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Four amphiploid lines (SHW) based on T. monococcum (Tm) and T. boeoticum (Tb) were 
crossed to T. durum varieties to generate 13 combinations. Field germination and winter 
survival of hybrid plants in F2 were assessed. Among all crosses, those with SHW8A-Tb and 
SHW9A-Tm showed highest field germination but with different degrees of spike fragility. 
The variation on seed number and weight per main spike was studied in F4–6 from SHW8A-
Tb/Progres and SHW5A-Tb/Severina crosses after individual selection for these traits. Ten 
lines with durum phenotype from the former and three genotypes with dicoccum plant shape 
from the latter cross were developed. SDS-PAGE indicated the presence of HMW-GS 
1Ax2*+1Aynull subunits in four lines, among which 1Ax2* was inherited from T. boeoticum 
acc.110 through SHW8A-Tb. Most of the selected genotypes possessed γ-gliadin45, which 
was relating to good end-use quality. Powdery mildew testing showed that all progenies 
resulted from the SHW8A-Tb/Progres were susceptible to 12 races of the pathogen, while 
three lines derived from the SHW5A-Tb/Severina cross behaved differently: G32 expressed 
resistance to six, G33 to 2, and G34  to 5 races. The selected genotypes from crosses involv-
ing SHW with T. boeoticum exhibited good breeding performance compared to tetraploid 
wheat parents, and might be of breeding interest to further research.

Keywords: Triticum species, synthetic amphiploids, recombinants, seed storage proteins, 
powdery mildew resistance

Abbreviations: SHW – synthetic hexaploid wheat; HMW-GS – high-molecular-weight 
glutenin subunits; Bgt – Blumeria graminis f. s. tritici; PM – powdery mildew

Introduction

Interspecific hybridization is a reliable method to transfer useful genetic materials from 
one species (donor) to another one (recipient). Development of new lines from wide 
crosses involves the production of F1 hybrids, their backcrossing to cultivated parent, and 
selection of individuals with the desired feature(s) of the donor species. Often the selected 
plants contain some linkage drag, of which spike fragility, reduced fertility and degree of 
necrosis are frequently occurred (Valkoun 2001; Zaim et al. 2017). 
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The genus Triticum L. (subtribe Triticinae) is one of the most important genera in the 
family Poaceae and includes four species Triticum monococcum L., T. urartu Thum. ex 
Gandil., T. boeoticum Boiss. and T. sinskajae A. Filat. et Kurk. at diploid level (Gon-
charov 2011). There are several authors reporting that T. monococcum, as one of the first 
crops in Fertile Crescent, was domesticated through T. boeoticum (for a review see Zaha-
rieva and Monneveux 2014). Evolutionary, durum wheat (2n = 28, BBAuAu) has received 
the A genome from T. urartu (AuAu), while T. boeoticum donated Ab genome to T. mono-
coccum (AbAb) and T. zhukovskyi (GGAuAuAbAb) (Goncharov 2011). Accessions of  
T. boeoticum manifested resistance to powdery mildew (He et al. 2007; Elkot et al. 2015), 
stripe rust (He et al. 2007; Chhuneja et al. 2012), stem rust (Olson et al. 2010), insect re-
sistance (Radchenko 2011), tolerance to drought and other stresses (Valkoun 2001; Liu et 
al. 2015), variability in HMW glutenins (Hu et al. 2012) and LMW glutenins (Khoshro et 
al. 2010; Cuesta et al. 2017). The diploid wheat carried interesting traits for adaptation to 
climatic change in the Mediterranean region (Mac Key 2005). 

