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tained by the following lines in an extremely dry season in 2007:  Bc 6322/06 (7,168 kg/ha), Bc 2791/05 (6,316 kg/ha), 
Bc 6310/06 (5,324 kg/ha), and Bc 1276/99 (4,700 kg/ha), which will all be used in further breeding.  Triticale breeding 
results at the Bc Institute so far include the registered cultivar Bc Goran, the production of which has already spread (Fig. 
2 and Table 6, p. 45).  Additionally, there has been a considerable interest in this variety also in the neighboring countries 
of Bosnia and Herzegovina and Slovenia.
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Spike morphology genes. 

Genes determining spike morphology in wheat (multirow spike; MRS) and rye (monstrosum; mo) were studied.  Phe-
notypic analysis revealed segregation ratios of 3 (wild type) : 1 (mutant) in both species.  Applying molecular mark-
ers, the mutants were mapped in comparable positions on the short arms of chromosomes 2D and 2R of wheat and rye, 
respectively.  The distance to the centromere is about 10 cM.  We suggest that the loci are homoeoallelic.  Furthermore, 
it should be noted that a spike morphology gene from a T. turgidum supernumerary spikelet stock has been described on 
the short arm of chromosome 2A at a highly comparable distance from the centromere.

Anthocyanin pigmentation.

Different organs of the plant, including anthers, auricles, coleoptiles, culm, grains, or leaves, can show anthocyanin 
pigmentation.  Anthocyanins are secondary metabolites playing an important role in UV protection of plant tissues.  
Molecular-mapping studies suggested that two groups of genes for anthocyanin pigmentation exist in wheat.  The first 
group includes genes Rc, Pc, Pan, Plb, and Pls determining anthocyanin pigmentation of coleoptile, culm, anthers, leaf 
blades, and leaf sheath, respectively.  They are closely linked to each other and represent homoeoloci on the short arms 
of chromosomes 7A, 7B, and 7D, and a putative homoeologous set for the same traits on chromosomes 5A, 4B, and 
4D, all corresponding to the probable candidate genes coding for Myb protein homologous to the maize gene C1.  The 
second group includes Pp and Ra, which determine anthocyanin pigmentation of the pericarp and auricles, respectively.  
These genes do not cluster with the others (and not one to another), no homoeoloci have been found for them yet, and 
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their gene product remained unknown.  Another specific characteristic of the second group of genes may be the comple-
mentary effect, not found for the genes of the first group. 

Flowering time and protein content on chromosome 7B.

Two related segregating populations were used to detect QTL underlying the vernalization response, the photoperiod 
response, and grain protein content.  The QTL QVrn.ipk-7B (vernalization response) was identified in a cross between the 
single chromosome intervarietal substitution line Chinese Spring–Hope 7B and TRI 2732, a Gatersleben genebank acces-
sion.  QVrn.ipk-7B maps close to the centromere of chromosome arm 7BS and probably is identical to Vrn5.  The QTL 
underlying the photoperiod response (QPpd.ipk-7B) and grain protein content (QGpc.ipk-7B) were identified in a cross 
between Favorit and Favorit/F26-70 7B.  Both are linked and map ~20 cM distal from the centromere on the same chro-
mosome arm.  Because of the absence of any correlation between grain protein content and grain size in the segregating 
population, we concluded that QGpc.ipk-7B may be involved in nitrogen uptake and/or translocation.

Post anthesis drought tolerance.

QTL analysis was carried out with a set of 114 RILs from the International Triticeae Mapping Initiative (ITMI) popula-
tion of ‘W7984/Opata 85’ to identify genomic regions controlling traits related to post-anthesis drought tolerance of 
wheat.  In two experiments performed in Gatersleben in two consecutive years, the amount stem reserves mobilization 
was estimated by measuring of changes in the 1,000-grain weight after chemical-desiccation treatment.  QTL for stem re-
serves mobilization (Srm) were mapped on chromosomes 2D, 5D, and 7D.  Comparing the data with studies on drought 
tolerance performed previously, QTL for drought tolerance preferentially appeared in homoeologous regions at distal 
parts of the group 7L chromosomes.

