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Single nucleotide polymorphisms (SNPs)
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SNPs = single-locus genetic markers

« SNPs (single nucleotide polymorphisms) —

sekvencéni polymorfismus

« kodominantni — je mozné odlisit

heterozygota (napf. A/T) od homozygota

(napf. A/A

)
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Priklad informativniho SNP znaku

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

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 muze mit fatalni dopad

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 (v rémci druhu)
Mendelovska dédi¢nost (vs. mtDNA)

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

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

CATS I‘:n:j\DCH Genom c] ibrary
CATS PCR products @
Sequencing Sequencing
{individuals and {clones)
OMA pools)

GAACTTTGTGGEGTTT

SLAST sequences
PCR primer design
PCR amplification
Seguence (individuals)

Y ldentify SNPs J

TRENDS \n Ecoiogy & Evoluban

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

(2) Genomic library = genome restriction
+ cloning (ndahodny vybér klond — 1 SNP
kazdych 300-1000 bp)

V soucasné dobé: Next-
generation sequencing —
sekvenovani genomu vice
jedincu a hledani
polymorfismu, napf. tzv. RAD
sequencing (viz dalsi
prednasky)



a SNPs

Individual 1-1
Individual 1-2
Individual 2-1
Individual 2-2

b Haplotypes

¢ Tag SNPs

Analyza NGS dat:
Identifikace ruznych genotypl u riznych jedinct
(= homolognich chromozémd, tj. variabilita alel)

SNP
*

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

SNP

¥

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

SNP

5

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

Haplotype1 CTCAAAGTACGGTTCAGGCA
Haplotype2 TTGATTGCGCAACAGTAATA
Haplotype3d CCCGATCTGTGATACTGGTG

Haplotype 4

QAP =

0N -l -

O\ND -



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
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|



Heterozygotes?

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

Il cloning — cca 800 K¢
Il sequencing 1 clone — cca 100 K¢é

\// PCR product 1

sekvenovani insertu

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

PCR artefacts

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



1.

SNPs genotyping

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 (not based on standard 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 genotyping - old standards

,Jelenovi pivo nelej*
PCR-RFLP \ )
(restriction fragments length %
polymorphism) /

GTAGAATTCATTCACGCA

,,A dal vidi litat netopyry potentat 1 lid 1 vlada*

Enzyme Site CATCTTAAGTAAGTGCGT
Recognition
e Each enzyme digests %-0
(cuts) DNA at a specific

sequence = restriction

site GTAG AATTCATTCACGCA
« Enzymes recognize 4- or CATCTTAA GTAAGTGCGT
6- base pair,

alindromic sequences
eg GAATTC)



Bézné restrikéni enzymy

,,blunt ends* % ,,sticky ends*
e

%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 genotyping - old standards

PCR-RFLP

Allele A . , |
CCGATCAATGCGGCAA - neumozni nalézt novou variantu

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

cutting by restriction endonuclease

Allele C CCGATCACTCGCGGCAA Ladder = Homozygous A Heterozygote A/C Homozygous C

GGCTAGTGACGCCGTT
200bp

’;éqgﬁ;:: no (:llt 150bp

100bp

50 bp




SNPs genotyping - old standards
electrophoresis 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)

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



Groundwater, sail, or Bio-Trap®

Sample Collection

Sampler collected and shipped

overnight on ice (47°¢c)

Results

»

DGGE Profile

DMA Extraction

*

{M CN- CN- CN- CN- CN- CN- CN- BV-

76 80 82 83 86 89 95

2

3-.
-

S

6
7
8
9

e e W s e -

73

Amplification

DA is extracted from
samples upon arrival

GCCAGCCGTGTTTACAGA..,

GCCTTAAGCAGGCCTTCG. .,

GCCAGCCGTGTTTACAGA...
GCCGGCTCTAGCTTCCGT...

Dominant bands excised
and sequenced

P % G5 B s 495 100 198

|

Fm

e 1 ] i 3

Variable region of 1465 rRNA
gene amplified by PCR

Acinaetobacter sp.

Geobacter sp.

Unknown sp X.
Methylobacterium sp.

Dominant organisms identified

0.62

DGGE v
bakterialni
metagenomice

[

lt

i

Dnes rychle
nahrazovano NGS

Dendrogram using UPGMA (Dice Coefficient)

0.80 1.00

BV-195

BV-94

Cluster |
- 0.67

BV-96

0.74

BV-77

BV-73

0.75

BV-198
0.78

BV-90

CN-95

’—{ 0.72

CN-82

Cluster 1l 0.73

CN-89

CN-80

0.77

|0.75

(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

(denaturing polymer POP7 - ssDNA, e.g. microsatellites -
one labelled primer)

HEX

orimer _primer.

