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Recessziv gén homérséklet szenzitiv
expresszioja

m TYR gén P tirozinaz enzim P melanin szintézis (sstét szin)

Detektiv tirozinaz P funkciovesztés normal testhomérsékleten
m sotét szinarnyalat csak az alacsonyabb testhomersékletti helyeken
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EllosgSietgee me ter: kaald mav o k-erendszer

Landsteiner, 1900

Froax BernsteIN (1933)

Two hypotheses of blood group inheritance

VON DUNGERN and HirzFELD BERNSTEIN

Group Observed
Genotype Expected proportion Genotype Expected proportion PrORGTHON
O aa bb pi pi 00 po 0.294
A A= bb (1 = pipi AAL0A PA =+ 2popa 0.422
B aa B- pi (1 = pi) BB, OB P+ 2pops 0.206
AB A- B- (1 = piX1 = pi) AB 2papn 0.078
Total 1 I 1.000

The expected proportions assume Hardv-Weinberg ratios and linkage equilibrium. The observed proportions are from 502 Japanese
(BERNSTEIN 1925).
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Scale

Multimegabase
to whole
chromosome

Chromosomal
translocation

d| in_0lIN D)

Trisomy

Kilobases to
megabases

A A \ Tens of base
(b) A{ﬁseéstrigint e.g. repeat expansion LINE1 element insertio pairs to a few
\ ] kilobases

1kb Minisatellite
. . .CCBGGT ACTGA ATCCT TAGCTGACGGAC TCTGCTCTTGTC TGT A\ A\ A\ CCATGT. ..
(a) Transitions  Transversions  Deletion Insertion Deletion Insertion e.g. single repeat unit decrease Fe e;;;ggse
. . .CCACGGTGCTGACTCCTGAGCTGAC  TGGACCTGCTC  AGTT TTGT(..@&@@@@ GEATGT:, , ;
Base substitutions Single base Other small : ; .
indels indels Microsatellite mutations

Single nucleotide polymorphisms (SNPs)

Human Evolutionary Genetics, Jobling, 2004



ARTICLE oPEN

d0i:10.1038/nature15393

A global reference for human
genetic variation

The 1000 Genomes Project Consortium®

IGSR: The International GenomeSample Resource

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 a combina-
tion of low-coverage whole-genome sequencing, deep exome seauencing. 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.

An integrated map of structural variation
in 2,504 human genomes

A list of authors and their affiliations appears at the end of the paper.

Structural variants are implicated in numerous diseases and make up the majority of varying nucleotides among human
genomes. Here we describe an integrated set of eight structural variant classes comprising both balanced and unbalanced
variants, which we constructed using short-read DNA sequencing data and statistically phased onto haplotype blocks
in 26 human populations. Analysing this set, we identify numerous gene-intersecting structural variants exhibiting
population stratification and describe naturally occurring homozygous gene knockouts that suggest the dispensability
of a variety of human genes. We demonstrate that structural variants are enriched on haplotypes identified by

genome-wide association studies and exhibit enrichment for expression quantitative trait loci. Additionally, we | NATURE |
uncover appreciable levels of structural variant complexity at different scales, including genic loci subject to clusters VOL 526 | 1
of repeated rearrangement and complex structural variants with multiple breakpoints likely to have formed through OCTOBER
individual mutational events. Our catalogue will enhance future studies into structural variant demography, functional 2015

impact and disease association.
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ARTICLE

