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Osnova prednasky:

» Domestikace rostlin

* Geneticka diverzita

* Klasické Slechténi — definice odrudy, postupy

* Hybridni odridy — cytoplasmaticka sterilita — dihaploidie
« Biotechnologické metody — polyploidie, in vitro kultury

o XXI. stoleti — vék genomiky

» Genomika-Slechténi

« Transgenose (GMO)

P. Smykal, Palacky University in Olomouc, CZ




Wild relatives are shaped Primitive cultivated crops are Traditional cultivated crops
by the environment shaped by local climate and (landraces) are shaped by climate
humans and humans

Modern cultivated crops are Perhaps future crops are shaped
mostly shaped by humans (plant in the molecular laboratory...?
breeders)
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Domestikace v case a prostoru

ssssss

Vavilov’s Eight Centers
of Crop Origin
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Hlavni oblasti puvodu a domestikace
rostlin

I -

4. Cina: 4000 pf.Kr. — sdja, ryze, cirok
Cina, Japonsko, Korea

5. Jihovych. Asie: titina cukrova, ryze,
bananovnik, citrus, ¢ajovnik

6. Afrika: 2000 pf. Kr. — vodni meloun,
cirok, skocec, kavovnik
Vych, Sadan, Etiopie

7. Severni Amerika: 5000 pf. Kr. — fazol,
tykev, sluneénice, jahodnik

o i} Mexiko, J. USA ’
 1.Blizky vychod: 7000 pikr.- ™ 8. Stiedni Amerika: 6000 pf. Kr. -
psenice, jeémen, hrach, ¢ocka

e iram, Irak Sirie kukurice, tykev, fazol, rajce, avokado

2. Stiedni vychod a centralni etke, & Panams
. [ r - - 4 -
Asie: 4000 pf.Kr. - réva vinna, oliva, 9. Andske oblasti Jizni Ameriky.

pohanka, vojtéska, konopi 2500 pr. Kr. — brambor, bataty, podzemnice

«  Afg., Pak., Uzhekistan olejna, fazol A 1
Kolumbig, Peru Ekvador, Bolivie :

mango, ¢ajovnik, lilek r.é 10. Jiif’li Amerikﬂ: podzemnice olejna,

« Indie + Indomalaisie ananas, kakaovnik, bavinik, tabak, paprika
o Brazilie. Paraguay. Chile



Number of domesticated plant species

There are approximately 250 000
plant species,

of which 50 000 are edible

5 000 have economic interest

but only 250 are food crops
(Sanchez-Monge, 2002)

In fact, 90 percent of the calories
In the human diet come

from just 15 crops

and 60 percent from
just wheat, rice and maize.
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TOP TEN crops feeding the world today

P
Wt

1.) corn

1,018,111,958 tons, yield 5.5 t/ha
2.) wheat

715,909,258 tons, 3.2 t/ha, largest area
3.) rice

740,902,532 tons, 4.5 t/ha
4.) potatos

376,452,524 tons, 17.2 t/ha
5.) manihot/cassava

276,762,059 tons, 12.5 t/ha
6.) soyabean

276,032,362 tons, 2.5 t/ha
7.) batatas

110,128,298 tons, 13.5 t/ha
8.) sorghum, pear| millet

92,159,284 tons, 1.5 t/ha
9.) yam

51,728,233 tons, 10.5 t/ha
10.) banana / plantain

34,343,343 tons, 6.3 t/ha

FAOSTAT 2013

Palacky University
Olomouc
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Domestikace rostlin
selekce vhodnych fenotypu (genotypu)

* vEtSi organy - semena, hlizy - vynos

» rozpadavost klasu, lusku — Sifeni semen
 dormance semen

* odnoZovani - dominance
 popinavost - kefovitost

» partenokarpie

» pohlavi kvétu — hermafroditnost
 samosprasnost — homozygotnost

e ploidie (2n, 4n, 6n....)

» fotoperiodismus — doba kveteni, zrani
» jednoletost

e toxicke latky (inhibitory traveni)

P. Smykal, Palacky University in Olomouc, CZ




Domestication as convergent evolution

Review Trends in Plant Science December 2013, Vol. 18, No. 12

Determinate
growth

Increased

Color
variation

Loss of
daylength
dependence

Maore and
bigger fruits

dormancy

Mo fruit
abscission

TRENDS in Plant Science
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Prvni zemédélci vybirali jiz vhodny fenotyp

Ancestral teosinte populations were highly show that a transposable element (Hopscotch) inserted in a
brancheq and.contamed a low .frequt.ency . . . . .
tb1 variant with a Hopscotch insertion. regulatory region of the maize domestication gene, teosinte

branched1 (thb1), acts as an enhancer of gene expression
and partlally explains the mcreased apical dominance

in maize com inte. Molecular
indicates that the Hopscotch insertion pre
maize domestication by at least 10,000 years, indicating
e at selection acted on standing variation rather than

new
Domestication

The tb1 variant with a Hopscotch insertion
swept to high frequency in modern maize
populations, yielding plants with few branches.

Teosinte cluster Maize cluster
haplotype haplotype

Predominant form

VOLUME 43 | NUMBER 11 | NOVEMBER 2011 NATURE GENETICS



Seed germination

wild pea seed dormancy germination of pea crop
e ERTE Y T~ .

Abbo, S. et al. (2014) Trends Plant Science

Seed coat impermeability affects not just germination but also cooking ability/digestibility

P. Smykal, Palacky University in Olomouc, CZ @ ‘ Palacky University
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The domestication and evolutionary
ecology of apples

Amandine Cornille’?, Tatiana Giraud"?, Marinus J.M. Smulders®,
Isabel Roldan-Ruiz*, and Pierre Gladieux'?

Malus sylvestris Malus baccata
Diameter: 1-3 cm Diameter: 1 cm

Malus sieversii
Diameter: up to8 cm

TRENDS in Genetics

Palacky University
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The domestication and evolutionary
ecology of apples

Amandine Cornille"?, Tatiana Giraud"?, Marinus J.M. Smulders?®,
Isabel Roldan-Ruiz*, and Pierre Gladieux'?

(A) 4 —

e

Hybridization > —
_[along the Silk Routes

Malus orientalis
Genetic markers
[ SSR* and chloroplast genome

[ SSR

I sSR, chloroplast, and nuclear sequences
*SSR: simple sequence repeats (microsatellites)

Hybridization between wild and cultivated apples
== (Crop-to-wild hybridization

idirectional hybridizations BACC SIEV DOM SYL

TRENDS in Genetics
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Types of mutation in genes
for domestication traits
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Nature Reviews Genetics 14, 840-852 (2013)
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Domestication genes

Trends in Plant Science 15 (2010) 529-537

Gene Crop Trait Causative change Classification Sel’'n® Prevalence
Domestication genes
Vrs1 (six-rowed spike 1) Barley Inflorescence Premature stop Domestication N.T. Subset of
structure (insertion, deletion, domesticates
or AA change)
tb1 (teosinte branched1) Maize Plant and Regulatory change Domestication Yes All domesticates
inflorescence
structure
tgal (teosinte glume Maize  Seed casing AA change Domestication Yes | All domesticates
architecture 1)
sh4 (QTL 4 responsible Rice Shattering Regulatory and Domestication Yes = All domesticates
for the reduction of grain AA change
shattering)
PROG1T (PROSTRATE Rice Plant structure AA change Domestication Yes® = All domesticates
GROWTH 1)
gSH1 (QTL for seed Rice Shattering Regulatory change Domestication No Subset of
shattering on and domesticates
chromosome 1) improvement
Rc (red pericarp) Rice Grain color Premature stop Domestication Yes Subset of
(deletion or AA change) and domesticates
improvement (most modern)
Sdr4 (Seed Rice Seed dormancy Regulatory change Domestication N.T. Subset of
dormancy 4) domesticates
Style2.1 (QTL for style Tomato Autogamy Regulatory change Domestication N.T. | All domesticates
length on chromosome 2)
fw2.2 (QTL for fruit weight Tomato Fruit weight Regulatory change Domestication N.T. Subset of
on chromosome 2) (fruit size) and domesticates
improvement (most modern)
fas ( fasciated) Tomato Locule number Regulatory change Domestication N.T. Subset of
(fruit size) and domesticates
improvement (most modern)
Q Wheat Shattering and Regulatory and AA change Domestication N.T. @ All domesticates

free-threshing

Olomouc
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Mumber observed SMHFs
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Landraces M. A, Anceslors Elite Cultivars

Péstované formy/druhy

70% diverzity
planych druh
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Genofondové kolekce
geneticka diverzita pro budouci pokoleni
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( 3 ) P. abyssinicum

]

@ Structure sgbgroup

P. Smykal, Palacky University in Olomouc, CZ



MY,



Slechténi - uméni a véda

Geneticka variabilita

vybér

e

Zakladni postup ve Slechténi rostlin

vytvoreni variability
krizeni

vybér (selekce)
hodnoceni

registrace

mnozeni

distribuce nové odridy

Nova odruda

NO U s wN



Zakladni cile slechténi rostlin

zvyseni odolnosti (rezistence) vuci negativnim vlivuam (stresu,
zhorSenym zivotnim podminkam) - Slechténi na odolnost vuci chladu,
mrazu, zimé&, suchu, zasoleni pudy, chorobam a Skudcum)

zvyseni vynosu a vylepseni zadoucich vlastnosti (velikost
nejzadanejsich Casti rostliny, lepsi latkové slozeni, zkraceni délky
vegetacni doby - moznost péstovani plodin i v klimaticky mene
vhodnych oblastech)

zlepseni vlastnosti pro péstovani (Slechténi na nepoléhavost,
stejnomerné a soucasné dozravani, odolnost k vypadavani semen,
toleranci k herbicidam, k toxicité nizkého pH pudy, k toxicité tézkych
kovu, efektni vyuzivani zivin a na zvySenou fixaci dusiku)

rychlejsi a efektivnéjSi rozmnozovani zadanych odrid beze zmény
jejich vlastnosti (mnozeni rostlin in vitro, klonovanim)

tvorba rostlin s novymi viastnostmi (napf. genetické manipulace)



Metody slechténi

tradicni metody Slechteni (klasické, konvencni)

» Vybeér - z populace rostlin se vyberou ty rostliny, které maji néjakou
zajimavou vlastnost.

« KFizeni (hybridizace). Kfizeni maze byt vnitrodruhové (kfizeni 2 jedinct
téhoz druhu) nebo mezidruhové (Ci dokonce mezirodoveé).

