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Anotace

Tato prace je zaméfena na vyuziti molekularnich markerti ve Slechténi fepky.
Vyuziti molekuldrnich markerti ve S$lechténi rostlin zahrnuje v soucasné dobé fadu
aplikaci a je jiz pomérné Siroké. Prace se zabyva dvéma okruhy: a/ hodnocenim
genetické diverzity genetickych zdroji pouzivanych v ramci ceského Slechténi, b/
vyuziti molekularnich marker pro selekci rostlin nesouci funkéni S alely. Genetické
zdroje fepky byly charakterizovany pomoci standardniho fenotypového hodnoceni a
jejich pftibuznost byla odvozovdna zjejich ,rodokmenu®. Pouziti molekuldrnich
markert pro hodnoceni genetické diverzity je novym piistupem vyuzivajicim techniky
molekularniho markerovani. V ramci této studie bylo cilem otestovat vyuziti
molekularnich markerti pro hodnoceni genetické diverzity Slechtitelskych materidli a
genetickych zdroju pro Slechténi a vybrat nejvhodnéjs$i marker, ktery by byl vyuzit pro
rutinni hodnoceni genetickych zdroji. Druhym okruhem pak bylo vyuZiti molekularnich
markerl jako selek¢nich néstrojii s cilem vyhledat rostliny nesouci funkéni S alely a
vyloucit tak v rané fazi ontogenetického vyvoje ty rostliny, které nejsou vhodné pro
dalsi Slechténi. Molekularni markery byly zaméfeny na hodnoceni S-lokusu a genti
spojenych s projevem autoinkompatibility (SRK, SCR, SLG).

Tyto vysledky jsou v praxi vyuzitelné a Slechtitelim poskytuji vyznamné

podklady pro dalsi Slechtitelskou ¢innost.
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SUMMARY

Summary

Today olilseed rape is the most important sources of vegetable oil in Europe and
the second most important oilseed crop in the world after soyabean. However, breeding
of oilseed rape has evoked a strong bottleneck selection towards double-low (00,
canola) seed quality with zero erucid acid and low seed glucosinolate content.
Knowledge of genetic diversity in the primary gene pool of crop plants is very
important from a plant breeding and genetic point of view. Intensive breeding provides
on the one hand the production of elite genotypes and a wide range of modern varieties,
but on the other hand, narrows the genetic background, which complicates the
identifications of individual genotypes. These factors further increase pressure on the
need for reliable tools to identify individual genotypes/varieties. One of these tools is
the use of molecular markers, which in comparison with morphological characteristics,
have high predictive value.

Among the variety to be assessed were included in Czech and foreign varieties
of contemporary breeding and older varieties from different geographical regions, CMS
fertility restorer plants with altered parameters concerning the quality, or plants with
different flower color. Seeds of all B. napus genotypes were obtained from Crop
Research Institute and from three Plant Breeding station. We used three molecular
markers: SSRs, ISSRs and AFLP. The aim of this study was to examine the genetic
diversity among the selected accessions of winter oilseed rape by molecular markers.
Comprehensive examination of the characteristics of this diversity at a molecular level
subsequently provides a set of the most diverse genotypes for use in line and hybrid
breeding programmes. Furthemore, this investigation could also provide a direct
comparison of three molecular marker systems for the assessment of oilseed rape
genetic diversity.

Microstetellites, AFLP and ISSR generated bands, which were 100%
polymorphic. These three molecular markers systems used in this thesis differed also in
the extent of detection diversity. Molecular data were analysed using a digital image
analysis and fingerprint patterns from each of the all marker type were transformed into
a binary character matrix with 1 or 0. Clustar analysis and PCO analysis were calculated
using MVSP 3.1.




SUMMARY

The second aim of this thesis was to improve molecular tools for selection of
SI/SC plants in early development stages and use this approach based on application of
molecular selection in hybrid breeding of oil seed rape.

Self-incompatibility (SI) is defined as the inability to produce zygotes after self-
pollination in a fertile hermaphrodite plant, which has stamens and postils in the same
flower. This structural organization of the hermaphrodite flower increases the risk of
self-pollination, leading to low genetic diversity. To avoid this problem plants have
established several pollination systems, among which the most elegant system is
severely SI. In most self-incompatible plant species, recognition of self-pollen is
controlled by a single locus, termed the S-locus. In Brassica, genetic dissection of the S-
locus has revealed the presence of three highly-polymorphic genes: S-receptor kinase
(SRK), S-locus protein 11 (SP11) also known as S-locus cystein-rich protein (SCR) and
S-locus glycoprotein (SLG). SRK encodes a membrane-spanning serine/threonine kinase
that determines the S-haplotype specificity of stigma. SP11 encodes a small cysteine-
rich protein that determines the S-haplotype specificity of pollen. SLG encodes a
secreted form of stigma protein similar to the extracellular domain of SRK.

We studied three genes for their structure, function, role in Sl reaction and
dominance relationship, having effect of self-incompatibility expression in plant
phenotype with the aim to find effective molecular markers for selection of Sl plants to
accelerate hybrid breeding process. Molecular markers based on analysis of SLG I, SLG
I, SCR I and SRK I can be successfully used for selection of Sl plants and undesirable
SC plants are eliminated at early ontogenetic stage from breeding population.
Additionally comparative analysis of all of these molecular markers for individual genes
can achieve successful selection of functional carriers of recessive S alleles during

breeding programmes.

Vi
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Uvob

Uvod

Repka (brukev fepka olejka, Brassica napus L.) patii mezi nejvyznamngjsi
olejniny a v soucasné dob¢ se ve svétovém méfitku fadi na druhé misto hned za soju.
V Evropé je z hlediska vyméry dokonce nejvyznamnéjsi olejninou. V Ceské republice
je po pSenici nejpéstovangjsi plodinou, z olejnin je fepka hlavni péstovanou plodinou
s 95 % (procentnim) podilem z celkové osevni plochy olejnin. Diky vysoké intenzité
péstovani patii Ceska republika mezi pét nejvétsich péstiteld fepky v EU. V roce 2013
doslo poprvé za 10 let k poklesu osevnich ploch fepky z 418 tis. ha na 385 tis. ha.
Oproti ptfedchozimu roku doslo i ke snizeni vynosu z 3,98 t/ha na 3,40 t/ha, ptesto i tak
pati k majoritnim plodinam péstovanych v Ceské republice. V roce 2015 byla plocha
366 179 hektarl s primérnym vynosem 3,53 t/ha, v roce 2016 byl vynos 3,46 t/ha na
plose témét shodné.

Ekonomicky vyznamnym druhem se fepka stala zhruba pied 40-ti lety, kdy v
dusledku Slechténi doslo ke snizeni nutricné nezadoucich mastnych kyselin v oleji a ke
zvySeni vynost. Hlavnimi Slechtitelskymi Uspéchy bylo snizeni mnozstvi kyseliny
erukové v semenech pro lidskou vyzivu a sniZzeni obsahu alifatickych glukosinolata
Vv pokrutinach pro lepsi stravitelnost pfi krmeni hospodatskych zvirat. V dnesni dobé¢ je
fepka vyuzivana hlavné jako potravinafska surovina pro lidskou vyZivu, kdy sloZeni
mastnych kyselin v mnohém pted¢i kvalitu olivového oleje, extrahované Sroty nebo
pokrutiny jsou vyznamnou soucasti krmnych smési. Biomasa je vyzivana jako zelené
krmeni ¢i hnojeni a zacind se vyuzivat v bioenergetice, fepkova bilkovina je
vyznamnym zdrojem bilkoviny pro lidskou vyzivu. Dalsi oblasti vyuziti fepkového
oleje je chemicky priimysl a jako zdroj obnovitelné energie neboli tzv. bionafta.

Pocatky $lechténi fepky v Ceskoslovensku se datuji do obdobi prvni republiky.
Repka nebyla v té dobé tolik vyznamnou plodinou a byla p&stovana na plose cca 3000
ha, pficemz péstebni plochy mély spiSe klesajici tendenci. Zajem o fepku byl podnicen
potizemi zeméd¢€lct pfi malém odbytu cukrové fepy v disledku hospodaiské krize ve
tticatych letech. V t¢ dobé byla fepka vyuzivana jako vhodna plodina v osevnich
postupech.

Novodobou historii v ¢eském S$lechténi lze zaznamenat se vznikem sdruzeni
,.Ceska fepka“. Toto sdruzeni vzniklo v roce 1997 s cilem podpofit Slechténi domacich

odrtd fepky olejné, zaloZené na nejnovéjSich poznatcich védy a vyzkumu, které spojuje
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Uvop

vyzkumnou c¢innost se Slechténim vyuzitelném v praxi. Iniciaci, respektive nutnosti
vzniku tohoto sdruzeni byla neschopnost konkurence malych ¢eskych Slechtitelskych
firem vuci velkym S$lechtitelskym firmam v zahrani¢i. V ramci tohoto sdruzeni byly
vyslechténé odrady napt. Aplaus, Opus, Oksana, Benefit Cortes, Rescator, Orex, Orava.
Mezi spolupracovniky tohoto sdruzeni patii také Zemédélska fakulta JU, které ma na
téchto uspésich také sviyj podil.
parametry doslo k zizeni genetického zakladu odrad fepky a tim padem klesla mira
genetické diverzity. Diky vysokému a rychlému naristu poctu odrad fepky, klesla i
schopnost jejich identifikace pouze na zakladé¢ morfologickych znakd. K vyraznému
posunu doslo s nastupem molekularnich markerti, které detekovaly DNA
polymorfismus a prokazaly tak vysokou vypovidaci schopnost a lep$i porozuméni
genetické struktuie rodicovskych komponent Vhodnych pro produkci Fi hybrida. Ve
srovnani s morfologickymi znaky maji molekuldrni markery mnoho vyhod a jsou
uspésné pouzivany nejen pii uzndvacim fizeni, urovani pravosti odrid a kontrole
odridové Cistoty hybridnich odriid, ale i pfi detekci transgent. Markerovaci systémy se
odliSuji v obsahu informaci, poctu vyslednych polymorfismi, stupni automatizace,
pracnosti a vysi finan¢nich nakladi.

U ftepky a dal$ich brukvovitych plodin jsou v soucasné dob¢ vyuzivany zejména

systémy zalozené na technice PCR, jako napt. PCR-RFLP, SSR, AFLP, ISSR.




CiLE A HYPOTEZY

Cile prace a hypotézy

Tato prace byla zaméifena na dva hlavni cile:

1) Zavedeni technik molekularnich DNA markert do oblasti popisu a

charakterizace genetickych zdroju fepky.
Dil¢imi cili pak bylo posouzeni vhodnosti riznych markerovacich systému
se zaméfenim na jejich stabilitu, rozliSovaci a vypovidaci schopnosti a

vybér vhodné techniky separace.

2) Vyvoj novych molekularnich markerd pro selekci / identifikaci rostlin fepky

nesoucich funkéni recesivni Al alely.
Cilem bylo detekovat geny S-lokusu a vyvinout vhodné markery pro
identifikaci funk¢nich / nefunkénich S alel a pomoci téchto markert oveérit

spolehlivost selekce Al rostlin.

Hypotézy:

molekularni markery maji dostate¢nou rozliSovaci schopnost a jejich pomoci je
mozné identifikovat a rozliSit jednotlivé genotypy v souboru genetickych zdroji

fepky

analyza molekularnich markerd poskytuje stabilni, opakovatelné a

reprodukovatelné spektrum markerti
Vv Ceském novoslechténi dochéazi k zuzovani genetické diverzity

pomoci molekuldrnich markertt lze hodnotit uroven genetické diverzity

genetickych zdroji fepky

autoinkompatibilni rostliny je mozné detekovat pomoci molekularnich markera

V raném ontogenetickém vyvoji s dostateCnou piesnosti a spolehlivosti

Xi



LITERARN{ PREHLED - BIOLOGIE A SLECHTEN{ REPKY

Literarni prehled

Literarni ptrehled je zaméfen na tfi hlavni témata, kterych se tyka disertacni
prace: na biologickou a Slechtitelskou charakteristiku fepky, dale na problematiku
genetické diverzity (genetickych zdroji) fepky a molekularnich markerd. Posledni ¢ast
je zaméfena na popis mechanismu autoinkompatibility u fepky a metody jejiho

hodnoceni.

1. Biologie repky

Repka olejka je jednoleta 50-220 cm vysoka samosprasna bylina s podilem
cizospraseni 7-70%. Kofen je silny, kulovity. Diky stavbé kofenového systému, ktery je
z 87% rozlozen v ornici, je rostlina zimuvzdorngj§i nez jiné brukvovité rostliny. Je
odolngjsi proti suchu, porost a vynosové parametry jsou stabilni (Vasak et al., 2000).

Listy jsou Sedozelené zbarvené, lodyha je pfimd, vétvend. Na pocatku vegetace
se tvoii organy jako kofenovy systém a listova rizice a dochéazi ke shromazd’ovani
asimilatd. Shromazdéné zasobni latky nasledné slouZzi pro tvorbu generativnich organt,
jako jsou kvétenstvi, kvét, plod a semena. Tvorba generativnich organli je podminéna
procesem jarovizace a fotoperiodickou indukci. Jednotlivé anatomické a morfologicke
struktury jsou specifikovany pomoci fenologickych fazi, které jsou vhodnymi néstroji
pro technologie péstovani, ve Slechténi nebo ochrané rostlin a vyzkumu (Hejny a
Slavik, 2003).

Kvétenstvim je hrozen. Kvét je stavén podle Cisla 4. Obvykle ma jasné zlutou
barvu. Barva kvétu je vSak podminéna geneticky a v ramci genovych zdroji fepky mize
dochazet k vyraznym rozdilim. MiZze se tedy vyskytovat ve svétle Zluté ¢i bilé barve,
ale v soucasné dobé& i oranzova ¢i krémova'. Kvete v priibéhu kvétna, doba kvétu je asi
20-25 dni. Plodem je dvourada Sesule se dvéma chlopnémi a blanitou ptekazkou dlouha
5-6 cm obsahujici asi 15 az 20 drobnych cernych semen. Semena jsou kulatd

cervenohnéda az modroseda, nékteré odridy mohou byt i zlutosemenné (Vasak et al.,
2000).

! Informace poskytnuta na zékladé Gstniho sdéleni lechtitel( (Selgen, VUOL)

12
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V kvétu je 6 tyCinek, 4 jsou piiblizn¢ ve vySce pestiku, 2 tyCinky s kratkymi
nitkami jsou od blizny ¢asteéné odsunuté. Ctyfi ty¢inky s del§imi nitkami jsou obraceny
k blizn¢ tak, aby dochazelo k opyleni vlastnim pylem (Fabry et al., 1992).

Repka se péstuje ve dvou formach — jako ozima a jarni, tzv. Canola. V Ceské
republice, stejné tak jako v zapadni a stiedni Evropé, se péstuje téméi vyhradné ozima
forma tepky. Jarni fepka je pak vyznamnou plodinou v jihovychodni Asii, ale také
severngjsich a drsngjsich oblastech Kanady, Svédska, Finska, Ruska, na Ukrajiné a také
ve stiedoasijskych republikach. V Ciné se kromé jarni fepky péstuji i tzv. ,.semi-winter
odrtdy. Termin seti ozimu je v koncem srpna, sklizeii pak probiha v pribéhu Cervence.
Semena se lisuji na olej, vylisovana semena se pouzivaji jako krmivo (Friedt et al.,
2007).

Hlavnimi vynosovymi prvky fepky je hmotnost 1000 semen, ktera by se méla
pohybovat v rozmezi 3,75 - 6,5 g, pocet $esuli na 1 m? a pocet $esuli na jednu rostlinu.
Jakost a mnozstvi oleje vyznamnou mérou ovliviiuji podminky b&éhem vegetace.
V ptipadé nizkych teplot a zvySené vlhkosti maji semena vysSsi olejnatost a nizké ¢i
vysoké teploty v purbéhu dozravani maji vliv na zménu mastnych kyselin v oleji.
Zastoupeni mastnych kyselin v oleji je vSak i vyrazné ovlivnéno odridovou variabilitou

(Baranyk et al., 2007).

13
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Brassica napus L. var. napus

Franz Eugen Kohler, Kéhler's Medizinal-Pflanzen, 1897

Obrazek 1 Charakteristicka stavba fepky, jejiho kvétenstvi a ploda

1.1Taxonomicka klasifikace repky

Rad Brassicales zahrnuje 46 &eledi (Warwick et al., 2006). Vyznamna &eled’

tohoto tadu je celed’ Brasiceae, ktera zahrnuje vice nez 4000 druhti a obsahuje
ekonomicky vyznamné plodiny, jako jsou olejniny, zeleniny, ale napi. i kofeni
(Paterson et al., 2001). Jednim z nejvyznamnéjSich celosvétové rozSifenym druhem
tohoto fadt je druh brukev fepka olejka Brassica napus L., ktery se dal déli na
poddruhy Brassica napus subsp. napobrassica (L.) Hanelt — brukev fepka tufin a
Brassica napus L. subsp. napus — brukev fepka olejka. Doposud u fepky nebyl nalezen

14
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plany piedek, jde o fylogeneticky velmi mlady druh vznikly na zakladé spontanni
hybridizace mezi B. oleracea a B. rapa. Prvni zdznamy o tomto druhu Se Vv ruznych
publikacich velmi lisi. Allender a King (2010) a Zamani-Nour et al. (2012) uvadgji
vznik druhu pted 500 lety, naopak Cheung et al. (2009) se odkazuji na vysledky
fylogenetickych analyz a uvadéji, ze ke zkiizeni téchto dvou druht doslo jiz pied méné
nez 10 000 lety. Dalsim pohledem pak miize byt mySlenka Salaminiho et al. (2002),
ktery uvadi, ze druhy byly proktizeny pied zhruba 12 000 let, kdy ptesla skupina lidi
Z lovcil na sbérace a tim v podstaté vznikla éra domestikace a zamérného péstovani
rostlin, které dnes tvoii zéklad pro vyzivu lidi.

Puvodni vyskyt druhu Brassica napus Ize dohledat v jizni Evropé a Stiedozemi,
kde maji vyrazny rozsah rodi¢ovské taxony (Song a Osborne, 1992).

Druh Brassica napus jako prvni popsal v roce 1753 Carl Linnaeus. Jim dal$im
popsanym druhem z rodu Brassica byl druh Brassica rapa, tento druh byl ale jinymi
autory uvadén pod jménem B. campestris. Takto pojmenovany druh zahrnoval i taxony,
které byly pozdé&ji rozdéleny na poddruhy B. rapa ssp. rapa, spp. oleifera a spp.
perviridis a na druhy Brassica pekinesis a Brassica chinensis. Metzger v roce 1833, kdy
podrobné popisoval rod Brassica, dosel k zavéru, ze druhy Brassica rapa a Brassica
campestris by mély byt spojeny pod jeden druh, a tak tyto nazval jednotné¢ Brassica
rapa. Pozd¢jsi studie potvrdily tuto teorii na zakladné shodného poctu chromozomi a

pti kiizeni hybridnich potomku (Luijten a Jong, 2010).

Zarazeni druhu

fise Plantea — rostliny

oddéleni Magnoliophyta — rostliny krytosemenné

tiida Rosopsida — vyssi dvoudélozné rostliny

rad Brassicales — brukvotvaré

celed’ Brassicaceae — brukvovité

rod Brassica — brukev

druh Brassica napus — brukev fepka

poddruh Brassica napus subsp. napus — brukev fepka olejka

(Hejny a Slavik, 2003)
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1.2 Geneticky piivod repky

Repka je pfirozeny autoallotetraploid vznikly spontanni hybridizaci a
polyploidizaci. Zakladni dogma vzniku fepky (B. napus) jako prvni popsal v roce 1935
korejsky botanik Woo Jang-choon, ve védeckém svété znamy pod jménem U. Ten ve
svych pracech navazal na hybridiza¢ni experimenty Morinagy (Morinaga, 1929 a,b,c;
1933; 1934) a potvrdil hybridni ptivod fepky. Pivod fepky je uveden na obr. 2, ktery
popisuje kiizeni mezi druhy — Brassica rapa — brukev fepak (2n=20, genom AA),
Brassica nigra — brukev ¢erna (Cernohoi¢ice) (2n=16, genom BB) a Brassica oleracea —
brukev zelna (2n=18, genom CC), diky némuz vznikly tii amfidiploidni druhy vzdy
vzniklé kiizenim dvou z téchto druhti. Mezi nejvyznamnéjsi z nich patii Brassica napus
(genom AACC, 2n=38), ktery vznikl z nahodného kiizeni mezi druhy Brassica rapa —
brukev fepak (AA, 2n=20) a Brassica oleracea — brukev zelna (CC, 2n=18). DalSimi
dvéma druhy jsou Brassica juncea - brukev sitinovita (2n=36, genom AABB) vznikly
ktizenim Brassica rapa a Brassica nigra a druh Brassica carinata — hoi¢ice habesska

(2n=34, genom BBCC) vznikly kiizenim Brassica nigra a Brassica oleracea.

