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Abstract         A genetic stock of 46 synthetic hexa-amphiploids was recently 
generated at NARDI-Fundulea by crossing several Romanian Triticum durum 
winter wheat cultivars and breeding lines with Aegilops tauschii accessions of 
diverse geographical origins. Morphometric analysis on 23 derived synthetics 
evidenced several synthetics for their long ears, large grains, higher number 
of seed/spike and high grain weight. 
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Wheat improvement is mainly based on 

genetic variability exploitation but intense breeding 

work in the last times has let to the narrowing of 

genetic variability in cultivated gene pool. Even though 

the modern cultivars carry genes or combinations of 

pyramided genes for high yield, they can be vulnerable 

to abiotic or biotic stresses, both in continuous 

dynamics under climatic variation pressure. Therefore, 

for long-term sustainability of wheat production, new 

genes or allelic variants are imperatively needed. 

Consequently, the interest for gene pool enhancement 

by gene transfers from wild related species into bread 

wheat background through wide hybridization has been 

renewed. 

Novel approaches of alien gene introgressions 

have gained substantial supports due to advancement in 

hybridization techniques, chromosome engineering 

methodologies and biotechnological procedures. 

Recent progress in molecular cytogenetics, the FISH 

and GISH methods, makes them useful tools to 

characterize alien chromatin transferred into wheat 

recipient genome. 

The wild wheat relatives proved to be 

valuable gene sources for several important traits and 

contributed to increasing the available genetic diversity 

for modern cultivars development. In the past decades 

wide hybridization and cytogenetic manipulation on 

derived material have been successfully used to 

transfer specific disease and pest resistance from 

related species into wheat (7, 9, 10, 11, 15, 18,). 

Nevertheless, many difficulties are now raised to face 

challenges for improving tolerance of wheat to heat, 

drought and to control fungal or bacterial pathogens 

and viral diseases. However, the time needed to 

transfer desired alien gene that implies specific kinds 

of genetic manipulations, greatly depends on the gene 

source and the evolutionary distance of the source to 

the recipient genome. If the gene source is a related 

species sharing at least one genome with the bread 

wheat, then the gene transfers may be achieved in 6-8 

years by using classical procedures or in shorter time 

by using the DH system-a faster way to homozygosity. 

    In this respect, interspecific hybridization between 

wheat and its progenitors offers in addition many 

advantages due to genomic similarity and great 

potential of gene or polygene transfers by direct 

recombination of chromosomes which belong to 

homoeologous genomes. 

Among the progenitors of hexaploid wheat 

(Triticum aestivum L.), the diploid D genome 

progenitor, Aegilops tauschii has the widest geographic 

distribution from Turkey through West Asia to China 

(17). Adaptative evolutionary processes operating on 

Ae.tauschii populations for a long time, in those very 

contrasting edaphic and climatic conditions, let to 

emerge a wide range of morphological and genetic 

variants at every trait.           

Studies based on isozymes, storage proteins 

and genetic marker analysis have shown that for a 

given locus in D genome of bread wheat, a large 

number of allelic variants exist in D genome of Ae. 

tauschii (13, 14). Other studies evidenced the presence 

of structural and intra-specific differentiations of Ae. 

tauschii chromosomes compared to T. aestivum D 

chromosomes. Some accessions of Ae. tauschii 

ssp.typica and ssp.strangulata were found to differ by a 

reciprocal translocation involving chromosomes 1DL-

7DS and 7DS-1DL. Karyotype variants regarding C-

banding patterns for chromosome 1D, 2D and 6D were 

also used to subdivide Ae. tauschii gene pool into two 

groups: ssp.strangulata with the karyotype similar to D 

genome of common wheat and ssp.tauschii more 

related to D genome of other polyploid Aegilops 

species (1, 8). Also RFLP analysis and sequence 
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comparison of low-copy DNA have shown more 

polymorphism between diverse Ae.tauschii accessions 

than between wheat varieties (12, 19). It is argued that 

large variability found in D genome of Ae.tauschii 

compared to D genome of bread wheat is a result of 

polyploidization events when only one or few 

Ae.tauschii donor(s) contributed with their D genome 

to give rise to hexaploid wheat. The new species 

T.aestivum was then genetically separated from its 

progenitors. 

