GENOMIKA

Genetikai polimorfizmusok

ELTE TTK Genetikai Tanszék



A humdn genom projekt eredményei

El6zetes publikdlds 2001-ben (Science, Nature)
Az eddig leirt legnagyobb méret( teljes genom (~ 2900 Mb)

Az eukariéta genomra jellemz6 szerkezeti és szervezddési

tulajdonsdgok (modellszervezetek)

Meglepéen alacsony a fehérje kddolé gének szdma
(22000 - 24000)

RNS gének novekvé szama (tRNA, snRNA, miRNA, stb.)
Orphan gének: nincs homoldgja, humadn gének ~ 1/3-a

Nem kddold, repetitiv szekvencidk tdlnyomé ardnya
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Single nuciectide polymorphisms (SNPs) Human Evolutionary Genetics, Jobling, 2004



DNS molekula szekvencialis valtozasa:
polimorfizmusok

(A) Pontmutaciok: szubsztiticio, inzercio/delécio — szekvencia
polimorfizmus — single nucleotide polymorphism

(B) Szekvencia ismétlédések: szatellit DNS, repetitiv
szekvencidk — hosszpolimorfizmus — short tandem repeats



Minisatellite (D1S80)

VNTRs
Flanking regions

™\

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



Polimorf markerek eloszlasa a genomban

BINARY MULTIALLELIC
MARKERS MARKERS
zﬂ...-----Tali:m'lara arrays
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Human Evolutionary Genetics, Jobling, 2004



Multi-locus VNTR assay

1985 - Alec Jeffreys
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ANALYSIS EXAMPLES
Fand H Always inherited together — linked?

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

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

Bloodstain . . / , ,
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Year

1985

1985

1988

1989

1990

1991

1992

1994

Forensic DMA Science &

Application

Alec Jeffreys develops multi-locus
RFLP probes

DMNA testing goes public with
Cellmark and Lifecades in
United States

FBI begins DMA casework with
single-locus RFLP probes

TWGEDAM established: NY v, Castro
CAse raises issues over guality
assurance of laboratories

Population statistics used with RFLP
methods are questioned; PCR
methods start with DOAT

Fluorescent STR markers first
described; Chelex extraction

NRC | Report; FBI starts casework
with PCR-DOAT

First 5TR kit available; sex-typing
(amelagenin) developed

Congress authorizes money for
upgrading state forensic labs; 'DNA
wiars' declared over,; FBI starts
casework with PCR-PM

Parallel Developments in
Biotechnology

PCR process first described

Automated DMA sequencing with
d-colors first described

DNA detection by gel silver-staining,
slot blot, and reverse dot blots first
described

Human Genome Praoject bagins with
goal to map all human genes

Capillary arrays first described

First 5TR results with CE

Hitachi FMBIO and Malecular
Dynamics gel scanners; first DMNA
results on microchip CE

Microsoft Corporation
Chronology

First version of VWindows
shipped

Picrosoft goes public

Windows 3.0 released (quality
problems); exceeds 51 billion
in sales

Windows 3.1 releasad



Mikroszatellitek szerkezete
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Mikroszatellita (STR) mint DNS marker

1980 — els6 human RFLP marker: D14S1 — miniszatellita

1991 — els6 human STR markerek (SSRs)

2-6 bazisparbdl allé szakaszok tandem ismétlédeése: di-, tri-, tetra-,
penta-, hexamer repeatek: egyszeri, 0sszetett és komplex
repeatek

A humadn genomban tobb ezer mikroszatellita

Nagyfokd polimorfizmus: i %%EEHHH
- pontmutdcidk et et
- inszerciok/deléciok: slippage = 1

5 —— cAG H H H cag H ca

Igazsdgligyi és egészséqligyi alkalmazds: DNS-profil,
genetic mapping, genetic disorders

- 6-100 allél/Iékusz a humdn népességben

- allélnevezéktan az ismétl6dé szakaszok szama szerint

- a b(inigyi DNS nyilvantartasok alapja



.Slipped Strand Mispairing” - Mikroszatellita polimorfizmus

Microsatellite
-Wum‘r
DNA po NO
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12-repeal allele after . 10-repeat allele after

subsequent DNA replication W
Human Evolutionary Genetics, Jobling, 2004



Mikroszatellita polimorfizmus

A 16kusz
\ Homolog kromoszémapér
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STR allélek genotipizdlasa, alléllétra

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

Polyacrylamide Gel

L Combine L

I .

. . — |
- . .

. Re-amplify .

. .

