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Els6 genetikai marker: ABO vércsoport-rendszer

Landsteiner, 1900

Friax BerNsTEIN (1933)

Two hypotheses of blood group inheritance

von DunGeRN and Higizrein BERNSTEIN Observed
Lo ;
P Genotyvpe Expected proportion Genotype Expected proportion proparion
0 aa bb piopi ) pis 00,2494
A A= bb (1 = pipi AA, 0A PA + 2papa 0.422
B aa B- pi (1 = pi) BB, OB ph + 2pops 0.206
AB A- B- (1 = pEX1 = pi) AB 2pape 0.078
Toral | i 1.000

The expected proportions assume Hardyv-Weinberg ratios and linkage equilibrium. The observed proportions are from 502 Japanese
(BeErnsTEIN 1925),



® L.Fucose

B D-Gelaciose ABO antigének kialakuldsa
® NeAcstylgslacisamine

A NeAcetylglucosamine

Prekurzor H-antigen B-antigén A-antigen

|o-L-Fuc:cnyllmul'eme| a{ialacios yl transferase

aNe-Acetyl galactosamunyl trans ferase
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Various Alleles at the ABO Locus
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A humadn genom projekt eredményei

El6zetes publikdlds 2001-ben (Science, Nature)
Az eddig leirt legnagyobb méreti teljes genom

Az eukaridta genomra jellemzd szerkezeti és szervezddési

tulajdonsdgok (modellszervezetek)

Meglepden alacsony a fehérje kodolo gének szdma (~22000)
RNS gének novekvé szama (tRNA, snRNA, miRNA, stb.)
Orphan gének: nincs homoldgja, human gének ~ 1/3-a
Protein kddold szekvencidk ardnya: <1 %

+ Repetitiv_szekvencidk tdlnyomé ardnya!




Polimorfizmus hajtéereje:

REKOMBINACIO o
- pontmutacio
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Expansion




Scale

C)
| in_ N IN

Monosomy

Multimegabase
to whole
Chromosomal chromosome

translocation

(c)

Kilobases to
megabases

Ll A \ Tens of base
(b) A;‘g;elsggﬁnt e.g. repeat expansion LINE1 element insertio pairs to a few
\ | kilobases

Minisatellite

. . .CCBGGT ACTGA ATCCT TAGCTGACGGAC TCTGCTCTTGTC TGT“W@ CCATGT. . .
“ PRI S S Y| M (AN T

Transitions Tra‘nsversic‘ms Deletion Insertion Deletion Inse%on e.g. single repeat unit decrease Fe:agise
. . .CCACGGTGCTGACTCCTGAGCTGAC . TGGACCTGCTC  AGTT WGTM&@M@ CCATGT. . .
Base substitutions Single base Other small :
indels indels Microsatellite mutations

Single nucleotide polymorphisms (SNPs)
Human Evolutionary Genetics, Jobling, 2004



ARTICLE oPEN

doi:10.1038/nature15393

A global reference for human
genetic variation

The 1000 Genomes Project Consortium*

The 1000 Genomes Project set out to provide a comprehensive description of common human genetic variation by
applying whole-genome sequencing to a diverse set of individuals from multiple populations. Here we report
completion of the project, having reconstructed the genomes of 2,504 individuals from 26 populations using acombina-
tion of low-coverage whole-genome sequencing, deep exome sequencing, and dense microarray genotyping. We
characterized a broad spectrum of genetic variation, in total over 88 million variants (84.7 million single nucleotide
polymorphisms (SNPs), 3.6 million short insertions/deletions (indels), and 60,000 structural variants), all phased
onto high-quality haplotypes. This resource includes >99%, of SNP variants with a frequency of >1% for a variety of

ancestries. We describe the distribution of genetic variation across the global sample, and discuss the implications for
common disease studies.



Wariant sites per genome (million)

Population sampling
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ARTICLE

OPEN

doi:10.103E/ naturel1 5393

A global reference for human
genetic variation

The 1000 Genomes Project Consortium*

Table 1 | Median autosomal variant sites per genome

EAS SAS
Samples 504 489
Mean coverage 77 80

Var. sites Singletons Var.sites Singletons Var.sites Singletons Var.sites Singletons Var_sites Singletons

SNPs 431M 145k 3.64M 120k 3.55M 14.8k 3.53M 11.4k 3.60M 14.4k
Indels 625k - 557k - 546k - 546k . 556k -
Large deletions 1.1k 5 949 5 840 T | 939 5 947 5
CNVs 170 1 153 1 158 1 157 1 165 1
ME! (Alu) 1.03k 0 845 0 899 1 919 0 889 0
ME! (L1) 138 0 118 0 130 0 123 0 123 0
ME! (SVA) 52 0 RES 0 56 0 53 0 R 0
ME! (MT) 5 0 5 0 4 0 B 0 4 0
Inversions 12 0 9 0 10 0 9 0 11 0
Nonsynon 12.2k 139 10.4k 121 10.2k 144 102k 116 103k 144
Synon 13.8k 78 11.4k 67 11.2k 79 112k 59 114k 78
Intron 2.06M 733k 1.72M 6.12k 1.68M 7.3% 1.68M 5.68k 1.72M 7.20k
UTR 37.2k 168 30.8k 136 30.0k 169 300k 129 30.7k 168
Promoter 102k 430 84.3k 332 81.6k 425 822k 336 84 0k 430
Insulator 70.9k 248 59.0k 199 57.7k 252 57.7k 189 59.1k 243
Enhancer 354k 1.32k 295k 1.05k 289k 1.34k 288k 1.02k 295k 131k
TFBSs 927 B 759 3 748 B 749 3 765 3
Filtered LoF 182 B 152 3 153 - 149 3 151 3
HGMD-DM 20 0 18 0 16 1 18 2 16 0
GWAS 2.00k 0 207k 0 1.99k 0 2.08k 0 2.06k 0
ClinVar 28 0 30 1 24 0 29 1 27 1

See Supplementary Table 1 forcontinental population grou pings. CNVs, copy-number vanants; HGMD-DM, Human Gene Mutation Database disease mutations; k thousand; LoF, loss-of-function; M, million; MEL

mobile &lament insartons



Satellite DNA

]
unifarm gradient 5
T
g
centrifugation | satellte bands 3
. | |
main band «— Bouyant denslty In CsCl

MB

Main Band

Absorbance
(OD @ 260 nm)

\—/ \/ satellite

Density (Klug & Cummings 2000)



Minisatellite (D1S80)

Flanking regions

VNTRs, RFI:/ \

Repeat region

GAGGACCACCAGGAAG

16 bp repeat unit

Microsatellite (THO1)

Flanking regions

STRs, PCR/ \

TCAT
4 bp repeat unit

Repeat region

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



DNS polimorfizmusok

polimorfizmus - célrégidé a PCR vizsgdlatokban

CAACTGC

GTTGACG‘ GAGCCCTAGCCAG | CAGCT.

CTCGGGATCGGTC | GTCGA

GATCCGGAGCTTA
CTAGGCCTCGAAT

P : polimorf célszakasz (marker, lokusz, allél)



VNTR assay markerek: RFLP analitika

1985 - Sir Alec Jeffreys

J— W Dominant phenotype (P)
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ANALYSIS EXAMPLES
Fand H Always inherited together — linked?

A and B In progeny, always either A or B — “alielic™?

Aand D Four combinations; A and D, A, D, or neither — unlinked?
F, H,and E Always either F and H or E — closely linked in trans”?
Aliele P Possibly linked to | and C.

