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Multilocus DNA markery
,DNA fingerprinting"



——— R R R —————

primer primer

AAACAAACAAACAAACAAACAAACAAACAAA

primer m primer

3a00 |

2200 |

Mikrosatelity Siﬂgl@-lOCUS DNA markery



SINE,K LINE, etc.

(Shedlock et al. 2004, TREE; Ray et al. 2007, MolEcol)

Transposable elements

Vytvari kopie (vétsSinou)

Kopie integrovany na nova mista v genomu
Obvykle nejsou specificky odstrannovany

Molekularni fosilie — neexistuji homoplasie !!!

Nesmirné poéetné Objev DNA transpozont u
kukurice: Barbara McClintock

Clovék — vic jak polovina genomu (ost. druhy — 40-90%)



Typy transposabilnich element

Koédujici své proteiny, autonomni, 1-10 kb
— DNA transposony (cut-and-paste)

_ transposasa DNA Transposon m l’lans;:_o:::egsne m
Autenomous Retrotransposons

— Retrotransposony (copy-and-paste) t o

LINE LTR Retrotransposon %LTR SV g

1-2 proteiny, kopie pres RNA

oHE BoynoloRrr] orrz IR -~

- LTR retrOtransposony Mon-autonomous Retrotran:j;:s':;s

5-6 proteinu, také pres RNA P

AR
0.1-0.5 kb

Nekoduji proteiny, neautonomni, 100-1000 bp

paraziti predeslych, napf. SINE (Clovék Alu — vice nez 1 milion
kopii) — nejCastéji pouzivané v populacnich a fylogenetickych
studiich



LINE - mechanismus transpozice

« Kopie pres RNA
* Reversni transkriptaza

« Masinerii vyuzivaji SINE (jsou to ,paraziti®),

Alu (SINE) a L1 (LINE) se stejné rychle mnozi

- A&7 =D,
I na DNA
! 1]

DNA

Nové misto v genomu

AP & D &4

* LTR retrotransposony — opét pires RNA, slozitéjSi proces



Velmi nizké riziko homoplazii —
SINE = idealni fylogenetické markery

Lacus 1

¥ Retroposition of the SINEs

1
|
Species | Assumed phylogeny
<+ |
+ ' :
. SINE ! Species
SINE - - | Locus 1 .
1 —
! Locus 2 T
| \/ —— B
|
Locus 2 _ |
Species I L
|
: D
|
|
|
|
|

A°-B C D
+

,Single-locus marker”

- PCR amplifikace daného useku a elektroforéza



Neexistuji zpétné mutace = vyhoda oprofi
sekvenacnim datim

.
—— | Species 1
. . S —— A Species 2
| Point mutation | Species 1 ’ Species 3
L E—— Species 1
Species 2 - Species 3 - - — Species 2
-7 ~. Which is true? > Species 3
. = Species 1
¥ T .
e |: : Species 2
—— A Species 3

Priklad aplikace: kytovci vs. sudokopytnici (hroch je bratr velryby)



SNP
Fashion
on the

rise

Relative poputarity

i Wwﬂ
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] Microsatslites

Mus domesticus

[ Minisatelites

I
2000 2003

B AFLPs

B AFLPs

Nature Reviews | Genetics



Single nucleotide polymorphisms (SNPs)

Cell h
H‘H\
. . Mitochondrial DNA
Mucl Mitochondria |
[ l.';{:b.i:-lillil:n {~18 000 I| » Ome linked array of genes (one locus) ATCATCCG... Wol
b;se i base pairs) | » Gontrol region seguence = 1
P / » Matermally inherited VATCTTCCC... Coyote
I,.-' * Monrecombining
{;”f o Few—thousands of copies per cell
. — ----___.-"--
Microsatellites {short variable length repeats) ATCAC CACACACACA TRAD Wolf
= Muclear OMA P —

= Generally 10-20 loci analyzed
* Biparentally inherited

* Hypervariable in repeat lengths {(alleles)

= Often spaced every J000-50 0 i

LGATCAC CACACACACACA TGAC... Coyote

i Repeats

ingle nucleotide polymorphisms _ACAGA..... _ ATCA. ... GCATA..

