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Plants may have evolved a system of disease resistance to
variety of pathogens through a long period of coevolution
with a wide array of microorganisms. The resistance is
determined by the role of interaction between resistance (R)
genes in the host and complementary avirulence (AVR)
genes in the pathogen. These gene-for-gene interactions
had been proposed by Flor (1956), and have been observed
from the interactions between plants and a wide range of
pathogens such as fungi, bacteria, viruses, nematodes and
insects (Curte, 1986). First AVR gene had been identified by
Staskawicz et al. (1984), which was isolated from Psue-
domonas syringae pv. glycinea. The AVR gene successfully
transformed susceptible soybean cultivars into their genome
and they became avirulent. Importance of the genetic basis
of plant R gene had been paid attention early by plant
breeders who first recognized the entity of disease resis-
tance genes, and they were often inherited by Mendelian
way. Since the first R gene PTO had been cloned (Martin et
al., 1993), the molecular basis of the resistance mechanism
has been extensively studied for the development of a novel
strategy for disease resistance.

Breeding for resistant varieties has been a major tool for
controlling this disease (Bonman, 1992). However, fre-
quent breakdown of resistance has been reported relatively
short after the resistant cultivars released in the field (Kiy-
osawa, 1982). Much effort has been conducted to under-
stand the mechanisms responsible for breakdown of
resistance. The phenomenon of resistance-breakdown to
date has been mostly explained by genetical changes in the
fungal pathogens through heterokaryosis (Suzuki, 1965),
parasexual recombination (Genovesi and Magill, 1976),
and aneuploid (Kameswar Row et al., 1985). More recently,
unstability of avirulence (AVR) genes of the fungal patho-
gen such as AVR-Pita, AVRI-TSUY and PWL2 was sug-
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gested as an important factor in virulence changes at the
molecular level (Valent and Chumley, 1994). It was also
reported that M. grisea race containing AVR-Pita gained
virulence through mutations including deletions, point
mutation and insertion of Pot3 in the AVR gene (Valent and
Chumley, 1994). However, the precise mechanism of resis-
tance-breakdown in rice against fungal infections remains
to be elucidated. Although several potential mechanisms
for new race appearance have been proposed, little informa-
tion is available on the mechanisms of resistance-break-
down in the plant.

Classification, and Dispersal of Transposon

Most eucaryotes have tepetitive DNA seqtences, the major
portion of the genome, present either as tindem repeats or
dispersed in the genome (Flavell, 1980). It is difficult to
elucidate how they were introduced into the genome and
spread into a large population. There is a hypothesis that
certain DNAs spread successfully all over the chromosome,
thus the host might evolve a mechanism to reduce or elimi-
nate further spreading.

Some repetitive sequences are transposable elements
(SanMiguel et al., 1996; Uozu et al., 1997), which are cate-
gorized into two major groups (Fig. 1): classes 1 and 1II
(Finnegan, 1989; Kumar and Bennetzen, 1999). Class I
includes retrotransposons and retroelements. Refrotrans-
posons copy themselves through reverse transcription using
an RNA intermediate. There are two different types of ret-
rotransposons, one viral and the other non-viral retrotrans-
poson families {Weiner et al., 1986). Non-viral retroranspo-
sons are grouped into non-LTR and LTR retrotransposons
(Schmidt, 1999). Non-LTR retrotransposons are further dis-
tinguished into LINEs (long interspersed nuclear elements)
and SINEs (short interspersed nuclear elements). LTR
retrotransposons have flanking long terminal repeats and
are divided into 7y/-copia-like and 7y3-gypsy-like retroele-
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Fig. 1. Classification of transposable elements.
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Fig. 2. General structures of the LINE, T3/ -copia, Tv3-gvpsy, and
retrovirus as mobile DNA structures. The LTR retrotransposons
have long terminal repeats in direct orientation at each end. The
genes within the coding region encode gag protein (gag), protease
(proty reverse transcriptase (RT), RNase-H, and integrase (inr).
Other sequences featured are primer binding sites (PBS).
polypurine tracts (PPT), 5’-UTR(5’ untranstated region), and 3'-
UTR (3° untranslated region). The envelope (env) gene-like
sequence is present in plant retrovirus.

ments (Fig. 2). Class II elements move as DNA copies.
This group includes Ac/Ds, En/Spm, and Mu transposons
(Wessler, 1995).