= Genetikai térképezés

: W piovisl 7
\\\\ \rvnigalpeis vodi il S/ T



Polimorf markerek eloszldsa a genomban

BINARY MULTIALLELIC
MARKERS MARKERS
/Telomere arrays
, +\‘\GC-rich 100001 Telomere
s : repeats
Basn minisatellites .
substitutions _ 1500—
(SNPs)— <—Microsatellites & Minisatellites Satellites
£ 1000
Satellites c
>
| g 5001
\ ® -
Alu ?nd L1y L — % 100 -
ingjr?snnst I - minisatellites Micro- genic
N / S07satellites I repeats
TSPY genic
I . 10 repeats
L ul*f minisatellites 1 5 10 100 1000 10000 100000

;

e — Repeat unit length (bp)

Human Evolutionary Genetics, Jobling, 2004



Mikroszatellit struktidra

Repeat  Locus Flanking Microsatellite repeats Flanking Alleles
unit size DNA e DNA
2bp  APOAZ acacacacacacacacacacacacacacacac fac)s o

A a1 1 i i1
attattattattattattattattattattattatiatt (att)s i

Sbp  DYS392

i i 1 i i i1

cagcagragrageageageageageageageageag (cag);.; (normal)

(cag)se-120 (pathogenic)

3bp  Huntingtin

36-120

\ Il Il Il Il I Il Il Il Il I

aatgaatgaatgaatgaatgaatgaatgaatgaatgaatg (aatg);.,

(aatg), . (atg) (aatg);.,

4 bp HUMTHOH1

T ] 1 (agat), ;(agac), ,agat
agatagatagatagatagatagatagatagatagacagacagacagacagacagacagat—
TG R (agat),,_s(agac)y

4bp  D125391

(LUEXE ) (CLTLE ), (TTL ) 5

| I I \ | I I [ [ I I |
tettcttttcttttcctttecttetettttetttccttttettettttetttec )
L o 0 55

Sbp  HUMCDA

Human Evolutionary Genetics, Jobling, 2004



Mikroszatellita evollcio

15 CA repeats originally

DNA replication g\
L

&

s .3

5
* Mew replication ¢y
. Mutation ‘repaired’ incorrectly
—L - - C T T 1>
3" 7 17 CA repeats

-
¥ .T ! L 'Tni.l-.\rﬁ.




Mikroszatellita genotipizdlds PCR-rel

Frimer 1

o

'rGmnhcumcmcmmmmhmcmncsn.-1'-T‘r 1"--‘1" CAES m_T“'t‘JT

L

S BT TACCACI TACGACAR TG TORCCGTAACATARCEGTAR

.RCTCmGTTICGMGCRGMGTTGCTRTGRCTGCTP MITGTSTATGTO TS lCM‘I‘GGTCAR‘IﬁCTGTTRC&CTGGCATI‘GTHITGCCAET

Note: the nucleotide composition  94°C a PCR 9
of the most variable area is /-\

indicated in the enlarged reglon. 55°C 30 % E e H
Basges al variable positions arg 2bpe \_)
highlighted. 72

- —

Primer 2

PCR = Polymerase chain reaction

Exponential amplification of a known DNA
sequence using complementary primers, a
thermostable DNA polymerase and a
temperature cycling protocs|

Fractionaled on saquencing gel

ACGT

TII Iy =

AGTTACGRARGCAGAAGTTGC TRTGACTGE 'Tﬂ'fmeGTGTGTGTB«mI \WCARTGETCARTECTGTTACACTGICATTOTA \h - —
— —

T —
—

TCAATGCTTCOTC TR ACEATACTEACGA S T S e T I T ol Ao 1T R CC AGTTACGACRATSTOACC O TAACAT I —— _—

AGTTACGRAGCAGARAGT TGO TATHACTUCT iyt purparyartiar iy bt AR TG TG AR TS S TG T TACACTOGC ATTGTA

TCARTGCTTCATCTTCAACORTAC TCAC G AT TNV Yarver Ty Y
AGTTACOARGCAARRGTTGETATGRCTALT by Lty et art Wb b R A TG AT AR TG CTG TTACACTOCAT TATA

_.-""H_ = -

—
q TTRCCIGTI'ACGN: ARTOTGACCGTAACAT / — —




STR allélek genotipizdlasa: multiallélek

Separate PCR products from various
samples amplified with primers
targeted to a particular STR locus

Polyacrylamide Gel

. Combine .

N .

. . — | T
. . .

__ Re-amplify __

. .

Find representative alleles
spanning population variation

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



Mikroszatellita - STR - markerek
(Short Tandem Repeat)

AATG
Flurescens 2 ‘ \ /

el O .

Q 7 repeat

. <
- -:- - -

8 repeat

a repeat régio variabilis az egyes mintak kozott mig a
flanking régio ahol a PCR primerek tapadnak allandé

Homozigota = a két allél megegyezik

Heterozigota = allélek kiilonbozok €s egymastol elvalaszthatok



Multiplex - PCR

(A) Harom lokusz szimultdn amplifikdldsa egy reakcidban

—> —> —
- <« -

Locus A Locus B Locus C

(B) PCR termékek elvdlasztdsa fragmens méret alapjan

L

small — large

Figure 4.3, J.M. Butler (2005) Forensic DNA Typing, 2 Edition © 2005 Elsevier Academic Press
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Genotipus gyakorisagok statisztikai interpretalasa

« Allél-gyakorisagi adatok generalasa a vizsgalt populacioban
gyUjtott mintak sorozatabdl (altalaban 100-200 nem rokon
egyed / populacioé autoszoma STR lokuszok esetén)

« Allél-gyakorisagi ertekek meghatarozasa minden I6kuszon és
az 0sszes megfigyelt allélra

« Allél-gyakorisagi ertékek felhasznalasaval a kérdéses DNS-
profil el6fordulasi gyakorisaganak kiszamolasa

— Homozigéta (p?), Heterozigota (2pq)

— Product rule: fliggetlen I6kuszok genotipus
gyakorisaganak multiplikalhatésaga PM = (P1)(P2)...(Pn)



Bayes-féle hipotézis tesztelés
m Vad hipotézise (Hp):
Pl.: A helyszinen talalt vérnyom XY-t6l szarmazott

m Védelem ellenhipotézise (Hd):

Pl.: A vérnyom az adott népességbol véletlenszeruen
kivalasztott masik, NN személytol szarmazott

m Bayes-formula (valoszintiségi tesztelés)

Pr(Hoj)  Pr(E|He,T) _ Pr(HfE, T) iy
Pr(Hd[T) ~ Pr(E[Hq,I) ~ Pr(HdE, T) i zonystek

I: informacio

H: hipotezis

a priori valoszintségi a posteriori
valoszinusegi hanyados valoszinasegi
hanyados  (genetikai bizonyiték) hanyados

(PrPR) (PoPR) d: ugyved

p: ligyesz



A valoszindségi hanyados

s Ha a biologiai nyom egy személytdl szarmazott,
és a laboratoriumi hiba kizart, Pr(E | Hp,I)=1.

~ Pr(E‘Hp, I) B 1 1 Pr: valoszintiseég

- = — e e L[: bizonyitek
PF(E‘Hd, I) Pr(G( ‘GS - Hd,n PF(G[ ‘Hd, I) Bret genetikai profil

I: informacio

H: hipotezis

Egyezesi valosziniseg  Profilgyakorisag

p: Ugyesz

d: iigyved

¢: helyszin

s: gyanusitott
A Valészinﬁségi hényados - legegyszerﬁbb

formajaban - a genetikai-profil elofordulasi

gyakorisaganak reciprokaval egyezik meg.



PCR Product Size (bp) Same DNA Sample Run with
e Fach of the ABI STR Kits
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.Replikdcids slippage” - Mikroszatellita mutacio

Microsatellite
- repeat unit
DNA polymerase NO
5 W Replication MUTATION
E— Sl e I S e S e
o 5 ——> ——

11-repeat allele

Slippa&\wealignment

Mismatch
repair

Misalignmey \
a.n..-) XX XX o
w

l Extension i
M XXX X X X XX
——— OO IO — w

+1 REPEAT MUTATION -1 REPEAT MUTATION
12-repeat allele after

10-repeat allele after
subsequent DNA replication subsequent DNA replication

Human Evolutionary Genetics, Jobling, 2004



STR System| Maternal Meioses | Paternal Meioses [Number from| Total Number of | Mutation
(%) (%) either Mutations 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%
THO1 | 31/327,172 (0.009) | 41/452,382 (0.009) 28 NM00/779,554 | 0.01%
TPOX 18/400,061 (0.004) | 54/457,420 (0.012) 28 NS 100/857,481 0.01%
VWA 184/564,398 (0.03) (1,482/873,547 (0.17) 2,480/1,437,945| 0.17%
D3S1358 | 60/405,452 (0.015) | 713/558,836 (0.13) % 1,152/964,288 | 0.12%
D5S818 |111/451,736 (0.025) | 763/655,603 (0.122\0 385 1,259/1,107,339| 0.11%
D7S820 | 59/440,562 (0.013) | 745/644,743 (0} 285 1,089/1,085,305| 0.10%
D8S1179 | 96/409,869 (0.02) | 779/489,968 ) 364 1,239/899,837 | 0.14%
D13S317 | 192/482,136 (0.04) 881/6%1,@ 14) 485 1,558/1,103,282| 0.14%
D16S539 | 129/467,774 (0.03) 540/4;?‘4,465 (0.11) 372 1,041/962,239 | 0.11%
D18S51 | 186/296,244 (0.06) |1,0¢ 4,098 (0.22) 466 1,746/790,342 | 0.22%
D21S11 | 464/435,388 (0.11) /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 (Q06 75/55,719 (0.135) 59 163/100,030 0.16%
D2S1338 | 15/72,830 (0,621) | 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 0/330 (<0.30) 330/51,610 (0.64) None 330/51,940 0.64%
(ACTBP2) reported

