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No. Line Gere No. Line Gere
1 1Sr5-Ra S5 11 BtS30Wd S30
2 CnS-T-mono-deriv s21 12 Combination VI S17+13
3 Vernstein S% 13 1IS%Ra S%
4 1IS7-Ra S 14 1S9d-Ra Sod
5 I1S11-Ra sn 15 W2691510 S10
6 196Ra 96 16 CnsSTmp STmp
7 1IS8aRa S8 17 LcSr24Ag S24
8 CnS%y S99 18 S3U6*LMPG S31
9 W2691STt-1 36 19 VPM-1 3B
10 W26915% S 20 McNair 701 SMcN

PS5 2Bl (S5 5 o (sl (539 o e i (V) oo 5 oSl ¥ s e =) IS5
Figure 1. Scale of 0-4 Stakman et al (26) to determine the infection type for wheat stem rust disease
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Table 2. Reaction of standard and differential cultivars carrying resistance genes to isolates of Pucciniagraminisf.sp. tritici

Code Race Location Effective / Ineffective genes
TKTTF
911 TKTTF Gorgan SLBARAZBDAL[EB/950Ta I h @ DA eI 12141516.1718
15,20,21, 23, 23, 28, 30,34, 36, 37, 38, Trvp, McN
9312 TKTTF Gorgan
93-1-3 TKTTF Gorgan
TITE
9L TKTTF Gorgan 24,2627, 31, 33, 35,39, 40/ 35,6, 7a, 7b, 8, 8, 9, %, %, %, 9g, 10, 11, 12, 13, 14, 15,16, 17, 18, 19,20, 21,
22,23, 25,28, 20,30, 32, 34, 36, 37,3, Trrp, Mo
94-1-2* TTTTF Gorgan
%-1-3 TTTTF Gorgan
TKTTF
B2 TKTTF Brojerd sn1324252a27293132333940/3 6,72, 7, 8, 8, %, 9, 9, 9, 9g, 10, 12, 14, 15, 16, 17,18, 19,
28,30, 34,35, 36, 37,35, Trp, McN
93122 TKTTF Brojerd
93123 TKTTF Brojerd
e
9481 TKTTF Brojerd 8'1324262731,333940/9567&7&8&,&),9&9&%9&%10]J,12,1415,161718,19202L22
23,25,28,29, 30,30, 34, 35, 36,37,
94-8-2* TITTF Brojerd
94-8-3 TTTTF Brojerd

