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V zrné jeCmene se cca 65 % fosforu (P) nachazi v podobé fytové kyseliny (PA) a jejich soli — fytatl, které negativné ovliviuji Groven
vyuzitelnosti mineralnich latek a dalSich nutricné vyznamnych zivin, podileji se na mineralnich deficiencich u lidi i ve vyzivé hospodar-
skych zvifat a pfispivaji ke znecisténi zivotniho prostredi. Detekce a tvorba novych odrid se zménénym pomérem obou forem P, ve pro-
spéch stravitelného fosfatu (Pi), je jednim ze zpUsobl feSeni. PfedloZzena prace se zabyvala hodnocenim variability obsahu PA a fosfatu
(Pi) v zrné vybranych odrdd jarniho a ozimého jeémene, genetickych zdroji a novych vlastnich linii jeémene jarniho, vytvorenych hybri-
dizaci s tzv. ,Jpa“ chemomutanty — donory nizkého obsahu PA (M422, M1070, M635 a M955). U jarniho jeémene byla variabilita obsahu
obou forem P ovlivnéna ro¢nikovymi vlivy a pouze pfi rozSifeni hodnoceného souboru o Ipa mutanty také genotypem. | pfes vysokou
roénikovou promeénlivost zlistaval u Ipa mutantd pfiblizné stejny pomér Pi/PA (od 138,4 % u M422 po 772,1 % u M955), zatimco u stan-
dardnich odrad ¢inil v priméru pouze 31,3 %. Porovnani ozimého a jarniho jeémene prokazalo, ze ozimé odridy maji silnou tendenci
k vy$8i kumulaci P v zrnu a ve formé PA (12,42 mg.g” vs. 10,94 mg.g™"). Rozpracovani screeningové metody hodnoceni obsahu volného
P v zrnu pomoci kolorimetrického testu (KT) umoznilo provadét rozsahlejsi vybér materiall s rozdilnym obsahem PA a Pi. Mezi vysledky
ziskanymi aplikaci metody KT a klasicky stanovenym obsahem Pi byla vypoc¢tena silna kladna korelace (r = 0,85**, P<0,01). Naopak
vyuziti existujicich molekularnich markerd (SCAR marker ABC153) pro detekci kiizencli se snizenym obsahem PA v zrnu se ukazalo
jako velmi mélo uéinné. Kfizenim s Ipa mutanty a nasledujicim vybérem za vyuziti KT byly vytvofeny nové linie jeémene jarniho se sni-
zenym obsahem PA, zvySenym podilem Pi a porovnatelnym celkovym obsahem P v obilce, které mohou byt vyuzity ve Slechténi nebo
dal$im vyzkumu. Zajimavym novym genovym zdrojem pro vyvoj potravinarskych odriid jeémene se jevi nova linie KM2881.622.2.07,
u které je zvySeny obsah volného P spojen s waxy charakterem Skrobu (snizeny podil polysacharidu amylosy).

Vaculova, K. — Balounova, M. — Kvasnicka, F. — Sedlackova, |. — Ehrenbergerova, J. — Vaclavikova, E. — Pouch, M.: Variability in
phytic acid content in barley grain. Kvasny Prum. 58, 2012, No. 4, p. 100—108.

Around 65 % of phosphorus (P) in barley grain is in the form of phytic acid (PA) and phytates (PA salts), both forms negatively affect the
usability of mineral substances and other important nutrients, thus participating in mineral deficiencies in human as well as livestock nutri-
tion, and contributing to the pollution of the environment. Detection and creation of new varieties with a changed rate of both P forms in
favor of digestible phosphate (Pi) is one of possible solutions. The submitted study dealt with the evaluation of variability in contents of PA
and Pi in grains of selected spring and winter barley varieties, genetic resources and new spring barley lines created by hybridization with
so-called ,Ipa“ chemo-mutants — donors of low PA content (M422, M1070, M635, and M955). Variability in the content of both P forms in
spring barley was affected by year and only if the assessed set included Ipa mutants also by a genotype. In spite of high year variability, Pi/
PA rate in Ipa mutants remained nearly the same (from 138.4 % in M422 to 772.1 % in M955), while in the standard varieties it was on
average only 31.3%. The comparison of winter and spring barley varieties proved that winter varieties have a strong tendency to a higher
accumulation of P in grain in the PA form (12.42 mg.g™ vs. 10.94 mg.g™'). The screening method developed for the evaluation of free P
content in grain using the colorimetric test (CT) allowed to perform a more extensive selection of materials with different PA and Pi contents.

A strong positive correlation was calculated between the results obtained by the CT and classically determined Pi (r = 0.85**, P<0.01).
On the other hand, the use of existing molecular markers (SCAR marker ABC153) for the detection of crosses with reduced PA content
in grain was not very effective. Crossing with Ipa mutants and following selection using the CT led to creation of new lines of spring barley
with reduced PA content, increased Pi rate and comparable total P content in a caryopsis, which can be used in breeding or further re-
search. A new line KM2881.622.2.07 where an increased content of free P is connected with a waxy starch character (reduced portion
of polysaccharide amylose) can be a new interesting gene resource for the development of food barley varieties.

Vaculova, K. — Balounova, M. — Kvasnicka, F. — Sedlackova, |. — Ehrenbergerova, J. — Vaclavikova, E. — Pouch, M.: Die Variabilitét
des Phytinsauregehalts im Gerstenkorn. Kvasny Prum. 58, 2012, Nr. 4, S. 100—108.

Im Gerstenkorn findet man etwa 65% Phosphor in der Form der Phytinsédure und ihre Salze — Phytate, die den Grad an Benutzer-
freundlichkeit von Mineralstoffen und von weiteren erndhrungswichtigen Néhrstoffen negativ beeinflussen, nehmen an menschliche und
tierische mineralische Mangel teil und tragen zur Umweltverschmutzung bei. Die Detektion und Schaffung der neuen Gerstensorten mit
einem gednderten Verhéltnis der beiden P — Formen zugunsten verdaulichem Phosphat (Pi) stellt eine Lésung dar. Der Artikel befasst
sich mit einer Auswertung der Variabilitdt des Gehalts an PA und an Phosphat (Pi) im Korn von ausgesuchten Sommer- und Winterger-
stensorten, genetischen Quellen und durch Hybridisierung mit sog. ,jpa“ Chemomutant - Donors niedrigen Gehalts an PA (M422, M1070,
M635 und M955) geschaffene neue eigene Sommergerstenlinien. Die Variabilitdt des Gehalts an beide Formen P der Sommergerste
wurde durch Jahrgangseinflisse, in Falle der Verbreitung der bewerteten Datei um /pa Mutante auch durch Genotyp beeinflusst. Trotz
der hohen Jahrgangsvariabilitat blieb bei den Ipa Mutanten etwa gleiches Verhéltnis Pi/PA (von 138,4% bei der Sorte M422 bis zu
772,1 % bei M955), bei den Standardsorten wurde Verhéltnis Pi/PA im Durchschnitt nur 31,3%. Der Sommer- und Wintergerstevergleich
zeigte, dass Wintersorten eine starke Tendenz zur hdheren P Kumulation in Form PA im Korn aufweisen (12,42 mg.g™' vs. 10,94 mg.g™).
Die Entwicklung von screening Methoden des Gehalts an freiem P durch kolometrischen Test (KT) hat es ermdglicht eine breitere Aus-
wahl vom Korn mit dem verschiedenen Gehalt an PA und Pi durchzufiihren. Zwischen der durch die KT Methode erworbenen Ergebnis-
sen und auf klassisch gemessen Gehalt an Pi wurde eine starke positive Korrelation festgestellt (r = 0,85**, P<0,01). Im Gegenteil fiir die
Detektion von Hybriden mit reduziertem Gehalt an PA im Korn war die Anwendung der existierenden molekularen Marker (SCAR Marker
ABC153) sehr wenig wirksam. Durch die Hybridisierung mit den /pa Mutanten und unter Anwendung der KT Methode folgender Auswahl
wurden neue Sommergerstenlinien mit dem reduzierten Gehalt an PA, erhéhtem Gehalt an Pi und mit dem vergleichbaren gesamten
Gehalt an P in der Grasfrucht geschaffen, die weiter veredelt oder in Forschung angewandt werden kénnen. Fir weitere Entwicklung der
Lebensmittelgerstensorten als das interessante Gen — Quelle scheint zu sein eine Linie KM2881.622.2.07, bei der erhéhter Gehalt an
freiem P ist mit dem ,waxy“ Charakter verbunden (reduzierter Anteil an Polysaccharid Amylose).
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1 UVOD