By wide hybridization, the major part of 

Ae.tauschii genetic variability ”left-behind” during 

domestication process may be reintroduced into the 

cultivated wheat gene pool (17). 

The gene transfers from Ae.tauschii to bread 

wheat could be accomplished by using two main 

procedures: a) direct crosses between Ae.tauschii and 

bread wheat followed by subsequent backcrosses (6) 

and b) via synthetics hexa-amphyploids crosses and 

backcrosses into adapted bread wheat cultivars to 

obtain “synthetic derived backcrossed bread lines” 

(SBLs) with superior traits (16). In this case, the novel 

genotypes could recombine genetic variability 

components of AB durum genome and D tauschii 

genome from synthetics with homoeologous ABD 

genomes of bread wheat and generate transgressive 

variation by positive interactions.  

Several reports noted the yield increase in 

derived backcross population by changes in yield 

components especially increases in 1000-grain weigh. 

Derived breeding materials and SBLs having inherited 

superior traits such as a better tolerance to abiotic 

stresses (heat and drought) foliar disease resistance, kit 

nematode resistance, increased resistance to sprouting 

and salt tolerance(2, 3, 4, 5), were also described. 

This paper presents new genetic stocks of 

synthetic hexa-amphyploids (T.durum/Ae.tauschii) and 

some of their traits. 

 

Materials and Methods 
 

A number of 8 Romanian winter durum wheat 

genotypes and 46 biotypes of Ae.tauschii accessions 

originated from Afghanistan, Iran and USSR (kindly 

provided by Kansas State University-KSU, USA) and 

Canada (NARDI-collection), were used to develop 

synthetic hexa-amphyploids (Table 1). All parental 

materials were grown in the field condition in three 

seasons of 2004-2007 period. During the crossing time 

the flowers of durum wheat spikes were emasculated 

and 2-3 days letter pollinated with freshly collected 

pollen of Ae.tauschii partners. 

 

   
Table 1 

Synthetic hexa-amphiploids development (AABBDD) 

 

Female parents: 

 Triticum turgidum cv. 

durum AABB  

Male parents: 

 Aegilops tauschii DD; (accession code KSU-USA) 

and NARDI- Fundulea (F) -Romania 

Geographic 

origin 

 Agedur 2451, 2454, 2468*, 2470, 2475, 2530  
 

Iran 

 Amadur 2472* Iran 

        Condur 2390*, 2409*, 2412, 2415, 2417, 2430 Iran 

    ,, 2445, 2449, 2457, 2464, 2472*, 2474, 2477 Iran 

 DDU-297 2377*, 2464*, 2472  Iran 

    ,,  2569* USSR 

    ,, 2537, 2550* Afghanistan 

 DDU-2-24  2524 Iran 

 Elidur 2386, 2448, 2454,2465, 2468, 2472*, 2481 Iran 

    ,, 2405 Afghanistan 

 Grandur 2377*, 2385, 2514, 2527  Iran 

           ,, 2390*, 2409*, 2547, 2550 Afghanistan 

    ,, 2569* USSR 

    ,, 39-1 (F) Canada  ? 

 Pandur  2377*, 2472* Iran 

 In combination with 2-3 durum genotypes 
 

At different time intervals of 14-17 day after 

pollination the formed caryopses were extracted from 

the spikes and sterilized in 90% alcohol for half 

minute, then in a 7% natrium-hypochlorite solution for 

5 minutes and rinsed subsequently 5 times in sterile 

water. The immature embryos were aseptically excised 

and cultured on modified B5 medium supplemented 

with 2% sucrose and 0.8% agar. After incubation in 
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dark at room temperature for around 2-3 weeks the 

regenerated plantlets were moved in soil pots and left 

in a semi-cold chamber (14-16°C) to tillering. At the 

three to five tillers stage the young plants were 

transferred to a cold chamber (6-8°C) for at least 6 

weeks to vernalize. The plants were then treated with 

colchicines solution (0.05% colchicines and 2% 

DMSO) for 4 hours, rinsed under tape water, repoted 

again and moved in semi-cold chamber. After a 

reestablishment period of three weeks all plants were 

transferred in the greenhouse for further development. 

