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Viditelne polymorfismy = fenotypovy projev vs. Geneticky polymorfismus

Pes domaci (Canis lupus familiaris)
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Viditelne polymorfismy - omezeny pocet variant (kriterii) pro charakterizaci
jedince
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Ulozeni genetické informace

Jadro Plastidy Mitochondrie
* rizna ploidie cpDNA = chloroplastova DNA mtDNA
* rekombinace * 1 kruhova molekula * 1 kruhova molekula
* biparentalni prenos * 135 — 160kb « 370 — 490 kb

* predevsSim nekodujici useky < pfedevsSim kédujici sekvence - Clovék 16,6kb; 37 gend

repetitivni DNA (junk DNA, selfish DNA) .
* bez rekombinace « geny pouze 10%

 uniparentalni pfenos (2/3 vys.

rostl - maternalné)




bakterie Haemophilus influenzae

Velikost genomu

* prvni osekvenovany, vyjimecné maly genom

+ 1.8 Mb a 1740 genu

Arabidopsis thaliana

* prvni osekvenovany genom rostlin (2000)

« 27 000 genu

* 157 Mb (na rostliny pomérné maly genom)

Paris japonica

« 150 Gb

* nejvétsi znadmy genom vubec
« z Celedi kychavicovité

Homo sapiens
« 23 -25 000 genu
* 3,2 Gb (cca 3pg DNA)

Protopterus aethiopicus

* bahnik mramorovany

*130Gb

* nejvétsi znamy genom obratlovcl



http://cs.wikipedia.org/w/index.php?title=Haemophilus_influenzae&action=edit&redlink=1

- Deoxyribonukleova kyselina

- Komplementarni retézce

- Antiparalelni = 5"-3"a 3" - 5 retezce
-Nese genetickou informaci

-Ulozena prevazné v chromozomech

- Tvorena dusikatymi bazemi a - adenin, 7 -

tymin, C - cytosin, G - guanin

- Poradi tri bazi kdduje aminokyselinu v
polypetidivém retézci

Adenin

Cytosin

3 konec

Guanin

Thymin




|zolace DNA

* Prvni krok vetsiny analyz NK

« Qdstranéni inhibitoru, které blokuji Cinnost enzymu v
naslednych analyzach

* Volba metody extrakce NK zavisi na:

Typu molekuly, kterou chceme extrahovat (genomova=genomicka
DNA, plazmidova DNA, fragment DNA z agar6ézového gelu, RNA)
Typu bunék z nichz ma byt NK izolovana

Pozadovane Cistoté NK

Pozadovanem mnozstvi NK

Casto je vyhodnéjsi zisk DNA ve vy3si kvalité na ukor
vytézku izolace



Metody izolace DNA

Metody vyuzivajici rozdily v rozpustnosti DNA v riznych roztocich
« Obecné rozsifené, Siroce aplikované postupy

* Metody vhodné pro vysokomolekularni genomické NK

« extrakce fenolem, CTAB metoda - viz dal

Metody adsorpcni

 DNA se vaze na kfemicité Castice v pfitomnosti chaotropni latky
« Rychla purifikace plazmidu

« Zisk malych fragmentd DNA s vysoky vytéZzkem

« Zisk vysokomolekularni DNA s nizSim vytézkem

 Podstata komerénich kitt $ $ $ € € €

Metody zalozené na magnetickych c¢asticich
Modifikovany povrch castic s vysokou afinitou pro NK
Imobilizace Castic pomoci magnetu, centrifugace, eluce vhodnym
roztokem
$SSEEES

DalSi metody:
Centrifugace v hustotnim gradientu
|Izolace plazmidové DNA - alkalicka lyze



|zolace DNA

* VVychozi material:
* Jednotlivé bunky nebo jejich kultury
(kvasinky)
« Casti pletiv, tkani, organu
* Virove cCastice
* Fragmenty DNA z agar6zovych gelu



Izolace DNA - homogenizace materialu

1) Klasika — porcelanova miska, tloucek,
- pridavek morského pisku, tekuty dusik

2) Homogeniza€¢ni mlyny




|zolace DNA - metoda CTAB

+
/\/\/\/\/\/\/\/\N/ Br
/ \

1) CTAB

(cetyltrimetylamoniumbromid)
- _detergent, ktery uvolnuje DNA z membran a proteinu

- vytvari komplex s nukleovymi kyselinami, rozpustny pri v
vysokeé koncentraci soli (0,7M NaCl), ale pfi snizené
koncentraci soli (0,45M NaCl) vytvari srazeninu.

CTAB ma jinou rozpustnost nez DNA — |ze oddélit od DNA v
dostatecné kvalité




|zolace DNA

CTAB metoda
homogenizace materialu :
rozruSeni bunéénych stén pomoci enzymu a detergentu h
(lyzozym, celulazy) pfi teploté 65°-68°C WS

o

aplikace chloroformu (denaturuje proteiny, rozpousti tuky,
oddéluje faze)

Supernatant: vodna faze s extrahovanou DNA —
odpipetujeme a dale s ni pracujeme pracujeme)

Centl’lfugaCe uzky pas proteint - ODPAD

zbytky rostlinného materialu, ODPAD

vysrazeni nukleovych kyselin (NK) etanolem nebo
izopropanolem

izolace precipitatu NK centrifugaci, vysuseni NK
rozpusténi ziskaného sedimentu ve vhodném roztoku

Uchovani DNA
- chladniCka 4°C — pro okamzité pouziti
- hlubokomrazici box -80°C pro dlouhodobé uchovavani
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l1zolace DNA - magnetické castice

lzola¢ni kity pro izolaci genomické DNA, total RNA nebo DNA a/nebo RNA z patogent
- magnetické castice (InviMag beads, Dynabeads) pro purifikaci NK 15, 24
nebo 96 vzorkl naraz v jednom béhu (podle typu pfistroje)

- DNA se vazZe na magnetické castice, které jsou pristrojem v konecném
kroku izolovany ze vzorku
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|Izolace DNA - automatizované metody

Lysis of starting
material

Addition of lysate to
InviMag”® beads and
Binding Buffer

Genomic DNA binds
to magnetic particles

Magnetic separation

Washing of the
particle fixed DNA

Magnetic separation

Elution of genomic
DNA

Magnetic separation

Pure genomic DNA

Postup izolace DNA
pomoci izola€niho kitu
pro automatické stanice



Scheme of the InviMag® Plant DNA Mini Kit

Ploase read protocols prior the start of the preparation carefully

Transfer homogenized starting material into a 1.5 ml reaction tube

{not provided).
Add 400 pl of Lysis Buffer P and 20 pl of Proteinase K to the 1.5 ml
reaction Tube .
\ \ | Postup izolace DNA
Vortex the tube for 5 sec and incubate the sample at 657 for app. 30

After lysis time centrifuge the 1.5 ml reaction tube at max. speed for 1

min under continuously shaking (e.g. by using a thermomixer) pomOCI' izola‘c'nl'ho kitu
|] minute to pellet down the unlysed material. Transfer the supernatant 4 I )4 b 14 H
from the lysed sample carefully into a 1.5 ml reaction tube. man ua ne ez prIStrOJe

¢ [ ol Gl |
_

Add 200 pl Binding Buffer P, add 20 pl of SNAP Solution to the

/ lysate, Mix by pipetting 5 times
Incubate for 5 min at RT

—

Inzert the Magnetic Stripe
Incubate again for 5 min at RT
Remowval of supemnatant by aspiration or pipetting

—
i
[===———=]

&

Remove Magnetic Stripe
Add 500ul Wash Buffer |
Closze the vial and mix by vortexing

I o Insert the Magnetic Stripe
Incubate for Smin at RT
Removal of the Wash Buffer | eluate by aspiration or pipetting

“‘J/ Remove Magnetic Stripe

_!‘_ Add 800 yl Wash Buffer Il

I . “ Close the vial and mix by vortexing
r Insert the Magnetic Stripe

Incubate for 3 min at RT
Remaoval of the Wash Buffer Il eluate by aspiration or pipetting

l-/f Remove Magnetic Stripe
I ™ |] Repeat this step from point (A)

Ingert the Magnetic Stripe, open the lid
I ] Incubate for 5 min at RT to evaporate ethanol

| =77

Remove Magnetic Stripe

—{

Add 100 pl preheated Elution Buffer D
Mix by vortexing
Incubate for S min at RT

Insert the Magnetic Stripe
Incubate for 3 min at RT




Priklad dostupnych kitu - firma Invitek

Sample Source
Genomic DNA Purification

Whole human or animal blood, buffy coat, bone marrow,
rinse liquid from swabs

Fresh or frozen tissue, rodent tail, paraffin embedded
tissue, mammalian cells

Saliva, swabs
Human and animal stool sample
Forensic material

Plant material

Nucleic Acid Purification from Pathogens
Bacterial DNA

Bacteria pellets, tissue samples, paraffin embedded
tissue, blood, cell-free body fluids, urine, paper points,
water

Human and animal stool sample

Saliva, swabs
Viral DNA and/or RNA

Serum, plasma, cell-free body fluids, rinse liquid from
swabs, cell culture supernatants, tissue biopsies

Viral RNA

Plasma, serum, cell-free body fluids, rinse liquid from
swabs, stool samples, small tissue samples, cell culture
supernatants

Viral DNA

Plasma, serum, whole blood, cell-free body fluids, rinse
liquid from swabs, cell culture supernatants

Total RNA isolation

Human or animal cells, lymphocytes pellet, tissue
samples

Recommended Kit

InviMaq Blood DNA Mini Kit/
KFmL

InviMag Tissue DNA Mini Kit/
KFmL

InviMag SalivaGene DNA Kit/
KFmL

InviMag Stool DNA Mini Kit/
KFmL

InviMag Forensic Kit/ KFmL

InviMag Plant DNA Mini Kit/
KFmL

InviMaq Bacteria DNA Mini Kit/

KEmL

InviMag Stool DNA Mini Kit/
KFmL

InviMaqg SalivaGene DNA Kit/
KFmL

InviMag Virus DNA/RNA Mini Kit/

KFmL

InviMag Virus RNA Mini Kit/
KFmL

InviMag Virus DNA Mini Kit/
KFmL

InviMag Universal RNA Mini Kit/

KEmL

Sample Volume

up to 200 pl

5- 20 mg tissue sample, 0.5 cm
rodent tail,
10 —10°mammalian cells

500 ul

100 — 300 mg

depending on type and amount of

starting material

up to 100 mg

depending on type and amount of

starting material

100 — 300 mg

500

up to 200 pl
up to 10 mg

up to 200 pl
up to 50 mg

up to 200 pl

5x 108 cells
up to 1.0 ml blood
up to 20 mg

Yield

6-10 pg

10-25 ug

up to 10 ug

up to 50 ug

depending on type and amount of starting
material

5-25ug

depending on starting material

up to 50 ug

up to 10 pg

depending on starting material

depending on viral load

depending on viral load

up to 20 pg
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http://www.invitek.de/products_and_service/product_catalogue/magnetic_bead_systems/kingfisher_systems/kingfisher_ml/e5596/e5698/index_eng.html
http://www.invitek.de/products_and_service/product_catalogue/magnetic_bead_systems/kingfisher_systems/kingfisher_ml/e5596/e5698/index_eng.html
http://www.invitek.de/products_and_service/product_catalogue/magnetic_bead_systems/kingfisher_systems/kingfisher_ml/e5948/e5949/index_eng.html
http://www.invitek.de/products_and_service/product_catalogue/magnetic_bead_systems/kingfisher_systems/kingfisher_ml/e5948/e5949/index_eng.html
http://www.invitek.de/products_and_service/product_catalogue/magnetic_bead_systems/kingfisher_systems/kingfisher_ml/e5948/e5949/index_eng.html
http://www.invitek.de/products_and_service/product_catalogue/magnetic_bead_systems/kingfisher_systems/kingfisher_ml/e5948/e5949/index_eng.html
http://www.invitek.de/products_and_service/product_catalogue/magnetic_bead_systems/kingfisher_systems/kingfisher_ml/e5948/e5949/index_eng.html
http://www.invitek.de/products_and_service/product_catalogue/magnetic_bead_systems/kingfisher_systems/kingfisher_ml/e5948/e5949/index_eng.html
http://www.invitek.de/products_and_service/product_catalogue/magnetic_bead_systems/kingfisher_systems/kingfisher_ml/e5948/e5949/index_eng.html
http://www.invitek.de/products_and_service/product_catalogue/magnetic_bead_systems/kingfisher_systems/kingfisher_ml/e5948/e5949/index_eng.html

|Izolace DNA - adsorpce na silikat

. DNA v pritomnosti tzv. chaotropnich soli (jodid sodny nebo ionty guanidinu)
adheruje na silikatovy povrch (sklo).

