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Bradova, J., Psota, V., 2017: Hodnoceni variability hordeinti éeskych odrid jarniho jeémene. Kvasny Prum. 63, €. 2, s. 57-63

Metoda skrobové gelové elektroforézy byla pouzita k hodnoceni alelické variability hordein ¢eskych odrud jarniho jeémene. Soubor
zahrnoval 70 krajovych, starych a modernich odrid, u nichZ bylo detekovano celkem 34 hordeinovych alel. Identifikované alely tvorily
celkem 43 elektroforetickych profili. Alelicka hordeinova variabilita kompletniho souboru vyjadiena indexem genetické variability (H) byla
0,941. Geneticky index variability modernich odriid je¢émene byl 0,946. Krajové odriidy a staré odrlidy se vyznacovaly v priméru nizsi
variabilitou (H=0,870). Naopak krajové a staré odrtdy byly charakterizovany prokazatelné vy$Sim vnitroodriddovym polymorfismem nez
moderni odrudy.

Bradova, J., Psota, V., 2017: The assessment of hordein variability in Czech spring barley varieties. Kvasny Prum. 63, No. 2,
pp. 57-63

The allele variability of the hordein controlled by Hrd A, Hrd B, and Hrd F loci was investigated in Czech spring barley varieties using
starch gel electrophoresis. The studied set included landraces, old varieties and modern varieties. A total of 34 hordein alleles were
detected in the set of 70 barley varieties. Identified hordein alleles created totally 43 electrophoretic patterns. Hordein allelic variability of
the complete set expressed as an index of genetic variability (H) was 0.941. The genetic variability index (H) of modern barley varieties
was 0.946 while in landraces and old varieties on average lower variability was recorded H=0.870. On the contrary, landraces and old
varieties were characterized by much higher intra-varietal polymorphism than modern varieties.

Bradova, J., Psota, V., 2017: Die Auswertung der Hordeinvariabilitét der tschechischen Sommergerstensorten. Kvasny Prum. 63,
Nr. 2, S. 57-63

Zur Auswertung der alelischen Hordeinvariabilitat der tschechischen Sommergerstensorten wurde die Methode der Stérke-Gel-Elek-
trophorese angewandt. Zur Datei gehdrten 70 regionale, alte und zeitgendssische Sorten, bei denen 34 Hordein-Allele festgestellt
wurden. Identifizierte Allele bildeten insgesamt 43 elektrophoretische Profile. Die allelische Hordeinvariabilitdt der kompletten Da-
tei, ausgedrickt als Index der genetischen Variabilitat (H) wurde 0,941. Der genetische Index der Variabilitit von neuen (modernen)
Gerstensorten wurde 0,946. Die Landes- und alte Gerstensorten wiesen im Durchschnitt eine niedrigere Variabilitat (H=0,870) auf. Im
Gegensatz dazu, regionale und alte Sorten wurden nachweislich mit dem héheren innen Sorten Polymorphismus charakterisiert, als die

Vielzahl von den modernen Pflanzenziichtung .
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1 UVOD

Slechténi se od po&atku minulého stoleti vyznamné podilelo na
zvySovani vynost zemédélskych plodin a v poslednich tfech dese-
tiletich se stalo u mnoha plodin faktorem rozhodujicim. Podminkou
uspéchu Slechténi je efektivni vyuziti genetické diversity, jejimiz
nositeli jsou genetické zdroje rostlin. Protoze moderni kultivary né-
kterych plodin jsou geneticky podobné, vzriista potfeba vyuzivat ve
Slechténi novou genetickou diversitu. Zdrojem tak mohou byt gene-
ticky odlisné kultivary, staré krajové odrlidy &i pfibuzné plané druhy
(Dotlacil et al., 2011).

Genetické zdroje je€mene jarniho pfedstavuji unikétni a nenahra-
ditelny zdroj gent pro dal$i genetické zlepSovani biologického a hos-
podarského potencidlu novych odriid (von Bothmer et al., 2003).
Vyznamnou soucasti genetickych zdroju jsou staré odridy, které
jsou charakteristické nejen vyznamnymi rozdily mezi odrlidami, ale
i znagnou vnitroodriidovou genetickou diverzitou (Psota a Bradova,
2009; Vyhnanek et al., 2003). | kdyZ vybér odrad v populacich ¢i
smésich linii vedl postupné ke zvysujici se uniformité Slechténych
odrld, u vétsiny vnitroodridova diverzita pretrvala a Ize ji stale vyu-
zit. Informace o genetické diverzité odrid maze proto byt velmi uzi-
te€na pfi vybéru materiall pro Slechténi a vyzkum (Dimova et al.,
2010). Genetickou diversitu, pavod a pfibuznost krajovych a starych
Slechténych odrid pomahaji poznat historické prameny, srovnavaci
studie hospodarskych a biologickych znak( a v posledni dobé ze-
jména exaktni metody zalozené na analyze DNA a bilkovin (Parzies
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1 INTRODUCTION

Since the beginning of the last century, breeding has greatly con-
tributed to the increased crop yield and in the last three decades is
has become a decisive factor in many crops. The efficient use of
genetic diversity is a prerequisite of successful breeding, as plant ge-
netic resources are carriers of the genetic diversity. Because modern
cultivars of some crops are genetically similar, there is a growing
need to use new genetic diversity in breeding. Resources can thus
be genetically different cultivars, old landraces or relative wild speci-
es (Dotlacil et al., 2011).

Genetic resources of spring barley represent unique and irreplacea-
ble sources of genes for further genetic improvement of the biological
and economic potential of new varieties (von Bothmer et al., 2003).
The important part of the genetic resources include old landraces
which are characterized not only by significant differences between
varieties but also a considerable intra-varietal genetic diversity (Psota
and Bradova, 2009; Vyhnanek et al., 2003). Although selection of the
varieties in the populations or mixtures of lines gradually led to an
increasing uniformity of the bred varieties, in most varieties, the intra-
-varietal diversity survived and still can be utilized. Information on the
genetic diversity of varieties thus can be very useful when selecting
the material for breeding and research (Dimova et al., 2010). Historical
sources, comparative studies of economic and biological characteri-
stics, and more recently the exact methods based on the DNA and
protein analysis help identify the genetic diversity, origin and affinity
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et al., 2000; Fernandez et al., 2002; Ovesna et al., 2004; Tomka et
al., 2015).

