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 odstrariovany
Molekularni fosilie — neexistuji homoplasie !!!
Nesmirné pocetné

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

Fim e

Objev DNA transpozonut u kukurice:
Barbara McClintock



Typy transposabilnich element

e 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 proteind, také pres RNA

DMA Transposon

m Transposase gene »—

1-3 kb R OR

Autonomous Retrotransposons

LTR Retrotransposon % LTR env

1-11 kb LTR 155

O] ove [
MNon-autonomous Retrotranspoesons
SINE b ALY

0.1=0.5 kb

* Nekodduji proteiny, neautonomni, 100-1000 bp
paraziti predeslych, napr. SINE (Clovék Alu — vice nez 1 milion kopii) —
nejCasteji pouzivané v populacnich a fylogenetickych studiich



LINE - mechanismus transpozice

e Kopie pres RNA
e Reversni transkriptaza

e Masinerii vyuzivaji SINE (jsou to ,paraziti),

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

{\ Zpét
RNA =T naDNA
! (]

Nové misto v genomu

DNA

e LTR retrotransposony — opét pres RNA, slozitejsi proces
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Velmi nizké riziko homoplazii —
SINE = vhodné fylogenetické markery

(spise historicky, pred rozvojem levného sekvenovani)

Lacus 1

A B C D
+

Assumed phylogeny

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

¥ Retroposition of the SINEs

prezence/absence SINE (nikoliv pdly elektroforézy)

,single-locus marker”

- PCR amplifikace daného useku a elektroforéza



Neexistuji zpétné mutace = vyhoda
oproti sekvena¢hnim datim

—— | Species 1
. . S —— A Species 2
| Point mutation | Species 1 ’ Species 3
L E—— Species 1
Species 2 - Species 3 - - —— A Species 2
-7 ~. Which is true? > Species 3
d Species 1
N N Species 2
| SINE insertion | —_| Socios 3
— pecies
(@ Presence Species 1

O Absence :
(A () Species 1
@ — @ Species 2

Species 2 Species 3 6

AT F .

P Q W (@ Species 3

- jednoduchy mutacni model (jednosmeérné a nevratné mutace)
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Okada

ruminants:
] cow, sheep
camel Pig  giraffe hippopotamus
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cetaceans:
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Proc. Natl. Acad. Sci. USA
Vol. 96, pp. 10261-10266, August 1999
Evolution

Phylogenetic relationships among cetartiodactyls based on
insertions of short and long interpersed elements:
Hippopotamuses are the closest extant relatives of whales

MasaTo NIKAIDOT, ALEJIANDRO P. ROONEY#, AND NORIHIRO OKADATS

TFaculty of Bioscience and Biotechnology, Tokyo Institute of Technology, 4259 Nagatsuta-cho, Yokohama, Midori-ku, Kanagawa 226-8501, Japan; and Hnstitute
of Molecular Evolutionary Genetics, Pennsylvania State University, 328 Mueller Laboratory, University Park, PA 16802

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




.Incomplete lineage sorting"

A
Exafroplacentalia Epitheria Atlantogenata
(Boreoeutheria + Xenarthra) (Boreoeutheria + Afrotheria) (Xenarthra + Afrotheria)
Boreoeutheria * 2'5 Boreoeutheria A 2‘? Xenarthra ._«
Xenarthra EAfmtheria m Afrotheria m
Afrotheria Xenarthra A Boreoautheria(k
> A
T B'braoeut'_ ,'_“"he_rla h T~
" z - i| « 80 Mya
\ h Afrotheria / . . .
B Xenal QY a . /+ ILS (incomplete lineage sorting) —
— O // nesoulad mezi lokusy
T— « predek placentalnich savcu se

rozdélil na tfi linie simultanné
béhem kratké doby



STRONG (screening of Transposons Obtained by
Next-Generation Sequencing)

