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Editorial

Dear readers,

You have just received the first issue of scientific periodical Genetika a Slechténi (founded
in 1965) with a new layout and larger standard size. These formal changes have been made
to comply with formal requirements for the layout of prestigious foreign periodicals.

The periodical Genetika a Slechténi is a unique scientific periodical in this country and it
has been warmly accepted by Czech and Slovak professional community (mainly by breeders
and research workers). It is, however, highly desirable that the journal should become an
international one. The board of editors have always tried not only to improve professional
standard of the periodical but also to enhance its reputation in the professional community
in this country as well as in foreign countries. The periodical is registered in prominent world
databases (Agrindex, Biol. Abstr., Bibl. Agri., Chem. Abstr., Field Crop Abstr., Helminthol.
Abstr., Herb. Abstr., Landwirt. Zentralbl., Plant Breed. Abstr.). It is, however, intelligible that
many authors try to publish their papers in periodicals monitored by the prestigious world
database Current Contents. For reaching this status some precautions have been made.
Substantial improvement of the quality of our periodical has been achieved in recent years,
particularly thanks to the efforts of the professional and efficient international board of
editors. Foreign members of editorial board review the presented papers and they are asked
for evaluation of scientific level of our periodical. Each paper is reviewed by both the
specialist and the member of editorial board and, thanks to Dr. Nielsen from Canada, a high
professional language standard of papers presented in English is now guaranteed. Since 1998
the periodical will also be used for publication of papers and short communications from
important international conferences held in the Czech Republic. All these precautions have
already led to increased proportion of papers written in English. The papers written in the
Czech or Slovak language are accompanied by long summaries in English. Taking into
account the structure of the board of editors (21 experts from eight countries) and the
increasing number of papers of other than Czech and Slovak origin, it is possible to consider
the periodical Genetika a §lechténi as an international one.

The above mentioned changes in the character of our journal have suggested that the
present name of this periodical is not apt any longer from various aspects. Therefore the
board of editors have decided to change the name. The new name is Czech Journal of Genetics
and Plant Breeding since this issue (1/1998), while the original name (Genetika a $lechténi)
is maintained on the first page of the cover in a less conspicuous form to preserve the
continuity of the periodical and to make the readers’ orientation easier.

I believe that you will understand these change motivated by our efforts to improve the
quality of this periodical and its availability at an international level. Making our journal
better accessible to foreign authors will undoubtedly benefit you because it will broaden the
spectrum of obtained information and increase publicity of your research work.

Ing. Vdclav Sip, CSe.

Chairman of Editorial Board of the periodical
Czech Journal of Genetics and Plant Breeding
(Genetika a §lechténi)
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VidZeni ctendri,

dostdvdte do ruky prvé Cislo jiz 34. rocniku védeckého casopisu Genetika a Slechténi v nové
upravé a ve vétsim, standardnim formdtu. K provedeni formdlnich zmén jsme pFistoupili pro-
to, aby ¢asopis i svym vzhledem odpovidal poZadavkim renomovanych zahranicnich casopisii.

Casopis Genetika a §lechténi je jedinym védeckym Casopisem tohoto druhu u nds a md
vyhranény okruh ¢tend#ii i problematiku. Z ndrodohospoddrského hlediska je to problematika
vysoce zdvaind, nebot Slechténi odrid je bezesporu ekonomicky i ekologicky nejvyhodnéjsi
cestou k zvySovdni produkce a dosaZeni potFebné jakosti produktii. Stdlou snahou redakcni
rady je nejen zvySovat védeckou viroveri casopisu, ale i jeho renomé mezi odbornou a védeckou
veFejnosti u nds i v zahranici. Casopis je evidovdn ve vyznamnych svétovych databdzich
(Agrindex, Biol. Abstr., Bibl. Agri., Chem. Abstr., Field Crop Abstr., Helminthol. Abstr., Herb.
Abstr., Landwirt. Zentralbl., Plant Breed. Abstr.). Je v§ak pochopitelné, Ze mnozi autofi se
snaZi uplatnit své prispévky v Casopisech sledovanych prioritni svétovou databdzi Current
Contents. Proto byla pFijata Fada opatreni smérujicich k zaclenéni casopisu Genetika a slech-
téni do této svétové databdze. V poslednich letech se podafil vyrazny posun v kvalité casopisu,
na némZ md zdsluhy pfredevsim odborné i pracovné kvalitni mezindrodni redakcni rada. Za-
hraniéni ¢lenové redakéni rady jsou vyuZivdni k lektorovdni pFispévkii a byli vyzvdni k posou-
zeni védecké uirovné a prinosu casopisu. KaZdy prispévek posuzuje vedle lektora (uZsiho
specialisty) jesté clen redakcni rady a zajisténa je rovnéZ jazykovd uprava anglictiny Dr.
Nielsenem z Kanady. Casopis bude od roku 1998 vyuZivdn i k publikovdni védeckych ldnkil
Ci strucnych sdéleni z vyznamnych evropskych a svétovych védeckych konferenci. VSechna
zminénd opatreni se jiZ odrazila ve zvySeni podilu prispévki v anglickém jazyce, coZ je
predpoklad pro ziskdni statutu impaktovaného casopisu. Jsme si plné védomi toho, Ze casopis
Genetika a Slechténi takto uspéje jen jako casopis mezindrodniho vyznamu, p¥i upFednostrio-
vdni kvalitnich védeckych prispévkii v jazyce anglickém. Jejich ndroéné posouzeni garantuje
soucasné slozeni redakcni rady (21 odbornikii z 8 zemi).

Uvedené zmény charakteru naseho ¢asopisu zpusobily, Ze soucasny ndzev Casopisu prestal
vyhovovat. Proto se redakcni rada rozhodla ndzev casopisu zménit. Od tohoto cisla (1/1998)
Je ndzev &asopisu Czech Journal of Genetics and Plant Breeding s tim, Ze piivodni ndzev
Casopisu zistane pro lepsi orientaci Ctendrii zachovdn jako podtitul na obdlce casopisu.

Doufdme, Ze vSechny tyto zmény budou u nasi i zahranicni védecké verejnosti prijaty s po-
chopenim, nebot byly vyvoldny snahou o dal$i zvySeni kvality naSeho casopisu a jeho lepsi
mezindrodni postaveni na mezindrodni vrovni. Nové pojeti i provedené zmény zpristupriuji
nd§ ¢asopis vice neZ dosud zahraniénim autorim, coZ nejen rozSiri spektrum poskytovanych
védeckych informaci, ale nepochybné prispéje i ke zvySeni publicity prispévkii.

Ing. Vdclav Sip, CSec.

predseda redakcni rady Casopisu

Czech Journal of Genetics and Plant Breeding
(Genetika a Slechténi)
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THE mlo BASED RESISTANCE OF BARLEY TO MILDEW
AND THE RESPONSE OF MILDEW POPULATIONS
TO THE USE OF VARIETIES WITH THE mlo GENE

ODOLNOST JECMENE K PADLI PODMINENA GENEM mlo A REAKCE
POPULACE PADLI NA PESTOVANI ODRUD S GENEM mlo

E. Schwarzbach

Research Institute of Crop Production, Prague, Czech Republic

ABSTRACT: The protection against mildew of varieties, grown on most of the spring barley area in western and central
Europe, is based on the single recessive gene mlo. A summary of accumulated knowledge on genetics, fine structure and
effects of the mlo gene is presented. The mlo-gene, in spite of its adverse side effects, is used in barley breeding since the
previously used mildew resistance genes became largely ineffective due to the spread of virulent races, and because of the
common opinion that mlo provides a durable race-nonspecific resistance. However, a race from Japan and a race from an
artificial selection experiment have more than 50 times higher disease efficiency on mlo-hosts than field races from Europe,
indicating the possibility of evolution of pathogenicity on mlo-hosts and questioning the race nonspecificity of the resistance.
Since the increased disease efficiency of these races is specific for mlo while against other resistance genes it remains
unchanged, the term “partial virulence* is introduced. The so far observed duration of mlo-based resistance, 19 years after
the release of the first commercial mlo-variety, may have two main reasons: a) the parasite needs a number of quantitative
evolutionary steps to be able to reproduce well on mlo-hosts, as is supported by indications that existing partial virulence is
conditioned by several genes, and b) the very low selection advantage of races with intermediate levels of disease efficiency
on mlo-hosts. Calculations of the selection advantage and of frequency changes of races in populations indicate that even the
most mlo-virulent races known would need decades of years to spread in the population, if the proportion of mlo-barley on
the total barley growing area will not become extremely high and if mixtures of mlo and susceptible plants will not be grown
on a large scale. In 1997 a project of monitoring of partially mlo-virulent races in Europe was started. A jet spore trap,
mounted on the roof of a car, was used to collect airborne mildew samples along a route from Slovakia through the Czech
Republic and eastern Germany to Denmark. A split bulk method with repeated reinfections on a mlo host was developed to
detect the presence of partially mlo-virulent races. The obtained data indicate that partially mlo-virulent races with disease efficiency
up to ten times higher than common European races might be present in the monitored regions at frequencies of more than 0.1%.

barley; mildew resistance; mlo gene; partial virulence; monitoring of races

ABSTRAKT: Nejvétsi podil plochy jarniho je¢mene ve stfedni a zdpadni Evropé zaujimaji odridy, jejichZ odolnost k padli
je podminéna recesivnim genem mlo, o jehoZ genetice, molekuldrni struktufe a ucincich je podavan souhrn dosavadnich
poznatki. Ackoliv ma gen mlo nepfiznivé vedlejsi uéinky, je vyuZivan ve Slechténi je¢mene, nebot pfedtim vyuZivané geny
odolnosti k padli jsou v dusledku rozsifeni virulentnich ras jiz vaci soucasné populaci padli neacinné a protoZe je rozsifeno
minéni, Ze odolnost k padli na zdkladé genu mlo je trvald a rasové nespecifickd. Jsou viak znidmy dvé rasy padli, jedna
z Japonska a druhd vznikla selekénim experimentem v laboratofi, které maji na rostlindch s genem mlo vice neZ padesatina-
sobné vy33i infek&ni udinnost neZ b&Zné evropské polni rasy, coZ poukazuje na moZnost evoluce patogenicity viidi rostlinam
s genem mlo a zpochybiiuje rasovou nespecificitu této rezistence. ProtoZe zvySena infek¢ni Gcinnost téchto ras je specificka
pro mlo, zatimco reakce viidi jinym geniim rezistence ziistavd nezménéna, je zavadén termin ,,parcidlni virulence®. Dosavadni
dlouhé trvéni rezistence zaloZené na genu mlo, 19 let po uvedeni prvni odridy s genem mlo na trh, ma zfejmé dvé hlavni
pfiCiny: a) parazit potiebuje n€kolik kvantitativnich evolu¢nich kroki, neZ bude schopen dobré reprodukce na rostlinich
s genem mlo, coZ potvrzuji poznatky, Ze existujici parcialni virulence k mlo je podmin&na nékolika geny; b) velmi nizka
selek¢ni vyhoda ras parcidlné virulentnich viéi mlo. Modelové vypocty selekénich vyhod a zmén relativni Cetnosti parcidlné
virulentnich ras v populaci ukazuji, Ze i rasy s nejvy$si znamou trovni virulence vi&i mlo by potfebovaly desitky let, nez by
se roz§ifily v populaci, pokud podil odriid s genem mlo na celkové plose jeCmene nebude extrémné vysoky a smési nachyl-
nych rostlin a rostlin s m/o nebudou péstovany ve velkém rozsahu. V roce 1997 byl zapodat projekt monitorovéni parcidlné
mlo-virulentnich ras v Evropé. Na trase vedouci ze Slovenska ptes Ceskou republiku a vychodni Némecko do Dinska byly
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tryskovym lapacem spor upevnénym na stfeSe automobilu sbirdny ze vzduchu vzorky padli. K detekci ras parcidlné virulent-
nich k mlo byla vyvinuta metoda d&lenych vzorkl s opakovanou reinfekci na rostlinach s genem mio. Ziskana data umoZiiuji
odhad, Ze rasy, jejichZ parcidlni virulence je aZ desetkrit vy$3i neZ u rozdifenych ras, jsou pfitomny v monitorovanych

regionech s ¢etnosti nejméné 0,1 %.

je¢men; odolnost k padli; gen mlo; parcialni virulence; monitorovani ras

INTRODUCTION
The mlo gene and its effects

The genetics and effects of the mlo-gene have been
several times reviewed (e.g. J@rgensen, 1992).
New research results, however, may justify a brief
summary of accumulated knowledge. Resistance to
mildew, mediated by the recessive mlo-gene, has been
known since Freisleben and Lein in 1942 de-
scribed an X-ray barley mutant resistant to mildew.
Since then the gene has been induced by various mu-
tagens in different varieties independently more than
150 times (J@grgensen, 1992). Its allelism with a
spontaneous recessive mildew resistance gene of
“Nackte unbegrannte* of Ethiopian origin and absence
of close linkage with other known resistance genes was
described by Nover and Schwarzbach (1971).
Jgrgensen (1975) localised the gene on chromo-
some 4. The mlo gene causes that intracellular cell wall
appositions which form at sites of cell wall damage
caused by parasites or mechanically and commonly
called “papillae* (reviewed e.g. by Aist, Gold,
1987; Aist, Bushnell, 1991), grow larger, faster
and appear more frequently and often unnecessarily,
causing on leaves necrotic flecks of different size and
shape that mimic hypersensitivity based resistance
(Wolter et al., 1993). The severity of necrotic reac-
tions varies with genetic background. In backcrosses all
mlo-segregants show the same type and severity of ne-
crotic flecking, while in genetically wider crosses
a wide range of type and severity of flecking occurs,
from nearly zero to heavier than exhibited by the mlo-
-parent (Schwarzbach, 1975). The necrotic reac-
tions appear even without involvement of parasites and
under axenic conditions and their severity increases
with developmental stage Jgrgensen, 1972). Exag-
gerated papilla formation can be observed in mlo plants
exposed to mildew, to aphids or to mechanical injury
like carborundum powder (Skou, 1985). Under mil-
dew free conditions mlo plants have significantly lower
yield characteristics than isogenic Mlo plants, as was
demonstrated in segregating backcross populations
(Schwarzbach, 1975). The wild Mlo allele has ob-
viously a regulatory function, preventing excessive pa-
pilla formation, while mlo mutations lack the regula-
tory function Jgrgensen, 1991). Jgrgensen
and Jensen (1979) found that different mlo muta-

4

tions, though functionally allelic, are not exactly the
same and recombinations within the mlo locus occur.
Since mlo alleles of independent origin may represent
different events at a molecular level, they have been
designated by symbols mlo! through mlo26 (Jgrgen-
sen, 1994). This was recently proven by Biisch-
ges et al. (1997), who analysed the fine structure of
the Mlo gene and of 11 mlo mutations. While the nu-
cleotide sequence of the wild Mlo allele was the same
in the mother varieties, the 11 mutations represented
different changes at different positions of the 1599 bp
large gene. The data are summarised in Tab. I.

In contrast to mildew resistance genes causing hy-
persensitive host reaction, mlo does not affect the in-
fection type, but reduces the disease efficiency, i.e. the
number of sporulating pustules developed from germi-
nating conidia, about 500 times. The effect varies with
categories of epidermal cells. The infection efficiency
of avirulent mildew on subsidiary stomata cells, on
short cells in contact with stomata, and on long cells
without contact with stomata is 0.8%, 0.1% and
< 0.003%, respectively (Andersen, 1989; An-
dersen, Jgrgensen, 1992). The three cell types
cover 6%, 35% and 59% of the leaf area, respectively,
so that the average infection efficiency is approx.
0.08%. The disease efficiency is lower, since it is cal-

1. Mutational events in different mlo-mutations (after Biischges
et al., 1997, simplified)

Miitatich Changes at the level of
nucleotids amino acids

mlo-1 T 5 A Trp'® - Arg

mlo-3 2 deletions''™* frame shift aft. PheS

mlo-4 11 del®”® frame shift aft. Trp'®”

mlo-5 G'> A Met' = Ile

mlo-7 G775 A Gly?% - Asp

mlo-8 Al5G Met' - Val

mlo-9 cBoT Arg'"’ > Trp

mlo-10 6 deletions®*? 2 amino acids missing

mlo-13 ™5 A Val® - Glu

mlo-17 25T Ser’! = Phe

mlo-26 T 5 A Leu?™ — His

The numbers indicate the position of nucleotids and amino acids
according to the translational start site. The Mlo-gene is 1599 bp,
the coded protein 533 aa.
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culated on the basis of applied conidia, usually around
0.04% or less. However, the disease efficiency on mlo
plants is highly dependent also on environmental con-
ditions, e.g. relief from water stress may increase tem-
porarily the disease efficiency by two orders of magnitude
(Newton, Joung, 1996; Baker et al., 1997).
This, and possibly other factors like nitrogen supply,
may explain occasional outbreaks of mildew in fields
of mlo-varieties, not attributable to mlo-virulence
(Jgrgensen, 1992; Atzema et al., 1994). In ex-
periments, factors that affect the genetically and bio-
chemically rather complex papillae-based defence
mechanism may alter also the mlo-based mildew resis-
tance. Mutations affecting papillac may therefore re-
duce the mlo-based mildew resistance. The genes rorl
and ror2, described as “required for the functioning of
mlo-resistance” (Freialdenhoven et al., 1996)
may be such. Biochemical treatment affecting basic pa-
pillae constituents like callose, such as calcium antago-
nists (Bayles, Aist, 1987) or cell treatment with
mannose or 2-deoxy-D-glucose (Lyngkjaer et al,
1997), results in a breakdown of mlo-based resistance,
but also increases the disease level on hosts with the
susceptibility allele Mlo. In contrast, phenolic sub-
stances, which are also involved in papillae formation
and are in absence of major resistance genes partly
responsible for the penetration resistance, which per-
mits only a proportion of the landed conidia to succeed
(Carver etal, 1994), seem not to be involved in the
mlo-based resistance, since inhibitors of phenolics syn-
thesis do not affect mlo-based resistance while reducing
general penetration resistance and suppressing resis-
tance based on hypersensitivity (Zeyen et al., 1995).

The mlo gene has been widely used in breeding
when it was established, that its unfavourable pleiotropic
effects can be almost suppressed by a suitable genetic
background (Schwarzbach, 1967; Bjornstad,
Aastveit, 1990). The first mlo-variety, ATEM, was

II. Disease efficiency of GE-3 and HL-3 on hosts with different
resistance genes

GE-3 HL-3
Mlg = 20% = 20%
Mlal 0 0
Mla3 0 0
Mla6 = 20% = 20%
Mla7 0 0
Mla9 0 0
Mlal2 0 0
Mlal3 0 0
mlo’ = 0.04% = 4%
No res. gene = 20% = 20%

’ efficiency of GE-3 on mlo is reported from 0.018% (Schwarz-
bach, 1979) to 0.13% (Andersen. 1991). The efficiency of
HL-3 on mlo is mostly reported close to 2%. The given values are
from recent own experiments.
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released in 1979. Since then, the mlo gene has become
the most frequently used source of mildew resistance
in European barley breeding and several dozens of mlo
varieties are presently released in Europe. In the UK,
70% of the spring barley area in 1993 was mlo (Ne w -
ton, Young, 1996), in Germany 72% of certified
spring barley seed was mlo in 1994, but declined
slightly in the following years (Bundessortenamt,
1997). From the numerous mlo alleles known, however,
only two have been used so far in breeding. The ma-
jority of varieties is derived from the spontaneous
mlol1-allele of Ethiopian origin, like ATEM, APEX,
SALOME, GROSSO or KRONA. However, the most
spread variety, ALEXIS, is derived from the mutation
mlo9, induced in DIAMANT by Schwarzbach
(1967). The pedigrees of popular mlo varieties were
described by Jgrgensen (1992). The pedigree of
ALEXIS needs however the following correction:

DIAMANT
1 EMS treatment
Mutant SZ5139
1

x DIAMANT (backcross)
SZ 5139b (synonyms: HL 70-8, HELENA)
;j(: (Rikan /Baladi x Rika/)
1 (Proctor x W 409/250)
i TRIUMPH

ALEXIS

Virulence for mlo

The gene is still highly effective against the present
mildew population, almost 20 years after the first com-
mercial variety with mlo-based resistance came into
cultivation. Among 94 isolates from Denmark (A n-
dersen, 1991) and 45 isolates from Germany
(Atzema et al., 1994), analysed quantitatively, no
race virulent to mlo has been found, although in the
laboratory a culture (HL-3) considerably disease effi-
cient against mlo could be produced easily in a selec-
tion experiment by approx. 40 cycles of vegetative re-
production and mass selection on a mlo-host
(Schwarzbach, 1979) and although a similarly
mlo-efficient mildew race (Race 1) from Japan is
known (Lyngkjaer et al., 1995). The HL-3 culture
is on long cells, short cells and stomata cells of mlo-
-hosts over 1000 times, 75 times and 10 times, respec-
tively, more efficient than its ancestor GE-3, in average
of the whole leaf more than 50 times (Andersen,
Jorgensen, 1992). The disease efficiency of HL-3,
compared with GE-3, is specific for mlo, the interac-
tions with other resistance genes remain unaffected.
Table II summarises the disease efficiency on hosts



with different resistance genes when infected with GE-3
and HL-3 (compiled).

The specificity of the interaction justifies the term
“virulence” for the increased disease efficiency of HL-3,
as suggested by Lyngkjaer etal. (1995). Since the
disease efficiency on mlo does not reach the level of
usual compatible interactions, the term “partial viru-
lence* in analogy to “partial resistance” is suggested.

THEORETICAL CONSIDERATIONS

The spread of partially mlo virulent races

There is no doubt that large scale growing of mlo-
-varieties exerts a selection pressure for disease effi-
ciency on mlo upon the parasite population. There may
be two basic reasons why partially or fully mlo virulent
races have not been found under field conditions.