Find representative alleles
spanning population variation

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



Multiplex - PCR

(A) Harom lokusz szimultdn amplifikdldsa egy reakcidéban

—> —> ——
-« -«— -«

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



Mikroszatellita - STR - markerek
(Short Tandem Repeat)

AATG
Flurescens z R \ /

el O

Q 7 repeat

. <
- -:- - -

8 repeat

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

Homozigoéta = a két allél megegyezik

Heterozigota = allélek kiilonbozok és egymastol elvalaszthatok



Array

3100 capillary
A 36 cM part No. 4315931
STl 33001257
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PCR Rroduct Sze (bp)
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Same DNA Sample Run with
Each of the ABI 5STR Kits
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Mikroszatellita pontmutdciok

5’flanking 3’flanking
Forward primer  region STR region Reverse primer
binding region Repeat region binding region
f Y o N 7 N \ I § -\

’ * Example:

THO1 9.3 allele
-— (-A in 7" repeat)

=  Example:
C— D18S51 13.2 allele

(+AG in 3-flanking region)

* 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



Mikrovarians mikroszatellita allélek
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D13S317 allel rian
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gaccaacaattcaagctctc-3' ioos




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) 28 100/779,554 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 0/330 (<0.30) 330/51,610 (0.64) None 330/51,940 0.64%
(ACTBP2) reported

STR Iékuszok mutdcios ratdja: 10-3 - 104 / meidzis




Polimorf szekvencidk mutacios ratdja (u)
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Genotipus gyakorisagok statisztikai interpretalasa

e Allél-gyakorisagi adatok generalasa a vizsgalt populacioban gyujtott
mintak sorozatabol (dltalaban 100-200 nem rokon egyed / populéacio
autoszoma STR I6kuszok esetén)

e Allél-gyakorisagi ért€kek meghatarozasa minden 10kuszon €s az
Osszes megfigyelt allélra

e Allél-gyakorisagi ért€kek felhasznaldsaval a kérdéses DNS-profil
elofordulasi gyakorisdganak kiszamolasa

— Homozigéta (p?), Heterozigéta (2pq)

— Product rule: fiiggetlen 16kuszok genotipus gyakorisaganak
multiplikalhatésaga PM = (P1)(P2)...(Pn)



Mikroszatellita

allélgyakorisdg diagramok
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STR Profile Number Cumulative Profile Cumulative

Locus Computed of Popula- Frequency Range Profile Frequency
tions {(1in ...} against U.5.
Used Caucasians
{Appendix 11)
D351358 16,17 166 5.24 to 62.6 9.19
VWA 17.18 166 37.6 to 1080 B81.8
FGA 21,22 166 737 to 119000 1010
D851179 12,14 166 8980 to 5430 000 16 400
D21511 28,30 166 165 000 to 248 000 000 186 000
018551 14,16 166 3.85x10° to 2.68: 101 4.88:=10%
D55818 12,13 166 2.28x 107 1o 4.22 10N 4.51 =107
0125217 11,14 166 4.32x108t0 1.69:=x 1013 1.38=10°
D75820 9,9 166 1.17x101"to 2.98:« 1018 4.22 1010
D165539 9,11 a7 406x10"Mto 1.11:x 1018 5.82x=10M
THO1 B,6 a7 9.30x102to 1.45x 1019 1.05 = 1012
TPOX 8.8 a7 3.33x 102 to 1.54:x 1020 3.63 = 1012

CS5F1PO 10,10 97 3.43> 10" to 2.65x 10 7.4310M




Genetic Structure (AMOVA)

a,

P BuCa BaRo DeRo BuAs
b‘ST II2|3|4|5|6|7|8|9|10|11|12|13|14|15 112134516789 1optiji12f13p14j1sg1 2341 spo67189 qi1op11j12j13j14jisgirj2p3145s5Q617018910j11Q12413]14]15
BuCa

Baro I

DeRo
BuAs | | | |

b,
P BuCa BaRo DeRo BuAs
(DST 1|2|3|4|5|6|7|8|9|10|11|12|13|14|15 1121345167819 f1ojt11p12f13j14j1sg123Q4)s5)6Q7189]1oj11j12]j13j14|J15p1 617
BuCa H
BaRo l
DeRo
HREE N
aleldlések: . (Fgr, ®g7) > 0,02; P <0,1 |:| 0,02 > (Fgr, @gp) > 0,01; 0,01 <P < 0,05 |:| (Fgr, ®g7) < 0,01; P > 0,05
‘ P BuCa Szekely Csango
B ST lIZI3I4I5I6I7ISI9IIOIIII]2|]3|]4IISII()II7 1 2 3 4 5 6 7 8 9O Jlofiigi12f13f1415Q1617Q 1 2 3 4 5 6 7 8 9O Jl1ofi11 1213 14Q1516Q17
BuCa
Szekely H
Csango [TTTTTTTTITTTT]
b,
P BuCa Szekely Csango
(D ST lI2I3I4I5I6I7I8I9IlO ]lI]2|]3|]4|15|16Il7 1 2 3 4 5 6 7 8 O Qlofrif1213Q1415Q16f17Q 1 2 3 4 5 6 7 8 O Qlof1i1fi12y1314f15f16Q17
BuCa H
Szekely H F
Csango HEEERENENNREEEN