 Mutace - je nahla zména genotypu rostliny, ktera se dédi na potomstvo.
Mutace jsou spontanni nebo indukovang, tj. uméle vyvolané mutageny
(chemicke latky, radioaktivni zareni).

 Polyploidizace - metoda, pfi které dochazi k znasobeni pocétu
chromozomovych sad v burice.

netradi¢ni metody Slechténi (nekonvencni)

« biotechnologické a molekularni metody: mikropropagace rostlin
pomoci rostlinnych explatatu in vitro, haploidni techniky, fuze
protoplastu, selekce na bunééné urovni, produkce umélych semen,
genetické transformace rostlin



Pocatky cilevedomého zlepsovani
vlastnosti péstovanych rostlin

P. Smykal, Palacky University in Olomouc, CZ



VYBER

Vybér je zakladnim aspektem Slechtitelské Cinnosti a Slechtitelského pokroku.
Vybérem ve Slechténi vétSinou rozumime pouZziti jedincu i potomstev ke
Slechtitelskému zpracovani se zadoucimi znaky a vlastnostmi nebo jejich
kombinacemi, tehdy mluvime o vybéru positivnim. Vybérem lze ale také
odstrafiovat jedince a potomstva s hezadoucimi kombinacemi znaku a
vlastnosti a vybé&r pisobi ve smyslu negativnim. Uspé&ch vybéru zavisi na
zpusobu rozmnozovani Slechténé plodiny a na vybérové technice s ohledem

na genetické zalozeni znaku, ale také s ohledem k pocetnimu rozsahu
materialu.

Ué&innost vybéru (selekce) zavisi na genetickém zaloZeni znaku a
vlastnosti. U znaku kvalitativnich na poCtu gend, na dominanci, recesivité Ci
neuplné dominanci, na sile a druhu vazby a interakci gent apod., u znakd
kvantitativnich na slozitosti (jednoduchosti) genetické determinace a na
heritabilité (dédivosti). Vyznam maji i korelace znakd.

U cizosprasnych rostlin rozhoduje i doba vyberu, vybér provedeny pred
kvétem (oplozenim) je vSeobecné ucinnéjSi, nez vybér provedeny po odkveétu.
Podle genetického zalozeni znaku, podle jeho heritability se rozeznava
nékolik ohlasu na selekci.

P. Smykal, Palacky University in Olomouc, CZ




Vybér z puvodnich krajovych (lokélnich) odrud
Krajové odrudy:

* geneticky heterogenni populace

 plasticita v odezve na podminky prostredi —
vysledkem sice jen prumeérny, ale spolehlivy vynos

* menSi selekce na patogeny a Skudce

e zdroj lokalné adaptovanych gepotypﬁ

Primitive cultivated crops are Traditional cultivated crops
shaped by local climate and (landraces) are shaped by climate
humans and humans

P. Smykal, Palacky University in Olomouc, CZ



Odruda - kultivar - varieta

Odrida musi byt:
a) odlisitelna znaky a vlastnostmi od jinych odrid daného druhu, (distinct)

b) uniformni, tzn. uvnitf odridy musi byt rostliny do urcité miry navzajem
shodné (u samosprasnych vice nez u cizosprasnych), (uniform)

c) stala ve znacich a vlastnostech v dalSich generacich, (stable)
d) souborem s pozadovanou hospodarskou hodnotou, tzn. s vlastnostmi

zdUvodnujici vhodnost k péstovani.

The International Union for the Protection of New Varieties of Plants
(UPOV)

) |
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Odruda - kultivar - varieta

The International Union for the Protection of New Varieties of
Plants (UPOV)

- DISTINCTNESS
+ UNIFORMITY DUS
- STABILITY kriterium

P. Smykal, Palacky University in Olomouc, CZ @



Geneticka struktura odrudy

liniova odrtida — vyskytuje se u samosprasnych druhd, jako jsou pSenice, jeémen, oves,
hrach, fazol, mak, len, rajCe, paprika, salat nebo i u druht s vysokym podilem
samospraseni, napfr. fepka, bob , lupina. Vyznacuje se vysokou genotypovou uniformitou,
ktera se pfi pfemnozovani uchovava.

~odrida populace — historicky nejstarsi typ odridy u cizosprasnych druhd. Jedna se o
soubor jedincu s rozdilnymi genotypy, které vytvareji urcitou populaci s genofondem, ktery
se pfi pfemnozovani viceméné zachovava. Vyskytuje se nejCastéji u jetelovin a trav, u zita,
mrkve, fedkviCky, poru a dalSich.

«odruda synteticka — vznika opakujicim se spoleénym pfemnozenim urcitych pfedem
vybranych genotypu s vysokou kombinacni schopnosti. Je to uméle syntetizovana
populace, ktera vykazuje lepSi vlastnosti nez odriida populace. Tento typ odrid se
vyskytuje napf. u vojtésky, srhy fiznacky Ci repky olejky .

sodrida polyploidni — odriida populace, vyznacduijici se vy$§im stupném ploidnosti
(nasobnym poctem chromozomd). Tetraploidni odrudy se vyskytuji u jetel luéniho a jilku,
triploidni odridy mizeme nalézt u cukrovky a krmné Fepy.

codrtida hybridni (F,) — je nejmodernéjSim typem odridy vyskytujici se hlavné

u cizosprasnych rostlin, kde je dulezita fenotypova uniformita (jednotny vzhled) napf.

u kvétaku, mrkve, okurek, cibule, kukufice a cukrovky.

«odrida klon — vyskytuje se u vegetativné mnozenych rostlin jako jsou brambory, chmel,
réva vinna, ovocné druhy, kvétiny. Jedinci jsou potomstvem jediné rostliny a maiji stejny
genotyp. Reprodukce takové odrudy se provadi pouze vegetativnhé, kdy se zachovava
plvodni genotyp.



Krizeni

Krizeni (hybridizace) je druha nejstarsi Slechtitelska metoda a nejpouzivanéjSi metoda
pripravy Slechtitelského materialu.

Kfizenim dochazi ke spojovani genetické informace dvou (pfipadné i vice)
rodiCovskych komponent, které se odliSuji v genetickém zakladu pro znaky a
vlastnosti. Zamérem kfizeni je ziskat hybridni potomstvo nesouci znaky a vlastnosti
pouzitych rodicu v riznych kombinacich. Proto se pouziva i termin kombinacni krizeni.
KFfiZzeni vede k rozSifovani genetické proménlivosti (variability).

Vnitrodruhové krizeni
Rodicovské komponenty vnitrodruhového (blizkého) kfiZzeni jsou zpravidla odrudy, pak
se mluvi o meziodridovem kfiZzeni, nebo linie, pak se mluvi o meziliniovém kfizeni.

Vzdalené krizeni

Vzdalené kfizeni umoznuje vyuzivani genofondu rostlin za hranicemi druhu, pfipadné
za hranicemi rodu, k feSeni specielnich Slechtitelskych ukolld. Vede k rozSifeni
genetické proménlivosti spojenim geneticky odliSnych genomu s nealelickymi geny
planych, polokulturnich i kulturnich druht ¢i rodu.

Podle typU pouzitych rodiCovskych komponent Ize délit vzdalenou hybridizaci na
mezidruhovou (interspecifickou) a mezirodovou (intergenerickou).

P. Smykal, Palacky University in Olomouc, CZ




Zakladm Slechtitelské pos'rupy

C pedigree breeding
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Norman Borlaug (1914 - 2009)
_Green Revolution™

pSenice Norin 10

Mutant v genu pro kratsi internodia

$F T | Ryze IR8 (Miracle Rice)

Nobelova cena miru 1970

positiva (potravinova sobéstacnost, vysoce produktivni
odridy)

negativa (sniZeni diversity, zvyseni uziti pesticidd,

hnojiv, zavlaZovdni, mechanizace, proména venkova) @

P. Smykal, Palacky University in Olomouc, CZ



Zelena revoluce a geny zakrslosti

Plvodné rostliny musely soutézit s
plevely

Vétsinou neoptimdlni vyziva (N, P)
Robustni, vysoké

Pouzivani umélych hnojiv a pesticidi
Potreba redukce vysky (1950-60)

Rht-1 Rht-B1d Rht B1b Rht-D1b Rht-D1d Rht-Ble Rht-B1c Rhi-D1c r«fk,f;;‘, T e ,L\‘() PP -'f_;‘:-'-’ e Cotsbolem
: ?Eﬁ'i'-"'r :ﬁs- i [ ' \
° |
(b} Al ———— Proolytic degradation
Rhbt-B1b (chromosom 4B)
th r— Djb (Chr‘o mosom 4D) g;a;sg;ﬂg;:?_a:livamrg — G A EEan —= Grawih

TREMDS 41 Genetcs

ortolog Ath GAT proteinu v signdlni drdze giberelini

Mutantni protein postradd N-termindlni DELLA doménu - konstitutivni represor ristu



Tvorba hybridnich (F,;) odrud

P. Smykal, Palacky University in Olomouc, CZ



Hybridni (F1) odrudy - heterozni efekt

navrh tvorby hybridil pro vyuziti uniformity
a heterozniho efektu

Neprakticke a komercné neefektivni vyuziti
Jednoduchych hybridu

\? . G.H. Schull 1909

D.F. Jones 1918
Efektivné)si vyuziti tzv. dvojnasobnych hybridia

H.A. Wallace 1913,
1925 Pioneer Hybrid Corn, lowa

Industrialni produkce kukufi¢nych hybridi od
roku 1930

in Olomouc, CZ




Hybridni (F1) kukurice

e  Single-cross hybrids — This is when two unrelated
Inbred parents are crossed.

«  Three-way hybrids — Three parents are involved in a
three-way cross. The female of a three-way hybrid is
a single-cross hybrid, while the male is an inbred
line.

. Double-cross hybrids — In this cross, both parents are
single-cross hybrids.

«  Top-cross — In this case, one of the parents Is an open-
pollinated variety and the other is a single-cross
hybrid or an inbred line.

P. Smykal, Palacky University in Olomouc, CZ




Hybridni (F1) kukurice



Hybridni (F1) odrudy - heterozni efekt

Hybridni kukurice
zisk 15 — 30% vynosu

Slunecénice
zisk az 50% vynosu

Yield index (1930=1.00) smoothed

7
6 L Corn
5r Cotton
4 . aﬁ'1’~
AL .‘._f‘o‘,"-‘ [e) \ 14 .
3 ' Wheat Dulezite pro ekonomiku
2 - e s TS . ’ .
| Soybeans tvorby hybridniho osiva
O T T r T r T T T T T T T T T T T T T
1930 1940 1950 1960 1970 1980 1990 2000
P. Smykal, Palacky University in Olomouc, CZ @
Source: Agricultural Statistics, NASS, USDA, various years.