OPEN

doi:10.1038/ naturel15393

A global reference for human
genetic variation

The 1000 Genomes Project Consortinm®

Table 1 | Median autosomal variant sites per genome

AFR AMR EAS EUR SAS
Samples 661 347 5 503 489
Mean coverage B2 76 77 74 BO

War. sites Singletons War. sites Singletons War.sites Singletons War.sites Singletons War. 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 G449 5 940 7 939 5 947 5
CMVs 170 1 153 1 158 1 157 1 165 1
ME] (AL} 1.03k 0 845 0 899 1 919 0 889 L)
MEI (L1} 138 0 118 0 130 0 123 0 123 Q
MEI (SVA) 52 0 44 0 56 0 53 0 44 a
MEI {MT) 5 0 5 0 4 0 B 0 4 a
Inversions 12 0 E| 0 14 0 e a 11 a
Monsynon 122k 135 104k 121 10.2k 144 10.2k 116 103k 144
Synon 13.8k 78 11.4k 67 11.2k 79 11.2k 59 114k 78
|ntron 2.06M 733k 1.72M 6.12k 1.68M 739k 1.68M 568k L72M 7.20k
TR 37.2k 168 30.8k 136 0.0k 169 300k 129 30.7k 168
Promoter 102k 430 84.3k 332 Bl.6k 425 822k 336 B840k 430
Insulator 709k 248 590k 199 577k 252 577k 189 59.1K 243
Enhancer 354k 1.32k 295k 105k 289k 1.34k 288k 1.02k 295k 131k
TFESs 927 4 759 3 T48 4 7449 3 765 3
Filtered LoF 182 4 152 3 153 4 1449 3 151 3
HGMD-=D 20 0 18 0 16 1 18 2 16 a
GWAS 200k 0 207k 0 1.99k 0 208k 0 2106k 0
ClinVar 28 0 30 1 24 0 29 1 27 1
Sea Supplementary Table 1 forcontinental population grou pings CNVs copy-number var ants; HEMD-DM, Human Gene M uta tion Date base disesse muotations; K thdoosand; LoF, loss-of-fu nction; M, million ; MEL

mcebile elempent insertons



Satellite DNA

Main band DNA
1.700

%‘ 1692 (ACAAAC), |
uniform gradient 3
5
0 1688 (ATARACT),
. . : = 1—_—‘”1 CACEART,
centrifugation satellite bands 5 h

. | |
main band «— Bouyant denslty In CsCl

MB

Main Band

Absorbance
(OD @ 260 nm)

\/ \/ 5 satellite

71 170 1.69 1.68
ks

Density (Klug & Cummings 2000)



a D A fingerprinting 0 0 Restriction Fragment

Double-stranded DNA
Restriction enzymes

Gel electrophoresis

Southern -blot

Probe hibridization

Autoradiogram
- MLP- RFLP
- SLP- RFLP

Length

Polymorphism

s, molacul=s

===

| Cleavage with one or more restriction enzymes

Resgtricticn fragments

Gied wwrith lragments
fractionated by size

Floww uffar usea o Transfer 1o nitrocellulose filters
to transfor DA ]

Sl

Mitrocellulose filter

Mitracellulose filker with DA
fragments positioned identicaliy
ta those in the gel

\L Hybridization with radicactively labaked DA probea

Radicautograph showsrng
hwlbrid DA
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VNTR assay markerek: RFLP analitika
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ANALYSIS EXAMPLES
Fand H Always inherited together — linked?

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

A and 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?
Allele P Possibly linked to I and C.

Geneti kai t ®r k®pe

Bloodstain

4 5 8 7.
\\ \\ Suspects / / L //



Minisatellite (D1S80)

Flanking regions

VNTRS,RFei”/’/””/’/,,,’f”””’ \\\\\\

Repeat region

GAGGACCACCAGGAAG

16 bp repeat unit

Microsatellite (THO1)

Flanking regions

STRS,PCEk’”’/’/’/’/”’,,,///ff”’ \\\\\\

TCAT
4 bp repeat unit

Repeat region

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



DNS polimorfizmusok

polimorfizmus -c ®Ilgr ® PCR Vvi zs g8l ¢

GTCACCG CTCTAGT
CAGTGGC GAGATCA

GTTGACG| GAGCCCTAGCCAG | CAGCTA
CAACTGC| CTCGGGATCGGTC | GTCGAT

GTTAACG GATCCGGAGCTTA | CAGCTA
CAATTGC CTAGGCCTCGAAT | GTCGAT

P a
« »

P: polimorf c¢c®l szakasz



Pol il morf szekvenci 88 mut §

Mutation rate

per locus
per generation
Some expanded 0
. . : 10
Bpathogenic microsatellites
101
IMinisateIIites
10—2
Microsatellites 10-3
Some structural 10-4
polymorphisms
w 1 0—5
|
o 10-6
10-7
Base substitutions (SNPs)
10-8
10—°
10-10
IRetroeIement insertions
1011