Seeds of mature spikes were then collected from each 

plant. Following seed multiplication, 23 synthetics 

were sown in the field in autumn 2008 in a block of 

rows. At plant maturity 10 main ear per each synthetic 

were evaluated for morphometric traits: length of 

spikes, number of spikelets/spike and number of 

seeds/spike. Grain weight was determined by weighing 

the grains from the spikes and dividing by the number 

of grains. Grain length and width was measured on 50 

grains of each synthetic (5grain from the same floral 

position on the main spikes of 10 randomly selected 

plants). Data were analysed by t test. 

 

Results and Discussion 

 
Out of 46 synthetic hexa-amphyploids, 

twenty-three were investigated under field conditions 

in 2008-2009 season. Parents of these synthetics are 

represented by 7 durum genotypes and 17 Ae.tauschii 

biotypes. Four tauschii biotypes are found as male 

parents in combination with two durum and one 

tauschii biotype (2472) in combination with three 

durum genotypes Other tauschii biotypes participated 

each one as male parent in combination with only one 

durum genotype. On the other side, there are seven 

durum genotypes that could be found as female parents 

in combination with either only one or with even seven 

tauschii biotypes. As results of such diverse 

interspecific genotype combinations the synthetics 

displayed various growth habits, specific growth 

rhythms and distinctive morphological characteristics. 

Concerning the architecture of plant morphology the 

impact of both parental forms was obvious. The durum 

parents might have an influence regarding plant height, 

spike conformation and leaf area. Tauschii parents may 

have contributed to synthesis and expression of 

anthocyan pigmentation in young stems and respective 

in stems, increasing number of tillers in several 

combinations and in hairness of peduncle and leaf 

sheats. The genotype interaction of AB durum 

genomes with D tauschii genome could also have 

positively influenced several traits especially those 

involved in spike morphology and seed dimensions. In 

this respect, the positive influence of two Ae.tauschii 

biotypes (2472 and 2377) on ears and seed 

characteristics in derived synthetics by combination 

with three durum partners was observed (Figure 1). 

Peculiar aspects and differences on spike and seed 

characteristics were also observed in synthetics 

resulted from the cross of durum genotype Pandur with 

seven tauschii accessions (Table 2).  

Plant height of synthetics varied from 35 cm. 

(E6-A) to 104 cm. (E29-A); the high of majority could 

be grouped into the class of 70-90 cm. Ear emergence 

time lengthened for a 11 day  interval: E3-A with ear 

emergence on 11 May and E19-A with ear emergence 

on 22 May. The differences in ear emergence could 

also have resulted from germination delay due to a 

longer dormancy, which might have caused 

development retardation in some synthetics. 
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Figure 1. Specific differential influences of Ae. tauschii biotypes on spike (ear) and  

grain characteristics in some synthetics 

 
All synthetics survived during the winter 

period being apparently of winter types. However 

rhythm of growth especially in spring and further plant 

development up to maturity were quite different. 

Higher number of tillers was observed in two 

synthetics namely E14-A and E32-A. 
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Table 2 

Morphometric analysis on spike productivity components 

 
  

Code 

 

Genealogy 

Spike 

length 

(mm) 

Spikelets/ 

spike 

(no) 

Seeds / 

spike 

(no) 

Grain 

length 

(mm) 

Grain 

width 

(mm) 

TKW 

(g) 