= Muclear OMNA ¢ i i

+ Millions of loci . .
« Spaced every 3001000 base pairs LACAAA L AACA L GCTTA ... Coyote

* Biparentally inherited 300-1000 byp 001000 b

/mﬁ‘ifm 1 Esiogy & Evolution

Vo

SNPs : nuclear genome (consensus)




Kolik SNPs se vyskytuje u Cloveka?

mutacni rychlost je ~2.5 x 108 mutaci / misto / gen
~150 mutaci/diploidni genom/generace

6.3 milliard lidi na sveté = 945,000,000,000 mutaci
vV soucasnem sveéteé

3 miliardy nukleotidu = kazdy nukleotid je
zmutovany 315 krat



Priklad informativniho SNP znaku
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Mus domesticus

transition: Pu—Pu or Py—>Py

transversion: Pu—Py or Py—Pu



Vyuziti SNPs znakd

* identifikace druhu (nebo geneticke skupiny) -
studium hybridizace

 fylogeografie

« populacni genetika (geneticka variabillita,
identifikace jedincu a vztaht mezi nimi,
populacni velikost a jeji zmeény atd.)



Vyhody

pocetné a rozSifené v genomu (v kddujicich |
nekodujicich oblastech) — milidny lokusu

1 SNP cca kazdych 300-1000 bp
Mendelovska dedicnost (vs. mtDNA)

evoluce je dobre popsatelna jednoduchym mutacnim
modelem (vs. microsatellites)

jsou analyzovany kratsi fragmenty DNA — neinvazivni
genetika



Nevyhody

,ascertainment bias” — vybér znaku se provadi
na zakladé jen malého poctu jedincu a nemusi
byt reprezentativni

nizka variabilita na lokus (veétsinou jen 2 alely)

pro populacni genetiku je vyzadovan vetsi pocet
lokusu (4-10 krat vice nez u mikrosatelitt)



Metody analyzy

1. Nalezeni lokusu (,ascertainment®)
2. Genotypizace



Nalezeni SNPs

CATS loci = comparative anchor
tagged site loci (= cross amplification)

Genomic library = genome restriction
+ cloning

CATS I‘::n:j\:'CFl Genom al ibrary

CATS PCR products Genomic ibrary

AFLP = alternative to the genomic

Sequencing Sequencing library construction (provide PCR
Jindividuals an clones
DN peos) oo fragments, can be transformed to
GAACTTTGTGEGETTT . .

T pe—— informative SNP)

PCR primer design

PCR amplification .

Seguence (individuals) NeXt-generat|On
' identty SNPs ¥ sequencing —

analyza vice
jedincu a hledani
[l A polymorfismu

TRENDS \n Ecoiogy & Evoluban




Sekvenovani



Sekvencovani DNA

« Maxam-Gilbertova (chemicka) metoda:
bazové-specificka chem.
modifikace a stépeni
fragmentd DNA

« Sangerova (enzymaticka) metoda:

terminace replikace
pomoci ddNTP



Sequencing

sekvenacni reakce se

DNA znaCenymi
dideoxynukleotidy and
jednim specifickym
— PCR produkt nebo universalnim
primerem
naklonovany
fragment

Sangerova
dideoxy metoda




Sekvencovani DNA

5’ K

A 1 c T c #

A
M AR MMM R

DNA polymeraza /_ & _.
after denaturation 4.
A\ 4 .

$ > —@®

fluorescently-labelled
dideoxynucleotide

|llliﬁ-

= o




Sequencing

DNA

=+ P«

C

=
DNA polymeriza V &\

Sekvence deélky 500 — 1000 bp

4 kapilary - destiCcka s 96 vzorky za noc

Jsou i sekvenatory s 96 kapilarami

I & T G &
210

detector

]

laser beam

capillary
electrophoresis



Identifikace riznych genotypl u riznych jedinct
(= homolognich chromozémd, tj. variabilita alel)

a SNPs

Chromosome 1
Chromosome 2
Chromosome 3
Chromosome 4

b Haplotypes

¢ Tag SNPs

SNP
*

AACACGCCA....
AACACGCCA....
AACATGCCA....
AACACGCCA....

e

—

_\___h_‘-—_R___h‘

SNP
v

TTCGGGGTC....
TTCGAGGTC....
TTCGGGGTC....
TTCGEGGTC....

N

L

SNP

5

AGTCGACCG....
AGTCA ACCG....
AGTCA ACCG....
AGTCCACCG....

