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Oryza Wild Species Using Expressed Sequences
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The genus Oryza comprises 25 species in 10 different genome types (AA, BB, BBCC, CC, CCDD, EE, FF, GG,
HHJJ and HHKK). The AA genome species contain two cultivated rice species and others are wild relatives of rice.
Wild relatives of rice are important as a genetic resource to resolve the questions about domestication, speciation,
polyploidy, evolution and to identify useful traits such as resistance to various stresses and vigorous growth
characters those were missing from cultivated rice. Oryza sativa, one of the cultivated rice has been analyzed well,
and the sequencing of the O. sativa, japonica and indica genomes has been completed. Molecular and genetic
analyses of the wild relatives have recently stated to show phylogenetic relationships among them, but not many
studies have been carried out to date. In this study, therefore, I examined the differences of gene sequences, and
structure among three different genome types and the presence of the wild relatives of rice unique genes to gain an
insight of the evolutional state in the genus Oryza. I have examined genome differences for expressed sequences
between AA and BB, and between AA and CC by comparison. of cDNA sequences.

In chapter I, the divergence between O. sativa and O. punctata (BB genome) or O. officinalis (CC genome) was
analyzed. cDNA libraries were constructed using mRNAs isolate from the shoots of O. punctata (BB) and the
panicles of O. officinalis (CC), and 3087 ESTs containing 973 clones of O. punctata and 1425 clones of O.
officinalis, were used for sequence comparison against O. sativa (AA), Nipponbare sequences. The reéults of
BLASTN showed that 88-96% cDNA clones of the BB and CC genomes showed high similarity (90-100%) to the
O. sativa sequence, and 8% of the O. punctata clones and 4% of the O. officinalis (CC) clones did not hit against
the O. sativa cDNA and genome sequences. Substitution rate between japonica and O. punctata, and between
Jjaponica and O. officinalis were 31 and 36 bp/kb in the coding region and 44 and 44 bp/kb in the untranslated
region, respectively. They were three or four times higher than those of japonica and indica. The number of
nonsynonymous and synonymous substitutions per site (Ka and Ks) was calculated 0.0018 and 0.022 for Ka and
0.091 and 0.106 for Ks between japonica and O. punctata or O. officinalis, respectively. These results together
with in/del comparison indicate that the genetic structure of BB and CC genomes are very close with each other
and in/dels are accumulated in the untranslated region.

In chapter II, the phylogenic relationships of the species in the genus Oryza were examined using seven nuclear
DNA sequences; O. sativa full length cDNA (AK058507, AK059353 and AK098919), RAFTIN 1 (AJ575667),
MAP kinase 5 (AF479884), fructokinase 1 (AF429948), teosinte branched 1 (tb]) and tryptophan synthase (orp),
and one intron sequence of Adhl 3rd intron. The results showed that the phylogenetic relationships among O.
brachyantha (FF genome), AA genome species (O. sativa, japonica, O. rufipogon and O. barthii) and other Oryza
species was supported by high bootstrap values, while in the O. officinalis complex being composed of BB, CC,
CCDD, and EE genomes, pylogenetic tree was entangled among genes used for the analysis. Estimation of the
divergence time base on a molecular clock approach was performed by assuming maize and rice diverged 50
million years ago [mya]. O. brachantha (FF) vs. remaining Oryza species revealed to be at 11.7~21.6 l(mya)
(average 17.2 mya). The divergence time within the O. officinalis complex containing BB, CC, CCDD and EE
genomes was estimated later than 9.5 mya (2.1~12.1 mya). AA genome was diverged from O. officinalis complex
at 2.2~14.9 mya (average 8.8 mya) and speciation within the AA genome was estimated to occur at 0~5.6 mya.
These values can explain well the phylogenétic relationships and the estimatied divergence time of these species in
relation to other evolutional evidences. Synonymous (Ks) and non-synonymous (Ka) substitution rates showed that
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RAFTIN 1 and #b showed higher Ka/Ks than other genes in all genome types. These genes might contribute to
speciation, or phenotypic diversity.

In chapter III, 13 clones identified as unique to the wild relatives, but not to japonica rice, were analyzed. Full
length cDNAs were obtained from four genes of BB or CC genome. These genes encoded a ribosomal protein, a
cyclin, a cold response protein and an unknown protein. One of the BB genomes clones, the BBS13D01 encodes a
cyclin D2/4 like protein and its expression in yeast cells complemented cyclin mutations. This indicates that the
BBS13D01 encodes a functional cyclin unique to the wild relatives of rice. Another clone CCP17F01 from CC
genome has domains conserved among cold response proteins, and its expression was induced by a cold treatment.
This suggests that CCP1701 encodes a cold response protein and is involved in the cold response of the wild
relatives. The results suggest that wild relatives of rice have various unique genes which may be related to the
characteristic features of the wild relatives in the morphogenesis and stress resistance. Unique genes of the wild
relatives were devided into two categories: One was unique sequence present only in the wild relatives of rice, and
the other has homologous genes in japonica, but its expression might be controlled differently. _

