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Studies on the Retrotransposons of the Rice Blast Fungus
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1. Introduction

One of the most serious and recurrent problems affecting rice production worldwide is
the rice blast disease, the most destructive disease of the rice crop. It is estimated to starve
about 60 million people worldwide due to annual crop loss caused by the filamentous
ascomycete fungus, Magnaporthe oryzae (Couch). Control of this pathogen mainly relies on
the use of resistant rice cultivars carrying major resistance (R) genes that interact with M
grisea avirulence (4VR) genes following a gene-for-gene relationship. It is believed that the
loss-of-function mutations of the avirulence genes are the main reasons for the emergence of
new pathotypés of the fungus and some repbrts confirm that in some pathotypes, gains of
virulence to formerly resistant rice cultivars were dué to integration events among some
transposable elements (TEs) and transposon-associated point mutation in their avirulence
genes. M. oryzae has been reported to contain a variety of these elements, including some that
are not yet described in detail. In this study, characterization of RETROS5, RETRO6, and
RETRO?7 retrotransposons of the rice blast fungus was attempted due to the lack of available
data on these elements. ,
2. Characterization of RETROG6 and RETRO7

Polymerase (pol) amino acid sequences of the elements reveals that RETROG, and

RETRO7 are Ty3/gypsy-like elements. Copies of these elements were found to be dispersed
within the genome of Magnaporthe spp. isolates infecting rice and other monocot plants.
During infection process, the pathogens come in contact with DNA damaging agents from the
host plant as a result of hypersensitive reaction and free radicals frofn the pathogen produced

by cellular differentiation. Reports have demonstrated that TEs also contribute to genomic
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rearrangements that occur in the pathogen as a result to exposure to various stress conditions.
The effect of stresses on these retrotransposons was investigated through Northern and real
time-PCR analyses by using methyl viologen (MV), methyl methane-sulfonate (MMS), and
heat shock (HS) as stress treatments in liquid culture medium. Southern 'analyses were also
done to determine insertion pattern changes of the elements as affected by the stress
treatments. Transcriptions of RETRO6 and RET. RO7 were highly induced by methyl viologen
'(MV) among single-conidium isolates after the treatments, but no new insertions were
detected, indicating that the high expressions of these elements after MV treatment were not
directly related to the insertion of new copies and that suppression mechanisms miéht be
actively involved.

3. Characterization of RETRO5

Sequence analysis revealed that RETROS is the first Tyl/copia-like. element in M.

oryzae. In addition, long terminal repeat (LTR) regions of the element are more than twice
longer than the LTRs of RETR06 and RETRO7 and have sequence similarity to ribosomal
DNA ‘(rDNA) intergenic spacer (IGS). An attempt to sequence the flanking region of a
full-length insert of RETROS, reveals a tandem structure of the element similar to rDNA
repeat units. RETROS transcription was induced by MMS treatment and its insertion pattern
was changed by the stress treatment. Southern analyses using DNA recombinational repair
gene mutants, Inal68 Akhm80 and Arhm51, showed more insertions in the untreated isolates
of these mutants compared to untreated wild type Ina 168 strain, suggesting that these genes
might be involved in suppressing RETROS insertion. A reporter gene for RETROS expression,
in which an eGFP gene was fused to 3’ end of RETRO5 LTR was constructed and introduced
into strain Ina 168. Fluorescent microscopy revealed induced fluorescence on vegetative
hyphal tips after MMS treatment, suggesting that RETROS5 LTR is a functional promoter.

4. Conclusion

This study revealed the variation of the structure and activity of retrotransposons in

the rice blast fungus. Especially on RETROS, this is the first report of tandem-repeated
structufe of retrotransposons, and of relatioﬁship.s between DNA recombinatinal repair and
retrotransposon. These findings should help finding ways to control the transposon insertion

in the rice blast fungus and contribute to the disease prevention in the future.
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AT, #3109 B, X 30, iu S5ENSRD, BERX LRIMIETNTVS.
1 FBRIEICBT S, HRANICEERMED 1 O XOREEREO—DTH S X bR

ThHd. FTOIHETH D1 RN BREMagnaporthe oryzaeDBFIZ L 5 Z DHFEIZL > THR
HTE6FTHAVEIETDZETOEROKEND S LELNTNS. FFEFOHRIL, EEUTHIE
THIREERRTZRDOVOEHE N U T Z R ESEFIEREF 2ROV D BHIE
HilA FREEFAT 5280k s, HEROEREIERETOEEIH LVWREM 2R TE0O
HEREOEREENTHED, TOXIBRERCAIRVWOERES ) AP DEBEF (transposable
elements; TEs) ﬁfﬁﬁffﬂ‘é{ﬁlﬁ‘i%m;%&%éh'm:é. AXVWHBHRES / LPICIIEEM O RH
RODLED THAREBETFIEET S L ENMSN TS, FHFEOEMIE, Thx TR
D INTWER S 721 FNBBHEDL b b ARV >, RETROS, RETRO6, RETRO7
KOWTORHMZHSNITEIETHS.

