Nove metody, editace
genomu




Noveé metody slechteni
»,NEW PLANT-BREEDING TECHNIQUES*

odstranuji nevyhodu vSech zpusobu vzniku transgeneze, {j. cili
na presne misto na molekule DNA, kde bud’ vyvola mutaci,
nebo umozni vlozeni genu

®» cisgeneze = vkladani genu jako pri transgenezi, ale jde o
gen vilastniho druhu, nebo druhu, se kterym se odruda kfizi

Intrageneze = gen vlastniho druhu, jen nové kombinace
diky in vitro manipulaci funkCnich genetickych jednotek

» ODM - oligonukleotidem fizena mutageneze
» Agro-infiltrace
» Reverse-breeding

= gene editing, tj. editace, aprava genu (Zinc-finger, TALEN,
CRISPR)
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Intragenesis and cisgenesis as alternatives to transgenic crop development.
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Abstract
One of the major concemns of the general public about transgenic crops relates to the mixing of genetic materals between species that
cannot hybridize by natural means. To meet this concemn, the two transformation concepts cisgenesis and intragenesis were developed as

alternatives to transgenesis. |Both concepts imply that plants must only be transformed with genetic material derived from the species itself or

from closely related species capable of sexual hybridization. Furthermore, foreign sequences such as selection genes and vector-backbone

sequences should be absent.|Intragenesis differs from cisgenesis by allowing use of new gene combinations created by in vitro
rearrangements of functional genetic elements. Several surveys show higher public acceptance of infragenic/cisgenic crops compared to
transgenic crops. Thus, although the intragenic and cisgenic concepts were introduced internationally only 9 and 7 years ago. several
different traits in a variety of crops have currently been modified according to these concepts. Five of these crops are now in field trials and
two have pending applications for deregulation. Currently, intragenic/cisgenic plants are regulated as transgenic plants worldwide. However,
as the gene pool exploited by intragenesis and cisgenesis are identical to the gene pool available for conventional breeding, less
comprehensive regulatory measures are expected. The regulation of intragenic/cisgenic crops is presently under evaluation in the EU and in
the US regulators are considering if a subgroup of these crops should be exempted from regulation. It is accordingly possible that the
intragenic/cisgenic route will be of major significance for future plant breeding.

PMID: 23421562 DO 10.1111/phi. 12055
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Conventional
Breeding Techniques

* Selection in natural papuiaﬁcm}

* Intra-specific crossing and
selection

* Mutagenesis

* Wide hybridization (Inter-
specific hybridization)

* Tissue culture techniques (incl.d

Established Techniques
of Genetic Modification

Bl ; e )
* Somatic hybridization between
sexually incompatible species

somatic hybridization between
wxuaﬂy compatible species)

* Transgenesis
bl o

Time

(Cardi et al. 2017)

New Breeding
Techniques

ﬁigonuc!eoﬁde Directed
Mutagenesis (ODM)

* Nuclease-based Genome Editing
* Cisgenesis and Intragenesis
* Grafting (on GM rootstocks)

* RNA-dependent DNA
methylation (RdDM)

* Reverse breeding

* Agro-infiltration

Wntheﬁc genomics /

B

Plant breeding efficiency



Priklady cisgeneze

» brambor Amflora, u nas jiz péstovany, byl pfipraven
vlozenim jednoho vlastniho genu v opacné sekvenci. Tim se
vyradil gen pro syntézu amylosy, takze Skrob se sklada pouze
z amylopektinu

= brambor necitlivy na hnilobu byl vyslechten diky genu
prenesenemu z jeho peruanského divokeho pribuzneho



Amflora — GM brambor

» bezné brambory produkuji smés Skrobu amylopektinu a
amylozy

» Amflora produkuje Cisty amylopektin
®» pouziti v potravinach se nepredpoklada
u technickych aplikaci — v papirenském, textilnim
prumyslu a u lepidel - je Cisty amylopektin vyhodnéjsi,
ale oddelovat tyto dve slozky skrobu je nehospodarné
» yvysoce kvalitni Skrob Amflory optimalizuje prumyslove
procesy:
® papiru dava vyssi lesk
®» prodluzuje dobu, v prubéhu které mohou byt lepidla zpracovana

® snizuje se tim spotreba energie, prisad a surovin (voda)



Amflora — GM brambor

» | udwigshafen, Némecko - 2. bfezen 2010 — Evropska komise
povolila Amfloru, geneticky modifikovanou bramboru firmy BASF s
optimalizovanym obsahem Skrobu, pro komercni pouziti v Evrope

» >3adost o schvaleni Amflory byla ve Svédsku podéna jiZ v roce
1990.

» (QOdruda této brambory tak mohla byt pouzivana pro vyrobu
pruamyslového skrobu.

