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MOLECULAR ASSESSMENT OF THE ALLELIC STATE OF Lr34 LEAF RUST
RESISTANCE GENE IN BREAD WHEAT GERMPLASM IN AZERBAIJAN
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The aim of the present study was to determine the allelic state of the Lr34 locus associated
with leaf rust resistance in bread wheat (Triticum aestivum L.) collection of 61 cultivars and ad-
vanced lines from the Research Institute of Crop Husbandry (Azerbaijan). For the molecular
screening codominant STS marker csLV34 has been used. The presence of 150-bp PCR fragment
linked to the csLV34b allele, which is associated with Lr34, was detected in 15% of the tested sam-
ples. A 229-bp band belonging to csLV34a allele has been amplified in 34% of genotypes, indicat-

ing the absence of such resistance.

However, both alleles for the Lr34/Yri8 gene complex are

present in cultivars Zirva-80 and Gyrmyzy gul-1. According to the general analysis with both
markers, 54% of investigated wheat genotypes did not produce any bands.
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Introduction

Leaf rust, caused by the fungal pathogen
Puccinia triticina Eriks., is the most prevalent
disease of wheat (Sehgal et al., 2012; Kolmer,
2013; Casassola et al.,, 2015). Therefore, the
creation of new cultivars, having an effective
and long-term resistance to brown rust, is one
of the key tasks of the modern wheat breeding.
To date, more than 70 leaf rust resistance genes
and QTLs in wheat have been described
(http://www.shigen.nig.ac.jp/wheat/komugi/
genes/symbolClassList.jsp). Most of the genes
controlling race specific resistance to rust and
other harmful fungi (R-genes) are effective for
only a few years. In contrast, the gene Lr34,
providing stability at the level of the adult plant
(adult plant resistance, APR), is effective for
decades. Race nonspecific manifestation of the
effectiveness of the gene Lr34 in a "stable" al-
lelic state was also established (Kolmer et al.,
2008; Galaev and Siveolap, 2015).

Lr34 was first described in cultivar Fron-
tana in 1966 (Dyck et al., 1966). It is located on
the short arm of chromosome 7D, close to lo-
cus Xgwm295. Lr34 is tightly linked to the leaf
tip necrosis (LTN) locus, it is also possible that
the LTN phenotype could be a pleiotropic ef-
fect of Lr34 itself. Krattinger et al. (2009) made
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a detailed physical and genetic map of the locus
Lr34 and suggested its functional role in wheat
cells. According to them, this gene encodes
ABC transporter (pleiotropic drug resistance
(PDR)-like ATP-binding casette (ABC) trans-
porter), which determines the availability of the
plant resistance type. The nucleotide sequence
of Lr34 has a length of 11805 bp and contains
24 exons (Krattinger et al., 2011).

Development and application of mole-
cular markers for Lr34/Yr18 have been a major
objective for marker-assisted selection in wheat
breeding program for durable leaf rust resis-
tance. Several SSR, STS and CAPS-markers
were proposed to identify this gene. The
csLV34 marker was reported to be tightly
linked to Lr34 (Lagudah et al. 2006) and diag-
nostic for the presence of the gene. This marker
was recently used in conjunction with pheno-
typic analysis to postulate the presence of Lr34
in Australian, Canadian, Indian, Russian, ets.
wheat cultivars (Karelov et al., 2011; Galaev
and Sivelop, 2015).

The present study was conducted to as-
sess allelic variation at Lr34 locus controlling
leaf rust resistance in bread wheat germoplasm
collection in Azerbaijan.
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Table 1
Specific primers used for the DNA amplification for rust leaf resistance genes in wheat
Gene Marker Sequence of primer (5°-3°)
The size of amplified marker fragments
Lr34 csLv3da | GTTGGTTAAGACTGGTGATGG 229 bp
csLV34b TGCTTGCTATTGCTGAATAGT 150 bp

Material and methods

The objectives of this study were 61 bread
wheat (Triticum aestivum L.) cultivars and lines
collected in the gene pool of the Research Insti-
tute of Crop Husbandry. Plants were cultivated
in field conditions. PCR was performed in the
“Applied Biosystems 2720 Thermal Cycler”
(Singapore) thermocycler under the following
conditions: 1 cycle - 3 minutes at 94°C; 38 cy-
cles - 1 min at 94°C, 1 min at 60 and 63°C (for
SCS123 and SCS253 respectively), 2 minutes at
72°C; the final elongation cycle was performed
at 72°C for 10 min, then kept at 4°C.

The reaction products were separated by
electrophoresis in a 1.2% agarose gel in the
HR-2025-High Resolution («IBI SCIENTIFIC»
U.S.) horizontal electrophoresis machine with
addition of ethidium bromide. Digital mole-
cular imager “Gel Documentation System
UVITEK” (UK) was used for visualization and
documentation of banding patterns.