Brassma mgra

Brassica cla?rinata »/ \ Brassica juncea
n= il . n=18
/ XY \ 0> xﬁ.“-l\,,
g _\4 DX #)
}f I'\_“\ ?Q\K\{\;"I
\°" A7 N gAY
A gacc FYCCI ¢
.-'Jr \
__/ AACC \
é ) « /7< * \ ><‘{>\
M% ‘l\” 4‘:‘ | < l *l
n—q o 7</ I7‘ ‘b* \ 4(}
Brassica oleracea \qff o Brassica rapa

Brassica napus

Obrazek 2 Zakladni schéma vzniku druhu Brassica napus dle U ( 1935)
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1.3Péstovani repky

Repka olejka (B. napus) je jednou z nejstarsich olejnin. Ve vétsim rozsahu se
pestuje od 19. stol. Pivodni uplatnéni fepky bylo ve stfedovéku zejména pro vyrobu
olejli na sviceni a mazani, ¢i pro ucely mydlarstvi a pouze v minimalni mife jako
potravina (Baranyk et al., 2007). V dnesni dobé je fepka vyuzivana hlavné jako
potravinaiska surovina pro lidskou vyzivu, kdy slozeni mastnych kyselin v mnohém
pred¢i kvalitu olivového oleje (Przybylski, 2011). Extrahované Sroty nebo pokrutiny
jsou vyznamnou soucasti krmnych smési, biomasa je vyzivana jako zelené¢ krmeni Ci
hnojeni, fepkova bilkovina je vyznamnym zdrojem bilkoviny pro lidskou vyzivu. Dalsi
oblasti vyuziti fepkového oleje je chemicky prumysl a jako zdroj obnovitelné energie
neboli tzv. bionafta. K vyraznému nardstu ploch i produkce fepky doslo po roce 1960,
v Evropé po roce 1970 (Becka et al., 2007). Do té doby byla fepka jako zdroj pro
lidskou vyzivu pouzivana V omezeném mnozstvi kvili vysokému obsahu kyseliny
erukové, kterd je nebezpecna pro srdecni svalovinu. Bylo prokazano, ze po konzumaci
stravy bohaté na kyselinu erukovou se u pokusnych zvitat projevil zvySeny vyskyt
myokarditidy, myokardialni fibrozy a dochazelo k akumulovani lipida v srdci (FSANZ,
2003). Kvili vysokému obsahu glukosinolati, které jsou nestravitelné pro hospodaiska
zvitata. Dnes je stanoven limit pro kyselinu erukovou max. 2%, ovSem realné hodnoty
se pohybuji dokonce v mnozstvi 0,3-0,5%. V soucasné dobé je fepka celosvétove
druhou nejvyznamnéjsi olejninou. Ro¢ni produkce je cca 70 mil tun semene (Ash,
2014).

V Ceské republice je po psenici nejpéstovangjsi plodinou. Z olejnin je fepka
hlavni péstovanou plodinou s 95 % podilu z celkového mnozstvi olejnin. Diky vysoké
intenzité péstovani patii Ceskd republika mezi pét nejvétsich péstiteld fepky v EU
(Trostle, 2010). V roce 2013 doslo poprvé za 10 let k poklesu osevnich ploch fepky
z 418 tis. ha na 385 tis. ha (www.czso.cz). Tento pokles mohl byt zpisoben opozdénou
sklizni a tudiz tfada farmait nestihla v¢as zasit pro nasledujici rok, ale i mensi
poptavkou po tfepce a poklesu vykupnich cen. Oproti pfedchozimu roku doslo i ke
snizeni vynosu z 3,98 t/ha na 3,40 t/ha, v letech nasledujicich se osevni plocha opét

zvysila.
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1.4Slechténi Fepky ve svété

Z hlediska velkého zdjmu o péstovani fepky by mélo byt Slechténi vyznamnym
oborem, ktery by se nem¢l branit ani novym metodam a pristuptim. Je tfeba klast velky
duraz nejen na Slechténi na vynos, ale i na odolnost vi¢i povétrnostnim vlivim jako
jsou chladuvzdornost, zimuvzdornost ¢i suchovzdornost a odolnost vii¢i chorobam.

Ekonomicky vyznamnym druhem se fepka stala zhruba pied 40-ti lety, kdy v
dasledku slechténi doslo ke snizeni nutri¢né nezadoucich mastnych kyselin v fepkovém
oleji a zvySeni vynost. Zdrojem znaku kvality a nizkého obsahu kyseliny erukové v
oleji byla krmnd odriida Liho, kterd byla vyuzita jako jeden z rodi¢ovskych komponentti
pfi Slechténi. Z tohoto kiizeni byla v roce 1968 vyslechténa kanadska odrida Oro.
Odridy se snizenym obsahem kyseliny erukové jsou oznacované jako jednonulové
odrady — typ ,,0“. Konkrétné odriida Oro méla obsah kyseliny erukové niz§i nez 1%,
odrida ,,Tower”, jejiz rodi¢ovskym komponentem byla polskd odriida ,,Bronowski*
S nizkym obsahem glukosinolati. Odrtiida ,,Tower* byla vySlechténa jak na nizky obsah
glukosinolati, tak i na nizky obsah kyseliny erukové. Tento typ odridy byl oznacen
jako dvounulovy — typ ,,00“ (Snowdon et al., 2007).

Dalsi slechténi na kvalitu bylo zaméfeno na zménu obsahu kyseliny linolenové a
olejové. Vysledkem byly dvé nové odrudy ,,Splendor a ,Nexera“ s obsahem 75%
kyseliny olejové a s obsahem kyseliny linolenové mensi nez 3%. Diky tomu ziskala
fepka vybornou oxida¢ni stdlost a fepkovy olej se stal vhodnym i pro smaZeni.
(Snowdon et al., 2007). Dale se soucasné Slechténi zamétujel na slechténi typu odrud:
,LEAR® (low-erucic, nizky obsah kyseliny erukové), ,,HEAR* (high-erucic, vysoky
obsah kyseliny erukové), ,,HOAR®* (high-oleic, vysoky obsah kyseliny olejové),
,,LLAR® (low-linolic, nizky obsah kyseliny linoleové) (Pua a Douglas, 2004), ,,HOLL*
(high oleic low linolenic, vysoky obsah kyseliny olejové a nizky obsah kyseliny
linoleové) (Becka et al., 2007), ,,HO* (obsah kyseliny olejova nad 80 %), ,,stearin®
(obsah kyseliny stearové nad 25%), ,,EG“ (obsah kyseliny erukové nad 50%), ,,EEE*
(obsah kyseliny erukové nad 65%), ,,PHA® (produkce polyhydroxy mastnych kyselin
pro vyrobu bioplasti) atd. (Koprna, 2015).

Dal$im meznikem ve Slechténi fepky bylo objeveni systému fizen¢ho opyleni,
jako jsou jaderna samci sterilita (GMS), cytoplazmatickd samci sterilita (CMS) a

autoinkompatibilta (AI). Diky t€émto poznatkiim se Slechtitelé zaméfili na vytvareni
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hybridnich odrid. OvSem v soucasné dob¢ se neslechti pouze odrudy pro potravinaiské
vyuziti, nékteré odrady fepky jsou $lechtény piimo pro vyuziti na bionaftu a pro pouziti
jako primyslova maziva. Vedle hospodatskych znaki je dulezité Slechténi na odolnost

vuci patogenum (Allender a King, 2010).

1.5S8lechténi repky v CR

Pocatky $lechténi fepky v Ceskoslovensku se datuji do obdobi prvni republiky.
Repka nebyla v té dobé tolik vyznamnou plodinou a jeji péstovani probihalo na ploge o
velikosti cca 3000 ha, pfi¢emz péstebni plochy mély spise klesajici tendenci (Havel,
1998). Zajem o fepku byl podnicen potizemi zemédélct pii malém odbytu cukrové fepy
v disledku hospodaiské krize ve tficatych letech, kdy byla vyuzivana jako vhodna
plodina v osevnich postupech (Frithaufova, 1998).

Za existence Ceskoslovenské republiky nastal rozvoj vyzkumu péstitelské
technologie a &astetné i Slechténi fepky. Za okupace Ceskoslovenska se na {izemi
protektoratu fepka péstovala v roce 1944 na ploSe témét 38 tis. ha a na izemi tehdej$iho
Slovenského $tatu kolem 4 tis. ha. Plochy fepky se udrzely ve stejném rozsahu i po roce
1945. Dnesni péstitelské plochy se v poslednich letech pohybuji okolo 350-400 tis.
hektarti s vynosem ptesahujicim 3 t/ha. Napt. v roce 2015 byla plocha 366 179 hektart
s pramérnym vynosem 3,53 t/ha, v roce 2016 byl vynos 3,46 t/ha (APIC-AK, 2017).

V Ceské republice, respektive Ceskoslovensku, sahé historie u¢elného $lechténi
aZz do obdobi prvni republiky, kdy vybérem domacich krajovych odriid a odrid
zahrani¢niho ptivodu (Mansholtova, Lembkeho, Liibnicka, Janetzki, Esterhaza) vznikly
ozimé fepky ,,Tiebi¢ska krajova“ (Slechtitelska stanice ve Stranecké Zhofti, povolena
v roce 1941), ,Slapska“ (Slechtitelska stanice Slapy u Tabora, povolena 1946) a jarni
odriidy fepky ,,Ceska krajova“ (Slechtitelska stanice Chlumec nad Cidlinou, povolena
1949) (Baranyk et al., 2007). Tyto odrudy se udrzely v sortimentu nabizenych odrid az
do nastupu ,,bezerukovych® odrid v 80. letech. Od roku 1960 se provadély prace
Vv oblasti Slechténi fepky na zlepSeni zimovzdornosti rostlin a nepukavosti Sesuli - pro
tyto ucely byl dokonce sestaven prototyp piistroje na stanoveni odolnosti Sesuli proti
pukani (Havel, 1998) a na moZném sniZeni obsahu kyseliny erukové. Na pielomu 60. a
70. let byly provadény tuvodni studie ve sméru vyuziti heteroze fepky. Mezi
Slechtitelské pokusy patiila i oktoploidizace, 2n=76. Tyto pokusy nebyly Uspésné a

dochazelo ke snizeni poctu semen na SeSuli, celkové o 25-30%. Po roce 1970, kdy se
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Vv Evrop¢ zacinad intenzivnéji Slechtit, nastupuji fepky tzv. ,,0° kvality, tedy odridy
S minimalnim obsahem kyseliny erukové (Rod et al., 1982; Becka et al., 2007). Pocinaje
rokem 1985 byl zahajen vyzkum autoinkompatibility u ozimé fepky. Na pielomu 80. a
90. let doslo k velmi rychlému a komplexnimu piechodu na tyto sméry Slechténi fepky:
00 typy, EO typy (vysoky obsah kyseliny erukové a nizky obsah glukosinolatii), typy se
zménénou skladbou mastnych kyselin, Zlutosemenné typy, linie s nizkym obsahem
sinapinu a progoitrinu. Prvni ¢eskou povolenou jednonulovou odriidou byla v roce 1983
Silesia, které méla minimalni obsah kyseliny erukové. V roce 1990 byla povolena prvni
00 odrtida — Sonata. Slechténi typu EO vyustil do povoleni nové &eské odridy Oaza,
uréené pro priumyslové ucely (Potmésilova, 2012).

Novodobou historii v ¢eském Slechténi lze zaznamenat se vznikem sdruzeni
,Ceska fepka“, které spojuje vyzkumnou &innost se §lechténim vyuzitelném v praxi.
Iniciaci, respektive nutnosti vzniku tohoto sdruzeni byla neschopnost konkurence
malych ceskych Slechtitelskych firem vic¢i velkym Slechtitelskym firmam v zahranici.
V ramci tohoto sdruzeni byly vySlechténé odridy napi. Aplaus, Opus, Oksana, Benefit
Cortes, Rescator, Orex, Orava (Zehnalek, 2012; Baranyk et al., 2016).

Cleny sdruzeni ,,Ceska fepka“ jsou: OSEVA PRO s.r.o., SEMPRA PRAHA,
a.s., SELGEN, a.s., AGRITEC, vyzkum, §lechténi a sluzby, s.r.o. a Vyzkumny tustav
rostlinné vyroby, wi. Mezi spolupracovniky tohoto sdruzeni patii také Zemédélska
fakulta JU, které ma na téchto uspésich také svilij podil.

Tabulka 1 Strucné tspéchy ceského Slechténi podle charakteristik odrad

Obdobi Charakteristika odrid Vyuziti
Do r. 1975 »EG* odridy s nevyhovujici | Malé moznosti vyuziti, olej hlavné
kvalitou — wvysoky obsah | pro technické ucely
kyseliny erukové (KE) v oleji
a glukosinolati (GSL) ve Srotu
Rok 1975 az Tzv. ,,0“ odridy se snizenym | RozSifeni pro potravinaiské vyuziti,
1985 obsahem KE (do 5%), ale | prakticky bez krmivarského
vysokym obsahem GSL uplatnéni, zvysSeni osevnich ploch
Rok 1985 az|,00“ odridy s minimalnim | Bezproblémové potravinaiské

soucasnost

obsahem KE a nizkym
obsahem GSL (zprvu do 30
umol/g semene, od r. 2005 do
18 umol/g semene v 0Sivu)

vyuziti, pfidani Srotd a vyliskii do
krmnych smési, zvySeni osevnich
ploch

Od roku 1995

Rozsifeni hybridnich odrad
(nejdiive na bazi systému
MSL Lembke, pozdéji Ogu-
INRA)

Stejné pouziti jako ,,00“ odridy,
avSak uplatnéni heterozniho efektu
Vv podob¢ vysSich vynosii, obecné
lepsi odolnost rostlin proti strestim

Od roku 2000

Vykonné liniové 1 hybridni
odridy s velmi nizkym

Nartst osevnich ploch, Slechténi
odrtid se specialnim sloZzenim oleja,
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obsahem GSL, nové trendy — | potravinaiské ucely, MERO, pro
zménéna skladba mastnych | vyrobu bionafty, tolerance
kyselin v oleji, polotrpasli¢i | k herbicidim, mrazuvzdornost,
odridy, mimo Evropu i | odolnost k chorobam a Skidctim atd.
zlutosemenné odridy, vyuziti

GMO technologii atd.
Od roku 2004 | Vyrazny nardst vynosovych | Jak u liniovych, tak i u hybridnich
schopnosti novych odrad odrid byl zaznamendn néarust

vynosovych schopnosti. Ptvodné
odhadovany potencial sklizné 8t/ha,
byl na pokusné stanici v Hnév¢evsi
prekonan, kdy u odriidy Vectra byl
opakovany vynos cca 10t/ha

(Baranyk et al., 2007; Baranyk et al., 2016)

1.6Popis odrid

Piivodné se pro tvorbu novych odrid vyuzivalo metody vybéru, postupem casu
se pridavaly metody kfizeni a odd¢lené péstovani vybranych jedinct. Typ odrid je dan
zpusobem reprodukce dané plodiny. U soucasnych plodin se rozliSuje nékolik typt
odrtd z hlediska jejich genetické struktury a reprodukce, to urcuje i1 zpiisob Slechténi.
Nové vyslechténé odridy maji vétSinou nahradit dosavadni registrované odridy, které
by mohly ovSem slouzit jako jeden z rodi¢ii pouzitych v novém Slechténi. Obvykle byva
zapotiebi vnést do nové odrudy geny z vice rodi¢i z divodu jistéjSitho uspéchu a
zejména pro kombinaci vlastnosti (Ehrenbergerova, 2014).

V soucasné dobé jsou vyuZzivané dva zplsoby Slechténi fepky — liniové a
hybridni (Chloupek, 2007). Soucasnym trendem je vytvaiet hybridni odrudy, ackoliv
liniové odrady stale vykazuji vynosovy vzestup. Hybridni fepka se v Ceské republice
péstuje od roku 1998. Narlst péstovani je vyrazny, napt. v roce 2005 to bylo 21%
v roce 2013 pak 70% (Volf a Zeman, 2013) a v roce 2016 dokonce jiz 88% hybridnich
odrud na péstitelskych plochach (Baranyk et al., 2016).

1.6.1 Typy odrud u Fepky
Liniové odrudy

U liniového Slechténi vznikaji odrudy s pozadovanymi vlastnostmi pro ruzné

péstitelské oblasti a cile péstovani. Odriidy typu linie se $lechti hlavné u samosprasnych
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rostlin. Kazd4 linie piedstavuje potomstvo jedné rostliny po opakovaném samoopyleni,
tzn., ze po mnoha generacich vznikaji homozygotni ¢isté linie.

Na zacatku Slechténi odrid typu linii se vétSinou prokiizi dva rodiCovské
komponenty, které jsou také plvodem liniové. V F2 generaci dochazi k vybéru
kmenovych matek a nasleduje mnohalety vybérovy postup, v soucasné dob¢ se odrudy
typu linie ptihlasuji do zkousek v generacich F7 az Fio (Ehrenbergerova, 2014).

Vyhodou tohoto typu odrtd je jejich schopnost zachovat si dobré vlastnosti i pfi
pfesévani, proto je mozné vyuzivat i tzv. farmaiského osiva, tj. osiva z vlastni sklizné

(Hraska et al., 1989).
Hybridni odridy

Na rozdil od odrtd ptedchozich farmarského osiva vyuzit nelze. U hybridniho
osiva je vyuzivano heterozniho efektu v F1 generaci. Pro vyslechténi hybridnich odrid
je dulezité¢ vybrat rodicovské komponenty (dva, tfi ¢i Ctyfi), které maji dobrou
kombinac¢ni schopnost. Vyhodou oproti liniovym odriddm je dosazeni cca 10-15%
vyssiho vynosu vlivem heteroze, rychlejsi poc¢atecni vyvoj a vyssi odolnost ke stresiim
vlivem mohutnéjsi stavby stonku i kofene. Tyto vlastnosti umoziluji snizeni vysevku a
pozdg&jsi termin seti (Frauen a Paulmann, 1999). Hybridni odridy velmi rychle snizuji
vynos po pfemnozovani do druhé a dalsi generace, proto je nutné podminky pro jejich
udrzovani neustale obnovovat (Hraska et al., 1989).

Jednoduché hybridy byvaji nejproduktivnéjsi i nejvyrovnang;jsi a slechténi je tim
padem 1 jednodus$si. Pocet porostd pro produkci komeréniho hybrida péstovanych
v prostorové izolaci, se zvysuje od jednoduchych kiizencti pro dvojité hybridy. Cim
geneticky vzdalengjsi se zvoli rodiCovské odridy, tim je vyssi stupent heterozygotnosti u
hybrida, ktery tak poskytuje vyssi vynos. Heteroze je tak vyss$i u hybrida s vyssi
heterozygotnosti oproti homozygotnéjsimu hybridu. V hybridech je mozné kombinovat
i vy$$i rezistenci k chorobam a tak dosahnout komplexnéjsi rezistence nez u linii. U
hybridi s homozygotnimi rodi¢i povazujeme za heterozi prevahu vynosu hybridi nad
rodi¢i. Heteroze byva zna¢né vysS$i u cizospraSnych druht, jako je kukufice, Zito,
cukrovka a niz$i u ¢aste¢né€ cizosprasné fepky, jesté niz$i u samosprasnych druhti jako

jsou psenice a ryze (Ehrenbergerova, 2014).
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Vyhody hybridnich odrid

vysoky az velmi vysoky vynos semen, ktery je dosahovan diky heter6znimu

efektu

dobra zimovzdornost, vysoka tolerance K horku a suchu, jako i nizka citlivost
K nepfiznivému pocasi (deStové srazky béhem kveteni) jsou dalSimi
charakteristickymi vlastnostmi, které zvlasté v posledni dob¢ péstitelé¢ u hybrida

ocenuji vzhledem k ¢astym klimatickym extrémtim

vice Casu pii vysevu: restaurované hybridni odriidy jsou v podzimnim obdobi
velmi vzristné a vitalni, 1épe nez liniové odrady snaSeji seti ke konci

agrotechnickych Ihat

hybridni odridy jsou zvlast¢ vhodné pro tézsi pidy a pfechodnd stanovisté,
bezorebné hospodatici podniky davaji pfednost vzristnym a vitalnim odridam

se siln¢ vyvinutym kofenovym systémem a vysokou toleranci ke stresu

restaurované hybridy maji obvykle mohutny rany vyvoj s dobrou schopnosti
konkurovat tlaku pleveld. Podzimni hnojeni dusikem nebyva nutné, pfesto mensi

davka byva piinosem (Baranyk et al., 2016).
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2. Geneticka diverzita rostlin

Opakované a zamérné péstovani plodin vedlo ke vzniku krajovych odrud, které
se svymi vlastnostmi pfizpisobily podminkdm prostfedi, ve kterém byly vypéstovany
(Friedt et al., 2007). A pravé krajové odriady predstavuji u vétSiny plodin prvni krok ke
vzniku novych cilené Slechténych odrud s vylepSenymi vlastnostmi, jak z hlediska
vyzivy tak i péstovani (Fernie et al., 2006). Nicméné pravé z divodu vybéru jen na
urcité kvalitativni a kvantitativni parametry (zejména vynos) dochazi u nékterych druht
ke zna¢nému zuZeni genetické variability, ztraté fady cennych genti a vlastnosti tzv.
planého charakteru a Vv dusledku péstovani téchto modernich odrid pak k Uplnému
vymizeni krajovych odrud, ¢i primitivnich odrad (Zamir, 2001).