In a second study, Iranian bread wheat accessions including 70 winter and 70 spring genotypes were selected 
from the genebank of IPK Gatersleben being representatives of wheat grown area in Iran.  These accessions were evalu-
ated based on Augmented Randomize Complete Block Design in field experiments at IPK Gatersleben in 2006.  Chemi-
cal desiccation was applied as simulator to induce post-anthesis drought stress. Morphological characters such as plant 
height, spike length, spike weight, number of seeds/spike, seed weight/spike, awn length, glume hairiness, seed length, 
seeds width, days-to-flowering, and 1,000-kernel weight were measured and the stress tolerance index was calculated.  
Significant differences were found for all morphological characters as well as for the stress tolerance index.  In both 
winter and spring type awn length showed highest amount of coefficient of variation while days to flowering had the 
lowest of this value. Spring genotypes showed more variation than winter forms for most of the traits.  Correlations for 
1,000-kernel weights at normal and stress conditions were low in both winter and spring wheat.  This confirmed that 
selection against drought stress can be performed under drought stress conditions only.  Genetic diversity of these acces-
sions based on SSR markers, its correlation to morphological characters, and its relationship to geographical distributions 
are under study.

Osmotic stress response in Rht wheat seedlings.

Sets of near-isogenic Rht lines in five varietal backgrounds (April Bearded, Berseé, Maris Huntsman, Maris Widgeon, 
and Mercia) were subjected to osmotic stress induced by polyethylene glycol (PEG 6000).  To assess growth responses, 
the length of longest root, coleoptile, and longest leaf (shoot) was measured and the root-shoot length ratio and tolerance 
index were calculated.  Seedling growth response to osmotic stress was significantly affected by Rht allele, other uniden-
tified genes, determined by the different varietal background, and the stress level.  Treatment with increasing concentra-
tions of PEG caused gradual reduction in root and shoot length, but elongation of coleoptile at milder stress, followed 
by coleoptile length decrease at higher stress level.  The general trend observed was that genotypes with longer roots, 
coleoptile, and shoots, as determined by the Rht alleles (Rht-B1b, Rht-D1b, and their combination) and varietal back-
ground (April Bearded and Maris Widgeon), had the highest tolerance index and keep maintaining the highest absolute 
values under stress, whereas genotypes with lower seedling vigor (Rht-B1c, RhtB1c+RhtD1b; Berseé and Mercia) were 
affected in a greater degree.
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Aluminum tolerance.

Previous studies on aluminum tolerance exploiting ‘Chinese Spring (CS)/Synthetics’ single-chromosome substitution 
lines and based on a nutrient solution culture approach revealed chromosome 3B of CS influences the trait positively.  As 
a consequence, a set of doubled-haploid lines derived from the cross between ‘CS/Synthetic 3B//CS’ was developed and 
used for QTL analysis.  One locus having a LOD score >7 was detected on the long arm of chromosome 3B, close to the 
centromere.  This QTL accounted for 49% of the phenotypic variation.

Preharvest sprouting / dormancy.

A set of seven, disomic Chinese Spring wheat–Imperial rye addition lines was evaluated for preharvest sprouting and 
dormancy.  For the wheat-rye addition lines, chromosomes 4R and 7R could be identified for the traits preharvest sprout-
ing and dormancy in a first test.  For wheat, a major QTL for both traits could be localized on chromosome 4AL in the 
ITMI population.  Comparing homoeologous regions between wheat and rye chromosome arm 7RS is comparable to 
4AL.

Disease resistance originating from Ae. markgrafii.

Aegilops species possess a valuable potential of resistance against economically important diseases like powdery mildew, 
yellow rust and leaf rust.  The Ae. markgrafii accession S740-69 is characterized by resistance against leaf rust and 
powdery mildew.  The accession was used in different prebreeding programs that resulted in either leaf rust-resistant or 
powdery mildew-resistant introgression lines, because the resistance genes were located on different chromosomes.

In order to combine both resistances in one genotype, a total of six powdery mildew-resistant introgression 
lines were crossed with one leaf rust-resistant line.  The F2 generations were tested at the seedling stage on leaf samples 
for both diseases.  Special sets of isolates/races were used for the inoculation.  These sets are normally applied for the 
official resistance tests before releasing a new cultivar.  Segregation analyses for the inheritance of powdery mildew 
resistance resulted in at least one dominant gene and some minor factors for three F2 families tested.  Two families were 
characterized by one recessive gene and one family by two recessive genes that are responsible for the resistance.  With 
the exception of one family, the leaf rust resistance in the plant material was inherited by two dominant genes.  In one 
family, only two recessive genes for leaf rust resistance were found.