There are many transposon families which have common
sequences and are ubiguitous in plant genomes (Voytas et
al,, 1992). Computer-based search revealed previously
described as well as newly discovered mobile element fam-
ilies have common sequences (Bureau et al., 1996). They
appear to have been spread randomly all over the chromo-
somes without a hot spot through a specific insertion into
the specific region. However, the function of the repetitive
sequence remains unclear. Activation or movement of the
transposon was investigated under various conditions. It
has been reported that transposition and amplification of the
retrotransposons could be induced through cell culture,
wounding, infection by pathogen, and stress conditions
(Grandbastien et al., 1989; Hirochika, 1993; Hirochika, et

al., 1996; Vemnhettes, et al., 1997; Takeda et al., 1998).
Microbial elicitors could activate Tnl expression (Pouteau,
1994). Furthermore, the PCR-based survey showed evi-
dences of the mobility of insertion elements in the wild-
type rice. Transposition can be used for gene tagging and
cloning of the mutated gene (Hirochika et al., 1996). Since
there is a strong hypothesis that the 12 rice chromosomes
may have originated from one or more of the ancient chro-
mosomes (Wang et al., 1999b), retrotransposon-induced
polymorphism during the evelution may be used as a
marker for genotyping and linkage analysis (Grandbastien,
1989; Wang et al., 1997).

Transposons in the Rice Plant Genome

Since McClintock (1948) developed the concept of trans-
posable elements as mobile genetic entities, numerous
transposable elements from various plants were identified
and characterized. Transposcns alter their chromosomal
locations and consequently often induce mutations by inte-
grating into other genes and destroying their structural
integrity (Gierl and Saedler, 1992; Hirochika, 1993; Hiro-
chika et al., 1996). Several transposons such as a family of
fos, copia-like retrotransposon, p-SINEL, RIRE!, RIRE2
have been identified in Oryza sativa and wild rice species
(Hirochika et al., 1992; Wang et al., 1999a; Mochizuki et
al., 1992; Noma et al., 1997; Ohtsubo et al., 1999, It has
been suggested that some of the ancient transposable ele-
ments may have played an important role in the evolution
of plant genomes by altering structures of coding regions,
paitern of splicing, and regulation of gene expression
(Finnegan, 1989; Weil et al., 1990; Wessler et al., 1995).
The higher plant genome undergoes transposon-mediated
structural changes during plant development as well as over
evolutionary time period (Finnegan, 1989). Induction and
insertion of retrotransposon Tos17 were also activated in
rice during tissue culture (Hirochika, 1997).

The genus Oryza has more than 20 species including 6
genomes, AA, BB, CC, BBCC, CCDD, EE, and FF with 2n
= 24 or 48 (Vaughan, 1994). Various retrotransposons have
been identified from 0. sativa and wild rice species. TrsB,
TrsC, and RIRET have been previously identified in wild
rice species using FF, CC, and EE genome, respectively
(Nakajima et al., 1996). Retrotransposons family such as
Tosi, Tos2, Tos3, Tos4, and Tos5 were isolated from O.
sativa. Wang et al. (1997) found copia-like retrotrans-
posons using degenerated oligonucleotide primers. How-
ever, rice retrotransposon has not yet been well-characteriz-
ed.