Diky rozvoji moderniho $lechténi dochédzelo ve 20. stoleti ke snizovani
genetické diverzity a to v disledku péstovani vynosnéjsich odrad, které jsou si casto
vzajemné piibuzné (Rao a Hodgkin, 2002). Dochazelo k péstovani stale mensiho poctu
odriid intenzivnich, vysoce vynosnych a kvalitnich odrid. K tomuto pfispivali jak
zakaznici, kteti kladli diraz na neménné hodnoty u jednotlivych odrad, tak i samotni
pestitelé, kteti preferovali a preferuji péstovani vynosnéjSich odrid. AvSak bez Siroké
zékladny pro vybér rodiCovskych komponent neni mozné, aby Slechtitelé na tyto
vlastnosti dosahli. V dusledku zuzeni genetické zakladny jsou pak problémy
s vyslechténim odriid odolnych k biotickym i abiotickym stresiim (Friedt et al., 2007).
V roce 1992 byla vypracovana pii OSN ,,Konvence 0 biologické diverzité®, kterou
Vv roce 1994 podepsala 1 nase republika. Zakladnim principem je zodpovédnost kazdého
statu za vlastni genetické zdroje formou in situ (na pivodnich naleziStich) a ex situ
(vétsinou pomoci genovych bank) (Chloupek, 2007). V roce 2014 to bylo celkové 16
pracovist, kterd se podileji na ,Narodnim programu konzervace a vyuZivani
genetickych zdroji rostlin a agrobiodiversity”. Centralné jsou data shromazd’ovédna
v genové bance VURV, v.v.i. Genetické zdroje v CR zahrnuji zhruba 52 tisic polozek,
ve kterych je zahrnuto témét 1200 druhti rostlin. Tento program pro uchovani
genetickych zdroji byl v CR zahajen vroce 1993 jako standardni feSeni pro
zabezpeceni prace s genetickymi zdroji. V roce 2015 bylo poprvé vyuzito také uchovani
800 semennych vzorkll ve svétové genové bance umisténé na Spicberkach (Jordan,
2015).

Jelikoz denné€ dochazi k vymizeni asi sta druhti, ztraceji se tak 1 druhy, které jsou

unikatni jak svym ptvodem, tak tfeba i svymi vlastnostmi. Proto odbornici a $lechtitelé
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pozaduji ochranu genetické diverzity. Ztrata genetické diverzity se povazuje za nejveétsi
1983). Bohuzel genetickou diverzitu nelze rozsifit tak, aby doslo k navraceni piivodniho
stavu, proto bylo potieba vyvinout jiné zpiisoby uchovani. Muze se jednat o uchovani
na urovni genovych rezerv, populaci, individui, genomu, lokusu nebo na tUrovni
sekvence bazi DNA (Kresovich a McFerson, 1992). Jak se ukazalo, tak nejvetsi vyznam
pro genetickou variabilitu ma geograficky piivod dané populace (Chloupek, 2007).

2.1Geneticka diverzita u repky

Jak uz bylo vyse feCeno fepka, stejné¢ jako pSenice, vznikla mezidruhovym
kiizenim a naslednou polyploidizaci. OvSem ve srovndni s pSenici ¢i ostatnimi
hospodaiky vyznamnymi druhy je fepka velmi mlady druh, ktery pravdépdobné vznikl
jen pred nékolika stoletimi (Alder a King, 2010; Zamari-Nour et al., 2012). Je
pravdépodobné, ze prokiizeni druhtit B. rapa a B. oleracea vzniklo nejspi§ pfi
obchodnich cestach z vychodni Asie do oblasti sttedomoii a na vychod. OvSem
omezeny zemeépisny rozsah a intenzivni Slechténi vedlo k zuZeni genetického zakladu
(Annisa et al., 2011; Girke et al. 2012). Genofond elitnich odrad fepky byl z(zen
zejména zaméfenim na nulovy obsah kyseliny erukové a nizky obsah glukosinolati, coz
vzniklo v disledku pozadavki na vyzivu. V poslednich desetiletich je na fepku
pohliZzeno také jako na zdroj vyZivy pro hospodaiskd zvifata. Pravé proto je nutné
upravit obsah glukosinolati a kyseliny erukové. Pokud by se do Slechténi zapojily
puvodni odridy, mohlo by dojit naptiklad k lep$i odolnosti vii¢i patogentim, ktefi
zaCinaji byt rezistentni vu¢i pouzivanym pesticidim (Hasan et al., 2006). Vyzkum
genotypu rodu Brassica vnesl nové a efektivni hodnoceni pro genetickou diverzitu
(Harper et al., 2012).

K opétovnému zvyseni genetické diverzity by se daly vyuzit genotypy vytvorené
pomoci vzdalené hybridizace (Nieman et al., 2012) nebo pomoci tzv. resyntetizované
fepky vytvorené z dihaploidnich piedki — fepice (Brassica rapa) a brukve (Brassica
oleracea), za pomoci biotechnologickych metod (Wen et al., 2008). Pomoci téchto
postupti 1ze do genofondu fepky vnést perspektivni znaky a vlastnosti, které mohou
zvysit biologicky a produkéni potencidl stavajicich genotypt jako napt. odolnost

Kk suchu, chorobam a skidctim, autoinkompatibilitu, pylovou sterilitu, obnovu fertility,
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zlutosemennost, specifické zastoupeni mastnych kyselin, glukosinolati, mohutné;si

kofenovy systém apod. (Rai et al., 2007).

2.2PouZziti molekuldrnich markerti ve slechténi repky

Tradi¢ni morfologicka, fenologickd a agronomickd data byla pouzivana jako
hlavni kritéria pfi Slechténi rostlin. V disledku zaméfeni selekéniho procesu pouze na
tim padem klesla mira genetické diverzity (Soltis et al., 1998). Diky vysokému a
rychlému nartistu po¢tu odrid fepky, klesla 1 schopnost jejich identifikace pouze na
zaklad¢ morfologickych znaki. S timto problémem se zacali potykat také inspektofi
UKZUZ pfi registraénich zkouskach a DUS (Distinctness Uniformity Stability) testech,
kdy se pro urceni odrid vyuZivalo omezeného poctu morfologickych znakit (UPOV,
2002). K vyraznému posunu doslo s nastupem molekularnich markert, které detekovali
DNA polymorfismus a jenz prokazaly vysokou vypovidaci schopnost a lepsi
porozuméni genetické struktutfe rodi€ovskych komponent vhodnych pro produkci Fi
hybridit (O'Neill et al., 2003; Yu et al., 2007). Ve srovnani s morfologickymi znaky
maji molekuldrni markery celou fadu vyhod a jsou UspéSné pouzivany pii urovani
pravosti odrid, kontrole odridové cistoty hybridnich odrid, ale i detekci transgenii.
Jsou také vhodnym pomocnikem k porozuméni genetického toku, i stupné prokiizeni a
hodnoceni jednotlivych odrud (Rao a Hodgkin, 2002).

Jednim z prvnich prikopnikii pro zavedeni téchto metod byl napt. Song et al.
(1990), Thormann et al. (1994), Uzunova et al. (1995) atd., ktefi pouzili pro hodnoceni
genetické vzdalenosti mezi brukvovitymi metodu RFLP (Restriction Fragment Lenght
Polymorphism) a RAPD markery (Randomly Amplified Polymorhic DNA). Dalsi, kdo
zacal vyuzivat pomoci molekuldrnich markerti ve Slechténi fepky, byl Halldén (1994),
Diers (1994) a dalsi. Ackoliv tyto metody jsou vytlatovany stdle novéjsimi markery, i
tak maji pro tyty tcely stale své uplatnéni, napi. Poyaraz (2016). Tyto metody mohou
mit vyhodu ve své nendroCnosti na pfistrojové vybaveni a i oproti jinym metodam
celkem nizké provozni naklady na dnes jiz zdkladni vybaveni laboratofe.

Dalsi pomérné hojn¢ vyuzivanou metodou je AFLP. Pomoci této metody napf.
Lombard et al. (2000) dokazali mezi sebou odlisit 83 rtiznych genotyptli fepky na jarni a
ozimou. V soucasné dob¢ tuto metodu vyuzil napi. EI-Esawi et al. (2016). Za nejcastéji
vyuzivanou metodu pii hodnoceni genetické diverzity lze jednoznacné oznacit metodu

SSR, kterou pro ucely druhu Brassica pouzili Plieske and Struss (2001), ktefi pomoci
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61 primerovych paru detekovali 198 polymorfismu, na jejichz zakladé byli schopni
odlisit 32 odrad druhu Brassica napus.

Markerovaci systémy se odliSuji v obsahu informaci, poc¢tu naslednych
polymorfismi, stupni automatizace, pracnosti a vysi finanénich nékladd (Curn a
Zaludova, 2007). Nejéastéji pouzivanymi markery pro tyto uéely jsou napf. SSR, ISSR,
AFLP, RFLP, RAPD, SNP atd. Markery RFLP a RAPD jsou jiz méné¢ vyuzivané
metody.

2.2.1 SSR

Simple sequence repeats (SSR) markery, znamé jako mikrosatelity jsou kratké
tandemové motivy, obsahujici 1-6 paru bazi. Di-, tri- nebo tetranukleotidova opakovani
jsou usporadana v tandemech po 5 — 50-ti kopiich. Nekteré studie prokazaly, ze
mikrosatelity mohou byt nalezeny kazdych 52 kb (Ashkenazi et al.,, 2001).
Mikrosatelity 1ze nalézt jak v prokaryotickych, tak i eukaryotickych organismech (Zane
et al., 2002). Mikrosatelity se také ukazaly jako mimofadné cenné pii konstrukci map
eukaryotickych chromozomi o vysoké hustoté (Snustad a Simmons, 2009).

Mohou byt nalezeny kdekoliv v genomu jak v kodujicim, tak i nekddujicim
useku (Varshney et al., 2005) Jsou to kodominanti markery zalozené na vysoké Grovni
polymorfismu (Lydiate a Sharpe, 2003). Mikrosatelity se fidi jednoduchou
mendelistickou dé&di¢nosti, proto mohou byt pii pouziti pro velmi piibuzné druhy
konzervativni, ov§em pro odliSeni odrid se ukazaly jako vhodny pomocnik (Pilinsky et
al., 2011). Pocet opakovani jednotky v konkrétnim mist¢ DNA (lokusu) definuje alelu.
Délku alely lze zjistit po elektroforetické/fragmentacni analyze PCR produktti daného
lokusu diky pouziti primerd specifickych pro piisluSny lokus. Systémy vyuZivajici
mikrosatelity u fepky ozimé jsou vhodné z diivodu fady znamych specifickych SSR
primert pro druhy rodu Brassica (Curn et al., 2012). Pro analyzu genetickych zdroji
fepky se pouzivaji i1 tzv. cross-species mikrosatelitové primery, které mohou byt
odvozeny napi. pro druh Arabidopsis nga 129-1, nga 139-1 (Bell a Ecker, 1994). Dalsi
vyzkumy potvrdily, ze tyto dva primerové pary amplifikovaly mikrostelity téZ u
Brassica napus (Westman a Kresovich, 1998). Z divodu uvadéného vysokého stupné
polymorfismu byl pro analyzu odriad, zvlasté pak DH linii a pozdé&ji téz Al linii,

testovan SSR primer Bn9a (Kresovich et al., 1995).
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Vyhodou vyuziti tohoto markeru je pomérné jednoduché technické zpracovani a
opakovatelnost. Nevyhodou pak mtizou byt vysoké ndklady na fragmentacni analyzu a

syntézu znacenych primerd.

2.2.2 ISSR

Technika ISSR neboli Inter Simple Sequence Repats je modifikaci techniky SSR
markert (Kantety et al., 1994). Prvni zminky o této technice se objevily na pocatku
90-tych let v n€kolika védeckych tymech (Gupta et al., 1994; Wu et al., 1994;
Zietkiewicz et al., 1994). Tato technika je zalozena na pouziti PCR amplifikace
s ndhodn¢ ukotvenym mikrosatelitovym motivem. Na rozdil od SSR neni pii ISSR
nutnd zadna predchozi znalost sekvence ¢i struktury studovaného genomu. Diky témto
charakteristikdim je tato metod téZ znama pod zkratkou RAM - Random Amplified
Microsatellites (Abdelmigid, 2012; Ng a Tang, 2015)

ISSR jsou vhodnym néstrojem pfi hodnoceni napt. fylogenetickych vztahti nebo
pro vyuziti jak hodnoceni diverzity na mezidruhové urovni, tak i pro hodnoceni
genetické diverzity na Urovni odridové a proto miize byt tato technika vhodnym
pomocnikem pfi Slechténi nejen fepky, ale i jinych zeméd¢€lskych plodin (Kantety et al.,
1995).

Tato metoda je vhodnd diky vysokému polymorfismu, reprodukovatelnosti
vysledkd a finan¢ni nenaro¢nosti, proto je tato technika stale vyuzivana (Havlickova et