Jelolések: . (Fgr, ®57) > 0,02; P <0,1 D 0,02 > (Fgy, ®57r)>0,01; 0,01 <P < 0,05 D (Fsp, ®s57) < 0,01; P> 0,05
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Repeat expanziok okozta defektusok

Disease Cene  Frequency  Tri- Normal  Mutant  Chromosome
(Examples) nucleotide Number Allsle
Huntington discase HD 110000 (CAG), 0D-26 36-121  4pl6.3
Fragile X syndtome FMR1 1:5 000 (CGG), 6-50  52-500 Xq2X71.3
Myotonic dystrophy DMPK  1:8000 (CTC), 5-37 50-500  19q13,2
Spinal-bulbar muscular S5BMA  <1:50000 (CAG)y, 11-31 36-65 Xg11-12
atrophy (Kennedy)

1 Fragilis X

=
-

Huntington disease

Myotonic dystrophy

d

B. Fragile site Xq27.3

| Friedrich ataxia
stb.



Y-kromoszoma mikroszatellita markerek

Female-Male Mixture Performance with Autosomal vs. Y-Chromosome DNA Markers

Female Victim No signal observed
DNA Profile

Male Perpetrator
DNA Profile A A

DNA Profile from

Crime Scene ‘
Autosomal STR Y-Chromosome STR
Profile Profile

Figure 9.2, J.M. Butler (2005) Forensic DNA Typing, 2" Edition © 2005 Elsevier Academic Press



Y kromoszomas mikroszatellitak
kevert DNS mintakbol
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(A) DYS385 a/b Multi-Copy (Duplicated) Marker

R primer R primer
— —
—_a | b —
TS
F primer F primer

Duplicated regions are
40,775 bp apart and facing =
away from each other

(B) DYS389 i Single Region but Two PCR Products
I (because forward primers bind twice)
11 preeeseseeassesaersses s anrssesanranes _
,------------E- ----------- - DYS3891 DYS389ll
I F primer : F primer :
I N I N ol [ T T 1 e
| — AA A_
: R primer |

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



Modern Use of Y-STR Testing

Captured December 13, 2003

Matching Y-STR
Haplotype Used to
Confirm ldentity

ﬁ

(along with allele sharing
from autosomal STRs)

Uday and Qusay Hussein

Is this man really Killed July 22, 2003
Sadaam Hussein?

Butler, J.M. (2005) Forensic DNA Typing, 2" Edition, Box 23.1, p. 534



Mobilis elemek: biallélikus hossz-polimorfizmus

NUCLEUS CYTOPLASM

Full-length L1 (6.1 kb)

Human A/uRepeat

(~300 bp)

i ORF1 ORF2 3 /\/_ (A)n
Traheoriolion ; Translation
(Al MANA export Y Y
/-\/- ORF1 Reverse
transcriptase/
Funiction endonuclease
unknown
Heverse transcription/ ; -
mtegration (Aln ORF1 (A)n
74 Entry into /\,
5 Aucleus
e ——————— ORF{
L1 copy
— often truncated
at5 end
Alu copy
Raverse
transcription/]
integration ‘
W
i allél
l Ibﬁansarrtobon
5 5
- > | » Short (7-20bp)
Alu dimer (~290bp) flianking direc! repeat




A mitokondrialis genom

kodolo regid: 37 gén

NADH dehydrogenase 5 ;NAtlﬁeNLfigir?ne 2 — 2rRNA
m———— & tRNA Histidine 22 tRNA

y — 13 polipeptid (belsd
A Theonine __ ' “NADH - g NADH dehydrogenase 4L membran)
t