STR l6kuszok mutdcids ratdja: 10-3 - 104 / meidzis




Polimorf szekvenciak mutacios ratdja (u)

Mutation rate

per locus
per generation
Some expanded 0
. . : 10
Bpathogenic microsatellites
101
IMinisateIIites
102
Microsatellites 10-3
Some structural 10-4
polymorphisms
o 1 0_5
o
= 10-6
107
Base substitutions (SNPs)
10-8
10-°
1010
IRetroeIement insertions
1011



Trinukleotid repeat expanzio I.

2
insertion —! 1@2
5 | CAG | | cAG |—> 3-
aF — a7C¢ H &7¢ [ a7c }H aT1Cc H aTCc H aTc | 5°
1 2 3 4 5 6
E
- 2 2 3 4 5 6
5 | cAG H caG [ cac [{ cac [ {cacg HH caG [ {cag ——— a-
CAGCAG (EAG )y = CAGCAG —

J N n=5=35
v \\ Type I
CAGCAG = CAG(CAG),CAG — CAGCAG

n=20—>300
1 Polyglutamine (CAG) expansion in cading regions

CGGCGG

(CG G m—— TGO CCE

7 \E T2 Type II

CGGCGGE — CGGB(CGGE),Ca6G -~ CGBCGG
= 50 = 1000
2) Trinucleatide expansion (CGG or CTG) In nencoding regions

A. Different types of trinucleotide repeat expression

Instabil mutacio!



Trinukleotid repeat expanzio II.

CGG GAA CAG CTG CGGE
AUG AUG
stop
: : ! e e
Exom Intron Exon Intron Exon Intron
FRAXA Friedreich Chorea Huntington Myotonic FRAXE
mental i#axia Spinakbulbar muscular atrophy dystrophy meftal
retardation Spinocerebellar ataxia 1 rétardation
Other neuralogical diseases others
B. Unstable trinucleotide repeats in different diseases
kb S—
Size markers Three narmal Three - =1 e ol
Contrdl persons atfected persons | i .
. 1 2 3 qa 5 (2 7 B 9 10 1
| GO0 —
b =4 |
ﬁ — ™
£ T
rF —
= — ‘E

C. Principle of laboratory diagnosis of unstable trinucleotide repeats leading to expansion



Repeat expanziok okozta defektusok

Disease Cene  Frequency  Tri- Normal  Mutant  Chromosome
(Examples) nucleotide Number  Allele
Huntington discase HD 110000 (CAG), 0-26 36-121  4pl6.3
Fragile X syndiome FMRT  1:5000  (CGG), 650  52-500 Xq27.3
Myotonic dystrophy DMPK  1:8000 (CTC)y 5-37 50-500  19q13.2
Spinal-bulbar muscular  SBMA  <1:50000 (CAG),  11-31  36-65  Xgq11-12
atrophy (Kennedy)

I Fragilis X

® Huntington disease

Myotonic dystrophy

d

B. Fragile site Xq27.3

~ Friedrich ataxia
stb.



Mikroszatellita pontmutdciok

5’flanking J’flanking
Forward primer  region STR region Reverse primer
binding region Repeat region binding region
f IR R 17 N N A\

’ * Example:
THO1 9.3 allele

< (-A'in 7t repeat)

A)

ﬁ
Example:

— D18S51 13.2 allele
(+AG in 3’-flanking region)

*ﬁ Example:
Rare VWA allele amplified with

AmpFISTR primers
(A-to-T in 2" base from 3’end of
forward primer)

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



Varians mikroszatellita allelek: Null-allélek

D7S820

* 12 Profi...us Ladder 12 Green Profiler Plus Ladder

D13S317 allel rian

gaccaacaattcaagctctc-3'

5'-gggttgctggacatggtatct ACAGAAGTCTGGGATGTGGA---Ng2---(ATCT)7 ATCAATCAATC(ATCT)3TTCTGTCTTTTTGGGC---N36---

1500
400 1000
500
@IEI@I----II-I@II
o Pl Mol R Dl el - ot - el - = . . *,1,|,|,],]
0 252 254 256 258 260 282 264 266 288 270 272 274 276 278 280 282 284 286 288 290 282 204 270 275 305 310 315 320 325 330 335 340 345
078820 ]
? D188551 |
l.c0o ||| 17 POP Gy/De - 136 17 Green POP Gy/De - 136 136
1500 1500
1000 1000
500 s00
'
¢ ||| Allél  Fragmenthossz 5'flanking régié  Repeat régié 3' flanking régié
200
oo 16 2000y N - ccanie - s acaca - I
" 202 si7ee N o2 - acacsarc- [
15* sty [ - 20 - asac acacac - [N
Allél Fragmens méret  5' Flanking régié6  Repeat regio J3' Flanking régio
* 12 Profi...us Ladder 12 Blue  Profilar Plus Ladder
= - (GATA)g - - (T)g ATCT - 200
-1 wsop [ - oo - s
200
v [ - G, [ - o ATeT-
.----l.--*----
10 214 bp B - 62740 Bl - (s AATCT - [[isusogonenninei s v i ooy sy o R AR
10 215 220 225 230 235 240 245 250 260 265 270 275 280
FGA
12 (ref.) 222 bp _ h (GATA)D : - - (T)9 ATCT - 13 POP Gy/De - 110 13 Blue POP Gy/De - 110 110
24 bp 13 bp 124 bp [\ /l 200
— '. '. —~1000
D135317 alee 12 Homozigota fenotipust——
}-1500
5'-gggttgctggacatggtate T ATGT ---N82---(ATCT)12ATCAATC(ATCT)3TTCTGTCTGTCTTTTTGGGC---N36--- i
gaccaacaattcaagctctc-3' 500

2000
1000




Mikroszatellita

allélgyakorisdg diagramok

D3S1358

D21S11

0,3
o0 50
= =
o= = 0,2
B S
£ £
g 2,
& <
0,1
0,0 X >
252 26 262 27 28 29 29,2 30 30,2 31 31,2 32 32,2 33 33,2 342 35
Allél Allél
BuCa BaRo DeRo BuAs Szekely Csango ——BuCa BaRo DeRo BuAs —— Szekely Csango ‘
THO1 TPOX

Gyakorisag
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BuAs
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Csango

Gyakorisag

Allél

BuCa

BaRo DeRo BuAs

Szekely Csango




Genetic Structure (AMOVA)

a’

P BuCa BaRo DeRo BuAs
FST 1|2|3|4|5|6|7|8|9|10|11|12|13|14|15123456789101112131415123456789101112131415123456789101112131415
BuCa

DeRo
BuAs l l

b,
P BuCa BaRo DeRo
QST 1|2|3|4|5|6|7|8|9|10|11|12|13|14|15 12314506178 oftojtrj12q13j14fi1sgtr2)34s)oe]7)819)10f11j12]13J14]15Q1
BuCa
BaRo l
DeRo
LN
getolesek: [l For, @50 >002; P<0t [ 002> (Fsr, @51) > 0,01; 0,01 <P < 0,05 [] (Fsr, ®s1)<0,01;P >0,05
9
P BuCa Szekely Csango
lst lI2I3I4I5I6I7ISI9I10I11I12I13I14I15I16I17 1 2 3 4 5 6 7 8 9 10g11 1213141516171 2 3 4 5 6 7 8 9 Jlrogirigi12g13g14p1sg1eft17
BuCa
Szekely H
Csango [TTTTTTT T ITTTTT
b,
P BuCa Szekely Csango
(DST II2|3|4|5|6|7|8|9|IOIIIIZI13|14|15|16|I7 1 2 3 4 5 6 7 8 9 10Q11 121314151617 1 2 3 4 5 6 7 8 9 10Q 1112 1314Q15)16}17
BuCa
Szekely H F
Csango HEEERERRRERENEN

Jelolések: B o005 002: Po [] o.02> g0 >0.01: 0,01 <P <005 [1 Fer.og<o0.01: p>o0.05
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Mobilis Genetikai Elemek

+ Extra mennyiség a human genomban: 100/gén (~ 45 %)

* Human genom ~ 75 %-a lehet mobilis elem maradvdnya

* Mutagén hatdsok: pl. inzercid, nem homoldg rekombindcio,
— negativ konzekvencia a gazddra nézve

- Retrotranszpozon: ,copy-and-paste”, LINEs, SINEs, LTRs

» Transzpozonok: ,cut-and-paste”

TABLE 2.2: CLASSES OF DISPERSED REPEATS IN THE HUMAN GENOME.