Synthetic hexaploid wheats are developed by artificially crossing the tetraploid wheat 
cultivars or their hybrids/advanced breeding lines (Triticum turgidum L., 2n = 4x = 28, 
BBAuAu) with different accessions of diploid Triticum and Aegilops species (2n = 2x = 14). 
The F1 hybrids (2n = 3x = 21) produced as a result of these crosses, were treated with 
colchicine which caused chromosome doubling and formed fertile hexaploid genotypes 
known as synthetic hexaploid wheats (SHW). It is well documented that synthetic hexa-
ploid germplasm can be exploited for resistance and tolerance for leaf rust (Puccinia 
tritici), stripe rust (Puccinia striiformis), mineral toxicities, drought, salinity (Colmer et 
al. 2006; Trethowan and Mujeeb-Kazi 2008; Zaharieva et al. 2010), heat, cold, sprouting, 
water logging (Villareal et al. 2001; van Ginkel and Ogbonnaya 2007), powdery mildew 
(Blumeria graminis f. sp. tritici), loose smut (Ustilago tritici), cereal cyst nematode (Het-
erodera avenae), and variability in seed storage proteins (Lage et al. 2006; Mujeeb-Kazi 
et al. 2013; Dai et al. 2015).

Synthetic hexaploids (Triticum turgidum/T. boeoticum, 2n = 42, BBAuAuAbAb) were 
created to explore for novel genes from tetraploid and diploid wheats that can be used 
for tetraploid cultivated (durum, emmer) and common wheat improvement (Gorham 
1990; Ahmed et al. 2014). For the period 1980–2017 Mujeeb-Kazi et al. (2017) pub-
lished 101 publications about the development, assessment and usage of synthetic 
wheats in breeding, among which only 2 studies dealt with the A- and B-genome syn-
thetics. Rafique et al. (2012) found that from 104 lines of A-genome amphiploids (AAB-
BAmAm/AuAu), 53.6% were resistant to powdery mildew (incited by Blumeria graminis 
f. sp. tritici) at the seedling stage, while Ahmed et al. (2013) indicated 17 out of 26 
seedling-resistant amphiploids to stripe rust being resistant at the adult plant stage, too. 
These novel amphiploid stocks, created at the CIMMYT-Mexico, were derivatives of 20 
durum cultivars and accessions of the Ab (T. monococcum) and Au genome (T. urartu). 
Phenotypically, they were tall, late maturing, easy to thresh, with good fertility and ra-
chis fragility. The last mentioned trait is primarily controlled by genes located on the 
homoeologous group 3 chromosomes. All wild wheats have a btittle rachis leading to 
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shattering of either the whole spike or individual spikelets (Sood et al. 2009). In addition 
to the Q gene, three loci Br1, Br2 and Br3 govern the rachis character. In tetraploid 
wheats, recessive alleles of two of them (Br2 and Br3) determine non-brittle rachis. Spe-
cies of T. monococcum, T. dicoccum and T. timopheevii possess a specific type of brittle 
rachis being disarticulated with a slightest mechanical pressure at maturity (Konopat-
skaia et al. 2016). The hexaploid amphiploids with Ab and/or Au genome are considered 
as valuable stocks to enhance diversity in durum as well as bread wheat breeding (Mu-
jeeb-Kazi et al. 2017). Main tasks in the breeding improvement of emmer and durum 
wheats are connected with increasing resistance to abiotic (frost and drought) and biotic 
(diseases) stress factors. Along with the productivity per unit of area, grain quality has 
recently appeared as very important trait too. T. boeoticum is widely distributed in Bul-
garia, but with limited space along the Bulgarian Black Sea coast (Spetsov et al. 2006). 
We collected eight samples between Kamchia river and Burgas. The only accession 
No. 110 showed resistance to both investigated powdery mildew and leaf rust, thus be-
ing estimated as valuable resource for wheat improvement and involved in creation of 
several amphiploids. Li et al. (2016) detected eight Glu-A1x alleles in T. monococcum 
ssp. monococcum, and five from them were novel (Glu-A1m-b, Glu-A1m-c, Glu-A1m-d, 
Glu-A1m-g and Glu-A1m-h). Thus, Ab genome from diploid Triticum species offers new 
possibilities to enrich the tetraploid wheat genetic base.

