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Abstract   22 

Wheat blast caused by the Triticum pathotype of Pyricularia oryzae is a serious threat to 23 

wheat production in South America and Asia. Rmg8 is a promising gene for resistance to 24 

the wheat blast fungus found in common wheat. To predict its durability, stability of its 25 

corresponding avirulence gene, AVR-Rmg8, was evaluated based on (i) a genome 26 

structure around AVR-Rmg8 in a Triticum isolate, and (ii) polymorphisms of AVR-Rmg8 27 

in Lolium isolates, a close relative of Triticum isolates. AVR-Rmg8 was located in a gene-28 

rich and repeat-poor region, suggesting that AVR-Rmg8 is not so easily lost as avirulence 29 

genes located in repeat-rich regions. This implies that Rmg8 is relatively durable 30 

compared with resistance genes corresponding to avirulence genes located in repeat-rich 31 

regions. AVR-Rmg8 was widely distributed in Lolium isolates, and divided into three 32 

types, eL1, eL2, and eL3. Complementation tests revealed that eL1 and eL2 were 33 

functional and recognized by Rmg8. In eL3, however, retrotransposon Pyret was inserted 34 

into the ORF of AVR-Rmg8. Actually, three isolates carrying eL3 were virulent on 35 

common wheat cultivar S-615 carrying Rmg8, indicating that the insertion of Pyret caused 36 

a loss of function of AVR-Rmg8. Nevertheless, the three isolates have survived in nature, 37 

suggesting that AVR-Rmg8 is not indispensable for survival of Pyricularia isolates, and 38 

in turn that Rmg8 is not likely to be completely durable.  39 

 40 

Key words  Pyricularia oryzae, Magnaporthe oryzae, ryegrass, wheat, avirulence gene    41 
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Introduction 42 

 43 

Pyricularia oryzae (Zhang et al. 2016, syn. Magnaporthe oryzae), a causal agent of 44 

blast disease of gramineous plants, consists of several subgroups or pathotypes, each of 45 

which is pathogenic on a plant genus, e.g., Oryza (including rice), Setaria (including 46 

foxtail millet), or Eleusine (including finger millet) (Kato et al. 2000). This fungal species 47 

has a potential to cause destructive epidemics on plant genera which have not been known 48 

as its primary hosts, and has evolved new pathotypes. An example is evolution of a 49 

pathotype specific to Lolium spp. A new disease of perennial ryegrass (Lolium perenne, 50 

abbreviated as prg in this article) called gray leaf spot was first reported in Pennsylvania 51 

in 1991 (Landschoot and Hoyland 1992), and then spread to other regions in the U.S. 52 

(Tosa et al. 2007). A few years later, a similar outbreak of this disease occurred on prg in 53 

Japan (Tosa et al. 2004). Tosa et al. (2004) reported that prg isolates belonged to 54 

Magnaporthe oryzae (= P. oryzae) and that those collected in Japan were divided into 55 

two populations, i.e., isolates from west Japan (WK isolates) which were considered to 56 

be indigenous to Japan, and those from east or north Japan (TALF isolates) which were 57 

inferred to be transmitted from the U.S. to Japan via prg seeds (Tosa et al. 2007). The 58 

TALF isolates were specifically pathogenic on Lolium spp., and therefore designated as 59 

Lolium pathotype (Tosa et al. 2004).  60 

Another example is evolution of a pathotype pathogenic on Triticum spp. (Triticum 61 

pathotype). This devastating pathogen – the wheat blast fungus - was first reported in 62 

Brazil in 1985 (Urashima et al. 1993), and then spread to surrounding countries in South 63 

America (Cruz and Valent 2017). Inoue et al. (2017) suggested that the wheat blast fungus 64 

emerged through a loss of function of PWT3, a host specificity determinant corresponding 65 

to Rwt3, in Lolium isolates or their relatives. In 2011, a blast lesion was found on a wheat 66 

spike in a wheat trial plot at the University of Kentucky in the U.S. Its causal agent was 67 

not similar to Triticum isolates found in Brazil, but was very close to isolates from annual 68 
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ryegrass (Lolium multiflorum) prevailing in the U.S. Farman et al. (2017) suggested that 69 

this first occurrence of wheat blast in the U.S. was most likely caused by a strain that 70 

evolved from an endemic Lolium-infecting pathogen. Lolium isolates are now considered 71 

to be closely associated with the evolution of the wheat blast fungus. This seems 72 

reasonable because Triticum isolates are phylogenetically very close to Lolium isolates 73 

