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GENETIC DIVERSITY OF CZECH AND SLOVAK WHEAT CULTIVARS
IN THE PERIOD 1954-1994

Sergei MARTYNOY, Tatyana DOBROTVORSKAYA, Zdenék STEHNO',
Ladislav DOTLACIL'

Information and Computation Centre of Russian Academy of Agricultural Sciences,
Tver. Russia; I Research Institute of Crop Production, Prague-Ruzyné,
Czech Republic

Abstact: With the aid of Genetic Resources Information and Analytical System
GRIS the genetic profiles of 62 wheat cultivars (7riticum aestivum) released in
the Czech and Slovak Republics during the last 40 years were constructed. On
the basis of cluster analysis of genetic profiles temporal genetic diversity of
cultivars was studied. Genetic base of modern Czech and Slovak wheat cultivars
has broadened owing to the use of new donors of resistance to diseases and other
unfavourable factors, with good productivity and quality. At the same time the
ratio of the local germplasm in pedigree of modern cultivars has decreased. A
set of original ancestors and their genetic contributions has remained stable over
the last twenty years.

Triticum aestivum;, wheat; genetic profile; genetic diversity; genetic erosion; an-
cestors

A problem of genetic erosion is very important at present. The reduction of
genetic diversity of cultivars used in production can cause significant eco-
nomic losses due to uniform susceptibility to new pathogen genotypes or in-
sects and increase crop vulnerability. Nevertheless, an increasing demand for
yield and quality can restrict the diversity of a crop by limiting the number of
cultivars grown in agricultural practice. Therefore, it is necessary to monitor
genetic diversity in breeding programs. The genetic diversity is not always
linked to the observed diversity of highly heritable traits. It is not observable
until the appearance of the relevant biotic or abiotic stress. Pedigree analysis
is one of the most adequate methods to estimate latent genetic diversity
(Souza etal., 1994).

In this work we have studied genetic diversity of wheat cultivars grown in
the former Czechoslovakia and later in the Czech and Slovak Republics dur-
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ing the last 40 years, employing their genetic profiles. The genetic profile of
a cultivar is a set of landraces and other original forms that represents an
extended pedigree in combination with the coefficients of parentage between
this cultivar and its ancestors (Fox, Skovmand, 1994). A genetic profile
can be constructed by means of analysis of the complete pedigree of the cul-
tivar.

MATERIAL AND METHODS

The pedigrees of common wheat cultivars grown in the former Czechoslo-
vakia since 1954, including cultivars from the present Czech and Slovak Re-
publics, were the object of this study. There were 63 cultivars registered
during this period. From this set we excluded one cultivar (Ruzynska II) be-
cause of pedigree unsuitable for analysis. A complete list of cultivars used in
our analysis is shown in Table 1.

The genetic profiles for the 62 cultivars were constructed with the aid of
the Genetic Resources Information and Analytical System (GRIS) (Mar-
tynov, Dobrotvorskaya, 1993). Theoretical genetic contributions of
landraces and other original genotypes that are components of genetic profile
were estimated by the calculation of coefficient of parentage. We have calcu-
lated the matrix of genetic profiles by cluster analysis using a hierarchical
agglomerate algorithm for the mean connection. The similarity index was
calculated from:

Sy = Z min {Py: P;}

where: S - the similarity index between k-th and /-th cultivars
P, P, — contributions of i-th ancestors into k-th and /-th cultivars

min - minimal contributions of i-th ancestor are summarised in the cultivars
compared (AGROS, 1994)

RESULTS AND DISCUSSION

The pedigrees of 62 cultivars studied were traced back to 133 ancestral
parents such as landraces, local varieties, or materials with unknown origin
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I. Wheat cultivars (7. aestivum) registered in the former Czechoslovakia and in the Czech and
Slovak Republics in 1954-1994

No. Name | Year of registr. [ No. Name Year of registr.
1 | Kasticka osinatka 1954 32 | Zdar 1983
2 | Pavlovicka 198 1956 33 | Viginta 1984
3 | Kosutska 1956 34 | Mara 1984
4 | Prerovska PK 1957 35 | Danubia 1984
5 | Dianal 1960 36 | Sandra 1984
6 | Zlatka 1960 37 | Roxana 1985
7 |1Iva 1962 38 | Hana 1985
8 | Oktavia 1962 39 | Agra 1985
9 | Lada 1964 40 | Selekta 1985

10 | Draga 1965 41 Branka 1988

11 Diana II 1967 42 | Sparta 1988

12 | Praga 1968 43 | Butin 1988

13 | Oska 1971 44 | Ilona 1989

14 | Zora 1971 45 | Sofia 1990

15 | Lena 1975 46 | Vlada 1990

16 | Jara 1975 47 | Maja 1990

17 | Slavia 1976 48 | Saxana 1990

18 | Solaris 1976 49 | Simona 1991

19 Rena 1978 50 | Senta 1991

20 | Hela 1979 51 | Livia 1991

21 | Mirela 1979 52 | Blava 1992

22 | Istra 1979 53 | Vega 1992

23 | Juna 1979 54 | Torysa 1992

24 | Amika 1980 55 | Linda 1992

25 | Vala 1980 56 | Sida 1993

26 | Odra 1981 57 | Samanta 1993

27 | Kosutka 1981 58 | Asta 1994

28 | Regina 1981 59 | Bruta 1994

29 | Sylva 1982 60 | Mona 1994

30 | Iris 1983 61 | Rexia 1994

31 | Sabina 1983 62 | Siria 1994
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from the Czech Republic, Slovak Republic, Hungary, Poland, Ukraine, Rus-
sia, other European countries, Asia, Africa and America. In average, genetic
profiles of registered cultivars include 21 ancestors and profile composition
ranges from 4 to 52 components. For example, the genetic profile of cv.
Kosutska contains 4 ancestors (French local variety Ble Seigle, Crimean,
Russian and Ukrainian local varieties), while cv. Sida contains 52 local va-
ricties. It should be noted that e.g. Sida’s pedigree includes 655 ancestors,
but all of them originated from 52 landraces or accessions with unknown
pedigrees. We assumed that the initial ancestors are not related to each other.
They are exactly components of genetic profile.

Table II presents the genetic profile of cv. Blava, the pedigree contains 732
ancestors. The sum of genetic contributions estimated by the coefficients of
parentage is equal to 0.66 i.e. considerably less than 1. This fact can be ex-
plained by one of assumptions underlying the calculation of coefficients of
parentage. The coefficient of parentage between a parent and a pure line re-
selection is 0.75 (Souza et al., 1994). Considering that many ancestors of
Blava were selected from local varieties, total contribution of ancestors must
be lower than 1.

To study temporal diversity the set of cultivars released during forty years
was divided into three groups. The first group included 16 cultivars grown in
the years 1954-1975. In this period Czechoslovak breeding programmes
were mainly based on West-European material. All the other cultivars grown
during last 20 years were included into the second and the third groups. For
the last twenty years wide use of Ukrainian cv. Mironovskaya-808 and Rus-
sian cv. Bezostaya-1 in breeding programs was typical. The second group
includes 24 cultivars released in 1976-1985 and the third — 22 cultivars
grown in 1986-1994.

The mean number of local varieties (landraces) included in the genetic
profiles provides data on changing genetic diversity of cultivars during the
time. This index increases within the time of growing: 1954-1975 — 9.9,
1976-1985 —24.0, 1986-1994 — 31.9. Analysis of variance (Table III) shows
that extension of genetic profiles of cultivars is significant. Therefore, the
genetic basis of modern Czech and Slovak wheat cultivars is broadening,

Cluster analysis of the matrix of genetic profiles (Fig. 1) allowed us to
separate 3 clusters: A, B, and C. Within cluster A two subclusters can be
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II. Genetic profile of the winter wheat cv. Blava

Ancestor Origin Coefficient of parentage
Mediterranean Mediterranean 0.1255
Landrace (through Bezostaya 4) Ukraine 0.0742
Landrace (through Artemovka) Ukraine 0.0703
Banatka Hungary 0.0557
Crimean Ukraine (Crimea 0.0358
Essex Gladkaf England 0.0312
Manchuria 142 China 0.0312
Akakomugi Japan 0.0186
Indiana-Swamp United States 0.0178
Russian Wheat Russia 0.0176
Uckermarkischer Dummel Germany 0.0173
Sapporo Harukomugi Japan 0.0156
Ladoga North-West Russia 0.0156
Beloturka Russia 0.0156
Barleta Argentina 0.0139
Landrace (through Americano 44-D) Uruguay 0.0139
Ostka Galicyjska Poland 0.0125
Onega North-West Russia 0.0117
Gehun India 0.0117
Zeeuwse Witte Netherlands 0.0101
Red Straw England 0.0094
Rieti Italy 0.0093
Chinese Spring China 0.0063
White Lammas Australia 0.0051
Landrace (through Minhardi) Ukraine (Odessa) 0.0047
Red Hussar United States 0.0022
Java United States 0.0016
Hard Red Calcutta India 0.0010
Yaroslav Emmer Russia 0.0010
Petkus (Secale cereale) Germany 0.0003
T. dicoccum (through Transfer) United States 0.00001
Ae. umbellulatum (through Transfer) United States 0.00001
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III. Analysis of variance of genetic profiles of cultivars

Item ss df ms F
Total 8508.97 61 - -
Periods 4505.67 2 2252.83 33.20*
Error 4 003.30 59 67.85 -

* significant at the 1% level

clearly identified: A-1 and A-2. Results of cluster analysis are mainly deter-
mined by the contributions of French local variety Saumur de Mars, Ukrain-
ianlocal variety (which was used to select Artemovka, ancestor of the widely
used Mironovskaya-808), German variety Dickkopf and breeding line
Weihenstephaner-378-57-132-B, the pedigree of which is unknown to us
(Table IV).

IV. The characteristics of clusters revealed among Czechoslovak wheats released in 1954-1994

Contributions[%o]

o Numtter :f . Ukrainian | Weihenstephner -
(subcluster) | cultivars Saumur de Mars | Dickkopf . 378-57-132-B
A 41 0.3 0.7 10.1 6.2
A-1 21 0.6 1.0 10.9 11.9
A-2 20 - 0.3 9.3 0.3
B 6 - 15.9 - -
C 14 14.7 2:7 2.0 -

*cv. Kositka does not enter any cluster

The cluster A contains 41 cultivars of 46 cultivard realesed during last 20
years. The presence of Mironovskaya-808 and Weihenstephaner-378-57-
-132-B in pedigrees and their greatest contributions are typical for these cul-
tivars. The differences between subclusters A-1 and A-2 are caused by the
contribution of Weihenstephaner-378-57-132-B, which is higher for A-1
(11.9%), and close to zero for A-2. The cluster B contains 6 cultivars re-
leased at the beginning of analysed period. Variety Dickkopf has a greatest
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contribution (15.9%) in this cluster. In cluster C 14 cultivars were involved,
a half of them released in early period and all others —in the eighties. The big
contribution of French local variety Saumur de Mars (14.7%) is typical for
cultivars in this cluster.

Matrix of mean similarity indices within and between the clusters (Table V)
shows correctly revealed clusters because within the clusters similarity indi-
ces (the diagonal) are much higher than those between the clusters (above the
diagonal). Subclusters A-1 and A-2 have close similarity (0.214) indicating
slight differences between ancestor contributions except the line Weihen-
stephaner-378-57-132-B.

V. Matrix of mean similarity indices within the clusters and subclusters (the diagonal) and
between the clusters

Cluster (subcluster) A A-1 A-2 B C
A 0.271 - - 0.093 0.081
A-1 0318 0.214 0.089 0.064
A-2 0.338 0.097 0.099
B 0.445 0.100
C 0.335

To study the dynamics of genetic diversity in released cultivars we have
analysed the matrix of profiles using defined clusters. Three clusters were
set: the first of them contains 16 cultivars released in period 1954-1975, the
second — 24 cultivars released in the period 1976-1985, and the third — 22
cultivars released in the period 1986-1994. Results of cluster analysis (Table
VI) show that mean similarity indices within the clusters (the diagonal) are
almost constant in all periods. However, the genetic base of cultivars re-

VI. Matrix of mean similarity indices within the periods (the diagonal) and between the periods

Periods 1954-1975 1976-1985 1986-1994
1954-1975 0.239 0.088 0.072
1976-1985 0.251 0.234
1986-1994 0.270
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leased in the last twenty years differs significantly from those grown in the
preceding twenty years. Close value of mean similarity indices between the
cultivar groups belonging to the periods 1976-1985 and 1986-1994 (0.234)
and within the cluster similarity indices for these periods (0.251 and 0.270)
indicates stability of the set of primary ancestors and their genetic contribu-
tions to cultivars released in the last twenty years.

The pedigree analysis shows that the majority of Czech and Slovak culti-
vars are related because they have common ancestors. For instance 35 culti-
vars (56%) are offsprings of Canadian cultivars Garnet or Marquis. After

VIL. Mean genetic contributions (%) of the predominant ancestors of released cultivars in the
examined periods '

No. Name Origin 1954-1975 | 1976-1985 | 1986-1994
: Saumur de Mars France 8.8 1.5 1.9
2. Dickkopf Germany 8.1 0.9 0.4
T. spelta through g

3. Hodontuskd Holice Czechoslovakia 6.1 0.3 0.1

4. Hodoninska Jarka Czechoslovakia 6.1 0.3 0.1

5. Ostka Galicyjska Poland 4.4 4.1 1.1

6. Carstens III Germany 4.1 0.5 0.2

T Ladoga Russia 4.1 0.7 0.4

8. Mediterranean Italy 33 6.1 5.4

Uckermarkischer ,
9. Dummel Germany 3.0 1.2 0.8
10. Ble Seigle France 2.3 2.2 1.4
11. Russian Wheat Russia 1.9 3.1 3.1
12. Banatka Hungary 1.5 3.2 2.5
13. Crimean Ukraine 1.4 3.5 3.1
14. Akakomugi Japan - 3.0 1.9
Ukrainian landrace ;

15. {{txcoiigh Bezostaya 4) Ukraine - 4.1 33
Weihenstephaner-

16. -378-57-132-B* Germany = 4.2 7.1
Ukrainian landrace .

17. (ehisbiigh Aitsinnvi) Ukraine - 9.7 9.6

* the pedigree is unknown
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1975 the wide use of Mironovskaya-808 and Bezostaya-1 has begun in
breeding programs and 37 cultivars (80%) are offsprings of Mironovskaya
and/or Bezostaya-1. Nevertheless, the genetic base of investigated cultivars
is wide enough. Table VII presents the predominant ancestors of Czechos-
lovak cultivars and their mean contribution within the periods. In the list of
ancestors only those ancestors are included which have a mean contribution
higher than 2% in the period. The total contribution of the predominant an-
cestors fluctuates from 44 to 62%, but contributions of particular ancestors
change very strongly in different periods. For instance, the mean contribu-
tions of Saumur de Mars and Dickkopf were more than 8% each in the first
twenty years, whereas those decreased to 1-2% in the next twenty years. The
contributions of Hodoninska Jarka, derivation of 7. spelta from Hodonin-
ska Holice, Carstens III, Canadian cv. Marquis and Garnet have decreased
essentially in the last twenty years. At the same time the Ukrainian local
variety from Mironovskaya-808 pedigree has had the largest contribution
in the last twenty years, and mean contribution of the line Weihen-
stephaner-378-57-132-B increased to 7.1%. Fig. 2 shows changes in the
mean genetic contribution of 17 predominant ancestors in the periods. The

| FRER I TR EEmN Y EIN AL SRR BT P !

R R r I
234567 891011121314161817

Ancestors

2. Mean genetic contributions of predominant ancestors to the gene pool represented by Czech
and Slovak cultivars in the period 1955-1994 (x-axis — ancestor numbers according Table VII)
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predominant ancestors are arranged in a decreasing order of the mean genetic
contribution in the period 1954-1975. At the other two periods mean ances-
tors’ contributions are ranking basically in an increasing order (an exception to
the rule is variety Mediterranean). The dynamics of genetic diversity is char-
acterised by a gradual decrease of contributions of the ancestors that played
an important role in the period 1954-1975 and replacement of those with a
new germplasm. It has been noticed that some local varieties such as
Ceska &ervenka, Ceské vouska, Dobrovicka piesivka, Zidlochovicka osi-
natd, PySely and others were disappearing from the gene pool of Czechoslo-
vak cultivars. The next twenty years’ contributions of local varieties from
Vrbové, Postoloprty, Jihomoravska Vouska, Hodoninska Jarka and other
have decreased very much. Consequently, the genetic erosion of local mate-
rials takes place in the gene pool of modern cultivars from the Czech and
Slovak Republics. At the same time genetic diversity of modern cultivars is
widening through the use of new donors of resistance to diseases, insects and
other unfavourable factors. A set of predominant ancestors and their mean
genetic contributions has remained stable during the last twenty years. This
conclusion does not quite coincide with published facts (Jost, Cox, 1990;
Martynov, Dobrotvorskaya, 1996) because in Czechoslovak breed-
ing programmes decrease of genetic contribution of local materials has been
discovered. However, this loss of diversity seems to be compensated by
newly introduced ancestral germplasm from Russia, Ukraine, Germany, Ja-
pan and probably from some other countries, too.

Thus, on the basis of the retrospective analysis of the 40 years wheat
breeding in Czechoslovakia and in the present Czech and Slovak Republics
we can conclude that both decrease of genetic contribution of original local
varieties and the broadening of the genetic base exist in modern cultivars. At
the same time the tendency to stabilisation of a set of predominant ancestors
and their mean genetic contributions has taken place in the last twenty years’
period.
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Zmény genetické diverzity ¢eskych a slovenskych odrud pSenice
v obdobi 1954-1994

Pomoci Informa¢niho a analytického systému genetickych zdroji GRIS byly vy-
tvofeny genetické profily 62 odriid pSenice ( Triticum aestivum), povolenych v Ceské
republice a Slovenské republice béhem poslednich 40 let. Na zakladé klastrové ana-
lyzy byly studovany zmény genetické diverzity. Geneticky zdklad modernich ¢eskych
a slovenskych odriid pSenice se rozsifil diky vyuZiti novych donorii odolnosti k cho-
robam a dal$im nepfiznivym faktorim, majicich dobrou produktivitu a kvalitu. Ve
stejné dobé doslo ke sniZeni v zastoupeni mistnich genetickych zdroji. Soubor pri-
marnich pfedki a jejich geneticky ptispévek v pitvodech modernich odriid byl béhem
poslednich dvaceti let staly.

Triticum aestivum; pSenice; geneticky profil, geneticky zéklad; geneticka diverzita;
geneticka eroze; predci

Contact address:

Ing. Zden&k Stehno, CSc., Vyzkumny ustav rostlinné vyroby
161 06 Praha 6-Ruzyné, Ceska republika
tel.: 00 420 2 360 851, fax: 00 420 2 365 228, e-mail: stehno@genbank.vurv.cz
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PRENOS GENU REZISTENCE KE RZI PSENICNE A PADLi TRAVNIMU
Z Triticum durum DO Triticum aestivum

Transfer of Leaf Rust and Powdery Mildew Resistance Genes
from Triticum durum into Triticum aestivum

Renata HANUSOVA, Eva STUCHLIKOVA, Pavel BARTOS, Miroslav SKORPIK

Research Institute for Crop Production, Prague-Ruzyné, Czech Republic

Abstract: The Slovak Triticum durum cv. Soldur possesses unidentified genes
effective against leaf rust and powdery mildew both in the seedling stage and in
the field. We crossed this cultivar to the Czech registered cvs. Regina and Zdar to
transfer its resistance into productive hexaploid cultivars. In 1991-1995 the lines
of these crosses phenotypically getting near to their hexaploid parents and resis-
tant to leaf rust and powdery mildew were selected in the field trials. The obtained
lines were tested in the seedling stage using sets of powdery mildew and leaf rust
isolates. The lines with leaf rust resistance in the seedling stage were mostly re-
sistant also inthe field. Not all lines resistant in the seedling stage to powdery mildew
were resistant in the field at the same time. Some lines showed only adult plant resis-
tance. Two resistant lines with the number of chromosomes 2n = 42 were crossed to
the susceptible cultivar Vega and the genetic analysis of their resistance was made.
After inoculation with the powdery mildew isolate 353 and the leaf rust race
UN3-61SaBa we obtained the ratio for one dominant powdery mildew and one leaf
rust resistance gene, respectively. These genes are not identical with L»23 or Mld,
the genes which were obtained from 7. durum formerly, nor can they come from
the cvs. Regina, Zdar and Vega, the Czech cultivars. used in the crosses. Finally,
62 lines with resistance to powdery mildew or leaf rust or with combination of
both were chosen in F7 for the use in breeding programmes. The values of six
agronomical traits were determined in 9 selected lines of the cross Soldur x Re-
gina.

leaf rust; powdery mildew; transfer of genes; Triticum durum

Abstrakt: Odolnost ke rzi pSeni¢né a padli travnimu podminéna bliZe neurée-
nymi geny rezistence byla pfenéaSena z tetraploidni odriidy tvrdé pSenice Soldur
do produktivnich hexaploidnich odriid pSenice seté Regina a Zdar. Opakované
vybéry na rezistenci ve sklenikovych a polnich testech vedly k ziskani linii
s odolnosti k jednomu z patogenti nebo s kombinovanou odolnosti, s poétem
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chromozomi 2 n =42 a fenotypem blizkym hexaploidnimu rodi¢i. Popsané linie
mohou byt vyuZity jako zdroje rezistence ve $lechténi p3enice.

rez pSeni¢na; padli travni; pfenos gent;, Triticum durum

Padli travni [Erysiphe graminis DC f. sp. tritici Marchal (Blumeria grami-
nis (DC) Speer f. sp. tritici)] a rez pSenina [Puccinia persistens Plow. var.
triticina (Eriks.) Urban et Markov4] jsou zavaznymi patogeny p$enice, vuci
nimz je efektivni ochranou $lechténi na rezistenci. Péstovani odolnych odriid
pfedstavuje ve srovndni s uzitim chemikalii u¢inny a z hlediska Zivotniho
prostiedi bezpeény zpiisob ochrany rostlin. Uginnost genii rezistence v pés-
tovanych odridich je vSak viceméné omezena, coz spolu se zvySujicim se
vyznamem rzi pSeniéné v celé Evropé vede k hledani novych zdrojii rezisten-
ce, vhodnych pro Slechtitelské vyuziti.