For the detection of the number and location of responsible genes, a total of five resistant introgression lines 
showing different expression of powdery mildew resistance were crossed with the susceptible wheat cultivar Kanzler.  
The F2 generations were tested at the seedling stage against powdery mildew as described above.  Segregation analyses 
for the inheritance of the resistance resulted in one dominant gene and some minor factors with respect to three F2 fami-
lies tested and, for the remaining F2 families, two and three recessive genes.

DNA analyses of the plant material has started to find segments of Ae. markgrafii in the wheat background by 
means of microsatellite markers.  The aim is the verification of the leaf rust QTL on chromosome 2AS and the localiza-
tion of the powdery mildew-resistance genes.

Seed longevity.

Genetic variation in seed germinability, seed vigor and deterioration, and seedling performance after long-term natu-
ral ageing was evaluated in 135 Triticum species accessions stored for up to 33 and 15 years at 0°C and ambient room 
temperature (RT), respectively, in the Seed Genebank at IPK, Gatersleben.  To assess the effects of storage temperature, 
seeds of identical accessions stored at 0°C and RT were investigated.  Standard germination, electrical conductivity of 
seed leachate, accelerated ageing, and seedling growth tests were performed.  The study revealed a considerable genetic 
variation in seed vigor and longevity, determined by the genotype, duration, and temperature of storage.  After 33 years 
of storage at 0°C, more than half of the accessions still had high germinability (about 60 %).  No clear trend between in-
creasing the conductivity of seed leachate with increasing the duration of storage was established.  This trait was shown 
to be mostly genotype-dependent (R2=0.94).  However, the conductivity of seed leachate of 0°C seed lots was lower 
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compared with the RT seed lots (P<0.001).  A significant negative correlation was established between conductivity of 
seed leachate and germinability in five- and seven-year-old accessions, but no correlation was observed between the two 
traits with seed ageing.  Seedling growth traits were significantly affected by the genotype, duration, and temperature of 
seed storage.  Subjecting the he 0°C seed lots to accelerated ageing resulted in deterioration effects comparable to those 
caused by storage of seeds at RT.  In addition, the accelerated ageing tests provided tools to differentiate between higher 
and lower vigor accessions among the high-germinating ones.

Publications.
Bálint AF, Röder MS, Hell R, Galiba G, and Börner  A.  2007.  Mapping of QTLs affecting copper tolerance and the Cu, 

Fe, Mn and Zn contents in the shoots of wheat seedlings.  Biol Plant  51:129-134.
Börner A.  2008.  Management and evaluation of ex situ collections – the Gatersleben genebank.  In:  Proc 18th Eucarpia 

GR Meeting, Genetic Resources Section, 23-26 May 2007, Piestany, Slovakia (in press).
Börner A and Korzun V.  2007.  Rye as a candidate for gene tagging in the Triticeae - a review.  In:  Internat Symp on 

Rye Breeding and Genetics, Groß-Lüsewitz, Germany, Vorträge für Pflanzenzüchtung  71:194-204.
Börner A, Korzun V, Khlestkina EK, Dobrovolskaya OB, Pshenichnikova TA, Simon MR, and Röder MS.  2008.  Ge-

netic stocks in wheat research – Examples of successful co-operation.  In:  Proc 14th Internat EWAC Conference, 
Istanbul, Turkey.  Pp. 21-26.

Chebotar SV, Fayt VI, and Börner A.  2008.  Pyramiding of dwarfing genes in the winter bread wheat varieties from the 
South of Ukraine.  In:  Proc 14th Internat EWAC Conference, Istanbul, Turkey.  Pp. 64-68.

Chesnokov YuV, Pochepnya NV, Börner A, Lohwasser U, Goncharova EA, and Dragavtsev VA.  2008.  Ecology-genet-
ical organisation of plants quantitative traits and mapping of agronomically important loci in soft wheat (In Russian).  
Proc Rus Acad Sci  418:693-696.

Chesnokov YuV, Pochepnya NV, Verzhuk VG, Kozlenko LV, Goncharova EA, Kapeshinskiy AM, Tyryshkin LG, and 
Börner A.  2007.  Identification of adaptively important quantitative trait loci in hexaploid wheat Triticum aestivum L. 
at different ecological zones.  In:  Proc VI Congress of Russian Society of Plant Physiologists, Syktyvkar, 18-24 June 
2007, pp. 420-422.

