Human evolucio- és populdaciogenetika
- a magyar népesség populdaciogenetikdja
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Genetikai varidaciok, hasonlosagok és kiilonbozoségek

Az egyének kozott megfigyelt genetikai varidciok tanulmanyozasa

felhasznalhato-e az egyénekbdl allo csoportok elkiilonitésére?
Megtudhatunk-e valamit az ember1 népességet alkotdo csoportok
(populaciok) egymas kozotti kapcsolatarol?

Hogyan donthetd el a genetikai variaciok vizsgalata alapjan, hogy a human
populéaciok egymadssal milyen szintli rokonsagban vannak?

A populaciok genetikai rokonsdga milyen jarulékos ,.kovetkezménnyel” jar?
Meg tudjuk-e hatarozni az egyes egyénrol és/vagy csoportrol, hogy

ugyanazt a leszarmazasi vonalat képviselik, vagy ugyanahhoz a genetikailag

definialt csoporthoz tartoznak? (population history)
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Figure 1. Frequencies of blood groups A and B from different
ethnic groups. Data from Hirschfeld & Hirschfeld (1919).
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Figure 2. UPGMA diagram constructed from blood group B

data from figure 1.



Multi-lokusz allélfrekvencia adatok
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Figure 3. Genetic tree of worldwide populations (redrawn from Cavalli-Sforza ef al. (1994)).
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Az emberi DNS
23 par kromoszoma + mtDNS
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Figure 2.3, .M. Butler (2005) Forensic DNA Typing, 2" Edition © 2005 Elsevier Academic Press



Minisatellite (D1S80)

VNTRs
Flanking regions

I

Repeat region

GAGGACCACCAGGAAG

16 bp repeat unit

Microsatellite (THO1)

STRs (SSRs)

Flanking regions

TCAT
4 bp repeat unit

Repeat region

Forensic DNA Typing, 2" Edition, J. Butler, 2005
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A hazai népesség populdciogenetikai felmérése

Human multilokuszos autoszomas €s Y-kromoszomas STR-
profilok, valamint mitokondrialis DNS kontroll régid
haplotipusok generalasa és eloszlasanak analizise a magyar
populacioban.

A magyar népess€g genetikal heterogenitasanak felmérése 17
autoszomas €s Y-kromoszomas mikroszatellita marker €s a
mitokondrialis DNS kontroll régio polimorfizmusai alapjan.

Magyar populacios referencia adatbazis(ok) generalasa
genetikai profilok populaciostatisztikai becsléséhez.

A megfligyelt allél- és profilgyakorisagok Osszevetése egyéb
europal populacidos adatokkal, a belsO és kiilsO genetikai
strukturaltsag megallapitasa.



A magyar népesség heterogenitasanak
felmérésébe bevont populacios mintak
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Populacios felmérésbe bevont autoszomads mikroszatellitak
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Multiplex PCR és fluoreszcens
detektalas
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Autszomas STR lokuszok allél- és profiltablaja

Minta AMEL AMEL D8S11D8S11D21S1D21S1D7S82 D7S82 CSF1FCSF1FD3S12D3S12THO1 THO1 D13S2D13S2D16SED16S:vWA "vWA (TPOX TPOX D18S:D18S:D5S81D5S81FGA 1FGA 21338 11338 23433 15433 2 Penta ] Penta | Penta | Penta |

