I

I
]

A % ZHE ol g%

H
oPgH& NEBY M2

e

LM B

HE AAEe] 100% 71 217kl Al AHlE = 7}
& F23 ARAASZA, A AA QT 50% o))
FA 02 o] §H T Ut} FEd FF 2= (cereal crop)
EXN A 2717} 74 &el (389 Mb) ‘Crop Circle
(grass family ©| consensus synteny map Moore et al,
1995yl A 7 Aol EA3te Bd @Al A&
EME O F8AS 7KL 8 Aeide)nA &
TAHOER T3 ¥ JHXE AR AEe BY
°] H& Arabidopsisell °]ol, GAY 2 & HYFA
AR F24 = A7E FHUANAT, A whole-
genome shotgun 4l 2] 103,044 7 9] scaffold =
T3 ¥ 466 MbS] indica (Oryza sativa L. ssp. indica
cv. 93-11) draft sequence (Yu et al. 2002) <} 42,109
7R elcontig®. 72 F 390 Mb2] japonica (Oryza sativa
L. ssp. japonicacv. Nipponbare) draft sequence (Goff
et al. 2002), 12|31 370 Mb ] Bt} A E3}3L contiguous
%+ International Rice Genome Sequencing Project

Table 1. HAWhole-genome Sequence & Zit Bl

34 A75Y

) 2 8 B(Arizona Genome Institute)

(IRGSP) pseudo-molecule©| ¥ 5 o] 9t} (Table 1).
]3> IRGSP pseudo-molecules WX 52] 28] x| %9
)X+ PAC (P1-derivedArtificial Chromosome)} BAC
(Bacterial Artificial Chromosome)< ©]-8-3t finished
sequence 241 95% ©]/3¢] HAEE F&3 A9}
AAZ e F3 v} IRGSP sequence®} draft
sequenceE H| W3 EH indica®t japonica | draft
sequencet ZH7F A A 5¢] ~70% HEE HAFI
Aes A& & F Uk 3 oldraft sequenceS <
repeat, centromere, exogenous 7| A1 € 7} 72 A E-8h
Ho g T3 ouE 7Ixl HEE ARy Aoy
o X, WF B2 B2l gap¥} misassembly 7Hs
A3 22 FAEE VAL itk o)o) BjE] EYA%
£ ©]&3l ‘clone-by-clone’ WH o2 #|Z¥ IRGSP
sequencer QA A5 EES G748 W&
AARe] AA A=2ge] AR BT, & o A
WA Q= 54 212] annotation B0l EFE W2 ST ¢}
of I 4% dheoll € 4 Ak B} P33 IRGSP
A% sequence™ BIA| &9 HAZI O 2 A 1,184,706 7

indica draft sequence

Japonica draft sequence

[RGSP sequence

Method Whole-genome shotgun Whole-genome shotgun Map based clone-by-clone

Covered size 466 Mb 420 Mb 370 Mb

No. of pieces 103,044 42,109 12 pieces with 62 gaps

Accuracy - R% 99.99%

Quality of sequence Phred Q 20 - Phred Q 40

# of genes predicted 46,022-55,615 32,000-50,000 37,544 (non-transposable-element related

Reference Yu er al. 2002

Goff et al. 2002

protein-coding sequences)
IRGSP 2005
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Table 2. Some wild species of Oryza and their

useful traits (unpublished; Dr. Dashan Brar, IRRI)

SPECIES GENOME USEFUL TRAITS

0. sativa AA Cultivated worldwide

0. glaberrima AA Cultivated in West Africa; increased tolerance to
biotic and abiotic stresses; weed competitiveness

O. longistaminata AA Resistance to BB, stemborer; drought avoidance

O. rufipogon AA Resistance to BB, sheathblight, abiotic stresses,
CMS, high iron and zinc (55 mg vs 22)

O. minuta BBCC Resistance to BPH, BB, blast, sheath blight

O. officinalis CC Resistance to BPH, BB, GLH

0. latifolia CCbD Resistance to BPH, high biomass, high iron and
calcium(240 mg vs 78)

0. australiensis EE Resistance to BPH, drought avoidance

O. brachyantha FF Resistance to BB, stemborer

0. granulata GG Shade tolerance, adaptation to aerobic soil
conditions

0. ridleyi HH11 Resistance to BB, blast, stemborer

O. coarctata HHKK Salt tolerance

*BPH=brown planthopper; WBPH=white backed planthopper;

Bl=blast; BB=bacterial blight

* GSV=grassy stunt virus; RTV=rice tungro virus; RSV= rice stripe virus

©] EST (dbEST release 05/19/2006)2} 32,00071 2] full
length cDNA (Kikuchi et al. 2003) oF 7 H 9] 7%
FAA Aol 5 BrHAS AEde] £9etth

A EAN TF FAE CJE7VAA A A=
A2 AR A sequence”} B3I o] AlE Sl
¥2E AF A (post-sequencing era) 2ol FEH
oldIAE ] FHA AAY HIAMEZ o] &
massivedt HE|&] AE-F AFEC] gEEE T}
3 ok thE A<l post-sequencing era - HHIPEE =
714 o] B8zl A=Y 715H A5 AAJ
3t A+ (Functional Genomics), T ZE3}2] H]
2 A (Comparative Genomics) 9} ©FsH FAXE

