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EICEITEC

o Transgenni rostliny a funkéni genomika
o Mutageneze, typy mutagenu
O Pristupy primé genetiky

o EMS mutageneze

O Pozi¢ni klonovani
o Sekvenovani

O Pristupy reverzni genetiky
o Tilling
o Reporterove geny



Transgenni organismy IPCEITEC

O transgen — gen (geneticky mat.) prenesen
prirozene nebo gen. inzenyr. technik z jednoho
organismu na druhy

o syntetické, modifikované nebo cizorodé geny
mohou byt vnaseny do zivoCichu a rostlin
o ,non-native” segment DNA

o zachova si schopnost produkce RNA/proteinu v
transgennim organismu

O muze zménit norm. funci v genetickém kodu transgen.
organismu
O transgenni organismy slouzi ke studiu funkci
genu 3



Transgenni organismy IPCEITEC

O GloFish are a type of transgenic zebrafish (Danio rerio) that have been
modified through the insertion of a green fluorescent protein (gfp) gene.



Funkcni genomika

EICEITEC

® cil: hledani genu a urceni jejich funkce v genomu

® 2 ruzné pfistupy:
> prima genetika ,,forward genetics*
- fenotyp — gen

> reverzni genetika ,,reverse genetics*“
- sekvence DNA (gen) — fenotyp



Mutageneze EPCEITEC

O mutanti — nastrojem obou pfistupu
O ruzné typy mutagenu

1. chemické i L,
S klasicke
2. fyzikalni (zareni)

o  velky poCet nahodnych mutaci, zasahne vSechny geny

3. biologicke
. moderni

inzeréni mutageneze, mensi poCet mutaci, zanechavaji molekularni
znacku



Chemické mutageny EHICEITEC

® zpusobuji bodové mutace
1. pfireplikaci DNA ale i v nereplikujici se DNA
> alkylaéni latky (vnasi alkylovou sk. na baze; nahodné)
yperit (horticny plyn; Ch. Auberbach)
ethylnitrosomocovina (ENU)

ethylova sk. ENU reaguje vétSinou s thyminem

Bill Russell (1951) mysi kmen (, T-test stock) pro testovani riznych
mutagenu

Rat
g NU mutagenesis
- ethylmethansulfonat (EMS)

ethylova sk. EMS reaguje s guaninem v DNA, vytvofi O-6-ethylguanin
(misto G:C vznikaji A:T)

Maple J. & Moller SG, 2007 - Mutagenesis in Arabidopsis
> HNO, (deaminace aminoskupin)




Chemické mutageny EHICEITEC

2. pouze pfri replikaci

5-bromuracil: parovani s adeninem

> analogy bazi: 5-bromuracil, 2- "
aminopurin Br\c_c//owH_N\c_c/b?/H
° ° b T h b 4 4 5 4 N—C//M\N'—H""N// \\ /N\
zpUsobuji chybné parovani S el AN
N—C — cukr
> akridinova barviva: proflavin, o
akridinovéa oranz o
(a)
- zpusobuji adice Ci delece 1-vice bazi — —
zména &teciho ramce — nefunkéni S "“';"f':.?‘.‘;’:"""‘ _
s A\ / \ /
genovée produkty b /c—c\\g |
> hydroxylamin >N_<\ B e
- specificka — indukuje tranzice pouze ve e, O
sméru G:.C — AT ?;f;rfr;t::;;' guanin

(b)

Obr. 13.13 = Parovani mezi 5-bromuracilem a (a) adeninem nebo
(b) guaninem.



Fyzikalni mutageny EHICEITEC

® ionizujici: RTG, gama zareni, radioaktivni uhlik 14C

> zpusobuji zlomy

@ neionizujici: UV zareni 254nm je absorbovano bazemi —>
pyrimidinové dimery (naruSi cukr-fosfatovou kostru)

Ultraviolet light

/5

Thymine dimer

GT=TG
GCT GTA

CGACAACCAT

® zpusobuji rozsahlejsi inzerce a prestavby chromozomu

@ mohou odstranit i vice genu nebo vnést nové regulacni
sekvence

® nevhodné pro presnou mutagenezi




Biologické mutageny P CEITEC

® inzercni mutageneze
1. T-DNA

> Agrobacterium tumefaciens je schopna vnést do rostlinného
genomu cast sve DNA

> dusledky zac¢lenéni T-DNA do genomu jsou ruzné, dano povahou
inzertu a mistem, kde se integruje

>  zpusobuje:
inaktivaci genu
aktivace (nese promotor, zesilovac)