Haplotype1 CTCAAAGTACGGTTCAGGCA
Haplotype2 TTGATTGCGCAACAGTAATA
Haplotype3 CCCGATCTGTGATACTGGTG

Haplotype 4

O\P> =

IR WE

O\ND -



SNPs genotyping

= zjisteni genotypu daneho
jedince



SNPs genotyping - sekvenovani?
Je drahé a nejasné u heterozygott

(A)

Patient
C AAAG A AAA AT C NTAAACT CA

s ﬁ \ ﬁ l T Heterozygote?

Control
C AA AG A AA A AT C CTAA ACTCA

Homozygote

Double peak shows heterozygous mutation



Heterozygotes?

For

wils
YRES

Hew

Bi-directional sequencing - are you really sure?



SNPs genotyping - klonovani a ndsledné sekvenovani?
- separation of two (or more in duplicated genes) alleles

cach clone contain the only allele

ligation, transformation

Ex.: heterozygote = two diff. alleles




SNP genotyping - old standards

PCR-RFLP

(restriction fragments length polymorphism)

Allele A
CCGATCAATGCGGCAA - neumozni nalézt novou variantu

GGCTAGTTACGCCGTT daného SNP (odli§i pouze 2 formy
daného znaku: +/-)

cutting by restriction endonuclease

Allele C CCGATCACTGCGGCAA Ladder  Homozygous A Heterozygote A/C Homozygous C
GGCTAGTGACGCCGTT

200bp
no cut

150bp

100bp

50 bp




SNPs genotyping - old standards
Methods of mutation detection

(comparison of specimen’s pattern with pattern of known allelles)

* Thermal gradient gel electrophoresis (TGGE)
- Denaturing gradient gel electrophoresis (DGGE)
» Single-strand conformation polymorphism (SSCP)

- = special electrophoresis methods based on
differences in mobility of different DNA sequences

+ detekce geneticky podminénych chorob, napr.
cystickad fibréza



Denaturing gradient gel electrophoresis (DGGE)
(TGGE - podobné, ale gradient teploty)

The small (200-700 bp) genomic fragments are run on a low to
high denaturant GRADIENT acrylamide gel

Each fragments move according to molecular weight, but as they progress
into more denaturing conditions, each (depending on its sequence
composition) reaches

A POINT where the DNA BEGINS TO MELT

INCreasing L

oel ||concentration They retard, and we will see shift in mobility

of urea
-I_ @

We will see different shifts in mobility for differing products



1- normal homozygote

3- homozygous mutations
will yield one band

on a different position

2, 4, 5, 6 - heterozygous
mutations will yield 4
bands (2 homozygous and 2
heterozygous)

NOT ALL BANDS ARE

www.leveninc.com/cftr ex.qif



Single strand conformation polymorphism (SSCP)

Homol Homo2 Hetero

Allele 1 Q)@% — —
| I— | I—
..CGCTT' AGG ... S —
..GCGAA TCC...
heating - denaturation — —
snap-cooling — partial renaturation
_|_ v
Allele 2 @ ! non-denaturing PAGE
..CGCTT ' AGG ...
..GCGAA ' TCC.. &D radioisotopes

silver-staining
fluorescent dyes (SYBR gold)
sequence—spemﬁc

ssDNA conformations



PouZiti automatickych sekvendtort
(denaturing polymer POP7 - ssDNA, e.g. microsatellites)

primer primer
AAACAAACAAACAAACAAACAAACAAACAAA

primer m primer
' 125bp | | 131 bp
. <> <

£ S L
I J\_LL
+ -

Well controlled electrophoresis parameters, high sensitivity



PouZiti automatickych sekvendtort
Why not non-denaturing electrophoresis?
CAP (conformation analysis polymer) - Applied Biosystems

o= i

- well controlled
electrophoresis

- two fluorescent labels

- high sensitivity

Allele 1
FAM... CGCTT AGG...

... GCGAA TCC ..HEX Q)O%
+<f
s>
b

Allele 2

FAM... CGCTT " AGG ...
.. GCGAA TCC ...HEX m

LU
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Plot Setting: |4FLP Defaul = ER | Panes: ¢ = | (I ]

Mo | Ly | oFE | 2 MHC Class II (DQA gene) — mice HZ
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S000

- Bl & & Y@

1 hour, ~ 100 K&/4 samples incl. PCR
~ Information about all alleles (vs. cloning-
sequencing)
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Advantages of CE-SSCP

* high throughput (when using 4, 16, or 96 -
capillary sequencer) - time and money saving

* no need of gel preparation and
autoradiography

- distinction of two DNA strains by two colour-
labeling (usually FAM and HEX)