Cytoplasmatickd samci sterilita
a hybridni odrudy
neschopnost produkce funkéniho pylu

samci sterility je agronomicky vyhodna
pro produkci hybridnich semen

1 |

A
X
Sterile Female Male Fertile

fertilni kvét sterilni kvét Q 0

Hybrid Seed; Fertile 50% Sterile 50% Fertile Sterile

T-URF13 protein in mitochondrial
membrane causes male sterility

| E.”{!‘E?Zgﬁi%j&d{iséﬁéra"éZ‘ei" reorganizace mtDNA
PN fffs ores tertility r— ve
N\ CMS Texas (T) cytoplasma kukurice

| S flize promotoru ATP6 k &asti RRN2
N genu - vznik nového membrdnového
N — proteinu T-URF13

mitochondrion nucleus




Metody explantatovych
(in vitro) kultur
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Pribéh olejové palmy (Elaeis guineensis)

In vitro mikropropagace

.matled” fenotyp (Corley et al. 1986) | = =
.Abnormal flower development in oil palm clones" | e SV |

5% regenerantt

zmény stavby kvétu - ovlivhéni tvorby plodu -
zisk oleje

Heterogenni v ramci klont i rostliny

Reverze k normadlnimu stavu




Vyuziti in vitro selekce

Plants Agronomic traits References
Arabidopsis thaliana Valine resistance Gaj et al., 1999
Sugarcane Ametryn Zambrano et al., 1999

Herbicide resistance:

Wheat atrazine, difenzoquat, picloram
Tobacco atrazine, amitrole, paraquat, A
chlorsulfuron
Brassica atrazine, phenmedipham
Maize, barley glyphosate
Sugarbeet chlorsulfuron
Disease resistance B
Tomato
Clavibacter michiganense
Gladiolus » Fusarium lycopersici,
grandiflorus Phytophthora infestans 7 o -
Fusaric acid 5 4 3 4 1
Tobacco Alternaria alternata Figwe 1. Aeprosentafive example o visusl scoring scale for ket and root condition under i it salinky conditions. (A) Vista
Potato Fusarium solani, see Jain et al., 1998
F. oxysporum, Phytophthora
infestans, Alternaria solani Cristinzeo & Testa, 1999
potato leafroll luteovirus
Kawchuk et al., 1997
Strawberry Phytophthora cactorum, Battistini & Rosati, 1991;

Rhizoctonia fragariae Jain, 1997b; see Remotti, 1998
Botrytis cinera Orlando et al., 1997



Dihaploidie
rychld cesta ziskani homozygotnich linii

2n = AA/ aa

Embryogenesis (32°C)

R

Pollen Development (18°C)




SU

Production of Barley Double Haploids using Anther Culture

—

N, R

-

n_;uez«mrs afles 7 days in FHGI meadi

P. Smykal, Palacky University in Olomouc, CZ



Eliminace chromosomu Hordeum bulbosum
vedouci ke vzniku DH jeC¢mene

Hordeum vulgare Hordeum bulbosum
2N =2X=14 2N=2X=14

p
;WV Interspecific Cross ! /

1. Fertilization triggers 2. Spontaneous elimination of
embryo development. H. bulbosum chromosomes.

P. Smykal, Palacky University in Olomouc, CZ



Mutagenese - cesta ke zvyseni variability

 fyzikalni

e chemicka

* transposony
 T-DNA inzerce

N ’/ ‘;‘
— O33Ry s

) )  Propagation of shoot ~ Mutagenic

1ips in test tubes irradiation
An inmal

plant

s QYRR

DNA “fingerprinting’ for Selection and plant
genetic charactenzatioin regeneration in
I fest lubes

I) =5 .\\\\

Y | »
Noi [y
bl e

Plant selection in the field

|
JEULHE —

Rapid propagation

il

A
of a selectec plant Z 7/
in test tubes A mutant clone in the
farmer's field

U nas napr. Diamantova rada jeCmene jarniho (sladarského)

P. Smykal, Palacky University in Olomouc, CZ @



Polyploidie - ¢asty stav genomu
kul'rur'nich rostlin
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JAROSLAV DOLEZEL

Q5 mibonu fet

Triticum urartu (AA) Triticum turgidum (AABB)

Triticum aestivum (AABBDD)
Vesmir 9/2009

Aegilops speitoides (BB) Aegilops tauschii(DD)

t;hnnnn (’;l’.ll me

Wild emmer Domesticated emmer Durum wheat Common wheat

Wild Diploid Wheat Goat Grass 1 Years Before
Triticum urartu Aegilops speltoides Present (yr BP)
AA \‘ / BB 300,000-500,000
Wild Emmer Goat Grass 2
Triticum dicoccoides Aegilops tauschii
e -?.-:?.'f."’...i........ N N . LS
Cultivated 10,000
Cultivated Emmer
Triticum dicoccum
‘ i s i F ; R 5 P AABB
jetmen (~5000 Mbp) Twwewwwe——— 0 - B R S Y 9,000
: H . H . . H H H H H ' H . H . Spelt
iito (’ sBoooMmM bp) - H H - . H - Triticum spelta
peenice tvrda (~12 000 Mbp) | ' ' — g s AABBDD
pfenice setd (~17 000 Mbp) . crvrrseepensien ulled” or enclosed grains 1 e S
0 ' H L H ' . ' . H H H H . ' . AABB Free-threshing grains v AABBDD 8,500
S 7 el sl o N 2 = =2 = =z =2 = Macaroni Wheat Bread Wheat
[Gbp = miliardy par( bazi DNA] N P ; 4 L, Triticum durum Triticum aestivim




Vlastnosti polyploidi

Stebbins (1940) - buniky polyploidnich rostlin maji celkové vétsi velikost nez
buniky stejneho typu u jejich diploidnich pribuznych — nasledné i celé rostliny jsou
vetSi (ale nemusi tomu tak byt vzdy )

P. Smykal, Palacky University in Olomouc, CZ




Parthenokarpie — bezsemenneé plody

Musa acuminata Musa balbisiana  Musa X paradisiaca

(Asian Banana) (Asian Banana) ~ (Hybrid Banana)
AA BB AAB or ABB (etc.)
(fertile) (fertile) (sterile)

Origin Of Triploid Banana From Asian Parents

A = one haploid set of chromosomes from M. acuminata
B = one haploid set of chromosomes from M. balbisiana




Triploidie a bezsemenné melouny

= )

Diploid Watermelon (2n)
|
(— dinitroaniline
Tetraploid Watermelon Diploid
(4n) Watermelon (2n)
Inbred Tetraploid Inbred Diploid
Watermelon (4n) Watermelon (2n)

®, 3
| |

Hybrid Triploid
Watermelon Cultivar(3n)

Production 2 Py
l =) o
: Pollinizer(2n)

Seedless Watermelon Fruit




Hybridizace a vznik druhu

Brassica nigra

f.sf)*(w(
Brassica carinata ; " < Brassica juncea
n ;”9‘)("/2 , *< 2 18
A T R
Ao A AN
A7 Fr7
‘ BBCC AABB ’
Bl 2

9" NN = _geto
Brassica oleracea 7. ?».{"io Brassica rapa
Brassica napus



Triticale (x Triticosecale, Zitovec)

"From a scientific curiosity to a viable crop in the course of
a few decades"

Triticum durum (AABB)
X
Secale cereale (RR)

(x T. aestivum AABBDD)

hexa nebo octaploidni

Prvni kriZzenci 1940

Nyni produkce 15 miliént tun

v



XXI. stoleti

véek genomiky

P. Smykal, Palacky University in Olomouc, CZ



Modely versus plodiny
Syntenie a kolinearita

Medicago
1 2 3 4 5 7 8 6
\w ; e
II . ™, @ . & 4 .
- \ . :
VI S ? g '.\o
& 3 Y
LY
& \ . & .
Il A : N
. $‘. o a
\ o o &
" &
@ " L]
© ?‘o ‘\ R %
ooV e I Y I
L '? -
o o
I o °° x - @
L] o ‘ P
o ..L L3 ol
v # Medica
| go pea
95 . Lotus
/ / v
\Medicagd] [Poplar| [Arabidopsis| [Tomato] ? e M
Lotus 3 30 1
\\ 7 Iy
‘EQH“EH Lﬂlfl‘ mmlilk 1 I
204
rosids ad asterids magnoliids m
I L gynmosperms
legume/brassica 15
divergence
10 1
monocot/dicot /
divergence 54
.| 1.2
Redrawn from Soltis et al. Nature 1999 & & Kellogg PNAS 1998 ] 2 3 5]




Fenotyp versus genotyp

P. Smykal, Palacky University in Olomouc, CZ




Vybér

kf‘lzeﬂl analyza DNA

e R b JI2200
— JI321 E
%\? 4}? JI399
. Rl e JI228 A
. JI9T5
f I% JI235
A JI113

Nova odruda

P. Smykal, Palacky University in Olomouc, CZ @



Slechténi v genomické dobé

- Genotypizace
analyza DNA, databdze - standardizace

- Fenotypizace

objektivita a kvantifikace

uloZzeni dat- databdze, hodnotici kategorie, méritka
- sjednoceni

+ Spojeni genotypu a fenotypu

P. Smykal, Palacky University in Olomouc, CZ



Odbér materialu
Isolace DNA

Analyza DNA

Rezistentni Rezistentni Rezistentni Rezistentni Rezistentpl

P. Smykal, Palacky University in Olomouc, CZ




Genotypizace aneb vybér ,vhodnych alel”

Edon } Intron . T—
_:u.--n-li!!!lutlb_i_iltl'- !iillllﬁllbltlﬁii:lifl.ii':!!!_-‘_'-_:!!lt EEEEE ﬂ:elsé:?:ééfi;fu-‘
r : T el R - |Good uns 5 727 63 48 57
e " 2 : : s |JI1267 A C
T.GTE. AR . GET X : T FY C:: T F Y = 2 lTI 1544 a- c
" i : s S e St JIg6 A C
T - i' a P G: [
c : : =718 c
: ¥ “ < {1J1267 c
T . : _ el T L TI2376 C
o s E
g ..l TTI1844 c
— I * |-+ | JI2546 A C
A =
==l o = |J12200 C
J— A = |JI321 (&
— [ .z:
- T ~ s ] JI399 c
— Cc o E_-J
— A 131228 C A
—_— “ [ :
— A a |JIOTE
L A
= A JI435
p— T
- A JI1775
GCAT
1 SNP scored in 1536 pea samples JIil829

P. Smykal, Palacky University in Olomouc, CZ




The Diploid Genome Sequence of J. Craig Venter = “risue

L T = e e e ——o—u G ===

Zname-li genom

MuzZeme
odvodit fenotyp ?