A
NGS reads from species A R - T —— — ] -
— ST = =
s B soccesh B seecess 2 p—
— Species C - -
—=—
———— outgroup =
B C D
g
l"-'F_ Pelican *« Y Pelican Pelican
vy Heron
e H oo y
vy = Ibis
vy - ! Ikt Heron
—— E— GEI!'IFIEt
Y Heron
1il|r_ Stork Pelican
— Pelican
—— PEI‘IQI.IIH E Ibis
Loon ef Heron

« Dbilé Sipky - ILS na zakladé dvou SINE

« pelikani a volavky jsou blizce pfibuzni, ale zaroven probihal tok genu
mezi predky volavek a ibisu



Single nucleotide
polymorphisms
(SNPs)

Relative popularity

A/A

\M\ ’W\ "”’MAA WM f\ e e

[ ] Allozymes B sNPs ] Microsatelites B AFLPs
B DNA sequencing B RAFDs ] Minisatelites B RFLPs

il

Mus domesticus

Mus musculus




Single nucleotide polymorphisms (SNPs)

Cell h
H“x\
. . Mitochondrial DNA
Mucl Mitochondria |
l:;cb:llil:n {~18 000 I| » Ome linked array of genes (one locus) ATCATCCG... Wol
é;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 R—
= -

= Generally 10-20 loci analyzed
* Biparentally inherited
* Hypervariable in repeat lengths {(alleles)

LGATCAC CACACACACACA TGAC... Coyote

» Often spaced every J000-30 QOO ESs G makss 8 Repeats
/m-je polymorphisms ACAGA ATCA GOATA. . W
= Muclear ONA | 1 |

= Millions of loci
* Spaced every 3001000 base pairs
* Biparentally inherited

LGACAAALLAACA L LUGETTA ... Coyote
S S

F00-1000 b 300-1000 bp

5 in Ecoiogy & Evoiuiion

Z
‘ SNPs : nuclear genome (consensus) \




SNPs = single-locus genetic markers

« SNPs (single nucleotide polymorphisms) —

sekvencéni polymorfismus

« kodominantni — je mozné odlisit

heterozygota (napf. A/T) od homozygota

(napf. A/A

)

4 I
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. TGGACG |

4 I
cATGTA
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AN

A/T
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CAAGTA

. TGGACG |

4 I
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N

. TGGACG |

N\

A/A
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Priklad diagnostického SNP znaku

- fixovany polymorfismus (homozygoti) = diagnostické SNPs - vyuZiti
napf. pfi studiu hybridizaci (hybridi = heterozygoti)

Mus musculus n A / A
T G T ..l;E' G T cCTC G ‘:u A C A T € 4 G I_‘E‘l:l = G T AGTT )1'“ G
f
. | I

Znaceni heterozygotu

A
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Mus domesticus
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T L T [ | O [ VO

>OOPO>PO>OO>

transice
A—oG

transition: Pu—Pu or Py—>Py transversion: Pu—Py or Py—>Pu



Vyuziti SNPs znakd

obdobné jako u mikrosatelitU

identifikace druhu (nebo genetické skupiny) - studium
hybridizace (+ introgrese ¢asti genomu)

fylogeografie

populacni genetika (geneticka variabilita a struktura, tok
genu, identifikace jedincu a vztahu mezi nimi, populacni
velikost a jeji zmény atd.)

mutace ve funkcnich genech —i zaména jedné
aminokyseliny mize mit fatalni dopad na fenotyp

genome-wide genotyping — asociace s fenotypem



Vyhody

pocetné a rozsirené v genomu (v kédujicich i nekdduijicich
oblastech) — milidony lokusu

1 SNP cca kazdych 300-1000 bp (mezi blizce pribuznymi
druhy)

Mendelovska dédi¢nost (vs. mtDNA)

evoluce je dobre popsatelna relativné jednoduchym
mutacnim modelem (vs. microsatelity)

jsou analyzovany kratsi fragmenty DNA — neinvazivni
genetika



Nevyhody

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

e nizka variabilita na lokus (vétSinou jen 2 alely)