» Evropska agentura pro bezpecnost potravin (EFSA) pfi nékolika
prileZitostech v prubéhu schvalovaciho procesu opakované
zduraznila bezpeénost Amflory pro lidi, zvifata a zivotni prostredi.




Amflora v CR

» prvni sklizen 26.10. 2010 (150 ha poli)

3 zemeédelske podniky a zaroven vilastnici skrobarny v Hodiskove v
kraji VysocCina

celkem melo byt vyrobeno cca 1.000 tun skrobu.

» 98% amylopektinu (misto puvodnich 80% amylopektinu: 20%
amylozy)

» pestovani Amflory se nijak nelisi od klasickych agronomlckych
postupu

» Stazeno z evropskeho trhu 2012
» 2013 EU zruSila schvaleni Amflory
pro péstovani v EU




Cilena metylace promotoru

» metoda RADM (na RNA zavisla methylace DNA)
umoznuje umlcet nezadouci gen - spocCiva ve ,vypnuti
genuynavazanim methyl-skupin na promotor prislusneho
gend, tedy na regulacni usek, ktery ,spousti, expresi genu
(epigeneticky proces)

ilenou methylaci vyvola RNA se sekvenci odpovidajici
prometoru, ktery ma byt ,uspan”. Aby v burice vznikla, je
do pi vlozen synteticky gen s prislusnou sekvenci, ktery
pgzadovanou RNA kdéduje. Prechodnym stupném je tedy
ransgenni rostlina.

Methylovany nefunkéni promotor se deédi, kdezto transgen
se odstrani.

Potomstvo ma tak ,uspany" nezadouci gen, ale neni
transgenni.

Long dsRNA

XXX j SIRNA_ITT

SIRNA - small interfering RNA




Agro-infiltrace

» piimd aplikace suspenze Agrobacteria do rostlinnych pletiv (napfr. listd)
pomoci injekeni strikacky nebo pomoci vakua (do listu nebo celé rostliny)

» Suspenze Agrobacteria pronikd pres stomata do mezibunécnych prostor

» Aplikace: tvorba protildtek, vakciny, produkce proteiny,... vhodnd metoda
pro prumyslové vyuziti

Transformation of A. tumefaciens
Clnmng into E. coli 2-3 day's

Protein extraction and
purification - Bacterial culture and agro-
infiltration
¢ 2-3 days

Expression in plants | ®
5-9 days




Reverse-breeding

= zahrnuje dva nezbytné kroky: suprese crossoveroveé rekombinace v
selektované rostliné ndsledovand regeneraci dvojitych haploidu ze spdr,
které obsahuji nerekombinantni chromosomy

(https://www.ncbi.nim.nih.gov/pmc/articles/PMC2784905/)

Selection of homozygous II " II

through Reverse Breeding PARENT A PARENT B

| 1| 1] vero

Conventional Reverse
breeding breeding




Metoda roubovani (grafting)

» vhodna vsude tam, kde transgenem vnesene vilastnosti
jsou vyhodné pro koreny - napr. necitlivost na choroby
nebo kofenové Skudce a roubovani se vyplati (u révy,
broskvi, jabloni apod.)

» vyloucCi se tim Sifeni transgenu pylem a semeny,
nebot semena a plody nejsou transgenni (,geneticky
modifikovane,,)

» takto byl pfipraven napr. eukalypt rostouci v pudé
s vysokym obsahem soli. Podnoz byla transgenni
halotolerantni a na ni naroubovan bezny eukalypt.



Uprava genti — ODM (oligonucleotide
directed mutagenesis)

®» nedochazi k vneseni cizorodych genu, ale pouze ke zméné
nékolika nukleotidu v rostlinné DNA

» 2015 - firma Cibus (USA) - herbicidné tolerantni repka v USA
a Kanadé (zména jediné baze, vyskytuje se u divokych
pribuznych)

®riziko: moznost potencionalni nechténé zmeény v genech

®» nejasna legislativa v EU (také ostatni nové metody)



Zinc finger nucleases (ZFN)
a Transcription activator-like effector

J (Non-homologous end joining) — spojeni volnych koncu, ikdyz se sekvence madlo
bo vibec neprekryvaiji, poruseni genu

TAL Effector Nucleases
(TALENS)

NO RERRIR TEMPLATE
co-transfacted with
ZFN Pair: 1-20% of celks
are mls-repalred resulting
— InaGene Deletion.
Cellular Process Used: Non-
Homologous End Joining

RERG IR TEMPLATE co-

- transfected with ZFN Pair:
- 1-20% of cells contain Gene

Integration in Target Site.

Cellular Process Used:

Homelogous Recom bination




TALEN vs. ZFN
/

TALENSs:

@lul

NiGICGlG[TIAIA|T|GIA|IT

AlC
McleiciclalTiT]alciTiAl [ | |

Fokl
TALEs bind single nucleotides:
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ZFs bind nucdeotide triplets

,.cileni (targeting) je zalozeno
na modularnich, proteinové
zaloZenych rozeznavacich
doménach

Jeden proteinovy monomer se

vaze na jeden nukleotid =
vysoka specificita (TALEN)



CRISPR/Cas?