Fosfor je zdrojem energie pro bunky ve formé adenosintrifosfatu
(ATP) a soucasti nukleovych kyselin (DNA, RNA), které fidi syntézu
bilkovin (Brady a Weil, 2002). Je tedy nezbytnym makroprvkem pro
vSechny zivé organismy.V zrné obilovin, olejnin a lusténin se vétsina
fosforu (50—85 %) nachazi v podobé fytové kyseliny (myoinositol — 1,
2, 3, 4, 5, 6 — hexakis dihydrogen fosfore¢na kyselina — dale jen PA),
kterd se vaze s vitalné dulezitymi mineralnimi latkami (zejména zin-
kem, vapnikem, médi a dal§imi), blokuje travici enzymy (pepsin, alfa
-amylazu, lipazu, apod.) ZvySeny obsah PA a jejich soli — fytatl pak
negativné ovliviiuje vyuzitelnost zivin a nutricné vyznamnych latek.
Fytaty jsou proto povazovany za pfirozené se vyskytujici toxikanty
pro monogastrickd hospodarska zvifata a mladata obecné (Marou-
nek, 2004; Oberleas, 1989). V lidské vyzivé je nutné posuzovat roli
PA ze dvou hledisek — jako silny antioxidant snizuje riziko vzniku civi-
liza€nich chorob a v podobé prekursoru derivatu inositolu plni vy-
znamné fyziologické funkce. Na druhé strané je jednou z vyznam-
nych pfic¢in deficience Zeleza a zinku ve stravé a zejména v oblastech
s pfevahou potravin ve formé obilovin a lusténin hlavni pfi¢inou mi-
neralnich malnutricii (Manary et al., 2000; Mendoza et al., 1998).
Fytatovy fosfor se navic spolu s odpady pfi vykrmu driibeze, prasat
a ryb stava vyznamnym zdrojem znecisténi povrchovych vod (Ra-
boy, 2001), a tedy zivotniho prostfedi.

Reseni problematiky pFijmu, distribuce v rostlinach, akumulace
v zrné a vyuzitelnosti fosforu patfi v sou¢asné dobé ke svétove vy-
znamnym vyzkumnym tématiim (Hegeman et al., 2000; Raboy et al.
2000; aj.). | kdyz se problém nizkého vyuziti fytatového fosforu hos-
podarskymi zvifaty feSi pfidavkem mikrobialni fytazy do krmnych
smeési (Marounek, 2004), alternativou je Slechténi plodin na nizky
obsah PA nebo vyssi aktivitu fytdzy. Jednim ze zpUsobl jak zlepsit
vyuzitelnost fosforu je vyvoj novych odriid jeémene se snizenym ob-
sahem PA a zvyS$enou hladinou fosforu. V procesu klasického Slech-
téni jsou k tomuto ucelu vyuzivany materialy s geneticky podminé-
nou redukci obsahu kyseliny fytové, vytvofené chemickou
mutagenezi (Raboy, 1999, Rasmussen a Cook,1998). OdliSnym pfi-
stupem je vytvofeni transgenniho je€émene se zabudovanou fytdzou
(Brinch-Pedersen et al., 2003). V této oblasti jiz byly dosazeny prvni
praktické uspéchy (Ohnoutkova, 2010, personalni sdélent).

Hlavnim zameérem prace bylo prostudovat obsah a variabilitu kyse-
liny fytové a fosfatu, jako dvou nutricné odliSnych forem fosforu,
ve vzorcich zrna standardnich odriid jarniho i ozimého jeémene, mu-
tantl s geneticky determinovanym snizenym obsahem fytové kyseli-
ny a nové vytvofenych vlastnich linii je€mene jarniho. Déle se prace
zaméfila na ovéfeni moznosti aplikace klasickych (chemickych)
a dalSich (screeningovych a genetickych) metod detekce genotypl
s odlisSnym obsahem obou forem z pohledu jejich mozného vyuziti
jako vybérového kritéria pro praktické i vyzkumné ucely.

2 MATERIAL A METODY

Material

Byly studovany vzorky zrna standardnich i bezpluchych odrid, ge-
netickych zdrojd a novych Slechtitelskych linii jeémene jarniho a ozi-
mého (viz nize). Souc¢asti souboru byly jak materidly se standardnim
slozenim $krobu, tak genové zdroje a nové linie se snizenym podi-
lem polysacharidu amylosy (tzv. ,waxy"“). Jako zdroje snizeného ob-
sahu fytové kyseliny (tzv. ,Ipa“ je€émeny) byly vyuzity mutanty vytvo-
fené metodou chemické mutageneze z plvodni odriidy Harrington
(Raboy a Cook, 1999) s rozdilnou genetickou determinaci tohoto
znaku: M422 (gen Ipa1-1, lokalizovany na chromosomu 2HL), M1070
(gen Ipa2-1, lokalizovany na chromosomu 7HL — oba viz. Larson et
al., 1998), M635 (gen Ipa3-1, lokalizovany na chromosomu 1HL —
(Roslinsky et al., 2007) a M955 (bez genetické lokalizace znaku),
ziskané v roce 2001 od prof. V. Raboye (University I[daho, USA). Byly
rovnéz hodnoceny nové genotypy vytvorené kfizenim téchto Ipa do-
norl se standardnimi sladovnickymi odrddami a vlastnimi novymi li-
niemi nesladovnického jeémene (materialy oznacené KM).

Metody
Materialy je€mene byly péstovany v polnich podminkach lokality
Kroméfiz v letech 2001-2010. Lokalita Kroméfiz (49° 17‘s.8., 17° 22°

Keywords: barley, phytic acid, phosphate, variability, new lines of
spring barley

1 INTRODUCTION

Phosphorus in the form of adenosintriphosphate (ATP) is a source
of energy for cells and a component of nuclei acids (DNA, RNA) that
controls protein synthesis (Brady and Weil, 2002). Therefore, it is a
necessary macro-element for all living organisms. In grains of cere-
als, oil plants and legumes, most phosphorus (50-85%) is in the
form of phytic acid (myo —inositol — 1, 2, 3, 4, 5, 6 — hexakis dihydro-
gen phosphoric acid — further only PA) which binds with vital mineral
substances (namely zinc, calcium, copper and others), it blocks di-
gestive enzymes (pepsin, alpha-amylase, lipase, etc.) and increased
content of PA and their salts — phytates negatively affects the usabil-
ity of nutrients and nutritiously important substances. Therefore,
phytates are considered naturally occurring toxicants for monogas-
tric livestock and young stock generally (Marounek, 2004; Oberleas,
1989). In human diet, the role of PA must be considered from two
aspects; as a strong antioxidant, it reduces the risk for the develop-
ment of civilization diseases and in the form of a precursor of deriva-
tive of inositol, it fulfills important physiological functions. On the
other hand, it is one of significant causes of iron and zinc deficiency
in the diet and in the areas with prevailing food in the form of cereals
and legumes, a main cause of mineral malnutrition (Manary et al.,
2000; Mendoza et al., 1998). Furthermore, phytate phosphorus to-
gether with wastes from poultry, pig and fish fattening become an
important source of pollution of surface waters (Raboy, 2001).

Currently, solution of the issues of phosphorus intake, distribution in
plants, accumulation in a grain and its usability belong to the important
research topics worldwide (Hegeman et al., 2000; Raboy et al., 2000).
Although the problem of a low use of phytate phosphorus by the live-
stock is compensated by addition of microbial phytase into feeding mix-
tures (Marounek, 2004), crop breeding for a low content of PA or high-
er phytase activity is another alternative. One of ways how to improve
the usability of phoshorus is the development of new barley varieties
with a reduced PA content and increased phosphorus level. In the proc-
ess of classical breeding, materials with genetically conditioned reduc-
tion of PA content, formed by chemical mutagenesis, are used for this
purpose (Raboy and Cook, 1999; Rasmussen and Hatzak, 1998). Cre-
ation of transgenic barley with built-in phytase is another approach
(Brinch-Pedersen et al., 2003). First practical achievements have been
reached in this area (Ohnoutkova, 2010, oral communication).

