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A hum§n genom projekt eredm®nyei

ÅElŜzetes publik§l§s 2001-ben (Science, Nature)

ÅAz eddig le²rt legnagyobb m®retŪ teljes genom

ÅAz eukari·ta genomra jellemzŜ szerkezeti ®s szervezŜd®si 

tulajdons§gok (modellszervezetek)

ÅMeglepŜen alacsony a feh®rje k·dol· g®nek sz§ma (~20000)

ÅRNS g®nek nºvekvŜ sz§ma (snRNA, lcnRNA, miRNA, stb.)

ÅOrphan g®nek: nincs homol·gja, hum§n g®nek ~ 1/3-a

ÅProtein k·dol· szekvenci§k ar§nya: < 1 %

Å Repetit²v szekvenci§k t¼lnyom· ar§nyaïMobilis elemek!



REKOMBINćCIĎ
Polimorfizmus hajt·ereje:

- pontmut§ci·

- szekvenci§lis §trendezŜd®s



Human Evolutionary Genetics, Jobling, 2004
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A Auton et al . Nature 526 , 68 -74 (2015) doi:10.1038/nature15393

Population sampling





Satellite DNA



ăDNA fingerprinting ó ðRestriction Fragment
Length Polymorphism

Double-stranded DNA

Restriction enzymes

Gel electrophoresis

Southern -blot

Probe hibridization

Autoradiogram

- MLP- RFLP

- SLP- RFLP



1985 ðSir Alec Jeffreys

Genetikai t®rk®pez®s

VNTR assay markerek: RFLP analitika



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



CTCTAGT

GAGATCA

CAGCTA

GTCGAT

TAGTGAC

ATCACTG

DNS polimorfizmusok

polimorfizmus - c®lr®gi·a PCR vizsg§latokban

GATATCG

CTATAGC

CATACATACATACATA

GTATGTATGTATGTAT

GTCACCG

CAGTGGC

CACACACACACACA

GTGTGTGTGTGTGT

GTTGACG

CAACTGC

GAGCCCTAGCCAG

CTCGGGATCGGTC

GTTAACG

CAATTGC

GATCCGGAGCTTA

CTAGGCCTCGAAT

CAGCTA

GTCGAT

P: polimorf c®lszakasz (marker, lokusz, all®l)

P



Polimorf szekvenci§k mut§ci·s r§t§ja (ŀ)



Microsatellite structure

Human Evolutionary Genetics, Jobling, 2004



Mikroszatellita evol¼ci·

(Replik§ci·s megcs¼sz§s)



ăReplik§ci·s slippageó ðMikroszatellita mut§ci·

Human Evolutionary Genetics, Jobling, 2004



Trinukleotid repeat expanzi·

Instabil mut§ci·!

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



Expanded CGG repeats in the Fragile X syndrome

Passarge, 2001



Mikroszatellita genotipiz§l§s PCR-rel



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 , 2ndEdition É 2005 Elsevier Academic Press

STR all®lek genotipiz§l§sa: multiall®lek



Mikroszatellita ðSTR ðmarkerek 

(Short Tandem Repeat)

a repeat r®gi·vari§bilisaz egyes mint§k kºzºttm²g a 

flanking r®gi·ahol aPCR primerektapadnak §lland·

Homozig·ta = a k®t all®l megegyezik

Heterozig·ta = all®lek k¿lºnbºzŖk ®s egym§st·l elv§laszthat·k

A primerek kºt®si helye meghat§rozza a PCR term®k m®ret®t!