One likely reason is the mechanism of mlo-mediated
resistance itself, consisting in exaggerated forming of
papillae. In wild type plants with intact Mlo-gene, the
papillae based defense system, operating also in wheat,
oat (Carver et al., 1992) and other species (Aist,
Gold, 1991), is in absence of major gene resistance
responsible for the failure of most of viable mildew
spores to succeed, but still enough spores remain to
produce colonies. Under favourable conditions this is
about 20%, which is generally considered as compat-
ible interaction. In mlo-plants the rate of successful
infections is reduced from about 20% to 0.04%. The
mlo gene does not add a new obstacle to the infection
pathway, but quantitatively increases an already exist-
ing obstacle. Virulence for mlo is therefore a quantita-
tive trait based on more efficient parasite penetration,
resulting in a higher disease efficiency. Not surpris-
ingly, different levels of mlo-virulence are possible. In
the selection experiment, from which HL-3 originated,
very likely at least three evolutionary steps based on
mutations for increased mlo-virulence occurred, each
spreading in the population before the next step thus
allowing the mutations to combine. This is supported
by the finding that from the final population in the
experiment single spore strains with six significantly
different levels of disease efficiency could be isolated,
from which HL-3 was the most efficient (Schwarz-
bach, 1979). That at least three genes may be respon-
sible for the mlo-virulence, follows also from segrega-
tion for virulence in crosses of HL-3 with avirulent
mildew (Andersen, 1991; Atzema et al., 1996).
In the last twenty years, during which HL-3 was kept
in different laboratories and frequently reinoculated
onto mlo hosts, its mlo virulence might have evolved
even further, recent own tests with a HL-3 culture that
have been maintained at Risg National Laboratory
since 1980, indicate successful infections of about 4%
of applied conidia. Very likely, selection for mlo-viru-
lence proceeds under field conditions in similar evolu-
tionary steps, each requiring time to spread in the para-
site population before the next step.

6

Another reason is the small selection advantage of
a partially mlo-virulent race in the agricultural environ-
ment. The selection advantage can be defined as the
reproduction of the race relative to the remainder of the
population during one selection cycle. In the agricul-
tural environment the barley host generally represents
large fields of genetically nearly uniform varieties. Af-
ter primary infection from distant sources, shortly after
crop emergence, the epidemic develops autonomously
within individual fields since the amount of spores pro-
duced within the fields is by orders of magnitudes
larger than from sources outside. Therefore, at a large
scale, only one selection cycle within a season is avail-
able for the selection of races, which proceeds during
primary infection (Wolfe, Schwarzbach,
1978a). The selection advantage (a) of a partially viru-
lent race depends on how much it contributes to the
aerial spore pool available for the primary infection of
the next season, relative to its initial frequency in the
population. This can be written as

_ Pmlu St (1= Pmln) -To
Pmlu Sret ¢ _Pmlu) -7y
where:  Puilo — the mlo-growing area relative to the barley area

r, and r, — reproduction of a partially virulent and aviru-
lent race, respectively, on the resistant mlo-host

ry — reproduction of both races on the susceptible
Mlo-host (assumed to be equal)

A crude, but practical measure of reproduction is the
disease efficiency (colonies per initial spores), which is
easier to measure than the theoretically correct spore
production. The selection advantage, calculated for dif-
ferent levels of partial mlo virulence and for different
relative growing area of mlo-varieties, is given in Tab. III.

Considering only one cycle of primary infection of
the mlo-barley crop within a year, the yearly. increase
in frequency of partially virulent races should not de-
viate much from the figures in Tab. III. Under the as-
sumptions that the region is epidemiologically closed,
the races propagate vegetatively, hosts are fields of
pure varieties, selection of races occurs during primary
infection, the selection advantage is stable, no mlo-win-
ter barley is grown in the region and the fitnesses of
the partially mlo-virulent and the avirulent race on sus-
ceptible hosts with the Mlo allele are equal, a formula

I11. Selection advantage of partially mlo-virulent races

Relative Disease efficiency on mlo-host

mlo-grow. 0.05% 0.50% 1.25% I 2.5%
area

avirulent race partially virulent races

95% 1.0 1.32 1.88 2.79
90% 1.0 1.16 1.42 1.87
80% 1.0 1.07 1.19 1.29
50% 1.0 1.02 1.05 1.10
20% 1.0 1.005 1.01 1.02

Disease efficiency of all races on susceptible hosts without the mlo-
-allele considered 25%
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for the increase in frequency of the partially virulent
race can be derived similarly as by Wolfe and
Schwarzbach (1978a).

The frequencies of the avirulent and of the partially
virulent race change during one selection cycle propor-
tionally to their selection advantages a, and a,. After
n selection cycles the frequencies of the races in the
population will have changed proportionally to (a,)"
and (a,)", respectively. Given the initial frequency of
the avirulent and of the virulent race in the population
as f and (1 — fp), respectively, then the terminal relative
frequency f; of the partially virulent race in the popu-
lation will be

_ fo- @)
Jo- @) +(1-fp) - (@)

Since the selection advantage of the partially viru-
lent race is defined relative to the avirulent race, the
selection advantage of the avirulent race equals one and
also (a,)" = 1. The formula can therefore be simplified to

fi= L‘IV)’I.
"o @) +(1=fo)

The corresponding graphical representation of the
frequency increase, calculated for different levels of
partial virulence and for different relative acreage of
mlo-varieties, is given in Fig. 1.

There are, however, several restrictions to the calcu-
lations. Deviations from the assumptions may enhance
or slow down the spread of partially mlo-virulent races.
The calculations ignore a suspected, but not yet dem-
onstrated, lower fitness of partially mlo-virulent races
on susceptible non-mlo hosts or bad adaptation to the
winter environment that would slow down or prevent
the spread. Unpredictable mutational events within the
partially virulent race would lead to accumulation of
genes for more efficient infection and to higher selec-
tion advantage. Also, sexual recombination, though not
frequent Brown, Wolfe, 1990, estimated 25% as-
cospores in the autumn barley mildew population in the
UK), might enhance the evolution of the parasite. The
assumption of only one selection cycle per year is pos-

r

1.00

sibly underrating the reality. If the mlo varieties contain
susceptible impurities or if variety mixtures with mlo
components are grown, the whole growing season is
available for selection. Since barley mildew needs un-
der favourable conditions only about one week from
infection to sporulation, the selection effect might then
be considerably larger than predicted. Formally, the
formula is valid only for two competing races. If more
races compete, the selection advantages are not stable
and need to be recalculated with each cycle, since se-
lection proceeds also within the remainder of the popu-
lation, changing thus its selection advantage. In sum,
these restrictions permit only a very crude prediction.
Careful monitoring of regional and seasonal response
of the pathogen population to the selection pressure
exerted by the cultivation of mlo varieties might yield
more valuable information than mathematical model-
ling with too many unknown factors.

The low selection advantage of partially mlo-viru-
lent races in the agricultural environment explains sat-
isfactorily the so far observed duration of mlo-based
resistance. Historically, similar durability was observed
with the Mlg gene, which was effective against the
European mildew population for about fifty years from
the beginning of the century (Wolfe, Schwarz-
bach, 1978b). The breakdown of Mig resistance oc-
curred only after the selection advantage of Mlg-viru-
lent races became high due to a rapid increase in
acreage of Mig-varieties. The selection advantage of
partially mlo-virulent races may remain low if non-mlo
winter barley will be grown to a considerable extent, if
the proportion of spring barley varieties with mlo will
not become extremely high, and, especially, if mixtures
of mlo barleys with susceptible barley will not be
grown at a large scale.
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(P=0.9,i.e=2.5%)

16 21

a=1.87

P=0.9, i..=0.5% )

a=1.10
(P=0.5,i.e.=2.5%)

a=1.02
(P=0.5, i.e.=0.5%)
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selection cycles (of primary infection)
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on mlo host
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reinoculated
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reinoculated
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+
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2. Scheme of bulk tests for the presence of partial virulence. Fre-
quency can be estimated from the primary bulk size and the number
of positive subsamples

35%
(85 colonies)

MATERIAL AND METHODS
Monitoring of partial mlo virulence

In 1997, a project of monitoring the occurrence and
frequency of partial mlo virulence in Europe was
started, using a jet spore trap mounted on the roof of
a car. The trap collected spores from a volume of ap-
prox. 4.3 m? per km onto susceptible leaf segments on
0.5% agar. 15 ppm benzimidazole and 30 ppm am-
picilline was added to the medium to delay senescence
and to reduce contamination. The trapping variety was
SM4142, an extremely susceptible mutant from
DIAMANT. The mlo host was HL70-8 with the mlo9
mutation in DIAMANT background. The sampling
routes ranged from western Slovakia across the Czech
Republic and eastern Germany to Denmark. Due to
lack of funding, very simple mass screening techniques
had to be used, allowing just rough frequency esti-
mates. Mildew bulks were collected along 100 to 200
km long trajectories across regions. Previous attempts
to monitor partial mlo virulence were limited to a few
dozens of isolates (Andersen, 1991; Atzema et

Roskilde

? (17 avir. colonies)

PL

%% (416 colonies)

Leipriggl,
<>

3. Estimated frequency of partially mlo-virulent”
mildew in some parts of Europe in 1997 ('par-
tially virulent is considered mildew with at least
five times higher infection efficiency and self-
-sustainable on the mlo-host)

0.1%
(5423 col.)

pE ) a

(31 col.)
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al., 1994), so that low frequency could not be detected.
Therefore a special bulk technique was developed.
Bulks with high numbers of colonies were split into
several smaller subbulks. The colonies that developed
on the trapping leaf segments were approximately six
times directly reinoculated as bulks onto HL 70-8, to
remove the less virulent mildew strains, not self-sus-
tainable on the mlo host, from the bulks. The procedure
is schematically represented in Fig. 2.

RESULTS

Most of the bulks or subbulks declined to zero dur-
ing the subsequent reinfections on the mlo host, but
from some bulks self-sustainable isolates were derived,
indicating the presence of partially virulent mildew
among a particular number of single spore colonies
composing the original bulk. The quantitative analysis
of their virulence level and their spectra of virulence
will be described in a separate paper. No mildew iso-
late with a virulence level as high as in HL-3 was
found, but various self-sustainable isolates showed ap-
prox. up to ten times higher virulence than the wild
type. The highest frequency of such isolates, estimated
3.5%, was found near Magdeburg, whereas in the re-
gion of Leipzig 0.2% and in the Czech Republic a fre-
quency of 0.1% of such isolates was estimated. In
Schleswig-Holstein and Denmark the mildew epidemic
was extremely low and only 17 colonies were obtained
from both regions, all avirulent. In Slovakia partial
virulence was also present, but the total number of pri-
mary colonies was too small for frequency estimates.
The routes, the estimated frequencies and the numbers
of primary colonies that developed on leaf segments
exposed in the spore trap are summarised in Fig. 3.

From the total number of 5972 primary colonies
10 isolates could be derived that survived the series of
subsequent reinoculations on the mlo host and are pres-
ently under more thorough investigation. This corre-
sponds to an overall frequency of approx. 0.2% of par-
tially mlo virulent mildew. Excluding the region around
Magdeburg, where almost all spring barley is mlo, the
overall frequency in the remaining regions is approx.
0.1%. The obtained figures may underestimate the real
frequency, since the resulting mass-screened isolates
might contain several mildew strains with similar viru-
lence. Also, due to random drift during the subsequent
repeated bulk reinoculations onto the mlo host and due
to the large experimental error of quantitative virulence
tests some partially virulent strains might have been
lost or overlooked.

DISCUSSION
The obtained data indicate a selection response of

the mildew population as expected from the indicated
selection advantage of partially mlo-virulent races.

CZECH J. GENET. PLANT BREED.,, 34, 1998: 3-10

Since there is an evident trend for further increase in
acreage of mlo-varieties in Europe and since additional
evolutionary steps in already slightly partially virulent
background result in higher levels of mlo virulence, the
selection advantage of partially mlo-virulent races is
likely to increase and their frequency might therefore
rise faster in future. Hypothetically, a selection gain of
partially mlo-virulent races can be reduced or lost by
lower fitness of such races during the winter season on
susceptible winter barley, but no data are available so
far to support this speculation. Much basic
epidemiologic research and monitoring still need to be
done before safer and quantified conclusions about the
response of the pathogen to the utilisation of mlo-based
resistance can be drawn and more specific recommen-
dations to breeders and growers can be given.
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YIELD EVALUATION OF SUNFLOWER GENETIC
RESOURCES IN RELATION TO WATER SUPPLY

HODNOCENI GENETICKYCH ZDROJU SLUNECNICE V ZAVISLOSTI
NA SUCHOVZDORNOSTI

Y. Griveaul, H. Serieysl, J. Cleomenel, E. Belhassen’

Y Institut national de la recherche agronomique, Station de Génétique et d’Amélioration
des Plantes, centre de Montpellier, Mauguio, France

2 Institut national de la recherche agronomique, Station de Génétique et d’Amélioration
des Plantes, centre de Montpellier, Montpellier Cedex 1, France

ABSTRACT: Sunflower hybrids developed from two female and 35 male parental inbred lines were, together with parents,
tested for leaf area index (LAI), dry matter yield, and oil content at Montpellier and Toulouse, France, in the years 1993 to
1994, both in rainfed and irrigated field trials. The trials were aimed at the development of drought resistant genotypes. In
this, the most interesting genotypes were the two female parental lines, and the hybrids derived from Helianthus agrophyllus.
We thus succeeded to introduce some drought tolerance into sunflower germplasm from the wild species.

sunflower; drought resistance; yielding ability; stability; interspecific material

ABSTRAKT: Hybridy slune¢nice, vzniklé z kfiZeni 35 otcovskych a 2 matefskych linii, byly testoviny na index listové
plochy (LAI), vynos naZek a obsah oleje v polnich pokusech v Montpellier a Toulouse v letech 1993 aZ 1994 pod z4avlahami
a bez zévlah. Cilem vyzkumu byla identifikace genotypu tolerantnich k suchu. Nejzajimavéj$imi materidly z tohoto hlediska
byly 2 matefské linie a hybridy z Helianthus agrophyllus. Prokazala se tak moZnost pfenosu suchovzdornosti z divokych

druhi.

slune&nice; suchovzdornost; vynosovy potencidl; stabilita; interspecificky materidl

INTRODUCTION

Sunflower breeders are faced with a lack of variabil-
ity for drought tolerance in the germplasm of cultivated
Helianthus annuus (Rawson, Begg, 1980a, b).
The potential of wild relative species, mainly annual
Helianthus spp., for this breeding purpose have been
assessed. H. agrophyllus is of interest for its vigour, its
high leaf area duration and its low foliar desiccation
(Serieys, 1991). Other annual species, like H.
anomalus, H. niveus or H. debilis have high water effi-
ciency (Serieys, 1993). In this programme, the INRA
breeding team of Montpellier studied in more detail the
properties of progenies of crosses of annual species with
cultivated types for their drought tolerance.

MATERIAL AND METHODS
Material

We tested hybrids whose female parents were the
inbred lines HA89 and 887. The list of male parents

CZECH J. GENET. PLANT BREED,, 34, 1998: 11-16

from INRA Montpellier is given in Table I. They are
divided into cultivated and interspecific genotypes, po-
lymorphic gene pools and inbred lines. They were com-
pared with inbred lines from Arlesa Semillas: 13B,
1801, 1802, 1803, 1813, 2082, 2802, 2803, 2804, 2806,
2807, 3802, 852, 880 and 890. In 1994 at Montpellier,
we tested also two inbred lines from Udine, Baccara 5
and Baccara 41.

Treatments and design

Trials were performed at the INRA breeding stations
of Montpellier and Toulouse in 1993 and 1994, on both
rainfed and irrigated fields.

At Montpellier in 1993, the plants were sown on
20th April at a density of 8 pl/mz; the so-called rainfed
plots got just 20 mm irrigation after flowering, while
irrigated plots got a weekly 40 mm irrigation from bud
appearance to physiological maturity. The plants were
harvested between Ist and 13th September. In 1994, the
plants were sown on 6th April at a density of 6.7 pl/mz;
rainfed plots got no irrigation, and the irrigated plots
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. Genotypes from INRA Montpellier

Genotype code Type Origin

T+ gene pool Helianthus annuus x H. agrophyllus, selected for high foliar desiccation (Serieys, 1991)
T- gene pool H. annuus x H. agrophyllus, selected for low foliar desiccation (Serieys, 1991)

Arg-rec gene pool H. annuus x H. agrophyllus, selected for general combining ability through recurrent selection
AA\7.24 inbred line H. annuus x H. agrophyllus, from the Arg-rec gene pool

Ann-ano gene pool H. annuus x H. anomalus

PNRM 6.5.1 F4 family H. X H. lus, in vitro selected on a itol medium (Azpiroz etal., 1988)
Ann-nit gene pool H. annuus x H. niveus tephrodes

91 T602 inbred line H. annuus x H. niveus tephrodes

91 T622 inbred line H. annuus x H. niveus canescens

Deb-Deb gene pool H. debilis debilis x H. annuus

89-1471-12 F3 family H. debilis debilis x H. annuus, from the Deb-Deb gene pool

Gizzeh 91 gene pool Gizzeh and Gabbes populations

Gizzeh 53-3 gene pool maternal issue from a plant from the Gizzeh 91 gene pool

89B1 inbred line pedigree including a cross with H. praecox Runyonii

89B2 inbred line pedigree including a cross with H. niveus canescens

received twice 30 mm irrigation from bud appearance
to the 5 cm bud stage, then a weekly 40 mm to physi-
ological maturity. The plants were harvested when
fully mature between 25 September and 10th October.

At Toulouse in 1993, the plants were sown on 8th
April at a density of 6.2 pl/mz; rainfed plots received
no irrigation, while irrigated plots got one 35 mm irri-
gation at flowering. The plants were harvested on 8th
and 9th September. In 1994, the plants were sown on
27th April at the same density; the rainfed field received
27 mm irrigation at flowering, while the irrigated plots
received 40 mm irrigation at flowering and 40 mm two
weeks later. The harvest took place in September.

For each year, each treatment and each location, all
hybrids were grown with three replications according
to lattice designs.

Traits measured

We measured the leaf area index (LAI) in each plot
after the method described by Pouzet and Bugat
(1985), dry matter grain yield and oil content in percent
(measured by NMR).

RESULTS

Influence of water stress

In 1993, a severe and early water stress occurred at
Montpellier in rainfed fields, which strongly reduced
LAI (Fig. 1) and with it the grain yield (Fig. 2). Irriga-
tion at grain filling increased oil content slightly in
rainfed plots, compared to the irrigated control (Fig. 3).
In Toulouse, there was hardly any water stress and thus

12

no effect on grain yield (Fig. 2) and on oil content
(Fig. 3). In 1994, moderate and late water stress oc-
curred at Montpellier. It had a slight effect on LAI
(Fig. 1) and yield (Fig. 2), but oil content was strongly
reduced (Fig. 3). In Toulouse, water stress was severe
and affected also the yield (Fig. 2) and oil content
(Fig. 3) of the irrigated field.

Ranking of tested germplasm

The effects by year, location and treatment were
highly significant (Table II), so were genotype, geno-
type treatment and genotype location effects for yields.
For oil content, all effects were also highly significant,
except for genotype year interaction (although signifi-
cant at P < 0.05).

We present here the ranking of the tested germplasm
through their average value in combination with HA89
and 887. The cultivated line 83HR4 was used as con-
trol.

In rainfed plots (Table III), the best male parents for
yield were 83HR4, AA\7.2.4, Arg-rec, 2803 and T-.
Oil content of AA\7.2.4 and 2803 was high, but this

II. Analyses of variance in 1993 and 1994

Grain yield Oil content
Treatment *kk ]
Year K -
Location (year) ok s
Genotype x treatment Ak *
Genotype x year ok p—
Genotype x location (year) ok Fkk

*** P < 0.001; * P <0.05
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can be partly due to the male sterility of their hybrid
combinations. In contrast, oil content of hybrids with
T- was lower than those with 83HR4.

In irrigated fields (Table IV), the best male parents
for yield were AA\7.2.4., Baccara 5, 852, Gizzeh 91
and 83HR4. Line AA\7.2.4. yielded significantly more
than 83HR4. Gizzeh 91 had a low oil content. In an
average of rainfed and irrigated plots the best male
parents for yield were AA\7.2.4, 83HR4, Gizzeh 91,
Arg-rec, and 880 (Table V), although we found again
the low oil content of Gizzeh 91.

When we consider the dry/irrigated ratio (Fig. 4),
the most interesting parents were actually low yielding
germplasms. Among high yielding parents, Arg-rec
(n x 27) and 2803 (n x 11) were the most regular.

45

DISCUSSION AND CONCLUSION

At Montpellier, the trials were performed in differ-
ent fields in 1993 and 1994. In 1993, the water capacity
of soil equalled 70 mm. In 1994, it was close to 160
mm. In 1993, we just brought 20 mm water onto the
dry field to provide a relevant yield. In 1994, we got
50 mm rainfall at the beginning of flowering, this in-
duced a good yield, but was sufficient for a high oil
synthesis. In this year the trials got enough water to
provide a LAI of 2.8 which did not limit grain yield.
In Toulouse, water availability in soil was also different
between the two years. The results from rainfed and
irrigated treatments have to be considered relative to
location and year.