The main aim of this project was to study the content and variabil-
ity of phytic acid and phosphate, i.e. two nutritiously different forms of
phosphorus in grain samples of standard spring and winter barley
varieties, mutants with genetically determined reduced content of
phytate acid and newly formed lines of spring barley and in addition,
to verify possible applications of classical (chemical) and other
(screening and genetic) methods for the detection of genotypes with
different content of both forms in terms of their possible use as a se-
lection criterion for pro practical and research purposes.

2 MATERIAL AND METHODS

Material

Grain samples of standard and hulless varieties, genetic resources
and new breeding lines of spring and winter barley (see below) were
studied. The set contained both materials with standard starch com-
position and gene resources and new lines with a reduced content of
amylose (so-called. “waxy”). Following mutants formed by the method
of chemical mutagenesis from the original variety Harrington (Raboy
and Cook, 1999) with a different genetic determination of this param-
eter were used as resources of reduced content of phytic acid (so-
called ,lpa“ barleys): M422 (gene Ipai-1, localized on chromosome
2HL), M1070 (gene Ipa2-1, localized on chromosome 7HL — both see
(Larson et al., 1998), M635 (gene Ipa3-1, localized on chromosome
1HL — (Roslinsky et al., 2007) and M955 (without genetic localization
of this parameter), obtained in 2001 from prof. V. Raboy (University
Idaho, USA). In addition, new genotypes created by crossing these
Ipa donors with standard malting varieties and new lines of non-malt-
ing barley (materials denoted as KM) were also assessed.

Methods
Barley materials were grown under the field conditions of the local-
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v.d.) se nachazi v feparské zemédélské vyrobni oblasti, v primérné
nadmorské vysSce 235m n.m. Region je charakterizovan jako teply
a mirné vlhky. Padni typ pokusnych pozemku je klasifikovan jako ¢er-
nozem luvicka, pudni druh hlinitad pada stfedné tézka. Pfiprava po-
zemk( pod pokusy byla provedena podle metodiky optimalni pro
péstovani jarniho, resp. ozimého je€mene v dané lokalité. Hnojen{
PK bylo provedeno na podzim pfedchazejiciho roku podle vysledkl
chemickych analyz pddy. Regeneraéni pfihnojeni N u ozimych odrtd
bylo provedeno davkou 30 kg.ha' a stejnd davka byla aplikovana
k jarnimu jeCmeni.

Analyza obsahu fytové kyseliny a fosfatu

Ve vzorcich je€mene, rozemletych pomoci odstfedivého mlynu
Retsch ZM 200 (velikost oka sita 0,75 mm) a dale na vibraénim mlyn-
ku Retsch MM301, byl obsah PA a fosfatu (déle jen Pi - vyjadfeno
jako kyselina fosforecna) stanoveny metodou kapilarni isotachofore-
sy (Blatny et al., 1995) ve VSCHT Praha. Analyza byla provedena
na dvoukapilarovém elektroforetickém analyzatoru IONOSEP 2004
(Recman-laboratorni technika, CR) s vodivostnim bezkontaktnim
detektorem. Hodnoty byly vyjadfeny v mg.g” vzorku. Pro porovnani
jednotlivych materidld jeémene byl na zakladé molarni hmotnosti
proveden vypocet podilu PA a Pi (%) viéi celkovému poolu fosforu
(P) ve vzorku a stanoven podil P ve vzorku (%) vic¢i praméru daného
experimentalniho souboru.

Kolorimetricky test stanoveni obsahu volného fosforu

Screeningové kolorimetrické stanoveni volného anorganického
fosforu v zrné bylo provedeno upravenou metodou podle Raboye
(2002 — pisemné sdéleni) v laboratofi Agrotestu fyto, s.r.o., s vyuZzi-
tim tzv. Chenova ¢inidla na bazi molybdenatu amonného, kyseliny
sirové a kyseliny askorbové (Vaculova et al., 2011). Tato vizualni
screeningovd metoda hodnoceni obsahu volného fosforu v zrné
za pomoci kolorimetrické reakce umoznuje rychlou detekci kfizencu
s recesivnim projevem Ipa alel. Hodnoceni bylo provedeno podle bo-
dové stupnice 1-5, kde ,1“ = 0-155 ng P, ,2“= 155-465 ng P, ,3“=
155-465 ng P, ,4“= 465-930 ng P, ,5“= 930-1395 ng P.

Molekularni analyzy znaku ,,Ipa“

Odbér vzorkl a extrakce DNA: vzorky tkani analyzovanych mate-
riald je€mene byly odebirany v laboratornich (z 10dennich kli¢icich
rostlin) a polnich podminkach (listové segmenty). Odebrané vzorky
tkéni byly pouzity pfimo k extrakci DNA, resp. po odbéru byly za-
mrazeny v tekutém dusiku a az do izolace DNA umistény v hluboko-
mrazicim boxu (-85 °C). DNA byla extrahovana pomoci DNeasy
plant mini kitu (Qiagen). Koncentrace a kvalita DNA byla analyzova-
na na 1% agar6zovém gelu porovnanim s hmotnostnim markerem
NMHindlll.

MMAS (Molecular Marker Assisted Selection): pro detekci poly-
morfizmu byl pouzit SCAR (Sequence Characterized Amplified Regi-
on) marker ABC153, pfipraveny podle (Roslinsky et al., 2007). PCR
amplifikace markeru ABC153 byla provadéna v objemu 20 pl na vzo-
rek s finalnimi koncentracemi: 50 ng DNA, 1x Taq pufr, 400 pM
dNTPs, 0,2 uM forward primer, 0,2 uM reverse primer, 2mM Mg2+, 1
U Taq polymerasy (Fermentas), doplnit H,O do objemu 20 ul. PCR
produkty byly naneseny na 1,5% agarosovy gel a separovany 1 h pfi
napéti 90 V.

Pro statistické zpracovani vysledk( byl pouzit program STATISTI-
CA verze 8.0 (StatSoft, Inc., Tulsa, Oklahoma, USA). Byla pouzita
analyza variance s mnohonasobnym tfidénim (LSD test), vzajemné
vztahy mezi sledovanymi ukazateli byly hodnoceny korelacnimi koe-
ficienty. Stépny pomér po aplikaci molekularnich marker( byl hodno-
cen vypoctem kritéria x2 (Rokickij, 1964).

3 VYSLEDKY A DISKUSE

Hodnoceni jeémene chemickymi metodami

Materialy je¢mene jarniho s odliSnym typem zrna (pluchaté a bez-
pluché) a rdznym chemickym slozenim (Ipa a waxy) byly péstovany
v letech 2001-2003. Celkova primérna hodnota obsahu PA ve vzor-
cich jeémene byla 6,27+0,51 mg.g'a Pi 2,97+0,29 mg.g"'. Primérny
obsah PA kolisal od 1,12+0,21 mg.g* (M955) po 9,84+4,84 mg.g”
(bezplucha linie KM2037) a Pi v rozmezi 1,76+1,03 mg.g™ (Thurin-
gia) az 8,67+2,39 mg.g™ (M955). Vysledky stanoveni PA a Pi se vy-
znacovaly vysokou variabilitou. Varia¢ni koeficienty kolisaly pro PA
od 19,02% (M955) po 94,24 % (M1070) a pro Pi od 7,6 % (M635)
po 85,44 % (Pax). Na vysoké mife proménlivosti se podepsal hlavné

ity Kromé¥iz over the period of 2001—2010. The locality Kroméfiz
(49° 17N Lat., 17° 22°E Long.) is found in the sugar-beet agricultural
production area, in the average altitude of 235 meters above the sea
level. The region is characterized as warm and moderately wet. The
soil type of the experimental plots is Luvic Chernozem, loamy soil
medium. Preparation of plots under the experiments was conducted
according to the methods optimal for growing spring or winter barley
in the given locality. Fertilizing with PK was performed in autumn of
the previous year and it was based on the soil chemical analyses.
Regeneration fertilizing with N in winter varieties was performed with
a dose of 30 kg.ha' and the same dose was applied in spring barley.