(Gladieux et al. 2018). 74 

In 2016 wheat blast suddenly occurred in Bangladesh and caused severe yield losses 75 

(Callaway 2016). This was the first report of wheat blast epidemics in Asia. Phylogenetic 76 

analysis suggested that this outbreak was caused by a wheat blast lineage from South 77 

America (Islam et al. 2016; Malaker et al. 2016). There is a possibility that Bangladesh 78 

will be a center of spread of this destructive disease to Asian countries. To mitigate the 79 

damage by this pathogen, resistance genes are needed. Resistance genes against the wheat 80 

blast fungus must be effective at the heading stage and at high temperature because this 81 

disease occurs mainly on spikes and is severe at high temperature. Tagle et al. (2015) 82 

identified a resistance gene in tetraploid accessions and named it as Rmg7. This gene was 83 

expressed at the heading stage, but was not so effective at high temperature (Anh et al. 84 

2018). Subsequently, Anh et al. (2015) identified a resistance gene in a hexaploid wheat 85 

cultivar, S-615, and named it as Rmg8. This gene was effective at the heading stage, and 86 

also showed resistance to some degree at high temperature. Recently, Wang et al. (2018) 87 

found a highly resistant common wheat accession, GR119, in a screening of ~500 local 88 

landraces. Genetic analysis revealed that GR119 carried a new resistance gene, tentatively 89 

designated as RmgGR119, in addition to Rmg8. The strong resistance of GR119 was 90 

attributed to additive effects of these two genes.  91 

Resistance genes that are durable are the most desirable for breeding commercial 92 

cultivars. From this viewpoint, cloning of avirulence genes is important because 93 

durability of resistance genes may be predicted by estimating stability of their 94 

corresponding avirulence genes (Tosa and Chuma 2014). Anh et al. (2018) cloned AVR-95 
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Rmg8, an avirulence gene corresponding to Rmg8, and showed that it was also recognized 96 

by Rmg7. Wang et al. (2018) found three types (eI, eII, and eII’) of AVR-Rmg8 in Triticum 97 

isolates collected in Brazil. The AVR-Rmg8 gene cloned by Anh et al. (2018) was the eI 98 

type. The eII and eII’ types were also inferred to be functional (Wang et al. 2018). On the 99 

other hand, only the eI type was detected in nucleotide sequences of Bangladeshi isolates 100 

in databases (Wang et al. 2018). Based on this result, Rmg8 was suggested to be effective 101 

against wheat blast in Bangladesh (Wang et al. 2018).   102 

Although the wheat blast population in Bangladesh is considered to be clonally 103 

derived from a single strain (Cruz and Valent 2017) and to be uniform at present, there is 104 

a possibility that it may differentiate into lineages with different mutations at the AVR-105 

Rmg8 locus in future. To predict possible modes of differentiation or mutations of AVR-106 

Rmg8 in future, we examined (i) a genome structure around AVR-Rmg8 in a Triticum 107 

isolate, and (ii) polymorphisms of AVR-Rmg8 in Lolium isolates, a close relative of 108 

Triticum isolates. 109 

 110 

Materials and methods 111 

 112 

Fungal materials 113 

 114 

Pyricularia oryzae isolates tested were listed in Table 1. Br5, Br48, and Br116.5 were 115 

representative Triticum isolates carrying the eI, eII, and eII’ types of AVR-Rmg8, 116 

respectively. They were collected in Brazil in 1990-1992. The others were Lolium isolates 117 

collected in Japan in 1996-1999. TALF (TP-, AK-, LW-, FI-) and WK- isolates were 118 

isolated from Lolium perenne (prg) (Tosa et al. 2004) while M99- and Y99- isolates were 119 

isolated from Lolium multiflorum (Italian ryegrass) (Kusaba et al. 2006). Br48∆A8_d6 120 