Contribution of Retrotransposons to Rice Blast
Resistance Gene Pi-b
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Rice blast, caused by Magnaporthe grisea, is one of the
most devastating diseases throughout rice-growing regions
in the world. Breeding for resistant varieties has been a
major tool for controlling this disease (Bonman, 1992).
However, frequent breakdown of resistance has been
reported relatively short after the resistant cultivars released
in the field (Kiyosawa, 1982). The precise mechanism of
resistance-breakdown in rice against fungal infections
remains to be elucidated. Although several potential mech-
anisms for new race appearance have been proposed, little
information is available on the mechanisms of resistance-
breakdown in the plant.

During the last decade, rapid technical advances in plant
molecular genetics made it possible to study on the mecha-
nism of resistance-breakdown in rice. Several resistance
genes In rice were identified, mapped and characterized at
the molecular level. Furthermore, accumulation of genome
sequencing data helps to understand the structure and distri-
bution of these genes in the rice genome. The rice blast
resistance genes confer a high race-specific resistance to
various races of blast fungi. The specific gene-for-gene
interactions between resistance genes in rice and avirulence
genes in the fungal pathogen can be explained by the gene-
for-gene concept (Flor, 1956). The Pi-b is one of the resis-
tance genes conferring resistance o rice blast fungus M.
grisea race having an avirulence gene, AVR-Pi-b. This gene
was originally found in indica cultivars and introgressed
into japonica background on the telomere region of chro-
mosome 2 (Yokoo et al., 1978). The Pi-b had been mapped
with high resolution and cloned by positional cloning strat-
egy (Miyamoto et al., 1996; Monna et al,, [997; Wang et
al., 1999b).

To understand the molecular basis of the blast resistance
provided by Pi-b, the Pi-b gene was cloned by map-based
cloning strategy. During the Pi-h genomic sequencing,
insertion sequences were identified along the coding region
from susceptible cuitivar, and that was believed (o be the
major cause of resistance-break down of the rice. The ret-
rotransposon was cloned from the genomic DNA, charac-
terized and designated as Osrl. One more copy of non-
functional Pi-b was identified near the functional Pi-b gene
from resistant cuitivar, and there were two insertions along
the coding and non-coding region of the non-functional.
Among the insertion sequences, there was a 89 bases tan-
demn repeat as well as retrotransposon which is not tdenti-
fied yet - :

Identification of a New Retrotransposon Osrl from

Pi-b Gene

Insertion sequence was detected in the open reading frame
of the Pi-b gene from the rice cv. Nipponbare, which is sus-

ceptible t© rice blast fungi race AVR-Pi-b. The insertion
sequence was identified as a solo long terminal repeat
{LTR) of a new rice Copia-like retrotransposon and desig-
nated as Osr/. The Osrl showed a total of 6386 bp-nucle-
otide sequence including 965 bp LTRs on both ends with an
82% mucleotide sequence identity to the wheat Tar/ ret-
rotransposn on its reverse transcriptase. LTR was widely
distributed in the rice genome, Various types of the restric-
tion fragment length polymorphism (RFLP) of LTR were
detected in indica cultivars, whereas only a few were
detected in the japeonica cultivars. The population of the
Osrl is lower in the wild-type rice compared 1o that in the
cultivated cultivars. Nucleotide divergence was noted
among the individual LTRs as well as the coding region of
Osrl through point mutations, small insertion or deletion.
The insertion of LTR sequence in the Pi-b gene in the sus-
ceptible cultivar suggested that retrotransposon-mediated
insertional mutation might play an important role in the
resistance breakdown as well as the evolution of resistance
genes in rice. This data also show that the japonica culti-
vars, which have been cultivated in the northeastern Asia
including Korea, China, and Japan have high homogeneity
in their genetic background. Northern blot data with LTR
probes indicates that Osr/ transposes through RNA inter-
mediate 1o DNA and transcription was up-regulated through
the inoculation of the rice blast fungus, Magnaporthe
grisea.

