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Table 1. Characteristics of genotypes are used in this study
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Table 2. Ratios and genetic effects in second generation of dihybrid
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Table 4. Weighted analysis of variance for take-all resistancein different crosses
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Table 5. Means separation and standard deviation of disease scores for three crosses in unbalanced completely
randomized design by Bootstrap method based on 1000 samples
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Table 8. Estimation of broad and narrow sense heritability in three crosses for take-all resistance
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Table 9. Estimates of the number of genes contributing in take-all resistance in three crosses by different method
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Table 10. Genotypes and expected phenotypes based on duplicate epistatic with additive effect (9:6:1)
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Figure 1. Distribution of F, individuals based on disease scores for three crosses
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Table 11. Result of x*analysis based on duplicate epistasis with additive effect(9:6:1) in three Crosses

(1 L3%) 164x 1528 (2 L33)1526x1622 (3 L3%) 1546x1528
et TR g “‘”t;"*” il 3yge a5 ok oanlia s las] 5,00 sl “‘”L;;’“’“ ”i‘&l*”
poli 1 14 8/125 14 8 11 6/315
ool 4o 6 45 48/75 41 48 39 37/85
oles 9 71 73/125 73 72 51 56/85
Js 16 130 130 128 128 101 101
2= i ¥ =4159 % %=5/53 =411
T e p=0/102 P=0/063 P=0/128
Fv%)

1. Afshari, F. 2013. Determination of number of resistance genes to stem rust disease (Puccinia
graminis f.sp. tritici), race Ug99 in two wheat cultivars. Iranian Journal of Agricultural
Biotechnology, 12(1): 27-33 (In Persian).

2. Ahmadian, S., S.M.M. Mortazavian, M. Ebrahimi, F. Amini, M. Ghorbani Javid and B. Foghi. 2016.
Genetic analysis of some morphological traits in wheat using generation mean analysis under normal
and drought stress conditions. Journal of Crop Breeding, 8(20): 175-182 (In Persian).

3. Akhtar, N. and M.A. Chowdhry. 2006. Genetic analysis of yield and some other quantitative traits in
bread wheat. International Journal of Agriculture and Biology, 4: 523-527.

4. Allard, R.W. 1960. Principles of plant breeding. John Wiley and Sons. New York.

5. Anderson, V.L. and D. Kempthorns. 1965. A model for the study of quantitative inheritance.
Genetics, 39: 883-898.

6. Asher, M.J.C. and P.J. Shipton. 1981. Biology and Control of Take-all. Academic Press, London.
538 pp.


http://dx.doi.org/10.29252/jcb.12.33.9
http://jcb.sanru.ac.ir/article-1-982-en.html

[ Downloaded from jcb.sanru.ac.ir on 2026-07-06 |

[ DOI: 10.29252/jch.12.33.9]

17

10.
11.
12.
13.
14,

15.
16.
17.

18.
19.
20.
21.
22.
23.
24.

25.

26.

27.
28.
29.
30.
31.

32.

33.

................................... 1399k, /33 o)lous [ p3ls> Jlo [ sl alS oMol aoliingsy

Bartual, R., A. Lacasa, J.I. Marsal and J.C. Tello. 1994. Epistasis in the resistance of pepper to
phytophtora stem blight (phytophtora capsici L.) and its significance in the prediction of double cross

performances. Euphytica, 72: 149-152.

Biffen, R.H. 1906. Mendel's laws of inheritance and wheat breeding. Journal of Agriculture and
Science, 1: 4-48.

Borojevic, S. 1991. Principles and Methods of Plant Breeding. Elsevier Science Publishers. New
York. 368pp.

Cavalli, L.L. 1952. An analysis of linkage in quantitative inheritance. (Ed. E.C.R. Rieve and
Waddington, C.H.), HMSO, London. pp. 135-144.

Chaudhary, B.D., R.K. Pannu, D.P. Singh and P. Singh. 1996. Genetic of metric traits related with
biomass partitioning in wheat under drought stress. Annals of Applied biology, 131: 361-367.
Dawinkle, A.B., A. TenHang and J. Juizenga. 1977. Effect of sowing date and seed rate on crop
development and grain production of winter wheat. Netherlands Journal of Agriculture, 25: 83-94.
Dashti, H., M.R. Naghavi and A. Tajabadipour. 2010. Genetic analysis of salinity tolerance in a
bread wheat cross. Journal of Agriculture Science Technology, 12: 347-356 (In Persian).