Fraction of genome

Class Copy no. per
haploid genome

LINEs 850 000

SINEs 1 500 000

Retrovirus-like elements 450 000

DNA transposon copies 300 000

21%
13%
8%
3%

Autonomous transposition
or retrotransposition?

Length -

Yes
No
Complete copies, yes

Complete copies, yes

Up to 6-8 kb

Up to 100-300 bp
6-11 kb {1.5-3 kb)
2-3 kb (80-3000 bp)

Values given i purcntheses are lengths of incomplete elements, incapable of autonamous transposition (sce Scetdon 3.4). Adapted from

Lander af al. (20017,



Mobilis elemek: biallélikus hossz-polimorfizmus

NUCLEUS CYTOPLASM

Full-length L1 (6.1kh)

Human A/uRepeat

(~300 bp)

5° | ORF1 ORF2 3 /\/—(A)n
Trecriotion 2 Transiation
(A)n mANA export Y
/-\_/- ORF1 Reverse
franscriptase/
Function ' endonuclease
unknown
Reverse transcription/ e
integration (Aln - ORF1 (A)n
: Entry into /\_
T Aueleus
| Em——— ’ Ot
L1 copy
— often truncated
at5 end
Alucopy
Heverse
transcription/”]
integration ‘
W
o allél
1 \lﬁansmahon
5 &
— - > p Short (7-20bp)
Alu dimer (~290 bp) flapking direct repeat




Long Interspersed Nuclear Elements - LINEs

* LINEs v. Kpn: emberi genom 20 %-a, 870.000 kopia

» kb. 100 LINEs m(ikodéképes retrotranszpozonként

~ 6 kb, belsé 5’ prométer, 2 ORF (RNS-kotd fehérje, endonukleaz
+ reverz transzkriptdz), poly(A)-farok,

* Target-primed reverz transzkripcio: TT | AAAA - target
* Hanyag mdsolds
(transzkripcids .read-through”, .dead-on-arrival”, nagyobb

szekvenciarészek dtrendezdédése, egyéb nem autonom
szekvenciakhoz valé kotédés)

- Onmaguktdl nem tudnak a genombdl kivdgédni (delécid)
+ 0si és relative Uj szekvencidk (pl. LINE-1: 5 MYs)



Short Interspersed Nuclear Elements - SINEs

+ SINEs v. A/lu: 1.500.000 képia, 70 % A/uI, 300 bp,
+ Féemlés specifikus, Alu I: AGCT, polimorfizmusok,

- Nem kodold szekvencia, ondlléan nem mobilizalddik

* Alu- LINE-1 retrotranszpozicié, 0.05 /genom / generdcié

5 . 3
Alu dimer —Jp | (A), (A) Pp—
~130 bp ~160 bp
~290 bp
5
= UTR ORFT{ DORF2 .
LINE-1 | 3 A P 3
element — - - : I:AIH_
5.1 kb
¥ ¥
Funciion Reverse transcriptase
unknown and endonuclease

’ Short flanking
direct repeat

Human Evolutionary Genetics, Jobling et al, 2004



Egynukleotid polimorfizmusok (SNPs)

- Biallélikus markerek (6 lehetdség)
- (A/G,C/T,A/T,C/6,T/G,A/C)

» Tobb millioc SNP a genomban
- kb. 500-1000 bdzispdronként
- pontmutdciok génekben és/vagy reguldtor régidkban

* Fenotipus kapcsolatok

- pigmentdcid, testalkat, ...

- Leszarmazadsi vonalak (Y-SNP's)

* Diagnosztika

- multifaktoridlis poligénes betegségek



SNP markerek a humadn genomban

TABLE 12.2 Categories of SNF Markers (See Budowle & van Daal 2008, Butler et al. 2008).

Category Characteristics Examples
Identity SNPs SNPs that collectively give very low F55 21plex (Dixon et al. 2005)
Individual Identification  probabilities of two individuals having the SNPforlD 532plex (Sanchez et al. 2006)
SNPs (II5NPs) same multi-locus genotype Kidd group 5NPs (Pakstis et al. 2010)
Lineage SNPs Sets of tightly linked SNPs that function as mtDNA coding region SNPs (Coble
Lineage Informative multi-allelic markers that can serve to et al. 2004)
SMPs (LISMPs) identify relatives with higher probabilities Japanese Y-SNPs (Mizuno et al. 2010)
than simple bi-allelic SNI's Haplotype blocks (Ge et al. 2010)
Ancestry SNPs SNPs that collectively give a high probability  SNPforlD 34plex (Phillips et al.
Ancestry Informative of an individual's ancestry being from one 2007b)
SNPs (AISNPs) part of the world or being derived from two 24 SNPs (Lao et al. 2010)
or more areas of the world FS5 YSMPs (Wetton et al. 2005)
Phenotype SNPs SNPs that provide a high probability that Red hair (Grimes et al. 2001)
Phenotype Informative the individual has particular phenotypes, “Golden” gene pigmentation
SMPs (PISMNPs) such as a particular skin color, hair color, eye  (Lamason et al. 2005)

color, etc.

IrisPlex eye color (Walsh et al. 2010)




A humdn melanogenezis

Eumelanin a-Melanocyte Stimulating Hormon Phaeomelanin
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TYRosinase ‘TYRosinase

v
Tyrogine — Dopaquinone
l-'l--- Cysteing

Phasomelantn

S

Keratinocyte

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



A borpigmentdcid kialakuldsdért felelés gének

Principal skin pigmentation candidate genes

Locus Chromosome Protein Mut phenotype Function
Melanosome proteins
TYR 11q14-11q21 Tyrosinase OCAl Oxidation of tyrosine
TYRPI 9p23 Gp75, TRYPI1 OCA3 DHICA-oxidase, TYR stabilisation
DCT 13q32 DCT, TRYP2 Dopachrome tautomerase
OCA2 15q11.2-15q12 P-protein OCA2 (eye) pH of melanosome
SLC45A2 5p14.3-5q123 MATP, AIM-1 OCA4 (skin) Melansome maturation
SLC24A5 15¢21.1 Cation exchanger Melanosome precursor
Signal proteins
ASIP 20q11.2-20q12 Agouti signal protein MCIR antagonist
MCIR 16q24.3 MSH receptor Red hair (skin) G-protein coupled receptor
POMC 16g24.3 MSH receptor Red hair MCIR antagonist
OAl Xp22.3 OALl protein 0OAl G-protein coupled receptor
MITF 3pl2.3-3pl4.1 MITF Waardenburg Transcription factor
Proteins involved in melanosome transport or uptake by keratinocytes
MYOS5A 15q21 MyosinVa Griscelli Motor protein
RAB27A 15q15-15q21.1 Rab27a Griscelli RAS family protein
HPSI 10g23.1-10g23.3 HPS1 Hermansky-Pudlak Organelle biogenesis and size
HPS6 10g24.32 HPS6 Hermansky-Pudlak Organelle biogenesis

ACTH: adrenocorticotrophin hormone: DCT: dopachrome tautomerase: DHICA: 5,6-dihydroxyindole-2-carboxylic acid: MATP: membrane-associated transporter
protein; MCIR: melanocortin-1 receptor; MITF: microphthalmia-associated transcription factor; MSH: melanocyte stimulating hormone; OCA: oculocutaneous
albinism; POMC: pro-opiomelanocortin; TYRPI: tyrosinase-related protein 1.

