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Polymerase chain reaction (PCR)
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Sekvencovani

Sekvencovani DNA

PCR product

] cloned fragment

laser beam

capillary
electrophoresis




Typy genetickych markeru




Typy genetickych markera

« dominantni markery — odliSi pouze pritomnost (Ci
nepritomnost) daného znaku; tj. neodlisi obé jeho
formy na homolognich chromozémech

+ kodominantni markery — identifikace
homolognich alel, {j. je mozno rozlisit homozygotni
a heterozygotni stav (umoznuji stanovit frekvenci
alel)



Typy genetickych markerd

Single | Codominant | PCR assay Overall
locus variability
| MNeearmufocss |
Minisatellite DNA No No No High
fingerprints
RAPD No No Yes High
AFLP No No Yes High
| Meearsigelos |
Alozymy Yes Yes No Low-medium
Mikrosatelity Yes Yes Yes High
SINE (LINE) Yes Yes Yes Low
SNPs (sekvence) Yes Yes Yes Low-high




Multi-locus genetic markers

« Mnoho znaku nahodné
rozmistenych v genomu —
celogenomovy scan

» minisatellite DNA fingerprinting

» RAPD (randomly amplified
polymorphic DNA)

» AFLP (amplified fragment length
polymorphism)

* presence vs. absence =

dominantni znaky (neodliSi
heterozygota)

P1.: chromozom 1




Single-locus genetic markers

kodominantni — mozno stanovovat
frekvence alel (= Ize odliSit homo- a
heterozygota)

allozymy a jiné funkcni geny - MM

mikrosatelity — delkovy
polymorfismus

SNPs (single nucleotide
polymorphisms) — sekvencni
polymorfismus

SINE, LINE P.: chromozom 1<



Mikrosatelity



Mikrosatelity
jsou stale
nejpouzivanéjsi

markery v :
molekularni :
c
ekologii
[ ] Allozymes B snPs ] Microsalslites B AFLPs
I DNA sequencing B RAPDs ] Minisatelites B ArLPs

Nature Reviews | Genetics



Mikrosatelity

* VNTR (,variable number of tandem
repetitions”), SSR (,simple sequence
repeats”)

 Jjednotliveé alely se lisi délkou

TTCAGG TCTCTAGCTTCGA

TTCAGG TCTCTAGCTTTGA

genotyp diploidniho jedince: 25/27




Mikrosatelity

1-6 (nej€. 2-4) bp motiv

pocetné po celém genomu

vysoka uroven polymorfismu (bézné 15 alel v
populaci)

Mendelovska dedi¢nost (autosomy) - kodominance

idealni pro studium populacni struktury a
pribuzenskych vztahu



Mikrosatelity - postup analyzy

Izolace DNA — I TN —
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primer primer

AAACAAACAAACAAACAAACAAACAAACAAA

primer m primer

elektroforéza:

— kapilara (1 bp)
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Kapildrni eletroforéza ~ Fragmentacni analyza

smér elektroforézy

.....I.a.s.e.r...o.\/.’ JLL
paprsek

Stanoveni délky PCR fragmentii srovnanim se zndmym standardem



#w Samples Plot
File Edit %iew Tools alleles Help

Plot Setting: |AFLP Default = R | Pares: [4 -] | EE =N | (30 i [ae | mmﬂ i | gl@g
(a4 | i bl | b [ |
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Genotyp mikrosatelitu na lokusu NED = 326/342 nebo 327/343
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304

Genotyp 298/304

,.,stutters* — chyby v disledku ,,sklouznuti* polymerazy pii PCR

- Casto odliSuji mikrosatelity od nespecifickych PCR produkti
- rozdil mezi alelou a ,,stutter je délka repetice (zde 2 bp)



Genotyp 162/174

- alely a jejich stuttery jsou ¢erné (rozdil mezi nimi je 2 bp)

- bilé piky jsou tzv. .minus A-alely" a jejich stuttery = vysledek jiné chyby
polymerdzy, a to nepriddni koncového adeninu

- rozdil mezi ¢ernym a sousednim bilym pikem je 1 bp (tj. chybéjici adenin)

