Dehydriny jako stresové proteiny souvisejici s toleranci k mrazu u jeCmene

KVASNY PRUM.
ro¢. 56 / 2010 — ¢islo 2

33

Dehydriny jako stresové proteiny souvisejici s toleranci k mrazu u je¢mene

Dehydrins as stress proteins related to frost tolerance of barley

LUDMILA HOLKOVA!, PAVLINA MIKULKOVA!, PAVLINA HRSTKOVA', ILJA TOM PRASIL?, MARTA BRA-

DACOVA! OLDRICH CHLOUPEK!

'Mendelova univerzita v Brn&, Zemé&délska 1, 613 00 Brno, >Vyzkumny tstav rostlinné vyroby, 161 06 Praha-Ruzyné, Ceska

republika /

'Mendel University in Brno, Zemédélskd 1, 613 00 Brno, °Crop Research Institute, 161 06 Prague, Czech Republic

e-mail: ludmila.holkova@mendelu.cz

Holkova, L. — Mikulkova, P. — Hrstkova, P. — Prasil, I. T. —- Brada¢ova, M. — Chloupek, O.: Dehydriny jako stresové proteiny souvi-
sejici s toleranci k mrazu u jeémene. Kvasny Prum. 56, 2010, €. 2, s. 83-87.

Dehydriny jsou stresové proteiny souvisejici s toleranci k mrazu a suchu. Cilem nasi prace bylo studium polymorfismu dehydrinovych
genll (Dhn) v souvislosti s mrazuvzdornosti u jeémene. Pro studium délkového polymorfismu u 30 odrld jsme pouZili specifické primery
pro sekvence genli Dhn4 a Dhn7. PCR produkty vykazaly dvé odliSné matrice; prvni (sekvence typu O) byla specificka pro Sestifadé
ozimé a prechodné odrlidy s vysokou toleranci k mrazu; typickym predstavitelem byla odriida Okal. Druhy typ (A sekvence) byla zjis-
téna jen u dvouradych ozimych a u jarnich odriid (napf. u odrlidy Akcent) a souvisela s nizsi mrazuvzdornosti. Délka hlavnich poly-
morfnich produktll odpovidala riznym alelam gend Dhn4 a Dhn7. Rozdil v uvedenych délkach byl zplisoben sou¢asnou pfitomnosti dvou
specifickych mutaci, tj. inzerci 6 bp v Dhn4 a deleci 30 bp v Dhn7 u odrid typu O.

Holkova, L. — Mikulkova, P. — Hrstkova, P. — Prasil, I. T. — Bradacova, M. — Chloupek, O.: Dehydrins as stress proteins related to
frost tolerance of barley. Kvasny Prum. 56, 2010, No. 2, p. 83-87.

Dehydrins are stress proteins related to frost and dehydration tolerance. The aim of the paper was study of the polymorphism of the
dehydrin genes (Dhn) in relation to the frost tolerance in barley. Primers specific for Dhn4 and Dhn7 gene sequences were used for
length polymorphism analysis in 30 varieties. PCR products showed two different matrices; the first (O type sequence) was specific for
six-rowed winter and intermediate varieties characterised by high frost tolerance and was typical of the Okal variety. The second type
(A type sequence) was found only in two-rowed winter and spring varieties (e.g. Akcent) and was related to a lower level of frost toler-
ance. The length of the main polymorphic products corresponded to different alleles of the Dhn4 and Dhn7 genes. This difference in
length was caused by the coincident presence of two specific mutations, i.e., an insertion of 6 bp in Dhn4 and a deletion of 30 bp in
Dhn7 in O type barley varieties.

Holkova, L. — Mikulkova, P. — Hrstkova, P. — Prasil, I. T. — Bradacova, M. — Chloupek, O.: Dehydrine als Stressproteine, die in Zu-
sammenhang mit Toleranz der Gerste gegen den Frost stehen. Kvasny Prum. 56, 2010, Nr. 2, S. 83-87.

Dehydrine sind die Stressproteine, die in Zusammenhang mit Toleranz der Gerste gegen den Frost stehen. Der Zielpunkt unserer Ar-
beit wurde das Studium von Dehydrine gene (Dhn) in Zusammenhang mit der Frostbestandigkeit der Gerste. Die spezifische Primer fur
die Gensequences Dhn4 und Dhn7 wurden zum Studium des Langen von Polymorfismus bei 30 Sorten angewandt. Die PCR Produkte
wiesen zweie abweichende Matrizen auf, die erste (Sequenz des Typs O) wurde typisch fiir sechsreihige Winter- und Ubergangsgers-
tensorten mit einer hohen Frostbestandigkeit, der typische Reprasentant wurde Okal Sorte. Der zweite Typ (A Sequenz) wurde nur bei
den zweireihigen Winter- und Sommergerstensorten ermittelt (z.B. bei der Sorte Akcent) und stand in Zusammenhang mit einer niedri-
geren Frostbestandigkeit. Die Lange von wichtigsten polymorphen Produkten entsprach den verschiedenen Alleln von Gen Dhn4 und
Dhn7 d.h. Insertion in 6 bp Dhn4 und Deletion 30 bp in Dhn7 bei der Sorten des Typs O. Der Unterschied in den angegebenen Langen
wurde durch die gegenwértige Anwesenheit von zweien spezifischen Mutationen d.h. Insertion in 6 bp in Dhn4 und Deletion 30 bp in

Dhn7 verursacht.