Table 3. Combined analy5|s of variance for infection type of synthetlc wheat genotypes to Puccinia gram nisf. sp tr|t|C| isolates
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Table 4. Reaction of synthetic wheat genotypes to Puccinia graminis f.sp. tritici isolates
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Entry Number Reaction Entry Number Reaction Entry Number Reaction
1 22797 H 41 22843 C 81 22891 L
2 22798 H 42 22844 H 82 22893 AC
3 22799 H 43 22845 C 83 22894 ABC
4 22800 AC 44 22846 H 84 22895
5 22801 H 45 22847 H 85 22896 H
6 22802 H 46 22849 AC 86 22899 H
7 22803 H 47 22850 L 87 22900 AC
8 22805 H 48 22851 H 88 22901 L
9 22808 H 49 22852 H 89 22902 L
10 22809 AC 50 22853 H 90 22903 L
11 22811 H 51 22855 H 91 22904 H
12 22812 H 52 22856 H 92 22905 AC
13 22813 H 53 22857 L 93 22906 L
14 22815 H 54 22858 H 94 22907 H
15 22816 H 55 22860B H 95 22908 H
16 22817 H 56 22861A ABC 96 22909 H
17 22818 ABC 57 22861B AC 97 22910 H
18 22819 H 58 22862 L 98 22911 ACD
19 22820 H 59 22863 L 99 22912 H
20 22821 H 60 22864 L 100 22913 H
21 22822 H 61 22865 L 101 22914 L
22 22823 ABC 62 22866 L 102 22915 L
23 22824 H 63 22869 H 103 22916 L
24 22825 A 64 22870 C 104 22917 L
25 22826 H 65 22871 H 105 22918 L
26 22827 H 66 22873 H 106 22919 H
27 22828 H 67 22874 ACD 107 22920 H
28 22829 H 68 22875 H 108 22921 H
29 22830 H 69 22876 L 109 22922 H
30 22831 H 70 22877 H 110 22923 H
31 22832 H 71 22878 L 111 22924 H
32 22833 H 72 22879 H 112 22925 H
33 22834 A 73 22881 H 113 22926 AC
34 22835 AC 74 22882 AC 114 22927 H
35 22836 H 75 22884 H 115 22928 L
36 22837 H 76 22885 H 116 22929 L
37 22838 H 77 22886 H 117 22930 H
38 22839 H 78 22887 H 118 22931 H
39 22 H 79 22888 L 119 22932 H
40 22842 L 80 22889 AC 120 22933 H
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Continued Teble 4.
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Collection Collection Collection
Entry Number Reaction Entry Number Reaction Entry Number Reaction
121 22934 H 166 22982 H 211 23026 H
122 22935 H 167 22983 H 212 23027 L
123 22936 L 168 22984 ACD 213 23028 H
124 22937 L 169 22985 H 214 23029 AC
125 22938 L 170 22986 H 215 23030 H
126 22939 H 171 22987 H 216 23031 L
127 22940 H 172 22988A H 217 23032 H
128 22941 H 173 22988B L 218 23033 L
129 22942 H 174 22989 AC 219 23034 H
130 22943 ABC 175 22990 L 220 23035 L
131 22944 H 176 22991 L 221 23036 AC
132 22945 L 177 22992 H 222 23037 H
133 22948 H 178 22993 AC 223 23038 L
134 22949 H 179 22994 H 224 23039 H
135 22950 H 180 22995 H 225 23040 H
136 22951 H 181 22996 H 226 23041 H
137 22952 H 182 22997 AC 227 23042 H
138 22953 H 183 22998 H 228 23043 H
139 22954 H 184 22999 H 229 23044 H
140 22955 H 185 23000 L 230 23045 L
141 22956 H 186 23001 L 231 23046 H
142 22957 L 187 23002 L 232 23047 H
143 22958 H 188 23003 H 233 23048 H
144 22959 L 189 23004 H 234 23049 H
145 22960 AC 190 23005 H 235 23050 H
146 22961 H 191 23006 L 236 23051 H
147 22962 AC 192 23007 AC 237 23052 L
148 22963 L 193 23008 L 238 23053 H
149 22965 H 194 23009 ACD 239 23054 H
150 22966 ACD 195 23010 L 240 23055 H
151 22967 ABC 196 23011 ACD 241 23056 H
152 22968 AC 197 23012 H 242 23057 H
153 22969 H 198 23013 AC 243 23058 AC
154 22970 H 199 23014 ABC 244 23059 H
155 22971 H 200 23015 AC 245 23060 H
156 22972 H 201 23016 L 246 23061 H
157 22973 H 202 23017 AC 247 23062 H
158 22974 H 203 23018 H 248 23063 H
159 22975 H 204 23019 H 249 23064 L
160 22976 AC 205 23020 AC 250 23065 L
161 22977 AC 206 23021 L 251 23066 AC
162 22978 H 207 23022 H 252 23068 H
163 22979 H 208 23023 H 253 23069 H
164 22980 L 209 23024 H 254 23070 L
165 22981 AC 210 23025 H 255 23071 H
256 23072 L 288 23107 H 320 23148 H
257 23073 L 289 23108 H 321 23150 H
258 23074 L 290 23109 L 322 23151 H
259 23075 L 291 23111 L 323 23152 H
260 23076 L 292 23112 H 324 23154 H
261 23077 H 293 23115 AC 325 23155 H
262 23078 H 294 23116 L 326 23156 H
263 23079 L 295 23117 L 327 23161 H
264 23080 L 296 23118 H 328 23163 H
265 23081 L 297 23119 L 329 23165 H
266 23082 H 298 23120 H 330 23166 AC
267 23083 H 299 23121 L 331 23167 ABC
268 23084 H 300 23122 H 332 23168 H
269 23085 L 301 23123 AC 333 23169 H
270 23086 H 302 23125 H 3 23170 L
271 23087 H 303 23126 H 335 23171 H
272 23088 H 304 23128 L 336 23173 AC
273 23089 L 305 23129 H 337 23174 AC
274 23090 H 306 23130 H 338 23176 H
275 23091 H 307 23131 H 339 23177 H
276 23093 H 308 23132 H 340 23178 H
277 23094 BCD 309 23133 H 341 23179 L
278 23095 L 310 23136 L 342 23180 H
279 23096 L 311 23138 H 343 23182 ACD
280 23097 H 312 23139 H 344 23184 H
281 23099 H 313 23140 H 345 23185 H
282 23100 L 314 23141 H 346 23186 L
283 23101 H 315 23142 H 347 Morocco H
284 23102 L 316 23143 H 348 McNair 701 H
285 23103 AC 317 23145 H
286 23104 H 318 23146 L
287 23105 H 319 23147 AC
3 Gl odliid 3y90 clailis (gdan Yy » CuigitH 3> Cuoglio o3l 3)90 slalis (gdad Wy » Cusgi:L
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Figure 2. Frequency of different reactions of synthetic wheat genotypes to all Puccinia graminisf.sp. tritici isolates
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Figure 3. Frequency of isolate specific resistance reactions in synthetic wheat genotypes to Puccinia graminis f.sp.
tritici isolates

