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1 UvoD

Pfi tvorbé&, udrzovani a péstovani odrid sladovnického je¢-
mene je kladen duraz na to, aby mély své specifické vlast-
nosti, kterymi se odlisuji od odrid ostatnich, aby byly ve sle-
dovanych znacich homogenni a aby tyto znaky byly stalé.
Jestlize jsou rozhodujici kvalitativni a kvantitativni charakte-
ristiky chapany jako vyslednice sloZitych biochemickych pro-
cesu odehravajicich se v burikach, pletivech a organech rost-
liny, dal by se o¢ekavat i vysoky stuper homogenity na trovni
biochemickych markeru.

Jako biochemické markery se oznacuji nejcastéji molekuly
bilkovin, enzymi a nukleovych kyselin, které jsou specifické
tim, Ze indikuji uréitou kvalitativni vlastnost, ale i napf. odru-
dovou pfislusnost, dale pisobenim vnéjSiho prostredi nejsou
ovliviiovany, jsou ,dostateéné” polymorfni, tzn. ze jsou ve vice
forméach znamy molekuly stejnych nebo obdobnych viastnosti
a jsou reprodukovatelné analyticky stanovitelné. Jako bio-
chemické markery se nej¢astéji u sladovnického jeémene vy-
uzivaji frakce zasobnich bilkovin obilky extrahovatelné alko-
holy, jako jsou napfiklad hordeiny, deoxyribonukleova kyselina
(DNA) a pripadné izoenzymy jako esterasa [2, 3, 5]. U jed-
notlivé odrdy Ize hovofit o homogenité biochemickych mar-
ker( v pripadé, Ze se u této odrudy vyskytuje pouze jeden typ
sledovanych markeru. Pokud se u odrudy vyskytuji dva nebo
vice typu, hovofime o odrudé heterogenni v biochemickych
markerech. V tomto smyslu jsou tedy terminy homogenita
a heterogenita markert chapany jako charakteristika odru-
dové pfislusnosti. Znamena to tedy, ze i odruda heterogenni
v biochemickych markerech muze vykazovat homogenitu ve
smyslu jakostniho sladafského ukazatele nebo odridovou
jednotnost napfiklad zpracovavané suroviny. Sou¢asné se po-
suzuje, zda jsou tyto markery odradové specifické, resp. ne-
specifické. Zda je tedy sledovany typ markeru charakteristicky
pouze pro jednu odrudu, nebo sledované markery charakte-
rizuji uréitou skupinu odrud v nékterém regionalnim odrado-
vém souboru, uvedeném napfiklad v Ceské republice ve
Statni odridové knize CR [7]. To znamend, Ze v prvnim pfi-
padé je odrida v daném souboru nezaménitelna, a v druhém
jsou odrudy vzajemné neodliSitelné.
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1 INTRODUCTION

For breeding, maintaining and cultivation of malting barley
varietites, it is laid emphasis on that the varieties have their
specific properties that differ them from other ones and are
homogeneous in the parametres followed and these are con-
stant. If the decisive qualitative and quantitative characteris-
tics are understood as the resultants of complex biochemical
processes taking place in the cells, tissues and organs of
a plant, a high grade of homogeneity on the level of bioche-
mical markers could be expected.

As biochemical markers are most often indicated protein,
enzyme and nucleic acid molecules that are specific by indi-
cating certain qualitative property but even e.g. variety ap-
purtenance. Further to this, they are not influenced by ambi-
ent effects, but they are ,enough“ polymorphic, i.e. the
molecules with the same or simillar properties in more forms
are known and they can be reproducibly analytically deter-
mined. As biochemical markers for malting barley are most
often used the fractions of grain storage proteins extractable
by alcohols, such as hordeins, DNA and optionally isoenzy-
mes, such as esterase [2, 3, 5].

When considering a particular variety, it can be spoken about
the homogenity of biochemical markers in such case that only
one type of the markers followed is present. If two or more ty-
pes of markers are present, the variety is heterogeneous in bi-
ochemical markers. In this sense, the terms homogeneity and
heterogeneity are understood as the characteristics of variety
appurtenance. So, it means that also a variety that is hetero-
geneous in biochemical markers, can show the homogeneity
in the sense of a qualitative malting index or variety uniformity
of the raw material which is processed, as an example. At the
same time it is evaluated whether these markers are specific
or nonspecific for the particular variety.