E 1-A Pandur/Ae.tauschii 2472 13.1 21.2* 48.4* 7.9 3.3 42.3 

E 2-A Pandur/Ae.tauschii 2377 13.5 20.1 46.6* 8.6 3.8 55.4 

E 3-A Agedur/Ae.tauschii 2470 11.6 20.6* 50.6* 7.6 3.8 47.4 

E 5-A Agedur/Ae.tauschii 2475 10.5 13.1 19.5 8.9 3.6 53.1* 

E 6-A Agedur/Ae.tauschii 2530 13.3 20.1 50.1* 7.9 4.0 49.9* 

E 14-A Agedur/Ae.tauschii.2451 11.0 13.8 22.9 8.2 3.6 33.7 

E 15-A Agedur/Ae.tauschii 2454 12.3 18.1 27.6 8.5 3.6 38.3 

E 16-A Agedur/Ae.tauschii 2468 12.7 19.0 52.0* 8.2 3.7 46.5 

E 7-A Elidur/Ae.tauschii 2386 10.8 14.5 54.5* 8.1 3.7 51.1* 

E 10-A Elidur/Ae.tauschii 2454 10.5 14.5 25.0 8.3 3.4 46.1 

E 17-A Amadur/Ae.tauschii 2472 12.9 17.5 24.4 8.6 3,6 51.8* 

E 18-A Grandur/Ae.squarrosa strg. 39-1 14.3 19.8 63.7 8.1 3.8 50.7* 

E 19-A Grandur/Ae tauschii 2377 8.9 12.8 16.7 8.5 3.5 48.2 

E 35-A Grandur/Ae.tauschii 2569 12.9 19.4 41.4 8.6 3.4 39.8 

E 20-A Condur/Ae.tauschii 2390 12.1 19.3 25.3 7.3 3.4 30.2 

E 21-A Condur/Ae.tauschii 2412 14.0 21.4* 28.2 8.6 3.5 40.4 

E 22-A Condur/Ae.tauschii 2417 13.7 20.9* 56.2* 8.0 3.6 44.7 

E 24-A Condur/Ae.tauschii 2464 13.5 19.1 42.1* 8.9 3.6 53.5* 

E 25-A Condur/Ae.tauschii 2472 13.1 19.2 42.9* 8.4 3.7 49.7* 

E 26-A Condur/Ae.tauschii 2474 13.3 19.7 44.1* 8.7 3.6 52.1* 

E 28-A Condur/Ae.tauschii 2477 14.5 21.1* 55.3* 7.8 3.7 42.4 

E 29-A DDU-297/Ae.tauschi 2464 13.5 19.0 41.3 8.8 3.8 58.7* 

E 32-A DDU-297/Ae.tauschii 2569 12.9 19.5 33.3 8.3 3.5 43.6 

 Average ± standard deviation 12.6±0.3 18.4±0.6 39.7±2.8 8.3±0.1 3.6±0.03 46.5±1.5 

             *) significantly  higher than the average value of the experiment (P <= 0.05) 

Table 3 

Correlation between some parameters describing spike 

productyviti in synthetic hexa-amphyploids 

 Spikelets/spike Grains/spike TKW 

       Spike lenght      0.875***   0.602**  

       Spikelets/spike    0.607**  

       Grain length     0.561** 

            ` ***) significant at P <= 0.001; **) P <= 0.01 

 
Four synthetics manifested longer dormancy: 

E16-A, E18-A, E19-A and E20-A. Straw anthocyan 

pigmentation was expressed in 17 synthetics and 

hairness was evident in only two synthetics. 

 Morphometric analysis on 23 synthetics 

showed large variation but the measured values were 

not always significantly different against the average of 

experiment (Table 2). All synthetics developed long 

spikes that varied from 8.9 cm. in E19-A to 14.5 cm. in 

E28-A. Although four synthetics were grouped in the 

upper quartile (bolded figures) none differs 

significantly from the average value of experiment. 

Similarly, seven and eight synthetics were grouped in 

the upper quartile according to their grain length and 

grain width values respectively, but no one exceeded 

significantly the mean of experiment for these 

parameters. Because grain size is the most stable yield 

component in wheat, a special attention will be given 

during backcrosses to select SBLs having such trait. 

When analysing the number of spikelets per main spik, 

significant positive differences were found for five 

synthetics. Several synthetics also set significantly 

more grains/ spike compared to the average of 

experiment. Reduced spikelet fertility and lower 

number of grains/spike in some synthetics could have 

resulted from daily/nightly temperature variation 

during flowering period that likely caused meiotic 

abnormalities. Regarding 1000- kernel (grain) weight 

(TKW), nine synthetics were noted for their 

significantly higher values.  

As expected, general relationships between 

analysed parameters are found (Table 3). Thus, the 
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number of spikelets is significantly correlated with 

spike length and the number of grains/spike is directly 

influenced by the spike length, too. Number of 

spikelets showed a moderate correlation with the 

number of grains/spike, as well as 1000-kernel weight 

with the length of grains. These correlations denote 

indeed a high interdependence and at least one of these 

parameters could be used to select the synthetics as 

donors for specific trait and improvement of ear 

productivity in developing alien introgression 

programme in wheat. 

The existence of synthetic hexa-amphiploids 

along with other valuable alien genetic stocks released 

at NARDI- Fundulea, set up the premise for further 

development of genetic manipulation in wheat. 
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