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



Metody analyzy

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



1. Nalezeni SNPs

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

(2) Genomicka knihovna = nastépeni
genomu + klonovani (ndhodny vybér

O O klond — 1 SNP kaZdych 300-1000 bp)
CATS PCRH products Genomic Bbrary

CATS I‘:n:j{:':ﬂ Genom 5] ibrary

. EE-:!L-E"IEJ' ng Sequencing v ” w
= and (clanes) V soucasné dobeé: Next-
GAACTTTGTGGGTTT - -
T —— generation sequencing —
PCRE primer design y ’ ’
7R smaifaion sekvenovani genomu vice
1 denttysps ¥ jedincu a hledani

polymorfismu, napf. tzv. RAD
| sequencing (viz dalsi
TRENDS In Ecovogy & Evoiution p‘r"ed N a’é ky)




Ascertainment bias

Druh (populace) 1 Druh (populace) 2

Analyza 3 jedinct u druhu (populace) 1 Polymorfismus danych SNPs je druhoveé
Tri polymorfni (informativni) SNPs (populacné) specificky



2. SNPs genotyping

= zjisténi genotypu daného
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

|



Heterozygoti?

wil%
Y RES

Sekvenovani z obou stran - are you really sure?



SNPs genotyping - klonovdni a ndsledné sekvenovani?
- rozdéleni dvou alel (¢i vice u duplikovanych gent)

kazdy klon obsahuje jen jednu alelu

vector =
plasmid
/\ ) izolace vektoru

11l klonovani — cca 800 K¢
11l sekvenovani 1 klonu — cca 100 K¢é

\// PCR product 1

sekvenovani insertl

ligation, transformation

Ex.: heterozygote = two diff. alleles



PCR vytvari substitu¢ni chyby, které
jsou vizualizovany klonovanim (1)

TTCAGGTCTCGTAGCTTCGA

TTCAGGTCTCCTAGCTTCGA

... 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

PCR artefakty

(= Sum pfi standardnim sekvenovéani, ale velmi jasné pii sekvenovani klonil)



1.

SNPs genotypizace

,,Old standards” (PCR-based)
RFLP: PCR + stépeni + standardni elfo
DGGE, TGGE, SSCP: PCR + nestandardni elfo

puvodné diagnostika geneticky podminénych chorob, napf. cysticka
fibroza

,New methods“ (nejsou zalozeny na standardni PCR)
HRM: high-resolution melting (real-time PCR)
real-time PCR se specifickymi sondami (TagMan, molecular beacon)
ASPE: allele-specific primer extension
SBE: single base extension
SNP microarrays (GeneChip method)



SNP genotypizace - ..0ld standards”

,Jelenovi pivo nelej*
,,A dal vidi litat netopyry potentat 1 lid 1 vlada*

PCR-RFLP o
(restriction fragments length \% /

polymorphism)
GTAGAATTCATTCACGCA

e CATCTTAAGTAAGTGCGT
Restrikéni mista

 kazda restrikCni P
endonukleaza Stépi DNA
na specifické sekvenci =

restrikéni misto GTAG AATTCATTCACGCA

. gnz Imyhrozpozne’lvaj|’4-6 CATCTTAA GTAAGTGCGT
ouhou
pglindromatickou

sekvenci
(eg GAATTC)



Bézné restrikéni enzymy

_blunt ends” ,sticky ends”

%.-a

%ﬂ G A A T T C — Eschericha coli
CCOGGG | . ommpp e Comm,

GGGCCC

— blunt end %..a

CTGCAG
GACGTC

— Providencia stuartii
— 3 prime overhang




\

SNP genotypizace - .o0ld standards’

PCR-RFLP

Alela A
CCGATCAATGCGGCAA - neumozni nalézt novou variantu

GGCTAGTTACGCCGTT daného SNP (odliSi pouze 2 formy
daného znaku: +/-)