Daval, S., L. Lebreton, K. Gazengel, M. Boutin, A. Guillerm-Erckelboudt and A. Sarniguet. 2011.
The biocontrol bacterium Pseudomonas fluorescence PF29 Arp strain affects the pathogenesis-
related gene expression of the take-all fungus Gaeumannomyces graminis var. tritici on wheat roots.
Molecular plant pathology, 12: 839-854.

Falconer, D.S. 1989. Introduction to Quantitative Genetics. (Third Edition). Longman Scientific and
Technical. New York, U.S.A, 438pp.

Farshadfar, E. 1998. Application of biometrical genetics in plant breeding. Publications Razi
University of Kermanshah Press. Iran, 528pp.

Farzanfar, M., M.R. Bihamta, M. Kohi Habibi, H.R. Dori and M. Salehifar. 2014. Study of resistance
inheritance to BCMNV virus in common bean by generation mean analysis. Iranian Journal of
Modern Genetics, 9(2): 161-170.

Fei, X., Y. Gonggiang, H. Wenlan, S. Yuli, W. Junmei and L. Yahong. 2013. Evaluation of
resistance to take-all disease in different wheat cultivars or lines. Plant Protection, 2: 31.

Flor, H.H. 1956. The complementary genic systems in flax and flax rust. Advances in Genetics, 8:
29-54.

Gamil, K.H. and Y.A. Saheal. 1986. Estimation of genetic effects for agronomic traits in wheat.
Wheat Inform. Service, 62: 36-41.

Gardner, E.J., M.J. Simmons and D.P. Snustad. 1991. Principles of genetics. (Eighth Edition). John
Wiley and Sons, INC. New York, 649 pp.

Ghannadha, M.R. 1998. Gene action for latent period of stripe rust in five cultivars of wheat. Iranian
Journal of Crop Sciences, 1: 53-70 (In Persian).

Ghannadha, M.R. 1999. Gene action for resistance of wheat (adult stage) to yellow (stripe) rust.
Iranian Journal of Agriculture and Science, 30(2): 408-397 (In Persian).

Gholizadeh Vazvani, M., H. Dashti, R. Saberi Riseh and M.R. Bihamta. 2015. Comparison between
spring and autumn growth types of different wheat (Triticum aestivum) genotypes in response to
Take-all disease. Iranian Journal of Plant Protection, 46(2): 307-316 (In Persian).

Gholizadeh Vazvani, M., H. Dashti, R. Saberi Riseh and M.R. Bihamta. 2016. Study of relationship
between of vegetative traits and resistance to take-all disease in greenhouse condition. Iranian Journal
of Plant Protection, 47(1): 11-21 (In Persian).

Gholizadeh Vazvani, M., H. Dashti, R. Saberi Riseh and M.R. Bihamta. 2017. Screening Bread
Wheat germplasm for resistance to take-all disease (Gaeumannomyces graminis var. tritici) in
greenhouse conditions. Journal of agriculture science and Technology, 19: 1173-1184.

Hinze, L.L. and K.R. lamkey. 2003. Absence of epistasis for grain yield in elite maize hybrids. Crop
Science, 43: 46-56.

Jinks, J.L. and H.S. Pooni. 1979. Predicting the properties of recombinant inbred lines derived by
single seed descent. Heredity, 36: 253-266.

Kearsey, M.J. and H.S. Pooni. 1996. The genetical analysis of quantitative Traits. 1 ed., Chapman
and Hall, London.

Kearsey, M. and H.S Pooni. 2004. In: The Genetical Analysis of Quantitative Traits, second ed.
Chapman and Hall, UK, ISBN 0-7487-4082-1.

khanahmadi, M., F. Bayat and F. Jamali. 2016. Evaluation reaction of some wheat cultivars to take-
all disease (Gaeumannomyces graminis var. tritici). Biological Forum-An International Journal,
8(1):526-531.