Dobrovolskaya O, Pshenichnikova TA, Lohwasser U, Röder MS, and Börner A.  2007.  Molecular mapping of genes 
determining hairy leaf character in wheat with respect to other species of the Triticeae.  Euphytica  155:285-293.

Ermakova MF, Pshenichnikova TA, Shchukina LV, Osipova SV, Mitrofanova TN, Börner A, Lohwasser U, and Röder 
MS.  2008.  The history of the development of precise genetic stocks of bread wheat in Novosibirsk and their applica-
tion for investigation of grain quality.  In:  Proc 14th Internat EWAC Conference, Istanbul, Turkey.  Pp. 12-17.

Iqbal N, Eticha F, Khlestkina EK, Weidner A, Röder MS, and Börner A.  2007.  The use of SSR markers to identify and 
map alien segments carrying genes for effective resistance to leaf rust in bread wheat.  Plant Genet Res  5:100-103. 

Khlestkina EK, Röder MS, Unger O, Meinel A, and Börner A.  2007.  More precise map position and origin of a durable 
non-specific adult plant disease resistance against stripe rust (Puccinia striiformis) in wheat.  Euphytica 153:1-10.

 Khlestkina EK, Pshenichnikova TA, Salina EA, Röder MS, Arbuzova S, and Börner A.  2008.  Microsatellite mapping 
of genes for coloration of different wheat plant organs on homoeologous groups 1 and 7 chromosomes.  In:  Proc 14th 
Internat EWAC Conference, Istanbul, Turkey.  Pp. 85-90.

Khlestkina EK, Salina EA, Tereschenko OYu, Leonova IN, Börner A, and Röder MS.  2008.  Approach to comparative 
mapping of structural genes in polyploid wheat and rye.  In:  Proc 14th Internat EWAC Conference, Istanbul, Turkey.  
Pp. 33-34.

Khlestkina EK, Röder MS, Pshenichnikova TA, Simonov A, Salina EA, and Börner A.  2008.  Genes for anthocyanin 
pigmentation in wheat: Review and microsatellite-based mapping.  In:  Chromosome Mapping Research Develop-
ments (Verrity JF and Abbington LE, Eds).  Nova Science Publishers, Inc, ISBN 978-1-60456-301-6 (in press).

Landjeva S, Korzun V, and Börner A.  2007.  Molecular markers – actual and potential contribution to wheat genome 
characterization and breeding.  Euphytica  156:271-296.

Landjeva S, Neumann K, Lohwasser U, and Börner A.  2008.  Genetic analysis of osmotic stress tolerance in early stages 
of plant development in two mapping populations of wheat.  In:  Proc 14th Internat EWAC Conference, Istanbul, 
Turkey.  Pp. 51-56.

Landjeva S, Neumann K, Lohwasser U, and Börner A.  2008.  Molecular mapping of genomic regions associated with 
wheat seedling growth under osmotic stress.  Biol Plant (in press). 

Landjeva S, Korzun V, Stoimenova E, Truberg B, Ganeva G, and Börner A.  2008.  The contribution of the gibberellin-
insensitive semi-dwarfing (Rht) genes to genetic variation in wheat seedling growth in response to osmotic stress.  J 
Agric Sci  DOI 10.1017/S0021859607007575.



50

A n n u a l  W h e a t  N e w s l e t t e r            V o l.  5 4.
Leonova I, Laikova LI, Efremova TT, Unger O, Börner A, and Röder M.  2007.  Detection of quantitative trait loci for 

leaf rust resistance in wheat-T. timopheevii/T. tauschii introgression lines.  Euphytica  155:79-86. 
Lohwasser U and Börner A.  2008.  Detection of loci controlling pre-harvest sprouting and dormancy in the Triticeae.  

In:  Proc 14th Internat EWAC Conference, Istanbul, Turkey.  Pp. 136-137.
Lohwasser U, Graner A, and Börner A. 2008.  A quality management system for optimising the conservation and utilisa-

tion of plant genetic resources.  In:  Proc 18th Eucarpia GR Meeting, Genetic Resources Section, 23-26 May 2007, 
Piestany, Slovakia (in press).

Nagel M.  2007.  Langlebigkeit von Saatgut unter ambienten Lagerungsbedingungen in der ex situ Genbank für landwirt-
schaftliche und gartenbauliche Kulturpflanzen in Gatersleben.  MSc thesis, Georg-August-Universiy, Göttingen, 131 
pp (In German).