Stépeni restrikéni endonukleazou

Alela C
CCGATCACTGCGGCAA Ladder Homozygous A Heterozygote A/C Homozygous C

GGCTAGTGACGCCGTT
200bp

% neétépi 150bp

100bp

50 bp




SNPs genotyping - ..old standards”
electroforetické metody detekce mutaci

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

= specifické elektroforetické metody zalozené na odlisné
mobilité stejné dlouhych fragmentu s ruznou DNA
sekvenci



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

Kratké PCR fragmenty (200-700 bp) jsou separovany v
denaturac¢nim gradientu (PAGE = polyakrylamidovy gel)

— Vv urcitém bodé zacné DNA denaturovat (,melting point®) — zavisi na
sekvenci, tj. kazda sekvence denaturuje pri jineé koncentraci mocoviny

U

. | Denaturované fragmenty putuji v gelu pomaleji
Increasing
gel ||concentration
of urea
+ Po obarveni Ize vidét rozdilné pozice PCR produktl v

zavislosti na jejich sekvenci



Sample Collection

DMA Extraction

Amplification

DA is extracted from
samples upon arrival

Groundwater, sail, or Bio-Trap®
Sampler collected and shipped
overnight on ice (47°¢c)

Results
-_— * GCCAGCCGTGTTTACAGA..,
—_ !_ — GCCTTAAGCAGGCCTTCG...
— — —_— GCC."\GCCGTGW.’\CJ‘L\GH\
== . GCCGGCTCTAGCTTCCGT...
Daminant bands excised
DGGE Prefile

and sequenced

1" CN- CN- CN- CN- CN- CN- CN- BV- - BV- CN-
76 80 82 B3 86 89 95 73 90 98
e i

2%

-:-

b

3-- -- .-‘
b - -

E

L .

F

wm ~No

o o6 195 100 108

i

il

m

|
1l

e 1 ] i 3

Variable region of 1465 rRNA
gene amplified by PCR

Acinaetobacter sp.

Geobacter sp.

Unknown sp X.
Methylobacterium sp.

Dominant erganisms identified

0.62

DGGE v
bakterialni

Jl

]

Dendrogram using UPGMA (Dice Coefficient)

0.80

metagenomice

Dnes rychle
nahrazovano HTS
(,,high-throughput

1.00

sequencing”

Cluster |

BV-195
- BV-94

0.74

BV-96
BV-77

0.75

BV-73

0.78

BV-198

BV-90

{072

CN-95

Cluster Il

CN-82
CN-89

CN-80

(A)

CN-76
CN-86
CN-83
CN-100
cngs (B)



Single strand conformation polymorphism (SSCP)

Homol Homo2 Hetero

L. — _ =

—

...CGCTTCAGG ... e
...GceanGTCC. .. T%O

heating - denaturation — —

snap-cooling — partial renaturation
_|_ v

_ Q)Gg !!! non-denaturing PAGE

.. .CGCTTAAGG ... ﬁm radioisotopes
...GceanTTcc. .. U silver-staining

fluorescent dyes (SYBR gold)

sequence-specific
ssDNA conformations



PouZiti automatickych sekvendtort

(denaturujici polymer POP7 - ssDNA, napr. mikrosatelity -
jeden znaceny primer)

HEX

orimer _primer.

AAACAAACAAACAAACAAACAAACAAATCAAA

| 125bp 131 bp
| J\_LL

+ -

Vysoka citlivost, dobre kontrolovatelné parametry elektroforézy



PouZiti automatickych sekvendtort

Pro¢ nevyuZit nedenaturujici elektroforézu?
e.g. CAP (conformation analysis polymer)

FAM CGCTTCAGG ..