D-Loop V 3 dehydrogenase 6 LR tRNA Arginine e 13 pohpep’“d
(Displacement Loop) A8 RNA Giutamic acid ‘@™ NADH dehydrogenase 3 a mitokondrialis
tRNA Proline P tRNA Glycine i
{RNA Phenyllanine | i | . NADH dehidrogenaz
y S— ! ‘ Cytochrome c oxidase |ll 7 alegyS ége
12S rRNA \tRNAAspafagmetRN/?RCthTeﬂis.ne [ ATPsynthase 6 — cytochrome ¢
{RNA Vaine m G| s Y Y AP 3 alegysége
Y Ay Ve — ATP szintaz
: {0 Cytochrome c oxidase I 2 alegySége
g tRNA Asparagine . Cytochrome b
NAD;R:'D;‘LZL'CinM 1 - 4 Cytochromecoxidasel o nuklearis gének altal
ehydrogenase : e p \
{RNA Isoleucine tRNA Methionine  tRNA Tryptophan kodolt prOtelnek
Ll — cytochrome ¢, RNS és
DNS polimerazok a
 haplotipusok szekvencidlis variaciéja citoszolbdl
betegségek, fenotipusos expresszio *  kisebb mutacios rata
genetikai drift — szinonim mutaciok

faj azonositasa
filogenetikai vizsgalatok



A human mitokondrialis DNS

16024 16365 . 73 340
| HVI HV2
16024 -~.._Kontroll Régié (D-loop) .-~~~ 576
~o O r,,,,r’
<—|H . 128
\ 1

Sejten beliili nagy képiaszam (~1000)

Maternalis Ooroklésmenet:

nincs rekombinacio!
Nagy mutacios rata: DNA repair?
Ko6dolo Régio: 37 gén

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

Cambridge referencia szekvencia
Heteroplazmia, mutacids hot-spots

Szekvencia adatbazisok: EMPOP



VR1 VR?2
— —
342 bp 16569/ 268 bp 137 bp
HV1 HV2 HV3
16024 o 16365 73 o0 340 438 574
® 16519 o
F_1§989 PSI (263 bp) F15  PSIII (271 bp)
<« «—
R16251 R285
F16190 pslI (221 bp) F155  PSIV (227 bp)
<« -«
R16410 ] 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




Mitokondrialis DNS d-loop diverzitasi paraméterek a

magyar népességben

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
Megigyelt haplotipusok | 67 covedi) | (33 eayedi) | (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 szalak C inzercioit a 16193, 309 és 573 nukleotid poziciokban kihagyva a szdmitasokbol




mt DNS haplotipusok - haplocsoportok

Budapesti Referencia: 2636-315.1C-16519C (H1; 6.6 %)

Baranyai Romadk:
1.736-2636-315.1C-489C-524.1A-524.2C-16129A-16223T-16291T-
16298C-16519C (Mbq; 16.1 %)

2.736-2636G-315.1C-489C-524.1A-524.2C-524 . 3N-524.4N-16129A-
16223T-16291T-16298C-16519C (Mba; 7.8 %)

Csikszeredai Székelyek:
1. 2636-315.1C-16519C (H1; 3.9 %)
2.2636-315.1C-16172C-16173T-16519C (H*; 3.9 %)

Gyimesi Csdngok:
1. 736-146C-152C-2636-315.1C-498del-16224C-16311C-16519C
(Klc; 19.2 %)

2. (7:,_316é12Q/A)-189G-2636-295T-315.1C-462T-489C-16069T-16126C



Fraction of Database

Percentage of Database

Mitokondrialis DNS haplocsoport eloszldsok

BuCa

04571 O Urban Budapest
0,4 T B SWGDAM Caucasians

OGEXEWIOKEROOUOJETEABC DENI OIEM BL

045

BaRo

04
O Urban Budapest

B Baranya County Roma

0,35

03

0,25 1

02

0,15 7 |—|

0,1

0,05

L o OGEXEWOKBEROEUOJET BABCDENIOIEMBEL

Haplogroup



mitokondridlis Cytochrome b gén szekvencidlis kiilonbsége -
fajspecidcio

=

4 sp cvtb

| EBases ] |Dver’view] | Ruler ] | Option= ] | Find

4
4

4

4

4

1@Cahinefcgtb,-"’... #1 aacatctottettgatgaqactteggatecttactaggagtatgettgattetacagattctaacaggtttattcttagetatgeacta
1 Capreolus cuy.. #1 aacatctottottgatgagactteggttecctottaggeatetgectaatecttgogaatectaacaggectgttettagoaatacatta

Cervus elaph.. #1 aatatttocatocctgatgaaatttoggotocattactaggagtetgtotaatocctacaaatectocacaggectattecctageogatacacta

A= Human fog th Ao #1 aacatctottottgatgaaactteogge tecactecttggegectgoctgatoctocaaatocaccacaggactattoctageocatgoacta