BuCa-001 X X 14 14 28 302 11 11 10 10 16 16 7 9 12 12 12 14 14 17 8 11 13 14 11 220 22 17 20 13 152 12 17 10 12
BuCa-002 X Y 12 14 29 30 g8 11 11 12 15 18 9 93 8§ 11 13 13 16 17 g 10 14 17 12 12 19 24 18 25 13 14 11 13 9 9
BuCa-003 X Y 13 14 28 20 11 11 10 12 16 18 6 9 10 11 13 13 16 18 8 g8 14 15 11 13 21 22 22 24 13 16 5 15 11 14
BuCa-004 X Y 1313 322 322 11 12 12 13 16 17 7 93 8§ 13 9 14 17 18 8 9 12 14 12 12 22 23 18 19 13 14 7 12 9 13
BuCa-005 X Y 13 13 28 30 8 11 11 12 16 18 6 9 g8 1 12 13 16 16 8 g 13 18 11 1320 26 17 25 12 13 7 12 9 15
BuCa-006 X Y 13 14 28 30 8 11 11 12 14 17 9 93 10 12 8 10 14 15 8 g 12 18 9 13 20 25 17 17 12 14 13 13 12 13
BuCa-007 X X 10 13 30 30 g8 11 11 12 15 16 6 7 11 11 11 11 15 17 8 g8 12 18 11 12 21 22 17 24 14 15 14 18 12 13
BuCa-008 X Y 12 14 29 312 9 10 9 10 16 19 6 9 12 12 11 12 16 18 9 12 11 16 11 13 21 22 25 25 132 15 10 10 9 10
BuCa-009 X Y 13 14 28 29 10 12 10 12 15 17 9 93 8 9 9 13 15 18 g 12 13 14 12 13 20 23 17 23 14 14 11 2 12 13
BuCa-010 X Y 14 14 27 31 m 12 13 13 16 18 6 8 9 1 10 12 16 19 8 11 12 21 11 1223 24 20 25 14 14 5 13 9 1
BuCa-011 X Y 14 14 28 3 10 11 11 11 15 18 6 93 11 11 11 13 16 17 8 g 15 17 11 1320 23 19 24 13 14 7 7 11 12
BuCa-012 X X 12 14 28 322 g 10 11 12 17 18 6 93 11 2 11 12 14 16 g 11 17 17 10 13 20 23 17 24 14 14 7 16 10 10
BuCa-013 X Y 12 14 30 31 0 10 12 12 17 18 7 93 11 12 9 13 14 19 8 § 13 20 12 12 22 25 20 23 14 14 10 10 9 12
BuCa-014 X Y 13 14 27 32 10 10 9 9 16 17 6 9 10 14 12 13 16 19 g 11 2 2 12 12 21 22 19 20 14 15 7 10 12 13
BuCa-015 X Y 1315 30 332 g8 10 11 2 15 17 8 9 1 12 11 13 14 16 8 g 18 20 11 1321 24 20 21 14 16 13 13 8 9
BuCa-016 X Y m 15 27 28 g8 11 10 10 16 17 7 93 9 12 11 12 15 18 8 g 17 19 100 11 22 22 17 20 14 14 5 12 11 12
BuCa-017 X Y 11 1328 30 9 10 10 12 16 18 8 9 13 13 11 13 14 20 8 8§ 15 16 11 1320 21 25 26 13 14 7 16 10 11
BuCa-018 X Y 14 14 30 332 10 12 10 12 17 18 6 93 12 14 9 1 14 16 8 § 13 20 10 12 23 24 19 20 13 14 7 10 12 13
BuCa-019 X Y 10 12 28 322 10 11 10 11 17 17 9 93 11 11 12 13 15 17 8 8§ 10 15 9 13 19 23 17 25 13 14 12 14 11 13
BuCa-020 X X 1215 29 29 10 11 12 12 13 16 9 9 9 1 8 12 16 17 8 g 19 19 12 12 20 22 23 23 15 15 14 16 9 13
BuCa-021 X X 13 16 28 322 10 10 10 11 15 17 8§ 93 11 11 10 11 7 19 11 12 17 18 11 1222 24 17 20 14 14 7 10 9 12
BuCa-022 X Y 12 14 28 302 10 11 10 13 15 15 7 93 12 12 9 12 17 17 &8 10 15 16 12 13 19 20 24 24 14 15 5 13 9 13
BuCa-023 X X 9 14 288 28 g8 10 11 11 14 17 7 9 12 13 11 12 16 17 8 12 14 15 12 12 20 21 19 20 15 15 7 13 9 12
BuCa-024 X Y 1313 29 29 10 10 11 12 14 17 93 93 8 8§ 10 11 17 19 g8 11 5 19 12 12 20 21 19 20 12 13 5 7 13 15
BuCa-025 X X 14 16 30 312 § 13 10 13 15 16 6 9 12 12 9 13 17 18 8 g 17 20 12 12 20 21 18 22 13 15 11 13 9 12
BuCa-026 X Y 11 14 30 322 g8 12 10 11 15 19 6 9 9 12 11 12 14 19 8 g 12 13 11 1323 24 17 25 14 15 7 7 12 13
BuCa-027 X X 12 13 31 312 8 g8 10 10 16 18 7 93 8 8 11 13 16 17 8 9 16 18 12 13 21 22 16 20 12 15 7 10 11 16
BuCa-028 X X 13 14 29 332 § 10 10 12 14 17 9 93 11 13 11 13 16 17 g8 11 15 22 11 1220 21 17 23 12 14 5 6 9 10
BuCa-029 X Y 12 13 27 322 g 12 10 11 14 15 9 93 11 2 11 3 17 17 8 9 12 14 10 12 19 21 2 26 14 15 12 17 11 12
BuCa-030 X X 13 15 29 29 8 11 11 11 14 16 93 93 11 11 11 12 17 18 8 g 12 14 11 1223 24 20 20 13 15 10 12 10 13
BuCa-031 X X 10 13 30 31,2 10 10 11 11 14 15 6 9 g 12 11 13 17 19 9 9 14 18 11 3 21 23 17 17 13 14 12 16 11 13
BuCa-032 X Y 12 13 28 29 g8 11 10 11 16 17 7 g 11 12 9 12 15 15 8 9 12 14 11 2 19 20 20 23 15 15 7 17 9 13
BuCa-033 X X 1215 322 322 8 9 10 12 15 17 9 93 11 13 11 13 15 17 9 1 17 18 11 1221 21 17 20 13 142 5 5 9 12
BuCa-034 X X 12 13 302 322 9 10 10 13 14 17 9 93 11 2 12 12 14 18 g 11 14 18 11 1220 22 17 19 15 152 16 17 11 12
BuCa-035 X X 10 12 28 28 9 13 10 10 15 16 8 g8 10 11 12 13 17 18 g 10 18 18 10 12 19 222 17 19 12 13 7 13 9 1
BuCa-036 X X 1317 30 322 9 11 11 11 14 15 9 93 11 13 9 1 16 16 8 12 13 17 12 12 21 22 17 23 12 14 7 17 12 13
BuCa-037 X X 4 15 28 29 10 11 2 14 16 17 7 9 8 9 12 14 16 17 g 11 6 17 10 11 21 21 23 25 13 14 7 12 9 14
BuCa-038 X X 13 14 30 332 8 12 9 12 14 14 6 9 1 12 12 12 16 17 g8 10 16 18 11 12 18 18 21 23 12 15 11 1310 12
BuCa-039 X Y 11 1229 30 8 9 12 13 16 17 6 9 8§ 11 9 11 15 16 8 § 16 20 13 13 21 24 20 23 12 14 11 15 9 11
BuCa-040 X Y 12 13 28 31 11 14 11 12 17 18 8§ 93 11 2 10 14 17 17 & 12 15 20 10 12 22 252 19 20 142 15 7 12 11 12