Kiani, S., N. Babaeian Jelodar, Gh. Ranjbar, S. K. Kazemitabar and M. Nowrozi. 2015. The genetic
evaluation of quantitative traits in rice (Oryza sativa L.) by generation mean analysis. Journal of crop
Breeding, 7(15):105-114 (In Persian).

lamkey, K.R. and M. Lee. 2005. Quantitative genetics, molecular markers and plant improvement.
http://corn2.agron.iastate.edu/31/Publications/PDF/Australia.htm.


http://dx.doi.org/10.29252/jcb.12.33.9
http://jcb.sanru.ac.ir/article-1-982-en.html

[ Downloaded from jcb.sanru.ac.ir on 2026-07-06 |

[ DOI: 10.29252/jch.12.33.9]

18

34.
35.

36.
37.
5y Mather, K. 1949. Biometrical Genetics. Methuen, London, 162 pp.
40.
41.
42.
43.
. Mohammadi, M., S.S. Ramzanpour, S, Navabpour and H. Soltanloo. 2012. Study on inheritance of
45,
46.
47.
48.

49,

50.

................ ob puiS > T-41 4)las> Gaeumannomyces graminis var. tritici oyssly (g)low 4 Cuoglio (S5 4 jo0

lande, R. 1981. The minimum number of genes contributing to quantitative variation between and
within populations. Genetics, 99: 541-553.

Liu, X,, L. Yang, X. Zhou, M. Zhou, Y. Lu, L. Ma, H. Ma and Z. Zhang. 2013. Transgenic wheat
expressing Thinopyrum intermedium MYB transcription factor TiMYB2R-1 shows enhanced
resistance to the take-all disease. Journal of Experimental Botany, 8: 2243-2253.

Mahmud. 1. and H.H. Keramer. 1951. Segregation for yield, height and maturity following a soybean
Cross.

Mather, K. and J.L. Jinks. 1982. Biometrical genetics, 3" ed. Chapman and Hall, London.

Mather, K. 1967. Complementary and Duplicate gene interactions in biometrical genetics, 22: 97-
103.

Mattsson, B. 1973. Screening of varieties for resistance to the take-all fungus and the transference of
resistance to Swedish material. Sveriges Utsades Forenings Tidskrift, 83: 281-297.

Mclntosh, R.A., C.R. Wellings and R.F. Park. 1995. Wheat rusts, an atlas of resistance genes. CSIRO
Publ. Australia.

McMillan, V.E. 2012. Identification and characterization of resistance to the take-all fungus in wheat.
Ph.D. Thesis. Biological Sciences England. University of Exter.

Miko, 1. 2008. Epistasis: Gene interaction and phenotype effects. Nature Education, 1(1): 197.

resistance to Septoria tritici Blotch of wheat by generation mean analysis. Journal of Plant
Production, 19(4): 1-18 (In Persian).

Multize, D.K. and R.J. Baker. 1985. Evaluation of biometrical methods for estimating the number of
genes. 1- effect of sample size. Theoretical and Applied Genetics, 69:553-558.

Naghavi, M.R., M.R. Ghannadha and B. Yazdi-Samadi. 2002. Genetic analysis of resistance to
Powdery Mildew in barleylranian journal of Agriculture and Science, 33(2): 197-204 (In Persian).
Nikfetrat, A., M. Taherian, M.R. Bihamta and A.R. Razavi. 2012. Genetic analysis of resistance to
yellow rust (4EOA™) IN bread wheat. Modern Genetic, 6(2): 13-21 (In Persian).

Nilsson, H.E. 1969. Studies of root and foot disease of cereals and grasses. I. On resistance to
Ophiobolus graminis Sacc. Annals of the Agricultural College of Sweden, 35: 275-807.

Ownley, B.H., B.K. Duffy and D.M. Weller. 2003. Identification and manipulation of soil properties
to improve the biological control performance of phenazine-producing pseudomonas fluorescens.
Applied and Environmental Microbiology, 69: 3333-3343.

Penrose, L.D.J. 1987. Thickening and browning of cortical cell walls in seminal roots of wheat
seedlings infected with Gaeumannomyces graminis var. tritici. Annals of Applied Biology, 110: 463-
470.