Analysis of phytic acid and phosphate contents

Barley samples were ground in the centrifugal mill Retsch ZM 200
(0.75mm openings) and then on the vibration mill Retsch MM301,
contents of PA and phosphate (further only Pi — expressed as phos-
phoric acid) were determined using the method of capillary isotacho-
phoresis (Blatny et al., 1995) in ICT Prague. The analysis was con-
ducted in the two-capillary electrophoresis analyzer IONOSEP 2004
(Recman-Laboratory Systems, CR) with a contactless conductivity
detector. Values were expressed in mg.g™ of a sample. For the com-
parison of the individual barley materials, based on molar weight PA
and Pi rate (%) to the total phosphorus pool (P) in the sample was
calculated and P rate in the sample (%) to the average of the given
experimental set determined.

Colorimetric test for the determination of free phosphorus
content

Screening colorimetric determination of free inorganic phosphorus
in a grain was carried out by the modified method after Raboy (2002
— written communication) in the laboratory of Agrotest fyto, s.r.0. us-
ing a so-called Chenov agent on the basis of ammonium molybdate,
sulphur and ascorbic acids (Vaculova et al., 2011). This visual
screening method for the evaluation of free phosphorus content in a
grain using the colorimetric reaction allows a fast detection of cross-
es with the recessive expression of Ipa alelles. The evaluation was
done according to the scale 1-5, where ,1“ = 0-155 ng P, ,2“= 155-
465 ng P, ,,3“= 155-465 ng P, ,4“= 465-930 ng P, ,5“= 930-1395 ng P.

Molecular analyses of “Ipa” trait

Sample taking and DNA extraction: tissue samples of the analyzed
barley materials were taken under laboratory (from plants germinat-
ing for 10 days) and field conditions (leaf segments). The collected
sample tissues were either used directly for DNA extraction or they
were frozen in liquid nitrogen and placed in a deep-freezing box
(-85 °C) till the DNA isolation. DNA was extracted using a DNeasy
plant mini kit (Qiagen). DNA concentration and quality was analyzed
on 1% agarose gel and compared with mass marker N\/Hindlll.

MMAS (Molecular Marker Assisted Selection): polymorphism was
detected with a SCAR (Sequence Characterized Amplified Region)
marker ABC153, prepared according to (Roslinsky et al., 2007). PCR
amplification of a marker ABC153 was conducted in the volume of 20
pl per a sample at final concentrations: 50 ng DNA, 1x Taq buffer, 400
UM dNTPs, 0.2 pM forward primer, 0.2 uyM reverse primer, 2mM
Mg2+, 1 U Taq polymerases (Fermentas), with addition of H,O to the
volume of 20 pl. PCR products were separated on a 1.5% agarose
gelat90V for 1 h.

Results were statistically evaluated with the program STATISTICA
version 8.0 (StatSoft, Inc., Tulsa, Oklahoma, USA). The analysis of
variance with multiple comparisons was applied (LSD test), mutual
relationships among the studied parameters were evaluated with
correlation coefficients. After application of molecular markers, the
splitting rate was calculated from x? criterion (Rokickij, 1964).

3 RESULTS AND DISCUSSION

Evaluation of barley using chemical methods

Materials of spring barley with a different type of grain (hulled and
hulless) and different chemical composition (Ipa and waxy) were
grown in 2001-2003. The total average value of PA and Pi contents
in barley samples were 6.27+0.51 mg.g™" and 2.97+0.29 mg.g™, re-
spectively. Average PA content varied from 1.12+0.21 mg.g' (M955)
to 9.84+4.84 mg.g™” (the hulless line KM2037) and Pi content was in
the range from 1.76+1.03 mg.g" (Thuringia) to 8.67+2.39 mg.g'
(M955). Results of PA and Pi determination were characterized by a
high variability. Coefficients of variation for PA and Pi moved from
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ro¢nik 2001, kdy byly naméfeny vyznamne
odlisné hodnoty obsahu PA (v praméru az
3,2 krat vyssi) i Pi (v priméru az 2,1 krat
nizsi) nez v letech 2002-2003. Dosazené
vysledky bylo mozné dat do souvislosti
s pribéhem pocasi. Vegeta¢ni obdobi
2001 odpovidalo teplotné urovni 50letého
normalu a bylo srazkové bohatsi, kdezto
v letech 2002—-2003 byla namérena ve stej-
ném obdobi 0 11-12% vyssi primérna tep-
lota a oproti normalu naopak o cca 20-30%
niz8i suma srazek. Zjisténé vysledky kore-
sponduji s poznatky zahrani¢nich autord,
ktefi rovnéZz pozorovali vysokou variabilitu
obsahu PA vlivem péstebnich podminek
a pribéhu podcasi (Dai et al., 2007).

Analyza variance naSich dat prokazala,
ze v celém souboru byly vysoce vyznam-
nym zdrojem promeénlivosti nejen rocniky,
jak uvadgji Dai et al. (2007), ale v pfipadé
obsahu vyuzitelného fosforu i genotypy
(tab. 1). Z uvedené tabulky je zfejmé, ze
k dosazeni zmény prukaznosti odridy jako
faktoru proménlivosti pro Pi vedlo prede-
v§im zarfazeni Ipa mutant. Na druhé stra-
né jejich pritomnost ovlivnila i pramérny
obsah PA a Pi v souboru pluchatych odrud,
takze se jako vyznamny zdroj proménlivos-
ti jevil rovnéz typ zrna. Mezi materialy jec¢-
mene s pluchatym a odriidami (CDC Cand-
le a HB803) a novymi liniemi s bezpluchym
typem zrna byla zjisténa statisticky vy-
znamna diference v obsahu PA (5,11 vs.7,77 mg.g™"), pravdépodob-
né i v disledku vysokého obsahu PA u linie KM2037, ktera se tak
statisticky vyznamné liSila nejen od Ipa mutantd, ale i od vSech stan-
dardnich odrld (obr. 7).

Vylouceni Ipa donor(i ze souboru rezultovalo ve sniZzeni proménli-
vosti, a tak ,typ zrna“ jako faktor promeénlivosti nedosahl hladiny pri-
kaznosti. Typ Skrobu (standardni vs. waxy) nemél vliv na rozdily v ob-
sahu PA ani v Pi.

| pfes vysokou ro¢nikovou proménlivost zlstaval u Ipa mutantl pfi-
blizné stejny pomér Pi/PA (od 138,4%—-M422 po 772,1% u M955),
zatimco u standardnich odrtd ¢inil v priméru pouze 31,3 % a nejnizsi
byl stanoven pro odridu Prestige (17,6%). Dosazené vysledky potvr-
dily stabilitu donoru nizkého fytatu a jsou v souladu s udaji tvlirch téch-
to materialQ, ktefi uvadéji, ze profily fosforu u mutant(i zUstavaji ne-
ménné v rliznych péstebnich podminkach (Bregitzer a Raboy, 2006).

Pro dal$i vyuziti donoru Ipa ve Slechténi je dllezitd skute¢nost, ze
snizeni obsahu PA je kompenzovano statisticky prikaznym zvyse-
nim hladiny volného fosforu (na urovni 5,19; 5,27; 7,93 a 8,67 mg.g™
u M422, M1070, M635 a M935 resp.) a nedochazi u nich (s vyjimkou
M422 s genem Ipa1-1) ani k vyraznému poklesu hladiny celkového
fosforu v zrné.

Je€men ozimy je uren témér vyhradné k vyzivé hospodarskych
zvitat a tedy znalost poméru mezi obéma formami fosforu mize byt
dulezitou informaci o rozdilech v potencialu nutriéni kvality registro-
vanych odrld. Ve druhém studovaném souboru byly proto porovna-
vany vybrané odriidy jeémene ozimého a jarniho, péstované v letech
2002—-2004 v pokusech SDO.
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Obr. 1 Primérné hodnoty obsahu fytatu a fosfatu v zrné vybranych odrld, genetickych zdrojl

a novych linii je¢mene jarniho (Kroméfiz, 2001-2003) / Fig. 1 Mean values of phytate and
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19.02% (M955) to 94.24% (M1070) and from 7.6% (M635) to
85.44 % (Pax), respectively. The high variability level was mainly af-
fected by year 2001 with significantly different values of PA (on aver-
age even 3.2 higher) and Pi contents (on average even 2.1 lower)
than in 2002—2003. The achieved results could be associated with
the course of weather. The vegetation period in 2001 corresponded
in temperatures to the level of 50-year normal and was richer in rain-
falls while in 2002—2003 the average temperature in the same period
was by 11-12% higher and on the contrary, compared to the normal
sum of precipitations by ca 20—-30% lower. The determined results
correspond to the data of foreign authors who also reported a high
variability of PA content caused by growing conditions and weather
(Dai et al., 2007). The analysis of variance of our data showed that in
the whole set not only years as reported by Dai et al. (2007) but also
genotypes in case of usable phosphorus content were high signifi-
cant sources of variability (7ab. 7).

