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Mléochova, L. — Psota, V.: Molekularni analyza a sladovnicka jakost odrid jarniho jeémene (Hordeum vulgare L.) Valticky a Dia-
mant. Kvasny Prum. 54, 2008, ¢. 1, s. 6-13.

Pomoci vSech pouzitych molekularnich technik (RAPD, SSR a AFLP) bylo mozno nalézt rozdily na urovni DNA mezi Valtickym a Diaman-
tem. Nebylo mozné odli$it odrlidy pfibuzné s Diamantem od odrdd ostatnich, véechny pouzité metody vSak od sebe odlisily v§echny odriidy
zafazené do pokusu. Bylo nalezeno velké mnozstvi polymorfismu mezi Valtickym a Diamantem: 39 % u RAPD, 42,8 % u SSR a 11,4 %
u AFLP, coz svéd¢i bud o velmi rozsahlé mutaci, zplsobené ozarenim paprsky X, nebo o genetické nehomogenité vychozich odriid. Mezi
molekularnimi a rodokmenovymi daty panuje zna¢ny nesoulad, coz svéd¢i o vyznamu molekularnich metod pro uréovani rodokmenu a dalsi
Slechténi. Odrtda Diamant vykazovala ve srovnani s odridou Valticky vy$$i obsah extraktu, vyssi proteolytické rozlusténi, ostatni sledované
technologické parametry vykazovaly podobné hodnoty. Odr{ida Valticky vykazovala ve srovnani s odrlidou Diamant vy$$i hmotnost tisice zrn
a vyssi objemovou hmotnost zrna a sladu.

Miéochova, L. — Psota, V.: Molecular analysis and malting quality of spring barley varieties (Hordeum vulgare L.) Valticky and Dia-
mant. Kvasny Prum. 54, 2008, No. 1, p. 6-13.

With the help of all the techniques used (RAPD, SSR and AFLP), it was possible to find differences on the DNA level between the varie-
ties Valticky and Diamant. It was not possible to differentiate the varieties related to Diamant from the other varieties but the methods used
differentiated all the varieties studied in the experiment from one another. A great number of polymorphisms between the varieties Vaticky
and Diamant was found: 39 % in RAPD, 42.8 % in SSR and 11.4 % in AFLP, this confirms either a very vast mutation caused by X-ray irra-
diation or genetic nonhomogeneity of the original varieties. A considerable discrepancy is found between molecular and pedigree data, this
confirms the importance of molecular methods for determination of the pedigree and further breeding. The variety Diamant in comparison
with the variety Valticky showed higher extract content, higher proteolytic modification; other studied technological parameters showed simi-
lar values. Compared to the variety Diamant, the variety Valticky exhibited higher weight of thousand grains and higher volume weight of grain
and malt.

Mi€ochova, L. — Psota, V.: Molekularanalyse und Malzqualitdt der Sommerbraugerstensorten (Hordeum vulgare L.) Valticky und Di-
amant. Kvasny Prum. 54, 2008 Nr. 1, S. 6-13.

Mit Hilfe von allen angewandten Molekulartechnik (RAPD, SSR a AFLP) konnten die Unterschiede auf dem DNA Niveau unter Gersten-
sorten Valticky und Diamant gefunden werden. Die Unterschiede unter den mit der Braugerste Diamant verwandten Gerstensorten und an-
deren Gerstensorten konnten jedoch nicht festgestellt werden, aber die angewandten Methoden haben alle in den Versuch eingegliedertene
Gerstensorten unterschieden. Es wurde eine grosse Menge Polyformism zwischen Valticky und Diamant gefunden: 39 % bei RAPD, 42.8 %
bei SSR und 11.4 % bei AFLP, was von sehr umfangreiche X-Strahl Mutation oder von einer genetischen Unhomogenitat der Ausgangssor-
ten zeugt. Unter Molekular- und Stammdaten findet man ein bedeutendes MiBverhéltnis, was Uber eine Bedeutung von Molekularmethoden
fur Gerstenstammbestimmung und fir ihre Ziichtung aussagt. Im Vergleich mit der Gerstensorte Valticky wies die Sorte Diamant einen héhe-
ren Extraktgehalt und eine héhere proteolytische Lésung auf, andere technologische Parameter wiesen ahnliche Werte auf. Im Vergleich mit
der Gerstensorte Diamant wies die Sorte Valticky ein héheres Gewicht von 1000 Korn und ein héheres Korn- und Malzvolumengewicht auf.

MnuoxoBa, J1. — lNcoTa, B.: MonekynsipHbIiA aHanu3 U NMBOBapeHHOEe Ka4eCcTBO COPTOB APoBoro A4meHs (Hordeum vulgare L.) Val-
ticky u Diamant. Kvasny Prum. 54, 2008, Ho. 1, cTp. 6-13.

C nomoLyblo BCex NpUMeEHEHHbIX MonekynspHbix TexHuk (RAPD, SSR a AFLP) MOXHO 6bi/10 HaiTK oTnn4daHus Ha yposHe DNA mexay
coptamu Valticky n Diamant. HeBo3MOXHO 6bIN10 OTAENUTE COpTa POACTBEHHbIE ¢ copToM Diamant oT ocTanbHbIX, HO C MOMOLLBIO BCEX
NPUMEHEHHbIX METOO0B ObINN OTNIMHEHBI BCE COPTA, BHECEHHbIE B 9KCMEPUMEHT. Bblfio 06Hapy>keHo 60bLIoe KOMYecTBO Nonnmopguama
mexay coptamu Valticky n Diamant: 39 % y RAPD, 42,8 % y SSR u 11,4 % y AFLP. 3To cBMAeTeNnbCTBYET UM OYEHb LUMPOKOA MyTaumum
NPUYYHEHUEM O4NYyYeHUs X-NyHamu, UM reHeTUHECKON HEOAHOPOAHOCTU MCXOAHUX COPTOB. Mexxay MONeKyNApHbIMA 1 POSAOCIIOBHbLIMU
OaHHbIMU ABMIAETCH 3HAYUTENbHbIN AUCCOHAHC, YTO CBUAETENLCTBYET 3HAYEHUN MOMEKYNAPHBIX METOA0B AN onpeaeneHns pogocnosun
n cnegytowmio cenekumto. Copt Diamant nokasbiBan no cpaBHeHuto ¢ copTom Valticky Bbicluee copep)xaHue aKCTpakTa W BbiCliee
npoTeonMTu4eckne pacteopeHune conoga. Copt Valticky nokaseiBan no cpasHeHuto ¢ coptom Diamant Beicwyto maccy 1000 3epeH 1 maccy
reKTonmTpa 3epeH un conoga.

Kliéova slova: jecmen, odriida, geneticka pribuznost, sladovnicka
hodnota, molekularni analyzy

1 UvoD

Ceska odrtida jarniho jeémene Diamant vznikla ozafenim paprsky
X z Valtického a byla registrovana v roce 1965. Zrna vychozi odridy
byla ozafena davkou 10 kR a v generaci X2 bylo vybrano 28 rostlin
s napadné odlisnym fenotypem, které se staly zakladem Slechtitel-
ského materidlu pro vyslechténi odriidy Diamant [1]. Odriida Valticky
patfila mezi dlouhostébelné intenzivni odridy s vysokou sladovnic-
kou hodnotou a s nachylnosti k poléhani. Odriida Diamant si zacho-

Keywords: barley, variety, genetic affinity, malting value, molecular
analyses

1 INTRODUCTION

Czech spring barley variety Diamant was created from the variety
Valticky by X-ray irradiation and was registered in 1965. Grains of the
original variety were irradiated in a dose of 10 kR and in X2 genera-
tion 28 plants with markedly different phenotype were selected; sub-
sequently they became the basis of the breeding material for bree-
ding the variety Diamant [1]. The variety Valticky belonged to long
stemmed intensive varieties with high malting value and susceptibility
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vala vysokou sladovnickou hodnotu a zaroven ziskala nékolik novych
hospodarsky vyznamnych znakd, které ji ucinily jednou z nejvy-
znacnéjsich odrld té doby v Evropé, a to prfedevsim diky zvySené
odnozovaci schopnosti a zkraceni stébla.