The aim of this study was to explore hexaploid amphiploids based on Triticum mono-
coccum (AbAb) L. and T. boeoticum (AbAb) Boiss. accessions in breeding of tetraploid 
wheat germplasm with complex agronomic traits such as high field germination, winter 
hardiness, grain quality and yield, and biotic stress resistance. The selected recombinants 
with promising seed set were assessed for seed storage proteins and powdery mildew re-
sistance for their characterization as potential resources of wheat improvement.

Materials and Methods

Plant materials 

Several amphiploids (BBAuAuAbAb) involving T. monococcum and T. boeoticum samples 
have been developed in the Dobrudzha Agricultural Institute-GeneralToshevo, Bulgaria, 
and implicated into crosses with T. durum Desf. cultivars (Table 1). F2 seeds of 13 cross-
combinations studied were sown in the field to select best individuals for field germina-
tion and winter survival. F3 plants were germinated in Petri dishes and grown in green-
house to evaluate spike fragility. This trait was assessed at maturity by visualizing each 
plant when the main spike is held by hand with slight pressing. If the top spikelets disin-
tegrated, then the plant was marked as fragile one. The brittleness occurred only at the 
apical spikelets of the spike which makes this manual action easy to divide fragile vs. not 
fragile plant. Ten genotypes selected in F5 generation from SHW8A-Tb/Progres and 
three-from SHW5A-Tb/Severina crosses, were tested for field performance.
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Soil and climatic conditions

The soil of the experimental site was haplic chernozem. In 2014/15, the weather condi-
tions were characterized by higher precipitation level (518 mm) than 2015/16 (485 mm). 
The temperature in October was optimal for the seed germination in the whole period. 
Snow depth on the field amounted to on average five cm on the second January. The 
minimum temperatures of –10 °C occurred in December and February of the first year 
and reached –12 °C in December and January of the second year. The winter conditions 
in 2014–2016 were different concerning the presence of snow cover and duration of min-
imal freezing temperatures. More rains fell in the last three months of the second year that 
accelerated plant development. Concerning the four factors (average minimum tempera-
ture, average maximum temperature, rainfall and snowfall), the meteorological condi-
tions were considered good for plant germination and for growth to harvesting during the 
whole period.

Field experiment 

Wheat progenies (F2–6) were grown in a crop rotation field in Varna (43°12′N, 27°54′E, 
50 m), Bulgaria, during 2012–2016. Forage peas (Pisum sativum) preceded and no ferti-
lizers and pesticides were applied during the plant growing seasons. The sowing dates 
were typical for Varna conditions, between 10–20 Oct. The seeds were manually planted 
on single-row plots at 20 seeds per row 1 m long and at an inter-row spacing of 40 cm 
using randomized design with two replications. The evaluation of germination was done 
in the autumn at 1–2 leaf stage and the winter survival was calculated using all available 
plants for each line in the beginning of spring regrowth in March. Common wheat variety 
‘Sadovska ranozreika-4’ was sown as a standard check cutlvar at regular intervals after 
every 25 rows. Each family obtained from a selected plant consisted of 20 seeds, sown in 
two replications. The selected 13 genotypes were tested on single-row plots as mentioned 
above, for two years (2014–2016) along with the durum parents Progres and Severina.

Таble 1. Pedigree of amphiploid lines (ВВAuAuAbAb) and their application in different crosses

Breed.
No P e d i g r e e P o l l i n a t o r

SHW2A-Tm (DHL1/Т. monococcum acc. dai) Аrgonavt3, Beloslava4

SHW5A-Tb (Т. dicoccum acc. dai/Т. boeoticum acc. 1102) Аrgonavt, Gergana4

Perlina3, Progres4

Severina4, Strumchanka5

SHW8A-Tb (Т. durum var. Md-3/Т. boeoticum acc. 1102) Progres

SHW9A-Tm (Т. dicoccum acc. dai/Т. monococcum acc. dai) Аrgonavt, Gergana Martondur-36, Progres