AAACAAACAAACAAACAAACAAACAAATCAAA

| 125bp 131 bp
| J\_LL

+ -

Well controlled electrophoresis parameters, high sensitivity



PouZiti automatickych sekvendtort

Why not non-denaturing electrophoresis?
e.g. CAP (conformation analysis polymer)

ol

|°"”‘ |

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

FAM CGCTTCAGG ..

.. GCGAAGTCC .. HEX ; i i

- high sensitivity



&z Samples Plot
File Edit Wiew Tools Aleles Help

=10 x]

MHC Class II (DQA gene) — mice HZ
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hz319_004.fsa | ]
5000 6000 6100 6200 6300 6400 6500 6600 6700 6800 6900 7000 7100 7200 7300 7400
8000
6000 2 \?
4000 :;
2000
0 - _ .""ll.h - .
hz348_004.fsa |
5000 6000 6100 6200 6300 6400 6500 B600 6700 6800 6000 7000 7100 7200 7300 7400
8000
6000
4000 2
2000
0
hz354_00%.fsa |
5900 6000 6100 6200 6300 6400 6500 6600 6700 6800 6900 7000 7100 7200 7300 7400
4000
- .
hz701_003.fsa |
5000 6000 6100 6200 8300 6400 8500 6600 6700 6800 6900 7000 7100 7200 7300 7400
8000
6000
4000 ‘f‘
2000
’ =
Kl | 2

[XE12809 ¥ 5929]

tt’Startl @ Q @ Q Iﬁ—l @ el Q Dorudend posta - Th.. | /- Maolekularni Ekologie

|DyeISampIe Peak |Sample File Marne |Marker

| g] S5CP presentation St... I @ GeneMapper - S5CP_... ” @ Samples Plot

Bl mie ey en g

« % QD 13:23



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 ,next-generation
sequencing”



SNP genotyping - new methods

= not based on standard 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 mohou vyuZivat tzv.
microarrays (,SNP chips®)

5. Aleloveé-specificka hybridizace



1. High-resolution melting temperature

(HRMT)

= 95C

E 8 &8 § %

8 & B & & §

Step 1: real-time PCR = increase of

Step 2: measuring
melting after PCR =
decrease of
fluorescence



HRMT genotyping

Hormalized and Shifted Melting Curves Normalized and Temp-Shifted Difference Plot

100.000
90,000
80,000

70.000H

Relative Signal (%)
PR o
5 2 3
=z = =
2 E 2
2 = =l

13318

3.318]
5318
1.318]

2602

602

Signal Difference

s 10,6821

Relati
=
5
2
8

] \‘\\
30,000 ] S,
8,682 /*m.h_
20,000 ] N
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] ; LS
10,000 e
0.000 =
795 @0 805 &1 &l5 82 825 83 835 84 845 85 855 86 65 795 B0 @05 & @5 92 85 93 835 84 @46 8 @85 8 66
Temperature [*C] 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 » ’ \a 14
D > UspéSna PCR
CCGATCAATGCGGCAA

G

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

* fluorescencni detekce (napi. Illumina nebo LGC Genomics)



Example: Precise Genotyping Calls Made
using ASPE on the VeraCode Platform

PCR

\\\ SNP
N,

Genomic DNA region
with SNP of interest
Capture sequence

SNP wild-type
G C
c
ASPE sequence
0 SNP variant
\—A

PCR amplify region of interest

ASPE Reaction

(1N s}

Primer extended

Primer not extended

R ASPE reaction
Hybridization

Fluorescent label

/“) I/‘“

VeraCode beads
Capture and fluorescent labeling

Scan

[1lumina — GoldenGate ASPE

(web-based VeraCode Assay Designer)

Each VeraCode Capture Bead contains a unique 23-mer oligonucleotide
immobilized on its surface. Designing ASPE extension primers that in-
clude complementary sequences to these capture oligos allows exclusive
targeting of specific beads. Primers that match the targeted sequence will
extend preferentially. When a labeled target hybridizes with the comple-
mentary sequence on the assigned VeraCode microbead, the target is
identified through the embedded holographic digital code.