Diamant pak byl pouzit jako vychozi material pro Slechténi dalSich
polozakrslych odriid tzv. Diamantové fady, napf. Ametyst, Hana, Fa-
vorit, Rapid, Koral, Safir, Rubin. Pfi Slechténi je€mene v Evropé se
vyrazné uplatnila némecka odrida Trumpf, jejimz rodi¢em byl také
Diamant. Vyznam odridy Diamant nejlépe potvrzuje skute¢nost, ze
do roku 2000 bylo registrovano asi 200 odrid pochézejicich z Dia-
mantu a Trumpfu [3, 4, 5].

1.1 Charakteristika a vyznam odrud Valticky a Diamant

Valticky vznikl z krajové odrudy Valticky pivovarsky. Od roku 1921
probihala dals$i selekce, ktera vyustila ve vznik odridy Valticky pivo-
varsky B.V roce 1929 byly kfizeny odr(idy Valticky pivovarsky B x Star-
novsky Kneifl, z nichz vznikl material pouzity pro dalsi Slechténi.
V roce 1941 byl vyslechtén Valticky C a v roce 1951 Valticky [1], ktery
se pozdéji stal vychozim materidlem pro Slechténi odriidy Diamant.

Odrlida Valticky se stala po roce 1945 nejvyznamnéjsi odrddou jar-
niho jeémene u nas a predstavovala jesté zlepSené odridy hanac-
kého je€mene [6]. Valticky se rychle rozsifil v zemédeélskych oblas-
tech Ceskoslovens[(a, v 60. letech pokryval 50 % osevnich ploch
jarniho je¢émene v Ceskoslovensku a v malé mife byl péstovan také
v zahraniéi [2].

Diamant vznikl radiomutaci z Valtického. Jako vychozi material pro
ozéafeni byla pouzita sucha semena jarniho je€mene Valtického typ
A. Cilem bylo vytvofit mutace, které by vykazovaly zvy$enou odol-
nost vi¢i listovym chorobdm s nepoléhavym stéblem a s ostatnimi
hospodarskymi vlastnostmi na urovni odridy Valticky [7].

Diamant se lisi od v§ech hanackych odrid rozkladitym az plazivym
tvarem trsu, v obdobi vyvoje od vzejiti az do odnoZovani. Od vychozi
odrldy Valticky se jesté lisi tmavé zelenou barvou listu, vzpfimenym
listem pfed metanim a tim, Ze klas po vymetani neni zabarven ant-
hokyanem. Dale se Diamant odliSuje v nasledujicich znacich: vyvo-
jovy rytmus béhem odnozovani, vy3si odnozovaci schopnost, zkra-
ceni stébla o 15 cm, zvySeni vynosu zrna o 12 %, pomér zrna ke
slamé = 1:0,95 ve srovnani s 1:1,3 u Valtického. | pfes podstatné zkra-
ceni délky stébla (az o 15 cm) nevykazoval nové ziskany genotyp vy-
znamnou redukci produkénich prvkd, jak tomu bylo u vétSiny dete-
kovanych makromutaci tohoto typu. Co se tyka zménéného
vyvojového rytmu béhem odnoZovani, bylo zjisténo, ze Diamant od-
nozuje pozdgji nez Valticky a vykazuje zpomaleny vyvin v podmin-
kach kratkého dne.

1.2 Vyznam a rozsifeni genu denso a odriidy Diamant

Diamant se po svém vyslechténi a zafazeni do listiny povolenych
odr(id v roce 1965 stal nejvice péstovanou odriidou na uzemi CSSR.
Jeho nejvétsi vyznam vSak spociva v tom, Ze se stal zdrojem krat-
kostébelnosti, a byl vyuzivan pro Slechténi celé fady polozakrslych
odrid. Plvodcem polozakrslosti Diamantu je mendelisticky dédény
kodominantni major gen denso, ktery je alelicky s genem sdw1 a byl
mapovan na dlouhém rameni chromozomu 3H [8]. Nékolik autor(i
uvadi asociaci mezi geny polozakrslosti sdw1 nebo denso, zpozdé-
nou dobou vyvinu klasu a nizkou hmotnosti zrna na rostlinu [8, 9, 10
aj.]. Gen sdw1 je mozno vysledovat az k jeho puvodci, norské od-
rdé Jotun, kterd vznikla jako mutant indukovany X-zafenim na Nor-
ské zemédélské fakulté ve Vollebekku v Norsku [11]. Jotun a z négj
odvozené polozakrslé genotypy s genem sdwT jsou Siroce vyuzivany
k produkci krmného je€mene v Severni Americe [8] a ke zlepSeni
krmnych odrid pro zapadni USA, zdpadni Kanadu a Australii, nikdy
vSak nebyly Uspésné jakozto sladovnické odrldy. To ostfe kontras-
tuje s Uspéchem genu denso. Atkoli oba tyto genotypy, severoame-
ricky a evropsky, byly Uspésné, je zajimavé, ze gen sdw1 pochazejici
z Jotunu nepfiznivé ovliviiuje sladovnickou jakost a pravdépodobné
i vysoKy vynos zrna, zatimco genotypy pochazejici z Diamantu/Trumpfu
obsahujici gen alelicky k sdw1, ktery byl pozdéji nazvan denso, jsou
vysoce Uspésné sladovnické odridy. Jednou z moznych hypotéz by
byla vazba sdw1 s alelou, ktera redukuje sladovnickou jakost, zatimco
denso obsazeny v Diamantu/Trumpfu by byl asociovan s alelou s po-
zitivnim nebo neutralnim vztahem ke sladovnické jakosti [8].

Vétsina evropskych sladovnickych odrid je polozakrsla a pochazi
z némecké odrudy Trumpf, ktery ma gen denso a je pfimym potomkem
Diamantu. Do roku 2000 bylo na jeho bazi vyslechténo pres 80 odrud
prevazné v Evropé, ale také jedna australska odrida (Franklin) [4].

Cilem prace bylo pomoci tfi molekularnich technik (RAPD, SSR
a AFLP) identifikovat pfipadné rozdily mezi Valtickym a Diamantem
na urovni DNA a ur¢it genetickou pfibuznost odrid Diamantové rady,

to lodging. The variety Diamant kept its high malting value and at the
same time it acquired several new, economically significant traits that
made it one of the most outstanding varieties of the date in Europe,
mainly due to the increased tillering capacity and stem shortening.

Diamant was subsequently used as a basic material for breeding
of other semi-dwarfed varieties, so-called Diamant line, e.g. Ametyst,
Hana, Favorit, Rapid, Koral, Safir, Rubin. In the course of barley bre-
eding in Europe, an important role was played by a German variety
Trumpf, parent of which was Diamant too. The importance of the va-
riety Diamant confirms the fact that to 2000 about 200 varieties co-
ming from Diamant and Trumpf were registered [3, 4; 5].