Microsatellite structure

Repeat  Locus Flanking Microsatellite repeats Flanking Alleles
unitsize DNA e DNA o
2bp  APOA2 acacacacacacacacacacacacacacacac (aC)4.5,

e e | s [ }
attattattattattattattattattattattattatt (att)-

3bp  DYS392

L e U L

cagcageageageageageageageageageageag (cag)q.ss  (normal)

(cag)se-120 (pathogenic)

3bp  Huntingtin

36-120

| Il Il Il Il Il Il Il I Il I

aatgaatgaatgaatgaatgaatgaatgaatgaatgaatg (aatg)s.,

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

4 bp HUMTHOH1

I I I 1 1 (agat), ;(agac). ,agat
agatagatagatagatagatagatagatagatagacagacagacagacagacagacagat , ,
L=l L (agat),;.;(agac),

4bp  D125391

Il Il |

| I I | | 1 I I I 1 I | (It ) (ertte ), (TTETC)
ttttcttttcttttectttcttttecttttcttttcttttettetctettcttte ——
(ttttc),

Sbp  HUMCD4

Human Evolutionary Genetics, Jobling, 2004
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15 CA repeats origmally
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/ polymerase pauses in CA repeat domain
. % DNA melts and -2
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) Mutation ‘repaired’ incorrectly
5

+1 repeal ¥

17 CA repeats
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Microsatellite
-« repeat unit
DNA polymerase NO
g Replication MUTATION
——— XX O o X oy

5 ——

5
3
11-repeat allele

Slippagh:wealignment

Mismatch
repair

Misalignmeilt/ \
—..‘.‘..-) B G G S ] 2

l Extension l
M — RO —
— OO — —..‘.’......—

+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



Trinukleotid repeat e x panzi

2

A
insertion —l 1 @Cjz

5 { caG | | cac 3’
B —- aTC [ GTC aTtc |H{ atc HH aTc H aTc | 5-
1 2 3 4 5 6
]
1 2 2 3 4 5 6
5 | cAaG [ cac [{ cag [ cac H{ caGg H cac }{cac ——— 3~
CAGCAG (CAG), CAGCAG

n=5-35
‘/ \ Type |

CAGCAG = CAG(CAG),CAG = CAGCAG
n=20->300
1) Palyglutamine (CAG) expansion in coding regions

CGOGCGLG

(CGG),

/ \:‘6'50 Type |l

CGGCGG = CGG(CGG),CGG -~ CGGCGG
=50 - 1000

2) Trinucleotide expansion (CGG or CTG) In noncoding regions I 'nis't abi-l m

A. Different types of trinucleotide repeat expression

CGGCGG




Trinucleotide repeat expansion

CGG GAA CAG CTG CGG
(Gln)
AUG AUG
start stop
I ] I o

Exon Intron Exon Intron Exon Intron

FRAXA Friedreich Chorea Huntington Myotonic FRAXE

mental ataxia Spinal-bulbar muscular atrophy dystrophy mental

retardation Eﬁinucere bellar ataxia 1 retardation
her neurological diseases others

B. Unstable trinucleotide repeats in different diseases

) Three normal Three » ] C
Size markers control persons affected persons L] 'I:l) i
z 7 3 4 5 6 7 8 9 10 L

‘E 90 =
2 _ i
AR o a 7
2 - :
: =3
2 60 I :
E - -
5| 65 = o
5 — — — — — — — - E

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

Passarge, 2001



Genetic diseases due to repeat expansion

Disease Gene  Frequency Tri- Normal Mutant Chromosome
(Examples) nucleotide MNumber Allele
Huntington disease HD 1:10000  (CAG); 0-26 36-121 4p16.3

Fragile X syndrome FMRT 1:5 000 (CGG), =50 52=500  Xq2/.3
Myotonic dystrophy DMPK 1:8 000 (CTG) 5-37 50-500  19q13.2

Spinal-bulbar muscular  SBMA  <1:50000  (CAG)j 11=31 36-65 Xg11-12
atrophy (Kennedy)

Fragile X
Huntington disease
Myotonic dystrophy
b Friedrich ataxia
Sl — —| s
"'r b E""-: et