Klicova slova: jecmen, tolerance k mrazu, zimovzdornost, dehydri-
nové geny, Dhn4, Dhn7

1 UVOD

Tolerance k mrazu je komplexni znak souvisejici se zménou ob-
sahu mnoha latek v bunkach a pletivech. Tyto fyziologické charakte-
ristiky jsou velmi citlivé na environmentalni a vnitfni podminky, ze-
jména s témi, které souviseji s otuzovanim rostlin (obsah vody, obsah
kyseliny abscisové, vodivost pletiv aj.) [1].

Genetické studie souvisejici s toleranci k mrazu identifikovaly po-
lygenni dédi¢nost. U je€mene to byly QTL (quantitative trait loci) spo-
jené se zimovzdornosti, jako je preziti zimy a obsah fruktan(i v ko-
runkach, lokalizované na chromozému 5H. Tuberosa et al. [2]
lokalizovali devét QTL pro toleranci k mrazu také na 2H, 3H a 6H.

Odlisné skupiny gent jsou rovnéz ¢asto spojovany s toleranci k abi-
otickym strestim, tj. geny pro proteiny ze skupiny Cor/LEA [3] a s re-
gula¢nimi geny [4]. Dehydrinové proteiny (DHN, rodina LEA D11) se
Casto spojuji s toleranci k dehydrataci a s toleranci k nizkym teplo-
tam [5]. Nékolik studii je povazuje za vyznamné pro membranové in-
terakce a pro stabilitu proteind [5]. U jeémene bylo identifikovano 13
dehydrinovych genl(i [6]. Jsou lokalizovany na étyfech chromozémech
(Dhn10 a Dhn11 na 3H; Dhn6 a Dhn13 na 4H; Dhn1, Dhn2 a Dhn9
na 5H a Dhn3, Dhn4, Dhn5, Dhn7, Dhn8 a Dhn12 na 6H, Choi et al.

Keywords: barley, frost tolerance, winter hardiness, dehydrine
genes, Dhn4, Dhn7

1 INTRODUCTION

Frost tolerance is a complexly inherited trait that involves the chang-
ing levels of many substances in cells and tissues. These physiolog-
ical characteristics are very sensitive to environmental and internal
conditions, in particular those related to plant hardening (water con-
tent, endogenous level of abscisic acid, tissue conductivity, etc.) [1].

Studies of the genetic principles of frost tolerance have contributed
to a better understanding of its polygenic character. In barley, QTLs
(quantitative trait loci) associated with winter hardiness, such as field
winter survival and fructan content in crowns, were mapped to the
chromosome 5H. Tuberosa et al. [2] mapped nine QTLs for freezing
tolerance located also on 2H, 3H and 6H.

Separate groups of genes were also often connected with abiotic
stress tolerance, e.g. the genes for proteins from Cor/LEA group [3]
and regulatory genes [4]. Dehydrins (DHNs, LEA D11 family) were
among the most frequently observed stress-proteins associated with
dehydration or low temperature [5]. Several studies suggested an im-
portant role for DHNs in membrane interactions and/or protein sta-
bilisation [5]. In barley, thirteen Dhn genes have been identified [6].
They are located on four chromosomes (Dhn10 and Dhn11 on 3H;
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[7]). Dehydrinové geny vytvareji shluky (klastry) na chromozémech
5H a 6H [8].

Vétsina dehydrinovych genli vykazuje polymorfismus, tj. vyskyt riz-
nych alel stejného genu, zejména Dhn1 a Dhn4 [9]. Porovnani zna-
mych dehydrinovych sekvenci dvou odriid z databaze genové banky
s kontrastni Urovni tolerance k mrazu (Dicktoo a Morex), prokazalo
rGizné alely jenom pro dva geny, Dhn4 and Dhn7. Zadna z téchto pub-
likovanych alel vSak nesouvisela s fenotypovym projevem. U jeémene
jsou rozdily v citlivosti k abiotickym strestim spojovany spi$e s dyna-
mikou exprese dehydrinovych genl (napf. [10]).

Cilem nasi prace byl popis polymorfismu dehydrinovych genl ve
vztahu k toleranci k mrazu. Polymorfismus téchto sekvenci byl pou-
Zit v navazujicim sledovani jako marker pro selekci genotypu tole-
rantnich k mrazu ve $tépici populaci kiizencl odr(id s rliznou citlivosti
k mrazu [11].

2 MATERIAL A METODY

Ve Vyzkumném Ustavu rostlinné vyroby v Praze-Ruzyni jsme tes-
tovali u tficeti odrtd jeémene (Hordeum vulgare L.) rozdilnych sku-
pin (osm jarnich, tfi pfechodného typu a 19 ozimych) toleranci
k mrazu, ktera byla srovnéna s alelami Dhn4 a Dhn7. Gen Dhn4 byl
sekvenovan u odrGd Akcent, Amulet, Monaco, Okal a Luran, gen
Dhn7 jenom u odriid Akcent a Okal.