- K roztoku, obsahujicimu zlyzovany bunécny obsah, se pridava
chaotropni sul a suspenze silikatovych castic

- Protfepavanim smési se usnadnuje vazba DNA na castice.

- Ostatni slou€eniny zlstavaji v roztoku a Ize je pak elegantné odstranit -
castice nechame usadit nebo centrifugujeme

- Odsajeme roztok nad casticemi a proplachneme novou davkou pufru
s chaotropnimi solemi.

- PreciSténou DNA na povrchu c¢astic |ze snadno uvolnit pridanim vody
nebo vhodného pufru, ktery neobsahuje chaotropni soli.

- Po odstredéni zustanou na dné jen samotné castice, nad nimi je Cisty
roztok DNA.

Vyhodou metody zaloZzené na adsorpci na silikat je rychlost a pohodinost,
proto jsou na ni zaloZzeny komercni soupravy (kity) pro rutinni extrakce
DNA.


http://biologie.upol.cz/metody/Slovnik/Chaotropni soli.htm
http://biologie.upol.cz/metody/Slovnik/Odstredovani.htm

|zolace DNA - komercni kity ? s i

Princip:
* lyze bunék

* vysrazeni DNA ethanolem a navazani
na silikatovou membranu kolonky
(vysoky obsah soli, pH < 7)

» promyti navazané DNA

* eluce — uvolneni promyte DNA z
kolonky do zkumavky
(nizky obsah soli, pH > 7)




Izolace DNA - pr. izolacni kity Invitek

Typ vzorku

Krev, ,buffy coat’ — frakce
leukocytl a trombocytl po
ultracentrifugaci

Télni tekutiny, kostni dfen

Lidské a zvireci tkané , tkané zalité
v parafinu

Lidské a zvifeci buriky

Suspenze kvasinkovych bunék

Swab material = vytéry

Forensic material

Plant material

Potraviny rostlinného/zivocisného
pavodu

Doporuceny Kit

Invisorb Spin Micro DNA Kit
Invisorb Spin Blood Mini Kit
Invisorb Spin Blood Midi Kit
Invisorb Spin Blood Maxi Kit
Invisorb Blood Giga Kit

Invisorb Blood Universal Kit

Invisorb Spin Micro DNA Kit
Invisorb Spin Blood Mini Kit
Invisorb Genomic Kit Ill

Invisorb Spin Micro DNA Kit
Invisorb Spin Tissue Mini Kit
Invisorb Spin Tissue Midi Kit
Invisorb Spin FFPE Tissue Kit
Invisorb Genomic Kit Il

Invisorb Spin Micro DNA Kit
Invisorb Spin Tissue Mini Kit
Invisorb Spin Tissue Midi Kit
Invisorb Genomic Kit Ill
Invisorb Spin Cell Mini Kit

Invisorb Spin Yeast DNA Mini Kit
Invisorb Genomic Kit Ill

Invisorb Spin Swab Kit
Invisorb Genomic Kit Ill
Invisorb Spin Cell Mini Kit

Invisorb Spin Forensic Kit
Invisorb Forensic Kit |

Invisorb Spin Plant Mini Kit
Invisorb Spin Plant Midi Kit

Invisorb Spin Food Kit | (animal)
Invisorb Spin Food Kit Il (plant)

Objem vzorku

1-50 pl
1-200 pl
200 yl -2 ml
1-10 ml
0.2-20 ml
1ml-10 ml

1-50
1-200
1-200 pl

0.5-5mg
0.5-40mg

30-100 mg

2 - 3 paraffin sections
0.5-40mg

100 -105cells
10 —107cells
106 -108cells
1 x 10° cells
2 x 108 cells

107 cells, swab
3 - 10 ml bacterial or yeast
suspension

depending on starting material
depending on type and amount of
starting material

up to 100 mg
up to 500 mg

0.5-40mg
up to 100 mg

Vytézek

1-2pg

up to 10 ug
up to 60 ug
up to 300 ug
up to 600 ug
up to 400 ug

depending on type and amount of
starting material

1-2ug

up to 50 ug
up to 80 ug
up to 50 ug
up to 50 ug

depending on type and amount of
starting material

depending on type of starting
material

depending on starting material

depending on type and amount of
starting material

5-35ug
up to 140 pg

up to 50 ug
up to 50 ug

—

! conditions

‘Waste

Lysis of the
starting material

:

@W

Precleaning

g

Adjustment of binding

-

Binding of DNA

TE .

Washing
Remaval of ethanal

Elution of
genomic DMNA

) o <t


http://www.invitek.de/products_and_service/product_catalogue/single_tube_kits/e2497/e2506/index_eng.html
http://www.invitek.de/products_and_service/product_catalogue/single_tube_kits/e2497/e2516/index_eng.html
http://www.invitek.de/products_and_service/product_catalogue/single_tube_kits/e2497/e2527/index_eng.html
http://www.invitek.de/products_and_service/product_catalogue/single_tube_kits/e2497/e2537/index_eng.html
http://www.invitek.de/products_and_service/product_catalogue/single_tube_kits/e2497/e2546/index_eng.html
http://www.invitek.de/products_and_service/product_catalogue/single_tube_kits/e2497/e2553/index_eng.html
http://www.invitek.de/products_and_service/product_catalogue/single_tube_kits/e2497/e2506/index_eng.html
http://www.invitek.de/products_and_service/product_catalogue/single_tube_kits/e2497/e2516/index_eng.html
http://www.invitek.de/products_and_service/product_catalogue/single_tube_kits/e2497/e2664/index_eng.html
http://www.invitek.de/products_and_service/product_catalogue/single_tube_kits/e2497/e2506/index_eng.html
http://www.invitek.de/products_and_service/product_catalogue/single_tube_kits/e2497/e2561/index_eng.html
http://www.invitek.de/products_and_service/product_catalogue/single_tube_kits/e2497/e2571/index_eng.html
http://www.invitek.de/products_and_service/product_catalogue/single_tube_kits/e2497/e6937/index_eng.html
http://www.invitek.de/products_and_service/product_catalogue/single_tube_kits/e2497/e2664/index_eng.html
http://www.invitek.de/products_and_service/product_catalogue/single_tube_kits/e2497/e2506/index_eng.html
http://www.invitek.de/products_and_service/product_catalogue/single_tube_kits/e2497/e2561/index_eng.html
http://www.invitek.de/products_and_service/product_catalogue/single_tube_kits/e2497/e2571/index_eng.html
http://www.invitek.de/products_and_service/product_catalogue/single_tube_kits/e2497/e2664/index_eng.html
http://www.invitek.de/products_and_service/product_catalogue/single_tube_kits/e2497/e6679/index_eng.html
http://www.invitek.de/products_and_service/product_catalogue/single_tube_kits/e2497/e2580/index_eng.html
http://www.invitek.de/products_and_service/product_catalogue/single_tube_kits/e2497/e2664/index_eng.html
http://www.invitek.de/products_and_service/product_catalogue/single_tube_kits/e2497/e2589/index_eng.html
http://www.invitek.de/products_and_service/product_catalogue/single_tube_kits/e2497/e2664/index_eng.html
http://www.invitek.de/products_and_service/product_catalogue/single_tube_kits/e2497/e6679/index_eng.html
http://www.invitek.de/products_and_service/product_catalogue/single_tube_kits/e2497/e2598/index_eng.html
http://www.invitek.de/products_and_service/product_catalogue/single_tube_kits/e2497/e2609/index_eng.html
http://www.invitek.de/products_and_service/product_catalogue/single_tube_kits/e2497/e2624/index_eng.html
http://www.invitek.de/products_and_service/product_catalogue/single_tube_kits/e2497/e2636/index_eng.html
http://www.invitek.de/products_and_service/product_catalogue/single_tube_kits/e2497/e2644/index_eng.html
http://www.invitek.de/products_and_service/product_catalogue/single_tube_kits/e2497/e2652/index_eng.html

Odbér vzorkda DNA, uchovavani a purifikace pomoci ,FTA karet*

FTA™ Nucleic Acid Collection, Storage and Purification

Home | Nucleic Acid and Protein Sample Preparation | FTA™ and FTA™ Elute | FTA™ Nucleic Acid Collection, Storage and Purification

FTA Cards contain chemicals that lyse cells, denature
proteins and protect nucleic acids from nucleases, oxidative,
and UV damage. US Patent Nos. 5496562, 5756126,
5807527, 5972386, 5985327 and other patents pending.

Advantages and benefits

® Capture nucleic acid in one easy step

® Captured nucleic acid is ready for downstream applications
in less than 30 minutes

® DNA collected on FTA Cards is preserved for years at room
temperature

® FTA Cards are stored at room temperature before and after
sample application, reducing the need for laboratory
freezers

® Suitable for virtually any cell type

® |ndicating FTA Cards change color upon sample application
to facilitate handling of colorless samples

® FTA Cards are available in a variety of configurations to
meet application requirements

® Custom configurations are available on request

Electron micrograph showing DNA
Use FTA for a wide range of applications: entrapped within the FTA matrix
® Forensics (Magnification x 10,000)

Transgenic identification
Transfusion medicine
Plasmid screening

Food and agriculture testing
Drug discovery

Genomics

STR analysis

Animal identification



|Izolace DNA - stanoveni koncentrace a Cistoty

1: spektrofotometricky
- vzorky dostatecné cCisté, vyznamné nekontaminované
- Princip:
- NK absorbuji UV zareni s maximem absorbancie v oblasti
okolo 260 nm

- Proteiny maji maximum absorbance v oblasti okolo 280
nm.

- Stupen cistoty NK stanovujeme z poméru absorbance pfi
260 nm a 280 nm (R ,50,280)-
- Pro genomickou nebo plazmidovou DNA:
a) R 60,280 = 0d 1,8 do 2,0 (bliz 1,8) = OK!
b) R 60,280 < 1.8 = kontaminace proteiny
C) R 60,280 > 2.0 = kontaminace organickymi
slouceninami (chloroformem, fenolem)



|Izolace DNA - stanoveni koncentrace a Cistoty

1: spektrofotometrické stanoveni
- priklad - vystup méreni na pfristroji Nanodrop

EEIEL
ile Edit Help
L

Fe-hlank Frint Screen Fecording heasurement complete 13102010 14:33
reasure - Euit
Blank. Print Feport Show Report sar Default
— —  _——
Owerlay contral | Clear graph each Sample  w Sample Type DMASRD l

I
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£.00 S
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& 260/ 1.88
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Wavelength nm ng.-"uL 306,?
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Vysledna koncentrace DNA



|Izolace DNA - stanoveni koncentrace a Cistoty

1: spektrofotometrické stanoveni S,
-Nanodrop 3 (<]

A B '
loading J\ ':

measuring
xenon flash lamp & [
r.-.__d__ ”
- il . .'.__I P Bl ieh
L 2 - s !