&bo

1. Afshari, F. 2013. Genetics of pathogenicity of wheat stem rust pathogen (Puccinia graminis fﬁ'
gét%cgegnd reaction of wheat genotypes to the disease. Iranian journal of plant protection science, 43:

Anonymous. 2016. FAOSTAT, Food and Agriculture Organization. Available at http://www.fao.org.

Anonymous. 2014. Wheat: Vital grain of civilization and food security, 2013 Annual Report, CGIAR

Research Program on Wheat. Mexico, D.F.

Bamdadian, A. and M. Torabi. 1978. Epidemiology of wheat stem rust in southern areas of Iran in

1976. Iranian Journal of Plant Pathology, 14: 14-19 (In Persian).

Chen, X.M. 2005. Epidemiology and control of strip rust (Puccinia striiformis f.sp. tritici) on wheat.

Plant pathology, 27: 314-337.

German, S.E., A. Barcellos, M. Chaves, M. Kohli, P. Campos and D. Viedma. 2007. The situation of

common wheat rusts in the Southern Cone of America and perspectives for control. Australian Journal

of Agricultural Research, 58: 620-630.

7. Khodarahmi, M., SA. Mohammadi, M.R. Bihamta, E. Mgjidi Heravan and M.R. Jalal Kamali. 2014.
Inheritance and combining ability of yellow rust resistance in some bread wheat commercial cultivars
and advanced lines. Seed and Plant Improvement Journal, 30: 531-544 (In Persian)

8. Kolmer, JA. 2001. Early research on the genetics of Puccinia graminis stem rust resistance in wheat
in Canada and the United States. In: Stem Rust of Wheat: From Ancient Enemy to Modern Foe.
Peterson, P.D. (ed.) American Phytopathological Society Press, St. Paul, MN, 51-82 pp.

S T i



ay Bl S slaahis ol len sl

9. Ma, H., R.P. Singh and A. Mujeeb-Kazi. 1995. Resistance to stripe rust in Triticum turgidum, T.
tauschii and their synthetic hexaploids. Euphytica, 82: 117-124.

10. Mehrabi, R., S. Kamali, E. Majidi and M. Khodarahmi. 2014. Evaluation of CIMMYT synthetic
hexaploid wheats for resistance to septoria tritici blotch. Crop Breeding Journal, 4: 23-33.

11. Mohammadi, M., D. Torkamaneh and M. Patpour. 2013. Seedlin? stage resistance of Iranian bread
wheat germplasm to race Ug99 of Puccinia graminisf. sp. tritici. Plant Disease, 97: 387-392.