- potential of multiplexing - not yet used !!!
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2000
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Disadvantages

* need for electrophoresis optimisation
(running temperature, sieving matrix,
dilution of samples)

+ .complex” patterns in some sequences

+ alleles with the same pattern may
rarely occur

» it is necessary to test several run
Temperatures
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Data analysis

* GeneMapper (Applied Biosystems)

- different .,.Size Standard" for each
Temperature

+ alignement of more samples



Applications

1) Genotyping of codominant markers
(e.g. single copy MHC genes)
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Applications

2) Identification of number of genes (e.qg.
duplicated MHC genes)



Seven peaks in one colours =
= At least four amplifed copies !

uuuuuuuuuuuuuuuuuuuuuu

2000]

\
}
R Llﬁimm_ﬁ\/fﬂﬁh/\/\ SR

SSCP of three individuals:

1 - different alleles | - same alleles

Carpodacus erythrinus — MHC Class I (Promerova et al. 2007)
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00 6900 7000 7100 7200
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2

Cloned allele 2~ .

A S ¢

Cloned PCR artefact o

Y LA |

Kl | 2

Detection of PCR artefacts during cloning of heterozygotes
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SNP genotyping - old classics

Sekvenovani

Patient

G A G A AA A AT C NT A A AC T CA
\ru\fxw/\“fJ\f{yxacy\nJ\OJV@k e

Control

C AA A
j \ i T ;\ Homozvgote

DGGE, TGGE - gradientové
elektroforézy

PCR-RFLP (restrikéni Stépeni)

Allele A
CCGATCAATGCGGCAA
GGCTAGTTACGCCGTT

i

cutting by restriction endonuclease

Allele C

CCGATCACTGCGGCAA
GGCTAGTGACGCCGTT

a no cut

SSCP

EL ¥ =
i e e




SNP genotyping - new methods

1. real-time PCR se specifickymi sondami
(TagMan, molecular beacon)

2.ASPE: allele-specific primer extension
3. SBE: single base extension
4. SNP microarrays (GeneChip method)



Real-time PCR se specifickou sondou

4
Har gous aote Hom
maj J-allel ming
] ® L & ®
/"\ [T LI [
‘*E Ay — /‘DIEIII]I( I S T G
™ \" .[II 11 I T
L .
Molecular Target Hybrid
Beacon - - = = - H
E » e e
k g allgl I 1
1) TagMan sondy = ol
2) Molecular Beacons (,majak") -
4 40 I 1
Therr




ASPE: allele-specific primer extension

m » ’ \a 14
Ny > UspéSna PCR
CCGATCAATGCGGCAA

@©

CCGATCAATGCGGCAA  Zadny PCR produkt

« dveé PCR se specifickymi primery

3’ terminalni nukleotid na primerech je komplementarni k
SNP nukleotidu

« alelove-specificka amplifikace je umoznéna vysoce
specifickou polymerazou



ASPE: allele-specific primer extension
(automatizovana verze)

SIIIII--l-llII.IIIII-l-ll.llll.'!l...l }
l'.'illll'.'.'llllll.'la

3 s

'|'|||||.'|'|'I||||.'|'I|'

3 5

« existuji zoptimalizované multiplexy pro modelove druhy
(napr. Clovek 1536 SNPs)

* fluorescencni detekce (lllumina)



SBE: single base extension

O

e S\
CCGATCAATGCAGGCAA
o e

CCGATCACTGCGGCAA

+ -

- pouze jeden dideoxynukleotid je pridan k primeru
- detekce ruznymi metodami



Detection or SBE products

N\
N

+ - B

electrophoresis in a capillary

Tkia | Fiol

- B8 E 5E

oL

T EEEEEEEE N EEE R EEE T
— — — — — —
e M Ferum Mwar Bl AZwar

,multiplex version“ — rizné dlouhé

primery, aby bylo mozné odlisit rzné
lokusy

SNaPShot Multiplex Kit (Applied Biosystems)



Microarray detection of SBE products

tag-complementary
AGH probe - specific for
e
%% cach locus

tag — specific for 3.
each locus

G,

CCGATCACTGCGGCAA

D
s
>

)

*

e

W
EF G

&
O
&
o
o
o
o
3

SN EeNCN
@Oo0Q0@
0000

*

0
&
0
0

Small-scale “in house” SNP genotyping

multicolor detection (using of 5’ oligonucleotide tags on SBE primers)



Microarray analysis of SNPs
(whole genome approach — ,chip technology®)

A@F

@

@y
Q@

Q@
¥ RAY
‘t

Target Probe




Microarray

SNP Genotyping ..ACT GGT CAT ... (G)

ooo{be's
888\ ..ACT GTT CAT ... (T)

B T &

...ACTG?TCAT... ...ACTG?TCAT... ...ACTG?TCAT...