} no 5 e ntif

(nNerme acien |I mic |I |'..' ermao acien r.' |I.|".' Rerme >Cremimic
NanoDror 2000/ 2000c NanoDrop 8000 NanoDror 3300
motar & Fugrospectromater

Spactrophotometer

Spactrophalomete




|Izolace DNA - stanoveni koncentrace a Cistoty

2: fluorescencné
- vzorky s nizkou koncentraci NK, znecisténé vzorky
— Princip:
- naneseni vzorku na agarosovy gel s ethidiumbromidem
— srovnani intenzity bandu se standardem o znamé koncentraci

—> komplex NK-ethidiumbromid produkuje po ozafeni UV
c¢ervenooranzové svétlo 590nm - mene uzivane




|Izolace DNA - stanoveni koncentrace a Cistoty

Ovéreni kvality a integrity agar6zovou elektroforézou

» po ukonceni elfo neni na gelu nic vidéet
* Vizualizace UV svétlem = v transiluminatoru s dokumentacnim systémem




|Izolace DNA - stanoveni koncentrace a Cistoty

Po prubéhu elektroforézy:

®

degradovana DNA DNA!




Jednoduchy postup izolace DNA - demonstracni pokus

Homogenizace kousku jater (5-10g) v 10% roztoku
kuchynské soli a vysrazeni DNA alkoholem
Pomucky: talifek, vidlicka, ntuz, solnicka, slivovice (55-
65%), kuchynské ceditko (hrubé platno)
Postup:
- kousek jater zhomogenizovat pomoci vidlicky
Zalit primerenym objemem 10% NaCl - popraskani
stéen bunék, uvolnéni DNA do roztoku
Filtrace pres platno
Pridavek ethanolu = vysrazeni DNA v podobe bilé
hmoty



Jednoduchy postup izolace DNA - demonstracni pokus

- Homogenizace jahod v roztoku detergentu a NacCl

. Pomucky: igelitovy sacek, vidlicka, JAR,
solnicka, slivovice (55-65%), hrubé platno
nebo kuchynské ceditko

.+ Postup: jahody zhomogenizovat pomoci
vidlicky s pridavkem par kapek soli a
detergentu (JAR, PUR... = popraskani stén
bunék, uvolneni DNA do roztoku)

- Filtrace pres platno

- Pridavek ethanolu = vysrazeni DNA v podobé
bilé hmoty



Jednoduchy postup izolace DNA - demonstracni pokus




Replikace ,in vivo*

DMA primase
RMNA primer

DMA ligase
DNA Polymerase (Pola)

AU IHI I

Okazaki fragme nt

sier, X 1'I|I'I'I'I|I'I'II e,

DNA Polymerase (Pola)
Helicase

Single strand,
Binding proteins

Laggmg l
strand

% g
V4 r .
= [IXOX

Topoisomerase



PCR - replikace ,in vitro"

vol.: 500 pl



PCR - replikace ,in vitro"

Princip PCR
* enzymaticka syntéza DNA in vitro = syntéza
viakna DNA ve smeru 5°- 3" enzymem

* pro zahajeni reakce je nezbytny primer =
synteticky oligonukleotid

* primer(y) oznacuji oblast DNA, ktera se bude
amplifikovat (a jsou komplementarni k templatu)

* cyklické opakovani reakce (25-40 x) — pocCet
molekul PCR produktu nartsta geometrickou fadou

» po 30ti cyklech 10°° molekul



PCR - replikace ,in vitro"

PCR — Polymerase Chain Reaction
Polymerazova rfetézova reakce

* 1955 - objev DNA polymerazy a prvni pokusy s umélou syntézou vétsiho mnozstvi DNA
(amplifikace DNA)

» 1983 — Karry Mullis pracoval na projektu geneticky podminénych chorob Clovéka v
kalifornské firmé Cetus Corporation. Hledal novou metodu analyzy mutaci DNA.

Modifikoval Sangerovu metodu sekvenace DNA — pfidal zpétny primer pro syntézu
kratkych usektd DNA.

Uvédomil si, ze opakovanim amplifikace DNA pomoci DNA polymerazy mize vést k
fetézovému mnoZeni specifického segmentu genomu - PCR.

,»Pomoci PCR mizete z jedné molekuly DNA vytvorit miliardy kopii za jedno
odpoledne. Potirebujete jenom zkumavku, nékolik jednoduchych reagencii a zdroj
tepla“

* 1984 — rozpracovani metody s matematikem Fredem Faloonou, patentovani (Mullis et al.
1986; Mullis a Faloona 1987)

* 1993 — Nobelova cena za chemii

* VV devadesatych letech Cetus Corp. prodava patenty ,PCR a Taq”“ firmé Hoffman-La
Roche za 330 miliénd $



PCR - replikace ,in vitro"

Slozeni PCR mixu

* redestilovana sterilni voda

* pufr (dodavany s polymerazou, pH = 8,3-9,0)

* hofCik ve formé horeCnatych iontu (€asto v pufru)
 nukleosidtrifosfaty (ATP, GTP, CTP, TTP)
 primery (primy a zpétny)

 polymeraza

« templatova DNA

—
s fia

5 :& - } e .
el 1 L ]




PCR - Polymerase Chain Reaction




PCR - Polymerase Chain Reaction

# DNA molecules:
100,000,000.000 # PCR cycles:
10,000,000,000
E 1,000,000,000
100,000,000
10,000,000
1,000,000
100,000
10,000
1,000
100
10

Number of DNA molecu

0 5 10 15 20 25 30 35
Cycle number



PCR - Polymerase Chain Reaction




PCR - Polymerase Chain Reaction




PCR - Polymerase Chain Reaction

Pro rozvoj metody byl dulezity objev termostabilni polymerazy z
termofilni bakterie Thermus aquaticus = zkratka Taq Pol" nebo "Taq")
- Nema 3°- 5’exonukleazovou aktivitu = neopravuje chyby v syntéze
DNA (1 chyba na 4000-5000 bp) = nevhodné pokud planujeme
sekvenovat zaklonované PCR produkty

Unit-definition: One unit is defined as the amount of enzyme which will convert 10 nmoles of dNTPs to an acid-insoluble
form in 30 min at 72°C under the assay conditions (25 mM TAPS (tris-(hydroxymethyl)-methyl-amino-propanesulfonic acid,
sodium salt) pH 9.3 (25°C); 50 mM KCI; 2 mM MgClI2; 1 mM b-mercaptoethanol; and activated calf thymus DNA as substrate.



http://en.wikipedia.org/wiki/Thermus_aquaticus

PCR - Polymerase Chain Reaction

Dalsi typy polymeraz
— Tth DNA polymeraza (7Thermus thermofilus)
- hema exonukleazovou aktivitu
— pritomnost Mn°" iontd = reverzné transkripcni aktivita (RT-PCR)

— Pfu, Pwo, DeepVent polymerdazy (z pyrokokt)
- maji 3" - 5 exonukleazovou aktivitu (2-6x nizsi frekvence chyb)
- degraduji primery

- HotStar polymerazy
- modifikované polymerazy
- nebo jsou nékteré casti reakcni smési oddeleny od ostatnich (vosk)
= pro zacatek PCR je nutna vyssi denaturacni teplota
a delsi cas denaturace




Polymerazy




GENERI BIOTECH

o CENA BEZ DPH
CENOVY REZIM
Bézny uzivatel Zvyhodnény uZivatel
OLIGO BASIC (do 99 bazi) 14,90 KE / bazi 13,90 K&/ bazi
OLIGO 10+ (do 30 bazi) 279 KeE / oligo 268 K&/ oligo
OLIGO 50+ (do 30 bazi) 255 KE / oligo 249 K&/ oligo
OLIGO 150+ (do 30 bazi) 229 KE / oligo 219 K&/ oligo

MNumber of Primers in Order

25 [Plate Well |Primer Sequence , |Primer Mame , |Pesearcher Name|, |3cale |, |S'Modification |, |3'Modification |, |Purity |, |Special Handling |, [Bases

25 Al CCATGEATCCTETETGAMEA SML-001-F son , sto | . 20
27 &2 CACCATGTTOCACTTCCACTT SML-DD1-R, 5w |, , S5 |, \ z1
25 a3 GTEATTGCATGCCARATEAS SML-O0Z-F NETIRE , NECEERE \ 0
29 (a4 TTAGTAGCCOGCATGCTTTT SML-D0Z-F, Json |, , S50 |, \ 20
a0 a5 TCCCATGATREAGAGACTCA SML-015-F NETERE , L5t |, , 20
31 86 O ABALGEEANTAGCALCC SML-D13-R Json |, , S50 |, \ 20
32 a7 TTGAGEAGEECATTTACGTC SML-015-F NETERE , Llst0 |, , 0
33 [ea GAGECGTATC TCCAMGETET SML-DI5-F Json |, , NECEERE \ 0




PCR na stredni skole?

goTaq polymeraza fy PROMEGA

/ ~20ul (100U) = 650, K&

- dNTPs
- 1000ul
B mgpgury l ] - 6 tiS,— KE

- PCR plast: cca 3 tis K¢
- 125 ks 8mi zkumavek ve ,stripu”

For DNA/RNA electrophoresis Baleni- 500g
Kéd zbofi: BIO41025 Bl o L | N E
Pl é t [ 7 A4
Cena bez DPH: 7000 KE : —_— t 5 — 7 K
A Meridian Life Science® Company I pe a a I S I C C

\ - 1-10ul + 10-100 ul + 100-1000 ul

- Agaréza: 8,5 tis K¢

— Cycler: od cca 40 tisic K¢
— personal cycler 24 jamek
— kvalitnéjsi, fast-ramping cyclery 200+

_ &% - elektroforéza se zdrojem: 20 tisic K



PCR na stredni skole?

Specialni sady pipet

PInéautokldvovatelng, plynule nastavitelny objem, maximalnipfesnosta reproducibilita,
g ergonomicky design, nastavitelny kdnus koncovky kompatibilni s mnoha typy Spicek.

C
BioPette A4 Pack

P3960-4 BioPette Ad Pack 4 pipety (0,5 - 10 pl, 2- 20 pl, 20 - 200 pl, 100 -1000 wl), stojan a Spicky

10990,-
Labret
P3960-6 BioPette A Pack 6 pipet (0,1 -2 pl, 0,5-10pl, 2-20pl, 10 - 100 pl, 20 - 200 pl, 100 - 1000 pl), stojan a Spicky 15990, -
GeneQ cyklér
o
5
L1
=]
. TC-24/HBlblok  GeneQcyklérs blokem 24x02ml =5 =4 210% 300 % 200 33300,-
ioer

TC18/H/(Bl blok  GeneQ cyklér s blokem 18x 0,5 ml =4 =3 210 300 x 200 33300,-



PCR na stredni skole?

Problémy New

- financni narocnost - chemikalie, vabaveni GelRed“"
& GEIGrEEHT"" o

DNA Stamg o

- toxicita nekterych chemikalii . P
N
Mozna reseni o GelRed + GelGreen i h
— ! ultra citliva, extrémné stabil
SPOIUPrace,S VS o ekologicky bezpecna ?Ijoa:'efsgelzr?cm
- Z|Sk flnanC| Z grantu interkala¢ni barviva NK

v ;s A~ s v’ .0 cena za 0.5 ml : 3300,-K¢ bez DPH
- predvadeci modely pristroju

— Pouziti netoxicky barvicek DNA
- pouziti kitu na separaci a vizualizaci DNA
...... spis vyhledové s vyvojem technologii a poklesem cen



PCR na stredni skole?