2. Transpozo NY — transponovatelné geneticke elementy

> pohyblivé geneticke elementy, nejsou tak stabilni jako T-DNA

> mohou se premistit z mista puvodni inzerce —> obnoveni
normalniho fenotypu

> v misté inzerce zustava stopa i po opusténi genomu, nevhodné pro

rozsahlou mutagenezi (Petersen et al, 2000)
10



T-DNA a transpozony

EICEITEC

®@ inzercni mutageneze

transpozon
" . it
@ inzerce do: e —
s -, s . 1 [ ofeskok genovyr:ﬁgn;s;r;tnréﬁdéleny
> kodujici oblasti ;- | LR
s s s . DNA T > EEEEEEEEEEN
> nekodujici oblasti — | s l,,a,,sk,,pce
ovlivnéni sestfihu intronu, iy _
genOVé exprese translace T
Ve . Y
@ @ VyhOdy' polypeptid AAAAAAAA AN
funkéni polypeptid nefunkéni zkraceny
(genovy produkt) polypeptid

> reverzibilni mutace

> snadno se mapuje a
region se lehce klonuje

® ® nevyhody:

> Inzerce neni nahodna

Obr. 13.20 ~ Mechanizmus vzniku mutace indukované
transpozonem. V dUsledku inzerce transponovatelného genetického
elementu do standardniho genu se gen obvykle stava nefunk¢nim
(vpravo).

11



Jak obecne hledat mutaci? 3 ce=Tec

1. mensi mutace

- nové jednonukleotidove polymorfismy (SNP) ve vytipované
oblasti

- zménény transkripCni profil
- komplementace mutace transgenozi riznych kandidarnich genu
ve WT forme

2. chromozomialni prestavby
- prestavby rozsahlé — in situ hybridizace na metafaznich
chromozomech — rozliseni 5 Mbp

- prestavby mensi — komparativni genomova hybridizace (CGN)
- ,DNA microarrays® se sondami pokryvajici rizné ¢asti genomu
- hybridizace s genomickou DNA — rozliSeni desitky Mbp

12



Pfima ,saturaéni“ genetika &P CEITEC

® zalozena na saturacni mutagenezi ,saturation screen”®
> pusobeni mutagenu na organismus —> analyza potomstva na
urcity fenotyp
> identifikace mutantu —> tridéni do komplement. skupin

> mapovani do obecnych chromozomal. lokalizaci pomoci
znamych markeru (znaCek) a klonovani, sekvenovani

@ existuje mutace pro kazdy lokus —> moznost urcit
skupinu genu odpovédnych za dany znak

@ cilem je dosazeni saturacniho bodu —> odhalit vSechny
geny odpovedne za fenotyp

® mutageny (RTG, EMS, transpozony)
> Priklady:
> rostliny bez reakce na svétlo
> neschopnost bakterii rist v pfitomnosti urgitych cukr, .. 13



ldentifikace mutovaného genu u

mutantni linie vybrane na zaklade
fenotypoveho projevu

EICEITEC

® na zaklade geneticke mapy

1. mapovani - (ko)segregacni analyza

> nalezeni priblizné pozice genu v genetické mape, na zaklade
genoveé vazby s genetickymi markery (znaky, které vykazuji
polymorfismus = jsou rozdilné mezi rodiCovskymi genotypy)

2. nalezeni konkrétni sekvence nesouci mutaci
> chromosom ,,walking*“
> sekvenace, srovnani s WT sekvenci

14



Typy genetickych markeru

EICEITEC

= znak se znamou (snadno dohledatelnou) polohou v
genetické mape, ktery vykazuje polymorfismus (je
rozdilny mezi rodiCovskymi genotypy)

1. Morfologicke

2. Molekularni

o DNA markery — detekovatelné rozdily v sekvenci
o DNA se znamou Ci urcitelnou polohou v genomu
O dobre detekovatelné lokusy se znamou pozici na chromozomu
o jednonukleotidové polymorfismy (SNP)
O idealné co nejvice a rovnomeérne rozmisteny

15



Prirozena morfologicka
variabilita Arabidopsis — ekotyp
,accessions”

¥;:§>CE|TEC

Environment 1

Environment 2

Environment 3

Fig. 1: Geographical distribution of Arabidopsis thaliana (green
area on the world map) and overall phenotype of the rosette
of a subset of accessions grown under 3 contrasted
environment scenario.

hitp://www.mpipz.mpg.de/102840/reymond 16



http://www.mpipz.mpg.de/102840/reymond

DNA molekularni markery
(= prouzek na elektroforéze Ci blotu)

EICEITEC

® SSLP (Simple Sequence Length Polymorphism)