TR S at S 7 DR CTT T O

B S T AP ey s —w. o . Lo b
—— o R e o - L

P. Smykal, Palacky University in Olomouc, CZ



Morfologické Kklasifikatory

Trait

Stipules-character of anthocyan spot Kvalitativni Znaky
Flower-wings colour
Flower-vexillum colour (15)

Leaflet-margin shape on the second realleaf
Seed-funiculus stability
Leaflet-margin shape at the first flowering node
Seed-colour at full ripeness
P+ | Seed-cotyledons colour
s| Leaf-type
2053 Seed-hilum colour
5| Leaflet-colour Plant-seeds number

/ Leaflet-shape (at the first flowering node) _
Leaflet-appex shape Plant-pods number

Seed-testa colour Stem-lenght to first productive node
4| Seed-surface

Stem-length

T Thousand seeds weight
Kvantitativni znaky > 9
Plant-seeds weight

(8) Stem-lenght of internode under the first
productive node

Descriptor list of genus Pisum L. Stem-number of sterile nodes

UPQV “Protocol for Distinctness, Uniformity and Stability Tests Pisum sativum L. sensu lato. Pea”

P. Smykal, Palacky University in Olomouc, CZ W



n

Rustralian Plant Phenomics Facility

APPF Home
HRPPC Home
Capabilities

Pricing & Proposals
Teachers & Students

News & Events

|I|i|||

I

> General

> Field Technology

> Official Opening Sept 09
> Artist in Residence

> Chinese Academy Visit

> Staff gatherings

5
&

g
:

Navigation

Home * Gallery

Gallery - General

P. Smykal, Palacky University in Olomouc, CZ




Example of fruit color

Where we need to go: from descriptor to objective data.

P

- e « B veeren Tres - e —

TR -

1 =GREEN, 2 = YELLOW (GRIN)

CIELAB

P. Smykal, Palacky University in Olomouc, CZ W



Kvalitativni znaky

QUALITATIVE VARIATION

100 | 3:1

50 t I
Parental 1 Parental 2

P. Smykal, Palacky University in Olomouc, CZ

n° of F2 plants
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Kvantitativni znaky (QTLs)

G602y GadT (M) G Kl  Gmlo(0)

GiS (A2)

Gl (Dia)
R
—

Gmo2 (D1b)

Ger03 (N)
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s
e
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1 4+ 30 :
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| = 25 1
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CHI-IB CHI2

BMC Plant Biology
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P. Smykal, Palacky University in Olomouc, CZ
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Kvantitativni znaky (QTLs)

3 QTL mapping

Spociva ve analyze
statisticke zavislosti
mez1 kvantitativnimi
znaky a genetickymi
markery

£

;

harker F
Green Arrow A
Pl 179449 B
PRILF-01 A
PRIL7-02 B
PRIL-03 B
PRIL-04 B
PRIL?-05 B
PRIL7-06 A
PRIL7-07 A
PRIL?-08 A
PRILF-09 B
PRILF-10 B
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P. Smykal, Palacky University




.~omics” postupy

| Transcriptomics

Genomics

P. Smykal, Palacky University in Olomouc, CZ




Kandidatni geny- transkriptomika

Seed
development

Bicfic stress: Interaction of resistant and susceptible cu

and root pathogens

e

| g e

A T A

F A4 4 4 £ 4 £ 6 & 4 £ 68 4 6 # £ 4

: Candidate TFs relevant for specific organs or growth

conditions of Medicago truncatula

70mer array

e b )

e .o '.‘--
L

LU

. GeneChip -
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Sequencing: from DNA to Genomes

Hierarchical and
Shotgun sequencing (1996)

Sanger chain termination (1977) _____,







Mame DNA sekvence genomu
Mame fenotypicka data - pozorovani

Do phenotypic data have genetic signals?

y = 2.84x + 4.5573
R?2=0.1205

Chceme jel Spojri’r, asociovat

1j. idedlné za co ktery gen zodpovida



b Association mapping

V 0000 ©0 . i /

‘-,_:%-; g
)
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) l many gene

Princip asociacniho mapovani

o0

€ Selection screening

vyuziti rekombinaci predchozich generaci

TERERRRRE (
unuw’nunnuun
I UHL | c
[ sahdh 45 4 4 ¢ K\.. C G
\ G G
Nux e G
C G
| C
H oo \
HAAAN 2 ‘é"T AGCTTTGTCGCGCGTTATT ~ TATTTGCGGTATTATATGCGGTAT
HpRER <« & -« 99
| UL - SNPs not linked to SNPs linked to
LRiRiR < the phenotype the phenotype
Nucleotide diversy SNP index = 3/7 = 0.43 SNP index =7/7 = 1

Nature Reviews | Genetics

Statisticka asociace dané alely (SNPu) s fenotypovym projevem
ldedlné napri¢ genomem, mim 100-1000 genu najednou




Era of Advanced\Breeding:
Accelerating Ab|||ty to Realize Step-Change

lmprovements

SELECTION IN THE LAB ENHANCES

SELECTION IN THE FIELD

& High-resolution trait knowledge
enhances phenotypic selection

* Over 40 million marker-trait
ol 3 34 Y associations
% R | * Derived from over 630,000

i hybrids from more than 3,400
breeding pedigrees

GSeIect High-Density SNPs and Seed Chipping

DNA selection identifies superior
seeds based on genotype

* 100s of millions marker data
points every year

* 10s of millions of samples
every year

* Whole genome SNP knowledge

* 75,000 SNP assays

© Accelerate — Accelerate Breeding with DH

Doubled haploid (DH) inbreds
enhance rate of genetic gain

* 2™ generation of DH derived
Commercial Products

* All global breeding programs

* Over 500,000 doubled haploid
inbreds produced every year

Superior |

Agronomic
Performanc

Phenotypic
and Disease
Evaluations

DEPLOYING THE TECHNOLOGY TOOLKIT
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ZCIAT

Genomicka selekce

343 families

(from a SP with 10 cycles of recombination)

Phenotypes(Y)

Y=XB +e

Genotypes (X)

L ad - -~ -
a.-_: - o -m

[ NE TITU
[ | SR T JStE
il
e

Whole Genome Regression Model

]

Since 1967 / Science to cultivate change



GBS technology

6,874 SNP with MAF 2 2.5% (1 marker every ~ 57 kb) i |
4,098 SNP with MAF = 10.0% (1 marker every ™~ 95 kb)

I!
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N Land

3 i
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LD decay curve for chromosome 1 and MAF > 10% & 'I'
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For % initial r?, the average extent of LD is ~ 0.639

\markers are required to cover the whole genome
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che

Mb, i.e. at least 610

Since 1967 / Science to cultivate change



Regression model and marker effects

Bayesian LASSO (MAF2.5 - r2<0.75) with 9-fold CV -- Grain yield

Marker Effects » cor(§[tst], y[tst]) = 0.25
» cor(y,y) =084

o5

204 Ja04 dodd SeDd Ge-04
! 1

10

.

Pred Gen Val

00

O +00

L5

. T 1
0 500 1000 1500

%C'HT Siee 1967 / Science to cultivate change



The RGS breeding scheme

&/ Recombination

Promising lines

Whole
Genome
Genotyping

MET Evaluations

Genomic

GS models prediction

T

T
. I N O M T ..

Evaluations

New varieties

—

%Clﬂ-r Since 1967 / Science to cultivate change
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Rozsireni uzitnych vlastnosti
intfrogrese a transgenose

| -0 -

Elite Wild Transformation  Transganic
variaty speacies varaty construct
w 3 generations of salf-fertilization
and salection for transgena
expression in independent
Elite varety  Fy hybrid transformants
Backcross i
Backeross and marker-assisted selection for *
6 generations and salf-fertilization for 2 more
l, Elita Transiormned
arig lire:
Library of introgressed lines (IL) v '
Chromosomes 1 2 3 4 5 [ &
Backcross selected transgenic
IL1-1 line= to an elite vanety for 6
genarations, and selact for
transgens exprassion and field

parformanca. Follow with 2

L1-3 ﬁﬂ 17l 171 (] 11l I_ gmwﬂllurﬁmsmfrﬂfmmm
ILG-4

Tran sl’urrnant

000 om0 |||l 00

Evaluste phanotypas of ILs, select and ' Dﬂrspb:aladfﬂdtﬁals
bread lines with agriculturally valuable emdronmental studies and
phenotypes and do replicated field trials assessment of food safety

P. Smykal, Palacky University in Olomouc, CZ Nature Reviews | Genetics



Crop - wild relatives
introgression

Species A

Crop Wild relative
| | 1] | svcwes B repcrerr—————
| | *
L
......................... |r'tEr5r_‘.E:iﬁ: I":rll'_'”i:_;
i [ | J{.
B 4 B ]

Homoeologo us Do -
intergenomic recombination
O —

..... P..Smykal, Palacky"URivéFrsityiih Olomouc, CZ ... ... ... ... ...