LONZAQ

FlashGe!® System

YT

5 minute DNA separation

& minutes 4 minutes E minutes E minutes

Markers runona 1.2% FlashGe/FCassette, 12+1 well farmat. 275 ¥ fortimes as shown,

From |eft to right: FlashGe!® DNA Marker 100 bp — 4 kb, FlashGel® DuantLadder, Lonza Marker 50 bp— 2,500 ka,
Lonza 100 ba Ladder.



Modifikace PCR

Fast PCR

- PCR na specialnim cykleru (fast ramping = rychla zména teplot)
. zkraceni doby PCR o 20-70%

- modifikované polymerazy - syntéza 1kb/s

- (klasicka 7ag polymeraza 150 nt/s)

- Gradientova PCR
- Pro optimalizaci Ta (gradientovy cycler)

- Multiplex PCR
v PCR smési vicero primerovych paru
= napr. amplifikace nékolika mikrosatelitnich lokusu v jedné PCR

M1 3 § 7 9 11 13 15 17 M




Modifikace PCR

RT-PCR
-Reverse transcription PCR (prepis RNA do DNA = cDNA)

Real time PCR, qPCR
-Zalozena na klasické PCR
- Kontinualni sledovani PCR produktu béhem PCR reakce
- Detekce PCR produktu v exponencialni fazi PCR reakce,
kdy je reakce precizni a specificka
- Fluorescencni barviva (SYBR Green, LC Green)
- Vysoka citlivost
- Financni narocnost




In Planta PCR

Modifikace PCR

- technika umoznujici napf. detekci patogennich organismu v
infikované rostling, resp. z rostlinného extraktu

— pouziti vysoce specifickych primeru napf. pro urcity gen

-detect
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Fusarium wilt of chickpea caused by Fusarium oxysporum f. sp. ciceris
can be managed by risk assessment and use of resistant cultivars. A
reliable method for the detection and quantification of F. axysporum f.
sp. ciceris in soil and chickpea tissues would contribute much to
imnlamentatinn of thace dizeass manansment strateniss Tn thic shidv



Modifikace PCR

Direct PCR KAPA 3G Plant PCR Kits
— PCR bez precisténé DNA ~
- vyseky listl, semena, extrakty '

Souprava umoZiujici amplifikaci DMA pfimo z rostlinnych tkani.

KAPA 3G Plant PCR Kit obsahuje zcela unikatni polymerazu 3. generace, kterd je tolerantni k vEt3ing polyfenolim a

. 7 Ve L]
- S peCIal n I PC R klty polysacharidim, nejb&néjdim rostlinnym inhibitorim PCR reakci. Kit je optimalizovan pro rychlou a efektivni

amplifikaci DMAze surovych rostlinnych tkani.

Kligové viastnosti:

—_ po u 2 itll p ri m e rﬁ p ro u rt’ i ty g e n Rychld PCR pfimo z rostlinnych tkani (listy, semena) i ze surovich extrakt

ZjednoduZeni pracovnich postupd pfi screeningu transgennich organisma
VyEEi reprodukovatelnost a Uspéinost PCR reakei
Efektivni amplifikace dlouhjch a obtiZnjch templati ze vEech typl vzorki

KAPA 3G Plant PCR Kits KK7251 250 6975- 20%

— varianty: Single cell/fillament PCR
- napf. u Spatné kultivovatelnych mikroorganismu (sinice
Konvophoron)

/N

/*’ - = -
\ \DA
Leaf punch, crushed Add plant tissue or Fast PCR .
seed, crude extract, or template directly to PCR 45 min Gel electrophoresis

purified plant DNA.



AFLP

Princip
metoda zalozena na restrikci DNA dvéma enzymy
selektivnhi namnozeni jen nékterych prouzku
vizualizace prouzkl na gelu

Postup - relativné slozity (4 faze)

1. RESTRIKCE
« specifické rozstépeni DNA restrikcnimi endonukleazami

Msel - rozpoznava 4bp dlouhou sekvenci (TTAA)
EcoRIl - rozpoznava 6bp dlouhou sekvenci (GAATTC)

(Variabilita je dana mutaci v restrikénim misté inserci - deleci mezi restrik¢nimi misty)

- ziskdme mnozstvi fragmentu s ,lepivymi konci“ = ,sticky ends”
Ecail cul
. T FrtT rtrtr L rrtTrrrryrnorl 1. 7T 1T .15 & 1
] = A A T T &
c iS5
I

TTAA
L1




AFLP - 2. ligace

° p0m0C|, T4 ||gézy k fragmentﬁm pFIdény adaptory - oligonukieotid, jeho sekvenci zname
- zname sekvence koncl vsSech fragmentl ... muzeme je amplifikovat PCR

Mza| od aptor EooR| adapior
Yt T3 T 150 F'T 1 3 101701010
G AATTC
C AT z
T T T
] ] ] ] | ] ] ] ] ] ] ] ] | 1 | | ] ] ] | 1 | ] ] ] | ] | ] ] | |
= G AATTG
c & T c T T A & C
| | 1 | | | | | 1 | | | | 1 | | | | | | 1 | | | | | | | 1 | | | |




AFLP - 3. preselektivni amplifikace

- klasicka PCR s primery komplementarnimi k sekvenci adaptoru, navic 1 nukleotid

smérem domvnitr amplifikovaného useku
= selekce jen ca. 1/4 fragmentu

Msal primear 1
T L (A AL A L | - T
C =
5"-|n|||:|||1||41|||||r||-|||||||r
L W - A G A A TT G
o & T 5 T ESTTAA&ARLD
A S EAE LA LN TN THNN AN O N e e T e B Y I T S G N L S S N Ch A0 S e e S B
A3 A & T T.A
U b |

="

|
EcoH| prmer 1




AFLP - 4. selektivni amplifikace

~-fragmentu je stale mnoho pro objektivni vyhodnoceni

~dalsi redukce jejich po¢tu pouzitim primert se 3mi selektivni
nukelotidy (s presahem "dovnitr" amplifikovanych fragmentu)

- redukce na 1/256 vsech fragmentt (1/16 x 1/16)

Azl primar
1 1 T T 1 S R
= ST A |-
5= T 1 Trrr7TrTro7o17rrrrrrrrrrrroTrrorT
] C oA T C & A &3 &8 A T TGS
C AT i T A 3 T T T A A C
e o ST N VRN O NN IO L SE M NN ) UM DENE AR ERN N S RN NN TN GHNS GHEE TI AN (res BN AN L D N
é.




AFLP - 5. vyhodnoceni

2
I

& = 5
L
—-primery jsou fluorescencné znaceny - sekvenator = = O
~ Primery bez znaceni > PAGE elektroforéza S5 ==
200 250 300 350 400 -
800 - .
=
600 E ="
400 s -ﬁ
200 d l ; g-:..
frni dod

[220.0| [252.4 2926 348.2| 399.3|
(2276 [253.0] 2
230.4 273.7 ¥

'L!“"'H*f“ I ll:

"l
'
LI W TR IR R LR R

41



AFLP - princip metody v kostce

Princip
e metoda zaloZend na restrikci DNA dvéma enzymy Msel @28 o
e selektivni namnozZeni jen nékterych fragmentu /
pomoci PCR Restriction Enzyme 1 Restriction Enzyme 2
e vizualizace prouzkl na gelu . .
= = Hies
.. M =
" M
1 LT I -3 Selective J;npllﬁrzlin:u
1 ) I '
Primer 1 Primer 2 N 1 PAGE
ST e e S
3- N T [ ] . - —

|

400bpe— ZZTIIIT L - N o

& o J

software & presence/absence bandd “’;‘*ﬁ‘ Hithh
(1_0) _-ssbp.__m;---_- $388438s




AFLP - realizace

1: Restrikce

‘ — priprava restrikéniho mixu col, msel, buffer, voda)
- A - pridat k DNA

| - inkubovat 2 hod pri 37°C

2: Ligace

- pFl’prava IigaEnl'ho MIiXU (LIGAZA, BUFF, ADAPTORY, VODA)
- pridat k roztoku z predchoziho kroku

— inkubovat 2,5 hod pri 37°C

3: Preamplifikace
- klasicka PCR
- ligacCni roztok jako matrice

Kroky 1-3 se provedou pouze 1x, dal
pracujeme s preamplifikatem

4: Amplifikace

- klasicka PCR

— matrice = preamplifikat

— ménime kombinace primert = detekujeme
jiné fragmenty




Rychlé ziskani polymorfismu

Proto relativné levna

Citliva (na bodové mutace)

Velmi snadno opakovatelna

Cely genom

50-100 fragmentu najednou
Neni treba znat sekvenci primeru

Pokud je metodika zavedena na
pracovistia mame DNA v
dostatecné kvalité - AFLP Ize
aplikovat na jakykoliv organismus

DOMINANTNI MARKER

Omezena hodnota ziskanych
informaci pro
fylogenetické/evolucni,
biosystematické apod. studie



Priklad vyuziti metody AFLP

AFLP bands for six additional individuals in the context of different regions and gender.

‘1’ indicates an AFLP marker that is specific for Conspicua individuals but absent for other color pattern individuals.
‘2’ is a newly depicted AFLP marker specific for the Conspicua color type.

‘3’ is a newly depicted AFLP marker specific for Axyridis but absent in the Conspicua color type.
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Priklad vyuziti metody AFLP
Studium geneticke variability populaci pelynku Pancicova

Artemisia pancicii

RozSireni: Panonsky endemit - vyskytuje se jen na nékolika lokalitach
v srbskeé Vojvodine, panonskeé oblasti Rakouska a jizni Moravy.

Ekologie: Roste na stepnich travnicich, na vyslunnych
svazich a lesostepnich okrajich, v pasmu pahorkatin. Na
jihomoravskych lokalitach se udrzuje vegetativné, kvete
jen vzacné a nazky prakticky nikdy nedozravaji.

Je chranén témeér vSemi existujicimi legislativnimi normami a
ochranarskymi umluvami: u nas je zarazen ke kriticky ohrozenym
druhdm (C1)

Je na ,Cerveném seznamu“ Rakouska, zakonem chranén v Srbsku
Natura 2000: zarazen mezi prioritni druh

Je na seznamu pfisné chranénych rostlin Umluvy o ochrané
evropské fauny a flory a prirodnich stanovist Rady Evropy

Zapsan do celosvétového cerveného seznamu ohrozenych druhd
rostlin.



Bm'o,—(':esko i

Fig 2. UPGMA dendrogram (laccard's similarity coefficient] péti populaci pelyiku Pancicova,

ziskany analjzou 284 AFLP fragmentd. Cisla na vetvich wyjadiuji procentuaini wysledky

hootstrapovée analyzy (300 replikaci)
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Legenda:
Ht = celkova geneticka diverzita / otekavana heterozygotnost souboru H10
vzorkd (H;); 7
Hw = primérna vnitropopulacni diverzita (H); H4
Hb = primérna mezipopulacni diverzita (Ds;); a1

Fst = WrightGv fixaéni index (hodnoty: min. 0 = nulova geneticka

divergence; max. 1 = fixace alternativnich alel v subpopulacich).

