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Abstract
Objective

In plant diseases, enzymes play an important role in limiting the development of fungal disease.
The activity of enzymes serves as a biochemical marker for the degree of resistance or sensitivity.
Guaiacol peroxidase (GPX), polyphenol oxidase (PPO), and phenylalanine ammonia-lyase (PAL)
are enzymes related to plant defense against pathogens. Wheat (Triticum aestivum) is one of the
most important food crops in the world. Root diseases have considerable economic impacts on
wheat production. Take-all disease (Gaeumannomyces tritici) is one of the most destructive root
wheat diseases. Therefore, it is necessary to identify the defense reaction of wheat in response to
take-all disease through the evaluation of defense enzymes.

Materials and Methods

Nine genotypes of bread wheat germplasm (resistant and susceptible to take-all disease) were
selected and planted in the greenhouse under infection and control conditions. Plants were
sampled at 0, 7, 14, and 21 days after inoculation, and activities of defense enzymes GPX, PPO,

PAL, and phenol content were measured.
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Results

Susceptible genotypes have a high level of total phenol content; resistant genotypes have a high

level of PAL and GPX enzymes. Increasing all three enzymes simultaneously in resistance

genotypes leads to increased vegetative growth and resistance to take-all.

Conclusion

In this study, peroxidase plays an important role in defense against Gaeumannomyces. GPX is the

only factor associated with the induction of systemic resistance and hypersensitivity reactions.

The changes of the GPX enzyme in resistant genotypes in response to infection follow a zig-zag

pattern.
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Figure 1. Specific identification of type A and B of Gaeumannomyces tritici with specific
primers Ggtfwd, GgtArev and Ggtrev2 (lanes 2-21 and 25, Gt A-type isolates, lanes 22-24
and 26-29, Gt B-type) isolates (Freeman et al. 2005)

Gaeumannomyces tritici JoNgo o lwlnd (gl p sobaid! o ,S ;T gy Jouo

Table 1. Sequence specific primers for molecular identification of

Gaeumannomyces tritici

Sy S5kl
Sequance Primer
5'-AAGAACATCGGCGGTCTCGCC-3' Ggtfwd
5'-TAGCGGCTGGAGCCCGCCG-3' GgtArev
5'-CTACCTGATCCGAGGTCAACCTAAGG-3' GgtBrev?2
A
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Figure 2. Specific identification of Gaeumannomyces tritici (type A) and amplification of

the 93 base pair fragment with specific primers Ggtfwd, GgtArev and Ggtrev2
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Table 3. Analysis of variance for defense enzymes and phenol content in response to take-
all disease

SOV df Phenol PPO GPX PAL
R 8 0.009™ 0.001™ 0.103™ 0.054™"
Genotype
Sl 1 0.012 0.000001 0.451™" 0.0002
Infection
obe; 3 6.04™" 0.013™ 0.228™" 0.525™"
Time
Sl s iy 8 0.035™" 0.0001 0.070™" 0.009™
Genotype x Infection
olej ) g 24 0.038 0.0009 0.092 0.038
Genotype x Time
ooy 3 (Sl 3 0.013" 0.0001 0.229™" 0.004
Infection x time
oo 3 S38)1 55 caei 24 0.026 0.0001 0.053 0.005
Genotype x Infection x Time
s 110 0.003 0.00007 0.011 0.001
Error
Js 181
Total
Oy gy 2y 4.57 6.99 7.63 12.08 457
CV%
O g 89.70 97.07 83.92 73.34 89.70
RZ

VY
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(Kuvalekar et al. 2011) 545 0 jluns 3 b w3l cdld (il 4 oo cdél (59b-cbime oYliil o Jad
sl Jole w2les Jsbo 55 (LS sl sho 08 (S 9 LayginS & (2950 30 ©LaS 5 (gplisnST ) lanST 3y
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[(Hanifei et al. 2013)
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Table 4. Mean comparison of intraction effect of genotype x infection x time on the
expression of polyphenoloxidase enzyme (unit.mg protein) based on least significant
difference (LSD) test at 0.05 level

oY)
Geotype
Time Infection 8031 2112 1622 1546 1429 871 850 164 102

Infected 0.136 0.125 0.116 0.084 0.122 0.115 0.086 0.100 0.060

0 Control 0.135 0.125 0.128 0.085 0.122 0.113 0.089 0.110 0.065
I-C 0.001"™ o -0.012"  -0.001" o™ 0.002™  -0.003"™ -0.010"™ -0.005"