- pattern daného lokusu je vzdy specificky a ¢asto zdleZi na PCR
podminkdch



Srovndni riznych jedincu - analyzy pribuznosti

< smér elektroforézy
Ind. 1 ‘ ‘ 125/131 Elektroforetogramy
Ctyf ruznych

het te
Ind. 2 ‘ ‘ 131/134 O

3 bp repetice
Ind. 3 ‘ ‘ 125/134

PCR produkty
Ind. 4 ‘ .131/137 125-134 bp




PF. Analyza pribuzenskych vztaht

Genotyp (bp)
Matka: /

Otec: 131/134

Potomek 1: /134

()
‘ ‘ Potomek 2: /137

Sledovany otec mohl zplodit potomka 1, ale zcela jisté neni otcem potomka 2




Rizné znaéeni ruznych znak

Snizeni ¢asovych a finanénich
ndkladt

= ,multiplex set”

AZ 4 rlzné barvy (+ 5. barva jako
velikostni standard) - analyza az 4
lokusti o stejné velikosti alel

——> ——>

H
[ 1




Mikrosatelity - omezeni

nalezeni lokusu (navrzeni primeru) je pracné a
nakladné u volné Zijicich druht (genomova
knihovna, klonovani, screening, sekvencovani)

TTCAGG TCTCTAGCTTCGA

Jflanking regions” — ohranicuji repetici a zde musi
byt navrzeny primery pro PCR

Pt.: chromozom 1



Restriction, enrichement, cloning, and
sequencing

Kazdy klon obsahuje jednu sekvenci
vector =

plasmid isolation of vectors

—) containing inserts

!

screening for repetitions
by hybridisation

!

Enriched
genomic
library

o _ sequencing of inserts
ligation, transformation (repetitive DNA + flanking regions
Genomic DNA after restriction _ _
— and enrichement primer design and

polymorphism testing




Mikrosatelity - omezeni

m ,cross-amplification” — uspésnost klesa s
fylogenetickou vzdalenosti

m nulove alely (mutace v primerovych sekvencich) —
vyS8Si proporce ,homozygotu”

TTCAGG TCTCTAGCTTCGA — PCR OK

TTCAGG TCTCTAGCTTTGA —— no PCR

X



Mikrosatelity - budoucnhost (?)

m next-generation sequencing” — velice rychla
sekvenace stovek tisicu fragmentu z jakéhokoliv
genomu

m vyhledani repetitivnich sekvenci vhodnym
softwarem a navrzeni primeru

m identifikace novych mikrosatelitu rychle, elegantné
a relativné levné (1500 EUR)



Teoretické mutacni modely - analyzy vyZzadujici
Udaj o podobnosti alel

Dva extrémy
e TAM - infinitive allele 1T TTTCTTTCTTT

model

Pfi mutaci ztrata nebo ziskani

libovolného poctu opakovani.

Vznika nova alela, ktera

doposud v populaci nebyla - o [TTCTTT
kazda alela vznikne pouze

jednou a pak uz se neméni. Neni

mozno urcit podobnost

(imiarty)all — TR —
e SMM - stepwise mutation

model

(Mutace zpusobeny pouze

ztratou nebo ziskanim jediného T

opakovani motivu. Mutaci mize

vzniknout alela, ktera je jiz v _m
populaci ptitomna — tzv. T

homoplazie. Je mozno
odhadnout podobnost alel.




Indels

* inzerce nebo delece 1bp &i delSich useku — pouZiti
pouze pro modely vyzaduijici ,,identity*
(nepouzitelné pro modely vyzaduijici ,,similarity”

TTCAGG TCTCTAGCTTCGA
TTCAGG CATCTCTAGCTTCGA
TTCAGG TCTCGTAGCTTCGA
TTCAGG G TCTCTAGCTTCGA
TTCAGG TCTCTAGCTTCGA
TTCAGG TCTCTAGTTCGA

27 bp
29 bp

28 bp
28 bp
26 bp
26 bp

SMM model — mozZno
kvantifikovat podobnost alel

,Indels* — pouze pro analyzy,
kde je vyzadovana ,,identity* a
nikoliv podobnost



Proc¢ je tolik alel?
(microsatellite instability)
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v , . CNESINg v e
 Nerovnomérny (Unequal) crossing-over
(diky Spatnému alignmentu) e
0 r:} I ~ Bingle copy [recombinant}
{ - > Thplication recormbinanh
i