(Ht=Hb+Hw ~ H; =D +H,)




http://botany.cz/cs/artemisia-
pancicii/

Kitner M., Majesky L., Gillova L., Vymyslicky T. & Nagler M. (2012): Genetic structure of
Artemisia pancicii populations inferred from AFLP and cpDNA data. - Preslia 83: 97-120.
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Fylogeneticke stromy

prey (D)
Shark (A)
Salmon (B)
Lizard (C)

Topologie

konCOVé Vétev CLADOGRAM PHYLOGENETIC TREE
\ A cladogram is a branched
UZEI diagram that shows patterns of

relatedness

Phylogenetic trees are branching diagrams -

vnitrni vetev - possibly a type of cladogram, depending
on your view! - that represent possible
v evolutionary pathways

koren

A B F CE D A B FCED

L2
-
&

Ruzné typy

— zakorenény, skalovany

- nezakorenény, skalovany

- nezakorenény, neskalovany

\é

A B F ©€ E O

http: //www.wildlifeonline.me.uk/classifying_organisms.html
http://ibot.sav.sk/usr/Karol/teaching_mat.html



http://www.wildlifeonline.me.uk/classifying_organisms.html

Metody tvorby fylogenetickych stromtu

typ dat

vzdalenosti/podobnosti

DNA sekvence
(nebo jiné znaky)

zhlukovaci

algoritmus

QPG MA>

Unweighted Pair Group Method with Arithmetic mean

neighbor-joining tree

optimalizacni
kritérium

minimum
evolution
tree

maximum parsimony
maximum likelihood

Bayesova analyza

UPGMA - zalozena na predpokladu, ze stromy jsou aditivni a vSechny taxy jsou stejné vzdalené od korene. Jedna se Cisté o
analyzu fenotypu, nebere v potaz napf. rozdilnou délku evoluce.
neighbor-joining pracuje s kritériem minimalni evoluce - hleda topologii s nejmensi celkovou délkou vSech vétvi, tedy
takovou, které odpovida minimalni pocet evolu¢nich zmén.

minimum evolution - podobny princip jako NJ, vychazi ze sekvenacnich dat

maximum parsimony - nejvice pravdépodobny strom je ten, ktery vyzaduje nejmensi pocet evolucnich zmén k vysvétleni

pozorovanych dat

maximum likehood - prohledava vSechny mozné stromy a stanovuje pravdépodobnost, s jakou mohl evolucni scénar
generovat soubory znaku, odpovidajicich vlozenym znakim



Indexy genetické podobnosti/vzdalenosti

(binarni data)

Individual i A
Band Band a r—
presence absence
1 0 b ——
Individual j Band presence 1 a b C
Band absence 0 c d b [ ]
wheren=a+b+c+d d \ |

Jaccard coefficient (Jaccard 1908)

a
a+b+c

The Jaccard coefficient only takes into account the
bands present in at least one of the two individuals, and
is therefore unaffected by homoplasic absent bands
(when the absence of the same band is due to different
mutations).

Maolecular Bcology (2007) 16, 3737-3758

INVITED REVIEW

Dice coefficient (Dice 1945)

The Dice coefficient is equivalent to the Nei and Li
coefficient (Nei & Li 1979) and the Serensen coefficient
(Serensen 1948).

2a
2a+b+c

Comparable to the Jaccard coefficient, the Dice coefficient
gives more weight to the bands present in both
individuals. It thus lays the emphasis on the similarity
between individuals, rather than on their dissimilarity.

daiz 10,1111,/ 1365-294X 2007.03435.x

Statistical analysis of amplified fragment length
polymorphism data: a toolbox for molecular ecologists

and evolutionists

A_BONIND. EHRICH} and 5. MANEL+

Simple-matching coefficient (Sokal & Michener 1958)

a+d _a+d

a+b+c+d n

The simple-matching coefficient maximizes the
amount of information drawn from an AFLP profile by
considering all scored loci. Double-band absence and
double band presence are given the same biological
importance, which may not be adequate in case of
frequent band absence homoplasy. This coefficient
has interesting Euclidean metric properties that allow
its use in an analysis of molecular variance (amova;
Excoffier et al. 1992).



riklad matice genetickych vzdalenosti/podobnosti

i FreeTree - [C:\Users\kitner\Documents\= pracovni\ programy)\programy\freetreearch\2011 Adenophora\2011-12-07_Adenophora 3PC.tct] L. - Y
[ File Window  Help

Diata input  Distancedsimilarity matris | Reference tree} Trees I FResampling methods]

|B-Jacca|d j
Tree-canstuction method
& UPGMA " Meighbar-joining
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BL4 |D45098 048936 0.42693 047727 053659 057995 056098 052273 042533 D44681 (48936 052632 (048718 052500 063415 057143 045098 046000 051220 050000 |0,50000 048837 OEGEE7 053091 063t
MP-4  |054167 048535 048077 062500 OF5789 066667 (064103 055814 050980 044681 052174 048718 (061111 056410 055314 05000 051020 052083 063158 053653 057895 045455 052174 055556 063
MP-7 039623 045833 0.37500 051163 053653 057995 (052381 059524 040000 044681 048935 0,39095 052632 048780 048989 057143 039623 043137 055000 050000 042857 039130 052174 055596 054
MP10 037736 043750 0,35714 064103 055000 051282 (053653 057143 038182 045652 050000 046154 062857 053846 050000 0EGEE7 037736 033462 056410 055000 051282 043182 046309 046308 065t
MP-13 040000 043502 037600 042105 052341 058085 043243 040000 037500 046154 040476 062089 056667 01250 040000 052778 040000 040903 050000 052941 058085 047222 043902 034091 05
MP16 04339 046939 0.41071 052273 062500 058974 (060976 050000 041071 048936 044000 042857 057895 053653 050000 051111 043396 044231 050000 044444 055000 043478 05191 05N 055
MP19 041176 044681 041509 053859 052500 065714 (055000 051163 041509 050000 051111 047368 055556 063889 051163 052381 044000 047917 053846 048780 056757 051220 058140 054545 062
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Priklad konstrukce UPGMA dendrogramu

TABLE 27.9. Example of UPGMA tree construction

Step

Distance matrix

Identify
smallest D

Taxa joined

Subtree

Comments on
tree drawing

Cycle 1

Olus A B CDE

The distance between A
and B is 2 units. A sub-
tree 15 drawn with the
branch point halfway
between the two. Thus,
each branch is 1 unit
in length.

Cyde 2
OTuUs ABC D E
C
D& 6
El6 & 4
Fla &8 &8 &8
AB—C =4
DesE=4
Dand E

Branching done as in
Step 1. Because the
distance from AB to
C is also 4, that pair
could have been
selected as well.

Cycle 3

OTUs

DE

AB=DE=6
CDE=6
AB and C
i 1 A
b B
- C

First a subtres is drawn
with AB and C:

5

o

5 C
The the AB subtree is
attached to the AR
branch at a point equal
to the length of the A
and B branches.

Cycle 4
OTus ABC DE
DE| 6
F & &
ABC+DE
ABC and DE
A
B
C
D
E

Cycle 5 Cyde 6

OTUs ABCDE

F 8

Mo new matnx

ABCDE«F
ABCDE and F
i
A 1 A
5 N g KIS
2
C 1 —
D Root 0D
F 1 F

The tree is first done as in The tree is now complete  The tree can then be

Step 3 with the ABC
and DE subtrees

replacing the branches.

but unrooted. rooted using midpoint
rooting which tries to
balance all the tips to
reach the same end
point. Note this is the
tree that we started
with to build the

distance matrix.

From httpofwww.icp.ucl.ac.be/~opperd/private/upgma.html.

Literatura: Felsenstein J. (2004): Inferring phylogenies, Sinauer associates Inc, USA, 664 pp.



AFLP — vyuziti ve vyuce

Zadani tlohy pro studenta - viz. DOPLNKOVE MATERIALY

- Podle nize uvedeného postupu vytvorte dendrogram péti populaci dvou blizce
pfibuznych rostlinnych druht
- Zvysledného dendrogramu zjistéte:
- kolik populaci ma kazdy druh,
- které populace jsou navzajem podobné;jsi
- jaky typ rozmnozovani pravdépodobné prevlada u jednotlivych populaci
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MIKROSATELITY

kratké tandemové repetice, STR (short tandem repeats)
repetice jednoduchych sekvenci, SSR (simple sequence
repeats)

- kratké, tandemoveé se opakujici jednoduché sekvencni
motivy zpravidla o délce 2-6bp

- prokaryota a eukaryota

- kédujici i nekodujici oblasti

- hlavni zdroj vysoké promeénlivosti — sklouznuti
nukleotidového retézce béhem replikace (replication

slippage) ....

LGTTCTGTCATATATATATATAT ... CGTACTT...
LGTTCTGTCATATATATATATATATATATCGTACTT...

- Alely se lisi svou deélkou......
-Snadna separace pomoci elektroforézy



MIKROSATELITY

— Dokonalé = perfect repeats (jeden nepferuseny motiv).
« Jednonukleotidové: ... AAAAAAAAAAAAAAAAAA. ..
» Dinukleotidové: ...CACACACACACACACACACA... = (CA)n
* Trinukleotidové: ...CGTCGTCGTCGTCGTCGTCGT... = (CGT)n
» Tetranukleotidové: ...CAGACAGACAGACAGACAGA... =(CAGA)n
* Pentanukleotidové: ... AAATTAAATTAAATTAAATT... =(AAATT)n
» Hexanukleotidové: ... CTTTAACTTTAACTTTAACTTTAA... =(CTTTAA)n

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

— Slozené = com pound: (smés dokonalych nebo nedokonalych vzort nékolika motivi)
. .. .(AT)6(GT)a2AT(GT)s5(GT)o...
. .. (AT)14(AG)s...
. ..(GAA)21...(TA)s

» Nejcastéjsi motivy: mono a dinukleotidové; 3, 4 a 5ti méne



MIKROSATELITY

BQSifATATATATATATCGTACTT
celkova DNA

PCR - specificky par primeru s
. N




MIKROSATELITY

Vyhody
- vysoka variabilita

- velka pocetnost a rozmisténi po celém genomu

- jednoduchost analyzy (mikrosatelity 1ze pomérné
snadno studovat pomoci PCR)

— robustni a reproducibilni markery

- KODOMINANTNI MARKER, IDENTIFIKACE ALEL

Nevyhody : e ™ o
- Musime znat sekvence primeru

- Pokud nezname, tak testovat SSR z prfibuznych druhu
- Optimalicace PCR
— Popripadé vyvijet nové: EST-SSR



MIKROSATELITY - vyuziti

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

- jsou potreba druhove specifické primery, tj. metoda pouzitelna pouze v
pripadeé, ze pro studovany druh byly primery jiz publikovany

chloroplastove mikrosatelity (coDNA SSRs)
vhodné pro hodnoceni variability na Grovni pfibuznych druhd,
nékdy i na vnitrodruhové urovni
dostupné jsou univerzalni primery

Obecné:

Forenzni genetika: kriminalistika, identifikace jedincul, pfibuzenské

vztahy

identifikace klonu

populacné-genetické studie
genovy tok, migrace
historie populaci




MIKROSATELITY - vyuziti

GENSERVICE, s.r.o.,

LhuSebni laboratef molekuldrni genetiky a cyfogenetiky & 1097, akreditovand CiA
Palackého I - 3, 612 42 Brao

OO 25326604 DIC: CZ 153266594

Tel.: 541562186 Fax: 541562187

e-mail: genservice@ volny.cz www, almara.cx/genservice

ZKUSEBNI PROTOKOL

Osvédéeni o stanoveni genetického typu psa
C protokolu: 815009 Swrama: 121

Ildentifikace rvifete: Ident. rodili :
ze Pxi Boudy hec lab &isic
47N Matka lab Eislo

Cozapisu v plemen knize CMELU/BSPA4T771/0509

Laborato isko: ¥T3HNY
1 biol vzorku: 2.11.2000 Zdrei DNAC bukslni siér
metoda: SOP L Proveden: 17,11.2009

T
Vyieifované lokusy | |

[ pEz1 [ nssus
' [ 1237129
W02/ 110
188/ 196
231231
PEZ 12 | 30D/ 304
PEZ20 1757175
FHC 20010 | 223/227
FHC 2054 | 151/163 |
|H( 2079 | 269/ 277

Visledek stamoveni genctického typu - imterpretace DNA testu
= < ¥ i b Alourkerdmms vearkon. Prabol & analyie stammd by

individudlni DNA profil

Zikaenik ~ majiel visedki: Kitner Milan, Protivanov 178, 798 48

V Broé, dne 19,11 2009 ey
S G
-3

iaa
MV Alena H"'Nm
Viedouci labqgSilob

g 1007



Coj;l Conny

Vyletfované lokusy

| PEZI 118/ 118
' PEZ3 123/129 |

PEZ S 102/ 110

PEZ 6 188 / 196

PEZS 231/ 231

 PEZ12 | 3007304

PEZ 20 175/ 175

FHC 2010 123/227
FHC 2054 151/ Ih-}-_-.