Tetraploidni pSenice Triticum durum Desf. je dosud ve $lechténi na rezis-
tenci malo vyuzivany druh, a¢ ma genomy AB homologni s genomy hexa-
ploidni pSenice. KiiZeni je moZné bez velkych obtiZi a k pfenosu geni muize
dojit homologickym crossing-overem. Slovenska odrida Soldur se v nasich
pokusech vyznaCovala vysokou rezistenci ke rzi pSeni¢né a k padli. Kfizenim
této odridy s vykonnymi odriiddami Regina a Zdar jsme chtéli ziskat linie
fenotypové& a hospodaisky odpovidajici hexaploidnimu rodi¢i s odolnosti ke
rzi pSeni¢né a padli travnimu z 7. durum jako perspektivni material pro
Slechténi na rezistenci.

MATERIAL A METODY

Slovenskou povolenou odridu tvrdé pSenice Soldur jsme v roce 1989 kii-
zili s odridami pSenice ozimé Regina a Zdar. Odrida Soldur byla vyslechté-
na ve Slechtitelské stanici Solary kfiZzenim materidla z tureckého sortimentu
s materialy stani¢nimi. Ve statnich odridovych zkouskach byla zafazena pod
ozna¢enim SO-D-211. Pro péstovani byla povolena v roce 1989. Odrida ozi-
mé psenice Regina (UH 192-19) pochazi ze $lechtitelské stanice Uhfetice
z kiizeni (Jubilejna x Zora) x Tadorna. Kromé neucinného recesivniho genu
pm3 nemé Regina 74dny dalsi gen odolnosti k padli travnimu (Lutz et al.,
1992) a rovnéZ zadny gen odolnosti ke rzi pSeniéné (Barto$ et al., 1990).
Odrida ozimé psenice Zdar byla vyslechténa rovnéZ na Slechtitelské stanici
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Uhfetice kiizenim odrid Caribo x Fakir a zkousena jako UH 7050. Zdar ma
odolnost k padli podminénou genem Pm4b, Caste¢né G€innym vuci stavajici
populaci patogena a rovnéz gen pm5. U odridy Zdar nebyl zjistén Zidny znadmy
gen rezistence ke rzi pSeni¢né (Barto§, Stuchlikova, 1990). Cast rostlin
z F, generace kiiZenct jsme v roce 1990 zpétn€ kiiZili s hexaploidnim rodiCem.

V polnich infek¢nich testech v roce 1991 jsme provadéli prvni vybéry na
odolnost k padli travnimu a rzi pSeni¢né a zarovei podle vzhledu rostlin na
typ hexaploidniho rodi¢e. Vybrané linie jsme na podzim testovali ve skleni-
ku ve stadiu 1-2 listt a linie s rezistenci k obéma patogenim nebo alespon
k jednomu z nich vyseli do polnich pokust k dal$im vybérim. V nasleduji-
cich letech se postup opakoval.

Polni pokusy byly vystaveny piirozené infekci populacemi patogeni. Na-
padeni jsme hodnotili stupnici UKZUZ 1-9 (9 zna&i odolnou a 1 nachylnou
reakci). Ve sklenikovych testech rzi pseni¢nou (rasou UN3-61SaBa) jsme
rostliny inokulovali ve stadiu 1. listu potiranim vodni suspenzi uredospor
s naslednym jemnym postiikem vodou a inkubaci pod uzavienymi sklenény-
mi valci 48 hodin. Testy probihaly pfi teploté¢ 18-22 °C pii dopliikovém
osvétleni zafivkami Tesla ZG 40 W. Po 14 dnech jsme hodnotili infek&ni
typy stupnici 0—4 (Stakman et al., 1962). Odolnost k padli travnimu (smé-
si izol4td) jsme testovali v klimaboxech pii teploté 17-20 °C a intenzité

1. Klasy linii z kiizeni Soldur X Regina — Ears
of lines from the combination Soldur X Regina
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osvétleni 15 E/m?/s. Rostliny zakryté sklenénymi vélci jsme infikovali po-
prasenim konidiemi patogena. Reakce jsme hodnotili za 10-14 dni rovnéz
infek¢énimi typy 0—-4. V roce 1995 jsme pro testy v kli¢ni fazi pouzili metodu
listovych segmentti z prvniho listu (Felsenstein, 1991). Segmenty uloZe-
né v plastikovych miskach na agaru s benzimidazolem (6 g/l agaru, 35 mg/l
benzimidazolu) jsme inokulovali popraSenim konidiemi v inokulaéni vézi
a dalsi postup byl shodny s klasickou metodou testi.

Ponévadz se v nasi praci jednalo o kfiZeni dvou pfibuznych druhi s riz-
nym po¢tem chromozomi (7. aestivum 2n =42, T. durum 2n = 28), ovéfovali
jsme béhem vybéri pocet chromozomii u nékterych odolnych linii. V roce
1992 bylo k cytologické kontrole vybrano 17, v roce 1993 12 a v roce 1994
33 linii pro zjisténi po¢tu chromozomi metodou Feulgena v metafazi mito-
tickych bun€k kofenovych $picek.

Pro ur¢eni genetického zaloZeni rezistence ziskanych linii ke rzi pSeni¢né
a k padli jsme kfizli vybrané odolné linie z kiiZeni Soldur x Regina, u nichz
byl zjistén pocet chromozomi 2n = 42, s hexaploidni nachylnou odridou
Vega. Na ziklad¢€ reakci v F; a F, generaci jsme usuzovali na poCet geni
rezistence podmifiujicich odolnost linie (Soldur x Regina),, k padli travnimu
a linie (Soldur x Regina), , ke rzi pSeniné.

VYSLEDKY A DISKUSE

Vybéry na rezistenci

V roce 1995 bylo po péti letech testovani v kli¢ni fazi a v dospélosti vybra-
no 62 linii, odolnych v polnich pokusech bud’ ke rzi pSeni¢né, nebo k padli
travnimu, ¢i s kombinovanou rezistenci k obéma chorobam. VétSina linii po-
chazi z kfiZzeni Soldur x Regina, pouze jedna linie z kfiZeni Soldur x Zdar
(tab. I). Linie rezistentni ke rzi pSeni¢né v kli¢ni fizi byly vétSinou odolné
i v polnich podminkdch, coZ neplati o rezistenci k padli, ke kterému reagova-
ly tytéz linie zpravidla rozdilng pii infekci ve skleniku a v polnich testech.
U rz pSeni¢né miZeme proto usuzovat na pisobeni genu rezistence, ucin-
ného v mladi i v dospélosti. Odolnost k padli travnimu podmifiuji pravdépodob-
né rizné geny, z nichZ nékteré jsou G¢inné v kli¢ni fazi a dalsi v dospélosti.

ProtoZe odriida Regina nema Zadny G¢inny gen odolnosti k padli travnimu
ani ke rzi pseni¢né, 1ze predpokladat, Ze rezistenci linii z kiiZeni Soldur x Re-
gina podmiiiuji geny odolnosti pfenesené z odridy Soldur. Také u odridy
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I. Vybrané linie z kfiZzeni Soldur x Regina a Soldur x Zdar s odolnosti ke rzi pSeni¢né a padli
travnimu — Selected progeny lines of the crosses Soldur x Regina and Soldur x Zdar with leaf
rust and powdery mildew resistance

Kiizeni!

Poget odolnych linii®

Soldur x Zdar

1 1

rez pieniéna’ padli travni4 rez + padli5
pole6 sklenik7 pole sklenik pole sklenik
Soldur x Regina 22 38 20 7 19 -

leross; 2number of resistant lines; >leaf rust; 4powdery mildew; Jrust + mildew; Sfield trial;

Tgreenhouse

Zdar nebyl zjistén gen odolnosti ke rzi pSeni¢né, proto se u jediné linie z kii-
Zeni Soldur x Zdar predpoklada ucinek genu odolnosti z odriidy Soldur.

Z vysledku je déale patmné, Ze geny odolnosti ke rzi pSeni¢né a k padli trav-
nimu, pienesen¢ z odriidy Soldur, nejsou ve vazbe.

Orientacni hodnoceni agronomickych znaku

Vybranych 62 linii bylo v roce 1995 vyseto na parcelky o plose 2 m? bez
opakovani pro zjisténi n€kterych agronomickych znaki a pro dalsi vybéry.

II. Hodnoty sledovanych znakii u 9 vybranych linii z kfizeni Soldur x Regina — Values of the
determined traits in 9 selected lines of the cross Soldur x Regina

Linie | Pfezimovani .3 Padli Vy3ka rostlin Vynos %
&islo' (1-9) el (1-9)* [em])® [g/m’]®  |ke kontrole’
41 8 16.6. 9 85 971 94
42 8 14.6. 9 75 1018 99
45 8 15.6. 9 85 949 92
47 8 15.6. 9 90 928 91
61 8 11.6. 9 90 816 83
66 8 14.6. 9 85 967 98
67 8 14.6. 9 85 934 95
84 9 14.6. 8 85 1065 118

101 8 13.6. 7 75 922 102

lline number; overwintering; >heading; *powdery mildew; >plant height; Sgrain yield; "yield
in % of the check cultivar Siria
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Byl sledovan stav porostu po zim¢, datum metani, vyska rostlin, napadeni
padlim a vynos zrna v g/m?. V¥nos byl dile vyjadien v procentech vynosu
kontrolni odridy Siria. Zjisténé hodnoty jednotlivych sledovanych znaki
u deviti nejleps$ich linii uvadi tab. II. Tyto linie byly vybrany pro celkovy
dojem z porostu a vynos do zkousek vykonu 4 x 10 m?, zaloZenych na pod-
zim 1996 na dvou lokalitach. Zaroven budou provedeny analyzy jakosti zrna.

Hybridologicka analyza

Pro hybridologickou analyzu (tab. III) jsme pouzili rasu 628 (UN3-61SaBa)
rzi pSeni¢né, ktera je virulentni ke genu Lr3 v odridé Vega. Odridy Regina
a Zdar nemaji zadné Lr-geny. PouZity izolat 353 padli travniho piekonava geny
rezistence Pm35 a Pm4b obsazené v odridach Regina a Zdar. Treti rodi¢ovska od-
riuda z testovanych kfizeni — Vega — nema zaddny znamy gen rezistence k padli.

Reakce v F; generaci a $t€pné pomery v F, generaci kiiZeni (SxR);, x Vega
ziskané po inokulaci rzi pSeni¢nou rasou 628 ukazuji na pfitomnost jednoho
dominantniho genu rezistence ke rzi pSeni¢n€ v linii (S x R),,. VF, generaci
kfizeni (S x R),; x Vega bylo po inokulaci izolatem 353 padli travniho
zjisténo Stépeni odpovidajici poméru 3R : 1S pro jeden dominantni gen,
coZ nasvédCuje piitomnosti jednoho genu rezistence k padli v linii (S x R),;.
PiedbéZzné vysledky ziskané testovanim fady linii v generaci F z kiiZeni
III. Reakce F; a F, generace kiizenctl (Soldur x Regina) x Vega po infekci izolaty rzi pSeni¢éné

a padli travniho avirulentnimi k odriidé Soldur — Reactions of F| and F, generations of crosses (Soldur
x Regina) x Vega after infection with leaf rust and powdery mildew isolates avirulent to cv. Soldur

Kfizeni L izotat 2 Poget rostlin > edpokléganér 2 p
— generace odolnych? néchyln)"chs celkem®|  3tépeni
(Sx R);; x Vega
-F, 353+ | 2 4 2 L — -
-F, 353 157 55 212 3i1 0,101 |0,80-0,50
(SxR);;x Vega
<By 628** 2 - 3 & = >
-F, 628 118 32 150 3:1 0,896 | 0,50-0,20

* padli travni — powdery mildew
** rez pSeniéna — leaf rust

leross — generation, Zisolate, >number of plants, 4resistant, 5susceptible, Stotal, 7expected ratio
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Soldur x Regina nevylu€uji moZnost pfitomnosti dalsich blize neuréenych
gen rezistence v téchto liniich, které dale zvyS$uji jejich rezistenci.

Cytologické stanoveni po¢tu chromozomu

Z kapacitnich divodu jsme nemohli zjist'ovat pocet chromozomu kazdo-
ro¢n€ u v3ech rezistentnich linii. Byly vybirany pfedev$im linie s kombino-
vanou rezistenci, pfipadné dalsi linie odolné k jednomu z patogeni. V roce
1993 se poCet chromozomi v poloviné linii bliZil potu 42 v 7. aestivum
(38—43), zatimco druha ¢ast linii méla pocet chromozomu blizici se 7. durum
(28-30). Pfi kiiZeni tetraploidni p3enice s hexaploidni je zpravidla zapotiebi
né¢kolikanasobného zpétného kfiZeni, aby se obnovil pocet chromozomu
a fenotyp pSenice seté (Knott, 1989). PfestoZe byly linie Soldur x Regina
a Soldur x Zdar v nasi praci jen jednou zpétné kiiZeny, pfibliZl se v dalich
letech genotyp kiiZenct jiZ do té miry pSenici seté, Ze bylo zjisténo pouze 41
a 42 chromozomii. Relativné rychly vznik forem s po¢tem chromozomu bliz-
kym hexaploidni pSenici 1ze vysvétlit vétsi vitalitou gamet s poétem chromo-
zomu shodnym s jednim z rodicl, které pfi nepravidelném parovani
chromozomi vznikaji sice v malé mife, ale jsou pfi opylovani preferovany;
gamety s vEtsi odchylkou se v procesu opyleni eliminuji. Linie genotypové
podobné tetraploidni pSenici byly v naSem piipadé€ odstrafiovany negativnim
vybérem.

Ze znamych geni rezistence ke rzi pSeni¢né pochazi z 7. durum gen Lr23,
obsazeny v odridiach Gabo a Timstein a lokalizovany na 2BS (Watson,
Luig, 1961 —cit. McIntosh et al., 1995). ProtoZe v naSich testech pifeko-
navaly gen Lr23 vSechny pouZité izolaty rzi pSeni¢né, k nimZ byla odrida
Soldur a z ni ziskané linie pln¢ rezistentni, neni gen rezistence ke rzi pSenic-
né odnidy Soldur shodny s Lr23. Z tetraploidni pSenice byl v minulosti pie-
nesen do pSenice seté recesivni gen odolnosti k padli travnimu, oznaceny
Mid a lokalizovany na chromozomu 4B, a to do odridy Maris Dove a linie
Halle St. 13471, v obou v kombinaci s genem Pm2 (McIntosh etal., 1994).
Rezistence nami pfenesena se viak od rezistence Halle St. 13471 1isi, poné-
vadz je u¢inna i k izolatim virulentnim k Pm2 + Mld. Geny rezistence
z T. durum nebyly v zahrani¢i vice vyuZity zfejmé pro silny vyskyt odpovi-
dajicich virulenci v populaci patogena, dany intenzitou péstovani tvrdé pse-
nice v n&kterych oblastech napt. jizni Evropy. V podminkach Cech, kde
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tento selekéni tlak nepusobi, by mohla mit rezistence jak k padli travnimu,
tak ke rzi pSeni¢né, pfenesena z 7. durum, trvalej$i ucinnost.
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DIVERZITA ODOLNOSTI CESKYCH A SLOVENSKYCH ODRUD
PSENICE OZIME K POPULACIM RZI PLEVOVE S ODLISNOU
VIRULENCI KE GENU REZISTENCE Yr9

The Diversity of Resistance of Czech and Slovak Winter Wheat
Varieties to Yellow Rust Populations with Different Virulency
to the Gene of Resistance Y79

Lubomir VECHET

Research Institute for Crop Production, Prague, Czech Republic

Abstract: Inthree years of experiments, the course of yellow rust epidemics caused
by either a population of races virulent to the gene of resistance Y79 (number of
observed cultivars 29) or a population of avirulent races (number of cultivars 30)
were followed. The epidemiological parameters recorded were: number of diseased
plants, area under the disease progress curve of the whole plant, area under disease
progress curve of the flag leaf, number of diseased ears. The tested cultivars could
be divided into susceptible, medium susceptible, medium resistant, resistant and
immune groups. The susceptible cultivars had the highest epidemiological parame-
ters and infection types. Even though the cultivars that were medium resistant to
the population of virulent races had a high number of diseased plants, the values of
the other parameters were lower. On the basis of the results it is suggested that the
cultivars Bruta, Hana, Sparta and Rada that showed higher infection types but
lower values of AUDPC, have partial resistance to the population of virulent races.
The cultivars Ilona and Barbara were susceptible to both populations of races and
did not stem specific interactions with the races. The cultivars Iris, Danubia,
Selekta and Sparta were resistant to the population of avirulent races but suscepti-
ble to the virulent races. This reaction is possibly due to gene Yr9. The cultivars
Kosutka, Samara, Regina, Siria and Simona, and probably Vlada and Zdar, were
resistant to both populations of races.

winter wheat varieties; yellow rust; diversity of resistance; epidemiological pa-
rameters

Abstrakt: V tfiletych pokusech se podle priibéhu epidemie rzi plevové, populace
ras virulentnich (pocet odriid 29) a avirulentnich (pocet odriid 30) ke genu rezis-
tence Y79, rozdélily testované odriidy pSenice ozimé na nachylné, stfedn& nachyl-
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né, sttedné rezistentni, rezistentni a imunni. Nachylné odriidy mély nejvyssi hod-
noty epidemiologickych parametrii (pocet napadenych rostlin, plocha pod kiivkou
rozvoje choroby celé rostliny, plocha pod kiivkou rozvoje choroby praporcového
listu, pocet napadenych klast). I kdyZ odridy stfedné rezistentni k populaci ras
virulentnich mély vysoké pocty napadenych rostlin, byly hodnoty ostatnich para-
metri niZ§i. Na zakladé vysledki se usuzuje, Ze odriidy Bruta, Hana, Sparta, Rada,
tedy odriidy s vy38imi infekénimi typy, ale niz$imi hodnotami AUDPC, maji
Caste¢nou rezistenci k populaci ras virulentnich. Odridy Iris, Danubia, Selekta,
Sparta byly odolné k populaci ras avirulentnich, ale nachylné k populaci ras
virulentnich, coZ lze pfipsat genu Yr9. Odridy Ilona a Barbara byly nachylné
k obéma populacim ras a jevily nespecifickou nachylnost. Odriidy Kosutka, Sama-
ra, Regina, Siria, Simona a pravdépodobné 1 Vlada a Zdar byly rezistentni jak
k populaci ras virulentnich, tak i avirulentnich ke genu rezistence Y79.

odriidy pSenice ozimé; rez plevova;, diverzita rezistence, epidemiologické parametry

V Ceské republice neni v soutasné dob& vyskyt rzi plevové vyznamny,
protoZe se pouzivaji odridy rezistentni k této chorobé. V Evropé v8ak zistava
tato rez zdvaznou chorobou (Barto$ et al.,, 1991). Nachylnost a odolnost
jsou &asto vysoce korelovany s riistovou fazi rostliny. Sifeni choroby je
podporovano niZsi teplotou a srazkami, zejména v poc¢ate¢nim obdobi epide-
mie (Véchet, 1993). Jednim z hlavnich trendu ve studiu interakci hosti-
tel — patogen je studium dynamiky choroby v populacich hostitele. Tento fakt je
spojovan s vyvojem a pochopenim epidemiologie patogeni rostlin (Zadoks,
Schein, 1979).

Cilem pokusti bylo zjistit reakci vybraného sortimentu Ceskych a sloven-
skych odnid a novoslechténi pSenice ozimé ke rzi plevové, populace rasy
virulentni a avirulentni ke genu rezistence Yr9. Sledovani prib&hu epidemie
rzi plevové umoznilo s pouZitim epidemiologickych parametri rozdélit odri-
dy podle typu rezistence. Zjist'ovala se také reakce odrid v juvenilni fazi
k populaci rasy virulentni ke genu rezistence 179.