1. Means of LAI at Montpel-

lier

Montpellier
1933

Bimigated
W rainfed

Montpellier
1994

2. Means of yield in the four
environments
Birrigated
M rainfed
Yield Yield Yield Yield
Montpellier 1993 Montpellier 1994 Toulouse 1993 Toulouse 1994
3. Means of oil content in the 55
four environments
50
45 Birrigated
S rainfed
40 4
35 4
30
% oil % oil % oil % oil
Montpellier 1933 Montpellier 1994 Toulouse 1993 Toulouse 1994
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III. General combining abilities under rainfed conditions IV. General combining abilities under irrigated conditions

:”a:’;“ (‘{];;L") #83HR4 (?7;') #83HR4 Male parent (’;};lad) SO | onwm | PR
83HR4 253 NS 46.5 NS AA\7.24 36.7 + 51.7 +
AAV7.24 25.2 NS 49.2 + Baccara § 348 NS 46.8 NS
Arg-rec 25.1 NS 46.9 NS 852 343 NS 50.0 NS
2803 244 NS 50.8 + Gizzeh 91 339 NS 45.0 -
T- 243 NS 45.5 - 83HR4 335 NS 49.1 NS
Gizzeh 91 23.85 NS 43.9 - 3801 33.1 NS 49.1 NS
880 238 NS 48.0 + 880 32.8 NS 50.0 NS
T+ 23.6 NS 44.9 - T+ 325 NS 46.3 -
Gizzeh 53-3 233 NS 44.6 - 2802 324 NS 52.7 +
13B 232 NS 52.2 + T- 324 NS 46.3 -
2802 23.1 NS 51.7 - 1802 31.9 NS 48.0 NS
2082 23.0 NS 50.2 + Arg-rec 31.8 NS 48.5 NS
1802 23.0 * 46.9 NS Gizzeh 53-3 31.8 NS 46.0 -
890 229 NS 49.3 + 2803 31.2 NS 52.1 +
PNRM 6.5.1 228 » 42.5 - 2807 30.8 NS 48.7 NS
1803 228 NS 46.5 NS 1801 30.8 NS 49.2 NS
89B1 224 * 49.2 + 1813 30.7 NS 49.1 NS
1813 224 » 48.1 + 13B 30.3 - 53.9 +
2806 224 * 459 NS 89-1471-12 30.1 - 49.1 NS
89B2 222 » 48.4 + 2801 29.9 - 49.6 NS
3801 21.8 * 46.7 NS 2806 29.8 - 46.8 -
2801 21.7 * 49.0 + 3802 29.2 - 50.4 NS
2804 215 * 50.7 + 2804 29.1 - 529 +
2807 214 * 474 NS 1803 29.1 - 46.9 -
Baccara 5 213 5 453 NS 89B2 28.8 - 50.4 +
89-1471-12 2141 » 46.3 NS PNRM 6.5.1 28.5 - 43.1 -
852 21.0 ¥ 48.7 + 91T608 28.0 - 46.2 -
1801 19.8 * 45.8 NS 2082 27.8 - 51.5 +
Deb-Deb 19.8 * 44.0 - Baccra 41 26.5 - 489 NS
91T622 18.8 > 48.0 - 91T622 ! 265.3 - 49.0 NS
3802 18.5 > 47.8 NS 89B1 25.4 - 50.4 +
91T608 18.4 * 433 - Ann-nit 24.1 - 41.9 -
Baccara 41 184 * 46.7 NS Deb-Deb 232 - 44.5 -
Ann-nit 18.1 » 41.3 - Ann-ano 23.2 - 44.8 -
Ann-ano 17.3 o 44.0 - 890 222 - 51.5 +
Female parent : HARY FHAS) Female parent #HAS) #HAS)
< 0.05 P <0.05 P <0.05 P <0.05
887 22.7 x 46.7 * HAB9 30.4 493
HA89 21.2 47.4 887 29.4 i 47.9 ¥

* significant difference at P = 0.05; + higher than 83HR4 (P <0.05);  * significant difference at P = 0.05; + higher than 83HR4 (P < 0.05);
~ lower than 83HR4 (P < 0.05) — lower than 83HR4 (P < 0.05)
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V. Mean general combining ability

Male parent | @i | $200s | 01 | 72005
AA\7.24 30.9 NS 50.4 +
83HR4 29.4 NS 47.8 NS
.Gizzeh 91 28.8 NS 44.4 -
Arg-rec 28.4 NS 47.7 NS
880 28.3 NS 49.0 +
T- 283 NS 459
T+ 28.1 NS 415.6 -
2803 27.8 NS 51.4 +
2802 27.6 NS 52.1 -
Gizzeh 53-3 27.6 NS 453 -
Baccara 5§ 27.6 NS 46.1 NS
852 27.5 NS 49.3 +
3801 274 NS 479 NS
1802 273 ¥ 474 NS
13B 26.9 ¥ 53.1 +
1813 26.4 ¥ 48.6 NS
2807 26.2 * 48.0 NS
2806 26.0 * 46.3 -
2801 25.8 * 49.3 +
1803 25.8 * 46.7 NS
PNRM 6.5.1 25.7 * 42.8 -
89B2 25.7 * 49.4 +
89-1471-12 25.5 * 47.7 NS
2082 255 * 50.9 +
1801 25.2 * 475 NS
2804 25.2 * 51.8 +
89B1 24.2 * 49.8 +
3802 24.0 * 49.1 +
91T608 232 - 447 -
890 22.7 * 50.4 +
91T622 22.6 * 48.5 NS
Baccara 41 223 * 47.8 NS
Deb-Deb 21.5 * 443 -
Ann-nit 21.0 * 41.6 -
Ann-ano 20.3 * 44.4 -
Female parent :HA89 zHAS9
< 0.05 P < 0.05
887 26.1 NS 473 *
HA89 25.8 48.3

* significant difference at P = 0.05; + higher than 83HR4 (P < 0.05);
— lower than 83HR4 (P < 0.05)
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irrigated yield (g/ha)
4. Yielding ability and stability of studied germplasm

Codes of entries: 1: 852, 2: 880, 3: 890, 4: 1801, 5: 1802, 6: 1803,
7: 1813, 8: 2082, 9: 2801, 10: 2802, 11: 2803, 12: 2804, 13: 2806,
14: 2807, 15: 3081, 16: 3802, 17: 13B, 18: 83HR4, 19: 89-1471-12,
20: 89B1, 21: 89B2, 22: 91T608, 23: 91T608, 23: 91T608, 23:
91T622, 24: AA/7.2.4, 25: Ann-ano, 26: Ann-nit, 27: Arg-rec, 28:
Baccara 41, 29: Baccara 5, 30: Deb-Deb, 31: Gizzeh 53-3, 32: Giz-
zeh 91, 33: PNRM 6.5.1, 34: T+, 35: T-

Horizontal line witjin figure corresponds to mean of rainfed/irrigated
ratio (78.3%)

Vertical line corresponds to mean of irrigated yield (29.9 g/ha)

The most interesting germplasm for drought toler-
ance were
— on one hand two cultivated lines used as parents of

commercial hybrids, and known to give regular

yielding combinations: 83HR4 bred by INRA, and

2803 bred by Arlesa.

— on the other hand germplasm derived from Helian-
thus agrophyllus through several selection and inter-
cross cycles: Arg-rec and its progeny AA\7.2.4.
Arg-rec is particularly interesting for its yield stabi-
lity. In this case, we succeeded in introducing some
drought tolerance in sunflower from a wild species. "
Gizzeh 91 is derived from North African landraces
and H. agrophyllus, and has to be improved for oil
content. Other interspecific germplasm (from H. de-
bilis, H. anomalus, H. niveus) can produce biomass,
but they have a low ability to yield grain. Among
this material, gene pools (Ann-nit, Deb-Deb) have
to be submitted to moderate selection for producti-
vity and oil content, and inbreds like PNRM 6.5.1
(from H. anomalus) can be used as donors in crosses
with elite lines.

This study was performed in co-operation with the
University of Giessen (Germany), University of Udine
(Italy), CNRS-IBMP of Strassbourg (France) and the
private companies Rustica Prograin Génétique
(Blagnac, France) and Arlesa Semillas (Sevilla, Spain).
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VYSKYT ENDOFYTNICH HUB RODU NEOTYPHODIUM
V SEMENECH NEKTERYCH DRUHU TRAV"

THE INCIDENCE OF ENDOPHYTIC FUNGI NEOTYPHODIUM IN SEEDS
OF SOME GRASS SPECIES

B. Cagas
OSEVA PRO Co. Ltd — Grassland Research Station, Roznov-Zub¥i, Czech Republic

ABSTRACT: The incidence of endophytic fungi Neotyphodium sp. (Acremonium) in seed samples of 42 registered varieties
of annual ryegrass (Lolium multiflorum Lam. var. westerwoldicum Wittm.), Italian ryegrass (Lolium multiflorum Lam. var.
italicum /A.Br./ Volkart), hybrid ryegrass (L. multiflorum Lam. x L. perenne L.), intergeneric hybrids between Italian ryegrass
and tall fescue and between Italian ryegrass and meadow fescue, perennial ryegrass (Lolium perenne L.), meadow fescue
(Festuca pratensis Huds.) and tall fescue (Festuca arundinacea Schreb.) was investigated. The staining method of Welty and
Rennie (1985) was used. The incidence of Neotyphodium was highest in the varieties Barrage (34%) and Quickstart (42%)
of Lolium perenne, in Belimo (44%) and Otava (58%) of Festuca pratensis, and in the varieties Barocco (16%) and Safari
(25%) of tall fescue.

Neotyphodium (Acremonium); Lolium; Festuca; hybrids

ABSTRAKT: V semennych vzorcich registrovanych odrid jilku jednoletého (Lolium multiflorum ssp. westerwoldicum
Wittm.), jilku mnohokvétého (Lolium multiflorum Lam. var. italicum /A.Br./Volkart), jilku hybridniho (Lolium multiflorum
Lam. x Lolium perenne L.), mezirodovych kiiZenct jilku mnohokvétého a kostfavy rikosovité (Lolium rmultiflorum Lam. x
Festuca arundinacea Schreb.) a jilku mnohokvétého a kostravy luéni (Lolium multiflorum Lam. x Festuca pratensis Huds.),
jilku vytrvalého (Lolium perenne L.), kostfavy luéni (Festuca pratensis Huds.) a kostfavy rakosovité (Festuca arundinacea
Schreb.) byl zjistovan stupeii kontaminace endofytnimi houbami rodu Neotyphodium. Mezi 42 analyzovanymi odradami byl
zjistén vyskyt Neotyphodia u odrid jilku vytrvalého Barrage (34 %) a Quickstart (42 %), u odrid kostfavy luéni Belimo
(44 %) a Otava (58 %), u odrud kostfavy rakosovité Barocco (16 %), Safari (25 %) a Silverado (2 %). U ostatnich odrid
nebyl vyskyt této endofytni houby potvrzen.

Neotyphodium (Acremonium); jilek; kostrava; kiiZenci

UvVoD zirodovych kfiZencu jilku mnohokvétého a kostfavy ra-

kosovité, 1 odruda kfiZence jilku mnohokvétého a kos-

Endofytni houby rodu Neotyphodium (Acremonium)
Zijici v mutualistickém vztahu se svym travnim hosti-
telem, zejména hospodarsky vyznamnymi rody Lolium
a Festuca, jsou fenoménem fytopatologické picninai-
ské literatury poslednich deseti let. S ohledem na pod-
statné roz§ifeni sortimentu registrovanych odrad u
hlavnich hostiteld této houby (se zfetelem na moZny
dopad jejich vyuZiti v picninafstvi i travnikafstvi
u nés) byla provedena analyza jejich vyskytu.

MATERIAL A METODY

V Seznamu odrid zapsanych ve Statni odrudové
knize platném od roku 1996 figuruje 5 odrud jilku
mnohokvétého jednoletého, 5 odrad jilku mnohokvété-
ho italského, 1 odrida jilku hybridniho, 3 odridy me-

travy luéni, 16 odrud jilku vytrvalého, 5 odrud kostfavy
lucni a 6 odrud kostravy rakosovité. Od kazdé odrudy
ziskané z genové banky VST Zubii byla provedena ana-
lyza 100 semen a urCen procentni vyskyt této endofytni
houby. Pfitomnost hyf hub rodu Neotyphodium byla zjis-
tovana mikroskopicky po barveni semen podle osvéd&ené
metody autort Welty a Rennie (1985).

VYSLEDKY

V pomérné rozsahlém sortimentu 42 povolenych od-
rid rodi jilek a kostfava v&etn& jejich hybridi byla
zjiSténa pritomnost vliken hub rodu Neotyphodium
v semenech odrud jilku vytrvalého Barrage (34 %)
a Quickstart (42 %), kostfavy luéni Belimo (44 %)
a Otava (58 %) a kostfavy rékosovité Barocco (16 %)
a Safari (25 %) (tab. I).

*  Prace byla uskutedn&na za finan&ni podpory Grantové agentury CR v rdmci grantového projektu €. 522/96/0032.
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1. Vyskyt endofytnich vldken (Neotyphodium sp.) v sortimentu registrovanych odrid jilku mnohokvétého jednoletého (Lolium multiflorum
Lam. var. westerwoldicum Wittm.), jilku mnohokvétého italského (Lolium multiflorum Lam. var. italicum /A .Br./ Volkart), jilku hybridniho
(Lolium multiflorum Lam. x Lolium perenne L.), jilku vytrvalého (Lolium perenne L.), kostfavy lu¢ni (Festuca pratensis Huds.), kostfavy
rikosovité (Festuca arundinacea Schreb.) a mezirodovych hybndl‘l — Incidence of Neotyphodium in the Czech assortment of registered

varieties of annual ryegrass, Italian ryegrass, hybrid ryegrass, p | ryegrass, dow fescue and tall fescue and intergeneric hybrids
Druh! Odrada? Pivod? enx;‘;{?‘:‘%, Vyuziti PITS Ploidie®
| Aubade Feldsaaten Freudenberger 0 P 4n
2 Barspectra BARENBRUG Holland B.V. 0 P 4n
Jilek mnohokvéty
jednolety 3 Billiken P.H. Petersen Saatzucht 0 P 4n
4 Jivet 88 Hladké Zivotice s. . 0. 0 P 4n
5 RoZnovsky Agrogen Troubsko s. r. 0. 0 P 2n
1 Jiskra §S Hladké Zivotice s. r. 0. 0 P 2n
ek mnchokvéty 2 Lolita 8S Hladké Zivotice s. . 0. 0 P 4n
(italsky) 3 Luha 8S Hladké Zivotice s. r. 0. 0 P 4n
4 Romul Tagro Cerveny Dviir s. 1. 0. 0 P 2n
5 Tetraflorum Feldsaaten Freudenberger 0 P 4n
Jilek hybridni 1 Odra 3S Hladké Zivotice s. r. 0. 0 P 4n
i ) 1 Beéva §S Hladké Zivotice s. r. 0. 0 P
Jiek sohollet s | 2 peiina $S Hladké Zivotice s. r. 0. 0 P
3 Hykor §S Hladké Zivotice s. r. o. 0 P
iﬂ::sgl:\;h?:;ity 1 Perun §S Hladké Zivotice s. r. 0. 0 P 4n
1 Ahoj Agrogen Troubsko s. r. 0. 0 T 2n
2 Algol Oseva UNI a. s. Chocei 0 P 2n
3 Baca Agrogen Troubsko s. r. 0. 0 P 2n
4 Barball BARENBRUG Holland B.V. 0 T 2n
5 Barclay BARENBRUG Holland B.V. 0 T 2n
6 Barrage BARENBRUG Holland B.V. 34 T 2n
7 Charger TURF-SEED, Inc. 0 T 2n
Hekvytrvaly 8 Jakub Oseva UNI a. s. Choceit 0 i 2n
9 Lonar Oseva UNI a. s. Choceifi 0 P 2n
10 Metropol Slecht. stanice Lev. Liky §. p. 0 P 2n
11 Mustang §S Hladké Zivotice s. r. 0. 0 P 2n
12 Olaf Agrogen Troubsko s. r. o. 0 P 2n
13 Quickstart TURF-SEED, Inc. 42 T 2n
14 Sport Oseva UNI a. s. Choceii 0 T 2n
15 Talgo Zelder B.V. 0 T 2n
16 Tarpan SS Hladké Zivotice s. r. 0. 0 P 4n
1 Belimo Mommersteeg Intern. BV 44 P
2 Benfesta 0 P
Kostfava luéni 3 Bundy D.J. van der Have GmbH 0 P
4 Otava Oseva UNI a. s. Choceii 58 P
5 RoZnovsk4 8S Hladké Zivotice s. r. 0. 0 P
1 Barocco BARENBRUG Holland B.V. 16 T
2 Lekora Slecht. stanice Lev. Liky . p. 0 P
Kostfava rikosovitd 3 Kora §S Hladké Zivotice s. r. o. 0 P
4 Koreta Slecht. stanice Lev. Liky §. p. 0 T
5 Safari TURF-SEED, Inc. 25 T
6 Silverado TURF-SEED, Inc. 2 T

VyuZiti: P = picnindfské, T = travnikéiiské — Used for: P = fodder, T = lawn

Ispecies. zvariely. JOrigin. 4seeds with endophytes in %, Sused for PIT, r'ploidy
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DISKUSE

Pies znacnou pozornost, ktera je v posledni dob&
vénovana vztahu endofyta a hostitele, nezndme zatim
jesté viechny aspekty vzajemného souZiti houby a trav-
niho hostitele. Plati to pro travni druhy vyuZivané jak
na pici, tak do travniki.

Analyza sortimentu odrid hlavnich hostiteld hub ro-
du Neotyphodium, které jsou registrovany v Ceské re-
publice, pfinesla nékolik zji§téni:

— ,.Kontaminace* sou€asného sortimentu picnich od-
rad jilku a jejich kfiZenct s kostfavou lucni a kos-
tfavou rakosovitou je nulové, i kdyZ vyskyt endofyt-
nich hub je i u kratkodobych jilka (jilek jednolety
a jilek mnohokvéty) potvrzen (Latch et al., 1988;
Nelson, Read, 1990).

— V souboru 16 registrovanych odrid jilku vytrvalého
byla zjiSténa pfitomnost hub rodu Neotyphodium
u odrud Barrage a Quickstart, které jsou ureny pro
travnikarské vyuZiti. S ohledem na proklamované
lep$i vlastnosti endofyty kontaminovanych rostlin
1ze pfedpokladat, Ze vysoky podil rostlin s endofyty
v populaci byl dosaZen zdmérné v prib&hu Slechté-
ni, jak o tom sv&d¢&i prace jednoho z autorskych pra-
covi§t uvedenych odrid (Bouter, Klooster,
1966).

— U kostravy rakosovité 1ze obdobné predpokladat, Ze
travnikové odridy Barocco a Safari, kde mnoZstvi
semen s endofyty kolisalo od 16 do 25 %, byly in-
fikovany zdmérné (bud uméle, nebo s vyuZitim eko-
typt s vyskytem hub rodu Neotyphodium).

— Pomérné prekvapujici je dosti vysoky obsah hub ro-
du Neotyphodium u kostfavy luéni odrady Belimo,
kontaminace naSi odridy Otava je zndmou skutec-
nosti.

— Na zdkladé vyskytu hyf v semenech l1ze pomérné
piesné usoudit na vyskyt endofytt v rostliné, mikro-
skopickou metodu vSak nelze jednoznatné oznadit

za nejspolehlivéjsi (Reddick et al., 1988) a vysledky
se mohou tam, kde vyskyt hub rodu Neotyphodium
neni vysoky, mirné li§it, coZ ostatné dokazujii B u-
merl a Cerna (1980).

— U picnich odrid s vyskytem endofyti nebylo zjisto-
vano sloZeni alkaloidi produkovanych houbou rodu
Neotyphodium.

Otazka vyznamu endofytl u nés je stdle aktudlni

a bude vyZadovat cileny postup a tizkou spoluprici me-

zi vyzkumem a $lechténim, nebot zaostivat i na tomto

useku by bylo pro celé travinafstvi vaznou chybou.

LITERATURA

BOUTER, W. — KLOOSTER, G. VAN (1996): Practical en-
dophyte-work at the Barenbrug Grass Breeding Department.
In: 2nd Int. Conf. Harmful and Beneficial Microorganisms in
Grassland, Pasture and Turf, 79 (7): 55-58.

BUMERL, J. - CERNA, O. (1989): Ové&feni metodiky studia
endofytni houby Acremonium a vysledky dosazené na SS
Vétrov. In: Sbor. Ref. odbor. Skoleni ,Zdravotn& zdvadné
alkaloidy v picnich travach, jejich vztah k vyskytu endofyt-
nich hub Acremonium sp. a metody jejich stanoveni. V&t-
rov, 23. 2. 1989, 3: 24-34.

LATCH, G. C. M. — CHRISTENSEN, M. S. — HICKSON,
R. E. (1988): Endophytes of annual and hybrid ryegrasses.
N. Z. J. Agric. Res., 31: 57-63.

NELSON, C. R. - READ, V. C. (1990): Fungal endophyte
infection in italian annual ryegrass. Plant Dis., 74: 183.
REDDICK, B. B. - COLLINS, M. H. (1989): An improved
method for detection of Acremonium coenophialum in tall
fescue plant. Phytopathology, 78: 418-420.

WELTY, R. E. - RENNIE, W. J. (1985): Grasses endophyte.
Graminae, Acremonium coenophialum. ISTA Handbook on
Seed Health Testing. Working Sheet No 55.

Doslo 8. 10. 1997

Kontaktni adresa:

Ing. Bohumir Cagag§, CSc., OSEVA PRO s. r. 0., Vyzkumn4 stanice travinafskd, 756 54 Zubii, Ceskd republika,

tel.: + 420 651 65 81 95, fax: + 420 651 65 81 97

CZECH J. GENET. PLANT BREED., 34, 1998: 17-19

19



Z VEDECKEHO ZIVOTA

Ze VII. seminare Slechtiteld (Brno, 3. 2. 1998)

Seminéf se zaméfenim na témata spojend se Slech-
ténim obilnin byl uspofadan na Mendelové zemédélské
a lesnické univerzité v Brné.

Vyznam zasedéani byl zdGraznén u&asti prof. Dr. E.
Dyjorda z Univerzity v Aas (Norsko) a jeho vyzname-
nanim medaili MZLU. Prof. Dr. Ing. Jan Rod zhodnotil
pfinos zékladniho vynalezu prof. @yjorda — principu
bezezbytkového seciho stroje — i jeho dalSich vysledka
a aktivit v polni pokusnické mechanizaci. Prof. @yjord
rovnéZ promitl snimky svych prvnich prototypi pokus-
nickych secich stroju ,@yjord“. Zajimavé bylo zjisténi,
Ze jedny z prvych ,@yjordd“ byly dodany v letech 1970
a7 1972 do Ceskoslovenska — na §lechtitelské stanice Ose-
vy a do vyzkumnych tstavii. Revoluéni vynélez prof. @y-
jorda znamenal neobycejny pokrok ve Slechténi a polnim
pokusnictvi, nebot nejen zpfesnil polni pokusy, ale spolu
s vynalezem parcelniho kombajnu (Dr. H. Hege) umoZnil
né€kolikandsobny nértst rozsahu $lechtitelskych $kolek.

Hlavni pfednasku o vyzkumu a Slechténi pSenice na
odolnost k fuzariézam klasu prednesl prof. Dr. Peter
Ruckenbauer z Universitit fiir Bodenkultur ve Vidni.
Zduraznil nebezpedi fuzariéz z hlediska zdravotniho,
protoZe vys§i vyskyt znehodnocuje produkci zrna tvorbou
toxinl, zejména deoxynivalenolu (neboli vomitoxinu).
Kromé vysledku polnich pokust s uméle infikovanymi
rostlinami uvedl i kladné vysledky laboratornich testu
stupné kli¢ivosti zkouSenych odrid na médiich s obsa-
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hem deoxynivalenolu. Rozdily odolnosti k toxinim pfi
kli¢eni mély pfiznivou korelaci k polnimu hodnoceni
stupné odolnosti odrud k fuzariéze klasu. Vysledky gene-
tické analyzy byly zaloZeny na studiu monosomickych
a substitu¢nich sérii odruady Hobbit. Geny rezistence
k fuzariozam klasu byly zjistény na chromozomech
4A, 5A a 6B.