It is evident from this table that the change in significance of the
variety as a variability factor for Pi was achieved by including the Ipa
mutants. On the other hand, their presence also affected average
contents of PA and Pi in the set of hulled varieties and a type of
grain was therefore also considered as a significant source of vari-
ability.

Statistically significant difference in PA content (5.11 vs.7.77 mg.g™)
was found in barley materials with hulled varieties (CDC Candle and
HB803) and new hulless lines, probably also as a result of high PA
content in the line KM2037 differing thus statistically significantly not
only from Ipa mutants but also from all standard varieties (Fig. 7). The

Tab. 1 Efekt vlivu zdroji proménlivosti na obsah kyseliny fytové a fosfatu u jeémene / The effect of variability sources on phytic acid and phos-

phate contents in barley

. bez ,Ipa“ genotypti /
giruorjcgrg;nvéar;;z;;ﬂsi:iy Mns/; ,é df cely soubor / whole set df whit outl,), Ip a%, ge n!gt)y pes
PA Pi PA Pi
odrlda / Variety 18 13.67 13.23"* 14 3.89 0.56
rok / Year 2 286.11*** 21.56* 2 293.17*** 26.82***
typ zrna" / Grain type" 1 93.52* 28.83" 1 22.61 0.06
typ Skrobu / Starch type? 1 6.66 3.53 1 0.04 0.42

PA — Fytova kyselina; Pi — fosfaty;  — pluchaté vs. bezpluché;? — se standardnim vs. waxy typem $krobu; ¥ — soubor standardnich materiall

je¢mene, bez Ipa donor(; * — Poos = Poop ™ =P

PA — Phytic acid; Pi — Phospha'te:' V- hL?/?é’d Vs. th/logjss; 2 — with standard vs. waxy type of starch; ® — set of the standard barley materials,

I .k . kA . KAk
without Ipa donors; *— P, .. **= P, - **= P, .
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Vybér zahrnoval celkem 13 odrd obou forem, pficemz u jeémene
ozimého bylo testovano 7 odrlid vicefadych (Alissa, Carola, Lomerit,
Luran, Luxor, Merlot a Nelly) a 6 odrdd dvouradych (Camera, Duet,
Jolante, Reni, Tiffany a Vilna). Hodnoceni bylo rozSifeno o porovnani
podilu PA a Pi na celkovém obsahu fosforu a relativniho poolu P
Iému souboru byl stanoven u jarni odrlidy Philadelphia (90,5 %), nej-
vice P bylo zjisténo v zrné ozimé odridy Reni (123,6 %) a stejné
marginalni pozice mély obé odrldy i pro obsah PA (9,70 mg.g™ vs.
15,00 mg.g, resp.). Odrida Philadelphia méla rovnéz neprikazné

u ozimé odrldy Tiffany (1,46 mg.g™") a nejvyssi podil PA z celkového
poolu P méla rovnéz odriida ozimého jeémene Lomerit (89,2 %).

Hodnoceni vlivu jednotlivych forem je€mene, jako faktoru promeén-
livosti pro akumulaci obou PA a Pi, ukazalo, ze u ozimého je€mene
se kumuluje vice P ve formé PA (12,42 mg.g" vs. 10,94 mg.g”)
a také celkovy pool P byl u vétSiny odrud vySSi oproti jemeni jarni-
mu. Vysledky mohou mit analogii s poznatky George et al. (2011),
ktefi u ozimého je€mene zaznamenali vy$Si pfijem P jak list, tak i ko-
feny. Mezi 2-fadymi a 6-fadymi odridami nebyl zji$tén prakticky zad-
ny rozdil, a to jak v obsahu PA (11,58 mg.g' vs. 11,96 mg.g"), tak i Pi
(1,95 mg.g™ vs. 2,06 mg.g"). Prikazna negativni korelace mezi ob-
sahem PA a Pi u jarnich i ozimych odrld (r = -0,51** a r = -0,50**,
P<0,01) dokumentuje existujici vzajemny vztah obou forem fosforu
u béznych genotypl jemene.

elimination of Ipa donors from the set resulted in the reduction of vari-
ability and thus the “type of a grain” as a variability factor did not
achieve the significance level. Type of starch (standard vs. waxy) did
not affect the difference in PA or Pi contents. Despite high year variabil-
ity, Pi/PA rate in Ipa mutants remained nearly the same (from 138.4 %—
M422 to 772.1% in M955), while in the standard varieties it was on
average only 31.3% and the lowest value was determined for the vari-
ety Prestige (17.6%). The achieved results confirmed stability of do-
nors of low phytate and are in compliance with the data of authors of
these materials who claim that phosphorus profiles in mutants remain
stable under different growing conditions (Bregitzer and Raboy, 2006).

The fact that reduction in PA content was compensated by a statis-
tically demonstrable increase in the free phosphorus level (at the
levels of 5.19;5.27;7.93 and 8.67 mg.g™" in M422, M1070, M635, and
M935 respectively) and the total phosphorus level in grain did not
decline markedly (with the exception of M422 with the gene Ipa1-1),
is important for a further use of Ipa donors in breeding.

Winter barley is almost exclusively determined for feeding of live-
stock and knowledge of the rate of both phosphorus forms can be
important information about the differences in the potential of nutri-
tional quality of the registered varieties. Therefore, in the second set
under study, selected varieties of spring and winter barley grown in
the experiments for the List of Recommended Varieties in 2002—
2004 were compared.

The total selected set included 13 varieties of both forms, 7 six-row
varieties (Alissa, Carola, Lomerit, Luran, Luxor, Merlot, and Nelly) and

Tab. 2 Primérné hodnoty a variabilita obsahu fosforu, kyseliny fytové a fosfatu v zrné jarnich a ozimych odrdd jeémene (2002-2004) / Avera-
ge values and variability of phosphorus, phytic acid and phosphate contents in grain of spring and winter barley varieties (2002—2004)

Odrada / PA, mg.g" Pi, mg.g" podil / rate, %" celkovy
Variety obsah P/
ukazatel/ | pramér/ mean s, pramér / mean s, PA Pi total P
Parameter content, %?
je€men jarni / spring barley
Amulet 10.98ab¥ 0.69 1.81a 0.27 84.3 15.6 93.5
Annabell 11.67abc 0.79 2.02a 0.22 83.7 16.3 100.2
Diplom 10.97ab 1.30 2.32a 0.37 80.8 19.2 97.6
Heris 11.66abc 0.86 1.90a 0.48 84.5 15.5 99.2
Jersey 11.60abc 1.02 1.83a 0.34 84.9 15.1 98.2
Kompakt 11.00ab 1.13 1.90a 0.09 83.8 16.2 94.4
Malz 9.81a 1.47 2.08a 0.25 80.8 19.2 87.3
Nordus 10.43a 1.15 1.96a 0.59 82.6 17.4 90.8
Orthega 11.32abc 1.17 1.50a 0.18 87.0 13.0 93.5
Philadelphia 9.70a 2.03 2.58a 0.77 77.0 23.0 90.5
Prestige 10.28a 1.11 2.48a 0.25 78.7 21.3 93.9
Scarlett 11.74abc 1.33 1.75a 0.02 85.6 14.4 98.6
Tolar 11.04ab 0.76 2.14a 0.50 82.1 17.9 96.6
je€men ozimy / winter barley

Alissa 10.92ab 1.02 1.99a 0.36 83.0 17.0 94.6
Camera 13.01abc 1.61 1.88a 0.38 86.0 14.0 108.7
Carola 10.84ab 1.47 2.53a 1.09 79.2 20.8 98.4
Duet 12.28abc 0.94 2.02a 0.48 84.4 15.6 104.6
Jolante 12.80abc 1.24 1.54a 0.23 88.0 11.9 104.5
Lomerit 14.63bc 2.35 1.57a 0.19 89.2 10.8 117.8
Luran 11.32abc 0.79 2.23a 0.32 81.9 18.1 99.4
Luxor 11.34abc 0.79 2.47a 0.15 80.3 19.7 101.4
Merlot 12.62abc 1.87 1.86a 0.38 85.8 14.2 105.7
Nelly 12.02abc 1.01 1.78a 0.27 85.7 14.3 100.8
Reni 15.00c 2.29 1.96a 0.42 87.2 12.8 123.6
Tiffany 12.40abc 1.73 1.46a 0.26 88.3 11.7 100.9
Vilna 12.33abc 1.30 1.83a 0.46 85.7 14.3 103.4

PA — fytova kyselina; Pi — fosfat,  — viz Materidl a metodika; ? — celkovy obsah P v % k priméru pokusu; ® — primérné hodnoty ve sloupci,

oznacéené rliznymi pismeny, se prikazné lisi pfi P0.05

PA — Phytic acid; Pi — Phosphate;” — see Materials and methods; ? — total P content in % to the average of the experiment; ¥ — average valu-
es in the column indicated with different letters differ significantly at P0.05
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Vyuziti screeningové kolorimetrické metody

Vybér kfizenct s redukovanym obsahem PA a zvySenym obsa-
hem Pi v zrné vyzaduje porovnani velkého mnozstvi linii, coz je pfi
vyuziti standardnich chemickych metod finanéné naroc€né.

