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MIKROSATELITY

Princip:
Detekujeme rozdily v délce kratkych tandemové se opakujicich oblasti DNA

Jedinec A ...GTTCTGTCATATATATATATATCGTACTT...
Jedinec B ...GTTCTGTCATATATATATATATATATATCGTACTT...

kratké tandemové repetice, STR (short tandem repeats)
repetice jednoduchych sekvenci, SSR (simple sequence repeats)
e kratké, tandemove se opakujici jednoduché sekvencni motivy
zpravidla o délce 2-6bp

e prokaryota a eukaryota

e kodujici i nekodujici oblasti

e VVysoka mutacni rychlost (u savci 10-3 a7 10-4/lokus/generaci)

hlavni zdroj vysoké promeénlivosti - sklouznuti nukleotidového retézce
behem replikace (replication slippage) ....

e Alely se lisi svou délkou......
e Snadna separace pomoci elektroforézy



MIKROSATELITY

— Dokonalé = perfect repeats (jeden nepreruseny motiv):
* Jednonukleotidové: ..AAAAAAAAAAAAAAAAAA...
* Dinukleotidoveé: ...CACACACACACACACACACA... = (CA)n
* Trinukleotidové: ..CGTCGTCGTCGTCGTCGTCGT... = (CGT)n
e Tetranukleotidové: ...CAGACAGACAGACAGACAGA... =(CAGA)n
e Pentanukleotidové: .. AAATTAAATTAAATTAAATT... =(AAATT)n

* Hexanukleotidové: ... CTTTAACTTTAACTTTAACTTTAA... =(CTTTAA)n
—  Pr:..(AG)32...; ...(TAT)25...; ...(CAA)7... Cicer

— Nedokonalé = imperfect repeats (motiv je prerusen jednim nebo nékolika bazemi):
* ..(TC)BA(TC)13...; ...(AG)12GG(AG)3... Cicer

— Slozené = compound: (smés dokonalych nebo nedokonalych vzort nékolika motivi)
o ..(AT)6(GT)42AT(GT)5(GT)10...
. ..(AT)14(AG)S...
e ..(GAA)21..(TA)23

* Nejcastéjsi motivy: mono a dinukleotidové; 3, 4 a 5ti méné



MIKROSATELITY

celkova DNA

GTCATATATATATATCGTACTT

/

PCR — specificky par primer

>

150 bases-

146 bases- |

144 bases-

142 bases- |

&

ELFO separace

1A 2A 3A

4A

Microsatellite data



MIKROSATELITY

Vyhody
- vysoka variabilita

Nevyhody

velka pocCetnost a rozmisténi po celém genomu

jednoduchost analyzy (mikrosatelity Ize pomérné snadno
studovat pomoci PCR)

robustni a reproducibilni markery

KODOMINANTNI MARKER, IDENTIFIKACE ALEL

Musime znat sekvence primerd

Pokud nezndame, tak testovat SSR z pribuznych druh
Optimalicace PCR
Popripadé vyvijet nové



MIKROSATELITY - vyuziti

jaderné mikrosatelity (SSRs)
e nejlepsi marker pro zhodnoceni variability na populacni Urovni

e jsou potreba druhoveé specifické primery, tj. metoda poufitelna pouze v pfipadé, 7e pro
studovany druh byly primery jiz publikovany

chloroplastové mikrosatelity (coDNA SSRs)

e vhodné pro hodnoceni variability na Urovni pfibuznych druht, nékdy i na
vnitrodruhové urovni

Obecné:

e Forenzni genetika: kriminalistika, identifikace jedinc(, pribuzenské vztahy
e analyza rodiCovstvi (parentage analysis)

e urceni rodi¢l semen (semenackd) v populacich
e identifikace klonu
e populaéné-genetické studie

e genovy tok, migrace

e historie populaci




MIKROSATELITY — prikladova studie

® Lactuca aculeata

Studium genetické variability populaci tfi druht Lactuca spp.

vyskytujicich se v centru diverzity druhu Lactuca (lzrael)

- L. serriola

L. saligna

L. aculeata

- Samosprasné druhy — jejich populace by mély byt viceméné
uniformni

- Je to spravny predpoklad?

L. serriola

L. saligna

L. aculeata

Kitner et al. (submitted)



https://extension.umass.edu/landscape/weeds/lactuca-serriola
https://plus.google.com/+%C5%A0ari%C4%87%C5%A0emso/posts/gECeAoGPZS5
http://flora.huji.ac.il/browse.asp?lang=en&action=showfile&fileid=11625&from=action=specie%26specie=LACACU%26fileid=11625

MIKROSATELITY — prikladova studie

Studium genetické variability populaci tfi druht Lactuca spp.

vyskytujicich se v centru diverzity druhu Lactuca (lzrael)

L. serriola

L. saligna

L. aculeata

- Samosprasné druhy — jejich populace by mély byt viceméné
uniformni.