Conclusions

New retrotransposon Osr] present in the rice genome was
characterized through a direct comparison of the ORF of
the Pi-b region from the susceptible and resistant rice culti-
vars against M. grisea infection. Only a solo LTR remained
on Pi-b ORF, suggesting that the internal region of the ret-
rotransposon was deleted with only a foot-print remaining.
Complete unit of the retrotransposon was cloned by screen-
ing the rice genomic library with an LTR fragment as a
probe. The size of the Osri was shorter than RIRE] which -
was the first identified and fully characterized retrotranspo-
son from the wild rice O. ausrraliensis (Noma et al., 1997).
Nucleotide divergence was detected through a direct com-
parison with the LTRs of other clones selected from

‘genomic library as well as the intermal region obtained

through a random amplification with PCR primers and sub-
cloning. Osr7 was the most similar to Tur! compared to the
other homologous Ty2-copia group retrotransposons found
so far from rice and other species based on the Genbank
database (Fig. 3).

The distribution of Osr! was variable in the same genus
Oryza. The population of the retrotransposon was signifi-
cantly rare in the wild-type cultivars compared to that of the
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Fig. 3. Phylogenetic tree of revese transcriptase among Copia-
and Gypsy-like retrotransposons. A tree was constructed by the
UPGMA (unweighed pair group method,arithmetic means) using
Genetyx program (Software Development, Tokyo, Japan). The
number above horizontal line is the frequency with which a given
branch appeared in 1000 bootstrap replications. Two groups
belonging to Copia- and Gypsy-like retrotranspesons were used.
Tom (Z24451), Ty3 M23367), burdock (U89994), gypsy (M12927),
yoyo (U60529), Cinful-1 (AF049110), Grasshopper (M77661),
MAGGY (L35053), CfT-1 {Z11866), Tfl (M38526), Tntl
(X13777), Ttol (I283003), Tal-3 (X13291), Osrl (ABD46118),
Tar (AB0O0O8772), Opie-2 (U6R408), PREM-2 (UU41000), SIRE-
(AFO53008), Hopscotch (AW 154801), Tgmr (U96748), Tosl7
(DB5876), AtRE2-2 (AB021267), BARE-1 (Z17327), RIRE!
(D83597), Rrtl (Z75496), Amer7 (AJ006562), Ty4 (M34164).

cultivated rice cultivars including indica and japonica
types. This result was similar to the cases of RTL-I and
RTL-2, which were identified and characterized in japorica
cultivar and detected only in AA genome wild-type rices
{Wang et al., 1993}).

Internal region of Osrl had a nucleotide heterogeneity
(Fig. 2). It appeared that many LTR-retrotransposons in a
plant were defective or existed as solo LTRs or with internal
deletions, rearrangements, and replacements (Hu et al,
1995: Jin and Bennetzen 1994), which might have helped
in escaping from being deleted out of the inserted site
through the accumulation of random mutation. The high
population of the repetitive sequences in rice suggests that
these sequences have been active for a long period of time.

Transcriptional activation of the Osr/ was detected after
the infection with the blast fungus M. grisea, as reported in
tobacco by Vernhettes et al. (1997). McClintock (1984) also
suggested that stresses activate transposable elements and

Duplication Pi-b

indica (Tjina)
Pib__ Pib |

Frb

! Insertion of
Tesistanc transposon

e

japonica

Insertion and
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Fig. 4. Evolution of rice blast resistance gene FPi-b into indica
(resistant) and japonica (susceptible) cultivars. Two copies of Pi-b
genes were identified in resistant cultivars (Pi-b, Pi-b’), and only
one copy was detected in susceptible cultivars (Pi-b").

play an important role in generating new individual or spe-
cies.