DNA extraction. Genomic DNA was ex-
tracted from fresh leaves by CTAB method
with some modifications (Murray and Thomp-
son, 1980). DNA quantity and quality was es-
timated using a ULTROSPEC 3300 PRO spec-

trophotometer (“AMERSHAM”, USA) by
&
| A~ 5 4

229 bp

150 hn

measuring absorbance values at Ayqo and Azgo.

DNA amplification. Polymerase chain
reaction was performed by Williams (1990)
using codominant STS marker csLV34 (Euro-
fins mwg operon) (table 1). DNA amplification
was performed in 25 pl volume of the reaction
mixture, containing 10 x buffer, 20 ng of the
genomic DNA, 0.2 yM primer, 200 yM of each
of the following: dATP, dCTP, dGTP and
dTTP, 2.5 mM MgCl,, and 0.2 units of Taq-
polymerase in the incubation buffer.

Results and discussion

Codominant STS-marker csLV34 is clo-
sely associated with the biallelic locus Lr34 (0.4
cM), which is a locus was especially used in
MAS programs (Lagudah et al. 2006). There-
fore, we used markers Lr34/csLV34a and
Lr34/csLV34b to identify a and b alleles of the
gene Lr34. The spesific marker for the allele
Lr34/csLV34a have to lead to the amplification
of 229 bp fragment (fig.). PCR analysis using
this primer revealed corresponding locus only in
21 genotypes (table 2). This represents appro-
ximately 34% of all tested genotypes. This allele
was not identified in 66% of genotypes.

Renan

Avreka

Pactole
Tale-38

Figure. PCR - profiles of Triticum aestivum L. plants for Lr 34. Molecular weight marker - 100 bp.
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Table 2
Results of the PCR analysis for the gene r34
Genotypes csLV34a csLV34b Genotypes csLV34a csLV34b
229bp 150bp 229bp 150bp
Pirshahin-1 + - S1 - -
Guneshli - + Nurlu-99 - -
Dagdash - + Gyrmyzyi gul-1 + +
FARAN Dolc + - Azamatli-95 + -
Renan + - Tale-38 +
Avreka + - Ruzi-84 - -
Pactole + - 12nd FAWWON Ne97(130/21) +
S5 - + 4th FEFWSN Ne50 (130/32) + -
THI + - FO2 N7-A (karlik) + -
D8 sechme No5 + - Tigre - +
S4 + - Bezostaya-1 - +
S3 + - Kanada 2 - -
Sechme SS - - Sechme sunbul giz - -
Mirbashir-128 - - S9 - -
Yegane - - Sechme sunbul ag - -
Zirve-80 + + Bogdanka - -
Fatima - - Kripsinka - -
Azan + - 16th FAWWON-IR (61) - -
Azeri - - 16th FAWWON-IR (46) - -
Murov - - 16th FAWWON-IR (52) - -
Murov-2 + - 16th FAWWON-IR (90) - -
Saba + - 16th FAWWON-IR (47) - -
Taragi + - 29 ESWVT (7) - +
Beyaz - - 29 ES WVT (26) - -
Shafaq + - 29 ES WVT (38) - -
rsi-13(shafaqg-2) - - 29 ESWVT (30) - -
Pirshahin - - 16 SAWWVT (29) - -
Ugur - - 16 SAWWVT (34) - -
Perzivan-1 - - 39 IBWSN (97 Ne) - -
Perzivan-2 - - 11st IWWYT-R (9816 Ne) - -
Sheki-1 + -

According to the PCR profiles obtained
with the marker Lr34/csLV34b, used for the
identification of the b allele of Lr34, character-
istic fragments in 150 bp region were synthe-
sized only in 15% genotypes. In other words,
allele b of the gene Lr34 was identified only in 9
(Gunashli, Dagdash, S5, Zirva-80, Gyrmyzy gul-
1, Tale-38, Tigra, Bezostaya-1, 29ESWVT(7))
among 61 genotypes. It is interesting to note that
both alleles of the gene Lr34 were identified in
two genotypes, Zirva-80 and Gyrmyzy gul-1.
Such a result could be obtained due to crossing
over. (Kolmer et al., 2008). According to the
general analysis of the results related to both
markers, 54% of the wheat genotypes do not
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possess any allele of the gene Lr34. The
presence of allelic state csLV34b indicates
wheat tolerance to the causative of brown rust,
associated with the gene Lr34, whereas
csLV34a indicates the absence of such a toler-
ance (Karelov et al., 2011). It should be also
noted that resistance associated with this locus
is a “slow rusting” type, i.e. slowly developing
rust at typical reactions of susceptibility. This
resistance type cannot be identified by pheno-
type at high levels of infections (epiphytotic
years or artificial infectious backgrounds). The
wheat cultivars are of different types and be-
come susceptible to different types of rust be-
cause of narrow genetic bases for resistance.
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The evolution rates of pathogens are very fast
and rapid. So, it is necessary to find out new
and better sources for resistance. The genetic
resistance is important to control many phyto-
pathogenic epidemics. Cultivars having only
Lr34 do not possess high levels of resistance.
To get high resistance, additional effective re-
sistance genes are required for wheat geno-
types. For long lasting resistance certain com-
binations of genes are needed. Moderate to high
levels of resistance have been observed for over
30 years in spring wheat cultivars with combi-
nations of Lr13, Lri6, Lr23 and Lr34 (Kolmer
and Jin, 2007). Long lasting resistance has been
detected in wheat genotypes developed at
CIMMYT with combinations of adult plant
genes Lr34, Lr46, and Lr68. To maintain rust
resistance, new sources of effective rust resis-
tance genes must be added to breeding germ-
plasm regularly, because of the continual evolu-
tion and selection of rust races. The obtained
results can be used in breeding and genetic pro-
grams on creation of forms resistant to leaf rust
pathogen populations in Azerbaijan.