FHC 2079 269 /277

MIKROSATELITY - vyuziti

Cassie
VySetFované lokusy

PEZ 1 118/118

PEZ 3 123 /129

PEZ 5 102 /102

PEZ 6 180 / 180
PEZ $ 231 /231
+ PEZ 12 2641276
PEZ 20 175 /175
FHC 2010 227/227
FHC 2054 155 /155
FHC 2079 269 /277

Clea
VySetfované lokusy
PEZ 1 118/118
PEZ 3 1297129
PEZ 5 102 /102
PEZ 6 | 180/188
PEZ 8 231 /231
PEZ 12 276 / 300
PEZ 20 175 /175
FHC 2010 227/227
FHC 2054 151/ 155
FHC 2079 269 /269




MIKROSATELITY — vyuziti ve vyuce

PEZ 1
PEZ 3
PEZ 5
PEZ 6
PEZ 8
PEZ 12
PEZ 20
FHC 2010
FHC 2054

FHC 2079

otec1

118 /118
123 /129
102 /110
188 / 196
231/ 231
300/ 304
175 /175
223 | 227
151 /163

269/ 277

otec?2

118 /118
129 /129
102 /102
188 / 184
2271 231
276/ 300
1751175
227 | 235
155/163

269/ 269

118 /118
123 /129
102 /102
180/ 180
2311231
264 / 276
175 /175
227 | 227
155/ 155

269/ 277

potomek 1

118 /118

129 /129

102 / 102

180/ 188

231/ 231

276/ 300

175 /175

227 | 227

155/163

269 / 269

potomek 2

118 /118
129 /129
102 /102
180 / 196
2311231
276 / 304
1751175
227 | 227
151 /155

2771 277

Zadani: rozhodnéte kdo je biologickym otcem jedincu potomek 1 a potomek 2.



MIKROSATELITY — vyuziti ve vyuce

PEZ 1
PEZ 3
PEZ 5
PEZ 6
PEZ 8
PEZ 12
PEZ 20
FHC 2010
FHC 2054

FHC 2079

otec1 otec?2
123/ 129 129/ 129
102 / 110 102 / 102
188 / 196 188 /184
231/ 231 227 | 231
300/ 304 276/ 300
223 | 227 227 | 235
151/ 163 155/163
269 | 277 269 / 269

123/ 12

102 /102

180/ 180
231/ 231

264/ 276

227 | 227
1551155

2691277

potomek 1

129 /129
102/ 102
180/ 188
231/231

276 1 300

227 | 227
155/ 163

269 / 269

potomek 2

Zavér: nelze rozhodnout, kdo byl biologickym otcem jedince ,potomek 1°



MIKROSATELITY — vyuziti ve vyuce

otec1 otec2 potomek 1 potomek 2
PEZ 1
PEZ 3 123/129  129/129  123/129 129 /129
PEZ 5 102/110  102/102  102/102 102 /102
PEZ 6 188 /196 ) 188/184  180/180 180 / 196
PEZ 8 231/231  227/231  231/231 2311231
PEZ 12 300/304 ) 276/300 264 /276 276 / 304
PEZ 20
FHC 2010 223/227 2271235 227227 207 | 227
FHC 2054 155/163 155/ 155 151/ 155
FHC 2079 269/269 269 /277 277 1 277

Zavér: ,Otec 1" je biologickym otce jedince ,potomek 2“.



MIKROSATELITY - vyuziti
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MIKROSATELITY - vyuziti

Investigator™ Human Identification PCR Kits

The QHAGEME portfolio of muliples PCR human identification kis offers the most comprehensive ond versafile coveroge of
currant 5TR stondards, including the nee exended Evopson Sondard Set [ESS), Combined DA Indax (200I5), Germon
DMA dombase |DAD), ond Interpel Stondord Se of Loci {18500 requirements. The following toblas summarize the kit markers
by stondard and by dye color,

Toble 1. Markers of Investigator Humon Idenfification PCR Kifs by inhernnrium:ll standard
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Table 3. X-chromosomal STR markers of the
Investigator Argus X-12 Kit by dye color

. &iﬁ:\
(e
Chramasamal

Locus mapping Label dye
Amelegenin igf?_';'ﬂ'l SFAM
DXE7132 Xgq11.2 &FAM
DX57423 Xq28 BTY
DXS8378 Xp22.31 &-FAM
DXS10074 Xq12 BTG
DX51007% Xq12 BTY
CXS10101 Xq2&.2 BTG
DX510103 Xq2é.2 &-FAM
DXS10134 Xq28 &FAM
DX510135 EpZ2.31 BTG
DX510144& Xq28 BTY
CX510148 Xp22.31 BTR

HPRTB Xg24.2 BTR

* Distributed werldwide, axcept in Australia, Canada,
South Korea, and USA.

&

MIKROSATELITY - vyuziti

Table 4. Y-chromosomal 5TR markers of the
Investigator Argus Y-12 QS Kit by dye color

o
. #-h\:&
\f‘ﬁ?ﬂ‘@q
Chramesamal
Locus mapping Labal dye
Guality Sensar — &-F M
DY519 Ypl1.2 BTG
DY5385 ¥ql1.222 &-F i
DYS389- Ygqi1.21 BTG
DY5389. Ygl11.21 BTG
DY5390 ¥g11.221 &-F M
DY5391 ¥q11.21 BTG
DY5392 Yql1.222 BTY
DY5393 ¥p11.31 BTY
DY5437 ¥gl1.21 &-F A
DYS438 Ygq11.21 BTY
05439 Yqll.21 &-F A

* Distributed werldwide, except in Australia, Canada,
South Korea, and USA.



SEKVENOVANI DNA

Zjisténi poradi nukleotidu v rfetézci DNA

...ATATATAGG AAGGAAT T TATTATTAAAT ATT...

Aplikace
- Aplikacni moznosti:

1. evoluce genﬁ (vznik alel, lokusu,redukce polymorfismu v dusledku selekce atd.)
2. vhitrodruhové (populacni) studie (geograficka proménlivost, tok gend,
hybridizace, fylogeografie (pr. mitochondrialni geny, Y chromozom)

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

4. Detekce SNP = identifikace jedincu, taxonu, populaci -
nalézt drobné populacné- i taxonové-specifické rozdily

Vyhoda

sekvenace pomaha

- Moznost srovnani sekvencnich dat o vasem
organismu s Udaji v internetovych databazich

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

1htn
aEIETaal
r,r;l:],

HUCLEOTIDE
SEQUENCE
DATABOASE



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

SEKVENOVANI DNA — princip

* 1) Prfedstupen: PCR s pouzitim dvojice primeru
* namnozeni studovaneho useku DNA

« 2) sekvenacni reakce
* pouziti pouze jednoho primeru
« produkce fragmentu liSicich se presné o 1 bazi

» 3) Elektroforeticka separace fragmentu na gelu



SEKVENOVANI DNA

1977: dvé metody zjiSténi poradi nukleotidu v DNA
Maxamova-Gilbertova (chemicka) metoda
je zalozena na bazové-specifické chemické modifikaci a nasledném
$té€peni fraamentt DNA - dnes se neuziva

gj—lﬁj: Duplex DA
Label ends Kratka sekvence DNA (ds nebo ss)
B i *na 5' konci radioaktivhé oznacena 32P. *
i o Bereevins vzorglk se rozdeli nactyri casti
v - a) Pridavek chemikali - modifikuji vzdy jeden nebo
‘7 Discard dva typy nukleotidu:
Danature [only end-labelad strands . ,
will ba visible in autoradiograph) ] .d|methV|SUIfat: G
———  cuposs foursamples o diferent 2.kys. mravenci: A+G
P 4 N eedanes e 3.hydrazin: C + T
e e W e 4.1,5M NaCl: C
\ i '
/ \Jlr I"‘ \ /7 - - - ~ ~ Vd Ve ~
N N Ty 1/*’. b) Pridavkem piperidinu: Stépeni DNA v misté
\-f, 5 1 B modifikace

G GA
§ Reaction proceeds long enough C) Elfo Separace LG

# to produce an average of one -
rf break per strand; the random
breaks generate end-labelad F—
fragments representing all . .
positions of each indicated base VVSIEdEk ELFO: A —

sekvence DNA: 5'-GTCTGCA-3’
(Cte se zespodu) =0



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 — Maxam-Gilbertova metoda

Maxamova-Gilbertova (chemicka) metoda

A e

5 6 T ¢
Each reaction is run in an adjacent lane i l l i
of the gel —_—

Lo

After electrophoresis the gel is
removed, dried and exposed to X-ray
film

Filmis blackened where the DNA
fragments have migrated

Faraliol gel
glectrophorasis
and autoradiography

" - = o OO O--BO0n

The sequence is read from the bottom
of the gel (shorter fragments) to the
top of the gel (longer fragments).

This is the b5’ to 3' direction S

Plvodné byla preferovana pred Sangerovou metodou

- vstup: pouze purifikovana DNA, bez klonovani (Sanger)

- narazila na technické problémy s vyvojem standartnich molekularnich kitu
(technicky prilis komplexni)

- prilis mnoho toxickych latek



SEKVENOVANI DNA

Sangerova metoda terminace retézce

Sangerova metoda o .
vodikovy Thymln

mustek

- zalozena na terminaci replikace nového Adenin

retézce podle matrice zkoumané 5'end . N .
sekvence dideoxynukleozidtrifosfatem o~p( 0 7\;% SR
(ddNTP) - N,JIH q

- na 3’-uhliku deoxyribozy chybi OH- d_p-
skupina a proto k nim DNA polymeraza g N2 F=o
nemuze navazat dalsi nukleotid L8 (“{H}“}j\d
-pokud béhem replikace dojde k N‘<°-"H2N>=

nahodné inkorporaci dideoxynukelotidu  zbytek ) | °\7,£;
(ddA, ddC, ddG, ddT), replikace se zde  kyseliny °JX_ H N
zastavi fosforeéné - wu _ N{i

. . Cytosin OLF{";

3' end :
/ Guanin

[}
Ribose Deoxyribose Dideoxyribose 5'end



SEKVENOVANI DNA

Sangerova metoda zalozena na terminace retézce
Sangerova (enzymatickda) metoda

v/ v A > 4 i 3 1. Sequancing reactions loaded
-Vzo_rgk DNA se rozdcvell dvo ctyE sz<umavek a ,do kazdé se E)I’Ida m,"gpm,_?mmgé, ot
specificky primer, smés vSech Ctyr standartnich nukleotidu a DNA fragment separation

polymeraza ”FFF

-Do kazdého ze vzorku je pridan vzdy jen jeden znaceny
dideoxynukleotid - v urcitém poméru s deoxinukleotidy
- Pr: T C G A

- ddA + dA, dG, dC, dT
- ddT + dA, dG, dC, dT....