(Br48∆A8 hereafter), an AVR-Rmg8 disruptant of Br48 (Wang et al. 2018), was used as 121 

a recipient of AVR-Rmg8 homologs cloned from Lolium isolates. These strain/isolates 122 
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have been maintained on sterilized barley grains under dry conditions at 4ºC in Kobe 123 

University. 124 

 125 

Plants materials 126 

 127 

Plant materials used were Triticum aestivum (L.) Thell. accession GR119 128 

(Rmg8/RmgGR119), cv. S-615 (Rmg8/-), cv. Chinese Spring (CS) (-/-) and cv. Hope (-/-). 129 

CS and Hope were used as susceptible controls carrying no resistance gene against the 130 

wheat blast fungus. GR119 and Hope were provided by K. Kato, Okayama University, 131 

and H. Tsujimoto, Tottori University, respectively, while S-615 and CS were provided 132 

by K. Tsunewaki, emeritus professor of Kyoto University.  133 

 134 

Infection assay 135 

 136 

Wheat seeds were sown in vermiculite supplied with liquid fertilizer in a seedling case 137 

(5.5 × 15 × 10 cm), and grown at 22ºC in a controlled-environment room with a 12-h 138 

photoperiod of fluorescent lighting. Eight-day-old primary leaves were fixed onto a hard 139 

plastic board with rubber bands, and spray-inoculated with a conidial suspension (1~2 × 140 

105 conidia/ml) prepared as described by Tagle et al. (2015). The inoculated leaves were 141 

placed in humid trays and incubated in darkness at 25ºC for 24 h. They were then 142 

transferred to a growth chamber with a 12 h photoperiod of fluorescent lighting, and 143 

incubated further at 25ºC. Four to 5 days after inoculation, symptoms were evaluated 144 

based on the size and color of lesions. The size was rated using six progressive grades 145 

from 0 to 5: 0, no visible evidence of infection; 1, pinpoint spots; 2, small lesions (< 146 

1.5mm); 3, lesions with an intermediate size (< 3mm); 4, large typical lesions; and 5, 147 

shriveling of leaf blades. The color was designated as B (brown) or G (green). A disease 148 

score (infection type) was represented by a combination of size scores (0-5) and color 149 
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codes (B and G). For example, infection type 2B indicated brown small lesions. Infection 150 

types 0 to 5 with brown lesions were considered resistant whereas 3G to 5G were 151 

considered susceptible. All infection assays were repeated at least 3 times.  152 

 153 

Southern blot analysis 154 

 155 

For Southern hybridization of genomic DNA, total Genome DNA (1 μg) extracted as 156 

described previously (Nakayashiki et al. 1999) was digested with EcoRI (Takara bio, 157 

Kusatsu, Japan), fractionated on a 0.7% (w/v) agarose gel in the TBE buffer, and 158 

transferred to a nylon membrane (Hybond-N+, GE Healthcare, Little Chalfont, UK). 159 

Southern hybridization was performed using the ECL Direct Nucleic Acid Labeling and 160 

Detection System (GE Healthcare) according to the manufacturer’s instruction. To 161 

produce an AVR-Rmg8 probe, a 322 bp fragment (probe A8) containing the AVR-Rmg8 162 

ORF was amplified from genomic DNA of Triticum isolate Br48 with primers, AVR-163 

Rmg8_F2 (5’-ACCGCATCGGCTTTTTCTT-3’) / AVR-Rmg8_R2 (5’-164 

TGCCTTCTAGTACCGGGAAGT-3’), and labeled. The membrane was hybridized 165 

overnight with the labeled probe in the Gold hybridization buffer (GE healthcare) 166 

containing 0.5 M NaCl at 42ºC. After hybridization, the membrane was washed twice in 167 

the primary washing buffer (0.4% (w/v) sodium dodecyl sulfate and 0.5 × SSC) for 10 168 

min at 55ºC, then twice in 2 × SSC for 5 min at room temperature. Detection of target 169 

