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Table 1. Primers of genetic markers associated with FHB resistance genes (Fhb1, Fhb2 and Fhb3) on wheat used in this study.
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Reference marker expression* product (bp) Marker  Primers used Aadiliual) cliall)
Procunier et al., 2001 Fhb1 R 140 Xgwm389 5-ATCATGTCGATCTCCTTGACG-3
Zhou et al., 2003 S 120 5-TGCCATGCACATTACCAGAT-3
Procunier et al., 2001 Fhb2 R 2100 6B NOR 5-TGGTAAAGTCCCTTGMTGAAA-3'

S 1600 5-GCACCGTTTGTTGACCATCAT-3
Procunier et al., 2001 Fhb3 R 220 Xgwm 126  5-CACACGCTCCACCATGAC-3'
S 200 5-GTTGAGTTGATGATGCGGGAGG-3’

* S= Susceptible, R=Resistant
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Figure 2. Genetic relationship tree of F. graminearium local isolate compared with world strains.
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Table 2. Infection parameters with FHB disease of wheat cultivars studied.

il ggall  Alay) gl B Loy i gl b chiaall b
(%) vasaly R paally Abay) (%) JssaY) ada

Fusarium Fusarium (%) FHB Cultivar number )
damaged kernels infection Disease disease on the agarose bl dilial
(%) index severity incidence gel Wheat cultivars
55.12 46.92 65.58 71.55 1 Al-Nameh daclill
56.67 49.51 67.71 73.12 2 Clark <,
53.35 48.2 66.30 72.70 3 Entisar Dbl
43.12 23.44 48.79 48.04 4 Rabia A
63.54 50.89 67.34 75.56 5 Tamouz 2 2558
51.45 42.89 60.04 71.43 6 Al-Tahadi gl
38.43 16.84 39.59 42.54 7 Sham 6 6 oL
44.87 25.32 48.02 52.73 8 Bohoth 206 206 &>
46.06 26.93 50.65 53.17 9 Sham 4 4 L
56.50 45.03 63.02 71.46 10 Hashemia Aadla
54.59 49.11 66.93 73.38 11 Tamouz 3 34
53.67 45.92 61.61 74.54 12 Latifia Ayl
55.51 44.42 62.55 71.02 13 Eratoum psil
43.17 20.70 44.64 46.36 14 Sally AL
39.23 16.86 40.68 41.44 15 Abu Ghraib e sl
63.16 55.07 71.72 76.78 16 Ryz Kary IS0
44.06 22.69 4791 47.37 17 Iba 99 99 Lyl
47.13 24.75 48.70 50.82 18 Dor 29 29 L3
42.03 21.82 46.37 47.05 19 Al-Hadba’a sbaall
51.20 44.28 61.04 72.54 20 Florokya S,k
54.33 51.80 68.47 75.65 21 Ali se
56.62 50.80 71.87 70.68 22 Mandal Jata
65.54 54.41 71.03 76.60 23 Hydab Clas
41.82 17.84 41.43 43.07 24 Babel db
52.26 47.37 65.05 72.82 25 Al-Barakah A
44.55 25.60 51.43 49.76 26 Al Ezz Sl
41.58 17.44 42.98 40.58 27 Milan O
57.04 55.49 70.68 78.51 28 ICSAD LS|
3.71 3.03 4.37 3.11 %35 Jlaia) sie (5 sina (38 i
LSD at P=0.05