1.1 Characteristics and significance of the varieties Valticky
and Diamant

Valticky was formed from a regional variety Valticky pivovarsky. In
1921 further selection started and it resulted in the origin of the va-
riety Valticky pivovarsky B. In 1929 the varieties Valticky pivovarsky
B x Starnovsky Kneifl were crossed and the cross provided the ma-
terial for further breeding. Valticky C was bred in 1941 and Valticky in
1951 [1], it lately became an initial material for breeding of the vari-
ety Diamant.

After 1945 the variety Valticky became the most significant spring
barley variety in this country and represented the improved varieties
of Hanacky barley (i. e. barley coming from an area of the most in-
tensive barley growing in Czechoslovakia at the time) [6]. Valticky sp-
read quickly in agricultural areas of Czechoslovakia, in the 1960s it
covered 50 % of the spring barley acreage in Czechoslovakia and in
a limited extent it was also grown abroad [2].

Diamant was created by radiomutation from the variety Valticky. Dry
seeds of spring barley Valticky type A were used as an initial material
for irradiation. The aim was to create mutations that would exhibit the
enhanced resistance to leaf diseases with non-lodging stems and with
other agronomical characteristics on the level of the variety Valticky [7].

Diamant differs from all Hanacky varieties in spreading to creeping
bunch shape during its development from emergence to tillering. In
addition, it also differs from the original variety Valticky in dark green
color of leaves, erected leaf before heading and further, the ear af-
ter heading is not colored by anthocyan. Diamant also differs in the
following features: development rhythm during tillering, higher tille-
ring capacity, stem length reduction by 15 cm, grain yield increase
by 12 %, ratio of grain to straw = 1:0.95 compared to 1:1.3 in Valticky.
In spite of substantial shortening of stem (even by 15 cm), a newly
obtained genotype did not show a significant reduction of production
elements on the contrary to most of the detected macromutations of
this type. Study of the changed tillering development rhythm showed
that Diamant tillered later than Valticky and exhibited slowed deve-
lopment under short-day conditions.

1.2 Significance and distribution of the gene denso and variety
Diamant

After breeding and including in the list of permitted varieties in 1965,
Diamant became the most widely grown variety in Czechoslovakia. Its
major significance, however, is that it became a source of barley with
short stem and it was used for breeding of many semi-dwarfed varie-
ties. The progenitor of semi-dwarfism in Diamant is inherited in Men-
delian way as a codominant major gene denso, which is allelic with
the gene sdw1 and which was mapped on a long arm of chromosome
3H [8]. Several authors mention the association among the genes of
semidwarfism sdw7 or denso, delayed time of ear development and
low weight of a grain per plant [e.g. 8, 9, 10]. The gene sdwT can be
traced back to its progenitor, the Norwegian variety Jotun, which ori-
ginated as a mutant induced by X-radiation at the Norwegian agricul-
tural faculty in Vollebekk [11]. Jotun and semi-dwarfed genotypes with
the gene sdw1 derived from it are widely used for production of feed
barley in North America [8] and improvement of feed varieties for the
western USA, northern Canada and Australia, however they have ne-
ver been successful as malting varieties. This is in complete contrast
to the success of the gene denso. Although both these genotypes,
North American and European, were successful, it is interesting that
the gene sdw1 coming from Jotun unfavorably affects malting quality
and probably also high yield of grain, while the genotypes coming
from Diamant/Trumpf containing the gene allelic to sdw1, which was
lately called denso, are highly successful malting varieties. One of pos-
sible hypotheses can be the sdw1 binding with an allele which redu-
ces malting quality, while denso contained in Diamant/Trumpf would
be associated with an allele with positive or neutral relationship to mal-
ting quality [8].

Most European malting varieties are semi-dwarfed and come from
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nékolika odrld pfibuznych a nepfibuznych s Diamantem a dvou za-
hrani¢nich odrdd majicich gen sdw1 a denso. Déle se pak pokusit
pomoci metod SSR a AFLP identifikovat lokus nebo lokusy, ve kte-
rych do$lo k mutaci v genomu Diamantu a pokusit se klastrovou ana-
lyzou odlisit odrddy pfibuzné s Diamantem od odrdd nepfibuznych.

2 MATERIAL

Pro uréeni genetické pfibuznosti odriid Diamantové fady, hanac-
kych odrGd a odriid s genem sdw1 nebo denso bylo pouzito kromé
Valtického a Diamantu celkem devét odrid (tab. 1), které byly zis-
kéany z genové banky v Kroméfizi s vyjimkou odriidy Jotun, ktera byla
ziskana ze Skandinavské genové banky v Alnarpu ve Svédsku. Dia-
mant byl ziskan ze Slechtitelské stanice v Hrubéicich.

Pro identifikaci mutaci v genomu Diamantu a uréovani genetické
pfibuznosti sledovanych odrid bylo pouzito celkem patnact odrad:
Valticky, Diamant, devét odrdd s riznym stupném pfibuznosti k Dia-
mantu a ¢tyfi odriidy s Diamantem nepfibuzné (tab. 2). VSechny od-
ridy s vyjimkou Valtického a Diamantu byly ziskany ze zdroju Jus-
tus-Liebig-Universitat Giessen.

3 METODY

3.1 Ovéreni identity Diamantu

Pro ovéfeni identity Diamantu byly v roce 2002 srovnavany odr{idy
Valticky a Diamant (Diamant z Hrubgic) a populace jejich kfizencu
v generaci F2 podle fenotypu. V roce 2000 byly odrlidy Valticky a Di-
amant kfizeny v obdobi tésné pfed dozranim tyCinek. Klasy byly kast-
rovany a po tfech dnech oplodnény pravé zralymi ty€inkami otcov-
ské odrady. Do roku 2002 byli ziskani kfizenci pfemnoZeni do
generace F2, ve které byli sklizeni a hodnoceni spole¢né s rodicov-
skymi odr{idami. Vysev probéhl 22. 3. 2002 na pozemku v aredlu
MZLU v Brné na parcelach 3x10 m ve sponu 5x15 cm, sklizen byla
provedena ru¢né 6. 8. 2002. Po sklizni byly rostliny hodnoceny podle
fenotypu ve znacich, ve kterych doslo vlivem mutace k nejvétsim zme-
nam, tj. pocet odnozi, délka stébla a hmotnost zrna/klas.

3.2 Molekularni analyzy

Cast prace, tykajici se metod SSR a AFLP, byla publikovana [12].
Zde je podrobné popsana i metodika molekularnich analyz a statis-
tického vyhodnoceni.

Pro analyzy pomoci metody RAPD bylo pouZito osm primeru po-
lymorfnich pro &eské odrddy jarniho jeémene: AB1.10, AB3.13,
AB3.17,AB4.09,AB5.11,AB5.17, AB7.11 a AB7.14 [13]. Extrakce DNA
byla provedena z listd rostlin starych 3—4 dny pomoci kitu Invisorb
Spin Plant Mini Kit. RAPD reakce byla provedena pomoci PCR kitu
DyNAzyme DNA Polymerase Kit (Finnzymes). PCR protokol: 2,5 ul
PCR pufru; 5 ul DNA (5 ng/ul); 1 ul primeru (5 pmol/ul); 1 ul dNTP
mixu (10 mM); 1,5 ul MgCl, (50mM); 0,15 ul Taq polymerasy (2U/ul);
13,35 ul H,0, teplotni cyklus: 1 x 94 °C, 4 min; 45 x 94 °C, 1 min; 36
°C, 1 min; 72 °C, 2 min; 4 °C do konce. Amplifikaéni produkty byly
barveny ethidium bromidem a separovany na 2% agarosovém gelu,
elektroforéza probihala 4 h pfi 40 V.