) - > Duplication [panzntal

« Sklouznuti polymerazy pri replikaci
Slip-strand mispairing
(pti replikaci nejprve polymeraza sklouzne a vyrobi odliSny
pocet opakujiciho se motivu mikrosatelitu, pti alignmentu je
pak Cast opakovani vyklonéna mimo dvousroubovici, flanking

regions tedy paruji) -



Bias (skutecna data)

o KratsSi mikrosatelity (s malym pocétem opakovani motivu)
maji zfrejme tendenci se spise prodluzovat

(slabé prevladaji adice nad delecemi)

» Delsi mikrosatelity se spise zkracuji (nachyins;si k

velkym delecim)

» Delsi mikrosatelity rychleji mutuji
(diky vice opakovanim je vysSi pravdépodobnost pro sklouznuti
polymerazy (SSM) — maji vice alel)



Mikrosatelity - zdvéry

Mechanismy evoluce mikrosatelitl stale
neprilis objasneny

Stepwise mutation model SMM
plati jen omezene

= nevyhoda v populacni genetice (jsou rychle
nahrazovany jinymi markery, napr. SNPs)

= tolik nevadi pfi identifikaci jedincu a analyzy
pribuznosti (paternity)



SINE,K LINE, etc.

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

Transposable elements

Vytvari kopie (vétSinou)

Kopie integrovany na nova mista v genomu
Obvykle nejsou specificky odstranovany

Molekularni fosilie — neexistuji homoplasie !!!

Nesmirné pOéCtIlé Objev DNA transpozonut u kukurice:
Barbara McClintock

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



Typy transposabilnich element

« Kodujici své proteiny, autonomni, 1-10 kb

DNA transposony (cut-and-paste)

transposasa

Retrotransposony (copy-and-paste)

LINE

1-2 proteiny, kopie pres RNA
LTR retrotransposony

5-6 proteini, také pfes RNA

DNA Transposon ﬁﬁ Transposase gene »E
i -3 kb R

Autonomous Retrotransposons

LTR Retrotransposon %LTR SO g0
1-11kb

O] ove [
MNon-autonomous Retrotranspoesons
SIMNE %_n 8

R
0.1-0.5 kb

e Nekoduji proteiny, neautonomni, 100-1000 bp
paraziti predeslych, napt. SINE (Clovék A/u — vice nez 1 milion kopii) —
nejcastéj1 pouzivané v populacnich a fylogenetickych studiich



LINE - mechanismus transpozice

« Kopie pfes RNA
* Reversni transkriptaza

e MasSineri vyuzivaji SINE (jsou to ,,paraziti),

Alu (SINE) a L1 (LINE) se stejn€ rychle mnozi

{\ Zpét
RNA — T naDNA
! (]

Nov¢é misto v genomu

DNA:

VVVVVV
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Species !

—— A B C D |
<+ |
SINE :

= SINE = - |
|

|

|

Locus 2 _ |

Species !

|

|

|

|

|

|

|

Velmi nizké riziko homoplazii —

SINE = idealni fylogenetické markery

Lacus 1

A B C D
+

,,single-locus marker

Assumed phylogeny

Species
Locus 1
— A
Locus 2 T
\/ B
— C
D

¥ Retroposition of the SINEs

- PCR amplifikace dan¢ho useku a elektroforéza



Neexistuji zpétné mutace = vyhoda
oproti sekvena¢hnim datim

Species 1

Species 2

| Point mutation | Species 1 Species 3

Species 1

Species 2

Species 2 ;J\ Species3 -~ ¢~~~
& ~. Which is true? [ Species 3

. |

Species 1

. . [ an Species 2

—— A Species 3

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



SNP
Fashion
on the

rise

Relative poputarity

: 1'N:|6 v 1BIB:} 1845 1980 1945 2{;:0 2003
J\”L Afm Mﬂ J(\ W | Allozymes W snPs ] Microsatelites B AFLPs

B DNA sequencing B RAPDs ] Minisatelites B RFLPs

Mus domesticus

Nature Reviews | Genetics



Single nucleotide polymorphisms (SNPs)

Cell h
H‘H\
. . Mitochondrial DNA
Mucl Mitochondria |
[ l:;cb:llil: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‘iﬁs 1 Esiogy & Evolution

Vo

SNPs : nuclear genome (consensus)




Kolik SNPs se vyskytuje u ¢loveka?

