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The goals of research were:  
1) to screen mutant wheat lines for resistance to 

Fusarium Head Blight  
 to verify the susceptibility/tolerance phenotype to 

Fusarium head blight (FHB) of three spring wheat 
cultivars cv “Zhenis”, cv “Almaken” and cv 
“Erithrospermum-35” grown in Kazakhstan  

  to verify advanced mutant lines (M3 generations) 
that were got on their genetic background by 
irradiation treatment (100 - and 200-gamma rays).  

2) to find DNA polymorphism of mutant lines using  
SSR markers  

 



 The main objective of this research was to 
evaluate 3 spring wheat cultivars grown in 
Kazakhstan and the mutant lines (M3 
generations) developed on their genetic 
background by irradiation treatment (100 and 
200 gamma rays) for their resistance to FHB 
disease and to use PCR-based DNA markers, 
such as SSRs markers to investigate genetic 
diversity in wheat germplasm. 



Mutagenesis 
 

Spring wheat occupies 95% of the total wheat area in 
Kazakhstan. Breeding improvement of many 
agronomical traits requires genetic variation and these 
components of variation must be separable from non-
genetic effects.  

Genetic variability is very important for the improvement 
of many crop species, including wheat.  

Mutagenesis is an important tool in crop improvement.  
The induced mutation help to develop many agronomical 

important traits such as   
- shorter growing period, suitable for rotation,  
- increased tolerance or resistance to abiotic and biotic 

stresses (drought, salinity, diseases etc.)  



Fusarium Head Blight (FHB) 
 

 FHB, caused by Fusarium graminearum is 
one of the most damaging diseases of 
wheat. 

 F.graminearum is a pathogenic fungus that 
commonly infects wheat and barley 

 Infection with Fusarium results in severe 
reduction of crop yield and quality 

 The trichothecene mycotoxin deoxinivalenol 
(DON) is produced by F.graminearum 

 The mechanism causing high toxin 
resistance was shown to be the higher ability 
to convert DON into DON-3-O-glucoside 
 



 The  control of FHB using of management strategies 
like, crop rotation, tillage and the application of 
fungicide produce only limited results .  

 The most effective strategy for controlling FHB in 
wheat is known as the development of resistant 
cultivars.  

 Resistance to FHB exhibits quantitative variation and 
its inheritance involves several  loci on different 
chromosomes  

 



Molecular markers for detecting DNA 
polymorphism, genotype identification and genetic 

diversity  
 Molecular markers based on PCR methods, such as simple 

sequence repeats  SSRs or microsatellites, have provided a 
powerful approach to analyze genetic relationships among  
accessions in many crop species.  

 DNA-based markers are particularly useful in wheat and other 
crops with an apparent narrow genetic background.  

 Microsatellites are tandem repeats of short DNA sequences (2–
6 bp), which are highly polymorphic in  various animal and plant 
species.  

 In most cases, microsatellites are inherited in a codominant 
manner and are chromosome-specific.  

 Microsatellites have been  successfully used to construct 
genetic map, to identify alien chromatin  and to map 
agronomical important genes . 
 



MATERIAL AND METHODS  
 The plant material used in the study consisted of  138 M3 

mutant lines of spring wheat which were developed using 
by irradiation treatment (100 and 200 Gy) on genetic base 
of three cultivars, cv “Zhenis”, cv “Almaken” and cv 
“Erithrospermum-35” and non-mutagenized plants. Initially, 
irradiation of 1000 seeds was  performed in an ionizing 
device at the Kazakh Nuclear Center.  

 Selection of individual plants was done every generation 
from M3 taking into account the  following yield 
parameters: grain yield per plant, greater number of grain 
per main spike, greater weight of  grains per main spike 
compared to the parental variety. The best genotypes were 
chosen according to their  elements of yield.  
 



Fusarium resistance testing 
 For screening resistance to FHB plants germplasm 

were planted in pots in the greenhouse.  
 Spores isolated from Fusarium graminearum were 

used for inoculations. Macroconidia of the F. 
graminearum were prepared as described by 
Buerstmayr et al. (2002) .  

 The concentration of the conidia was 50.000 
conidia/ml was produced and stored at - 80°C for the 
inoculation procedure. 

  The plants were artificially inoculated by fungus 
suspension.  

 The first inoculation of the ears of mutant  lines and 
non-mutagenized plants was made at the flowering 
stage in a controlled greenhouse, at 20°C, 12 th June 
2012.  

 After inoculation heads were covered by a plastic bags 
for 24 h in order to ensure  high humidity. After three 
days the same procedure was  repeated twice.  
 



 For scoring we assumed an average head-size of 24-
28 spikelets per spike as the basis for estimating FHB 
severity; e.g. an average of one infected spikelet per 
spike was rated as 5% FHB severity.  

 Disease symptoms  were recorded on the 10, 14, 17, 
21 and 24 days after inoculation.  