Infected 0.109 0.111 0.125 0.120 0.131 0.104 0.109 0.111 0.107

7 Control 0.098 0.125 0.111 0.107 0.111 0.103 0.098 0.098 0.118
I-C 0.011"™  -0.014" 0.014* 0.013™ 0.02* 0.001"™  0.011"™ 0.013™ -0.010™

Infected 0.095 0.102 0.087 0.113 0.100 0.093 0.085 0.102 0.094

14 Control 0.102 0.096 0.080 0.103 0.110 0.096 0.087 0.086 0.108
I-C -0.007™  0.006™ 0.007" 0.011" -0.010" -0.003"  -0.002™ 0.017" -0.014"

Infected 0.125 0.132 0.163 0.141 0.134 0.134 0.124 0.122 0.157

21 Control 0.155 0.134 0.156 0.132 0.132 0.145 0.124 0.117 0.138
I-C -0.030"  -0.002" 0.007™ 0.009™ 0.001"™ -0.011" o 0.005™ 0.019"

LSD = 0.01354

Mo sime glis 335 pas g o/ 0 ghaw 0 o dme iy 4 P
*and": significant at 0.05 and no significant, respectively
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2940 (Ao b o Lt (5 piged slajgy (o )3 a5 39l (gla)],S5 yo Ty SLLsgel VI Ld o T il 5, oS
AT polio Mals 5 )Y pglio slacains] )3 Sl I g oy V oo 3 wbion Gl 38l yio loj & s @ 3T b oS
2 dimle Jlom oy VY gloi 53 9 AT pglie MlS' g YWY 5 V-V polie (slacdss) 55 (jtule Sl 59y VY oo 2

'Y

Journal of Genetics and Plant Breeding



BN,

(\io‘“ )LQ,! ) b)tows ) b)gb) ‘ﬁlﬁf db‘]';‘\'.' 9 ‘Sﬁ:") aloxo

s,

oomed (B Jgan) Cul b il 38l ()ls e b 039l laws )3 wu il Cudlad AYY pglie MalS g AVY oluos (slacuies
Slailo; ;3 VIV polis 9 VFYR pglio das NOFF 9 VY Luluos MolS slacasssf 13« Sjasle jI 59, ¥ loj 5 Iodzee
oo jpb a4 anlis Hlesd ) wa il aaw VEYY pglie MalS g VP Lolus MalS clacuiss; )3 (Siaule 51w oy YV 9 OF
ol 03y s ial33) 039l Hless 4 s

Slajgy b (5 o) oppSile duslio g STy JsSUE o5l s 25l Ty JoSUE 331 ol i
Lol Jole ol (g5low a5 03901 Jlas ;3 g Sjake 5w o, ¥ oloj 50 (eou 3l Ol oy S 0l LS (gl pptiges
2 egile | s ¥ olej o sl 0135 (slus g pglie slacaisi )3 mail cnl o GRIBI 4 e IS sk &
595 M los 53 VIV pglie o ArYY 5 VEVY aglie Mols (VFYA polio dows hd+ oluos dows VY polus ol clacusos;
ol NelS” (slacisgiy )3 e Fjanle Sl 9y YV (o) 52 9 VOFF (ol Sl 9 AD+ (ol o 955 5 Fiule J)
3o 590 VF oles o et bl il sali 4 cans o) gxe jib 039l Hlewd 13 wu T pdaw VFYA pglie de g VSF
a3 plod )3 Loy es)loss Jolo )8 s 65V il o 039l] 4y s 8l o V+Y pglio ] 1o ¢ Sjale
polie slaceigs 0 (Slen Jole duyipo 5 &l osd jlaSTy JSUE 5l o (al3E) 4 s (slus 5 pglis)
Lol aiy) 155 beiss] ded o391 jlag 0 odnliie (s 105l 00 (6 lag &) Cuoglio Ll 5 LoD a5 sl
JSSUE 51 oy Sllllas olisl 2 5 il o o Slan Ty JSUE 31 (2381 L 1y (BLS) ) 15 (lgi o idged
CS b oo Jolo ade gy > 3 (LS Jolo (05 G0 5 (05 s Jole o)led il aulyd 5 sl
(Gong et al. 2001) 5,l>

