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Single base substitutions / indels: Sequence 

polymorphisms (SNP)

   --------AGACTAGACATT--------

   --------AGA_TAGGCATT--------

Tandemly repeated sequence motifs: Fragment length 

polymprphism, satellite DNA (VNTRs, mini- and 

microsatellites, STRs)

   -----(AATG)(AATG)(AATG)-----

   -----(AATG)(AATG)---------------

Polymorphisms in DNA sequences



Microsatellite evolution

(Replikációs megcsúszás)



Minisatellite (D1S80)

GAGGACCACCAGGAAG

Repeat region

Flanking regions

16 bp repeat unit

Microsatellite (TH01)

TCAT

Repeat region

Flanking regions

4 bp repeat unit

Forensic DNA Typing, 2nd Edition, J. Butler, 2005

VNTRs, RFLP

STRs, PCR



Genotyping microsatellites by PCR



Separate PCR products from 

various samples amplified with 

primers targeted to a particular 
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Polyacrylamide Gel

J.M. Butler (2005) Forensic DNA Typing, 2nd Edition © 2005 Elsevier Academic Press

Microsatellite locus genotyping: multiplex-PCR



(a) Simultaneous amplification of three locations on a DNA template

(b) Resolution of PCR products with size-based separation method 

Locus A Locus B Locus C

Dye- labeled 

PCR primers

Dye-labeled 

PCR products

A
C

B

smallest → largest
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High stability base analogs

Extra (degenerate) primer 
to match primer binding site mutation

D

R

Energy-transfer 

dye cassette for 

brighter dyes

5’ 3’

5’ 3’

Non-nucleotide linkers

(mobility modifiers)



Laser induced fluorescent detection of 
microsatellite allelels
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CSF1POD7S820
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(8 alleles)
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(14 alleles)
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(9 alleles)
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(14 alleles)

Blue panel

Green panel

Yellow panel
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J.M. Butler (2005) Forensic DNA Typing, 2nd Edition © 2005 Elsevier Academic Press



D3S1358 vWA FGA

3: A person 16/17 14/16 22/23

4: Evidence 15/18 14/17 23/25

5: B person 15/18 14/17 23/25

Multiplex STR analyses on 
three microsatellite loci

1: allelic ladder

2, 3, 5: DNA profile of three 
different persons (suspects)

4: evidence DNA profile 
(cigarette butt)

Different origin = Exclusion

Identical? = Contribution?
Random match probability?



child
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(known parent)

Alleged 
father

?
Rules of Inheritance

1) Child has two alleles for each 

autosomal marker (one from mother 

and one from biological father)

2) Child will have mother’s mitochondrial 

DNA haplotype (barring mutation)

3) Child, if a son, will have father’s Y-

chromosome haplotype (barring 

mutation)

Random 
man

Missing 
child

Alleged 
mother

Alleged 
father

?

Parentage (Paternity) Testing

Reverse Parentage Testing (Missing 
Persons Investigation)

(a)

(b)



Obligate paternal allele
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R,SP,Q

Q,R

mother father

child

(b) Example pedigree

(a) Mendelian Inheritance



Father

Mother

Child #1

Child #2

Obligate 
paternal allele Maternal allele

Maternal allele
Obligate 

paternal allele

(c) Example data



How Statistical Calculations are Made

• Generate data with set(s) of samples from desired 

population group(s) 

– Generally only 100-150 samples are needed to obtain 

reliable allele frequency estimates

• Determine allele frequencies at each locus

– Count number of each allele seen

• Allele frequency information is used to estimate the 

rarity of a particular DNA profile

– Homozygotes (p2), Heterozygotes (2pq)

– Product rule used (multiply locus frequency estimates)      

PM = (P1)(P2)…(Pn)
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Hartl and Clark (2007)



Decide on number of samples 

and ethnic/racial grouping

Gather samples

Analyze samples at 

desired genetic loci

Summarize DNA types

Ethnic/ Racial 

Group 1

Ethnic/ Racial 

Group 2

Determine allele frequencies 

for each locus

Perform statistical tests 

on population data

Hardy-Weinberg equilibrium for allele independence

Linkage equilibrium for locus independence

Usually >100 per group

Use Pop. Database(s) to Estimate 

an Observed DNA Profile Frequency

Often anonymous samples 

from a blood bank

Examine genetic distance between populations



Microsatellite allele frequency diagrams
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Allele- and genotype frequencies

Genotype 11,12 was observed

54 times in 302 persons

(604 analysed chromosomes)

Table 20.2, J.M. Butler (2005) Forensic DNA Typing, 2nd Edition © 2005 Elsevier Academic Press nyomán

D13S317





Likelihood ratio calculation /Bayes theorem/

Hypothesis testing

in case of matching DNA profiles:

The LR equals the probability of the evidence given the hypothesis of 

the prosecution (H1 or Hp) divided by the probability of the evidence 

given the hypothesis of the defense (H2 or Hd). 