DNA was performed according to the manufacturer’s instruction. 170 

 For Southern hybridization of PCR products, amplicons with the AVR-171 

Rmg8_F2/R2 primers were run on a gel, blotted, and hybridized with the probe A8 or a 172 

Pyret fragment (638 bp) which was amplified from genomic DNA of Br48 with primers, 173 

Py_FW1 (5’-GATTTACGAACGCCGACA-3’) and Py_RV1 (5’-174 

GTCCTAATGTGGTGGGTT-3’).  175 

 176 
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Sequencing of AVR-Rmg8 homologs 177 

 178 

Fragments containing AVR-Rmg8 homologs (1,458 bp in expected size) were amplified 179 

from genomic DNA of Lolium isolates with primers, AVR-Rmg8_F1 (5’-180 

CGGGCTGTACAACATTTTCA-3’)/ AVR-Rmg8_R1 (5’-181 

GGAGATTTCACGATAGCAAAGC-3’). Amplicons with the expected size were 182 

directly sequenced using the ABI BigDye Terminator v3.1 Cycle Sequencing Kit 183 

(Thermo Fisher Scientific, Witham, MA, USA) and the ABI 3100 Genetic Analyzer 184 

following the manufacturer’s instructions. Sequences obtained were converted to amino 185 

acids, aligned, and used for construction of a phylogenetic tree with the Maximum 186 

Likelihood algorithm implemented in the MEGA7 (Kumar et al. 2016). 187 

From three Lolium isolates (M99A4, M99A9, M99B8), an 8.8 kb fragment was 188 

amplified with the AVR-Rmg8_F1/R1 primers. An amplicon from M99A9 was purified 189 

by a gel extraction kit (FastGene, Nippon Genetics, Tokyo, Japan), and inserted into the 190 

EcoRV site of Bluescript II SK (+) using DNA ligation kit ver.2 (Takara bio). The ligation 191 

products were introduced into Escherichia coli DH5α. The insert of the recombinant 192 

plasmid was sequenced through primer walking.  193 

 194 

Transformation of P. oryzae with AVR-Rmg8 clones 195 

 196 

The 1,458 bp fragments amplified from genomic DNA of representative Lolium isolates, 197 

TP2 and WK4-2, were purified, inserted into the EcoRV site of Bluescript II SK (+), and 198 

introduced into E. coli DH5α as described above. The recombinant plasmid was extracted 199 

from recovered colonies with QIAprep spin mini prep kit (Qiagen, Hilden, Germany) and 200 

introduced into Br48∆A8 following the PEG-mediated co-transformation protocol (Tosa 201 

et al. 2005) with pII99 (carrying a geneticin resistance gene) (Namiki et al. 2001) as a 202 

selection marker. 203 
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 204 

Results 205 

 206 

Structure around AVR-Rmg8 in a Triticum isolate 207 

 208 

The first checkpoint for predicting the durability of a resistance gene is the genomic 209 

structure around its corresponding avirulence gene. To examine the structure around 210 

AVR-Rmg8, the whole genome sequence of B71 (Peng et al. 2019), a Triticum isolate 211 

collected in Bolivia in 2012, was downloaded because it was almost identical to 212 

Bangladeshi isolates (Gladieux et al. 2018). Its analysis revealed that AVR-Rmg8 is 213 

located in a gene-rich and repeat-poor region (Fig. 1), suggesting that the AVR-Rmg8 214 

locus is in a relatively stable region of the genome. 215 

 216 

Distribution of AVR-Rmg8 in Lolium isolates 217 

 218 

The second checkpoint for predicting the durability of a resistance gene is distribution 219 

and polymorphisms of its corresponding avirulence gene in the fungal population. All 220 

Triticum isolates tested by Wang et al. (2018), as well as those in the databases, were 221 

carriers of AVR-Rmg8 (eI, eII, and derivatives of eII). In addition, Bangladeshi isolates 222 

(as far as in the databases) were all carriers of the eI type (data not shown). This is 223 

reasonable because it has been only four years since the clonal propagation of the 224 