#1 aacatoctottettgatgaqactteggetemytmetaggmgtetgectratectacaaatectmacaggectatteoytagenatrecacta
- - - - - - -8 &8 @ L TT1] - & - & - [ TT1] - & - - - -

“@Canine.ﬁ:gtb... #aE tacatoggacacagecacage tttttecatecagtecaeccacatetgecgagacgt taactacggetgagttatccgetatatgoacgeaan
A=l Caprealus c.. #08 cocatcagacacaacaacageotttotcatcagttacacacatttgtogagacgtaaattacggatgagttattocgetatetacatgoaa

Cervus elap.. #4368 tacatctgatacagtaacageattotectetgtcacccatatetgteogagatgtecaattatggetgaattattegatatatacacgean

A=l Human fogtb A, #0908 ctocaccagacgectcaaccgecttttoatcaategoccacatecactogagacgtaaattatggeotgaatecatecgetaccttocacgoea

#90 ygacatcagacacaacaacagotttytocatcagtecacccacatotgtogagacgtaaattayggeotgaattatycgetatmtacacgoan
*F & & SF SSES - - - - " a8 = - [ 111} - - - - - L ] - - " = - -

E]Cahine,-"’cgt... #1739 atggeogoetteocatattotttatoctgectatteoctacatgtaggacgaggectatattacggatectatgitattecatiagagacatgan
Capreolus .. #1793 agocggageatccatattoctttatttgectattcatecacgtaggecgaggtectatactacggatectataitattecctiagaaacatgan
Cervus ela.. #1738 acggggeoatcaatatttttocatoctgtctattocatacatgtagggeogaggeoctgtactacggateatatactttte i tiagagacatgan
Human,-'"cgtb... #1792 atggogeoectocaatattotttatotgectottcctacacategggegaggeoctatattacggatecattteitotac i tocagagacetgan

#1739 agyggogeatematottotttatotgectattemtacaygtagggegaggectataytacggatemtataitatteitiagaoaacatgan
- - - - - - - - - - - LT ] - - - - - 8 &8 & B & & - -

14747 — 15886 (1140 bp), PCR: 358 bp, dtlagos eltérés: 15-20%

1@Canine,ﬁ"cgt... #2568 oaocattggiaattgtactattattegooaeoccatagocacagoattocatgggotatgtactaccatgaggacaaatatocattetgn

Capreolus .. #2668 aqgcattggiagtagtocctactatttaccgttatagoaacagecttcataggeotacgtectgocctgaggacaaatatocattotgan
Cervus ela.. #268 aqcatcggiagtagtteottctatttacagttatagecacagoatteogtaggatatgtectaccatgaggacaaatatocattetgan
Human feygth.,. #268 acatcggeoattaltcctecctgettgoaactatageaacageocttcataggetatgtecteccgtgaggacaaatatecattetga
#2628 oagoatyggiagtagtocctactatttrcargtatagemacagemttcataggotatgtectaccatgaggacaaatatcattetgan

- - & a8 2 *® S8 &% S88S - - - & - - - - -

| b

Y

v

&




Egynukleotid polimorfizmusok (SNPs)

Biallelikus markerek (6 lehet6ség)
- (A/G,C/T,A/T,C/G, T/G,A/C)

Tobb milli6 SNP a genomban
— kb. 500-1000 bazisparonkent
— pontmutaciok géenekben és/vagy regulator régiokban

Fenotipus kapcsolatok
— pigmentacio, testalkat, ...
Leszarmazasi vonalak (Y-SNP’s)

Diagnosztika
— multifaktorialis poligénes betegségek



SNPs a cytochrome b génben (Canis f.

Cytb comparison prim vl _pcrv3

4 | | Overview Summary Cut Map Find Show Chromatograms | | Help Insert Help Reposition
4@mitochond.canisfamiliaris.txt CTFlTFITTHCGGFITCCTHTGTRTTCHTHGHHHCRTGHHRCHTTGGFHTTGTHCTFTTFlTTCGCHHCCHTHGCCHCRGCFITTCRTGGGCTHTGTHCTHCCRTGRGGHCHHRTHTCRTTT'_
l@ 19 ¢-101-cytb-f.ab1 CTATATTACGGATCCTATGTATTCATAGARARCATGARACATTGGARTTGTACTATTATTCGCAARCCATAGCCACAGCATTCATGGGCTATGTACTACCATGAGGACAARARTATCATTC
4@ 20 ¢-101-cytb-r.ab1 CTATATTACGGATCCTATGTATTCATAGARARCATGARACATTGGARTTGTACTATTATTCGCAARCCATAGCCACAGCATTCATGGGCTATGTACTACE
‘@ 09 ¢-75-cytb-f.ab1 CTATATTACGGATCCTATGTATTCATAGARACATGAARACATTGGAARTTATACTATTATTCGCARCCATAGCCACAGCATTCATGGGCTATGTACTACCATGAGGACAARATATCATTC
1@ 10 ¢-75-cytb-r.abi CTATATTACGGATCCTATGTATTCATAGARARCATGARACATTGGAARTTATACTATTATTCGCAARCCATAGCCACAGCATTCATGGGCTATGTACTACC
ma S frag bases selected at 114490 114500 1145108 114520 14530 114550 114560 114570 114580 114590 114¢
consensus position 14,534 CTATATTACGGATCCTATGTATTCATAGAARACATGAAARCATTGGAARTTGTACTH AACCATAGCCACAGCATTCATGGGCTATGTACTACCATGAGGACAARATATC CT