Nagel M, Pistrick S, and Börner A.  2008.  Langlebigkeit von Saatgut in der ex situ Genbank in Gatersleben.  In:  Proc 
58th Tagung der Vereinigung der Pflanzenzüchter und Saatgutkaufleute Österreichs 2007, pp. 59-62 (In German).

Navakode S, Lohwasser U, Röder MS, Weidner A, and Börner A.  2008.  Utilising plant genetic resources for aluminum 
tolerance studies.  In:  Proc 18th Eucarpia GR Meeting, Genetic Resources Section, 23-26 May 2007, Piestany, Slova-
kia (in press).

Permyakova MD, Trufanov VA, Pshenichnikova TA, and Börner A.  2008.  Comparative mapping of lipoxygenase loci in 
wheat and barley.  In:  Proc 14th Internat EWAC Conference, Istanbul, Turkey.  Pp. 142-145.

Pestsova EG, Korzun V, and Börner A. 2008.  Validation and utilisation of Rht dwarfing gene specific markers.  Cereal 
Research Commun (in press).

Pshenichnikova TA, Ermakova MF, Chistyakova AK, Shchukina LV, Berezovskaya EV, Lohwasser U, Röder M, and 
Börner A.  2008.  Mapping of quantitative trait loci (QTL) associated with activity of disulfide reductase and lipoxy-
genase in grain of bread wheat Triticum aestivum L.  Rus J Genet (in press).

Pshenichnikova TA, Osipova SV, Permyakova MD, Mitrofanova TN, Trufanov VA, Lohwasser U, Röder M, and Börner 
A.  2008.  Mapping of the quantitative trait loci (QTL) associated with quality characteristics of the bread wheat 
grown under different environmental conditions.  Rus J Genet  44:74-84.

Röder MS, Huang X-Q, and Börner A.  2007.  Fine mapping of the region on wheat chromosome 7D controlling grain 
weight.  Funct Integr Genomics  8:79-86.

Salem KFM, Röder MS, and Börner A.  2007.  Identification and mapping quantitative trait loci for stem reserve mobili-
sation in wheat (Triticum aestivum L.).  Cereal Research Commun  35:1367-1374

Simon MR, Ayala FM, Cordo CA, Röder MS, and Börner A.  2007.  The exploitation of wheat/goatgrass introgression 
lines for the detection of gene(s) determining resistance to septoria tritici blotch (Mycosphaerella graminicola).  Eu-
phytica  154:249-254.

Tikhenko N, Tsvetkova N, Börner A, and Voylokov A.  2007.  Genetic study of embryo lethality in wheat-rye hy-
brids.  In:  Internat Symp on Rye Breeding and Genetics, Groß-Lüsewitz, Germany, Vorträge für Pflanzenzüchtung  
71:253-256.  

Varshney RK, Mahendar T, Aggarwal RK, and Börner A.  2007.  Genic molecular markers in plants: Development and 
applications.  In:  Genomics Assisted Crop Improvement: Vol. 1: Genomics Approaches and Platforms (Varshney RK 
and Tuberosa R, Eds).  Pp. 13-29.

Varshney R, Beier U, Khlestkina E, Korzun V, Graner A, and Börner A.  2007.  Single nucleotide polymorphisms in rye 
(Secale cereale L.): discovery, frequency and applications for genome mapping and diversity studies.  Theor Appl 
Genet  114:1105-1116.

Varshney RK, Salem KFM, Baum M, Röder MS, Graner A, and Börner A.  2008.  SSR and SNP diversity in a barley 
germplasm collection.  Plant Genetic Resources (in press). 

Weidner A, Schubert V, Eticha F, Iqbal N, Klestkina EK, Röder MS, and Börner A.  2008.  Symptom expression and 
chromosomal location of leaf rust resistance from Aegilops markgrafii introgressed into hexaploid wheat background.  
In:  Proc 14th Internat EWAC Conference, Istanbul, Turkey.  Pp. 79-82.

Weidner A, Schubert V, Eticha F, Iqbal N, Khlestkina E, Röder MS, and Börner A.  2008.  Leaf rust resistance of Ae-
gilops markgrafii germplasm: Geographical variability and the use for breeding purposes.  In:  Proc 18th Eucarpia GR 
Meeting, Genetic Resources Section, 23-26 May 2007, Piestany, Slovakia (in press).