Bangladeshi population started in 2016 (Cruz and Valent 2017). To obtain clues to a long 225 

term dynamics of AVR-Rmg8, we examined populations of Lolium isolates, close relatives 226 

of Triticum isolates (Gladieux et al. 2018).  227 

Genomic DNAs of 27 Lolium isolates were run on a gel and hybridized with the 228 

probe A8. All Lolium isolates carried AVR-Rmg8 homologs (Fig. 2). Based on the size of 229 

signals, these homologs were grouped into three types. The first type designated as eL1 230 
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was 6.9 kb in size and shared by the TALF isolates. The second type designated as eL2 231 

was 7.9 kb in size and shared by WK-, Y99-, and three M99- isolates. The third type 232 

designated as eL3 was 5.9 kb in size and shared by three M99- isolates, i.e., M99A4, 233 

M99A9, and M99B8.  234 

 235 

Analysis of the eL1 and eL2 types  236 

 237 

When the AVR-Rmg8 region was amplified from the eL1 and eL2 carriers, fragments with 238 

the expected size (322 bp with the AVR-Rmg8_F2/R2 primers and 1,458 bp with the 239 

AVR-Rmg8_F1/R1 primers) were obtained. Sequence analysis revealed that amplicons 240 

from the carriers of each type (16 with eL1 and 8 with eL2) shared a 100% identical 241 

nucleotide sequence (DDBJ/EMBL/GenBank accession numbers, LC535796 for eL1 and 242 

LC535797 for eL2). These two types had one or two amino acid substitutions compared 243 

with the eII type in Triticum isolates (Supplementary Fig. 1). Based on these amino acid 244 

sequences, a phylogenic tree was constructed using a sequence of an AVR-Rmg8 homolog 245 

in a P. grisea isolate (Dig41) from Digitaria sanguinalis (Yoshida et al. 2016) as an 246 

outgroup (Fig. 3). The eL1 and eL2 types were more similar to the eII type than to the eI 247 

type.  248 

 To check whether these new types were recognized by Rmg8, fragments 249 

containing eL1 and eL2 were amplified with the AVR-Rmg8_F1/R1 primers from 250 

genomic DNA of TP2 and WK4-2, respectively, and introduced into Br48∆A8, an AVR-251 

Rmg8 disruptant derived from Br48. Seven and 15 colonies were recovered from 252 

geneticin-containing media in the transformation with eL1 and eL2, respectively. Among 253 

them, 4 and 6 colonies were PCR-positive, i.e., carriers of the eL1 and eL2 transgenes, 254 

respectively (Fig. 4a). All these positive strains gained avirulence on S-615 (carrying 255 

Rmg8) without losing virulence on Hope (lacking Rmg8) (Fig. 4). These results indicate 256 

that both of the eL1 and eL2 types are functional and recognized by Rmg8. 257 
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 258 

Analysis of the eL3 type 259 

 260 

From genomic DNA of the three eL3 carriers (M99A4, M99A9, M99B8), larger 261 

fragments were amplified. Their sizes were 8.8 kb with the AVR-Rmg8_F1/R1 primers 262 

and 7.7 kb with the AVR-Rmg8_F2/R2 primers (Fig. 5). Sequence analysis revealed that 263 

this fragment contained a Ty3/Gypsy retrotransposon, Pyret (Nakayashiki et al. 2001). 264 

The Pyret element (7,382 bp in size) was inserted into ~35 bp downstream from the start 265 

of the AVR-Rmg8 ORF (DDBJ/EMBL/GenBank accession number, LC535798). The 266 

AVR-Rmg8 portion of eL3 was similar to the eI type. Southern hybridization of the PCR 267 

products confirmed that the 7.7 kb amplicon contained both AVR-Rmg8 and Pyret (Fig. 268 

5). 269 

 270 

Pathogenicity of Lolium isolates 271 

 272 

Pathogenicity of the 27 Lolium isolates was checked on four common wheat cultivars 273 

(Table 1). They were all avirulent on CS, which does not carry any resistance gene against 274 

Triticum isolates but carries Rwt3, a resistance gene corresponding to avirulence gene 275 