Na tuto pifednasku navazovaly informace o rozsih-
1ém vyzkumu chorob obilnin ve VURV v Praze-Ruzyni
a ZVU v Kroméfizi (Ing. Sip, Dr. Tvarizek, Ing. Mi-
nafikova).

RNDr. J. Ovesna uvedla soucasnou perspektivu
DNA markert, zejména pomoci AFLP metody (ampli-
fikovany délkovy polymorfismus DNA).

Pro Slechtitele jecmene byly zajimavé pfednasky
o Slechténi nesladovnickych je¢ment (Ing. Vaculova,
doc. Ehrenbergova) a o vitalité obilek je¢mene (prof.
Chloupek). Z prehledu soucasného stavu §lechténi hyb-
ridni pSenice (Ing. Nesvadba) vyplynulo, Ze pfes znac-
né usili nékterych velkych firem maji hybridni odrudy
pSenice pomérné malé zastoupeni (kupf. ve Francii 5 %
ploch). Dalsi §lechténi hybridnich odriud by mél usnad-
nit novy gametocid Genesis od firmy Monsanto.

Piehled historického vyvoje Slechténi pSenice v CR
uvedl doc. Ing. J. Bouma, autor svétové proslulé odru-
dy jecmene Diamant a jinych odriid je¢mene i penice,
a historii je¢mene prof. Ing. J. Lekes.

Ing. Alena Hanifovd
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HODNOCENI REZISTENCE K VIRU SVINUTKY BRAMBOR
(PLRV) U VYBRANYCH KLONU BRAMBOR

EVALUATION OF RESISTANCE TO POTATO LEAF-ROLL VIRUS
(PLRV) IN SELECTED POTATO CLONES

P. Petr

Potato Research Institute Havlickiiv Brod, Ltd, Havlickiv Brod, Czech Republic

ABSTRACT: During the years 1993-1996, there were tested tetraploid potato clones, with presupposed resistance to leaf-roll
virus, which came from hybridization in 1990 and 1991, aimed at group resistance to potato virus diseases. Both relative
resistance of given genotypes and contingent extreme intolerance were investigated. Although both types of resistance were
estimated separately, we can agree to conclusions drawn by Debréova (1985) and by Zadina (1974) concerning the
advantage of contingent combinatoin of extreme intolerance with relative resistance. Provocation tests were done by the
method of tuber grafting. Evaluation was made first visually on three tufts of each clone and then after transplanting by
ELISA test. Susceptible clones were continually excluded from the tests. As the very perspective presented clones 90.34/3
(SSSR 24/6% x 85.53/280) and 90.144/4 (KE 74 x D 274/20) — Table III. In these clones, no presence of leaf-roll virus was
found at any case. In addition, clone 90.34/3 has a number of good characteristics as resistance to PVY, PVA and PVX,
which can be used for future breeding work. Universal conclusions could not be deduced about resistance transfer offspring
from the analysis of used parental material. The results indicate that higher percentage of clones with relative resistance to
PLRYV can be expected with the use of parent 87.336 which originates from Sante x A 61/2 crossing — Table IV. After 1990s
hybridization all clones with extreme resistance were gained with the use of Dita variety.

potatoes; breeding; resistance; leaf-roll virus; extreme intolerance

ABSTRAKT: B&hem let 1993-1996 byly testovany tetraploidni klony brambor s pfedpoklddanou rezistenci vici viru svinut-
ky, které pochazeji z hybridizace let 1990 a 1991 a jsou zaméfeny na skupinovou rezistenci vi¢i virovym chorobam brambor.
Byla sledovina jak relativni rezistence danych genotypi, tak pfipadna extrémni intolerance. Provokaéni zkousky byly prova-
dény metodou rouboviani hliz. Hodnoceni bylo provadéno nejprve vizudlné na tfech trsech od kaZdého klonu a potom po
piesadbé testem ELISA. Néchylné klony byly prib&Zné vylucovany ze zkoudek. Jako velice perspektivni se projevily klony
90.34/3 (SSSR 24/6% x 85.53/280) a 90.144/4 (KE 74 x D 274/20), u nichZ nebyla ani v jednom pfipadé zjidténa pifitomnost
viru svinutky. Z analyzy pouZitého rodi¢ovského materidlu nebylo moZné vyvodit jednoznaéné zavéry o predavani rezistence
na potomstvo. Vysledky vSak indikuji, Ze vy3§i procento klonu s relativni rezistenci k PLRV lze oéekédvat po pouZiti rodice
87.336 pochazejiciho z kiiZeni Sante x A 61/2. Po hybridizaci v roce 1990 byly viechny klony s extrémni intoleranci ziskany
po poutziti rodi¢ovské odridy Dita.

brambory; $lechténi; rezistence; virus svinutky; extrémni intolerance

UvoD

dulezitéjSim pienaseCem je tedy msSice broskvonova
(Myzus persicae Sulz.). PLRV je virus perzistentni. Ve-

Virus svinutky brambor (PLRV) je vaZnym problé-
mem pfi Slechténi brambor na skupinovou rezistenci
viigi virovym chorobam.

PLRV je pfenosny msicemi a roubovanim. Msice
Myzus persicae je nejucinnéj§im vektorem viru svinut-
ky bramboru, ale i nékteré klony Macrosiphum euphor-
biae pienaseji PLRV 1G&inn& na testovaci rostliny bram-
bor (Woodford, 1992). Macrosiphum euphorbiae,
sebrané na poli z rostlin brambor infikovanych virem
svinutky bramboru (PLRV), pfenés$eji v polnich poku-
sech virus na méné rostlin nez v laboratofi chované
msice Myzus persicae (Woodford etal., 1995). Nej-
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dle brambor je hostitelskou rostlinou PLRV mochyné
(Physalis floridanae Rybd., P. angulata L.), durman
(Datura stramonium L., D. tatula L.), lilek éerny (So-
lanum nigrum L.) a n&které dalsi Rybacek, 1988).

Ve $lechténi brambor na rezistenci proti tomuto viru
byla dlouho zndma pouze relativni (polygenni) rezis-
tence. Slechténi na této bazi je velice sloZité. Efektivni
se stava jen pfi systematické praci zaméfené na akumu-
laci gend (minor geni) této rezistence (Zadina,
Jermoljev, 1976).

Ve snaze zefektivnit $lechténi brambor na rezistenci
vuci viru svinutky se hledaji zdroje jinych typt odol-
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nosti, jaké jsou k dispozici ve Slechténi na rezistenci
proti jingm druhim vird na bramborich — imunita
a precitlivélost. Rezistentni $lechténi na bazi imunity
a piecitlivélosti je méné narocné, protoZe tyto typy re-
zistence jsou podminény monogenné, dominantnimi
geny (major geny) dédénymi tetrasomicky (Zadina,
Novik, 1983).

K ziskani odolnosti brambor proti viru svinutky se
tedy vyuziva relativni rezistence a extrémni intolerance
(Lebeda et al., 1988).

Za hlavni kritérium zji$tovéani relativni rezistence
povaZujeme tzv. vytrvalostni pokusy na odolnost, které
jsou prosazeny infekénim materidlem (Debréova,
1985).

Nejrozifenéjsi je Slechténi na polygenné zaloZenou
relativni rezistenci odvozenou z riznych zdroju, napii-
klad S. demissum, S. acaule, S. andigena (Ross,
1985). Perspektivnich vysledki bylo dosaZeno i kom-
binaci S. andigena x S. stenotomum X S. pampasense
(Krasavin, 1989). Jako rezistentni zdroje jsou uva-
dény také S. brevidens, S. chacoense, S. chancayense,
S. huarochiriense, S. huancabambense, S. sparsipilum
a S. megistacrolobum. Mezi zdroje uvadéné dokonce
jako imunni vi¢i PLRV patfi S. acaule, S. abancayen-
se, S. candolleanum, S. lignicaule a S. tundalomense
(Ochoa, Schmiediche, 1987).

Extrémni intolerance ke svinutce se projevuje ne-
vzchézivosti hliz, resp. nitovitosti klicku hliz sklize-
nych z rostlin napadenych v prubéhu vegetace virem
svinutky. Tento jev oznaCujeme jako autoselekci neboli
samocisténi, a tak negativni vybéry rostlin napadenych
virem svinutky v sadbovych oblastech téméf odpadaji.
Extrémni intolerance ke svinutce je podminéna mono-
genné, dominantnim genem N/ dédénym tetrasomicky
(Ross, 1985).

Pfi $lechténi na odolnost viaci viru svinutky je dile-
Zita vzajemna hybridizace genotypu vykazujicich rela-
tivni rezistenci s genotypy vykazujicimi extrémni into-
leranci. Relativni rezistence zajiStuje nizky vyskyt
infekce, extrémni intolerance autoselekci potomstva
z infikovanych rostlin. Pfi jednostranném vyuZivani
extrémni intolerance by mohlo dochazet k velké meze-
rovitosti porostl po letech s vy§§im vyskytem svinutky
a tim i k vyraznému sniZeni vynosu z takovychto po-
rosti (Zadina, 1987).

Sifeni PLRV v odolnych rostlinich je podstatng
omezeno z téchto tii hlavnich divodu: vétsi rezistence
vudi infekci; omezeni systematického ifeni viru; rost-
liny s niZz8i koncentraci viru jsou horSimi zdroji inokula
(Barker, 1987). Pronikani viru a celkové zvy$eni re-
zistence mohou také ovliviiovat klimatické podminky
(Goliszewski, 1988). Pokusy ukazaly, Ze nej-
siln€j§i vliv na napadeni virem mi oblast (z6na infeké-
niho tlaku), rezistence odrud a vlastni postupy (Tur-
ska et al., 1992).

Cilem této prace bylo na zdkladé hodnoceni vedené-
ho sortimentu tetraploidnich klonu $lechténych na sku-
pinovou rezistenci vici viram vybrat nejlepSi materialy
s ohledem na rezistenci vici PLRV.

MATERIAL A METODY

Do hodnoceni, které probihalo ve vyzkumné stanici
VUB ve Valetové, byly zafazeny klony na tetraploidni
urovni, pochézejici z hybridizace zamérené na ziskani
kombinované rezistence k virim, u nichz alespon jeden
z rodiovskych partnerti vykazoval bud vysokou rela-
tivni rezistenci vici svinutce, nebo extrémni intoleran-
ci. Provokacni- zkousky byly provadény metodou rou-
bovini hliz.

Ke zjistovani odolnosti zkouSenych klont proti viru
svinutky bylo vyuZivano roubovani hliz: z hliz zkouse-
ného genotypu byl vyjmut véiledek a na jeho misto byl
vloZen zdroj infekce svinutky. Pfi roubovani je tfeba
dbat na to, aby délka roubu a otvoru si navzijem od-
povidaly. Aby bylo dosaZeno lep8ich vysledki, roubo-
vani se provadi pod vodou. Okraje feznych ran se vzdy
zaparafinuji. Infek¢ni roub musi byt prosty ocek, ocka
zlstavaji pouze na zkousené podnoZi daného klonu. Ja-
ko zdroj infekce byla vyuZivana odriida Jizera napade-
na svinutkou a prezkuSovana ELISA testem. Naroubo-
vané hlizy byly vysazeny na pole vzdy tfi hlizy od
kazdého zkou$eného genotypu. B&hem vegetace byla
sledovédna vzchazivost a zdravotni stav roubovancu.
V pripadé nasazeni hliz bylo provedeno jesté nasledné
hodnoceni po piesadbé testem ELISA na piitomnost
viru svinutky. Bonitace byla provadéna podle upravené
stupnice (tab. I).

Tato stupnice vychazi z hodnoceni, které provadél
v minulosti Zadina (1974), a je upravena pro potie-

I. Stupnice hodnoceni roubovanci hliz testovanych na rezistenci ke svinutce po jejich vysadbé v roce roubovéni — Evaluation scale of tuber
grafts tested for resistance to leaf-roll after their planting in the year of grafting

Bonitacni stupeii
hodnoceni (oznaceni)
Degree of evaluation scale

Charakteristika stavu rostlin roubovanci

Characterization of graft plants state

roubovanci viibec nevykli&i, nebo vytvireji
rostliny vysoké 5-10 cm s piiznaky metlovitosti

grafts do not germinate at all or they produce
5-10 cm high plants with potato witches’broom

I a antokyanizovanymi listy (projev extrémni symptoms and antocyanised leaves (expression of
intolerance) (obr. 1) extreme intolerance) (Fig. 1)
L roubovanci tvofi rostliny normalni vysky grafts produce normal high plants with symptoms
s projevem svinutky (obr. 2) of leaf-roll disease (Fig. 2)
z roubovanci vytvofi rostliny normilni vysky grafts produce normal high plants without leaf-roll
bez priznaka svinutky (obr. 3) symptoms (Fig. 3)
22 CZECH J. GENET. PLANT BREED., 34, 1998: 21-26



1. Roubovanec do 10 ¢cm vysky s priznaky metlovitosti a antokyani-
zovanymi listy — projev extrémni intolerance (bonitacni stupen IL)
— Stocking plant till 10 cm of height with symptoms of wirches-
broom and anthocyanised leaves — the expression of extreme into-
lerance (degree of evaluation scale IL)

2. Roubovanec normdlni vysky s projevem svinutky (bonitacni stu-
pei L) — Stocking plant of normal height with symptoms of PLRV
(degree of evaluation scale L)

3. Roubovanec normdlni vy3ky bez jakéhokoliv priznaku svinutky
(bonitacni stupei Z) — Stocking plant of normal height without any
symptoms of PLRV (degree of evaluation scale Z)

CZECH J. GENET. PLANT BREED., 34, 1998: 21-26

1. Pavod vychoziho materidlu pouZitého pfi kiiZeni na ziskani re-
zistence vici svinutce — Parentage of original material used at hyb-
ridization for resistance to leaf-roll virus

Progenitor! Pivod?

73.59/227 Apta x Schwalbe
85.53/280 Rema x SSSR 20
85.53/308 Rema x SSSR 20
85.56/100 SSSR 20 x Lajana
80.38/267 Galina x USA 5
80.34/357 Apta x USA 3
80.28/420 Apta x USA |
87.336/36 Sante x A 61/2
80.336/9 Sante x A 61/2
80.336/74 Sante x A 61/2
80.336/41 Sante x A 61/2
86.126/17 E 399/106 x SSSR 5
87.274/22 MR 5 x Klara
87.335/2 Barbara x Rema
86.104/51 KE 33 x SSSR |
86.102/35 SSSR 1 x KE 33
86.171/6 66.53/67 x Ausonia
85.90/3 Hertha x Gourlayi

1 b 2 =
progenitor, “pedigree

by soucasného hodnoceni rezistence k viru svinutky
s ohledem na ziskavani kombinované odolnosti k viré-
zam. Spojenim stupnu X, 5, 4 a 3 byl vytvofen boni-
ta¢ni stupefi IL. Stupeii L pak vznikl slou¢enim stupii
2 a 1. Bonitacni stupen Z zuastal beze zmény.

Primérni pfiznaky byly patrné piedev§im na mla-
dych listcich, které jsou vétSinou vzpiimenéjsi, staceji
se podle hlavni Zilky, maji svétlejsi barvu (chloréza)
a u nékterych klont od okraje cervenaji.

Sekundérni pfiznaky u vysdzenych infikovanych hliz
jsou typické. Projevuji se inhibici rustu, zkracovanim in-
ternodii, kornoutovitym stafenim hlavné spodnich listd
a chlorézou. Trs ma vétSinou metlovity vzhled. Castym
jevem na hlizach je tzv. nitkovitost klicku.

Vedle vizualniho hodnoceni se vyuZival spolehlivy
test ELISA. ZkouSené klony byly zafazeny do Ctyfleté-
ho sledovéni s tim, Ze nichylny materidl byl postupné
z testovani vylucovan. Do posledniho roku zkouSeni se
tudiZ dostaly pouze materidly vykazujici vysokou rela-
tivni rezistenci vuci svinutce, pripadné klony s extrém-
ni intoleranci.

VYSLEDKY A DISKUSE

Vychozi materidl (pochazejici predev§im ze sorti-
mentu VUB) pouzity pii hybridizaci na ziskani geno-
typa se skupinovou rezistenci viici virim véetné svinut-
Ky, u n€hoZ je znam puvod, uvadi tab. IL

Tab. III a IV ukazuji, s jakymi vysledky byly jed-
notlivé Slechtitelské klony s predpokladanou rezistenci
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III. Vysledky hodnoceni roubovanci nakfiZenych v roce 1990 — Evaluation results of grafts crossed up in 1990

1 2 1993 1994 1995 1996 Vysledné
Genotyp Pivod - = 5
bonitace? | ELISA? | bonitace |ELISA | bonitace |ELISA | bonitace |ELISA| hodnoceni

90.14/8 73.59/227 x NDR 71.696 L L L 0 nich.
90.15/7 SSSR 49(85)-3 x 85.53/280 | L, Z,Z + nich.
90.19/9 | Judica x 85.53/280 L.L.Z 0 nich.
90.19/12 L LL 0 nich.
90.24/9 85.56/100 x Dita IL,Z, IL - Z,IL,IL |nevz. |IL,Z,Z - |IL,IL,IL| nevz. | IL
90.24/10 IL, Z, IL - IL, Z, IL | nevz. IL
90.27/5 85.53/308 x KE 74 L.L IL 0 néch
90.28/8 85.53/280 x Nora L,L,L 0 néch
90.29/2 85.53/280 x Judica Lk Z 0 néch
90.34/3 SSSR 24/6% x 85.53/280 Z,2,Z & Z,2,2 - Z2,2,2 - Z,2,Z - RRL
90.45/1 80.38/267 x Judica Z,Z 1L - Z ZoZ - Z,Z,Z - Z,Z2,2 - RRL
90.50/6 80.34/357 x Lyra Z2,2,Z - Z, IL, IL - Z,Z2,2 - ZL,L + RRL
90.53/5 SSSR 105-3 x 80.28/420 | 5B A 0 nich.
90.61/7 Expova x 80.28/420 L.IL, L 0 nich
90.61/28 L L L 0 néch.
90.67/7 Utte x KE 518/24 L L,L 0 nich
90.72/2 Utte x L6 9663 L LL 0 nich
90.77/2 Sante x Dita IL, IL, IL | nevz. IL
90.78/6 Sante x Nora LyLi L 0 nach.
90.78/16 L.L.Z 0 nach.
90.88/1 Benol x Dita L, L. JL 0 néch.
90.92/4 Judica x Darwina L, L, L 0 néch.
90.97/2 Desireé x Nora L.L,L 0 nich.
90.102/4 | Nicola x Nora Z.Z.Z - Z.Z2.7 - 12,22 = | %L L + RRL
90.102/11 L L L 0 nich
90.409/1 | Nora x Desireé ) 59 PSS 0 nich
90.131/46 | Nora x D 274/20 Ll ke 0 nich
90.132/4 | Ronea x Dita Z.L 0 nich
90.132/11 IL, IL, IL | nevz. IL
90.133/1 | Dita x Judica 951 95 0 nich,
90.137/7 | Katja x KE 74 L, Z L. 0 nich.
90.140/9 | Borka x KE 74 Z.. 2. % - Z,L2 - Z,2,2 - 2,22 - RRL
90.142/5 | Judica x Dita L.IL,L 0 nich.
90.144/4 | KE 74 x D 274/20 Z,2,Z2 - Z,2,2 - Z,Z2,Z - Z,7Z2,2Z - RRL
90.160/2 | Judica x Dita % Lo E 0 nach.
90.160/14 L:L L 0 nach.
90.161/2 | Judica x Nora L L Z 0 nich.
90.164/6 | Desireé¢ x Dita L, L, IL 0 nich
90.166/11 | Olga x Dita ZLL 0 nich
90.171/2 | Dita x Sira ZLL 0 néch.
90.175/4 | Lada x Judica LLZ 0 néch.
90.175/8 Ly LyL 0 néch.
90.177/1 | Asva x Judica Z L L 0 nach.

Vysvétlivky k tab. III a IV — Explanation for Tables III and IV:
L= deno svinutkou — infected with leaf-roll virus 0=

hod 1 q

) — not

IL = extrémni intolerance — extreme intolerance nevz. = nevze$el — not emerged
Z = nenapadeno svinutkou — not infected with leaf-roll virus nich. = klon néchylny k PLRV - clone susceptible to PLRV
+ = pozitivni ELISA test — positive ELISA - = negativni test ELISA — negative ELISA

RRL = klon s relativni rezistenci — clone with relative resistance

'genotype, Zorigin, “evaluation, *ELISA test, *final evaluation
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IV. Vysledky hodnoceni roubovanci nakfiZenych v roce 1991 — Evaluation results of grafts crossed up in 1991

i 2 1993 1994 1995 1996 Vysledné
Genotyp Pivod . 5
bonitace® | ELISA® | b ELISA| b ELISA | bonitace [ELISA| hodnoceni

91.308/8 | Sante x 87.336/36 Lzl dL 0 nich,
91.322/1 | 86.126/17 x 87.336/36 Z 1L nevz. IL
91.322/4 L L 0 nich.
91.322/6 IL,Z - Z,Z,2Z2 - Z,2,2 - RRL
91.322/7 Z,Z - Z,2,Z2 - Z,Z - RRL
91.323/7 | 86.126/17 x 87.336/9 Z.L.L 0 nach.
91.323/11 2,2 nevz. L Z,Z (nevz. | 2,Z,Z - L/L L RRL
91.323/19 Z,Z nevz. Z,L,Z (nevz. | Z,2,2 + Z2,2,Z - RRL
91.323/22 L L 0 nich.
91.323/26 IL,L 0 nich.
91.324/2 | 87.274/22 x Lipsi IL, IL nevz. IL
91.326/3 | 87.336/74 x 87.274/22 L, L;Z 0 nich.
91.328/3 | 87.336/41 x V-2 L. L 0 nich.
91.330/1 | 87.336/41 x 87.274/22 Z,Z,2 - L Z Z + Z.2,Z - Z,Z2,2Z - RRL
91.335/11 | SSSR 24/6% x BL 1-10 L, L 0 nich.
91.335/14 L, L 0 nich.
91.335/15 L,L L 0 néch.
91.335/20 L L Z 0 nich.
91.337/2 | 87.335/2 x 86.104/51 IL, IL nevz. IL
91.339/2 | 87.336/9 x Lipsi 2,2,2 - Z,2,2 + Z,Z,Z - 2,22 - RRL
91.339/3 L L L 0 néch.
91.339/4 L, L 0 nich.
91.339/5 IL,L 0 nach.
91.339/6 Z,Z - Z,IL, IL | nevz. IL.
91.339/7 L,L 0 nach.
91.342/2 | 86.104/51 x 87.336/41 L Li’L 0 néch.
91.342/3 L,L;:Z 0 nich.
91.343/3 | 86.104/51 x 87.336/9 Z.Z = Z,Z7Z + Z.Z,Z - Z.Z.2Z + RRL
91.343/10 IL, IL nevz. IL
91.345/5 | Nora x 86.102/35 Z,Z - 227 - 2,22 - L,L, L + RRL
91.346/1 | Eroica x 86.102/35 L, L 0 nich.
91.347/6 | Lipsi x 86.102/35 L. L 0 nach.
91.347/13 L. L 0 nich.
91.354/11 | 8590 x 86.102/35 IL,'Z - Z,Z2,Z - 2,22 - Z2,2,2 - RRL
91.358/7 | Serrana x V-2 | P 0 néch.
91.377/2 | 86.171/6 x V-2 IL, IL nevz. IL
91.391/6 | SSSR 24/6Z-samoopyleni IL nevz. Z;Z.Z + Z.Z2,Z + 2.2, Z - RRL
91.436/2 | 85.90/3 x 86.104/51 Z nevz. L LL 0 nich.
91.436/3 Ly L 0 ' nich.
91.442/1 | 87.336/36 x 86.104/51 L, L 0 nich.