Krajové a staré odridy nemohou konkurovat modernim odriidam
ve vynosu, maji v§ak fadu cennych znaku a vlastnosti, pro které si
zaslouzi pozornost. Proto pfesna znalost jejich identity a homogenity
je velmi dulezita pro Slechténi novych modernich odrid je¢émene.
Pomérné vysokou uUroven polymorfismu nezbytnou pro charakte-
rizaci a identifikaci genotypl je€émene poskytuje prolaminova frak-
ce zasobnich protein( jeéného zrna zvana hordeiny. Pro separaci
hordeinl se nejCastéji pouziva elektroforetickd analyza umoznujici
velmi efektivné studovat jejich alelickou variabilitu. Je proto vhodna
k rozliseni a identifikaci jednotlivych genotypl jeémene (Vyhnanek
et al., 20083; Bleidere a Grunte, 2009). Nejrozsifenéjsi biochemické
techniky pouzivané pro separaci proteint resp. ke studiu genetické
struktury hordein( jsou elektroforetické metody v polakrylamidovém
gelu (SDS PAGE, A PAGE) (Yin et al., 2003; Baloch et al., 2014)
a Skrobovém gelu (Sasek et al., 1990; Pomortsev et al., 2001; 2012;
Psota a Bradova, 2009; Lyalina et al., 2016).

Cilem prace bylo vyhodnotit genetickou variabilitu hordein(i sta-
rych odrid a odrid pochazejicich z moderniho Slechténi v Ceské
republice.

2 MATERIAL, METODY

Predmétem studia byl soubor odriid jarniho jeémene (Hordeum
vulgare subsp. distichon var. nutans Alef.). Osivo vétSiny odrid
bylo ziskano z kolekce jarniho jeémene Genové banky Ceské re-
publiky. Pouze osivo odrid Bojos, Radegast, Aksamit, Aktiv, Azit,
Advent, Paulis, Signum, Arthur, Laudis 550, Petrus a Francin bylo
ziskano z UstFedniho a kontrolniho Gstavu zemédé&lského. Letopo-
Cet uvadény v textu za ndzvem odrldy je rokem povoleni &i regis-
trace odrudy.

Elektroforéza hordeinl byla provedena ve sloupcich 10% S$kro-
bového gelu s 3M mocoviny v prostfedi Al laktatového pufru (pH
3,1). Hordeiny byly extrahovany 65% vodnym roztokem ethanolu
(v/v) z 10 jednotlivych zrn od kazdé odriidy. Varianty alelickych blo-
ki kédovanych lokusy Hrd A, Hrd B a Hrd F byly identifikovany dle
nomenklatury popsané Saskem et al. (1990); Pomortsevem et al.
(2001) a Bradovou a Sykorovou (2006). Publikované katalogy bloku
hordeinovych slozek umoziuji vyjadrit elektroforeticka spektra prola-
minu jako genetické vzorce. Tyto vzorce obsahuji oznaceni pro hor-
deiny (Hrd), nasledné oznaceni konkrétniho lokusu (A, Ba F) a Cislo
alely pfislusného lokusu. V pfipadé heterogennich vzorkl jsou pak
alelické varianty na urcitém lokusu ve vzorci oddéleny stfednikem.

Geneticka variabilita pro jednotlivé hordeinové lokusy a vysledna
hordeinovéa spektra byla stanovena podle Nei (1973) nasledovné:
H =1 - Zp?, kde ,H" je index genetické variability a ,p“ je frekvence
i-té alely resp. i-tého hordeinového profilu ve studovaném souboru
odrud.

3 VYSLEDKY A DISKUSE

V tab. 1 jsou uvedeny vysledky elektroforetickych analyz hordeint
souboru 70 odrid jarniho je€émene. Hodnoceny soubor byl rozdélen
na tfi skupiny dle obdobi vzniku odridy. Prvni skupina (Soubor I)
zahrnuje 14 krajovych odrtd a vybéru z krajovych odriid vyslech-
ténych vybérem do roku 1932. Druhou skupinu (Soubor II) tvofi 13
zejména starych odr(id vyslechténych v letech 1933-1956. Treti sku-
pina (Soubor Ill) je tvofena novymi odradami (43), které vznikly po
roce 1965. Rok 1965 byl meznikem pro $lechténi jarniho jeCmene
na tuzemi dnesni Ceskeé republiky, protoZe byla do listiny povolenych
odriid zafazena odrGda Diamant. Odrlida Diamant byla nositelem
kratkostébelnosti a zmén ve struktufe vynosu je€mene a vynikajici
sladovnické kvality. Odriida Diamant byla dale ve $lechténi vyuzi-
vana a je v rodokmenu celé fady polozakrslych odriid (MI¢ochova
a Psota, 2008; Psota et al., 2009).

3.1 Frekvence hordeinovych alel

Je znamo, ze elektroforeticky detekované slozky se dédi ve skupi-
nach (blocich) a jsou fizeny sedmi vazanymi lokusy Hrd A (= Hor 1),
Hrd B (= Hor 2), Hrd C, Hrd D, Hrd E, Hrd F (= Hor 5) a Hrd G
(= Hor 4), které jsou u jeCmene lokalizovany do kratkého ramene
chromozomu 5 (Pomortsev a Lyalina, 2007). Lokusy Hrd A, Hrd B
a Hrd F tvofi alelické série resp. hordeinové alelické bloky. Lokusy
Hrd C, Hrd D, Hrd E a Hrd G jsou charakterizovany pouze recesivni
¢i dominantni alelou, ktera je zodpovédna za vyskyt minoritnich hor-

of landraces and old bred varieties (Parzies et al., 2000; Fernandez et
al., 2002; Ovesna et al., 2004; Tomka et al., 2015).