Hodnoceni tolerance k mrazu

Certifikované osivo tficeti odrud bylo nakli¢eno a kli¢enci péstovani
pfi 17 °C pfi 16-hodinové fotoperiodé 21 dni. Pak byli vystaveni otu-
zovani pfi 3 °C po 21 dni a vystaveni —4 °C po 3 dny. Pak nasledo-
valo pét riznych mrazivych teplot po dobu 24 hodin. Tyto teploty se
liSily po 2 °C a rychlost chlazeni a tani ¢inila 2 °C/h [1]. Po tani rost-
liny regenerovaly tfi tydny ve skleniku pfi 20 °C a pak bylo stanoveno
procento prezivsich rostlin u riznych mrazivych teplot. Vypocet LTs,
byl zaloZen na publikaci Janac¢ka a Prasila [12].

Izolace DNA, amplifikace specifickych produktd pro Dhn4
a sekvenovani genti Dhn4 a Dhn7

Pouzili jsme amplifikaci PCR s primery specifickymi pro sekvence
prvniho exonu genti Dhn4 a Dhn7 k nalezeni pfitomnosti specifickych
mutaci u v§ech sledovanych odrid podle standardniho protokolu. Pro
PCR jsme pouzili Qiagen Tag PCR Core Kit. Specifické primery: F1:
5-GAGTACCAGGGACAGCAG-3 a RT1: 5-CGAGCTGGAGCTG-
GAGCTGC-3’, byly komplementarnike konci prvniho exonu sekvence
genu Dhn4 u odridy Dicktoo. PCR produkty (F7R1) byly separovany
na 7,5% akrylovém gelu a nasledné zbarveny AgNO; [13] nebo byly
separovany na 1,5% agar6zovém gelu a nasledné obarveny ethidium
bromidem.

Existence alel gentt Dhn4 and Dhn7 u Dicktoo a Morex byla déle
ovérovana jejich sekvenovanim u nékolika odrdd (Dhn4 u odrid Ak-
cent, Okal, Monaco a Luran a Dhn7 u Akcent a Okal). Pro osekve-
novani genu Dhn4 byly pouZity primery publikované v praci Choi et
al. [7]. Pro osekvenovani genu Dhn7 byly pouzity nami navrzené pri-
mery (5'-GCCAAGTGAGGAAGACAACC-3 a 5-CCGGCACCTCT-
TAACTTTC-3’). K reakci PCR jsme pouzili Tag PCR Core Kit (Qia-
gen). ldentifikované sekvence byly porovnany se sekvencemi
v GenBank a v databazi EMBL na serveru BLAST. Odpovidajici nuk-
leotidové sekvence byla sefazena programem ClustalW.

3 VYSLEDKY

Molekularni analyza gendi Dhn4 a Dhn7 u 30 odrid s primery F1
a R1 prokazala v této oblasti polymorfni sekvence, které se projevily
jako rozdilné soubory PCR produktu s riznou molekularni hmotnosti.
Stejné kombinace PCR produktt byly zjistény u odriid s pomérné vy-
sokou Urovni tolerance k mrazu (tab. 1).

Tab. 1 Velikost polymorfnich PCR-produktd syntetizovanych s primery
F1a R1/ The size of polymorphous PCR-products synthetized with
primers F1 a R1

Geny / Odrudy / Varieties

Genes Morex Akcent Okal Dicktoo
Dhn4 198 bp 198 bp 204 bp 204 bp
Dhn7 240 bp 240 bp 210 bp 210 bp

Dhn6 and Dhn13 on 4H; Dhn1, Dhn2 and Dhn9 on 5H and Dhn3,
Dhn4, Dhn5, Dhn7, Dhn8 and Dhn12 on 6H, Choi et al. [7]). Several
studies proved that 5H and 6H Dhn genes comprise clusters on these
chromosomes [8].

Most Dhn genes demonstrate allelic variation, mainly in Dhn1 and
Dhn4 [9]. A comparison of the known Dhn sequences of two barley
genotypes, Dicktoo and Morex, from the GenBank database with con-
trasting levels of frost tolerance showed the presence of different al-
leles for only two Dhn genes, Dhn4 and Dhn7. None of these pub-
lished allelic variations of Dhn genes were related to any phenotypic
trait. In barley, differences in sensitivity to abiotic stresses have been
connected with different dynamic expression of Dhn genes to date
(e.g. [10]).

The aim of our study was to describe polymorphisms in barley Dhn
genes related to frost tolerance. The polymorphism of these se-
quences as a marker for selection of frost-tolerant genotypes was
tested on segregation populations developed from barley varieties
with different frost sensitivities, as prepared for publication [11].

2 MATERIAL AND METHODS

Thirty varieties of barley (Hordeum vulgare L.) with different growth
habits (eight spring, three intermediate and 19 winter) were tested
for frost tolerance in the Crop Research Institute in Prague and re-
lated to the allelic variation of Dhn4 and Dhn7. The Dhn4 gene was
sequenced in Akcent, Amulet, Monaco, Okaland Luran varieties, and
the Dhn7 gene was sequenced only in the Akcent and Okal varieties.