> délka genomu (PCR produktt) amplif. pomoci spec.
primeru

® RFLP (Restriction fragment length polymorfism) +
Southern

> délka restrikCnich fragmentu useku genomu, PCR po
nastepeni genomove DNA a ligaci adaptoru

® RAPD (Random amplified polymorphism detection)

> cligltl)<a nahodné amplif. useku genomu (kratké primery 8-
P

® AFLP (Amplified fragment length polymorphism)

> délka fragmentu genomu, PCR po nastépeni genomoveé
DNA a ligaci adaptoru

17



DNA molekularni markery

Arabidopsis thaliana IICEITEC

o kfizeni dvou jeho ekotypu: Columbia a Landsberg erecta (Col X Ler)
o rekombinaéni mapa obsahovala puvodné 67 markeru (Lister & Dean, 1993)
o dnes pfes 1300 markeru (Hou et al, 2010)

sy

and
1" 849

ot

Arabidopsis thaliana physical map with 18
indication of the positions of the markers.



Pozicni klonovani

(positional cloning, map-based
cloning)

EICEITEC

O izolace genu pouze na zakladé znalosti jeho pozice na mapé

o nemusi byt znama funkce genu (mechanismus pusobeni, biochemicka,
podstata produktu)

O mapovani genu na zakladé jeho genetické vazby s molekularnim
markerem a naslednou izolaci tohoto genu diky znamé pozici na
chromozomu

o potfeba standardni linie, ktera je zkfizena s mutantni linii, aby mohla byt
provedena rekombinacCni analyza s markery
o cil pozi¢éniho klonovani:

O gen s pozadovanou mutaci lokalizovany v intervalu mezi dvéma nejblizSimi
markery

o usek dostatecné maly —> vybrat kandidatni gen, v némz je pak mozné rlznymi
zpusoby identifikovat mutaci

O obecné slozité a ¢asové narocné

Lukowitz et al, 2000 19



PoziCni klonovani - schéma EPCEITEC

1. Krizeni mutantni linie se standardni linii

odliSného, genetického pozadi a vytvoreni Son
segregujici generace (vétSinou F2) -> Create F2 mapping population | =4O
mapovaci populace ¥
Establisl-sr:;:ulzllcazga using =<1 week
2.  Priblizna lokalizace mutantniho lokusu el el
rekombinacni analyzou s genetickymi markery '
(20'30 rOSt”n) |dentify?;:1|:s?ﬂanking <1 month
> ,bulk segregation analysis* il
a) analyza smési DNA vS8ech vzorku z rostlin J
uréitého fenotypu najednou pro jednotlivé Gollect recombnants by PCR
markery —> snizeni mnozstvi potfebnych i e | s
PCR reakci (Lukowitz et al., 2000) Ll "ank"fmf'*efs
b) stanoveni vazby je multiplex PCR s Fine mapping: harow geneti | _,
pouzitim fluorescen&né znadenych s made, pow FCR parkars
primert (vSechny markery najednou u Figure 2. Procedure of a typical fine mapping experiment. The time
. T o that should be calculated to complete each of the steps, assuming no
jednotlivych vzorku) (Ponce et al, 1999) complications are encountered, is shown to the right,

Lukowitz et al, 2000 20



Pozicni klonovani - schéma CHICEITEC

3. identifikace dvou markert vzdalenych od

sebe <10% rekombinace a definujici cronte r2 L ooutation | =4 morths
geneticky interval obsahujici mutaci (cca }
100 rostlin) Step 2
) Establish linkage using <1 week
4. rozsirena analyza markeru (1000 rostlin) U] searegRT nabes
a selekce rostlin, kde dosSlo k rekombinaci 51*3
5. rekombinacni analyzy ke zUzeni et maers |
definované oblasti na interval < 1% :
rekombinace (250 kb) Collct recomarts by PCR
analysis of a large mapping | < 2 months
population (~1000 plants)
with flanking markers
o identifikace mutantniho genu ve vymezené ¥
oblasti Fine mappir?g:?ﬁasrrow genetic | _, o
interval by using known or
self-made, new PCR markers

Figure 2. Procedure of a typical fine mapping experiment. The time
that should be calculated to complete each of the steps, assuming no
complications are encountered, is shown to the right.