al., 2014; Poyraz, 2016).

~~~~~ repeats

:/ l\\\k‘ _: pruners

duning PCR process

Yip et al., 2007

Obrazek 3 Porovnani ISSR a SSR primert v pribéhu PCR. Zatimco SSR metoda je
zalozena na amplifikaci konkrétniho Gseku za vyuziti forward a reverse primeru, u
metody ISSR je vyuZit jeden primer, ktery je zaloZzen na repetici mezi dvéma
useky.
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2.2.3 AFLP

Metodu AFLP (Amplified Fragment Lenght Polymorphism) jako prvni v roce
1995 popsal Vos (Vos et al., 1995). Tato metoda diky svym vlastnostem ,,nahradila“
metody RFLP a RAPD (El-Esawi et al., 2016). AFLP je zaloZena na selektivni
amplifikaci restrikénich fragmentl. Technika zahrnuje 4 zadkladni kroky: 1) restrikce
DNA zpravidla dvéma restrikénimi enzymy (nejcastéji ECORI a Msel), 2) ligace
s oligonukleotidovymi adaptory za pfitomnosti restriktaz tak, aby nedochdzelo
k opétovnému spojeni restrikénich fragment 3) selektivni amplifikace pomoci
selektivnich AFLP primert a 4) vizualizace amplifikovanych fragmentt bud’ za pomoci
nedenaturujiciho polyakrylamidového gelu nebo fragmentaéni analyzy (Smarda et al.,
2008). V piipadé vyuziti fragmentaéni analyzy je nutné pouzit fluorescenéné znaceny
primer (viz fragmentacni analyza).

U metody AFLP neni potfeba znalosti nukleotidové sekvence, proto se tato
metoda stala velmi vyhledavanou a vhodnou pro DNA libovolného puvodu stupné
komplexity, vyuzivanou jak v diagnostice, tak pro fylogenetické a taxonomické studie
(Weising et al., 1995). Jako pielomova technika k identifikaci odrid byla popsana
Powellem et al. (1996). Diky vysokému poctu fragmenti — na gelu obvykle 50-100,
fragmentacni analyza muze byt jeste citlivéjsi, ma vysokou vypovidaci schopnost (Vos
etal., 1995).

Nevyhodou této metody je jeji pracnost, vysoké naklady, a pravé diky velkému

poctu krokii v analyze i pravdépodobnost vzniku chyby pii praci.

2.3Hodnoceni molekuldarnich markerti
Gelova elektroforéza

Gelova eclektroforéza je metoda pouzivani k separaci DNA, RNA nebo
bilkovinnych molekul (Lodish et al., 2013). Slozeni a poréznost gelu je volena
s ohledem na specifickou vahu a slozeni analyzovaného vzorku. Pouzité gely, nejcastéji
akrylamidové nebo agardzové, se mohou liSit v koncentracich podle toho, jaky typ
molekul chceme oddélit (Robyt a White, 1990).

VétSina vysledkit PCR je ovéfovana pravé pomoci gelové elektroforézy, jako
rychlé a jednoduché metody. Podle dalsiho vyuziti amplifikované smési, lze po

obarveni nanést na gel Cast (napf. pro dal$i vyuziti pfi PCR-RFLP nebo ¢ipovou
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elektroforézu) a nebo vSechnu reakéni smés (Brown, 2006). Je mozné ji pouzit jako
metodu separativni, napt. pfed hmotnostni spektrometrii, klonovanim, sekvenovanim
DNA, nebo metodou Southern Blot (Lodish et al., 2013).

Po probéhnuti elektroforézy je treba identifikovat polohu separovanych molekul,
které nejsou pouhym okem viditelné. Molekuly DNA lze snadno zviditelnit obarvenim
vhodnym barvivem. Nejcastéji pouzivanym barvivem je ethidium bromid, ktery se
vmezefuje mezi sousedni pary bazi v DNA a vytvafi sni komplex. Namisto
nebezpecného ethidium bromidu mohou byt pro barveni pouzita dal$i barviva napf.
SYBRGreen, ktery je sice mén¢ nebezpecny, ale pro vyhodnocovani neni dostatecné
stabilni (Smarda et al., 2008). Pokud jsou vzorky oznagené fluorescenéné, lze je na gelu
vyfotografovat pod ultrafialovym svétlem. Jsou-li separované molekuly oznaceny

radioaktivni znackou, byvaji zaznamenany v podobé autoradiogramu (Lodish et al.,

2013).

Cipova elektroforéza

Poprvé byl princip Cipové elektroforézy piedstaven v roce 1992 Harrisonem
(Harrison et al., 1993). K separaci dochazi v kanalcich vyleptanych do ¢ipu. Hlavnim
zdrojem separace je elektroforéza, ktera muize probihat dvéma zpisoby. Bud’
prostiednictvim kontaktu elektrod se zdkladnim elektrolytem, kdy jsou vzorky nanaSeny
do systému kanalkli a nésledné elektrokineticky vpraveny do injektorové oblasti, kde
probiha vlastni elektroforeticka separace, nebo pomoci velikosti napéti, kdy dochazi
k automatickému nanaseni vzorki pomoci mechanického ramene na Cip. Pii
elektroforéze na Cipu je mozné dosahnout vysoké ucinnosti pfi aplikaci vysokého
napéti, prestoze je separacni kanal kratky. Cipova elektroforéza umoziuje analyzu
nékolika desitek vzorkl soucasné. Velkou vyhodou je minimalni objem analyzovanych
vzorkt v fadu mikrolitra (Wu et al., 2008).

Vétsina pouzivanych mikroCipil byla vyrobena ze skla nebo kifemene pomoci
fotolitografie, mokrym leptanim nebo tepelnym leptanim. Z divodu vysokych nakladi a
komplikovanych postupl vyroby jsou vSak tyto materidly nahrazovany vhodnéj$imi
polymery. Ty jsou oproti sklu a kiemiku tvarnéjsi, leh¢i a jejich vyroba je ekologicte;si.
Jejich nespornou vyhodou je vynikajici opticka transparentnost (Chen et al., 2006).

Cipova elektroforéza ziskala na popularité diky svému vsestrannému vyuziti

napf. monitoring Zivotniho prostedi, biomedicinské a farmaceutické analyzy, klinicka
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diagnostika ¢i forenzni Setfeni. Timto zplisobem lze separovat proteiny, DNA i RNA

(Chang et al., 2010).

Fragmentacni analyza

Pro fragmenta¢ni analyzu probihajici v genetickém analyzatoru je potieba
naznacit jednotlivé fragmenty fluorescencné znaCenymi primery, tzv. fluorofory, které
pfi prichodu kapilarou a po ozafeni laserem emituji svétlo rizné barvy (Schuelke, 2000;
Blacket et al., 2012). Vystupem je chromatogram s ,,piky* jejichz poloha je porovnana
se znamym standardem, coz je soubor fragmentl znamé délky znaceny odliSnou
fluorescencni barvou analyzovany spole¢n¢ se vzorkem. Timto zplisobem miizeme urcit
typ alely daného polymorfismu specifického pro testovany chromozom. Pokud je
pouzivano vice znacenych primerd (standardné 6-FAM, VIC, NED, PET), je mozné
dosdhnout vyrazného sniZzeni nékladii pro analyzu, protoze lze vyuzit takzvaného
multiplexu, tedy analyzy nékolika (4) PCR produktt v jednom kroku (Butler 2005;
Jozova et al., 2014).
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3. Systém Al/AK

Autoinkompatibilita (Al) charakterizuje neschopnost rostlin dosdhnout opyleni
vlastnim pylem neboli samospraSeni. Al je v podstate geneticky podminény
mechanismus, ktery umoziuje rostlinam rozeznat a odmitnout vlastni pyl (Zhang et al.,

2013).

3.1 Systém Al/AK u rostlin

ey e

inkompatibilita zavedl jako prvni v roce 1917 Stout pi#i studiu fertility u Cichorium
intybus (¢ekanka obecna). Autoinkompatibilita se vyskytuje napii¢ celou rostlinnou fisi.
Tento mechanismus byl nalezen u 90 z 320 &eledi vyssich rostlin (Repkova, 2013).
Hlavni roli pti Al reakci hraji povrchové bunky blizny a tapetalni vrstva bunék, ktera
vytvaii povrchovou vrstvu pylu (Sobotka et al., 2000). Rizné skupiny rostlin si pro
ucely Al vytvotily vlastni, velmi odlisné mechanismy. Rozdily jsou ve zpiisobu
rozeznavani pylu i v reakci na n¢j (Udagawa et al., 2010).

U rostlin je znamo nékolik Al systému a jejich modifikaci. Tyto systémy se dé€li
na gametofytické (GI) a sporofytické (SI) (obrazek 4). U rostlin se sporofytickym typem
Al je inkompatibilni reakce velmi rychla (v minutéch). Pylové zrno je blokovéano jiz na
povrchu blizny. V mnoha pfipadech ani nevykli¢i. Tento typ je znam vétSinou u rostlin,
které maji suchy povrch blizny na rozdil od rostlin s gametofytickym typem, které maji
bliznu zvlh¢enou a dochézi tak k vykliceni pylu. Rozpoznéana a blokovéna je az pylova
lacka prorustajici ¢nélkou (Watanabe et al., 2012). Prorstani pylovych lacek je fizeno
alelami obsazenymi v pestiku. Reakce pylovych zrn je urcena genotypem celé otcovské
rostliny (sporofytu) bez ohledu na to, ktera z piitomnych alel ptipadla na pylové zrno
v pribéhu redukéniho déleni. Tento typ AI je geneticky zna¢né¢ komplikovany
dominantnimi vztahy mezi alelami a vyskytem modifika¢nich genti (Newbigin et al.,
1993; Havel, 1998). Mezi rostliny sporofytického typu patii celedi: Asteraceae,
Conculvulaceae a pravé Brassicaceae. Gametofyticky typ Al mizeme nalézt u Celedi:
Solanaceae, Rosaceae, Mimosaceae, Papaveraceae, Fabaceae (Proctor et al., 1996).
Dale l1ze mechanismus Al rozlisit také na heteromorfni a homomorfni. Toto rozliSeni se
vztahuje pouze k morfologii kvétu (Wolko a Slomski, 2012).

Heteromorfni inkompatibilita zahrnuje znaky, jako jsou napt. velikost a tvar

v

pylovych zrn a bun€k blizny. Nejzieteln€jsi je vsak projev v délce ¢nélky, nebo-li

32



LITERARN{ PREHLED - AUTOINKOMPATIBILITA

heterostylie. U tohoto mechanismu nedochazi k oplozeni ani pifi samoopyleni, ani pfi
cizospraseni mezi morfologicky stejnymi rostlinami. U hospodéiky vyznamnych rostlin
se vyskytuje jen zfidka. Naopak homomorfni inkompatibilita je u hospodatsky
vyznamnych rostlin ¢asta. Vyskytuje se piedevsim u Celedi Asteraceae, Brassicaceae a
Convulvulaceae. Inkompatibilita je kontrolovana jednim lokusem s nékolika alelami.
Jejich pocet je obvykle mensi nez v jednolokusovém gametofytickém systému, ackoliv
u druhu Brassica oleracea bylo zjisténo vice nez 50 alel. VSechen pyl vykazuje stejnou
reakci, jak inkompatibilni, tak kompatibilni. Tato reakce je dana diky diploidnimu
genotypu, na kterém pyl vznikl. Dvé alely mohou pusobit bud’ nezavisle, nebo
spoluptisobit tak, ze jedna je dominantni nad druhou v pylu i v pestiku. Recesevni alela
je v tomto piipads inaktivni (Brugiére et al., 2000; Repkova, 2013).

Autoinkompatibilita je geneticky determinovana jednim nebo vice lokusy, které
se oznacuji jako S lokusy (sterility locus). U nékterych druhi byl pocet alel lokusu
odhadnut az na 200. Jeden lokus mize byt tvofen skupinou n€kolika vazanych gent.

Diploidni rostliny maji vzdy dvé alely (Repkova, 2013).
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Obrazek 4 Princip kontroly pfijimani pylu

a) Princip pfijimani ¢i odmitani pylu u gametofytického fenotypu: K blokaci
pylového zrna dochazi jiz na povrchu blizny.

b) Princip pfijimani/odmitani pylu u sporofytického fenotypu: Rozpoznana a
blokovana je az pylova lacka prorustajici cnélkou.

3.2Systém Al/AK u repky olejky

Prvni zminky o autoinkomaptibilité u rodu Brassica popsal Stout v roce 1920 pti
studiu druhu Raphanus sativus. Ovsem princip mechanismu popsal Bateman v roce
1954 pii zkoumani druhu Ibersi amara, své vysledky aplikoval na rod Brassica, kde
dosel k zavéru, ze systém Al je kontrolovan jednim lokusem (Nasrallah, 2011). U druhu
Brassica napus byl tento princip popsana téz v 50-tych letech Olsonem jako uplna
inhibice vyvinu pylovych lacek pti samoopyleni rostlin (Kitashiba a Nasrallah, 2014). U
tepky je Al systém tzv. homomorfni, tzn., ze kvéty fepky jsou prevazné uniformni a
heterostylie u nich neni pozorovana. Princip funkce Al reakce u fepky neni dosud zcela

objasnén. Muze to byt aktivizace, resp. deaktivace specifickych enzymi, nebo systém
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podobny imunologické reakci. Také je zde moznost vymizeni pozitivni stimulace ristu
pylové lacky pii interakci piibuznych genovych produktd (Havel, 1998). Pfi opyleni
rostlin fepky dojde nejprve krozpoznani S fenotypu. Rozpoznavaci systém u
brukvovitych je kontrolovan klasickym mendelistickym lokusem, ktery nese vice jak 80
alel (Nou et al., 1993)

Podle sily Al reakce lze jednotlivé alely rozdélit do dvou skupin. Prvni typ ma
siln¢jsi Al reakci s dominanci nad typem druhym. Primérny pocet semen v SeSuli se
pohybuje u prvniho typu od 0 do 10-ti semen, u druhého je to pak od 10 do 30-ti sSemen
(Nasrallah, 1991).

Ptirozeny vyskyt Al rostlin v odriidach ozimé fepky je velmi nizky, kolem 0,1%.
Moderni liniové odrudy jsou prakticky zcela samosprasné. Aktivni S alely, podminujici
vysoky a stabilni stupeit Al, mohou byt do genomu Brassica napus introdukovany
resyntézou fepky z ptvodnich druhti Brassica oleracea a Brassica rapa. Ovétuje se téz
moznost pienosu ucinnych Salel transgenozi. Schiidnéjsi cestou je vyhledavani Al
genotypu ve starsich odriidach ¢i slechtitelskych materidlech ozimé fepky. Vybrané Al
rostliny a jejich inbreedingem ziskana potomstva vykazuji vzhledem k zaloZeni Al
recesivnimi S alelami riznou urovenn pseudokompatibility, ovliviiovanou podminkami

prostiedi a genetickym pozadim (Kucera et al., 1998).

3.3 Zpiisoby kontroly Al/AK

Nezbytnou podminkou pro uspéSné vyuziti Al systému v praktické vyrobé
hybridniho osiva je moznost spolehlivé prekonat Al reakci a tim zajistit rozmnoZzovani
Al linii. Na projev Al reakce ma vliv mnoho faktorti — teplota, vlhkost, riizné chemické
latky, elektricky proud, opyleni smési pylu apod. V experimentalnich podminkach je
pfekonani Al reakce pro rozmnozovani Al linii nejcastéji zajiSt€éno nucenym
samosprasenim v poupéti. Zde je vyuzivam fakt, Ze blizna v poupéti je jiz schopna
pijjimat pyl a Al zabrany jesté nejsou plné rozvinuty. V provoznich podminkach je pak
mozno vyuzit bud’ zvySeni koncentrace CO2 ve vzduchu, nebo postiik kvéti roztokem
kuchynské soli (Havel, 1998).

Uginnym néstrojem pro Slechténi a selekci Zadoucich rostlin s funk&nim
projevem autoinkompatibility (obsahujici funkéni recesivni S haplotyp) je postup
zalozeny na vyuziti molekuladrni analyzy. Selek¢ni markery je moZné detekovat

Vranych fazich ontogeneze a vhodnou kombinaci molekularniho a klasického
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Slechtitelského postupu lze docilit u¢inné a presné selekce (Curn et al., 2014).
K hybridnimu $lechténi jsou vhodné pouze Al linie s vysokou ucinnosti Al reakce, aby
byl podil hybridniho osiva maximalni i v polnich podminkach. Podil hybridniho osiva je
mozno stanovit prakticky pouze na zakladé vhodného genetického markeru (Havel,

1998).

3.4 S-lokus

Autoinkompatibilita je kontrolovana jedinym tusekem DNA tzv. S lokusem,
ktery ma velky pocet alel (Curn et al., 2014). Konkrétn& u druhu Brassica napus je
uvadéna detekce 50-ti alel (Nou, 1993). S haplotypy u rodu Brassica jsou podle svého
fenotypového ucinku na zakladé klasické genetické analyzy rozdéleny do dvou tfid: | a
I (Nasrallah, 1991). S haplotypy tfidy I jsou dominantni nad tiidou Il (Nasrallah, 1993).
Vétsina péstovanych genotypt fepky pak obsahuje v A genomu S haplotypy tfidy I
(homologni s S haplotypem S47 B. rapa) a v C genomu S haplotypy tiidy II (homologni
s S haplotypem Sis B. oleracea) (Zhang et al., 2011). Autoinkompatibilita u fepky je
pak vyvolana mutaci v dominantnim S haplotypu, ktera vede K supresi funkéniho
recesivniho S haplotytu (Okamoto et al., 2007).

Doposud bylo na S-lokusu Brassica napus lokalizovana ptes dvé desitky genti a
pocet jesté pravdépodobné neni konecny. Pro mechanismus Al se zdaji byt klicovymi tii
geny — SLG, SRK a SCR (Sobotka et al., 2001). Geny SLG a SRK se podileji na
schopnosti blizny rozeznat piibuzny a neptibuzny pyl. Oba geny jsou vysoce
polymorfni a jejich exprese byla zjiSténa pouze na povrchu zralych blizen. U tietiho
genu — SCR, probiha exprese pouze v praSnicich. Produktem je protein, ktery je
povazovan za sam¢i determinatn Al (Zhai et al., 2014).

U celedi Brassicaceae je skupina genl strukturné pfibuznych s SLG a SRK,
komplexni multigenovéa rodina exprimujici se jak v generativni tak ve vegetativnich
pletivech. Tato skupina je pravdépodobné zapojena v riznych mechanismech
rozpoznavani pylu a bunck ¢nélky. Geny jsou sekvencné piibuzné s SLG, nejsou vSak
geneticky vazané na S lokus, nebot’ jsou lokalizovany na jiném chromozomu. Jsou
oznacovany jako SLR (S-locus related). Byly analyzovany tii geny — SLR1, SLR2 a
SLR3. SLR1 gen je exprimovan v blizné a produktem je glykoprotein sekretovan
podobné jako SLG do bunécné stény papilarnich bunék. Tento gen ovSem nevykazuje

takovy stupen polymorfismu jako SLG gen. Dalsi z gentt — SLR2 je v tésné vazbé
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sgenem SLR1 Kkexpresi dochazi v blizn€. Exprese SLR3 genu byla zjisténa i ve
vegetativnich organech. Geny a jejich produkty jsou zapojeny do mechanizmu tvorby
adhezni vrstvy na blizn¢, kterd umoziuje kontakt pylu a papildrnich bun€k blizny

(Repkova, 2013; Kitashiba a Nasrallah, 2014).
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Obrazek 5 Porovnani genomu S-lokusu mezi B.rapa a B.oleracea

Obrazek ukazuje porovnani struktury genomu mezi B. rapa S-60 a B. oleracea S-15.
Stinované ¢asti oznacuji regiony, které maji vysokou podobnost mezi obéma geny.
Tmavé oblasti oznacuji geny SLA, SLG, SP11 a SRK. Tyto oblasti jsou Cislovany 1 az 17.
U téchto oblasti byly zjiStény nasledujici délky:1-253 bp, shoda 95,7%; 2-158 bp,
95,7%; 3-245 bp, 90,6%; 4-295 bp, 83,0%; 5-393 bp, 90,7%; 6-213 bp, 97,2%; 7-743 bp,
93,0%; 8-1376 bp, 93,3%; 9-270 bp, 92,3%; 10-69 bp, 93,9%; 11 az 827 bp, 92,1%; 12
az 317 bp, 88,4%; 13 az 337 bp, 94,1%; 14 az 708 bp, 87,9%; 15-91 bp, 97,8%; 16 az
169 bp, 97,0%; 17 az 284 bp, 91,6%.

Podrobné srovnani SP11, SLG a jejich doprovodnych regionli. Tmavé oblasti
predstavuji exony SP11 a SLG. Stinované ramecky oznacuji oblasti homologni mezi B.
oleracea S-15 a B. rapa S-60.

3.4.1 Geny spojené s AI/AK

SLG

Jako prvni byl pfi studiu S-lokusu popsan v 1985 gen SLG (S-locus
glykoprotein). Jeho délka je cca 1,3 kb a kdduje specificky protein o velikosti 55 kDa.
Tento gen je vysoce polymorfni. Ackoliv v prasnicich byla zjisténa nizka uroven
MRNA tohoto genu, jeho exprese byla zjiSténa pouze na povrchu zralych blizen.

V ostatnich &astech rostlin nebyla exprese genu nikdy detekovana (Repkova, 2013).
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Ikdyz je tento gen vysoce polymorfni, pfesto ma vzdy 12 cysteinovych zbytkl na stejné
pozici. To by mohlo svéd¢it o vyznamu pro formovani tercidlni struktury nutné pro
normalni funkci glykoproteinu. Dale existuje nékolik N-glykosila¢nich mist a dvé mista
konzervovana (Kusaba et al., 1997).

Podle sekvenacni podobnosti byly SLG geny rozdéleny do dvou tiid — I a Il.
Vzijemnd podonost téchto skupin je pouze 65% v predpokladané aminokyselinové
sekvenci. Zatimco SLG geny tfidy I jsou domininanti, v§echny identifikované SLG geny
tiidy II pochazeji z recesivnich haplotypt. Tento jev je charakteristicky pravé pro rod
Brassica (Okazaki et al., 1999). S timto zjisténim pravdépodobné souvisi i to, Zze Zadny
Z SLG gent tfidy I neobsahuje intron, zatimco u SLG gent tfidy II je charakteristicky
intron o velikosti cca 200 bazi na 3’-konci (Hatakeyma et al., 1998). Expresované S-
lokusové glykoproteiny mezi dvéma tifidami lze rozliSit pouZzitim monoklondlnich
protilatek (Kandasamy et al., 1989).

Po charakterizaci Al rostlin, které expresuji velmi nizkou urovein SLG a na
druhou stranu po objevu piirozené autoinkompatibilnich haplotypt, které expresuji
vysokou urovent SLG se zacala zkoumat skutecné role SLG genu v Al reakci. Nasledné
objevy pak vedly k navrhu, Ze klicovou roli pii Al reakci nehraje gen SLG, ale gen SRK
(Gaude et al., 1995). Je dokonce potvrzeno, ze kazda SLG alela projevuje vyssi
podobnost k SRK alele stejného haplotypu, nez k jakékoliv jiné alele SLG.

Od tohoto SLG genu je odvozeno nékolik dalSich gentl, které maji velice
podobnou sekvenci nukleotidli. Spolecny znak pro tyto geny je exprese V prasnicich a
povrchové vrstvé blizny. Tyto geny se lis§i umisténim v genomu, které jsou lokalizovany
mimo S-lokus. Tyto geny se nazyvaji jako geny s S-lokusem spiiznéné — SLR.
Definovany byly tfi geny — SLR1, SLR2 a SLR3, pfi¢emz gen SLR3 je exprimovan nejen
Vv prasnicich a papilarnich buikach blizny, ale i v dalSich pletivech a proto se od

ostatnich zakladni charakteristice vymyka (Cock et al., 1995)

SRK

Gen SRK (S-locus kinasa receptor) koduje membranovy protein, ktery je u rodu
Brassica nutny pro Al odpoveéd’. Poprvé byl popsan Steinem v roce 1991. SRK protein
se sklada ze tfi domén. Prvni Cast, t€Z nazyvana jako S-doména, je reprezentovana

glykosilatovou extracelularni doménou. Tato doména je na 90% podobna s SLG genem

(Tian et al., 2013).
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Stejné jako vSechny ostatni geny tzv. S-genové rodiny, tak i ¢ast genu SRK
obsahuje 12 konzervativnich cysteini a dv€ konzervativni N-glykosilacni mista
podobné jako u SLG genu. Druhou ¢asti je transmembranova doména, ktera je spojena
se treti Casti, doménou cytoplasmatickou, ktera je sekvencné blizkd proteinovym
kinazam (Goring a Rothstein, 1992).

SRK gen je ptibuzny s rostlinnymi kindzami, které se podileji na obranném
mechanismu vuc¢i patogenim. Obranné systémy u Al mechanismu jsou zalozeny na
rozpoznavaci reakci. Proto nékteii autoii soudi, Ze by AI mohla mit pavod
v mechanismech obrany proti patogenim (Pastuglia et al., 1997).

Nékteré vyzkumy prokazaly, ze v S3 haplotypu u druhu B. oleracea koduje gen
SRK zkracenou formu, tzv. eSRK protein (extracellular domain of SRK). Tyto proteiny
vznikaji pravdépodobné alternativnim sestfihem SRK transkriptd. Tento protein neni
vazdn na membranu, jedna se pouze o S-doménu. Podobné proteiny s kindzovou
aktivitou jsou pfitomny i v Zivo¢isnych signalnich drahach (Giranton et al., 1995). Role
genu SRK v systému Al nebyla jesté jednoznaéné rozpoznana (Zhang et al., 2013; Rea a
Nasrallah, 2015).

SCR/SP11

SCR gen (S-locus cysteine-rich protein), ktery byl poprvé popsan Schopferem
v roce 1999 lIze téz nalézt pod oznacenim SP11 gen. Je pravdépodobné, Ze tento gen
S-lokusu hraje vyznamnou roli v Al reakci. Né€kdy je gen SCR oznafovan jako samci
determinant. Stejn¢ jako geny piedchozi, i tento je vysoce polymorfni. Pro tento gen je
charakteristicky konzervativni tsek, ktery obsahuje osm cysteinovych zbytki. Zaroven
je i vsilné genové vazbé s geny SLG a SRK. K expresi dochazi na prasniku. Prepisem
vznikaji specifické proteiny plasté pylu, které maji charakteristickou prostorovou
strukturu danou konzervativnimi cysteinovymi zbytky. Tento typ proteinli se nazyva