- Je to spravny predpoklad?

- Metodika: 11 SSR + 230 AFLP

-V kazdé populaci byly vzorky odebranyy linearnim transektu

0.1

- U néktery'/ch druhl ano (L. serriola, L. aculeata).
L. serriola - L. saligna — velice variabilni, kazdy
jedinec predstavuje unikatni genotyp

L. saligna

@ L. serriola 365
O L. serriola 377
@® L. saligna 369

. M L. saligna 379
380-11m @ ‘ b @ L. aculeata 380
B L. aculeata 367

Kitner et al. (submitted)



MIKROSATELITY — prikladova studie

Studium genetické variability populaci tfi druht Lactuca spp.

vyskytujicich se v centru diverzity druhu Lactuca (lzrael)

- L. serriola

L. saligna

L. aculeata

- Samosprasné druhy — jejich populace by mély byt viceméné
uniformni.

- Je to spravny predpoklad?

- Metodika: 11 SSR + 230 AFLP

-V kazdé populaci byly vzorky odebranyy linearnim transektu

U néktery'/ch druhl ano (L. serriola, L. aculeata).
L. saligna — velice variabilni, kazdy

L. serriola

Locus SML-001 SML-019 SML-039 SML-045 SML-055 WSULs 18 WSULs 25 WSULs 45 WSULs_75 WSULs_153 WSULs_163

i R T 0 0 o AR | 15 - S jedinec predstavuje unikatni genotyp
3775 2 2 2 189 189 L G L L v . Ve 7 v

776 20 229 20 250 20 2 155 199 o - U nékolika populaci se ukazalo, ze

e : P S o okraje populaci jsou vyznamnym

s TEELT i is s e zdrojem variability — pfitomnost jedincd
o T o B 240 2¢0 [T nesouci unikatni alely, které nejsou

pritomny u jedincl uvnitf populaci
- Tyto alely byly pfitomnu u:
- jedincl pochazejicich z jinych
populaci
- mezidruhovych hybridd

Kitner et al. (submitted)
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FROM THE COVER
Microsatellite genotyping reveals end-Pleistocene decline
in mammoth autosomal genetic variation

VERONICA NYSTROM,*H JOANNE HUMPHREY,§ PONTUS SKOGLUND,{ NIALL J.
McKEOWN,§* SERGEY VARTANYAN,H PAUL W. SHAW,§* KERSTIN LIDEN,t MATTIAS
JAKOBSSON, 4 AN BARNES,§ ANDERS ANGERBJORN,* ADRIAN LISTERSS and LOVE
DALEN{S

*Department of Zoology, Stockholm University, 5-106 91 Stockholm, Sweden, tArchaeological Research Laboratory, Stockholm
University, 5106 91 Stockholm, Sweden, {Department of Molecular Systematics, Swedish Museum of Natural History, 5-104
05 Stockholm, Sweden, §5chool of Biological Sciences, Royal Holloway, University of London, Egham, Surrey TW20 0EX, UK,
A|Dep of Evolutionary Bislogy, Evolutionary Biology Centre, Uppsala University, §-752 36 Uppsala, Sweden, *Institute
of Biological, Environmental and Rural Sciences (IBERS), Aberystunyth University, Penglais, Aberystwyth 5Y23 3DA, UK,
+ttNortheast Interdisciplinary Research Instifute, Far East Branch, Russian Academy of Sciences, 16 Portovaya St., Magadan
685000, Russia, {{Science for Life Laboratory, Uppsala University, S-751 23 Uppsala, Sweden, §§Department of Palacontology,
Matural History Museum, Cromevell Road, London SW7 5BD, LK

Table 1 List of samples used in this study. Samples are shown with their radiocarbon laboratory number and age in radiocarbon
years, material used for DNA analysis, mtDNA haplotype and individual heterozygosity (values in brackets denote incomplete geno-
types). Samples marked with an asterisk (*) indicate samples from Wrangel Island dated to the time period when Wrangel was part
of the Beringian landmass. The number of successful genotypes for each specimen is shown for each of the four loci: EMU10 (1),
EMU13 (2), FH67 (3) and FH71 (4)

mtDNA Loci Individual

"C Jaboratory no. "C age Material ~ Region Locality haplotype scored heterozygosity