Lukowitz et al, 2000 21



Pozicni klonovani - aplikace

EICEITEC

@ Arabidopsis

> mapa pozi¢né klonovanych genl obsahujici 620 mutantnich genut s
fenotypovym projevem (Meinke et al, 2003)

> pocCet genu Arabidopsis izolovanych metodou pozi¢niho klonovani kazdym
rokem narusta — objasnéni dalSich funkci gent modelové rostliny

® Psenice (Tritium aestivum)- zemédélské plodiny

> molekular.markery:
+ SSR (Simple Sequence Repeat)
+ SCAR (Sequence — Characterised Amplified Region)

> izolovani gentl s markery komplikovanégjsi — hexaploid

> nedostate¢na znalost genl kddujicich zemédélsky uzite¢né znaky (zatim cca
20), napf. plisné a rezistence k nim

® Geny chorob

> Huntingtonova choroba -je vzacné dédicné neurodegenerativni
onemocnéni mozku charakteristické nekoordinovanymi trhavymi pohyby téla
a snizenim mentalnich schopnosti

> Cysticka fibréza (CF) je smrtelna lidska dédi¢na nemoc, ktera postihuje
prevazne dychaci a travici soustavu

22



ldentifikace mutantniho genu -

nalezeni konkrétni sekvence nesouci mutaci @ CEITEC

@ test na alelismus, tj. zkrizeni testované mutantni linie s linii s
,knock-out” kandidatnim genem a sledovani, zda zustane
mutantni fenotyp

®@ molekularni komplementace (u recesivnich mutaci)

> transformace mutantni rostliny sekvencemi standardni DNA z
vymezeného useku a urcCeni, ktera obnovi standardni fenotyp
@ analyza cele sekvence DNA vymezeného genetického
intervalu —> hledat zmény, které zpusobily mutaci
> SSCP(Single Stranded Conformational Polymorphism)
HMA (Heteroduplex Mobility Assay)
DGGE (Denaturing Gradient Gel Electrophoresis)
dHPLC (denaturing High Performance Liquid Chromatography)
hybridizace na Cipech
pyrosekvencovani
,chromozome walking"

® sekvenovani

vV V V V VvV VvV

23



,LChromosome walking® srceEmTec

ORML-DWG 91617370
nken FLakne MUTOVANY L kG o nalezeni optlmalr_me dvou
s MR genX | MRKERTY @ markerd obklopujicich
— ! DISEASE GENE L T —

T _ .I | ill mutovany gen

_[ﬁj ] R o knihovny velkych fragmentu

Probe from = genomové DNA (redundantni,
=1 e
g, LL D NIR NI o YACs, BACs
cenomcons LT RN o = yeast (bacterial) arteficial
Iy = L | chromosome, ~ 300 (100) kbp
A || | RINEN |
ngﬂmlﬂxﬂim i] : b ! :
= 0 hledani piekryvii na zakladé

“:! hybridizace koncové
o sekvence

1 = |

= |
Chromceama walking continues undl a clona is
idenlified it conlaires the 3 larking marker [I:[D

24



Sekvenovani - klasicke - Sanger ¢ c=iTeEc

® enzymaticka metoda je zalozena na sekvenaci pomoci
detekce ukonceni prodluzujiciho se vilakna DNA

® sekvenaci predchazi priprava DNA knihovny
> DNA sestfizena na kratSi useky
> naklonovana do DNA vektorU

> amplifikovana in vivo (v bakterialnich bunkach, ze kterych jsou
plazmidy nesouci klonované fragmenty nasledne extrahovany)

@ sekvenace probiha ve étyrech nezavislych reakcich

® vznikaji fragmenty DNA o ruzné délce zakoncené
znacenymi dideoxynukleotidy

@ diky délce Ctenych useku, které dosahuji 700 az 800 bp -
stadle nejpouzivanéjsi a nejpresnéjsi

25



Sekvenovani - klasické - Sanger £ cEITEC

I Reaction mixture

* Primer and DMA template  » DMA polymerase
* ddNTPs with flourochromes = dNTPs (dATP, dCTP, dGTP, and dTTF)

/_T 3 Capillary gel electrophoresis

Primar

e

;

HE
bobs

& Primer elongation
and chain termination

Ol o e e e e e e e e e e e e e e e,
T T T T T —————

separation of DMA fragments

I Capillary gel

= &
w o _f:--_-
g

-
A Lazer detection of flourochromes
“\ I | and computational sequence analysis
|
TN T
¥

hwomatograph 26
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Pyrosekvenace —