Mikrovarians mikroszatellita allélek
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Autoszomas mikroszatellita lokuszok allélfrekvencia
diagramjai
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Autoszomas mikroszatellita lokuszok allélfrekvencia

diagramjai
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Autoszomas mikroszatellita lokuszok allélfrekvencia

diagramjai
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A magyar populaciok HWE tesztelése: Bonferroni korrekcio

Marker BuCa BaRo DeRo BuAs Székely Csang6
D3S1358 0,850 0,033" 0,765 0,202 0,223 0,518
THO1 0,255 0,577 0,378 0,471 0,731 0,122
D21S11 0,694 0,337 0,112 0,726 0,566 0,031"
D18S51 1,000 0,296 0,144 0,108 0,208 0,163
PentaE 0,057 0,669 0,507 0,769 0,190 0,357
D5S818 0,643 0,736 0,998 0,415 0,074 0,033"
D13S317 0,874 0,235 0,016 0,194 0,279 0,632
D7S820 0,341 0,0117 0,169 0,062 0,234 0,342
D16S539 0,222 0,242 0,550 0,437 0,349 0,944
CSFI1PO 0,932 0,008" 1,000 0,597 0,491 0,323
PentaD 0,132 0,009* 0,550 0,625 0,481 0,610
VWA 0,098 0,512 0,264 0,496 0,484 0,435
D8S1179 0,364 0,004" 0,054 0,068 0,162 0,087
TPOX 0,899 0,045" 0,858 0,412 0,105 0,465
FGA 0,997 0,831 0,576 0,668 0,220 0,322
D2S1338 0,714 a = a/L - - 0,859 0,658

D19S433 0,328 - - - 0,393 0,092




Genetic structure: G-statistic analysis among the
Hungarian population frequencies
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Overall AMOVA

Diatance mechod: Sum of agquared aize difference (BST)

o o e e e S o e e

AMCVA design and resulcs

Raferance: Faip, B.5. amd Cockearham, C.C. 1954,
Excoffier, L., Smousa, P., and Quatiro, . 19892,
Keip, B. 5., 1994,

Source of Sum of Variance Fercentcage
vAar iacion d.f. agquares COmpOnSHTS of variation
AEnargy

papulacions 3 T96. 962 0.61601 Va 1.24
Within

populations 1430 E9928. 155 4&,50081 Vo 98.76
Total 1433 T0TE4.616 49, 51682

Fizxacion Inddex EST 0.01244

Significance cescsz (1023 permucacions)

Va and FST : P(rand. valus > gbs. walus] = 0.00000
Pirand. valus = obs,. valus)] = 0.00000
Firand. value >= obha. valusl = 0Q.00000+-0. 00000



Genetic structure: F-statistics and AMOVA

Conventional F-statistic (Fsr) and AMOVA (@gr) values for each analysed STR loci among the four Hunganan population samples

D3S1358 VWA FGA D8S1179 D21S11 D18S51 D5S818 D135317
Fer 0.016 0.009 0.013 0.008 0.009 0018 0.010 0.017
- 0.015 0.009 0.013 0.008 0.009 0018 0.009 0.017
| — <10 <107 <1077 <107? <107 <107 <107 <10’
D75820 THOI TPOX CSFIPO D165539 PentaE PentaD Overall loci
For 0.033 0.006 0.020 0.003 0.011 0.009 0.027 0.014
- 0.033 0.006 0.020 0.003 0.011 0,009 0.028 0.012
 Jroa— <107? <10 <107? 0.03 <107? <107? <107? <1077

P amova: significance value of the AMOVA test.

Table 3
Conventional F-statistic (Fsr) and AMOVA (@gr) values between the Hunganan population pairs for the overall 15 STR loci

BuCa/BaRo BuCa/EHRo BuCa/ASK BaRo/EHRo BaRo/ASK EHRo/ASK
Fst 0.023 0.006 0.003 0.012 0.025 0.007
bsr 0.014 0.002 0.010 0.009 0.019 0.017
Pamova <107? 0.100 <107? 0.002 <10’ <10”*

Panova: significance value of the populations’ pair-wise AMOVA:; EHRo, ASK, BuCa, BaRo: see Tables 1 and 2.
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Genetic substructure: F-statistics and AMOVA
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Jelolések: . (Fsr, ®gr) > 0,02; P <0,1 |:| 0,02 > (Fgp, ®gp) > 0,01; 0,01 <P < 0,05 |:| (Fgr, ®g7r) < 0,01; P > 0,05







Linage Markers

* Y chromosome and mitochondrial DNA
— passed down from generation-to-generation without changing
(except for mutations)

— patrilineal and matrilineal inheritance

— haplotype: only a single allele per individual

— linked markers (no recombination during meiosis)

— product rule cannot be applied in statistical calculations

Lineage Markers

________________________________________________________________________________________

Autosomal Y-Chromosome Mitochondrial

(passed on in part, i (passed on complete, (passed on complete,
from all ancestors) but only by sons) but only by daughters)

________________________________________________________________________________________

Figure 9.1, J.M. Butler (2005) Forensic DNA Typing, 2" Edition © 2005 Elsevier Academic Press