.. GCGAAGTCC .. HEX ; i i

._-h'l-

|°"”‘ |

- well controlled electrophoresis
- two fluorescent labels - @
FAM... CGCTTAAGG ...
.. GCGAATTCC ...HEX ﬁm

- high sensitivity




&z Samples Plot

=10 x]

File Edit Wiew Tools Aleles Help
Plot Setting: [AFLP Defaut = | Panes [+ x| | | o [ [ [ |
e
4| e |k K | 2 MHC Class II (DQA gene)
Sample File |Sample Name |Panel |DS |Sl2
hz219_004.fsa |I|z31Q |None | | ]
5000 6000 6100 6200 6300 6400 6500 6600 6700 8800 6900 7000 7100 7200 7300 7400
8000
6000 \?
4000 ::Z' :;
2000
0 I _ _ __J‘|‘|L-____.. .
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8000
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4000
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8000
6000
4000 ‘f‘
2000
o T -
-
Kl 2l
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Analyza elektroforetogramt

napr. GeneMapper (Applied Biosystems)

specificky ,Size+Conformation Standard” pro kazdou
teplotu (konformace zavisi na teploté)

srovnani vice vzorkl

umoznuje detekci kratkych odlisnych sekvenci s vice
SNPs (uzite€né napf. pro genotypizaci MHC, tj.
vysoce variabilnich genu)

opét rychle nahrazovano ,hight-throughput
sequencing”



SNP genotypizace - ..new methods”

= nejsou zalozeny na standardni PCR

1. high-resolution melting temperature (HRMT)

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

3. ASPE: allele-specific primer extension
4. SBE: single base extension }

5. Aleloveé-specificka hybridizace

mohou vyuzivat tzv.
microarrays (,SNP chips®)



1. High-resolution melting temperature

¢

RRRRARRRRRRRRARRIINEN

\j

PLLE L ettt annnnyng

¢

¢

Denature

(HRMT)

Krok 1: real-time PCR = narulst
fluorescence

|
- ‘*u.*zl

==L SR

Krok 2: méreni
rychlosti denaturace
po PCR = pokles
fluorescence
(zavisly na
konkrétni sekvenci)

= 95C
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2 |

@ 50.000H
®

100.000
90,000
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70.000H

40.000]
30.000.
20,000
m.uuu.

0.000

HRMT genotypizace

795 @0 805 &1 &l5 82 825 83 835 84 845 85 855 86 65
Temperal ture [*C]

745 80 806 & 815 B2 825 83 @35 94 @45 @ G55 @ 885
Temperature ['C)

Detekce heterozygott

- velmi levnd a jednoduchd metoda - v podstaté jen gqPCR
- vhodnd na genotypizace jednoduchych SNP u velkého mnozstvi vzorkd



2. Real-time PCR se specifickou sondou

/ﬂ\_ . Homaozygous Heterozygote ZyQous
| r‘eal -1- | me PCR major(Cl-allele t minor(G}-allele
ot/ ~ \ E 2 3 °
=+ A T
h

/ \ I i o

-

Molecular Target

Hybrid b # b & ®
Beacon I
sondy PR e & @

specifické pro
jednotlivé alely

»

I.JIIII-

1) TagMan sondy
2) Molecular Beacons (,,majak*)




3. ASPE: allele-specific primer extension

m [ e v Vv 7
NY > Uspésna PCR
CCGATCAATGCGGCAA

_?

CCGATCAATGCGGCAA  Zadny PCR produkt

» dvé PCR (kazda se specifickymi primery k danému SNP)
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)

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

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

¥ 5

e existuji optimalizované multiplexy pro modelové druhy (napt.
Clovék 1536 SNPs)

e fluorescencni detekce (napr. lllumina nebo LGC Genomics)



Kompetitive Alelle Specific PCR

1) Assay components:

A) Primer miz B} Master mix
Allsle spacific forward primers: a
g Ed
== c
s ¥
aleie-2
. A
Reverse primer:
¥ s
Ed g
) DNA template (sample)
5 E ]
3 )

[=7]

2) Denatured template and annealing components — PCR round 1:

_ 5 3
(alele-T primer doss nok slongats]
A
______ ———
iMEvErsE prmer Slongatss. £-3°)
—— (allele-1 primer binds and ejongabes)
c
3 5

3) Complement of allele-specific tail sequence generated — PCR round 2:

T T

=lJ <
'uilLLLJ.IJ.IJ.IJ.IJ (NENICIgN NN U NN R

{r=verse primer binds and slongates making

2 compiementary copy of the alele 1 tail)

4) Signal generation — PCR round 3:

to the allele-1 amplicons. Fluorescence occurs as FAM |abelled oligo is no longer quenched.