PWT3 commonly found in Lolium, Avena, and Eleusine isolates (Asuke et al. 2020; Inoue 276 

et al. 2017). A half of these Lolium isolates were virulent on Hope, which does not carry 277 

resistance genes against Triticum isolates nor Rwt3. The three isolates carrying the eL3 278 

type (M99A4, M99A9, and M99B8) were virulent on S-615 carrying Rmg8, indicating 279 

that they lack functional AVR-Rmg8 as expected. GR119 carrying Rmg8 and RmgGR119 280 

showed strong resistance even against these three isolates.  281 

 282 

Discussion 283 

 284 
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Recent accumulation of whole genome sequences of fungal pathogens led to the “two 285 

speed genome” model in which pathogen genomes have a bipartite architecture (Dong et 286 

al. 2015), that is, gene-rich and repeat-poor regions which evolve slowly and gene-poor, 287 

repeat-rich regions which evolve rapidly (Seidl and Thomma 2017). Abundant repetitive 288 

sequences in the latter compartment cause frequent chromosomal rearrangements such as 289 

translocation, duplication, or deletion of genes (Seidl and Thomma 2017), or increased 290 

levels of local mutagenesis through repeat-induced point (RIP) mutations (Dong et al. 291 

2015). For example, repetitive elements flanking AVR-Pita (an avirulence gene of the rice 292 

blast fungus) are inferred to mediate its frequent loss, which enabled quick adaptation of 293 

the pathogen to Pita, its corresponding resistance gene in rice (Chuma et al. 2011).  294 

Generally speaking, effector genes tend to be located in the compartment enriched in 295 

repetitive sequences and transposable elements (Dong et al. 2015) as with AVR-Pita. 296 

However, the present study showed that AVR-Rmg8 is located in a repeat-poor region 297 

(Fig. 1). This result suggests that AVR-Rmg8 is not so easily lost as AVR-Pita or other 298 

avirulence genes located in repeat-rich regions. This implies that Rmg8 would be 299 

relatively durable compared with Pita or other resistance genes corresponding to 300 

avirulence genes located in repeat-rich regions. 301 

Analysis of AVR-Rmg8 distribution showed that all Lolium isolates carried its 302 

homologs (Fig. 2). The phylogenetic analysis suggested that the eL1 and eL2 types in 303 

Lolium isolates were close to the eII type in Triticum isolate (Fig. 3). The 304 

complementation test with the transformants carrying the eL1 and eL2 transgenes 305 

indicated that both of them were functional. We suggest that AVR-Rmg8 is a relatively 306 

conserved gene widely distributed in populations of Triticum and Lolium isolates.  307 

Completely durable resistance genes should be those corresponding to effector genes 308 

that are indispensable for pathogen’s survival. Regarding Rmg8, however, this was not 309 

the case. We found three isolates virulent on S-615 in a population of indigenous Lolium 310 

isolates (Table 1). AVR-Rmg8 in these isolates was disrupted by an insertion of Pyret (Fig. 311 
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5). Nevertheless, these isolates have survived in nature. Taken together, there is a 312 

possibility that, in future, Rmg8 will be defeated by a new race of the wheat blast fungus 313 

that lost function of AVR-Rmg8. In the breeding for resistance to wheat blast, therefore, 314 

it is advisable to introduce Rmg8 together with other genes such as RmgGR119.  315 
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Figure legends 432 

 433 

Fig. 1. Structure around AVR-Rmg8 extracted from a whole genome sequence 434 

(MQUD01000000) of B71, a Triticum isolate collected in Bolivia.  435 

Fig. 2. Distribution of AVR-Rmg8 in Triticum and Lolium isolates. Genomic DNA was 436 

digested with EcoRI, run on a gel, blotted, and hybridized with the probe A8. 437 