PCP (pollen coat protein). Exprese probiha v buiikdch tapetalni vrstvy prasnikd. Tyto
bunky poté produkuji protein pii vytvareni pylu. SLG a SRK proteinovy komplex na
zralé blizné disponuje silnou afinitou k PCP proteinim. Pokud je na takovém komplexu
zaregistrovan vlastni pyl, nedojde k jeho vyvoji. Pfitom nezalezi na S-haplotypu rostliny
(Schopfer et al., 1999).

Dutkaz o funkénosti genu SCR jako samciho determinantu AI byl potvrzen
dvéma riznymi pfistupy. V prvnim piipadé doslo k transformaci jedince Sx haplotypu

genem SCR z S¢ haplotypu. Pyl transformovanych S rostlin ziskal Se specifitu, byl
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odmitan rostlinami Se haplotypu. Fenotyp transformované rostliny se pfitom nijak
nezménil (Schopfer et al., 1999). Za druhé se podatilo uméle vyvolat Al reakci pouzitim
rekombinantniho SCR proteinu z E.coli. Pokud byl rekombinantni protein stejného
haplotypu jako opylovand rostlina aplikovan k papilarnim buiikam, byl blokovan
jakykoliv pyl (Takayama et al., 2000).

Predpoklada se, ze SRK a SLG tvoii receptorovy komplex, ktery je v analogii
s interceluldrnimi ~ signalnimi mechanismy u savci. Pokud dojde k opyleni
inkompatibilnim pylem, je samc¢i determinant SCR navazan na receptor SRK. Dojde
k aktivaci, spuSténi signalizaéni kaskddy a nasledné inhibici pylu. Protein SLG
pravdépodobné vytvoii komplex s S-doménou SRK a tim podpofi proces rozpoznani.
Protoze protein SRK se zdé4 byt znacné nestabilni, mohl by SLG napoméhat akumulaci
SRK v papilarnich buiikach na fyziologicky relativni hladinu (Dixit et al., 2000).
S timto by mohly souviset vyzkumy, které probihaji v poslednich deseti letech, které se

zamé&fili na studium regulatort (obrazek 6 a 7)
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Obrazek 6
Model vytvoreny v roce 2001 zobrazuje hypotetické interakce mezi SLG, SRK, SLR1 a
sam&im determinantem na povrchu papilarni buriky. Sipky znazorfiuji signalni drahu
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iniciovanou aktivaci SRK, ktera kon¢i u membranového proteinu aquaporinu (MOD).
Tyto proteiny vytvareji v cytoplazmatické membrané kanaly pro transport vody.

Doposud bylo rozpoznano $est proteind, které jsou v interakci s SRK-lokusem,
mezi né patii: ARC1 (arm repeat containing 1), MLPK (M locus protein kinase),
THL1/2 (thiredoxin h-like '), KAPP (kinase-associated protein phosphatase),
calmodulin a SNX1 (sorting nexin 1). OvSem pouze u ARC1 a MLPK byla zjisténa
pozitivni regulace systému autoinkompatibility (Zhang et al., 2013; Gao et al., 2016).
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Obrazek 7 Schematicky model pro rozpoznani samoopyleni u brukvovitych
rostlin.
Samci a samici determinanty SP11 a SRK se nachazeji na S-lokusu. SP11 je pfevainé
exprimovan v burikach tapeta, které se béhem zrani pylu hromadi na povrchu. PFi
samoopyleni prostupuji molekuly proteinu SP11 do bunécné stény, kde
pravdépodobné dochazi kinterakci s SRK. Fosforilovany SRK protein interaguje
S MLPK. Po prenosu signalu dochazi k odmitnuti vlastniho pylu, tento proces vsak
nebyl dostatecné prostudovan.

Obrazek 7 ukazuje soucasny stav rozpoznavani vlastniho pylu. Prokazala se
pritomnost regulatoru MLPK.

MLPK, neboli M lokus protein kinase je jeden z proteint, ktery je v interakci
s SRK a je zapotiebi pfi pozitivni regulaci autoinkompatibility u rodu Brassica. U B.
rapa se diferencuji dva rtzné transkripty: MLPKf1 a MLPKf2 (Gao et al., 2016). Tento

protein byl objeven diky postupnému klonovani modifika¢nich (mod) mutaci u druhu
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Brassica rapa. Tyto recesivni mutace vedly k dal§imu porozuméni systému AIl. MLPK
pravdépodobné koduje kindzy patiici do rodiny receptor-like cytoplasmatic kinase
(RLCK) a byla u nich zjisténa serin/threonin kindzova aktivita (Samuel et al., 2008).
Tento regulator se vyskytuje ve dvou izoformach vzniklych na pocatku transkripce. Obé
izoformy jsou umistény na plazmatické membrané bud’ na N-konci hydrofoébni domény
a nebo vazané na myristoylation. Ve findle byla aktivita SRK kindzové domény
prokézana ucinnou fosforylaci MLPK in vitro a byla tak potvrzena interakce mezi
MLPK a SRK pro systém Al (Shi et al., 2016).

DalSim proteinem, ktery interaguje s SKR je jiz dfive prokdazany ARCL. Tento
protein je specificky fosforylovany kinazovou doménou rtiznych alel (Shi et al., 2016).
Dtikaz o zapojeni proteinu v Al systému byl prokdzan pomoci transformace antisence
genu kK ARC1 Transformované Al linie neblokovaly hydraci pylu (Stone et al., 1999).
Na C-koncové oblasti byl nalezen motiv, ktery se UcCastni proteinovych interakci
v ruznych systémech (Kitashiba a Nasrallah, 2014). N-koncova doména pak interaguje
Vv dal§im kroku signalni drahy, kde se vyskytuji proteiny z rodiny aquaporint (Shi et al.,
2016).

3.5Vyuziti AlI/AK v hybridnim slechténi repky

Ozima fepka je z divodu piirozené inkompatibility velmi vhodna plodina pro
hybridni Slechténi. Mimo jiné ma vysoky mnozitelsky koeficient, je u ni znam heterdzni
efekt a existence geneticky podminénych systému autosterility, vyuzitelnych pro fizené
oplozeni. Prvni hybridni jarni fepky vytvofené na zakladé Al, byly zavedeny v Kanadé
(Ondfej et al., 1999). Vlivem heter6zniho efektu mize byt vynos semen u fepky vyssi
az o 60-70% oproti rodi¢ovskym liniim. Hybridni kombinace dosahuji 15-20%
ptiristku vynosu v porovnani s nejlepSimi liniovymi odridami. Vzhledem k biologii
kveteni neni technicky mozné vyuzit ve vétSi mife rucni kastrace kvéti a umélého
opylovéni, ztohoto divod je tedy velmi vhodné vyuzivat mechanismi autosterility
(Voskerusa, 1992).

Mechanismus Al oproti CMS umoziiuje vyhnout se problémim s obnovou
fertilnich hybridl,, kvalitou semene a efektivnosti vyroby hybridniho osiva. Pfi
pouzivani Al mohou byt rodiCovské komponenty vysévani na hybridizaénim poli ve

smési, coz zlepSuje efektivitu vyroby osiva (Sobotka et al., 2001).
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Pro ucely Slechténi je nékdy tieba zavést inkompatibilitu do odridy anebo posilit
jiz stavajici inkompatibilitu. Nékdy se mulize inkompatibilita vyskytovat u plané
rostoucich pribuznych druhti. V tomto ptipadé se ptenos alel uskutecni vnitrodruhovym
nebo mezidruhovym kiiZenim (Repkova, 2013).

V soucasné dobé je Slechténi fepky zaméteno na tvorbu F1 hybridd. Pii produkci
hybridniho osiva je nutné zamezit samosprageni (Curn et al., 2010). K hybridnimu
Slechténi jsou vhodné pouze Al linie s vysokou ucinnosti Al reakce tak, aby byl podil
hybridniho osiva maximalni i v polnich podminkach. Podil hybridniho osiva je mozné
stanovit pouze na zakladé vhodného genetického markeru (Curn et al., 2014).

Pouziti Al jako systému pro produkci hybridniho osiva fepky zavisi predevsim
na ziskani sady stabilnich Al linii s u¢innym S-haplotypem. Jednou z moznosti, kterou
lze pii Slechténi vyuzit, je vyhleddni AI genotypid v populacich odrid, nebo
Slechtitelského materialu fepky. Pfirozeny vyskyt Al rostlin v odridach fepky je velmi
nizky. Moderni liniové odridy jsou témeéf samospra$né. Zdrojem mohou byt staré
odridy. U nich miize byt ale problémem Spatnd udrzitelnost tohoto mechanismu a
navrat ke kompatibilité¢ (Havel, 1996). Jinou moznosti pak muze byt mezidruhova
hybridizace, ¢i resintéza z pivodnich druhl. V téchto pfipadech je tfeba provadét

nékolika generacni zpétné kiizeni s intenzivni selekei (Kott, 1995).

3.6Molekularni markery vyuzivané pri hodnoceni Al/AK

Ucinnym nastrojem pro $lechténi a selekci zadoucich AI genotypti je postup
zalozeny na vyuziti molekularni analyzy (Curn et al., 2010).

Pro analyzu S-alel 1ze pouzit nékolik biochemickych a molekularné biologickych
metod. Pouziva se napi. elektroforeticka analyzy proteind (napf. produktd genu SLG).
Tato metoda miize byt ovSem i diky tomu, Ze se nepouzivaji specifické protilatky pro
konkrétni polymorfni protein, nevhodnd. Dal§i vyznamnou metodou je Southern
hybridizace. Tato metoda ovSem vyzaduje dostatek vhodnych sond. Nevyhodou je
vysoka finan¢ni i1 ¢asova ndrocnost. Jednodussi metodou, ktera je vhodnd i pro rutinni
vyuziti je metoda PCR-RFLP. Metoda je vhodnym nastrojem pro ptredbéznou
identifikaci S-haplotypu v rostlinném materialu (Nishio et al., 1997). Diky metodé
PCR-RFLP genu SLG a segregacni analyzy bylo zjisténo, ze SLG geny tiidy I pochazeji
z dominantnich haplotypti a SLG geny tfidy II z recesivnich haplotypd (Sobotka et al.,
2001) Také byla diky této metodé prokazana existence vysokého stupné polymorfismu
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(Watanabe et al., 2000). Ackoliv je tato metoda pickonana, i tak se stale v nékterych
pracech objevuje, napt. Panigrahi et al. (2011). Je to pravdépodobné dano jednoduchosti
a pomérn¢ vysokou vypovidajici schopnosti.

Dalsi metodou, kterou lze vyuzit pro hodnoceni AI/AK, je klasicka metoda PCR
za pouziti specifickych primerti, ¢i jeji modifikace multiplex PCR. Tato metoda je
zalozena na pritomnosti ¢i nepfitomnosti fragmentu, ktery se vyskytuje pouze u AK
rostlin. U Al rostlin, nesouci pouze funkéni recesivni S haplotyp pak tento fragment
neni amplifikovan. Metoda multiplex PCR pak spociva v piidani dal$iho (kontrolniho)
primerového paru, ktery je pfitomen u vSech rostlin. Nevyhodou této metody je nutnost
znalosti sekvence nukleotidi u analyzovanych druhti a podminka nalézt vhodnou
teplotu pro nasedani primera tak, aby vyhovovala pro oba primerové pary a zaroven tak,
aby nedochazelo k amplifikaci nespecifickych fragmentt (Havlickova et al., 2014).

Pro lepsi pochopeni fungovani systému Al se pouzivd v dnesni dob& velmi
vyuzivaného sekvenovani (Kusaba et al. 2000; Nasrallah, 2000), diky némuz lze
rozpoznat polymorfismus jak délkovy, tak i polymorfismus nukleotidovy. Diky této
znalosti lze navrhnout specifické primery, ¢i $tépna mista k vyuziti pro PCR-RFLP.
Vhodnou kombinaci molekularniho a klasického Slechtitelského postupu Ize docilit

¢inné a presné selekce (Curn et al., 2010)
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4 Komentar k publikacim

Prvni dvé publikace ,Marker assisted selection as a tool for detection of
Brassica napus plants carriyng self-incompatibility allele, in hybdrid breeding
programs “ a ,, Detection of self-incompatible oilseed rape plants (Brassica napus L.)
based on molecular markers for identification of the class | S haplotype “ se zabyvaji
problematikou detekce Al rostlin pomoci molekularnich markerd.

Cilem téchto praci bylo vybrat vhodny molekularni marker, ktery by dokazala
selektovat AI/AK rostliny fizené funkéni recesivni alelou jiz na zacatku raného
ontogenetického vyvoje a vhodné rostliny pouzit k naslednému hybridnimu kiizeni.

V prvnim ¢&lanku (Zaludova et al., 2013) byla pozornost zaméfena na geny SLG
I, SLG II, SCR | a SRK I. Do analyzy bylo zahrnuto 120 DH linii. U téchto rostlin byl
nejprve proveden semenny test, na jehoz zaklad¢ bylo identifikovano 75 Al rostlin, 29
AK rostlin a 16 rostlin, které nebylo mozné rozpoznat. Pro PCR analyzu bylo celkové
pouzito 5 specifickych primerovych part.

Pro analyzu SLG I genu, ktery se vyskytuje u dominantnich haplotypt, byl
pouzit primerovy par PS5/PS15, ktery amplifikoval fragment 0 velikosti cca 1300 bp.
Tento fragment se vyskytoval pouze u autokompatibilnich rostlin. DalSim
analyzovanym genem byl SLG tfidy II pochézejici z recesivnich haplotypt. Pro tento
gen byl pouzit primerovy par PS2/PS3, amplifikujici fragment o velikosti 1100 bp.
Bohuzel diky piitomnosti recesivniho S haplotypu u vSech analyzovanych rostlin, byl
tento marker vytazen jako nevhodny pro hodnoceni AI/AK rostlin a nebyl pouZivan pro
nasledné rutinni hodnoceni. Pomoci téchto analyz doslo k jednozna¢enému rozliSeni Al
a AK rostlin a Gspénost semenného testu byla vyhodnocena na ,,pouhych* 78,8%, kdy
byla shoda fenotypového a genotypového hodnoceni u 82 rostlin.

Druhym analyzovanym genem byl SRK, pro tento byl pouzit specificky
primerovy par PK1/PK4. Byly amplifikovany fragmenty o velikosti cca 950 bp. Tento
fragment byl amplifikovan pouze u autokompatibilnich rostlin stejné tak jako u SLG
genu tiidy I.

U tietiho analyzovaného gen: SCR, bylo provedeno RT-PCR se specifickymi
primery F a R. Byl amplifikovan fragment o velikosti 350 bp, ktery byl zaklonovan a
osekvenovan. Na zéklad¢ této sekvence byl navrhnut novy specificky primerovy par

2a/2b. Tento primer je specificky pro funkéni alelu, ktera je charakteristicka pro
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autoinkompatibilni linii odridy Tandem. Amplifikoval se pouze jeden fragment o

velikosti cca 280 bp, ktery byl pouze u autoinkompatibilnich rostlin.

Druha publikace: ,, Detection of self-incompatible oilseed rape plants (Brassica
napus L.) based on molecular markers for detection for identification of the class I
S haplotype® byla zamétena na analyzu SLG genu tfidy I. Celkem bylo hodnoceno 269
rostlin F2 generace DH linii ziskanych za pomoci mikrosporové embryogeneze, které
byly dle semenného testu rozdéleny do tfi skupin na zakladé poctu semen v SeSuli.
Autoinkompatibilni rostliny (119), autokompatibilni (113) a rostliny, u nichz nebylo
jednoznac¢né urcit kompatibilitu (37).

Byla provedena duplex PCR reakce, se dvémi primerovymi pary. Jeden par
amplifikoval fragment o velikosti cca 1100 bp. Tento primerovy par (SLGa)
amplifikovat fragment pouze u autokompatibilnich rostlin. Druhy primerovy par
(SCO3), amplifikoval fragment o velikosti 750 bp. Tento amplikon se vyskytoval u
vSech analyzovanych vzorkt a slouzil jako kontrola.

Na zaklad¢ téchto analyz, stejné¢ jako v analyzach piedchozich, doslo

k jednoznaénému rozliseni Al a AK rostlin.

Pokud porovnadme tyto dva pfistupy k hodnoceni AI/AK sytému, lze druhy
PCR.

Vysledky z téchto analyz maji velky pfinos pro Slechtitele nejen z toho divodu,
ze jednoznacné dokazi rozliSit Al a AK rostliny, ale jejich nesmirnou vyhodou je
zachyceni téchto rostlin jiz vrané fazi vyvoje. Tudiz je mozné nezadouci rostliny
vyfadit ze Slechténi jiz v pocateénich fazich ontogeneze. Dojde tak Kk jednoznaéné
uspofe mista, Casu a zejména financi. V souvisejici publikaci (Havlickova et al., 2015)
bylo testovano velikost embrya, potfebna pro ziskani dostate¢ného mnozstvi DNA, ale
zaroven nedochazelo k uplné destrukci embrya a bylo mozné dopéstovat plnohodnotnou
rostlinu schopnou dalsi reprodukce. I tyto informace jsou velice dulezité z hlediska

dal$iho rutinniho hodnoceni autoinkompatibility, ale i1 jinych systém sterility u fepky.
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Tteti publikace: ,,Genetic diversity Assement in Winter Oilseed Rape (Brassica
napus L.) Collection Using AFLP, ISSR and SSR Markers* se podobn¢ jako metodika:
»Metodika izolace DNA a analyzy molekularnich markert pro ucely popisu genetickych
zdroju fepky (Brassica napus L.) a hodnoceni jejich diverzity zabyva hodnocenim
genetické diverzity za vyuziti molekularnich markera v ramcei novoslechténi.

Cilem tohoto vyzkumu bylo otestovat a vybrat vhodné molekularni markery,
které by dokazaly odlisit odridy fepky mezi sebou. Pro analyzu bylo vybrano 94 odrad
zahrnujicich komeréné vyuzivané odrudy Ceské i zahrani¢ni, Ceské staré odrudy,
jednonulové a dvounulové odrady, Slechtitelsky material se zménénym obsahem
mastnych kyselin, Zlutosemenné odriidy a CMS odriidy. Jako molekularni markery byly
zvoleny tii sytémy: SSR, ISSR a AFLP.

Pro hodnoceni genetické diverzity pomoci ISSR bylo nejprve otestovano 30
UBC primert. Na zakladé¢ této optimalizace byly vybrany 3 nejvhodné;jsi primery (UBC
812, UBC 840 a UBC 845), které vykazovaly dostate¢ny polymorfismus, ale zaroven
méli nékteré fragmenty, které se vyskytovaly u vSech vzorkl. Dal$im kritériem pro
vybér byla shodna nasedaci teplota primert. Pocet fragmentii u pouzitych primert se
pohyboval mezi 5 az 30-ti fragmenty, celkovy pocet fragmetnti 53. Na zakladé této
analyzy jsme byli schopni jednoznacné odlisit jednotlivé odrady.

Dalsi pouzitou metodou byl marker SSR. Tato analyza byla provedena sluzbou.
Na zaklad€¢ zaslanych vysledki bylo celkem hodnoceno 19 SSR markerti, které
obsahovaly 5-10 alel, celkovy pocet 89 analyzovanych alel. Diky témto poznatkim
méla byt tato metoda zavedena i do standardnich analyz v ramci naseho pracoviste.
Myslenkou bylo vyuziti SSR markerti o odliSné velikosti. Na SSR primery byl navazan
univerzalni primer, ktery byl znacen fluorescen¢ni barvou. JelikoZ je pro fragmentacni
analyzu moZznost znaceni az 4 rliznymi barvami, pii pouZiti multiplexu PCR lze tedy
dosdhnout snizeni nakladi az na ctvrtinu, viz publikace “Multiplexovd analyza
mikrosateliti u fepky pomoci modifikovanych fluorescenéné znacenych primera.
Bohuzel i po dlouhodobé optimalizaci nebylo dosazeno kyzeného vysledku, jelikoz
pouzité primery byly zfejmé velmi konzervativni a na jejich zdkladé¢ nebylo mozné
vyhodnotit diverzitu.
genetické diverzity byl marker AFLP. U této analyzy byla opét provedena optimalizace
na jejimz zakladé byly vybrany tfi primerové kombinace: ECORI+ACG/Msel+AGT,
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EcoRI+ACG/Msel+ACC a EcoRI+ACG/Msel+ATT. U AFLP bylo oproti pifedchozim
dvéma metoddm amplifikovano vyrazné vice fragmentt a to 1003.

Ve vysledku doslo pii pouziti tfi molekuldrnich markerG k rozliSeni vSech
analyzovanych odrid a vSechny markery vykazovaly polymorfismus. U AFLP to bylo
53,94 %, pro ISSR 90,57% a u SSR byly vSechny alely 100% polymorfni. Na zakladé¢
téchto hodnot byla vypoctena pomoci PCO analyzy matice vzdalenosti jednotlivych
odrid. Nejvyssi prumérna geneticka vzdalenost byla zjisténa u ISSR markeru, nejnizsi
pak u SSR. Vyhodnoceni jednotlivych markeri na zakladé vlastnosti je uvedeno
v tabulce 2.

Zajimavosti u této analyzy bylo, Ze nékteré ¢eské odriidy, respektive material
Slechtény na CMS vykazovaly pomérn¢ vysokou podobnost vii¢i nékterym odridam
vySlechténych ve Francii. To miZe byt dano tim, Ze CMS systém: Ogu-INRA,
vyuzivany v ¢eském Slechténi, pochédzi pravé z Francie, tudiz mohou mit shodné
rodicovské komponenty. Celkové doslo k rozd€leni analyzovaného materidlu do ctyf
zékladnich klastri Prvni klastr obsahuje odridy ¢eského ptivodu pochdzejicich zejména
z Vyzkumného ustavu v Praze. K dalsimu klastrovani doSlo u evropskych odrid
registrovanych v obdobi 1999-2010, toto mize dokazovat pravé tendenci zuzovani
genetické diverzity, kdy jsou ke Slechténi pouzivany stdle stejni rodice. Je to
pravdépodobné zptisobeno tlakem na Slechténi pro urcité obsahové vlastnosti, jak jiz
bylo uvedeno v reser$ni Casti. Treti skupina zahrnuje ¢eské odrudy, material pro Al a
CMS. A posledni ,,smésny* klastr obsahuje odriidy pochézejici z celého svéta a rizného
roku registrace.

V ptipadé analyz, kdy bylo moZné hodnotit ceské a cinské odridy, doslo
k jednozna¢nému rozdéleni na dvé skupiny. Tento trend miZze byt opét zpisobeny

pouzitim naprosto odliSnych rodi¢ovskych komponent.

Na zékladé téchto hodnoceni byl pro dalsi rutinni vyuziti vybran ISSR marker,
ktery neni tak technicky narocny a mé dobry stupen polymorfismu. Tato metoda je na
nasem pracovisti standardné vyuZzivana pro hodnoceni genetické diverzity novych odriad
¢i novych rodi¢ovskych komponent. V téchto analyzach je vyuzivano 5-ti ISSR primert
a dochazi tedy k navySeni stupné polymorfismu. Vystupem téchto analyz jsou matice
podobnosti, na jejimz zakladé¢ jsou Slechtitely vybirdny nejvhodnéjsi rodicovské
komponenty, které vykazuji navzajem nejvyrazné€j$i rozdily — jsou si na zdkladé¢

hodnoceni nejméné podobné. Diky tomuto nedochédzi k ,ndhodnému* kiizeni, a tim
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padem dochazi opét k uspoie Slechtitelskych ploch a ¢asu. Vysledky téchto analyz byly
publikovany v ¢lancich: ,,Vyuziti molekuldrnich markeri pro hodnoceni diverzity
genetickych zdroji fepky (Brassica napus L.)“; ,,Vyuziti molekularnich markert ve
Slechténi fepky — mozZnosti a perspektivy*; ,,Molekularni pfistup k hodnoceni
genetickych zdroju fepky*; ,,Hodnoceni genetické diverzity genovych zdroju fepky jako
podklad pro vybér rodi¢ovskych komponent pro kiizeni®.

Po viceletém pozorovani genetické diverzity za pouziti ISSR markeru jsme dosli

K pozitivnimu poznatku v tom sméru, ze v ¢eském novoslechténi dochazi k postupnému

rozSifovani genetické diverzity.

Tabulka 2 Porovnani metod vyuzZivanych pro hodnoceni genetické diverzity odrtd
fepky

Pracnost Finan¢ni | Opakovatelnost Pocet Potieba znalosti
naroc¢nost amplikonu sekvence genomu
(cca)
SSR méné Vysoka dobra 5-10 ano
narocné
ISSR | nenaro¢né nizka velmi dobra 5-30 ne
AFLP velmi velmi dobra 50-400 ne
narocné vysoka

49




MARKER ASSISTED SELECTION AS A TOOL FOR DETECTION OF BRASSICA NAPUS PLANTS CARRYING SELF-
INCOMPATIBILITY ALLELES, IN HYBRID BREEDING PROGRAMS

5 Publikace ¢.1

Marker assisted selection as a tool for detection of Brassica
napus plants carrying self-incompatibility alleles, in hybrid

breeding programs

autofi:
Jana Zaludova, Lenka Havlickova, Eva Jozova, Vratislav Kucera, Miroslava

Vyvadilova, Miroslav Klima, Vladislav Curn

publikovano v:

Romain agricultural research
ro¢nik 30, 2013
strana: 13-22

50



MARKER ASSISTED SELECTION AS A TOOL FOR DETECTION OF BRASSICA NAPUS PLANTS CARRYING SELF-
INCOMPATIBILITY ALLELES, IN HYBRID BREEDING PROGRAMS

NARDI FUNDULEA, ROMANIA
www.incda-fundulea.ro

ROMANIAN AGRICULTURAL RESEARCH, NO. 30, 2013

Print ISSN 1222-4227; Online ISSN 2067-5720

MARKER ASSISTED SELECTION AS A TOOL FOR DETECTION OF
BRASSICA NAPUS PLANTS CARRYING SELF-INCOMPATIBILITY
ALLELES, IN HYBRID BREEDING PROGRAMS

Jana Zaludova', Lenka Havli¢kova'', Eva Jozova', Vratislav Ku&era?,
. . »2 . ’ . >
Miroslava Vyvadilova®, Miroslav Kllmaz, Vliadislav Curn'

'Biotechnological Centre, Faculty of Agriculture, University of South Bohemia, Studentska 13,