Chromatograms from Cytb compdrison prim vl _pcrv3
19 ¢c-101-cytb-f.ab1 Frhgment base #257. Base 257 of 330
G_A A_T T G T |A € T A

G_A A_C I T G T A
A C A T 6 A A AC A T T 6 6A A T T 6 THKH C T AT T AT

bl =]
Ol
[—](~}
[l (o]
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[l o]
Olo
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-

!

2]
==

283. Base 283 of 332
A_C T A

T T A
T AR J AT 9 A AT

L

® 09 ¢c-75-cytb-f.ab1 Fragment base

agment base
T G

=1 %%II B =11
f/"
s

257, Base 257 of 530 ®
AT G 6 A A T 1T A TlA C AT

A_C T _G6 A A_C T A T T ¢C A_C C
A C AT 6 A A AC A T T 6G 6A AT F A T|AC T AT TAT TC 6C A AC C A ]
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-cytb-r.ab1 Fragment base [F283. Base 283 of 332 @
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A humadn melanogenezis

Eumelanin a-Melanocyte Stimulating Hormon Phaeomelanin
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TYRosinase TYRosinase

L4
Tyrosine — Dopaquinone
l*l--- Cysteing

Fhasomelanin

-

cross-membrané-i

Keratinocyte

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



A human pigmentacio genetikai szabalyozasa

Melanoszéma: eumelanin v. phaeomelanin utvonal

127 pigmentacidos gén az egér genomban

Emberben ebbdl eddig 12 gént azonositottak

SNPs: fenotipus asszocialt, ancestry-informative (AlMs)

MC1R allélek aktivitasa: RHC fenotipus, szepl6stdés



Humadn borpigmentacio gének

Principal skin pigmentation candidate genes

Locus Chromosome Protein Mut phenotype Function
Melanosome proteins
TYR 11gl4-11g21 Tyrosinase OCALI Oxidation of tyrosine
TYRPI Gp23 Gp75, TRYPI OCA3 DHICA-oxidase, TYR stabilisation
DCT 13g32 DCT, TRYP2 Dopachrome tautomerase
OCA2 15g11.2-15q12 P-protein OCAZ (eye) pH of melanosome
SLC45A2 5pl4.3-5q123 MATP, AIM-1 0OCA4 (skin) Melansome maturation
SLC24A5 15q21.1 Cation exchanger Melanosome precursor

Signal proteins

ASIP 20g11.2-20q12 Agouti signal protein
MCIR 16q24.3 MSH receptor
POMC 16g24.3 MSH receptor
DAl Xp22.3 QA1 protein
MITF 3pl12.3-3pl4.] MITF

Proteins involved in melanosome transport or uptake by keratinocytes
MYO5A 15921 MyosinVa
RAB2TA 15g15-15921.1 Rab27a
HPSI 10g23.1-10923.3 HPS]1
HPS6 1092432 HPS6

Red hair (skin)
Red hair

0OAT1
Waardenburg

Griscelli
Griscelli
Hermansky-Pudlak
Hermansky-Pudlak

MCIR antagonist
G-protein coupled receptor
MCIR antagonist
G-protein coupled receptor
Transcription factor

Muotor protein

RAS family protein
Organelle hogenesis and size
Organelle Mogenesis

ACTH: adrenocorticotrophin hormone; DCT: dopachrome tautomerase; DHICA: 5,6-dihvdroxyindole-2-carboxylic acid; MATP: membrane-associated transporter
protein; MC1R: 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



SNPs a pigmentacios génekben

+  ASIP (aguti): 3'UTR 8818A - MSH antagonista - phaetomelanin termelés
*  MATP: melanoszéma pH requlacio, 374Leu allél - s6tét szin, albinizmus
+  SLC24A5: .arany" gén, zebrafish, Alal11Thr allél, vildgos drnyalat,

europid rasszban fixdlt, szelekciés nyomds?

