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DNS polimorfizmusok, lokalizdcié

Sejtmagi DNS
s Autoszémak
= Repetitive markerek (VNTR’s, STR's)
= Single nucleotide polymorphisms (SNP’s)
m [vari kromoszomak
= Repetitive markerek (VNTR’s, STR's)
= Single nucleotide polymorphisms (SNP’s)
Mitokondrialis DNS
s Cytochrome (b)
s Kontroll régio (HVI, HVII, CR)
s SNP’s



DNS polimorfizmusok

polimorfizmus - célrégidé a PCR vizsgadlatokban

GTTGACG‘ GAGCCCTAGCCAG | CAGCTA

CAACTGC CTCGGGATCGGTC | GTCGAT

GTTAACG GATCCGGAGCTTA | CAGCTA
CAATTGC CTAGGCCTCGAAT | GTCGAT

P —

P : polimorf célszakasz (marker, lokusz, allél)



Mikroszatellit struktira

Repeat  Locus Flanking Microsatellite repeats Flanking Alleles
unit size DNA e DNA
2bp APQOA2 acacacacacacacacacacacacacacacac (ae]s 5

(e s [ s s s s e s |
attattattattattattattattattattattattact (et e

Sbp  DYS392

1 1 i 1 11 1 11 ) f
cagcagcageagcagcageageagcagcagcagcag (Cag)Gds (nonna)'
(cag)se-120 (pathogemc)

3bp  Huntingtin

36-120

\ [T i Il 1] I I [f I I | (aatg)\
aatgaatgaatgaatgaatgaatgaatgaatgaatgaatg : G |
(aatg),. (atg), (aatg),.,

4 bp HUMTHOH1

T ] . (agat), ,(agac). jagat
agatagatagatagatagatagatagatagatagacagacagacagacagacagacagat—
L= = ) L (azat)y; mlagac]s

4bp  D125391

(XL ) (CLELE ) (TTEWE )

| I I \ | I I [ I I I |
tettcttttcttttecctttettetcttttetttcctettettttetrttetttte )
L | EELIE ).

Sbp  HUMCDA

Human Evolutionary Genetics, Jobling, 2004



Mikroszatellita genotipizdlds PCR-rel

Primer 1

f

-rr:.mTﬂmumcmwﬂmuﬂahﬂcmncu-1 Y T g T TACCACT TAC G ACAR TG NG ROCGTAAC ATAR D SC TAR

3 ICARTGETCAATI CTGTTAC ACTAECATTGTATTOCCATT

ACTCARRGTTACOARICAGAAA TTGC AT GACTBCT Ly e bt rr fp tr e o b ei o]

' Primer 2

Note: the nucleoticte composition 24°C e PCR E PCR = Polymerase chain reaction

of the most variable area is . o

indicated in the enlarged reglan, 55°C 30 % E e H Exponential amplification of a known DNA
saquence using complementary primers, a

Bases al variable positions are 300 \_)
hightighted. -

thermostable DNA polymerase and a
E temperature cycling protocs
¥

Fractionaled on sagquencing gel

ACGT
—— L
L

AR J Lt . Ty . -
AGTTACGARGCAGAAGTTGCTRTIGACTGS NWWTGTGTGTG:‘GN: WCAATGSTCARTSCTGTTACACT GGCATTIOTA \h — —_—
— I—

T -

—

TLAATGETTCATCTICAASGEATACTGACGA Hls A T BT Y T ol G T T R CC RO TTACHACAATGTGACC G TARCAT I ——— -

AGTTACHRAGCAGAAGT TFC TATOACTUCT b g hdriury erh b ey b P b it RAT GG CAA TS CTET TACACTOGC ATTGTA "‘__,,—-7' -— -_—
—
—
TCARTGCTTCRTCTTCARCGATAC TRAC G R T L B Y TR Y A T A £ C A G TACG AS AR TETGRCCGTAACAT / e