Slgme )3 yoi oy gty &S 0l LS (V Jgd) s g 039l (sl jlos (15l luglio 1S B8 (glgrome O gt
ooles 9 VOFF 9 VY ol MlS” slacassi] 1 oloj el )3 ol ilow Jole 5B b (Siale jlam 59,V (loj 5o U8 b3
YA olos g3 g Ae¥Y polie Mol 5 YWY pglie NOYS 9 VEF Lolus MolS slacaisr; , jdile 5l L 5oy VF oloj 53 AV
iz ik 4 g5 4 039l o 3 il e A+ Ll dags 9 VP ulas Ml (slacesss o Sile 5l o s
29 AVY (olass 91T polie slacisid ) edisle 5| e 590 O Gloj 0 (ol ogde w8l Laljl cald o &) caps
ol 039l 4y s ol Sl > S B ASVY pglie Ml 9 AVY sl sl > il Sl me 5y VY ol
S e o el Al il wlus glacaiel) )0 i (JST i (glaiore oS dad o )l gl b LS ) gyld pxe
g b (o 035k ln |y Bl basee «(Jid pdaw Rl o)1 518 G5k dles (2 yme 3 piy les olS G52

b 2alg55 olS ) Cueglie jo & ote (o 4 i haw (Rl Jg ) 035l p ade

V¢

Journal of Genetics and Plant Breeding



RN,

gy c‘:")m 9 3‘9)‘9 bb‘}éﬁ

wamsml,

2 Cuig) JWLsel pi¥WId o 51 by 32 cigi5 )3 oloj pd (F39T e P (il dmnlis .0 Jguo

+/+0 @b (LSD) ,l5 za S JBlas 903 wlus! 1 (g 0,5 o
Table 5. Mean comparison of intraction effect of genotype x infection x time on the

expression of phenyl alanin ammonialyase enzyme (unit.mg protein) based on least
significant difference (LSD) test at 0.05 level

Time infection

Geig)
(day) Geotype
8031 2112 1622 1546 1429 871 850 164 102

0 Infected 0.828 0.722 0.741 0.895 0.761 0.755 1.025 0.508 0.873
Control 0.805 0.713 0.722 0.886 0.725 0.717 1.023 0.515 0.835

I-C 0.023"  0.009™  0.019™  0.009™  0.036™  0.038"™ 0.002m - 0.038"

s 0.007ms
7 Infected 1.162 0.845 0.996 0.912 0.885 1.013 1.061 1.016 1.023

Control 1.105 0.921 0.971 1.073 0.980 1.039 1.109 1.101 0.924
I-C 0.057* -0.076* 0.025™ -0.161* -0.095* -0.026™ -0.048™ -0.085* 0.100*

14 Infected 1.093 0.964 1.081 0.958 0.999 1.042 1.088 0.987 1.006
Control 0.935 0.853 1.225 0.963 0.953 1.074 1.096 1.083 0.885

I-C 0.158* 0.111* -0.144* -0.006™ 0.045™ -0.032"™ -0.008™ -0.096* 0.121*

21 Infected 1.081 1.057 0.867 1.011 1.012 1.092 1.107 1.123 1.003
Control 1.010 1.060 0.966 1.056 1.032 0.921 1.106 1.177 0.956