This work was financially supported by the
Science Development Foundation under the Presi-
dent of the Republic of Azerbaijan (EIF/GAM-2-
2013-2(8)-25/16/3).
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AZORBAYCANDA YUMSAQ BUGDANIN RUSEYM PLAZMASINDA Lr34 YARPAQ PASINA
DAVAMLILIQ GENININ ALLEL VOZiYYOTININ MOLEKULYAR QIYMOTLONDIRILMOSI

I.M. Hiiseynova, S.M. Riistomova, F.B. Quliyeva, C.D. dliyev

Todqiqat isi Elmi-Todgigat Okingilik Institutunun (Azorbaycan) 61 sort vo aparici xatlorden ibarot yumsaq
(Triticum aestivum L.) bugda kolleksiyasinda yarpaq pasina davamliligla slagali Lr34 lokusunun allel voziyystini toyin
etmok mogsadilo aparilmigdir. Molekulyar skrining {igiin kodominant csLV34STS markerdon istifado olunmusdur. Lr 34
ila alagali csLV34b alleli il ilisikli 150 bp PZR fraqmentlor tadqiq edilmis genotiplarin 15%-do miisahide edilmisdir.
csLV34a allelino moaxsus 229 bp bondlor genotiplorin 34%-do amplifikasiya olunmusdur ki, bu da davamhiligin
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olmamasini gostorir. Amma Zirve-80 vo Qumizi Giil-1 genotiplorinds Lr34/Yr18 gen kompleksinin hor iki alleli
miisahids edilmisdir. Har iki markerlo iimumi analizlera goéra tadqiq olunan genotiplorin 54%-ds heg bir band sintez
olunmamigdir.

Agar sozlar: Triticum aestivum L., yarpaq pasi, Lr34 geni, allel vaziyyat

MOJEKYJISIPHASI OIEHKA AJUIEJIbHOI'O COCTOSIHAA TEHA YCTOMYMBOCTH K JTUCTOBOM
PKABUUHE Lr34 B 3APOJIBIIIEBOM IJTAZME MAT'KOM MIIEHAIBI B ASBEPBAMNI)KAHE

N.M. I'yceiinoBa, C.M. PycramoBa, ®.b. I'y1uesa, [l:k.A. Ainen

JlaHHOE HCcenoBanue ObIIIO IPOBENICHO C LEBIO OMPEACIICHUS aJUIETIBHOTO COCTOSTHMS JIoKyca Lr34, cBsi3aHHOTO
C YCTOWYMBOCTBIO K JINCTOBOM prkaBUMHE, B KOJUIEKIMK MATKON mmeHuns! (7riticum aestivum L.) u3 61 copta n nepeno-
BBIX JHHWI 13 HayuHo-mccienoBaTensckoro nHCTUTYTa 3emitenenus (AzepOaiimkan). s MOIEKynsIpHOTO CKPHHHHTA
Ob1T HcTiob30BaH KogoMuHAHTHEIA STS Mapkep csLV34. Hammane 150 bp TP ¢parmeHTOB, CONPsIKEHHBIX € ajuieneM
csLV34b, ceszannemm ¢ Lr34, 6b110 obHapyxeHo y 15% wnccnenoBaHHBIX 00pa3noB. 229 bp mosockl, MpHHAUISKAIIIE
csLV34a annemnro, ammuduimpoBanucek y 34% reHOTHITOB, YTO YKa3bIBAaeT HA OTCYTCTBHE Takol ycToitunmBocTH. OHaKo,
y coptoB 3upBa-80 u I'bipmbI3bl ['1011-1 TprcyTCTBYIOT 002 amiens reaHoro kommekca Lr34/Yr18. o obmemy ananusy ¢
obonMu Mapkepamu, y 54% mnccineayeMbpIX TeHOTHIIOB MIICHHIIBI He BBISBISIFOTCS O’KHAeMble ITOJIOCHL.

Knroueewie cnosa: Triticum aestivum L., nucmosas pacasuuna, een Lr34, annenvhoe cocmosnue
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