(B)

Y Chromosome Structure

Y (EDCHE S .,

Pseudoautosomal !\lon-Recombining Pseudoautosomal
Region 1 (PAR1)  Portion of Y Chromosome  Region 2 (PAR2)
2.5 Mb (NRY) <1Mb
95%
Male-specific region of the Y
(MSY)
Yp centromere Yq
Euchromatic region Heterochromatic region
(23 Mb) (not sequenced)
~30 Mb

Figure 9.4, J.M. Butler (2005) Forensic DNA Typing, 2" Edition © 2005 Elsevier Academic Press
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Ficure 3. Location of selected polymorphic ko on the

¥ chromosome. Most of the chromosome is Y-specific (left) and
the positions of some polymorphic lod are shown (right), The
idecgram of the chromosome shows the light giemsa-suined
(G) bands (white), the dark G bands (dark grey) and the
heterachromatic regon (grey).




Tasii 2. Y polymorphisms that can be typed using PCR2

Locus Name

DYS287  YAP
DYs271  sYB1
SRY

YREMZ

2YZ3 Yl

DYF15582 5012/C
DY52588

- YCAI
- YCAI
- YCALl
DY5388

DYs302

DYS19  27TH39LR

DYS350
LDY5391
DY53893
DY5385
DY5380
DXY5156Y

Primers (5'—=3") Comments Ref.
CAGGGGRAGATARAGARATA ACTGCTAARAGGGGATGGEAT Alu insertion® 25
AGGCACTGGTCAGAATGARG AATGGAAARTACAGCTCCCC Nialll detects point mueation? 9
TCCTTAGCAACCATTARTCTGG ARATAGCAAAAARATGACACARAGEC Poiny mutation ©
CTTTGRAMACRATTCCTTTTCC AGAGATGCACTTCAGAGS Product present or absent 31
TCTGAGRCACTTCTTTGTEGTA CGCTCAARATATCCACTTTCAC HindIl E‘lEﬂ'L'ﬂ,gE 'L'par[i:ll] d

indicares 6.0 kb unit
CTCAACGCTACGACARRGCCARAGE GRGGTAGATGCTGAAGCGGTATAG 196h;:- f!':lgmﬁ't'[ present “
or absent
CATTACAAATACCTGGACACTG TTGCTTTGCTTGTCATTTCAGA I“Jinur:l!emid;: repeat, GDDBe
1Y locus
CCCATGCCTGTTCTCCAGATT GAGAGTOTCACACATCAGGTA CA repeat, 2 Y loci 158
TATATTAAATAGARGTAGTGA TATCGATGTMTGTTATATTA CA repeat, 2Y loci 19
CCACATTGTGTGRATGTGTGA TCCTCAGAGAAGGAGARAACTA CA repeat, 2Y loci 19
GTGAGTTAGCCGTTTAGCGA CAGATCGCARCCACTGLG Trinucleotide repeat, GDBe
1Y locusf
TCATTAATCTAGCTTTTAAAAACAR AGACCCAGTTGATGCAATGT Trnucleotide repeat, GDBE
1Y locusf
CTACTGAGTTTCTGTITATAGT ATGGCATGTAGTGAGGACA GATA repeat, 1 Y locust 18
TATATTTTACACATITTTGGGCC TGACAGTAAMATGAACACATTCC Tetranucleotide repeat, GDBe
1Y locusf
CTATTCATTCAATCATACACCCA  GATTCTITGTGGTGGGTCTG Tetranucleotide repeat, GLBe
1Y locusf
GTGGTCTTCTACTTGTGTCAATAC AATCAAGTCCARRRARTGAGS Tetranucieotide repeat, GDBE
1Y locusf
AGCATGGETGACAGAGCTA TEEGATSCTAGCTAARGCTS Tetranuclectide repeat, GDEE
2Y loc
CCRACTCTCATCTGTATTATCTATE TCTTATCTOCACCCACCAGA Tetranucleotide repeat, =BE
2Y loci
GTAGTGGTCTTTTIGCCTCS CAGATACCARGGTGRGAATC TAAAA repeat on Nand ¥ 33

Jobling and Tyler-Smith, Trends Genet, 1995



Y STR Positions along Y Chromosome
Extended haplotype loci

ABI AmpFISTR Yfiler loci

DYS458 DYS450 DYS459a
DYS463 DYS449 DYS464b DYS464c¢
DYS455 DYS454 DYS464a DYS464d
DYS446 o DYS448
DYS452 DYS459b
DYS453bysase DYS437,DYS438
‘ YS439 \
| T TT 11
Mb 5
. ISRy ZFY

Dvs393  DYS19 Dys391

— - DYS389 Il :
| Minimal haplotype loci I DYS385a DYS385b

AZFa IAZFb AZFc | [RESSKssssss

-

q heterochromatin
Pseudoautosomal

region

Adapted from Attp.//www.cstl.nist.gov/div831/strbase/ystrposl.htm



(A) DYS385a/b Multi-Copy (Duplicated) Marker

R primer R primer
< —_—
—_a b >—
TS rnnn
F primer F primer

Duplicated regions are
40,775 bp apart and facing a=>b azb
away from each other

(B) DYS389 Il Single Region but Two PCR Products
I (because forward primers bind twice)
|m=mmmmmmmmmmbeme—————___& DYS389 DYS389I
I F primer : F primer :
I o W T T T |