2. RETRO6KU'RETROTOREAT _

- RETRO6 &ERETRO7MDPol (polymerase) BImFNDI— R 27 I JEEFIOHEFNS, Zhsid
Ty3/gypsy-like elementsTH D Z ENbhoiz. VHFUETORBER, NS ORFIZAAIXRVED
DA FBRHEMZBELTEIVDEHEDT /) LAFIREEINTWA I Eatbhofz. 130
BRE LT RIANDOBRREFICA 2N OFENEREDA VAT S5 END. FLT, TOLD
I2A B L ADILE TRETRO6 K URETROTDEEAE KT S0 &~ e, W% U /znal68ikD
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B4 % methyl methane-sulfonate (MMS), methyl viologen (MV), #3357 (heat shock; HS) TALEE L,
RNAZHH L /P VBB LOEBRT-PCRENT 2T o /2. TORE, MVWEL:; DRETRO6
LU RETROTOEGENEHZEITHE KT 2 ZEAVRI N, £, MVTUELZEEFET— NI —
IVRREMICEEL, BTBRIELOERETFHHELZEE» SDNAZRMM L, Y T
K DRETRO6 X UNRETROTDIEANSY — > DELERAN/. TORR, BANY — 2 ORLITER
Enizpole. UEQT &5, RETRO6BIURETROTIMBA TRILA M LA %5X 2MVAL
ﬂf%@iﬁ?ﬁ%‘fﬂb?éﬁi‘, —’co)?%ﬁﬂ:biRETRoﬁsJ:U‘RETRON)%W:?;:1 E—DRRIZIE
BRE/RET, FOE—OBAZNKTIEBENEET S Z ERB I N
3. RETROSOEA T |

BFI DO 5, RETROSIZVYD BIRE IZHRT 58 #H] D Tyl/copia-like element TH B Z LAt h
57z, ¥ 51T, RETROSDLIR (long terminal repeat)lRETRO63 % V) IRETROTMD 2 fELL LD E X
& D, tDNADIGS (intergenic spacer) EHRIENH 5 Z &A% h o7z, RETROSDY / L EicBiT
SEEREEZET TS L, IDNADK D725 DT LBEEZR > TVWE Z&Wbho/k. ZOL57k
BiEzbHDOL hohT AR AIMIZFI 2. RETROSOEEX, MMSAEIZ & D BHEIC ¥
KEBZEN T OB TRENE, ERAEROEEEEEREE U TRRS § 2 ETHR
DB T, RETROSOIFHEANG —IZEARR SN/, ZOBANSY — 2 DX nal68%k D
DNAK# X BEBR T OBIBER (Arhm5]1  HEHAEZ RIBK RO Akm80 : FEHEFRG B
BREKR) TRAMMSAEZTORNWEETHEZONY—2EENR 5, NS OBREFH
" RETROSOFH AV —DFADMBNHEEL TV TTEEME 2RI L7=. RETROSOLTRIZeGFPi# {5
FEMELZL AR -5 —BETEZEALzhal 68tk ZHAERE L, MMSICK DB LT3,
FHREARD MRS TR GFPRAER SN, RETROSOLTREFIH T 1 E—5 — & U THibe
LT8BD, HROLHETD TRETROSOEREN RS FEINTND Z EAVRBRIN.

ERFRIEIA TN OEREICBITSDL MO T VARV COBEEEEOZRHREEHS M L.
BIZRETROSIZBW T, WIDTOS ST MEBESDL hO RS VAR S THB L, e
DNAMMZEEEL O RS ARY D OBBRERLEZVDEHEEICBI2BAOATSH S, &
HEORRE, 1 XFNVNBEREOL FO S ARV OFROBEAZFIET S Z L1200,
DNTIENS BHROBRICRII D REENSH 5. K> THEEE —FIX, Sanchez, Edmundo Jr.
Lonjas?NE1 (B%¥) DFEMEZIT DI THBEREETILOEED®.
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