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



MCIR gén mutacidk

Mutations in the MCIR gene. their penetrance and functional significance (where known)

Mutation Type Designation Penetrance (odds ratio) Functional significance References (for functional
significance and penetrance)

R151C Mis-sense R 633 Altered cellular location [16.26]
R160W Mis-sense R 633 Altered cellular location [16,26]
D294H Mis-sense R 63.3 Impaired G coupling ability [26,27]
DE4E Mis-sense R 633 Altered cellular location [16.26]
[155T Mis-sense Lack of statistical data—strong familial asso- Altered cellular location [16,26]
ciation
Vozm Mis-sense r 5.1 Reduced a-MSH binding [26,28,29]
ValL Mis-sense r 5.1 [26]
RIG30Q) Mis-sense r 5.1 Slightly reduced a-MSH binding [26,29]
R142H Mis-sense Lack of statistical data—strong familial asso- [26]
clation

- MCIR allélvaltozatok kiilonbozd aktivitassal rendelkeznek.
- 317 AS, 7 transzmembran domén,

- SNPs, RHC fenotipus,

- neandervalgyi pigmentdcio

- genetikai tesztek, fenotipus predikcié

Tully, FSI Genetics (2007) 1:105



SNPs - pigmentdcios gének

*  ASIP (aguti): 3'UTR 8818A - MSH antagonista - phaeomelanin termelés
*  MATP: melanoszoma pH reguldcid, 374Leu allél - s6tét szin, albinizmus

- SLC24A5: .arany” gén, zebrafish, Alal11Thr allél, vildgos drnyalat, europid
rasszban fixdlt, szelekcios nyomds?

+  OCA2: albinizmus gén, 305 Arg/Trp, Afrika / Eurdpa

Gene Location Protein Reference SNP ID (rs#)° Alleles Variation type
MCIR 16g24.3 MCIR: melanocortin 1 rs1805007 /T ns coding, c451C>T, p.R151C
receptor rs1805008 C/T ns coding, ¢ 478C>T, p.R160W
HERC2 15gl13 Unknown rs12913832 ASG Non-coding, intron 86
OCA2 15ql1.2-15g12 P-protein: NA+H+ rs7495174 T/C Non-coding, intron |
antiporter or glutamate 56497268 or rs4 778241 G/'T
L : e
A rs11855019 or rs4778138  T/C
rs1545397 G/A Non-coding intronic
SLC45A42 5pl3.3 MATP: membrane- rs16891982 C/G ns coding, ¢.1122C>G, p.F374L
associated transporter
protein
SLC24A5 15g21.1 SLC24A5 (or NCKX5): rs1426654 G/A ns coding, p.A111T
solute camier family 24,
member 5; potassium-
dependent sodium-—|
calcium ion exchanger
DCT 13g32 DCT or TYRP2/TRP-2: rs2031526 G/A Non-coding, intronic

dopachrome tautomerase
or tyrosinase-related
protein-2

8 NON-synonymaous

P Reference SNP ID refer to the reference sequence identifier given to the SNP in the dbSNP database

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



SNaPshot: A Primer Extension Assay Capable of Multiplex Analysis

Minisequencing Allele-specific primer extension across the SNP site with

(SMNaPshot assay) fluorescently labeled dd™NTPs; mobility modifying tails can be added
to the 5-end of each primer in order to spatially separate them
during electrophoresis.

i - S

Sample 1

3000 7 TT
o CT 1 et lecc

- Mou

Sample 2 TT
cc cT L

-8 EEE

(b) (TTTTT)—primeri (chromosome 20)-ddT/ddT
(TTTTTIAHTTTTT}—primer2 (chromosome &)-ddC/ddT
(TTTITTHTTTTTHTTTTT)—primer3 (chromosome 14)-ddC/iddT
(TTTTTAHTTTITT{TTTTTHTTTTT)—primerd (chromosome 1)-ddC/ddC

FIGURE 12.2  Allele-specific primer extension results using four autosomal SNP markers on two different sam-
ples (a). SMP loci are from separate chromosomes (1, 6, 14, and 20) and therefore unlinked. Electrophoretic resolu-
tion of the SNI primer extension products occurs due to poly(T) tails that are 5 nucleotides different from one
another (b). Butler, J.M. (2011) Advanced Topics in Forensic DNA Typing, p. 354
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Bouakaze et al., Int J Legal Med (2009) 123:315




Sample Self-reported pigmentary traits 512913832 1805007 rs1 805008 OCA2 16891982 rs1426654 2031526 51545397 Inferred ancestry of individuals®

HERC2 MCIR MCIR diplotype® SLC24A2 SLC24A5 DCT OCAZ

Eye color Hair color Skin color European Asian African
El Blue Red Fair GG c/iC T TGT/TGT GG AlA GG AlA 0.963 0.012 0.024
E2 Green Light brown Fair GG CiC c/C TGT/TGT GIG AlA AG AJA 0.954 0.021 0.025
E3 Blue Blond Fair GG CiC c/iC TGT/TGT GIG AlA AG AlA 0.954 0.024 002z
E4 Blue Blond Fair GG C/iC Cic TGT/TGT GG AlA AG AlA 0.960 0.020 0.020
ES Blue/gray Auburn Fair GG cT c/C TGT/TGT GIG AlA G/G ASA 0.961 0.013 0.026
E6 Green/gray Light brown Fair GG CiC c/iC TGT/TGT CiG AfA GG ASA 0.787 0.038 0175
E7 Greenhazel Light brown Fair C/iC CiC TGT/TGT GG AlA AG AA 0.955 0.022 0.024
E& Greenhazel Dark brown Fair C/iC CiC TGT/CTC G/G AlA GiG AIA 0.961 0.013 0.027
E9 Greenhazel Dark brown Fair CiC C/C TTT/CTC GG AlA GG ASA 0.963 0.013 0.024
E10 Blue Light brown Fair CiC C/c TGT/TGT CiG AlA GG AIA 0.789 0.049 0.163
Ell Green Auburn Fair cT c/ic TGT/TGC GIG AlA GG ASA 0.958 0.014 0.028
El2 Blue/hazel Light brown Fair CiC CiC TGT/TTT GiG AlA GG ASA 0.962 0.012 0.026
El3 Blue/hazel Light brown Fair CiC c/ic GIG AlA GG LYLY 0.965 0.013 0.022
E14 Cireen Light brown Fair C/iC cic C/G AlA GG AT 0,763 0.165 0.073
ElS Brown Dark brown Fair C/iC C/C GG AJA AG VLN 0.957 0.022 0.021
El6 Brown Dark brown Fair CiC c/ic TGT/CTC CIG AlA AG AT [(NC 0.283 0.048
17 Greenhazel Dark brown Medium c/iC C/C TGT/TTT C/G AlA GG AT 0,755 0.170 0.076
E18 Blue Light brown Fair c/iC C/C TGT/TGT G/G AlA GG AT 0,935 0.045 0.021
E19 Brown Red Fair cT c/c TGT/TGT GG AlA GiG AIA 0.9%4 0.013 0.022
1520 Green Light brown Fair c/C C/C TGT/TGT CiG AdA GG AIA 0.792 0.047 0.161
E21 Cireen/gray Blond Fair c/C c/C TGT/TGT GIG AlA AG AIA 0,957 0,022 0.021
E22 Blue Light brown Fair C/iC C/C TGT/TGT GiG AlA GiG ASA 0.959 0.014 0.026
E23 Greenhazel Light brown Fair c/iC c/C TGT/TTT GG AfA AG AIA 0.957 0.020 0022
24 Cireen Light brown Fair c/C c/C TGT/TGT ClG AlA GiG AIA 0.786 0.049 0,166
E23 Brown Red Fair Cc/C T/F TGT/TGC GiG AfA GG ASA 0.963 0.014 0.023
E26 Blue Light brown Fair c/iC C/C TGT/TGT GG AlA AG AIA 0.954 0.021 0.025
E27 Blue Red Fair c/iC CT TGT/TGT GG AfA GG ALA 0,958 0.014 0,028
Afl Brown Black Dark ciC c/C TGC/TTC C/iC GG AG ALA 0.028 0.094 0878
Af2 Brown Black Dark c/iC c/C TGC/TTC CiC GG GG AdA 0.023 0.031 01.946
Af3 Brown Black Dark CciC C/C TGCTTC CiC AG GG AlA 0.164 0.041 0.795
Asl - - - CiC C/iC TTT/CTC C/iC GG AG AT 0,042 0.649 0.308
As2 - - - CiC CiC CTC/CTC CiC GG AG TIT 0.020 0.921 0,060
As3 - - - c/iC CiC CTC/CTC CiC GG AlA TT 0.013 0.964 0023
Asd - - - C/iC c/C TTT/CGC CiC AG AlA AT 0.212 0.708 0,080
AsgS - - - CiC CiC TTC/OGC CiC GG AG T/T 0.019 0.922 0.059
Ash - - - C/iC CiC CTC/CTC CiG GG AlA T/T 0119 0.858 0023