VeraCode Capture Beads
fluorescencni detekce



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

¥ 5
(R — [T —— . Tampet SHP

The KASP™ genotyping assay
from LGC Genomics

@ Genomics QD cene
incorporating .



The KASP ™ genotyping assay
from LGC Genomics

Cena analyzy 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

http://www.lgcgroup.com/services/genotyping/cal/



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
(Life Technologies)

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: napr. Affymetrix

Genomic DNA (250 ng) RE Digestion
rt \ I f : e
Nep | Nepl Nspl Adaptor
PCR: One Primer Ligation
Amplification S T—
< [ —
Complexity o
Reduction

Hybridization
- & Wash
- .
|

—

Fragmentation N i ==
and End-Labeling e e

- 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)

N+
Affymetrix’

- je mozné si navrhnout vlastni Array Revoluctionize Iife




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 ———



Pr. ascertainment bias:
MegaMUGA chips

High Density Mouseé;
Universal GenotypingrAtray

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 PEI' 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://www.csbio.unc.edu/CCstatus/index.py?run ). (S N g Ie base eXte nsion )
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JAX00000010
JAX00240603
JAX00240610
JAX00240613
JAX00240636

UNC9371
UNC010001943
UNC11461
UNC12838
JAX00000083
UNC15185
UNCD10515539
UNC16386
UNCD10515556
UNC19217
UNC21023
UNC23507
UNC23995
UNC24700
UNC25932
UNC26205
UNC26932
UNC28841
UNC010516347
UNC30322
UNC34218
UNC36398
UNC32030
JAX00000280
JAX00241205

MOZ27:M0Z27; VM121 VM121 RS0847 RS0847 JS052

Pouziti pro nemodelové druhy
(.cross-genotyping")

15052 KESS

KESS

24645 24645 T3 414 T8 414 TA452 TA452 TA453 TA453 TAL17L TA171 TAS36 TAS36 RS1173RS1173

42818H 42818H 42818H 42818H 42818H 42818H 42818H 42818H 42318H 42818H 42818H 42818H 42818H 42813H.42818H 42818H.42818H 42815H 42818H 42818H 42818H 42818H 42818H 42818H9

Apr22Apr 22 Apr22{Apr 22 Apr22 {Apr225Apr 22 1 Apr 22{Apr 22 1Apr22 { Apr 22 1Apr 221 Apr 22 Apr 22 Apr 22 ; Apr 22 Apr 22 { Apr 22 Apr 22 Apr 22 Apr 22 Apr 22 Apr 22 1 Apr 22 2014

Mega_r'Mega_l Mega_l Mega_IMega_l Mega_fMega_I Mega_| Mega I Mega_| Mega_Mega_l Mega_ Maga_ Mega_l Mega_f Mega_l Mega_I Mega_f Mega_I Mega_f Mega_I Mega I Mega_Muga_15035012_A
930571¢530571(930571 930571(930571( 930571¢ 930571 930571 930571 930571 930571¢ 530571 530571 330571 330571 9305716 9305 71( 930571 930571( 930571 930571 930571 930571 9305716002_ROGC02

calls

Chromoson Position

-

B e e e e e e e e e e e e R e e e e e e e e e e e e e

3000355 B
3125499 U
3242877 U
3256689 B
3313481 U
3379644 B
3445065 U
3534900 U
3658709 U
3882799 B
3967211 U
4014866 B
4126115 U
4185434 B
4347901 A
4420708 A
4436818 U
4521110 B
4658505 U
4799357 U
5022167 B
5123463 B
5214659 A
5460949 A
5624267 A
5772370 U
5934873 U
6010860 A
6053779 B
6347559 U
6519513 U
6661408 A
6737521 B
6746102 B

jedinec 1

0

0
score_(calls

0.5009 B
ou
ou

04448

0.0318 U

09343 &

0.0038 U

0.0862 U

0.0525 A

09228 8

0.0673 U

0.8933 B

0.0059 U

0.7857 B

0.7989 A

0.3612 A
ou

0.5607 B

0.0681 U

0.0294 U

0.8236 B

0.9264 B

0.9205 A

0.2893 A

0.8824 A

0.0349 U

0.027L U

0.2088 U

0.2848 U

0.0836 U
08

0.2145 A

0928 B

0.7369 &

0

0
score_(ealls

0.5009 B

09228 B
0.0191 U
0.8933 B
0.0186 U
0.7857 B
0.7989 A
0.4559 A
ou
0.5607 B
0.0489 U
0.0205 B
0.8236 B
0.9264 B
0.9205 A
0.2893 A
03919 A
0.0119 U
0.0154 U
0.0421 A
0.038 U
0.0545 U
0393 B
0.2145 A
0922 B
0.8506 B