Vysvétlivky jsou u tab. III - For explanation see Table III

viuci viru svinutky hodnoceny. Z tabulek je ziejmé,
o jaké klony se jednalo, jaky je jejich pivod, jaké bylo
jejich vizuélni hodnoceni v jednotlivych letech (1993
az 1996) a vysledek ELISA testu po piesadbé.

Z celkového poctu 43 hodnocenych klont pochéze-
jicich z kfiZeni roku 1990 je 33 néchylnych k viru svi-
nutky, 4 klony vykazuji extrémni intoleranci a 6 klont
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relativni rezistenci. Neni bez zajimavosti, Ze vSechny
4 klony vykazujici extrémni intoleranci maji pavod
v odridé Dita. Klony s relativni rezistenci maji rizné
rodiCovské partnery, tudiZ nelze usuzovat na vhodnost
nékteré konkrétni odridy ¢&i kfiZence k tvorb&é klonu
vykazujicich relativni rezistenci (tab. III).
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Klont pochézejicich z kiiZeni roku 1991 bylo hod-
noceno celkem 40 (tab. IV). Néachylnych k viru svinut-
ky bylo 24 kloni. Extrémné intolerantnich bylo Sest
kfiZencl a relativni rezistenci vykazovalo 10 klon,
z nichZ sedm ma v rodiCovském puvodu néktery klon
pochézejici z hybrida 87.336, jehoZ piivod je Sante x
A 6172.

Ze zjisténych udaja vyplyva, Ze kiiZenci ziskani za
ticelem odolnosti viiéi PLRV v roce 1990 byli ze 77 %
néachylni, 9 % bylo extrémné intolerantnich a 14 % klo-
ni vykazovalo relativni rezistenci. KfiZenci ziskani
v roce 1991 méli proti klonim z roku 1990 relativné
vy$§i odolnost, nebot nachylnych bylo 60 %, extrémné
intolerantnich 15 % a relativni rezistenci vykazovalo
25 % zkouSenych kloni.

Poznatky ziskané pfi feeni této problematiky uka-
zuji na nevhodnost jednostranného vyuZiti extrémni in-
tolerance, pfi némz dochazi k velké mezerovitosti po-
rostd. Perspektivni bude vyuZivani kombinace extrémni
intolerance a relativni rezistence, jak uvadéji De-
bréova (1985)a Zadina (1974).

Na zakladé vysledku lze jako perspektivniho dopo-
rucit hybrida 90.34/3 (SSSR 24/6% x 85.53/280), ktery
ani v jednom piipadé béhem Ctyfletého sledovani ne-
vykazal pfitomnost viru svinutky jak pfi vizualnim
hodnoceni, tak i pfi hodnoceni testem ELISA po pie-
sadbé. Tohoto kfiZence lze doporucit do dalsi Slechti-
telské prace, jelikoz kromé vysoké rezistence vuci svi-
nutce vykazuje i dal§i kvalitni vlastnosti, jako je
odolnost vi&i PVY, PVA a vysokd odolnost vici PVX.
Z dalSich pozitivnich vlastnosti Ize jmenovat vysokou
vyrovnanost hliz, mélka ocka, vy$si tvorbu bobuli
a dobrou fertilitu, ¢ehoZ muZe Slechtitel dobfe vyuZit
pfi dalsi hybridizaci. Dany genotyp je v soucasné dobé
veden v sortimentu VUB, oddéleni genetiky a §lechtg-
ni, a pfedpoklada se jeho zarazeni do genobanky usta-
vu, ve které bude k dispozici pfipadnym zajemcim.
Hliza tohoto kiiZence ma ovélny tvar, Cervenou slupku,
témér bilou duzninu, kvete fialové a obsah Skrobu se
pohybuje okolo 15 %.

Podobné vysoké odolnosti viigi svinutce bylo dosa-
Zeno i u hybrida 90.144/4 (KE 74 x D 274/20), ale pro
$patné ostatni vlastnosti byl ze sortimentu VUB vylou-
cen.
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KRATKE SDELENI

SKODLIVOST VIRU ZLUTE ZAKRSLOSTI JECMENE
NA JECMENI OZIMEM INFIKOVANEM V RANE RUSTOVE
FAZI

BARLEY YELLOW DWARF VIRUS HARMFULNESS ON WINTER
BARLEY CROPS INFECTED AT AN EARLY GROWTH STAGE

J. Vacke, V. Sip, M. Skorpik

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

ABSTRACT: The harmfulness of barley yellow dwarf virus (BYDV) on winter barley crops was studied in 2- to 3-year
small-plot field trials. Plants of registered winter barley varieties included in the trials were infected at the tillering stage with
the PAYV strain of the virus using Rhopalosiphum padi L. aphids originating from greenhouse rearing. The results obtained
have shown that Kamil, Kromir, Kromoz, Marinka, Marna and Monako (SH 9) were the most severely affected winter barley
varieties by the virus infection. Infected plants of these varieties failed to head either completely or partially, and failed to
produce any grain yield. Infected plants of Borwina, Lunet, Luxor and Okal headed, but their grain yields were reduced by
96.4 to 99.4%; thus they were also classified, similarly as the above mentioned group of varieties, to the category of very
susceptible varieties. The grain yield of the variety Kompolti 4 which can be classified as mildly susceptible (SH 6.8) was
reduced by 61.2%. Mild resistance was recorded only with the variety Sigra (SH 5), the grain yield of which was reduced

by 46.7%.

winter barley; barley yellow dwarf virus; symptomatical response; harmfulness

UvoD

Virus Zluté zakrslosti je¢mene (barley yellow dwarf
virus — BYDV) patii mezi vyznamné §kodlivé Cinitele
na je¢meni ozimém. Vyvolava na ném silnou sympto-
matickou reakci a velké ztraty na vynosu zrna i slamy.
Touto problematikou se v zahrani¢i zabyvala fada au-
tord. Tak napi. Grafton et al. (1982) ve svych po-
kusech zaznamenali u nachylnych odrad 71,3-95,6%
pokles vynosu zrna vlivem virové infekce. Doodson
a Saunders (1970) referovali 0 31,3-95,7% a Po-
csai etal (1983) o 50% ztratich na vynosu zrna.

Vzhledem k tomu, Ze nebyla znama reakce naseho
souasného sortimentu je¢mene ozimého na infekci
BYDYV, zabyvali jsme se feSenim této otiazky v naSich
experimentech.

MATERIAL A METODY

Problematika $kodlivosti BYDV na je¢émeni ozimém
byla v letech 1994-1996 zkoumana v polnich malopar-
celkovych pokusech, do nichZ bylo zafazeno 12 povo-

lenych odrud. Pokusy se skladaly ze dvou variant —
infek¢ni a kontrolni (bez infekce), pfiCemZ kazda va-
rianta méla tfi opakovéni. Vybrané odrudy byly infiko-
vany PAV kmenem BYDV ve fazi odnoZovani pomoci
msic Rhopalosiphum padi ze sklenikovych chovi. In-
tenzita symptomatické reakce jednotlivych materidla
byla hodnocena v dob& kveteni neinfikovaného je¢mene
podle stupnice, kterou vyvinuli Schaller a Qual-
set (1980). Po sklizni byl hodnocen pocet klasii na
rostlinu, hmotnost zrna na klas, hmotnost zrna na plo-
chu a skliziovy index. Tyto hodnoty byly stanoveny
u 20 rostlin z kaZdého opakovani (celkem 60 rostlin
kazdé varianty). Z primérnych hodnot sledovanych
znakl byla vypocCtena jejich procentni redukce zpuso-
bend virem (100 — I/K.100). Podle vzorce, ktery odvo-
dili Comeau a St. Pierre (1982), byl pak sta-
noven index nachylnosti.

VYSLEDKY A DISKUSE

Vysledky pokusu ukézaly, Ze infekce BYDV v rané
ristové fazi vyvolala u pievazné vétSiny odrud jeéme-

* Price byla uskute¢n&na za finanéni podpory Grantové agentury CR v rimci projektu reg. &. 521/97/0749.
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1. Symptomaticky projev infekce BYDV u silné nichylné odrady
Borwina; vpravo zdravi rostlina -~ Symptoms of BYDV infection in
very susceptible variety Borwina; uninfected plant to the right

ne ozimého velmi silnou symptomatickou reakci.
Primérna hodnota tohoto znaku, ktery je souhrnem
barevnych a morfologickych zmén, se u testovanych
rostlin pohybovala mezi 5. a 9. stupném hodnotici
§kaly (0-9, 0 — bez symptomu). Jak vyplyva z tab. I,
nejcitlivéji na infekci BYDV reagovaly odrudy Bor-
wina (obr. 1), Kamil, Kromir, Kromoz, Lunet, Luxor,
Marinka, Marna, Monako a Okal, které byly ohodno-
ceny stupném 9. Virovd infekce u nich vyvolala 69
az 90% redukci vysky. V dobé bonitace symptomi,
tj. ve fazi kveteni kontrolnich rostlin, mély tyto od-
rudy jiz 75-90 % listové plochy zezloutlé nebo za-
schlé. U odridy Marinka nevymetala béhem dvou
pokusnych let Zadné rostlina. U ostatnich odrud této
skupiny c¢ast rostlin (nebo v nékterych pfipadech
i vSechny) vymetala, jejich klasy vSak byly vétSinou
sterilni. Mirné&;j§i symptomatickou reakci (SH 6,8) ve
vSech sledovanych parametrech méla odrida Kom-
polti (redukce vysky rostlin 45 %, Zloutnuti listové
plochy 55 %, podil vymetanych rostlin 100 %). Nej-
mirnéj§i prubéh onemocnéni (SH 5) byl zaznamenén
u odrudy Sigra (redukce vysky rostlin 26 %, Zlout-
nuti listd 20 %, metani 100 %) (obr. 2).

Z vysledki polnich pokust, které jsou uvedeny
v tab. I, vyplyvé, Ze infekce BYDV pronikavé ovlivnila
vynos testovanych odrid. Nejdestruktivnéji se projevi-
la na odridach Kamil, Kromir, Kromoz, Marinka, Mar-
na a Monako, které neposkytly Zadny vynos zrna.
U odrid Borwina, Lunet, Luxor a Okal se redukce
vynosu zrna na plochu pohybovala od 96,4 do
99,4 %. Obdobné byl u této skupiny odrid sniZen
vynos zrna na klas (87,0-90,5 %) i skliziiovy index

2. Symptomaticky projev infekce BYDV u mirné odolné odridy Si-
gra; vpravo zdrava rostlina — Symptoms of BYDV infection in mod-
erately resistant variety Sigra; uninfected plant to the right

(86,5-97,6 %). Obé uvedené skupiny je moZné tedy
oklasifikovat stupném silné nachylny. Tomuto zafaze-
ni odpovida index nachylnosti, jehoZ hodnoty se pohy-
buji od 8,68 do 9,40.

U odrady Kompolti byl vynos zrna na plochu snizen
0 61,2 %, na klas 0 67,2 %, piicemZ redukce skliziio-
vého indexu dosahla 25,8 % a redukce hmotnosti tisice
zrn 21,79 %. Tuto odridu je mozné zaradit mezi mirné
nachylné (SI — 6,54). U odrady Sigra byl vynos zrna
na plochu redukovan o 46,7 %. na klas o 29.8 %
a skliziiovy index o 13,7 %. Hmotnost tisice zrn byla
u této odridy sniZzena vlivem infekce BYDV
0 18,52 %. Odrida Sigra se z téchto hledisek jevi jako
mirné odolné (SI - 5,59).

Vysledky, které jsme pii studiu Skodlivosti BYDV
na jeCmeni ozimém obdrZeli, jsou varujici. V nasem
povoleném sortimentu je pouze jedind odruda (Sigra),
kterd se muZe povazovat za mirné odolnou. Zbyvajici
materialy, vyjma mirné nachylnou odradu Kompdlli,
jsou siln& nachylné. Casné infckce BYDV miize na
nich vyvolat az 100% ztraty na vynosu zrna. O moz-
nosti tak silného poskozeni je¢mene ozimého v pésti-
telské praxi signalizuji ndlezy Casnych, tj. podzimnich,
infekei z posledni doby. Vzhledem k tomu, Ze genetic-
kd ochrana ozimého je¢mene pied BYDV predstavuje
vysoce efektivni zakrok, je obohaceni naSeho péstova-
ného sortimentu o odolné odrady cilenym $lechténim
nanejvys Zadouci. Odolné odridy reaguji pfi silném
napadeni sniZzenim vynosu 0 0,2 az 10 % (Grafton
et al,, 1970; Snidaro, Delogu, 1990). Za odol-
nou je napi. povazovina odrida Vixen u dvoufadych
je¢ment a odrida Post u Sestifadych je¢menu.
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1. Primé&rné hodnoty n&kterych znaki u 12 odrid je¢mene ozimého ze dvou aZ tii pokusnych let v infekéni varianté (I) a procentni redukce
proti neinfikované kontrole (100 — I/K.100) - Average values of some traits in 12 varieties of winter barley tested in two (three) years
obtained in the infection variant (I) and percentual reductions compared with unifected variant (100 — I/K.100)

Variety R LS H SH SI
| 100 — (I/K).100 I 100 - (I/K).100 1 100 - (I/K).100

Borovina 10,4 98,0 0,18 90,5 0,033 92,8 9,0 9,08
Kamil 0,0 100,0 0,00 100,0 0,000 100,0 9,0 9,40
Kompolti 4 148,1 61,2 0,37 67,2 0,312 25,8 6.8 6,54
Kromir 0,0 100,0 0,00 100,0 0,000 100,0 9.0 9.40
Kromoz 0,0 100,0 0,00 100,0 0,000 100,0 9,0 9,40
Lunet 25,0 99,4 0,22 89,7 0,016 97.6 9,0 9,24
Luxor 21,9 96,4 0,34 87,0 0,070 86,5 9,0 8,76
Marinka 0,0 100,0 0,00 100,0 0,000 100,0 9,0 9,40
Marna 0,0 100,0 0,00 100,0 0,000 100,0 9,0 9,40
Monako 0,0 100,0 0,00 100,0 0,000 100,0 9,0 9,40
Okal 25,0 96,7 0,27 87,7 0,080 97,3 9,0 8,68
Sigra 4133 46,7 1,39 29,8 0,408 13,7 50 5.59

HZP = hmotnost zrna na plochu (ymz) — grain yield (gm‘)
HZK = hmotnost zrna na klas (g) — grain weight per spike (g)

HI = skliziiovy index — harvest index

SH =

SI = index ndchylnosti — susceptibility index
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Z VEDECKEHO ZIVOTA

VYUZITI MARKERU PRI SELEKCI
VE SLECHTITELSKYCH PROGRAMECH OBILNIN

Ve dnech 22. a 23. zafi 1997 se v Institutu agrobio-
technologie v rakouském Tullnu konalo sympozium
vénované vyuZziti markeri ve Slechténi obilnin. Konfe-
rence byla organizovana obilnafskou sekci asociace
EUCARPIA. Celkem 112 dc¢astnikt z 18 zemi diskuto-
valo o nejnovéjSich vysledcich a experimentech.

Prvni tematicky okruh byl vénovan molekuldrnim
technologiim. V uvodnim referatu hovoril A. E. Mel-
chinger (Hohenheim, NSR) o souCasném postaveni
QTL (Quantitative Trait Loci) mapovéni v rodu Gra-
mineae. Byla publikovana fada praci s vyuzitim QTL
pri mapovani dulezitych znaku: rezistence k abiotic-
kym a biotickym strestim, kvalita a vynos. Mala pozor-
nost je vénovana validaci QTL pozice a experimental-
nimu ovéfeni efektivnosti selekce s vyuzZitim markera.
Pri interpretaci vysledkd je tfeba mit na zieteli vlast-
nosti a omezeni metod QTL mapovani.

M. S. Roder (Gatersleben, NSR) vénoval své vy-
stoupeni mikrosatelitnimu mapovani pSeniéného geno-
mu. Jsou nalezeny mikrosatelitni markery pro vSechny
chromozomy pSeni¢ného genomu. Vysoky polymorfis-
mus mikrosatelitnich markert mezi odridami pSenice
pfedpoklada vyuZiti mikrosatelitnich map v genetice
a Slechténi pSenice. V soucasné dobé se rozviji mezi-
narodni spoluprice na mapovani pSeni¢nych mikrosa-
telitd v rdimci IWMMN (International Wheat Microsa-
tellites Mapping Network).

P. Leroy (INRA, Francie) se domniva, Ze mikrosa-
telitni markery budou velice brzy hrét hlavni roli v ge-
netice pSenice. Metoda AFLP (Amplified Fragment
Length Polymorphism) je s dspéchem vyuZivana pfi
$lechténi (J. Peleman, Wageningen), zejména pii ana-
lyze genetické vzdalenosti, identifikaci odrid, nepfimé
selekci a zpétném kiiZeni.

Mnoho genti rezistence proti rzi p$eni¢né je vyuZi-
vano ve Slechténi. B. Keller (Curych, Svycarsko) uka-
zal vyuZiti markeru pro rezistentni gen Lr/0 a mozZné
pouZiti pro dali geny rezistence na rez pSeni¢nou Lr9,
Lr19, Lr24, Lr29 a Lrl L. Hartl (Freising, NSR) se
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zabyval identifikaci genu rezistence proti padli u pSe-
nice metodami AFLP a mikrosatelity. Gen Pml8 je
mozZné lokalizovat pomoci AFLP, naproti tomu mikro-
satelity to neumoziuji.

M. Messmer (FAL, Svycarsko) referovala o lokali-
zaci genli ovlivilujicich kvantitativni rezistenci pomoci
molekuldrnich markertd. Pfedb&Zné bylo nalezeno né-
kolik QTL pro rezistenci vuci brani¢natce plevové, vét-
§ina také souvisi s QTL pro vySku rostliny nebo s QTL
pro pozdni metani.

Rozsahlé moznosti vyuZiti markeri se ukazuji pri
tvorbé hybridni pSenice, kde je nutné znat rodi¢ovskou
diverzitu a tak'maximalné vyuZivat heterézniho efektu
(A. Brandolini, Italie).

Treti sekce se zabyvala otdzkami vyuZiti markert
u Zita. Molekularni mapa Zita zatim obsahuje pouze né-
kolik agronomicky duleZitych genil, zejména geny na
chromozomech 5R a 7R (A. Borner, Gatersleben).

Dal$i okruh byl zaméfen na jeCmen. Velkd pozor-
nost byla vénovana rezistentnimu Slechténi a marke-
rum. A. Graner (Gatersleben) referoval o mapovani
jednotlivych chorob jarniho je¢mene, pfi¢emZ vychazel
z map obsahujicich vice nez 1 000 rozdilnych RFLP-
-markeru.

Vyuziti RAPD-markert pfi $lechténi na odolnost
je¢mene viuci BYMV doporudil F. Ordon (Giessen,
NSR). Sladovnicka kvalita je¢mene je komplexni uka-
zatel, ktery kombinuje nékolik znaku.

A. Kipp (Weihensphan, NSR) dokumentoval vyuziti
QTL mapovani nékterych znaki sladovnické kvality.

Zavére¢ny tematicky okruh byl vénovan praktic-
kému vyuZiti markert ve Slechténi. Jsou jiZ vyuZivany
jednotlivé metody pro stanoveni genetické Cistoty od-
rid, pro determinaci vzdalenosti rodi¢t pro kiiZeni
a pro detekci specifickych gent pii selekci. Zastupci
PBI Cambridge a Saaten Union Leopoldshohe se shod-
li, Ze $irSi uplatnéni molekuldrnich markerd zavisi na
jejich praktické vyuzitelnosti a zejména na ekonomické
vyhodnosti.

Dr. Ing. Pavel Horc¢icka
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REVIEW

TRANSGENY PRO TOLERANCI K HERBICIDUM

TRANSGENIC CROPS TOLERANT TO HERBICIDES

M. Ond¥ej', S. Rakousky', K. Schiitzner>

! Institute of Plant Molecular Biology, Academy of Sciences of the Czech Republic, Ceské
Budéjovice, Czech Republic
2 Hoechst Schering AgrEvo CR/SR, Brno, Czech Republic

ABSTRACT: Transgenes coding for herbicide tolerance are currently the most common types in new transgenic varieties
and those applied for the registration in different European countries. Currently, there are three main types of transgenic
plants tolerant to herbicides: 1. Transgenic plants tolerant to glyphosate. Glyphosate inhibits EPSP enzyme which is involved
in the biosynthesis of aromatic amino acids in the chloroplasts. 2. Transgenic plants tolerant to phosphinothricin. Phosphi-
nothricin inhibits glutaminsynthetase involved in detoxification of ammonia. 3. Transgenic plants tolerant to chlorsulfuron
and other herbicides of this type, which inhibit the activity of acetolactate synthase (ALS) involved in the production of
branched chain aminoacids. There are also some other transgenes which induce tolerance to some other herbicides. According
to the results of intensive research and the experience gained, the transgenes proved to be safe and harmless and corresponding

herbicides used have only negligible impact both on the environment and humans.

UvVOD

V na$em pfedchozim ¢lanku (Ondftej, 1997) byla
zamérné zkracena kapitola o toleranci transgennich
rostlin k herbicidiim s tim, Ze tomuto tématu bude poz-
déji vénovan zvlastni samostatny prehled.