MATERIAL A METODY

Ve tiiletych maloparcelkovych pokusech (1992-1994) ve VURV Praha-Ru-
zyné (charakteristika stanovisté: puda jilovito-hlinita, hnédozem, primérna
ro¢ni teplota 7,7 °C, thrnné ro¢ni sraZky 450 mm, nadmoiska vyska 326 m)
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byla provedena infekce vybraného sortimentu ¢eskych a slovenskych odrid
psenice ozimé rzi plevovou, populace ras virulentnich a avirulentnich ke genu
rezistence Yr9. Ob& mista pokusi byla od sebe vzdalena asi 500 m. Mez
dvéma radky protilehle k sobé vysetych testovanych odrid byla kolmo vyseta
nachylna odrida Michigan Amber, kterd byla ¢asné na jafe inokulovana
sporami rzi plevové s talkem, s naslednym orosenim a uzavienim pod skle-
néné valce. Z této odridy se infekce $ifila na odridy testované. Prib¢h
choroby byl hodnocen devitibodovou stupnici (Cockley et al., 1983) na
v8ech Zivych listech rostliny. U kazdé odriidy se hodnotilo 15 rostlin ve dvou
opakovanich. Infekéni typ (IT) se zjistoval devitibodovou stupnici (1 = nej-
vy$8i stupeii rezistence) (Line et al., 1970). Z epidemiologickych parametri
se zjistovaly: poéty napadenych rostlin (NR), plocha pod kifivkou rozvoje
choroby (AUDPC) vsech zivych listi rostliny (Shaner, Finney, 1977),
plocha pod kfivkou rozvoje choroby praporcového listu (PLAUDPC) a pocty
napadenych klasu (NK). Mezi nachylné odriidy byly fazeny odridy s nejvys-
$imi hodnotami AUDPC. Za stifedné rezistentni byly povaZovany odridy
s polovi¢nimi hodnotami primérné hodnoty AUDPC néchylnych odrid.
Spodni hranici byla polovi¢ni hodnota z pfedchozi hodnoty. Reakce odrid
v roce 1994 na prvnim listu v juvenilni fazi (prvni dva listy) ke rzi plevove,
rase virulentni ke genu rezistence Y79, byla zjistovana v klimaboxu (12,5 °C,
16 h svétla). Za 18 dni po infekci se hodnotil infek¢ni typ.

VYSLEDKY

Populace ras virulentnich ke genu rezistence Y9

Odnida Danubia (tab. 1) byla ve v8ech tiech letech nachylnd, s nejvysSimi
hodnotami epidemiologickych parametri. Do této skupiny patfily v roce
1992 odriidy Samanta, Mona, Barbara, v roce 1993 Barbara a v roce 1994
odridy Sida, Iris, Astella, Livia — IT 8,5-9,0 vétsinou 100 % napadenych
rostlin a 13-93,3 % napadenych klasi. Napadeni praporcovych listii bylo také
vysoké. Odriida Ilona byla stiedné nachylna ve vSech tfech letech. V roce
1992 do této skupiny patiily odridy Astella a Solida, v roce 1994 Selekta,
Mona a BU-30 se 73,3-100 % napadenych rostlin a IT 7,5-8,9. Né&které
odriidy napf. Samanta, Mona, Livia a Astella bylo mozné v jednotlivych
letech zafadit bud’ mezi nachylné, nebo stfedné nichylné. Mezi stfedné
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I. Reakce &eskych a slovenskych odriid pSenice ozimé na infekci populaci ras rzi plevové virulentnich ke genu rezistence Yr9 — Reaction
of Czech and Slovak winter wheat cultivars to infection with the population of races of yellow rust virulent to the gene of resistance Yr9

Odriida' IT NR AUDPC PLAUDPC NK
Regina 3(1)0,3 53,3 (0) 0 16,5 (0) 0 83(0)0 0(0)0
Samara 3(3)0,5 53,3(6,7) 0 69,8 (3,15) 0 5,05(3,15) 0 0(0)0
Ina 53)3 100 (6,7) 6,7 534,5 (3,85) 2,1 20,5 (3,3) 0 7(0)0
Kogitka 3(1)3.1 6.6 (0) 5.7 24,6 (0) 7 0(0)0 0(0)0
Zdar -(3)3.5 -(20)6,7 -(6.1)11,8 -(0)0 -(0)0
Vlada ~E337 - | =63 130 -(-)328 -()2.5 =)0
Simona 3(1)4,5 20 (0) 33,3 14,95 (0) 48,4 9.2(0)2,5 0(0)0
Siria 2(3)4,7 0 (26,7) 66,7 0(21,6) 572,8 0 (0) 68,85 0(0)0
Senta 4(3)5.3 86,7 (6,7) 100 116,65 (3,95) 144485 | 24,9 (0) 97,35 0(0)0
Alka -(=)59 | -(»933 - (-) 1574,75 -(-)1435 -0
Hana 7(5)6,1 100 (20) 100 1450,1 (16,55) 2482,25 | 1394 (0) 78,65 13 (0)0
Bruta 6 (3)6,3 93,3 (13,3) 100 723,65 (6.6) 1973,5 11,85 (3.6) 93 26,7 (0) 0,07
Sparta 6(4)6,3 100 (6,7) 100 1473,35 (2,95) 2619,1 | 124,5 (0) 439 13,3 (0) 0
Solida 8(7)6.3 100 (60) 100 2017,65 (41) 3286,2 276,9 (9,25) 425,75 46,7 (6,7)
Rada 6(3)6,5 1100(13,3)100 | 12457 (9,75)2494,75 | 61,9 (7,2) 469 13,3 (0)0
Agra 6(-)6,7 100 (=) 100 1276,7 (-) 2862 180,95 (-) 717,75 13,3 (-) 73,33
Sofia 5(4)6,9 86,7 (33.3) 100 375,25 (26) 2256,25 16,6 (6,5) 121,7 6,7(0)0
Samanta 9(5)7.1 100 (73,3) 100 6223,5 (51,75) 3341,35 | 938,5 (44,1) 424 60 (0) 6,7
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Table I to be continued

Odrida’ IT NR AUDPC PLAUDPC NK
Tlona 8(6)7,5 | 100(86,7) 100 gﬁ;;g 205,15 5253 (8,25) 850,25 67 (0) 53
Selekta 5()7.6 | 93380 398,55 (=) 41382 37,35 (=) 415,9 0(=)0
Mona 9(3)82 | 100 (46.7) 100 5932,5 (8,8)3465,35 | 290,75 (0) 389,2 86,7 (0) 20
Astella 7(8)84 | 60(73,3)100 2780,55 (59,9) 5515.75 | 200,2 (40,8) 1068, 333 (53,3) 26,7
BU-30 3489 | 6,7(40)100 3,95(54,45)4321.8 | 0(5,5) 1316 0(6,7)20
Tris 8(6)89 | 100(66,7) 100 3070,8 (115,5) 66903 | 639,3 (53.9) 157725 100 (6,7) 20
Livia 8(7)9 100 (73,3) 100 2894,8 (47,25) 5166,15 | 540,2 (24,75) 1368,2 27 (0) 26,7
Danubia 9(9)9 100 (100) 100 7411 (580,8) 592575 | 1015,5 (41.8) 1666, 93,3 (53,3) 73,3
Sida 3(8)9 100 (100) 100 12,45 (123,35) 71902 | 27,9 (10,85) 1058,2 0(0) 133
Barbara 9(8) - 100 (100) - 445325 (607,75) - 11275 (68) - 13 (0) -

ST

IT = infeké&ni typ — infection type; NR = po&et napadenych rostlin [%] — number of diseased plants [%];, AUDPC = plocha pod kfivkou
rozvoje choroby celé rostliny — area under disease progress curve of the whole plant; PLAUDPC = plocha pod kfivkou rozvoje choroby
praporcového listu — area under disease progress curve of the flag leaf; NK = pocet napadenych klasi [%[ — number of diseased ears [%]
Razeni udaji 1992 (1993) 1994 — Rank of dates 1992 (1993) 1994

— = daje chybi — the dates are missing

lyariety
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II. Reakce &eskych a slovenskych odriid pSenice ozimé na infekci populaci ras rzi plevové avirulentnich ke genu rezistence Yr9 — Reaction
of Czech and Slovak winter wheat cultivars to infection with the population of races of yellow rust avirulent to the gene of resistance Yr9

Odriida’ IT NR AUDPC PLAUDPC NK
Ina 3(3)0 18 (6,7)0 7,1(5.1)0 0 (4,75) 0 0(0)0
Kogitka 2(1)0 0(0)0 0(0)0 0(0)0 0(0)0
Regina 1(1)0 0(0)0 0(0)0 0(3,6)0 0(0)0
Vlada 1(1)0 0(0)0 0(0)0 0(0)0 0(0)0
Mona 03)3.3 | 0(6,7)533 0(5,2) 100,8 0 (0) 8,25 0(0)0
Siria 1(1)3,7 | 0(0)20 0(0) 79,3 0(0)15 0(0)0
Simona 1(1)3,7 | 0(0)26,7 0(0) 41,55 0(0)3,8 0(0)0
Agra 3(5)3,9 | 67(40)53,3 299,7 (12,2) 555,65 1,85 (5,5) 43,8 0 (0)26,7
Zdar 34)44 | 13,3(333)734 15 (20,8) 1002,7 5,25 (2,2) 3,4 0(0)0
Senta 03)47 | 0(6,7)100 0 (5,65) 661,15 0 (0) 96,4 0(0)0
Branka 3(6) 5.1 33,3 (73,3) 86,7 17,75 (32,4) 2253,9 7,4 (4,4) 43,8 0 (0)20
Sparta 1(1) 5,3 0 (0) 100 0 (0) 795,55 0(0) 122,25 0 (0)13,3
Rada 1(3)6 0(6,7) 86,7 0(5,1) 1072,8 0(0)173,6 0(0)13,3
Hana 3(3)6,1 13,3 (6,7) 93,3 7,1(25,5) 1617,45 0(0) 10,5 0(0)0
Sofia 0(1)6,3 | 0(0)100 0 (0) 1204,65 0 (6,5) 72,95 0(0)0
Selekta 03)6,5 | 0(53,5)93,3 0 (19.25) 2661,05 0 (8,8) 308,05 0 (0)6,7
Samanta 3(4)6,6 13,3 (33,3) 100 14,4 (8,4) 1263,2 3,6 (3,3) 58,3 0 (0)20
Solida 14)6,7 | 0(26.7) 100 0 (11,1) 3094,65 0 (0) 422,65 0(26,7) 4,7
Livia 4(7)6,9 | 46,7(93.3) 100 23,65 (362,45) 1836,45 | 12,6 (24,75) 570,7 0 (0) 60
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Table II to be continued

Odriida’ IT NR AUDPC PLAUDPC NK
Boka 3(1)53 | 6,7(0)933 14,2 (0) 717.6 1,85 (0) 53,8 6,7(0) 13,3
Bruta 4(8)7.1 86,7 (93,3) 93.3 260,95 (455,9) 3247,6 | 25,7 (164,4) 501,9 0 (0) 20
Sida 16)73 | 0(26,7)60 0 (19,8) 3920,3 0(3,3) 364,9 0(6,7)0
Alka 4(8)74 | 73.3(93,3)933 256,6 (313,1)3796,15 | 17,55 (1,8) 51 0(26,7) 6,7
BU-30 0(3)8,1 0(13,3) 100 0 (9,3) 5814,55 0(5,5) 1117 0 (0) 46,7
Tlona 8(9) 8,1 86,7 (93,3) 100 3020,25 (605,3) 6420,1 | 522,6 (8,25) 1239,4 53,5 (13,3)93,3
Iris 3(7)82 | 20(60) 100 63 (362,45) 3373 5,4 (53,9) 636,2 0(0)73,3
Astella 6(6)8,6 | 60(10)100 0 (124,2) 5138,35 0 (0) 1274,75 0 (20) 100
Danubia 5(9)9 80 (93.3) 100 90,55 (533,05) 6995,15 | 27,35 (41,8) 1966,15 0 (0) 66,7
Barbara 9(9)- 100 (100) — 2315,2 (396,5) — 5442 (31,25) - 20 (53,3) -

LT

IT = infek&ni typ — infection type; NR = po&et napadenych rostlin [%] — number of diseased plants[(%]; AUDPC = plocha pod kfivkou
rozvoje choroby celé rostliny — area under disease progress curve of the whole plant; PLAUDPC = plocha pod kfivkou rozvoje choroby
praporcového listu — area under disease progress curve of the flag leaf; NK = potet napadenych klasti [%] — number of diseased ears [%]
Razeni idajii 1992 (1993) 1994 — Rank of dates 1992 (1993) 1994

— = lidaje chybi — the dates are missing

lvariety
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rezistentni patfily odridy Hana, Sparta, Rada, Agra, Solida a Bruta v letech
1992-1994. V roce 1994 Senta, Alka, Sofia s IT 5-7, 93,3-100 % napade-
nych rostlin, po¢ty napadenych klasii 0-73,3 %. Napadeni praporcovych lista
vétSinou odpovidalo napadeni cel€ rostliny. K odridam rezistentnim patfily
Simona, Senta a Ko$utka ve v8ech letech. V roce 1992 Samara, Sida, Regina,
BU-30, v roce 1993 Mona, Sofia, Rada, Sparta, Bruta, Hana, Siria, Zdar,
Ina, Samanta a v roce 1994 Vlada, Zdar s nizkym stupném napadeni — IT
3—-4 a 6,6—-86,7 % napadenych rostlin, Zadny napadeny klas a nizké hodnoty
PLAUDPC. Imunni byla v roce 1992 odrida Siria, v roce 1993 Kosutka,
Simona, Regina a v roce 1994 Ina, Kosutka, Regina a Samara. Nejvy$si pocet
napadenych klasi mély v roce 1992 odridy Iris (100 %) a Danubia (93,3 %).

V roce 1992 mély odriidy Briga — neni povolena (IT =6, AUDPC = 48,85),
Bruta (IT = 6; AUDPC = 723,65), Hana (IT = 7, AUDPC = 1450,1) vyssi
infekéni typy, ale hodnoty AUDPC byly niZsi neZ u ostatnich odrid s podob-
nymi IT,

Populace ras avirulentnich ke genu rezistence Y79

Nejnachylngjsi odridou, s nejvys$Simi hodnotami epidemiologickych para-
metri byla v roce 1992 odriida Ilona a v roce 1993 Barbara (tab. II). Mezi
stfedné nachylné odridy patiily v roce 1993 Danubia, Alka, Iris, Livia a v ro-
ce 1994 Alka, Sida, s infekénimi typy 7-8, 60-93,3 % napadenych rostlin
a 0-26,7 % napadenych klasi. Ke stfedné rezistentnim odriddm patfily
v roce 1993 Astella a v roce 1994 Bruta, BR-614, Livia, Solida, Selekta,
Hana, Branka — 86,7-100 % napadenych rostlin, IT 5,1-7,1 a 0-60 % napa-
denych klasi. Pouze odriida Bruta méla vys$$i napadeni praporcového listu.
Mezi rezistentni patfily ve v8ech tfech letech odridy Samanta, Agra, Zdar,
Hana, v roce 1992 Danubia, Iris, Alka, Bruta, BR-614, Livia, Branka, Ina,
v roce 1993 Astella, BU-30, Sida, Selekta, Rada, Branka, Senta, Ina a v roce
1994 Sofia, Rada, Sparta, Senta, Simona, Siria, Mona. Infek¢ni typy byly od
3 do 6 pii 6,7-100 % napadenych rostlin a 0-30% napadenim klast. Mezi
odridy, které byly ve vSech tfech letech imunni, patfily Ko3utka, Regina,
Vlada, v roce 1992 Mona, Siria, Simona, Senta, Sparta, Rada, Sofia, Selekta,
Solida, Sida, BU-30, Astella, v roce 1993 Siria, Simona, BR-614 a v roce
1994 Ina. '
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III. Znamé geny rezistence testovanych odriid pSenice ozimé ke rzi plevové (Ir), rasa virulentni
ke genurezistence 179 a infek&ni typy (IT) vjuvenilni fazi — Known genes of resistance in tested
winter wheat cultivars to yellow rust (¥r), race virulent to the gene of resistance Y9 and infection
types (IT) in seedling stage

Odrida Yr IT Odriida Yr IT
Regina 1, 2, HelV 6 Rada
Samara 2 Agra 9 3
Ina 5 Sofia 9 1
Kosutka 1, 3a, 4a 6 Samanta 2 8
Zdar 3a, 4a, CaV 8 Ilona 7
Vlada + 6 Selekta 9 3
Simona 2a, 4a, (CaV) 6 Mona 9 3
Siria 2,3a 4a 7 Astella -
Senta 1,9 3 BU-30 6
Alka 3a, 4a 6 Iris 9 3
Hana 2 3 Livia 1,9 2
Bruta 8 Danubia 9 4
Branka 9 Sida 9 0
Sparta 9 2 Barbara -
Solida -

Vysledky testi citlivosti pSenice ozimé v juvenilni fazi ke rzi plevové, rasa
virulentni ke genu rezistence Y79 jsou uvedeny v tab. III. Imunni byla odrida
Sida a velmi rezistentni odrida Sofia. K rezistentnim aZ mimé rezistentnim
patfily odridy Livia, Iris, Mona, Selekta, Agra, Sparta, Hana, Senta a Samara.
K nejvice napadenym patfily odridy Zdar, Bruta a Samanta.

DISKUSE

Vysoké hodnoty epidemiologickych parametri mély nachylné odridy,
pii¢emZ mély napadeny vSechny nebo téméf vSechny rostliny a vétsi polet
klasi. Vsechny klasy méla v roce 1992 napadeny odriida Iris infikovana
populaci ras virulentnich k Yr9. Odridy stfedné rezistentni k populaci ras
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virulentnich mély vysoké pocty ‘napadenych rostlin, ale hodnoty ostatnich
parametri byly niZ$i, nez u stfedn€ nachylnych odrid. Vysledek z roku 1992
u odrid Bruta, Hana, Sparta, Rada, Agra (vys$si infek¢ni typ a niZ$i hodnoty
AUDPC) naznaluje ¢asteCnou rezistenci k populaci ras virulentnich k ¥r9.
Ta je, jak uvadéji Parlevliet (1976, 1978)1 Johnson a Wilcoxson
(1979), charakterizovana redukci rychlosti vyvoje vzdor nachylnému infek-
¢nimu typu. Odridy Iris, Livia, Danubia, Selekta, Agra, Mona, Rada, Adapta,
Solida, Astella, Sparta, Hana a Samanta vykazaly v roce 1992 vysokou
nachylnost k populaci ras virulentnich, ale rezistenci nebo imunitu k populaci
ras avirulentnich k Yr9. V tomto pfipad€ je moZné uvazovat o specifické
rezistenci, kterd je vysledkem specifity patogen — hostitel a miiZe byt inter-
pretovana jako rezistence hostitele a avirulence patogena (Browder,
Eversmayer, 1984). Z uvedenych odrid maji gen rezistence Yr9 Agra,
Danubia, Iris, Livia (ma ziejmée dalsi gen rezistence), Mona, Selekta a Sparta.
Bartos$ et al. (1991) soudi, Ze vSechny odridy s translokaci 1B/1R (Agra,
Branka, Danubia, Iris, Selekta a Sparta) jsou odolné k populaci ras avirulent-
nich ke genu rezistence 79 v juvenilni i adultivni fazi, cozZ lze pfipsat genu
Yr9. Tyto relace vsak platily jen v roce 1992. V roce nasledujicim doslo
vlivem tepl€ho jara a pocétku Iéta k zastaveni epidemie rzi plevové, které se
projevilo jen nizkym napadenim pSenice ozimé. Rozdily v populaci ras
virulentnich a avirulentnich se neprojevily. V roce 1994 vykazovaly odridy
Danubia, Iris a Selekta vysokou az stfedni nachylnost k populaci ras aviru-
lentnich. Pfi¢inou miiZe byt i moZna zména poméru jednotlivych ras v popu-
laci nebo prevaha jedné rasy nad ostatnimi. Exaktni vysledky v tomto sméru
vSak nemame. Nékteré odridy napt Regina, Ko$utka, Zdar, Vlada a Simona
byly v juvenilni fazi stfedné nachylné aZ nachylné, ale v adultivni fazi
rezistentni aZ mirn€ rezistentni, coZ je charakteristické pro rezistenci v dospé-
losti. Odriidy Samara, Senta, Hana, Sparta a Sofia byly v obou fazich odolné
nebo stfedné odolné k rase virulentni ke genu rezistence 1r9, ziejmé v di-
sledku pisobeni dalsiho nebo dalsich specifickych gent rezistence. U odridy
Sparta podobnou reakci zjistili Barto§ et al. (1991).