0

0
score_Cealls

0.5009 B

jedinec 2

0

0
scare_(calls

0.5009 B

0

0
score_(calls

0.5009 B
ou
ou

04438
0.011 U

09343 B
ou

0.0508 U

0.9521 A

09228 B

04843 H

0.8933 B

0.0146 U

0.7857 B

0.7989 A

0.2029 A
ou

0.5607 B

0.0468 U
ou

0.8236 B

0.9264 B

0.9205 A

0.2893 A

0.927 A

0.0522 U

0.0403 U

0.0147 A

0.2002 B

0.0168 B

0.0557 U

0.2145 A

0928 8

0.8506 B

0

0
score_(calls

0.5009 B
0.0015 U
0.0174 U
04448
0.0085 U
09343 &
0.0957 &
0.0722 U
09235 A
09228 8
03235 U
0.8933 B
ou
0.7857 B
0.7989 A
0.3067 A
ou
0.5607 B
0.056 U
0.0246 U
0.8236 B
0.9264 B
0.9205 A
0.2893 A
0.927 A
0.0064 U
0,009 U
04013 A
0.1682 U
0.2264 U
0.0532 8
0.2145 A
0928 8
0.8506 &

0

0
score_(ealls

0.5009 B
0.0105 U
0.0152 U
0444 B
0.0067 U
09343 B
0.1629 B
01401 U
09521 U
09228 B
0.0226 H
0.8933 B
ou
0.7857 B
0.7989 A
03725 H
ou
0.5607 B
0.0317 U
01149 U
0.8236 B
0.9264 B
0.9205 A
0.2893 A
0927 A
0.0203 U
0.0393 U
03915 U
0.0182 B
0.0122 B
0899 U
0.2145 A
0922 B
0.8506 B

0

0
score_Cealls

0.5009 B
ou
ou

0444 B
0.015 U

0.9243 B

0.6772 B

0.0702 U

0.0438 A

09228 8

0.5626 U

0.8933 B

0.0193 U

0.7857 B

0.7989 A

0.5522 A
oy

0.5607 U

0.0412 U

0.0392 B

0.8236 B

0.9264 B

0.9205 A

0.2893 A

0927 A

0.0267 U

0.0556 U

0.0335 U

0.4365 B

0.2666 B
ou

0.2145 A

09228

0.6516 B

0

0
scare_(calls

0.5009 B
ou
ou

0.4448

0.0069 U

0.9243 B

0.8011 B

0.1155 U

0.9521 A

0.9228 B

0.1401 U

0.8933 B
ou

0.7857 B

0.7989 A

0.422 A
ou

0.0183 B

0.098 U

0.2556 U

0.8236 B

0.9264 B

0.9205 A

0.2893 U

0.9141 U

0.0114 U

0.0395 U

0.0802 A

0.2283 U

0.1678 U

0.0058 U

0.2145 A

0928 8

0.8506 B

0

0
score_(calls

0.5009 B
ou
ou

04438

0.0228 U

09343 B

0.2681 B

0.0592 U

0.9521 A

09228 B

0.0153 U

0.8933 B
ou

0.7857 B

0.7989 A

0.2231 A
ou

0.5607 U

01393 U

0.0203 U

0.8236 B

0.9264 B

0.9205 A

0.0357 A

0.1074 A

0.0147 U

0.0339 U

0.4013 A

0.0406 U
ou

0.0545 U

0.2128 A

0928 8

0.8506 B

0

0
score_(calls

0.5009 B

09228 B
0.0338 U
0.8933 B
0.0149 U
0.7857 8
0.7929 A
03322 A
ou
00142 B
0.0312 U
0.0054 U
0.8236 B
0.9264 B
0.9205 A
0.2892 A
0.927 A
0.014 U
0.016 U
0.3984 U
0.0733 U
0.124U
0.0738 B
0.2145 A
0928 8
0.8506 &

0

0
score_call

05009
0.0069
0
0.444
0.0212
09343
0.102
0
0.9521
09228
0.0396
0.8933

0.7857
0.7989
03274

05607
0.0359

0.8236
0.9264
0.9024
0.2893

0927
0.0095
0.0129
0.0174
01213

0.031

0.899
0.2145

0928
0.8506
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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