Figure 9.5, J.M. Butler (2005) Forensic DNA Typing, 2" Edition © 2005 Elsevier Academic Press



DYS389 I-II meiotikus mutdcio

- két testvér Y kromoszomas haplotipusa
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Twelve-locus Y-STR haplotype diversity values in the analysed Transylvanian populations (Szekler, Csango) as well as conventional F-statistic
(Fsr) and AMOVA () values for the European mimimal Y-STR haplotypes calculated for the Transylvanian and neighbouring population

pairs

Szekler (09987 +0.005)" Csango (0.9883 = 0.016)"

Fer br” For' b
Szekler, Corund [17] 0.002¢ 0.051° 0.011° 0083°
Romanian, Bukarest [ 18] 0.000 0.032° 0.009" 0011
Bulganan [19] 00.003° 0.022° 0.01(F 0.020°
Bulganan Turks [19] 0.002 0.012 0.00% 0031
Serbian [20] 0.003° (0.040° 0.01r 0.000

[ ]: numbers in brackets are the same in references.
* Haplotype diversity (£5.E.).
P Genetic structure.

® The Fstatistic value represents statistically significant difference at the P = (.05 level.



V. Y-SNP and Bi-Allelic Markers
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V. Y-SNP and Bi-Allelic Markers

¥ GIobaI Distribution of Y Haplogroups

PROH IR .
. ’ .'.’0 QQ

' G

‘ = ”‘e‘ $ : ¢
Sty %

\. O

.
rﬁ—émétﬂémﬁﬁﬂ&éa

Y Chromosome Consortium (2003) Nat Rev Genet 4:598-612




Mitokondrialis DNS

16024 16365 .73 340
| HVI HV2

16024 ~~-.__Kontroll Régié (D-loop‘),,/”/ 576

Sejten beliili nagy képiaszam (~1000)

Rekombin4ci6 hidnya:

Maternalis oroklésmenet
Magasabb mutacios rata
Kddol6 Régio: 37 gén

Kontroll Régi6 - D-loop (~1120 bp):
Hipervariabilis szakaszok (HV1, HV2)

Cambridge referencia szekvencia

Heteroplazmia

Szekvencia-adatbazisok: EMPOP
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A f6bb mt DNS haplocsoportok eloszldsa
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A f6bb mt DNS haplocsoportok eloszlisa a

nyugat-eurdzsiai kontinensen
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Figurfr 10. Uncorrected and correcied divfrrgennfr imes for the Eumpean clusters. Areas of circles are prnpnrljnnal o cluster

frequencies.
contribution to modern
component dates (BP) main associated clusters gene pool
Neanderthal 300000 unclassified 0%
Early Upper Palaeolithic 50 000 Us 10%
Late Upper Palaeolithic 11 000-14 000 HV,ILWT K 70%
Neolithic 8500 J (+ more of H, T, K?) 20%




Magyarorszagi elozmények I.: elsé populdcios
felmérések a HVR-I és HVR-II régiora

Az mtDNS preV- és V-viltozatainak gyakorisaga az ismert eurdpai és néhany egyéb minta

Table 3. MIDNA haplogroup frequencies

. : : : . Euré6pai mintdk Esetszdm \ preV
Finns' Skolt Saami Inari Saami  Erzas Csingés ~ Hungarians |, jpin 199 05 15
Angol 293 RN 1,0
H 04244) 0 0.022)  03621) 03725  0.3729) Back 97 {124 ) 0.0
I 00Kty 0 0 0074 0oLy 0 Bolgar 81 S04 12
] 0089 0 0045 048  0107)  0.17(13) Csdng6 68 0,0 44
K 0033 0 0 0.032)  006(4)  0.04(3) Cseh 89 45----~--kL_
M 0.03(3)  0.10(5) 0.05(6) 0.021) 0 0 Magyar 194 31 36* )
T 0055 0 0 0.09(5) 0.12(8) 0.03(2) Erra (mordvin) 58 33~=--F---00
U 0.2223)  0.38(19) 0.66(84)  0.19(11) 02215  0.17(13) Eszt 148 07 0,0
i 0.04(4)  0.52(26) 0.1721)  0.05(3)  0.06(4)  0.04(3) Finn 236 14 0,0
W 0.06(6) 0 0 0 0.032)  0.05(4) Francia 56 71 0,0
X 0.044) 0 0 002(1)  00K()  0.0K() Gorog 208 1,4 05
Others or?  0.044) 0 0079 0022 0011 0129) Holland 21 48 00
Towl 106 50 127 58 68 7 Ef’f;jgjﬁgemk) el - =
Német, bajor 33 30 3,0
Német, szdsz 632 2.0 14
Német, kevert 157 45 0,6
Lahermo et al., 2000. B = 17 08
3 . . Orosz 144 35 14
Béres Judit és mtsai Portugil 54 37 0,0
Skot 733 34 0,1
Spanyol 293 220N 2.7
Szami (lapp, skolt) 50 ' 520 0 0,0
Szami (lapp, inari) 127 V7L 00

N

" Creizel, 2003.