muta¢ni rychlost je ~2.5 x 10-® mutaci / misto / gen

~150 mutaci/diploidni genom/generace

6.3 milliard lidi na svété = 945,000,000,000 mutaci v
soucasnem Ssvete

3 miliardy nukleotidii = kazdy nukleotid je zmutovany
315 krat



Priklad informativniho SNP znaku

Mus musculus
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Mus domesticus

transition: Pu—Pu or Py—>Py

transversion: Pu—Py or Py—>Pu

transice
A—oG



Vyuziti SNPs znakd

 1dentifikace druhu (nebo genetické skupiny) -
studium hybridizace

» fylogeografie

* populacni genetika (geneticka variabilita,
identifikace jedinct a vztahti mezi nimi, populacni
velikost a jeji zmény atd.)



Vyhody

pocetné a rozsifené v genomu (v kodujicich 1 nekodujicich
oblastech) — miliony lokusu

1 SNP cca kazdych 300-1000 bp
Mendelovska dédic¢nost (vs. mtDNA)

evoluce je dobfe popsatelnad jednoduchym mutacnim
modelem (vs. microsatellites)

jsou analyzovany kratsi fragmenty DNA — neinvazivni
genetika



Nevyhody

,,ascertainment bias* — vyb¢&r znaku se provadi na
zaklade jen maleho pocCtu jedincu a nemusi byt
reprezentativni

nizka variabilita na lokus (vétSinou jen 2 alely)

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



Metody analyzy

1. Nalezeni lokusu (,,ascertainment*)

2. Genotypizace



Nalezeni SNPs

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

l Genomic library = genome restriction +
CATS I‘:n:j\DCH Genomic |library C]onlng
@ Genomic ibrary
. EE-:!L.E"IEJ' ng Sequencing . .
DA poais) flones) Next-generation sequencing —
GAACTTTGTGGGTTT , , . . o ro
STy —— analyza vice jedincu a hledani
PCR primer design o
PCR a!'npliﬁ cation p()lymorﬁsmu
Seguence (individuals)

Y ldentify SNPs J

TRENDS \n Ecoiogy & Evoluban



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 -



Fle

es Plot
Edk View Tooks Aleles Help

[Mm@m pwesi <] | MW (E W | TR | | e
. ROX 326.66 bp
- NED 342.61 bp
: 300 bp 340 bp 350 bp
J\,\«M A
& e T =
4544 004 foa EEJ
£y
A

Genotyp mikrosatelitu na lokusu NED =

Velmi nizké riziko homopldzii —

SINE = idedlni fylogenetické markery

Locus 1

A B C D

,.single-locus marker™
- PCR amplifikace daného useku a elektroforéza

326/342 nebo 327/343

Y Retroposition of the SINEs

I
Species | Assumed phylogeny
A A B C D !
= i
= : Species
SINE +
= SINE - : Locus 1
' A
! Locus 2 v

: \J B
1

Locus 2 . i c
Species !
1

! D
1
1
1
1
1

Pr. Analyza pribuzenskych vztahu

&

A A

__AA

A A

I W'
-

Genotyp (bp)
Matka: /

Otec: 131/134

Potomek 1: /134

Potomek 2: 1137

Priklad informativniho SNP znaku

Mus musculus
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Mus domesticus

transition: Pu—Pu or Py—Py

transversion: Pu—Py or Py—Pu



SNPs genotyping

= zJ18téni genotypu dancho
jedince



SNPs genotyping - sekvenovani?
Je drahé a nejasné u heterozygotu

_A,L&ﬁ.huml__l__m,almml.uhum;__hl_._hm,gm_ﬂ;_‘Lﬂ.ﬂ‘__a\.ﬂ_.u.!mu

|



Heterozygotes?

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




PCR is making substitution errors that
are visualised by cloning

TTCAGGTCTCGTAGCTTCGA

... pred PCR = heterozygot G/C

ll' TTCAGGTCTCGTAGCTTCGA ll
TTCAGGTCTCGTAGCTCCGA
TTCAGGTCTCGTAGCTTCGG TTCAGGTCTCCTAGCTTCGA
TTCAGGTCTCCTAGCTTCGA
TTCAGGTCTCCTAGCTTCGA TCAGGTCTOGTAGCT TG
S TTCAGGTCTCGTAGCTTCGA
TTCAGGTCTCCTAGCTTCGA
S TTCAGGTCTCCTAGCTTCGA
TTCAGGTCTCGTAGCTTCGA
S TTGAGGTCTCGTAGCTTCGA
TTCAGGTCTCCTAGCTTCGA 7 A
[z;TTCAGGTCTCCTAGCTTCGA
TTCAGGTCTCCTAGCTTCGA




