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Identification of Resistance Sources to TTKSK and TTKTK (Ug99 race
group) of Stem Rust Pathogen in some Synthetic Hexaploid Wheat
Genotypes
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Abstract

Wheat stem rust caused by the fungal pathogen Puccinia graminis f. sp. tritici (Pgt) is one of the most
devastating wheat diseases, worldwide. The race TTKSK (Ug99) and its derived variants are amongst highly
virulent Pgt races imposing a serious threat to the global wheat production. So far, TTKSK and TTKTK
(belonging to Ug99 race group) have been reported from different locations of Iran. Since utilization of
resistant cultivars is the most effective, efficient and environmentally safe control method of stem rust,
therefore identification of resistance sources includes a high importance in wheat breeding programs. Due to
wild ancestors used in production of wheat synthetic hexaploid (SH) genotypes and also to high genetic
diversity in the resulted SHs, new effective sources of resistance is assumed to be found in these genotypes
against Ug99 race group of Pgt. For this purpose, resistance of 346 wheat SH genotypes as well as two
susceptible controls (Morocco and McNair 701) was evaluated against Pgt races TTKSK and TTKTK in a
completely randomized block design with three replications under greenhouse conditions. Eight-day old
seedlings were inoculated with a mixture of urediniospores in salterol 170 at the step 12 of Zadoks et al.
scale, followed by scoring of infection type (IT) of the genotypes at 14 dpi based on the modified method by
Mclntosh et al. Virulence assays showed that Sr24 and Sr36 are effective resistance genes against both Pgt
races. Based on the results of analysis of variance, there was a significant difference and genetic diversity
among the wheat genotypes to both Pgt races tested. This study demonstarated that 21.3% of SH wheat
genotypes tested include different levels of resistance to the races. These genotypes carrying seedling
resistance genes could be used in wheat breeding programs as effective sources of resistance to Ug99 race
group along with the genotypes carrying adult plant resistance genes.
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Tablel.North American differential wheat genotypes used for race analysis of Pgt

No. Line Gene No. Line Gene

1 ISr5-Ra Sr5 11 BtSr30Wst Sr30

2 CnS-T-mono-deriv Sr21 12 Combination VII Sri17+13
3 Vernstein Sr9e 13 ISr9a-Ra Sr9a

4 ISr7b-Ra Sr7b 14 ISr9d-Ra Sr9d

5 ISr11-Ra Srll 15 W2691Sr10 Sr10

6 ISr6-Ra Sr6 16 CnsSrTmp SrTmp
7 ISr8a-Ra Sr8a 17 LcSr24Ag Sr24

8 CnSr9g Sr9g 18 Sr31/6*LMPG Sr31

9 W2691SrTt-1 Sr36 19 VPM-1 Sr38
10 W2691Sr9b Sr9b 20 McNair 701 SrMcN
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Figure 1. Modified scale of 0-4 McIntosh et al. (McIntosh et al., 1995) to determine the infection type for wheat
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Table 2. Characteristics of isolates (races) of Pgtused to evaluate resistance of wheat synthetic genotypes

IRy sl5 dyplaS Soslper Joee Sle O3/ Jse sl

No. Race Code Location Ineffective genes / Effective genes

1 TTKTK 95-2 Ahvaz Sr5, 6, 7b, 8a, 9a, 9b, 9d, 9e, 9g, 10, 11, 17, 21, 30, 31, 38, Tmp, McN
Shavoor /24, 36

2 TTKSK 95-68  East Azarbaijan Sr3, 6, 7b, 8a, 9a, 9b, 9d, 9e, 9g, 10, 11, 17, 21, 30, 31, 38, McN
Hashtrood /24, 36, Tmp
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Table 3. Analysis of variance of infection type of
wheat synthetic genotypes to Pgtraces
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Figure 2. Frequency of different reactions of synthetic wheat genotypes to both Pgtraces
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Table 4. Coding system based on the response of
resistance genes in the set of North American
differential genotypes to determine the races of Pgt
(Jin et al., 2008)