OxA-20032 (P23349)  >61 600 Tooth Chukotka Krugloe Lake w11 1234 1

OxA-20031 (P23348) =55 700 Tusk Chukotka Ayon Island w20 1234 05

OxA-20050 (P23366) =52 000 Tusk Chukotka Rakvachan River basin =~ W17 134 0.33)

LU-5180 =50 500 Tusk Chukotka Kyttyk Peninsula W11 24 (0.5)

OxA-20033 (P23350) 50 300 + 1000  Scapula Chukotka Kyttyk Peninsula W25 1234 1

mtDNA Loci Individual

"¢ laboratory no. 1C age Material Region Locality haplotype scored heterozygosity
Ua-13375 4210 + 70 Tooth Wrangel Island W1 1234 0.25
LU-4448 4120 + 110 Tusk Wrangel Island Wi 1234 0.25
Ua-13369 4085 + 65 Tooth Wrangel Island Wi 13 (0.5)
GIN-6985 3920 + 40 Tusk Wrangel Island wi 1,234 0.75
AA40665 3905 + 47 Tooth Wrangel Island W1 1234 0.25
LU-2741 3730 + 40 Tusk Wrangel Island w1 1234 0.5
Ua-13366 3685 + 60 Tooth Wrangel Island Wi 12,34 0.25

- Vyvoj populaci mamuta v S-V Sibifi v obdobi ob 60 000
BP aZz do vyhynuti pfed 4000 BP.
- mtDNA seq a mtDNA mikrosatelity
-SSR odvozeny od slonl (4 z 15ti testovanych)
Mamut (Mammuthus primigenius)
- 700.000 BP — prvni fosilni zaznamy a zacatek Sifeni
po severni polokouli
- 14.000 — zacatek stahovani mamutl z Evropy
- Posledni Euroasijské populace na S. Sibifi

- Dvé posledni populace:
- @ Ostrov Sv. Pavla v Beringové mofi (do cca 6.400 BP)

- @ Wrangler(v ostrov (do 4.000 BP) — u Cukotky v
Severnim ledovém ocednu — 2= = 1w o 0w

?":;u':




MOLECULAR ECOLOGY

Molecular Ecology (2012) 21, 3391-3402 doi: 10.1111/}.1365-294X.2012.05525.x

FROM THE COVER
Microsatellite genotyping reveals end-Pleistocene decline
in mammoth autosomal genetic variation
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Radiocarbon age (ka)

Fig. 2 Analysis of genetic differentiation. (a) Assignment of individuals to genetic clusters. The figure shown is based on the mean
Q-values computed in CLUMPP from 10 clustering solutions obtained in stRucTurRe assuming two clusters. Each vertical bar repre-
sents one individual and shows its inferred cluster membership. The radiocarbon age (ka) is given below each individual. (b) Princi-
pal components analysis. Samples from before (black) and after (grey) 12 ka are differentiated along PC1. (¢) Correlation between
PC1 and radiocarbon age (Pearson correlation coefficient: —0.72, P = 2.73 x 10°®), where underlined squares represent samples with
infinite radiocarbon dates.

Vysledky
Vzorky rozdéleny do dvou skupin:

- Variabilni vzorky az do 12.000 BP

- Vzorky od 9.000 BP s omezenou variabilitou
Snizeni genetické variability (o 30% u SSR, 0 65%
u mtDNA) vlivem nékolikanasobné snizené
velikosti populaci
Nebyl pozorovan dalsi pokles variability ke konci
obdobi vyskytu = rychla extinkce druhu
vlivem Clovéka (lov) nebo zménou klimatu

9-3.7ka o

Fig. 3 A statistical parsimony network for two time periods
(>62-12 ka and 9-3.7 ka). Blue haplotypes are from Wrangel
and red haplotypes are from Chukotka. Haplotypes present in
both time periods are connected with lines. Each branch repre-
sents one mutational step, and black circles represent missing
haplotypes. Haplotypes missing only in one particular time
period are shown as white ellipses. The number of individuals
belonging to a particular haplotype is written within the ellip-
ses.
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SEKVENOVANI DNA - princip

v

* zjisténi poradi nukleotidu v retézci DNA

% Contig (Contig)
File Edit View Sequence Annotate & Predict Help

Contig View | Annotations | virtual Gel | Lengths Graph IText View | History | Lineage I Nohesl

<,:| _} (= Extract 0‘ R.C. 4,“ Translate f Allow Editing (Pro) S Add/Edit Annotation (Pro) (@ Annotate & Predict = Primer Design & save