- Po ukonceni amplifikace separace pomoci denaturujici PAGE
v dlouhém (sekvenacnim) gelu + detekce autoradiograficky |

v

2. Saquence read (boltam to lop)
from gel autoradiogram

. vysledné poradi nukleotidl se odecte e o6 A

i
(] ]
— PO FQ 0D




SEKVENOVANI| DNA - zefektivnéni Sangerovy metody

V 4

vyvoj kapilarnich sekvenatoru

Syntéza DNA je v principu totozna s asymetrickou PCR (tj. s jednim
primerem) v normalnim termocykleru, s extenzi retézce 7ag
polymerazou.
k detekci produktl jsou uzivany fluorescenc¢né znacené ddNTP =
kazdy dideoxynukleotid ma jinou znacku - tzv. ,Dye-terminator
sequencing”

PF. ABI PRISM® Big Dye™ Terminator v 3.1. Ready Reaction Cycle Sequencing Kit
Polymerizacni reakce probiha v jednom vzorku

béhem PCR dochazi k produkci fragmentu lisicich se o jednu bazi

detekce produktu probihd béhem elektroforetické migrace v kapilare

pomoci laserového detektoru

sekvence je zaznamendana primo do paméti pocitace
500 — 700 bp/run




SEKVENOVANI DNA - zefektivné&ni Sangerovy metody

r 4

vyvoj kapilarnich sekvenatoru

TGATTCATE bt

. a0l

...................................................................................

: Fluorescence
Migration of DNA detector s AN AN AR S A
fragments *
Laser

Vzorek s fluorescencné znacenymi fragmenty po PCR



SEKVENOVANI DNA - zefektivné&ni metody

r 4

vyvoj kapilarnich sekvenatoru

Kapilary

— vnitfni prumér 50um
- naplnény gelem s nizkou viskozitou, ktery nahradil polyakrylamid (drive
kapilary neslo opakované pouzivat)
— kratSi casy analyz

- plné automatizované systémy




SEKVENOVANI DNA

Limity klasickych sekvena¢nich metod a nové metody

- v jedné reakci Ize osekvenovat tUseky dlouhé 300-1000 nukleotidu
— zpravidla prvnich 10-40 nukleotidi nema optimalni kvalitu

- automatické sekvencery maji limit 384 vzorkl na 1 béh pfistroje, 24

béhu za den

- trend snizovat naklady na sekvenace
— Archon X prize for Genomics
— 10 mil. USD prvnimu tymu, ktery béhem 10 dni dokonci sekvenaci
100 lidskych genomu za cenu 10 tis. USD / genom
- nastup Next gene sequencing technologii (NGS sequencing)
- vysoce vykonné sekvenacni technologie
— paralelné probihajici sekvenacni reakce, produkuji tisice - miliony

sekvenci v jednom béhu



Databaze sekvenci DNA

http:/ /www.ncbi.nlm.nih.gov/

All Databases ~

“=NCBI

Naticnal Center for
Biotechnalogy Information

NCBI Home

Welcome to NCBI

Site Map (A-Z)

All Resources

The Mational Center for Biotechnology Information advances science and

Chemicals & Bioassays

health by providing access to biomedical and genomic information.

Data & Software

About the NCBI | Mission | Organization | Research | RSS Feeds

DNA& RNA

Get Started

Domains & Structures

Genes & Expression

Tools: Analyze data using NCBI software
Downloads: Get NCBI data or software

Genetics & Medicine

How-To's: Learn how to accomplish specific tasks at NCBI

Genomes & Maps

Submissions: Submit data to GenBank or other NCBI databases

Homology

Literature

Proteins

Education Resources

Sequence Analysis

Central point of access for help

Taxonomy

documents, teaching materials, news
outlets, and other educational resources

Training & Tutorials

Mam sekvenci a neznam
Popular Resoyssas organismus, gen

Bookshelf
Gene
Genome

oMM

Protein
PubChem
Publed
PubMed Central
SMNP

Nucleotide ‘

hledam sekvenci
organismu, genu

NCEI News

New NCBI Mewsletter

Information on the

Variation n 1 2 3 4 5 6 7
MNCBI will continue to operate SRA
Subsequenttio an announcementin Fe
2011 that NCBI was planning to phase outthe
More...
-
<
GENHNG STARIED RESOURCES POPULAR FEATURED NCBIINFORMATION yyrite to the Help Desk
NCBI Education Chemicals & Bioassays PubMed GenBank About NCBI
NCBI Help Manual Data & Software Nucleotide Reference Sequences Research at NCBI
NCBI Handbook DA & RNA BLAST Map Viewer NCBI Newsletter

Training & Tutorials
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Genes & Expression

Genetics & Medicine

PubMed Central
Gene
Bookshelf

Genome Projects
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Databaze sekvenci DNA

http://www.ncbi.nlm.nih.gov/
Vyuziti pri vyuce:
- Viz doplnkové materialy:

1. ,MoSna zmrzlého Samana“ © 00
- V Alpach nalezena mumie s mosnou (batohem) (Otzi Il.)

obsahem pravdépodobné rostlinného puvodu
~ Ze vzorku odebranych z téchto vacku byla izolovana
DNA a byla provedena sekvenace ITS oblasti
- Zadani:
- Z dodanych casti sekvenci sestavte kompletni
sekvenovanou oblast (Useky se prekryvaji)
— Jaka je délka sekvenované oblasti (pocet nukleotidu)
- ldentifikujte biologicky material, ze kterého vzorek
pochazi (http://www.ncbi.nlm.nih.gov; BLAST)
- K ¢emu mohl byt pouzivan tento material

Kazdému studentovi zadat k hledani jednu sekvenci (musi
ji slozit z nékolika prekryvajicich se useku —>



Databaze sekvenci DNA

http:/ /www.ncbi.nlm.nih.gov/

1. Cvi€eni ,MoSna zmrzlého Samana“ - priklad reseni 1
studenta/skupiny

A) Dodané casti sekvenci
- EXCel, me———————

GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG

B) Prekryv sekvenci - konce se prekryvaji, prepis vysledné sekvence do PC

T CGAAACCTGCAACAGCAGAACGACCCGTGAACACGTTTTAAACAGCTTGGGCGGGCGAGAGGAGGCTTGC
S

GGCGGGECGEAGAGGAGCTTGC

M

C) Vysledna sekvence

TCGAAACCTGCAACAGCAGAACGACCCGTGAACACGTTTTAAACAGCTTGGGCGGGCGAGAGGAGCTTGC
TCCTTGGACCCGCCCGCACCTGCTGGGAGAAATCTCGGCGGGCTAACGAACCCCGGCGCAATCTGCGCCA
AGGAACAATAAAAGATTATCGCGTGGCTCGTGCGGTGGCCCGGACACGGTGTCCGCCAATCGAGATGCGT

CTTTATERARRTETE = —~> BLAST = Basic Local Alignment Search Tool —>




Databaze sekvenci DNA

http:/ /www.ncbi.nlm.nih.gov/

1. Cviceni ,MoSna zmrzlého Samana“
« priklad postupu reseni 1 studenta/skupiny

D) Vysledna sekvence

TCGAAACCTGCAACAGCAGAACGACCCGTGAACACGTTTTAAACAGCTTGGGCGGGCGAGAGGAGCTTGC
TCCTTGGACCCGCCCGCACCTGCTGGGAGAAATCTCGGCGGGCTAACGAACCCCGGCGCAATCTGCGCCA
AGGAACAATAAAAGATTATCGCGTGGCTCGTGCGGTGGCCCGGAGACGGTGTCCGCCAATCGAGATGCGT

GTTTATCGAAATGTC

rovangjéi S Seznam [¥] Gmail @ t-zones J UP - poita & BLAST: Basic Local Ali.. &5 (fusarium oxysporum
ofide Sequence (225 letters)

Query ID Idl|49469 Database Name nr
Description None Description All GenBank+EMBL+DDB]+PDB sequences (but no EST,
slecule typ GsS,e phase 0, 1 or
1ery Lengtl m BLAS
\er reports: b Search rts] | f results]
phic Summary

Distribution of 18 Blast Hits on the Query Sequence &

[Mouse over to see the defline, click to show alignments ]

Color key for alignment scores

<40 40-50 B0-200 >=200
Quee ry |
1 1 1 1 1 [l
1 40 80 120 160 200

iGene 3 6E0 [A Gene H structure [ Map Viewer B PubChem BioAssay

N Max Total lue Max
ess bescription | M | == |
aBS647 bi genes fi RN rRNA, RN 100%  3e113
100%  3e113




Databaze sekvenci DNA

http:/ /www.ncbi.nlm.nih.gov/

7

Vyuziti pri vyuce:

- Viz doplnkové materialy:
2. Konstrukce fylogenetického stromu
- volné stazitelny software MEGAS a databaze
— ziskat sekvence vhodného genu pro
ruzné organismy,
— pripravit matici pro studenty s navodem,
- vymyslet zadani
Pfiklad na genu COI (cytochromoxidaza) rliznych
primatu, prasete, mysi a ¢lovéka

1\Temp\PhyloAnalysis

M| Fie mage subtres view Compute Caption Hel

BHE&m &I E €EE

[
BN

mnl

| Al

80l gil3078276311ghlG0B06754 1] Mus musculus haplatype

0.02

Q1 originaltes | Bootstran consensus tree |
opat
E= e o8| l454545051gbIAY544152.1| Pan troglodytes PROD226 cytochrome oxidase subunit | (COI) gene partial cds mitochendrial
b Gil4EA54507IgbIAYE44153.1] Pan troglodytes PRODG43 cytuchrome oxidase subunit | (COl) gene partial cds mitechondrial
X 8 5il5B9E746919blAY846292.1| Pan troglodytes cell-line AB18358 eytochrame ¢ oxidase subunit | gene partial eds mitochendrial
o B

Gil454545091gbIA Y544154,1| Pan troglodytes PRODAZS cytochreme exidase subunit | (CO) gene partial cds mitochondrial
Gil454545231gblAY544161.1| Pan panistus PROZEY cytechrome oxidase subunit | (COI) gene partial cds mitachondrial
Gil454545131gblAY544158.1| Pan paniscus PROD251 cytechrome oxidase subunit | (CON gene partial cds mitochondrial
m [ aiMB4545151gblAYE44157 1] Gorlla gorilla cytechrome axidase subunit | (CON gene partial cds mitachondrial
100 L gil48928001|gb|AYE33977.1| Gorilla gerilla gorilla PRODE7 cytochrome oxidase subunit | (COI) gene partial cds mitechendrial
L 4i336036726IgbHF700169.1] Homo sapiens voucher AS77MTON cylochrome oxidase subunit | (COI) gene partial cds mitechendrial
gif3360367 491gblJFPO0181.1] Sus scrofa voucher ASEEMTO1 cytochreme axidase subunit | (COI) gene partial eds mitochendrial
gif336036751|gblJFP00182.1] Sus scrofa voucher ASEEMTOZ cytochrome axidase subunit | (COI) gene partial eds mitochendrial
9if3533512601gbl/N245997 1| Sus scrofa voucher AUS-EAPT cytochrome oxidase subunit | (COI) gene partial cds mitochondrial
9if307527525/gb1GQS05751 1| Mus musculus domesticus haplotype Hamm cytochrome ¢ oxidase | (CON gene partial cds mitochondial
0| — @0 915blGCE05753.1| Mus musculus domesticus haplotype Bremen cytochreme ¢ oxidase | (COI) gene partial cds mitechendrial

