: Hypothesis 2 in Exercise 8 with genotypes for CSF1PO, D7S820, D19S433.

a) Give the algebraic formula for the Likelihood Ratio LR1,2 for loci CSF1PO, D7S820, and D19S433.

b) Give the algebraic formula for the Likelihood Ratio LR3,2 for the same loci.

c) Can you compute LR3,2 numerically with the information above, or do you need a table of allele
frequencies? Can you explain why?

d) What is the Likelihood Ratio for H1 versus H3 based on these three loci?

e) In the algebraic formula for LR1,3 for locus CSF1PO, calculate its limits for p15 → 1 and p15 → 0,
and explain the outcome.

f) Do the same for LR1,3 on locus D19S433 when p14 → 1 and p14 → 0.

g) Discuss in the same way locus D7S820.

h) It can be shown that LR3,2 = 500. Can you calculate the probability that each hypothesis is true?

Exercise 9. Consider four individuals labelled 1, 2, 3, 4, with genotypes g1, g2, g3, g4 obtained on 15
autosomal loci. A sibling test yields SI(g1, g2) = 100 and also SI(g3, g4) = 100.

a) Can you obtain the probability that each pair is a sib pair? What else, if anything, do you need
to know in order to get these probabilities?

b) On a certain locus g1 and g2 share one allele and on that locus SI(g1, g2) = 1.25. What is
HSI(g1, g2)?



c) Genotypes g1 and g2 have 10 alleles in common and genotypes g3 and g4 have 20 alleles in common.
Does that change your opinion on how likely it is that each pair is a sib pair? If so, how and why?
If not, why not?

d) On a SNP locus both individuals 1 and 2 are heterozygous. We have HSI(g1, g2) = 1.4 on that
locus. What is SI(g1, g2) and what are the allele frequencies of the SNP?

Exercise 10. A paternity test yields PI = 1000. The court, uncertain what to decide, wants to know if
an additional DNA-test will yield stronger evidence in favour of paternity. Three experts are consulted
and give the below answers. Comment on their arguments.

a) Expert 1 says that since PI = 1000, paternity is 99,9% certain and that hence, with at least 99,9%
probability, this will be the case.

b) Expert 2 has computed (and you may assume the calculation has been done correctly) that only
1 in 10,000 random unrelated individuals will have such a high PI by chance. Therefore, the
probability of non-paternity is 99,99% and further testing is advised against.

c) Expert 3 says that it is impossible for him to compute this probability but that the court itself is
in the position to compute it.

Exercise 11. Go to the ROC curves of SI and PI.

a) Verify that in agreement with theory, P (LR > t | Hd) < 1/t on the graphs.

b) Why do the points for the smallest PI-thresholds coincide with each other and those for SI do
not?

c) Explain why, for a low LR-threshold x the TPR is higher for PI than for SI, but for higher
thresholds it is the other way around.

d) Suppose you want to obtain at most 1/100,000 false hits, what PI and SI-threshold should you
use?

e) For which LR-threshold is the TPR higher for PI and for which is it higher for SI?

Exercise 12. Consider a SNP marker with alleles A and a, applied to a paternity test. Hypotheses are
de�ned as

Hp: The considered individuals are parent and child

Hd: The considered indivdiduals are unrelated

a) What are the possible values for PI for individuals related as parent and child and with which
probability do they occur?

b) What are the possible values for PI for individuals that are unrelated and with which probability
do they occur?

c) Verify that P (LR = x | Hp) = xP (LR = x | Hd) for all x ≥ 0.

d) Verify that in expectation E[LR | Hd] = 1.

e) Verify that in expectation E[LR | Hp] = 5/4.

Exercise 13. Consider the slide with the ROC curves for the sibling index SI on the NGM and the
SGMPlus kits. We have a database with equally many pro�les of either type, and we want to set up
a search strategy with SI-thresholds such that we retrieve siblings from the database with probability
0.6, i.e., we want to have a TPR of 0.6 on the database as a whole.

a) Suppose we do this in each part of the database separately. Verify that we need to take threshold
approximately equal to 104 and 102.5.

b) What is the false positive rate in each part, and in the database as a whole?

c) Verify that taking SI-threshold 103 leads to a TPR of about 0.75 on the NGM loci and 0.5 on the
SGMPlus loci. Thus, applying this threshold on the database as a whole leads to a slightly better
TPR on the whole database.

d) Verify that the FPR for this strategy is smaller.