The insertional mutation was identified on the resistant
and susceptible Pi-b genes (Jwa, 2000a). It is interesting to
ponder whether the Osrl-mediated mutation occurred
before or after the japonica cultivars were introduced into
the northeastern Asia, There are two possibilities, the first
being that the susceptible rice cultivar was introduced and
adapted as the major cultivars and the second that the resis-
tant rice was introduced into the non-stress environments
where there were no AVR-Pi-b containing M. grisea races.
Since mutant Pi-b rice could also have survived at that time
due to the favorable microflora, susceptible rice cultivar
could be the dominant variety in the northeastern Asia.
Interestingly, the distribution of Osri in the genome was
different between susceptible japonica and resistant indica
rice cultivars (Fig. 4). This signifies that the difference in
the stresses such as races of the pathogens could change the
type of mutation caused by retrotransposons. In conclusion,
retrotransposon Osr! was identified as the major factor
causing the insertional mutation on the rice blast resistant
Pi-b gene, showing a RNA-to-DNA mediaied {ransposi-
tion. Furthermore, mRNA transcripts were up-regulated
through the infection with compatible and incompatible
races of M. grisea. Osri was randomly scattered in the rice
genome, not located in a site-specific manner. Since RFLP
pattern of Osr/ was polymorphic between japonica and
indica cultivars, the transposition of Osrl might play a role
in the generation of diverse varieties of rice. Thus, under-
standing the role of transposition of retrotransposons in
plant genome will help to elucidate the evolution and/or
generation of various plant species.

References

Bonman, J. M., Khush, G. 8. and Neson, R. J. 1992, Breeding for
rice resistance o pests. Annu. Rev. Phytopathol. 30:507-528,



Retotransposon-mediated Mutation of Rice Blast Resistance Gene Pi-b 75

Bureau, T. E., Ronald, P. C. and Wessler, S. R. 1996. A computer-
based systematic survey reveals the predominance of small
inverted-repeat elements in wild type rice genes. Proc. Natl.
Acad. Sci. USA 93:8524-8529.

Curt, L. R. 1986. Investigations of gene-for-gene relationships: the
need for genetic analyses of both host and parasite. Plant
Pathol. 35:15-17.

Finnegan, D. J. 1989. Eukarvotic transposable elements and
genome evolution. Trends in Genet. 5:103-107.

Flavell, R. 1980. The molecular characterization of plant chromo-
somal DNA sequences. Annis. Rev. Plans Physiof. 31:569-596.

Flor, H. H. 1956. The complementary genetic systems in flax and
flax rust. Adv. Genet. 8:29-54,

Genovesi, A. D. and Magili, C. W. 1976, Heterokaryosis and
parasexuality in Pyricularia orvzae Cavara. Can. J. Microbiol.
22:531-536.

Gietl, A. and Saedler, H. 1992, Plant-transposable elements and
gene tagging. Plant Mol. Biol. 19:39-49.

Grandbastien, M. A, Spielinann, A. and Caboche, M. 1989. Tntl,
a mobile retroviral-like transposable element of tobacco iso-
lated by plant cell genetics. Nature 337:376-380.

Hirochika, H., Fukuchi, A. and Kikuchi, F. 1992. Retrotransposon
families in rice. Mol Gen. Genet. 233:209-216.

Hirochika, H. 1993. Activation of tobacco retrotransposons dur-
ing tissue culture. EMBO J. 12:2521-2528.

Hirochika, H., Sugimoto, K., Otsuki, Y., Tsugawa, H. and Kanda,
M. 1996. Reuowransposons of rice involved in mtations
induced by tissue culture. Proc. Natl. Acad. Sci. USA 93:7783-
TI88.

Hu, W., Das, O. P. and Messing, J. 1995. Zeon-1, a member of a
new maize retrotransposon family, Mol Gen, Genet, 248:471-
480.

Jin, Y. K. and Bennetzen, J. L. 1994, Integration and nonrandom
mutation of a plasma membrane proton ATPase gene fragment
within the Bs1 retroelement of maize. Plant Cell 6:1177-1136.

Jwa, N. 8. and Lee, Y. H. 2000. Insertional mutation of the rice

" blast resistance gene, Pi-b, by long terminal repeat of a ret-
rotransposon. Plant Pathol. J. 16:105-109.

