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ABSTRACT 
Epidemics of Fusarium head blight (FHB, scab) can result in significant 
economic losses in terms of yield and food safety. Marker assisted 
selection is potentially a powerful tool in breeding for quantitative traits, 
such as resistance of wheat to FHB. The validation of QTLs is a general 
prerequisite condition before their use for Marker Assisted Selection 
(MAS) in breeding programs. In this study, a set of bread winter wheat 
lines derived from crosses with FHB resistant Sumai 3 and Fundulea 201 
R, previously genotyped with simple sequence repeat (SSR) markers, 
were phenotypically evaluated for FHB resistance Type II and DON 
content, in artificially inoculated field nurseries, at NARDI Fundulea, in 
two years (2005 and 2006). Differences regarding the mean values and 
range of variation for the resistance traits among QTLs carriers and non-
carriers were observed in derivatives of both donors. FHB severity (%), 
disease progress (AUDPC), diseased kernels (FDK, %) were reduced on 
average in QTL carriers derived from crosses with both donors of resis-
tance, as compared with the corresponding non-carrier lines. There was 
considerable overlapping of distributions for carriers and non-carriers of 
single QTLs, for all measured traits, and this explains why only the 
average effect of Fhb1 on AUDPC was significant. However, for both 
AUDPC and FHB severity (%), best lines were all carriers of the respec-
tive QTLs. High levels of attack were found both among carriers and 
non-carriers. In contrast, low percentages of diseased kernels were 
found both among carrier and non-carrier lines. This suggests that the 
analyzed QTLs have larger effects on AUDPC and FHB severity, than on 
FDK. This is the first report on effects of the Fhb1 QTL from Sumai 3 and 
of the QTL located on chromosome 3A from F 201 R, for resistance to 
FHB in the Romanian winter wheat breeding materials. Our results prove 
that, as expected, selecting for only one (even major) QTL cannot guar-
antee a good level of FHB resistance. However, data on the presence of 
single FHB resistance QTLs can be useful for choosing parents to in-
crease the level of resistance, by cumulating various QTLs. 
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INTRODUCTION 
usarium head blight (FHB, scab) caused 
by Gibberella zeae (Schwein.) Petch. (ana-

morphs, Fusarium graminearum and F. cul-
morum) has become a major constraint of win-
ter wheat production and quality worldwide in 
recent years. Epidemics of this disease can re-
sult in significant economic losses also in terms 
of food safety because of the grain contamina-
tion with several secondary toxic metabolites 
(mycotoxins) (Leonard and Bushnell, 2003), 
among which the trichotecene deoxynivalenol 
(DON) is the most prevalent (Placinta et al., 
1999). Storage of cereals under warm and humid 
conditions may further increase mycotoxin con-
tent even when field infections were only light 
to moderate (Homdork et al., 2000). 

Wet weather during flowering and grain 
filling and some cropping systems (maize as 
preceding crop and minimum tillage) have fa-
vored disease development.  

Success with efforts to minimize the im-
pact of Fusarium head blight centered around 
the use of management strategies such as host 
resistance, crop rotation, tillage, and fungicide 
application has been limited (Paul et al., 2005).  

Host resistance has been considered a 
cost-efficient and environmentally sound strat-
egy to control Fusarium head blight (FHB). 
However, progress in developing FHB-resis-
tant wheat cultivars has been hindered by the 
complexity of quantitative resistance, a lack of 
effective sources of resistance and the high im-
portance of genotype x environment interaction.  