Whether the marker type followed is characteristic of one va-
riety only, or the marker followed characterize a certain variety
group in some region variety file as entered e.g. in the Czech
Republic in State variety book of the Czech Republic [7]. That
means the variety is incommutable in the first case, and, in the
second case the varieties are mutually undifferentiable.
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Na pfikladech nékterych vyznamnych odrud sladovnic-
kého jeCmene Ceského a slovenského plvodu jsou v pfis-
pévku uvedeny odrudy, které vykazuji odradové specifickou
homogenitu, resp. heterogenitu hordeinovych a DNA mar-
ker(.

2 MATERIAL A METODY

Pro sledovani homogenity, resp. heterogenity biochemic-
kych markeru byly zvoleny kvalitni a ve své dobé velmi pé-
stované odrudy sladovnického jeémene Akcent (rok povoleni
1992), Forum (1993) a Kompakt (1995). Vzorky odrud po-
chazely z odridovych zkousek UKZUZ v roce 1997.

K detekci hordeinovych markert bylo pouzito modifikované
metody EBC [1]. Hordeiny byly extrahovany z jednotlivych ro-
zetfenych suchych zralych obilek v 500 pl 50% vodného roz-
toku 2-chlorethanolu po dobu 3 hodin. Extrakt byl oddélen od
drté centrifugaci pfi 12 000 min~' (15 min). Separace horde-
ind byla provedena vertikalni elektroforézou na 8% polyakry-
lamidovém gelu (forméat 18 x 15 cm) v 1 M roztoku mocoviny.
Separacni roztok byl pfipraven jako 0,04% roztok glycinu
v 0,4% roztoku kyseliny octové. Doba separace za kontinu-
alniho chlazeni elektroforetické jednotky na teplotu 8 °C od-
povidala ¢asu dosazeni 10 000 Vh s konstantnim proudem
40 mA, tj. priblizné 18 hodin s pocatecnim rezimem 10 mA
po dobu 20 minut. Nasledné byl gel barven za stalého tfepani
1 az 3 hodiny v 0,1% roztoku Serva Blue R v 12% roztoku
kyseliny trichloroctové. Gely byly bezprostiedné po barveni
oplachnuty destilovanou vodou a vizualné hodnoceny na trans-
iluminatoru v bilém svétle. Pro ucely dokumentace byly gely
zataveny mezi celofanové félie susenim v horkovzdusné su-
sarné pri teploté do 60 °C. Od kazdé odridy bylo hodnoceno
15 obilek.

K detekci DNA markeru byla pouzita PCR (Polymerase
Chain Reaction) s vyuzitim upravené aplikace metody RAPD
(Random Amplified Polymorphic DNA) [6]. DNA byla izolo-
vana z jednotlivych rozetifenych suchych zralych obilek pou-
Zitim kitu Plant Dneasy Isolation Kit (Qiagen). Od kazdé od-
ridy bylo hodnoceno 10 obilek. PCR byla provedena
v termocykléru s vyhfivanym vikem (PTC 200, MJ Research)
v 25 pl reakéni smési s 30-35 ng templatu DNA, 1,5 mM roz-
toku MgCl,, 0,1 mM roztoku dNTPs, 0,5 pmolu primeru AB
5.17 se sekvenci nukleotidovych bazi 5 CCAACGTCGT3
a 1,6 U Tag DNA polymerasy v 1x reakénim tlumivém roztoku
(Promega) s reakénim profilem: 45 cyklu pfi teploté 38 °C po
dobu 1 minuty, pfi teploté 72 °C po dobu 2 minut, pfi teploté
94 °C po dobu 1 minuty s pocate¢ni denaturaci pfi teploté
94 °C po dobu 5 minut a kone¢nou extenzi pri teploté 72 °C
po dobu 7 minut. PCR produkty byly separovany horizontalni
elektroforézou na 2% agarézovém gelu (NuSieve 3:1)
v 1x TBE (tlumivy roztok TRIS borat — EDTA) s ethidium bro-
midem (0,1 pg/1 ml gelu) a hmotnostnim markerem (stan-
dardem).