 In each plot the percentage of visually infected 
spikelets was estimated according to a linear scale 0 
to 100% infected spikelets on a whole plot basis.  

 The fusarium severity level was calculated as the 
average percent of fusarium damaged spikelets per 
ear.  
 



DNA extraction and SSR primer sources 
The molecular characterization and genetic diversity of 

spring wheat genotypes was  investigated using 21 SSRs 
primers.  

We got screening results of mutant  M3 spring wheat lines 
compared with non-mutagenized plants for tolerance to 
FHB and applying microsatellite markers for molecular 
genotyping of  wheat  and analyzed it.  

 Genomic DNA was isolated from young leaves using the 
CTAB extraction method described by Saghai-Maroof et 
al. (1984). DNA concentration was determined by the use 
of BioSpecNanoDNA spectrophotometer.  

 A total of 21 pairs of microsatellite primers were used for 
detecting of DNA polymorphism in wheat mutant lines 
and non-mutagenized plants.  
 



 For PCR amplification of M13-tailed microsatellites were 
used. For this method a forward primers with an M-13 
tailed fluorescent primer was  added to the PCR 
reaction.  

 Microsatellite was performed using  fluorescent 
detection on Typhoon (GE Healthcare) fluorescence 
scanner.  
 
 

 



RESEARCH RESULTS 

 Fusarium resistance testing  
Each of the grown lines were artificially inoculated with 

Fusarium graminearum during flowering.  
The lines  all reacted to the inoculums and showed 

different symptoms. Tables 1-3 show the results of % 
of infected  spikelets per spike of M3 mutant lines 
and non-mutagenized plants of different wheat 
cultivars.  



Table 1. Mean values of the visual scoring for FHB resistance of cv 
“Zhenis” and advanced M3 mutant lines obtained on its genetic 
background by irradiation treatment of 100 gamma rays at 15-day after 
inoculation and their productivity components 

 



Table 2. Mean values of the visual scoring for FHB resistance of cv 
“Almaken” and advanced M3 mutant lines obtained on its genetic 
background by irradiation treatment of 100 gamma rays at 15-day 
after inoculation and their productivity components 

 



Table 3. Mean values of the visual scoring for FHB resistance of cv 
“Erithrospermum-35” and advanced M3 mutant lines obtained on its 
genetic background by irradiation treatment of 100 gamma rays at 15-
day after inoculation and their productivity components 

 



 
 

Fig.1 SSR products amplified by Gwm359 (a), Gwm533(c), Barc56 (d) in 
cv.”Zhenis” (non-mutagenized plant) and advanced M3 mutant lines 
obtained on its genetic background by irradiation treatment of 200-

gamma rays 
1-cv “Zhenis”, 2-M3 line Zh48(3), 3-M3 line Zh49(6) 



Fig.2 SSR products amplified by Barc12 (a), Barc42 (b), Gwm533 (c), 
Gwm681(d) cv.”Zhenis” and advanced M3 mutant lines obtained on its 

genetic background by irradiation treatment of 100- and 200gamma 
rays 

1-cv “Zhenis”, 2-M3 line Zh5(1), 3-M3 line Zh25(9), 4-Zh51(8), 5-Zh5(4), 
6-Zh25(12), 7-Zh43(4), 8-Zh16(9), 9-Zh16(1) 



Fig.3 SSR products amplified by Barc42 (a), Gwm533 (b), Gwm681(c) 
Barc273 (d) in cv.”Almaken” and M3 mutant lines obtained on its 
genetic background by irradiation treatment of 100gamma rays 
1-cv “Almaken”, 2-M3 line A82(6), 3-M3 line A101(8), 4-A89(3), 5-
A101(3), 6-A101(5), 7-A94(2), 8-cv “Erithrospermum-35”, 9-A138(2) 
developed on genetic background of cv “Erithrospermum-35” by 
irradiation treatment of 100gamma rays 



Conclusion and Future Perspective  
 In this study new M3mutant lines of spring wheat cultivar (138 

lines) developed on genetic basis  of three cultivars, cv “Zhenis”,cv 
“Almaken” and cv“Erithrospermum-35” by irradiation treatment 
(100 and 200 gamma rays) were used to evaluate the Fusarium 
resistance.  

 Genetic variation for resistance to Fusarium Head  Blight disease 
among three studied cultivars of spring wheat grown in 
Kazakhstan was significant.  

 Among Cv  “Zhenis” has the greatest resistance to Fusarium 
graminearum  with mean of 9,27% infected by Fusarium spikelet’s 
per ear then other varieties, Almaken  (20.53%) and 
Eritrospermum (38.81%, respectively).  

 On genetic background of cv. Zhenis three M3mutant lines, 
developed by irradiation treatment of 100 gamma rays, Zh6(15),  
Zh6(16) and Zh22(1), were identified more resistant compared 
their non-mutagenized plants.  



Conference 
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