I-C 0.071* -0.002™ -0.099* -0.045™ -0.021™ 0.171*  0.001™ -0.054* 0.017™

LSD=  0.05117
Mo sime Sglis 33 pas g o0 paw 1 b dze iy 4 ™ 5 ®
*and ": significant at 0.05 and no significant, respectively
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Table 6. Mean comparison of intraction effect of genotype x infection x time on the

expression of guaiacol peroxidase enzyme (unit.mg protein) based on least significant

difference (LSD) test at 0.05 level

]
Time infection Geotype
(day) 8031 2112 1622 1546 1429 871 850 164 102
Infected 1.058 1.061 1.076 0.927 1.023 1.069 0.621 1.060 0.896
0 Control 1.030 0.959 1.033 0.965 1.003 1.007 0.627 1.006 0.909
I-C 0.028™  0.102" 0.043™ -0.038™ 0.020™ 0.062" -0.005"  0.05™  -0.013™
Infected 1.087 1.385 1.461 0.872 1.060 0.853 1.002 1.391 0.932
7 Control 0.872 0.918 0.954 1.033 0.134 0.886 0.701 0.805 1.024
I-C 0214~ 0.467° 0508 -0.162" 0926 -0.033" 0.301° 0.585" -0.092"
Infected 0.733 0.980 0.601 1.110 0.913 0.818 0.946 0.837 0.685
14 Control 0.796 0.956 0.697 0.832 0.828 0.810 0.704 0.795 0.900
I-C -0.063™  0.024™  -0.097" 0.278" 0.085™ 0.008™  0.242°  0.042"  -0.215
Infected 0.953 0.936 0.755 0.898 0.939 0.917 0.716 0.808 0.899
21 Control 0.961 0.804 0.819 0.849 0.751 1.025 0.792 0.590 0.751
I-C -0.008™  0.132"  -0.064"™ 0.049™  0.188" -0.108™ -0.076™  0.218"  0.148™
LSD= 0.1697

®

I sine Ciglds 3g2g pas 5 o/ D prlaw ;3 o dme iy 4 P

*and": significant at 0.05 and no significant, respectively
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Table 7. Mean comparison of intraction effect of genotype x infection x time on the

expression of otal phenol content (mg.g fresh weight) based on least significant
difference (LSD) test at 0.05 level

S5
Geotype
Time infection 8031 2112 1622 1546 1429 871 850 164 102
(day)
0 Infected 0.634 0.674 0.729 0.467 0.619 0.804 0.549 0.512 0.507
Control 0.672 0.642 0.729 0.480 0.575 0.724 0.532 0.525 0.498
I-C -0.038™  0.032"™ o™ -0.014™  0.044™ 0.080™ 0.016™ -0.013"  0.009™
7 Infected 1.397 1.369 1.418 1.494 1.359 1.515 1.364 1.492 1.423
Control 1.367 1.318 1.400 1.358 1.363 1.396 1.386 1.362 1.362
I-C 0.030™ 0.051™  0.018™  0.137° -0.005™ 0.119" -0.022"  0.131" 0.062"
14 Infected 0.595 0.708 0.386 0.542 0.694 0.353 0.671 0.666 0.426
Control 0.491 0.611 0.448 0.428 0.652 0.564 0.622 0.568 0.648
I-C 0.104" 0.098" -0.062"  0.114" 0.042 -0.212° 0.048™  0.098" -0.222"
21 Infected 0.851 0.759 0.885 0.868 0.802 0.655 0.884 1.009 0.875
Control 0.857 0.709 0.981 0.831 0.823 0.968 0.702 0.425 0.959
I-C -0.006™  0.050™  -0.095" 0.038™ -0.021" -0.312" 0.182" 0.584" -0.085™

LSD= 0.08863
Ioisine Sgle5 925 pas g +/+0 a3 o dae i 4
*and ™; significant at 0.05 and no significant, respectively
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Figure 3. Shoot and root systems of infected and control treatment in genoype 1546
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Figure 4. Shoot and root systems of infected and control treatment in genoype 1622
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Figure 5. Dendrogram of clustering of bread wheat genotype based on average of phenol
and enzymes in response to take-all disease by ward method with standardized data and
Euclidean distance. Group 1 (102, 164, 1546, 850); group 2 (1622, 1429, 2112, 8031, 871)
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