Landraces and old varieties cannot cope with the modern varieties
in terms of yield but they have a number of valuable traits and proper-
ties that deserve our attention. Therefore, exact knowledge of their
identity and homogeneity is very important for breeding new modern
barley varieties. A relatively high level of polymorphism necessary
for the characterization and identification of barley genotypes is pro-
vided by the prolamin fraction of storage proteins of barley grain, so
called hordeins. Electrophoretic analysis is most commonly applied
for hordein separation; it enables to study their allelic variability very
effectively. Therefore, it is very suitable for the differentiation and
identification of the individual genotypes of barley (Vyhnanek et al.,
20083; Bleidere and Grunte, 2009). The biochemical techniques most
widely employed for separation of proteins or study of the hordein
genetic structure include electrophoretic methods in polacrylamide
gel (SDS PAGE, A PAGE) (Yin et al., 2003; Baloch et al., 2014) and
starch gel (Sasek et al., 1990; Pomortsev et al., 2001; 2012; Psota
and Bradova, 2009; Lyalina et al., 2016).

The aim of this study was to assess the genetic variability of hor-
deins of old varieties and varieties formed by modern breeding in the
Czech Republic.

2 MATERIAL, METHODS

The set of spring barley varieties (Hordeum vulgare subsp. disti-
chon var. nutans Alef.) was studied. The seed of most varieties was
obtained from the collection of spring barley of the Gene Bank of the
Czech Republic. Only seeds of the varieties Bojos, Radegast, Aksa-
mit, Aktiv, Azit, Advent, Paulis, Signum, Arthur, Laudis 550, Petrus,
and Francin were obtained from the Central Institute for Supervision
and Testing in Agriculture. The year given in the text after the name
of the variety is the year of permission or registration of the variety.

Electrophoresis of hordeins was conducted in columns of 10%
starch gel with 3M of urea in an aluminum-lactate buffer, pH 3.1.
Hordeins were extracted by 65% (v/v) aqueous ethanol from 10 in-
dividual grains from each variety. Variants of the alleles coded by
loci Hrd A, Hrd B and Hrd F were identified based on the nomencla-
ture described by SaSek et al. (1990); Pomortsev et al. (2001) and
Bradova and Sykorova (2006). Published catalogues of blocks of
hordein components enable to express the electrophoretic pattern of
hordeins as a genetic formula. These formulas contain a designation
for hordeins (Hrd), then designation of a particular locus (A, B, and F)
and the number of the allele of the corresponding locus. In the case
of heterogeneous samples, the allelic variants at a particular locus in
the pattern are then separated by a semicolon.

Genetic variability for the particular hordein loci and resulting hor-
dein patterns were determined according to Nei (1973) as follows:
H =1 - 2p?, where “H” is index of genetic variability and “p;” is fre-
quency of the ith allele or ith hordein profile in the studied set of the
varieties.

3 RESULTS AND DISCUSSION

Table 1 gives the results of the electrophoretic analyses of horde-
ins of the set of 70 spring barley varieties. The assessed set was split
to three groups based on the period of the variety formation. The first
group (Set I) includes 14 landraces and selections from landraces
bred by selection to 1932. The second group (Set Il) is formed by
13 old varieties bred in the period from 1933—-1956. The third group
(Set 1) includes new varieties (43) which were formed after 1965.
The year 1965 was a milestone for breeding of spring barley in the
territory of today’s Czech Republic as the variety Diamant was inclu-
ded in the list of the permitted varieties. The variety Diamant was
a carrier of a short stem length and changes in the structure of barley
yield and excellent malting quality. The variety Diamant was further
used in breeding and appears in the pedigrees of a number of semi-
-dwarf varieties (MI¢ochova and Psota, 2008; Psota et al., 2009).

3.1 Frequency of hordein alleles

It is known that hordein components are inherited in groups
(blocks) and controlled by seven linked loci, Hrd A (= Hor 1), Hrd B
(= Hor 2), Hrd C, Hrd D, Hrd E, Hrd F (= Hor 5,) and Hrd G (= Hor 4)
located in the short arm of chromosome 5 of barley (Pomortsev and
Lyalina, 2007). Loci Hrd A, Hrd B, and Hrd F form allelic series i.e.
hordein allelic blocks. Loci Hrd C, Hrd D, Hrd E, and Hrd G are char-
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Tab.1 Hordeinové genetické markery eskych odriid je€émene jarniho / Table 1 Hordein genetic markers of Czech spring barley varieties