Rezistence (Browder, Eversmayer, 1984) je vysledkem interakce
geni pro rezistenci a geni pro avirulenci. Vanderplank (1989) konstatuje,
Ze nespecificka rezistence je bud’ vysledkem genti podmitiujicich rezistenci
rostliny a gemi podmiriujicich avirulenci, nebo nekomplementarni kombinaci
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genu podmifiujicich rezistenci rostliny a genii podmitiujicich virulenci pato-
gena. Odridy Kosatka, Samara, Regina, Siria, Simona a pravdépodobné
Vlada a Zdar byly rezistentni jak k populaci ras virulentnich, tak avirulen-
tnich ke genu rezistence Yr9. U téchto odrid je moZné uvazovat o nespecific-
ké rezistenci. Naopak odrudy Ilona a Barbara byly nachylné k populaci ras
virulentnich a avirulentnich ke genu rezistence Y79 v roce 1992 i1 1993. Je tedy
pravdépodobné, Ze geny populaci obou pouzitych ras jsou virulentni k dosud
neurenym genum rezistence, pokud je tyto odridy skuteCné obsahuji. Zde
pujde zfejmé o nespecifickou nachylnost.

Epidemiologické parametry v jednotlivych letech pokusii v$ak nelze srov-
navat, protoze se lisil po¢et hodnoceni. Napfiklad u smési ras virulentnich byl
v roce 1992 pocet hodnoceni 2 (riistova faze 61-71), v roce 1993 take 2 (faze
71-75) av roce 1994 byl pocet hodnoceni 5 (faze 37-69). Vyskyt rzi plevoveé
na odridich psenice ozimé kolisal s pribéhem teplot (V&chet, 1995)
v jednotlivych letech. Vyjme¢né teplé pocCasi v roce 1993 siln€ potlacilo
vyvoj epidemie. I odridy s vysokym infekénim typem byly jen slab& napade-
ny. Primé&rna teplota v dubnu 1993 byla 0 2,9 az 3 °C vyssi nez v letech 1992
a 1993. V mésici kvétnu 1993 byla o 3 az 3,4 °C vy$$i nez v ostatnich dvou
letech. Pouze v ¢ervnu 1993 byla primérn4 denni teplota nizsi 0 0,4 az 1,5 °C
nez v letech 1992 a 1994.
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REAKCE VYBRANYCH ODRUD A NOVOSLECHTENI JECMENE
JARNIHO NA INFEKCI VIREM ZLUTE ZAKRSLOSTI JECMENE*

Response of Selected Spring Barley Varieties and Advanced
Breeding Lines to the Infection with Barley Yellow Dwarf Virus

Josef VACKE, Véclav SIP, Miroslav SKORPIK

Research Institute of Crop Production, Prague-Ruzyné, Czech Republic

Abstract : Response to the infection with barley yellow dwarf virus (BYDV) was
studied with 86 spring barley varieties and advanced breeding lines of mostly
Czech provenance. The study was based on 1- to 3-year small-plot field trials in
which the plant materials used were infected with the PAV strain of BYDV at an
early growth stage using Rhopalosiphum padi L. aphids originating from green-
house rearings. Symptoms of infection were evaluated at full flowering using the
scale developed by Schaller,Qualset (1980). Analysis is also based on the
determination of yield characters, plant height and susceptibility index (SI)
(Comeau, St.-Pierre, 1982). Results obtained in 2- to 3-year trials show that
the intensity of symptomatic reaction was high ranging within the set of examined
materials 5.2 to 9, with the mean for the whole experimental period reaching the
value 7 (Table I). BYDV infection affected all yield characters. The most pro-
found average reduction values were recorded with grain weight per ear (63.14%)
and grain yield (67.2%) while a somewhat milder reduction was recorded with
biomass yield (49.61%). They were followed by harvest index and by straw yield
with 40.57% and 37.75% reductions, respectively. The mildest reductions were
caused by the virus infection in the case of 1000-grain weight (25.05%) and num-
ber of ears per plant (16.54%). Susceptibility index values fluctuated in the group
of spring barley genotypes tested within a range from 4.6 to 9.1, with the mean
value of 6.67. Correlations between measurements in different years showed that
the infection variant provided more reliable (repetitive) data than percent reduc-
tions from uninfected variant (Table IT). Correlation coefficients calculated for the
infection variant were always statistically significant or even highly significant
for 1000-grain weight, grain yield, symptom score, as well as for the susceptibil-
ity index, and in two out of three cases also for grain weight per ear. No genotype
with a higher level of resistance to BYDV was found among the 38 varieties tested

* Prace byla uskuteinéna za finanéni podpory Grantové agentury CR v ramci grantového
projektu &. 506/94/0424.
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for 2 or 3 years, which was also indicated by high susceptibility index values
(Table III). Only the varieties Atribut and Malvaz can be considered to be mildly
resistant. The varieties Amulet, Ditta, Ladik, Reggae, and the ST 180, ST 181, and
ST 183 advanced breeding lines appear to be mildly susceptible. The remaining
varieties and breeding lines can be classified as susceptible to very susceptible. In
a preliminary 1-year trial in which only symptomatic reaction to BYDV infection
of 47 genotypes was recorded, only two advanced breeding lines (2.01168 and HE
6260) indicated apparent mild resistance, which is to be verified in further trials
(Table IV).

spring barley; barley yellow dwarf virus; symptomatical response; effect of virus
on yield characters; resistance of varieties and advanced breeding lines

Abstrakt: Reakce na infekci virem Zluté zakrslosti je¢mene (BYDV) byla stu-
dovéna u 85 odriid a novoslechténi je¢mene jarniho prevazné Eeského pivodu.
Studium probé&hlo v 1-3letych maloparcelkovych polnich pokusech, kde byly
materialy infikovany virem v rané riistové fazi pomoci msic Rhopalosiphum pa-
di L. ze sklenikovych chovii. Tyto pokusy ukazaly, Ze BYDV vyvolal u sledova-
ného souboru silnou symptomatickou reakci. Ve 2-3letych pokusech se
hodnoceni tohoto znaku pohybovalo mezi stupni 5,2 az 9, v priméru dosahlo
stupné 7. Infekce virem negativné ovlivnila viechny vynosové prvky je¢mene.
Nejvetsi primérna redukce byla zjisténa u hmotnosti zrna na klas (63,14 %) ana
plochu (67,2 %), o néco nizsi u hmotnosti biomasy na plochu (49,61 %). Daéle
nasledovaly skliziiovy index a hmotnost slamy na plochu se 40,57 a 37,75%
redukci. Nejmensi redukci zpiisobila virova infekce u hmotnosti tisice zrn
(25,05 %) a poctu klasti narostlinu (16,54 %). Index nachylnosti se v testovaném
souboru je¢mene jarniho pohyboval v rozpéti 4,6-9,1, v priméru dosahl hodno-
ty 7,2. Presnost (opakovatelnost) naméfenych udaji zjisténa korela¢ni analyzou
mezi pokusnymi roéniky byla vy33i u infek¢ni varianty samotné neZ u poméro-
vych stanoveni redukce. Korela¢ni koeficienty v této varianté byly vZdy statis-
ticky vyznamné nebo vysoce vyznamné pro hmotnost 1000 zrn, hmotnost zrna
na plochu, symptomatické hodnoceni a index nachylnosti, ve dvou ze tii ptipadi
rovnéZ u hmotnosti zrna na klas. V souboru 38 odriid (linii) testovanych 2 az
3 roky nebyl zjistén Zadny material s vy3si hladinou rezistence, o ¢emz svédci
vysoké hodnoty indexu nachylnosti. Pouze odridy Atribut a Malvaz je mozZné
povaZovat za mirné odolné. Jako mirné nachylné se jevily odridy Amulet, Ditta,
Ladik, Reggae a novoslechténi ST 180, ST 181 a ST 183. Zbyvajici materialy
Ize klasifikovat jako nachylné aZ silné nachylné. V orienta¢nim jednoletém po-
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kusu, v némzZ byla hodnocena pouze symptomaticka reakce 47 materiald, jen dvé
novoslechténi (2.01168 a HE 6260) indikovala moZnost mirné odolnosti, coz
bude ovéfeno v dal$ich pokusech.

je¢men jarni; virus Zluté zakrslosti je¢mene; symptomaticka reakce; vliv viru na
skliziiové prvky; rezistence odriid a novo$lechténi

Virus Zluté zakrslosti je¢mene (barley yellow dwarf virus — BYDV) patfi
mezi hospodaisky zdvazné patogeny na obilninach. U je¢mene vyvoladva in-
tenzivni symptomatickou reakci a ztraty na vynosu zrna. Jejich vyse zavisi
na patogenité kmenu viru, dobé infekce a odolnosti odridy. Problematikou
$kodlivosti viru se v zahrani¢i zabyvala fada autori. Pik e (1990) v piehledu
vysledki jejich praci uvadi, Ze nej¢asnéjsi infekce BYDV vyvolavaji u je¢-
mene redukci vynosu zma v rozmezi 14,8-93,2 %. Pti infekci pozdéjsi, tj. ve
fazi odnoZovani az sloupkovani, se tyto ztraty pohybuji od 10 do 43,3%.
Otazky odolnosti jarniho je¢mene k BYDV fesila ve svété€ rovnéz fada auto-
ru, jako napf. Comeau a St.-Pierre (1982), Schaller et al. (1963),
Gill et al. (1969), Qualset (1983), Suneson (1955). Ve svych pracich
vyhledavali zdroje rezistence, feSili genetiku rezistence a otazky Slechténi
jecmene na odolnost.

U nds se systematicke feSeni problematiky BYDV u je¢mene jarniho datu-
je od roku 1993. Bylo zaméfeno na studium symptomatické a vynosové reak-
ce vybraného sortimentu na infekci virem a na charakterizaci ¢eskych odrid
a novoslechténi z hlediska jejich odolnosti. Pfedkladana prace je vysledkem
tohoto studia.

MATERIAL A METODY

Problematika reakce je¢mene jarniho na infekci BYDV byla studovéana
v maloparcelkovych polnich pokusech na stanovisti Praha-Ruzyné v letech
1993-1996. Do pokusii bylo zafazeno 85 povolenych odrid, perspektivnich
novoslechténi a zahrani¢nich materidli. Z tohoto souboru bylo 38 materidla
podrobné zkoumano v priibéhu 2-3 let, zbyvajicich 47 pak orientatné testo-
vano jeden rok.

Polni pokusy obsahovaly dvé€ varianty, a to infek¢ni a kontrolni (bez infek-
ce), pii¢emz kazd4 varianta méla tfi opakovani. Byly zakladany, sledovany
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a hodnoceny podle metodickych postupii, které uvetejnili Sip et al. (1995)
a Vacke et al. (1996a). K infekci pokusnych materidli jsme vybrali vysoce
patogenni kmen viru PAV, jehoz vyskyt na izemi CR siln& pfevlada.
U dvouletych az tfiletych pokusi se hodnotily tyto znaky: vyska rostlin
(VYR), pocet klasii na rostlinu (PKR), hmotnost zrna na klas (HZK), hmot-
nost 1000 zrn (HTZ), hmotnost zrna na plochu (HZP), hmotnost biomasy na
plochu (HBP), hmotnost slamy na plochu (HSP), skliziiovy index (HI), in-
tenzita symptomi (SH) a index nachylnosti (SI). Hodnota indexu nachylnos-
ti byla vypocitana podle vzorce, ktery odvodili Comeau a St.-Pierre
(1982). V jednoletych pokusech, které mély orienta¢ni charakter, se hodnoti-
la pouze symptomaticka reakce materiali na infekci BYDV podle stupnice,
kterou vyvinuli Schaller a Qualset (1980) (0-9, 0 bez symptomil).

VYSLEDKY A DISKUSE

Vysledky dvouletych, tfiletych i jednoletych polnich pokusii ukazaly, Ze
BYDYV vyvolal u sledovanych materidli silnou symptomatickou reakci.
Hodnoceni tohoto znaku, ktery je souborem barevnych a morfologickych
zmeén, se u materiala testovanych dva az tii roky pohybovalo v rozmezi 5,2-9
a v priméru dosahlo stupné 7 (tab. I). V jednoletych pokusech intenzita
symptomi kolisala v rozmezi 5-9, pfi¢emz prumér ¢inil 8,13. S obdobnou
citlivosti reagoval nas sortiment ovsa, vysledky jeho testovani byly jiZ diive
zvefejnény (Vacke et al., 1996b). Naproti tomu u pSenice ozimé i jarni byla
zaznamenana mirn&j§i reakce (Sip et al., 1995; Vacke et al., 1996a).

Z vysledku tfiletych pokusu uvedenych v tab. I vyplyv4, Ze infekce BYDV
negativné ovlivnila vechny vynosové znaky u 13 testovanych materiali.
Tento soubor je dostate¢né reprezentativni pro charakteristiku postiZeni jed-
notlivych znaki. Nejvétsi prum&ma procentni redukce byla zjisténa u hmot-
nosti zrna na klas (63,14 %) a na plochu (67, 2 %). O néco niZsi redukce byla
zaznamenana u hmotnosti biomasy na plochu (49,61 %) a podstatné mensi
u hmotnosti slamy (37,75 %). Ziskané udaje svéd¢i o tom, Ze infekce BYDV
postihla citelngji reprodukéni organy neZ vegetativni hmotu. Hodnota skliz-
nového indexu byla snizena o 40,57 % a vyska rostlin o0 31,36 %. Nejmensi
prumérnou redukci zpisobila virova infekce u hmotnosti 1 000 zrn (25,05 %)
a poctu klasi na rostlinu (16,54 %). Z uvedeného je mozné konstatovat, Ze
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I. Prim&rné hodnoty sledovanych znakid v infek&ni variant& (I) a procentni redukce proti neinfi-
kované kontrole ( N = 100 — I/K.100) z 13 odrid jemene jarniho testovanych ve tfiletych
pokusech — Average values of the examined traits in the infection variant (I) and percent reduc-
tions (N = 100 — I/K.100; K = uninfected variant) obtained from 13 varieties of spring barley
tested in three years trials

x
(1993, 1994, 1995)

1 - N I N I N I N

1 VYR | 51,79 23,66 45,90 37,76 49,74 32,66 49,14 31,36
2 PKR 6,36 9,02 5,26 38,55 3,24 2,06 4,95 16,54
3 HZK 0,382 | 56,91 0,255 | 71,10 0,175 | 61,40 0,271 | 63,14
4HTZ | 38,66 25,18 33,36 24,14 18,04 25,84 30,02 25,05
5 HZP | 159,84 58,80 83,06 82,23 67,56 60,57 | 103,48 67,20
6 HBP | 555,55 44,14 | 378,47 65,17 | 267,52 39,51 | 400,51 49,61
7HSP | 395,71 34,76 | 295,42 52,29 | 199,96 26,19 | 297,03 37,75

1993 1994 1995

8 HI 0,270 | 31,11 0,199 53,80 0,134 | 36,79 0,201 | 40,57
9 SH 6,52 73 7,18 7,00
10 SI 5,73 6,92 3,36 5,34

1 VYR = vyska rostliny (cm) — plant height (cm)

2 PKR = poget klasii na rostlinu — ear number per plant

3 HZK = hmotnost zrna na klas (g) — grain weight per ear (g)

4 HTZ = hmotnost tisice zrn (g) — thousand grain weight (g)

5 HZP = hmotnost zrna na plochu (g/mz) — grain yield (g/mz)

6 HBP = hmotnost biomasy na plochu (g/mz) — biomass yield (g/mz)

7 HSP = hmotnost slamy (g/mz) — straw yield (g/mz)

8 HI = sklizdovy index - harvest index

9 SH =symptomatické hodnoceni (0-9, 0 — bez symptomil) — symptom score (0-9, 0 — without
symptoms)

10 SI = index nachylnosti — susceptibility index

z komponent vynosu ovlivnila nikaza BYDV ve vétsi mife hmotnost zrna na
klas nez pocet klasti na rostlinu. Obdobné tendence v redukci vynosovych
znaku jako u jarniho je¢mene byly zaznamenany v pokusech s pSenici 0z-
mou i jarni a ovsem (Sip et al,, 1995; Vacke et al., 1996a, b). U pSenice
vak byly naméfené hodnoty ve vSech piipadech podstatné niZsi. Nejvice se
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Malvaz

1. Symptomaticky projev infekce BYDV 2. Symptomaticky projev infekce BYDV

u silné nachylné odriidy je¢émene jarniho u mirné odolné odridy je¢mene jarniho
Rubin; vpravo zdrava rostlina — Symptoms Malvaz; vpravo zdrava rostlina — Symp-
of BYDV infection in very susceptible toms of BYDV infection in moderaly resis-
variety of spring barley Rubin; uninfected tant variety of spring barley Malvaz;

plant to the right unifected plant to the right

blizily hodnotdam redukci, které byly pozorovany u ovsa infikovaného
BYDV.

Presnost (opakovatelnost) naméfenych udaji mezi jednotlivymi pokusny-
mi ro¢niky byla zjistovana korelacni analyzou. Jeji vysledky ukazuji, Ze byla
vétsi u infekéni varianty samotné neZ u pomérovych stanoveni redukce
(tab. IT). Korela¢ni koeficienty v této varianté byly vzdy statisticky vyznam-
né nebo vysoce vyznamné pro hmotnost 1 000 zrn, hmotnost zrna na plochu,
hmotnost biomasy, symptomatické hodnoceni a index nachylnosti. U znaku
hmotnosti zrna na klas byly dva korelaéni koeficienty statisticky vyznamné,
u skliziového indexu pouze jeden. Z uvedeného tedy mimo jiné vyplyva, Ze
podobné jako u ostatnich obilnin je vyhodné hodnotit stupen rezistence od-
rud a novoslechténi na zakladé¢ reakce v infek¢ni varianté.
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II. Korelace vybranych znaki u 13 odrid jeSmene jarniho mezi jednotlivymi pokusnymi
ro¢niky (I = infek&ni varianta; 100 — I/K.100 = procentni redukce) — Correlations between
the selected trait values of 13 varieties of spring barley in different years (I — infection
variant; 100 — I/K.100 = percent reduction from uninfected variant)

I 100 — (I/K)100
1993-94 1993-95 1994-95 1993-94 | 1993-95 1994-95

3 HZK 0,489 0,897 0,612% 0,562* 0,285 0,460
4 HTZ 0,586" 0,752 0,606™ 0,665™ 0,492 0,243
5 HZP 0,612* 0,862 0,762 0,691 0,623* 0,575%
6 HBP 0,591* 0,663* 0,833 0,615% 0,557% 0,464
8 HI 0,492 0,404 0,638% 0,628" 0,372 0,449
9 SH 0,805™ 0,941 0,923

10 SI 0,742™ 0,572% 0,650*

X p<0.01;*P <0,05
3-10 viz tab. I — for 3—-10 see Table I

O reakci 38 odriid a novoslechténi na infekci BYDV, které byly testovany
v priubéhu 2-3 let, informuje tab. III. V ni je podan pfehled primémmych hod-
not u péti nejzdvaznéjsich znaki. Jsou to hmotnost zrna na plochu, hmotnost
zmna na klas, skliziiovy index, symptomatické hodnoceni a index nachylnos-
ti. U prvnich tfi znaku je uvedena rovnéZ procentni redukce ve srovnani
s kontrolni neinfikovanou variantou. Z vysledku vyplyv4, Ze zZadny z testo-
vanych materiali nemél vyssi hladinu rezistence. Svéd¢i o tom jak jednotlivé
znaky, tak souhrnny ukazatel reakce — index nachylnosti, ktery mél pomérné
vysoké hodnoty (4,6-9,1). Za mirné odolné 1ze povazovat odridy Atribut
a Malvaz s nejvys$im vynosem zrna na plochu a pomérmné nizkym indexem
nachylnosti (4,6 a 5,2). Mirma odolnost odridy Malvaz je pravdépodobné za-
loZena na dvou nezévislych recesivnich genech (Sip et al., 1996). Jako mir-
n¢ nachylné se jevily odridy Amulet, Ditta, Ladik, Reggae a novoslechténi
ST-180, ST 181 a ST 183 (SI 5,6-6,0). Zbyvajici odridy, tj. Akcent, Donum,
Forum, Heran, Jarek, Jaspis, Jubilat, Kompakt, Krona, Novum, Olbram, Or-
bit, Pax, Primus, Profit, Rubin, Signal, Sladko, Stabil, Svit, Terno a Viktor,
jakoz i novoslechténi BR 4148, CE 685, HE 6124, KM 1252, ST 159, ST 177
a ST 182, je mozné klasifikovat jako nachylné azZ siln¢ nachylné.
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s III. Primé&mé hodnoty vybranych znaki u 38 odriid jeSmene jariho ze t¥i (dvou) let v infekéni variant® (I) a procentni redukce proti
neinfikované kontrole (100 — I/K.100) — Average values of the selected traits in 38 varieties of spring barley tested in three (two) years
obtained in the infection variant (I) and as percent reductions from uninfected variant (100 — I/K .100)

Odrida SR S o SH SI
Infekce | 100 — (I/K).100 | Infekce | 100 —(1/K).100 | Infekce | 100 — (I/K).100