Application of MAS to enhance the effec-
tiveness of breeding for FHB resistance it is 
generally agreed as a valuable alternative, but 
its implementation on a broad scale has still to 
be optimized. Several FHB resistance loci 
have been found in Asian (Shen et al., 2003b; 
Zhou et al., 2003) and Brazilian spring wheats 
(Steiner at al., 2004). In the Chinese source 
Sumai 3 (spring wheat), a major quantitative 
trait loci (QTL) on chromosome 3BS explained 
up to 50% of the phenotypic variation and 
seems to be primarily associated with Type II 
resistance to FHB (Bai et al., 1999; Waldron et 
al., 1999; Anderson et al., 2001). Qfhs.ndsu-
3BS, re-designated as Fhb 1 has been identified 
and verified by several research groups in se-
veral wheat backgrounds and environments. In 
the same region on chromosome 3BS between 
the markers Xgwm 493 and Xgwm 389, three 
other fungal resistance genes/QTLs have been 
localized: Sr 2 (durable stem rust resistance), 
Stb2 (Septoria tritici blotch) and QSng.sfr.-3BS 
(Stagonospora blotch) (Uphaus et al., 2005). 
Additionally, QTLs for FHB resistance on 
chromosomes 6B (Waldron et al., 1999), 2A, 
and 2B (Zhou et al., 2002) with minor influ-
ence were reported. Recent findings revealed 
that Sumai 3 has a null 3BS allele for marker 
STS3B-256 that is diagnostic for its allele of 
Fhb 1 and will be useful in MAS (Liu et al., 
2005). 

Molecular information on sources of re-
sistance other than the Chinese and Brazilian 
(Frontana) gene pool is available for Triticum 
macha (Mentewab et al., 2000), T. dicoccoides 
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(Otto et al., 2002; Stack et al., 2002), and Lo-
phopyrum elongatum (Shen et al., 2004). 

In comparison with spring wheat, only a 
few resistant winter wheat cultivars have been 
genetically analyzed for FHB resistance to 
date. Several QTLs associated with FHB resis-
tance localized in different genomic regions were 
identified in populations derived from crosses 
Fundulea 201R/Patterson (Shen et al., 2003), 
Renan/Recital (Gervais et al., 2003), Arina/ 
Forno (Paillard et al., 2004), Dream/Lynx 
(Schmolke et al., 2005), Ernie/Mo94-517 (Abate 
and McKendry, 2005). 

Effective MAS for FHB resistance depends 
on knowledge of the genetic relationship of the 
germplasm to be improved with identified 
FHB resistance QTLs. There is also a need for 
more PCR-based selectable molecular markers 
that are reliable, predictive and broadly appli-
cable, such as “gene based“ (Griffey, 2005). It 
is expected that recent rapid advancement of 
high throughput platforms and DNA-based 
diagnostic assay technologies may contribute 
to develop and implement in the breeding pro-
grams cost-effective genotyping protocol to 
enhance selection and releasing of lines resis-
tant to FHB (Brady et al., 2005). 

This study was conducted to evaluate the 
effect of QTLs for FHB resistance, localized 
on chromosomes 3BS, and 3A and transferred 
from Sumai 3 and Fundulea 201R, respecti-
vely on some phenotypic resistance traits cha-
racteristic for resistance Type II (FHB severity 
and progress) and DON content in advanced 
winter breadwheat lines. 

MATERIAL AND METHODS 
Plant materials. 36 advanced winter 

breadwheat lines, obtained at the National Agri-
cultural Research & Development Institute Fun-
dulea, were analyzed. The lines were selected 
from crosses involving F 201R, winter wheat 
type with improved agronomic traits and Sumai 
3, less adapted spring wheat. This germplasm 
showed various levels of FHB resistance in 
field tests. These genotypes were previously 
genotyped with specific SSR markers Xgwm 
and Xbarc, from regions of the genome where 
QTLs for FHB resistance have been identified 
and the presence/absence of corresponding 
QTLs was documented (Ciucă, 2006). Among 
the F 201R derivatives, 18 lines were carriers of 

the QTL on 3A, while 7 were non carriers. Five 
lines derived from Sumai 3 carried the Fhb1 
QTL and 6 were non carriers. 

Fusarium isolates. Single-spore isolates 
of F. graminearum (FG 96) and F. culmorum 
(FC 46) originally isolated from winter wheat 
in Romania and in The Netherlands, respec-
tively were separately used for inoculation.  
FC 46 was kindly provided by T. Miedaner, 
who is intensively using it (Miedaner et al., 
2001). Inoculum of the both isolates were pro-
duced on Mung bean liquid medium, continu-
ously aerated for seven days under exposure to 
black UV lamps (Philips HPL-N 400W E40) 
at room temperature (approximately 24°C). 