Determination of frost tolerance

Certified seeds of all 30 varieties were germinated and seedlings
grown at 17 °C in a 16-h photoperiod for 21 days. They were then ex-
posed to cold hardening at 3 °C for 21 days and exposed to —4 °C
for 3 days, followed by 5 different frost temperatures in separate freez-
ers for the next 24 h. Frost temperatures differed by 2 °C, and the
rate of cooling and thawing was 2° C/h (1). After thawing, the plants
were regenerated for 3 weeks in a greenhouse at 20 °C, and the sur-
vival percentage at the individual freezing temperatures evaluated.
Calculation of the LT, was based on the formula by Janacek and
Prasil [12].

Genomic DNA isolation, amplification of Dhn4-specific
products and sequencing of the Dhn4 and Dhn7 genes

We used PCR amplification with primers specific for sequences in
the first exon of the Dhn4 and Dhn7 genes to detect the presence of
specific mutations in all tested varieties using the standard protocol.
PCR was then performed using the Qiagen Taq PCR Core Kit. The
specific primers, F1: 5-GAGTACCAGGGACAGCAG-3' and R1: 5-
CGAGCTGGAGCTGGAGCTGC-3, were complementary to the ter-
minus of the first exon of the Dhn4 gene sequence in the Dicktoo va-
riety. PCR products (F1R1) were separated on 7.5% acrylamide gels
and subsequently stained with AgNO; [13] or were separated on 1.5
% agarose gels followed by staining with ethidium bromide.

The existence of the Dicktoo and Morex alleles of the Dhn4 and
Dhn7 genes was further verified by sequencing in several tested va-
rieties (Dhn4 in Akcent, Okal, Monaco and Luran varieties and Dhn7
in Akcent and Okal varieties), using primers suggested by Choi et al.
[7] and sequencing of the full-length Dhn4 gene. The full-length Dhn7
gene was sequenced using newly designed primers (5-GCCAAGT-
GAGGAAGACAACC-3 and 5’-CCGGCACCTCTTAACTTTC-3’). The
Taq PCR Core Kit (Qiagen) was used for the PCR reaction, which
resulted in a 763-bp product. Identified sequences were compared
with sequences in the GenBank and EMBL databases using the
BLAST server. The corresponding nucleotide sequences were
aligned with the ClustalW program.

3 RESULTS

The molecular analysis of Dhn4 and Dhn7 in 30 barley varieties
with primers F1 and R1 revealed polymorphic sequences in this re-
gion expressed as different sets of PCR products with divergent
molecular weights. The same combinations of the PCR products were
detected in varieties with a relatively high level of frost tolerance
(Tab. 1).

Two different combinations of specific products were detected from
PCR reactions with F7 and R7. Several products with distinct molec-
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Vysledkem PCR reakci s primery F1 a R1 byly dvé rizné kombi-
nace specifickych produktd. Kombinace A byla charakteristicka pro
vSechny jarni odriidy a pro nékteré ozimé s pomérné nizkou Urovni
tolerance k mrazu (LTso0d —13,0 do —14,5 °C). Naopak O kombinace
byla specifickd pro ozimé a pfechodné odridy s pomérné vysokou
urovni tolerance k mrazu (LTs, od —14,2 do —15,6 °C).

Identifikace hlavnich produktii PCR reakce kombinaci primert
F1R1

Zjisténé kombinace PCR produktl obou typl (A a O) sestavaji ne-
jen ze specifickych produktt genli Dhn4 a Dhn7 o¢ekavané velikosti,
ale také z nékolika nespecifickych produktud. Proto byla pfitomnost in-
dividualnich mutaci ovéfena sekvenéni analyzou prvniho exonu obou
téchto gend u odrid typu Aa O.

Geny Dhn4 ze ¢ty odrld byly izolovany a sekvenovany s primery
publikovanymi Choi et al. (7) (obr. 1), geny Dhn7 ze dvou odrdd s kon-
trastni Urovni tolerance k mrazu s nami navrzenymi novymi primery
(obr. 2).

Srovnani ¢ty sekvenci Dhn4 (obr. 1) s publikovanymi sekvencemi
odrid Dicktoo (AF043090) a Morex (AF181454) ukézalo inzerci 6 bp
lokalizovanou 18 bp v protisméru ATG kodonu charakteristického pro
Dicktoo obdobné jako pro Sestifadé ozimé odridy Luran a Okal. Dic-
ktoo, Luran a Okal tedy maji pravdépodobné stejné alely Dhn4. Ag-

ular weights were found in both variants. The A combination was char-
acteristic for all tested spring varieties and for some winter varieties
with a relatively low level of frost tolerance (LTs, from —13.0
to —14.5 °C). The O combination was specific for winter and inter-
mediate varieties with a relatively high level of frost tolerance (LTso
from —14.2 to —15.6 °C).

Identification of the main products of the PCR reaction with
the primer combination F1R1

The combinations of PCR products of both types (A and O) are
composed not only of Dhn4 and Dhn7 specific products of the ex-
pected sizes, but also of several unspecific products. Therefore, the
presence of individual mutations was verified by sequence analysis
of the first exon of each of the two genes in some varieties of the
Aand Otypes. Sequences of Dhn4 from four varieties and Dhn7 from
two varieties were isolated and sequenced. The genes are polymor-
phous and mutually linked on the 6H chromosome. Identified se-
quences were compared with the appropriate known sequences of
Dicktoo and Morex listed in the GenBank database.