1 Akcent 66,25 83,49 0,196 76,44 0,177 53,32 8,2 7,5
Amulet 122,40 67,51 0,454 50,98 0,269 36,22 6,9 6,0
Atribut 207,31 51,24 0,306 64,92 0,276 31,01 5.8 5.2
BR 4148* 50,00 79,35 0,142 72,76 0,137 39,10 8,1 7.9
CE 685* 120,78 71,74 0,293 62,28 0,272 39,18 7.7 6.3
Ditta* 119,90 73,81 0,335 62,20 0,274 37,87 6,9 6,0
Donum 9,03 91,71 0,041 84,03 0,053 57,03 9,0 9,1
Forum 74,63 76,52 0,151 75,06 0,142 47,35 7.8 7,6
HE 6124* 81,35 79,44 0,252 68,87 0,176 54,41 7,7 7,3
Heran* 71,23 81,44 0,295 65,51 0,270 34,48 7.6 6,5
Jarek* 20,83 90,50 0,063 88,21 0,065 66,72 8,6 8,8
Jaspis 43,50 85,37 0,151 73,63 0,098 65,15 8,9 8,6
Jubilant* 8,54 96,08 0,047 87,38 0,049 77,43 8,9 9,1
KM 1252* 21,88 90,18 0,046 88,29 0,050 74,74 8,5 8,9
Kompakt* 63,91 83,51 0,191 78,96 0,155 63,43 %i 7.3
Krona* 112,03 69,81 0,322 63,53 0,228 43,54 6,7 6,3
Ladik 125,69 64,42 0,359 57,06 0,277 30,28 7,0 6,0
Malvaz 244,44 37,78 0,511 44,74 0,304 23,54 52 46
Novum# 51,81 75,04 0,146 60,39 0,182 20,19 7,6 7,3

phg€ - (1) L661 ‘S§ <I9S & 10uUaH



Table III to be continued

Odriida’ HEE e o SH SI
Infekce | 100 — (I/K).100 | Infekce | 100 — (I/K).100 | Infekce | 100 — (I/K).100

Olbram* 36,07 83,14 0,105 73,33 0,099 53,13 8,4 8,4
Orbit 115,42 61,27 0,248 59,37 0,184 33,57 7.5 7,0
Pax* 20,31 90,97 0,066 84,86 0,097 52,44 8,1 8,4
Primus* 30,60 85,65 0,099 69,92 0,094 46,80 87 8,6
Profit* 106,51 72,52 0,401 48,77 0,254 41,31 7,1 6,3
Reggae* 132,60 63,46 0,356 56,39 0,316 25,19 7,1 56
Rubin 33,13 89,24 0,164 72,22 0,095 71,26 8,7 8,6
ST 159* 51,69 87,58 0,202 76,80 0,164 60,23 8,4 7.8
ST 177" 121,30 72,57 0,308 66,64 0,210 50,16 7,0 6,6
ST 180" 114,90 73,94 0,324 63,20 0,292 29,57 7.1 5.9
ST 181* 130,31 67,62 0,409 55,75 0,282 34,05 6,9 5.8
ST 182" 106,90 76,17 0,378 62,96 0,276 33,75 7.4 6,2
ST 183" 119,06 72,04 0,350 64,40 0,263 34,02 5,7 5,6
Signal* 22,97 90,93 0,087 81,80 0,073 62,10 8,8 8,8
Sladko 79,16 78,60 0,258 69,08 0,202 49,83 8,1 7.2
Stabil 124,40 57,97 0,305 50,23 0,229 23,80 6,9 6,4
Svit 57,22 79,25 0,191 70,82 0,157 43,36 8,3 7,8
Terno* 25,55 88,07 0,110 76,86 0,074 66,45 8,6 8,7
Viktor* 17,30 91,65 0,049 86,72 0,059 69,93 8,7 8,9

odriidy zkousené 2 roky — varieties tested in two years
*1993,1994; *¥1994,1995

Symboly znakii viz vysvétlivky v tab. I — For explanation of symbols see Table I; lvariety

pi-€€ - (1) L66T “£€ “1YO9I © 19U2D
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IV. Symptomatické hodnoceni infekce BYDV u odriid (nsl.) jeémene jarniho zkousenych pouze
v jednom roce — Symptom scoring of BYDV infection in the varietes (lines) of spring barley
varieties (lines) tested only in one year

Odriida, n3l.' SH Odriida, n3. SH
2.01168 5 NS 90/1320 9
38801 7.5 NS 90/1465 8
BR-5125 8 Nevada 9
BR-5131 78 P 6833.92 75
Bonus 8,0 PF 512-72-6 8
CE 686 7.8 Perun 83
CE-605 7,5 RIFF 7,6
CE-785 82 Ragtime 9
CE-790 7.8 SEMU 80087 7,8
CEB 9079 85 SG-S 185 7,8
Freya 8.9 SG-S 186 9
Galan 81 SG-S 188 88
Gitane 8,7 SG-U 503 9
HE-6260 55 SG-U 832 9
HE-6496 9 SK 13-9-91 7,5
HE 5038 8,7 SK 3212 81
HE 6037 9 SK-B23-3-88 75
HMK-8 9 ST 173 8,9
KM-997 - 8 ST178 7,0
KM-1375 8 ST 179 8,0
KM 1220 7.5 ST 184 82
LP 7055-9 8.8 Texane 9
LP 7133-5 8,5 Viva 7.8
Lumar 8,8

Lvariety, line

V orientaénim jednoletém pokusu, v némz byla hodnocena pouze sympto-
maticka reakce 47 materiali, se pouze u dvou novoslechténi indikovala moz-
nost mirné rezistence (tab. IV). Jednalo se o materidly 2.01168 a HE-6260,
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u kterych symptomatické hodnoceni ¢inilo 5 a 5,5. Zbyvajici odriidy a novo-
Slechténi se symptomatickym hodnocenim 7,5-9 je mozné orientané€ hodno-
tit jako nachylné az siln€¢ nachylné. V ovéfovani téchto pfedbéZnych
vysledku se bude pokraCovat.

Z vysledku nasich pokusi vyplyva, Ze v Ceském sortimentu je¢mene jarni-
ho chybi odridy s vy$sim stupném rezistence. Pfevladaji v ném materialy
nachylné az siln€ nachylné. Perspektivni a vysoce efektivni ochranu jeCmene
jarniho proti BYDV, zaloZenou geneticky, neni tedy moZné v péstitelské pra-
xi zajistit. Vzhledem ke vzristajici hospodaiské zavaznosti viru a malo u¢in-
né ochrané jinymi zpisoby je cilené Slechténi je¢mene jarniho na odolnost
vici nému nanejvys$ Zadouci. V zahranici jiZ prace v této oblasti zna¢né po-
krodily. Jako zdroje rezistence jsou ve $lechténi vyuZivdny materidly obsa-
hujici netdplné dominantni ¥d2 gen s velkym ucinkem (Schaller et al.,
1983). U je¢mene byly rovnéz identifikovany geny rezistence malého
ucinku (Qualset etal., 1987). Suneson (1955) popsal u je¢mene recesiv-
ni gen ydl, ktery v$ak neni prakticky vyuzZivan.

Ve VURV se provéfuje i¢innost deklarovanych zdroji rezistence ziska-
nych z CIMMYT Mexiko a ICARDA Syre. Jako velice slibné se v piislus-
nych testech ukazaly odridy jarniho je¢mene Corris, Giza 121/PUE a Sutter,
které byly zaclenény do hybridiza¢nich programi.
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ODOLNOST K PADLI TRAVNIMU U NOVOSLECHTENI JECMENE*

Resistance to Powdery Mildew of Barley Lines
Antonin DREISEITL

Agricultural Research Institute Kromériz, Ltd., Kromé¥iZ, Czech Republic

Abstract: A set of 66 barley breeding lines was tested for resistance to powdery
mildew. These lines were tested using selected powdery mildew pathotypes in
individual years. The phenotype of line-pathotype interactions was scored accord-
ing to the 0—4 scale (Torp et al., 1978). European codes (Boesen et al., 1996)
were used to designate identified resistances. The lines which show heterogene-
ous reactions (occurrence of one or more infection types within one or more line-
pathotype interactions) are composed of at least two lines with different reactions
to powdery mildew (a total of 13 lines). In this case, sign +is among the respective
resistance codes in TableI. Each of the tested lines (except for one) carried at least
one gene of specific resistance to powdery mildew. A total of 13 known resis-
tances were identified: Al, Ri, Sp, Ly, MC, Ar, Ru, La, At, We, Kr, Mlo, and Bw.
Resistances At, Kr and Bw are discussed. The necessity to use different resis-
tances for spring and winter varieties is pointed out.

Hordeum vulgare;, Erysiphe graminis f. sp. hordei, pathotypes; resistance genes

Abstrakt: Byla studovana odolnost souboru 66 nsl. je¢mene k padli travnimu.
Novoslechténi byla v jednotlivych letech testovana vybranymi patotypy padli
travniho. Fenotyp interakci novoSlechténi — patotyp byl hodnocen stupnici 0-4
(Torp et al.,, 1978). K oznaleni zjidténych odolnosti jsou uZity evropské kody
(Boesen etal., 1996). N3l. s heterogenni reakci (vyskyt dvou nebo vice infeké-
nich typil v ramci jedné ¢&i vice interakci nSl. — patotyp) jsou tvofena nejméné
dvéma liniemi s odliSnou reakci k padli (celkem 13 n3l.) — v tab. I je mezi p¥i-
sludnymi kody odolnosti znaménko + Kazdé z testovanych nsl. (s vyjimkou
jednoho) obsahovalo nejméné jeden gen specifické odolnosti k padli. Celkem
bylo zjisténo téchto 13 znamych odolnosti: Al, Ri, Sp, Ly, MC, Ar, Ry, La, At,
We, Kr, Mlo a Bw. Jsou diskutovany odolnosti At, Kr a Bw. Je poukézano na nutnost
pouZiti rozdilnych odolnosti pro jarni a ozimé odrtidy.

Hordeum vulgare;, Erysiphe graminis f. sp. hordei, patotypy; geny odolnosti

* Prace byla zpracovana v ramci FeSeni grantu Grantové agentury CR & 503/93/0388.
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Padli travni (Erysiphe graminis DC. f. sp. hordei Em. Marchal) je v Ceské
republice nejvyznamnégjsi chorobou je¢mene (Dreiseitl, Jurecka,
1996). Odolné odridy umoziiuji péstitelim sniZit vyrobni ndklady. Proto je
odolnost k padli travnimu jednim ze znaké sledovanych Ustednim kontrol-
nim a zku$ebnim ustavem zemédélskym. U vsech perspektivich odrid a no-
voslechténi jsou identifikovany geny specifické odolnosti k této chorobé
a soucasné je sledovana jejich odolnost v polnich podminkach.

Cilem této prace bylo zpracovat vysledky identifikace vyznamnych geni
odolnosti u novoslechténi. Tyto informace mohou byt vyuzity pii predikci
odolnosti odriid a $lechtitelskych zdroji, vytvofenych na zdkladé sledova-
nych novoSlechténi.

MATERIAL A METODY

Princip pouZité¢ metody, kterd vychaz z teorie “gen proti genu“ (Flor,
1955) popsal Dreiseitl (1996).

Novoslechténi

Jsou uvedeny vysledky studia 66 Ceskych a slovenskych novoslechténi
(nsl.) jeCmene (tab. I). Jako standardy jednotlivych odolnosti poslouZzily mi-
mo jiné blizce izogenni linie na bazi odridy Pallas (Kolster et al., 1986),
linie KM 1192 a odriida Borwina.

Patotypy

Pouzté patotypy a konstrukce jejich jednotné€ho identifikadniho oznaceni
popsal Dreiseitl (1996). V tab. II je uvedena reakce osmi z celkového
poctu 19 pouzitych patotypu. Ty postacuji k determinaci zjisténych odolnos-
ti. Z nich napt. patotypy 4376 a 7375 byly pouZity aZ v poslednich dvou
letech. Dfive tedy nemohly byt rozlideny ¢i identifikovany napf. kombinace
odolnosti Ru We ¢i Ru At. PouZitymi patotypy nemohla byt dale rozlisena
odolnost Ar od kombinace odolnosti Ar We a nemohla byt identifikovdna
pfipadna pfitomnost odolnosti Kw u nsl. s odolnosti MC. Tato omezeni vsak
nejsou vzhledem k charakteru studovanych objekti vyznamna.

Postup testovani popsal Dreiseitl (1992). Pouzité evropske kody (Boe-
sen et al., 1996) uvedl ve své praci Dreiseitl (1996).
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VYSLEDKY

Byla ziskana reak¢ni spektra, z nichZ ta, ktera jsou projevem identifikova-
nych odolnosti, jsou uvedena v tab. II. V ni je uvedeno 23 homogennich a 3 he-
terogenni spektra.

Spektrum 0 (None) je charakteristické pro n§l bez zjisténé specifické
odolnosti k padli. Viechny patotypy vytvareji infekéni typ (i. t.) 4, sv&d&ici
o nachylnosti. Takovéto spektrum bylo zjisténo jen u nsl. jeémene ozimého
KM 1779 a KM 380.

Spektrum 1 (La) se vyznaCuje inkompatibilnim i. t. 2-3 ke tyfem z po-
uzitych patotypi. Je projevem odolnosti pochazejici z Hordeum laevigatum,
ktera je obsaZena v linii P23. Podobnou reakci se vyznaCuje i n§l. KM UH C
545b.

Nasledujici spektra 2 a 3 nebyla samostatné zjiSténa u Zadného ze sledo-
vanych n$l. Jejich uvedeni je potfebné k uréeni kombinaci téchto odolnosti
s ostatnimi.

Spektrum 2 (At) je tvofeno avirulentni reakci (i. t. 1-2) prvnich Sesti a vi-
rulenci zbylych dvou patotypt (4563 a 7375). Bylo ziskano u linie P20
s odolnosti odvozenou od odridy Atlas.

Spektrum 3 (We) se vyznacuje inkompatibilni reakci (i. t. 0) k patotypim
6000 a 7375. Vyznacuje se ji linie P21, jejiZ odolnost pochazi z kmene Wei-
henstephan MR 1I.

Spektrum 4 (Al) se vyznatuje kompatibilni reakci k patotypim 5426
a 7375. Fenotypem odolnosti je i. t. 0. Spektrum je totoZné se spektrem linie
P01, jejiz odolnost byla odvozena od jeCmene Algerian. Stejné spektrum by-
lo zjisténo i u ndl. BR 2174 a BR 4148. '

Spektrum 5 (Ri) vyjadiuje kompatibilitu tii patotypu uvedenych v tab. II.
Inkompatibilita je vyjadfena i. t. 1. Spektrum bylo zjisténo, vedle linie P02
s odolnosti je¢mene Ricardo i u nsl. BR 3011, ST 158 a KM 1220.

Spektrum 6 (Ri La) je kombinaci spekter 5 a 1. Bylo zjidténo u nsl. KM
BR A 10

Spektrum 7 (Sp) je charakterizovdno avirulenci (i. t. 0) pouze jednoho
patotypu (0102). Takovyto projev vykazala linie P06 (s odolnosti odvozenou
od prvniho je¢mene z poddruhu Hordeum spontaneum, ktery byl pouZit
vzhledem ke své odolnosti k padli travnimu) a dale n3l. je¢mene ozimého
KM 1490.
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I. Novoslechténi jeémene — Barley breeding lines

Pof. &islo' Novoglechténi> Spektrum3 Evropské kédy*
Jeémen jarni5
L HE 1428 23a Ly+none
IL HE 2592 17 Ru
III. KM 341 23b Kr,La,We+La,We
IV. HE 3380 17 Ru
V. ST 139 10 Ly
VI SK 3116 17 Ru
VIL HE 4436 17 Ru
VIIL DB 144 23c¢ Ri,We+Ri
IX. ST 6984 9 Sp At
X BR 1519 16 Kr
X1 KM 184 16 Kr
XII. SK 2074 9 Sp At
1. SK 1952 12 MC
2 BR 2174 4 Al
3. KM BR Al0 6 Ri La
4. TR 1148 17 Ru
3. CE 396 20 Mlo
6. KM 143 16 Kr
7. KM UH C 545b 1 La
8. HE 3527 10 Ly
9. BR 3011 5 Ri
10. DB 132 ' 17 Ru
11. HE 3631 . - U
12. ST 146 20 Milo
13. BR 3351 pA] MC+U
14. CE 597 23 Ly+Ly,U
15. HE 4886 17 Ru
16. ST 158 5 Ri
17. HE 4809 16 Kr
18. CE 431 20 Milo
19. HE 5082 - ArU
20. BR 3583 20 Mlo
21. CE 590 9 Sp At
22. TR 3245 23 U+U
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Po. &islo' Novoslechténi’ Spektrum® Evropské kody*
. 2, ST 159 23 Ly+Ly,U
24 HE 5432 8 Sp La
25. CE 686 19 Ru At
26. KM 1220 5 Ri
27 BR 4148 Al
28. KM 1252 23 U+U
29. HE 5322 23 U+U
30. HE 6621 k: LyU
31. KM 1338 18 Ru We
32. SGU 18 - RuU
33. SG U 308 15 Ar At
34, BR 4431 18 Ru We
35. BR 4600 23 U+U
36. HMK 8 23 We+We,U
37. SK B 23-3 23 Mlo+U
38. BR 5131 11 LyLa
39. CE 785 10 Ly
40. CE 790 21 Mlo Ly
41. HE 6496 9 Sp At
42. KM 1375 23 U+U
43. SG S 188 18 Ru We
44, SG U 503 13 MC La
45, SG U 832 20 Mio
Je¥men ozimy®
46. LU 45 22 Bw
47. KM 948 23a Ly+none
48. KM 2099 20 Milo
49. KM 1779 0 none
50. KM 380 0 none
51. KM 1490 7 Sp
52. LU 459 22 Bw
53. LU 74 22 Bw
54, HM 152 22 Bw

lorder number; 2breeding line; 3spectrum; *European codes; ’spring barley; *winter barley
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Spektrum 8 (Sp La) je charakterizovano dvéma rozdilnymi i. t. (0 a 2-3)
vyjadiujicimi odolnost. Je kombinaci spekter 7 a 1. Odpovida mu spolecna
piitomnost obou odolnosti. Bylo zjisténo u nl. HE 5432.

Spektrum 9 (Sp At) je také sloZeno ze dvou zakladnich spekter 7 a 2. Bylo
nalezeno u nsl. ST 6984, SK 2074, CE 590 a HE 6496.

Spektrum 10 (Ly) je vyjadfenim projevu ¢tyt v tab. I uvedenych avirulen-
tnich patotypu s i. t. 1. Je charakteristické pro linii PO4B s odolnosti oznace-
nou podle je¢mene Lyallpur. Stejné spektrum bylo zjisténo u nsl. ST 139, HE
3527 a CE 785.

Spektrum 11 (Ly La) je opét tvofeno dvéma spektry s rozdilnym i. t. (1
a 2-3). Vykazalo je nsl. BR 5131.

Spektrum 12 (MC) je definovano avirulenci ¢tyf z 8 pouZitych patotypu.
Fenotyp odolnosti se vyznacuje i. t. 0. Toto spektrum bylo ziskdno u stan-

dardni linie PO8B s odolnosti odvozenou od je¢mene Monte Cristo a u nsl.
SK 1952.

Spektrum 13 (MC La) je kombinaci spekter 12 a 1. Bylo zjist€no u nsl.
SG-U 503.

Spektrum 14 (Ar) vyjadiuje avirulenci (i. t. 0—1) ¢tyf patotypi uvedenych
v tab. II. Je podminéno pfitomnosti odolnosti z je¢mene Arabische, kterd je
obsazena ve standardni linii P10.

Spektrum 15 (Ar At) je kombinaci pfedchoziho spektra 14 a spektra 2.
Bylo zisténo u nsl. SG-U 308.

Spektrum 16 (Kr) se vyznacuje kompatibilitou patotypi 4376 a 7375. In-
kompatibilita k ostatnim 6 patotypiim je charakterizovanai. t. 1-2. Spektrum
bylo vedle originalni linie KM 1192 zjisténo i u nsl. BR 1519, KM 184, KM
143 a HE 4809.

Spektrum 17 (Ru) je podobné pfedchozimu spektru 16. Pouze inkompati-
bilita je charakterizovanai. t. 0. Toto spektrum, charakteristické pro linii P11
s odolnosti odvozenou od odridy Rupal, vykazala i nsl. SK 3116, HE 4436,
HE 2592, HE 3380, TR 1148, DB 132 a HE 4886.

Spektrum 18 (Ru We) je kombinaci spekter 17 a 3. Obé pfislusné odol-
nosti se vyznacuji i. t. 0. Bylo zjisténo u ns$l. KM 1338, BR 4431 a SG-S 188.

