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Y chromosome 
resequencing: 

Illumina



Identical Y chromosome haplotype at          
67 microsatellites and 11 SNPs in the linage

-generation distance: 13 generations apart

-markers localisation: euchromatin



Illumina / Solexa NGS genome sequencing



Observed mutations in Y chromosome euchromatic region





de novo substitutions in the 
Ychromosome euchromatic region 

based on pedigree analysis

Y chromosome 
mutation rate:

3.0 x 10-8

Consistent with human-chimp 
Y chr. comparison
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- 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.



A Auton et al. Nature 526, 68-74 (2015) doi:10.1038/nature15393

Population sampling



The International Genome Sample 
Resource 
https://www.internationalgenome.org/



GWAS: Genome wide association studies

SNP array Manhattan plot

Gibson G, A primer of Human genetics, 2015
Significance threshold p < 10-8 (Negative logarithm of p-value)

First study: Age related macular degeneration, 100k SNPs array (Klein et al., 2005)
- Complementer factor H gene (CFH), 4x risk in hetero- and 7x in homozygous patients



Welcome Trust Case Control Consortium 2007

360K SNP array

Case samples: 2.000

Controls: 3.000

Significance threshold:

p < 10-5

23 associations:

-No in bipolar disorder

-1 coronary artery

-3 diabetes type 2

-7 diabetes type 1

-9 Crohn’s disease

WTCCC, Nature 447:661-678, 2007



GWAS: genotyping

-Illumina Infinium II

-Affymetrix Axiom

(Copy Number Variation)

Gibson G, A primer of Human genetics, 2015



GWAS: Genome wide association studies

www.genome.gov/gwastudies/



www.genome.gov/gwastudies/



Autosome SNPs in the Human Genome



The 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 underlying skin pigmentation



MC1R gene mutation

• MC1R allele variants possess different activities

- 317 amino acids, 7 transmembrane domains

- SNPs, RHC phenotype

- Neanderthal pigmentation

- Genetic tests, phenotype prediction

Tully, FSI Genetics (2007) 1:105



SNPs located in pigmentation genes

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

• ASIP (aguti): 3’UTR 8818A - MSH anagonist - phaeomelanin production

• MATP: melanosome pH regulation, 374Leu allele – dark colour, albinism

• SLC24A5: „gold” gene, zebrafish, Ala111Thr allele, light shade, fixed in kaukasoid 
race, selection?

• OCA2: albinism gene, 305 Arg/Trp, Africa / Europe



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

10 pigmentation genes SNP genotyping (SNaPshot)



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



Mutation rate of polymorph sequences (μ)

Human Evolutionary Genetics, Jobling, 2004







AJHG, Volume 82, Issue 3, 2008, 763–771



Acquiring mosaicism.Human development from a single fertilized cell to a multicellular 
organism requires many cell divisions and the genetic material to be replicated many times. 

J R Lupski Science 2013;341:358-359

Published by AAAS



Mutation rate of polymorph sequences (μ)

Human Evolutionary Genetics, Jobling, 2004



Microsatellite structure

Human Evolutionary Genetics, Jobling, 2004



Trinucleotide repeat expansion

Passarge, 2001



Genetic diseases due to repeat expansion

Fragile X

Huntington disease

Myotonic dystrophy

Friedrich ataxia

SMA

etc.

Passarge, 2001



Expanded CGG repeats in the Fragile X syndrome

Passarge, 2001



Microsatellite evolution



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



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

Principle of STR allelic ladder formation



Microsatellite – STR – marker 

(Short Tandem Repeat)

Repeat region is variable between tested persons, while 

flanking region where PCR primers anneal is invariant

Homozygous = tested alleles are same

Heterozygous = tested alleles differ and can be separeted 

Primer binding site determines PCR product size!

7 repeat

8 repeat

AATG

Fluorescent 

Dye

Fluorescent dye forms 

marked PCR products



(A) Three loci parallel amplification in one reaction

Locus A Locus CLocus B

(B) PCR products separated based on fragment size

A

C

B

small large

Figure 4.3, J.M. Butler (2005) Forensic DNA Typing, 2nd Edition © 2005 Elsevier Academic Press

Schematic of Multiplex-PCR



Mikroszatelliták lézer indukált 

fluoreszcens detektálása

D3S1358 D16S539

VWA

AMEL

D8S1179

D21S11

D18S51

D19S433

D5S818

FGA

D2S1338

TPOX

TH01 D13S317

CSF1POD7S820



Microsatellite allele frequency distributions
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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))

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



Assumptions with Hardy-Weinberg Equilibrium

None of these assumptions are really true…

Table 20.6, J.M. Butler (2005) Forensic DNA Typing, 2nd Edition © 2005 Elsevier Academic Press



STR Cumulative Profile Frequency with Multiple Population Databases

1014 to 1021

D.N.A. Box 21.1, J.M. Butler (2005) Forensic DNA Typing, 2nd Edition © 2005 Elsevier Academic Press



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%

Mutation rate of generally used STR markers: 10-3 - 10-4 / meiosis



Y chromosome microsatellite profile



Thomas Jefferson II

Field Jefferson Peter Jefferson

President 

Thomas Jefferson

Eston Hemings Thomas Woodson

Different Y Haplotype

Same Y 

Haplotype

Jefferson 

Y Haplotype

Jefferson 

Y Haplotype

?

Figure 9.10, J.M. Butler (2005) Forensic DNA Typing, 2nd Edition © 2005 Elsevier Academic Press

Genetic History

John Weeks Jefferson 

born in 1946



Table 9.8, J.M. Butler (2005) Forensic DNA Typing, 2nd Edition © 2005 Elsevier Academic Press







Counting Method

95% confidence interval

1-(0.05)1/N ≈ 3/N