2 58y (53218 753 2100 ss aany eboal) madll Ciial La
aaall il 3l el oy Citall 13gd Aaglid) dba e yumy (3
Fhb2 cpall dulal) Galiadl et (5206 £5 1600 Syl
LS (4 JS3) Leie Yoy (gael8 293 50 ija aann pis Cjgls 23
Xgwml26 yisall sasly Ao d9ny (3 Jsan) ikl caw
& sl 755 220 el leeas &l FhD3 ol aaliadl
e Cilael gpn b Aaglidl) dia ) gy )y Sl il
St Wy (2018 295200 i pans Lam (gAY LY
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&zl e i) Aadl (age Boglie 8 s Ll A il
s gl z93 120 LYl Ak dajal Juiall aasl) il cps
il il Wl L el lial) o2 dpulin ) judy 53) )
Laja 3gng Sl FhD2 (pall Cialiadl) 6B NOR njall byl
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Table 3. Expression modes of some molecular markers related to resistance genes Fhbl, Fhb2 and Fhb3 in the wheat cultivars

studied.
sl aaall il aaall ol aaall 8 Galal) ad)
Sisal Cpall) dipal ) sdsall S
(Fhb3 ¢salh) (Fhb2 (Fhbl Jeosy
s ) Molecular =5 J) Molecular =5 jiuk Molecular  Cultivar lane
* i gal) size for * pgal) size for * pgal) size for number on ‘
Expression marker Expression marker Expression marker the agarose bl dilial
mode* (Fhb3 gene) mode* (Fhb2 gene) mode* (Fhb1 gene) gel Wheat cultivars
S 200 S 50 S 120 1 Al-Nameh Aeclill
S 200 S 50 S 120 2 Clark EEPS
S 200 S 50 S 120 3 Entisar Dbl
S 200 S 50 S 120 4 Rabia A
S 200 S 50 S 120 5 Tamouz 2 2 )sai
S 200 S 50 S 120 6 Al-Tahadi (gl
S 200 S 50 R 140 7 Sham 6 6 2l
S 200 S 50 S 120 8 Bohoth 206 206 &~
S 200 S 50 S 120 9 Sham 4 4 L
S 200 S 50 S 120 10 Hashemia Hadla
S 200 S 50 S 120 11 Tamouz 3 34
S 200 S 50 S 120 12 Latifia Ll
S 200 S 50 S 120 13 Eratoum sl
R 220 S 50 S 120 14 Sally AL
S 200 S 50 R 140 15 Abu Ghraib e sl
S 200 S 50 S 120 16 Ryz Kary SIS0
S 200 S 50 S 120 17 Iba 99 99 <Lyl
S 200 S 50 S 120 18 Dor 29 29 o
S 200 R 2100 S 120 19 Al-Hadba’a sbaall
S 200 S 50 S 120 20 Florokya Sy
S 200 S 50 S 120 21 Ali se
S 200 S 50 S 120 22 Mandal Jaie
S 200 S 50 S 120 23 Hydab laa
S 200 S 50 R 140 24 Babel db
S 200 S 50 S 120 25 Al-Barakah A,
S 200 S 50 S 120 26 Al Ezz Bl
S 200 S 50 R 140 27 Milan O
S 200 S 50 S 120 28 ICSAD LS|

* S= Susceptible, R=Resistant

oyl Gigaal ity cueS F. graminearum kil (saf el
LK) sasiall Vsl cuall Jie Jga 8ae A Balaw SV 435S
s ae 3 138 ¢(Trail, 2009 ¢Saber et al., 2002) la e 135
lidly Fusarium bl gyl & gonl) @y i Jaly Ll
o e g Aald) cluhally ddlall Al (8 daal e el
LS5 sy Adlida Bglpin cilayty (SKly (el Jagy L) las)
die dnglsaadlly djebaall Wgilbia Gans (& (Say ) A
Laalgl) laiVly hill asendlS sglpall Jalse lgazany Dl
Fusarium bl e glsl (oS e Slaai ¢ papall Elaal 8 dagal
ST ¢l (2002) Moss s ai .l gl canlin ¥ 8 by b
& FHB Uay Gl & less Fusarium Ldl gl