Transgenni rostliny jsou rostliny, do nichZ byl me-
todami genového inZenyrstvi vnesen jeden nebo nékolik
cizich genu, Casto ze zcela nepfibuznych organismu.
Transgenoze rostlin se déje obvykle prostfednictvim
vektord zaloZenych na bakteriich Agrobacterium tume-
faciens, nebo pfimym vnaSenim DNA do rostlinnych
protoplasti ¢i celych buné&k a pletiv, obvykle tzv. na-
stielovanim. Existuji nové transgenni odrudy, které se
jiZ prakticky vyuZivaji (zejména v USA, Kanadg, Ar-
gentiné a Cing), daldi jsou ve stadiu pfedzkousek
a mnohem vice je jich ve stadiu laboratornich pokusi.
Nejvétsi cast registrovanych pokusi s transgennimi
rostlinami se tyka tolerance k herbicidim. Herbicidy
také tvori nejvétsi Cast pesticidi pouzivanych v bézné
péstovanych plodinach, nebot bez ochrany proti pleve-
lum prakticky neni moZné Zadnou kulturni plodinu pé&s-
tovat. VyuZiti transgennich rostlin tolerantnich k herbi-
cidim znamena u fady plodin sniZeni spotfeby t&ch
herbicidi, které se aplikuji preventivné do pudy. Her-
bicidy, k nimZ jsou transgenni rostliny tolerantni, se
pouZivaji aZ ,na list", cilené v davkach podle skutec-
ného spektra a stavu pleveld, tedy aZ tehdy, kdy je jich
opravdu tieba. Transgenni rostliny tolerantni k herbici-
dam umozZiuji nahrazeni klasickych herbicidu typy,
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které se v pudé rychleji odbourdvaji a jsou Setrn&;jsi
k Zivotnimu prostiedi, k pracovnikim v zemédélstvi
i ke konzumentiim.

Ve sdélovacich prostredcich se hovofi o nékterych
potencidlnich rizikdch pouZivéni transgennich rostlin.

Rizika pro clovéka

1. Toxické nebo alergogenni pusobeni proteinu, ktery
je kodovan transgenem.

2. MoZné toxické (teratogenni, karcinogenni) ucinky
herbicidi a jejich metabolitd.

3. MoZné toxické (teratogenni, karcinogenni) ucinky
dalSich latek, které by mohly byt produkovény jako
vedlejsi produkty aktivity enzymu kédovaného
transgenem.

Toxické, alergogenni a karcinogenni udinky pouZi-
vanych herbicidi a jejich hlavnich metaboliti byly &et-
nymi studiemi vylouceny. Takovéto studie jsou povin-
nou soucasti registra¢niho fizeni herbicidl (i dalich
typd pesticidil) jak u nés, tak i v zahrani€i, a pfipravky
s potencidlnimi neZaddoucimi vlastnostmi nebo chybéji-
cimi studiemi tohoto typu nemohou byt registrovény.
Av3ak u kaZdého pripravku, at jiZ se pouZiva i na
transgenni, nebo jen na netransgenni rostliny, veSkeré
studie odpovidaji védeckym a technickym pozadavkim
doby, kdy byly vytvoreny. Nelze samoziejmé vyloudit,
Ze se v prub&hu &asu neobjevi poznatky nové, vedouci
k odliSnym zavéram. Je tedy tieba neustale pokralovat
v dal§im studiu z té€chto hledisek.
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Rizika pro pfirodni prostredi

1. Transgenni rostlina by se v dusledku svého nového
znaku a jeho selek&nich vyhod mohla stit dominant-
ni a nezadoucim zpusobem by se mohla rozsifit jako
novy plevel.

2. Mohla by pienést transgen, ktery piinasi selek¢ni
vyhodu, do genomu béZnych pleveld, a tak zpisobit
vznik nekontrolovanych transgeni.

Cilem price je ukazat, Ze pouZivani transgennich
rostlin nepfinasi v zdsadé jina rizika neZ péstovani rost-
lin netransgennich.

Transgeny pro rezistenci k herbicidim se u rostlin
vyuzivaji ke tfem ucelim:

1. Jako selek&ni faktor pro selekci transgennich rostlin
herbicidem. To umoZiiuje nahradit geny pouZivané
pro rezistenci k antibiotikim (obvykle kanamycinu),
které jsou potiebné pro selekci transgennich rostlin
pfi procesu transgenoze, ale proti kterym byvaji
vznaseny namitky.

2. Pro likvidaci plevelt herbicidem u kulturnich rost-
lin. Toto vyuZiti bude hlavni naplni dalSiho ¢lanku.

3. Pro snadnéjsi vyuZiti pylové sterility pfi produkci
heter6zniho osiva. Pyloveé sterilni rostlina je zaroveii
rezistentni k herbicidu a pfi produkci heterdzniho
osiva slouZi jako matefska. Je vyseta spolecné s ot-
covskou rostlinou a po odkvétu je porost oetfen
herbicidem, takZe do sklizné semen dozrdvaji jen
matefskeé rostliny. V tomto systému nejsou nutné ge-
ny pro obnovu fertility, coZ bylo jiZ vyuZito v trans-
gennich odridach, napfiklad fepky olejné.
VyuZivani transgennich rostlin, zejména s transgeny

pro toleranci k herbicidim, bude vyZadovat nékteré

zmény zemédélskych technologii.

Vzorce hlavnich herbicidi, u nichZ existuji $lechti-
telsky vyuZitelné transgeny pro rezistenci, jsou uvede-
ny na obr. 1.

Glyphosate: Mechanismus u¢inku herbicidi a transgent

Herbicid glyphosate blokuje syntézu aromatickych
aminokyselin tim, Ze blokuje enzymaticky krok biosyn-
tézy Sikimatu. Je neselektivni, protoZe pisobi na viech-
ny rostliny. Je to postemergentni (piisobi na rostouci,
zelené rostliny, nikoliv na rana stadia kli¢eni semen),
na list pusobici herbicid se systémovou aktivitou.
V soucasné dobé patfi k nejrozsitenéjsim herbicidiim.
V rostliné se rychle translokuje z listd do meristema-
tickych zén (Gougler, Geier, 1981; Mollen-
hauer et al., 1987) a do ploda, kvéta a kofent. Che-
micky jde o terciarni amin, N-(fosfonometyl)-glycin
(Budavari et al, 1989). Obchodné je distribuovan
jako izopropylaminova sul (N-fosfonometyl)-glycinu
pod jménem Roundup. Jeho herbicidni aktivita je pod-
minéna inhibici enzymu S-enolypyruvatSikimat-3-fos-
fatu (EPSP) (Gollub etal., 1967; Steinriicken,
Amrhein, 1984). Sikimatova biosynteticka dréha je
v rostlinnych buiikdch lokalizovana v chloroplastech.
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Roundup se aplikuje ve velice malych mnoZstvich
(0,15-2,0 kg/ha, tj. 15-20 mg na m?). Symptomy po-
Skozeni rostlin za¢nou byt viditelné po 4-7 dnech
(Nap etal, 1996), kdy rostliny vadnou, hnédnou a na-
konec dochazi k thynu. Existuje v§ak zna¢né variabi-
lita v citlivosti riznych druht rostlin k herbicidu gly-
phosate.

Pfirozena tolerance nékterych druhi netransgennich
rostlin k herbicidu glyphosate miiZe byt zpusobena té-
mito &tyfmi faktory (Devine et al,, 1993):

a) nedostatecné pronikani herbicidu glyphosate a jeho
translokace z listd;

b) rostlinny enzym EPSP neni senzitivni k herbicidu
glyphosate, nebo je jeho senzitivita sniZena;

c¢) rostlina je schopna prekonat nebo kompenzovat
odolnost k herbicidu glyphosate;

d) rostlina je schopna metabolizovat herbicid glypho-
sate na netoxické slouceniny.

Kromé pfirozené nizsi citlivosti nékterych rostlin
k herbicidu glyphosate (napfiklad svlaccli) je moZné
selekci ziskat rezistentni tkafiové kultury. To se poda-
filo postupnou selekci v suspenznich kulturach mrkve
(Nafziger et al., 1984), rajéete (Smith et al.,
1986), petunie (Steinriicken et al., 1986), tabdku
(Goldsborough etal., 1990), Corydalis sempervi-
rens (Amrhein et al, 1983; Smart et al., 1985),
kukufice (Racchi, 1995). Stabilita této tolerance byla
riznd, ale jeji molekularni zdklad nebyl objasnén. Neni
vSak dosud znam Zzadny pfipad, Ze by plevel ziskal
odolnost k herbicidu glyphosate (Kishore, Shah,
1988).

Co se tyce transgent pro odolnost k herbicidu gly-
phosate, existuji dva typy transgent podmifiujicich re-
zistenci ke glyphosate:

1. Gen pro enzym EPSP

a) nadprodukce enzymu (geny klonovéiny z Petunia
a Arabidopsis),

b) odlisny enzym (geny klonovany z bakterii Salmo-
nella typhimurium, Escherichia coli, Agrobacterium
tumefaciens a z rostlin Petunia hybrida a Arabidop-
sis thaliana).

2. Gen pro glyphosateoxidoreduktdzu (GOX) (klono-
van z bakterie Achtomobacter).

Geny byly vneseny do ruznych druhi rostlin, jako
jsou tabdk, rajce, fepka, topol, séja, modiin, len, petu-
nie, Arabidopsis (tab. I).

Toleranci k herbicidu glyphosate je mozné navodit
transgenozi prostiednictvim tif typd transgent. Prvni
typ transgeni pro tuto toleranci podmiiiuje nadprodukci
EPSP. Cilem je, aby v buiice bylo tolik molekul EPSP,
aby i za predpokladu, Ze bude veskery herbicid gly-
phosate vazan na EPSP, stéle zbyval volny EPSP, ktery
vykazuje dostateCnou Katalytickou aktivitu. Tento stav
byl pozorovan v tkanovych kulturach transgenni petu-
nie. Gen EPSP petunie byl klonovan, k nému byl pfi-
pojen konstitutivni 35S promotor a opét byl pouzit
k transformaci petunie. Transformované kalusy vyka-
zovaly 20-40krat zvySenou aktivitu EPSP a z nich re-
generované rostliny tolerovaly &tyfnasobnou hladinu
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herbicidu glyphosate (Shah et al., 1986). Podobna
hladina tolerance k herbicidu glyphosate byla zjisténa
také u Inu Jordan, McHughen, 1988). cDNA
z Petunia byla pouZita jako sonda pro klonovéni genu
EPSP z Arabidopsis thaliana, ktery byl spojen s 35S
promotorem a znovu vnesen do A. thaliana. Rostliny
pak vykazovaly zvySenou toleranci k herbicidu glypho-
sate (Klee et al., 1987).

PoufZiti transgenu pro nadprodukci EPSP ve Slechté-
ni je pochybné v dusledku toho, Ze se objevil necekany
problém — intenzita rustu rostlin s timto transgenem,
oSetfenych herbicidem glyphosate, byla podstatné sni-
7ena (Kishore, Shah, 1988; Devine et al.,
1993). Pravdépodobnym vysvétlenim je, Ze herbicid
glyphosate se hromadil v apikalnich pupenech a tam
jej ani nadprodukovany enzym nestacil plné vyvazat.
Disledkem bylo zpomaleni ristu.
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Druhym typem je transgen, ktery kéduje modifiko-
vany enzym EPSP tolerantni ke glyphosate. Bylo klo-
novano nékolik takovychto gentu. Bakteridlni gen je
oznacen aroA, protoZze fidi syntézu aromatickych ami-
nokyselin. Mutované geny byly klonovany ze Salmo-
nella typhimurium (Comai etal., 1983; Stalker et
al., 1985; Thompson etal., 1987), Escherichia coli
(Kishore et al.,, 1986; Padgette et al.,, 1989)
a Agrobacterium sp. (Barry et al., 1992), které byly
vyuZity v transgennich rostlinich. Dali klonované ge-
ny z Klebsiella pneumoniae (Sost et al., 1984)
a Pseudomonas sp. (Schulz et al.,, 1984) zatim vy-
uzity nebyly. Firma Monsanto vytvofila fadu mutaci
tohoto genu pomoci cilené mutageneze in vitro, které
vedly u transgennich rostlin k toleranci ke glyphosate
(Kishore, Shah, 1988; Padgette et al, 1989;
Padgette et al., 1991).
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I Tr rostliny rezi i ke glyph

Gen T:’;ﬂgﬁ Zdroj genu Transgenni rostlina Citace

a) Nadprodukce epsp
epsp - Petunia Petunia Shah et al. (1986)
epsp - Petunia len Jordan a McHughen (1988)
epsp - Arabidopsis Arabidopsis Klee et al. (1987)

b) Vneseni mutovaného epsp
aroA - S. typhimurium tabak Comai et al. (1985)
aroA - S. typhimurium rajce Fillatti etal. (1987)
aroA - S. typhimurium topol Fillatti et al. (1987)
aroA + E. coli tabik Della-Cioppa etal. (1987)
aroA E. coli tabik Kishore et al. (1988)
aroA + Agrobacterium fepka Barry etal. (1992)
aroA + Agrobacterium sdja Padgette etal. (1995)
aroA + S. typhimurium topol Donahue et al. (1994)
aroA + S. typhimurium modfin Shin etal. (1994)
epsp + Petunia s6ja Hinchee etal. (1988)
epso + Petunia tabak Padgette etal. (1989)

¢) Vneseni genu GOX
gox Achromobacter tabak Barry etal. (1992)
80X + Achromobacter fepka Nickson etal. (1994)

Mutovany gen aroA ze Salmonella typhimurium, to-
lerantni k herbicidu glyphosate (Comai et al., 1983),
obsahoval zménu pouze jedné aminokyseliny — prolinu
na serin (Stalker et al., 1985). V pivodnim hostiteli
vedl k tfikrat vy§§i toleranci k herbicidu glyphosate.
Tento mutovany gen aroA s eukaryontnim promotorem
byl také vnesen do tabaku (Comai et al., 1985). Tam
vSak doslo ke vzniku jen slabé tolerance ke glyphosate,
nedostateéné pro aplikaci ve $lechténi (Comai,
Stalker, 1986). TentyZ konstrukt T-DNA vSak vedl
k dostatecné toleranci herbicidu u rajcete (Fillatti
et al., 1987) a topolu (Fillatti et al., 1988). Pozdé&ji
byla vytvorena jesté jina konstrukce obsahujici infor-
maci pro tranzitni peptid pro pifenos enzymu do chlo-
roplastl, jeZ vedla k vy$§imu stupni tolerance ke gly-
phosate u topolu (Donahue et al.,, 1994) a modfinu
(Shin et al., 1994).

Mutovany gen aroA z E. coli B (Kishore et al,,
1986), oznateny SM-1 (Padgette et al., 1989), ké-
duje enzym EPSP, ktery ma substituci jedné aminoky-
seliny a ma 8 000krat sniZenou senzitivitu k herbicidu
glyphosate. Tento gen s 35S promotorem byl vnesen do
genomu tabdku. Pokud byla kédujici sekvence transge-
nu bez dseku pro tranzitni peptid, byl enzym lokalizo-
véan v cytoplazmé&. JestliZe konstrukce transgenu byla
doplnéna o dsek pro tranzitni peptid, byl enzym smé-
rovan do chloroplasta. Transgenni rostliny s tranzitnim
peptidem piezivaly aplikaci herbicidu Roundup
v mnoZstvi 0,5 kg/ha, zatimco rostliny s konstrukci bez
tranzitniho peptidu vykazovaly jen nizkou toleranci
k herbicidu Roundup, projevujici se chlorézou apikal-
niho pupenu a tvorbou postrannich vyhoni (Padget-
te et al. 1989). Nejvyssi toleranci k herbicidu glypho-
sate vSak vykazovaly rostliny transformované genem
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ziskanym z genomu Agrobacterium sp. (Barry etal,
1992). Tento transgen s tranzitnim peptidem pro pienos
do chloroplasti je vyuzit v mnoha transgennich kultur-
nich rostlinach firmy Monsanto (Barry et al., 1992;
Padgette etal, 1995; Dellaney et al., 1995).

Treti strategii ziskdni geneticky modifikovanych
rostlin tolerantnich k herbicidu glyphosate predstavuje
vneseni genu pro enzym, ktery dany herbicid metabo-
lizuje. Netransgenni rostliny Zadny takovyto enzym ne-
maji. ProtoZe tento enzym musi byt pfitomen v dosta-
te¢ném mnozstvi, musi byt exprese genu konstitutivni,
pfi¢emz jeho piesna regulace neni vyznamna. Geny pro
degradaci herbicidu glyphosate jsou pritomny v mnoha
mikroorganismech (Pseudomonas, Arthrobacter, Alcal-
ligenes spp.). K odbourdviani glyphosate dochézi dvé-
ma odliSnymi metabolickymi cestami. Jedna z nich ve-
de pres aminomethylfosfonat a druhd pies sarkozin
(N-metylglycin). Pfi obou je glyphosate rozkliadan na
netoxické slouceniny (M alik etal, 1989; Liu etal.,
1991). Obé cesty se mohou vyskytovat u téhoZ mikro-
organismu (Jacob et al.,, 1988). Prozatim byl klono-
véan gen gox z Achromobacter sp. (Kishore, Bar-
ry, 1992), ktery koduje glyphosateoxidoreduktazu
podilejici se na aminometylfosfonatové biodegrada&ni
draze. Kdyz byl gen v¢lenén s konstitutivnim promoto-
rem do genomu tabaku, byla jeho exprese velmi slaba,
a proto byla provedena tplna resyntéza kodujiciho tse-
ku (Barry et al., 1992). K desetindsobnému zvySeni
ucinnosti doslo, kdyZ byla genova konstrukce opatiena
sekvenci kodujici signalni peptid z genu Rubisco (gen
pro jeden ze zédkladnich enzymu fotosyntézy) Arabi-
dopsis thaliana, kterd podmiiiuje transport proteinu do
chloroplastii. Repka olejna s timto genem vykazovala
silnou odolnost k herbicidu glyphosate.
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Budouci strategie vytvareni transgennich rostlin to-
lerantnich k herbicidu glyphosate pro $lechténi bude
zfejmé& spolivat v kombinaci odbourivani herbicidu
glyphosate a nadprodukce EPSP, nebo odbourdvéni
herbicidu glyphosate a vneseni genu pro EPSP necitli-
vou k herbicidu. Tohoto principu jiZz bylo vyuZito
u fepky olejné tolerantni k herbicidu glyphosate
(Nickson etal., 1994).

Glyphosate: ekologické a toxikologické studie
tolerantnich transgennich rostlin

U transgenu se vieobecné uvaZuji dva hlavni typy
rizik: ekologicka rizika a rizika pro zdravi ¢lovéka.
U transgent pro odolnost k herbicidim je tfeba uvazo-
vat rizika vlastniho transgenu a rizika vyuZivaného her-
bicidu a jeho metabolickych produkti.

Hlavni teoreticky uvaZovana ekologickd rizika
transgennich kulturnich rostlin s geny pro toleranci
k herbicidum, jejichZ pfedstavitelem je glyphosate,
jsou:

1. Tolerance k herbicidu by mohla teoreticky preménit
kulturni rostlinu na novy plevel.

2. Tolerance k herbicidu by mohla narusit ekologii
kulturni rostliny jinym, zatim nezndmym zpiisobem.

3. Tolerance k herbicidu by se mohla spraSenim dostat
do genomu jinych rostlin (napfiklad blizce pfibuz-
nych plevelu).

4. Gen pro toleranci k herbicidu by mohl mit neoceka-
vany pleiotropni efekt, ktery by mohl vést k neza-
doucim zménam kulturnich rostlin.

5. Piitomnost genu pro toleranci k herbicidu by mohla
pfimo ¢i nepfimo ucinit rostliny nevhodnymi pro
konzumaci nebo primyslové zpracovani.

6. Rozsifeni genu pro toleranci k herbicidu glyphosate
v piirodnich populacich by ohrozilo klasické agro-
technické vyuZziti tohoto herbicidu jakoZto neselek-
tivniho herbicidu v fadé plodin.

MozZnost, Ze se z kulturni rostliny tolerantni k her-
bicidu vyvine plevel, zdvisi pfedev§im na tom, jak
transgen piispiva ke zdatnosti daného genotypu. Ze
zku$enosti nelze predpokladat velké zmény ve zdatnos-
ti rostlin. Nap et al. (1996) uvadéji, Ze v populaci
skladajici se z transgennich i netransgennich rostlin
bylo pozorovano mirné sniZeni zdatnosti transgennich
rostlin a v disledku toho postupna eliminace transgenu
pro toleranci k herbicidu glyphosate z populace v ne-
pfitomnosti herbicidu. U transgennich kulturnich odrid
je v3ak selekce v procesu Slechténi provadéna tak, aby
transgenni odrida neméla niZ§i zdatnost neZ puvodni
odrida netransgenni. Selekéni vyhodu nebude mit spo-
radicky pieZivajici kulturni transgenni rostlina tolerant-
ni ke glyphosate ani v monokultufe kulturnich rostlin
jiného druhu, tolerantnich ke glyphosate, na néz je
glyphosate aplikovan. ZvySeni plevelného charakteru
kulturni rostliny v duasledku ziskani tolerance k herbi-
cidu glyphosate je tedy velmi nepravdépodobné.

Moznost spontdnniho pfeneseni transgenu do geno-
mu pfibuznych pleveli je zavisla vZdy na mnoha okol-
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nostech. Je to zéleZitost konkrétniho kulturniho rostlinné-
ho druhu a ekosystému, v némz se nachazi. Predevs§im
zaleZi na tom, zda je kulturni rostlina samosprasna, ¢i
cizospra$na. ProtoZe viak absolutni samosprasnost ne-
existuje, moznost prenosu pylem neni nikdy zcela vy-
loucena. ZaleZi rovnéZ na tom, zda se na stanovisti ¢i

v jeho okoli nachazeji kfiZitelné druhy rostlin.
Teoreticky mohou nastat tfi moZnosti:

1. Pfibuzny plevelny druh se miZe stat tolerantnim
k herbicidu glyphosate, po jeho aplikaci se muZe na
poli namnoZit a tim znemozZnit jeho pouZivani.

2. Populace plevelného druhu muZe ziskat gen pro to-
leranci k herbicidu glyphosate, ale §ifit se muZe sa-
movolné i mimo pole, bez pozitivni selekce piiprav-
kem Roundup.