3 VYSLEDKY A DISKUSE

Analyzou elektroforeticky separovanych hordeint u odrady
Akcent a Kompakt bylo zjisténo po dvou typech (A a B) spek-
ter, u odrady Forum jeden typ (obr. 1). Zatimco v pfipadé od-
rudy Forum se jedna o specifickou homogenitu hordeinovych
markeru, u odrid Akcent a Kompakt jde o nespecifickou he-
terogenitu. Hordeinovy typ Akcent A je identicky s jedinym
znamym typem u odrady Sladko a typ Kompakt A je identicky
s jedinym znamym typem u odrudy Tolar. Identita hordeino-
vého typu u odrid Akcent (Akcent A) a Sladko muze vyply-
vat z vysokého stupné piibuznosti (50% pres spoleéného ro-
di¢e — odrida Salome /=HVS 827/). Naopak specifickému
charakteru hordeint u odrady Forum muze prispivat projev
ve Slechténi sladovnického jeémene nepfili§ ¢asto pouzivané
polodivoké erektoidni formy Hortpadsi Kétsoras [4]. Pomér
hordeinovych typu Akcent A a Akcent B nebyl stanoven.
(V analyzovaném souboru 100 obilek vzorku odrudy Akcent

On the examples of some important malting barley varie-
ties of Czech and Slovak origin, in this paper are mentioned
the varieties that show variety-specific homogeneity, or hor-
dein and DNA marker homogeneity as the case. may be.

2 MATERIAL AND METHODS

For studying of biochemical markers homogeneity or he-
terogeneity as the case may be, since the time widely culti-
vated high quality malting barley varieties Akcent (permission
year 1992), Forum (1993) and Kompakt (1995) were used.
The variety samples were obtained from variety trials of the
CISTA (Central Institute for Supervising and Testing in Agri-
culture) in 1997. For hordein marker detection, an EBC mo-
dified method was used [1]. Hordeins were extracted from in-
dividual powdered mature seeds in 500 | of 50% aqueous
solution of 2-chlorethanol for 3 hours. The extract was sepa-
rated from the seed debris by centrifugation at 12 000 g (15
minutes). The hordein separation was done by vertical elc-
trophoresis on 8% polyacrylamide gel (size 18 x 15 cm) in
1 M urea solution. The separation solution was prepared as
0,04% glycine solution in 0,4% acetic acid solution. The du-
ration of separation under continuous cooling of the elec-
trophoretic unit to the temperature of 8 °C corresponded to
the time reaching of 10 000 Vh with constant current of 40
maA, i.e. approximately 18 hours with initial current of 10 mA
for 20 minutes. Consequently, the gel was stained under per-
manent shaking for 1 to 3 hours in 0,1% Serva Blue R solu-
tion in 12% trichloracetic acid solution. Immediately after sta-
ining, the gels were rinsed by distilled water and visually
evaluated on the transilluminator in the white light. For docu-
mentation purposes, the gels were sealed between cellop-
hane foils by drying in a hot-air dryer at 60 °C. From each va-
riety, 15 seeds were evaluated.

For DNA marker detection, the PCR (Polymerase Chain
Reaction) technology was used, using modified application of
the RAPD method (Random Amplified Polymorphic DNA) [6].
DNA was isolated from individual powdered mature seeds,
using Plant Dneasy Isolation kit (Qiagen). From each variety,
10 seeds were evaluated. The PCR was done in a thermo-
cycler with a heated-up cover (PTC 200, MJ Research) in 25 |
of reaction mixture with 30-35 ng of DNA template, 1,5 mM
of MgCl, solution, 0,1 mM of dNTPs solution, 0,5 umol of AB
5.17 primer with nucleotide base sequention 5 ‘CCA-
ACGTCGT3 and 1,6 U of Taq DNA polymerase in 1x in re-
action buffer solution (Promega) with the following reaction
profile: 45 cycles at 38 °C for 1 minute, at 72 °C for 2 minu-
tes, at 94 °C for 1 minute with initial denaturation at 94 °C for
5 minutes and final extension at 72 °C for 7 minutes. The PCR
products were separated by horizontal electrophoresis on 2%
agarose gel (NuSieve 3:1) in 1x TBE (buffer solution TRIS bo-
rate — EDTA) with ethidium bromide (0,1 g/ 1 ml of gel) with
molecular marker (standard).