Elozmények I1.: magyar etnikumu populdcios minta
felmérése a kodolo régio polimorf pontjain

Table 1
Haplogroup frequencies in the Hunganan Finnish Swedish, Tuscan and Italian populations

Haplo

sroup Hunganans (%) Finmsh* (%) Swedish* (%) Tuscans* (%) Itahians** (%)
H 18 (32.8) 20 (40.8) 15 (40.5) 20 (41.7) 33(333)
I 1(1.8) 1(2.0) 0 2(42) 4(4.0)
J 9(16.5) 7(143) 12.7) 7 (14.6) 7(7.1)
K 8 (14.6) 2(4.1) 5(13.5) 3(6.3) 8(8.1)
T 1(1.8) 3(6.1) 8 (21.6) 5(1049) 9(9.1)
U 2(3.6) 8 (16.3) 6(16.2) 5(10.4) 22 (22.2)
Vv 1(1.8) 2(4.1) 2(54) 0 5(5.1)
W 2(3.6) 2@4.1) 0 12.1) 2(2.0)
4 (7. 2(41) 0 4(83) 3(3.0
1(2.0) 0 0 NA
0 0 0 NA
1(2.0) 0 12.1) 6(6.1)
Total 55 (100.0) 49 (100.0) 37 (100.0) 48 (100.0) 99 (100.0)

* Data from Torroni et al. 1996.
** Data from Torroni et al. 1997.
NA: not available

Nadasi E. et al., 2007



Igazsagiigyi genetikai aspektusu felmérés:
a felmérésbe bevont populdcios mintik

Muogyarek Kizép- éx F.'n:f-.'e'—.l':;nnlpribarr.r |
|

L5k H

EDOZTARSAS AT

f]

i

- SN

d r
f o
J | {
Hllr,'hi-'."il".'i
|




Alkalmazott PCR amplifikdlds és szekvenalisi
stratégiak a populdcios felmérés sordn

F15971

F16190
—_—

F16450

CONTROL REGION
[1122 bp]

F15

F314

¥

tRNAP© HV1 HV2 HV3 tRNAPhe
16024 16365 1 40 360 438 576
R16175 R16400 R285 R389
A/ AFDIL, Genbank: DQ359478 — DQ359688, DQ359273 — DQ359477, R599
LISSTL | coeo L16268 LOOOIS |+ oo L00314 L0036
tRNAP® HV1 HV2 HV3 tRNAPhe
16024 1 576
H00016 H00159 H00484
B/ Innsbruck, Genbank: EF185421 — EF185780; <:|| H00599

*mtDNS kontroll régi6 szekvenciak és haplotipusok mindség ellenérzése

* Megbizhaté mtDNS szekvencia adatbazis felépitése

*EMPOP (http://www.empop.org); Genbank (http://www.ncbi.nlm.nih.gov/genbank)



Mitokondrialis DNS Kontroll Régio diverzitasi
paraméterek a magyar populdacioban

Statisztikai paraméter BuCa BaRo Székely Csango
(1121 bp) (n=211) (n=205) (n=178) (n=182)
Polimorf pontok 183 109 176 123
Tranziciok 158 96 152 104
Transzverziok 12 3 11 7

: , 180 57 135 84
Megligyelthaplotipusok | | 67 covedi) | (33 egyedi) | (105 egyedi) | (59 egyedi)
Véletlen egyezési
valésziniiség (RMP) 1,00% 8,97% 1,04% 5,55%
Haplf)tlpus—parok atlagos 9.5 9.8 10.8 10,7
eltérése
Genetikai diverzitas 0,995 0,915 0,995 0,949

* A policitozin szdlak C inzercidit a 16193, 309 és 573 nukleotid pozicidkban kihagyva a szamitdsokbol




Szekvencia-pdrok kozott megfigyelt eltérések szama az

egyes populaciokban

Parok szama

3500

3000

2500

2000 -

- egyenletesen unimodalis m Székely
- egyenetlen, bimodalis Budapest Caucasian h
H @ Csdngd —
B Baranya Roma

o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 2I

Szekvencia-parok kozotti kiilonbség




Leggyakoribb mtDNS haplotipusok a
magyar populdcios mintakban

Budapest Caucasians (211):

263G-315.1C-16519C (14, 6.6 %; H1)

Csikszeredai Székelyek (178):

1. 263G-315.1C-16519C (7, 3.9 %; H1)

2.263G-315.1C-16172C-16173T-16519C (7, 3.9 %; H*)

Gyimesi Csangok (182):

1. 73G-146C-152C-263G-315.1C-498del-16224C-16311C-16519C (35, 19.2%; Klc¢)
2. 73G-185A-189G-263G-295T-315.1C-462T-489C-16069T-16126C (15, 8.2 %; J1)
Budapesti Askenazi (173):
73G-114T-263G-315.1C-497T-16224C-16234T-16311C-16519C (19, 11%; K1a)
Baranya Roma (205):

73G-263G-315.1C-489C-524.1A-524.2C-16129A-16223T-16291T-16298C-16519C
(M5a2; 23.9 %)




mtDNA haplogroup designation based on
HVS-I and HVS-I1

TABLE 1—List of the most important sites and states that identify major Caucasian haplogroups.

Haplogroup Polymorphism 1 Polymorphism 2 Polymorphism 3 Polymorphism 4 Polymorphism 5
H* 73A
T 16126C 16294T
J 16069T 16126C 295T
K 16224C 16311C
US* 16270T
I 16223T 199C 204C 250C
\' 16298C 72C
W 16223T 189G 195C 204C 207A
M 16223T 16298C
X 16189C 16223T 16278T 195C

* The most common Haplogroup, H, 1s usually defined based on the absence of these other variants and often 1t 1s associated with 73A (3). Subcluster
US5 15 listed as the most common form of the U haplogroup. For a more detailed discussion of additional informative polymorphisms see the text.