b= —

AGTTACTARGCAGARATTSETATGACTED mmmmromn ARTGATCARTGUTATTAC ACTHICAT TATA




STR allélek genotipizdlasa: multiallélek

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

Polyacrylamide Gel
L Combine L
Il N N
- - — |
I N N
. Re-amplify .
N N

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 Z R \ /

Q 7 repeat
8 repeat

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

Homozigoéta = a két allél megegyezik

Heterozigota = allélek kiilonbozok €és egymastol elvalaszthatok



Multiplex - PCR

(A) Harom lokusz szimultdan amplifikdldsa egy reakciéban

—> —> —>
= -— -«

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, 2nd Edition © 2005 Elsevier Academic Press
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Mikroszatellita

allélgyakorisdg diagramok

D3S1358 D21S11
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Genotipus gyakorisagok statisztikai interpretalasa

e Allél-gyakorisagi adatok generalasa a vizsgalt populacioban gytijtott
mintak sorozatabol (dltalaban 100-200 nem rokon egyed / populéacio
autoszoma STR 16kuszok esetén)

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

e All€l-gyakorisagi ért€kek felhasznalasaval a kérdéses DNS-profil
elofordulasi gyakorisdganak kiszamolasa

— Homozigéta (p?), Heterozigdta (2pq)

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



PCR Product Size (bo)
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Same DNA Sample Run with
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Elue

1:5000

1:410

Profilert™

1:3.6 x10°

Praofiler Flus™ 81:9.4 x 1010

COfiler™ 1:8.4 x 10°

SGM Plus™  1:3.3x (012




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

m Védelem ellenhipotézise (Hd):

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

m Bayes-formula (valoszintiségi tesztelés)

Pr(Ho|T)  Pr(E[He,T) _ Pr(HjE, T) P valdsziniség
Pr(HdT) ~ Pr(E[Hq,I) ~ Pr(H dE, T) i onyjtek

I: informacio

a priori valoszinuségi a posteriori H: hipotezis
valoszintsegi hanyados valoszintusegi ey

hanyados (genetikai bizonyiték) hanyados it b

(PrPR) (PoPR) d: ugyved



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) > 1 1 Pr: valoszinuseg

— = — e e L' bizonyitek
Pr(E\Hd, I) Pr(G( ‘GS - Hd,I) PI"(GE ‘Hd, I) Bxes genetikai profil

I: informacio

H: hipotezis
p: Ugyesz

d: ugyved

¢: helyszin

s: gyanusitott

Egyezesi valosziniseg  Profilgyakorisag

A valoszinuségi hanyados - legegyszerubb
formajaban - a genetikai-profil elofordulasi
gyakorisaganak reciprokaval egyezik meg.



Eltéro oroklodési mintazatok

[Leszarmazasi markerek

\g{ .
Autoszémas marker | Y-kromoszéma Mitokondridlis DNS
(az Osszes felmenonktol (csak a fit gyermekek (minden gyermek az
orokoljiik részletekben) oroklik apjuktol) édesanyjatol 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 et DYS448
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DYS439 ™\ )
LY. R . ' TTJ

Mb | 5 1 /|15 [ | 2 25 30

. ISRY ZFY | DYS635 H4 o

Dvs3e3  DYS19pysser\ DYS390 /3 pyssez 7

— -3 DYS389 Il ;
| Minimal haplotype loci I DYS385a DYS385b

p AZFa| |AZFb||AZFc ||

N q heterochromatin
Pseudoautosomal

. P Adapted from /ittp.//www.cstl.nist.gov/div831/strbase/ystrpos1.htm



Y kromoszdmads vizsgalat b(inligyi mintdkon
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| (- ﬁ wnd, whd.orgfSearch/Haplobypes; ;s
i

YHRD ORG
w‘ﬂ’

Han
sNPs
Populations

R38: 101055 haplotypes Conributors
Contributions

Mational dats

Please note: The databaze size will vary based on the loci you have entered.

o 7 loci haplotype (D319, DY53391, DY 538911, DYS390, DY5391, DYS392, DYS3593): 101055 haplotypes
9 loci haplotype (+ DY 5305a/b); 99258 haplotypes

11 loci haplatype (+ DY5438, DY 5435): 72171 haplotypes

12 loci haplatype {+ DY5437); 52628 haplotypes

17 loci haplotype (+ DY5448, DY 5456, DY5458, DY 5635, YGATAHA): 40987 haplotypes