Zjisténé
Identifikator* P hordeinové profily | Pocatek
Hord k
Accession Odrida Hg;dzli:or‘r’r:rT:;s :;y,:;- lokusech v odrudé (n) registrace | Rodokmen
number Variety Detected hordein | Start of the | Pedigree
profiles in the | registration
HrdA | HrdB Hrd F variety (n)
Soubor | Krajové odridy a vybéry z krajovych odrid Set | Landraces and selections from the landraces
03C0600087 | Krajova z Orlové 1;2;12 1;17 3 3 * LV- Orlova
03C0600026 | Pisarecky 2:12 1;8 2;3 2 * S- LV Kurovice
Krajova St.
03C0600093 Hrozenkov 12 1 3 1 1900 LV- Stary Hrozenkov
03c0600029 | Nolc-Dregertv 1:2 1:19 1:3 3 1903 |S- old Bohemian Landvariety Typ A
velerany
Hanacky . . .
03C0600031 Starovesky 2;12 1;19 1;3 2 1906 S- Hana Vil
03C0600043 | Jarohnévicky 12512 (1811001 1523 5 1908 |- Jarohnevicky IV,V
Proskovclv C4n. 1;8;17; . LV- Holesov/3/Hana/Kargyn//
03C0600015 | 202k 2;12;29| 50 1;2;3 6 1919 | Schwarzenberger
03C0600049 | Sumavsky 212 | 12T 13 3 1920 | LV- Sumava
03C0600017 | Ratborsky 1;2;12 [1;19;32 1;3 3 1925 S- Kvasicky
03C0600033 | Selecta Hanak 1 2 19; 53 1 2 1926 S- LV Hana
03C0600010 | Stupicky hanacky 2;12 1;53 1;3 2 1926 S- LV Hanacky (oblast Pysely)
03C0600036 | Hoficky 1;2 19; 53 1 3 1929 S- LV Horice
03C0600025 | Tepelsky 421 2;12 1;53 1;3 2 1930 S- LV Tepelske Vrchy
03C0600132 | Kasticky 10 8 2 1 1932 S- LV Podborany
Soubor Il Staré odridy Set Il Old varieties
03C0600004 r’:‘;’r‘]’ggﬁ’yf”s"y 1:2:12 | 1:19 1:3 5 1933 | Stamnovsky KneifHanacky Il
03C0600131 | Janovicky 2 17 ;53 1;3 2 1933 Ratborsky Han./Heils Frankengerste
03C0600028 |Hanacky Moravan | 2;4;12 | 1;3;19 | 1;2;3 4 1936 S- Starnovsky Kneifel
0300600020 |Hodoninsky Kvas | 2;23 | 175097 | 1;2;3 3 1937 | Hodoninsky I/Opavsky Kneifl
03C0600030 | Jindfichovicky K64 | 2;4;12 |1;19;20 1;3 4 1937 Opavsky Kneifl/Dewersdorfsky
03C0600019 | Valticky 2 17 ;19 1;3 2 1938 Valticky B/Starnovsky Kneifel
. . Proskovcuv Hana Pedigree//
03C0600011 | Triumf 1;12 1 3 2 1938 Tschermakuv Hanna/Kargyn
03C0600002 | Han&cky jubilejni 2 19 1 1 1938 Opavsky Kneifl/Selekty Hanak VI
03C0600005 | Opavsky Kneifl 2 17;19 1;3 2 1939 S- LV Hanacky (oblast Ostravska)
03C0600044 | OleSensky 2;12 [1;19;21 1;3 3 1939 S- LV Starocesky
Zidlochovicky 17:19; )
03C0600037 Gloria 2 2153 1 4 1940 Pamers Vollkorn/Vacenovice XII
03C0600689 |Hanna 5;12 1;21 1:;3 2 1950 LV- Kvasice na Morave
Celechovicky ) . .
03C0600057 hanacky 1;2 19 1 2 1956 Haisa//Starnovsky Kneifl/Nolcuv A
Soubor Il Nové odridy Set Ill New varieties
. Hana/4/Carlsberg II/F.Union//Alsa/3/
03C0600089 | Koral 32 21 0 1 1978 Celech.hanacky/J25
03C0600104 | Krystal 32 21 0 1 1981 Koral/Rapid
. Valticky//Algerian/Valticky/3/Firlbecks
03C0600059 | Rubin 4 45 3 ! 1982 | Union/4/Diamant/H.5t.13703-64
03C0600058 | Mars 2 7 2 1 1983 St 13259/Hor 2957//Abed Lofa
03C0600061 | Bonus 2 25 1 1 1984 R 964-71/He 858//R 964-71/Nadja
03C0600060 | Kredit 18 52 1 1 1984 Nadja/Km 1192
03C0600066 | Jaspis 21 25 1 1 1986 St 6984/Opall
03C0600068 | Jarek 2 19 1 1 1987 Km 1192/Sladar//Opal
03C0600069 | Perun 2 47 1 1 1987 HE 1728/Karat
03C0600073 | Profit 2 25 1 1 1988 Koral/3/H 357//Juliana/Jantar
03C0600077 | Malvaz 2 17 3 1 1989 ZS-75/Y293-77//P1447-77
03C0602184 | Heran 2 47 1 1 1990 HE 3380/Salome
03C0602181 | Terno 2;21 17 2 2 1991 S 170-74/Opal
03C0602182 | Akcent 12 21 1 1 1992 Salome/EP 79
03C0602487 | Ladik 23 21 1 1 1992 KM 499-293-80/HVS 1461
03C0602369 | Forum N1 8 2 1 1993 H 387-75/Horpatsi Ketscoros//044-78
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Tab.1 pokracovani / continuation

03C0602248 | Viktor 2 17 3 1 1994 KM-341//Yenit/Kym
03C0602342 | Amulet 12 47 1 1 1995 HE 2591/Salome
03C0602340 |Lumar 5 17 3 1 1995 Km 341/BR 2174
03C0602424 | Primus 2;21 25 1 2 1995 Jaspis/E 1197-85
03C0602343 | Atribut 21 25 1 1 1996 KMV 3-83/BR 2174
03C0602484 |Famin 12 21 1 1 1996 Akcent/CE 597
03C0602420 | Olbram 4;5 | 17;21 | 12 2 1996  |p/> 1703-82/BR 2174 Dercado/BR
03C0602459 | Pejas 2 47 1 1 1996 Perun/Jaspis
03C0602486 | Tolar 2 19 1 1 1997 HE 4710/HWS 78267-83
03C0602572 |Heris 2 47 1 1 1998 HE 4431/CE 431
03C0602573 | Maridol N3 N1 1 1 1999 B 358/KM 743,Ladik
03C0602743 |Ebson 2 19 1 1 2002 Alexis/Krona
03C0602668 | Malz N1 8 2 1 2002 Famin/Scarlet
03C0602781 | Pedant 2 17 3 1 2003 CE-431/HE-6621
03C0602695 | Respekt 2 5 1 1 2003 Atribut/Scarlett
03C0602742 | Bojos 23 29 3 1 2005 Madonna/Nordus
03C0602744 | Radegast 2 47 1 1 2005 Nordus/Heris
03C0602782 | Aksamit 23 17 2 1 2007 NSL 94-1384B/3/Perun/Tu33//Atribut
03C0602843 | Aktiv 2;23 17 ;29 3 4 2008 HE 8270/Madonna
03C0602844 | Azit 2 3;19 1;2 2 2008 Tolar/Pasadena
03C0602896 | Advent 12;28 21;29 1;3 4 2009 HE 7792/Madonna
03C0602937 | Paulis 2;23 3;29 2;3 3 2010 Madonna/Faustina
03C0603026 | Signum 23 17 2 1 2012 HE 8621C/Sebastian
03C0603051 | Arthur 2;23 29 3 2 2013 Madonna/ST 4397-10
03C0603050 |Laudis 550 23 29 3 1 2013 Bojos/Sebastian
03C0603053 | Petrus 23 8 2 1 2013 NFC 402-22/Kuburas
03C0603105 | Francin 23 29 3 1 2014 ST 3578-04/Sebastian

* GRIN Czech — Evidence genetickych zdroji rostlin v Ceské republice
** rok registrace neni znamy

; symbol pro vyjadfeni heterogennich odrad

S- vybér

LV, krajovy kultivar

S- LV vybér z krajové odridy

deinovych slozek projevujicich se jednim elektroforetickym pruhem
(Sasek et al., 1990).