Total: 13 cross-combinations 

1DHL = originated from T. durum cultivar Gergana/Т. dicoccum acc. dai cross; 2Т. boeoticum accession (synonym T. mono-
coccum ssp. aegilopoides) = collected from the Black Sea coast (Spetsov et al. 2006); 3Argonavt, Perlina = T. durum varieties 
from Ukraine; 4Beloslava, Gergana, Progres, Severina = Bulgaria; 5Strumchanka = Маcedonia; 6Martondur-3 (Md-3) = 
Hungary.
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Protein extraction and SDS-PAGE

Ten grains from each line were crushed and ground to powder. Gliadins were first ex-
tracted in 70% ethanol and protein fractions were separated by A-PAGE using 8% poly-
acrylamide gel under constant 10 °С (Khan et al. 1983). Extraction of HMW-GS was 
performed in four stages (Singh et al. 1991). The electrophoresis run on a vertical appa-
ratus in two ways: а) classical one-dimensional 12% polyacrylamide gel; b) one-dimen-
sional 12% polyacrylamide gel SDS–PAGE with addition of 4М urea (Lafiandra et al. 
1993). Protein fractions were investigated and designated through the universal system 
for arrangement and numbering of glutenins (Payne and Lawrence 1983). The catalogue 
for gliadins recording in common wheat (Metakovsky 1991) was also applied.

Powdery mildew test 

Twelve Blumeria graminis f. sp. tritici (Bgt) races were collected from different parts of 
Bulgaria and selected from single spore isolates. The test for mildew resistance was con-
ducted on plants in second leaf stage, grown in plastic containers. Inoculation methods, 
incubation conditions and disease assessment followed Lutz et al. (1992). Each wheat 
parent/line was tested using two replications, each consisting of 8 to 10 individuals. Dis-
ease response patterns were recorded ten days after inoculation using a quantitative scale 
of 0 to 10, where 0 = no visible disease symptoms and 10 = 100% leaf area covered with 
sporulating colonies. Three major classes of host reactions were distinguished: r = resist-
ant (0–20% infection level), i = intermediate (20–50% infection), s = susceptible (>50% 
infection). Where accessions were heterogeneous for response, they were recorded as ‘r,i’ 
or ‘i,s’ depending on level of infection.

Statistical analysis

Mean data of the two years experiment were statistically evaluated by analysis of vari-
ance to determine significant differences (p < 0.05) between wheat genotypes with Tukey 
test using Assistat version 7.7 beta (Silva and Azevedo 2016) and compared to durum 
cultivars Progres and Severina (Tables S2–S3*).

Results

Application of four amphiploids in wheat breeding

At least 15 F2 seeds per cross-combination were sown in the field for a total of 197 seeds 
(Table S1). A small part of them germinated, 31 (15.7%) and about half of them survived 
(16, 51.6%) during the winter of 2011/12. No seeds germinated from the 5A-Tb/Progres 
cross. The best crosses were SHW8A-Tb/Progres and SHW9A-Tm/Progres by 5 plants, 
and SHW5A-Tb/Gergana and SHW5A-Tb/Perlina by 4 plants each. Sixteen plants from 

*Further details about the Electronic Supplementary Material (ESM) can be found at the end of the article.
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eight crosses were harvested and 11 from them produced 218 F3 seeds (19.8 seeds per 
plant on average). All F3 plants were grown in the greenhouse and analyzed for spike 
fragility. 

Three crosses, SHW5A-Tb/Strumchanka, 8A-Tb/Progres and 9A-Tm/Argonavt did 
not express this trait at maturity, while the other three crosses showed brittleness from 
7.8% (5A-Tb/Gergana) to 28.6% (5A-Tb/Severina). They involved SHW5A-Tb and 
SHW9A-Tm in their pedigree, distinguished by a high degree of spikelet disarticulation 
(Table S1). F4 plants were grown in the field to screen the materials for sprouting and 
winter survival. Individual plant selection was applied for grain number (NGS) and 
weight per spike (GWS). Best results were obtained in progenies of SHW8A-Tb/Progres, 
where plant height varied from 68 to 127 cm, NGS – 36 to 54, GWS – 0.9 to 2.0 g, com-
pared to the same traits in Progres, 107 cm, 55 and 2.3 g, respectively (data not shown). 
Similar effects were found in the SHW5A-Tb/Severina cross 85–140 cm for height, 38–
62 for grains and 1.1–2.3 g for grain weight per main spike, compared to 90 cm, 55 and 
2.2 g for Severina (data not shown). Some of the selected progenies in F4 equaled or 
slightly surpassed Severina on the measured features.