FAM - labedled ollgo binds io
complementary tall sequence,

W'IH?FHT rNITrATrTr e TrTT
SN EERINNR R RICIRRAANR RN ARNR RN

Allelic discrimination achieved through competitve annealing of two allele-specific forward
primers, each containing a unique tail sequence that comesponds with a distinctly labelled
FRET cassette in the master mix.

Themal cycling results in exponential increase in allele-1 amplicon. As PCR continues, an increasing amount of FAM labelled oligo binds

Legend

. Allgie-1 12l FAM™-absiled
— . Allgie-2 tall HEX™-abslled
aQ e

;—,-‘ 3 COMMON reverss primes
FAM™ dye
HEX™ dye

Goalisla nolonger quenched.  Tallsle remmim quenched

Cuencher
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The KASP™ genotyping assay
from LGC Genomics

@ Genomics QD cene
incorporating .



The KASP ™ genotyping assay
from LGC Genomics

Cena analyzy (oz0 O o

incorporating

Small scale study of 15 SNPs genotyped over 96 samples where no Assay on Demand
(an alternative type of assay from ABI) SNP exists

®
LGC Genomics cost ABI. Tagman®™ Assay by
Design
SNP assay design costs  ¢q €54 09 £6,750.00
(validation)
Genotyping cost £701.50 £388.80
Total £2,321.50 £7,138.80

Single nuclectide polymorphisms

KASP assays can be designed to detect single nucleotide polymorphisms within any organism. The SNP
of interest should be submitted within [square brackets] and can either be formatted as [allele1/allele2] or
[IUPAC code].

CTTAGATCGACAGGTCTAAGAGCTGAAGAGCTAGCTATTAAAGTCGAGCI[C/G]
AGCTGCTAGACGTCGCAGTCGACACAGCTAGCCTAGGACAAAGTCTCGTG

CTTAGATCGACAGGTCTAAGAGCTGAAGAGCTAGCTGATTAAAGTCGAGCIS]
AGCTGCTAGACGTCGCAGTCGACACAGCTAGCCTAGGACAAAGTCTCGTG

Figure 1. Examples of how to format sequence for KASP assay design for a SNP

https://www.biosearchtech.com/support/resources/starting-a-genotyping-project



4. SBE: single base extension

(T)

e S\
CCGATCAATGCAGGCAA
: O

CCGATCACTGCGGCAA

+ -

- pouze jeden dideoxynukleotid je priddn k primeru
- detekce riznymi metodami



(A) Detekce SBE produktu kapilarni
elektroforézou

N\
N

+ - B

kapildrni elektroforéza
SNaPShot Multiplex Kit
(ThermoFisher Scientific)

Tubia | Fiol

- BB E G E

NEEEE

e T T e B SR T A T S N res TR e L

N M N M O M HOE 4 4 4 % | D 5 M OBR M A R M oGE

-_— — — —_— -
Hrug M A Frem e By Lri bl

.multiplex version" - rizné
dlouhé primery, aby bylo
mozné odlisit rizné lokusy



(B) Detekce SBE produktu pres .microarray” (tj. hybridizace)

tag-complementary probe
— specificka sonda pro
% kazdy lokus

1. tag — specificky 3 Aey
ro kazdy lokus

P
2
@ |2
CCGATCACTGCGGCAA s
¥ i GG
{2 AdA
2 4. @ GA
& 0O &8
. o 9 e
mul’rlplex '*E BeR"
PCR ®0C®
Al O
o D8 O