E European modern sample, Af Affican modern sample, As Asian modern sample
? OCAZ? diplotype comespond o markers rs7495174/ms6497268/1s1 1855019, OCA2 diplotype and rs12913832 genotype predictive of blue eve color phenotype are underlined
® Probability of being from European/Asian/African population determined using the STRUCTURE program. The greatest probability, most likely estimate of ancestry, is indicated in bold

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



Eltéro oroklodési mintazatok

Leszarmazasi markerek

Autoszomas marker Y-kromoszoma Mitokondrialis DNS
(az Osszes felmenonktol (csak a it gyermekek (minden gyermek az
orokoljuk részletekben) oroklik apjuktol) ¢desanyjatol orokli)

________________________________________________________________________________________

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



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 e DYS448
DYS452 DYS458b
DYS45315ys456 DYS437,DYS438
DYS439 ™\ |
1 1! . ' TTJ

Mb 5 1p / Il 15 l 10 25 130

. ISRY ZFY | 'DYS635 H4 &

DYS393 DYS19: DYs391\ DYS3%0 f\ pys3ez ./

— -y DYS389 il ;
| Minimal haplotype loci I DYS385a DYS385b

P AZFa| |AZFb|| AZFc :::::::::':':::'T'?E:

q heterochromati
Pseudoautosoimal

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



Y kromoszémas vizsgdlat bliniigyi mintdkon
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(A) DYS385alb Multi-Copy (Duplicated) Marker

R primer R primer
—
—_a__ b >—
T S s
F primer F primer

Duplicated regions are

40,775 bp apart and facing a=>b axb
away from each other
(B) DYS389 I/l Single Region but Two PCR Products
I (because forward primers bind twice)
I———————————-;-———————————-E DYS3891 DYS389ll
I F primer : F primer :
— P—
T T T T T T T _=
' —i
: R primer j

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



DYS389 I-II mutation

BI_13_3713_001_0NIST_1072671GN 1245 13_9713_001_011ST_120723 [ |E |ﬁ |ﬁ |i |® [] Mrk Sample for Defetion
B_DVS456 | [FIOVS389 | [BD¥5390 | [BOvSIeN |
100 120 140 160 190 a0 220 2 20 20 100
700
00
500
an
400
a0
100
oLk K Ao A i i s e - A i
EO1_13_8713_001_O1IST_1S072871GNT134sa  13_8713_001_DAIST_130728;) |@ |@ |@ |@ |® [ Mark Sapl For Defetion
B_DYS456 | [B_DVS3891 | [B_D¥5390 | B_DY53891 |
100 120 140 160 190 a0 a0 2 20 20 400
00
00
an
200
PRy fk POy A s I g oo A n
]
Ci1_13_8713 002 01IST_1s07zseionTazisa 3 o732 onsi el M B B (B |@® [ Mark Saple for Defetion
[EDY5356 | [BIDV53 | [EDVEsE | [FIDvEIEN |
100 120 140 160 180 200 a0 a4 260 a0 400
200
1600
1200
00
an K
] A Jn\. = E i /\ s A A s i A
i



| Sf J m e, whird, org/SearchiHaplakypes; ;s

YHRD ORG.

v

Haplotypes
SNPs
|.|£-‘?‘:; Pﬂpl]]atmns

R39: 101055 haplatypes Comiributors
Coniributions

Please note: The database size will vary based on the loci you hawve entered.

e 7 loci haplotype (DY519, DY33891, DYS389I1, DYS390, DYS391, DYS392, DY 5393): 101055 haplotypes
Y loci haplotype [+ DY'5305a/b); 99258 haplotypes

11 loci haplatype (+ DY5435, DY 5435): 72171 haplotypes

12 loci haplatype (+ DY 5437); 52628 haplotypes

17 loci haplotype (+ DY 5448, DY 5456, DY5458, DY 5635, YGATAHA): 40987 haplotypes

Y-SNPs:

o 124 Y.SNP branches (defined by 134 Y-SNP markers)
¢ 9039 haplotypes with ¥-SNF information

QJoEo

w—s EY MG ZA



(- n wieay whird, orgf SearchiHaplobypes; ;=
b

R39: 10 aplaty Comiributors
Coniributions

| '

Matches grouped by Metapopulations Matches grouped by Continents Matches grouped by Haploproups Frequency surveying estimates

African - Afro-American
Frequenoy estimates with given haplotype not included in the database: bMean: 3.366 = 1074 Mode: 2,843 = 1074
Frequeney estimates with given haplotype included in the database:, Mean: 2.880= 107}, Mode: 2.266 = 10+
Afro-Asiatic - Semitic
Frequency estimates with given haplotype not included in the database: Mean: 4.267 = 10-4, Mode: 4.063 = 10-4
Frequenay estimates with given haplotype included in the databasze:, Mean: 4.47 = 1074, Mode: 4267 = 107+
East Asian - Japanese
Frequency estimates with given haplotype not included in the database: Mean: 5.44 = 10-4, Mode: 4677 = 10-4
Frequency estimates with given haplotype included in the database:, Mean: 6493 = 10-4, Mode: 5.1 = 10-4

East Asian - Korean Counting MethOd

Frequenay estimates with given haplotype not included in the databasze: Mean: 1.786 = 1074 Mode: 1.395= 107+
Frequenecy estimates with given haplotype included in the database:, Mean: 2477 = 10-4, Mode: 1,726 = 10-4

East Asian - Sino-Tibetan - Chinese 95% Conﬁdence interval

Frequenecy estimates with given haplotype not included in the database: Mean: 6.028 = 10°%, Mode: 3.951 = 105
Frequenecy estimates with given haplotype included in the databasze:, Mean: 2.104= 105, Mode: 6.028 = 107

Eurasian - Altaic 1_ O 05 1/N ~ 3/N
Frequenoy estimates with given haplotype not included inthe database: bean: 5634 = 1074 Wode: 40953 = 1074 °

Frequenoy estimates with given haplotype included in the databaze:, Mean: §.215 = 10 Lt =T -4

Eurasian - European - Eastern Eurcpean
Frequency estimates with given haplotype not included in the database: Mfan: 7.657 = 107, Mode: 3,381 = 107

Frequeney estimates with given haplotype included in the databaze:, Mefin: 1.192 =107, Mode: 7 658 = 1072

Eurasian - European - South-Eastern European
Frequenoy estimates with given haplotype not included in the database: bian: 2772 = 104 Mode: 2878 = 1074

&7 =074 Mode: 2772 = 1074

Frequenoy estimates with given haplotype inzluded in the database:, Mean:
Eurasian - European - Western Eurepean

Frequency estimates with given haplotype not included in the database: Mean: 2.693 = 10-3, Mode: 1.493 = 10-F

Frequenay estimates with given haplotype included in the database:, Mean: 3944 = 1077, Mode: 2 693 = 103




Y kromoszoma vizsgalat soran a ferfi agi fid rokonok
mindegyike potencialis mintaadd

@_ ......... I | |||Q
" oo 8

nagybécsii

unokatestveér

_____________________________

Figure 9.3, J.M. Butler (2005) Forensic DNA Typing, 2" Edition © 2005 Elsevier Academic Press