Z tohoto dlvodu byly rozpracovény screeningové metody, které
jsou voditkem pro Slechtitele i praktické vyuziti pfi odhadu obsahu
volného fosforu rdznych vzorkd obilovin. Dosazené body screeningo-
vého hodnoceni vybranych materialt je€émene (prvni experimentalni
soubor) metodou kolorimetrického testu (KT) byly v souladu se zji§-
ténymi prdmérnymi hodnotami obsahu PA i Pi (tab. 3). Spermanovy
korelace mezi daty z méreni KT a obsahem PA i Pi byly silné a pru-
kazné a mély opacné znaménko (r = -0,64*** a r = 0,85"** pro PA,
resp. Pi; P<0,01).

Vzhledem k potfebé pouze malého mnozstvi zrna (Vaculova et al.,
2011) je pouziti screeningového KT vhodné k vybéru nejen ve vy-
zkumu nebo procesu tvorby novych genotypl je€mene, ale i k orien-
taénimu sledovani obsahu volného fosforu v ceredlnich surovinach
nebo krmivech.

Vybér hybridnich linii po kFizeni s Ipa donory v pribéhu let 2002—
2010 rezultoval ve vytvoreni celé fady novych materiald jeémene
s rozdilnym obsahem PA, Pi i celkovym poolem obou forem P. Scre-
ening na zakladé bodovych hodnot KT byl doplnén o vybér genotypl
s mensi mirou variability v morfologickych a hospodarsky vyznam-
nych znacich (tab. 4).

V souladu s udaji, které uvadéji Bregitzer a Raboy (2006), jsou
vysledky Slechténi na snizeny obsah PA ovlivnéné nejen pouzitym
donorem Ipa, ale také genetickym pozadim, tj. diferencemi danymi
rozdily mezi produktivnimi rodiGovskymi odridami. Z pohledu poza-
davku na snizeny podil PA, zvySeny obsah Pi a soucasné co
nejmensi snizeni celkového P se jako perspektivni jevi nova linie
KM2715.645.4.07 (Barke/M635) s pluchatym a linie oznacena
KM2696.614.15.07 (M635/KM2283) s bezpluchym zrnem, u kte-
rych bylo dosazeno zvySeni podilu Pi na 56,9%, resp. 46,1% z cel-
kového P. Obdobné hodnoty uvadéji Rossnagel et al. (2008) v popi-
su odridy Lophy-1, kterd& ma rovnéz v pedigree mutanta M635
s genem Ipa3-1. U linie KM2696.614.15.07 byl navic naméfen
0 34,6 % vyS88i celkovy obsah P v zrnu. Zajimavym novym genovym
zdrojem pro vyvoj potravindfskych odrid je¢mene je linie
KM2881.622.2.07 (Nordus/CDC Candle)/M635, u které je zvySeny
obsah volného P spojen s waxy charakterem endospermu.

Genetické metody

Role kyseliny fytové v metabolismu rostlin a doposud ne piné ob-
jasnény mechanismus jeji akumulace i redukce jsou vyzvou pro dal-
Si genetické studie v této oblasti (Bohn et al., 2008). U jeCmene je
publikovano nékolik praci (Raboy a Cock, 1999; Rasmussen a Hat-
zak, 1998; Larson et al., 1998; Roslinsky et al., 2007), které se zaby-
valy genetickou podstatou a lokalizaci Ipa mutaci se zamérem na-
|ézt vhodné genetické markery, které by mohly byt vyuzity v ranych
stadiich po kfizeni k detekci pozadovanych genotypd.

6 two-row varieties (Camera, Duet, Jolante, Reni, Tiffany, and Vilna) of
winter barley were tested. The evaluation was extended by the com-
parison of the PA and Pi contribution to the total phosphorus content
and relative pool of P in grain of the particular varieties (Tab. 2). The
lowest total P content to the whole set was determined in the spring
variety Philadelphia (90.5%), the highest amount of P was found in
winter variety Reni (123.6%) and both the varieties had the same mar-
ginal positions in their PA contents (9.70 mg.g™' vs. 15.00 mg.g™, re-
spectively). The variety Philadelphia also had non-significantly highest
Pi content (2.58 mg.g") and the lowest PA rate of the total phosphorus
(77%). The non-significantly lowest Pi content was determined in the
winter variety Tiffany (1.46 mg.g”) and the winter barley variety Lom-
erit had the highest PA rate of the total pool of P (89.2 %).

The evaluation of the effect of the individual barley forms as a var-
iability factor for the accumulation of both PA and Pi showed that in
winter barley more P in the form of PA (12.42 mg.g™ vs. 10.94 mg.g™)
was accumulated and also the total pool of P was in most varieties
higher compared to spring barley. Results may be in analogy with
results of George et al. (2011) who recorded in winter barley a higher
intake of P both by leaves and roots. Practically no difference was
found between the 2-row and 6-row varieties neither in PA content
(11.58 mg.g" vs. 11.96 mg.g") nor in Pi content (1.95 mg.g™' vs. 2.06
mg.g™"). Significant negative correlation between PA and Pi contents
in spring and winter varieties (r = -0.51** and r = -0.50**, P<0.01)
documents existing mutual relationships between both phosphorus
forms in common barley genotypes.

Use of the colorimetric method for screening
Selection of crosses with a reduced PA content and increased Pi
content in grain requires a comparison of a great amount of lines,
which is financially demanding when standard chemical methods are
used. For this reason, screening methods, which are a guide for breed-
ers and practical use at the estimation of free phosphorus content in
various protein samples, were designed. The score achieved with the
screening evaluation of selected barley materials (the first experimen-
tal set) with the method of the colorimetric test (CT) was in compliance
with the determined average values of PA and Pi contents (7ab. 3).
Spearman’s correlation among the data from the CT measurement
and PA and Pi contents were strong and significant and had a re-
verse sign (r = -0.64*** and r = 0.85*** for PA and Pi; P<0.01). Con-
sidering that only a small amount of grain is needed (Vaculova et al.,
2011), the use of screening CT is suitable for the selection not only
in research or creation of new barley genotypes but also for monitor-
ing of free phosphorus content in cereal materials or feeds.
Selection of hybrid lines after crossing with Ipa donors during
2002—-2010 resulted in formation of a number of new barley materials
with different PA, Pi contents and total pool of both P forms.
Screening based on score values achieved by CT was extended
with the selection of genotypes with a minor variability extent in mor-
phological and significant economic parameters (Tab. 4).