Small-scale “in house” SNP genotyping

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



Illumina Infinium Bead Chip

121>l GENOMIC DNA (200 ng)

DAY 1 DAY 2 DAY 3

T T (gDNA)

Tl I ] . = A
T <] - %:
L] © Fragment Amplified DNA = G

=aiiaiiral|

(gDNA)

@) Extend/Stain Samples on

BeadChip
€@ Make Amplified DNA

O Frecilate & Resuspens CREETEEE TS
© Incubate Amplified DNA

@ Image BeadChip

© Prepare BeadChip

— (gDNA)
(identical probes
per bead type)
= (gDNA)
© Auto-Call Genotypes and
@ Hybridize Samples on BeadChip Generate Reports

* Indicates Stain in Red Channel

cca 300 000 SNP loci from 200 ng of DNA *Indicates Stain in Green Channel



5. Alelove specificka hybridizace
Microarrays - SNPs chips

Target (genomickd DNA ~ Probe )
rozstépena restrikenimi (specificka sonda pro kazdou

enzymy) alelu)



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: napf. Thermo Fisher Scientific (Affymetrix)

Figure 1: GeneChip* Mapping Assay Overview.

Genomic DNA (250 ng) RE Digestion
|~+ g | | .
Nsp | Nep | Nsp A dap_wr
PCR: One Primer Ligation
Amplification T—
< [ —
Complexity —_— e
Reduction

Hybridization

Fragmentation ™ — — & Wash
= | — 5
and End-Labeling e ‘et - ,

- 10 tisic — 1 milidn SNP znakl najednou — ,chip
technology”

- napf. Mouse Diversity Genotyping Array — 623 tisic .
SNPs (je znama pozice kazdého z nich na genomu) XX

Affymetrix’

- je mozné si navrhnout vlastni Array Revoluctionize Iife



MuUzZe byt silny .ascertainment bias"

Performance

® The MegaMUGA array provides robust calls for over

74,000 SNP markers in classical strains with greater U p lo 77 ] B[IU SN Ps

than 99.9% concordance (based on over 300 controls).
® |nitial analysis in classical inbred strains shows that on 90 / 1 00
average the number of informative SNPs in pairwise

combinations is ~20,000. MegaMUGA allows to
discriminate between closely related sister strains PE r D N A Sa mp I &=
(e.g. C57BL/6J and C57BL/6CR) and between related
wild derived strains of similar origin (e.g. PWK/PhJ and
PWD/PhJ; ZALENDE/EiJ and TIRANO/EiJ).

® Genotypes for many inbred strains can be viewed at the VyU2|'Vé I”U mina | nf| niu m teCh n0|ogii
UNC Systems Genetics Core Facility website

(http:/Aww.csbio.unc.edu/CCstatus/index.py?run ). (Single base eXtenSiOn)
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Studium
kontaktni zony
Mus minutoides
ve vychodni
Africe

1620 informativnich lokusii z 5598
lokusti na chromozomu 1

(60 SNPs fixovanych pro dané
subpopulace v celéem genomu)



" Figure 2: lllumina Custom Genotyping Options

Number
of Markers lllumina Assay or Product

Dnes gir‘Oka, gkéla komer‘é niCh mOiHOSTi SNP 3K-1M Infinium iSelectHD
geno.‘-yping pr‘o nemOdCIOVé dr‘Uhy - pF‘. I”umina ([ &'SM infinium Semi-Custom and Add-On Content

96-3,072 GoldenGate on BeadArray

1-384 GoldenGate on VeraCode

48 qPCR on Eco Real-Time PCR System

llumina products enable a wide range of genotying experimental designs,
depending upon the number of markers.

L

=5

Platform iScan System HiScanSQ System BeadXpress Reader Eco Real-Time PCR System

ASPE: Allele-Specific Primer Extension

No. of loci: 3 000 — 1 milion 48-384 48

Samples/day 288 288 384