EICEITEC

,Next-generation sequencing”

o na sekvenaci syntézou komplementarni DNA
o [i8i se zplUsobem, jak je detekovano zaélenéni daného nukleotidu —> nevyzZaduje elfo
o vyvinul v roce 1996 ve Stockholmu profesor Pal Nyrén se svym studentem Mostafou Ronaghi
o Reakeéni smeés:
o DNA polymeraza,ATP sulfurylaza, luciferaza a apyraza,;
O substraty adenosinfosfosulfat a luciferin
o do smési jsou postupné vkladany nukleotidy riznych typt (dATP, dGTP, dCTP, dTTP)
o svételné zafeni —> zacdlenéni 1 nebo vice The Pyrosequencing Method

nukleotidd do vznikajiciho Fetézce

o svétlo vznika v disledku enzymatické
reakce, na jejimz zaCatku je uvolnéni
pyrofosfatu z nové zaclenéného nukleotidu
a na jejimz konci je spotfeba vzniklého ATP
luciferazou k oxidaci luciferinu

o pfed pfidanim dalSiho nukleotidu je pavodni
nukleotid (jiz obsazeny v roztoku) rozlozen




»,Next-generation sequencing” P CEITEC

454 - 2005 ! N'h. 3% g

*«  emulzni PCR Ab AMAALLAAALLALALALLL AL
. DAL
*  pyrosekvenovani DA FTTPTTITPPTTITPTrTTT Y|

o= T e 454 Genome Sequencers
LLLLLLL | ll‘” ||L.||| |I h | ||.| | ‘mn ‘ | FLX System
e e + 1 million of reads/run

« 400-650 bp/read
+ 2 pristroje v CR

ACGATC
TGCTACG

GS Junior
+ 0.1 millions of reads/run
« 400 bp/read




»Next-generation sequencing” EPCEITEC

Solexa (lllumina) - 2007 illumina

* mustkova ,bridge“ PCR
» sekvenovani pomoci DNA syntézy

1. PREPARE GENOMIC DNA SAMPLE 2. ATTACH DNA TO SURFACE 3. BRIDGE AMPLIFICATION
a B £ & { N\

Adapters
i / |
Randomly fragment genomic DNA Bind single-stranded fragments randomly to Add unlabeled nucleotides and enzyme to
and ligate adapters to both ends of the the inside surface of the flow cell channels. initiate solid-phase bridge amplification.

fragments.

29



,Next-generation sequencing”

EICEITEC

SOLIiD (2008) & applied

' biosystems®

emulzni PCR,
sekvenovani pomoci ligace

First Cycle with primer 1-
Hybridization, Ligation, de-

Phosphorylation 7, 7, ?_
3 o 3
GG-nnnzzz

G-Cnnnzz2 Tz

Ligase +
Universal Sequencing /
3’ Primer /
-

C-A—-n-n-n—2-7-1

GT

’ 1 2 ’
5 P1 Adaptor * Template 3

Sequence Sequence

30



,Next-generation sequencing”

Prehled sou¢asnych metod sekvenovani nové generace

Platform Year SEQUENING ‘ Amplification Detection | Features
Method f

- Pyro- . y :
454 2005 . Emulsion PCR Light First NGS

- sequencing | |
lllumina 2007 Synthesis Bridge PCR Light ‘ 90% of Market
SOLiD 2008 Ligation Emulsion PCR Light Lowest Error Rate
lon Torrent 2010 Synthesis Emulsion PCR  Hydrogen lon Semlc(;)hr;guctor
Pacific : None = Single . Anchored

2010  Synth Light

Biosciences e Molecule '8 Polymerases
Oxford 2032 | Nanopere None = Single Electrical “Run Until”
Nanopore P Molecule Conductivity Sequencing

Modified from T. C. Glenn. 2011. Field guide to next-generation DNA sequencers.

Molecular Ecology Resources 11: 759-769.

EICEITEC

31



,Next-generation sequencing”

EICEITEC

Instrument Run time ;’:::’:7::: Bases / read |Yield MB/run
3730xI (capillary) 2 hrs 0.000096 650 0.06
PacBio RS 2 hrs 0.01 860 — 1,500 5-10
454 GS Jr. Titanium 10 hrs 0.1 400 50
lon Torrent — 314 chip 2.5 hrs 0.25 200 50
454 FLX Titanium 10 hrs 1 400 400
’454 FLX+ 20 hrs 1 650 650
‘lon Torrent — 316 chip 3 hrs 1.6 200 320
tlllumina MiSeq 26 hrs 4 150+150 1200
Ilon Torrent - 318 chip 4.5 hrs 4 200 800
!lllumina GAlIx 14 days 300 150+150 96,000
iSOLiD - 5500xI 8 days >1,410¢ 75+35 155,100
kllumina HiSeq 1000 8.5 days <1500 100+100 <300,000
bllumina HiSeq 2000 11.5 days <3000 100+100 <600,000