Ceské Budgjovice, Czech Republic
*Crop Research Institute, Drnovska 507, 161 06 Praha 6 — Ruzyné&, Czech Republic
*Coreresponing author. E-mail: lenk@post.cz

ABSTRACT

Self-incompatibility (SI) is one of the most important pollination systems for hybrid seed production in
Brassica napus. In this study we performed molecular analysis of the § locus related genes to understand
function of the male and female S determinants of SI plants. Specific molecular markers were used for detection
of SC/SI plants in current breeding program. We studied three genes for their structure, function, role in SI
reaction and dominance relationships, having effect on self-incompatibility expression in plant phenotype with
the aim to find effective molecular markers for selection of SI plants to accelerate hybrid breeding process.
Molecular markers based on analysis of SLG 1, 11, SCR I and SRK I can be successfully used for selection of SI
plants and undesirable SC plants are eliminated at early ontogenetic stage from breeding population.
Additionally comparative analysis of all of these molecular markers for individual genes can achieve successful
selection of functional carriers of recessive S alleles during breeding programmes.

Key words: Brassica napus, self-incompatibility, S locus, SLG, SRK, SCR.

INTRODUCTION

M any modern plant breeding
programmes are focused on production
of elite Fy hybrid cultivars. In self-pollinating
plants such programmes encounter limitations
to overcome and prevent pollination by own
pollen and hybrid breeding is using different
approaches to protect maternal plants from
self-pollination.  Self-incompatibility  (SI)
system is successfully used for the seed
production of F; hybrid cultivars of Brassica
napus. In comparison with cytoplasmic male
sterility (CMS), SI hybrids have higher F,
seed production without obvious negative
cytoplasm effect and an abundance of
restorers (Fu et al., 1975). SI prevents self-
fertilization by rejecting pollen from plants
with the same genotype. The specificity of
pollen-stigma interaction in self-
incompatibility ~ system is  controlled
sporophytically by multiple alleles of a single
Mendelian polymorphic locus, designated as
the Slocus (Bateman, 1955). Two female

determinants, SLG and SRK, located at the
Slocus are involved in the SI plant response.
A SLG gene (S locus glycoprotein) encoding
SLGs by respective S alleles accumulated in
the mature papilla cell wall, where the
inhibition of self-pollen tube development
occurs (Kishi-Nishizawa et al., 1990). The
SLGs consisted of a cleavable signal peptide,
several N-glycosylation sites, three
hypervariable regions, and twelve conserved
cysteine residues towards the C-terminus
(Watanabe et al., 2003). Gain-of-function
experiments have demonstrated that SLG
enhances the recognition reaction of SI. The
coding region of second S-linked gene S
receptor kinase gene, SRK (Stein et al., 1991)
is 2.6 kb in length and is divided by six
introns (Sato et al., 2002). The expression of
SRK was specifically detected in stigma
tissues (Watanabe et al., 1994). Loss of the
function of SRK was found to result in
breakdown of SI (Goring et al., 1993).
Extracellular S domain sequences of SRK
alleles are similar to SLG sequences of the
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same class (Cabrillac et al., 1999) and
contains 12 cysteine residues found in all
members of the S-gene family in the
Brassicaceae. This domain is connected via a
single pass transmembrane domain to a
protein Kinase catalytic center. Analysis of
SRK gene suggests that it encodes an integral
membrane protein (=98 kD). The S domain
plus 9 residues encoded by exon 2 would be
located extracellulary, and the putative kinase
domain and flanking regions would be
oriented toward the cytoplasm. Of 10 potential
N glycosylation sites, 7 would occur
extracellularly (Stein et al., 1991). This
structure supposes existence of receptors with
possible serin/threonin  kinase specificity
(Nasrallah, 1997). The interaction between the
S domain of SRK and SCR/SPII gene is
expected to trigger a phosphorylation cascade
in the papilla cell that leads to the rejection of
self-pollen.

An anther-specific gene SCR/SP1I]
encodes a small cysteine-rich basic protein.
The sequence of SCR/SPI1 contains six
completely conserved cystein residues which
could be important for the tertiary structure of
SCR/SPI1. Pollination bioassay and gain-of-
function experiments have indicated that
SCR/SP11 is the male S determinant. Recent
biochemical analysis has suggested that
SCR/SP11 operates as a sole ligand to activate
its cognate SRK specifically (Watanabe et al.,
2003). Because the activity of the S allele is
controlled sporophytically, dominance rela-
tionships influence the ultimate phenotype of
both the stigma and pollen. Molecular analysis
has demonstrated that the dominance
relationships between S alleles in the stigma
were determined by SRK itself, but not by the
relative expression level. In contrast, in the
pollen, the expression of SCR/SP11 from the
recessive S allele was specifically suppressed
in the § heterozygote, suggesting that the
dominance relationships in pollen were
determined by the expression level of
SCR/SP11 (Watanabe et al., 2003).

Because the Slocus consists of genes
encoding both female and male §
determinants within one segregational unit,
and each gene comes in many versions, or
alleles produces a different version of the

same protein, different S allele combination of
these genes are referred to as S haplotypes.
S haplotypes have been classified into two
groups, class I, which has been described as
having high activity, showed phenotypically
strong self-incompatibility characteristics in
both the stigma and pollen, while class II
demonstrated weak activity and was recessive
to other alleles in the pollen (Thompson and
Taylor, 1966). Most B. napus cultivars contain
a class 1 S haplotype (similar to §* of B. rapa)
on the A genome and a class II (similar to "
of B. oleracea) on the C genome (Okamoto et
al., 2007; Zhang et al., 2008). Self-compa-
tibility in B. napus is caused by independent
mutations in dominant S haplotypes, which
result in suppressing the functional recessive S
haplotype  on  different  chromosomes
(Okamoto et al., 2007). As was described
previously, the key determinants of SI system
are the pollen-specific SCR/SP11 protein and
its receptor, the pistil-specific SRK protein.
Only proteins encoded by matching alleles
from each Shaplotype can interact (for
example, SCR/SP11; can bind only to SRK),
thus avoiding unnecessary pollen rejection.
Normally, either S haplotype can cause pollen
rejection if it is shared by the anther and the
pistil; however, there are exceptions to the
dominance of one S haplotype, masking the
recessive S haplotype (Goring et al., 2010).
This dominant-recessive relationship between
S haplotypes is supposed to be due to the
effect of fourth gene, SPI1l methylation
inducer (SMI), which is tightly linked to the
gene trio mediating SI and is responsible for
this altered trait. The suppression of the
pollen-recessive SP/1/SCR gene correlates
with methylation of the SCR/SP11 promoter
sequence through the action of the SMI, small

non-coding  RNA  (sRNA) specifically
produced in the anther, causing gene

silencing. Genetic changes in polyploid
(amfidiploid) B. napus, due to the possible
chromosomal rearrangements (Udall et al.,
2005), epigenetic phenomena (Gaeta et al.,
2007; Lukens et al., 2006) or by presence of
putative suppressor locus controlling of SI via
unknown  mechanism,  altering  gene
expression and phenotype should be also
considered (Ekuere et al., 2004).
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The aim of this study was to improve
molecular tools for selection of SI/SC plants
in early developmental stages and to use this
approach based on application of molecular
selection in hybrid breeding of oil seed rape.

MATERIAL AND METHODS

Plant material

Seed of the cultivars was obtained
directly from the breeding stations Opava and
Slapy, Czech Republic. DH lines were
regenerated via a microspore embryogenesis
procedure from the SI plants with objective to
fix SI phenotype and low glucosinolate
content at the Research Institute of Crop
Production in Prague, Czech Republic.

The segregating population of DH lines
was derived from three crosses between Sl
line AIK 6 and self-compatible (SC) cultivar
Rasmus, SI line AIK3 and SC line OP-571/00
and finally SI line AIK6 and SC line OP
BN-03. AIK3 and AIK6 are DH lines
originated from crosses between a donor of
recessive self-incompatibility (naturally self-

incompatible  discovered plant of line
Tandem) and donor of 00-quality (OP-1051)
(Figure 1). 120 plants of segregating
population were analyzed for SI/SC phenotype
by seed test followed by a comparative
analysis using molecular markers for the
purpose  of  genotyping. The  major
inflorescence and two branches were bagged
3 days before flowering. The bags were
tapped gently every two days to ensure
sufficient self-pollination. The bags were
removed after 3 weeks in order to allow the
seeds to develop in a more natural
environment. After the seedpods matured, the
seeds and flowers produced from each bag
were counted for phenotypic expression
(number of seeds per siliqua so-called “seed
test”; Kucera et al., 1999; Vyvadilova et al.,
2008). The seed set by selfing was checked
when siliquae  were ripen. Plants were
considered as SI when average number of
seeds per siliqua was ranging from 1 to 10, as
partially SI with average from 10 to 30
and completely SC with more than 30 seeds
per siliqua.

Parental F1 F2 DHlines donors of 00-quality
donor of recessive SI
Tand 6/85 (SI microspore
e / ( ) AIK-3 (S') embr,'zggnesls AlK-3 (SI) Rasmus (SC)
2 ? x  OP-BN-03 (SC)
0P-571/00 (SC)
donor of 00-quality
2051 (5C) AlK-6 (SI) AIK-6 (SI)
segregating T
populationof <«—— Fl
120 plants DHlines

Figure 1. Production of Brassica napus doubled haploid lines

DNA extraction, PCR amplification
DNA isolation and PCR analyses

Genomic DNA of B. napus cultivars and
DH lines was extracted from young leaves of

2-week-old seedlings by the DNeasy Plant
Mini kit (Qiagen).

Amplification of specific fragments of
SLG, SCR and SRK genes was as following:
PCR was performed with 40 ng of genomic
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DNA as template, mixed with 0.25 pl (50 pM)
of each primer (see Table 1), 12.5 ul SYBR
MM (gPCR 2x SYBR Master Mix, TopBio)

and distilled water to make a final volume of
25 ul.

Table 1. Sequences of the S locus specific primers

Primer Nucleotide sequence Source
SLG
PS5 5-ATGAAAGGCGTAAGAAAAACCTA-3" Nishio et al., 1996
PS15 5-CCGTGTTTTATTTTAAGAGAAAGAGCT-3" Nishio et al., 1996
PS3 5-ATGAAAGGGGTACAGAACAT-3’ Nishio et al., 1996
PS21 5’-CTCAAGTCCCACTGCTGCGGG-3’ Nishio et al., 1996
SCR
2a 5*-TTGGACTTTGACATATGTTC-3’ Zaludova et al., 2007
2b 5-CTCTGAAGTGGGTTTTACAG-3’ Zaludova et al., 2007
F 5-GCGAAAATCTTATATACTCATAAG-3" Shiba et al., 2002
R 5-TTCGTTGATCAATTATGATT-3" Shiba et al.. 2002
SRK
PK1 5-CTGCTGATCATGTTCTGCCTCTGG-3’ Nishio et al., 1997
PK4 5'-CAATCCCAAAATCCGAGATCT-3’ Nishio et al., 1997

PCR reaction with class I SLG-specific
primers PS5 and PS15 (Nishio et al., 1996)
involved pre-denaturation for 5 min at 94°C,
35 cycles of 1 min at 93°C, 2 min at 58°C and
3 min at 72°C, finally, 10 min at 72°C. The
PCR condition for SLG II gene was performed
as described Nishio et al. (1996).The genomic
structures of SCR gene class Il were
determined by using a set of primers designed
from the 5° and 3’ ends of the coding region
of SRK¢ (Shiba et al., 2002). The PCR
conditions were 45 cycles of 30 s at 94°C, 30
s at 55°C and 1 min at 72°C. These primers
were also used for amplification of cDNA
under following RT-PCR conditions: 42
cycles of 93°C for 30 s, 45°C for 30 s, 72°C
for 1 min and one cycle of 72°C for 5 min
resulting in ~350 bp fragment which was
cloned, sequenced and used for primer
designing (2a and 2b primers) as described
below. Targeted allele specific SCR 11 gene
primers 2a and 2b for functional allele
originating from SI line Tandem (SCRII-
Tandem 2CB allele; Zaludova, 2007) were
designed. PCR involved 35 cycles of 30 s at
94°C, 30 s 60°C and 1 min at 72°C.

SRK gene was amplified with class I
SRK-specific primers; forward primer PKI
having the nucleotide sequence of the second
exon of S® SRK and a reverse primer PK4

having the nucleotide sequence
complementary to the fifth exon of S® SRK
and PCR was performed as described by
Nishio et al. (1997). All of PCR products were
subjected to electrophoresis on 1.5% agarose
gel in 1 xTBE buffer, and detected by
staining with ethidium bromide.

mRNA isolation and ¢cDNA synthesis

Anthers of the doubled haploid SI lines
were collected from buds at 2 to 3 days before
opening. Total RNA was isolated using
RNasy Plant Mini Kit (Qiagen). Isolation
included DNA degradation step using DNase.
The mRNA was isolated from total RNA
using  Oligotex mRNA Kit (Qiagen).
Approximately 20 pg of RNA was subjected
first-strand ¢cDNA synthesis using Omniscript
(Qiagen) with an oligo(dT);g primer. Second
strand was amplified with a set of SCR 11
specific primers (Shiba et al., 2002).

Cloning and sequencing of class 11 SCR

gene

The fragments obtained by RT-PCR with
SCR 11 specific primers (Shiba et al., 2002)
were extracted from gel with QIAquick Gel
Extraction kit (Qiagen) and ligated using
TOPO TA Cloning kit (Invitrogen). For
plasmid DNA extraction from bacterial cell
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suspension  was  Plasmid  Miniprep kit 104 plants with a clear phenotypic expression
(Qiagen) used. Plasmid were digested with for SC/SI trait corresponded with SLG 1 gene
EcoR 1 to confirm inserts size and individual molecular marker and for the rest of 22
target clones were subsequently sequenced by (21.2%) plants detection by this marker was
using a ABI PRISM 310 sequencer. unsuccessful (Figure 2). However these results
support the possibility of using SLG 1 gene as
RESULTS useful selective marker, which can be used for
first-step based selection of potential breeding
Three genes were used as molecular material, with the aim to reduce number of
markers for selection of self-incompatible plants for following experiments. Screening
plants. Each gene was used for a different with specific primers to the class-II SLGs
strategy aiming to detect SI/'SC plant. PCR resulted in amplification of single DNA
with class [ SLG-specific primers has resulted fragment having expected size approximately
in approximately expected 1300 bp fragment 1.0 kb. The fragment was detected in the SI
(Figure 2). The nucleotide sequence of PSS homozygous lines negative to class-1 SLG
was taken from the 5' terminal region of the primers, confirming their expected class [I/11
open reading frame of the S* SLG in B. rapa type. It is assumed, that self-incompatibility in
(Dwyer et al., 1991). The nucleotide sequence B. napus is caused by independent mutations
of PS15 was taken from 3' untranslated region in dominant S haplotypes, which result in
of the S®SLG in B. oleracea and shows high suppressing the functional recessive S
similarity to the S* SLG in B. rapa in the haplotype  on  different  chromosomes
corresponding region with only one nucleotide (Okamoto et al., 2007). Amplicons of SLG 11
difference at the point near the 5" end (Nishio gene detected in donor plants of 00-quality
et al., 1996). Molecular marker was detected used for second cycle of crossing indicating,
in all SC donors of 00 quality, whereas it was that these donors have both class I and class 11
not present in SI donors, suggesting that AIK3 S haplotypes except of one plant (2051), used
and AIK6 contained a class II S haplotypes in first cycle of crossing, where ~1.3 kb DNA
and no class [ S haplotype. The data confirmed fragment was amplified. As in the case of
that this fragment was specifically present in Nishio et al. (1996), this plant was inferred to
plants considered to be self-compatible. SLG 1 be SLR2. These results are in accordance with
gene was then subsequently used for screening deduction that in most SC B. napus cultivars,
of 120 DH lines and its expression was the class I S haplotype is derived from B. rapa
compared with expression of phenotype which S and the class 11 S haplotype from
was characterised by seed test. 82 (78.8%) of B. oleracea S".
8 Principle of genotyping by using the SLG | gene
: - N = QN = o o
[¥=1 TS| O n N N N & v QY o ] . ! N

SLGI “seedtest” C.075SI .0 29SC .o 16indistinguishable

1300 bp - . e S e e e LN LN
. Genotyping 7081 5SC 128C 1751  sC=bandof 1300 bp

SLG 1T v S e ‘
1000 bp - s S ”.. LT T T e ——

Figure 2. Amplification of class I SLG gene. PCR with class I SLG-specific primers (PSS and PS15) has resulted in approximately
1300 bp fragment which are specifically present in plants considered to be self-compatible (SC). This molecular marker reported
greater than 78% of successful detection of SI/SC genotype in 104 tested DH lines. PCR with specific primers to the class-IT SLGs
resulted in amplification of single DNA fragment having expected size approximately 1.0 kb in all plants (except of the samples
2051), detecting the presence of recessive S haplotype and causing inability to use this marker system for SI/SC detection.
Self-incompatible plants are underlined.
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Second marker system was based on the
use of functional allele of essential gene in SI
reaction and this approach was specifically
targeted on alleles of class II SCR gene. PCR
using SCR 11 primers (Shiba et al., 2002)
designed from coding region of SRK60
resulted in 450bp amplicons which were
present in all tested plants and did not lead to
successful differentiation of SC/SI plants.
These primers were subsequently used for RT-
PCR analysis from anthers of plants with clear
SI/SC genotype. This analysis revealed, that
this genomic region is expressed as 326 bp
fragment in anther tissue and produces a
secreted cysteine-rich small basic protein, as
shown in Figure 3. Alignment of obtained
sequences led to the discovery of the presence
of two different specific alleles for SC and SI
genotype of SCR 11 gene. The sequence
similarity between these two alleles was 95%
and comparison with database NCBI showed
for both SC/SI sequences 99 and 95% identity
with  Brassica rapa S®-SP11 haplotype
respectively, but in case of SC sequence 99%
identity was also observed for B. oleracea S"-
SP11 haplotype. This could suggest that
recessive class Il S haplotype of SI plants
originates from 4 genome of B. rapa and for
SC plants due to the large similarity especially

in sequence for primers may come from C
genome of B. oleracea.

According to the evolutionary model of
Brassica Sl proposed by Uyenoyma (2000) a
low survival rate of a newly arisen mutation
and less divergence among alleles in class II
SCR/SP11 than in class | was predicted. The
amino acid sequence of the S®.SP11 (the
GenBank  accession number S®°-SP11:
AB067446) and SC sequence were found to
be almost similar (F amino acid instead of 1),
whereas SI sequence showed some highly
variable amino acid residues, suggesting that
these sites are targets of the selection and are
probably functionally important for SI
determination. Unlike SC sequence, where
was the change in one amino acid present in
the SCR coding region, for SI sequence these
changes cover also signal peptide and
transmembrane region (Figure 3). Across all
the differences in amino acids of both
sequences (SC and SI), they still contain eight
cysteine residues, a glycine residue between
C1 and C2 and an aromatic residue between
C3 and C4 that are conserved. However for
both SI/SC sequences unlike of the present
signal peptide and transmembrane region no
matches for the present SCR gene were found
in the InterPro Scan database.

AB067446.1  MRYATSIVTELTNIHVLCFIFLI-LTYVOALOVGAWKEPEGIVYPSPISERBINSRSTERKKHYEVEGONVTNERED TY SMaNPARITEYERKVKS-
90A(SC) MRYATSIVTELTNIHYLCFIFLI-LTYVOALOVGAWKEPEGIVYPSPISHREF NSRSTEBKKHYEVEGONVTNERED TYSMQNPARITEYEBKVKS

86C(S1) MRYATSIYTELTNIHYLCFIFWTLTYVQALOVGPWKEPEGIVYPSPISHRBLYSTSAABKTHERVEGONVTNEREDTYSMONPARINEYBBKVKS
AB067446.1
PRO10682 Plant sef-incompatbilty response
PFOGSTD @ SCRL
R unintegrated

@ sgraipeptce

SgraiPNNieud o
Pt —

B tarsmembrane_regons

90A(SC) and 86 C(ST)
InterPro Match ] Query Seq
nolPR | unintegrated

SignalP-NN(euk) » -

Description
9%

tnhmmes —— G-

8 sgral-peptide

tra _reglom

Figure 3. Alignment of the predicted amino acid sequences of three allelic variants of class I SP17 composed of signal peptide
(gray boxes), transmembrane domain (underlined letters) and SCR gene region (blue letters). Gaps (hyphens) were introduced to
optimize the alignment. Conserved amino acid residues, eight cysteine residues (C1 to C8 in green boxes), a glycine residue (purple

boxes), and aromatic amino acid residue (blue boxes) are marked. Mutations of single alleles are highlighted with yellow boxes
(InterProScan, version 4.8: European Bioinformatic Institute).
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From this two particular alleles obtained
from SI/SC plants, allele-specific primers
in their variable region have been derived
(2a and 2b, Zaludova, 2007).

These primers were used for screening of
segregating population and a single ~ 280 bp
band was obtained in SI plants only
(Figure 4). The amplicon has a 149 bp long
intron between the transmembrane
domain and a protein kinase catalytic
center. A sequence analysis of the RT-PCR