Spektrum 19 (Ru At) je opét kombinaci dvou zdkladnich spekter 17 a 1.
Vyznacovalo se jim nsl. CE 686.
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II. Spektra reakci sledovanych novoslechténi je¥mene po inokulaci pfislusnymi patotypy padli
travniho — Reaction spectra of tested barley breeding lines after inoculation with corresponding
powdery mildew pathotypes

Spek{- Kéd odolnosti’ Patotypy3
rum 0102 | 6000 | 5426 | 4322 | 6662 | 4376 | 4563 | 7375
0 none 4 -+ 4 4 4 4 4 4
1 La 2-3 2-3 2-3 2-3 4 4 4 4
2 At 1-2 1-2 1-2 1-2 1-2 1-2 4 4
3 We 4 0 4 4 4 4 4 0
4 Al 0 0 4 0 0 0 0 4
5 Ri 1 -4 1 1 4 1 1 4
6 RiLa 1 2-3 1 1 4 1 1 4
7 | sp 0 4 4 4 4 4 4 4
8 Sp La 0 2-3 2-3 2-3 4 4 4 4
9 Sp At 0 1-2 1-2 1-2 1-2 1-2 4 4
10 Ly 4 1 1 4 1 4 4 4
11 LyLa 2-3 1 1 2-3 1 4 4 4
12 MC 0 0 0 4 4 4 0 4
13 MC La 0 0 0 2-3 4 4 0 4
14 Ar 0-1 0-1 4 0-1 4 0-1 4 0-1
15 Ar At 0-1 0-1 1-2 | 0-1 1-2 | 0-1 4 0-1
16 Kr 1-2 1-2 1-2 1-2 1-2 4 1-2 4
17 Ru 0 0 0 0 0 4 0 4
18 Ru We 0 0 0 0 0 4 0 0
19 | RuAt 0 0 0 0 0 | 1-2 4
20 | Mo o(4) | o4y | o4y | oc4) | o) | o4y | o4y | og4)
21 | MLy o4) | o(1) | oty | oc4) | oq) | o) | o) | o(4)
22 Bw 2 2 4 2 2 4 2 4
23 heterogenm"" vice i. t. v interakci nsl.—- patotyp5
23a Ly-+none 4 1+4 | 1+4 4 1+4 4 4 4
23b Kr,La,We+La,We | 143 0 143 143 1+4 4 1+4 0
23¢ Ri, We+Ri 1 0+4 1 1 4 1 1 0+4

lspectrum; Zresistance code; 3pathotypes; 4heterogeneots; 5

type interaction

more i. t. in the breeding line — patho-
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Spektrum 20 (Mlo) je tvofeno specifickym avirulentnim projevem (i. t. 0
s ojedinélymi kupkami padli). Je charakteristické pro pfitomnost genu mlo,
ktery je obsaZen v linii P22. Stejna reakce byla zjisténa i u nsl. CE 396, ST
146, CE 431, BR 3583, SG-U 832 a ndl. je¢mene ozimého KM 2099.

Spektrum 21 (Mlo Ly) je kombinaci spekter 20 a 10. Vykazalo je nsl. CE 790.

Spektrum 22 (Bw) je typické obrannou reakci (i. t. 2) ke ¢tyfem patoty-
pim uvedenym v tab. II. Takovato reakce byla poprvé zisténa u odriidy ozi-
mého jeCmene Borwina (Dreiseitl, 1993). Stejné spektrum bylo zjisténo
u ndl. ozimého je¢mene LU 45, LU 459, LU 74 a HM 152.

Spektra 23 se vyznacCuji spole¢nou piitomnosti (na rozdil od kombinace)
ruznych spekter a vyjadiuji reakci heterogennich nsl., ktera jsou tvofena lini-
emi_s riznymi odolnostmi k padli travnimu.

Spektrum 23a (Ly-+none) je zjistitelné sou€¢asnou pfitomnosti nachylnosti
i odolnosti u Ctyt interakci nsl. — patotyp (tab. II). Vyjadiuje sou¢asnou pii-
tomnost spekter 0 a 10. Bylo zjisténo u nsl. je€mene jarniho HE 1428 a u ndl.
je¢mene ozimého KM 948.

Spektrum 23b (Kr, La, We+La, We) je slozité spektrum vyjadiujici pfi-
tomnost dvou z hlediska odolnosti k padli riznych linii. Jedna obsahuje spo-
le¢né odolnosti podmiiiujici spektra 16, 1 a 3 a druhd linie obsahuje odolnosti
se spektry 1 a 3. Spektrum 23b bylo zji$téno u nsl. KM 341.

Spektrum 23c¢ (Ri, We+Ri) se vyznaluje sou€asnou pfitomnosti spektra 5
a slozeného spektra 3+5 u nsl. DB 144.

Ve sledovaném souboru bylo u dalSich 10 nsl. zjisténo heterogenni spek-
trum 23. Rozklad na jednotliva zdkladni spektra se z&4sti podafil u péti z nich
(byla ur¢ena alespon jedna odolnost u vzorki ¢. 16, 17, 26, 39 a 40). U dal-
Sich péti vzorki s heterogenni reakci (¢. 25, 31, 32, 38 a 45) se nepodafilo
urcit Zadnou z nejméné dvou pfitomnych odolnosti. To mohlo byt zpiisobeno
zv14sté pfitomnosti vice neZ dvou riznych linii ¢i pfitomnosti pfimési v osi-
vu daného nsl. To Ize napravit testovanim jednotlivych $lechtitelskych linii
kazdé odriidy ¢i novoslechténi (Dreiseitl, nepubl.).

Také u jednoho vzorku s homogenni reakci (€. 14) se nepodafilo zjisténou
odolnost identifikovat. Zjisténé spektrum neodpovidalo Zadné z nam zn4-
mych standard bud’ pro originalitu odolnosti daného nsl. (HE 3631), nebo
v disledku ovlivnéni reakci vnéj§imi podminkami, kdy fenotyp odolnosti
nebyl v souladu se skute¢nym genotypem. Z podobnych pfi¢in byla identifi-
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kovéna pouze jedna z pravdépodobnych dvou odolnosti u kazdého ze vzorki
& 22, 33 a 35. Proto nejsou spektra ziskana u té&chto &yt vzorkii uvadéna
vtab. Iall

Ve sledovaném souboru bylo identifikovano celkem 13 znamych odolnosti
(Al, Ri, Sp, Ly, MC, Ar, Ru, La, At, We, Kr, Mlo a Bw). VétSina téchto
odolnosti se vyskytuje v mnoha evropskych odriidich je¢mene (Brown,
Jorgensen, 1991).

DISKUSE

U Sesti nsl. (ST 6984, SK 2074, CE 590, CE 686, SG-U 308 a HE 6496)
byla zji$téna pfitomnost genu Mlat (oznaleni je odvozeno podle odridy
Atlas). Ten je obsaZen i v osmi ¢eskych a slovenskych odridach je¢mene
jarniho(Dreiseitl, Jorgensen, nepubl.). V ostatnich evropskych ko-
merénich odridach vyslechténych do roku 1990 nebyl tento gen zjistén
(Brown, Jorgensen, 1991). Nasi Slechtitelé tak maji v jeho vyuZiti prio-
ritu. Gen Mlat obsaZeny v uvedenych odriidach jeémenepochazi pravdépodobne
z je¢mene Anatolie 516 (Briickner, 1983). Nove byl pfijat evropsky kod
pro oznacovani této odolnosti (Dreiseitl, 1995; Boesen et al., 1996).

Druhym originidlnim genem pochazejicim z linie KM 1192 (Leke§, 1971)
je gen MI(Kr). Prvni komeréni odriidou s timto genem byla odriida Kredit
(Dreiseitl, 1989, 1996), po niZ ziskala tato odolnost sviyj kdd (Drei-
seitl, 1995; Boesen et al., 1996).

Ve (&tyfech ndl. je¢mene ozimého byla identifikovana odolnost, jaka byla
poprvé zjisténa u némecké odridy Borwina (Dreiseitl, 1993). Podle ni
byl pro tuto odolnost, zjisténou dosud jen v ozimych je¢menech, nove stano-
ven piislusny kéd (Dreiseitl, 1995; Boesen et al.,, 1996).

U tii n3l. jeémene ozimého (KM 948, KM 2099 a KM 1490) byly zjistény
odolnosti typické pro odridy je¢mene jarniho. Hovmoller (osobni sdéle-
ni) v$ak studiem modelu zjistil, Ze pouZiti stejnych odolnosti v jarnich i oz-
mych odridach vytvafi pro adaptaci patogena vhodnéj§i podminky neZ pfi
nadmémém vyuzivani nékteré odolnosti pouze v jedné z obou té€chto forem.
Proto je tieba hledat a vyuzivat pro Slechténi je¢mene ozimého jiné zdroje
odolnosti véetné nespecifickych, aby se pfedeslo pfed€asnému znehodnoceni
vysledki Slechténi vici této chorobé.
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INFORMACE - NAZORY

EPIDEMIOLOGICKE ASPEKTY GENU mlo
ZPUSOBUJICIHO ODOLNOST JECMENE K PADL{ TRAVNIMU

Erik SCHWARZBACH

Ing. Spunar v &isle 3/1996 tohoto Easopisu zastava nazor, Ze rezistence zaloZena na
genu mlo a dosud vyuZivana jen u jement jarnich by se méla vyuzivat i pfi Slechténi
je¢mene ozimého, pfi¢emz je bagatelizovano nebezpeci selekce rasy padli napadajici
je¢meny s timto genem (Spunar, 1969). Vzhledem k tomu, Ze v nékterych statech
zapadni Evropy je oseto odriidami s genem mlo aZ 50 % plochy je¢mene jarniho, je
rozifeni virulentni rasy zavaZznou ekonomickou hrozbou pro celé evropské zemédél-
stvi. Vzhledem k tomu, Ze Ing. Spunar se zabyval timto problémem z pohledu prak-
tického Slechtitele bez racionalni argumentace, povazuji za nutné upozornit na
nékteré skutecnosti, které tento nazor nepodporuji, a shrnout poznatky o genu mlo.

Gen mlo, u¢inny proti vSem znamym rasam padli, byl opakované ziskan mutaci
(Jorgensen, 1975) a zjistén i v je¢meni etiopského piivodu (Nover, Schwarz-
bach, 1971). Neni v silné genetické vazbé s Zadnym jinym znamym genem rezistence
k padli. Mechanismus u¢inku se li¥i od jinych geni rezistence, vyvolavajicich zpra-
vidla hypersenzitivni reakci tim, Ze intracelulérni kal6zni papily, nartistajici na misté
pronikani hyfy do buiiky, rostou rychleji neZ pronikajici hyfa (Skou et al., 1984),
takZe zpravidla parazit odumfe. N&kdy v3ak, zejména na subsidiarnich buiikach pri-
ducht, parazit uspé&je a vytvoii normalni sporulujici kupky. Jé6rgensen (1975,
1994) zjistil, Ze jednotlivé nezavisle vzniklé alely mlo se mohou pfes obdobny u¢inek
nepatrné lisit pozici na chromozomu, a zavedl pro né oznaceni mlol aZ mlo 23. Gen
mlo ma nepfiznivé vedlejsi ucinky v podobé nekrotickych skvrn a zhorSenych vyno-
sovych vlastnosti, coZ dlouho branilo $lechtitelskému vyuZiti.

Geneticka analyza pleiotropnich uéinki (Schwarzbach, 1975) ukézala, Ze na
rozdil od zpétnych kiiZeni je ve vzdalenych kfiZenich intenzita pleiotropnich projevi
genu mlo znaéné variabilni, takZe selekce na nizkou uroveri pleiotropnich projevii je
mozna. Nasledné byly v Evropé vyslechtény ¢etné odridy je¢mene jarniho s genem
mlo.Vsechny jsou odvozeny ze dvou zdroji: alely mlo 9 z mutanta SZ5139b odridy
Diamant (Schwarzbach, 1967), napf. odriida Alexis, a alely mlol1 z etiopského
je¢mene, znamého z riznych kolekci pod synonymy L92, AB7, EP79, ,,Grannenlose
zweizeilige®, ,.duplialbum* (J6rgensen, 1975) aj., napt. odrida Apex.

Rezistence na bazi mlo je ¢asto oznacovana jako nespecificka, proto, Ze je i¢inna
proti viem znamym rasam padli, s ¢imZ byva spojeno ofekavani trvalé u¢innosti.
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Avsak kazda evoluéné nova rezistence je zpoc¢atku uéinna proti viem rasam, dokud
parasit v evoluci nenajde cestu k jejimu prekonani, ¢imZ pfestane byt nespecifickou.
Ze se padli dokéZe ptizpiisobovat mlo, je znamé z &asto citovaného selek&niho expe-
rimentu, v némzZ byl po 37 generaci vystaven v laboratornich podminkéch avirulentni
izolat padli intenzivni masové selekci na reprodukci na rostlinach s mlo. Vysledkem
byl pozvolny narist reprodukce padli aZ na padesatinasobné vy$si hodnotu
(Schwarzbach, 1979). Po né&kolika dalsich generacich (celkem 48) a dal$im na-
rustu virulence jsem pro obavy z vytvofeni nebezpe¢né rasy pokusy ukonéil. Z vy-
sledné populace bylo izolovano 6 linii padli s vyznamné odli$nou reprodukci na
je¢menu s mlo, takZe muselo v prib&hu experimentu dojit v populaci nejméné ke tfem
riznym mutacim virulence. Nejefektivnéj$i linie HL-3 s 12% infekéni i¢innosti (An-
dersen, 1989) existuje beze zmény dodnes a je jedinym evropskym izolatem padli,
reagujicim specificky s mlo. Lyngkjaer et al. (1996) zjistili podobny stuperi viru-
lence vii¢i mlo i u japonskérasy ,.,Racel®, ktera nastésti je avirulentni k béZnym gentiim
rezistence evropskych je¢ment. Ph kiiZeni izolatti Racel x HL-3 (Atzema et al.,
1996) 5tépily nejméné tii nezavislé faktory pro virulenci a autofi vy vozuji, Ze pfi¢inou
dlouhého trvani rezistence je, Ze padli musi akumulovat dostatedny pocet u¢innych
allel, aby doséhlo plné virulence.

Mutace a selekce, demonstrovana v laboratofi, probiha pochopitelné se vzriistaji-
cim podilem mlo na celkové ploSe jeémene i v polnich podminkach. Trvani rezistence
od roku 1979 odpovida teoretickym ofekavanim odvoditelnym ze selek&nich jevii,
které popsali Wolfe a Schwarzbach (1978). Selekce ras probiha pfedevsim pii
primarni infekci, pfi niZ spory riznych ras ze vzdalenych zdroji ndhodné piistavaji
ve vzeslych porostech. Smér a intenzita této selekce odpovida relativnimu rozsifeni
odriid s riznymi geny rezistence v regionu. Nasledna selekce v odriidové Cistych
porostech jiZ prakticky nema vliv na sloZeni populace padli v regionu. Pfi p&stovani
jemene ozimého a jarniho a pfi zohlednéni poskliziiového vydrolu miZeme poditat
zhruba se tfemi selekénimi cykly za rok. Oznacime-li relativni reprodukci (v relaci
k ostatnim rasam) virulentni a avirulentni rasy symboly r, a r, a vychozi relativni
frekvenci f;, odpovida vysledna relativni frekvence f; virulentni rasy po n selekénich
cyklech ptiblizné& vyrazu (Wolfe, Schwarzbach, 1978):

for 1 - Q7]
Relativni reprodukce #, virulentni rasy vi¢i avirulentni vyplyva ze vztahu:

_ Bf,+A-P)S,
" PL =P,

5
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kde: P, — podil odrid s mlo na plo3e jemene
/., — reprodukce (fitnes) virulentni rasy na rostlinachs mlo v relaci k reprodukci

na rostlinach bez mlo

/. — reprodukce (fitnes) virulentni rasy na rostlinich bez mlo v relaci k aviru-
lentni rase

£, — reprodukce (fitnes) avirulentni rasy na rostlinach s mlo v relaci k rostlinam
bez mlo

fu™ reprodukce(ﬁtn&s) avirulentni rasy na rostlinach bez mlo (zaklad pro srov-
nani)

Dosadime-li jako realistické hodnoty za:
varianty 25 %, 50 % a 80 %

frafys  0,10a1,00(pfiP,50 % téz £, =0,95)
] 0,001 a 1,00
Jo 0,00001 (vychozi reletativni Cetnost v-rasy)

obdrZime predpovéd nartsu frekcence virulentni rasy (obr. 1).

mio plocha 80%
80.0 fit. = 1,0

podil virulentni rasy (%)
8
[-]

mbplzsssmn.o /
0,0 +<— T pr—————— ————

0510152025303540“"“““7015&85””1“
polet let

x-axis: years, y-axis: relative frequency [%]
The four curves from left: 1 — mlo-area 80% firness on non-mlo hosts 1.0; 2 — mlo-area 50%
firness 1.0; 3 — mlo-area 50% fitness 0.95; 4 — mlo-area 25% fitness 1.0

1. Narist parcialng virulentni rasy pfi rizném podilu mlo na plose je¢mene — Increase in frequen-
cy of the partially virulent race dependent on the proportion of mlo-hosts on the barley area

Zavéry jsou jednozna¢né. Za piedpokladu, Ze virulentni rasa ma na rostlinach mlo
reprodukéni schopnost podobnou HL-3 a stejnou reprodukci (fitnes) na rostlinach bez
mlo jako avirulentni rasa a podil mlo na plose je¢mene (v¢etné ozimého) nepfesahne
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25 %, coZ je soucasna situace v zapadni Evropég, kde plocha je¢mene ozimého pfevy-
Suje plochu jarniho, nemusime se téméf do konce pristiho stoleti obavat rozsifeni
virulentni rasy. VyuZivani mlo v je¢émeni ozimém by vSak zejména v zemich s jeho
vysokym podilem mohlo vést k rychlému roz§ifeni virulentni rasy.

Uvedené vzorce samoziejmé skute¢nost zjednodusuji. Predpoklad konstantni in-
fekéni G¢innosti virulentni rasy je nerealny. Tak jako v laboratornim experimentu se
pravdépodobné bude infekéni G¢innost virulentni rasy pozvolna zvySovat, nevime
sice, v jaké mife a do jaké vyse, vedlo by to vsak k rychlejsimu nariistu nez vyplyva
z obr. 1. Neni téZ znamé, k jakému kvantitativnimu néristu relativni reprodukce na
odriidach s mlo doslo v poslednich téméf dvaceti letech existence odriid s mlo v ev-
ropské populaci padli. RovnéZ neni znamé, zda virulentni rasa selektovana na je¢me-
nech jarnich bude mit dostate¢nou reprodukci i na jeémenech ozimych bez mlo
v zimnim a podzimnim klimatu. Je moZné, Ze v je¢menech ozimych bez mlo se za-
stoupeni virulentni rasy v diisledku niZ$i reprodukce opét sniZuje, takZe celkovy na-
rust by byl pomalejsi, jak ilustruje srovnani dvou prostiednich kfivek grafu, popt.
i nulovy. Nepfitomnost mlo v jeémenech ozimych miZe proto byt hlavni pfi¢inou
dosavadni trvanlivosti u¢innosti genu mlo. Ze viech jmenovanych diivodii miize byt
nebezpecné vnaset gen mlo do jemeni ozimych, dokud nezname dostateéné, co se
za polnich podminek odehrava v populaci padli vystavené odriidam s mlo.
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Epidemiologic Aspects of the mlo Gene for Resistance of Barley
to Powdery Mildew

Spring barley varieties carrying the mlo gene occupy a large increasing proportion
of the barley crop in Europe. Although the gene has been utilised in commercially
grown varieties for almost twenty years, it is still effective against the present mildew
population. Only two partially virulent mildew isolates with infection efficiency of
about 10% are known so far, one produced in the laboratory, the other originating
from Japan. Present breeding attempts to introduce mlo also into winter barley could
turn harmful to European agriculture, since this might cause a breakdown of mlo-ba-
sed resistance. Calculations of frequency changes of a race similarly virulent like the
mentioned isolates, presented for different proportions of mlo hosts in the total barley
crop, explain the so far observed duration of resistance, but indicate a possible rapid
frequency increase of the partially virulent race with if a high relative area was cove-
red by mlo varieties. For better estimates of the durability, however, crucial quantita-
tive information is lacking: the past years response of the European mildew
population to growing of mlo varieties, the fitness of partially mlo-virulent strains on
non-mlo spring and winter barley, and the highest infection efficiency of mildew on
mlo hosts that can result by continued mutation and selection on mlo-hosts.

Kontaktni adresa:

RNDr. Erik Schwarzbach, dr. agr. habil., Vaclavov 23, 671 72 Miroslav, Ceska
republika
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AKTUALITY

SLECHTENI BRUKVOVITYCH OLEJNIN V KANADE

Koncem fijna minulého roku jsem mél spolu s Ing. Miroslavem Hochmanem
a RNDr. Miroslavem Grigou, CSc. (Agritec Sumperk) moZnost navitivit v&sinu
pracovist v Saskatchewan Research Park zabyvajicich se vyzkumem a Slechténim
brukvovitych olejnin (fepka — Brassica napus a tepice — Brassica campestris, syn.
rapa). ProtoZe Slechténi t&chto plodin je v Kanade na vysoké urovni, rozhodli jsme se
podélit se o své postiehy se ¢tendfi tohoto ¢asopisu.