SNPs genotyping

1. Old standards (PCR-based)
- RFLP, DGGE, TGGE, SSCP

pluvodné detekce geneticky podminénych chorob, napf.
cysticka fibréza

2. New methods (not based on standard PCR)

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

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



SNP genotyping - old standards

PCR-RFLP

(restriction fragments length

polymorphism)

Enzyme Site
Recognition

e Each enz Nyme digests
(cuts) DNA at a specific
se-tquence = restrlctlon
site

* Enzymes recognize 4-
or 6- base pair,
alindromic sequences
Fg GAATTC)

N

/

GTAGAATTCATTCACGCA
CATCTTAAGTAAGTGCGT

%.-a
GTAG
CATCTTAA

AATTCATTCACGCA

GTAAGTGCGT



Common
Restriction
Enzymes

%.-o

'GAATTC:
CTTAAGS

%.-o

"CTGCAG:
GACGTC:=

— Eschericha coli
— 5 prime overhang

— Providencia stuartii
— 3 prime overhang




SNP genotyping - old standards

PCR-RFLP

Allele A o .
CCGATCAATGCGGCAA - neumozni nalézt novou variantu

GGCTAGTTACGCCGTT dan¢ho SNP (odlisi pouze 2 formy
dan¢ho 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

* 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



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 Ll

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

of urea
-I_ @

We will see different shifts in mobility for differing products



Detekce novych mutaci — napt. v diagnostice genetickych chorob
nebo pi1 analyzach MHC

Pisk=9 4850

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.gif



Single strand conformation polymorphism (SSCP)

Homol Homo?2 Hetero

et - _ =
| I— | I—

..CGCTTCAGG ... A —
..GCGAAGTCC...

heating - denaturation — —

snap-cooling — partial renaturation

_|_ v
- @ !!! non-denaturing PAGE

..CGCTTAAGG ... j}@ i
..GCGAATTCC... . radioisotopes

silver-staining

: fluorescent dyes (SYBR gold)
sequence-spemﬁc

ssDNA conformations



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

orimer _primer.

AAACAAACAAACAAACAAACAAACAAATCAAA

| 125bp 131 bp
(3 L _—
I J\_LL

+ -

Well controlled electrophoresis parameters, high sensitivity



PouZiti automatickych sekvendtort
Why not non-denaturing electrophoresis?

CAP (conformation analysis polymer) - Applied Biosyster

e

- well controlled

electrophoresis Allele2 @
p)

FAM... CGCTTAAGG ...
- two fluorescent labels . GCGAATTCC .. HEX ()

FAM CGCTTCAGG ..

.. GCGAAGTCC .. HEX ; i i

- high sensitivity
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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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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.g. duplicated MHC genes)



Seven pe

aks ih ohe colours =

= At least four amplifed copies !
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2000]

\
}
R Llﬁimm_ﬁ\/fﬂﬁh/\/\ SR

SSCP of three individuals:

| - different alleles  {same alleles

Carpodacus erythrinus — MHC Class I (Promerova et al. 2009)
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SNP genotyping - new methods

= not based on standard PCR

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)



(1) Real-time PCR se specifickou sondou

4
Har gous ote Hom
major(Cl-allel ' Mming
1 ® L & ®
/"\\ [T [T [T
- .+. r\\‘/ﬂ\ — ||| | | [ ] & [ ] Y [ ]
E T / \" .III I1 IO IO
1 [
Molecular Target Hybrid
AA AA A A
1) TagMan sondy o
2) Molecular Beacons (,,majak®) RN 0 4




(2) ASPE: allele-specific primer extension

m » ’ \a 14
D > UspéSna PCR
CCGATCAATGCGGCAA

G

CCGATCAATGCGGCAA  Zadny PCR produkt

* dvé PCR se specifickymi primery
* 3’ terminalni nukleotid na primerech je komplementarni k SNP
nukleotidu