Original hosts of the isolates are shown on the top of the panel. 438 

Fig. 3. Phylogenetic relationships of AVR-Rmg8 homologs in Lolium and Triticum 439 

isolates of Pyricularia oryzae. The tree was constructed with the Maximum 440 

Likelihood algorithm implemented in the MEGA7 using an alignment of amino 441 

acid sequences. A homolog in a Digitaria isolate of P. grisea was used as an 442 

outgroup. The numbers at branches refer to the bootstrap values (%) in 1,000 443 

replications. The scale bar indicates the number of substitutions per site.  444 

Fig. 4. Functional analysis of AVR-Rmg8 homologs derived from TP2 (eL1) and WK4-445 

2 (eL2). (a) PCR analysis of Pyricularia oryzae Br48 (wild isolate), Br48∆Α8 446 

(AVR-Rmg8-disruptant of Br48), and transformants of Br48∆Α8 with an empty 447 

vector (Br48∆Α8+EV), eL1 (Br48∆Α8+eL1), and eL2 (Br48∆Α8+eL2). AVR-448 

Rmg8 homologs were amplified with the AVR-Rmg8_F2/R2 primers. Infection 449 

types on wheat cultivar S-615 carrying Rmg8 are shown below the panel. Red, 450 

avirulent; green, virulent. (b) Reactions of primary leaves of wheat cultivars S-451 

615 (Rmg8) and Hope (rmg8) inoculated with Br48 and its derivatives, 4 days 452 

after inoculation. 453 

Fig. 5. PCR-Southern analyses of AVR-Rmg8 homologs. AVR-Rmg8 homologs were 454 

amplified from genomic DNA of Br48 (eI), Br5 (eII), Br116.5 (eII’), TP1, TP2 455 

(eL1), WK4-2, M99A7 (eL2), and M99A4, M99A7, M99B8 (eL3) with the 456 

AVR-Rmg8_F2/R2 primers, run on a gel (a), and hybridized with the probe A8 457 

(b) or the Pyret probe (c).  458 
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Table. 1. Pyricularia oryzae  isolates tested, their infection types with wheat cultivars at 25oC, and AVR-Rmg8  genotypes.

AVR-Rmg8 

Isolatea Original host Locality Year S-615 CS Hope GR119 type

Br48 Triticum aestivum Mato Grosso do Sul, Brazil 1992 1B 5G 5G 0 eI

Br5 T. aestivum Parana, Brazil 1990 2B 5G 5G 0-1B eII

Br116.5 T. aestivum Parana, Brazil 1992 1-2B 5G 5G 0-1B eII'