12. Mojerlou, S.H., N. Safaie, A. Abbasi-Moghaddam and M. Shams-Bakhsh. 2013. Evaluation of some
Iranian wheat landraces resistance against stem rust disease at seedling stage in the greenhouse. Plant
Protection Journal, 35: 69-82 (In Persian). o )

13. Mdller, C. and R.D. Robertson. 2014. Projecting future crop productivity for global economic
modeling. Agricultural Economics, 45: 37-50.

14. Nafula Tenge, B., P.P. Okwiri Ojwang, D. Otaye and P. Njau. 2016. Assessment of advanced Kenyan
selected wheat lines for resistance to the prevailing stem rust races (Puccinia graminis f.sp. tritici) in
Kenya. Journal of Plant Breeding and Crop Science, 8: 94-108.

15. Olivera, P., M. Newcomb, L.J. Szabo, M. Rouse, J. Johnson, S. Gale, D.J. Luster, D. Hodson, G.A.
Cox, L. Burgin, M. Hort, C.A. Gilligan, M. Patpour, A.F. Justesen, M.S. Hovmoller, G. Woldeab, E.
Hailu, B. Hundie, K. Tadesse, M. Pumphrey, R.P. Singh and Y. Jin. 2015. Phenotypic and genotypic
characterization of race TKTTF of Puccinia graminis f. sp. tritici that caused a wheat stem rust
epidemic in southern Ethiopia in 2013-14. Plant Disease, 150: 917-928.

16. Omrani, A., M. Khodarahmi and F. Afshari. 2014. Reaction of some wheat cultivars and breeding
lines to Puccinia striiformis f. sp. tritici hot races in Iran. Archives of Phytopathology and Plant
Protection, 47: 1136-1145.

17.gggk,5&L. 2007. Stem rust of wheat in Australia. Australian Journal of Agricultural Research, 58:

18. Patpour, M., K. Nazari, F. Ogbonnaya, S.M. Alavi and A. Mousavi. 2014. Detection of resistance
sources to lranian prevalent stem rust races in commercial wheat cultivars. Seed and Plant
Improvement Journal, 30: 133-154 (In Persian).

19. Pretorius, Z.A., K.W. Pakendorf, G.F. Marais, R. Prins and J.S. Komen. 2007. Challenges for
sustainable control of cereal rust diseases in South Africa. Australian Journal of Agricultural
Research, 58: 593-601.

20.Roelfs, A.P. 1978. Estimated losses caused by rust in small grain cereals in the United States
ll\/lgis%”?ageous Publication No.1363, United States Department of Agriculture, Washington DC., USA,

21.Roelfs, A.P., R.P. Singh and E.E. Saari. 1992. Rust Disease of Wheat: Concepts and Methods of
Disease Management. CIMMIT, Mexico, 81 pp.

22.Rouse, M.N., J. Nirmala, Y. Jin, S. Chao, T.G. Fetch, Z.A. Pretorius and C.W. Hiebert. 2014.
Characterization of S9h, a wheat stem rust resistance allele effective to Ug99. Theoretical and
Applied Genetics, 127: 1681-1688.

23. Sharif, G.H., A. Bamdadian and B. Daneshpajoh. 1970. Ph%/siological races of wheat stem rust in Iran
(1965-1970). Journal of Applied Entomology and Phytopathology, 6: 73-100 (In Persian).

24.Singh, R.P., D.P. Hodson, Y. Jin, E.S. Lagudah, M.A. Ayliffe, S. Bhavani, M.N. Rouse, Z.A.
Pretorius, L.J. Szabo, J. Huerta-Espino, B.R. Basnet, C. Lan and M.S. Hovmagller. 2015. Emergence
and spread of new races of wheat stem rust fungus: Continued threat to food security and prospects of
genetic control. Phytopathology, 105: 872-884.

25.Singh, R.P., D.P. Hodson, J. Huerta-Espino, Y. Jin, S. Bhavani, P. Njau, S. Herrera-Foessel, P.K.
Singh, S. Singh and V. Govindan. 2011. The emergence of Ug99 races of the stem rust fungus is a
threat to world wheat production. Annual Review of Phytopathology, 49: 465-481.

26. Stakman, E.C., D.M. Stewart and W.Q. Loegering. 1962. Identification of physiologic races of
Puccinia graminis f.sp. tritici. U.S. Department of Agriculture, Agricultural Research Service. U.S.
Government Printing Office, Washington, DC., USA, 617 pp.