High High High Low
High High High High

Set 1 Sr5 Sr21 Sr9e Sr7b
Set 2 Srill Sr6 Sr8a Sr9g
Set 3 Sr36 9b Sr30 Sr17
Set 4 Sr9a 9d Sr10 SrTmp
Set 5 Sr24 31 Sr38 SrMcN
B Low Low Low Low
C Low Low Low High
D Low Low High Low
F Low Low High High
G Low High Low Low
H Low High Low High
J Low High High Low
K Low High High High
L High Low Low Low
M High Low Low High
N High Low High Low
P High Low High High
Q High High Low Low
R High High Low High
S
T
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Table 5. Reaction (infection type) of wheat synthetic genotypes to Pgtraces

s, 3 5SS 0 les Sty LSl 3, 0 5SS 05 las Sty LSl
Collection Reaction Reaction Collection Reaction Reaction
Entry Number TTKSK TTKTK Entry Number TTKSK TTKTK
1 22797 H H 51 22855 H H
2 22798 H H 52 22856 H H
3 22799 H H 53 22857 H L
4 22800 H H 54 22858 H H
5 22801 H H 55 22860B H H
6 22802 H H 56 22861A L L
7 22803 H H 57 22861B H L
8 22805 H H 58 22862 L H
9 22808 H H 59 22863 L H
10 22809 L H 60 22864 L H
11 22811 H H 61 22865 H L
12 22812 H H 62 22866 L L
13 22813 H H 63 22869 L H
14 22815 H H 64 22870 H L
15 22816 H H 65 22871 H H
16 22817 H H 66 22873 H H
17 22818 L L 67 22874 L L
18 22819 H H 68 22875 H H
19 22820 H H 69 22876 L L
20 22821 H H 70 22877 H H
21 22822 H H 71 22878 H L
22 22823 H H 72 22879 H H
23 22824 H H 73 22881 H H
24 22825 H H 74 22882 L H
25 22826 H H 75 22884 H H
26 22827 H H 76 22885 H H
27 22828 H H 77 22886 H H
28 22829 L H 78 22887 H H
29 22830 H H 79 22888 H H
30 22831 H H 80 22889 H H
31 22832 H H 81 22891 L L
32 22833 L L 82 22893 H H
33 22834 H H 83 22894 H H
34 22835 H L 84 22895 H H
35 22836 H H 85 22896 H H
36 22837 H H 86 22899 H H
37 22838 H H 87 22900 H L
38 22839 H H 88 22901 L H
39 22840 H H 89 22902 L H
40 22842 H H 90 22903 H L
41 22843 H H 91 22904 H H
42 22844 H H 92 22905 H H
43 22845 H H 93 22906 H H
44 22846 H H 94 22907 H H
45 22847 H H 95 22908 H H
46 22849 H H 96 22909 H H
47 22850 H H 97 22910 H H
48 22851 H H 98 22911 L L
49 22852 H H 99 22912 H H
50 22853 H H 100 22913 H H
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Table 5. Continued.
s, O 5SS 0 jles Sty LSl 3, 0 5SS 05 las Sty LSl
Collection Reaction Reaction Collection Reaction Reaction