3. Mohou nastat dal$i problémy v disledku pfenosu to-
lerance k herbicidu glyphosate na dal3i druhy.
Preneseni tolerance k herbicidu glyphosate na dalsi

plevelné druhy muZe vzhledem k zédkonitostem popu-
lacni genetiky vést ke vzniku rezistentni populace ple-
vell. To je pravdépodobné piedeviim tehdy, jestliZe je
glyphosate pouzivan na témze poli v prabéhu nékolika
let po sobé. V agrotechnice je proto tfeba poditat se
stfidanim kultur a s vyuzitim odolnosti k herbicidu
glyphosate jen jednou za nékolik let. Pfipadné se obje-
vujici plevely rezistentni k herbicidu glyphosate je tie-
ba vzdy eliminovat jinym herbicidem.

DualeZitym pojmem pii hodnoceni biologické bez-
peénosti nového transgenu je jeho znamost (familiari-
ty). Hodnoceni znamosti zahrnuje hodnoceni toho, do
jaké miry je geneticky modifikovany fenotyp novy
v ekosystému. Tolerance ke glyphosate, ziskana gene-
tickou modifikaci, je novy znak, pro ekosystémy ne-
znamy. Z ponékud obecnéjsiho pohledu vSak nezéleZzi
na tom, zda je rostlina eliminovana glyphosatem nebo
jinym herbicidem. Z hlediska rostliny je lhostejné, zda
je chranéna toleranci k herbicidu glyphosate ziskanou
transgenozi, nebo jinou toleranci k tomuto herbicidu.
Vyskyt rostlin pfirozené tolerantnich ke glyphosate je
v ekosystémech zndm. Nemd vliv v ekosystému,
v némz neexistuje selekcni tlak.

Specifickym rysem hodnoceni biologické bezped-
nosti transgent pro toleranci k herbicidim je nutnost
pec¢livého studia toxickych, teratogennich a karcino-
gennich G¢inkt meziprodukti a produktl biodegradace
herbicidt v rostlinég.

Vneseni transgentl aroA, epsp a gox do genomu kul-
turnich rostlin a vyuZivani glyphosate pfi kultivaci kul-
turnich rostlin znamen4, 7e v potravé budou p¥itomny
tyto ti'i nové typy molekul:

a) transgeny,

b) produkty transgent,

¢) herbicid glyphosate a jeho metabolity.

K prvnimu typu je moZné konstatovat, Ze samotna
DNA gent je stile ze stejného materialu, nezavisle na
kédovaci kapacité, a nepfedstavuje proto z hlediska
konzumenta Zadné riziko. Je tedy mozné uvazovat jen
riziko novych enzymi, herbicidu glyphosate a jeho me-
taboliti. Samotny gen a jeho stavebni material tedy ne-
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predstavuji Zadné riziko. Jinou otdzkou je, zda by moh-
la mit nepfiznivé vlivy nadprodukce EPSP.

Enzym EPSP je komponentou $ikimétové metabo-
lické drahy, ktera je béZnou soucasti metabolismu bak-
terif, hub i rostlin. KaZzdy ¢lovék konzumuje s rostlin-
nou stravou velké mnozstvi EPSP, a enzym je tedy
mozné povazovat za nerizikovou slozku potravy. TotéZz
plati i o EPSP produkovaném riznymi mutantnimi
transgeny, protoZe diference v primérni struktuie jsou
velmi malé. Na zikladé toho neni divod uvaZovat ani
o alergogenni aktivité. Pokud jde o produkci enzymu
GOX, o genu ani o jim kédovaném enzymu neexistuji
zadné literarni odkazy. Rovnéz neexistuji informace
o toxickych &i alergogennich u€incich, a na zdkladé
dosavadnich zkuSenosti neni diivod je predpoklddat.

Jesté vyznamnéjsi je otdzka toxicity glyphosate a je-
ho metabolita. Glyphosate je jen velmi malo toxicky
pro Zivocichy. Hodnota LD50 pfi perorilni aplikaci je
5 g/kg télesné hmotnosti (tj. asi 1/2 kg na ¢lovéka
o hmotnosti 100 kg). Potenciél podrazdéni kuZe se po-
hybuje mezi detergentem na myti nadobi a détskym
Samponem (M alik etal., 1989). SnaSenlivost pfiprav-
ku Roundup ¢lovékem je o néco menSi. Pro ¢lovéka
star§iho neZ 40 let by mohlo byt smrtelné jiz poziti
150 ml piipravku. Na této diferenci se totiZ podileji
smacedla a rozpoustédla piipravku Roundup. Roundup
ma také jen velice mirnou toxicitu pro vcely a destov-
ky. Co se tyce inhibi¢niho vlivu na pidni mikrofléru,
projevuje se aZ u koncentraci mnohonasobné vysSich,
neZ jsou uzivany pii bézné aplikaci na porosty trans-
gennich rostlin (Grossbard, 1987). Podle provede-
nych studii glyphosate neptisobi nepfiznivé ani na pud-
ni faunu (Eijsackers, 1985), nazvéf (Sullivan,
1985) ani na vodu (Bronstad, Friesdat, 1985;
Tooby 1985). Pii jeho podavani Zivogichim dochézi
k 90-99% eliminaci za tyden (Malik et al., 1989).
Nedochazi ani k jeho akumulaci v potravinovém fetéz-
ci (Malik et al., 1989) a nebyly pozorovany genoto-
xické, teratogenni nebo karcinogenni u¢inky (USDA,
1984; WHO, 1994). U rostlin se glyphosate hromadi
v meristémech, plodech a hlizach. Vzhledem k nizké
toxicité tato koncentrace nepiedstavuje riziko.

Je zde vsak jina, dosud experimentdlné neprostudo-
vana moznost. Podle starSich udaji (Khan, Young,
1977) se glyphosate, pokud se dostane do pudy s vyso-
kou koncentraci nitratd a nitritd, miZe ménit na N-nit-
roglyphosate, ktery patfi mezi nitrosoaminy a u néhoz
byla zjisténa slaba mutagenni aktivita (Seiler et al.,
1977). Neni vSak zatim prokéazano, Ze by k podobné
konverzi mohlo dochazet i v rostlinach. Vzhledem
k nizkym pouZivanym koncentracim herbicidu glypho-
sate tato moznost pravdépodobné vyznamné nezvysuje
nepiiznivé zdravotni G¢inky nadbytku nitratd a nitrita.

Na zakladé zkuSenosti ziskanych s kulturnimi rost-
linami tolerantnimi k herbicidu glyphosate je moZné je
povazovat za biologicky bezpecné z hlediska moZnych
ekologickych dusledki. Ke vzniku plevelného charak-
teru kulturnich rostlin nedochdzi. Neni vylouceno, Ze
na nekterych mistech mohou vzniknout transgenni ple-
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vele rezistentni k herbicidu glyphosate, ale neni prav-
dépodobné, Ze by to mohlo zpusobit nezvladnutelné
problémy. j

Phosphinotricin: mechanismus Géinku herbicidi
a transgend

Phosphinotricin, chemicky 4-[hydroxy-(methyl)
phosphinoyl]-D,L-homoalanin (synonymum: gluphosi-
nate) je herbicid, ktery se vyrdbi biotechnologickym
zpusobem, prostfednictvim aktinomycet Streptomyces
viridochromogenes a Streptopmyces hygroscopicus
(Bayer et al., 1972; Lea et al., 1984). Prodava se
pod obchodnimi jmény Liberty, Basta, Finale, Radicale
a dal$imi. U netransgennich rostlin je Siroce pouZivan
jako Sirokospektry postemergentni herbicid v sadech
a vinicich a desikant brambor, fepky, luténin, slunec-
nice a jetelovin. V pfipadé transgennich rostlin je ov-
Sem pouZivan jako selektivni postemergentni herbicid.
Je to tedy opét piivodné neselektivni herbicid (Bot-
terman, Leemans, 1988). Pusobi tim, Ze blokuje
enzym glutaminsyntetdzu, kliCovy enzym metabolismu
dusiku, ktery detoxikuje amoniak za vzniku glutamatu.
Phosphinotricin (a jeho komercni preparat Basta) zpi-
sobuje ireverzibilni inaktivaci glutaminsyntetizy.
V dusledku toho dochdzi k hromadéni amoniaku ve vy-
sokych koncentracich, coz vede k blokadé fotosyntézy
a k rozpadu chloroplasti (Devine etal., 1993; Ta-
chibana et al., 1986). Po aplikaci herbicidu dochazi
po nékolika hodindch k poklesu fotosyntetické aktivity
a do nékolika dnu rostliny zezZloutnou a odumfou.
Phosphinotricin se u nas aplikuje v koncentracich
0,4-1,2 kg ucinné latky na hektar. V piirodnich popu-
lacich neni znama uplna odolnost k phosphinotricinu.

Bakterie Streptomyces hygroscopicus a S. virido-
chromogenes Tii494 také souCasné syntetizuji enzym
phosphinothricin-N-acetyltransferazu (PAT), ktery ace-
tyluje volnou NH,-skupinu phosphinothricinu, a tim jej
inaktivuje. Gen, ktery kéduje phosphinothricinacetyl-
transferazu, klonovany ze S. hygroscopicus, je v litera-
tufe oznaovan bar, a gen ze S. viridochromogenes je
oznacovan pat. Oba enzymy kédované obéma geny ma-
ji 183 aminokyselin a jejich primarni struktura vykazu-
je znacnou homologii (85 %) (Wohlleben, 1988).
Oba geny byly vélenény do vektorovych plazmida bak-
terii A. tumefaciens pro transformaci rostlin a jsou vyuzi-
ty v jiZ existujicich odridach fepky a kukufice, povo-
lenych v USA a Kanadé. V zemich EU je jiZ zazddano
o registraci téchto odrad.

Phosphinotricin: ekologické a toxikologické studie
tolerantnich transgennich rostlin

V souvislosti s experimenty a polnimi pokusy
s transgennimi odridami je nutné uvazovat o nékolika
riznych otazkach biologické bezpeénosti odrid kultur-
nich rostlin s timto transgenem. Prvni z nich je vliv
phosphinotricinu a jeho metaboliti v prostredi.
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Phosphinothricin jako Cistd chemikilie je staly, ale
v pidé se rychle rozklada Cinnosti mikroorganismi na
kyselinu 3-methylphosphin-propionovou (MPP) (Teb-
be, Reber, 1988). Tato latka jiZ neni fytotoxickd
(Droge-Laser etal., 1992). Nema nepfiznivé G¢in-
ky na vodni organismy ani na puadni mikrofloru. Neni
viak zcela vylou¢eno pronikidni do spodnich vod pfi
podzimni aplikaci za podminek trvale vysoké hladiny
spodni vody (Nizozemsko).

Nelze zcela vylouéit, Ze za urCitych podminek by
mobhlo, podobné jako u herbicidu glyphosate, v pfipadé
fepky olejné dochazet k Sifeni transgenu do genomu
pfibuznych brukvovitych pleveld. Tato moZnost byla po-
chopitelné studovéna a teoretické riziko nelze zcela vy-
lougit. Eventualni kfiZzenci maji vyznamné sniZenou Zivo-
taschopnost a fertilitu. Jsou pochopitelné hubitelni
odlisnymi typy herbicidd, a to jak klasickymi, tak napf. u
mutantu odolného k Roundup pomoci Basta a obracené.

Sifeni transgenu mimo pole oSetiené phosphinotrici-
nem nepiinasi rostlinam Zadnou selek¢ni vyhodu. V za-
vislosti na kinetice populace se novy transgen muiZe
v populaci ustélit, ale miZe z ni byt také eliminovan.
Neni pravdépodobné, Ze by se novy transgen vymkl
kontrole a vieobecné se rozsifil..

Stejné jako v predchozim pripadé nepredstavuje sa-
motnd DNA transgenu naprosto Zadné toxikologické
nebezpeci. Co se ty€e enzymu, je v travicim traktu roz-
loZen. Proto problémy nepiedstavuje ani jeho enzymo-
vé aktivita, ani toxicita molekuly, ani moZné alergogen-
ni vlastnosti. Optimum pH enzymu je 7,5 a jiZ pri
teploté 35 °C dochazi k jeho rychlé termalni inaktivaci
(Botterman et al.,, 1991; Walter et al.,, 1992).
Kromé toho, Ze v Zaludku je enzym degradovan za mé-
né neZ minutu, vyZaduje pro svou aktivitu jako kofak-
tor acetylkoenzym A, ktery za uvedenych podminek je
rovnéZz nestabilni. MnoZstvi proteinu PAT v transgen-
nich rostliniach obvykle nepiesahuje 0,1 % vSech pro-
teini. Na zakladé porovnani s databazemi proteind neni
pravdépodobné, Ze by PAT mél toxickou nebo alergo-
genni aktivitu (Trinks, 1995).

Pokud jde o phosphinotricin a jeho metabolity, ko-
mer¢ni phosphinotricin je racemickd smés D- a L- izo-
merd. L-izomer je v transgennich rostlinach acetylovan
na acetyl-PPT, zatimco D-PPT zistava staly (Drége -
-Laser et al., 1994). Acetyl-PPT je stabilni a mizZe
se akumulovat v rostliné a pravdépodobné dochazi
k jeho transportu floemem do plodii a semen (Dréoge-
-Laser etal., 1994). Pri pozivani transgennich rostlin
oSetfenych PPT je pfijimén také D-phosphinothricin
a acetylfosfinothricin. D-fosfinothricin se v travicim trak-
tu metabolizuje na acetylphosphinothricin (Trinks,
1995) a ten je rychle vylucovan. Po konzumaci Zivoci-
chy a ¢lovékem dochdézi k detoxikaci a exkreci. Toxi-
cita acetyl-PPT pro savce je nepatrnda, ma LD50 vétsi
nez 2,8 g/kg hmotnosti. Toxicita D-PPT je jeSté niZsi
(LDS5O0 je 1,5-4 g/kg hmotnosti) a kromé toho je tato
latka v télech savci rychle odbourdvana (Kishore,
Shah, 1988). Pasobi slabé podrazdéni pokoZzky a oéi.

Nema zadné genotoxické, teratogenni nebo karcinogen-
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ni G¢inky (Ebert et al.,, 1990). Neni toxicky pro vée-
ly, destovky ani pidni mikroorganismy (Lindhoud,
1984). Povolena denni davka pro clovéka je 0,02 mg
za den, coZ mnohondsobné pievySuje davku, kterd od-
povida konzumaci transgennich rostlin oSetfenych PPT.

V rostlinach ale dochdzi v nepatrné mife také ke
vzniku dal$ich metabolitii, u nichZ zatim nejsou k dis-
pozici obdobna fyziologicka ani toxikologicka data
(Droge-Laser et al.,, 1994).

Herbicidy, které blokuji acetolaktitsyntetizu (ALS):
mechanismus G¢inku herbicidii a transgent

Acetolaktitsyntetiza, ALS (v angli¢tiné také nazy-
vana acetohydroxyacid synthase, AHAS) se vyskytuje
u bakterii, hub a rostlin. Struktura enzymu i enzym ké-
dujicich gent je u rdznych taxond vysoce konzervativ-
ni. Je to prvni enzym biosyntetické drihy esenciélnich
rozvétvenych aminokyselin valinu, leucinu a izoleuci-
nu. Zivogichiim tato metabolickd driha zcela chybi.
ALS je tam v3ak pfitomna a ucastni se metabolismu
pyruvatu (tedy ne aminokyselin jako u rostlin) a nema
vazebné misto pro herbicidy (Matsunaka et al.,
1985). U rostlin je gen pro enzym ALS lokalizovan
v jadre, ale enzym je transportovan do chloroplasti.
Aktivita enzymu ALS muZe byt blokovéna ¢tyfmi typy
herbicidu zaloZenych na sulfonylmocovinach imidazo-
linonech, triazolopyrimidinech a pyrimidyloxobenzoa-
tech (Subramanian et al., 1990). Hlavni herbicid
pouzivany v agrotechnice je chlorsulfuron, coz je 1-(2-
-chlorfenylsulfonyl)-3-(4-methoxy-6-methyl-1,3,5-triazin-
-2-yl)-mocovina.

Vyribi se pod obchodnim nizvem Glean. Existuje
i fada dalSich podobnych latek, jako napi. metsulfuron-
methyl, thiasulfuron, tribenuron, triasulfuron, amido-
sulfuron, rimsulfuron, triflusulfuron a dalsi. Tyto her-
bicidy jsou netoxické pro Zivocichy. Inhibi&ni pusobeni
je zaloZeno na vazbé téchto sloucenin na vazebném
misté enzymu ALS pro herbicid. Toto misto je jiné nez
misto pro vazbu substratu i pro vazbu latky, ktera
zprostifedkovava zpétnou vazbu. Nékteré kulturni rost-
liny (obilniny, kukufice, cukrovka a sGja) jsou tolerantni
k nékterym herbicidim tohoto typu, a proto se u nich
herbicid pouZiva k hubeni plevelu.

Jiny, ucinnéjsi typ tolerance k ALS-herbicidim je
disledkem mutace genu pro enzym v misté, které ko-
duje vazebné misto herbicidu na enzymu. Enzym se
potom stava necitlivy k herbicidim. Takovéto mutace
byly u rostlin selektovany na zakladé ziskani rezistence
k herbicidim, které blokuji ALS. Nékteré mutanty jsou
tolerantni ke specifickym typum herbicidua, jiné ke
vSem typum herbicidu, které blokuji ALS. Mutace byly
ziskavany klasickou mutagenezi, ale také u klonova-
nych geni in vitro cilenou mutagenezi. Enzym, ktery
je pak kodovan, je odolny k herbicidim blokujicim
ALS. Klonované mutované geny jsou vyuZivany jako
transgeny a jsou vnaseny do genomu kulturnich rostlin
s cilem ziskat rezistentni transgenni rostliny. VyuZivaji
se predeviim dva geny, csrl-1 z Arabidopsis thaliana
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(Haughn, Sommerville, 1986) a gen SuRB/Hra
z tabdku (Lee et al., 1990). Arabidopsis thaliana ma
jen jeden gen pro ALS, jehoZ exprese je konstitutivni
(Mazur etal., 1987). Nicotiana tabacum ma dva ge-
ny pro ALS, které pochdzi od druhi, z nichZ je N.
tabacum odvozena, tedy od N. tomentosiformis a N.
sylvestris (L ee et al., 1988), a jejich exprese je rovnéz
konstitutivni (Keeler et al., 1993). Kopie cDNA mu-
tovaného genu ALS byla ziskana také ze dvou riznych
mutantl Brassica napus (Wiersma et al., 1989;
Hattori etal, 1995).

Gen Arabidopsis thaliana csrl-1 je nejvice vyuzivan
k modifikaci riznych druhu rostlin, jako &ekanky
(Vermuelen etal, 1992), topolu (Brasiliero et
al., 1992), ryZe (Li et al. 1992), jabloné (Y ao et al,,
1995), Inu McHughen, Holm, 1995), jarni fep-
ky (Blackshaw et al., 1994) a tabdku (Brandle
et al., 1995). Tento gen byl pifenasen jednak s vlastnim
promotorem a jednak se silnym konstitutivnim zdvoje-
nym promotorem 35S (s duplikovanou sekvenci zesilo-
vale) (Brasiliero etal., 1992; Tourneur et al.,
1993). U transgenu s vlastnim promotorem byla expre-
se proteinu nizka, s promotorem 358 byla vysoka. Ve
vSech prfipadech v3ak transgenni rostliny vykazovaly
uplnou rezistenci k chlorsulfuronu pfi béZné uZivanych
davkach polnich oSetfeni (Brasiliero et al., 1992).
Jiz puvodni promotor tedy podmiiiuje dostate¢nou tiro-
veil rezistence. V ostatnich znacich transgenni rostliny
s genem pro ALS nevykazuji zZadné rozdily proti rost-
linim netransgennim.

Herbicidy, které blokuji acetolaktitsyntetizu:
ekologické a toxikologické studie tolerantnich
a transgennich rostlin

Podstatnou otazkou je, zda se transgenni rostliny re-
zistentni k herbicidiim, které blokuji aktivitu ALS, mo-
hou stat plevelnymi, nebo zda mohou znak odolnosti
k herbicidim prenést do plevelnych druhi.

Rezistence k chlorsulfuronu vznikd také mutaéni
cestou. Je proto dulezita rotace plodin a vysev plodin
s rezistenci k chlorsulfuronu aZ v intervalu jednou za
nékolik let. Pfedpokladé se, Ze kdyby se chlorsulfuron
na urCitém poli pouZival neustile, za tii aZ pét let by
se zde nahromadily plevele k herbicidu rezistentni.
V praxi se ale herbicid pouZivé u obilnin po dobu vice
nez 10 let a zatim nebylo vyznamné zvySeni vyskytu
tolerantnich plevelti zaznamenéno.

Neékteré druhy kulturnich rostlin, zvlasté obilniny,
sdja, nékteré konifery a cukrovka, maji pfirozenou to-
leranci k selektivnim hladinam jednoho nebo vice typu
ALS herbicidi. Prirozené tolerantni kulturni rostliny
obsahuji jiné metabolity chlorsulfuronu a dal§ich ALS
blokujicich herbicidi neZ rostliny transgenni. U trans-
gennich rostlin zistava herbicid navazan na stéle v nich
pfitomny senzitivni ALS enzym, nebo pietrviavéi v ne-
vazané formé& v buiice.

Co se tyce samotného herbicidu chlorsulfuronu, jeho
akutni toxicita LD50 pro krysy je nepatrnd, zhruba
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5 gl/kg Zivé hmotnosti, pii¢emZ herbicid se aplikuje
v nepatrnych mnoZzstvich (4-15 g G¢inné latky/ha).
Vzhledem ke v§em uvedenym skuteénostem je moz-
né geneticky modifikované rostliny obsahujici transgen
ALS povazovat za bezpetné z hlediska konzumace.

Transgeny pro toleranci k dalsim herbicidim

Jednou z latek vyuZivanych také jako herbicid, u niz
je znam transgen, ktery podmiiiuje toleranci, je kyseli-
na 2,4-dichlorfenoxyoctova (2,4-D). JiZ pfed vice neZ
tficeti lety byly zjistény pudni bakterie schopné 2,4-D
degradovat (Steenson, Walker, 1957). Schop-
nost degradovat tuto chemickou latku byla pak zjisténa
opakované i u dalich organismii (Don, Pember-
ton, 1981; Evans et al, 1971; Tiedje et al.,
1969). V bakterii Alcaligenes eutrophus je degradace
2,4-D podminéna Sesti geny. Aktivita prvniho z genl
(tfdA), genu pro 2,4-D monooxygenazu, méni 2,4-D na
2.4-dichlorfenol, ktery je pro rostliny méné toxicky nez
2,4-D (Perkins etal., 1987). Tento gen byl pienesen
do genomu tabaku (Lyon et al.,, 1989; Streber,
Willmitzer, 1989) a baviniku (Lyon et al,
1993), kde zvySoval odolnost k 2,4-D 50 aZ 100krat.
2,4-D je biodegradovatelna latka — v dusledku ¢innosti
pudnich bakterii, kvasinek a hub v padé preziva jen pét
aZ $est tydni (Don, Pemberton, 1981).