Tab. 3 Screeningové hodnoceni obsahu volného fosforu metodou kolorimetrického testu a podil kyseliny fytové a fosfatu ve vzorcich zrna
vybranych material(i je€émene / Screening evaluation of free phosphorus content by the method of colorimetric test and rate of phytic acid and

phosphate in grain samples of selected barley materials

Odruda, linie, bodova hodnota KT® / CT score® podil, %" / Rate, % celkovy
mutant / obsah P v %2/
Variety, line, A B (o] D PA Pi Total P
mutant content in %?
Harrington 1 1.5 1.5 1.5 73.9b% 26.1a 95.9ab
M422 3 3 3 3 38.6a 61.4b 95.4ab
M1070 2.5 2.5 2.5 2.5 28.9a 71.1b 88.2ab
M635 4 4 4 3.5 22.2a 77.8b 116.1ab
M955 3.5 4 4 4 10.6a 89.4b 108.1ab
KM 1057 1.5 1.5 1.5 2 75.9b 24.1a 100.9ab
KM 2037 1.5 1.5 1.5 2 76.2b 23.8a 124.3c
Jersey 1.5 1.5 1 1.5 77.6b 22.4a 76.1a
Tolar 1.5 1.5 1.5 2 72.4b 27.6a 93.6ab

$ — hodnota kolorimetrického testu v opakovani — viz Material a metodika; 2% — viz tab. 2
¥ — Value of the colorimetric test in repetition — see Materials and methods; "2 9 — see Table 2
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Tab. 4 Nové linie je€mene jarniho s rozdilnym obsahem kyseliny fytové a fosfatu v zrné / New lines of spring barley with different phytic acid
and phosphate contents in a grain

Variabilita obsahu kyseliny fytové v zrnu je¢mene

Oznaceni kombinace, PA Pi podil, %% / Rate, %* | celkovy
Ipa donora / ukazatel / typ zrna? bodova obsah P
Identification of . . hodnota v %Y/
combination, pedigree / Gra:? KT?/CT | mg.g" PA Pi Total P
Ipa donor / parameter RS score? content
in %Y
M422 M422 pl 4.5 4.00 1.71 67.6 32.4 78.2
M635 M635 pl 5 3.58 3.67 46.5 53.5 101.9
KM2640.411.2.1 N094609D7/CDC Candle n 2.5 9.71 0.65 93.1 6.9 138.0
KM2645.412.6.1 Nordus/CDC Candle n 3.5 9.23 0.59 93.3 6.7 130.9
KM2881.622.2.07 KM2645.412.6.1/M635 nw >5 2.82 3.83 39.6 60.4 94.2
KM2715.645.4.07 Barke/M635 pl >5 3.24 3.81 431 56.9 99.4
KM2666.644.05 KM2311/M635 pl 25 9.44 1.06 88.8 11.2 140.6
KM2666.542.4.08 KM2311/M635 pl >5 2.93 3.56 42.3 57.7 91.5
KM2742.154.09 M1070/Prestige pl 3.5 4.51 3.01 57.2 42.8 104.3
KM2693.583.2.07 M422/KM2283 n 3.5 5.97 1.53 77.7 22.3 101.7
KM2693.390.1.5.03 M422/KM2283 n 4 4.04 2.14 62.8 37.2 85.2
KM2693.88.6.08 M422/KM2283 n 4 7.30 1.41 82.2 17.8 117.5
KM2693.88.12.08 M422/KM2283 n 3 3.79 1.62 67.5 32.5 74.2
KM2693.568.09 M422/KM2283 n 3 414 1.27 74.4 25.6 73.7
KM2693.569.09 M422/KM2283 n 3 2.87 1.33 65.9 341 57.8
KM2691.24.1.08 M422/KM2311 pl 3.5 4.36 1.57 711 28.9 81.0
KM2691.290.1.05 M422/KM2311 pl 5 3.71 1.69 66.2 33.8 741
KM2691.289.2.05 M422/KM2311 pl 4 416 1.75 67.9 32.1 81.1
KM2911.623.2.07 M422/KM2640.411.2.1 nw 4 4.27 2.38 61.5 38.5 91.7
KM2911.623.5.07 M422/KM2640.411.2.1 nw 4 4.04 1.75 67.3 32.7 79.4
KM2693.19.2.08 M635/KM2283 n 2.5 9.25 0.65 92.6 7.4 132.0
KM2696.648.13.0 M635/KM2283 3.5 7.44 0.86 88.5 11.5 111.3
KM2696.614/2.07 M635/KM2283 3 8.51 1.74 81.3 18.7 138.4
KM2696.614.15.07 M635/KM2283 >5 5.49 418 53.9 46.1 134.6
KM2842.348.09 M635/Margit pl 4 3.74 1.33 71.5 28.5 69.1
KM2842.697.09 M635/Margit pl >5 7.99 0.87 89.1 10.9 118.6
KM2912.510.08 M635/0Ohara pl 3.5 6.88 0.68 90.0 10.0 101.1
KM2845.174.05 M635/Prestige pl 4 6.60 1.17 83.4 16.6 104.7

PA — fytova kyselina; Pi — fosfat; V' — n = bezpluchy, pl — pluchaty typ obilky, w = waxy typ $krobu; 234 — viz tab. 3
PA — Phytic acid; Pi — Phosphate; V" — n = hulless, pl — hulled type of caryopsis, w = waxy type of starch; 29 % — see Table 3

Na zakladé vysledkd zahrani¢nich autord byl pro detekci polymor-
fizmu mezi vybranymi standardnimi a Ipa mutanty je€émene vyuzit
SCAR (Sequence Characterized Amplified Region) marker ABC153.
Segregaéni analyza dvojitych haploid mezi odridou CDC McGwire
a M422 potvrdila, Ze existuje vazba (vzdalenost ~15cM) mezi timto
markerem a lokusem Jpa na chromozému 2HL (Roslinsky et al., 2007).

Aplikace markeru ABC153 ve zvoleném souboru genotyp(l jeCme-
ne jarniho (obr. 2) potvrdila, Ze mezi vychozimi Ipa donory a odrida-
mi Margit a Ohara existuji vizualné zfejmé rozdily.

Kontrola dédivosti Ipa charakteru u 71 ndhodné vybranych rostlin
ve $tépici F2 populaci (z kfizeni odriidy Streif s Ipa odridou Clear-
water) potvrdila existenci polymorfismu (obr. 3). V souboru se ampli-
fikovaly PCR produkty 310 a 340 bp u materiald s o¢ekdvanym Ipa
genotypem, zatimco u linii se standardnim obsahem fytatu a hetero-
zygotu byl detekovan pouze produkt 340 bp. Také hodnoceni vysled-
ki §tépeni pomoci kritéria x2 (x=1,86; P=0,19) nevyvratilo nulovou
hypotézu, takze bylo mozné povazovat vysledky Stépného poméru (3
A_: 1 aa=lpa) za potvrzené.

Po sklizni testovanych rostlin byl ve vzorcich zrna stanoven obsah
volného P metodou KT. Ukazalo se ale, ze mezi vysledky molekularni
analyzy a KT testu byla shoda pouze ve 30% pfipadl. Pfi¢inou je
zifejmé pomérné velka vzdalenost markeru ABC153 od lokusu lpa?-1,
coz mohlo rezultovat v rekombinaci a vedlo ke vzniku faledné pozitiv-
nich ¢i fale$né negativnich vysledku.

In compliance with the data reported by Bregitzer and Raboy
(2006), results of breeding for a lowered PA content are affected
not only by the used Ipa donor but also genetic background, i.e.
differences among productive parental varieties. A new line
KM2715.645.4.07 (Barke/M635) with a hulled and a line
KM2696.614.15.07 (M635/KM2283) with a hulless grain in which Pi
rate was increased to 56.9% and 46.1% of the total P, respectively,
seem to be perspective in terms of the requirement for a reduced
rate of PA, increased Pi content and at the same time the lowest pos-
sible reduction in total P. Similar values are given by Rossnagel et al.
(2008), in the description of the variety Lophy-1 which also has a
mutant M635 with the gene pa3-1 in its pedigree. In addition, in the
line KM2696.614.15.07, total P content in grain higher by 34.6% was
measured. The line KM2881.622.2.07 (Nordus/CDC Candle)/M635
in which an increased content of free P content is connected with
waxy character of the endosperm is a new interesting gene resource
for the development of food barley varieties. only in research or crea-
tion of new barley genotypes but also for monitoring of free phospho-
rus content in cereal materials or feeds.