JaY) Jgaug F. avenaceum s F. culmorum «<F. graminearum
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Figure 5. Elecrophoresis of the Xgwm126 marker product
associated with Fhb3 gene (200 bp for the sensitive cultivars,
220 bp for the resistant cultivars), and the number of the gel
lanes represent the different cultivars tested as indicated in
Table 2.
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Figure 3. Electrophoresis of the Xgwm389 marker products
associated with Fhb1 gene (120 bp for the sensitive cultivars,
140 bp for the resistant cultivars), and the number of the gel
lanes represent the different cultivars tested as indicated in
Table 2.
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Figure 4. Elecrophoresis of the 6B NOR marker product
associated with Fhb2 gene (1600 bp for the sensitive
cultivars, 2100 bp for the resistance cultivars), and the
number of the gel lanes represent the different cultivars
tested as indicated in Table 2.
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Abstract
Al-Qaissi, A.R.M., A.A. Hassan, W.M. Saleh and F.H. Yehya. 2021. Evaluation of Some Molecular Resistance Markers
of the Wheat Cultivars for Control of Head Blight Disease Caused by Fusarium graminearum in Salah Aldin Province,
Iraqg. Arab Journal of Plant Protection, 39(2): 96-108.

Twelve fungal isolates of the genus Fusarium were isolated from bread wheat grains infected with Fusarium head blight; 4 isolates of F.
culmorum, 3 isolates of F. graminearium, 2 isolates of F. equiseti and F. moniliforme, and one isolate of F. avenaceum. The results obtained
showed that all of these isolates caused head blight disease in wheat (Tamoz 2 cultivar). The isolates F. graminearium 2, F. graminearium 3
and F. culmorum 3 showed the highest Fusarium infection index (FIl), which was 51.45, 50.37, and 50.03, respectively, whereas the lowest
values were 24.61 and 32.04 for the isolates of F. culmorum and F.avenaceum, respectively. The identification of the most pathogenic isolates
of F. graminearium 2 was confirmed by molecular diagnosis based on the matching of the nucleotide sequence of the 5.8S rRNA gene of this
fungus with the nucleotide sequences of the fungal strains contained in the World Genbank database (listed on the NCBI website) and this
isolate was recorded in Global Genbank under the accession number MT998864.1. The results obtained also showed that 12 of the studied
wheat cultivars (Sham 6, Abu Ghraib, Babil, Milan, Sally, Hadbaa, Rabia, Bohoth 206, Sham 4, Iba 99, Dor 29 and Al Ezz) had the lowest
infection levels compared to other cultivars. The FIl values obtained suggested a significant superiority of the cultivars Sham 6, Abu Ghraib,
Milan and Babel (which did not differ significantly among each other) with lowest values of 16.84, 16.86, 17.44 and 17.84, respectively. The
effect of infection with FHB was reflected in the percentage of Fusarium damaged kernels (FDK), with lowest values of 38.43, 39.23, 41.58,
41.82 and 42.03% for the cultivars Sham 6, Abu Ghraib, Milan, Babel and Hadba, respectively. The electrophoresis of PCR products of
Xgwm389, 6B NOR and Xgwm 126 markers associated with the resistance genes Fhbl, Fhb2 and Fhb3, respectively, carried out on twenty
eight wheat cultivars showed that four cultivars (Sham 6, Abu Ghraib, Babel and Milan) produced bands of 140 bp in size for the marker of
Fhb1 gene (Xgwm389), which is considered one of the indicators for resistance to FHB disease of wheat. The test also showed the presence of
a single band of 220 bp in the wheat cultivar Sally for the gene marker Fbh2 (6B NOR), which indicates resistance to FHB disease. Whereas,
the electrophoresis product for the gene marker Fhb2 (Xgwm 126) produced a band of 2100 bp in size, reflecting the presence of resistance
characteristic in this cultivar. The results of this study indicated the presence of a relationship between the decrease in the infection parameters
with the presence resistance genetic markers in the cultivars Sham 6, Abu Ghraib, Babel, Milan, Sally and Hadbaa, whereas the cultivars Rabia,
Bohoth 206, Sham 4, 1ba 99, Dor 29 and Al Ezz showed a decrease in infection parameters to a lesser degree than the remaining cultivars, but
without the presence of the genetic markers investigated.

Keywords: Fusarium head blight disease, molecular markers, resistance genes, wheat cultivars, Fusarium sp.
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