Consensus

Coverage
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M3: Sequence Data Explorer
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Sangerova metoda SEKVENOVANI DNA - princip

* 1) Predstupen: PCR s pouzitim dvojice primeru

e namnozeni studovaného useku DNA

e 2) sekvenacni reakce
® pouziti pouze jednoho primeru
e kromeé dNTP jsou ve smési pritomny i ddNTP
e produkce fragmentu liSicich se presné o 1 bazi

e 3) Elektroforeticka separace fragmentu na gelu

e automaticky sekvenator



SEKVENOVANI DNA

Aplikace

Aplika¢ni moznosti:
1. evoluce genﬁ (vznik alel, lokust,redukce polymorfismu v dlsledku selekce atd.)
2. vnitrodruhové (populacni) studie (geograficka proménlivost, tok gend, hybridizace,
fylogeografie (pt. mitochondridlni geny, Y chromozom)

3. mezidruhové studie (studium speciace, biogeografie)
- volba spravné sekvence

4. Detekce mutaci (SNP, inzerce, delece) = identifikace jedinct, taxon(, populaci —
sekvenace pomaha nalézt drobné populacné- i taxonové-specifické rozdily

Vyhoda

v ’ ’ 4 ’ A4 0 ’ oo -E!t!::l-tl'
- Moznost srovnani sekvencnich dat o vasem organismu s udaji E“Bl Hilin

v internetovych databazich NMUCLEOTIDE
SEQUENCE

Pf: http://www.ebi.ac.uk/embl/ DATABASE



http://www.ebi.ac.uk/embl/

SEKVENOVANI DNA

1977: dvé metody zjisSténi poradi nukleotid(i v DNA
Maxamova-Gilbertova (chemicka) metoda
je zaloZzena na bazové-specifické chemické modifikaci a ndsledném stépeni fragmentd

DNA - dnes se neuziva

5 e U OViplaX DIA Kratkd sekvenceDNA (ds nebo ss)
Label ends * na 5' konci radioaktivné oznaéena 32P. * vzorek se
. X vy, v v oas
— rozdéli na nékolik Casti

a) Pridavek chemikali — modifikuji vzdy jeden nebo dva typy
nukleotidu:

Cut with restriction enzyme

-— —e
%, Discard . ‘.
Denature (only end-labaled strands 1. d I methVISU Ifat G
will be visible in autoradiograph) 2 kVS mravenél’. A+G
e 5 Expose four samples to different 3. hvydrazin:C+T
¥
j ! Y chemical reactions that break
14 o4 4 { DNA after the indicated base 4. 15M NaCl: C
G A+G  C+T c , Nyl

b) Pridavkem piperidinu: Stépeni DNA v misté modifikace
c) Elfo separace

G GAC CT

NAIBNIREISA

o+ » &

G

# Reaction proceeds long enough

to produce an average of one
break per strand; the random
breaks generate end-labeled
fragments representing all
positions of each indicated base

Vysledek ELFO: —
sekvence DNA: 5'-GTCTGCA-3’
(Ete se zespodu)

- narazila na technické problémy s vyvojem standartnich molekularnich kit
- technicky pfilis komplexni a pfiliS mnoho toxickych latek


http://cs.wikipedia.org/wiki/Soubor:GTCATAGCA_in_maxam_gilbert_sequencing.jpeg
http://cs.wikipedia.org/wiki/Soubor:GTCATAGCA_in_maxam_gilbert_sequencing.jpeg
http://cs.wikipedia.org/wiki/Soubor:GTCATAGCA_in_maxam_gilbert_sequencing.jpeg

SEKVENOVANI DNA

Sangerova metoda terminace retézce

Sangerova metoda
vodikovy Thymln

g mustek
e zalozena na terminaci replikace nového retézce Adenin
podle matrice zkoumané sekvence 5'end R v
. . . , = 2
dideoxynukleozidtrifosfatem (ddNTP) °‘;P< &K
Kel .H
e na 3’-uhliku deoxyribdzy chybi OH-skupina a »’j 0 q
proto k nim DNA polymeraza nem(Ze navazat a_ -

dalsi nukleotid " NH2-- ~o
epokud béhem replikace dojde k nahodné o N~< >g

inkorporaci dideoxynukelotidu (ddA, ddC, ddG, O--H2N )
ddT), replikace se zde zastavi zbytek P okl o
kyseliny O?\o H S,?
~ANA - H--N
fosfore¢né . &
o]
H2N O\P./:);

ki s

3'end _ Cytosin J
/7 Guanin 5' end

Ribose Deoxyribose Dideoxyribose



SEKVENOVANI| DNA

Sangerova metoda zalozena na terminace retézce

Sangerovo sekvenovani

* ke studované DNA (useku) se prida smés dNTP’s a ddNTP’s
* provede se amplifikace s jednim primerem
* provede se separace vzniklych fragment(

