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Genomic study on integrations of endogenous rice tungro bacilliform
virus-like sequences and episomal DNAs in the rice genomes
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in the rice genomes, pararetrovirus-like sequences that are similar to rice tungro bacilliform
virus (RTBV), called endogenous rice tungro bacilliform virus-like sequences (ERTBV), have been
found, and none of the ERTBVSs are functionally intact. A remarkable feature of the insertion sites
of most ERTBVs is that they are flanked by AT di-nucleotide repeats (ATrs). Although AT-rich
regions in chromosomal DNA have been described as preferential target sites for different external
and internal DNAs, our current understanding is insufficient to fully describe the role of ATrs in
terms of DNA integration. in this study, the integration event of ERTBV and episomal DNA
segments into ATrs was investigated through comparative analyses between japonica and indica
genomes. In addition, the origin and distribution of ERTBV were also analyzed in the

rice-closely-related species.

(1) Integration of ERTBYV into AT di-nucleotides repeats of rice genomes

The rice genomes contain a number of segments of ERTBV, many of which were present
between ATrs. The possible processes involved in ERTBYV integration into the rice genome were
postulated as; 1) ERTBV integrated into the ATrs in the genome, and 2) ERTBV accompained ATrs
prior to integration into the genome. This study sought the process for the ERTBYV integration into
the rice genome. Comparison of genomic sequences between two closely related rice subspecies,
japonica and indica, allowed me to verify the preferential insertion of ERTBV into ATrs. | conclude

that ATrs were present before the ERTBYV insertions occurred.

(2) AT di-nucleotide repeats as damping sites of episomal DNAs
I confirmed that ERTBVs are preferentially present between ATrs, which allowed me to

speculate that AT-rich regions might be widely employed as a site to integrate external and internal
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DNAs into chromosomes. Therefore, this study investigated the sequences present between the
same SSRs by the comparative analysis between japonica and indica that was also used in the
case of ERTBVSs. In addition to ERTBVSs, the comparative analyses showed that ATrs occasionally
incorporate repeat sequences including transposable elements, and a wide range of other
sequences. Besides the known genomic sequences, the insertion sequences also represented
DNAs of unclear origins together with ERTBVs, suggesting that ATrs have integrated episomal
DNAs that would have been suspended in the nucleus. Such insertion DNAs might be trapped by
ATrs in the genome in a host-dependent manner. Conversely, other simple mono- and
di-nucleotide sequence repeats (SSR) were less frequently involved in insertion events relative to
ATrs. Therefore, ATrs could be regarded as hot spots of double-strand breaks that induce
non-homologous end joining. The insertions within ATrs occasionally generated new gene-related
sequences or involved structural modifications of existing genes. Likewise, in a comparison
between Arabidopsis thaliana and Arabidopsis lyrata, the insertions preferred ATrs to other SSRs.
ATrs in plant genomes could be considered as genomic dumping sites that have trapped various

DNA molecules and may have exerted a powerful evolutionary force.

(3) The original distribution of ERTBYV in the rice genomes
ERTBYV originated from ancient viral infections that have been fixed in the germline of the rice
genomes. A number of the ERTBV segments were also detected in the other O. sativa and O.
rufipogon strains based on Southern blotting experiments. The evolution and origin of ERTBV in
Oryza species remain to be clarified. Here, | exploredr original copies of ERTBV among the
characterized copies in japonica genomé. Among 162 ERTBV segments identified in the japonica
and indica database, 22 are shared between the two genomes. With PCR analysis, nine of the 22
ERTBVs were detected in japonica, indica and O. rufipogon, and these were thought to be ancient
copies that existed before japonica-indica differentiation. To further understand the origin of
ERTBV, the phylogenetic tree was constructed for each of the seven functional regions in ERTBV
sequence. One of the most clear outcome resulted from RT/RH gene tree that was distinctly
divided into four major clusters. The nine old segments detected by PCR analysis were distributed
| in all the four clusters, implying the different phylogenies of the old segments. Therefore, these
results strongly indicated that the multiple origins of ERTBV cognates were inferred. The different
origins of ERTBV in the Oryza genomes suggest that the distribution of ERTBVs was
geographically different.
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Genomic study on integrations of endogenous rice tungro bacilliform
virus-like sequences and episomal DNAs in the rice genomes
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ARITIZZESE DNA DA (RS bADAIVR) THS Rice tungro bacilliform
virus (RTBV) MERL . Y /nmER T ESMOENT NS, 41 X5/ AICIZZDRTBY
EHElDET Endogenous RTBV-like sequence (ERTBY) MSSMEET 3 LMLRIICHSE
TN TS, ERTBV DIFARMETRD & 8 BT AT OEFKREFISERICERENTEY.,
ERTBY MEDK STV / AICAS =DM EMDERMYEEATIND, F/=, AT BEERT)
IC(3 ERTBY [CBRS F'fhD DNA BEFUBHIB/A L TWAAIREMNH S, KR TIZEIC ERTBV @
ARG ) ANDEBABRKRE Y RZAEA I TAIDOT /) AT—9%BIHL. HOMICTL
= (). EDBIET ERTBV LISDERFICDNTH AT BHERI ISR BANELC TS
CEERML. AT ERRNOBMELBARINOEELEHMICHBITLA 2) . SIS, ERTBY
DAL A RXOESMLITBIECBEL TIVD, COREREE(C. & ERTBY EiFDOIEAR
DHEEE ERTBY DHHBICDOVWTRRE (3, LLEDEREFT LS. ERTBY PEICEHT ST
EV—LRNDA XY ) LAOEAH. ERTBY & RTBV DIEEZIEEE A T/ AND
BADERE, BLUAXRYT/ LDOKILL ERTBY FADOBRICONWTERLL,