Béhem let miZe dochazet ke ztraté ¢i zménam rozmanitosti hor-
deinového sloZeni odriid jeémene (Tomka et al., 2015), coz potvrzuji
i naSe vysledky, které jsou shrnuty v fab. 2 a 3. V celém souboru
hodnocenych odriid (70) bylo zjisténo celkem 34 hordeinovych ale-
lickych blokl resp. alel, které jsou fizeny hordeinovymi lokusy Hrd
A, Hrd B a Hrd F. Nejvy$Si hordeinova variabilita byla zjiSténa pro
lokusy Hrd B (pocet alel n=17; H=0,880) a Hrd A (pocet alel n=13;
alely; H=0,628), coz je v souladu s jiz publikovanymi vysledky (Po-
mortsev a Lyalina, 2007; Lyalina et al., 2016).

Jak je vidét z tab. 2, distribuce a frekvence alel tfech hodnocenych
hordeinovych lokusu je rozdilna pro jednotlivé skupiny odrtd jeéme-
ne. Na hordeinovém lokusu Hrd A, bylo zjisténo 5 alel ve skupiné
krajovych odrGd (Soubor 1), 6 alel ve skupiné starych Slechténych
odrad (Soubor 1l). V odridach z moderniho Slechténi (Soubor Il1.)
bylo na tomto lokusu detekovano 10 alel, mezi nimiz se nevyskytly
alely Hrd A1, Hrd A10 a Hrd A29 znamé z predchozich let. Horde-
inové alely A2 a A12 se vyskytly souasné ve vSech tfech soubo-
rech, kdy alela A2 se vyznacovala celkové nejvyssi frekvenci (41,07
— 52,78 %). Pomérné vysoce zastoupenou alelou v Souboru Il byla
alela A23 (25,0 %) nevyskytujici se v8ak v krajovych odridach. Ve
starych Slechténych odriidach je pfitomna jen ve velmi nizkém za-
stoupeni (5,56 %). Naopak pro tyto soubory (Soubor | a ll) byla cha-
rakteristicka relativné vysoka frekvence alely A7 (15,79 — 8,33 %)
na rozdil od modernich odrld, kde tato alela nebyla zaznamenana.

Pokud se tyka hordeinového lokusu Hrd B, nejvySSi pocet alel byl
opét detekovan v souboru modernich odrid jeémene (13), osm alel
bylo zjisténo ve starych Slechténych odrddach a 6 v krajovych odrl-
dach. Hordeinové alely B15 a B19 byly s rliznou frekvenci zjistény
ve v§ech tfech souborech (7,14 — 38,89 %). V modernich odriidach

* GRIN Czech — Documentation of Plant Genetic Resources in the
Czech Republic

** unknown year of registration

; symbol for marking heterogeneous varieties

S- selection

LV local variety

S- LV selection from landraces

acterized only by a recessive or dominant allele which is responsible
for the occurrence of the minority hordein components manifesting
itself with a single electrophoretic band (Sasek et al., 1990).

During years, losses or changes of variability in the hordein va-
riability in spring barley can occur (Tomka et al., 2015); this is also
confirmed by our results which are summarized in Tables 2and 3. In
the whole set of the varieties assessed (70), a totally 34 hordein alle-
lic blocks i.e. alleles controlled by hordein loci Hrd A, Hrd B, and Hrd
F were detected. The highest hordein variability was found for the
loci Hrd B (number of the alleles n=17; H=0.880) and Hrd A (number
of the alleles n=13; H=0.716). The lowest variability was recorded
for the loci Hrd F (4 alleles; H=0.628), this is in compliance with the
results published previously (Pomortsev and Lyalina, 2007; Lyalina
et al., 2016).

As evident from Table 2, the distribution and frequency of the
alleles of the three assessed hordein loci is different for the individu-
al groups of the barley varieties. At the hordein locus Hrd A, 5 alleles
were detected in the group of the landraces (Set 1), 6 alleles in the
group of the old bred varieties (Set Il). In the varieties from modern
breeding (Set Ill), 10 alleles were detected at this locus, the alleles
Hrd A1, Hrd A10, and Hrd A29 known from previous years were not
present. Hordein alleles A2 and A12 occurred simultaneously in all
three sets and the allele A2 was typically most frequent (41.07 —
52.78 %). The allele A23 was a relatively highly represented in Set Il
(25.0 %), however, it did not occur in the landraces. In the old bred
varieties, its representation was only very low (5.56%). Conversely,
a relatively high frequency of the A7 allele (15.79 — 8.33%) was cha-
racteristic for these groups (Set | and Il) unlike the modern varieties
where this variety was not detected.