¢ nxidass | (COI) gene patial cds mitachondrial

=y

SBL=0.54727951




NGS = Next Generation Sequencing

Celogenomové sekvenovani

- paralelné probihajici sekvenacni reakce ey Sanger T

- produkuji tisice - miliony sekvenci v Cherencaa Mot | 8
Signals, images VAR YN

Data Managment

jednom béhu

Levell - : .
. . , Millions of sequences
Baseline corrections .
and quality values

- Eteni kratgiCh l:lSEklfI (30_300bp) Analog to digital

Level 2

- Obecny pOStU p Data integration

Calculations cuiin 5ol t:\ - 7
Science i g

] - IZOIace DNA Copyright 2008 Geospiza, Inc.
2. Priprava DNA knihovny - PCR,

klonovani
Vlastni sekvenace
4. Vyhodnoceni surovych dat

Sestaveni konsenzualni sekvence




Single-stranded
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Nature Reviews Microbiology 7, 287-296

Mature Reviews | Microbiclogy

+ 250 nuclectides
= 400,000 reads
= 100 Mb

= 3550 nucleotides
» 71 million reads
= 6,000 Mb

Coding scheme
second base

First base

» 50 nucleotides
+ 30 million reads

1,500 Mb

+ 50 nucleotides
= 30 million reads
= 1,500 Mb




454 - Pyrosekvenace
— prvni nova sekvenacni metoda (1998)
- princip: detekce aktivity DNA-polymerazy béhem syntézy DNA

- Vyhody:
— délka c¢tenych useku 700bp
- rychlost - sekv. cyklus 10 hodin
- sekvenace PCR produktu

- Nevyhody
- prekryvy homopolymernich oblasti
- C€na CTCTCTCTCTCTTCTCTCTCTCTTCTCTCTCT

SINN

AAAAAAAAAACTCTCTCTCTCTCTCTC

TR

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAA



454 sekvenovani

Ligace adaptoru

l'Jseky 300 bp I 5 - B adaptor ma biotinovou znacku pro pfichyceni
| . _\ na streptavidinem obalenou magnetickou kuli¢ku
- Cteno 4 isic fragmentd W
cfteo 00 tisic fragmentu _Jv/p/‘ . .
najednou TETTITTRNTTRaTIT
Fragmentace DNAP@@M*@@M R
- 300-800bp I
3 4 Pico-titer plate (sekvenacni Cip

- obsahuje 1,6 mil jamek Sirokych
44um

- prumér DNA kulicky je 26 um
-pfidavek mensich kulicek

dvou typu - jeden obsahuje
chemikalie pro pyrosekvenaci,
druhy typ fixuje kulicky s DNA

6 4 ®
@

Emulzni PCR
- DNA kulicky do roztoku oleje a vody
- Protfepani = vznik mikroreaktoru okolo
kulicky

o I TE8 [ (IYI P |
T T s T, Tas
tc xga 1 8 cil oosescrc e aof 200 m Tidmaae ¢ oza¥me Ta oW ow
H 1 ' i | |
i

Bl 16 1367659960 Quality Score ] Base# [ B Densin

Sekvenacni reakce

- Na desticku se cyklicky nanasi
roztok polymerazy a vzdy jednoho WA
nukleotidu... viz. pyrosekvenace ACGAT -

TGETACGH —_—

Zaznam a zpracovani dat




Roche/454 — Pyrosequencing

1-2 million template beads loaded into PTF wellg

Flow of single dNTP type across FTP wells —

; -
N . S ;
: - di
W ¥
& ] ﬂ_:(.,
&> g TTITTT ﬂ
’,f&. ' l]'r'i"l\
& b P .
olymerase
7] APS
B PN |,¢"' PP
Sulphurylase —f $ ATP
Luciferase | | Lucifarin
Light and ox }'.uuh;'r ri
d Flewgram

TCAGGTTTTTTAACAA T CARCTTTTTGGATTAARATSTAGRATARCTS
; CATARATTAATAACATCACATTAGTCTCATCAGTGAATTTAT
BMEEGE | 6me
mm A AW I IR oy
- 4-mer
1 3=mer

TN [l]l I'_L-L_E-M15—1—E-I§iﬂﬂ-£raja.!ﬂ 1H _QL} o

Mature Reviews | Genetics

R T T - N

Pyrosekvenovani

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

ATP-sulfurylase ;
ATP

Next base Luciferase +
Light

Apyrase
{wash}

1. zaclenéni nukleotidu (konkrétni typ, ne smés)
2. uvolnéni pyrofosfatu (PPi)
3. Vznik ATP

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

4. Emise zareni:

« enzym luciferdza spotrebuje vznikly ATP na
oxidaci luciferinu - zablesk

Detekce zablesku

6. Enzym apyraza odstrani nespotifebované nukleotidy
a ATP

7. Promyti systému

8. 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

P ey
BFLES L L) TR TR el i B e LY L Bl

pico-titer plate from Roche's FLX




lllumina Genome Analyzer
-metoda sekvenace syntézou
(SBS-sequencing by synthesis)
- r. 2006; useky 35-50bp

- 1) Priprava knihovny
- fragmentace
- na konce dva adaptéry
— ELFO: vyriznou se fragmenty 150-200bp
- precisténi

- 2) Amplifikace fragmentl (bridge amplification)
- na sklicku jsou oligonukleotidy komplementarni k obéma adaptorum
- jednovlaknové fragmenty se navazou na sklicko - vytvori ,mustek"
— dosyntetizovani komplementarniho vlakna
— denaturace - dva identické fragmenty navazané na sklicko blizko sebe
- opakovani = vznik tisict kopii tésné vedle sebe v tzv. ,clusterech”

Figure 1: lllumina Flow Cell

n Cluster Generation ) () (G) 0  Attach DNA to flow cell

5 hours 30 min. hands-on time I £ E

{1=B Samples)

@ Perform bridge amplification

{® Generate clusters

() Anneal sequencing primer

mesarise

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



Illumina Genome Analyzer
- 3) sekvenacni reakce
- v kazdém cyklu NARAZ viechny nukleotidy
- maji fluorescencni znacku a modifikovany 3 "konec (brani
zarazeni vice nukleotidi v jednom kroku)
— zarazeni nukleotidu provazené emisi svétla, charakteristického
pro dany nukleotid
— detekce
— odstranéni fluoresc. znacky a odblokovani 3 “"konce
— opakovani postupu
- x cykli
— zpracovani dat

B

L and deblock
2-3 days (single-read)

, . : #

4-6 days (paired-end) i
30 min, hands-on time  (1-8 Samples) : :
pd™ - r

@) Repeat step above to extend
strand

L9 Generate base calls
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SOLiD sequencing

SOLID™ Substrate Di-base Probes
* TEMPLATE
B‘ITTnnnzzzE 1 2nd Base
Tpm o QUL AUV, o A CGT
el F1 Adapter Template Sequence ’ 3,'!11[““/5% .A
sl nnn |z C %
., | & G E
¥ nnnzzzs* \‘-_. T
Glass Slide Cleavage Site
Sekvenace pomoci LIGACE kratkych oligo sond,
které jsou fluorescencné znaceny P IZ?' T lz_"

+ cena ﬂ. *

+ vysoka pfesnost metody (99,95%) i i R o e

- IR
:’-
-
1

| | | L LR
nneT=Is = AS =

7

Figure 1. Each probe consists of 8 bases. As shown, the first 3

+ malé mnozstVI’ VZOI'kU bases are degenerate (n), and the last 3 are universal (z), with

the 4th and 5th bases as the two bases being interrogated. Thus,
a single color observation only limits the potential dinucleotide to

)4 2o . being four out of the 16 possible dinucleotides. As seen above, a
- Ctene Useky 1 OO bp green signal represents a AC, CA, TG or GT.

- naro¢nost zpracovani dat a rychlost analyzy (tyden)



SOLiD sequencing

1. Priprava DNA knihovny

St&peni templatové DNA na kratsi fragmenty
Pfipojeni adaptort P1 a P2
emPCR — amplifikace fragmentt na magn. kuliCkach

modifikace 5’konce — pripojeni na sekvenacni desticku

DNA to
sjixjj-rlc_e
Primer Ligation PCR \
bead ~= W T ——
Tagged —_

Primer ‘

2. Vlastni sekvenace



SOLID sequencing - Sekvenacéni reakce Ue/APG — Sequencingby ligation BB

Primer round 1 |ET' + @
1- NaVéZéni univ- primeru, Iigace Sondy Univarsal seq primer (1) ; 3 \” A:!:/ *
l-?},;;'zi-' adapter /' Target sequence -
«  PFipojeni univ. primeru k adaptoru P1 | T
1.2-probes Excite four-colour imaging
- v , o . % v Interrogation bases
* Pridani oktamernich sond s fluoro. znackami I pyoemebae \*J
¥ | FTTTIITTITTrTTTT y
4 barvy, 16 kombinaci koncovych nukleotid( na 1. a 2. pozici E‘H‘*m;i:r '
Pokud je sonda na 1. a 2. pozici komplementarnik 1. a 2. 3';;;&;“-;;,;; ‘\‘"f_; *
pozici templatu — prodlouzeni fetézce DNA ligazou 2 x}r:*.r:mzzé;; TP .
. - 2 G -’
2. Emise a detekce fluoresc. signalu ~ Y
Repeat ligation cycles Ligationeyclel 2 3 4 5 &  7.[ncycles)
3. Odstépeni fluoresc. znacky (Stépeni sondy (e e

Reset primer (i — 1), repeat ligation cycles

mezi 5. a 6. nukeotidem) ;

P N

4. Opakovani kroku 1. — 3. ... 7-krat = 35bp sekvence e round 3 [TTTTR 1o e
—— rimer rou 5 u.I-L;}rL base shift
5. Reset primeru — odstépeni nové nasynt. viakna PR & W CT Gc 0 AT cc co
6. Napojeni nového univ. primeru k adaptoru P1 Sl
. . . . - b Alignment of colour-space reads to
- primer je o jeden nukleotid kratsi e b o e o] CO0Ur space reference gencme
nuclectide is interrogated twice m:ﬁ_
~ b . v Template @O DO
7. Opakovani kroku 1.-6. s primery (n-2) @z (n-6) = mduwe seqiene
AR e L ATACARGA
vV s v v ’ v 37 ’ 3 c  r-—CGCACCTC
- celkem 5x = zajisténi precCteni kazdého mista 2x RS - ameri

TCGGATTCAGCCTGCTGCTCTATCA
A

8. Vyhodnoceni dat — desSifrovani barevného kédu



8. Vyhodnoceni dat - deSifrovani barevného koédu
- kazda baze je urcena na zakladé dvou nezavislych sekvenacnich cyklu

® Indicates positions of interrogation Ligation Cycle [l & « B & W

Read Position |0|1|2|3| 4| 58| 7| 8| 9|10{11[12)13]14]15|16|17|1819
g 1 I.In'ru;_rsalsaq primer (n) AR 'i. ._; ER
§ E 2 Universs,al seq primer (n-1) | .' 1 R
E nz 3 I.Inhrerzsgllsaq primer (n-2) & - ' Sk &
g £ 4 Llniver;ﬂseqprimerin-ﬂ | .‘ -l
g 5 Unium;al seq primer (n-4) F. BE
:




Semiconductor Sequencing for Life™

ion torrent

technologies bhkAOXO+=

Nucleotide incorporates
into DNA

| X J“
r!_'t ~
Micro-machined wells

Hydrogen ion
is released

lon-sensitive layer ————

Prop ry lon sensor ————

incorporates Hydrogen ion
into DNA is released