. |l
% WN\J t1
Y008 i

TN 00000806 - —>
Y008QEGHA. %

PHAPDPEDPDPDPOHODPOPPOAOMOOH-OQ-AD




SEKVENOVANI DNA - zefektivné&ni Sangerovy metody

1 4

vyvoj kapilarnich sekvenatoru

Migration of DMNA
fragments

e Dnes se uzivaji fluorescencné znacené

ddNTP = kazdy dideoxynukleotid ma jinou

(4

znacku — tzv. ,,Dye-terminator sequencing’

e Detekce na automatickém sekvenatoru



SEKVENOVANI| DNA
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Vyhody/nevyhody Sangerova sekvenovani

* Vyhody
— Dlouha c¢teni (~900bp)
— Pro feSeni malych projektu
* Nevyhody
— V porovnani s NGS technologiemi:

» Relativné kratky usek celkové vysledné sekvence DNA
* Vysoka cena za délku analyzovaného useku



Next Generation Sequencing

Metody celogenomového sekvenovani



Metody celogenomového sekvenovani

Celogenomové sekvenovan

Cil: ziskat informaci o poradi nukleotidii genomické DNA nebo jejich rozsahlych ¢astech

Princip:

1. Priprava DNA knihovny - fragmentovat na kratsi kousky a pripravit pro sekvenaci (ligace adaptorti, PCR)

2. Vlastni sekvenace - paralelné probihajici ¢teni kratkych usekt (30-400 bp) u tisich fragment(i DNA nardz

3. Bioinformatické zpracovani dat - prekryvem kratkych sekvenci ziskame informaci o sekvenci gDNA

%:'7 ; TG.6T  Te.cC
2 SLeC €O.CA
LB _— — ULBLS TG.AC
— _ cr.ta AC-0C OA.0C
v —— = = GT.GC AC.GC AC.GC
- — = = — AA.GC AT.AT _ oo
Short fragments of DNA Short DNA sequences

O

ACGTGGTAA CGTATACAC TAGGC
GTAA CG CACCCTTAG
CGTATA

ACGTGGTAA

CGTATACACCCTTAGGC
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Confliet

?.SIW ?.TD .'I'.BIN T EI'HI

ecalicantiy ATGGCCAACAGCCGCGCAACCAGTCEATGETATCACGACTTTCTGGAGACGCCGETTCAGCTCCGEGOTTGGTTCACTCGARATCAAC

HOoEB=Eic®R



dsDNA ——>

Single-stranded

DNA
VAAA

Adaptors /"" T DNA immobilized on
Q_{ ligated to / N bead and amplified in
DNA o~ -W.\ water—oil emulsion

Wt
Qs

454

Picolitre well
DNA polymerase
and enzymes
on beads
SOLID Random oligonucleotides with
Primer to known 3’ dinucleotide
adaptor—._ ¢ ¢
GACATGnRACTRNnEGARNNETGNNN
I T A CGACCACGTACTGACAACAGTACTE
Adaptor sequence

CGACATnn&CnnnJ;Gnnng;Tnnng

I TACGACGACGTACTGACAACAGTACTER

Known base from adaptor 90 0 ' 00 o0
TAE 6 B ¢ E A

Solexa GA Amplified Terminator
) DNA spo ’ A dNTP .+
8 — : — o p T o A & —

? S PR 3 25 3 A

S ar—e :‘.5 P oo ,'§ 1o g s 00T
//.' P 3/ /o. 3 7 / | KA

L i RLIE . “ AG_ DNA
Immobilized on substrate ' o polymerase

Pacific Biosciences
>

Highly focused detection path

Detection volume - -

Immobilized DNA
polymerase

Nature Reviews Microbiology 7, 287-296, (April 2009)

>
3e .[1199; I 'l .E;J.Ugm « 100 Mb

lon Torrent
100-400 nucleotides
10MB-100GB — podle typu chipu

« 250 nucleotides
= 400,000 reads

« 35-50 nucleotides
« 171 million reads
* 6,000 Mb

Coding scheme
second base

* 50 nucleotides
& « 30 million reads
go « 1500 Mb

20000 nucleotides

Nature Reviews | Microbiology



454 sekvenovani - prvni nova sekvenacni metoda (1998)