2012. NGS Field Guide (www.molecularecologist.com)
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,Next-generation sequencing"” CICEITEC

Chybovost jednotlivych sekvena¢nich metod

Primary ' Single-pass Final Error Rate
jPIatform Errors  Error Rate (%) (%)
3730xI (capillary) Substitution 0.1-1 0.1-1
454 Indel q 1

~| 0, ~ 0,
Illumina Substitution D (Bes6af| 0.1 (8% 00

reads) reads)

SOLiD A-T bias =5 <0.1
lon Torrent Indel =i !
PacBio RS CG deletions =15 <15
Oxford Nanopore Deletions >4 4

2012. NGS Field Guide (www.molecularecologist.com)

Mnohondsobné prosekvenovdni jednoho Useku DNA
kompenzuje vyssi chybovost sekvenacnich metod nové
generace.

33



Vyuziti sekvenacnich metod
nové generace

® celé genomy

> resekvenovani —> hledani sekvencnich variant v lidské
populaci

> de novo sekvenovani —> nemodelové organismy
®@ transkriptom (RNA-seq)
> ldentifikace dosud neznamych transkiptu
> mira transkripce jednotlivych genu - pfesnéjSi nez
,2microarrays”
® cilené —> urgita ¢ast genomu, skupiny genl
> nahodné oblasti genomu —> na zaklade délky po
restrikCnim stépeni genomové DNA (RAD-seq)

> hybridizace k cca 100bp probam se vyberou fragmenty
DNA, kt. se sekvenuji (Hyb-seq)

EICEITEC

34



Vyuziti sekvenacnich metod nove
generace

EICEITEC

Identifikace SNPs (Single Nucleotide Polymorphisms)

« Sekvenovani vzorkd DNA pochazejicich z mnoha jedinc.
* Vzorky lze individualné tagovat - Multiplex Identifier Sequences (MIDs).

* Vhodné snizeni komplexity
- RNA-Seq (SNPs v kédujicich oblastech)
- RAD-Seq (SNPs v nahodnych oblastech genomu, predevsim
nekodujicich, vétsi variabilita)
- Hyb-Seq (SNPs ve vybranych genech & genomové oblasti)

LA
‘ﬂ scrimer B ———

{L.—- designing SNaPshot primers
from 454 transcriptome data

Libor Morkovsky,
Katedra Zooologie, Pif UK
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Velkokapacitni ndhodna
mutageneze a ,screening”
O systematicka mutageneze —postupné

o EMS mutageneze

O misto hledani urC. fenotypu (pfima), kdy se hleda gen zajmu se
zmenami v nukleotidech

EICEITEC

o bézné ,screen” 1000 nebo 10000 jedincu
o vyuziti PCR genu zajmu —> hledani drobnych zmeén v migraci
PCR produktu na gelu Ci koloné
o vSechny zmeény nevyradi (,knockout®) gen, nékteré se neprojevi
-,silent”, na neesencialnich AMK pozicich
O metody bezné uzivaneé:
o DHPLC —"Denaturing High Performance Liquid Chromatography*
o DGGE - ,Denaturing Gradient Gel Electrophoresis”
o0 SSCP — ,Single-Stranded Conformation Polymorphism®
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Priklad vyuziti EMS mutageneze

(Feraru et al, 2010)

EICEITEC

o A fluorescence imaging-based forward genetic
screen”

o

As a tool for the screening to identify novel components of plant intracellular
trafficking, they used a well characterized plant cargo, the auxin efflux carrier
PIN1 (Petrasek et al., 2006).

With this strategy,they aimed to identify novel regulators at different stages of
subcellular protein trafficking.

EMS-mutagenized PIN1pro:PIN1-GFP (for green fluorescent protein)
population using epifluorescent microscopy for seedlings displaying aberrant
PIN1-GFP distribution in the root.

From 1500 M1 families, they identified several protein affected trafficking
(pat) mutants defining three independent loci (mapping with simple sequence
length polymorphism (SSLP) and cleaved amplified polymorphic sequence
(CAPS and dCAPS) markers

The At3G55480 candidate gene was sequenced and a point mutation that
caused a stop codon was found at the position 705 downstream of ATG)
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Priklad vyuziti EMS (Feraru et al, 2010)

wild-type

ICEITEC

Figure 1. The pat2 Mutant Displays Ectopic
Intracellular Protein Accumulation.

(A) to (D) Both PIN1-GFP ([A] and [B]) and
aleurain-GFP ([C] and [D]) accumulate
intracellularly in pat2-1 (B) or pat2-2 (D) root
cells compared with

control ([A] and [C]).