Much more variability was recorded at 7B hordein locus in modern
varieties (13 different alleles) whereas only 6 and 8 different alelles
could be identified in ladrances and old varieties respectively. The
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Tab. 2 Frekvence alel na lokusech Hrd A, Hrd B, a Hrd F zji§téna v souborech starych a modenich odridach je€mene jarniho /
Table 2 Allele frequency at loci Hrd A, Hrd B, and Hrd F detected in the sets of old and modern spring barley varieties

Frekvence alel na lokusu Hrd A (%) Allele frequency at locus Hrd A (%)
Alela Krajové Staré Moderni Celkem Alela Krajové Staré Moderni Celkem
odridy odridy odridy odridy odridy odridy
Allele Landraces Oild Modern Total Allele Landraces Oold Modern Total
varieties varieties varieties varieties
1 15.79 8.33 0.00 6.92 21.00 0.00 0.00 7.14 3.08
2 52.63 52.78 41.07 47.69 23.00 0.00 5.56 25.00 12.30
4 0.00 8.33 3.57 3.85 29.00 2.63 0.00 0.00 0.77
5 0.00 2.78 3.57 2.31 32.00 0.00 0.00 3.57 1.54
10 2.63 0.00 0.00 0.77 N1 0.00 0.00 3.57 1.54
12 26.32 22.22 8.93 17.69 N3 0.00 0.00 1.79 0.77
18 0.00 0.00 1.79 0.77
Frekvence alel na lokusu Hrd B (%) Allele frequency at locus Hrd B (%)
Alela Krajové Staré Moderni Celkem Alela Krajové Staré Moderni Celkem
odridy odridy odridy odridy odridy odridy
Allele Landraces oid Modern Total Allele Landraces Old Modern Total
varieties varieties varieties varieties
1 36.84 25.00 0.00 17.69 25 0.00 0.00 10.71 4.62
3 0.00 2.78 5.36 3.85 29 0.00 2.78 17.85 8.46
5 0.00 0.00 1.79 0.77 32 2.63 0.00 0.00 0.77
7 0.00 0.00 1.79 0.77 45 0.00 0.00 1.79 0.77
8 13.16 0.00 5.36 6.15 47 0.00 0.00 10.71 4.62
17 7.90 13.88 19.63 14.61 52 0.00 0.00 1.79 0.77
19 23.68 38.89 7.14 20.00 53 15.79 5.56 0.00 6.15
20 0.00 2.78 0.00 0.77 N1 0.00 0.00 1.79 0.77
21 0.00 8.33 14.29 8.46
Frekvence alel na lokusu Hrd F (%) Allele frequency at locus Hrd F (%)
Alela Krajoveé Staré Moderni Celkem Alela Krajové Staré Moderni Celkem
odridy odridy odridy odridy odridy odridy
Allele Landraces oid Modern Total Allele Landraces Old Modern Total
varieties varieties varieties varieties
0 0.00 0.00 3.57 1.54 2.00 13.16 5.56 21.43 14.61
1 44.73 58.33 44.64 48.46 3.00 4211 36.11 30.36 35.39

Tab. 3 Porovnani alelické variability hordein(l krajovych odriid, starych a modernich odrid jeémene jarniho / Table 3 Comparison of allelic
variability of hordeins in landraces, old and modern spring barley varieties

Soubor Krajové odridy Staré odridy Nové odrudy Cely soubor
Set Landraces Old varieties New varieties Total set
Pocet odrlid (n)

Number of varieties (n) 14 13 43 70
Pocet identifikovanych hordeinovych linii (n)

Number of the identified hordein lines (n) 38 36 56 130
Prdmérny pocet linii na odriidu

Average number of lines per a variety 27 28 1.3 1.9
Pocet zjisténych elektroforetickych profili (n) 12 16 o8 43
Number of the identified electrophoretic profiles (n)

Index genetické variability hordeind (H)

Index of genetic variability of hordeins (H) 0.86 0.88 0.95 0.94

nebyly detekovany Hrd- alely B1 a B53 typické pro krajové odriidy
(36,84 %; 15,79 %) a staré odrudy (25,00 %; 5,56 %). Dale v mo-
dernich odridach nebyla zjisténa alela B20 vyskytujici se pouze
u odridy Jindfichovicky (1937) a alela B32, kterd byla identifikovana
u odrtidy Ratborsky (1925) (tab. 7).

Mezi alelami lokusu Hrd F, alela F1 pfevladala v Soubo-
ru | (44,73 %) i v Souboru Il (58,33 %) a Souboru Il (44,64 %). Alely
F2 a F3 se rovnéz vyskytly ve vSech sledovanych souborech, ale
uroven jejich vyskytu se pohybovala od 5,56 % do 42,11 %. Alela
FO byla zjisténa pouze u dvou nejstarsich odrid ze skupiny moder-
nich odrid: Koral (1978) a Krystal (1981) (fab. 7). NaSe vysledky
potvrdily, ze vlivem Ustupu tradi¢niho zemédélstvi a jeho nahradou
intenzivnim zplsobem hospodareni dochazi ke ztraté fady hordei-
novych alel, které Ize nalézt u starSich krajovych odrud a které mo-
hou mit vztah ke kvalité odriid jeSmene (Tomka et al., 2015; Cerny et
al., 1999). Naopak v souboru modernich odrdd bylo detekovano 13

hordein alleles B15 and B19 were detected with various frequencies
in all three sets (7.14 — 38.89%). Hrd-alleles B1 and B53 were iden-
tified exclusively in ladrances (36.84%; 15.79%,respectively) and
old varieties (25.00%; 5.56% respectively). Further, the allele B20
recorded only in the variety Jindfichovicky (1937) and the allele B32
founded only in the variety Ratborsky (1925), did not also occur in
modern varieties (Table 1).

Among the alleles of the locus Hrd F, the allele F1 prevailed in the
Set | (44.73%) as well as in the Set Il (58.33%) and Set Ill (44.64%).
The alleles F2 and F3 also occurred in all the studied sets but the
level of their occurrence varied from 5.56 % to 42.11%. The allele
FO0 was detected only in the two oldest varieties from the group of
the modern varieties: Koral (1978) and Krystal (1981) (Table 1). Our
results confirm that due to the decline of traditional agriculture and
its replacement by intensive farming, hordein alleles, which can be
found in older landraces and which may be related to the quality of
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alel, které se nevyskytovaly v krajovych ani ve starych Slechténych
odrudach. To mlze byt zpUsobeno introdukci novych alel ze zahra-
niénich genotypd, které jsou pouzivany jako vychozi rodi¢ovské ma-
terialy do $lechtitelskych programi (tab. 7).