N N N

W w
Individual 1 Individual 2 Individual 3

targets



Detekce: Affymetrix, Illumina aj.

Genomic DNA (250 ng) RE Digestion

E— BERTE
Ht | N! | H-!. ) FoodExpert-ID
"’p "'p 'I .i:‘lljaph:lr REF 250110 %]

PCR: One Primer Ligation
m Am []Illfil:a'[h;un — ro—
L — — —
| — Complexity — s
: Reduction

Lot # Gotaon
L

401

70147
Powered by Affymetrix

Hybridization BB
&Wash |

Fragmentation ‘
and End-Labeling

eseconeecO
ee se

. ] e "8
eoesson 800D

10 — 500 tisic SNP znaku najednou — ,chip technology*



Fees - Whole Genome Genotyping

Platform

Affymetrix 10K

Affymetrix 50K

Affymetrix 100K (50K x2)

Affymetrix 250K

Affymetrix 500K (250K x2)

Affymetrix 500K (250K x2)

Affymetrix 500K (250K x2)

Mumina Human-1

Mumina Human-1

Mumina Human-1

Mumina Human-1

Mumina Human-1

Hlumina HumanHap300

"Il"“ina o ews oows o 2000

Mumi
Humi
Humi
Humi
Humi
Humi
lHlumina HumanHap>

ShP #samples Project price | Project price
multiplex | per array [# geesssagarray § [reagent § [core fee 5| p g volurne discount bins
10,000 1 I 10,000 185 A0 255 ( $490.00 $0.0450
50000 1 ; 210 50 255 —$51300] :
100,000 1 100,000 420 100 510 $920.00 $0.0052
250,000 1 250,000 470 55 255 $780.00 $0.0031
500,000 1 A00,000 940 110 £10 $1,560.00 $0.0031
500,000 1 . 200 110 510) _r@i=an, " e, 1000-2000 samples
A00,000 1 |< A00,000 700 110 510] Q_ $1,320.00 $0.0025| #001-5000 samples
109,000 1 103,000 800 na 110 $910.00 $0.0033 1-266 samples
109,000 1 103,000 720 na 110 $830.00 $0.0075 257-496 samples
109,000 1 103,000 G40 na 110 $750.00 $0.0059 497-736 samples
109,000 1 103,000 560 na 110 $670.00 $0.0051 737-976 samples
109,000 1 103,000 480 na 110 $590.00 $0.0054 8977+ samles
317,000 1 317,000 1100 na 110 $1,210.00 $0.0035 1-266 samples
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Hlumina HumanHap$

Hlumina HumanHap330

Hlumina HumanHap330

Hlumina HumanHap330

Hlumina HumanHap330

Hlumina HumanHap550

HumanHap300 + HumanHap$§

HumanHap300 + HumanHap$§

HumanHap300 + HumanHap$§

HumanHap300 + HumanHap$§

HumanHap300 + HumanHap$§

tam velmi silny ,,ascertamment bias” e
400 00 | 400 100 S Tl »ETL.O0 b RNt Pl Pl Pl samples
240,000 1 240,000 00 na 110 $710.00 $0.0030 977+ samles
450,000 1 50,000 1600 na 110 $1,710.00 $0.0031 1-286 samples
550,000 1 550,000 1440 na 110 $1,550.00 $0.0028 257-496 samples
550,000 1 550,000 1280 na 110 $1,390.00 F0.0025 497-736 samples
550,000 1 550,000 1120 na 110 $1,230.00 $0.0022 7 37-976 samples
550,000 1 550,000 960 na 110 $1,070.00 $0.0019 977+ samles
550,000 1 550,000 1740 na 220 $1,970.00 $0.0036 1-266 samples
550,000 1 550,000 1574 na 220 $1,795.00 $0.0033 267-496 samples
550,000 1 550,000 1400 na 220 $1,620.00 $0.0029 497-736 samples
550,000 1 440,000 1225 na 220 $1,445.00 5] 737976 samples
550,000 1 440,000 1050 na 220 $1,270.00 ( F0.0023 977+ samles
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