Use of crop wild relatives to broad diversity

@ Slructurevsgbgroup ,

Sackoroes and marker-gsssted sslsction for
& generations and ssif-ertization for 2 mors

l

Liowary of introgreased Bnes (IL)

Jing et al. 2010

P fulvum WL2140 P. sativum WL1238 omes 1 3 5 4 5 5

SR Lo T

)

at Rev Genet GAT
K

LEGumes for the Agriculture of TOmorrow

2

' : 4 - . / ~ 'A~; "
| -2 b u 4 |
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Zamir, 200
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Z

Palacky University
Olomouc

P. Smykal, Palacky University in Olomouc, CZ @




Introgression lines using P. fulvum wild parent \EGATO

and cultivated pea cv. Terno as recurent parent Svee

T
mag T

LEGumes for the Agriculture of TOmorrow
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Marker Assisted Breeding/Selection
(MAS)

P. Smykal, Palacky University in Olomouc, CZ W



Laboratorni, sklenikové, polni
testovani fenotypu

Inokulace

P. Smykal, Pa

péstovani

hodnoceni



Vazba markeru se znakem - neprimy marker

Marker A X GEN (napt. rezistence)
N —

5 ¢M (vzdalenost) Spolehlivost pfi selekci : 95%

Spolehlivost pii selekci: 99,5%

Marker A X GEN X _

5 CM (vzdalenost) 5cM

Vysledek selekce s pouzitim nepfimého markeru

i

#

Rezistentni Rezistentni Rezistentni Rezistentni Rezistentni



Padli hrachu (Erysiphe pisi)

ﬁ
= PSMPSAD51 5 OPAHO6_539
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10.9 —
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Pea seed borne mosaic virus
(PSbMV)
Hostitelské rostliny (47 druhu):
* hrach (Pisum sativum)
« CocCka (Lens culinaris)
 cizrna (Cicer arietinum)
* Dbob (Vicia faba)

Symptomy:

 rolovani lista

e 7Zloutnuti zilek

o zkracovani internodii Prenos:
e zakrslost
« deformace semen * msicemi

* semeny

* mechanicky
P. Smykal, Palacky University in Olomouc, CZ @



Classical testing of phenotype
during the breeding process

resources
consuming
process

P. Smykal, Palacky University in Olomouc, CZ



Resistance to PSbMV in pea

|

LG Il

Pea seed-borne mosaic virus P2 LG VI
Bean common mosaic virus (BCMV)
Pea mosaic virus

W c"“
Pea elF4E structure " locus sbm-2
Ashby et al. 2011




Translational genomics approach used
to identify pea eIF4E gene as sbm-1 locus

W62L AA73-74DD G107R AR

Ps | A A28 \/IAL 128

91 89 1201/1151
mt [ 269 166 129

95 104 964
b 287 | 166 126

129 109 691
Gm | 293 | | 166 e

! i)

’/,,,

Phaseolus
I_
| Soybean

After Wojciechowski M.F_ (2003). Advances in Legume Systematics, part 10

m B
=} =]
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65 8] 2128 0p
84
B = 1,937 bp
88
| 66 | | 48 | 1,714bp
92
| 65 | 50 | 1,758bp
336 105



Gene/allele specific (ideal) marker

W62L AA73-74DD G107R N169K

2,152 bp
Ps | A A 278 | A 166 A128 | 2,102 bp
91 89 1201/1151 84
Intron 3 G
AA73-74DD| S78 | G107R| N169K | size ene

1,201 DNA
1,201 °
| Marker — variant A
1,201 -
1,201 L - e - -
ol .. - PR R R

1,151 I

1,151
1,151

=] Marker — variant B

DIV O[O]OO[O[O]|O]|O D
AR IRN|R[Z|Z2|Z2|(2|Z2|2(2]|2

N N N4

Selection effeciency
100 %

R R R R R R
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Marker assisted selection (MAS)
within pea breeding process

Garden pea cv. ,,TWINSET “

Resistances
er  Erysiphe pisi
" Fw  Fusarium oxysporum

sbm-1  PSbMV
ﬁ-:..."":.. - -

P. Smykal, Palacky University in Olomouc, CZ W



Is there more allelic variation
within pea germplasm ?

P. Smykal, Palacky University in Olomouc, CZ



Geographical distribution of eIF4E£ alleles
in 2803 pea accessions

-h"._.-'l

mA allele

' @B allele

bt . Eur mC Allele

_ L “"i:::_i' @S Allele
‘/_'\\1 Africa ﬁ A
)

USA-Canada South America AustrﬁNew%ahnd

Konec¢na et al. PLOS One 2014
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New eIF4E alleles found
within cultivated pea germplasm

4] 200 400 500 BOO 1000 1200 1400 1500 1800 2000 2262
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W r S allele

Konec¢na et al. PLOS One 2014 o % : T o
elF4E 52 R s A L T M LD
elF4E5° s s A L M LD
elF4E 5% s s A L LD
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elF4E 3¢ s S A L M LD
elF4E 57 s c A L ™M LD
A allele
elF4E" s s A L K ™M LD
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elF4E " DD s s A L ™M LD
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elF4E " s s P L K ™M LD
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elF4E™T - s A L K Y] LD

P. Smykal, Palacky University in Olomouc, CZ

B allele

elF4E ©*
elF4E ©?
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Phenotype versus genotype

crosses

,
\ f Lo

‘ A b
\ i

i
New variety

P. Smykal, Palacky University in Olomouc, CZ @

JIZ200
JIZ21
JI3Z99

JI228
JISTH
JIZ35
JI1l1l3

Selection aided
by DNA analysis



100% spolehlivost DNA analyz
versus 75% virologické testovani

plus Gspora Casu a materidlu

MW1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16

- e e N e T aemeamemeea™
ELISA + + + - - thtk = - + - - - - - b +

17 18 19 20 2122 23 24 25 26 27 28 29 30 3132

- G G - G e— —_— - e - PR —

ELISA - - - + + - + + - - - + - + + -
33 34 35 36 3738 39 40 41 42 43 44 4546 47 48

- . e e - S R e e -

ELISA - + - - - - - nd. - + - + + -
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Len sety (Linum usitatisimum L.)

Puvodné pradna rostlina
ale 1 35% oleje v semeni

o-linolenova kyselina (C18:3)
linolova kyselina (C18:2) 14%
olejova kyselina (C18:1) 20%

P. Smykal, Palacky University in Olomouc, CZ @



Nizkolinolenovy len - mutace
FAD3A,B genu (2x recesivniho znaku)

1. palmitic acid (C16:0)
FAD 3A exon 5 2 -stearic-acid (€18:0) v
3..0leic acid (C18:1) 20%:
4. linolic acid (C18:2) 149
GACGACCGTCGATCGAGATTACGGGGTCATCAACAA 5. linolenic acid (C18:3) 60 +30- 2%
GACGACCGTCGATCGAGATTACGGGGTCATCAACAA 400 5 \
GACGACCGTCGATCGAGATTACGGGGTCATCAACAA . 2 p \
GACGACCGTCGATCGAGATTACGGGGTCATCAACAA 0 . s \
GACGACCGTCGATR:AGATTACGGGGTCATCAACAA B 5 . S \
GACGACCGTCGATHN:AGATTACGGGGTCATCAACAA N &
GACGACCGTCGATHN:AGATTACGGGGTCATCAACAA 100 K
OJ
-100
| | [ | | | I I | |
FAD 3B exon 1
on 174
indemere 174
Jantar 174
enica-wt 174
ormandy-wt 174
Lola 174
984/05 FAD3A
FAD3B

P. Smykal, Palacky University in Olomouc, CZ




Transgenose (GMO)
mezi védou, etikou a politikou

Bt Gene is
inserted
Eat into crop

Crop is infected by Pest dies when feeding on
European com borer any plant part

P. Smykal, Palacky University in Olomouc, CZ



Péstovani GMO rostlin

V4 7 [ 7 v
Globalni stav GM plodin v roce 2008 vice nez 50 000 ha
(v mil. ha)
USA 62,5
Argentina 21,0
Brazilie 15,8
S Indie 7,6
Kanada 7,6
,-’ Cina 3,8
-~ P 24
i".. alieshay )
Jizni Afrika 1,8
Uruguay 0,7
‘ Bolivie 0,6
Filipiny 0,4
& Austrlie 0,2
Mexiko 0,1
Spanélsko 0,1
M 25 zemf péstujicich
GM plodiny
meéne nez 50 000 ha
V roce 2011 se ’ Chile Portugalsko
péstovali GMO Kolumbie Némecko
. Honduras Polsko
pIOdmy 11 Burkina Faso Slovensko
165 milionech ? CR Egypt
hektarech Zdroj: Clive James, ISAAA, 2009 Rumunsko

P. Smykal, Palacky University in Olomouc, CZ @



5

- :
10.8 Million Has

Canmla, Malas,
Soybean Sugar besy

w22
Portugal

Malze

L)
1i5A~

FO.0 Millicn Ve
Maize, Soybean,
Conton, Canoda,
Sugar beet. AMalia

Fapaya, Squach

#23
Cuba

<D.05 Million HMes.

AMalze

w7z
Mexico®

0.1 Mithon Mac
Cofton, Soybean

21
Honduras

<0.05 Million Has.

EYERE

V25

Costa Rica
~<0,05 Millon HMas.

Caotion, Soybean

Codombia®
0.1 Mallioes HMas,
Cotton, Maire

L 2R}
Bolivia*

1.0 Million Has,

soyeean

*e20

Chile”

<005 Million Has
Mudze, Soylean, Cancle

<0.05 Million Mas.

824

Malle

W—

Czech Republic
<008 Millon Mas.

w27
Slovakia

Maze

<0.05 MilBos Mas.

Biotech Crop Countries and Mega-Countries®, 2013

226

Romania
<0.0% Million Mas.

Mace

"
Pakictan*

2.8 Million Haax

China*
Cotlus, Faglaya,
Poplar, Tomaio,

4.2 Million Has.

-
india*

Caomon

11,0 Million Has.

w7

Far.

16 jon Has.
Soybean, Meice, Camaon

3

Argentina®
24.4 Million Has,

Soylasan, Maizo, Cotsors

"

Souih Africa™
2.9 Million Has.
Medon, Soybean, Coton

*19 biotech mega-countries growing 50,000 hectares, or more, of biotech crops.
Source: Clive jJames, 2013,




Péstovani GMO rostlin

U hektart 79%
U hektard 49%
U hektard 31%
U hektart 25%

Séja 69 milio
Bavlnik 25 milio
Kukurice 55 milid
Repka 7 milio

P. Smykal, Palacky University in Olomouc, CZ



GM crops - field trials 2005-2014 by area (ha) in CR

-
39

VP

Maize

Sugar beet
Potato
Plum
Barley
Pea

Flax

Tobacco

Area
(ha)

19.1166
0.4517
17.2103
0.4240
1.2183
0.0800
0.0076
0.0175



p|q.\+' Grenevic Engmeermﬂ

Ao robo.C ) ppa

1959 Agrobacterium tvorba nadoru
1973 prvni GMO organismus E.coli

1976 Ti plasmid (Mary-Dell Chilton)

1980 Ti plasmid jako vektor cizorodé DNA A \ A
ot Agrolas do rlom Fomefacivgs

1983 prvni GMO rostlina s vyuzitim T-DNA

1986 transgenni Bt tabdk (Plant Genetic Systems,
Belgie)

1994 FlavrSavr rajée (USA)

2009 11 transgenich plodin péstovano na 150
milionech hektart ve 25 zemich




T-DNA transgenose

T-DNA

« selekéni marker - NPTII/BAR
* reporterovy gen - GUS/GFP

* uzitny gen

* promotory

il
10.