A mitokondridlis genom

cirkularis DNS

Cambridge Referencia Szekvencia Oy P\

~ ezer kopia sejtenkent
nincs hiszton asszociacio
magas mutacios rata
D-loop esetében ~ 9000 év alatt 1%
oxidalo szabadgyok erzekenyseg
betegségek, oregedés
nincs excizios repair-rendszer
nem javitodik, csak szelektalodik
palacknyak hatas
heteroplazmia
rekombinacio egy mitokondriumon

belul, nuklearis DNS-re jellemzo
rekombinacios variancia nincs
kizarolag anyai oroklodesu
oroklédeése toldrajzilag determinalt
a nem kodolo szakaszok mutacioinak
rogzulese es maternalis oroklodese
lehetoseéget ad a Wﬂék geologiai

eredet szerinti elkulonitesere

s sir




A mitokondrialis genom

tRMNA, Leucine 2
1RMA Serne 2

.,:‘_';'__ . tRMA Hitidine
NADH dehydrogenase 4

NADH dehydrogenase 5

_ NADH dehydrogenase 4L
L IRNA Arginine

 NADH dehydrogenase 3

P, T
i RNA Ghcie
i

' dahydregenase 6
1HMA Ghtamic acid

tRMNA, Prodme

TRINS, Fhery Bl nimd f G
r——— | Cytochiome ¢ oxidase Il

|
| ATP synthase 6

tRNA Alsrine
E tRMA Cystemno

125 rRNA | IRNA Tymosine

- “JRNA Aspamgine

1
| | 1R Semne 1

I 8 ATP synthase 8
HRNA GA #np::na I".' 4

‘_-I 'I tRRA !_-]'.-_,na_-_.
Cytochrome ¢ oxidase |

tRINA Asparagine

tRMNAG Waline

1RNA Loaucine 1

NADH dehydrogenase 1

tRNA loleucine

Cytochrome c axdase |

IRNA Methionine  tRRNA Tryplophan

NADH dehydregenase 2

= haplotipusok szekvencialis variacidja
betegségek, fenotipusos expresszio
genetikai drift
m faj azonositasa
s filogenetikai vizsgalatok

= kodolo régio: 37 gén
2 tRNA
22 tRNA
13 polipeptid (belsé
membran)

= 13 polipeptid
a mitokondrialis
NADH dehidrogenaz
7 alegyséege
cytochrome c
3 alegysege
ATP szintaz
2 alegysege
cytochrome b

= nuklearis gének altal

kédolt proteinek

cytochrome ¢, RNS és
DNS polimerazok a
citoszolbol

= kisebb mutacios rata

szinonim mutaciok



A kontroll régio

16024 16365 . 340
| — MY — » Kontroll Régio (CR) -
16024 --.. Kontroll Régié (D-loop). .-~ 376 -
e D(isplacement)-loop
H !
- . 128

~1120 bp

replikdcios origo

hipervariabilis szakaszok

HV1, HV2eés HV3

alacsony szelekcios nyomas

a variaciok forrasa csak

- mutacio

s Szekvencia-adatbazisok
EMPOP



5 CTAACTCGACTGARACATTTETCATECATCGATC -3 *
3 EATTCAGCTEACTTCTARACACTACETASCTAS-5"
3 Y -ACTACSTRASCTAS-5"
Sequencing primer
1

3 -EATTCAGCTGACTIGTAAACAGTACGTAGCTAG-5"

3" - @CTEGACTTETARACACTACGTAGCTAZ-5"

-G —» 3" -@ACTTGTAAACAGTACGTAGCTAG-5"
3" -GTAAACAGTACGTAGCTAG-5"*

3 AT TCAGCTGACTTGTAMAACACTACGTAGCTAG -5

A AQCTEGACTTETAAACACTACGTAGCTAR-5"

L A —p 3" - RCTTGTAMMCAGTACGTAGCTAG -5 "
3 ' - RAACAGTACGTAGCTAG-5"

A _KACASTACSTAGCTAG-5"

3" NCAGTACGTAGCTAG-5"

A -TTCAGCTGACTTGTAMACASTACGTAGCTAG-5"
' - TCAGCTGACTTGTAAACAGSTACOTAGCTAG-5"

B » 3" -TGACTTGTAAACAGTACGTAGCTAG-5"
T 3* - TTETARACRCTACESTAGCTAG-5*

A -TETAAACAGTACGTAGCTAG-5"
3" -TAAACAGTACGTAGCTAG-5"

3" - CAGCTGACTTGTAAACAGTACGTAGCTAG-5"
L — 3" -CTEACTTGTAAACAGTACGTAGCTAS-5" —
3" -CTTGTAAACACGTACETAGCTAG-5"

L1

Direction of dectrophoresis

N=p > > 4 O =E=E02>0100*0-=-=-D>rQa-W

DNS szekvendlds lanctermindldssal
(Sanger)

By

‘\'0 ¢§fﬁ
GATC & o
L =
vy
Assignment of sequence

OH
Fluorescein donor

co;

(b) dR110 dRGG dTAMRA dROX
A N 5

e

Emission intensity

Wavelength (nm)



D-loop: anyai leszarmazasi vonal genetikai
azonositasa

A vizsgalt mintak mtDNS szekvenciajat a referenciaként hasznalt
rCRS-hez illesztjik (pl., 16071-16140)

16080 . 16100 16110 16120 16130 16140
PLES ACCGCTATET ATEPRCGTACA TTACTGCCAS CCACCATGAR TATTGTAQRS TACCATARAT

W ACCGCTATGET ATEFCSTACA TTACTGCCAG CCACCATGAR TATTGTA r TACCATARAAT
B ACCGCTATET ATEPCGTACA TTACTGCCAG CCRACCATGRA TATTGETA r TRCECATARAT

16093 16129

crecrs

jegyezziik le, ami megadja az adott minta mtDNS haplotipusat

Bizonyiték Osszehasonlitd - Kizarhatd

16093C 16093C Bizonyiték: - Inkonkluziv

161294 161294 - Nem zarhato ki
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Igazsagugyi szempontok ...

A mtDNS egyedi azonositasra kevésbé alkalmas, mint a
nuDNS

s Nem az egyént, hanem az anyai leszarmazasi haplotipust
identifikalja

Ugyanakkor

s A diverzitas mértéke miatt nagy a valoszintisége annak, hogy

két véletlentil kivalasztott személy kiilonb6zé mtDNS

haplotipussal rendelkezik

Populaciotol tiggetleniil ez az érték altalaban 95 % valoszintiség
tolott van

Uj minték esetén kb. 2/3 része a mintaknak 6j haplotipust mutat

Csak kevés un. “kézonséges” gyakori haplotipus van, melyek
gyakorisaga tobb mint 1%

Tobb ezer haplotipus figvelheté meg, emiatt a haplotipusok
relativ gyvakorisaga alacsony



EMPOP: mtDNS szekvencia adatbazis

| (- # empop.org/modules/haplatype| i | |£'- gongle j} o

- Ehwor wr [ sy [y
H . : :
Cnnrr'::fihute Type @ | haplotype as differences to rCRS |
Help Sample Info & (
::rzr'::;nctt Query (2] Range Profile
T f |16024-576 | 161294 93G 263G 315.1C
erms of use —_—
[ } Query ‘
[ + Tools l
‘ + Account ‘ j—l
Options L®] Match type Number of differences displayed
@ pattern Oliteral |5
Disregard InDels in length variants at positions
16193 209 Ml 455 M 573
Source @ Forensic (10869) [ Literature (5252)
SEARCH l

endorsed by

www.empop.org

© 1999-2012
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| \t ) ' empap.org/modules/haplotype/ ,.f oy ‘ |ﬂ —

Home : .
; Results Identification d3d282a3fd917b56b101259843bba7a0b033543
Contribute
X Search execution date 2012-02-16 22;15:47 UTC
elp
Imprint Sample Info not specified
Contact . :
A - Type string-based search: haplotype as differences to rCRS
Options Match type: pattern
b Query Maximum differences displayed: 5
Disregard [nDels in length variants at positions: 16193 309 455 573
» Tools couree @ Forensic data (9052/10869)
Literature data (1789/5252)
+ Account ;
Query 16024-576 G161294 AD3G A263G -315.1C
Geographic affiliation Metapopulation
|#«|I |A|I £30
DIFFERENCES TO QUERY  NUMBER OF HAPLOTYPES  CUMULATIVE NUMBER OF HAPLOTYPES
RROFILE
0 0 0 i I ' ' N |
1 1 1
2 76 77
2 373 450
4 625 1075
L LBl 1656
6+ 9185 10841
endorsed by Frequency estimates ¥
Pue 0.000e+0 [2.710e-20 ; 3.542e-4]
P41 0.223e-5 [1.628e8-5; 5.224e-4]
© 1999-2012

Gﬁl Counting Method



D.N.A. BOX 14.1

CALCULATION OF mtDNA PROFILE FREQUENCY
ESTIMATES USING THE COUNTING METHOD

In cases where an mtDNA profile is
observed a particular number of times (X)
in a database containing N profiles, its fre-
quency (p) can be calculated as follows:

p=X/N

A 95% upper bound confidence interval
can be placed on the profile’s frequency using;

96 Iltﬂhl —pl
p+L T

In cases where the profile has not been
observed in a database, the 95% upper
bound on the confidence interval is

1- o™ = 1-(a5""

where a = .05 is the confidence coefficient
and N is the number of individuals in the
database.