Dhn4 genes from four barley varieties were isolated and sequenced
with primers published by Choi et al. [7] (Fig. 1), and Dhn7 genes
from two varieties with contrasting levels of frost tolerance were iso-

lated and sequenced with our

newly designed primers

DICKTOO GB -CGGCAGCGCAAGATGGAGTACCAGGGACAGCAGCAGCAGCACGGCCGCGTCGACGAGTAC 60 (Ff' ci))'mparison of the four

OKAL ~CGGCAGCGCAAGATGGAGTACCAGGGACAGCAGCAGCAGCACGGCCGCGTCGACGAGTAC Dhn4 sequences (Fig. 1) with

LURAN ~CGGCAGCGCAAGATGGAGTACCAGGGACAGCAGCAGCAGCACGGCCGCGTCGACGAGTAC E‘he k?:%”&%%%?ncez Of/\/?ICk-

00 an orex

MONACO ~CGGCAGCGCAAGATGGAGTACCAGGGACAGCAG-————— CACGGCCGCGTCGACGAGTAC (AF181454) showed that the

AKCENT -CGGCAGCGCAAGATGGAGTACCAGGGACAGCAG--——-- CACGGCCGCGTCGACGAGTAC insertion of 6 bp located 18 bp

MOREX GB  -CGGCAGCGCAAGATGGAGTACCAGGGACAGCAG-————~— CACGGCCGCGTCGACGAGTAC upstream of the ATG codon

was characteristic for Dicktoo

Kdhkkhkhkhkhkhkhkkhhkhkhkhkhkkhhkhkhkhrhkhkhhkhhhxkkhkhkhkhxx Ak hkkhkhkhkhkrxhkkhkhkhkhkhkkkkkkhkhx as We” aS for the SIX-I’OWGd

winter varieties Luran and

Okal. Dicktoo, Luran and Okal

DICKTOO GB GGCAACCCTGTGGCCGGACATGGCGTCGGCACCGGCATGGGAACGCACGGCGGCGTCGGA 120 likely possess the same allele

LURAN GGCAACCCTGTGGCCGGACATGGCGTCGGCACCGGCATGGGAACGCACGGCGGCGTCGGA of Dhn4. Although the Dhn4

OKAL GGCAACCCTGTGGCCGGACATGGCGTCGGCACCGGCATGGGAACGCACGGCGGCGTCGGA :;/I,Ieles OL_?f/’or. e’irhAkce”é anci

onaco differ in the number o

MONACO GGCAACCCTGTGGCCGGACATGGCGTCGGCACCGGCATGGGAACGCACGGCGGCGTCGGA ¢-segment repetitions, the ab-

AKCENT GGCAACCCTGTGGCCGGACATGGCGTCGGCACCGGCATGGGAACGCACGGCGGCGTCGGA sence of this 6-bp insertion

MOREX GB GGCAACCCTGTGGCCGGACATGGCGTCGGCACCGGCATGGGAACGCACGGCGGCGTCGGC was a common feature of all
four tested genotypes.

dhkhkhkhkhkhkhkhhkhhkhkhkhkhhkhhkhkhkhhkhhkhhkhhkhkhkhkhkhhkhkrhkhkhkhhkrhkhkhkhk ko hhkhkhhhdxkxkkk Sevel’a| mutatIOHS Were

identified in the sequenced re-

DICKTOO GB ACTGGCGCGGCCGCCGGTGGGCATTACCAGCCCATGAGGGACGAGCACCAGACTGGCCGT 180 gion of the Dhn7 alleles in four

varieties. We sequenced the

OKAL ACTGGCGCGGCCGCCGGTGGGCATTACCAGCCCATGAGGGACGAGCACCAGACTGGCCGT Dhn?7 alleles from Akcent and

LURAN ACTGGCGCGGCCGCCGGTGGGCATTACCAGCCCATGAGGGACGAGCACCAGACTGGCCGT g{(%and co?p‘;:‘\/rled therr;l\/s?th

icktoo an orex alleles

MONACO ACCGGCGCGGCCGCCGGTGGGCATTACCAGCCCATGAGGGACGAGCACCAGACTGGCCGT from the GenBank database

AKCENT ACTGGCGCGGCCGCCGGTGGGCATTACCAGCCCATGAGGGACGAGCACCAGACTGGCCGT (AF043092 and AF181457).

MOREX GB ACTGGCGCGGCCGCCGGTGGGCATTACCAGCCCATGAGGGACGAGCACCAGACTGGCCGT Idnelcgt(ij:rl]tlg? 3tg btgein pgﬁgi

* * Ah kA hhkhhk Ak Ak Ak hhkhhkhhhkhkh bk hhkhkhkhkhdhkhkhhkhkhhkhhkhdhhkhkdhhkrkhkrhkhkhkhkhhkhkxkkxx and Okal SeqUenCGS thl’ee

other point mutations (see Fig.