Ten lines were selected from the SHW8A-Tb/Progres cross and tested for field perfor-
mance in comparison to durum wheat Progres (Table S2). No differences were detected 
on SL, SW, NGS and GWS. Some of the genotypes revealed differences for PH, TN, NSS 
and TKW. The tallest line was G21 (109 cm) and the shortest one – G27 (77 cm). Three 
lines, G16, G22 and G25 produced more productive tillers (7–8.4) than Progres (3.5). 
Variability between genotypes was recorded on NSS, SW, NGS, GWS and TKW. G18 
expressed the highest values on NSS (23), SW (5.2), NGS (62) and GWS (3.8), which 
supported this line as the best one among all progenies selected.

Three lines were generated from the cross of Severina and grown in the field compared 
to their wheat parent (Table S3). Differences were detected between genotypes and du-
rum parent on all traits studied, except TN. The lines exceeded Severina on spike length 
only (p < 0.05), but they were inferior for the rest traits, excluding plant height. G34 had 
the tallest stem with spikes producing high number of spikelets and seeds, but reduced 
values on GWS and TKW (1.9 and 42 contrasted to 4.3 and 66 for Severina).

Seed storage proteins 

The selected genotypes were compared to SHW and their durum wheat parents (Table 
S4). The protein pattern of SHW8A-Tb (1Ax2*+1Ay1-7+8-γ45) was a combination be-
tween durum wheat cv. Martondur-3 and T. boeoticum acc.110, while the variety Progres 
had a different composition, 1Axnull-17+18-γ42. From the ten progenies designated from 
the cross of Progres, six were homogeneous for arrangement of glutenins and gliadins 
(seeds in F6 generation) and the other four genotypes (G18, G21, G27 and G28) exerted 
different constitution of bands regarding the presence/absence of γ-gliadins 42 and 45. 
From them, G27 and G28 had the subunit 1Ax2* which is the characteristic of SHW8A-
Tb, inherited from the diploid wheat acc.110, while G18 and G21 expressed 1Axnull, that 
is a typical feature of durum parents Martondur-3 and Progres (Table S4). Two families, 
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G27-7 and G28-5 exhibited a protein pattern of 1Ax2*-17+18-γ45. Not one of the se-
lected lines contained a band 1Ay1 of SHW8A-Tb, which was registered in the wild 
progenitor acc. 110. Five lines with homogeneous HMW-GS structure contained 
γ-gliadin45 while two progenies (G18-3 and G21-3) were found not to possess the basic 
component at Gli-B1.

According to HMW-GS, SHW5A-Tb displayed two profiles, 1Ax2*+1Aynull, and 
1Ax1+1Aynull, which were inherited in all three selected lines (Table S4). Seed protein 
constitutions of G32 and G33 were identical at all investigated loci, 1Axnull+1Aynull-7+8, 
while G34 had different banding pattern, 1Ax2*+1Aynull-6+8. Gliadin γ45 in durum par-
ent Severina was not transferred into the three fixed offsprings. As for glutenins at Glu-
B1, they expressed subunits deriving from their parents, 6+8 and 7+8.