Y¥-SNPs:

o 124 Y.SNP branches (defined by 134 Y.-SNP markers)
o 9039 haplotypes with Y-5MP infarmation

“e EY MG A



(- ['i wany whrd, orgfSearchfHaplobypes; ;=
e 3

R39: 101055 haplaty Coniributors
Coniributions

Mational o .
e h—

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: Mean: 3,266 = 1074, Mode: 2,843 = 1074
Frequenoy estimates with given haplotype included in the database:, Mean: 2.380= 1074 hode: 3,366 = 10+
Afro-Asiatic - Semitic
Frequency estimates with given haplotype not included in the database: Mean: 4.267 = 10-4, Mode: 4.064 = 10-4
Fraequenoy estimates with given haplotype included in the database:, Mean: 447 = 1074, Mode: 42687 = 107+
East Asian - Japanese
Frequency estimates with given haplotype not included in the database: Mean: 5.4 = 104, Mode: 4677 = 104
Frequency estimates with given haplotype included in the database:, Mean: 6143 = 10-4, Mode: 5.41 = 10-4

East Astan - Korean Counting Method

Fraequenoy estimates with given haplotype not included in the databasze: Mean: 1.786 = 1074, Mode: 1.3295 = 10+
Frequenecy estimates with given haplotype included in the database:, Mean: 2.177 = 10-4, Mode: 1.786 = 10-4

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

Frequency estimates with given haplotype not included in the database: Mean: 6.0258 = 10°F, Mode: 3.051 = 105
Frequency estimates with given haplotype included in the database:, Mean: 8.104= 105, Mode: G028 = 105

Eurasian - Altaic 1 (0 OS)l/N ~ 3/N
Frequaenoy estimates with given haplotype not included in the database: Mean: 5634 = 1074 Mode: 4953 = 1074 °

-4

Frequency astimates with given haplotype included in the database:, Mean: 6.315= 10

Eurasian - European - Eastern Eurcpean
Frequency estimates with given haplotype not included in the database: Mfan: 76587 = 1077, Mode: 33812107

Frequeney estimates with given haplotype included in the database:, Mefin: 1,193 = 107 Mode: 7852 = 105

Eurasian - European - South-Eastern European
Frequenoy estimates with given haplotype not included in the database: Man: 2772 = 1074 Mode: 2872 = 1074

NGT = 1074, Mode: 2772 = 1074

Frequency estimates with given haplotype included in the database:, Mean: d
Eurasian - European - Western Eurepean

Frequency estimates with given haplotype not included in the database: Mean: 2.693 = 103, Mode: 1,444 = 10-3

Fraquenoy estimates with given haplotype included in the database:, Mean: 3944 = 107, Mode: 2 5932 = 103




Y kromoszoma vizsgadlat sordn a férfi agi fiui rokonok
mindegyike potenciadlis mintaado

QM _________ I : |||Q
X o ¢ &

nagybécsié

unokatestvér

_____________________________

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



A mitokondridlis genom

cirkularis DNS

Cambridge Referencia Szekvencia o O P

~ ezer kopia sejtenkent Pl % L,
L] - - - . ” ‘ l-‘l‘ 2 Il i -&I

nincs hiszton asszociacio Hoop

magas mutacios rata AT Pho 165
: T VLT

D-loop esetében ~ 9000 év alatt 1%
oxidalo szabadgyok erzekenyseg

betegségek, oregedeés
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 foldrajzilag determinalt
a nem kodolo szakaszok mutacioinak
rogziilese es maternalis oroklodese
lehetoseget ad a populaciok geologiai
eredet szerinti elkulonitésere