7 repeat

8 repeat

AATG

Flurescens 

jelºl®s

Fluorescens fest®k jelºlt 

PCR term®ket k®pez



(A) H§rom lokusz szimult§n amplifik§l§sa egy reakci·ban

Locus A Locus CLocus B

(B) PCR term®kekelv§laszt§sa fragmens m®ret alapj§n

A

C

B

small large

Figure 4.3, J.M. Butler (2005) Forensic DNA Typing , 2ndEdition É 2005 Elsevier Academic Press

Multiplex - PCR





Mikroszatellit§k l®zer induk§lt 

fluoreszcens detekt§l§sa

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 mut§ci· a mei·zis sor§n

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 l·kuszok mut§ci·s r§t§ja: 10-3 - 10-4 / mei·zis



Human Evolutionary Genetics, Jobling, 2004

Polimorf markerek eloszl§sa a genomban



*

*

*
A)

B)

C)

Example: 

TH01 9.3 allele

(-A in 7th repeat)

Example: 

D18S51 13.2 allele

(+AG in 3ô-flanking region)

Example: 

Rare VWA allele amplified with 

AmpFlSTR primers 

(A-to-T in 2ndbase from 3ôend of 

forward primer)

Repeat region
Reverse primer 

binding region

3ôflanking 

region

5ôflanking 

regionForward primer 

binding region

STR

Figure 6.8, J.M. Butler (2005) Forensic DNA Typing , 2ndEdition É 2005 Elsevier Academic Press

Mikroszatellita pontmut§ci·k



Vari§ns mikroszatellita all®lek: Null-all®lek

Homozig·ta fenot²pus!



Mikroszatellita all®lgyakoris§g diagramok
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Genot²pus gyakoris§gok statisztikai interpret§l§sa

ÅAll®l-gyakoris§gi adatokgener§l§sa a vizsg§lt popul§ci·ban 

gyŤjtºtt mint§ksorozat§b·l (§ltal§ban100-200 nem rokon 

egyed / popul§ci·autosz·ma STR l·kuszokeset®n)

ÅAll®l-gyakoris§gi ®rt®kek meghat§roz§saminden l·kuszon ®s 

az ºsszes megfigyelt all®lra

ÅAll®l-gyakoris§gi ®rt®kek felhaszn§l§s§vala k®rd®ses DNS-

profil elŖfordul§si gyakoris§g§nak kisz§mol§sa

ïHomozig·ta(p2), Heterozig·ta(2pq)

ïProduct rule: f¿ggetlen l·kuszok genot²pus 

gyakoris§g§nak multiplik§lhat·s§ga PM = (P1)(P2)é(Pn)





Å85 fajta (n=414)

Å95 mikroszatellita marker ( dinukleotid repeat )

Å99%-ban helyes besorol§s

1. śsi                  2. TerelŜ                    3. Vad§sz                    4. V®dŜ

STRUCTURE anal²zis
Fajtaazonos²t§s?

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



Genetic Structure ðAnalysing of MOlaculare VAriance 
(AMOVA)a,
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Autosome SNPs in the Human Genome



A hum§n melanogenezis

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

Ų-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

A bŜrpigment§ci· kialakul§s§®rt felelŜs g®nek



MC1R g®n mut§ci·k

ÅMC1R all®lv§ltozatok k¿lºnbºzŜ aktivit§ssal rendelkeznek.

- 317 AS, 7 transzmembr§n dom®n,

- SNPs: RHC fenot²pus - neandervºlgyi pigment§ci·

- genetikai tesztek, fenot²pus predikci·

Tully, FSI Genetics (2007) 1:105



SNPs - pigment§ci·s g®nek

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

Å ASIP (aguti): 3õUTR 8818A - MSH antagonista - phaeomelanin termel®s

Å MATP: melanosz·ma pH regul§ci·, 374Leu all®l ðsºt®t sz²n, albinizmus

Å SLC24A5: ăaranyó g®n, zebrafish, Ala111Thr all®l, vil§gos §rnyalat, europid 
rasszban fix§lt, szelekci·s nyom§s?

Å OCA2: albinizmus g®n, 305 Arg/Trp, Afrika / Eur·pa



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



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

Eur·pai

ćzsiai

Afrikai

10 pigment§ci·s g®n SNP genotipiz§l§s (SNaPshot)