8.0
7.0
6.0
5.0

3.0-

1




Biolisticka metoda
transformace




Bt kukurice

(MON 810, YieldGard ™)
story by

MONSANTO

d-Endotoxin from B. thuringiensis

B. thuringiensis

objeveno v roce 1901 v Japonsku

Ernst Berliner (1911) nemoc housenek motylt
(Schlaffsucht)

CrylAb protein

P. Smykal, Palacky University in Olomouc, CZ @



Growing area of GM crops (placed on the market) in CR 2010-2012 Ukonéeno 2011

Péstebni plocha GM bramboru EH92-527-1 (Amflora) v r. 2010 oznamena na zakladé
23 zakona ¢. 78/2004 Sb.:

. : “ P o
* Ve skrobu upraven pomér amylosa : amylopektin (20:80) ve ‘
prospéch amylopektinu. g
» Zména fyzikalné-chemickych vlastnosti pro primyslové C

zpracovani Skrobu.
» Skrob neni uréen pro potravinarsky primysl, ale pro textilni .

a papirensky prumysl. -

Péstebni plocha Bt-kukufice MON810 v r. 2010 oznamena na zakladé § 23 zakona
¢.78/2004 Sh.:

* V1. 2010 bylo mozné poprvé v CR péstovat GM brambory.

« Bt-kukufice je odolna vici zavijeéi kukuriénému (Ostrinia nubilalis).

* Obsahuje gen pro 8-endotoxin z mikroorganismu Bacillus thuringiensis.

» Testy prokazaly, ze GM kukurice Skodi jen larvam zavijece, nikoli
teplokrevnym Zivocichim ¢i ¢lovéku. Zrno zdravéj$i — protoZze konvenéni
kukurice atakovana zavijeCem je napadana plisnémi a diky jim obsahuje
aflatoxiny. Ty jsou na rozdil od Bt-toxinu skutecné nebezpecné a mohou u
clovéka a zvirat vyvolavat rakovinu.

4667 ha

Sl




Roundup Ready ®
glyphosate storyby MONSANTO

United States

O O "4 United.States 99
)‘K/H II:I,' : 62
HO ~\"0 ' 45
OH 52 25
Glyphosate L p— mil tun
inhibuje enzyme (EPSPS) o
v biosyntéze aminokyselin -
tyrosinu, tryptofanu a
fenylalaninu.
Rezistence :

EPSPS Zz Bacillus licheniformis




Flavr Savr

the first commercially grown genetically
engineered food to be granted a license for
human consumption.

Produced by Calgene, and submitted to the
U.S. Food and Drug Administration in 1992,

On May 17, 1994

/s as safe as tomatoes bred by
conventional means' and "that the use of
aminoglycoside 3 '-phosphotransterase IT is
safe for use as a processing aid in the
development of new varieties of tomato"

P. Smykal, Palacky University in Olomouc, CZ



1., 2. a 3. generace transgennich rostlin

+ Agronomické znaky

Tolerance / rezistence k herbicidim, hmyzim sktdclm, virovym a
houbovym chorobdm, suchu, zasoleni ... (péstitel)

» Kvalitativni znaky

Obsah a skladba aminokyselin semennych zdsobnich proteint; zmény
typl/podjednotek zdsobnich semennych proteint; obsah a skladba
mastnych kyselin v oleji semen ... (+ zpracovatel, uZivatel)

* Molekularni farming

Protilatky, biofarmaceutika, jedlé vakciny, bioplasty...

P. Smykal, Palacky University in Olomouc, CZ




gernanylgernayl-PP
-

cril

A
zeta-carotene
4

crtl

v

10-35 ng/g

alpha-carotene

phytoene synthase

v
phytoene + 2 pyrophosphate
4

carotene
desaturase

B' kaI’Oten 'ycopme\l_rropcnt cveclase

beta-carotene

psy (phytoene synthase) (Narcissus pseudonarcissus)

lyc (lycopene cyclase) (Narcissus pseudonar
crtl z pldni bakterie Erwinia uredovora |

http://www.goldenrice.org
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Regulation must be revolutionized

Unjustified and impractical legal requirements are stopping genetically engineered
crops from saving millions from starvation and malnutrition, says Ingo Potrykus.

enetically engineered crops could save

many millions from starvation and

malnutrition — if they can be freed
from excessive regulation. That is the con-
clusion I've reached from my experience over
the past 11 years chairing the Golden Rice
Humanitarian project (www.goldenrice.org),
and after a meeting at the Vatican last year
on transgenic plants for food security in the
context of development'.

Golden rice will probably reach the market
in 2012. It was ready in the lab by 1999, This
lag is because of the regulatory differentiation
of genetic engineering from other, traditional
methods of crop improvement. The discrimi-
nation is scientifically unjustified. It is wasting
resources and stopping many potentially trans-
formative crops such asgolden rice making the
leap from lab to plate.

FROM BENCH TO BELLY

More than a decade since completionin a public lab,
goldenrice is still clearing regulatory hurdles.
&0 Intellectual-property rights

Search for partners competent

with genetically modified organisms 3

2002

== @ Transfer to Indica varieties of rice

—————02003 Regulatory cleantransgenic events

2004 _ Regulatory clean line with enough
‘ Vitamin A precursor
o W ______.2005 ronomic normality in field tests
)

v ., 2006 ; g )
Wl —© Identification of target varieties
\M” 2007

}/ ————@ [ntrogression into target varieties

=————0 Selection of lead transgenic events
2070 . ¢ o) e v ias

——— 0 Completion of optimized varieties
20127 : ’ ¢

= 0 Passregulation; transfer to farmers

‘ @ Public funded e Private sector

NATURE|Vol 46629 July 2010 FOOD OPINION



A
GMO regulation is

‘ justified because of
‘unpredictable and

iy uncontrolled
Traditonal Breeding alteratio ri':‘l_mmﬂ

Indica variety IR64 @ o

= [T
— [ ——

Every step and each
component is
unpredictable and leads to
uncontrolled genome
alterations!

LY

Traditional breeding leads to massive and
uncontrolled modifications of the genome!

u]d ol
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Integrace vice transgenu najednou

Zkiizeni transformantu s jednim genem
Postupna transformace dalSimi transgeny

* Konstrukt majici vice genu v jedne T-DNA kazeté
» Kotransformace nezavislymi geny
Gonesacig || Reandomaion | M0 Ui | soreine e
w2\ 4. b i | 20 g | A -
Wld|d-=|g S| g==g=|d.
|-
| | } } } }
A AV ar4V 4R
?/? il/ii ' ' . ' ' }
N I N N PR

Int. J. Dev. Biol. 57: 565-576 (2013)
doi: 10.1387/1jdb.130162pc



Trans-genni versus cis-genni rostliny

Conventional breeding
Current wild

cultivar relative
Eeneficial gana
X Urwarted
genes
Back \L
cross
F1
X Generation
F2
Generation

Many
backcrosses

Mew
cultivar

Transgenesis

Unrelated
organism

Current Tansfer it

cultivar ranster
plasrmi o in
Agrobacteriur m

Cisgenesis

wild
relative

Current
cultivar

P. Smykal, Palacky University in Olomouc, CZ

rostliny, do jejichz dédicné informace
byly pfeneseny uplné geny — tedy
geny obsahujici vSechny introny a s
pripojenymi regulacnimi a
terminaénimi sekvencemi — z druh,
z kterych by rostliny mohly ziskat
tentyz gen tradi¢nim kfizenim.




Transformace plastidu

vheseni a exprese
vice nez jednoho genu
(polycistronicka)

droven exprese (5-20% protein

eliminace nestability transgenu

P. Smykal, Palacky University in Olomouc, CZ

« omezeni / zabranéni prenosu transgenu

misto integrace transgenu - homologni rekombinace

TABLE 3 Plastid transgenes for biotechnological applications

Gene Function

bar Herbicide res./PPT

CP4 Herbicide res./glyphosate
le-EPSPSc Herbicide res./glyphosate
cryvlde B.t. Insecticidal prot.
cryvlda? B.t. insecticidal prot
crvliad B.t. insecticidal prot.
Somatotropin Human growth hormone
CTB Cholera toxin B subunit
TeiC Tetanus vaccine

H54 Human serum albumin
PBP Protein-based polymer
ASA2 Tryptophan biosynthesis
M51-99 Antimicrobial peptide

phb operon
TPSI

Polyhydroxybutyrate

Trehalose phosph. synthase

v



Transgenni kukurice
s vnesenou biosyntetickou drdhou karotenoidi

Pyruvate + GA3P wessssb D)p =) |\|EP s——p s——) ) H]\BPP

IPP = DMAPP

IPPI
3xIPP GGPPS
GGPP

GGFPP PSY CRTB

15-cis-Phytoene
PDS
9,15-cis-Phytofluene

PDS
9,15,9'-tri-cis-{-Carotene

lee,, |G
9,9’-di-cis-{-Carotene

ZDs
7,9,9 -tri-cis-Neurosporene
ZDs

7,9, 7,9 -tetra-cis-Lycopene
CRTISO

all-trans-Lycopene

L
LYCEW Wiyce

5-Carotene y-Carotene

o) o
a-Carotene B-Carotene
HYDB 1 CYP97C
¢ 3 Jroe GEED
Zeingxanthin a-Cryptoxanthin B-Cryptoxanthin
CYP97C HYDB HYDB
1 . Zeaxanthin
Lutein Lutein

VDE * ZEP
Antheraxanthin

VDE *ZEP
Violaxanthin
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Transgenni kukurice
s vnesenou biosyntetickou drdhou karotenoidi

(b)

(c)

1a5b

1a5c¢

(m WT  Phi  Ph2  Ph3 Ph-a  Ph-5s  Ph§  Ph7

TRENDS In Plant Sclence




RNA interference / PTGS

° X 4
Gene sclencmg by adding exira gene copies a JgJ'
J—_- e G
(T r—i.am—{

Transformatio

@ii‘iﬂ prokické ot
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interference / PTGS
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SAD1

FAD2

High-5tearic and High-Oleic Cottonseed Oils Produced by
Hairpin RNA-Mediated Post-Transcriptional

Gene Silencing’

Ding Liu, Surinder . Singh, and Allan G, Green®

Commonwealth Scientific and Industrial Research Organization Plant Industry, PO, Box 18X, Canberra,

Australian Capitol Territory 2601, Australia

1. control

2. RNAI - SAD1
3. RNAIi - FAD2
4. SAD1 x FAD?2

Fany Acid Composhion

Ling padmide  Smadc  Olelc Linclek:  Undlenic Arachidic
" T L1820 i18:1i ITH:Zi ITH:Z) (AR
M
Caker 315 15 b6 54,5 1 0.3
A9.HPF*150 14.5G 4. od 4.4
Al1-HF*21 15.3 1 7 nl 0.3
I 11.7 6.0 LG 1.4

Plant Physiol. 2002: 129, p. 1732-1743

P. Smykal, Palacky University in Olomouc, CZ



plenish  Plenish™ High Oleic Soybeans

High Oleic Soy

Plenish™ high oleic soybean oil offers an attractive trans fat solution to the
food industry. The high oleic content makes the oil extremely stable,
eliminating the need for partial hydrogenation.