2) were detected, distinguish-

DICKTOO GB GGGATCCTGCACCGCTCCGGCAGCTCCAGCTCCAGCTCGGTGCGTATATACTGTCCTTGC 240 ing the frost-tolerant winter va-

OKAL GGGATCCTGCACCGCTCCGGCAGCTCCAGCTCCAGCTCGGTGCGTATATACTGTCCTTGC rieties Dicktoo and Okal from

LURAN GGGATCCTGCACCGCTCCGGCAGCTCCAGCTCCAGCTCGGTGCGTATATACTGTCCTTGE the frost-sensitive spring vari-

eties Morex and Akcent, only

MONACO GGGATCCTGCACCGCTCCGGCAGCTCCAGCTCCAGCTCGGTGCGTATATACTGTCCTTGC one of these point mutants

AKCENT GGGATCCTGCACCGCTCCGGCAGCTCCAGCTCCAGCTCGGTGCGTATATACTGTCCTTGC (position  82) resulted in

MOREX GB GGGATCCTGCACCGCTCCGGCAGCTCCAGCTCCAGCTCGGTGCGTATATACTGTCCTTGC a change of amino acids. FL."'

thermore, three other point

Kk khkhkhhkhkhhkhhkhkhhkhkhkhhhhhhkhkhkhhhkhhhkhkhkhkhhkhhkhhkdhhkhhkrkhkhkhkhhrhkhkhkkhhhkhxkhkdxx mutations typiCaI only of

Morex were observed in the

Obr. 1 Srovnani sekvenci prvniho exonu genu Dhn4 u Sesti odrdd polymorfnich podle specifickych PCR pro-
duktd. Sekvence Dicktoo a Morex pochéazeji z databaze GenBank a jsou uvedeny kurzivou. Sekvence ostat-
nich odrid byly ziskany sekvenovanim PCR produktt se specifickymi primery pro Dhn4 (Choi et al. 1999).
Lokalizace F primeru podle Choi et al. (1999) je podtrzena a lokalizace primerd F1 a R1 zvyraznéna Sedé.
/ Fig. 1 A comparison of sequences from the first exon of Dhn4 in six barley varieties polymorphous for spe-
cific PCR products. Sequences of Dicktoo and Morex from the GenBank database are in italics. Sequences
from other varieties were obtained by sequencing PCR products with Dhn4 specific primers (Choi et al. 1999).
Location of the F primer from Choi et al. (1999) is underlined and locations of the F1 and R1 primers are

highlighted in grey

sequenced region of the Dhn7
gene (Fig. 2). Complementary
primer sequences were de-
tected in all tested alleles of
both Dhn4 and Dhn7 (Fig. 1
and 2). The sequence analy-
ses of both tested Dhn genes
in a group of varieties with
a contrasting level of frost tol-
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koliv se alely Dhn4 u Morex, Ak-
cent a Monaco lisi poctem repetici | DICKTOO GB —ATGGAGTACCAGGGACAGCAGCAGCACGGCCAGGCGACCAACCGCGTCGACGAGTACGGT 60
¢-segmentd, vySe uvedena ab- OKAL -ATGGAGTACCAGGGACAGCAGCAGCACGGCCAGGCGACCAACCGCGTCGACGAGTACGGT
f;::ri ?/ggéﬂzgﬁetggﬁ\fg%iﬁ”gén AKCENT —ATGGAGTACCAGGGACAGCAGCAGCACGGCCAGGCGACCAACCGCGTCGACGAGTACGGT
rad. MOREX GB  -ATGGAGTACCAGGGACAGCAGCAGCACGGCCAGGCGACCAACCGCGTCGATGAGTACGGT
Nékolikmutacibyloidentifikovéno ek ok ok ok ok ok kK ok ok ok ok ok kK ok ok ok ok ok ok ok ok ok ok ko k k ok ok ok ok kK k ok ok ok ok ok ok ok ok ok ok ok ok ok k ok ok ok kK k ok
v sekvenované oblasti alel Dhn7
u hodnocenych odrid. Sekvenovali
jsme alely Dhn7 z odrlid Akcent | DICKTOO GB AACCCGGTTGCCGGACACGGCGGTGGCACCGGCATGGG == —mm—mm—mm—m——m——m—— 120
2toook:l A?Iosrg))(vgﬂlagbz:;eggggﬁ OKAL AACCCGGTTGCCGGACACGGCGGTGGCACCGGCATGGGC————————=—=——————————
(AF043092a AF181457).Vedle z4- | AKCENT AACCCGGTTGCCGGACACGGCGTCGGCACCGGCATGGGCGCGCACGGCGGCGTCGGCACC
ftad”' d?)licle 30bp u__s?_:fv_e'r;chch'- MOREX GB  AACCCGGTTGCTGGACACGGCGTAGGCACCGGCATGGGCGAGCACGGCGGCGTCGGCACC
00 a Okal jsme zjistili i bodové
mutace (obr12) Odjliéujl'CI' odrudy ok ko Ak Ak Ak kR KRk Ak Kk ok Ak ok Kk Ak K K
tolerantni k mrazu Dicktoo a Okal
od citlivych jarnich odrad Morex
a Akcent, avéak jen jedna z téchto | PICKTOO GB  —=====-=- GCGCACGGCGGCGTCGGCACCGGTGCGGCCGCTGGTGGTCATTTCCAGCCG 180
bodovych mutaci na pozici 82 se | oKAL ~ —-—-—-—-- GCGCACGGCGGCGTCGGCACCGGTGCGGCCGCTGGTGGTCATTTCCAGCCG
g}gtﬁ‘i’}fmez;”jiﬁgct’; bgggcglgjg?e' AKCENT GGCATGGGCGCGCACGGCGGCGTCGGCACCGGTGCGGCCGCTGGTGGECATTTCCAGCCG
typické pouze pro Morex lokalizo- | MOREX GB GGGATGGGCGCGCACGGCGGCGTCGGCACCGGTGCGGCCGCTGGTGGGCATTTCCAGCCG
vané v oblasti genu Dhn7(0br. 2) k ok Ak hkk Ak ok kA hkk kA khk kA hhk kA hk kA hk kA k kA Ak kk hk Ak Kk kR Kk Kk xKx
Komplementarni primerové se-
kvence byly zjistény u vSech tes-
tovanych alel obou genli Dhn4 DICKTOO GB ACGAGGAAGGAACACAAGGCCGGCGGGATCCTGCAGCGCTCCGGCAGCTCAAGCTCCAGC 240
Dhn7 (obr. 1a 2). Sekvenéniana-
ﬁ?za obcsg%hnage% ffe s(liu;in 203_ OKAL ACGAGGAAGGAACACAAGGCCGGCGGGATCCTGCAGCGCTCCGGCAGCTCAAGCTCCAGE
rid s kontrastni Urovni tolerance AKCENT ACGAGGAAGGAGCACAAGGCCGGCGGGATCCTGCAGCGCTCCGGCAGCTCAAGCTCCAGC
El’n;raztgjh p‘;okaz‘alloa | '”tzer,‘:'kfs bp | worex GB ACGAGGAAGGAGCACAAGGCCGGCGGGATCCTGCAGCGCTCCGGCAGCTCAAGCTCCAGC
izko Dhn4, coz bylo typické pro
OerDjdy S V‘yééim );tup)r/]%m t(ﬁe- hhkhkhkhkhkhkhkhkkhkhk hhkkhkhkkhhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkkkkkkkkk
rance k mrazu.
Skupiny odrid s podobnou DICKTOO 6B TCG 243
urovni tolerance k mrazu vykazaly | OKAL TCG
stejno_u kombinaci tech_to ,aIeI. AKCENT FEE
Kombinace O byla specificka pro
Sestifadé ozimé a prechodné od- | MOREX GB TCcG
ridy vyznacujici se pomérné vy- T
sokou toleranci k mrazu. Tato kom-