Ve $lechténi na vynos je v Kanadé& velké usili vénovano vyuZiti heter6zniho efektu
a prvni hybridni odriidy se objevily v prodeji. K fizenému opyleni jsou vyuZivany oba
genetické systémy (CMS — cytoplasmaticka samdi sterilita a Al — autoinkompatibilita)
a v odriidovych pokusech jsou i hybridy s transgenni kontrolou tvorby pylu. Prvotni
nadseni z t&chto odriid ponékud sniZil jejich niZ8i vynos. Pfi¢iny téchto niZ$ich vynost
jsou spatfovany v neuplné ptipravenosti vétsiny systémit CMS pro praktické vyuZiti
a v predchozich selekcich na obsah kyseliny erukové a glukosinulatl, které zazily
genofond vyuZitelny pro tvorbu hybridnich kombinaci. Proto pokracuji védecké prace
na CMS a po celém svété jsou hledany vhodné materialy pro dalsi kiiZeni. V leto3nim
roce by méla byt povolena i prvni syntetick4 odriida fepky.

SniZeni obsahu kyseliny linolenové a zvySeni obsahu kyseliny linolové a olejové v oleji
ziistavaji hlavnimi cili ve $lechténi na kvalitu. Objevuje se v8ak i snaha o pfeneseni
genil pro nékteré mastné kyseliny, které olej ze semen brukvovitych olejnin neobsa-
huje, z jinych rostlin. Jako piiklad mohou slouZit kyselina vernolova a ricinova, které
maji vyuzZiti pfi vyrobé plastickych hmot a polyuretanovych maziv. SniZeni obsahu kyseli-
ny fytové a sinapinu v extrahovanych Srotech zvysi vyuZiti Zivin z t&chto Sroti.

Dalsi oblasti, na kterou je kladen velky diiraz, je tolerance k herbicidim. Po
odriidach odolnych k triazinovym herbicidiim byla v roce 1995 registrovéana prvni
odriida fepky resistentni k glufosinate ammonium a loni byla povolena prvni jeji
odriida rezistentni ke glyphosate. Slechtitelé maji k dispozici i fepku rezistentni k ima-
zethaphyr.

Prioritami do budoucna zde ziistavaji hybridni odriidy, vyuZiti mutageneze a pfenosu
genl ke zméné skladby mastnych kyselin v oleji, rezistence k herbicidiim, ziskéani
odriid Brassica juncea a Sinapsis alba s dvounulovou kvalitou, odolnost k chorobam
a Skiidctim a vy$lechténi Zlutosemenné fepky.

Dr. Ing. Jaroslav Salava
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REVIEW

MENDEL, MARKER, CONSTRUCTS - PLANT BREEDING
BETWEEN TRADITIONAL METHODS AND MOLECULAR TECHNIQUES

Heiko C. BECKER

Institut fitr Pflanzenbau und Pflanzenziichtung,
Georg-August-Universitdt Gottingen, Germany

Plant breeding in a wide sense is an integrated part of agriculture since its begin-
ning. When women and men started cultivating plants some 9 000 years ago, they also
started to select plants according to the human desires. Human selection was the
driving force for the evolution from wild plants to cultivated crops. For many
thousands of years, this selection was merely utilizing the naturally occurring varia-
tion. About 200 years ago however, some gardeners and farmers noticed that they
could largely increase the natural amount of variation by artificially crossing two
different plants. The earliest scientific explanation to this observation was given by
Gregor Mendel in his famous lecture 1865 in Brno at the “Naturforschender Verein
in Briinn“. Mendel’s ingenious theory was supported later by the chromosome theory
of inheritance and by the detection of the DNA as biochemical substance of inheri-
tance. Within the last two decades molecular genetics led to two important develop-
ments in plant breeding: the use of differences in the DNA structure as molecular
“markers®, and the possibility to isolate genes and combine isolated genes into
“constructs that can be transferred to other organisms. In the following I will discuss
possibilities and limitations of Mendelian genetics for plant breeding taking into
account recent developments in gene technology. All examples are chosen from
quality improvement of oilseed Brassicas.

MENDEL

An important distinction must be made between the characters, the expression of
which is controlled by one or a few “major genes on the one hand, and those
controlled by several genes, often referred to as “polygenes®, on the other hand.
Mendel worked with the former group of characters. As the effects of the genes
governing such characters could be easily recognised, individuals could be classified
unambiguously into discrete, discontinuous groups, with no intermediate forms.
Mendel’s investigations were simple and direct, and herein lay the key to his success.
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Mendel was aware that not all characters presented a straightforward pattern of
inheritance. Some characters, he wrote: “do not allow a clear and distinct separation,
because the variation is more of a *more or less’ nature which is difficult to define.
Such characters are unsuitable for the experiments, which had to be restricted to those
that are clear and distinct.“ Later he assumed that “the uniformity of behaviour shown
by all the analysed characters justifies the assumption that those characters not
investigated, where the variation between the plants is less distinct, behave in the
same manner.“ Apparently, therefore, quantitative characters, as we now call them,
were already recognised by Mendel as a separate category, obeying nonetheless the
samerules as those with which he worked. This view was supported in the first decade
of this century by the work of Johannsen in Denmark and Nilsson- Ehle in Sweden,
who between them established what we now call quantitative genetics.

Example 1

There are many examples for agronomically important traits which are simply
inherited. One of them is the content of erucic acid in the oil of turnip rapeseed
(Brassica campestris). Fig. 1 shows the distribution of parents, F, and F, plants in a

Frequency [%]

1. Erucic acid content in a
B. campestris cross between a high

o : ] g e ) ) erucic acid cultivar and an erucic
0 4.8 1216 20 24 28 32 36 40 44 48 62 acid free mutant (from J6nsson,

Erucic acid [%] 1974)
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cross between an erucic acid free mutant and a plant with high erucic acid content.
The parents differ in one gene for erucic acid content and in F> we observe a clear
1:2: 1 segregation between erucic acid free homozygotes (ee), heterozygotes (Ee)
and high erucic acid homozygotes (EE). The erucic acid content of the heterozygotes
is intermediate and there is a slight overlap between Ee and EE genotypes.

Example 2

The pattern of inheritance becomes more difficult for characters, whose expression
is controlled by more than one gene. If the number of genes is low, the F; segregation
can still be explained by the Mendelian rules of inheritance. Fig. 2 shows the erucic
acid content in the F; of a cross between an erucic acid free and a high erucic plant
of rapeseed (Brassica napus). Whereas B. campestris is a diploid species, B. napus is
an allotetraploid one. Correspondingly, B. napus has two genes for erucic acid, one
located on each of its two genomes. The classes in F partly overlap, but it is still possible
to realize the pattern of a digenic inheritance. The five possible F» genotypes are
indicated in Fig. 2. Their frequency distribution is close to the expected 1 :4: 6:4: 1
ratio. However, if more than two genes are involved, it becomes more and more
difficult to distinguish between the various classes.

- TFrequency [%]

EEee
Eeee EEEe
15 +

2. Erucic acid content in the F2

of a B. napus cross between the

double-low cultivar Profit and a

20 40 60 resynthesized high-erucic acid line
Erucic acid [%] (from Lihs, Friedt, 1995)

Example 3

For many other traits, we observe a continuous variation and no distinct classes can
be observed. Fig. 3 shows the distribution of glucosinolate content in an Fy of
B. napus. No longer can individuals be classified into distinct groups, as the charac-
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Frequency [%] 3. Glucosinolate content of 882
L Fa-plants (from Racker, 1993)

15 1

10 4

1 28 4 §F-B 76 0,90 W 2
Glucosinolate classes

ters vary throughout a continuous range from one extreme to the other. Consequently,
such characters are referred to as quantitative characters, as opposed to the qualitative
or “Mendelizing“ characters which Mendel worked with. In this case it is likely that
only a small number of genes are involved in the inheritance of glucosinolate content,
because it was possible to select genotypes with very low glucosinolate content within
a few generations of breeding work.

Example 4

For the analysis of quantitative variation, a large number of methods have been
proposed which are described in textbooks on quantitative genetics (e.g. Bos,
Caligari, 1996; Comstock, 1995; Falconer, 1989, Kearsey, Pooni,
1996; Wricke, Weber, 1986). They all have in common that they are based on
means and variances. Instead of analysing single genes, the combined effect of all
genes involved in the expression of a certain character is studied. As example we will
use a procedure to estimate the number of genes involved in the difference between
two genotypes for a certain character. Table I gives the generation means and
variances for glucosinolate content in a cross between two lines largely differing in
glucosinolate content. The number of contributing genes is most commonly estimated
by the Castle-Wright-Index (for a brief review see Mayo, 1987). The number of
genes k is a function of the difference between the two parents and the additive
genetic variance. From Table I we can calculate k as (Pl—P2)zl4VDH-um =4.3. This
result is an indication that in this cross only four genes are involved in the inheritance
of glucosinolate content. However, this might be an underestimation, because the
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L. Inheritance of glucosinolate content [pumol/g] in various generations of a rapeseed cross (from
Uzunova et al., 1995)

Generation Mean Variance®
P1 (’Mansholt’) 62.3 122.10
P2 (’Samurai’) 11.2 6.86
F1 51.5 70.89
DH-lines® 35.1 150.55

2doubled haploid lines from microspore culture
bPl, P2, F1: between single plants; DH-lines: between line means

estimation procedure is based on many assumptions which are not completely realis-
tic, e.g. that all genes act in the same manner and have effects of the same magnitude.

Conclusions

Classical genetics founded by Gregor Mendel is of outstanding importance to
understand the laws of inheritance. For practical plant breeding, however, the analysis
of single genes is of limited value. The vast majority of characters plant breeders work
with, is under the control of many genes. Therefore it is quantitative genetics which
might be most helpful to optimize selection procedures in plant breeding. Sometimes
Mendelian genetics and quantitative genetics are considered as two different types of
genetics. This was perhaps most clearly stated by Jinks and Pooni (1986) when
they reviewed their work on biometrical genetics: “Mendelian genetics has provided
the plant breeder with the methodology for manipulating major genetically controlled
discontinuous differences. Biometrical geneticists of the Birmingham school have
developed the equivalent methodology for manipulating the heritable portion of
continuously varying differences.“ However, Jinks and Pooni overemphasize both the
differences between Mendelian genetics and biometrical genetics and the general
impact of genetics on practical plant breeding. Biometrical genetics is mainly a
further development of classical genetics and is based on the fundamental work of
Mendel and his successors; and plant breeding is mainly an empirical science: plant
breeders made crosses and developed new cultivars long before Mendel, and today
most plant breeders have very limited knowledge on biometrical genetics and are
nevertheless successful.

MARKERS

In recent years, several different types of molecular markers have been developed
like RFLP, RAPD, AFLP and microsatellites. They all are based on differences in the
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DNA sequence between two genotypes without knowledge of the biological signifi-
cance of these differences. Molecular markers are very valuable tools for several
purposes:

— Identification and protection of cultivars

— Identification of single genes (e.g. for resistance)

— Marker assisted accelerated backcrossing

— Prediction of heterosis from the genetic distance for markers

— Identification of ,,Quantitative Trait Loci“ (QTL)

In the following we will concentrate on the last mentioned application, the identi-
fication of QTL, which are genes influencing agronomically important traits. The
identification of QTL by help of molecular markers is in principal rather simple. A
segregating population of plants or lines is established, and each plant or line is
analysed for both its phenotype in agronomic traits and its molecular marker pattern.
For each marker, plants are grouped into two sub-populations differing in this
respective marker and the phenotype of the two sub-populations is compared. In most
cases the two populations differing in marker pattern will not differ significantly in
their average phenotype. In some cases however, the populations differing in a
specific marker also differ in their agronomic performance. Then it can be concluded
that this marker is identical or linked to a gene with significant influence on the
expression of the trait under investigation.

Example 1

Fig. 4 gives an example for detecting QTL for linolenic acid in rapeseed. Two
rapeseed lines largely differing in their content of linolenic acid were crossed and a

e Number of plants

] with RAPD K01-1100
— w8 without RAPD K01-1100

4. Histogram of

linolenic acid content

of two different

genotype classes

.— revealed with RAPD

marker K01-1100

2 3 4 5 8 7 8 9 10 (from Hu et al., 1995)

Linolenic acid [%]
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F2 population containing 132 plants was analysed for RAPD markers and linolenic
acid content. Because of the dominant inheritance for RAPD markers, the F2 popula-
tions showed 3 : 1 segregation for marker present : absent. Plants showing the RAPD
band K01-1100 had a significantly higher linolenic acid content than plants without
this RAPD band. Hence it can be concluded that the RAPD marker K01-1100 is
linked to a gene for high linolenic acid.

Example 2

Molecular markers can be localized on chromosome maps in the same way like
phenotypic mutants. Fig. 5 shows an RFLP linkage map for rapeseed developed by
W. Ecke, M. Uzunova and coworkers in Goéttingen (Uzunova et al. 1995; Ecke et
al., 1995). On this map genes for erucic acid content, oil content, glucosinolate
content, and several other agronomic traits are localized. The two genes for erucic
acid mapped are the two genes well known from classical genetics (Fig. 2). When
mapping genes for high oil content, it was very interesting that two of the three
identified genes are located very close to the genes for erucic acid. Probably this
coincidence is not just by chance. Erucic acid has a molecular mass that is about 20%
higher than that of oleic acid. So if the number of molecules is unaffected, high erucic
acid genotypes are expected to be higher in oil content. In rapeseed breeding it has
been observed that the first cultivars free of erucic acid had a reduced oil content. The
gene mapping makes it very likely that this is a direct effect of the genes for erucic

acid on the oil content.
E 3
?;

121418{41392
16 6 8 7 1H

5. RFLP linkage map with position of genes for erucic acid and QTL for oil and glucosinolate
content (combined from Uzunova et al,, 1995; Ecke et al., 1995)

17 11 19
RFLP-Marker
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Example 3

In Fig. S also four QTLs for glucosinolate content are localized. The position of
their genes and their contribution to the expression of this trait is given in Table II.

II. Mapping position and additive effect of genes for glucosinolate content (from Uzunova et al,,
1995)

Linkage group — position Additive effect [pmol/g]
2 - RP1201.H1 3.4
9 - RP1100.E1 43
16 - WG3F7.H1 7.8
18 — RPI1249.H1 3.5

All alleles for high glucosinolate content are from the parent *Mansholter’ and their
contribution to the expression of glucosinolate content is of about the same magnitu-
de. This situation is the optimal case for the method to estimate the *minimum number
of genes’ by methods of quantitative genetics. Hence in this case both quantitative
genetics (Table I) and molecular marker analysis (Table II) come to the same result:
four genes are involved in the difference between the two parents in glucosinolate
content.

Conclusions

Molecular markers are simply inherited and follow Mendelian segregation. In QTL
analysis, marker techniques enable the detection of genes with small effects. There-
fore, molecular markers are an interface of qualitative and quantitative characters and
in this field Mendelian genetics meets quantitative genetics. A much deeper insight
into the genetic fundamentals of quantitative variation is to be expected in the future
by help of marker techniques.

CONSTRUCTS

The ultimate prerequisite for plant breeding is the existence of genetic variation.
Agriculture and selection based on naturally occurring variation started some 9 000
years ago, artificial crosses as breeding method were introduced some 200 years ago,
and the first artificial gene transfer was made not earlier than in 1983. This dramati-
cally increasing pace of scientific progress frightens many people and today the
application of gene technology in agriculture is not yet accepted by the majority of
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1995, modified)
Crop Trait Institution Countries
Rapeseed Hybrid system PGS EC, Canada
Herbicide tolerance (Basta) AgrEvo Canada
Herbicide tolerance (Roundup) Monsanto Canada
Oil quality (Lauric acid) Calgene UsA
Maize Insect resistance Ciba-Geigy gfl’lgs‘;\’
Insect resistance Northr. King USA
Insect resistance Monsanto USA
Hybrid system PGS USA
Herbicide tolerance (Basta) AgrEvo UsaAa
Potato Insect resistance (Bt) Monsanto USA
Linseed Herbicide tolerance (Sulfonylurea) | Univ. Sask. Canada
Tobacco Herbicide tolerance (Bromoxynil) SEITA EC
Soybean Herbicide tolerance (Roundup) Monsanto EC, USA
Cotton Herbicide tolerance (Bromoxynil) Calgene USA
Herbicide tolerance (Round up) Monsanto USA
Herbicide tolerance (Sulfonylurea) | Du Pont USA
Insect resistance (Bt) Monsanto USA
Tomato Fruit ripening altered Calgene USA
Fruit ripening altered DNAP USA
Fruit ripening altered Zeneca USA
Fruit ripening altered Agritope USA
Fruit ripening altered Monsanto USA
Squash Virus resistance Asgrow UsaAa
Chicory Hybrid system Beijo-Zaden EC

the population. However, it should be emphasized that there is a broad range of
applications for gene technology. Some of them are not very different from traditional
breeding, whereas others go across species borders when genes from bacteria or
animals are transferred to plants, a possibility which Mendel has not even dreamt of
- and as a devout Christian perhaps had considered to be unethical.
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Today a molecular gene transfer is principally possible between all biological
species. However, a successful gene transfer requires that the gene to be transferred
is incorporated into a more complex ’construct’. A construct contains at least the gene
of interest and a promotor regulating the gene expression, and in most cases also a
selectable marker like antibiotic resistance. The promotor may be either always active
(’constitutive’) or only active during certain developmental stages or in a specific
tissue of the plant.

Gene technology is used for a wide range of genetic modifications in plants. Table
III gives an overview over transgenic plants that are already grown on a large scale
or are expected to be so in the near future. It is obvious that gene technology is still
concentrating on only a few crops and mainly on characters like herbicide tolerance
or insect resistance. However, in an experimental stage, many other species and other
traits are under investigation.

Example

One of the most exciting examples for the potential of gene technology is the
modification of fatty acid synthesis. Fig. 6 gives a schematic outline of the biosynthe-
sis of storage lipids, for details see Topfer et al. (1995). Plant oils are chemically
glycerol esters of fatty acids. Fatty acid biosynthesis occurs in the plastids, the most
important enzymes involved are acetyl-CoA carboxylase (ACC), fatty acid synthase

() (&) (=)

Fatty acid biosynthesis

6. Schematic outline of the storage
lipid synthesis in plants
(for explanation see the text)
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(FAS), and acyl-ACP-thioesterase (TE). Products of fatty acid synthesis are exported
into the cytoplasm. In the endoplasmic reticulum, triacylglycerols are formed by
stepwise acylation of glycerol-3-phosphate. There are three acyltransferases involved
in this pathway, glycerol-3-phosphate acyltransferase (G3P-AT), lysophosphatidic
acid acyltransferase (LPA-AT), and diacylglycerol acyltransferase (DAG-AT). The
LPA-AT ofrapeseed is discriminating erucic acid, therefore erucic acid is found only
in the first and third position, but never in the second position of the triacylglycerol.
The maximal achievable erucic acid content in rapeseed oil is therefore theoretically
66.6%. There are plants like Limnanthes, where seeds accumulate trierucin with
erucic acid in all three positions of the glycerol molecule. The LPA-AT gene of the
meadowfoam Limnanthes douglasii has been isolated (Hanke et al., 1995). Trans-
formed rapeseed plants showed trierucin synthesis, but not an increased erucic acid
content (E. Schaffert and C. Méllers — personal communication). Trierucin synthesis
is an essential requirement for a very high erucic acid content, but obviously also the
amount of erucic acid molecules in the acyl pool has to be increased to reach much
higher levels of erucic acid than in present rapeseed cultivars.

rmy [ — Normal
\%) — erucic acid

iy — Erucic acid

SN
XX\ = = | free
9

b
[~ [ High. '
— 0SS |erucicacid

> = // IErucic acid
eic acid
/7 {1‘— /<<// |:|O' 7.' Schematic presentation .of the
L t’/ EOthers triacylglycerol molecules in three
different types of rapeseed oil
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Conclusion

Gene technology substantially widens the possibility of traditional plant breeding.
Fig. 7 shows the chemical structure of three different types of rapeseed oil. In natural
rapeseed, erucic acid is the main fatty acid, but it can only be found in positions 1 and
3 of the triacylglycerol. By conventional breeding it was possible to select erucic acid
free mutants with oleic acid as main fatty acid. Very high erucic acid cultivars are
possible in the future, if trierucin synthesis will be enabled by gene transfer. Table IV
summarizes the possibilities for modified oil quality in rapeseed. Some of them can
be achieved by traditional breeding methods, whereas other require the use of gene
technology. Gene technology will change oil and starch quality, will make plants
tolerant for herbicides and in some cases also resistant to insects and diseases.
However, most agronomic traits are inherited by many genes and it will be a very long
way to characterize all of them by molecular methods. Therefore I expect the largest

IV. Varieties of oilseed rape with different chemical compositions (from Carruthers, 1995)

Non-transgenic varieties Transgenic varieties
. Zero erucic acid Lauric acid (30-40%)
Available now
High erucic acid (40-60%) Stearic acid (30—-40%)
Very high oleic acid (85%) Very high erucic acid (60—-80%)
e id Ricinoleic aci
Anicipsted Palmitic acid (10-20%) cinoleic acid
in 5-15 years Very low a-linolenic acid (< 3%) Petroselineic acid
Gamma linolenic acid
Epoxy fatty acids

impact of biotechnology in the next ten years by marker techniques. This very
powerful tool to dissect quantitative variation into the contribution of single genes
will be more and more widely used and will enable plant breeders to make a more
directed use of the rules of inheritance detected by Gregor Mendel.