Genetic methods

The role of phytic acid in metabolism of plants and so far not fully
clarified mechanism of its accumulation and reduction remain a chal-
lenge for future genetic studies (Bohn et. al., 2008). In barley, several
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Obr. 2 Variabilita markeru ABC153 v souboru rodi¢ovskych genotypU
(1 —Harrington, 2 — M422, 3 — M635, 4 — M955, 5 — M1070, 6 — Mar-
git, 7 — Ohara, 8 — Selecta) / Fig. 2 Variability of ABC153 marker in
the set of parental genotypes (1 — Harrington, 2 — M422, 3 — M635,
4 —M955, 5 — M1070, 6 — Margit, 7 — Ohara, 8 — Selecta)

5 6 7 8 K

g

4 ZAVER

Jedmen jako druha v Ceské republice a celosvétové &tvrta nej-
roz8ifenéjsi obilnina je vyznamnou surovinou nejen pro sladovnic-
tvi, ale i vyrobu krmiv, a to jak v podobé zrna, tak i zbytkd (mlato,
sladovy kvét) a odpadl (zadina, splavky) pivovarského pramyslu
(Jedlicka, 2004). Vzhledem k tomu, ze obsah PA je vyznamné vysSi
v perifernich ¢astech obilky v porovnani s endospermem (O’Dell et
al., 1972), da se u téchto surovin o¢ekavat i vy$si podil fytatového
P. Vysledky studia vybraného souboru odrld a genetickych zdroju
je€mene jarniho svédc¢i o tom, Ze existujici variabilita obsahu obou
forem P je poplatna pfedevsim roénikovym vliviim (a pfipadné i vli-
vu péstebni technologie a lokality). Vyznamné niz8i obsah PA
a soucasneé i prukazné vyssi obsah Pi byl stanoven pouze u Ipa
donor a z nich vytvofenych novych linii s pluchatym i bezpluchym
zrnem. Doposud publikované vysledky hodnoceni sladovnickych
parametrll u vicendsobnych zpétnych k¥izencli Ipa mutantd s vy-
chozi rodi¢ovskou odrGidou Harrington ale ukazaly, Ze tyto materia-
ly nedosahuji vyhovujici vy$e sladafsky vyznamnych znakd a maji
zejména nedostatec¢nou diastatickou mohutnost (Bregitzer a Ra-
boy, 2006a). O negativni korelaci mezi obsahem PA a obsahem
extraktu referuji i dalsi autofi (Dai et al., 2007).

Odridy ozimého je¢mene, které jsou uréeny téméfr vyhradné
ke krmeni, mély vyznamnou tendenci k vyssi kumulaci PA i celkové-
ho P v porovnani s jarnim jeémenem. | kdyz priikazné diference byly
pozorovany pouze u jednotlivych odriid obou forem s krajnimi hod-
notami obsahu PA a Pi, mohou byt ziskané vysledky ur€itym vodit-
kem i pfi Slechténi ozimého jeCmene. Pfesto, Zze mezi 2-fadymi a vi-
cefadymi odridami nebyly v obsahu PA nebo Pi zjistény priikazné
diference, je mozné, Ze tyto ndlezy souviseji se znamym jevem, a to-
tiz zvySenym podilem pluch a vy§§im obsahem hrubé vlakniny u ozi-
mého jeCmene.

Nové vytvorené linie je€mene jarniho s odliSnym podilem Pi
na celkovém poolu P v obilce mohou predstavovat potencialni zdroje
pro dalsi Slechténi i vyzkum odrlid s nizkym obsahem PA. Vybér ta-
kovych materialt usnadriuje aplikace screeningové metody KT, ktera
dobre koresponduje s obsahem volného P v zrnu, a ma tedy obecné
vyuziti nejen pfi hodnoceni novych Ipa materialQ, ale i pfipadnych
produktt genetického inzenyrstvi, zaméfenych na tvorbu odrid
s vy$&i hladinou nebo aktivitou enzymu fytadzy. Naopak vyuziti publi-
kovaného SCAR genetického markeru ABC153 se ukdazalo jako
malo efektivni postup, ktery nemUze poskytnout spolehlivé vysledky
pro dal$i vybér vhodnych genotypl. Pokud nebudou k dispozici dalsi
vyzkumné poznatky, které by umoznily Iépe identifikovat existujici Ipa
donory, nelze jejich vyuziti doporudit.

Obr. 3 Identifikace genotypu rostlin F2 generace prostfednictvim mar-
keru ABC153. Vzorky 2 a 5 maji genotyp odpovidajici odridé Clear-
water (310 a 340 bp) / Fig. 3 Identification of the genotype of the F2
generation plants with the ABC153 marker. Samples 2 and 5 have
a genotype corresponding to the variety Clearwater (310 and 340 bp)

1 2 3 4 5

studies have been published (Raboy and Cock, 1999; Rasmussen
and Hatzak, 1998; Larson et al., 1998; Roslinsky et al., 2007), study-
ing the genetic basis and localization of Ipa mutation with the aim to
find suitable genetic markers that could be used in the early phases
after crossing for detection of the required genotypes.

Based on the results of foreign authors, the SCAR (Sequence
Characterized Amplified Region) marker ABC153 was used for the
detection of polymorphism among the selected standard and Ipa mu-
tants of barley. The segregation analysis of double haploids between
the variety CDC McGwire and M422 confirmed the existence of the
relationship (distance ~15cM) between this marker and /pa locus on
2HL chromosome (Roslinsky et al., 2007).

The application of ABC153 marker in the selected set of spring
barley genotypes (Fig. 2) confirmed the existence of apparent visual
differences between the original Ipa donors and the varieties Margit
and Ohara.

Control of heritability of Ipa character in 71 randomly selected
plants in splitting F2 population (from crossing the variety Streif with
the Ipa variety Clearwater) confirmed the existence of polymorphism
(Fig. 3). In the set, PCR products 310 and 340 bp are amplified in
materials with the expected Ipa genotype, while in the lines with
standard contents of phytate and heterozygotes only the 340 bp
product was detected. The evaluation of results of splitting using the
x2 criterion (x2=1.86; P=0.19) did not disproof the null hypothesis,
therefore the results of the splitting rate (3 A_: 1 aa=Ipa) could be
considered confirmed. After harvest of the tested plants, content of
free P in barley samples was determined with the CT method. How-
ever, results from the molecular analysis and CT test were in agree-
ment only in 30 % of cases. The probable cause may be a relatively
high distance of the ABC153 marker from Ipa1-1 locus, which could
result in recombination and led to the origin of false positive or false-
ly negative results.

4 CONCLUSION

Barley, in the Czech Republic the second and globally the fourth
most widespread cereal, is an important material not only for malting
but also feed production both in a form of grain and residues (spent
grains, malt culms) and wastes (tailings, swimmers) from the brewing
industry (Jedlicka, 2004). Considering the fact that PA content is sig-
nificantly higher in the peripheral parts of a caryopsis compared to
the endosperm (O’Dell et al., 1972), higher rate of phytate P can be
expected in these materials. Results of study of the selected set of
varieties and spring barley genetic resources confirm that the exist-
ing variability in the content of both P forms is affected mainly by year
(and possibly growing technology and locality). Significantly lower PA
content and at the same time significantly higher Pi content were
determined only in Ipa donors and from them formed new lines with
hulled and hulless grain. However, to date published results of the
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evaluation of the malting parameters in multiple back crosses of Ipa
mutants with the original parental variety Harrington have shown that
these materials do not achieve a suitable level of important malting
parameters and namely, they have insufficient diastatic power
(Bregitzer and Raboy, 2006a). Negative correlation between PA con-
tent and extract content has also been described by other authors
(Dai et al., 2007).

Winter barley varieties which are determined nearly exclusively for
feeding, showed a marked tendency to a higher accumulation of PA
and total P compared to spring barley. Although the significant differ-
ences were observed only in the individual varieties of both forms
with the extreme values of PA and Pi contents, the obtained results
may be a certain guide also for breeding of winter barley. Although no
significant differences in PA or Pi contents between 2-row and six-
row varieties were found, it is possible that these findings are related
with a well known phenomenon, i.e. an increased rate of hulls and
higher content of coarse fiber in winter barley.

Newly formed lines of spring barley with different Pi contribution to
the total P pool in a caryopsis can represent potential resources for
further breeding and research of varieties with a low PA content. Se-
lection of these materials is facilitated by the application of the CT
screening method which corresponds with a content of free P in grain
thus being generally usable not only for the evaluation of new Ipa
materials but also for relevant products of genetic engineering fo-
cused on production of varieties with a higher phytase level or activ-
ity. On the other hand, the use of published SCAR genetic marker
ABC153 was shown to be a less efficient approach which cannot
provide reliable results for other selection of suitable genotypes.
Their utilization cannot be recommended unless further research
data enabling a better identification of existing Ipa donors is available.
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