My approach to analyze molecular characteristics of the wild relatives genome species in rice revealed new
information about nucleotide substitution rate, in/del characteristics, unique genes of the wild relatives,
phylogenetic relationships and divergence time of the wild species of rice. Oryza is one of the most valuable
species in the studies of domestication, speciation, polyploidization and evolutional analysis, due to the
accumulation of fundamental knowledge of genomics and a plenty of genetic resources. Further analysis of the |
wild relatives of rice should provide us a lot of fundamental and valuable resources to resolve questions for

evolution and speciation, and for practical application of the genomes in the genus Oryza.
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AR N L ThoLbEERRMOVL-OTHY, TDEM LRI LEL OB
FERIrENTET, Lol BEEA R (Oryza sativa; AATLS ) 1) L 24 FEIZDIZ B RIB OB A ARE
DEEFHIEENL, ThODRFENRE E D TEE+RITITRDLN TV Ved 0T,

FrCEBEEISAMT, BRI BWTEREEARDOT ) NELFIT — & EH LGOI 2B DS
A=A RD EST (Expressed Sequence Tag) T — &% A= LB 7 ) MENT B L O LRIRIT 21772
~7=, BST 1Z. Oryza punctata (BB %%/ 1) & Oryza officinalis (CC E& /.b) DFNFNETESZ
HEE LT RGERR TR TV VA mRNA B THY, BiFEND 973 ym—r, BEMND 1425 /o
—  DELSEFINRESNI, EBFEAT, ZOBRFIER TP 7 NEHFLEIL ., BLFIT
— ZHEELDEDICKREREBRE LT, —F . RIEAROEERFNIZ SV T, japonica FREL
indica BIREDOABEIN TWEY /AT —FBIUCDNA 7 — &% I AV Yz,

BLASTN 7'u'5 5% V-t EEF IO EHER IR EAT 207225, 90% LA EDBF A A REL
FliEs AR EF I mVEEMNEE LD LI, Zhb2s ortholog 7ZEHREL T, O. punctata & O.
officinalis {Z-oV T, EST DIEEACFIME ES 41 THEVEEIG A ROEFI LR 72L2A, ]
EBHOMEEIIZ S Ea—RERTITZEN 3.1%8 3.6%, FEa— NI Tl 4.4%L 4.4%
72 ol ZAUBOEL japonica FEAEE indica FAEMDEY WD 10 FThD, FEa—FHEIKIZIIT
DI EOEAR KIS HDIEEIHEEBHROBZED 1/6—1/37 27, —77, RIEEHE LI
BB ORI, BAEAREREEARDBHVET 0.2 B THY, Bl FRDHE(0.3) I
BiED T, FIEIZ LMK EORFIPBETEST- R THA RN B 2 b5,

BF A A 2D EST BEFNZIZ, $REEA REFI LR RS2V b DA 20 fldH 7D T, 7
ey MENTE 5'RACE % W T, b bAREE DB T1Z-0V VT ORF ORIl OE EA S
BRFELI, THBE AL REE DBETFIIIRY — I I BO—H, BRRISE IR,
cychinD, IBLUMERESRENDEZ L IE Tholr, B FREMTL DT RRBHTOFRER. BIE2
BEFITOWTIES ERER CEEBRNERUEROBLLHERE SN2, cyclinD 1
HIEAZ DR CRIETFORENEL., BERMOZ L I EREFITREFERSIRA
DAMD DB B TRUSAATEL DT EE 2 bz,

B SAATE, SEREDOBETERA T, 5 EST AT AW E 2B S 0 R
SEORMEMRE., SMELL Ty Eaay - afXF ARV THRIT U, ZO/RER. ARER
Rl 5000 FAERNCOELUESRET DL, £3° FF B4 A%#: (0. brachyantha) 259
1700 FAERTIZAYDM., ¥RIZ DD Bl L EE S ) 2D 5 R FE A 1000 TAERNI DML, £
D O. punctata & O. officinalis 23 HEHBIFE 900 FERNZHIEL ., HEIZ, AA RS/ L35 (0.
sativa, O. rufipogon, O. barthi) D4YIEAEIT 100 HEIEEDHWIZIZEUEHESI N,

PLED IS EBFEEE AT, FC R ESNI-BEAFRD EST BSEEEEARDS ) LE
FZ B BiE OBGCHIZFEEEA R BE2EDORFEREME L., FEBE/FEOE
EFARBRIC OV TEEMITARAT L, TNDOYELA R R EHEE LT, ZOMZIE, BEAXOR
EEBTIELLTHLWE REMZ AL 0L LU TELTHME C& ., EHFSAOHRNITERFERD
RS L TOLBEEIZL QS BEE 2B RO,
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