Podobna situace je u tolerance k bromoxynilu. Her-
bicid bromoxynil (3,5-dibromo-4-hydroxybenzonitril)
je fotosynteticky inhibitor, ktery u rostlin inhibuje fo-
tosystém II. Ma v pidé velmi kratkou Zivotnost, proto-
ze je rozkladan bakteriemi. Byl klonovan gen (bxn)
jedné z pudnich bakterii Klebsiella azoleae, ktery ko-
duje enzym nitrildzu, specifickou pro bromoxynil. Ta
méni bromoxynil na kyselinu 3,5-bromo-4-hydro-
xybenzoovou za uvolnéni amoniaku. Tento gen byl pre-
nesen do genomu tabdku, kde zplsobuje odolnost
k bromoxynilu (Stalker et al., 1988).

Spise historicky vyznam ma transgenoze pro tole-
ranci k triazinu. Herbicidy typu S-triazinu (atrazin, si-
mazin a dali) rovnéZ inhibuji fotosyntézu. Atrazin se
vdZze na protein thylakoidni membrany chloroplasti
a blokuje transport elektroni u fotosystému II. Chlo-
roplastovy gen pro odpovidajici protein je oznaCovin
psbA a protein v upravené formé 32 kDa protein (Bot-
termann, Leemans, 1988). Byl zkonstruovéin
chiméricky gen, ktery obsahoval kédujici sekvenci
psbA z Amaranthus hybridus a sekvenci pro tranzitni
peptid, a vnesen do genomu tabiku, kde pusobil tole-
ranci (Cheung etal., 1988). V souCasné dobé se vSak
Jiz herbicidy této skupiny pfili§ nevyuZzivaji.

Velkou a pomérné novou skupinou herbicidi,
u nichZ existuji transgeny pro toleranci, které byly
vélefiovany do rostlinného genomu, jsou herbicidy pu-
sobici toxicky na specifické proteiny fotosyntézy. Jed-
nim z nich je phenmedipham. Patfi do série karbama-
tovych sloucenin, které pusobi jako inhibitory Hillovy
reakce. Nékteré rostliny ($penat, jahody, cukrovka
a n&které dalsi) jsou k této slouc¢eniné tolerantni. U fe-
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py je phenmedipham hydrolyzovdn na N-hydroxy-
phenmedipham, ktery je rovnéz herbicidné aktivni. Ten
je viak glykozylovan na herbicidn& neaktivni glykozid
(Streber, Willmitzer, 1989). Podobny enzym,
ktery hydrolyzuje phenmedipham, byl také klonovan
z bakterie Arthrobacter oxidans (Pohlenz et al.,
1992). Transgen s 35S promotorem byl pienesen do
genomu tabaku, kde zpusobuje vysoky stupeii rezisten-
ce k phenmediphamu (Streber et al., 1994).

Zhodnoceni obecnych rizik pouZivini transgennich
rostlin tolerantnich k herbicidiim

Z hlediska rizik pro ¢lovéka, uvedenych v tvodu
¢lanku, je moZné na zakladé provedeného rozboru kon-
statovat, Ze pouZivani samotnych transgennich rostlin
s transgeny pro toleranci k herbicidim nepiedstavuje
Z4dna podstatné nova rizika. Prozatim nebyly prostudo-
vany mozné vlivy nékterych minoritnich metabolitu,
ale to plati viceméné pro viechny pesticidy, nejen pro
herbicidy pouZivané pro oSetfovéani k nim tolerantnich
transgennich rostlin.

Co se tyée ekologickych rizik pouzivani rostlin to-
lerantnich k herbicidim a herbicidii pro jejich oSetio-
vani, u nékterych rostlin (napf. fepky olejné a cukrov-
ky) je nutné predpokladat stochastickou moZnost,
i kdyZz s velmi malou pravdépodobnosti, pfenosu do
netransgennich odrid i do genomu plevelnych rostlin.
Otazkou je, zda je to na zavadu jejich vyuZiti. Dusled-
kem vétSiho rozsifeni transgenu do béZnych plevelt by
byla nutnost vzdat se na urcitou dobu vyuZiti prislus-
ného herbicidu k potlacovani pleveli u transgennich
rostlin. To by jisté byla §koda, ne viak pohroma. Roz-
§ifeni transgenu do neZadoucich genotypu lze predejit
dodrZovanim bé&Znych agrotechnickych zdsad. Tim se
zde mysli predevsim stfidani plodin a nepouZivani té-
hoZ herbicidu na témZe poli vice let po sobé. Transgen-
ni fepky pro toleranci k riznym herbicidim byly vSak
v zemich EU povoleny k péstovani, prozatim do zkou-
ek pro registraci odrud. Pfisné izolaéni opatieni budou
samoziejmé nezbytna pii vyrobé osiva.

Zavér

Z uvedenych vysledku vyplyva, Ze vyuZiti veske-
rych uvedenych transgent pro odolnost k herbicidiim
je mozné pokladat za bezpecné pro pfirodni prostiedi,
zvifata i pro Clovéka. Transgenni rostliny tolerantni
k herbicidim je moZné bez obav péstovat a oSetfovat
herbicidy na velkych plochiach. Neznamena to ovsem,
Ze by nebylo potfebné dal3i studium nékterych speci-
fickych otazek. Péstovani transgennich rostlin bude vy-
Zadovat také nové pfistupy ze strany $lechtitelt i p&s-
titelu. Péstitelé by méli ziskat zakladni znalosti
o povaze materidlu, s kterym pracuji, o zdkladnich zi-
konitostech genetiky a §lechténi transgennich rostlin.
Samoziejmym predpokladem vyuZivani transgennich
rostlin rezistentnich k uritym herbicidim je st¥idéni
transgennich kultur oSetfovanych herbicidy s kulturami
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netransgennimi bez aplikace herbicidi. V budoucnosti
bude zékonité nutnd spolupriace genovych inZenyru,
Slechtitelt a ekologt.
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NOVE ODRUDY - NEW VARIETIES

PSenice ozima Alana

Povolena: Ceska republika 1997

Slovenska republika 1997
Slechtitelsk4 prava: SELGEN, a. s., Praha, Ceska republika
Slechtitel a udrZovatel: SELGEN, a. s., Slechtitelskd stanice Uhfetice
Rodokmen: Hana x Mercia
Metoda Slechténi — rodokmenové: KfiZeni bylo provedeno v roce 1984, zékladni vybér klasi byl zahdjen v generaci F3,
v generaci F4 dvoufddkové mikroparcely, v generaci Fs prvni vynosové zkouSky na parceldch 7 m? a rovné? reselekce klas.
V generacich F aZ Fo byl hodnocen vynos zrna reselektovanych linii postupné ve stani¢nich a mezistaniénich zkouSkach na
parceldch 10 m? ve 2 aZ 4 opakovénich. Selekce na odolnost k hlavnim chorobim byla zapoZata od generace Fa, vét§inou
umélymi infekcemi padlim travnim a rzemi, od Fg Septoria nodorum a Fusarium sp. Podrobnéjsi testovani pekarenské jakosti,
mrazuvzdornosti a odolnosti k proriistani zrna a vydrolu bylo provddéno od generace F7. UdrZovaci Slechténi bylo zahajeno
v generaci Fs. Po tfiletych registradnich zkouskdch UKZUZ byla linie SG-US41 v generaci F13 v roce 1977 registrovana pod
ndzvem Alana.
Odolnost k chorobdm: Je stfedn& odoln4 k padli travnimu, rzi p§eni&né a travni, vysoce odolnd ke rzi plevelové, ve srovnani
se sortimentem registrovanych odrid vykazuje vy33i stupeii rezistence k brani¢natce plevové a fuzari6zdm Kklasu.
Genetické zaloZeni odolnosti: Dosud nebyl zji$tén Zadny gen specifické odolnosti proti padli travnimu, je pfedpoklad, Ze
odolnost ke rzi travni a p¥eni¢né je fizena dosud nepojmenovanymi geny (+).
Jakost pekdrenskd A7. Vykazuje vy$si obsah bilkovin (13,4 %), dobrou scdlmcntaém hodnotu (51 ml — SDS), vyssi &islo
poklesu (320-360 ml), mérny objem peciva pfi Rapid Mix testu je kolem 520 cm” 3100 g. Objemovéd hmotnost je vy3§i (nad
80 kg/hl) a HTZ je rovnéz vyssi (kolem S0 g). Dobrou pekdrenskou jakost potvrzuji i gluteninové podjednotky: 7 + 8 a 5 + 10.
Odolnost proti porustani zrna v klasu je dobra.
Mrazuvzdornost je dobrd, s kritickou teplotou (LT 50) v tfiletém priméru kolem —12 °C.
Vynos zrna: V registratnich zkouskiach UKZUZ doséhla za zkuSebni obdobi (1994-1996) v obilndiské a bramborsiské
oblasti v primé&ru 103-106 % vynosu kontrolnich odrid, v fepatské oblasti se vynosy pohybovaly kolem priméru kontrolnich
odrad.
Ostatni vlastnosti: Je to polopozdni odriida se stfedni délkou stébla (100-105 cm), stfedni aZ niZ3i odolnosti proti poléhani.
Klas je bily, jehlancovity, stfedné fidky, s kratkymi osinkami v horni &asti klasu.

Winter wheat Alana
Registered: Czech Republic 1997

Slovak Republic 1997
Breeders rights: SELGEN, a. s., Prague, Czech Republic
Breeders and maintainer: SELGEN, a. s., Plant Breeding Station Uhfetice
Pedigree: Hana x Mercia
Breeding method - pedigree: Year of crossing 1984, basic ear selection started in F3 generation, double row microplots in
Fa, in Fs first yield trials on 7m? plots and repeated ear selection. Grain yield was evaluated progressively at more locations
in 2-4 replications with plot size 10 m? since F7 to Fo. Screening for disease resistance was practised from F2 mainly under
artificial infections with mildew and rusts, from Fg also with Septoria nodorum and Fusarium sp. More detailed analyses of
baking quality, frost resistance, sprouting and shedding resistance were performed since F7. Maintenance breeding started in
Fg. After three years of official trials by UKZUZ the line SG-U541 was registered in Fj3 as variety Alana.
Disease resistance: Resistance to mildew, brown and stem rusts is moderate, resistance to yellow rust is high. In comparison
to other registered varieties Alana proves a higher level of resistance to Septoria nodorum and Fusarium in ears.
Resistance genes: Mildew — no major gene, stem rust and brown rust (+) — till unnamed genes.
Quality: Baking quality A7, higher protein content (13.4%), good sedimentation value (51 ml - SDS), higher falling number
(320-360 ml), loaf volume in Rapid Mix test around 520 cm’ %100 g, volume weight higher (over 80 kg/hl), higher TKW
(around 50 g). Good baking quality glutenin subunits also confirmed: 7 + 8 and 5 + 10. Good sprouting resistance.
Frost resistance is good, with the critical temperature (LT 50) in average of three years around —12 °C.
Grain yield: In official trials (1994-1996) it yielded 103-106% of the yield of control varieties in cereal and potato regions;
the yields were at an average level in sugar beet region.
Other characteristics: A medium early variety, with medium plant length (100-105 cm), lodging resistance is medium or
lower. The spike is white, tapering shape, medium lax with short scurs in the upper part of the ear.

Ing. Pavel Amler, Ing. Ludmila Bobkovd, CSc.
SELGEN, a. s., Slechtitelskd stanice Uhfetice, 538 32 Uhfetice
Tel.: 0455/69 29 13, fax: 0455/69 26 39
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70 let ¢innosti
Ustredni zemédélské a lesnické knihovny

Pred 70 lety byla 18. bi‘ezna 1928 v ,Domé zemédélské osvéty" na Vinohradech v Praze
slavnostné oteviena Ustfedni zemédé&lska a lesnickd knihovna (UZLK). Po piedchozim
dvouletém obdobi systematickych pfiprav byly sluzby knihovny nabidnuty nejsir$i ceskosloven-
ské zemé&d&lské vefejnosti. Statutarné byla knihovna zalozena Ceskoslovenskou akademii
zeméd&lskou (CAZ) jiz v roce 1926. V prvnich dvou letech jeji existence viak fungovala jen
&itdrna, a to predeviim pro pracovniky CAZ. Po celou tuto dobu bylo veskeré sili soustiedéno
na vybudovani dostateéného zdkladniho knihovniho fondu a potfebného provozniho knihovniho
zdzemi. Cilem organizétorii bylo co nejdfive otevfit tuto knihovnu jako ,,Ustfedni slovanskou
zemédélskou knihovnu, kterd bude slouZit nejen nejSirSi vefejnosti, ale soucasné bude plnit
i funkci dstfedni zemédélské knihovny pro vSechny slovanské staty.

K slavnostnimu otevieni knihovny doslo pfi vyroénim valném shromazdéni CAZ za Gcasti
mnoha vzicnych hostd. Hlavni projev prednesl tehdejsi prezident CAZ dr. Milan Hodza.
Velkého lesku dodala tomuto slavnostnimu shroméaZdéni pfitomnost vyslanct nékolika slovan-
skych zemi. Pfitomni byli také zastupci Cetnych centrdlnich stitnich dfadi, védeckych instituci,
vyzkumnych ufadi a vysokych $kol. Zucastnili se i vyznamni pfedstavitelé Ceskoslovenského
knihovnictvi, napt. dr. Z. Tobolka a dal$i. Ministr zemédélstvi dr. O. Srdinko, ktery se nemohl
slavnosti zicastnit osobné, poslal valnému shromdzdéni pozdravny dopis, ve kterém vielymi
slovy uvital ,,...dne¥ni otevieni Ustfedni slovanské zemé&dglské knihovny, jeZ ... bude jednou
z nejvétSich knihoven vibec”. Tento novy oficidlni ndzev knihovny byl pak uZivin aZ do
prvnich vélecnych let.

I vyvoj v piistich 70 letech dosvéd¢uje, Ze knihovna opravdu dostila sloviim tehdej$iho
ministra zem&d&lstvi. V soucasné dobé& se UZLK fadi nejen velikosti svych knihovnich fondi
mezi nejvetsi odborné zemédélské knihovny na svété. V knihovné je k dispozici vice neZ milion
svazkit odborné literatury. UZLK poskytuje nejSirsi $kalu vypujénich, informaénich a repro-
grafickych sluZzeb. V rdmci mezinarodni sit¢ AGLINET spolupracuje i s partnerskymi kni-
hovnami v zahrani¢i. SlouZi jako vefejnd knihovna nejen jejim piimym navitévnikiim, ale
prostfednictvim meziknihovnich sluZeb i viem ostatnim potencidlnim uZivateliim.

70leté vyroci otevieni UZLK si pracovnici knihovny a jeji ptiznivci pfipomenou na slavnost-
nim shromdZdéni, které se bude konat 25. kvétna 1998 ve velkém sile budovy UZPI v Praze 2,
Slezska 7.

K této piilezitosti bude vydana komentovana bibliografie ,Historie Ustfedni zeméd&lské
a lesnické knihovny ve svétle literdrnich prameni*.

Kontakt:
Usttedni zemédglska a lesnicka knihovna
Slezska 7, 120 56 Praha 2 — post. schr. 39

Tel: 02/24 25 50 74 — PhDr. 1. Hoch, vedouci UZLK
02/24 2579 39, 1. 415 — pijcovna
02/25 90 96 — referen¢ni sluzby
02/24 25 66 10 — Casopisecké sluzby

Fax: 02/24 25 39 38, e-mail: ref@uzpi.cz
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INSTRUCTIONS FOR AUTHORS

The responsibility for the contents of a manuscript rests
with the authors. They are strongly advised to get a criti-
cal review before submitting a manuscript. The Editorial
Board will decide on publication, after considering the
manuscripts scientific importance, contribution and qua-
lity, and the opinions and reviews by experts.

The manuscript should be typed with a wide margin,
double spaced on standard A4 paper. A PC diskette with
the complete text and including references, tables and figu-
re legends of graphical documentation should be provi-
ded with manuscript, indicating the used editor program.

Manuscript should consist of the following sections: Title
page, Abstract, Keywords, an instruction, Materials and
Methods, Results, Discussion, References, Tables, Le-
gends to figures.

The Title page must contain a informative title, complete
name(s) of the author(s), the name(s) and address(es) of the
institution(s) where the work was done, and the telephone,
fax and e-mail numbers of the corresponding author.

The Abstract shall not exceed 120 words. It should sta-
te in short and concise form what was done and how, and
should contain basic numerical and statistical data from
the results. Keywords follow the abstract; they are ran-
ked from general to speciafic terms, and are written in
lower case letters and separated by semicolons.

The introduction (without a subtitle) should concist of a
short review of literature relevant and important for the
study. The reason(s) for the work may be included.

In Materials and Methods, the description of expe-
rimental procedures should be sufficient to allow repli-
cation. Organisms must be identified by scientific name,
including author. Abbreviations can be used if necessary;
first use of an abbreviation should be just after its com-
plete name or description. The International System of
Units (SI) and their abbreviations should be used.

Results should be presented clear and concise.

The Discussion should interprete the results, without un-
necessary repetition. Sometimes it is possible or advanta-
geous to combine Results and Discussion in one section.

If Acknowledgments are needed, they are next.

References in the text to citations consist of author’s name
and year of publication. If there are more than two au-
thors, only the first is named, followed by the phrase et
al.’. The list of References should include only publications
quoted in the text. These should be in alphabetical order
under the first author’s name, citing all authors, year (in
brackets), full title of the article, abbreviation of the perio-
dical, volume number, first and last page numbers.

Tables and Figures shall be enclosed separately. Tables
are numberd in Roman, Figures in Arabic numerals. Each
of them must be referred to in the text. Figures should be
restricted to material essential for documentation and un-
derstanding of the text. Duplicated documentation of data
in both tables and figures is not acceptable. All illustrati-
ve material must be of publishing quality. Both line
drawing and photographs are referred to as figures. They
cannot be redrawn by publisher. Photographs should have
high contrast. Each figure should be accompanied by a
concise, descriptive legend.

Reprint: Thirty (30) reprint of each paper are supplied
free of charge.

POKYNY PRO AUTORY

Autor je plné odpovédny za pliivodnost price a za jeji
vécnou i formélni spravnost. O uvefejnéni price rozho-
duje redakni rada se zfetelem k lektorskym posudkiim,
védeckému vyznamu a pfinosu i kvalité prace.

Rukopis (text, tabulky, literatura, abstrakt a zavér) musi
byt psny s dvojitymi mezerami mezi fadky na papiru
formatu A4. K rukopisu je vhodné pfiloZit disketu s tex-
tem préce, popf. grafickou dokumentaci pofizenou na PC
s uvedenim pouzitého programu.

Védecké prace musi mit toto &lenéni: titulni strana,
abstrakt a kli¢ova slova, kratky pfehled literatury (bez
nadpisu uvod), material a metody, vysledky, diskuse, li-
teratura, tabulky a obrazky véetné popist.

Titulni strana musi obsahovat nazev prace, plné jméno
autorli, nazev a adresu instituce, kde byla prace délana,
akademické, védecké a pedagogické tituly, &islo telefonu
a faxu a e-mail adresu kontaktniho autora.

Souhrn musi vyjadfit viechno podstatné, co je obsaZe-
no ve védecké praci, mé obsahovat zékladni ¢iselné uda-
je v&etné statistickych hodnot. Nema4 piekro¢it 120 slov.
Kli¢ova slova (KEY words, index terms) se pfipojuji po
vynechani fadku pod souhrn. Radi se smérem od obec-
né&jsich vyrazi ke konkrétnim; za¢inaji malym pismenem
a oddéluji se stfednikem.

Materidl a metody: Model pokusu musi byt popsan po-
drobné a vystizné€. Popis metod by mél umoznit, aby kdo-
koli z odborniki mohl praci opakovat. Uvadéné organismy
je nutné popsat védeckymi jmény véetné autorii. Metody
se popisuji pouze tehdy, jsou-li plivodni. Zkratky jsou po-
uZivany jen pokud je to nutné; prvni pouziti zkratky musi
byt uvedeno tplnym popisem nebo vysvétlenim. V nazvu
prace a v souhmu je vhodné zkratky nepouzivat. Pouzi-
vané mérové jednotky musi odpovidat soustavé mérovych
jednotek SI.

Vysledky: Doporuduje se nepouZivat k vyjadfeni kvan-
titativnich hodnot tabulek a dat pfednost grafiim, anebo
tabulky shrnout v statistickém hodnoceni namé&tenych
hodnot. Tato ¢ast price by neméla obsahovat teoretické
zavéry ani dedukce, ale pouze faktické nélezy.

Diskuse obsahuje zhodnoceni prace. Je pfipustné spo-
jeni s pfedchozi kapitolou (Vysledky a diskuse).

Literatura: Odkazy na literaturu v textu se provadéji
uvedenim jména autora a roku vydani publikace. Pfi vét-
§im po¢tu autort se v textu uvadi prvni z nich a za jméno
se doplni zkratka ,.et al.“. V &asti Literatura se uvadgji
jen préce citované v textu. Citace se fadi abecedné podle
jména prvniho autora: pfijmeni (verzalkami), zkratka jmé-
na, rok vydéni (v zavorce), plny nazev prace, ufedni zkrat-
ka &asopisu, roénik, prvni-posledni stranka; u knih je
uvedeno misto vydani a vydavatel.

Tabulky a obrazky: Tabulky, obrazky a fotografie se
dodavaji zv143t' a viechny musi byt citovany v préci. Ak-
ceptovany budou jen obrazky, které jsou nezbytné pro
dokumentaci vysledki a umozZiiuji pochopeni textu. Neni
pfipustné dokumentovat vysledky jak v tabulkéch, tak na
grafech. Vechny ilustrativni materialy musi mit kvalitu
vhodnou pro tisk. Fotografie i grafy jsou v textu uvadény
jako obrazky a musi byt prubé&zné &islovany. Kazdy obra-
zek musi mit struény a vystizny popis.

Separaty: Autor obdrZi zdarma 30 separatnich vytiskt
préace.
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