3.3 Analyza sladu

Pro srovnani odriid Valticky a Diamant byly pouzity vysledky zis-
kané z vyzkumnych zprav VUPS za sklizfiové roéniky 1965—1972
a z nového porovnani obou odrdd z roku 2004.

the German variety Trumpf which has the gene denso and is a direct
offspring of Diamant. More than 80 varieties, mainly in Europe but al-
soone in Australia (Franklin), were bred on its basis up to 2000 [4].
The aim of this study was to identify possible differences between
the varieties Valticky and Diamant on the DNA level using three mo-
lecular techniques (RAPD, SSR and AFLP) and to determine the ge-
netic affinity of the varieties of the Diamant line, several varieties re-
lated and nonrelated to Diamant and two foreign varieties with the
genes sdw1 and denso. The other aim of the experiment was to at-
tempt to identify locus or loci in which mutation in the genom of Dia-
mant occurred using the SSR and AFLP methods and to differenti-
ate the varieties related to Diamant from the non-related ones using
the cluster analysis.

2 MATERIAL

Besides Valticky and Diamant, nine varieties were used for identi-
fication of the genetic affinity of the varieties of the Diamant line, Ha-
nacky varieties and varieties with the gene sdw1 or denso (Tab. 1).
The varieties were obtained from the gene bank in Kroméfiz (CZ)
with the exception of the variety Jotun, which was obtained from the
Scandinavian gene bank in Alnarp in Sweden. Diamant was obtai-
ned from the breeding station in Hrubcice (CZ).

For the identification of mutation in the genom of Diamant and de-
termination of genetic affinity of the studied varieties, total of fifteen va-
rieties was used: Valticky, Diamant, nine varieties with various degree
of affinity to Diamant and four varieties not-related to Diamant (7ab. 2).
All the varieties with the exception of Valticky and Diamant were acqu-
ired from the sources of Justus-Liebig-Universitat Giessen (Germany).

3 METHODS

3.1 Check of the identity of Diamant

In 2002, to check the identity of Diamant, the varieties Valticky and
Diamant (Diamant from Hrubcice) and population of their crosses in
the F2 generation were compared according to the phenotype. In
2000 varieties Valticky and Diamant were crossed just before of ant-
hers ripening. Ears were castrated and after three days fertilized with
just ripen anthers of the paternal variety. The obtained crosses were
reproduced to the F2 generation in 2002, they were harvested and
evaluated together with the parental varieties. Sowing was carried out
on March 22 2002 on the land of the MUAF in Brno on plots 3x10
m with spacing 5x15 cm, harvest was carried out manually on Au-
gust 6 2002. After harvest plants were evaluated according to the
phenotype in the traits with the biggest changes caused by mutation,
i.e. number of tillers, length of straw and mass grain/ear.

3.2 Molecular analyses

Part of the study dealing with the SSR and AFLP methods has al-
ready been published [12]. There are the methods of molecular ana-
lyses and statistic evaluation described in detail in the publication.

For analyses with the RAPD method, eight primers polymorphic
for Czech spring barley varieties were used: AB1.10, AB3.13, AB3.17,
AB4.09, AB5.11, AB5.17, AB7.11, and AB7.14 [13]. DNA extraction
was performed from leaves of plants 3—4 days old using the kit Invi-
sorb Spin Plant Mini Kit. RAPD reaction was performed using the
PCR kit DyNAzyme DNA Polymerase Kit (Finnzymes). PCR proto-

Tab. 1 Seznam odrud pouzitych v prvni ¢asti prace a jejich rodokmeny / List of varieties used in the first part of the study and their pedigrees

Odrida / Rodokmen / Rok povoleni /|  Pribl. podil Diamantu  |Poznamka /
Variety Pedigree Year of v rodokmenu / Approx. |Note
permission | contribution of Diamant in
Favorit Diamant/F. Union 1973 Vs Diamantova rada odrid /
Hana Diamant/Alsa 1973 A Diamant variety line
Ametyst Domen/(Hané&cky Jubilejni x Valticky x Voldagsen)/Diamant| 1972 A
Safir (Valticky x Kneifel) x (Diamant x Arabische Zweilige) 1978 Wi
Sladar Valticky/Slovensky Dunajsky trh 1967 - Odrudy nepfibuzné
Denar Celechovicky hanacky/Bavaria 1969 - s Diamantem / Varieties
Hana Pedigrée | Individualni vybér z krajové, starohandcké populace / 1884 - nonrelated with Diamant
Individual selection from regional, Hanacky population
Derkado Lada/Salome 1991 /g Odriida majici gen denso /
Variety with the gene denso
Jotun Radiomutant 1930 - OdrGda majici gen sdw1 /
Variety with the gene sdw1
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Tab. 2 Seznam pouzitych odrid, jejich rodokmeny a pfiblizny podil
genomu Diamantu uréeny podle rodokmenu / List of varieties used,
their pedigrees, approximate contribution of the genome of
Diamant identified according to pedigree

Odriida /| Zemé pavodu /| Pfibl. podil Diamantu
Variety | Country of v rodokmenu / Approx.
the origin contribution of
Diamant in pedigree

Odridy pribuzné Alexis D 1/4-25%

s Diamantem / Neruda GB 1/6,4-15,6%

Varieties related Barke D 1/8-12,5%

with Diamant Chantal D 1/10,2-9,9%
Thuringia D 1/10,7-9,3%
Krona D 1/12,8-7,8%
Aspen GB 1/16-6,3%
Brenda D 1/32-3,1%
Danuta D ?

Odriidy nepribuzné |Baccara D

s Diamantem / Madeira D

Varieties nonrelated | Meltan S

with Diamant Steffi D

Ve vyzkumnych zpravach VUPS [14-21] jsou uvedeny vysledky
z odrudovych pokusti UKZUZ. Obé odridy byly kazdoro¢né vysety
v nékolika zkuSebnich lokalitach. Z téchto lokalit byly odebrany vzorky
pro stanoveni sladovnické kvality.

V roce 2004 byly obé odridy vysety na pokusném pozemku Skol-
niho zemé&délského podniku MZLU v Zabgicich. Sklizené zrno bylo
sladovano a analyzovano.

Pro sladovani byl pouzit podil zrna na sité 2,5 mm. Sladovani pro-
bihalo pfi teploté vody i vzduchu 14,5 °C. V pribé&hu méaceni se stfi-
dala namacka (w) a vzdusna prestavka (a) podle schématu (v hodi-
nach): 5w/19a/4w/20a/1w/23a. Klieni trvalo také 72 h pfi teploté
14,5 °C. Zeleny slad byl hvozdén nasledujicim postupem: 12 h pfi
teploté 55 °C, potom se teplota zvySovala po 1,5h o5 °C azna 80 °C.
Pfi teploté 80 °C byl slad ponechan 4 h. Po ukon&eni hvozdéni byl
slad odklicen.

Vyrobeny slad byl analyzovan podle metodik EBC [22] a MEBAK
[23].