3.2 Vnitroodridovy polymorfismus

Elektroforeticka analyza hordeinli umozriuje charakterizovat gene-
tickou strukturu odrdid jeEmene, tj. urcit, zda se jedna o odrady ho-
mogenni (jednoliniové), ¢i odridy heterogenni. Heterogenni odridy
jsou charakterizované vy$8im poctem hordeinovych linii (biotypt),
(Dimova et al., 2010). Rada autor( popisuje vnitroodriidovy polymor-
fismus, ktery je dllezity pro charakterizaci odrid je¢mene (Radovic
a Vapa, 1996; Echart-Almeida a Cavalli-Molina, 2000; Vyhnanek et
al., 2003). Jeho znalost umozriuje stanovit genetickou strukturu he-
terogennich odrid, ktera je dana poctem hordeinovych linii, pfipad-
né jejich procentnim zastoupenim v odr(idé (Bradova et al., 2001;
Psota a Bradova, 2009).

V tab. 1 je prezentovan vnitroodridovy polymorfismus hordeind
u jednotlivych odrid a v tab. 3 pak rozdily mezi hodnocenymi skupina-
mi odrid. Vysledky ziskané v této studii ukazaly zna¢ny vnitroodrido-
vy polymorfismus u krajovych odrid a starych odriid, coz pfedstavuje
v priméru 2,75 linii na odrddu. Mezi krajovymi odrlidami se vyskyt-
ly pouze 2 odridy (14 %), charakterizované jednou hordeinovou li-
nii, a to odrady Krajova St. Hrozenkov (1900) a Kasticky (1932). Ve
skupiné starych odriid byla zjisténa pouze odrida Hanacky jubilejni
(1938), jako hordeinové uniformni genotyp. V8echny ostatni odrudy
Souboru | a Il se vyznacovaly vnitroodrddovym polymorfismem, byly
hordeinové heterogenni s vyskytem dvou az Sesti hordeinovych linif
(hordeinovych profilll) v odridé. Nejvys$Sim poctem Sesti hordeino-
vych linii se vyznacovala odrida Proskovclv hanacky (1919). Vysoky
vnitroodridovy hordeinovy polymorfismus je rovnéz charakteristicky
pro odridy Jarohnévicky (1908) a Novodvorsky hanacky (1933). Obé
odrlidy se skladaji z péti hordeinovych linii (tab. 7).

Primérny pocet linii na odridu ve skupiné novych Slechténych od-
r(d (Soubor 1ll) je vyrazné nizsi nez v obou dfive zmifovanych sku-
pinach, a to 1,3 linii na odridu. Soubor obsahoval 81 % hordeinové
homogennich odriid, coz pfedstavuje celkem 35 odrid. Osm odrid
bylo hordeinové heterogennich. Nejvy§Sim poctem 4 hordeinovych
linii se vyznacovaly pouze odridy Aktiv (2008) a Advent (2009).

Z nasich vysledk(l jednoznac¢né vyplyva, Ze odrlidy z moderni-
ho Slechténi v porovnani se starymi odridami se vyznacduji vyrazné
niz§im stupném vnitroodrddového polymorfismu hordeind. Tato sku-
te¢nost je opét disledkem intenzivniho Slechténi novych vykonnych
odrdd jarniho je€émene, které se v poslednich letech zaméfuje dle po-
zadavku péstitelti a zpracovateld na $lechténi homogennich odrid pro
specifické koncové vyuziti (Echart-Almeida a Cavalli-Molina, 2000).

3.3 Meziodriidovy polymorfismus

Vysledky meziodridového polymorfismu na zékladé hordeinovych
elektroforetickych spekter jsou shrnuty v tab. 17 a 3. V celém souboru
70 hodnocenych odrid jemene jarniho tvorily detekované hordeino-
vé alely v riznych kombinacich celkem 43 elektroforetickych profilt
s indexem genetické variability H=0,941. Mezi tfemi hodnocenymi
soubory nejvysSi stupen hordeinové variability vyjadfeny indexem ge-
netické variability H=0,946 byl zjistén u souboru 43 odrGd je¢émene
z moderniho $lechténi. V tomto souboru bylo zjisténo 56 hordeino-
vych spekter a identifikované alely vytvofily v rliznych kombinacich
celkem 28 hordeinovych profili. Nejcetnéjsi alelickou sestavou byla
kombinace alel Hrd-A23; Hrd-B29; Hrd-F3, ktera se vyskytovala u 8
odrid (18,6 %). Tato sestava byla identifikovana v souboru starych
Slechténych odriid pouze v pfipadé odridy Hodoninsky Kvas (1937).
V souboru krajovych odrdd tento profil detekovan nebyl. Hordeinova
diversita krajovych a starych Slechténych odrid jemene oproti mo-
dernim odr(iddm je prokazatelné nizsi. Jejich vzajemny rozdil je vSak
srovnatelny (Soubor | — H=0,859; Soubor Il — H=0,880). Nejfrekven-
tovanéj$im hordeinovym profilem v krajovych odrddach (Soubor I)
byla sestava alel Hrd-A12; Hrd-B1; Hrd-F3, vyskytujici se u 10 odrdd
(71,4 %). Tato sestava se nevyskytuje v modernich odriidach, je vSak
pomérné frekventovana ve starych Slechténych odrtdach (Soubor 1),
pficemz nefrekventovanéjsi sestavou v tomto souboru je hordeinovy
profil Hrd-A2; Hrd-B19; Hrd-F1 (76,9 %).

Vzhledem k tomu, Ze v poc¢atcich ¢eského Slechténi vznikaly nové
odrddy v ramci urcitych regionl ¢asto vybérem z mistnich populaci,
pozdéji pak vzajemnym kfiZzenim téchto odrdd, tak Ize o¢ekavat i as-
tou existenci geneticky podobnych odrlid. Z tab. 1 je vidét, ze v Sou-
boru | ma specificky hordeinovy profil Hrd-A10; Hrd-B8; Hrd-F2 pouze
odrida Kasticky (1932) a Ize ji od ostatnich odrid spolehlivé odlisit.
V souboru modernich odriid vykazuji jedineéna specificka hordeino-

barley varieties, have been lost (Tomka et al., 2015; Cemny et al.,
1999). Conversely, in the set of the modern varieties, 13 alleles were
detected which did not occur neither in the landraces nor in old bred
varieties. This may be caused by the introduction of new alleles for
foreign genotypes which are used as the initial parental materials for
the breeding programs (Table 1).