*pat2 mutant lytic vacuoles display altered morphology and
accumulation of proteins

« unlike other mutants affecting the vacuole, pat2 is
specifically defective in the biogenesis, identity, and
function of lytic vacuoles but shows normal sorting of
proteins to storage vacuoles

* PAT2 encodes a putative b-subunit of adaptor protein
complex 3 (AP-3)

*AP-3 b functions in mediating lytic vacuole performance
and transition of storage into the lytic vacuoles
independently of the main prevacuolar compartment-based
trafficking route 38



Neprima ,reverse” genetika £ CEITEC

o dnes —> post-genomicka éra
O zname geny (sekvence)

O nhezname

o funkce genu
o vétSinou >50% predikovanych genu u eukaryot

o fenotypy, které zpusobi mutace v téchto genech

39



TILLING

(Targeting induced local lesions in

genomes) P CEITEC

®@ ziskani (nalezeni) bodovych
mutaci ve vybraném genu
EMS M2 plants

® bodové mutace ~—
> potencidlni zmény regulace, ? ?\\\
interakce, ...

¥ pools
@ preds.taven.a na . + PCR reagents
Arabidopsis thaliana * primor pais
(McCallum et al, 2000) heat, cool  PCR
DH PL6/ replicates
- (~12 hr per run) —_— * oh
® Princi P I chromatograms

> nahodna indukce bodovych

7 Figure 1. Schematic depicting the TILLING strategy applied to a
mutaci (EMS) plant such as Arabidopsis.

> nasledne hledani linii s mutaci (McCallum et al, 2000)
v cilovéem genu pomoci PCR
a heteroduplexni analyzy 40



TILLING — detekce mutaci,

strategie

EICEITEC

Seeds are mutagenized to induce point mutations
throughout the genome.

-
e ®®

A founder population is grown from mutagenized
seeds,

3 Founder population is self-fertilized to produce a
crossed population.

¢ee

4 Seeds from the crossed population are stored and
DMA samples are collected in 96-well plates,

Up to eight 96-well plates are pooled into one and
the samples {768) subjected to PCR with two
gene-specific primers labalad with different
IRDwe® infrared dyes.

s Resulting amplicons are heated and cooled,
resulting in heteroduplexes between wild type
and mutant samples.

FiDya 20

E e S8 =——=———=

IRlrye B0

Metoda pracuje s amplifikovanymi fragmenty o velikosti kolem 1 kb a
mutaci je schopna analyzovat s pfesnosti na 10 bp (Henikoff et al, 2004).

CEL | nuclease is used to cleave at base
mismatches.

I frrrrrrs

rrrw—rﬁ-m—ﬁ—r-r

Py

a Samples are denatured and electrophoresed
on a LI-COR 4300 DNA Analysis System.

[Rlye M0
—_—

TT T
RDye 502

In lanes that have a mutation in the pool, a

band will ke visible below the wild type band

on the IRDye® 700 infrared dye image. A
counterpart band will be visible in the same
lane on the IRDye® 800 infrared dye image.
This band is the cleavage preduct labeled
with IRCye® 800 infrared dye from the
complementary DMA strand. The sum of the
length of the two counterpart bands is equal
to the size of the amplicon, which makes it
easy to distingulsh mutations from
amplification artifacts.

After detection of a mutation in a pool (lane),
the individual DMA samples in the pool are
screened agaln to find out which of the eight
pooled samples from the crossed population
has the mutation.

amplifikace cilového

fragmentu (koncové znagené
primery)

reasociace s wt DNA

Stépeni heteroduplexu (ss
nuclease-CEL I)

elektroforéza (separace podle
velikosti na rdznych
platformach; LI-COR )

vizualizace koncové
znacCenych fragmentu

EMS M1 M2 7 M3
"‘Q . /‘i /1 /ﬂ .
mutations

AAAAAAA

[

Li-cor gel images 96 - well plates 4.1



ATP nhttp:/rilling.fherc.org 8:2;3) CEITEC

O TILLING: A five step process
1. You decide whether your gene is worth TILLING.

o

o

”’l have an insertion in my gene but the knockout phenotype is
lethal.” ....TILLING can provide the sub-lethal phenotypes you want.

“The knockout phenotype is interesting.”..... TILLING can provide an
allelic series that may help you better ascertain the function of your gene.

“l have an insertion in my gene that knocks out gene function but

my plants have no phenotype.”.....TILLING is not for you. In this scenario,
a gain-of-function mutation is needed to investigate the potential in vivo role of
this gene.The large majority of phenotypes arising from our populations will
cause full or partial loss of function.