Artificial inoculation. Wheat genotypes 
were grown in two environments (2005 and 
2006) at NARDI Fundulea and artificially 
point inoculated in the field at Fundulea near 
Bucharest (geographic location latitude 24°10’, 
longitude 44°30’, 68 m above sea level, 10.7°C 
mean annual temperature, 583 mm mean annual 
precipitation). Temperature and rainfalls, the 
critical climatic factors with respect to FHB 
progress during grain filling were across envi-
ronments 567 and 686.8°C (sum of centigrade) 
and 144 and 88.61 mm (precipitation), respec-
tively. For point inoculation, which reveals 
resistance Type II to FHB, approximately 10 μl 
droplet was injected by a syringe directly 
through the glumes in a central floret of each 
side of 20 arbitrarily chosen heads per plot, that 
were distinctly marked. Each genotype was in-
oculated at its respective mid-flowering. 

Resistance traits. Recording of FHB rat-
ings started in field 10 days post inoculation 
(dpi) and repeated at 20 dpi in terms of in-
fected spikelets/entry/isolate. The arithmetic 
mean of the individual successive ratings was 
used for further calculation of FHB severity 
(damaged spikelets, % of control at the onset of 
symptom development, i.e. 20 dpi), and disease 
progress, area under disease progress curve 
(AUDPC). Additionally, heading date was re-
corded on a time scale starting at January 1st. 
At full ripening, inoculated and random non-
inoculated main-tiller spikes/entry/isolate were 
both, harvested and threshed by hand, to save 
highly infected, shriveled and degenerated ker-
nels. From these samples, percentage of Fu-
sarium diseased kernels (FDK, %) was analy-
zed and calculated per entry/isolate.  
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DON immunoassay analysis. Grain sam-
ples from heads inoculated separately with iso-
lates of F. graminearum (FG 96) and F. cul-
morum (FC 46) within each entry were bulked, 
ground and analyzed for DON content in the 
laboratory of V. Gagiu at the Institute of Food 
Bioresources, Bucharest. The concentration of 
DON was quantified according to the manufac-
turer’s description by ELISA on Ridas-
creen®FAST DON (ppm = mg/kg) kits (R- 
Biopharm GmbH, Darmstadt, Germany).  

RESULTS AND DISCUSSION 

Field evaluation of FHB resistance re-
vealed differences between donors and their 
derivatives for most of the resistance traits 
analyzed. Sumai 3, carrier of the major QTL 
Fhb 1, that explains up to 50% of resistance to 
FHB Type II, confirmed in this experiment on 
average across combinations environment / iso-
late, its high potential of resistance expressed 
in terms of FHB severity (16 % of damaged 
spikelets at 20 days post inoculation), FHB 
progress (AUDPC = 174), Fusarium diseased 
kernels 17 %, and DON content (4.5 ppm). 
Fundulea 201R recorded lower values for these 
parameters, respectively, FHB severity = 29%, 
AUDPC = 258, FDK = 29% and 6.2 ppm. 

Differences regarding the mean values 
and range of variation for the resistance traits 
among QTLs carriers and non-carriers have 
been observed for derivatives groups of both 
donors. FHB severity (%), disease progress 
(AUDPC), diseased kernels (FDK, %) were 
reduced on average in QTL carriers derived 
from crosses with both donors of resistance, as 
compared with the corresponding non-carriers 
lines (Table 1).  

These differences cannot be explained by 
differences in heading date, as average earliness 
of carrier and non-carrier lines was not signifi-
cantly different. There was considerable over-
lapping of distributions for carriers and non-
carriers of single QTLs, for all measured traits 
(Fig. 1-3). This explains why only the average 
effect of Fhb1 on AUDPC was significant.  