Kameswar Row, K. V. §. R, Aist, J. R, and Cnil}, J. P. 1985. Mito-
sis in the rice blast fungus and its possible implications for
pathogenic variability. Can. J. Bot. 63:1129-1134.

Kumar, A. and Bennetzen, J. L. 1999. Plant retrotransposons.
Annu. Rev. Genet. 33:479-532.

Kiyosawa, S. 1982. Gene analysis for blast resistance. Oryzae
18:196-203.

Grandbastien, M. A, Spielmann, A, and Caboche, M. 1989, Tht/,
a mobile retroviral-like transposable element of tobacco iso-
lated by plant cell genetics. Nature 337:376-380.

Martin, G. B,, Brommonschenkel, S. H., Chunwongse, J., Frary,
A., Ganal, M.W,, Spivey, R., Wu, T., Earle, E. D. and Tank-
sley, 8. D. 1993, Map-based cloning of a protein kinase gene
conferring disease resistance in tomato. Science 262:1432-
1436,

McClintock, B. 1984, The significance of responses of the
genome to challenge, Science 226:792-801.

Miyamoto, M., Ando, L., Rybka, K., Kodama, O. and Kawasaki,

S. 1996. High resolution mapping of the Indica-derived rice
blast reisistance genes. I. Pi-b. Mol Plant-Microbe Interact.
9:6-13.

Mochizuki, K., Umeda, M., Ohtsubo, H. and Ohtsubo, E. 1992,
Characterization of a plant SINE, p-SINE], in rice genomes.
Jpn. J. Genet, 67:155-166.

Monna, L., Miyao, A., Zhong, H. 3., Yano, M., Iwamoto, M.,
Umehara, Y., Kurata, N., Hayasaka, H. and Sasaki, T. 1997.
Saturation mapping with subclones of YACs: DNA marker
production targeting the rice blast disease resistance gene, Pi-
b. Theo. Appl. Genet. 94:170-176.

Nakajima, R., Noma, K., Ohtsubo, H. and Ohtsubo, E. 1996
Identification and characterization of two tandem repeat
sequences (TrsB and TrsC) and a retrotransposon (RIRET) as
genome-general sequences in rice. Genes Genet. Syst. 71:373-
382.

Noma, K., Nakajima, R., Ohtsubo, H. and Ohtsubo, E. 1997
RIRE], a retrotransposon from wild rice Oryza australiensis.,
Genes Genet. Sys. 72:131-140.

Ohtsubo, H., Kumekawa, N. and Ohtsubo, E. 1999, RIREZ, a
novel gypsy-type retrotransposon from rice. Genes Genel.
Syst. 74:83-91.

Pouteau, 5., Grandbastien, M. A. and Boccara, M. 1994. Micro-
bial elicitors of plant defense responses activate transcription
of a retrotransposon. Plant J. 5:535-542,

SanMiguei, P, Tikhonov, A., Jin, Y. K., Motchoulskaia, N.,
Zakharov, 1., Melake-Berhan, A., Springer, P. S., Edwards, K.
I, Lee, M., Avramova, Z. and Bennetzen, J. L. 1996. Nested
retrotransposons in the intergenic regions of the maize
genome, Science 274:765-768.

Schmidt, T. 1999, LINEs, SINEs and repetitive DNA : non-LTR
retrotransposons in plant genomes. Plant Mol. Biol. 40:903-
910.

Shinoda, H., Toriyama, K. Yunoki, T., Ezuka, A. and Sakurai, Y.
1971. Swudies in the varietal resistance of rice to blast. 6. Link-
age relationship to blast resistance genes. Bull Chukoku
Agric. Exp. Stn. Ser: A 20:1-25.

Staskawicz, B. J., Dahlbeck, D. and Keen, N. T. 1984. Cloned
avirulence gene of Pseudomonas syringae pv. glycinea deter-
mines race specific incompatibility on Glycine max (L.) Merr.
Proc. Natl. Acad. Sci. USA 81:6024-6028.