Entry Number TTKSK TTKTK Entry Number TTKSK TTKTK
101 22914 L L 151 22967 L L
102 22915 H H 152 22968 H H
103 22916 H H 153 22969 H H
104 22917 L L 154 22970 H H
105 22918 L L 155 22971 H H
106 22919 H H 156 22972 H H
107 22920 H H 157 22973 H H
108 22921 H L 158 22974 H H
109 22922 H H 159 22975 H H
110 22923 H H 160 22976 L L
111 22924 L L 161 22977 L L
112 22925 H H 162 22978 H H
113 22926 L L 163 22979 H H
114 22927 H H 164 22980 L L
115 22928 H H 165 22981 L L
116 22929 H H 166 22982 H H
117 22930 L L 167 22983 H H
118 22931 H H 168 22984 H H
119 22932 H H 169 22985 H H
120 22933 H H 170 22986 H H
121 22934 H H 171 22987 H H
122 22935 H H 172 22988A H H
123 22936 H H 173 22988B L H
124 22937 H H 174 22989 L L
125 22938 H H 175 22990 H H
126 22939 H H 176 22991 H H
127 22940 H H 177 22992 H H
128 22941 H H 178 22993 H H
129 22942 H H 179 22994 H H
130 22943 H H 180 22995 H H
131 22944 H H 181 22996 H H
132 22945 H H 182 22997 H H
133 22948 H H 183 22998 H H
134 22949 H H 184 22999 H H
135 22950 H H 185 23000 H L
136 22951 H H 186 23001 L L
137 22952 H H 187 23002 H H
138 22953 H H 188 23003 H H
139 22954 H H 189 23004 H H
140 22955 H H 190 23005 H H
141 22956 H H 191 23006 H H
142 22957 L H 192 23007 H H
143 22958 H H 193 23008 H H
144 22959 L L 194 23009 H L
145 22960 L L 195 23010 H H
146 22961 H H 196 23011 L L
147 22962 H H 197 23012 H H
148 22963 L L 198 23013 H H
149 22965 H L 199 23014 H L
150 22966 H H 200 23015 L L
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Table 5. Continued.
s, O 5SS 0 jles Sty LSl 3, 0 5SS 05 las Sty LSl
Collection Reaction Reaction Collection Reaction Reaction
Entry Number TTKSK TTKTK Entry Number TTKSK TTKTK

201 23016 H H 251 23066 L H
202 23017 L H 252 23068 H H
203 23018 H H 253 23069 H H
204 23019 H H 254 23070 H H
205 23020 H H 255 23071 H H
206 23021 H H 256 23072 H H
207 23022 L L 257 23073 H H
208 23023 L L 258 23074 H H
209 23024 H H 259 23075 H H
210 23025 H H 260 23076 H H
211 23026 H H 261 23077 H H
212 23027 H L 262 23078 H H
213 23028 H H 263 23079 H H
214 23029 L L 264 23080 H H
215 23030 H H 265 23081 L H
216 23031 H H 266 23082 H H
217 23032 H H 267 23083 H H
218 23033 L L 268 23084 H H
219 23034 H H 269 23085 H L
220 23035 H H 270 23086 H H
221 23036 H H 271 23087 H H
222 23037 H H 272 23088 H H
223 23038 H H 273 23089 L L
224 23039 H H 274 23090 H H
225 23040 H H 275 23091 H H
226 23041 H H 276 23093 H H
227 23042 H H 277 23094 H H
228 23043 L L 278 23095 H H
229 23044 L L 279 23096 H H
230 23045 H H 280 23097 H H
231 23046 H H 281 23099 H H
232 23047 H H 282 23100 H H
233 23048 H H 283 23101 H H
234 23049 H H 284 23102 H H
235 23050 H H 285 23103 L H
236 23051 H H 286 23104 H H
237 23052 L L 287 23105 H H
238 23053 H H 288 23107 H H
239 23054 H H 289 23108 H H
240 23055 H H 290 23109 H H
241 23056 H H 291 23111 H H
242 23057 H H 292 23112 H H
243 23058 L L 293 23115 H H
244 23059 H H 294 23116 L L
245 23060 H H 295 23117 H H
246 23061 H H 296 23118 H H
247 23062 H H 297 23119 H H
248 23063 H H 298 23120 H H
249 23064 H L 299 23121 H H
250 23065 H L 300 23122 H H
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Table 5. Continued.
3, 0SS o 5l oSl oSl 3, 0SS 0 slas =) oSls
Collection Reaction Reaction Collection Reaction Reaction
Entry Number TTKSK TTKTK Entry Number TTKSK TTKTK
301 23123 L L 325 23155 H H
302 23125 H H 326 23156 H H
303 23126 H H 327 23161 H H
304 23128 H L 328 23163 H H
305 23129 H H 329 23165 H H
306 23130 H H 330 23166 H L
307 23131 H H 331 23167 H H
308 23132 H H 332 23168 L H
309 23133 H H 333 23169 H H
310 23136 H H 334 23170 H L
311 23138 H H 335 23171 H H
312 23139 H H 336 23173 H H
313 23140 H H 337 23174 H H
314 23141 H H 338 23176 H H
315 23142 H H 339 23177 H H
316 23143 H H 340 23178 H H
317 23145 H H 341 23179 H L
318 23146 H L 342 23180 H H
319 23147 H H 343 23182 L L
320 23148 H H 344 23184 H H
321 23150 H H 345 23185 H H
322 23151 H H 346 23186 H H
323 23152 H H 347 Morocco H H
324 23154 H H 348 McNair 701 H H
L= Low infection type H= High infection type