binace Dhn alel nebyla prokdzana
u zadné hodnocené jarni odrGdy.
Kombinace A byla zji§téna u vSech
jarnich odrid a dvoufadych ozi-
mych odr(d. Uroven tolerance ozi-
mych odrlid s alelou O byla pri-
kazné vyssi nez u ozimych odrud
s alelou A. Primérnéa hodnota LT,
odrid typu O (—14,8 °C) byla o vice nez 1 °C niz8i nez u odrld typu
A (13,6 °C). Jenom jedna z hodnocenych odrud, Tiffany, s kombi-
naci A méla LTs, nizsi nez —14 °C. Pouzitelnost markéru O pro od-
had tolerance k mrazu byla publikovana [11].

4 DISKUSE

OdrGda Zambaka byla k suchu citlivéj$i nez Tadmor, pfitomnost
alel s urcitou sekvenci mlze tedy indikovat toleranci k suchu (14).
Delece 30 bp v genu Dhn7 popsané vySe byla lokalizovana u tohoto
genu v podobné pozici (tolerance k suchu a mrazu je principialné
stejna, jde o odolnost k vysychani). Mize byt spojena v mechanismu
tolerance ke stresiim v dusledku exprese riznych aminokyselin, které
mohou ovliviovat funkci odpovidajicich dehydrinu.

Polymorfismus sekvenci gendi Dhn na chromozému 6H, zejména
Dhn4 a Dhn7, byl zjistén u nékolika populaci planého jeémene z riz-
nych lokalit [15], coz koresponduje s naSimi vysledky. Geneticka
vazba mezi geny Dhn7, Dhn5, Dhn4 a Dhn3 byla publikovana [16],
proto ani nepfekvapuje vazba mutaci u Dhn4 a Dhn7. Uvedend 6 bp
inzerce jiz byla identifikovana u H. spontaneum [17].

V nasich pokusech byla zjisténa priikazna souvislost mezi toleranci
rliznych odrid k mrazu a typickou kombinaci alel genti Dhn4 a Dhn?7.
Sekvenéni analyza téchto genu prokazala pfitomnost mutaci dete-
kovanych u Morex a Dicktoo také u jinych odrid. Analyza ovéfila, ze
hlavni PCR produkty nasi navrzené ,markerovaci“ sekvence sesta-
vaji ze sekvenci téchto alel. Jiné PCR produkty patrné na matrici
téchto dvou typl (A a O) by mohly byt produkty nekompletni hybridi-

Obr. 2 Srovnani sekvenci prvniho exonu Dhn7 u étyf odrlid s rGznou Urovni tolerance k mrazu. Sekvence
Dicktoo a Morex z genové banky jsou uvedeny kurzivou. Lokalizace F1 a R7 primerd je zvyraznéna
Sedé. Tu¢na pismena znaci lokalizaci nékolika bodovych mutaci/ Fig. 2 A comparison of sequences from
the first exon of Dhn7 in four varieties with different levels of frost tolerance. Sequences of Dicktoo and
Morex from the GenBank database are in italics. The locations of the F1 and R1 primers are highlighted.
Bold letters mark the location of several point mutations

erance showed that 6-bp insertions close to Dhn4 were characteris-
tic for varieties with a higher level of frost tolerance.