TP1 Lolium perenne Tochigi, Japan 1997 0-1B 1B 2B 0 eL1

TP2 L. perenne Tochigi, Japan 1997 0-1B 2-3B 5G 0 eL1

TP3 L. perenne Tochigi, Japan 1997 1B 2-3B 5G 0 eL1

TP4 L. perenne Tochigi, Japan 1997 0 2B 4G 0 eL1

TP5 L. perenne Tochigi, Japan 1997 0 0 0 0 eL1

AK2 L. perenne Akita, Japan 1998 0-1B 0-1B 0-1B 0 eL1

AK3 L. perenne Akita, Japan 1998 0 0 1B 0 eL1

AK4 L. perenne Akita, Japan 1998 0 0 0 0 eL1

AK5 L. perenne Akita, Japan 1998 1B 0 0-1B 0 eL1

LW1 L. perenne Yamanashi, Japan 1999 0 0 0 0 eL1

LW2 L. perenne Yamanashi, Japan 1999 0 0-1B 0 0 eL1

LW3 L. perenne Yamanashi, Japan 1999 0 0 0 0 eL1

FI2 L. perenne Chiba, Japan 1998 0 0 0 0 eL1

FI3 L. perenne Chiba, Japan 1998 0 0 0 0 eL1

FI4 L. perenne Chiba, Japan 1998 0 0 0 0 eL1

FI5 L. perenne Chiba, Japan 1998 0 0 0 0 eL1

WK4-1 L. perenne Yamaguchi, Japan 1996 0-1B 1B 2B 0 eL2

WK4-2 L. perenne Yamaguchi, Japan 1996 1B 1B 4-5G 0 eL2

WK4-3 L. perenne Yamaguchi, Japan 1996 0-1B 2-3B 4-5G 0 eL2

M99A4 L. multiflorum Miyazaki, Japan 1999 5G 2B 5G 0-1B eL3

M99A7 L. multiflorum Miyazaki, Japan 1999 2B 2B 5G 0 eL2

M99A8 L. multiflorum Miyazaki, Japan 1999 0-1B 1B 5G 0 eL2

M99A9 L. multiflorum Miyazaki, Japan 1999 5G 1B 4-5G 0-1B eL3

M99B4 L. multiflorum Miyazaki, Japan 1999 2B 2B 5G 0 eL2

M99B8 L. multiflorum Miyazaki, Japan 1999 5G 2B 5G 1B eL3

Y99I-7 L. multiflorum Yamaguchi, Japan 1999 1B 2B 5G 0 eL2

Y99I-11 L. multiflorum Yamaguchi, Japan 1999 2B 3B 5G 0 eL2

a Refer to Tosa et al. (2004) and Kusaba et al. (2006) for details of L. perenne  isolates and L. multiflorum  isolates, respectively.

b Compatible reactions are shown in bold.

Infection typeb on



Fig. 1. Structure around AVR-Rmg8 extracted from a whole genome sequence 
(MQUD01000000) of B71, a Triticum isolate collected in Bolivia. 
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Fig. 2. Distribution of AVR-Rmg8 in Triticum and Lolium isolates. Genomic DNA was 
digested with EcoRI, run on a gel, blotted, and hybridized with the probe A8. Original 
hosts of the isolates are shown on the top of the panel.
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Fig. 3. Phylogenetic relationships of AVR-Rmg8 homologs in Lolium and Triticum
isolates of P. oryzae. The tree was constructed with the Maximum Likelihood algorithm 
implemented in the MEGA7 using an alignment of amino acid sequences. A homolog in a
Digitaria isolate of P. grisea was used as an outgroup. The numbers at branches refer to 
the bootstrap values in 1000 replications. The scale bar indicates the number of 
substitutions per site. 
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Fig. 4. Functional analysis of AVR-Rmg8 homologs derived from TP2 (eL1) and WK4-2 (eL2). 
(a) PCR analysis of P. oryzae Br48 (wild isolate), Br488 (AVR-Rmg8-disruptant of Br48), 
and transformants of Br488 with an empty vector (Br488+EV), eL1 (Br488+eL1), and 
eL2 (Br488+eL2). AVR-Rmg8 homologs were amplified with the AVR-Rmg8_F2/R2 primers. 
Infection types on wheat cultivar S-615 carrying Rmg8 are shown below the panel. Red, 
avirulent; green, virulent. (b) Reactions of primary leaves of wheat cultivars S-615 (Rmg8) and 
Hope (rmg8) inoculated with Br48 and its derivatives, 4 days after inoculation.
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Fig 5. PCR-Southern analyses of AVR-Rmg8 homologs. AVR-Rmg8 homologs were 
amplified from genomic DNA of Br48 (eI), Br5 (eII), Br116.5 (eII’), TP1, TP2 (eL1), 
WK4-2, M99A7 (eL2), and M99A4, M99A7, M99B8 (eL3) with the AVR-Rmg8_F2/ 
R2 primers, run on a gel (a) and hybridized with the probe A8 (b) or the Pyret probe 
(c). 
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Br48 eI MHRIGFFFPILIAGAMALPAPQPMPPSRPGQGGRGGNGGRGPGGPPPQQYEEPVPYHQTAAAAWQPYPGHVPGGQRPTEHSELIPDDYPQFVKDYDTYFFGGLPGTRRQ

Br5 eII ..C......L...............GG.S................................................................................

Br116.5 eII' ..C......L...............GG.S.......................................................................S........

TP2 eL1 .........L....V..........GG.S................................................................................

WK4-2 eL2 ..C......L....V..........GG.S................................................................................

Supplementary Fig. 1. Comparison of AVR-Rmg8 homologs in Triticum and Lolium isolates. (A) Nucleotide sequences 
around AVR-Rmg8 homologs. The ORF is shown in red. (B) Amino acid sequences of AVR-Rmg8 homologs. The 
predicted signal peptide is shown in blue.
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