B. Fragile site Xq27.3 Passarge, 2001




Expanded CGG repeats in the Fragile X syndrome

Mormal male Patient
4 transmitter 'ETCDJ .

e ] ’ : - (@) Heterozygote
I - () Normal
2229 82 29/80 10 (;) (@) Nerma
! — ]
22(80 =200
18% Penetrance
expan-
ded
- area
=200
76%
Penetrance
[1() =Normal (no mutation) Pre-
. . = Premutation without phenotype effect tl'li'IDUrEEl-
. = Affected (fraX syndrome)
normal

The number under the symbols correspond to the
number of CGG trinucleotides of the FMR1 locus

1. Variable number of CGG repeats 3. Examination of a family
with fraX syndrome

n=10-50normal n=50-100 Premutation n=more than 200 in patients

(COG) 7 m— : 3
FMR1gene
2. Number of CGG repeats in mutation and premutation

C. Expanded CGG repeat in fragile X syndrome

Passarge, 2001
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-glenoti pi z 8l

Primer 1

f

Tswnfrcumcmummucahmcrsncsn. o T G T T A CCACT TAC O ACAR TG FCROCGTARC ATAR DS L TAR

o

ACTCARRGTTACCARGCAGARGTIGCTATGACTGLT -

Note: the nucleotide composition
of he most variable area is
indicated in the enlarged reglon,
Bases al variabie positions are
hightighted.

TCAATOGCTTCORCTTCARCOATAC PORCEN,
MITTRCOARGCAGARGTTGLTATGACTGL!

TEARTICTTLUTC TTCARCGATACTOGRCAR
AGTTACGAAGCRGAAGT TGO TRTOACTGS

TCRAATGOTTCOTC T IERACGATACTG ACGR
AGTTRCGAAGCACAAGTTGCTATEACTIL

TCARTGCTTCATCTTOAACARTACTCACO
AGITACOARGCAGARITTGCTATGACTELD

Allele length classes

GTATGTATOTUTATOTGTAT ALY leh wad T Velod ey b J o Tapiir et o Rogileh £ 8

CACACATACAERSACAL
G mwmﬂm’fﬂmﬂ ARTGOTICAATGCTUTTACACTOICATIGTA

ICMTGGTCHA‘IECTGITRLCRCTGGCATI‘GT TACLATT

- —

' Primer 2

94°C" é PCR 9

55°C G\
7200 \_/A

PCRH = Polymerase chain reaction

% E e E E xponential amplification of a known DNA
sequance using complementary primers, a
thermostable DNA polymerase and a

temperaiure cycling protocal

Fractonaled on saquencing gel

L e L T T e e G I T A CAGTTACG A CAATGTIACCOTARCAT
D e e e U A L o A TGGTGARTECTATTAC ACTAGCATICTA ACGT
-
il
e
e T T Tl Yt Ve T G e T A CCRGTTRACERC AATATGACCOTARTAT Ty . -
THArD O R Pdey i ConE ey L C AR TGS TC AR TECTETTACACTGACATTOTA \‘\i - —
— —
ol -_
—
GTTRCCABTTACGACAATGTGACCITARCAT I —— = -

RCRAEACACACRCACACAS

_.-"'—.’—.;" _—

—
AT CRETTRCG RCMTGTGRCCGTMCAI‘ / — -—

&

-



STR all ®l ek genotipi z8l §s

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

Polyacrylamide Gel

. Combine L

N . .

. . — |
. . .

L Re-amplify L

. .

Find representative alleles
spanning population variation

Figure 5.3, J.M. Butler (2005) Forensic DNA Typing , 29 Edi ti on E 2005 EIl sev



Mikroszatellita 0 STR o markerek
(Short Tandem Repeat)

AATG
Flurescens 2 ‘ \ /

jeloles — — TR

[ repeat

8 repeat

arepeat ®yi- varis8bhilisaz egyes mm2ngt 8ak
flanking r&i- ahol aPCR primeekt apadnak §I