3.2 Intra-varietal polymorphism

The electrophoretic analysis of hordeins allows to characterize
the genetic structure of varieties, i.e. to determine whether the va-
rieties are homogeneous (one-line) or heterogeneous. The hetero-
geneous varieties are characterized by a higher number of hordein
lines (biotypes), (Dimova et al., 2010). A number of authors descri-
bed intra-varietal polymorphism which is important for characteriza-
tion of barley varieties (Radovic and Vapa, 1996; Echart-Almeida
and Cavalli-Molina, 2000; Vyhnanek et al., 2003). This knowledge
enables to determine the genetic structure of the heterogeneous
varieties which is given by the number of hordein lines or by their
percentage portion in the variety (Bradova et al., 2001; Psota and
Bradova, 2009).

Table 1 shows intra-varietal polymorphism of hordeins in the indi-
vidual varieties, Table 3 gives the differences between the assessed
groups of the varieties. The results obtained in this study indicate
a considerable intra-varietal polymorphism in the landraces and old
varieties, which represents on average 2.75 lines per a variety. Among
the landraces, only two varieties (14%), characterized by one hordein
line, occurred: i.e. the variety Krajova St. Hrozenkov (1900) and Kas-
ticky (1932). Only the variety Hanacky jubilejni (1938), as a hordein
uniform genotype, was found in the group of the old varieties. All other
varieties of Sets | and Il were characterized by an intra-varietal po-
lymorphism, they were hordein- heterogeneous with the occurrence
of two to six hordein lines (hordein profiles) in a variety. The variety
Proskovciv hanacky (1919) had the highest number of six hordein
lines. High intra-varietal hordein polymorphism is also typical for the
varieties Jarohnévicky (1908) and Novodvorsky hanacky (1933). Both
the varieties consist of five hordein lines (Table 1).

The average number of lines per a variety in the group of the new
bred varieties (Set Ill) is significantly lower than in both the above
mentioned groups, i.e. 1.3 lines per a variety. The set contained 81%
of hordein-homogeneous varieties, which represents a total of 35
varieties. Eight varieties were hordein-heterogeneous. Only the vari-
eties Aktiv (2008) and Advent (2009) had 4 hordein lines.

It is evident from our results that the varieties from modern bree-
ding compared to the old ones are characterized by a lower level of
intra-varietal polymorphism of hordeins. This fact is a result of inten-
sive breeding of new efficient spring barley varieties which based
on the requirements of growers and brewers has recently focused
on breeding homogeneous varieties for a specific final use (Echart-
-Almeida and Cavalli-Molina, 2000).

3.3 Inter-varietal polymorphism

The results of the inter-varietal polymorphism based on hordein
electrophoretic patterns are summarized in Tables 1 and 3. In the
whole set of 70 assessed varieties of spring barley, detected hordein
alleles formed in various combinations totally 43 electrophoretic pro-
files with the genetic variability index H=0.941. The highest level of
hordein variability expressed by the genetic variability index H=0.946
was found in the set of 43 barley varieties from modern breeding. In
this set, 56 hordein patterns were detected and the identified alleles
formed totally 28 hordein profils in various combinations. The most
frequent allelic arrangement was a following allele combination Hrd-
-A23; Hrd-B29; Hrd-F3, which occurred in 8 varieties (18.6%). This
pattern was identified in the group of the old bred varieties only in
the variety Hodoninsky Kvas (1937), while this profile was not detec-
ted in the group of the landraces. Hordein diversity of the landraces
and old bred barley varieties versus the modern varieties is signifi-
cantly lower. However, their mutual difference is comparable (Set
| — H=0.859; Set Il — H=0.880). The most frequent hordein profile in
the landraces (Set |) was the arrangement of the alleles Hrd-A12;
Hrd-B1; Hrd-F3 occurring in 10 varieties (71.4%). This pattern does
not occur in the modern varieties, however, it is frequently present in
the old bred varieties (Set 1l.) with the most frequent pattern in this
set being hordein profile Hrd-A2; Hrd-B19; Hrd-F1 (76.9%).

Considering the fact that at the beginning of Czech breeding, new
varieties were formed often by selection from local populations within
certain regions, later by mutual crossing of these varieties, a frequent
existence of genetically similar varieties can be assumed. Table 1
shows that in Set /, only the variety Kasticky (1932) has the specific



Hodnoceni variability hordeint ¢eskych odrud jarniho je¢mene

Kvasny Prum.
63/2017 (2)

63

va spektra odridy Rubin (1982), Mars (1983), Kredit (1984), Terno
(1991), Amulet (1995), Lumar (1995), Olbram (1996), Maridol (1999),
Respekt (2003) a Petrus (2013), coz predstavuje pouze 23,3 %.

4 ZAVER

S vyuzitim bilkovinnych markert (hordeinu) byla prokazana vyraz-
na genetickd podobnost mezi krajovymi a starymi odriidami jarniho
je¢mene. Hordeinova variabilita modernich odrid jarniho je€émene
byla zcela odliSna od variability krajovych a starych Slechténych
odrld. To se ukazalo, jak u frekvence zjisténych hordeinovych alel,
tak u vnitroodriidového a meziodridového polymorfismu hordeind.
Na zakladé zjisténych hordeinovych linii byly staré odrddy jeéme-
ne charakterizovany vétsi vnitroodridovou variabilitou ve srovnani
s novymi odridami. Staré odridy mohou byt vyuzity jako genetické
zdroje netradiCnich alel ve Slechténi. Nase studie ukazuje, ze hor-
deiny mohou poskytnout jednoduchy a rychly nastroj k detekci ge-
netické variability, genetické homogenity i heterogenity vyuZitelny
ve Slechtitelskych programech i v celé obilné vertikale zabyvajici se
jeémenem.
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