= Délka éteni: 300 bp Ligace adaptort

- B adaptor ma biotinovou znacku pro prichyceni na

. ., o 1 2 -~ ) .V
- Cteno 400 tlSlC fragmentu m % streptavidinem obalenou magnetickou kuli¢ku
najednou :

A B

Fragmentace DNA

- 300-800bp Al . !B!
3 4 Pico-titer plate (sekvenacni Cip)
- obsahuje 1,6 mil jamek Sirokych 44pm
- primér DNA kuli¢ky je 26 um
-pridavek mensich kulicek
dvou typu — jeden obsahuje chemikalie
pro pyrosekvenaci, druhy typ fixuje
kulicky s DNA
Emulzni PCR
- DNA kuli¢ky do roztoku oleje a vody
- Protfepani = vznik mikroreaktoru okolo kulicky
5 6

n T1# 1367659960 Quality Score (] Base# |

Sekvenacni reakce

- Na desticku se cyklicky nandsi roztok
polymerazy a vzdy jednoho nukleotidu...
viz. pyrosekvenace

Zaznam a zpracovani dat




Roche/454 — Pyrosequencing

1-2 million template beads loaded into PTP well

Flow cof single dNTP type across PTP wells ——=>

Polymerase

Sulphurylase

Luciferase

Light and oxyluciferin

d Flowgram

I C TT GATTAAAATGTAGATAACTG
CATAAATTAATAACATCACATTAGT CTGATCAGTGAATTTAT

) m m J’c*l ,’G i) é-mer

b 5-mer

4-mer
1 3-mer

i -liii[jﬂlh}ﬁl bk lll

2-mer

Nature Reviews | Genetics

Pyrosekvenovani

© N o U

DNA polymerase
TGCACCTT TGGCCG--—
CGGC--~-
dNTP, PPi

ATP-sulfurylase ;
ATP

Next base Luciferase +
Light

Apyrase
{wash}

zaclenéni nukleotidu (konkrétni typ, ne smés)

uvolnéni pyrofosfatu (PPi)

Vznik ATP

* Enzym ATP sulfuryldza katalyzuje vznik ATP reakci PPi s
adenosinfosfosulfatem (APS)

Emise zareni:

* enzym luciferdza spotfebuje vznikly ATP na oxidaci
luciferinu — zablesk

Detekce zablesku

Enzym apyrdza odstrani nespotfebované nukleotidy a ATP
Promyti systému

Zména typu nukleotidu ve smési — krok ¢ 1.



http://cs.wikipedia.org/w/index.php?title=Pyrofosf%C3%A1t&action=edit&redlink=1
http://cs.wikipedia.org/wiki/Adenosintrifosf%C3%A1t
http://cs.wikipedia.org/wiki/Oxidace
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Illumina Genome Analyzer

- metoda sekvenace syntézou
(SBS-sequencing by synthesis)

- 1. 2006; useky 35-50bp

- 1) Priprava knihovny
- fragmentace DNA

- na konce dva adaptéry

- ELFO: vyfiznou se fragmenty 150-200bp

- precisténi

- 1a) Amplifikace fragment( (bridge amplification)
- na sklicku jsou oligonukleotidy komplementarni k obéma adaptorim
- jednovlaknové fragmenty se navazou na skli¢cko — vytvofri ,,mlstek”
- béhem PCR - dosyntetizovani komplementarniho vlakna,
- pti kazdé denaturaci — dsDNA se rozdéli na dvé ssDNA, které vytvori ,mUstky“leZici na

sklicku blizko sebe

- opakovani = vznik tisict kopii tésné vedle sebe v tzv. ,clusterech” = knihovna je hotova

Figure 1: lllumina Flow Cell

Several samples can be loaded onto the eight-lane flow cell for simuitane-
ous analysis on an llumina Sequencing System.

n Cluster Generation

5 hours

30 min. hands-on time

{1-8 Samples)

-

&

1ot ik i
!m‘s 5"; Wil iﬁ'.f!‘!