product revealed that the intron is precisely
spliced out at the same position as it is in
other SCR alleles, such as in the case of 90 bp
intron of Sg-SP11 presented in study of
Shiba (2002).
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Figure 4. PCR screening of segregating population with
allele-specific primers (2a and 2b, Zaludové, 2007) led to
amplification of a single ~ 280 bp band present in SI plants
only. Self-incompatible plants are underlined.

Third marker system was focused on
analysis of SRK gene. Primer pair PK1 and
PK4 was used for amplification of polymer-
phic DNA fragments from SRK gene of many
S haplotypes class I. PCR reaction using this
primer pair gave a single DNA fragment
approximately 950 bp detecting all SI plants
(Figure 5), as in the case of class 1 SLG
specific primers.

596812
OP-BN-03

| 596212
| 596412

5965/1
| 596572
59671

E:‘

Figure 5. Amplification of SRK gene by using PK1 and PK4 primers. DNA fragments ~ 950 bp detected self-compatible plants.
Self-incompatible plants are underlined.

The inability to amplity class-I11 SRK may
be due to either homology with the primer
sequences at the corresponding sites, or to
the long first or the third intron (Tantikanjana
et al, 1993; Zhang et al., 2008). This
marker detected plants with dominant S

haplotype which suppresses the functional
recessive S haplotype.

Comparison of selection success of these
three molecular markers and summary of
length and presence of amplified bands are
given in table 2.

Table 2. Three molecular markers in (Tandem * 2051) AIK3 and AIK6 derived F, DH population and (AIK3 x OP-
771-00; ATK6 »x Rasmus; AIK6 x OP-BN-03) F, DH population. The numbers represent amount of the plants
discriminated by using these primers

Length of PCR product genotyping of segregating population
F‘) FZ
Rasmus
Tandem 2051 Q:Eg OP-BN-03
OP-571/00
phenotype SI SC SI SC SC S1 indifferent
SLGI (PS5/PS15) - 1300 bp - 1300 bp 12 (29*) 5(75%) (16%*)
SCRII (2a/2b) 280 bp - 280 bp - -(29%) 75 (75%) (16%)
SRK 1
5 2 (0% * *
(PK1/PK4) 950 bp 950 bp 12 (29*) 5(75%) (16%)

*The number plants classified by seed test

DISCUSSION

Specific primers PS5/PS15, described as
a class I SLG (Nishio et al., 1996), co-

segregated with SC phenotype, whereas no
amplicon was obtained in recessive type of SI
plants. These results corresponded with the
results of some other studies (Dolanska and
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Curn, 2004; Zhang et al., 2008). Even if the
SLG gene is believed to enhance the SI
phenotype by stabilizing SRK (Dixit et al.,
2000; Takasaki et al., 2000), it was proved,
that SLG is estimated not to be necessary for
self-recognition (Kusaba and Nishio 1999;
Suzuki et al., 2000). Several reports show that
SLG was mutated or deleted in some S
haplotypes of self-incompatible B. oleracea
(Okazaki et al., 1999; Suzuki et al., 2000) or
B. rapa (Suzuki et al., 2003). However, the S
haplotypes lacking SLG are a minority in
Brassica.

If SLG functions as a stabilizer of the
SRK-SP11 complex, one of the possible
explanations of the normal SI phenotype of SI
plants is replacement of SLG I gene in form of
observed recessive form of SLG Il gene with
its proper function, or the existence of a
substitute for the SLG protein such as eSRK.
The regulation of the stable SI phenotype in
the SLG-less S haplotypes is one of the most
interesting unsolved questions that should be
clarified in the near future.

The SCR allelic specific marker was
developed after analyses of SI line derived
from Tandem. This approach was supposed to
be more accurate than application of SLG
marker gene. The amplified fragment
corresponding to recessive allele of SCR/SP11
Il gene (280 bp) detected all SI DH plants
derived after second cycle of crossing (see
Figure 4 and Table 2). For such a selective
detection of SI plants allele-specific primers
were used and SI plants with “Tandem SI
alleles” were specifically detected. Due to the
finding, that the  dominant/recessive
relationship between class | and class II S-
haplotypes in the determination of pollen
phenotype is generated at the level of
SCR/SP11 transcription, it is likely, that
dominant class I SCR/SP11 gene does not
cause silence of class Il SCR/SPI11 gene in
studied population probably due to its
malfunction, or due to some changes in its
regulation. In any case when using SCR allelic
specific marker system one should take into
account that the allele specific primers were
designed on the basis of sequences obtained
from specific plant material and, given the
SCR polymorphic nature, it is evident that

they cannot easily amplify single alleles in
different cultivars.

For the specific amplification of SRK
DNA, primer pair PK1 and PK4 was used.
This molecular marker showed the same
degree of success as marker for class I SLG
gene detection. These results confirm the
assumption of Nishio et al. (1997) that the
tight linkage between SLG and SRK is hardly
ever, or never, broken at meiosis. The low
possibility of recombination between SLG and
SRK indicates that selection of SC plants with
either SLG or SRK is adequate for the
identification, but genotyping with the second
marker system can be used as an additional
control of efficiency of selection.

It can be concluded, that the used
molecular markers, based on analysis of SLG
I, II, SCR I and SRK 1, can be successfully
used for selection of SI plants and undesirable
SC plants can be eliminated at early
ontogenetic stage. Additionally comparative
analysis of all of these molecular markers for
individual genes can achieve successful
selection of functional carriers of recessive
Salleles during breeding programmes.
However, further molecular analyses on the
function of S-locus-related genes are
necessary, because several reports show that
other unknown factors might be involved in SI
response (Tarutani et al., 2010).
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Abstract

The selection of desirable genotypes with recessive characteristics, such as self-incompatible plants, is often difficult
or even impossible and represents a crucial barrier in accelerating the breeding process. Molecular approaches and
selection based on molecular markers can allow breeders to overcome this limitation. The use of self-incompatibility
is an altemative in hybrid breeding of oilseed rape. Unfortunately, stable self-incompatibility is recessive and pheno-
type-based selection is very difficult and time-consuming. The development of reliable molecular markers for detect-
ing desirable plants with functional self-incompatible genes is of great importance for breeders and allows selection
at early stages of plant growth. Because most of these reliable molecular markers are based on discrimination of
class | S-locus genes that are present in self-compatible plants, there is a need to use an internal control in order to
detect possible PCR inhibition that gives false results during genotyping. In this study, 269 double haploid F,oilseed
rape plants obtained by microspore embryogenesis were used to verify the applicability of an improved PCR assay
based onthe detection of the class | SLG gene alongwith an intemal control. Comparative analysis of the PCR geno-
typing results vs. S phenotype analysis confirned the applicability of this molecular approach in hybrid breeding pro-

grams. This approach allows accurate detection of self-incompatible plants via a different amplification profile.

Keywords: double haploid, hybrid breeding, MAS, S locus, SLG.
Received: November 21, 2013; Accepted: April 14, 2014.

An efficient pollination control system is necessary in
hybrid breeding in order to avoid unwanted self-pollination
or sib-pollination of the female parental line. In self-polli-
nating plants such programs are limited in their ability to
overcome and prevent pollination by their own pollen.
Consequently, hybrid breeding depends on a variety of ap-
proaches to protect maternal plants from self-pollination.
Self-incompatibility (SI) prevents self-fertilization by re-
jecting pollen from plants with the same genotype
(Charlesworth, 2010; Goring and Indriolo, 2010) and has
been successfully used for seed production in F; hybrid
cultivars of Brassica napus (Zhang et al., 2008a). In Bras-
sica, the specificity of pollen-stigma interactions in SI sys-
tems is controlled sporophytically by two linked genes with
multiple allelic forms (S haplotypes) of a single Mendelian
polymorphic locus, designated as the S locus (Bateman,
1955; Nasrallah et al., 1991). The male and female determi-
nants of SI encoded by the S-locus genes have been identi-
fied as a peptide ligand (S-locus protein 11; SPI1, or

Send correspondence to Lenka Havlickova. Biotechnological Cen-
tre, Faculty of Agriculture, University of South Bohemia, Studentska
18, Ceské Budejovice, CZ-370 05, Czech Republic. E-mail ad-
dress: lenk@post.cz.

S-locus cysteine-rich protein; SCR) (Schopfer et al., 1999;
Suzuki ef al., 1999) and its cognate receptor (S-locus recep-
tor kinase; SRK; Stein et al., 1991) respectively. Recogni-
tion specificity is achieved by interaction of the female
determinant SRK with its ligand, the male determinant
SPI11 (Chapman and Goring, 2010). The interaction be-
tween SP11 and SRK triggers the signaling cascade in an
S-haplotype-specific manner and results in the rejection of
self-pollen, but the signal components involved are still not
well characterized (Zhang et al., 2011). S-locus glyco-
protein (SLG) encoded by the SLG gene is the second fe-
male determinant involved in Sl reaction. SLGs
accumulate in the mature papilla cell wall and affect self-
pollen tube development (Kishi-Nishizawa et al., 1990).
Gain-of-function experiments have demonstrated that SLG
enhances the recognition reaction of SI (Watanabe et al.,
2003).

The § haplotypes are divided into classes I and Il
(Nasrallah et al., 1991). Class 1 is generally dominant over
class II in pollen and confers a strong SI phenotype
(Nasrallah and Nasrallah, 1993). Cultivated B. napus
(2n = 38, AACC) is a self-compatible allotetraploid that
originated through spontaneous interspecific hybridization
between two self-incompatible species, Brassica rapa
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(2n=20, AA) and Brassica oleracea (2n = 18, CC). Theo-
retically, B. napus lines are considered to be homozygous at
two S loci, with one Shaplotype being derived from B. rapa
and the other from B. oleracea. Brassica napus is consid-
ered to be self-incompatible like its two ancestors and arti-
ficially produced lines, although most cultivated lines are
self-compatible (Zhang et al., 2011). Most B. napus contain
a class I S haplotype (similar to S of B. rapa) in the A ge-
nome and a class II haplotype (similar to S of B. oleracea)
in the C genome (Okamoto et al., 2007; Zhang et al.,
2008a). Self-compatibility in B. napus is caused by inde-
pendent mutations in dominant S haplotypes that result in
suppression of the functional recessive S haplotype on dif-
ferent chromosomes (Okamoto et al., 2007). Four and three
class-II S haplotypes have been identified in B. rapa (5%,
5% 5% 5§ and B. oleracea (S°, §°, 5”°) (Sato et al., 2006).
Not surprisingly, in homozygous plants with two recessive
S haplotypes, the character of the recessive S haplotype ap-
pears as an SI phenotype that is usually a mutant phenotype.
However, genetic changes in polyploid B. napus, including
chromosomal rearrangements (Udall ez al., 2005) and
epigenetic phenomena (Gaeta et al., 2007; Zhang et al.,
2011), can alter gene expression and phenotype. No origi-
nal Czech hybrid cultivar based on SI has yet been released,
but SI is currently intensively used in Czech breeding pro-
grams. An approach based on molecular marker technology
for the genotyping of breeding populations in rapeseed hy-
brid breeding could provide a greater incentive for invest-
ment.

A double haploid (DH) SI line (SI120) with stable re-
cessive S haplotypes derived from crosses between an SI
donor line (WRGI1S5) and self-compatible donors of
00-quality (2051; Viking) and four self-compatible (SC)
cultivars (Da Vinci, Cabernet, Chagall and Wisent) were
used in this study (Figure 1). Four SC cultivars were used as

Sl line “WRG15”

X

1
Microspore embryogenesis

£ T —

Sl line *S120™ X

FI

SC donor of 00-quality *2051"

557

the male parent in crosses with the SI20 line to obtain F; hy-
brids, and the F, plants were used to produce 269 DH of the
F> population via microspore embryogenesis. These popu-
lations are regularly created by breeders to improve the
properties of self-incompatible plants and obtain desirable
genotypes of comparable or excess properties equal to cur-
rent best cultivars. The variation of newly created DH
plants reflects primarily in additive gene effects and addi-
tive epistasis, enabling fixation in only one cycle of selec-
tion compared to about seven years using the conventional
system to generate near homozygous lines. All of the mate-
rials used in this study were obtained from the Research In-
stitute of Crop Production in Prague, Czech Republic.

The S phenotype was measured as follows: when the
first flowers appeared on the major inflorescence, this in-
florescence and two secondary ramifications were bagged
for self-pollination. Every two days, the bags were tapped
gently to ensure enough self-pollination. The bags were re-
moved after three weeks to allow the seeds to develop in a
more natural environment. After maturation of the seed
siliques, the number of seeds produced was counted. The
seed set obtained by selfing was checked when siliques
were ripe. Plants were considered as SI when the number of
seeds per silique ranged from 0 to 3. Self-seeds were ob-
tained by bud-pollination when the SI reaction was still not
fully developed.

Genomic DNA from B. napus cultivars and the DH
line was extracted from young leaves using the
cetyltrimethylammonium bromide (CTAB) method (Wil-
liams et al., 1992). The concentration and quality of DNA
was determined with a BioMate 5 spectrophotometer. PCR
amplification was done using a primer pair SLGa (Zhang et
al., 2008b) developed from SLG-A10 and that amplified a
~1100 bp region in SC plants but not in the SI line. The
primer pair SCO3 that amplified a ~750 bp fragment (Zeng

SC donor of 00-quality “Viking”

l Microspore embryogenesis

DH Sl line “S120™ x
AllAlicluct
Fl
Alalicien

donor of 00-quality “Da Vinci; Cabernet; Chagall or Wisent™

Alalelich

ll\/licrospore embryogenesis

F, DH lines

Alalclict

Allaliclich

Figure 1 - Overview of the triple-cross model, including the three-component hybrid and three line hybrid in B. napus.
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Self-incompatibility in B. napus

Principle of genotyping by using the SLG | gene
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~
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Figure 2 - Phenotypic and genotypic screening of F, DH plants. The plants (n= 269) initially underwent S phenotypic analysis followed by genotyping
with molecular markers. Duplex PCR with class I SLG-specific primers (SLGa forward and reverse) resulted in the amplification of an ~1.1 kb fragment
in plants considered to be self-compatible (SC); self-incompatible (SI) plants showed no such fragment. All samples (SC and SI) showed amplification of

a 750-bp internal control fragment. M — molecular markers.

et al., 2009) was used as a positive control for the presence
of DNA in the PCR. PCR was done with 10 ng of genomic
DNA as template, mixed with 0.5 pL (10 uM) of each
primer, 10 pL of PPP master mix (TopBio), 1x BSA and
distilled water to give a final volume of 20 uL. The PCR re-
action involved pre-denaturation for 3 min at 95 °C fol-
lowed by 35 cycles of 30 s at 94 °C, 45 s at 58 °C and 1 min
at 72 °C and finally, 10 min at 72 °C. The PCR products
were subjected to electrophoresis on 1.5% agarose gels in
1x Tris-borate-EDTA (TBE) buffer and detected by stain-
ing with ethidium bromide.

All SI20 x (SC) Da Vinci, Cabernet, Chagall and Wi-
sent F; plants were completely self-compatible, indicating
that the S haplotype of the A genome of SI20 was recessive
(A"A"C"C™) to four SC cultivars deduced to be A’A'C"C".
Self-incompatibility was assessed in the F» DH population
of 269 plants. The distribution of the S phenotype showed
two distinct classes, with a score < 3 indicating SI plants
(n=119) and > 10 indicating SC plants (n = 113). Limited
number of plants (n = 37) showed intermediate character
with score 4-10 indicating SI/SC plants. The segregation of
SC plants to SI plants in the F, DH population at the molec-
ular level agreed with the expected ratio of 1:1 (130 SC vs.
139 SI) for a single S locus (Figure 2).

An approach based on molecular markers was imple-
mented in a traditional schedule of oilseed rape hybrid
breeding. A particular technique that involved two pairs of
primers was used to manage the breeding population. Com-
parison of the genotype (presence of the desired alleles) vs.
phenotype (seed test) showed that selection based only on
phenotypic expression (number of seeds per silique) can
lead to the loss of valuable SI genotypes (in our case, with
improper selection 4.5% of the plants (n=12) would be ex-
cluded, as well as a further 37 phenotypically indistinguish-
able flowers, if there were no subsequent molecular
characterization). In 12 plants phenotypically identified as
SC we assumed that there was breakdown of the SI barrier
atthe end of flowering, possibly as a result of survival strat-
egies. The 17 plants that showed the SI phenotype (contrary
to their SC genotype) could have been caused by high tem-

peratures in the pollination bags that, together with humid-
ity, can lead to complete sterility (Shah et al., 2011) or in-
duce the loss of siliques in the early stages of development,
as described by Young et al. (2004). The presence of hap-
loid plants can also cause the SI phenotype.

Recent molecular screening for the class [.S haplotype
has been based on the detection of SLG I/SRK I genes (Gao
et al., 2013), and gene transformation studies have con-
firmed that both of these genes are important for the SI rec-
ognition reaction (Watanabe et al., 2012). Self-incompati-
bility mechanisms associated with functional molecular
markers can be particularly important in hybrid breeding,
as suggested by Tochigi et al. (2011). These authors
showed that the use of a molecular marker based selection
of SI plants leads to elimination of undesirable SC plants at
an early ontogenetic stage and to favourable reduction of
the number of plants available for subsequent experiments.
In conclusion, the results of this study indicate that we have
successfully developed and validated a new approach for
detecting SI.
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Abstract

HAvVLi¢KOVA L., JozovA E., RycHLA A., KLiMma M., Ku¢era V., CurN V. (2014): Genetic diversity assessment in
winter oilseed rape (Brassica napus L.) collection using AFLP, ISSR and SSR markers. Czech J. Genet. Plant
Breed., 50: 216-225.

The genetic diversity of 94 accessions of winter oilseed rape (Brassica napus L.), representing past and contem-
porary material utilized in the Czech breeding programmes, was determined using microsatellites (SSRs), ISSRs
and AFLPs. All three kinds of markers differed in the range of observed polymorphism and differentiated clearly
each accession. Altogether 89 SSR, 1003 AFLP and 53 ISSR markers were evaluated. Their average rates of poly-
morphicbands were 100%, 53.9% and 90.6%, respectively, indicating high genetic diversity among the accessions.
The greatest genetic distance was found by ISSRs (62.3%) whereas significantly lower distances of 49.4% in SSRs
and 35.5% in AFLPs were observed. The genetic similarity matrix clearly distinguished all accessions. A set of the
most distinct varieties was established. The analysis of the genetic pattern of the accessions indicated two groups
comprising most of the modern Czech breeding materials, revealing a distinct shift in breeding. Surprisingly,
molecular analyses did not support breeders’ views about a narrow genetic base of the Czech breeding materials.
The choice of appropriate technology for different aspects of germplasm evaluation is also discussed.

Keywords: Brassica napus; genetic distances; genetic diversity; molecular markers

The genetic base of oilseed rape (Brassica napus)
is quite narrow due to its limited geographic range
and intensive breeding (GIRKE et al. 2012). Research
on Brassica germplasm and evaluation of its genetic
diversity could accelerate the efficient use of genetic
variation through establishing abreeding programme
(STOoKES et al. 2010; HARPER et al. 2012). Heterosis
in hybrids is based on genetic completion between
divergent parents, so the information on genetic
diversity could help breeders better understand the
genetic structure of germplasm and to predict which
cross combinations would produce good F, hybrids
(Yu et al. 2007). Breeders currently choose compo-
nents for hybrid combinations based on desirable
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characteristics without any information about their
affinity, although the genetic distance is a prerequisite
for heterosis to a certain extent.

Recently, numerous markers for description of
genetic resources have been developed such as
isozymes, storage proteins or DNA based markers
(CURN 1995; ZHAO & BECKER 1998; SCHLOTTERER
2004). At present, molecular methods have become
essential parts of most studies on genetic diversity.