+  OCAZ2: albinizmus gén, 305 Arg/Trp, Afrika / Eurépa

Gene Location Protemn Reference SNP ID (rs#)* Alleles Variation type
MCIR l16g24.3 MCIR: melanocortin 1 31805007 C/T ns coding, ¢ 451C>T, p.R151C
receptor rs1805008 C/T ns coding, ¢ 478C>T, p.R160W
HERC2 15g13 Unknown s12913832 A/G Non-coding, intron 86
oCA2 15q11.2-15g12 P-protein: NA+/H+ 57495174 T/C Non-coding, intron 1
antiporter or glutamate 6497268 or rsd 778241 G/'T
l ; 1 g
e rs11855019 or rs4778138  T/C
rs1545397 GrA Non-coding intronic
SLC4542 5pl33 MATP: membrane- 516891982 C/G ns coding, ¢.1122C>G, p.F374L
associated transporter
protein
SLC2445  15q21.1 SLC24A5 (or NCKX5): rs1426654 G/A ns coding, p.A111T
solute camier family 24,
member 5; potassium-
dependent sodium-—|
calcium ion exchanger
DCT 13932 DCT or TYRP2Z/TRP-2: 2031526 G/A Non-coding, intronic

dopachrome tautomerase
or tyrosinase-related
protein-2

185 NON-SYNonymous

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



MCI1R gén mutaciok

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)

RI151C Mis-sense R 63.3 Altered cellular location [16,26]
RI160W Mis-sense R 633 Altered cellular location [ 16,26]
3294H Mis-sense R 63.3 Impaired G coupling ability [26.27]
DE4E Mis-sense R 63.3 Altered cellular location [16.26]
[155T Mis-sense Lack of statistical data—strong familial asso- Altered cellular location [16,26]
ciation
VoM Mis-sense r 5.1 Reduced o-MSH binding [26,28,29]
VElL Mis-sense r 5.1 [26]
RI1630) Mis-sense r 3.1 Slightly reduced «-MSH binding [26,29]
R142H Mis-sense Lack of statistical data—strong familial asso- [ 26]
clation

- MCIR allélvaltozatok kiilonbozé aktivitassal rendelkeznek.
- 317 AS, 7 transzmembradn domén,

- SNPs, RHC fenotipus,

- neandervélgyi pigmentdcio

- genetikai tesztek, fenotipus predikcio

Tully, FSI Genetics (2007) 1:105



10 pigmentacios gén SNPs genotipizalas (SNaPshot)

d [rs12913832] [ rs1805007 rs1805008 | [ rs7495174 | [ rs6497268 | [rs11855019] [rs16891982] [rs1426654 | | rs2031526 | [ rs1545397 |
30 10 50 0 70
6000 L.
Europai
4000
2000
(i
]
E A
b rs12913832] | rs1805007 rs1805008 | [ rs7495174 | [ rs6497268 | [rs11855019] [rs16891982| [rs1426654 | [ rs2031526 rs1545397 |
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4 I 1
5000 4 Azsiai
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2000+
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A A 1
T =
A Al T
C [rs12013832] | rs1805007 rs1805008 | [ rs7495174 | | rs6497268 | [rs11855019] |[rs16891982| | rs1426654 | | re2031526 | | rs1545397 |
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5000 Afrikai
1000 -

20400 4

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



Sample Self-reported pigmentary traits 312913832 1805007 rs1 805008 OCA2 rs] 6891982 rs1426654 rs2031526 51545397 Inferred ancestry of individuals®