“?Hi‘. [k
iigg A R

(3 Attach DNA to flow cell

o Perform bridge amplification

® Generate clusters

() Anneal sequencing primer



lllumina Genome Analyzer
2) sekvenacni reakce
- v kazdém cyklu NARAZ vechny nukleotidy
- maji fluorescencni znacku a modifikovany 3 konec (brani zarazeni vice
nukleotidl v jednom kroku)
- zarazeni nukleotidu provazené emisi svétla, charakteristického pro dany
nukleotid
- detekce
- odstranéni fluoresc. znacky a odblokovani 3 konce
- opakovani postupu
- x cykld
3) zpracovani dat

n Sequencing & & K @ Extend first base, read,

and deblock

o
-
=
-

2-3 days (single-read)

4-6 days (paired-end)
30 min. hands-on time (1-8 Samples) 3

€) Repeat step above to extend

- ooeeccs
PPN+t 9>+

strand

L9 Generate base calls




(a) (b)

Adapter

> oam lllumina/Solexa seq.

" \ ! f oy
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1 4 (L B — ]
| Vbilllllnl ' A'IHM' | I Laser
y ! l ' ' : ' T @
II | : | 3 ® G G ~
‘ » GCTGA Drug Discovery Today

Volume 13, Issues 13-14, July 2008, Pages 569-577

Drug Discovery Today

lllumina/Solexa process overview. Genomic DNA is randomly fragmented and adapters are added to each fragment end (a).
Single-stranded fragments are then attached randomly inside flow cells (b). Bridge amplification is performed to generate
double-stranded fragments (c). Following repeated cycles of denaturation and bridge amplification, millions of DNA copies are
present in each flow cell (d). DNA sequence is determined with four-labeled reversible terminators primers and polymerase (e).
Unincorporated terminators are washed, and the sequence is determined in each flow cell following laser excitation. The
blocked 3’ terminus and fluorophore are removed from the incorporated base and the cycle is repeated (figure adapted from
http://www.illumina.com).



http://www.sciencedirect.com/science?_ob=RedirectURL&_method=externObjLink&_locator=url&_issn=13596446&_origin=article&_zone=art_page&_plusSign=+&_targetURL=http://www.illumina.com/
http://www.sciencedirect.com/science/journal/13596446
http://www.sciencedirect.com/science/journal/13596446/13/13
http://www.sciencedirect.com/science/journal/13596446/13/13
http://www.sciencedirect.com/science/journal/13596446/13/13
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Third Generation Seguencing



@ PACIFIC
BIOSCIENCES®

Facific Biosciences — Real-time sequencing

a Frospholinked nexaphosphate nuclectides

Exif uorescence detection

Figure 4 | Real-time sequencing. Facific Biosciences four-colour realstime sequencing method is shown,

a | The zero-mode waveguide (ZMW) design reduces the observation velume, therefore reducing the number of stray
fluorescently labelled melecules that enter the detection layer for a given period. These ZMW detectors address
the dilemma that DNA polymerases perform optimally when flucrescently labelled nucleotides are present in the
micromolar concentration range, whereas maost single-molecule detection methods perform oprimally when
fluorescent species are in the picos to nanomolar concentration range®. b | The residence time of phosphelinked
nucleatides in the active site iz governad by the rate of catalysis and is usually on the millisecend scale. This
corresponds to a recorded fluorescence pulse, because only the bound, dye-labelled nuclectide cocupies the ZMW
detection zone on this timescale. The released, dye-labelled pentaphosphate by-praduct quickly diffuses away,
dropping the fluorescence signal to background levels. Translocation of the template marks the interphase period
before binding and incorparation of the next incoming phasphalinked nuclectide.

reads as long as 20,000 bases.

http://raindancetech.com/documents/Next-Generation-Sequencing Nature-Genetics Jan-2010.pdf



http://raindancetech.com/documents/Next-Generation-Sequencing_Nature-Genetics_Jan-2010.pdf
http://raindancetech.com/documents/Next-Generation-Sequencing_Nature-Genetics_Jan-2010.pdf
http://raindancetech.com/documents/Next-Generation-Sequencing_Nature-Genetics_Jan-2010.pdf
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http://raindancetech.com/documents/Next-Generation-Sequencing_Nature-Genetics_Jan-2010.pdf
http://raindancetech.com/documents/Next-Generation-Sequencing_Nature-Genetics_Jan-2010.pdf
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http://raindancetech.com/documents/Next-Generation-Sequencing_Nature-Genetics_Jan-2010.pdf

Semiconductor Sequencing for Life™

ion torrent

technologies bkAOXDO+X

incorporates Hydrogen ion
into DNA . is released




Metody odvozené od NGS



Odvozené metody vyuzivajici NGS
sekvenace pri hledani SNP polymorfismu

- Vyuziti NGS pro detekci populacné geneticke studie
- Detekce poctu SNP v radech 1.000-10.000
- Predpokladem pouziti NGS je:
- Sekvenujeme pouze cast genomickeé DNA =
snizujeme komplexnost genomu
- RUzné pristupy