4 VYSLEDKY A DISKUSE

4.1 Rostlinny material

Pfi ovéfovani identity Diamantu byly u populace rodi¢u (Valticky a Di-
amant) a generace F2 jejich kfizencl méfeny hodnoty: délka stébla,
pocet odnozi a hmotnost zrna na klas. Analyzou variance byly vy-
hodnoceny rozdily mezi Valtickym a Diamantem pro jednotlivé znaky
(délka stébla, pocet odnozi a hmotnost zrna na klas). Rozdil ve vySce
rostlin u Valtického a Diamantu byl primérné 20,2 cm, tj. 20,4 %, a byl
statisticky vysoce vyznamny (P=0,01). Naopak pocet odnozi byl u Di-
amantu statisticky vysoce vyznamné nizsi (P=0,01), v priméru o 1,22
odnoze na rostlinu, tj. 0 26 %. Pravdépodobna pficina je dana inter-
akcei rocniku a lokality, nebot vysledky méfeni v pozdéjSich letech jiz
zvySenou odnozovaci schopnost Diamantu potvrzuji (Ustni sdéleni).
Hmotnost zrna na klas byla u Diamantu vy$si v priméru o 0,18 g na
klas, tj. 0 19 %, a tento rozdil byl opét statisticky vysoce vyznamny
(P=0,01). Kromé odnozovani vSechny sledované znaky odpovidaji
hodnotam, které popsal Doc. Bouma, autor této odrldy.

Rostliny o délce do 77 cm byly klasifikovany jako polozakrslé, nad
96 cm jako vysoké a mezi témito hodnotami jako intermediarni. Jeli-
koz pocet odnozi neodpovidal zvySené odnozovaci schopnosti Dia-
mantu, byla u populace kfizenct Valtického a Diamantu v generaci F2
hodnocena pouze vyska rostliny. Pomoci variaéniho tfidéni byly rost-
liny rozdéleny na kratké (47—77 cm), intermediarni (78-95 cm) a vy-
soké (96—125 cm) (obr. 1). Zastoupeni rostlin v tomto znaku bylo v po-
méru 1:1,78:1,04, hodnota 2 = 1,34. Tento pomér Ize tedy pokladat
za teoreticky o¢ekavany 1:2:1, coz odpovida mendelisticky dédénému
kodominantnimu major genu, v tomto pfipadé genu polozakrslosti.

4.2 Analyza sladu

Primérné hodnoty za jednotlivé roky (tab. 3) ukazuji, Ze odrida
Valticky vykazovala vy$si tendenci k akumulaci dusiku nez odriida
Diamant. Vy$Si podil dusikatych latek v zrnu odrtdy Valticky snizoval
obsah $krobu a nasledné obsah extraktu ve sladu ve srovnani s od-
ridou Diamant. Také autor odrldy [1] uvadi vy$si hodnoty extraktu

0 Diamant
@Valticky
mCrosses

20 —

Poget rostlin / Relative frequency (%)

4753 5459  60-65 6671 7277 7883 8489 9095  96-101 102107 108-113 114-119 120-125

Intervaly Eetnosti - vySka rostlin / Frequency intervals - height of plants (cm)

Obr. 1/ Fig. 1 Histogram ¢etnosti pro délku stébla u k¥izencl Valtic-
kého a Diamantu v generaci F2 / Frequency histogram for the length
of straw in crosses of Valticky and Diamant in F2 generation

col: 2.5 uL PCR of buffer; 5 uL of DNA (5 ng/uL); 1 uL of primer
(5 pmol/uL); 1 uL dNTP of mix (10 mM); 1.5 uL of MgCl, (50mM);
0.15 uL of Taq polymerase (2U/uL); 13.35 uL of H,O, thermal cycle:
1x94 °C, 4 min; 45 x 94 °C, 1 min; 36 °C, 1 min; 72 °C, 2 min; 4 °C
till the end. Amplification products were coloured with bromide ethi-
dium and separated on 2% agarose gel, electrophoresis proceeded
for4 hat40V.

3.3 Malt analysis

For comparison of the varieties Valticky and Diamant, results ob-
tained from the research reports of the RIBM for the harvest years
1965—-1972 and from a new comparison of both varieties from 2004
were used.

The RIBM research reports [14—21] present the results from the
varietal experiments of the CISTA. Both varieties were sown at se-
veral testing localities each year. From these localities samples were
taken for determination of malting quality.

In 2004 both varieties were sown on the experimental field of the
School Agricultural Company MUAF in Zabgice. The harvested grain
was malted and analyzed.

Sievings over 2.5 mm were used for malting. Malting proceeded at
water and air temperature of 14.5 °C. During steeping wetting (w) and
air break (a) alternated according to the scheme (in hours):
5w/19a/4w/20a/1w/23a. Germination also lasted 72 h at 14.5 °C.
Green malt was kilned according to the following method: 12 h at
55 °C, then temperature was raised after 90 min by 5 °C up to 80 °C.
At this temperature malt was kept for 4 h. After kilning malt was de-
culminated.

The produced malt was analyzed according to the EBC [22] and
MEBAK [23] methods.

4 RESULTS AND DISCUSSION

4.1 Plant material

To check the identity of Diamant, following values were measured
in the population of parents (Valticky and Diamant) and F2 genera-
tion of their crosses: length of straw, number of tillers and grain mass
per ear. The variance analysis was used to evaluate the differences
between Valticky and Diamant for individual traits (length of straw,
number of tillers and mass of grain per ear). Difference in the height
of plants in Valticky and Diamant was 20.2 cm on average, i.e. by
20.4 % and it was statistically highly significant (P=0.01). On the con-
trary, number of tillers was statistically highly significantly lower in Di-
amant (P=0.01), on average by 1.22 tillers per plant, i.e. by 26 %.
Probable cause is given by the interaction of a year and locality as
the results of measurements in subsequent years confirm the incre-
ased tillering capacity of Diamant (verbal information). Weight of gra-
ins per ear was higher in Diamant, on average by 0.18 g per an ear,
i.e. by 19 % and this difference was again statistically highly signifi-
cant (P=0.01). Except tillering, all the studied traits correspond to the
values described by Doc. Bouma, the author of this variety.

Plants, which were up to 77 cm high, were classified as semid-
warfed, over 96 cm as high and between these values as mean. As
the number of tillers did not agree with the increased tillering capa-
city of Diamant, only the height of the plant was evaluated in the po-
pulation of crosses Valticky and Diamant in F2 generation. Height sor-
ting split the plants to short (47—77 cm), mean (78-95 cm) and high

—b—
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Valticky

Ametyst

Diamant (Hrubéice)

Hana Pedigrée

Denar

Hana

Favorit

Safir

I: Derkado
Jotun
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Obr. 2 / Fig. 2 Dendrogram genetické pfibuznosti uvedenych odrid
zalozeny na datech ziskanych pomoci osmi RAPD primeru s celko-
vym poétem 41 alel. Cervené jsou oznadeny odridy pfibuzné s Dia-
mantem / Dendrogram of genetic affinity of the given varieties based
on the data acquired with eight RAPD primers with total number of
41 alleles. Varieties related to Diamant are marked in red

u odridy Diamant (tab. 4). Celkova enzymaticka aktivita dana hod-
notou relativniho extraktu pfi 45 °C byla u obou odrid nadprimérna
a dosahovala hodnot kolem 38,5 %. Proteolytické rozlusténi bylo vy-
razné vy$s$i u odriidy Diamant. Aktivita amylolytickych enzymu byla
u obou odriid na nadprimérné az optimalni trovni. Nepfimé méfitko
urovné modifikace sladu ,rozdil extraktli v jemném a v hrubém mleti“
ukazuje, Ze odrida Diamant méla lep$i droven modifikace sladu nez
odrlda Valticky. Uroven prokvaseni byla u obou odrid stejnd a z dnes-
niho pohledu nizka, ale vyhovovala by spolu s Urovni relativniho ex-
traktu pozadavkim na slad pro vyrobu ¢eského piva [24]. Odrtda Val-
ticky vykazovala vy$8i hmotnost tisice zrn a vyS8Si objemovou
hmotnost jeémene i sladu, nez odriida Diamant.