Molecular methods are very useful for estimating
features such as gene flow, genetic drift and de-
gree of outbreeding, while other marker systems
may be very useful for studying adaptive variation
(RaAo & HODGKIN 2002). Several methods such as
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RFLP (D1ers & OSBORN 1994), RAPD (SHIRAN et  Table 1. List of Brassica napus accessions selected for
al. 2006), AFLP (Yu et al. 2007), SSR (HASAN et al.  molecular analyses

2006), cpSSR (ZAmMANI-NOUR et al. 2013), RAMP
(WEer et al. 2005), SNP (HAYWARD et al. 2012) were  No. Accession name  Type
used for characterization and evaluation of B. napus

Country  Year of first
of origin  registration

collections. These methods could improve strate- ! Adriana C  FR/UK/DE 2006
gies for germplasm conservation and increase the 2 Aglona C cz 1993
utilization of plant genetic resources. It is important, 3 Aplaus & Ccz 2007
however, to understand that different markers have 4 Arot (3 DE 2010
distinct properties, will reflect various aspects of 5 Asgard C DE 2006
genetic diversity and therefore can give different ¢ Atlantic C ER 2005
results (NEsBITT et al. 1995; KArp & EDWARDS - Bellevue C DE 2007
1997). Not many studies have combined more than 8 Benefit C cz 2009
two molecular techniques to evaluate the pattern of )
R : ; ; 9 Cadeli C us 2007
genetic diversity of oilseed rape (OSR). For this reason,
comparative studies of different marker systems are 10 Callforninm C R 2008
a necessity to determine the relative merits of the 11 Catana C  US/UK/FR 2006
various approaches in order to allow researchers to 12 Compakt C DE 2008
make an appropriate choice of methodology (Rao 13 Contact C ER, DE 2000
& HODGKIN 2002). 14 Da Vinci C DE 2009
The aim of this study was to examine the genetic 15 Dangal (o UA
diversity among the selected accessions of winter 14 Dk Tani C UA
oilseed rape by molecular markers. Comprehensive - Digger C DE 2000
examination of the characteristics of.this diversityat ¢ DK Cabernet C us 2007
a mole({ular level subsequently pz:ovnfies asetof tllme i DK Casper e Us 3655
most diverse genotypes for use in line and hybrid :
breeding programmes. Furthermore, this investiga- % ESAlcgrin g R 2008
tion could also provide a direct comparison of three 2! ES Astrid C FR 2005
molecular marker systems for the assessment of 22 ES Venus C ER 2009
oilseed rape genetic diversity. 23 Express C DE/UK 1999
24 Falcon C DE 1993
MATERIAL AND METHODS 25 Goya C DE 2007
26 Chagall C DE 2008
Plant material. The core collection of 94 B. napus 5 Idol C FR 1995
genotypes, .astsemtfled b).' breeders under the Czech ¢ fida c DE 2007
Rape Association, {ncludmg sele:'cted landraces, m'od- 5% King 10 c DE 2008
ern and older cultivars from different geographical
regions and current breeding materials with different 30 Kando G ERIDE 0%
qualitative traits, was used for molecular analyses. oL Labzadar c H A0
Seeds of all B. napus genotypes were obtained from 32 Ladoga C FR 2004
Crop Research Institute (CRI), Prague and from 33 Loreley C DE 2008
Research Institute of Oilseed Crops, Opava. The 34 Manitoba C FR, DE 2005
investigated accessions and their origins are listed 35 Mickey C AT 2009
in Table 1. 36 Mira 2 cS 1978
DNA isolation and ISSR, SSRand AFLP analyses. 57 Mirage C DE 2007
Total DNA was isolated from 100 mg of samples of 54 Mavajo C UK 1999
lyophilized cotyledons collected from 36 representa- 39 NK Diamond C ER 2008
tive plants per genotype. DNA was extracted using the D — ¢ i 5004,
CTAB extraction protocol (DoyLE & DoyLE 1987).
After initial testing of a wide range of 30 ISSR primers, « 35 Maree & R 2900
three primers generating the stable and repeatable %2 NICNemsx c ER 2007
pattern of markers were selected for ISSR analyses: 43 NK Passion c FR 2005
217
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Table 1 to be continued Table 1 to be continued
No. Accession name Type Cour?tf‘y Yea.r B ﬁ,rSt No. Accession name Type Cour}txjy Yea.r o ﬁ.rst
of origin reglstratlon of origin reglstratlon
44 Odila c Ccz 1997 - oP1 iR &
45 Oksana C Cz 2007 (mCMSS for $3)
46 Omaha ¢ UK 2000 88 S2 -CMS CMSS (8744
47 Omikron (@ CZ 1995 89 S3 -CMS CMSS cz!
48 Oponent C CZ 2006 $7/1/2 (Rf for ”
49 Opus C (074 2007 - CMSS S2; S3) e —
50 Remy C DE 2007 a1 AIK 128/1 s1 cz
51 Robust C DE 2005 (Tandem 6/85)
52 Sherlock C DE 2009 AIK 20/9 X
53 Silesia C2 cs 1983 e (WRG 15) 4 S
54 Siska C DE 2005 93 AIK 21/55 (Liropa)  SI CZ
55 Slapska Cl1 CS 1945 o AIK 22/17 - cz
56 Slapski Stela @ Cz 1996 (Tandem 1/85)
57 Solida C2 cs 1986
sa Bt P cs 1960 Country codes — see ISO3166-1; CZ* — Chinese donors of
CMS backcrossed to Czech lines/cultivars; CZ** — French
A3 Svete c A donors of CMS backcrossed to Czech lines/cultivars; L —
60 Totem C FR 2008 landrace; C — cultivar: C1 — old cultivars and landraces,
61 Trebi¢ska C1 cs 1941 C2-“0"type, C - “00” type cultivars; B — breeding material
62 Vittek C DE 2009 — oil yield; BF — breeding material — changed content of
63 Winner C DE 2001 fatty acids; BY — yellow-seeded breeding material; CMSO
64 Wisent C DE 2010 - CMS Ogu-INRA genetic resources; CMSS - CMS Shaan
Zhongshuang ) 2A genetic resources (NCMSS — maintainer; Rf - restorer);
65 No. 9 C CN SI - self-incompatible genetic resources
66 3196/1n BF CZ
67 3258/1n BF Ccz UBC 812 (5'-GA) A-3'; UBC840 (5'-GA),YT-3' and
68 3338/i BE CZ UBC 845 (5'-CT)gRG-3'. PCR amplification reactions
69 4924/4 BE cz were carried out in the total volume of 10 pl containing
70 C542 B cz 1x PPP Master Mix (Top-Bio), 12.5 pmol of primer,
71 C547 B cz 1x BSA and 50 ng template DNA. Amplifications
45 cEe B cz were performed using the following programme:
) pre-denaturation for 2 min at 95°C, 40 cycles of 20 s
73 CéL20 B = at93°C, 1 min 52°Cand 20 s at 72°C, finally, 6 min at
o CZL24 o N 72°C. PCR products were dissolved by electropho-
75 DH 4729/09 B cz resis on 2% agarose gel in 1x TBE buffer using the
76 DH 4736/09 B cz following programme: 20 min at 40 V followed by
77 OP 4947/07 B Ccz 280 min at 80 V and visualized by EtBr staining. All
78 SG-C 2269 B (874 analyses were performed in pairs, and only samples
79 SG-C 768 B Ccz with the same pattern of ISSR markers were scored.
) SL 737 B CczZ Altogether 19 SSR markers were selected according to
81 RF4069/2 CMSO cz variability (PIC value between 0.5 and 0.8, number of
82 RE4108/3 CMSO cz alleles between 5 and 10) with high stability and low
83 A115CMS line CMSO cz* stutter and genome position (one each chromosome
o to cover all chromosomes present in B. napus). PCR
- AE s i i amplification, detection and analysis of microsatellites
o2 REA312 oMse &= were performed according to PLIESKE and STRUSS
86 Rf 3388 CMSO cz* (2001). AFLP analysis was carried out as described
218
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by Vos et al. (1995) with three primer combinations:
EcoRI+ACG/Mse+AGT, EcoRI+ACG/Mse+ACC and
EcoRI+ACG/Mse+ATT. PCR products were analysed
using capillary electrophoresis on an ABI PRISM
3130xl sequencer (Applied Biosystems, Foster City,
USA) and data were analysed by GeneMapper software.

Band scoring and data analysis. Molecular data
were analysed using a digital image analysis and
fingerprint patterns from each of the three marker
types (ISSR, SSR and AFLP) were transformed into a
binary character matrix with 1 for the presence or 0
for the absence of aband ata particular position in a
lane. Genetic distance matrices were generated using
NE1 and L1 (1979) metrics. For all three molecular
markers the Weighted Arithmetic Mean of genetic
distances (WAM) was calculated on the basis of
frequency values in the appropriate class of genetic
diversity. In this study 94 accessions were analysed,
thus, a lower half distance matrix consisting of 4371
elements = values of genetic distance between two
particular accessions [((94 x 94) — 94)/2 = 4371], and
these values were divided into classes ranging each
5 percent and displayed in the form of histogram
for each marker used. Cluster analysis (UPGMA)
and principal coordinates analysis (PCO) were also
performed. These analyses were calculated using
MVSP 3.1 (Kovach Computing Services, Anglesey,
U.K.) and DARwin 5.0.158 (CIRAD, Montpellier, F)

software packages. Genetic structure was calculated
using Structure 2.3.4 software package (PRITCHARD
et al. 2000). To determine the most likely number
of clusters we followed the approach of EvANNO et
al. (2005) and KOLAR et al. (2012).

RESULTS

Microsatellites, AFLP and ISSR generated 89, 1003
and 53 bands, which were 100, 53.94 and 90.57%
polymorphic, respectively. From the obtained pat-
terns, it was possible to identify all analysed ac-
cessions even when closely related breeding lines,
undefined breeding materials or doubled haploid
(DH) lines were included in the molecular analy-
ses. Clear recognition of all analysed accessions is
demonstrated from outputs of PCO (Figure 1) and
cluster — UPGMA analyses (Figure 2). Although
these results allow the unambiguous identification
of genetic resources via particular and quite uneven
distribution, no clustering depending on the origin
(breeding or geographical) was evident. Nevertheless,
one exception was detected, regarding the group of
specific accession CMS Ogu-INRA genetic resources:
there is a close relationship between mother CMS
line and Rf lines that should be taken into account
when choosing suitable diverse components to im-
prove these materials.
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Figure 1. Principal coordinates analysis (PCO) of SSR, ISSR and AFLP markers in 94 Brassica napus accessions

C — cultivar; C1, C2, BF — breeding material — changed content of fatty acids; B — breeding material — yield of oil;
BY — yellow-seeded breeding material; CMSO — CMS Ogu-INRA genetic resources; CMSS — CMS Shaan 2A genetic
resources; SI — self-incompatible genetic resources; dense group of samples in the right upper corner is shown in detail
window; for explanation of symbols used for different types of plant material see Table 1
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Figure 2. Cluster analysis (UPGMA dendrogram) of SSR, ISSR and AFLP markers in 94 Brassica napus accessions

Three molecular marker systems used in this study
differed also in the extent of detected diversity. Par-
ticular genetic distances between two specific items
can be obtained from a distance matrix (not shown,
available on the website: http://biocentrum.zf.jcu.
cz/projekty.php) and character and distribution of
genetic diversity for all three markers are given in
Figure 3. For ISSR represented markers with the high-
est detectable extent of genetic variation; the lowest
genetic distances (0.038) were determined between
five pairs of accessions (10-43, 21-69, 49-67, 66-67
and 75-76), the highest distance (0.623) between 81
(CMSO) and 87 (mCMSS for S3) with French and
Czech origin, respectively. In SSR the lowest genetic
distances (0.022) were recorded in closely related mod-
ern German cultivars (13-26) and breeding materials
(75-78), the highest distance (0.494) was observed
between old Czech cultivar Silesia (53) and Chinese
cultivar Zhongshuang No. 9 (65). AFLP manifested
generally a higher level of genetic similarity; the lowest
genetic distance (0.037) was between French cultivars
Californium and Manitoba (10, 34), the highest dis-
tance (0.355) between US cultivar Catana and French
NK Morse (11, 41), respectively.

All three molecular markers differed not only in
the extent of detectable genetic diversity but also
in the ability to detect the genetic diversity among

220

individual accessions. This parameter was expressed
as WAM and reflects the frequency and size of the
genetic distance. The highest genetic distances be-
tween B. napus accessions were recorded using ISSR
markers, where WAM among all 94 accessions was
25.71%. SSR markers reached average WAM (22.51%)
and the highest similarity and dense clustering of
samples were recorded in AFLP (WAM = 18.68%).
Results and outputs from the STRUCTURE soft-
ware are given in Figure 4. Classification of acces-
sions according to Q1/Q2 values (Figure 4D) led
to the formation of three blocks: (a) the first block
included accessions with Q1 value in the range of
0.003-0.013 with prevalence of Czech breeding ma-
terials or genotypes which were widely used in recent
Czech breeding programmes; (b) the second block
formed a transition zone; and (c) the third block
included accessions with Q1 values in the range of
0.991-0.998 (Q2 = 0.009-0.002). The second and
third blocks included accessions without clearly
visible character of classification. Similar results are
presented in Figure 4C, when classification is done
according to the year of registration (release) of a
particular cultivar. More informative are results pre-
sented in Figure 4B, where the data are classified by
the country of origin and year of registration (release)
of a particular cultivar. A similar pattern of genetic
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structure is found in accessions of Czech, German as
well as French or Chinese origin. Detailed assessment
of the genetic structure of the analysed OSR cultivars
and breeding materials based on the analysis of the
two individual clusters (divided by value Q1 < 0.5
and Q1 = 0.5) identified material based on a set of
allele frequencies within these clusters into 5 groups
in total (Figure 4E). The analysis of the first cluster
divides in detail the population structure into two
sub-clusters, where most representatives of group
A belong to the Czech material used mainly in CRI,
while group B contains predominately European cul-
tivars released in the period 1999-2010. The second
cluster was further divided into three groups, where
the main group E mostly contains Czech cultivars
and materials for SI and CMS, German and French
cultivars. Groups D and C include assorted cultivars
of the world and of different ages.

DISCUSSION

Due to its relatively narrow genetic base, oilseed
rape improvement is increasingly reliant on evalu-
ation of its genetic diversity, better management
of breeding population (COWLING et al. 2012) and
utilization of existing genetic diversity in order to
establish a promising breeding programme (LOMBARD
et al. 2000; AsGHARI et al. 2011). In oilseed rape,
unlike several other important crops, we cannot use
sources of genetic variation from natural populations
(PraxAasH & HinaTA 1980) and therefore techniques
and approaches recognizing the extent of genetic
variability are very beneficial. Molecular markers
used in this study have also been used as effective
tools to provide molecular data and evaluate genetic
relationships in other studies although they did not
include such diverse genetic resources (SOBOTKA
et al. 2004; L1 et al. 2011; ABDELMIGID 2012). The
importance and benefit of this study lies in the direct
comparison of all accessions tested by three molecular
techniques and their genetic diversity evaluation for
the purposes of combinational crossing of distant
genotypes in line and hybrid breeding.

Molecular analyses of 94 B. napus accessions per-
formed in this study did not surprisingly confirm as-

-

sumptions about the narrow genetic base of rapeseed
core collection (GIRKE et al. 2012). Such an assump-
tion is correct only if restricted sets of oilseed rape
are analysed (e.g. materials from a particular breeding
programme). Results of molecular analyses also revealed
high genetic distances between modern cultivars and
breeding materials of special purposes. Similar results
were presented on the panel of Australian germplasm
by CowLING (2007). All three molecular markers,
distinct in their nature and performance, differed in
the extent and ability to detect diversity. Some com-
parative analyses suggest that AFLPs are the most
suitable markers, with the most monomorphic frag-
ments (RUSSELL et al. 1997; PEjic et al. 1998), but high
discriminatory power (BEHERA et al. 2008) due to a
high number of bands in a single amplification (PEjiC
et al. 1998). However, based on easier technology used,
it seems that the most successful technique is ISSR
which combines most advantages of SSR and AFLP
technologies (REDDY et al. 2002) and provides the best
information about genotypes in terms of their genetic
distances. SSR, ISSR and AFLP provide polymorphic
information based on DNA repeat variation and DNA
sequence polymorphisms and all markers have been
proved as suitable for distinguishing between genotypes
that are genetically very similar (McCGREGOR et al.
2000; SARWAT et al. 2008). Therefore, the selection of
a suitable marker is more dependent on the price and
technologies available for target users.

For an overall assessment of genetic variability
and the degree of diversity of rapeseed genetic re-
sources in the analysed collection in addition to
standard descriptive characteristics (type of marker,
polymorphic bands, marker analysis using UPGMA
and PCO approaches) other two procedures were
applied. To evaluate the extent of detectable genetic
diversity between individual accessions the parameter
WAM was exploited. The STRUCTURE software
package for assessment of multi-locus genotype data
was used for evaluation of the genetic structure in
rapeseed accessions. Results from both these ap-
proaches show the more valuable interpretation of
the results, allow direct comparison and selection
marker system and also highlight another way to
process the genetic diversity data. Assessment of

Figure 4. Results of the analysis of genetic structure of accessions from the rape core collection using the Structure soft-
ware package (Admixture Model, Allele Frequencies Correlated, K = 2, Length of Burnin Period and MCMC: 100 000);
4A - list ofanalysed accessions, their characteristics, Q1 and Q2 values (outputs of Structure analysis) and sorting accor-
ding to Q1 value (4D — lowest to highest); 4B and 4C — sorting according to the country of origin and year of registration
(release), respectively; 4E detailed analysis of cluster 1 (Q1 < 0.5) and cluster2 (Q1 = 0.5) from the main cluster 4D that

divided the core collection into 5 subgroups
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the population genetic structure is commonly used
in ecological and evolutionary studies (KOLAR et al.
2012) but not for evaluation of genetic resources. It
may lead (as shown in our example) to clarification
of cultivar grouping and also to recommendations
for expanding the genetic background in breeding
programmes. For instance, the position of Czech
CMS breeding materials in group E together with
French materials can be explained by the fact that
these materials are based on the French donor of
Ogu-INRA type of male sterility. In comparison
with results of Bus et al. (2011) we obtained a less
detailed resolution of oilseed rape accessions (i.e.
K = 2) and therefore we decided to separately evalu-
ate populations belonging to two main clusters for
the purpose of getting a more detailed resolution.
This can be explained using only winter oilseed rape
germplasm. The inclusion of a swede, winter OSR,
semi-winter OSR, spring OSR, spring fodder and
vegetable led to the formation of a less compact and
more resolvable cluster (Bus et al. 2011).

Oilseed rape breeders may especially benefit from
the precise identification of all genetic resources, using
all three molecular marker systems. It was verified that
ISSRs using the proposed protocol, are stable, reliable
and inexpensive markers with great sensitivity to re-
veal genetic diversity. Detection of genetic distances
between particular accessions from the core collection
facilitates selection of parental components on the
basis of the highest genetic diversity. Czech breeders
under the Czech Rape Association apply this system
of selection of parental components at present. In
these cases, results of molecular analyses may help
to reveal the real diversity of genetic resources of
oilseed rape. Thus, they can be useful for accurate
selection of parental components in hybridization
programmes and can increase the efficiency of both
line and hybrid breeding.
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ZAVER

8 Zaver

Na zékladé¢ vysledkii popsanych v této praci byly splnény oba nastolené cile:

e pro charakterizaci genetické diverzity na odridové urovni byly pouzity tfi

molekularni markery: SSR, ISSR a AFLP

byla potvrzena hypotéza, ze na zdkladé¢ vhodné vybranych markerd lze

spolehlivé identifikovat jednotlivé odridy u druhu Brassica napus

vSechny pouzité markery prokazaly dostatecnou stabilitu, opakovatelnost a mély

dostatecné mnozstvi reprodukovatelného spektra markert

na zékladé¢ vypovidaci schopnosti, financni naroc¢nosti a pracnosti byl jako

nejvhodnéjsi marker vybran ISSR

tento marker byl zaveden do standardnich metod pro hodnoceni genetické

diverzity u fepky na pracovisti ZF JU

na zaklad¢ né¢kolikaletého hodnoceni gen. diverzity pomoci ISSR markeru byl
zjistén pozitivni posun v ¢eském novoslechténi, kdy dochazi k postupnému

rozSifovani genetické diverzity

¢ byly otestovany tii nejvyznamnéj$i geny S-lokusu, které vyznamné ovliviiuji
autoinkompatibilitu u fepky. Konkrétné geny SLG tiidy I a II, SCR a SRK.

e pro testovani SLG genu tfidy II byla pouzita metoda duplex PCR. Tato metoda

nam zarucuje kontrolu vhodné provedené analyzy.

e podafilo se vyvinout vhodné markery, diky kterym se podatilo spolehlivé

detekovat a selektovat Al rostliny

e pomoci téchto markerti 1ze detekovat Al rostliny v raném ontogenetickém vyvoji

s dostatecnou piesnosti a spolehlivosti
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