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First genetic marker: AB0 blood group system

Landsteiner, 1900
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First results of Human Genome Project

• First draft in 2001 (Science, Nature)

• The most large whole genome determined

• Structure and organisation similare to each eukaryotes 

(model organizms)

• Unexpectedly low amount of protein coding genes (~20000)

• Emerging number of RNA genes (snRNA, lcnRNA, miRNA)

• Low amount of protein coding sequences (exons): < 1 %

• Excess amount of repetitive sequences: Mobile elements?



RECOMBINATION
Drive of polymorphisms:

- Single nucleotide mutation

- Sequence re-arrangement



Human Evolutionary Genetics, Jobling, 2004
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Population sampling





- a typical genome differs from the reference human 

genome at 4.1 million to 5.0 million sites.

- >99.9% of variants consist of SNPs and short indels. 

- structural variants affect more bases: 

- typical genome contains an estimated 2,100 to 2,500 

structural variants (1,000 large deletions, 160 copy-

number variants, 915 Alu insertions, 128 L1 insertions, 

51 SVA insertions, 4 NUMTs and 10 inversions) 

affecting 20 million bases of sequence.



Satellite DNA



Restriction Fragment Length Polymorphism 
(RFLP) - „DNA fingerprinting”

Double-stranded DNA

Restriction enzymes

Gel electrophoresis

Southern-blot

Probe hibridization

Autoradiogram

- MLP-RFLP

- SLP-RFLP



1985 – Sir Alec Jeffreys

Genetic mapping

VNTR assay markers: RFLP analytics



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



Mutation rate of polymorphic sequences (μ)



Microsatellite structure

Human Evolutionary Genetics, Jobling, 2004



„Replication slippage” – Microsatellite mutation

Human Evolutionary Genetics, Jobling, 2004



Microsatellite evolution

(Replikációs megcsúszás)



Trinucleotide repeat expansion

Instable mutation

Type I

Type II



Trinucleotide repeat expansion

Passarge, 2001



Genetic diseases due to repeat expansion

Fragile X

Huntington disease

Myotonic dystrophy

Friedrich ataxia

SMA

etc.

Passarge, 2001



Diagnostics of expanded CGG repeats in Fragile X

Passarge, 2001



Genotiping microsatellites by PCR



Separate PCR products from various 

samples amplified with primers 

targeted to a particular STR locus

Combine

Re-amplify

Find representative alleles 

spanning population variation

Polyacrylamide Gel

Figure 5.3, J.M. Butler (2005) Forensic DNA Typing, 2nd Edition © 2005 Elsevier Academic Press

Microsatellite allele genotyping: multiallelic



Microsatellite – STR – markers 

(Short Tandem Repeat) 

Repeat region varies in length from alleles to alleles but 

flanking region where PCR primers bind is constant

Homozygous = two homologous are the same

Heterozygous = two homologous separate from each other

Primer binding sites determine the PCR product size!

7 repeat

8 repeat

AATG

Flurescent 

marking

Flurescent dyes mark the 

PCR product size



Multiplex - PCR



Laser induced fluorescent detection of 
microsatellite allelels

D3S1358 D16S539

VWA

AMEL

D8S1179

D21S11

D18S51

D19S433

D5S818

FGA

D2S1338

TPOX

TH01 D13S317

CSF1POD7S820



14,18

(a)

15,18

15,17

(b)

14,18

13,17

15,17

Mikroszatellita mutáció a meiózis során

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



Human Evolutionary Genetics, Jobling, 2004

Distribution of polimorphic markers in the genome



*

*

*
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



Microsatellite allele frequency diagrams
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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)





• 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



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

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

BuCa

BaRo

DeRo

BuAs

b,

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

BuCa

BaRo

DeRo

BuAs

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,
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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

BuCa Szekely Csango

BuCa Szekely Csango



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

Európai

Ázsiai

Afrikai

SNP genotyping of 10 pigmentation genes (SNaPshot)



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