(1) ERTBV @ AT @R FINDIBA

Kunii 5 (2004) (I AT SE#EACHYAS ERTBY OFismIC MR ICHIRT S &2 RHLAE, &
DEEMNS, 32 DDORMEITT, ERTBV DIEABEKICDOVTEITL /=, 1 DIX ERTBY
B AT BT EEICEA LTTEEE. &5 1 D13 ERTBY 28 AT RS EEALT. ¥
J LICA->7=wTREtE. HAME (RAP build 5) & 93-11 (BGI) DTF—FRX—AhSEFNEH
88 BB LU T4 ED ERTBY AT TN/, COAN. P+ R-ATIE 84K A > TFTAHTIXTT
@ ERTBV DS IC AT RIS I NA, 2 D205/ AELLM—ATERTBV DEA%E
5D 32 YA FTIE. ERTBY DAxVo/ ARIDWDK S empty donor site T AT MEEALSIAS
FHELTW=, E7=. ERTBY 2804 FOASOHZARIICE VTS AT BERFIMSRE
Ehic, ShODERNS, AT EEE I ERTBY B4/ AICHBATAHICHFEL TV
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(2) TEY—LADNA DOEFRE LTO AT EEEECT)

£TO ERTBV (IEEM S NiREER/Z R BT, BICUSMNILRAOBMARELTHELT
WB7s, TRENICAT ESERFZRNICBALTVDLEEBATHN, ¥/ AEORE
RINERMR/=& B, ERTBY 3 TIIAE<. tORIBMYRAENZZEHSHALL, 1§
ARFIBEMDY / ARFICMA T, EEFESAREAL DN bIENL. —F. AT LISOER
25, FIAILAA/TT. GG/CC. AC/GT. AG/CT &5 \\d GC MMALT Tl AT EHRIND LS IC
ERTBV »REENZEDBAIBRD SNEM /. > T, AT BRI, EK<HERRICE
WL TS ERTBY BENDIEY —LBRNEMUVALHEREZFH > TOSRIEEMHIIE . AT
HERENNET MYV Y IRTIYFAL YA MM ICHEY, ¥/ LAORTH, ZFU
HENPTVERFITH S EPBHETES, AT EHERTITIME,. SEBRE THIRECT
WIS DNA TR ZMYURAATEREEZ OGNS, AT ERETADOBAIRYT /) AICHFELE
WREMD DNA BT HEH. DNA DKFEREDORBHTHETES, PICRIEEIh TSR
EFRENEZELCEY. BEORGFOMELZTEL T X RAOREFREEH OENS
AT BRRIINICRIEE NI, Arabidopsis thaliana & A Iyrata DMOLEBETH. €%
CRABIRREBL. ®oT. #¥YY/ LD AT ERERFNIIHE< 2 DNAKGH EERL=5 >
B84 b (TIKRB) THHLABIC, BOICHELEHRETIHEEZRFIOELEZION
7.

(3) ERTBV DR E S

YV OKROEBRNRBKERRTI0ICE. TOEFHBTORGREEARD LN
BMEBEDNhS, XRTEIEEME 3-11 OTF—IX—IAnSB/LN/= 164 8D ERTBY %
EICEORREZREL /. BEME 93-11 ’C‘#ﬁt;ﬂ'«f MCHA LTINS 22 D ERTBY [
ABLAE, Thd 2280 ERTBV ICDWT PR TREADRL DDy R=H, 1 F1Hh. I
Z4R—=Td2 10 RkEDYT /) AKX, 9 DD ERTBV L TORMICTEEL TVE. EH(C,
GANARINE T DOSBEICHITEMHE S EICRIRBEER L. BHBERIREHT
RT/RH BREFTEOSN, 4 DDO/SRI—ICHIFSNA. PCRREICEUBREKEZNAEZI DD
MKIZ4ADDISRY—ICLTHHLTVE, SO EMD, ERTBVIZ 4 DDORITZER%E
BOUAIWNARNA RICERL, ¥/ AICRYRAENAXES/ LALBRTBICE /2L
ETED, FRIC ERTBY RO HMBICRI O TWEILERELTNS,

- LEORRIE. ARICAET DUV AREES (ERTBY) Z2FHNrYICLT, #HY/ A
BAFR DNA 245/ AICRYRAATELZLERBLCOHOTHSHICLART, SR LH< Ml
T&3, £/e. SHORLEL TRV I/ OBBAMBRERAL, A XRENGET
HBIELONTHEBLELIMRES X . RER—RIT. MBFESEL (B¥) 0F
BMEZITBICHNBRBEFTHODLRDI.
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