References

BOS, I., CALIGARLI, P. (1966): Selection Methods in Plant Breeding. London, Chap-
man & Hall.

BOSEMARK, N. O. (1995): Genteknik — ett kraftfullt redskap i véxtforadlingen.
Sveriges Utséddesforenings Tidskrift, 105: 134-139.

72



Genet. a Slecht., 33, 1997 (1): 61-74

COMSTOCK, R. E. (1995): Quantitative Genetics with Special Reference to Plant and
Animal Breeding. Ames, Iowa, USA, Iowa State Univ. Press.

CARRUTHERS, S. P. (1995): Potential developments and market-size limitations for
new oilseed-rape opportunities. In: Proc. 9th Int. Rapeseed Congr. 4-9 July 1995,
Cambridge, UK. : 1327-1331.

ECKE, W., UZUNOVA, M., WEIBLEDER, K. (1995): Mapping the genome of
rapeseed (Brassica napus L.). I1. Localization of genes controlling erucic acid synthe-
sis and seed oil content. Theor. Appl. Genet., 91: 972-977.

FALCONER, D. S. (1989): Introduction to Quantitative Genetics. 3rd edition. Harlow,
Longman.

HANKE, C., PETEREK, G., WOLTER, F. P., FRENTZEN, M. (1995): cDNA clones
from Limnanthes douglasii encoding an eurocyl-CoA specific 1-acylglycerol-3-phos-
phate acyltransferase. In: KADER, J.-C., MAZLIAK, P. (Eds): Plant Lipid Metabo-
lism. Dordrecht, The Netherlands, Kluwer Academic: 531-533.

HU, J., QUIROS, C., ARUS, P., STRUSS, D., ROBBELEN, G. (1995): Mapping of a
gene determining linolenic acid concentration in rapesse with DNA-based markers.
Theor. Appl. Genet., 90: 258-262.

JINKS, J. L., POONI, H. S. (1986): Description and illustration of the practical
application of biometrical genetics to plant breeding. In: Proc. Sixth Meet. EU-
CARPIA Sect. Biometrics in Plant Breeding. Bitmingham, U.K. July 28th—August 1st:
1-20.

JONSSON, N. R. (1975): Breeding for low erucic acic content in winter turnip rape
(Brassica campestris L. var. biennis L.). Z. Pflanzenziichtg., 73: 259-268.
KEARSEY, M. J. - POONI, H. S. (1996): The Genetical Analysis of Quantitative
Traits. London, Chapman & Hall.

LUHS, FRIEDT, W. (1995): Breeding of high-erucic acid rapeseed by means of
Brassica napus resynthesis. In: Proc. 9th Int. Rapeseed Congr., Cambridge, UK.,
4-9 July: 449-451.

MAYO, O. (1987): The Theory of Plant Breeding. 2nd ed. Oxford, Clarendon Press.
RUCKER, B. (1993): Genetische Analyse von Qualitits- und Ertragsmerkmalend bei
Winterraps (Brassica napus L.) unter besonderer Beriicksichtigung des Glucosinolat-
gehaltes der Samen. Géttingen, Cuvillier Verlag.

TOPFER, R., MARTINI, N., SCHELL, J. (1995): Modification of plant lipid synthesis.
Science, 268: 681686

UZUNOVA, M., ECKE, W., WEIBLEDER, K., ROBBELEN, G. (1995): Mapping the
genome of rapeseed (Brassica napus L.). I. Construction of an RFLP linkage map and
localization of QTLs for seed glucosinolate content. Theor. Appl. Genet., 90: 194-204.

WRICKE, G., WEBER, W. E.: Quantitative Genetics and Selection in Plant Breeding.
Berlin, de Gryyter 1986.

73



Genet. a Slecht., 33,1997 (1): 61-74

Mendel, markery a genové manipulace — Slechténi rostlin mezi tradi¢nimi
metodami a molekularnimi technikami

Nové biotechnologické metody nenahrazuji, ale podstatné roz3ifuji moZnisti tradi¢-
niho Slecht&ni rostlin. Nejsou v rozporu s klasickou mendelovskou genetikou, nybrZz
z ni vychazeji. Nadale v3ak zistavé otevienou otazkou, do jaké miry povedou nové
technologie k revoluci v tradiéni $lechtitelské metodice. Diskutuje se o vyhlidkich
a omezenich Slecht®ni rostlin, které vychézi z mendelovské genetiky, a o novych
moznostech, které otevird genova technologie. Nejvétsi pfinos v pfistich 20 letech je
moZné ofekavat od markerovacich technik. V3echny pfiklady byly vybrany ze Slech-
t&ni na zvySovani kvality u olejnatych plodin rodu Brassica.

Contact address:

Prof. Heiko C. Becker, Institut fitrr Pflanzenbau und Pflanzenziichtung, Georg
August Universitit Gottingen, Von-Siebold-Str. 8, D-37075 Géttingen, Germany
tel: +49 551 394 381, fax: +49 551 394 601, e-mail: HBECKER 1@gwdg.de
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NOVE ODRUDY — NEW VARIETIES

Je¢men ozimy Luxor

Povolen: Ceska republika 1996

Slovenska republika 1996
Slechtitelskad prava: SELGEN a. s., Praha, Ceska republika
Slechtitel a udrZovatel: SELGEN a. s., Slechtitelska stanice Luzany
Rodokmen: Okal x Lunet

Metoda Slechténi: Rok kiiZeni 1986. Od populace F, se zahajil vybér na regene-
ra¢ni schopnost a polni odolnost k listovym chorobam, poléhani a na zimovzdor-
nost. V populaci F3 byly provedeny orientani zkousky vynosu a prvni klasové
vybéry. Od Fs byl u linii testovan vynos zrna, kvalitativni parametry, zimovzdor-
nost, specifické odolnost k padli travnimu a virové zakrslosti jeémene (BYDV). Do
statnich zkousek bylo novoslechténi ptihlaseno v F7 pod oznaenim SG-L72 a sou-
¢asné bylo zaloZeno udrZovaci Slechténi.

Béhem statnich zkousek byly ve spolupraci s VURV Praha-Ruzyné provedeny po-
drobné testy mrazuvzdornosti a v zahraniéi testy na virovou mozaiku je¢mene
(BYMV). SG-L72 byl povolen pod nazvem Luxor v roce 1996 v generaci Fg.
Odolnost k chorobam: Dobréa polni odolnost k padli travnimu (Erysiphe graminis)
spojena s genem MI-Brw. Dobra je i odolnost ke rzi jeéné (Puccinia hordei) a ryn-
chosporiové skvrnitosti (Rhynchosporium secalis). Pouze primérna je odolnost
k hnédé skvrnitosti (Pyrenophora teres). Odriida neni odolna k virézam BYDV
a BYMV.

Kvalitativni ukazatele: Krmna odriida s dobrou stravitelnosti pfi primémém ob-
sahu $krobu 61-63 % a 10,5-12,5 % bilkovin.

Vynosy zrna: Vynosy zrna jsou 3pi¢kové pfi velmi dobré stabilité mezi ro¢niky
1 lokalitami. Nejlépe se uplatiiuji jeho pfednosti v intenzivnéjsich polohach bram-
borafské oblasti a v oblasti fepaiskeé.

Ostatni vlastnosti: Polopozdni typ vicefadého je¢mene se stiedné vysokym stéb-
lem, s dobrou odolnosti k vyzimovéani, regeneraéni schopnosti a odolnosti k polé-
hani. Dobfe snasi péstovani po obilninach.
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Winter barley Luxor

Registered: Czech Republic 1996
Slovac Republic 1996
Plant breeders rights: SELGEN a. s., Prague, Czech Republic
Breeder and maintainer: SELGEN a. s, Plant Breeding Station LuZany
Parentage: Okal x Lunet

Breeding method: Year of crossing 1986. Screening for regeneration ability, field
resistance to leaf diseases, lodging and winterhardiness was practised since F; gen-
eration. In F3 population the yield ability was estimated and ear selection was
started. Since F;5 pedigree lines were evaluated for grain yield, quality, winterhardi-
ness, resistance to mildew and barley yellow dwarf virus (BYDV). Line SG-L72
was tested in official trials from 1993 to 1995 (F7-Fs) and then registered as the
variety Luxor in 1996.

Disease resistance: Good powdery mildew resistance is provided by gene M1-Brw.
Moderately resistant to leaf rust of barley (Puccinia hordei) and scald (Rhyn-
chosporium secalis). Resistance to net blotch (Pyrenophora teres) is lower. It is
susceptible to virus diseases (BYDV and BYMYV).

Quality: Variety for feeding purposes with good digestibility, starch content 61-63%,
protein content 10.5-12.5%.

Grain yield: Very good, the best results in sugar beet and intensive potato growing
regions.

Other characteristics: Medium late six-row variety, with medium straw height
and good lodging resistance, good winterhardiness and regeneration ability.

Ing. Pavel Ma¥ik
SELGEN, a.s., Slechtitelska stanice Luzany, 334 54 Luzany
tel.: 00 420 19 798 24 28, fax: 00 420 19 798 24 25
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Je¢men jarni Atribut

Povolen: Ceska republika 1996

Slovenska republika 1996
Slechtitelska prava: SELGEN a.s., Praha, Ceska republika
Slechtitel a udrzovatel: SELGEN as., Slechtitelska stanice Stupice
Rodokmen: KM V 3/283 x BR 2174

Metoda $lechténi: KfiZeni bylo provedeno v roce 1984. V generaci F; nasledoval
individuélni vybér rostlin, F3 potomstva rostlin byla vyseta na parcelach 1,2 m?.
Zakladem odrudy Atribut se stalo potomstvo 13161 (z rostliny 2681-2.35) . V ge-
neracich F4 aZ F7 byly zaloZeny vynosové zkousky na 10 m? parcelach v 1-4 opa-
kovanich a na 1-10 lokalitdch. V generaci F4 provedena reselekce — individudlni
vybéry rostlin. Po¢inaje generaci F4 testovani odolnosti proti padli travnimu (Ery-
siphe graminis), 1zi je&né (Puccinia hordei) a hnédé skvrnitosti (Pyrenophora te-
res) ve fytoSkolkach s umeélou infekci, odolnost proti padli travnimu testovéana také
ve skleniku. Rovnéz od F4 testovani sladovnické jakosti. V letech 1991-1992 zara-
zen do mezistani¢nich pfedzkousek, do prvniho roku statnich zkouSek zatazen v ro-
ce 1993, po tiiletém zkousSeni povolen pod nazvem Atribut.

Odolnost proti chorobam: Odolnost proti padli travnimu (Erysiphe graminis) je
vynikajici, rasové nespecifickd, dana genem mlo. Rezistence proti listovym skvrni-
tostem (Pyrenophora teres, Rhynchosporium secalis) je stfedni, proti rzi je¢né
(Puccinia hordei) niZsi. Atribut se vyznacuje velmi dobrou odolnosti proti viru Zlu-
té zakrslosti je¢mene (BYDV).

Sladovnicka jakost: Slad vyrobeny ze zrna odridy Atribut se vyznacuje pfizni-
vym obsahem extraktu, vynikajici aktivitou proteolytickych, amylolytickych a cy-
tolytickych enzymil, normalnim stupném prokvaSeni a normalnim obsahem
beta-glukant. Vzhledem k dosaZenym hodnotam technologickych znaku byla zata-
zena do skupiny vybérovych odriid.

Vynosy zrna: Nadprimémych vynost dosahuje Atribut v fepai'ské a bramboraiské
vyrobni oblasti, v oblasti horské a kukufiéné jsou vynosy niZsi.

Ostatni vlastnosti: Atribut je polopozdni odriida s kratkym stéblem, dobfe odno-
Zujici, sttedné odolna proti poléhani. Zrno je stfedné velké az velké s dobrou vytéz-
nosti pfedniho zrna, plucha je jemné vras¢ita, slamové Zluté barvy. Nema
specifické poZzadavky na agrotechniku.
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Spring barley Atribut

Registered: Czech Republic 1996
Slovak Republic 1996
Plant breeders rights: SELGEN a.s., Prague, Czech Republic
Breeder and maintainer: SELGEN a.s., Plant Breeding Station Stupice
Parentage: KM V 3/83 x BR 2174

Breeding method: Early yield testing. Crossing was made in the year 1984. In F;
generation individual plant selection, F3 plant progenies on 1.2 m? plots. Atribut
originates from the plant progeny 13161 of the plant 2681-2.35. Grain yield was
evaluated since F4 to F in trials with 10 m? plots in 1—4 replications and on 1-10
locations. In F4 we started reselection to selekt homogenous lines. Beginning in Fy4
generation there was tested resistance to powdery mildew (Erysiphe graminis),
brown rust (Puccinia hordei), and net blotch (Pyrenophora teres) in artificially
inoculated nurseries. Resistance to powdery mildew was evaluated also in green-
house tests. Beginning F,, the malting quality was evaluated, too. After 2 years of
further multi-location trials line SG-S 167 was tested in the official trials since
1993 to 1995 and then registered as variety Atribut in 1996.

Discase resistance: Excellent powdery mildew (Erysiphe graminis) race non-spe-
cific resistance is provided by gene mlo, brown rust (Puccinia hordei) resistance is
somewhat lower whereas resistance to net blotch (Pyrenophora teres) and scald
(Rhynchosporium secalis) is medium. Atribut has very good resistance to the bar-
ley yellow dwarf virus (BYDV).

Malting quality: Excellent, Atribut has good hot water extract, excellent activity
of proteolytic, amylolytic, and cytolytic enzymes, average final attenuation as well
as average beta-glucan content. Atribut belongs to the group of varieties with supe-
rior malting quality.

Grain yields: Atribut has very good yields in the sugar growing and potato grow-
ing regions. In the mountain and maize growing regions the yields are less satisfa-
corily.

Other characters: Atribut is medium late variety with short stem, good tillering,
and medium lodging resistance. Grain is of average to large size, with good sieving
rate, and with fine, yellow husk. It requires no special agronomical measures.

Ing. Ivan Langer, CSc., Ing. Marie Langrovad
SELGEN. a.s., Slechtitelska stanice Stupice, 250 84 Sibfina
tel.: 00 420 2 677 10 646, 00 42 2 677 10 676, fax: 00420 2 677 11 398
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PSenice ozima Samara

Povolena: Ceska republika 1995

Slechtitelska prava: SELGEN as., Praha, Ceska republika
Slechtitel a udriovatel: SELGEN a.s., Slechtitelska stanice Stupice
Rodokmen: Regina * CWW WN 156

Metoda $lechténi — rodokmenovia: Individualni vybéry rostin od F; do Fy4, v Fs
sklizefi dvouradkové mikroparcely. Vynos zrna byl hodnocen od Fg do Fg na parce-
lach 10 m? postupn& ve vice opakovanich a na vice lokalitach (zkousky stani&ni,
firemni a mezistani¢ni). Selekce na odolnost k hlavnim chorobam byla provadéna
od generace F;. Pod umélymi infekcemi padlim travnim a rzemi byla testovany
generace Fp, Fg—Fg, u Septoria nodorum F7-Fo. Sklenikové testy na odolnost
k padli travnimu ve stadiu kliénich rostlin probihaly v Fg—Fy. Podrobné&jsi testy
jakosti, mrazuvzdornosti a odolnosti k portstani zrna byly provadény od generace
Fe. UdrZovaci $lechténi bylo zahajeno v generaci Fg. Nové Slechténi SG-S258 bylo piihla-
Seno do SOZ v roce 1992 a povoleno pod nazvem Samara v roce 1995 (generace F)»).
Odolnost k chorobam: Je odolna ke rzi plevové (9), ma lep$i odolnost k brani¢nat-
ce plevové (7), odolnost k ostatnim chorobam je stfedni (hodnocena stupni 5-6),
s vyjimkou rzi travni, ke které je nachylné&;si (4). Odolnost k chorobam je hodnoce-
na stupnici 9-1, 8-9 = odolné, 3-1 = velmi nachylné.

Genetické zaloZeni odolnosti: Padli travni — Pm2 + Pm6, odolnost ke rzi plevové
je pravdépodobné zaloZena na genu YrI, odolnost ke rzi pSeni¢né je fizena dosud
nepojmenovanym genem (+), ktery je Ginny k rase 61 a 12, ale jen k né&kterym
biotyptim rasy 61SaBa (VURYV Praha-Ruzyné — P. Barto$, R. Hanu3ova).

Jakost: Krmna jakost C3. M4 vysoky obsah lepku (Go 30,1 %), ktery méa nizkou bobt-
navost (Qo 1-3 cm *). Pokusné bochniky maji maly objem (395 ¢cm 3/100 g). Tomu
odpovida i nizka hodnota sedimenta¢niho testu SDS (24,3 ml). Neni proto vhodna pro
pekafské vyuziti. Lze predpokladat podle poméru obsahu lepku a nizké sedimentadni
hodnoty dobrou jakost krmnou. Nizkou pekafskou jakost potvrzuji i jeji gluteninové
podjednotky: 6+8 a 2+12. Odolnost k portistani zrna v klase je velmi dobra.
Mrazuvzdornost: Je stfedni aZ niZ8i, hodnocena stupném 5.

Vynos zrna: Hodnoceni je zaloZeno na priméru pokustt UKZUZ v letech 1991 az
1995. Odriida Samara méla primérné vynosy v oblasti fepafské a nadprimérné
v bramboraiské a horské oblasti (107-108 % na primér odrid v pokuse).

Ostatni vlastnosti: Je polopozdni aZ pozdni odriidou se stfedni délkou stébla (90
az 95 cm) i stfedni odolnosti k poléhani. Klas je bily, hranolovitého tvaru, sttedng
husty, v horni ¢étvrting klasu ma kratké aZ sttedné dlouhé osinky. Listy jsou na
potatku meténi vzpiimené, silné ojinéné.
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Winter wheat Samara

Registered: Czech Republic 1995

Plant breeders’ rights: SELGEN, as., Prague, Czech Republic 1995
Breeder and maintainer: SELGEN, as., Plant Breeding Station Stupice
Parentage: Regina * CWW WNI156

Breeding method — pedigree: Individual plant selections since F to F4. In Fs of
plant progeny microplots were harwested. Grain yield was evaluated progressively
in more replications and on more locations with plot size 10 m? from Fs to Fo.
Screening for disease resistance was practised from F;. Generations F, Fs—Fo were
tested in special nurseries under artificial infections with mildew and rusts, from F7
also with Septoria nodorum. Screening for mildew resistance on seedlings in green-
house were done in F7—-Fg More detailed analyses for quality, frost resistance and
sprouting resistance were done in F7—Fg. More deatiled analyses for quality, frost
resistance and sprouting resistance were performed since Fg. After three years of
official trials line SG-S258 was registered as Samara in Fy5.

Disease resistance: Resistant to yellow rust (9), good resistance to Septoria no-
dorum (7), only moderately resistant to mildew and brown rust (6). It is susceptible
to stem rust (4). Disease resistance is expressed on 9-1 scale, 8-9 ratings = resis-
tant, 6-7 moderately resistant, 45 susceptible, 1-3 very susceptible.

Resistance genes: Mildew — Pm2 + Pm6, yellow rust probably YrI, resistance to
brown rust (not yet defined gene +) is effective to race 61 and 12, but only to some
biotypes of race 61SaBa (VURV Praha-Ruzyné - P. Barto$, R. HanuSova).
Quality: C3 - hight gluten content (Go 30%), with very low swelling capacity (Qo
1-3 cm?®). It is not suitable for baking purposes. Glutenin subunits are: 6+8 and
2+12. It has very good sprouting resistance.

Frost resistance: Middle to lower, evaluated with note 5.

Grain yield: Yield is expressed in relation to the mean of official trials (years
1991-1995). Variety Samara yielded medium in suggar beet area and 7-8% over
average in potato area and in higher elevations.

Other characteristics: Late variety with average straw length (90-95 cm) and
average lodging resistance. The spike is white, parallel shape, with normal density
and with short or middle scurs in the upper part. The leaves on the beginning of
heading are erect with strong glaucosity.

Ing. Alena HaniSova, Ing. Milo§ Hanis, CSc.
SELGEN, a.s., Slechtitelskd stanice Stupice, 250 84 Sib¥ina
tel.: 00 420 2 677 10 646, 00 420 2 677 10 676, fax: 00420 2 677 11 398
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