» alelové-specificka amplifikace je umoznéna vysoce specifickou
polymerazou



ASPE: allele-specific primer extension
(automatizovana verze)

l'.'illll'l'.'ulllll.'la

3 5
'.||||t-.n|||l'.1||u

¥ 5

e existuji zoptimalizovaneé multiplexy pro modelove druhy (napf.
Cloveék 1536 SNPs)

* fluorescencni detekce (Illumina)



(3) SBE: single base extension

(T)

e S\
CCGATCAATGCAGGCAA
: O

CCGATCACTGCGGCAA

+ -

- pouze jeden dideoxynukleotid je pfidan k primeru
- detekce rliznymi 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* — ruzn¢
dlouh¢ primery, aby bylo mozné
odlisit ruzné lokusy

SNaPShot Multiplex Kit (Applied Biosystems)



Microarray detection of SBE products

tag-complementary

1. tag — speciﬁc 3 A@p@@?} probe - specific for
@. each locus
for each locus 2
572 ® |2
CCGATCACTGCGGCAA =
EG.'G
BJA
2 4. i GiA
& O & &
V) o & O 8
i NN
o 9 O 8
N NN
o D 8¢ O

Small-scale “in house” SNP genotyping

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



(4) Microarray analysis of SNPs

(whole genome approach - ..chip technology")




Microarray
SNP Genotyping

...ACT GGT CAT ... (G)
ooo///;

probes
...ACT GTT CAT ... (T)

§§§ G/G §§§ T §§§ G/IT
:. ACTG?TCAT... .. ACTG?TCAT... WT ..
NSy gt Dy TV L PP N

W w
Individual 1 Individual 2 Individual 3

targets



Detekce: Affymetrix, Illumina

Genomic DNA (250 ng) RE Digestion Illlﬁ»iﬁéﬂﬁﬁl!
TJt | r4! | rll i | FoodExpert-1D
.-p -’p -]- ;'L'jQ[:ITi'f' REF 250110 3
PCR: One Primer Ligation 'y
m Amplification ——

L~ ==
| — Complexity — s
Beduction

401

701474
Powered by Affymetrix

Hybridization BB

& Wash B
Fragmentation ‘

and End-Labeling

eseconeecO
ee ae

(Illumina)

cooevees eoesson 800D

10 — 500 tisic SNP znakt 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)

Hlumina Human-1
Hlumina Human-1
Hlumina Human-1
Hlumina Human-1
Hlumina Human-1
Hlumina HumanHap300
"h"“ina [T PPy N [T
Humi
Humi
Humi
Humi
Humi
Humi
lHlumina HumanHap>
Hlumina HumanHap$
Hlumina HumanHap330
Hlumina HumanHap330
Hlumina HumanHap330
Hlumina HumanHap330
Hlumina HumanHap550
HumanHap300 + HumanHap$§
HumanHap300 + HumanHap$§
HumanHap300 + HumanHap$§
HumanHap300 + HumanHap$§
HumanHap300 + HumanHap$§

Pouziti u pribuznych ¢

velmi silny ,,ascertainment bias*

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 mEell 500 110 510) _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 977+ samles
317,000 1 317,000 1100 na 110 $1,210.00 $0.0035 1-266 samples
247 nnn 1 24T nnn [w[w(y] o 14N &4 Anin nin L AT A= ﬁnw‘lm
1.0 ° N r : 1ples,
ruhu je mozng, ale je tam ==

mles
|
les

—
[a:]
]

—

1ples,
40 LU L 40 LU [julu na 114 p Ly LUATIL UL US4 df-dih samples
240,000 1 240,000 GO0 na 110 $710.00 $0.0030 977+ samles
&50,000 1 &550,000) 1600 na 110 $1,710.00 $0.0031 1-256 samples
550,000 1 &50.000) 1440 na 110 $1,550.00 $0.0025 257-496 samples
550,000 1 &550,000) 1280 na 110 $1,390.00 B0.0025 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 $0.0015 977+ samles
550,000 1 550,000) 1750 na 220 $1,970.00 $0.0036 1-256 samples
550,000 1 550000) 1575 na 220 $1,795.00 $0.0053 257-496 samples
550,000 1 &550,000) 1400 na 220 $1,620.00 B0.0025 497-736 samples
550,000 1 H50000) 1225 na 220 $1,445.00 ] 7 37-978 samples
550,000 1 &550,000) 1050 na 220 $1,270.00| ¢  $0.0023 977+ samles

S ———