Typical Fatty
Acid Composition

C16:0 C18:0 C18:1 C18:2 C18:3
Palmitic Stearic Oleic Linoleic Linolenic
Acid Acid Acid Acid Acid
Plenish* J ‘ ' , ]
High Oleic e A 75 Wy o
Soybean Oil ! ‘ | |
Commodity -:-m-i

Soybean Oil | ! ! | W

Note: Fatty acid profiles may vary slightly

Plenish™ high oleic soybeans were developed using a biotech process known
as gene silencing. This process was used to suppress expression of an enzyme
In the seed-to limit the amount of linoleic and linolenic acid developed, and
Increased the content of oleic acid. By using a biotech process we were able
to develop a very stable trait that produces more than 75 percent oleic acid

The miracles of science”



Arctic®
Apple Variety

Conventional

Apple Variety

Zablokovani funkce enzymu polyfenol oxidazy — oxidace
fenolickych latek = hnédnuti, pomoci RNA interference




Repka - model pro manipulaci sloZeni
oleje

Laurical ™ - pro mydla, detergenty - kys.laurova
2:0-ACP thioesterase California bay, 40-60%

thioesterase Ch FatB2 Cuphea hookeriana
10 mol% C8:0 and 25 mol% C10:0.

acyl-ACP thioesterase Garcinia mangostana
20% obsah kys. stearove (C16:0)

vysoky obsah kys. erukoveé - lubrikanty
acyl-CoA synthase jojoba - 50-60%

P. Smykal, Palacky University in Olomouc, CZ
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“ Amflora — the amylopectin potato

‘ m Pure amylopectin starch

Amflora

m Benefits in manufacturing paper, adhesives, textiles and more
m Environmentally- and resource-friendly, sustainable
Added value for producers and processors

Safe for humans, animals and the environment

® -1,4 linked D-glucose
® (i-1,4,6 D-glucose branchpoints

Amylopectin model structure

A starch is born The Chemical Company

Amylose model structure
P. Smykal, Palacky University in Olomouc, CZ E



Amflora
(BASF Plant Science)

Amflora is a starch potato developed specifically for
industrial use.

Starch found in conventional potatoes consists of two

different components: amylopectin (80%) and amylose

(20%0).

In many applications, the amylose is not desirable but

separating out the different kinds of starch is uneconomical.
(2 miliony tun Skrobu/rok/ EU)

With the aid of biotechnology researchers have succeeded in
"deactivating™ the gene responsible for synthesizing
amylose.

The result is Amflora - a starch potato tailor-made for
industrial use that produces pure amylopectin.

The European Commission approved Amflora for
commercial application in Europe in 2. biezna 2010.




Jedlé vakciny
- futuristicka vize &i realita ....

enterogenni E.coli
cholera

Hepatitis B
vzteklina
cytomegalovirus

kulhavka- slintavka
gastroenteritis
coronavirus

P. Smykal, Palacky University in Olomouc, CZ E



When is a GM plant not a GM plant?

A bumper crop of genome-edited plants
Challenging older forms of genetic modification, four recently developed genome-editing methods—meganucleases, zinc finger nucleases (ZFNs), TALENSs,
and CRISPR—have produced many plant varieties with useful new traits, some highlighted below. A few are in field trials already.

Gobacco
Nicotiana spp

&

e

In the 1990s, researchers used

rCurn

Zeamays

Genome-editing methods

e | O
:l:\:l:\:l:\:l:\:I:\:l:\:l:\:f:\g ZFNs 6

Meganucleases

DuPont Pioneer plans a CRISPR-

Yield, storage, or

altered version of its “waxy corn”
variety; Dow AgroSciences is
using ZFN technology to make
com simultaneously healthier
and herbicide resistant.

enzymes called meganucleases

to edit tobacco's genome; TALENS
have now helped make a tobacco
relative that can synthesize human
therapeutic proteins.

Calyxt's TALEN®-edited soybeans
may help food companies reduce
trans fatsin their products by
2018, as required by the United
States for health reasons.

processing improvement

@ Altered growth

1II
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The plant engineer

Elizabeth Pennisi (September 15, 2016)
Science 353 (6305), 1220-1224 _ [do1:
10.1126/sc1ence.353.6305.1220]



(Wheat

Triticumn aestivum

Chinese plant geneticists used
TALENs to knock out all six
copies of a gene that confers
susceptibility to powdery mildew.
Calyxt is readying field trials of
the disease-resistant strain.

@C €

Oryza sativa

USDA gave a green light to lowa
State University's bacterial
blight-resistant rice made by
TALENS, but there are no plans
for commercialization yet.

rPotato
Solanum tuberosum '

O

Calyxt's TALEN®-altered potatoes
store longer in the cold, and yield
less of a potential carcinogen
when cooked; CRISPR'ed spuds
are resistant to herbicide.

rTomato
Solanum lycopersicum

Genetic engineers have been
trying to improve the shelf life
of tomatoes since the 1990s,
and now new genome editors
are making the fruit resistant to
bacterial and viral infections.

Poplar
Populus sp

At least two groups have used
CRISPR to alter the lignin and
tannin content of poplar seedlings,
paving the way for trees better
suited for biofuel and other uses.

SCIENCE sciencemag.org

rLettm:e
Lactuca sativa -

Using a version of CRISPR that
involved no introduced DNA—just
RNA and proteins—a South Korean
group altered lettuce to be more
stress resistant.

rGrape

Vitis vinifera

AChinese group knocked out

a gene promoting the production
of tartaric acid, possibly paving
the way to winericher in vitamin C;
others hope to engineer grapes to
resist powdery mildew.

16 SEPTEMBER 2016 « VOL 353 ISSUE 6305

(Grq)efruit e
Citrus paradisi =

0 NS

After demonstrating that CRISPR
works in oranges, a team knocked
out a grapefruit gene that confers
susceptibility to citrus canker,
awidespread bacterial disease.

1223
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Gluten Reduced Wheat

Reduced Trans Fat Soybean .
Oil o SRS Lower: Saturated Fat Canola Oil

Contact Us  Legal Notice  © 2016 Calyxt - All Rights Reserved.

www.calvxt.com/products/imoroved-aualitv-potato/
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Chromosome
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(a) Zinc finger domains
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Zinc finger domains

TALE protein

TALE protein

(c)

) BRNA

Figure 2 Schematic representation of various genome-editing platforms. (a) Zinc finger nucleases (ZFNs) are composed of DNA recognition domains and
Fokl nuclease catalytic domain fusions. Each zinc finger in the DMA recognition domains binds three nucleotides. On average three to four zinc fingers are
fused to recognize 9-12 nucleotides. Two ZFNs are required to produce double-strand breaks (DSB) as the Fok! domain requires dimerization to be
catalytically active. (b) Transcription activator-like effector nucleases (TALENS) are composed of TAL central DNA-binding repeat domain and Fok! catalytic
domain fusions. DNA-binding specificity is determined by the 12th and 13th hypervariable residues of each repeat [repeat variable diresidue (RVD)].
Simnilarly, two TALENs heterodimer binding in a tail-to-tail orientation with proper spacer length to allow dimerization of the Fokl domains are required for
activity and DSB formation. (c) Clustered regularly interspaced short palindromic repeats (CRISPR)/Cas® mediates DSBs formation. Cas9 i guided to the
20 nt DNA target by a synthetic single guide RNA (gRNA) molecule composed of crRNA and tracrRNA. Cas9 recognizes a specific protospacer associated
motif (PAM) sequence on the DNA (NGG—marked in red) and performs a complete cut with the two active nuclease domains RuvC and HNH.

Zinc fingers

TALENS

CRISP/Cas



Figure 3 Targeted genome editing via RNA-
guided Cas9 endonuclease. Cas9 endonudease is
guided to the target DNA sequence called
protospacer {shown in blue) by a single guide RNA
{gRMN.A) molecule that contains a 20 nt spacer
seguence (shown in green). Protospacer
assodated motif (PAM) sequence (shown in red) is
a prerequisite for binding and cleavage and is
situated upstream of the protospacer. The Cas9
two nuclease domains RuvC and HNH, each
cleave one strand of a double=stranded DNA
molecule (dark pink).

Cas3

Genomic target

[

!
RuvC PAM
GCTAC ca;‘rcmeucmna@a\ CGGTTAGATC g

" IO ||| SUNARIRRR

CGATG GCAGACCTTGTAATT CT GCCAATCTAG

[ERRARARRANIRY I
¢ CGTCTGGAACATTAACGCGA GUUUUAGR--GCUA g A

u | ??TAUAEAAUUGHACGAU
B
GUCCEUUTADCARACTUE
1111 ©» BRNA
ACCCACGEUGARR
Gl

UCGGUGCUT 4

@ 2014 Sodety for Bxperimental Biclegy, Asscdation of Applied Biclegists and John Wiley & Sons Ltd, Pant Biotechnology Joumal 12, 1006-1014



TALENSs vs. ZFNs vs. CRISPR/Cas

Targeting range:
 ZFNs target sites are found every ~500 bp

 Every base can be targeted with a TALEN
 CRISPR target —every ~16bp

Timeline for engineering:

e All three nuclease platforms can be designed and

assembled in one to two weeks — easiest for CRISPRs.