The groups of genotypes with similar levels of frost tolerance
demonstrated the same combinations of the alleles. The O combi-
nation was specific for six-rowed winter and intermediate varieties
distinguished by a relatively high frost tolerance. This combination of
Dhn alleles was not detected in any tested spring variety. The A com-
bination was found in all spring varieties and two-rowed winter vari-
eties. The level of frost tolerance of O type winter genotypes was sig-
nificantly higher in comparison with A type winter genotypes. The
average LT, of the O type genotypes (—14.8 °C) was more than 1°C
lower than the average LT, of the A type genotypes (—13.6 °C). Only
one of the tested varieties, Tiffany, with the A combination reached
a LTs, lower than —14 °C. Applicability of the O type marker for pre-
diction of winter hardy genotypes was published by Holkova et al.
[11].

4 DISCUSSION

Variety Zambaka was more susceptible to drought than Tadmor,
the presence of alleles lacking this sequence may indicate drought
tolerance [14]. The 30-bp deletion in the Dhn7 gene described above
was located in a similar gene position (tolerance to drought and frost
is principally similar, i.e. tolerance to drying out). It may be involved
in the stress defence mechanism due to the expression of different
amino acids, which can subsequently affect the functions of the cor-
responding DHNs.
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zace primerd pouzitych pro identifikaci Dhn sekvenci, ponévadz po-
dobné sekvence v rodiné Dhn genl existuji.

Zjistili jsme vztah mezi dvéma specifickymi mutacemi gent Dhn4
a Dhn7 a pomérné vysokou Urovni tolerance k mrazu u Sestifadych
odrid. Tato vazba mize naznaCovat tzkou spolupraci nejméné dvou
genetickych mechanism0 této tolerance. Sestifadost je fizena hlavné
jednoduchou alelou vrs1 na chromozému 2H. Vztah mezi tvarem
klasu a nachylnosti k mrazu Ize vysvétlit blizkosti genu vrs1 s geny
spojenymi s citlivosti k mrazu (cor14b and blt14). Tyto geny totiz byly
lokalizovany na del$im raménku chromozomu 2H [18].

Nase vysledky naznacuji, Ze sekvence O mlze indikovat vys$si to-
leranci k mrazu, zejména tehdy, pokud je Sestifady klas nezadouci
(napf. pro sladové odrudy). Tento poznatek by mél byt ovéfen u vét-
$iho poctu odrid spolu s pfesnéj$im hodnocenim jejich tolerance
k mrazu. DalSi studium by se tedy mélo zabyvat skriningem dvoura-
dych odrd na sekvenci O, nebo vyvojem takovych genotypl kfize-
nim a testovanim jejich tolerance k mrazu.
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Polymorphism of Dhn gene sequences on the 6H chromosome,
specifically of Dhn4 and Dhn7, has been demonstrated in several
populations of wild barley from different geographic origins [15], and
corroborates with our research. A link was previously demonstrated
between Dhn7, Dhn5, Dhn4 and Dhn3 [16]; therefore, the linkage of
the mutations in Dhn4 and Dhn?7 is not surprising. The 6-bp insertion
has already been identified in H. spontaneum [17].

In this study, highly significant associations were found between
the frost tolerance of different barley varieties and typical combina-
tions of some Dhn4 and Dhn7 alleles. Sequence analysis of these
genes proved the presence of the mutations previously detected in
Morex and Dicktoo in other barley genotypes. The analysis implicitly
verified that the main PCR products of our tested “marker” sequences
consist of sequences from these alleles. Other PCR products visible
in marker matrices of the two types (A and O) could possibly be the
products of incomplete hybridisation of the primers used for identifi-
cation of Dhn gene sequences due to the existence of similar se-
quences in the Dhn gene family.

We identified the relationship between two specific mutations in
Dhn4 and Dhn7 genes and a relatively high level of frost tolerance.
The frequent existence of this marker in six-rowed phenotypes and
its link to a high level of frost tolerance may indicate a close cooper-
ation of at least two different genetic mechanisms of frost tolerance.
The development of a six-rowed ear is controlled mainly by a single
allele, vrs1, which is located on 2H. The relationship between ear type
and frost sensitivity may be explained by the proximity of the vrs1
gene to the genes connected with frost sensitivity (cor14b and bit14).
These genes were mapped to the long arm of 2H [18].

Our results suggest that the O type sequence can indicate higher
frost tolerance in winter barley varieties, particularly when the six-
rowed ear type is an unfavourable trait. We realise that the practical-
ity of our tested O type polymorphic sequences for marker-assisted
selection must be verified in a large number of genotypes, together
with more precise estimations of their frost tolerance. Therefore, fu-
ture research should be aimed at screening available two-rowed win-
ter varieties for the O type sequence or developing such genotypes
by crossing and testing them for winter hardiness.
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