Resistance to powdery mildew in seedlings

SHW8A-Tb showed susceptibility to all races used, while SHW5А-Tb manifested resist-
ance to eight of them: indicating reactions (r) to six races and intermediate one (r,i) to 
races 3613 and 3713 (Table 2). T. boeoticum acc. 110 exhibited resistance to four patho-
types (1611, 3613, 3657 and 7653), and intermediate response to 7777. T. durum variety 
Severina was susceptible to the powdery mildew pathogen. Line G32 showed resistance 
to six races and intermediate reaction to 7653. G33 was resistant only to 1611, with vari-
able response (r,i) to race 3713. G34 manifested seedling resistance to five strains (1611, 
3657, 3713, 7653 and 7777), as G32 did, and the differences between the two lines lied in 
their reactions to 3611, 7653 and 7773. The results indicated, that the SHW5А-Tb and its 
derivatives G32 and G34 were the lines with resistance expressed to about in half of Bgt 
races used in the study.

Discussion

Around 195 A-genome SHW have been developed at CIMMYT-Mexico. Up to now, ap-
plied usage of the A-genome synthetics has not been documented, although they are con-
sidered as valuable stocks to enhance diversity in durum as well as bread wheat breeding 
(Mujeeb-Kazi et al. 2017).

Several authors studied them for their valuable traits to enhance diversity in durum as 
well as bread wheat breeding, mainly for resistance/tolerance to biotic stresses (Ahmed et 
al. 2013, 2014). To our knowledge at present, no information is available for transfer of 
traits to cultivated wheat in crosses with A-genome synthetics. Classical are the examples 
when the diploid Triticum boeoticum (synonym T. monococcum ssp. aegilopoides) was a 
donor for successful transfers into bread wheat. Rogers et al. (1997) managed to intro-
gress two alleles, Glu-A1r encoding HMW glutenin subunits 39 + 40 and Glu-A1s encod-
ing other glutenin fractions 41 + 42 from two accessions of T. boeoticum into common 
wheat. Using near-isogenic lines, the authors demonstrated that the genetic changes re-
sulted in diminished dough stickiness, improved stability during mixing and gluten 
strength. Dhaliwal et al. (2002) reported results for the effect of transferred protein alleles 
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from different accessions of T. boeoticum into T. durum cv. PBW34 with mean increase 
in SDS-sedimentation value, but without revealing the yielding capacity of durum de-
rived lines.

HMW-GS are controlled by Glu-1 loci, each locus consists of two tightly linked genes 
that encode one larger x- and one smaller y-type subunit. Variation in the Glu-A1x locus 
in common wheat is scare, as most bread wheat varieties have only one of the three main 
alleles at this locus (Glu-A1a, Glu-A1b and Glu-A1c), which encoded 1Ax1, 1Ax2* and 
1Axnull, respectively. Ribeiro et al. (2013) reported a new x-type HMW-GS in Portu-
guese wheat landrace Barbela encoded at the Glu-A1 locus and named it as 1Ax1.1.  
A little later, this protein was described by Daskalova et al. (2016) in three synthetic hexa-
ploid lines (Triticum turgidum ssp. dicoccum/Aegilops tauschii) and their tetraploid wheat 
parents. Thus, the incorporation of Glu-A1 alleles from diploid species into cultivated 
wheat is important for the quality improvement. 

The 1Ay subunit encoded by the y-type gene at the Glu-A1 locus has been considered 
to be always silent in hexaploid wheat (Halford et al. 1989). However, a number of 1Ay 
alleles were found in diploid species T. urartu and related species T. monococcum and  
T. boeoticum (Hu et al. 2010, 2012). T. boeoticum accession 110 expressed the subunit 
1Ay1 in combination with 1Ax2* in this study. Synthetic 8A-Tb exerted the same glu-
tenin composition, differing from that of durum variety Martondur-3. Most of the selected 
genotypes had 1Axnull at Glu-A1, which is the same as its durum parent Progres, but 
three lines expressed 1Ax2*, inherited from the wild diploid progenitor acc. 110 through 
SHW8A-Tb. Li et al. (2016) suggested that such HMW-GS variations in ancestral species 
provided candidate genes for further wheat quality improvement. Durum variety Severina 
expressed a subunit 1Axnull, which was present in 2 families (G32 and G33), selected 
from SHW5A-Tb/Severina cross, while G34 possessed 1Ax2* inherited from T. boeoti-
cum through SHW5A-Tb. Accessions with expressed 1Ax and 1Ay subunits are potential 
candidate for wheat quality breeding. Here, 1Ay is silent in all new genotypes. The re-
placement of the silenced 1Ay in durum wheat by an expressed 1Ay may further increase 
the number of glutenins and thus improve flour processing quality (Alvarez et al. 2009). 