3 RESULTS AND DISCUSSION

By means of the analysis of electrophoresed hordeins in
Akcent and Kompakt varieties, two types (A and B) of spectra
were found, in case of Forum variety one type (see fig. 1) of
spectra was found. While the Forum variety has the specific
homogeneity of hordein markers, the varieties Akcent and
Kompakt have non-specific heterogeneity. The Akcent A hor-
dein type is identical with one known type in Sladko variety
and, the Kompakt A type is identical with the only known type
in the Tolar variety. The identity of the hordein type of Akcent
(Akcent A) and Sladko varieties can result from a high affinity
grade (50% of the Salome variety ancestor / =HVS 827/). On
the other hand, the specific hordein character of the Forum
variety can be influenced during the breeding of malting bar-
ley by using of not so much frequent half-wildly grown erec-
toid form Hortpadsi Kétsoras [4]. The ratio of Akcent A and
Akcent B hordein types was not determined. (In the analysed
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Obr. 1 - Hordeinové typy: zleva
Akcent A, Akcent B, Forum,
Kompakt B a Kompakt A

Fig. 1 - Hordein types: From
left: Akcent A, Akcent B, Fo-
rum, Kompakt B a Kompakt A

Obr. 2 - DNA markery detegované primerem AB 5.17 (zleva linie 1. —10. —
PCR z extraktl DNA jednotlivych obilek, linie 11.—hmotnostni standard 1000,
750, 500, 300, 150 a 50 bp.). Nahofe Akcent, uprostred Forum, dole Kom-

pakt

Fig. 2 - DNA markers detected by AB 5.17 primer (from left: lines 1. — 10. -
PCR from DNA extracts of the individual seeds, line 11. — molecular stan-
dard 1000, 750, 500, 300, 150 a 50 bp.). Above: Akcent, in the middle: Fo-

rum, below: Kompakt

pochazejiciho z odridovych zkousek UKZUZ v roce 1998 byl
detegovan pouze hordeinovy typ A). Pomér hordeinovych typu
Kompakt A a Kompakt B byl u vzorku odrudy Kompakt po-
chazejiciho z odrudovych zkousek UKZUZ v roce 1998 sta-
noven na 89 % + 11 % (nepublikovana data). Relativné nizke
zastoupeni minoritniho typu B u odriady Kompakt muze v re-
alnych analyzovanych vzorcich (zejména pfi nizkém poctu
hodnoceni) vést k zaméné s odradou Tolar, pfipadné u ob-
chodnich vzorku odridy Tolar, které by mély i minimalni za-
stoupeni pfimési Kompaktu, muze dojit hodnotitel k chybnému
zavéru (pri zaznamenani typu Kompakt B), Zze se jedna o od-
radoveé Cisty vzorek odrudy Kompakt.

Pri hodnoceni DNA markeru detegovanych primerem AB
5.17 bylo zjisténo, Ze tento primer vykazuje homogenitu (v roz-
sahu povedenych analyz) u vSech tfi sledovanych odrud. DNA
marker u odrudy Akcent ma velikost priblizné 600 paru bazi
(bp) a umoznuije odliseni této odrudy od odrud Forum a Kom-
pakt. Naproti tomu Kompakt neni odlisitelny pfi pouziti tohoto
primeru od odrudy Forum (obr. 2). U obou odrid byly dete-
govany shodné DNA markery o velikosti priblizné 900 a 600
bp. DNA markery detegované prostfednictvim primeru AB
5.17 u odrud Forum a Kompakt neni mozné povazovat za spe-
cifické. Vzhledem k nizkému poc¢tu sledovanych odrud je ob-
tizné se vyjadrit ke specificnosti DNA markeru detegovaného
pouzitym primerem u odrady Akcent. Pro vzajemné odliSeni
uvedenych odrud je tfeba pouzit jiné vhodné primery.