Example:

Homozygous 
DNA profile

Heterozygous 
DNA profile



Mutation Observed in Family Trio

14,18

15,18

15,17 14,18

13,17

15,17

Normal Transmission of Alleles 

(No Mutation)

Paternal Mutation

father mother

son

(a) (b)



STR System Maternal Meioses 

(%)

Paternal Meioses 

(%)

Number from 

either

Total Number of 

Mutations

Mutation 

Rate

CSF1PO 95/304,307 (0.03) 982/643,118 (0.15) 410 1,487/947,425 0.16%

FGA 205/408,230 (0.05) 2,210/692,776 (0.32) 710 3,125/1,101,006 0.28%

TH01 31/327,172 (0.009) 41/452,382 (0.009) 28 100/779,554 0.01%

TPOX 18/400,061 (0.004) 54/457,420 (0.012) 28 100/857,481 0.01%

VWA 184/564,398 (0.03) 1,482/873,547 (0.17) 814 2,480/1,437,945 0.17%

D3S1358 60/405,452 (0.015) 713/558,836 (0.13) 379 1,152/964,288 0.12%

D5S818 111/451,736 (0.025) 763/655,603 (0.12) 385 1,259/1,107,339 0.11%

D7S820 59/440,562 (0.013) 745/644,743 (0.12) 285 1,089/1,085,305 0.10%

D8S1179 96/409,869 (0.02) 779/489,968 (0.16) 364 1,239/899,837 0.14%

D13S317 192/482,136 (0.04) 881/621,146 (0.14) 485 1,558/1,103,282 0.14%

D16S539 129/467,774 (0.03) 540/494,465 (0.11) 372 1,041/962,239 0.11%

D18S51 186/296,244 (0.06) 1,094/494,098 (0.22) 466 1,746/790,342 0.22%

D21S11 464/435,388 (0.11) 772/526,708 (0.15) 580 1,816/962,096 0.19%

Penta D 12/18,701 (0.06) 21/22,501 (0.09) 24 57/41,202 0.14%

Penta E 29/44,311 (0.065) 75/55,719 (0.135) 59 163/100,030 0.16%

D2S1338 15/72,830 (0.021) 157/152,310 (0.10) 90 262/225,140 0.12%

D19S433 38/70,001 (0.05) 78/103,489 (0.075) 71 187/173,490 0.11%

SE33 

(ACTBP2)

0/330 (<0.30) 330/51,610 (0.64) None 

reported

330/51,940 0.64%

STR loci mutation rate: 10-3 - 10-4 / meiosis
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*

*
A)

B)

C)

Example: 

TH01 9.3 allele

(-A in 7th repeat)

Example: 

D18S51 13.2 allele

(+AG in 3’-flanking region)

Example: 

Rare VWA allele amplified with 

AmpFlSTR primers 

(A-to-T in 2nd base from 3’end of 

forward primer)

Repeat region
Reverse primer 

binding region

3’flanking 

region

5’flanking 

regionForward primer 

binding region

STR

Figure 6.8, J.M. Butler (2005) Forensic DNA Typing, 2nd Edition © 2005 Elsevier Academic Press

Microsatellite point mutations



Variant microsatellite alleles: Null-alleles

Homozygous phenotype



Genetic Structure – Analysing of MOlaculare VAriance 
(AMOVA)a,

P
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Jelölések: (FST, ST) > 0,02;  P<0,1 0,02 > (FST, ST) > 0,01; 0,01 < P < 0,05 (FST, ST) < 0,01; P > 0,05
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Jelölések: (FST, ST) > 0,02;  P<0,1 0,02 > (FST, ST) > 0,01; 0,01 < P < 0,05 (FST, ST) < 0,01; P > 0,05

BuAsBuCa BaRo DeRo

BuAsBuCa BaRo DeRo

a,

P
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BuCa
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b,

P
ΦST 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

BuCa
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Csango

Jelölések: (FST, ST) > 0,02;  P <0,1 0,02 > (FST, ST) > 0,01;  0,01 < P < 0,05 (FST, ST) < 0,01;  P > 0,05

BuCa Szekely Csango

BuCa Szekely Csango



• 85 breeds (n=414)

• 95 microsatellites (dinucleotide repeat)

• 99% correct prediction!

1. Ancient        2. Sheperd              3. Hunting                    4. Job

STRUCTURE statistics
Breed identification?

https://web.stanford.edu/group/pritchardlab



Human melanogenesis

Bouakaze et al., Int J Legal Med (2009) 123:315

α-Melanocyte Stimulating Hormon

MIcrophthalmia Transcription Factor

TYRosinase

MIcrophthalmia Transcription Factor

Keratinocyte

DopaChrome Tautomerase

cross-membrane transport:

TYRosinase

Eumelanin Phaeomelanin

Melanocortin 1 Receptor



Pulker et al., FSI Genet (2007) 1:100

Genes responsible for skin pigmentation



MC1R gene mutations

• MC1R alleles possess different activity levels

- 317 AA and 7 transmembran domen

- SNPs: RHC phenotype - neanderthal pigmentation

- Phenotype prediction? Genetic tests?

Tully, FSI Genetics (2007) 1:105



Butler, J.M. (2011) Advanced Topics in Forensic DNA Typing, p. 354



Bouakaze et al., Int J Legal Med (2009) 123:315

Europe

Asia

Africa

SNP genotyping of 10 pigmentation genes (SNaPshot)



Bouakaze et al., Int J Legal Med (2009) 123:315



Rapid identification of 
canine mitochondrial DNA 
haplotypes and haplogroups

based on 10-loci SNaPshot

Manuscript in 
preparation



QUESTIONS ?
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