U vzorkd odrdd Valticky a Diamant vypéstovanych v Zabgicich
v roce 2004 bylo stanoveno S$irSi spektrum parametrl, odpovidajici
dnes$nim pozadavkim. U obou odrld byl zjistén vy$si obsah extraktu
nez v letech 1965-1972, pfic¢emz vice extraktu vykazovala odrida
Diamant. Ostatni parametry viceméné korespondovaly s pfedchozim
mérenim. Cytolytické rozlusténi dané friabilitou a obsahem B-glukant
ve sladiné bylo u obou odrid z dnesniho pohledu nedostateéné, ale
u odridy Diamant o malo lep$i nez u odridy Valticky. Problém s &i-
rosti sladiny odridy nemély.

4.3 Molekularni analyzy

Pomoci metody RAPD jsme pfi ur€ovani genetické pfibuznosti od-
rid uvedenych v tab. 1 ziskali celkem 41 alel, na jejichz zakladé byl
sestrojen dendrogram genetické pfibuznosti (obr. 2). Pouzité primery
od sebe spolehlivé odlisily véechny odrudy zarazené do pokusu,
avS$ak nepodafilo se touto metodou odlisit odridy pfibuzné s Dia-
mantem od odr(id ostatnich.

Pomoci metody SSR bylo nalezeno velké mnozstvi polymorfismu

4| Vidtficky
TAN
Dinnt
Brenda
MADEIRA
Krona
] =
Thurigta
= Alesds
I— Aspen
‘CARA
T T T T 1
057 057 076 086 096
Coefficient

Obr. 3/ Fig. 3 Dendrogram genetické pfibuznosti zalozeny na datech
ziskanych pomoci SSR. Odrldy pfibuzné s Diamantem jsou vyzna-
¢eny tuéné, odrddy nepfibuzné velkymi pismeny [12] / Dendrogram
of genetic affinity based on the data acquired with SSR. Varieties rela-
ted to Diamant are marked in bold, nonrelated varieties in capitals [12]

(96—125 cm) (Fig. 1). Representation of plants in this trait was in ra-
tio 1:1.78:1.04, %2 = 1.34. This ratio can therefore be considered the-
oretically expected 1:2:1, which corresponds with codominant major
gene inherited in Mendelian way, in this case the semi-dwarfism gene.

4.2 Malt analysis

Average values for individual years (Tab. 3) show that the variety
Valticky exhibited a higher tendency to nitrogen accumulation than
the variety Diamant. Higher ratio of nitrogenous substances in grain
of the variety Valticky reduced starch content and subsequently ex-
tract content in malt compared with the variety Diamant. The author
of the variety [1] also presents higher extract values than in the vari-
ety Diamant (Tab. 4). Total enzymatic activity given by the value of
relative extract at 45 °C in both varieties was above average and it
achieved values around 38.5 %. Proteolytic modification was signifi-
cantly higher in the variety Diamant. Activity of amylolytic enzymes
was in both varieties on the above average to optimum level. Indirect
measure of the level of malt modification “difference of extracts in fine
and coarse grinding” shows that the variety Diamant had better level
of malt modification than the variety Valticky. Degree of attenuation
was in both varieties the same and from today’s point of view low but
together with relative extract it would meet the requirements for malt
for production of Czech beer [24]. The variety Valticky showed higher
weight of thousand grains and higher volume weight of barley and
malt than the variety Diamant.

In samples of the varieties Valticky and Diamant grown in Zabgice
in 2004, wider range of parameters meeting today’s requirement were
assessed. In both varieties higher extract content than in years 1965-
1972 was determined and the variety Diamant showed more extract.
The other parameters corresponded more or less with the previous

Tab. 3 Sladovnické hodnoty odriid Valticky a Diamant (sklizriové roéniky 1965—-1972) /Malting values of the varieties Valticky and Diamant

(harvest years 1965-1972)

1965 1966 1967 1968 1969 1970 1971 1972

Odriida / Variety v| bfv|D|v | D|V| D|V|D|V| D|V | D|V|D
Dusikaté latky v jeémeni / Nitrogen substances in barley | % [12.0 | 11.4|10.9 9.9 |11.9 (10.6 [11.5|11.3 [11.2 105 | 11.8(11.1|11.4 [10.1 [ 12.4]| 11.1
Extrakt ve sladu / Extract in malt % |80.5 | 80.5|81.7 (82.3 [80.8 |81.9 (81.3 |81.5|81.8 (82.4 |79.9|80.7 (81.2 |82.3 | 79.8 | 80.8
Relativni extrakt pii 45 °C / Relative extract at 45 °C % |39.3 (39.4|38.9(38.6 [38.2|38.9 (389 |37.1|39.5(38.8 |36.5|36.7 | 39.3|37.4 |39.9 | 41.7
Kolbachovo éislo / Kolbach index % |40.9 | 41.4|42.7 |44.5 [40.8 |44.0 (39.9 |42.2|39.8 (41.7 | 37.2|38.9(40.8 |41.5 | 40.8 | 46.5
Diastaticka mohutnost / Diastatic power WK | 347 | 334 | 331 (288 | 315 | 265 [ 300 | 269 | 327 | 280 | 329 | 287 | 347 | 260 | 369 | 310
Dosazitelny stupen prokvaseni / Apparent final attenuation| % 76.9 |75.9 772|781 | 755(76.4 [ 78.8 [77.4 | 79.2 | 79.5
Celkovy dusfk ve sladu / Total nitrogen in malt mg/l|1.849|1.738| 1.73 |1.561 |1.807 [1.608 |1.809 | 1.71 [1.702|1.575 | 1.81 [1.696|1.734 [1.559 | 1.925| 1.72
Viynos / Yield tha |4.44 | 4.54|4.42 |4.91 |5.07 |5.38 |4.94 | 5.05 | 5.09 [5.66 | 4.69 |4.73 | 4.88 |5.63 | 4.83 | 5.58
Podil nad sitem 2,5 mm / Sieving fractions above 2.5 mm | % |33.2 | 28.3|37.6 |38.2 [41.7 [34.3 [40.3 [30.7 |46.5 |49.4 | 44.1|39.7 | 42.2|46.0 | 41.2 | 34.9
HTZ/ TGW g [35.6322|37.1|34.5 (382 [34.1 [38.0 [34.8|40.3|37.5|40.0(36.2 [40.0 (37.9 |38.3|34.8
Objemova hmotnost jecmene / Volume weight of barley | kg |68.4 | 66.3 | 67.7 |66.4 | 70.4 [69.1 [69.0 [67.5|71.2|70.0 | 69.2 | 67.1|70.8 (69.9 |68.7| 68
Skrob v zrnu jeémene / Starch in barley grain % [61.7 | 62.1|62.0 [62.8 |63.8 |65.7 |62.0 | 63.1