Vlastnost homogenity biochemickych markeru je mozné
v pfipadech predpokladané vysoké odrudové Cistoty vzorku
vyuzit pro zvySeni vypovédni hodnoty analyz pfi zachovani

collection of 100 seeds of the Akcent variety sample from the
variety trials of the CISTA in 1998, only the hordein type A was
detected). The ratio of Kompakt and Kompakt B hordein ty-
pes of the Kompakt variety sample from variety trials of the
CISTA in 1998 was 89% + 11% (non-published data). A rela-
tively low abundance of the B minor type of the Kompakt va-
riety can, in case of factual analyzed samples (especially at
a low number of evaluations), result in a faulty commutation
with the Tolar variety. Or, in case of the Tolar variety com-
mercial samples, that would have even a minimum Kompakt
admixture, an evaluator can come to a wrong conclusion
(when Kompakt B type determined) that it is the Kompakt va-
riety samples without the above mentioned admixtures.

When evaluating the DNA markers detected by the AB 5.17
primer, it was found that this marker shows homogeneity (wit-
hin the scope of analysis done) in case of all three varieties
followed. The DNA marker of the Akcent variety has a size of
approximately 600 base pairs (bp) and enables to differenti-
ate this variety from the Forum and Kompakt varieties. On the
other hand, the Kompakt variety is not differentiable when
using this primes with the Forum variety (see fig. 2). In case
of both varieties, identical DNA markers of a size of about 900
and 600 bp were detected. The DNA markers detected by the
AB 5.17 primer at Forum and Kompakt varieties cannot be
considered as specific ones. With regard to a low number of
the varieties followed it is difficult to indicate the specificity of
the DNA marker detected by used marker at the Akcent va-
riety. For the mutual differentiation of the varieties mentioned
it other appropriate markers are necessary to be used.
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stejnych materidlnich naklada tim zptisobem, Ze analyzy jsou
provadény z extraktu dvou &i vice obilek.

4 ZAVER

Na prikladech vyznamnych odrid sladovnického je€mene
Ceskeho a slovenského plivodu Akcent, Forum a Kompakt je
v pfispévku uvedena odridova homogenita a heterogenita
hordeinovych a DNA marker( a jejich specifi¢nost pro sou-
bor odrd uvedenych v Seznamu doporuéenych odrud. Uve-
dené priklady dokumentuji vhodnost vyuziti hordeinovych
i DNA markert pro identifikaci odrid sladovnického jeémene,
avsak jejich samostatné a oddélené pouziti neposkytuje moz-
nost zcela univerzalniho a jednoznaéného pfistupu pro sou-
bor souéasnych odrid péstovanych v CR.

Homogenni biochemické markery je mozné vyuzit pro efek-
tivnéjsi zhodnoceni provadénych analyz pfi identifikaci odrud
tim, Ze analyzy jsou provadény z extraktt dvou &i vice obilek.

Prace byla feSena v ramci projektt Narodni agentury pro
zemédélsky vyzkum EP 960006067 (Vyzkum a hodnoceni
kvality potravinarskych obilovin) a EP 7283 [Identifikace (DNA
fingerprinting) odrid jeémene a rozpracovaného Slechtitel-
ského materialu pro vyuziti ve Slechténi a sladarském pri-
myslu].
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The property of biochemical marker homogeneity is pos-
sible (supposing the samples are of high variety purity) to be
used for the increase of the information value of the analysis
under the same material costs in such a way that the analy-
sis is done from the extracts of two or more seeds.

4 CONCLUSIONS

On the examples of the significant malting barley varieties
of Czech and Slovak origin Akcent, Forum and Kompakt, va-
riety homogeneity and heterogeneity of hordein and DNA
markers and their specificity for the collection of the varieties
recorded in The list of recommended varieties have been
described. The examples document the suitability for the use
of hordein and DNA markers for the identification of malting
barley varieties, but their individual and separete use does
not provide the possibility of a universal and definite proce-
dure for the varieties currently grown in the Czech Republic.

Homogeneous biochemical markers are possible to be
used for a more effective evaluation of the analysis done for
variety identification in such a way that the anylysis is done
from the extracts of two or more seeds.

The work has been carried out within the project of the Na-
tional agency for agricultural research EP 960006067 [Rese-
arch and evaluation of food cerelas quality] and EP 7283
[Identification (DNA fingerprinting) of barley varieties and cul-
tivated material in process for the use in cultivation and mal-
ting industry].
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