S5 o0 S5 Golew 4 pslie pB)1 W5 (o315 sla
S TTRSK 3155 53 6l 25,50 515 o5 ol 6L
35 et Lol Ug99 63155 o5 5 4 laze TTKTK
el as samme 53 3 5om 50 Lo glie GO (s Sl 528
=05 Olgmeas Sr36 5 8124 & 55 s I el 3
" B oS BlE s a4 Cand e Caglie gl
Slrcsi s o VL Sl g v s LS
N S AP R S (-*—'f A ol S
Ug99 (sal55 05,5 5sl5s 55 ;o 4 Gl a5
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Sler i 53 YU 3l L slasls Sl o5 Ugd9
sladle s il Gble 5o 558 sa 50 L pd e el
o3V LU by el Il e et ]

249



6;‘}3 5‘9; “ 5.1;.;:) TTKTK}TTKSK ‘5UM|J‘S & S o gl cLue ‘gbu :J"AC‘” 9 uﬂ,q.a

L g NLE.» TTKTK 5 TTKSK 55 53 2 4 cod &5 gl 65 0\ Jyier
Table 6. Genotypes that were resistant to both TTKSK and TTKTK races

s, O 5SS o 5le LS LSl s, O 5eneSIS o 5les LS LSl
Collection Reaction Reaction Collection Reaction Reaction

Entry Number TTKSK TTKTK Entry Number TTKSK TTKTK
17 22818 L L 161 22977 L L
32 22833 L L 164 22980 L L
56 22861A L L 165 22981 L L
62 22866 L L 174 22989 L L
67 22874 L L 186 23001 L L
69 22876 L L 196 23011 L L
81 22891 L L 200 23015 L L
98 22911 L L 207 23022 L L
101 22914 L L 208 23023 L L
104 22917 L L 214 23029 L L
105 22918 L L 218 23033 L L
111 22924 L L 228 23043 L L
113 22926 L L 229 23044 L L
117 22930 L L 237 23052 L L
144 22959 L L 243 23058 L L
145 22960 L L 273 23089 L L
148 22963 L L 294 23116 L L
151 22967 L L 301 23123 L L
160 22976 L L 343 23182 L L
L= Low infection type H= High infection type

Ls g gl TTKTK 515 4 o NLE.» TTKSK /5 4 cod &5 glacs 65V Jyier
Table 7. Genotypes that were resistant to TTKSK and susceptible to TTKTK

s, O 5SS 0 Las oSl oSl s, O 5SS 0 Las oSl oSl

Collection Reaction Reaction Collection Reaction Reaction

Entry Number TTKSK TTKTK Entry Number TTKSK TTKTK

10 22809 L H 89 22902 L H

28 22829 L H 142 22957 L H

58 22862 L H 173 22988B L H

59 22863 L H 202 23017 L H

60 22864 L H 251 23066 L H

63 22869 L H 265 23081 L H

74 22882 L H 285 23103 L H

88 22901 L H 332 23168 L H

L= Low infection type H= High infection type
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Table 8. Genotypes that were susceptible to TTKSK and resistant to TTKTK

s, O 5SS 0 Las oSl oSl s, O 5aeeSUS 0 Las oSl oSl

Collection Reaction Reaction Collection Reaction Reaction

Entry Number TTKSK TTKTK Entry Number TTKSK TTKTK

34 22835 H L 185 23000 H L

53 22857 H L 194 23009 H L

57 22861B H L 199 23014 H L

61 22865 H L 212 23027 H L

64 22870 H L 269 23085 H L

71 22878 H L 304 23128 H L

87 22900 H L 318 23146 H L

90 22903 H L 330 23166 H L

108 22921 H L 334 23170 H L

149 22965 H L 341 23179 H L

L= Low infection type H= High infection type
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