HERC2 MCIR MCIR diplotype® SLC24A2 SLC24A5 DCT OCA2

Eye color Hair color Skin color European Asian Afrnican
El Blue Red Fair & c/C CIT TGT/TGT GIG AfA GG ASA 0.963 0.012 0.024
E2 Cireen Light brown Fair E c/iC CiC TGT/TGT GIG AfA AG AfA 0.954 0.021 0.025
E3 Blue Blond Fair E c/C C/C TGT/TGT GIG AJA ANG AfA 0.954 0.024 0.022
E4 Blue Blond Fair ﬁ C/C c/C TGT/TGT GG AJA AG AlA 0.960 0.020 0.020
ES Blue/gray Auburn Fair % T c/c TGT/TGT GG ASA GIG ASA 0.961 0.013 0,026
E6 Green/gray Light brown Fair GG c/C C/C TGTTGT CiG AA GG AfA 0.787 0.038 0.175
E7 Greenhazel Light brown Fair AG c/C cic TGT/TGT GIG AfA AIG AfA 0,955 0.022 0.024
E& Greenhazel Dark brown Fair AFA ciC CiC TGT/ICTC GIG AMA GIG ASA 0.961 0.013 0,027
E9 Green/hazel Dark brown Fair A, c/C C/iC TTT/CTC GG ASA GG AFA 0.963 0.013 0.024
E10 Blue Light brown Fair GG c/iC C/ic TGT/TGT ClG AJA GG ASA 0.789 0.049 0,163
Ell Green Auburn Fair _22 T Cic TGT/TGC GIG AlA GG ASA 0.958 0.014 0.028
El12 Blue/hazel Light brown Fair AG c/C C/iC TGTTTT GG AA GG AFA 0.962 0.012 0.026
El13 Blue/hazel Light brown Fair AG ciC c/ic GG ASA GG AfA 0.965 0.013 0.022
El4 Green Light brown Fair GG c/iC cic CiG AIA GiG AT 0.763 0.165 0.073
El15 Brown Dark brown Fair AG Cc/iC C/C GIG AA AG AlA 0.957 0,022 0.021
Elt Brown Dark brown Fair AA C/iC c/c TGT/CTC CiG AJA AG AT 0,669 0.283 0,048
E17 Gireen/hazel Dark brown Medium NG C/iC c/iC TGT/TTT CiG AA GiG AT 0.758 0.170 0.076
E18 Blue Light brown Fair GG c/C C/C GIG ASA GiG AT 0.935 0.045 0.021
E19 Brown Red Fair AG T cic GIG AJA GiG AfA 0.964 0013 0.022
E20 Green Light brown Fair & ciC ciC CiG AJA GG AlA 0.792 0.047 0161
E2] Green/gray Blond Fair ﬁ c/C C/iC GIG ASA ANG A/A 0,957 0.022 0,021
E22 Blue Light brown Fair GG ciC ciC GiG AJA GiG AlA 0.959 0.014 0.026
E23 Greenhazel Light brown Fair AG Cc/iC c/ic TGT/TTT GIG AlA AG IA 0.957 0.020 0.022
E24 Green Light brown Fuair _ﬁ_(j_ C/iC CiC TGT/TGT clG AA GiG AfA 0.786 0,049 0, 166
E25 Brown Red Fair AG c/iC T TGTITGC GIG AA GG AlA 0.963 0.014 0.023
E26 Blue Light brown Fair GG c/iC c/iC TGT/TGT GG AA AIG AlA 0.954 0.021 0,025
E27 Blue Red Fair GG ciC T TGT/TGT GIG AA GiG AlA 0.958 0.014 0,028
Afl Brown Black Dark AA ciC c/iC TGC/TTC c/iC GG AlG AA 0,028 0,094 0.878
Af2 Brown Black Dark AfA c/C C/iC TGC/TTC cic G/G GG AlA 0.023 0.031 0.946
Af3 Brown Black Dark AfA c/C C/iC TGC/TTC CiC AIG GG AFA 0.164 0.041 0,795
Asl - - - AA c/iC ciC TTT/CTC CiC GG AlG AT 0042 0.649 0.308
As2 - - - AA ciC c/C CTC/CTC c/iC G/G ANG TIL 0.020 0.921 0,060
As3 - - - AFA c/C C/iC CTC/ICTC CIiC GG A/A T/T 0.013 0.964 0.023
Asd - - - AG c/C C/iC TIT/CGC ciC AIG AlA AT 0.212 0.708 0,080
AsS - - - AA c/iC ciC TTC/OGC | GG AlG TT 0019 0.922 0,059
Ash - - - AfA c/C CiC CTC/CTC /G GG A/A TT 0.119 0.858 0.023

E European modern sample, Af Afnican modern sample, As Asian modern sample
? OCAZ diplotype comrespond o markers rs7495174/ms6497268/ms1 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
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SNPs: genotipus specifikus gyogyitas
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FIGURE 3.9 = Polymorphic drug metabolizing enzymes. a) Some enzymes oxidize

drug° and mal{e them more rE}'xrtwp h} {)thu ENzZymes d'ljl.’_I duetyt groups onto the most CYP2D6. 22 kr'-, 9 exon,
reactive portion of drugs and typically inactivate them. The percentage of oxidization and
acetylation of drugs that each enzyme contributes is estimated by the relative size of each
section of the corresponding chart.

12 SNPs: alternativ splicing

Evans & Relling, Science (1999) 286:487
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Etikai kérdések, személyes
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