Homozag-ta=a k ®t al | ®I megegyezi Kk
Heterozg-ta=al | ®l ek k¢l °nb°%zRk ®s



Multiplex - PCR

(A AH8rom | okusz szimultsgn ampl |
—> —> —>
-« -— —
Locus A Locus B Locus C

(B)PCR terenPk®lkaszt §sa fragmens

L

small — large

Figure 4.3, J.M. Butler (2005) Forensic DNA Typing , 2™ Edi ti on E 2005 EIl sev
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100 120 140 160 180 200 220 240 260 280 00 20 Z40 260

%ﬁ

D8S1179

=2000

| e,

- I-
Eal T oo et
2] 7] (291 21) [58] [55) 7 7 EIERG iE[iE

28.2] |31.2] [34 2] D7S820 CSF1PO
[29.2] |32.2] |35.2|

D21S11

4000
2000

D19S433

.T].f?.l!a @J.'é'&'é'ﬁ'ﬁ'ﬁ Dumm ?ﬁﬁ'ﬁ'ﬁ'ﬁ'&'&'

2000

- - TPOX s D18S51
142
FGA
AMEL D5S818 _ANA—
7 R
TRV
‘ EI‘IT_TI“IEI‘ ““‘ [+22] [452] [#2][517]
5] [10] [12] [14] [18] 18] [20] [22] [24] [28] [25] [20] [32.2 |432|452| [F0z]
ezl [Eoz] [FE2] [#42] [4
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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 NMO00/779,554 | 0.01%
TPOX | 18/400,061 (0.004) | 54/457,420 (0.012) 28 (V-] 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) A 79 1,152/964,288 | 0.12%
D5S818 |111/451,736 (0.025) | 763/655,603 (0.12) /O 385 1,259/1,107,339| 0.11%
D7S820 | 59/440,562 (0.013) | 745/644,743 (0%X) 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) | 881/621,148%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) (1,0984#94,098 (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%
PentaD | 12/18,701 (0.06 @3/22,501 (0.09) 24 57/41,202 0.14%
PentaE | 29/44,311 (Q06S) | 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 |

kuszok

mut®do+/s mredt i
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BINARY
MARKERS

Base
substitutions

(SNPs)—>

Alu and L1
element
insertions

A

NN OSS

morf mar kerek el osz
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Genetic Structure 0 Analysing of MOlaculare VAriance
a, (AMOVA)
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Autosome SNPs in the Human Genome

TABLE 12.2 Categories of SNP 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 52plex (Sanchez et al. 2006)
SNPs (II5SNPs) same multi-locus genotype Kidd group SNFs (Pakstis et al. 2010)
Lineage SNPs Sets of tightly linked SNPs that function as mtDMNA coding region SNPs (Coble
Lineage Informative multi-allelic markers that can serve to et al. 2004)
ShPs (LISMNPs) identify relatives with higher probabilities Japanese Y-5NPs (Mizuno et al. 2010)
than simple bi-allelic SNPs Haplotype blocks (Ge et al. 2010)
Ancestry SNP's SNPs that collectively give a high probability  SNPforlD 34plex (Phillips et al.
Ancestry Informative of an individual's ancestry being from one 2007b)
ShPs (AISNPs) part of the world or being derived from two 24 SNPs (Lao et al. 2010)
or more areas of the world F55 YSNPs (Wetton et al. 2005)
Phenotype SNPs SINPs that provide a high probability that Red hair (Grimes et al. 2001)
Phenotype Informative the individual has particular phenotypes, “Golden” gene pigmentation
SHPs (PISMNPs) such as a particular skin color, hair color, eye  (Lamason et al. 2005)

color, etc.

IrisPlex eye color (Walsh et al. 2010)
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Bouakaze et al., Int J Legal Med (2009) 123:315
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Principal skin pigmentation candidate genes

kit alakul

Locus Chromosome Protein Mut phenotype Function
Melanosome proteins
TYR 11g14-11q21 Tyrosinase OCALI Oxidation of tyrosine
TYRPI 9p23 Gp75, TRYPI OCA3 DHICA-oxidase, TYR stabilisation
DCT 13g32 DCT, TRYP2 Dopachrome tautomerase
OCA2 15g11.2-15g12 P-protein OCA2 (eye) pH of melanosome
SLC45A2 5pl14.3-5q123 MATP, AIM-1 OCA4 (skin) Melansome maturation
SLC24A5 15qg21.1 Cation exchanger Melanosome precursor
Signal proteins
ASIP 20g11.2-20q12 Agouti signal protein MCIR antagonist
MCIR 160243 MSH receptor Red hair (skin) G-protein coupled receptor
POMC 160243 MSH receptor Red hair MCIR antagonist
Al Xp22.3 OA] protein OATl G-protein coupled receptor
MITF 3pl2.3-3pl4.] MITF Waardenburg Transcription factor
Proteins involved in melanosome transport or uptake by keratinocytes
MYO5A 15g21 MyosinVa Griscelli Motor protein
RAB27TA 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 g®n:-mut 8ci - Kk