For example, the mtDNA type 161294,
263G, 309d, 315.1C occurs twice in 1148
African-American profiles, twice in 1655
Caucasian profiles, and not at all in 686
Hispanic profiles when searched against
the mtDNA Population Database (Monson
et al. 2002). Using the equations abowve, cal-
culations for the rarity of this profile in the
respective sample sets are as follows:

For African-Americans: p = 2/1148 +
Lo [02/114801 — [1.."1543}]”145]!"1=
00017 + 00002 = 0,004 = 0.40F

For Caucasians: p = 2/1655 + 196 [(2/
1655)(1 — (2/1655)) /1655112 = 00012 +
QL001Y = 00029 = 0.29%,

For Hispanics: 1 — ((L05)1%% = 1 — 0.9956
= L0044 = 0.447%,

These calculations demonstrate that the
statistical weight can be similar whether
or not a match is found to a few previously
observed samples in a database.

As shown in DUN_A. Box 13.2, the Clopper-
Pearson method (Clopper & Pearson 1934)
may also be used to provide a conserva-
tive estimate for the upper 95% confidence
interval.

Sﬂurfﬁ:

Clopper, CJ., & Pemrson, ES5. (19340 The use of com-
fodence or fiduciad lmits illustrefed i the mse of the
K momial. Biometriba, 26, 404413,

Ernett, W, & Wear, HS. (105 Interpreting DINA&
Ewvidemoe. Sunderlend. MA: Sinewer Aszociotes, o,

(143

himzn:ux. EL _ et al (2002) The miDNA popelation data-
basz= am imfegrafed softerore ard database resoure
Forensic Science Commumicatiors, $(2). Aoailzhl=
at <thifpffmare?. fhi ponthglahiecback sswdprl LY
miller l_him =

Tauldly, G, =t o (01}, Convderations by fe Furopsan
DNA profilieg (EDMNAFP) growp on the working proc-
tices, nomenclabure and inferprefation of mifockondral
DNA profiles. Forensic Science Intemational, 124,
£3-91.




Heteroplazmia
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vagy keveredés?
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Figure 10.9, J.M. Butler (2005) Forensic DNA Typing, 2" Edition © 2005 Elsevier Academic Press



Mitokondridlis DNS mutdciok: heteroplazmia

e Wild-type mtDNA
Mutant mtDNA

Oogonia —

low intercellular
variance of _

copy number of

mutant mtDNA

Segregatlon

Primary
oo?rg?;s ) decrease
intercellular in mtDNA
variance . 51?”% )

Oocyte maturation and mtDNA amphffcatro

Mature

oocytes
i 50:50 Fertflrzat/on

Heteroplasmy — mutant: wild-type

Delécié: mitokondridlis
eredetii betegségek (anyai)

- MITOMAP

Szubsztitdcid: dlt. neutrdlis
Mutdcids rdta: non-uniform
10-6- 107/ bp / generation
Mutdcios hot-spotok
Citoplazmikus szegregdcio:

.bottleneck"
(palacknyak effektus)

Heteroplazmia - homoplazmia:

szovet- és modszer specifikus



Identification of the remains of
the Romanov family by DNA
analysis

Peter Gill', Pavel L. Ivanov?, Colin Kimpton', Romelle Piercy’, Nicola Benson’,
Gillian Tully’, Ian Evett', Erika Hagelberg’ & Kevin Sullivan'

Nine skeletons found in a shallow grave in Ekaterinburg, Russia, in July 1991, were
tentatively identified by Russian forensic authorities as the remains of the last Tsar,
Tsarina, three of their five children, the Royal Physician and three servants. We have >
performed DNA based sex testing and short tandem repeat (STR) analysis and confirm fi_’— b
that a family group was present in the grave. Analysis of mitochondrial (mt) DNA reveals ~ -
an exact sequence match between the putative Tsarina and the three children with a ! -
living maternal relative. Amplified mtDNA extracted from the remains of the putative Tsar =" 1
has been cloned to demonstrate heteroplasmy at a single base within the mtDNA control
region. One of these sequences matches two living maternal relatives of the Tsar. We
conclude that the DNA evidence supports the hypothesis that the remains are those of
the Romanov family.
- + "~ Vs
g <2 Q3%

-
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A Romanovok maradvanyainak azonositasa

molekularis genetikai modszerrel

Louise of
Hesse-Cassel

Georgij

T/C

Princess Alice

- (second daughter

of Queen Victoria)

Grand Duke
Ludwig 4th
—_ of Hesse
I
Heteroplasmic :
Romanov TC Ezins
. XX
Heteroplasmic AMEL XY
VWA 15,16 |
THOt1 07,10 | | |
F13A1 07,07 |
FES 12,12
ACTBP2 11,32
XX X, X XX Children
IS5 G SEIERS 1 6 missing
e (07 ,10 from
[ 07 ,07 grave

Duke of Fife

Homoplasmic
T

Countess Xenia
Cheremeteff-Sfiri

Homoplasmic
T

1213 1213 12,
1150 3256 32

Ekaterinburg skeletons

Princess
Victoria
of Hesse
Alice of
Batten-
burg
Prince Philip

Duke of Edinburgh



Mitokondrialis DNS: PCR és szekvenaldsi stratégia

342 bp 1656971 268 bp 137 bp
HV1 HV?2 HV3
16024 & 16365 A 73 oS 340 438 574
o 16519 o
F15989  ps]| (263 bp) F15  PSIIl (271 bp)
- «—
R16251 R285
F16190 pS|| (221 bp) F195  PSIV (227 bp)
-« «—
R16410 c R381
AFDIL primer set
MPS1A (170 bp) MPS3A (126 bp)
MPS1B (126 bp) MPS3B (132 bp)
MPS2A (133 bp) MPS4A (142 bp)
MPS2B (143 bp) MPS4B (158 bp)

AFDIL "mini-primer” set

Figure 10.3, J.M. Butler (2005) Forensic DNA Typing, 2" Edition © 2005 Elsevier Academic Press



[ 4

A fo mitokondrialis DNS leszarmazasi vonalak

- T T T

- ~
-~ - =~ S o
~
~
. 7 / N
o
2 £ (1R
4 O N\
/ 1] \
= n_m \

/ = \
% < \
G2 —— @

1
L2 13800 b L 94
[
i 4155 o
163R0 Lo
L2¢
\ | 2] :
\ /
\ /
\ 4
// L3 l w Vs
L § = \.U
A b @
s\ =
i ar [ B
T Teia | 3
Illllt.l\.ll“.l.l\l\l\ an,
- ~
o 16185 |~
M ATAR = ;. &
3063 N
RN
S1TEA 0 //
10400 h* /
\
5 E ,
/ 2504 = \
I e 3 |
__ = £ _
G5 |
! P e =1 = e .__H.__.
\ N e 15281 ~ < _ I
\ ¥ i 16292 ,m..__,u. /
\ 7 N /
’ 470 N
\ 7/ 4 % R /
b e \«
SO0 1oar : N N
/
“:_D_Z_P N \ R =¥ 6 Shp delation s
/7
aplagroup s/ TR
fiihg f02a 2
I s H
e 73 il
=, - L
! e HY
\ | 15293
: pre-V
\ j Lot B>
\ BUTT
\ F
\
\
N
N
N\
N
N
~
~
-~
-~




EXPANSION TIMES (YEARS AGO)

Africa

Out of Africa

Asia

Australia/PNG
Europe

Americas
Na-Dene/Esk/Aleuts

120,000
55,000-
40,000-
40,000-
35,000-
15,000-

8,000-

- 150,000
75,000
70,000
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mitokondrialis DNS haplocsoportok eloszlasa
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Gyakorisag (%)

Mitokondrialis DNS haplocsoport eloszlasok
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