. Saharay, P.K,, D. Hilerislambers and N.M. Tepora, 1994. Genetics of stem elongation ability in rice

(Oryza sativa L.). Euphytica, 74: 137-141.

. Scott, P.R. 1969. Control of survival of Ophiobolus graminis between consecutive crops of winter

wheat. Annals of Applied Biology, 63: 37-43.

. Scott, P.R. 1981. Variation in host susceptibility. Biology and Control of Take-all. London:

Academic press, 219-236.

. Wallwork, H. 1987. Screening for resistance to take-all in wheat, triticale and wheat-triticale hybrid

lines. Printed in the Netherlands, 40: 103-109.

. Warner, J.N. 1952. A method for estimating heritability. Journal of Agronomy, 44: 427-430.
. Wiese, M.V. 1987. Compendium of wheat disease. Second ed., APS Press, MN., 112pp.
. Yadav, R.K. and V.G. Narsinghani. 1999. Gene effects on yield and its component in wheat. Rachis

Newsletter, 18: 79-81.


http://dx.doi.org/10.29252/jcb.12.33.9
http://jcb.sanru.ac.ir/article-1-982-en.html

[ Downloaded from jcb.sanru.ac.ir on 2026-07-06 |

[ DOI: 10.29252/jch.12.33.9]

Journal of Crop Breeding Vol. 12, NO 33, Spring 2020 ...........uuiiiriirieeeisieieisesesieseseses e e s en st saseenennssansnenssssinineeseesenernennes 19
Genetical Analysis of Resistance to ‘Take-all (Gaeumannomyces graminisvar.
tritici) T-41 I solation in Bread Wheat Using Generation Means Analysis

Hossein Dashti', Zahra Shahab alDini Parizi?, Roohollah Saberi Riseh®, Mohammad
Reza Bihamta® and M ozhgan Gholizadeh Vazvani®

1- Professor of Genetic and Plant Production Department, Agriculture College, Vali-e-Asr University of Rafsanjan,
(Corresponding author: dashti @vru.ac.ir)
2- Master of Plant Breeding, Department of Genetic and Plant Production, Agriculture College, Vali-e-Asr University
of Rafsanjan.
3- Associate Professor of Plant Protection, Agriculture College, University of Vali-e-Asr Rafsanjan
4- Professor of Department of Agronomy and Plant Breeding, College of Agriculture and Natural Resources Kargj,
Tehran
5- Graduated Master of Plant Breeding, Department of Genetic and Plant Production, Agriculture College, Vali-e-Asr
University of Rafsanjan
Received: July 27, 2018 Accepted: November 10, 2018

Abstract

Take-al disease, caused by Gaeumannomyces graminis var. tritici (Ggt) is one of the most important
of wheat diseases that causes severe damage to crown and root rot in different regions of Iran.
Development of resistant varieties requires genetic study on inheritance and type of gene action in disease
resistance, which so far has not been any report in relation to (Ggt). Therefore, in order to genetically
analyze of resistance to this disease, the generations of Py, P,, F;, F,, BC; and BC, were produced and
planted at greenhouse. After artificial infection of plants with T-41 strain of (Ggt), the phenotypic
measurement was based on the degree of disease damage and its symptoms on the crown and root were
recorded. The results of the generation mean analysis indicated that the five-parameter model can explain
the variations between the means of generations in two crosses (1528x164 and 1622x1526) and four
parametric models in third cross(1528x1546). Additive, dominance and epistatic effects including
additive x dominance and dominance x dominance were exist in controlling of this trait. The dominance
and epistatic effects were greater than the others. Distribution of F, generations, showed a tendency
toward susceptibility so the susceptibility was dominant to resistance. Analysis of the F, data based on the
classical ratios showed that with phenotypic grouping of F, generation in three susceptible, semi-
susceptible and resistant groups. These three groups corresponded to the epistatic ratio (9:6:1),
respectively. This result was almost consistent with the results obtained from the Generation means
analysis, since in GMA, duplicate dominant epitasis and partial duplicate interaction were detected and
the minimum number of genesinvolved in controlling this trait has been estimated by 2 gene that it has a
relative accordance by duplicate dominant interaction with additive effect (9:6:1).
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