”’| have a candidate gene and | want to know the knockout

phenotype.”... There are very good reasons why you should start by insertional
mutagenesis rather than by TILLING. First, only a small percentage of EMS-induced
mutations will yield a change likely to truncate the protein (~5%). Second, the Arabidopsis
community has access to excellent insertional mutagenesis resources. Third, if a knockout

mutation causes no phenotype, then the TILLING allelic series is not expected to either.
42



ATP nhttp:/rilling.therc.org/ IDDCEITEC

O TILLING: A five step process

2. You find the best the region to be targeted and
place your order.

3. ATP screens the region for mutations.

4. ATP sequences the mutation and enters it in
our public database.

5. ATP sends you a mutant report and you order
seed.
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USER Order seed from stock
center, study
phenotype

Deleterious
mutation?

Build gene
model
Examine mutations,
HA AN AR predict effects,

- -

Choose target
region and order |

choose best ones

O

Il

primers mutations

Provide sequences,
i ARABIDOPSIS TILLING PROJECT zygosmes and seed

TR T T
339403 i i :
™ O] S '

Amplify target It I e
by PCR and ' ' g | A

screen for

mutations

|dentify and sequence
mutant individuals

addresses
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TILLING centres I CEITEC

o Several TILLING centers exists over the world that focus on agriculturally
important species:

o Rice — UC Davis (USA)

Maize — Purdue University (USA)

Brassica napus — University of British Columbia (CA)
Brassica rapa — John Innes Centre (UK)

Arabidopsis — Fred Hutchinson Cancer Research
Soybean — Southern lllinois University (USA)

Lotus and Medicago — John Innes Centre (UK)
Wheat — UC Davis (USA)

Pea, Tomato - INRA (France)

Tomato - University of Hyderabad (India)

O O 0O 0O 0O 0 0 o0 o
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http://revgenuk.jic.ac.uk/

Rostliny s inzerci v urCitem genu s CcEITEC

O verejné dostupné kolekce mutantu na ruznych mistech genomu
O inzerce ve vétsiné genu Arabidopsis thaliana
o vybér in silico, objednani semen rostlin s inzerci v urcitém genu

Genl Gen2 Gen3

T T

| 23 4 56 7/ 8 Ccislo linie

I = mista inzerce T-DNA v jednotlivych mutantnich |inﬁc£‘6



Reportérové geny EPCEITEC

O gen pripojeny k regulac. sekvenci genu zajmu
(bakterie, rostliny, zivoc., bunec. kultury)

O reportéry — k detekci exprese genu v organismu,
nemohou se prirozene vyskytovat ve studovanem org.

Regulatory sequence to Reporter gene
, be studied (e.g. encoding GFP or
O ﬂ uoresce ntn | (G FP) (e.g. a gene’s promoter) luciferase)
O [-galactosidaza (GUS) ~ DNA
y
e mRNA
y

A reporter protein
. Amount is easily measured
(e.g. GFP by fluorescence)
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Figure 4. TCSn: GFP expression in different de-
velopmental contexts. A, Primary root meristem
of 5-d-old seedling. B, Top view of shoot apical
meristem. C, Side view of shoot apical meristem.
D, Pavement cells and guard cells. E, Primary
seedling root with root hairs. F, Lateral root pri-
mordium, early stage. Asterisks delineate lateral
root primordium founder cells of pericycle that
down-regulate MSP output. G, Emerging lateral
root primordium. H, Ovule primordium after first
mitotic division of megaspore mother cell stages,
according to Schneitz et al. (1995). 1 to K, Embryo
sac, stages according to Christensen et al. (1997).
Arrows denote faint GFP signal in nuclei of em-
bryo sac. L to P, Embryos. L, Globular stage. M,
Transition stage, arrow denotes down-regulation

H stage 2-ll|

s of GFP in basal cell lineage. N, Heart stage, arrow
at

® e, o denotes transient signal in the prospective shoot

meristem. O, Late heart stage. P, Late heart stage,
overnight incubation with 10 um transzeatin. The
signal from the membrane stain FM4-64 is shown

I

in magenta. tz, Transzeatin; ep, epidermis; c,
cortex; en, endodermis; p, pericycle cells; cc,
central cylinder. Bars = 20 um.

(Zurcher et al, 2013)



GUS SyStém @CElTEC

Figure 5. Histochemical localization of type-B ARRs in roots based on

GUS reporter gene expression. A, Expression of ARR1, ARR2, ARR10, (M ason et al, 2004)

and ARR12 GUS-fusions in the root tip region. B, Expression of ARR2,

ARR10, and ARR12 GUS-fusions at lateral root junctions. 49
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