Group 1

mtDNS haplocsoportok

@ control region varinnt (15}
O cosding region varant {(27)

0 unfilled node &

TABLE 1—List of the most important sites and states that identify major Caucasian haplogroups.

Haplogroup Polymorphism 1 Polymorphism 2 Polymorphism 3 Polymorphism 4 Polymorphism 5
H* T3A
T 16126C 16294T
I 16069T 16126C 295T
K 16224C 16311C
Us* 16270T
I 16223T 199C 204C 250C
v 16298C 72C
w 16223T 189G 195C 204C 207A
M 16223T 16298C
X 16189C 16223T 16278T 195C

* The most common Haplogroup, H, is usually defined based on the absence of these other variants and often it is associated with 73A (3). Subcluster
US 15 listed as the most common form of the U haplogroup. For a more detatled discussion of additional informative polymorphisms see the text



Fraction of Database

Percentage of Database

Mitokondrialis DNS haplocsoport eloszlasok
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Frequency of Database (%)

Gyakorisag (%)

Mitokondrialis DNS haplocsoport eloszlasok
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mtDNS genetikai tavolsagok
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Genetikai strukturaltsag: mtDNS szekvenciadk AMOVA
analizise a magyar populdciokban

:
Gyimesi Csango - 0,024" 0,025" 0,101"
Csikszereda Székely 0,000 - 0,001 0,070"
Budapesti Referencia 0,000 0,240 - 0,081"
Baranya Roma 0,000 0,000 0,000 -

* A populdcio-parok kozott megfigyelt Fgp ért€ékek szignifikans eltérést mutatnak a P = 0,05 szignifikancia szinten.

Teljes variancia: 5,2 % vezethetd vissza populaciok kozotti eltérésekre.



Genetikai strukturaltsag: mtDNS szekvenciadk AMOVA
analizise europai roma populdciokban

Baranya Kalderash Monteni Lom Turgovzi Kalaidjit  Spanyol
Roma (bolgar) (bolgar)  (bolgar)  (bolgar)  (bolgar) Roma

Baranya Roma - 0,021° 0,088" 0,013" 0,035 0,038" 0,100
Kalderash - 0,033" 0,004 0,001 0,034 0,085"
Monteni - 0.058" 0,044" 0,095* 0,12°
Lom - 0,0117 0,009 0,084"
Turgovzi - 0,0117 0,068
Kalaidjii - 0,066
Spanyol Roma -

* A populdcio-parok kozott megfigyelt Fgp ért€ékek szignifikans eltérést mutatnak a P = 0,05 szignifikancia szinten.

Teljes variancia: 5,15 % vezethetO vissza populaciok kozotti eltérésekre.



Genetikai strukturaltsag: az erdélyi mtDNS szekvenciak
AMOVA analizise dél-kelet europai populdcios adatokkal

P For Csang6 Székely Gorog Macedo6n
Csango - 0,026" 0,027° 0,027°
Székely 0,000 - 0,001 0,001
Gorog 0,000 0,131 - 0,000
Macedon 0,000 0,178 0,373 -

* A populdcio-parok kozott megfigyelt Fgp ért€ékek szignifikans eltérést mutatnak a P = 0,05 szignifikancia szinten.

Teljes variancia: 3,6 % vezethet0 vissza populaciok kozotti eltérésekre.




mtDNA control region (D-loop)
— population genetics

entire mtDNA molecule
— phylogeny, evolutionary genetics



African mtDNA phylogeny (Hgs)
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entire mitochondrial genome sequence

Torroni et al, Trends Genet, 2006



mitochondrial DNA lineages (Hgs)
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European mtDNA lineages (Hgs)
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West-Eurasian mtDNA phylogeny

kya ] Upper Pleistocene
60- ‘
M Europe w
50- ;
w M Southwest Asia
B Europe and Asia
[ North Africa

Holocene

Current Biology

Figure 1. Phylogenetic tree of human mitochondrial DNA haplogroups commonly observed in Europeans, southwest Asians and North Africans.
Thetimescale is based on maximum likelihood (ML) estimates and atime-dependent complete mtDNA genome clock [9]. Haplogroups are colour-
coded according to their region of origin (with minor gene flow ignored), although caution is needed given the large sample sizes needed for
reliable phylogeographic inferences. Haplogroup nomenclature and an updated dataset can be found at http://www.phylotree.org [136].



Time-scale of European mtDNA haplogroups
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Time-scale of European mtDNA sub-haplogroups

Table 1. Age estimates with 95% confidence intervals for mtDNA haplogroups referred to in the text.