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]
D84E 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
VoM Mis-sense r 5.1 Reduced «-MSH binding [26,28,29]
V6OL Mis-sense r 5.1 [26]
R163Q Mis-sense r 5.1 Slightly reduced a-MSH binding [26,29]
R142H Mis-sense Lack of statistical data—strong familial asso- [26]
ciation

~

AMC1IR all ® v8ltozatok k¢l onbozS
- 317 AS, 7 transzmembr8n dom®n,
- SNPs:RHCf enot-npeuasnd erpi®d ment §ci

- geneti kai tesztek, fenot2pus p

Tully, FSI Genetics (2007) 1:105
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To

ASI P (aguti)

- M8SH1 @nfaBonists8 1BhAa e o me |l ani n

Cl s g®nek

ter me

A MATP: mel anosz-ma pH r édgutl @ticisz?2 B,74dlelui il
A SLC24A5: &daranydé6 g®n, zebrafish, Al al11Th
rasszban fix8lt, szelekci:-s nyom8s?
A OCA2: albinizmus g®n, 305 Arg/ Trp, Afrika
Gene Location Protein Reference SNP ID (rs#)* Alleles Variation type
MCIR 16g24.3 MCI1R: melanocortin 1 rs1805007 C/T ns coding, ¢.451C=>T. p.R15IC
receptor 151805008 C/T ns coding, c.478C>T. p.R160W
HERC2 15q13 Unknown rs12913832 A/G Non-coding, intron 86
0cA2 15q11.2-15q12 P-protein: NA+/H+ 17495174 T/C Non-coding, intron |
antiporter or glutamate rs6497268 or rs4778241 G/T
e rs11855019 or rs4778138  T/C
rs1545397 G/A Non-coding intronic
SLC45A42 S5pl13.3 MATP: membrane- rs16891982 C/G ns coding, ¢.1122C>G, p.F374L
associated transporter
protein
SLC24A45 15qg21.1 SLC24AS5 (or NCKXS5): rs1426654 G/A ns coding, p.A111T
solute camier family 24,
member 5; potassium-
dependent sodium-|
calcium ion exchanger
DCT 13932 DCT or TYRP2/TRP-2: rs2031526 G/A Non-coding, intronic

dopachrome tautomerase
or tyrosinase-related
protein-2

7S 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



SNaPshot: A Primer Extension Assay Capable of Multiplex Analysis

Minisequencing Allele-specific primer extension across the SNT site with

(SMal'shot assay) fluorescently labeled ddNTPs; mobility modifying tails can be added
to the 5-end of each primer in order to spatially separate them
during electrophoresis.

4000 7] Sample 1
3000 7 1T
2000 g

= Moud

4000 1| Sample 2 TT
i CC CT L

(b) (TTTTT)—primer1 (chromosome 20)-ddT/ddT

(TTTTT)HTTTTT)—primer2 (chromosome 6)-ddC/ddT
(TTTTT)HTTTTIT)=(TTTTT)—primer3 (chromosome 14)-ddC/ddT

(TTTTT)HTTTTT)ATTTTT)~TTTTT)—primer4d (chromosome 1)-ddC/ddC

FIGURE 12.2 Allele-specific primer extension results using four autosomal SNP markers on two different sam-
ples (a). SNP loci are from separate chromosomes (1, 6, 14, and 20) and therefore unlinked. Electrophoretic resolu-
tion of the SNP primer extension products occurs due to poly(T) tails that are 5 nucleotides different from one
another (b). Butler, J.M. (2a.1) Advanced Topics ifrorensic DNA Typing, p354
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