Objemova hmotnost sladu / Volume weight of malt kg [53.9 | 52.4|53.2 |52.2 |55.0 |52.8 |54.8 |53.1 | 55.8 |54.0 | 55.6 | 53.7 | 53.0 |53.1 | 53.7 | 51.2
Rozdil moucky a drti 25 % / Fine grind/coarse grind % 23 (16 (24 (20 [ 22|22 |19 |15 | 19| 15
Vysvétlivky / Notes: V - odriida / variety Valticky D — odr(ida / variety Diamant
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Obr. 4/ Fig. 4 Dendrogram genetické pfibuznosti zalozeny na datech
ziskanych pomoci AFLP. Odrudy pfibuzné s Diamantem jsou vyzna-
¢eny tuéné, odrddy nepfibuzné velkymi pismeny [12] / Dendrogram
of genetic affinity based on the data acquired with AFLP, Varieties rela-
ted to Diamant are marked in bold, nonrelated varieties in capitals [12]

mezi v§emi pouzitymi odridami (Valticky, Diamant, Alexis, Neruda,
Barke, Chantal, Thuringia, Krona, Aspen, Brenda, Danuta, Baccara,
Madeira, Meltan, Steffi). Z celkového poctu 122 bylo identifikovano
51 lokus(, na kterych doslo k mutaci ozarfenim Valtického v rozsahu
pouzitych mikrosatelitnich marker(, a to na véech sedmi chromozo-
mech. Z vysledku je zfejmé, ze mutace zasahla znaéné mnozstvi lo-
kusU, coz potvrzuje zna¢nou genetickou vzdalenost Diamantu od Val-
tického. DUvodem této neocekavané rozdilnosti mize byt nejen
mutace zplUsobend ozafenim, nybrz i genetickd nehomogennost
obou vychozich odriid, které pravdépodobné nebyly potomky jediné
linie, jak je obvyklé u dnesnich odriid, ale mohly byt smési vice linif,
navzajem velmi podobnych.

Také pomoci AFLP bylo nalezeno velké mnoZzstvi polymorfismu jak
mezi Valtickym a Diamantem, tak mezi véemi sledovanymi odridami.
Bylo ziskano celkem 1591 AFLP fragmentd, z nichz 670 (tj. 42,1 %)
bylo polymorfnich pro v8echny analyzované odrady, a 189 (tj. 11,9 %)
bylo polymorfnich pro Valticky a Diamant. Genetické pfibuznosti vy-
jadrené graficky pomoci dendrogramii jsou shrnuty na obr. 3 a 4.

Tab. 4 Sladovnické hodnoty odr(id Valticky a Diamant / Malting values of the varieties Valticky and Diamant

——— GS mezi Diamantem a
ostatnimi odriidami uréena
na zakladé analyzy SSR

—— GS mezi Diamantema
ostatnimi odradami uréena
na zakladé analyzy AFLP

—— P¥iblizny podil Diamantu v
jejich rodokmenech

Alexis
Neruda
Barke
Chantal
Thuringia
Krona
Aspen
Brenda
Danuta
Baccara
Madeira
Meltan
Steffi
Valticky

Obr.5/ Fig. 5Hodnoty genetické pfibuznosti mezi Diamantem a ostat-
nimi odrddami uréené na zakladé SSR a AFLP a jejich srovnani s hod-
notami pfiblizného podilu Diamantu v jejich rodokmenech / Values of
genetic affinity between Diamant and other varieties determined by
SSR and AFLP and their comparison with values of approximate con-
tribution of Diamant in their pedigrees

measurement. Cytolytic modification given by friability and B-glucan
content in wort was in both the varieties from the today’s point of view
insufficient but in the variety Diamant it was a slightly better than in
the variety Valticky. The varieties did not have a problem with wort
turbidity.

4.3 Molecular analyses

The RAPD method was used for determination of genetic affinity
of varieties presented in Tab. 1. We acquired 41 alleles and dendro-
gram of genetic affinity was designed on their basis (Fig. 2). The pri-
mers used reliably distinguished all varieties included in the experi-
ment, however this method was not successful in distinguishing the
varieties related to Diamant from the other varieties.

The SSR method helped to find a large quantity of polymorphism
among all the varieties used (Valticky, Diamant, Alexis, Neruda,
Barke, Chantal, Thuringia, Krona, Aspen, Brenda, Danuta, Baccara,
Madeira, Meltan, Steffi). Of the total number of 122, 51 loci were iden-
tified where mutation caused by irradiation of Valticky in the scope of
the used microsatelite markers
occurred on all seven chromo-
somes. The results evidently
show that mutation affected

—b—

Metody Methods Jednotky 2004 1967* a substantial quantity of loci,
Units Vv D Vv D which confirms a considerable
Obsah vody v jeémeni / Water content in barley % 10,5 10,1 11,4 10,7 genetic distance of Diamant
Dusikaté latky v jeémeni / Nitrogen substances in barley |~ % 12,3 12,9 from Valticky. This unexpected
Obsah vody ve sladu / Water content in malt % 57 9,6 difference can be a resul? of not
Extrakt ve sladu / Extract in mat % 822 | 841 | 807 | 810 only mutation caused by irradia-
Relativni extrakt pfi 45 °C/  Relative extract at 45 °C % 366 | 381 tion but also genetic nonhomo-
Kolbachovo Gislo / Kolbach index % 432 | 441 | 388 | 387 geneity of both original varieties
Diastaticka mohutnost / Diastatic power WK 359 353 253 293 Wh'Ch probably were not offsp-
Dosazitelny stupefi prokvaseni / Apparent final attenuation % 75,8 78,1 ring of the only line as it is usual
Friabilita / Friability % 600 | 610 in today’s varieties but they could
B-Glukany ve sladiné / B-Glucans in wort mg/l 689,0 558,0 b.e a mixture of more lines, very
Pentosany ve sladiné / Pentosans in wort mg/l 747,0 675,0 similar to each other.
Dusikaté latky ve sladu / Nitrogen substances in malt % 12,0 12,5 ) The AFLP method helped to
Rozpustny dusik ve sladu / Soluble nitrogen in malt mg/l 833,0 880,0 f'f‘d a big number .Of p °'Vm°r.p'
Glycidovy extrakt ve sladu / Glycide extract in malt % 77,0 78,6 hism between Valticky and Dia-
Rozdil extraktii / Difference of extracts % 34 2,4 mant, and also among all the fol-
Sklovita zma / Glassy grains % 02 02 lowed varieties. 1591 AFLP
Homogenita friabilimetrem / Homogeneity by friabilimeter % 78,5 78,0 f_ragment% were gcqunred, 670
Casteéné sklovita zra / Semi-glassy grains % 21,3 218 (1.e. 42.1 %) of which were poly-
Primérna délka strelky / Average length of acrospire 63,4 63,9 rporphlc for th? analyzeod varie-
Viskozita sladiny / Wort viscosity mPas 1,62 1,55 ties, and 1.89 (ie. 11'9,/ °) were
Barva sladiny / Wort colour EBC 2,4 2,5 polymorphic f.o r Vglt}(;ky and Di-
Doba zcukeni / Saccharification time min 10,0 10,0 amant, Ger_1et|c affln_ltles presen-
Zakal sladiny 90° / Turbidity of wort 90° EBC 1,0 0,8 ted graphically using -dendro-
Zakal sladiny 15° / Turbidity of wort 15° EBC | 08 0,7 grams are summarized in Fig. 3
Cirost sladiny vizualné / Wort clarity visually 1,0 1,0 anq 4 Also |n.th|s case gll the
Obsah &krobu / Starch content % 62,6 63,0 Laer;gt'giss t?feﬂ;ﬂgzefrixrgiﬂziqt
szvétlivky / Notes: V — odrlda / variety Valticky D - odrlida / variety Diamant her varietie%, but not the varie-
Zdroj / Source: Bouma 1967 ties related to Diamant.
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Tab. 5 Polymorfismus mezi Valtickym a Diamantem podle dat ziskanych SSR analyzou / Polymorphism between Valticky and Diamant

based on the data acquired with the SSR analysis

Chr. Celkovy pocet mikrosateliti Pocet polymorfnich mikrosatelitt % polymor. mikrosatelitii na chr.
Chr. Total number of microsatellites Number of polymorphic microsatellites % polymor. microsatellites on chr.
1H 18 2 11.1

2H 24 13 54.2

3H 17 6 35.3

4H 18 8 44.4

5H 14 11 78.6

6H 11 4 36.4

7H 19 7 36.8

total 122 51 41.8

| v tomto pfipadé se podafilo oddélit vSechny odrlidy pouzité v po-
kusu, nikoli v8ak odriidy pfibuzné s Diamantem od odr(d ostatnich.