p estimates

Clade ML complete sequence® Complete sequence® Synonymous® Synonymous transitions® Coding region®
U 55.8 (48.5; 63.3) 50.7 (40.9; 60.9) 52.7 (37.8; 67.6) 50.4 (36.0; 64.9) 54.4 (41.9; 66.9)
us 51.3 (44.0; 58.8) 49.1 (30.4; 68.8) 52.9 (22.2; 83.5) 50.5 (20.8; 80.2) 55.3 (31.2; 79.5)
K 31.6 (24.2; 39.2) 25.1 (16.9; 36.3) 22.0 (15.4; 28.6) 20.5 (14.1; 26.9) 28.3 (17.0; 39.6)
K2a 8.8(54;12.3 6.8 (3.7; 9.9) 75(3.1;11.8) 7.2 (3.0;114) 6.2 (3.5; 8.9)
us 36.9 (27.5; 46.6) 31.3(21.4; 41.5) 31.7 (13.0; 50.4) 30.3 (12.2; 48.5) 29.7 (17.9; 41.4)
U5b1 (+16189) 20.4 (14.9; 26.1) 17.4 (9.9; 25.2) 25.6 (6.3; 44.9) 246 (5.9; 43.3) 19.6 (8.2; 31.0)
U5Sb1b1 8.3(4.4;12.3 9.0 (4.8; 13.3) 6.1 (0.7; 11.5) 5.9 (0.7; 11.4) 7.3(3.6;11.1)
U5b3 13.0(9.7;16.3) 13.2(8.2; 18.2) 9.0 (5.5; 12.3) 8.1 4.9;11.3) 10.2 (6.2; 14.2)
U4 20.8 (15.8; 26.0) 17.8 (12.3; 23.4) 12.7 (7.9; 17.5) 12.2 (7.6; 16.8) 20.4 (13.1; 27.8)
I 24.7 (19.0; 30.5) 25.1 (16.9; 33.6) 22.0 (15.4; 28.6) 20.5 (14.2; 26.9) 28.3 (17.0; 39.6)
H 17.5(15.6; 19.4) 15.7 (13.3; 18.0) 16.2 (12.9; 19.5) 15.2(12.1;18.4) 18.1 (14.6; 21.6)
H1 11.1(9.3; 12.8) 10.8 (8.8; 12.8) 95 (7.2,11.7) 8.8 (6.7; 11.0) 11.0(9.1; 12.9)
H3 11.5(8.9;12.9) 10.8 (8.5; 13.2) 9.5 (6.3; 12.6) 8.8 (5.8; 11.7) 11.1 (8.4; 13.8)
H5 13.9(10.7; 17.1) 124 (7.3;17.7) 15.1 (3.0; 27.2) 146 (2.9; 26 .4) 16.1 (7.7; 24.6)
v 11.0(8.5;13.5) 10.2 (7.9; 12.5) 10.7 (7.6; 13.8) 10.1 (7.1; 13.1) 13.2(9.7; 16.7)
J2ala 7.7(1.7;13.9) 7.9 (2.7; 13.3) 5.3 (0;13.4) 5.1 (0; 13.0) 9.8 (1.8; 16.6)

Age estimates are given in thousands of years and were stimated from a complete mtDNA genome database of 956 West Eurasian samples for ML and 1898

for p.

Using the time-dependent clock of Soares et al. [9], with ML and p.
®Using the synonymous clock of Soares et al. [9].

€ Using the synonymous clock of Kivisild et al. [142] rescaled by Perego et al. [143].
“Using the coding-region clock of Mishmar et al. [144] rescaled by Perego et al. [143].




Demic diffsion — synthetic map based on PCA of
classical genetic data

Figure 10.11: Synthetic map of Europe and Western Asia chtained
using the first principal component of classical genetic data.

Redrawn from Cavalli-Sforza et al. (1994).



mt genome sequenced Neanderthal remains
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Table 1. Mitochondrial DNA variation in Neandertals and modern humans.

Sample Length* Nt Hapt 5§ MPWDII B, (%]
All sites

Neandertals 16,565 6 5 55 20.4 0.123

Modern humans 16,547 o4 o4 658 60.5 0.365
African 16,556 21 21 365 76.5 0.462
Non-African 16,554 33 33 364 38.1 0.230
European 16,566 9 9 87 23.7 0.143
European Le;:pandedj' 16,565 30 29 260 32.3 0.195

Third codon positions**

Neandertals 3,575 6 5 22 8.3 0.231

Modern humans 3,575 o4 52 283 23.8 0.667
African 3,575 21 19 164 32.6 0.911
MNon-African 3,575 33 33 134 13.5 0.378
European 3,575 9 9 23 5.9 0.165
European (expanded)” 3,575 30 29 91 10.5 0.293

*Number of aligned positions excluding alignment gaps.

sequences (haplotypes). ENumber of variable sites.

fNumber of sequences. tNumber of distinct mtDNA

Mean number of pairwise differences.

fAverage percentage

of pairwise differences per site. #Expanded to inclede additional previously pubbished complete mtDNA genomes, See
SOM for details. **Baxed on a 10,725-bp concatenated alignment of the 12 mtDNA genes coded on the same strand,

excluding regions with overdapping reading frames.
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Figure 2 | Distribution of pairwise nucleotide differences. Parwise
nucleotide differences from all pairs of complete mtDNAs from 54 present-
day and one Pleistocene modern human, six Neanderthals and the Denisova
hominin are shown.



Denisova mt genome phylogeny
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Figare 3 | Phylogenetic tree of complete mtDM A= The phvlogeny was each major nodde. The map shows the geographical origin of the mtDNAs
estimated with a Bavesian approach under a GTR#1+ T mo-lel wdng 54 {24, 25, 32, dd areinthe Americas | Hote that two partial miDNAs sequenced
present-tday and one Flestocene modern human mt INA {grev), & from Teshik Tash apd Okladikoy Cave in Central Asia B together with the

Meanderthals (blue) and the Denisovahominin (red). Thetree srostedwith  complete Neanderthal miDRNAs m phdogenies® (not shown).
a chimpamres 2nd 2 bonabo mt IMNA Posterior probabilities am given for



» Oktatasi segédanyag: https://genetics.elte.hu
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