It is interesting to note that for both 
AUDPC and FHB severity (%), best lines were 
all carriers of the respective QTLs (Figures 1 
and 2). However, high levels of attack were 
found both among carriers and non-carriers. In 
contrast, low percentages of diseased kernels 
were found both among carrier and non-carrier 
lines (Figure 3). This suggests that the analyzed 
QTLs have larger effects on AUDPC and FHB 
severity, than on FDK. 

 

Table 1. Means for Heading date; FHB severity; FHB progress, AUDPC; FDK%  
and DON (ppm) of donors and corresponding derivatives breeding lines 

Donors / derivatives 
Heading date 

(days after 
Jan. 1) 

FHB 
Severity 

(diseased spikelets, %) 

FHB  
progress  
AUDPC 

Diseased 
kernels  

(FDK, %) 

DON 
content  
(ppm) 

Sumai 3 141 16 174 17 3.8 
Carriers of Sumai QTL allele Fhb 1       

Average 141 21 215 20 4.5 
Range 138-144 9-44 138-362 3-27  

Non-carriers of Sumai QTL allele       
Average 143 27 294 24 7.8 
Range 143-144 18-46 216-528 10-58  

Effect (Average difference carriers-non carriers) -2 -6 -79 -4 -3.3 
LSD, P≥5% 3 12 74.5 24.4  
F 201R 141 29 258 29 6.2 
Carriers of F 201R QTL allele on 3A      

Average 142 26 240 23 6.0 
Range 138-145 15-79 176-598 14-34 3.4-8.4 

Non-carriers of of F 201R QTL allele      
Average 144 29 344 18 6.2 
Range 140-147 17-62 198-732 2-38  

Effect (Average difference carriers-non carriers) -2 -3 -104 -5 -0.2 
LSD, P≥5% 3 17.0 168.3 14.2  
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Figure. 1. Distribution of  QTLs carriers and non carriers lines derived  
from F 201R and Sumai 3 for AUDPC 

 
 

The validation of QTLs is a general prere-
quisite condition before their use for Marker 
Assisted Selection (MAS) in breeding pro-
grams. This is the first report on effects of the 
Fhb1 QTL from Sumai 3 and of the QTL lo-
cated on chromosome 3A from F 201R, for resis-
tance to FHB in the Romanian winter wheat 
breeding materials. 

Our results prove that, as expected, selecting 
for only one (even major) QTL cannot guaran-
tee a good level of FHB resistance. However, 
data on the presence of single FHB resistance 
QTLs can be useful for choosing parents to in-
crease the level of resistance, by cumulating 
various QTLs. 
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Figure. 2. Distribution of  QTLs carriers and non carriers lines derived from F 201R and Sumai 3  

for the percentage of Fusarium damaged spikelets (severity) 
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Figure. 3. Distribution of QTLs carriers and non carriers lines derived from F 201R and Sumai 3  
for the percentage of Fusarium damaged kernels (FDK) 
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CONCLUSIONS 

The first investigation on effects of the 
Fhb1 QTL from Sumai 3 and of the QTL lo-
cated on chromosome 3A from F 201R, for 
resistance to FHB in a set of Romanian bread 
winter wheat lines derived from crosses with 
FHB resistant Sumai 3 and Fundulea 201R, 
previously genotyped with simple sequence re-
peat (SSR) markers, show under field artificial 
inoculation at NARDI Fundulea, differences 
regarding the mean values and range of varia-
tion for resistance traits, among QTLs carriers 
and non-carriers derivatives of both donors.  

FHB severity (%), disease progress 
(AUDPC), diseased kernels (FDK, %) were 
reduced on average in QTL carriers derived 
from crosses with both donors of resistance, as 
compared with the corresponding non-carrier 
lines, but only the average effect of Fhb1 on 
AUDPC was significant.  

Results suggests that the analyzed QTLs 
have larger effects on AUDPC and FHB sever-
ity, than on FDK, and based on this it is possi-
ble to select the best lines, beeing carriers of 
the respective QTLs. 

Our results prove that, as expected, selec-
ting for only one (even major) QTL cannot 
guarantee a good level of FHB resistance, but 
this approach can be useful for choosing 
parents to increase the level of resistance, by 
cumulating various QTLs. 
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