Odrady zde pouzité maji rodokmeny navzajem propletené, napf. ty,
které nejsou pribuzné s Diamantem, jsou pfibuzné s nékterym z rodic
odrld s Diamantem pfibuznych, a zde vznika silny pfibuzensky vztah,
ktery je silngjsi nez pfibuznost s Diamantem vzdalena o jednu nebo dvé
generace vice. Pfikladem je odrida Thuringia, ktera je pfibuzna s Dia-
mantem a zaroveri ma ve svém rodokmenu odridu Steffi, ktera samotna
byla v tomto experimentu pouzita a s Diamantem pfibuzna neni. DalSi
pfi¢inou muze byt pfili§ maly podil genomu Diamantu v téchto odrG-
dach, nez aby byl detekovatelny pomoci genetickych markeru.

PFi sledovani genetické pfibuznosti uréené na zakladé molekularnich
analyz a rodokmenovych dat byly zjistény zna€né rozdily. S klesajicim
podilem genomu Diamantu ve sledovanych odridach byl také oceka-
van pokles hodnot genetické pribuznosti téchto odriid s Diamantem
(obr. 5). Tento pfedpoklad se nesplnil, hodnoty genetické pFibuznosti
se zdaji byt naprosto nezavislé na rodokmenovych datech. Stejné jako
v tomto pokusu prezentuje mnoho autort nesrovnalosti mezi ziskanymi
molekularnimi daty a rodokmenovou informaci. Podle Simioniuc et al.
[25] dendrogramy zaloZzené na odhadech genetické pfibuznosti, zis-
kanych na zakladé molekularnich technik, odrazeji rodokmenova data
jen do urcité miry. To plati zvlasté v pfipadé, kdy nejsou v analyze za-
hrnuty vSechny rodic¢ovské odrldy, protoze selekce mlize vést ke
znacéné zménénému podilu vliastnich rodi¢ovskych genomda. Tento fakt
miZze byt zplsoben nasledujicimi dlvody: genové banky vlastni velké
mnozstvi rlznych odrdd; jejich jména byvaji znovu pouzivana Slechti-
teli; existujici problémy s udrzenim diverzity v ramci odridy ulozené
v genové bance. Historicky vSak rodokmenova data byla jedinym zdro-
jem informace pro Slechtitele rostlin na za¢atku programu kfizeni [26].

V minulosti byly ¢asto Siroce vyuzivany nepfimé odhady pfibuz-
nosti pomoci rodokmenovych dat u mnoha druhl véetné je¢mene.
Tyto odhady nemohou vzdy odrdZzet skute¢né vztahy mezi liniemi.
Nizké hodnoty korelace mezi molekularnimi a rodokmenovymi daty
vedly k zavéru, ze informace ziskané na zakladé rodokmenu nemo-
hou byt tak vyuzitelné pro jisté aplikace, pro které byly vyuzivany v mi-
nulosti [27]. V kazdém pfipadé odhady hodnot genetické pfibuznosti
zalozené na molekularnich datech budou poskytovat vice informaci,
nez je mozné ziskat z rodokmen( odrud [28].

V tab. 5 je uvedena uroven polymorfismu mezi Valtickym a Dia-
mantem v ramci jednotlivych chromozom(, kterd byla znaéné roz-
dilnd, nejvétsi na chromozomu 5H, vyrazné nizka naopak na chro-
mozomu 1H, coz je pravdépodobné jeden z dlvod(, pro¢ mutaci
nebyla negativné ovlivnéna sladovnicka jakost Diamantu. Na chro-
mozomech 5H a 6H se totiz nachazi nejméné QTL pro sladovnickou
jakost jarniho jeCmene, zatimco na chromozomech 1H, 2H,
4H a 7H se nachazi vyznamné QTL pro tuto vlastnost [29]. Tyto Ctyfi
chromozomy byly mutaci detekovatelnou pouzitymi mikrosatelitnimi
markery zasazeny méné (11,1 az 44,4 %) nez chromozomy 5H a 6H.
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Lektoroval Ing. Ivan Langer, CSc.
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The varieties used in the experiment have pedigrees mutually in-
terrelated e.g. those not related to Diamant are related to some of
parents of varieties related to Diamant and strong relationship, stron-
ger than affinity with Diamant distant by one or two generations, ori-
ginates here. The example is a variety Thuringia, which is related to
Diamant and at the same time it has in its pedigree a variety Steffi
that was used in this experiment itself and is not related to Diamant.
Another cause can be that the ratio of the genome of Diamant was
too small to be detected with genetic markers in these varieties.

Study of genetic affinity determined on the basis of molecular ana-
lyses and pedigree data found considerable differences. With decre-
asing rate of the Diamant’s genome in the studied varieties also the
decrease in values of genetic affinity with Diamant of these varieties
was expected (Fig. 5). This assumption was not fulfilled, values of ge-
netic affinity seem to be entirely independent on pedigree data. Si-
milarly as in this experiment, many authors present inconsistency bet-
ween obtained molecular data and pedigree information. According
to Simioniuc et al. [25], dendrograms based on estimations of gene-
tic affinity obtained with molecular techniques, reflect pedigree data
only to a certain extent. This is true mainly in case when not all pa-
rental varieties are included into the analysis as selection can lead
to a considerably changed rate of parental genomes. This fact can
be caused by the following reasons: gene banks own a big amount
of various varieties; their names are often reused by breeders; exis-
ting problems with maintaining the diversity within one variety depo-
sited in the gene bank. Historically, however, the pedigree data were
the only source of information for breeders of plants at the beginning
of the crossing programme [26].

In the past indirect estimations of affinity were widely used using
the pedigree data in many species including barley. These estimati-
ons cannot always reflect real relationships among the lines. Low va-
lues of correlation between molecular and pedigree data led to the
conclusion that information obtained on the basis of pedigree cannot
be used for certain applications for which they were used in past [27].
Nevertheless, estimations of values of genetic affinity based on mo-
lecular data will provide more information than it is possible to obtain
from pedigrees of varieties [28].

Tab. 5 shows that level of polymorphism between the varieties Val-
ticky and Diamant in the framework of individual chromosomes was
considerably different, the highest on the chromosome 5H, on the
contrary significantly low on the chromosome 1H; this is probably one
of the reasons why mutation did not negatively affect malting quality
of Diamant. Least QTL for malt quality of spring barley is found on
chromosomes 5H and 6H, while significant QTL for this trait is on the
chromosomes 1H, 2H, 4H and 7H [29]. These four chromosomes
were affected by mutation detectable with the used microsatelite mar-
kers less (11.1 to 44.4 %) than the chromosomes 5H and 6H.
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