27.Szabo, L.J., A. Christina and R. Park. 2014. Puccinia graminis. In: Dean, R.A. et al. (eds.) Genomics
of P{g@t-@sgociated Fungi: Monocot Pathogens, Springer-Verlag Berlin Heidelberg, outside the USA,
pp: 17/7-136.

28.Wanyera, R., M.G. Kinyua, Y. Jin and R.P. Singh. 2006. The spread of stem rust caused by Puccinia
graminisf. sp. tritici, with virulence on S31 in wheat in Eastern Africa. Plant Disease, 90: 113-125.

29. Wairimu Gitonga, H., P.P. Okwiri Ojwang, G. Kamau Macharia and P. Njoroge Njau. 2016.
Evaluation of advanced bread wheat genotypes for resistance to stem rust and yield stability. African
Journal of Plant Science, 10: 111-120.

30. Zadoks, J.C., T.T. Chang and C.F. Konzak. 1974. A decimal code for the growth stages of cereals.
Weed Research, 14: 415-21.



Journal of Crop Breeding Vol. 10, NO 27, AUIUMN 2018 .......ouiuuiiiiie et et eit et et et et et e e e ettt e e re et e neens 93

Virulence Factors of Wheat Stem Rust (Puccinia graminisf. sp. tritici) I solates and
Identification of Resistance Sourcesin CIMMY T Wheat Synthetic Genotypes

Ali Omrani*, Saeid Aharizad?, Ramin Roohparvar®, Manoochehr K hodarahmi® and
Mahmoud Toorchi*

1 and 4 - Ph.D. Student of Plant Breeding and Professor, Department of Plant Breeding and Biotechnology, Faculty
of Agriculture, University of Tabriz, Tabriz
2- Professor, Department of Plant Breeding and Biotechnol O%’ Faculty of Agriculture, University of Tabriz, Tabriz,
(Corresponding Author: s.aharizad@yahoo.com)
3- Assistant Professor, Seed and Plant Improvement Institute, Agricultural Research Education and Extension
Organization (AREEO), Karaj, Iran
Received: February 5, 2017 Accepted: November 18, 2017

Abgtract

Wheat stem rust caused by Puccinia graminis f. sp. tritici (Pgt) is one of the most important
diseases of wheat, worldwide. New sources of resistance to stem rust could be found in
synthetic hexaploid wheat (SHW) genotypes due to their high genetic diversity. In order to
recognize the genetic structure of the population of the stem rust, following race analysis of 12
Pgt isolates, resistance of 348 SHW genotypes were evaluated using the infection (tjyge on a
scale of 0to 4 ratio to the four selected Isolates from Gorgan and Broujerd (in 2014 and 2015) at
seedling stage using randomized complete block design with two replications. Based on the
reactions of differential wheat genotypes, the Pgt races TKTTF and TTTTF were identified
among dl isolates digplaying virulence on the stem rust resistance genes S5, 6, S7a, S7b,
S8a, S8b, 9, S9b, S9d, S 9%, Sng, 10, §12, §14, 315, 16, 17, 318, S19, S20,
21, S22, 323, §28, 330, §34, 336, 337, 338, STmp and S'McN. Combined analysis of
variance showed statistical significance between SHW genotypes in seedling stage in terms of
their reaction to Pgt isolates. Furthermore, the significant isolate x genotype interaction
suggests isolate-specific resistance in some genotypes which displays resistance to at least one
Pfgt Isolate. 1solate-specific resistance was observed in 16% of genotypes, whereas 61 and 23%
of the SHWs (such as lines 22842, 22857, 22862, 22863, 22864) were susceptible (infection type
of 3-4) and resistant (infection \%pe of 0-2) to al four Pgt isolates, respectlveI?/. Reaults of this
research as the firg report of SHWs ressant to prevaent Iranian Sem rust races could be exploited in
breeding programs using identified res sant genotypeswhich carry seedling res gance genes

Keywords Irrfglaio_n type, Isolate, Isolate-specific resistance, Puccinia graminis f. sp. Tritici, Race
analysis