Efficacy (in yeast):

 ~75% of engineered ZFNs are active

*  >90% of engineered TALENs and CRISPRs are active
Specificity:

* ZFNs often showing off-targeting (11%)

* TALENSs are so far considered to be very specific
(1%)
* CRISPRs (1% - 20%)

a4 4
o\ g\‘\ NLS NLS
) mh( N HENERRNRRRRREED HPC
EEEEEEEEE | S/B\\ ! DNA Binding Domain o

ey

\
5'-ACGTAGCTGCATCGCCACTACCGTATGAT CTGTGCAGTTGTGGTTTGTCTACCGTA
\\m \\@\ \‘“«V

3'-TGCATCGACGTAGCGGTGATGGCATACTA ACACGTCAACACCAAACAGATGGCAT




nature
biotechnology

Simultaneous editing of three homoeoalleles in
hexaploid bread wheat confers heritable resistance
to powdery mildew

Yanpeng Wang!3, Xi Cheng??, Qiwei Shan, Yi Zhang!, Jinxing Liu!, Caixia: @  Wheat MLO genes

Conserved region in genomes A, B and D

sgMLO-A1

TaMLO-A1: TcGCTGCTGCTCGECGTCACGCAGGACCCAATCTCOQGGGATATGCATCTCCCA

TaMLO-B1: TcGCTGCTGCTCGCCGTGACGCA "CCCATCTCCGGGATATGCATCTCCGA

TaMLO-D1: TCGCTGCTGCTCGCCGTGACGCAGGACCCAATCTCCGGGATATGCATCTCCGA
Avall

b QN 0D W0

A DD
/\° O US%S /\0 20 %S (S US AT I S 1 & S @é&

MLO-A1

MLO-D1

Figure 1 Targeted knockout of TaMLO genes using the TALEN and
CRISPR-Cas9 systems. (a) Sites within a conserved region of exon 2

of wheat TaMLO homoeologs targeted by the TALEN and CRISPR-Cas9
systems. The TALEN-targeted sequences in MLO-A1, MLO-B1 and
MLO-D1 are underlined, and the Avall restriction site in the spacer is
blue. Of the three SNPs highlighted in red, two are in the spacer region
and one lies near the far right of the TALEN binding site. The CRISPR-

Meanll favmatand camitmaman 1 AIT M AT fn lemAdilantad (e Hlan haw AamA -



C To-1 At TCGCTGCTGCTCGCCGTCACT . v v v v e s n e anmeen s TATGCATCTCCCA —-10
TO-2 Al: TCGCTGCTGCTCGCCGTeacgeagga. . .aatctcCGGGATATGCATCTCCCA =3

TO-3 AT e caatctcoCGGGATATGCATCTCCCA —32
B1: TCGCTGCTGCTCGCCGTgacgeagga/ceccatct cCGGEATATCCATCTCCGA +144
Di: TCOCTEOTGOTOGCCETgaACTCATTA . « o v v v v v e .. JGGATATGCATCTCCGA —11/+81
T0-4 D1: TCGCTGCTGCTCGCCGTgacgcadd. « . - - atctcCGGGATATGCATCTCCGE -5
T0-5D1: TCGCTGCTGCTCGCCGTgacgoag. .. . . aatctcCGGGATATGCATCTCCGA -6
T0-6 Al: TCGCTGCTGCTCGCCGTCACGTA. « v v« - aatctcCGGGATATGCATCTCCCA —B

TCGCTGCTGCTCGCCGTecacgeagya. . aatctcCGGGATATGCATCTCCCA —3
TCECTGCTGCTCGCCETcacgeagya. . - - abtctcCOGEGATATGCATCTCCCA —4
TCGCTGCTGCTCGCCGTcacgcaggac. . aatctcCGGGATATGCATCTCCCA —2
T0-7 D1: TCGCTGCTGCTCGCCGTgacgeaggac. .aatctcCGGGATATGCATCTCCGRA —2
T0-8 Al: TCGCTGCTGCTCGCCGTCACGCAT . - v v - - tCtCCGGGATATGCATCTCCCE —7
TCGCTGCTGCTCGCCGTcacgcagy. .« . caatetcCGGGATATGCATCTCCCA -3

B1: TCGCTGCTGOTCGCCGTgacgeagy. - feceatct CCGGGATATGCATCTCCGRE —2/+113

TO-9 Al: TCGCTGCTGCTCGCCGETCACT . v v v v e v v toteCGGGATATGCATCTCCCA —10
Di: TCGCTGOTGOTCGCCGTgacgoaggac. ... . ctcCGGGATATGCATOTCCGAE -5
TCGCTGECTGCTCGCCGTgacgcaggac. « - . LetcCGGGATATGCATCTCCGA —4
TCGCTGCTGCTCGCCGTgacgeaggac. . aatetcCGGGATATGCATCTCCGRE —2
T0-10 A1: TCGCTGCTGCTCGCCGTCACT . v v v e v e e - ctcCGGGATATGCATCTCCCA —11
T0-11 A1: TCGCTGCTGCTCGCCET acy. .« . /gaccraatctcCGGEGATATGCATCTCCCA —3/+61
[ el o e o e ol AR CATCTCCGA —29
T0-12 A1: TCGCTGCCGCTCGCCGTCACTS v v e v v v s atctcCGGGATATGCATCTCCCA -8
T0-13 Al: TCGCTGCOGCTCGCCGTracgragga. .« .. . . ctecCGGGATATGCATCTCCCE —6
TO-14 Al: TCGCTGOCGOTCGCCETCaCgS . . vt s aatctcCGGGATATGCATCTCCCA —7 d M 1 23 4 56 7 8 91011 1213 14 15 WT
T0-15 Al: TCGCTGCCGCTCGCCGTCACTCR s « v v v v v v v e cCGGGATATGCATCTCCCA —11

MLO-A1

-
-

€ MLO-A1: TCGCTGCTGCTCGLCGTCACGCAGGACCCAATCTCCGGATATGCATCTCCCA
M3: TCGCTGCTGCTCGCCGTICA. . . AGGACCCAATCTCCGGATATGCATCTCCCA -3
M6: TCGCTGCTGCTCGCCGTCA.GCAGGACCCARTCTCCGGATATGCATCTCCCA —1
M11: TCGCTGCTGCTCGCCGTCA. . . .GGACCCAATCTCCGGATATGCATCTCCCA -4
M13: TCGCTGCTGCTCGCCGTCATCGCAGGACCCAATCTCCGGATATGCATCTCCCA +1

induced mutations. (c) TALEN-induced mutant TaMLO alleles identified
by sequencing 15 representative transgenic wheat plants. The numbers
on the right show the type of mutation and how many nucleotides are
involved, with “=" and “+" indicating deletion or insertion of the given
number of nucleotides, respectively. (d) Outcome of T/E1 assay to detect
CRISPR-induced mutations in 15 representative TO transgenic wheat
plants. Red arrowheads indicate the fragments digested by T7E1.

(e) Mutations in the TaMLO-A1 site that were induced by sgMLO-A1L.




Table 1 Molecular and genetic analysis of TALEN-induced mutations in TaMLO homoeologs and their transmission to the T1 generation

Analysis of TO plants

Mutation segregation in T1 population

Genotype of TaMLO Mutation No. of Mutation TALEN-free
Plant ID homoeologs detected (bp)? tested plants Wild type Hetero Homo transmission (%)P (%)C
TO-2 Aa -3 56 11 (AA) 31 (Aa) 14 (aa) 80.44 5.4
BB 54 (BB) 2 (Bb) 0 (bb) 0
DD 53 (DD) 3 (Dd) 0 (dd) 0
TO-3 Aa -32 3 1 (AA) 1 (Aa) 1 (aa) 66.7 0
Bb +141 0 (BB) 3 (Bb) 0 (bb) 100
Dd -11/+81 0 (DD) 0 (Dd) 3 (dd) 100
TO-4 AA 123 114 (AA) 9 (Aa) 0 (aa) 0
BB 121 (BB) 2 (Bb) 0 (bb) 0
Dd -5 30 (DD) 73 (Dd) 20 (dd) 75.64 8.1
TO-5 Dd -5 149 25 (DD) 95 (Dd) 29 (dd) 83.2d 6.0
TO-6 Aa -2,-4,-3,-6 68 58 (AA) 10 (Aa) 0 (aa) 14.7 1.5
TO-7 AA 48 47 (AA) 1 (Aa) 0 (aa) 0
BB 46 (BB) 2 (Bb) 0 (bb) 0
Dd -2 4 (DD) 36 (Dd) 8 (dd) 91.7 8.3
TO-8 aa -3, -7 58 0 (AA) 0 (Aa) 58 (aa) 100 12.1
Bb -2/+113 16 (BB) 31 (Bb) 11 (bb) 72.44
TO-9 Aa -10 59 19 (AA) 25 (Aa) 15 (aa) 67.84 6.8
Dd -2,-4,-5 54 (DD) 5 (Dd) 0 (dd) 8.5
TO-11 Aa -3/+61 88 23 (AA) 44 (Aa) 21 (aa) 73.94 8.0
Dd -29 21 (DD) 41 (Dd) 26 (dd) 76.1d

Hetero, heterozygous; Homo, homozygous.

a“_" indiratas dalatinn nf the indiratad numhar nf nuclantidas. “a"

indirates incartinn nf indiratad numhar af nuiclantides. “—/4" indirates csimiltananns daletinn and incartinn nf tha indiratad
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Figure 2 Loss of TaMLO function confers
resistance of bread wheat to powdery mildew
disease. (a) Percentage of microcolonies formed
from the total number of germinated spores of C -4 d WT S il
Blumeria graminis f. sp. tritici (Bgt) inoculated O
on the leaves of wild-type (WT) and various tamlo
mutants. At least 2,000 germinated spores per
genotype per experiment were examined 72 h
after inoculation with virulent Bgt isolate EO9.
Values are the mean =+ s.d. of four independent
experiments. **P < 0.01 (t-test). (b) Micrographs
of microcolony formation of Bgt on the surfaces of
leaves of the indicated genotypes 3 d
postinoculation. Powdery mildew spores and
colonies were stained with Coomassie blue. Scale bars, 200 um. (c) Macroscopic infection phenotypes of representative leaves of WT and the indicated
mlo mutants 7 d after inoculation of detached leaves with Bgt. Scale bar, 1 cm. (d) Disease symptoms of wild-type (WT) and tamlo-aabbdd mutant
plants. The photograph was taken 7 d after inoculation in planta. Scale bars, 2 cm.
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Po vétsinu své existence lidstvo zilo v

tésném kontaktu s prirodou, pudou

» lovci - sbérac¢i 300 000 generaci
+ zemeédélci 600
» industridlni 10 generaci

P. Smykal, Palacky University in Olomouc, CZ