RNA sequencing, PCR amplicon seq, ......
- Pro populacne geneticke studie, fylogeograficke studie:
- Metody zalozené na restrikci DNA — k1 J

- (Restriction Digest-based Methods) ""T e

- Barcoding
- Pouziti adaptoru se specifickou sekvenci pro dany vzorek
- Umoznuje spojit velky pocet ruznych vzorku a osekvenovat je naraz



Restriction Digest-based Methods

NN\

- 1. RE digestion

w 2. Addition of barcodes
- - and adapters

" 3. (Size selection),
- amplification,
I lllumina sequencing

- restrikce: DNA je nastipana restriktazami,
- ligace: na vzniklé fragmenty je navazan adaptor,
- vysokokapacitni NGS sekvenovani
(tagged fragment amplification)
- analyza dat........
- Hledani SNP — a) anotace k referen¢nimu genomu
b) pooling vzork( a hledani SNP lokust

- Kombinace snizeni komplexnosti genomu
restrik¢nim Stépenim s NGS sekvenovanim



Restriction Digest-based Methods

* Methods:
— CRoPs (Van Orsouw et al. 2007)
— RAD-seq (Baird et al. 2008)
— Modified CRoPs (Gompert et al. 2010)
— MSG (Andolfatto et al. 2011)
— GBS (Elshire et al. 2011)
— Modified GBS (Parchman et al. 2012)

— ddRAD-seq (Hohenlohe et al. 2012, Peterson et al. 2012)
— Modified GBS (Poland et al. 2012)

— SBG (Truong et al. 2012)
— 2b-RAD-seq (Wang et al. 2012)

- SLAF-seq (Sun et al. 2013)



RAD-Taq sequencing

(a) Restrict whole genomic DNA with e.g. 8-base cutter
| I|I |
(b) P1 adaptor ligated to restriction site

1 -;

PCR primer lllumina primer Barcode

(c) Pool barcodes, sheer DNA and ligate 2" adaptor

\
2 adaptor = compliment
to reverse P1 PCR primer

(d) Selectively amplify fragments with RAD-Tags, then sequence

100 bp forward contig

Candidate SNPs

- restrikce: DNA je nastipana dvojici restriktaz
- ligace: na vzniklé fragmenty jsou navazany adaptory
- vysokokapacitni NGS sekvenovani

(tagged fragment amplification)

- analyza dat .......
- Hledani SNP — a) anotace k referenénimu genomu

b) pooling vzork( a hledani SNP lokus(
(putative RADtaq locus)

- Kombinace snizeni komplexnosti genomu

restrikénim Stépenim s NGS sekvenovanim.

Fig. 1 The RAD-Tag SNP discovery process (after Baird et al.
2008). Following restriction with an appropriate enzyme (a), the
P1 adaptors are ligated to the restriction sites (b). DNA from
individuals (or pooled individuals) has different barcoded adap-
tors ligated in separate reactions. Adaptor-ligated fragments are
pooled, sheared and selectively amplified under PCR (c). Prod-
ucts are sequenced by single or paired-end sequencing and
aligned to identify SNPs (d). The paired-end contig will reduce
sequence depth at candidate SNPs, but increase the length of
SNP flanking region for assay design.



Wyeomyia smithi (the purple pitcher-plant mosquito)
Emerson K J et al. PNAS 2010;107:16196-16200

Outline: vysledovat smér Sifeni a genetickou variabilitu
populaci W. smithii na vychodnim pobrezi USA
Material: 21 pops a 6 individuals
Metoda: restriction site-associated DNA tags (RAD tags)
Vysledky: crude: 27.5 milRAD tag seq.

- filter pass: 14.9 mil

- 3,741 SNPs within the RAD tag

that were fixed within at least two populations and

were variable among populations.
Results:
- confirms the phylogeographic separation of W. smithii
into southern and northern groups
- reveals previously unresolved genetic structure and
direction of evolution
- from a southern Appalachian Mountain refugium
following recession of the Laurentide Ice Sheet at 22,000-
19,000 B.P.

Northem

NC

Coast  Coast Appalachian

Gulf

Ll

0.08

(A) Map of eastern North America showing the
. . ] geographic range of W. smithii used in this study.
- The distribution of host plant, S. purpurea, and Dashed line shows the maximum extent of the
prevailing winds provide clues to the origin of Laurentide Ice Sheet at ~20,000 B.P.

: el (B) Maximum likelihood phylogenetic tree of W. smithii
populations within the northern group. using the RAD tag SNPs
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