RN, Phenyblanng |

12S rRNA

tRINA Vallne

1RNA, Laucine 1

A mitokondrialis genom

tRMNA Leucine 2
NADH dohydrogenase 5 /' 1RNA Serne 2
_ o /7 ___ tRNA Histidine

_ NADH dehydrogenase 4

 NADH dehydrogenase 4L
L IRNA Arginne

NADH dehydrogenase 3

4 tRNA Giycirm

| Cytochrome ¢ oxidase il
I

| ATP synthase 6

tRNA Alsrine
b tRMA Cysteine

| IRNA Tymosine
\

“\IRNA Asparagine

| | 1RNA Semne 1 ATP syrthase 8

tRNA Ghibagwnsh, l ]
% LY \ b f ' tRNA Lysine
T I’ Cytochrome ¢ oxidase ||
\ W\ ¥

tRMNA Asparagne

Cytochrome c axidase |

NADH dehydrogenase 1

{RNA lsoloucine  1RNA Methisnne  tRNA Tryplophan

NADH dehydregenasa 2

= haplotipusok szekvencialis variacidja

betegségek, fenotipusos expresszio

genetikai drift
m faj azonositasa
m filogenetikai vizsgalatok

= kodolo régio: 37 gén
21RNA
22 tRNA
13 polipeptid (belsé
membran)

13 polipeptid
a mitokondrialis
NADH dehidrogenaz
7 alegysége
cytochrome ¢
3 alegysege
ATP szintaz
2 alegysege
cytochrome b
= nuklearis gének altal
kodolt proteinek

cytochrome ¢, RNS és
DNS polimerazok a
citoszolbol

= kisebb mutacios rata
szinonim mutaciok



A kontroll régio

16024 16365 13 340
| HV1 HV2
16024 --._ Kontroll Régié (D-laop) ..~~~ 576
- \I D r_u“-‘d
. w4128
b /] RNS
’ 1/16569 ——\\‘.
N
ND6

.16 569” bp
O

L

= Kontroll Régi6 (CR) -
D(isplacement)-loop
~1120 bp
replikdcios origd
hipervariabilis szakaszok
HV1, HV2 es HV3

alacsony szelekcios nyomas
a variaciok forrasa csak
mutacio

s Szekvencia-adatbazisok
EMPOP



5  CTAAGTCEGACTGAACATTTETCATEGCATCEATC-3
3 - CGATTCAGCTGACTIGTARACAGTACGTAGCTACZ-5"

i el DNS szekvendlds lancterminalassal
1

3 -EATTCAGCTGACTIGTAAACAGTACGETAGCTAG=-5" (Sanger‘)
3" -@CTEACTTETARACAGTACOTAGCTAZ-5"

&
-G 3" e GACTITSTAAMCAGCTACSTAGCTAS-5" f
¥ L
&

3" -GTAAARCAGTACSTAGCTAG-5"* _.Rcl

¥

3 L ATTCACCTGACT TG TAAACACTACSTAGCTAG -5 GATC
3 - AQCTGACTTGTAAACAGTACGTAGCTAR -5 —
LA =) 3" - RCTTGTAMACAGTACGTAGCTAG-5 " -
3" -ARMCAGTACGTAGCTAG-5"
A - KACASTACGTAGCTAG-5"
3 - RCASTACAGTAGCTAG-5" T

A" -TTCAGCTGACTITGTAAACAGTACGTAGCTAG-5"

3' - TFCAGCTGACTTGTAAACAGTACGTAGCTAG-5" —
3 - TGACTTGTAAACAGTACETASCTAG-5"

= = 3* - TTGTAAACAGTACGTAGCTAG-5% |
3 _PETAAACAGTACCSTAGCTACS -5
3 TAAACAGTACGTAGCTAG-5°'

3" -CAGCTGACTTGTAAACAGCTACGTAGCTAG-5"
Lo — 3" -CTEACTTGTAAACASTACETAGCTAGS-5" —
3" -CTTGTAAACAGTACETAGCTAG-5"

POELERIEREENRAR g o

SEEEE R

l l J' Assignment of sequence
G A T [ = (a) RaRyN o *NRR;

O L C dRhodamine acceptor

a I co;

Cl

OH

/

0> 2P A044020400>0 > -0

| S Fluorescein donor
Linker g
[=ie7
H

\

(b}

—

Direction of dectrophoresis

Emission intensity

Wavelength (nm)

&



D-loop: anyai leszarmazasi vonal genetikai
azonositdsa

A vizsgalt mintdk mtDNS szekvencigjat a referenciaként hasznalt
rCRS-hez illesztjiikk (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