Gliadins are seed storage proteins in wheat and the key determinants of seed quality. 
In T. durum, the presence of γ-gliadin45 was considered as a marker for high pasta qual-
ity, whereas γ-gliadin42 was associated with low quality (Varzakas et al. 2014; De Santis 
et al. 2017). From the 10 lines selected (SHW8A-Tb/Progres), only G31 was homogene-
ous for γ-gliadin42, while G27 and G28 still segregated for this trait (Table S4). From the 
rest seven lines, four (G16, G17, G22 and G23) were similar, containing only γ-gliadin45, 
with a potential for high grain quality. In wheat progenitor Triticum urartu, gliadins have 
proved useful in the study of anatomical structure, variability and evolutionary changes 
(Zhang et al. 2015).

Powdery mildew test showed that genotypes derived from only SHW5A-Tb/Severina 
cross behaved differently to the 12 Bgt races used. Two progenies from this cross (G32 
and G34) expressed resistance to powdery mildew (PM) in seedlings. G32 manifested 
resistance to 6 races (1611, 3611, 3657, 3713, 7773 and 7777), whereas G34 showed re-
sistance to 5 strains (Table 2). Line G33 was only resistant to race 1611. The first two 
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lines possessed seedling PM resistance, suggesting they are valuable sources of major 
resistance genes. Screening of the two amphiploids indicated a sharp difference in resist-
ance between them. In case of SHW8A-Tb, the suppression of resistance was observed 
probably due to the durum parent variety Martondur-3. On condition of SHW5A-Tb, the 
resistance maybe contributed either by the diploid progenitor acc. 110 or emmer wheat 
acc. dai, or both. The two synthetic wheats involved the Ab genome of T. boeoticum, pos-
sessing genes for powdery mildew resistance (He et al. 2007; Chhuneja et al. 2012; Zaha-
rieva and Monneveux 2014). Elkot et al. (2015) demonstrated marker assisted transfer of 
PM resistance from the wild einkorn to bread wheat. Emmer based synthetic backcross 
derived lines were found to have a high level of resistance to greenbug (Schizaphis 
graminum) (Lage et al. 2003) and Russian wheat aphid (Diuraphis noxia) (Lage et al. 
2004) as well as good grain quality (Lage et al. 2006). Zaharieva et al. (2010) gave refer-
ences for promising strains of emmer wheat that are being used to develop new pre-
breeding germplasm available in breeding programs worldwide.

When assessing the genetic diversity in SHW (T. dicoccum/T. boeoticum) × durum 
wheat derived lines, a question arose of how much ‘wild’ variation remains after selection 
for agronomic type. Years ago, Dhaliwal et al. (2002) and Suman et al. (2004) reported 
results for the effect of transferred protein alleles from different accessions of T. boeoti-
cum into T. durum cv. PBW34 with mean increase in SDS-sedimentation value. Zaim et 
al. (2017) investigated seventeen wide crosses of durum wheat varieties with T. dicoc-
coides, T. araraticum and Ae. speltoides, emphasizing their disease resistance, yield sta-
bility and industrial quality across Mediterranean sites. The authors did not identify any 
negative drag in the use of wide crosses for improving durum wheat, with the partial ex-
ception of yellow pigment. In our study, a variation on seed number and weight per main 
spike was registered in F4–6 of SHW8A-Tb/Progres and SHW5A-Tb/Severina crosses 
permitting selection of recombinants with a number of valued agronomic traits.
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