Suzuki, H. 1965, The Rice Blast Disease, pp. 111-149, Johns Hop-
kins Press, Baltimore, USA.

Takeda, S., Sugimoto, K., Otsuki, H. and Hirochika, H. 1998,
Transcriptional activation of the tobacco retrotransposon Ttol
by wounding and methyl jasmonate. Plant Mol. Biol. 36:365-
376.

Uozu, 8., Ikehashi, H., Ohmido, N., Qhtsubo, H., Ghtsubo, E, and
Fukui, K. 1997. Repetitive sequences: cause for variation in
genome size and chromosome morphology in the genus
Orvza. Planr Mol. Biel. 35:91-99,

Valent, B. and Chumley, F. G. 1994. Avirulence genes and mecha-
nisims of genetic instability in the rice blast fungus. In: Rice
Biast Disease, ed. by R. §. Zeigler, P. 8. Teng, and 8. A.
Leong, pp. 111-134, CAB International, Wallingford, UK.

Vaughan, D. H. 1994, The relationship bewteen the genus Oryza



76 Nam-Soo Jwa and Yong-Hwan Lee

and other grasses. In: The Wild Relatives of Rice. pp. 3-6.
International Rice Research Institute. Philippines.

Vernhettes, S.. Grandbastien, M. A. and Casacuberta, J. M. 1997.
In vive characterization of transcriptional regulatory sequences
invalved in the defence-associated expression of the tobacco
retrotransposon Tarl. Plant Mol Biol. 35:673-679.

Voyuas, D. E, Cumnmings, M. P, Koniczny, A.. Ausubel, F M. and
Roderme!, S. R. 1992, copia-like retrotransposns are ubiqui-
tous among plants. Proc, Natl. Acad. Sei. USA 89:7124-7128.

Wang, X.. Shen, G, Zheng, F., Wang, Z., Zhang, J. and Hong, M.
1993, Distribution of two transposon-like elements in rice.
Plant Sci. 94:61-69.

Wang, 5., Liu, N., Peng, K. and Zhang, Q. 1999a. The distribution
and copy number of copia-like retrotransposons in rice (Orvza
sativa L.) and their implications in the organization and evolu-
tion of the rice genome. Proc. Natl, Acad. Sci. USA 96:6824-
6828,

Wang, 7. X.. Yano, M., Yamauouchi, U., Iwamoto, M., Monna.
L., Hayasaka, H., Katayose, Y. and Sasaki, T. 1999b. The Pib
gene for rice blast resistance belongs to the nucleotide binding

and leucine-rich repeat class of plant disease resistance genes.
Plant J. 19:55-64.

Wang, S., Zhang, ., Maughan, P. I. and Saghai Maroof, M. A.
1997. Copia-like retrotransposons in nce: sequence heteroge-
neity, species distribution and chromosomal locations. Plant
Mol. Biol. 33:1031-1058.

Weil, C. F. and Wessler, 5. R. 1990. The effects of plant transpos-
able elements insertion on transcription initiation and RNA
processing. Annu. Rev. Planr Physiof. Plant Mol. Biol. 41:527-
552

Weiner, A. M., Deininger, P. L. and Efstratiadis, A. 1986. Nonvi-
ral retrotransposons: genes, psuedogenes, and transposable
elements generated by the reverse flow of genetic information.
Annit. Rev. Biochem. 55:631-661.

Wessler, S. R., Bureay, T. E. and White, S. E. 1995, LTR-ret-
rotransposons and MITEs: important players in the evolwtion
of plant genomes. Curr. Opin. Genet. Develop. 5:814-821.

Yokoo, M., Kikuch, I, Fujimaki, H. and Nagai, K. 1978. Breed-
ing of blast resistant lines (BL-1 to 7) from indica~japonica
crosses of rice. Jpn. J. Breed. 28:359-385.