» segmenty nahromadénych pravidelné rozmisténych kratkych
palindromickych repetic
(Clustered Regularly Interspaced Short Palindromic Repeats)

» jsou to Useky prokaryotické DNA obsahuijici krdtké repetice nukleotidu.
Kazdd z repetic je ndsledovana kratkymi segmenty tzv. spacer DNA,
ziskanymi pri predchozich setkanich s prislusnymi bakteridlnimi viry nebo
plazmidy.

» prokaryoticky imunitni systém, zaijistujici rezistenci vUci cizim genetickym
elementdm, jako jsou plazmidy nebo fagy

» Cas? je nukledza, enzym, specializovany pro strihéani DNA

» gRNA je navddéci RNA se sekvenci nukleotidU odpovidajici sekvenci na
DNA, kterou chceme upravit




CRISPR/Cas?

How CRISPR

e This complex attaches to
a matching genomic DNA

(yellow segment)

complex cutsthe  TITTITTIIIIII I o

the DNA
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be inserted at the cut

o The Cas9 protein
for_ms a con_'lplex with Cas9
guide BRNA in a cell

sequence adjacent to a spacer
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Guide RNA

Programmed DNA

Credit: MRS Bulletin
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DNA

DELETING A GENE / \ INSERTING A GENE

T
Ll
b

rrrrrrrrrrrrrrrrirrel rerrt LLLBLEL LI L L L L L L B B B} UL
O O O O T T 5 0 LIl Lilll { T T 1 O O Y Y Y 60 LiLll

Gene is disrupted Gene has a new sequence

Yox



/Akladni postup pro editovani genu
pomoci CRISPR/Cas? v rostlinach

Select target ]
specilic oligos -
(20 mt)
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In planta gene targeting

Principle of the in planta gene targeting

endogenous target locus M—i:]—W\
system. Upon expression of the stably
transformed CRISPR/Cas nuclease, three
T-DNA M[MM DSBs are introduced: one is formed in the

LB CRISPR/Cas9 expression  homology transgene homology  RB desired target locus, activating it for
homologous recombination (HR). The other
l two the so-called GT vector, which is located
on the same T-DNA as the nuclease. The
transgene on the GT vector then integrates

released GT vector o into the activated target locus by HR, using

the flanking homologies. The result is a site-
\K / specific and heritable integration of the
transgene.

endogenous target locus VW- :)JV\/\

'

rertaie aTovent (DD

http://www.botanik.kit.edu/molbio/15.php



Waxy Corn - kukurice voskova

» Prirozené se vyskytujici mutace, gen recesivni, proto neni v populaci Casty

» Prvni plodina s upravenym genomem pomoci CRISPR-cas? (spolecnost
DuPont Pioneer, USA)

» |naktivace genu vedouci k vysokému obsahu amylopektinu (normalni
kukurice obsahuje 75% amylopektinu a 25% amylosy, delece v genu vede k
obsahu 97% amylopektinu).

» Mohla by se vyuzivat jako jidlo i pro nepoftravindrské ucely (lepidla)

» V dubnu 2016 v USA povoleno, protoze neobsahuje cizi geny.



Novinky v oblasti NBT, www.bioftrin.cz

» hitp://www.biotrin.cz/novinky-v-oblasti-nbt-i/ - Cladnek 13.2.2018
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Off-site effects

» Mutace uvedené do nespecifickych mist s podobnou (ale ne identickou)
homologii k cilovym mistim

» Je obtizné je identifikovat a vyzaduji sekvenaci genomu a hleddani zmeén v
mistech, kterd se podobaiji sekvenci cilové gRNA




ZHANG LAB AND ADDGENE:
FOUR YEARS OF SHARING CRISPR FOR RESEARCH WORLDWIDE
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41,815
PLASMIDS AND
REAGENTS
REQUESTED

SHARED WITH

P . 2,269
SHIPPED TO ‘ INSTITUTIONS
61 COUNTRIES

A
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hitps.//www.broadinstitute.org/research-highlights-crispr



CRISPR - dostupnost

» Sigma-Aldrich: CRISPR Plants:

https://www.siamaaldrich.com/catalog/product/siama/crisprplelang=en&r
eqion=C7Z

(soubor crisprproductinfo sigma.pdf)

» www.addgene.org (neziskovd organizace pro sdileni plasmidud):
hitps://www.addgene.org/crispr/plant/
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m Donor DNA

Nonhomologous end joining (NHEJ) Homologous recombination (HR)

Knockout by frame shift Knock-in Point Mutation or Insertion