A referencia szekvencidtol valo eltérések pozicigjat és nukleotidjat
jegyezziik le, ami megadja az adott minta mtDNS haplotipusat

Bizonyiték Osszehasonlito - Kizérhaté

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 véletlentl kivalasztott személy kiilonbozé mtDNS
haplotipussal rendelkezik

Populaciotdl tiiggetleniil ez az érték altalaban 95 % valdszintiség
tolott van

Uj mintak esetén kb. 2/3 része a mintaknak 1j haplotipust mutat

Csak kevés un. “kozonséges” gyakori haplotipus van, melyek
gyvakorisaga tobb mint 1%

Tobb ezer haplotipus tigvelheté meg, emiatt a haplotipusok
relativ gyakorisaga alacsony



EMPOP: mtDNS szekvencia adatbazis
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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 ||{FH1 — P
p +1' N

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

1- o™ = 1-(@o5""

where o = 005 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 = 0,409

For Caucasians: p = 2/1655 + 1.96 [(2/
1655)1 — (2/1655)) /16551 = 0.0012 +
0.0017 = 00029 = 0.29%,

For Hispanics: 1 — (0L05)1/%% = 1 — 0.9956
= (.0044 = 0. 44%,

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.

Sﬂurﬂﬁ:

Clopper, CJ., & Pemrson, ES5. (1934) The use of com-
fidemce or fiducid limits illusineied m the s of the
Hmomial. Biometrila, 26, 04413,

Enett, W, & Wear, BS. (I8N Interpreting DMM&
Evidemoe. Sumderlernd,. MA: Sinewer Associmbes, Tec.
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himzn:ug. EL et al (A02) The miDNA population dota-
basz= am imfegrafed softerore ard database resoue
Forensic Sciencs Communicatiors,. ${2). Aoailabls
at <thifpffararen?, b gorthglab fecback ssw apr 003
miller L_him =

Tully, G, o o (301} Considerations by fhe Furopsan
DNA profiling (EDMNAFP) growp on the working proc-
tices, nomenclaiure and inderpretation of mifockonsd il
DNA profiles. Forensic Science Intemational, 124,
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Heteroplazmia

T & T o T A T

vagy keveredés?

T o & T & C A T

T 44 T G T A& T

T o & T & C & T

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
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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 f‘_’— >
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 L—_.-’
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




A Romanovok maradvanyainak azonositasa
molekularis genetikai modszerrel

Louise of
Hesse-Cassel

Grand Duke Princess Alice
Ludwig 4th — (second daughter
— of Hesse of Queen Victoria)
I o
- : rincess
Georgij Heteroplasmic . : :
Heteroplasmic AMEL XY x
T/C VWA 15,16
THot 07,10 | | |
F13A1 07,07
FES 12,12
ACTBP211,32
Alice of
XX XX XX Children Batten-
15,16 15,16 15,16 missing burg
N7 ,10 from
,07 ,07 (07 grave
e 112 2
Duke of Fife 11, 328 32, Prince Philip
. Duke of Edinburgh
Homoplasmic Ekaterinburg skeletons
T

Countess Xenia
Cheremeteff-Sfiri

Homopiasmic
T



Mitokondrialis DNS: PCR és szekvenaldsi stratégia

342 bp 16569/1 268 bp 137 bp
HV1 HV2 HV3
16024 & 16365 A 73 o 340 438 574
o 16519 S
F15989  PS| (263 bp) F15  PSIII (271 bp)
e <«
R16251 R285
F16190 PSI| (221 bp) F195  PSIV (227 bp)
-« <«
R16410 R381

AFDIL primer set

MPS1A (170 bp) MPS3A (126 bp)
MPS1B (126 bp) MPS3B (132 bp)
MPS2A (133 bp) MPSA4A (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
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EXPANSION TIMES (YEARS AGO)
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A fo mitokondridlis DNS haplocsoportok eloszldsa
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Frequency of Database (%)

Gyakorisag (%)

Mitokondrialis DNS haplocsoport eloszlasok
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A f6 mitokondridlis DNS haplocsoportok eloszldsa a
nyugat-eurazsiai kontinensen
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