=

o] &2 FHe F UL Aolvk A 7% A
A7, T-DNA Y transposon 5o 28] #71¢
mutant 2 °1-&3 TR 75 FHHAT B
3)+= A7-(loss-of-function analysis %= gain-of-function
analysis) 2} microarray 7|&< ©]4-$ profiling A7
(expression profiling, transcript profiling, metabolite
profiling, phenotypic profiling) (Kjemtrip et al. 2003)
7} i Z F o)t} 2ol chemical mutante] X33 ¥
°]& single sequence motif TToNA FHEIE=
TILLING (Targeting Induced Local Lesions in
Genome) UMY RNAI 9 22 574249 knock-out ¥
e AZE RS 7Aool 43S de £
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Vs A Aok A WA FAA 9 FE2F
o] &3t & o] A HofRE HAFHA ATE
FHE T Ak He FL 5§ A2 A3 o
AHE PHAsynteny o] S 1R Qlch o] & 2
540 He FRAEY A Bd=EA 7S
of B Hel frdAe] A3 A4 e o
B FHFAETY HAAA 2EH AL o &
ol3tA siEtt o) A= 7re] Bl Ao A=
MEL Fdxe] FE4 82 88 s}, FEI,
&ohet 242 Aol HAE M Aotk & HESL
T e o] W AEE OE FoE S4L

= A7)

@0l Arizona Genomics Institute, Purdue University —1
7 Cold Spring Harbor Laboratory 2] A7} 2] 7]#-2
o] #A x| Esequence?}t OHYH (Oryza genus) S ©)
£33 v W {AA AF210ryza Map Alignment Project
(OMAP)ZE <3t} (Wing et al. 2005). o] ZZHE
= AFZEAE AAE o|&3 & 5 (NSHDBI-
0321678, $9,743,546)21 zt7] ekt 2¢f 2
o, IRGSP9] $3%lsequence®t 1 +3234, 7152 &
H7} o] Aol gt Ajz o] & Zo|th olF&
23 Fa= OMAP ZEH E Q] 213 A 9] 73 W
2A o] ZEAE] JfQ ot AATIA Y] Kt
A, I ARE o) &S A opHof gk AF
£ 2%703}o] post-sequencing Althe} A+ &8k} %
g I8 H A} gk

RERTIE

II. Oryza £} OFMH

Oryza %8 22 7159 4 (genus) 224 27)9)
AN 22719 ofAFo R EREY (Ge e al
1999). AA) 24719 =& 5338, g ExH zjolZ

SN 2
? Korea Genome Organization

Q. barthi, O. glabernima, O. longlstamnata,
AA O. nivara, O. sativa, ©. nfpogan, O. glumaspatuia

BB . punctata
BacC O Miwta O.pnctala, O. malapuzhaensis
cc 0. elchingeri. O. officinalis, O. hizomalis

7_”—]

CCDD  ©O. alta, O. grandglumus, O. fatfolia
DD(EE} ©.

KK o7

HHKK O schiechrer, O. coarctata

FF o

HH 0.7

f————HHJJ O longigumis, O. ridieyt
i N} 07

GG O. granulata. O. meyernana
Figurel. Phylogenetic tree of the genus Oryza and
the species (Wing et al. 2005 based on Ge et a/. 1999)

10708 frAAF o2 oA g & U3 (Aggarwal
et al. 1997 Khush 1997 Ge et al. 1999) L F-3A3 2
AA, BB, CC, EE, FF, GG¢] ]ulAE (2n=24) 2 BBCC,
CCDD, HHJJ, HHKK 9] ©] 244} A] (allotetraploid) (2n=48)
2 yuo] o Qlth O, sativa & O, glaberrima & &
Ast AuFLEA AA FAAFY opAE EF/
H 22 FAAYEE 7 oMIF o2 E e F
o] BFo] v} (IY 1). 1 YA 16719 F
= oAU EA 8] T E FHFPLE EFIT Hh
I 12 709 & et & Afe J5A FdA}
£ 0|83 Oryza 59 A3H4 AlF A +428
g ERE HAFE

Oryza 49 52 F3A19 2717} 362 Mb A
1278 Mbell ©]2717bA] thFst™ (Ammiraju et al
2006), WA 7F EA e, A L2 A stol] e
bt 71E AFA A7 EARA A9 27] 3
shol FAA o Fx s} B st AFe T A

oM = o, 245 AEH A A, WA, W
Y 22 FHHLE /8T FAAEY HAR
< 1 3t} (Table 2). oPYH & 254
71 2K hybrid rice revolution, Xiao et al. 1996, 1998)
v AEEH (biotic) M1 =384 (abiotic) A3
Az o I3k Auirie] /iE (Brar and
Khush 1997)2 oju] g B 5o A}k o3 &
23t HA S A Auin e FHH EARS Hot



M. Oryza Map Alignment Project (OMAP)

107058 =A] 35 AFEA 79 22 ¥ /3
Ao F7NAME £ =g A oRBE o] &3t A
HiH o] s} 22 AL AEH R Kol FHo
Sl % B33, ofAH o] F1AE (gene pool)<]
frd 2 Wolu X8k AdgaAle] e A+ A
3 ek sith oldl OMAP 15 IRGSP A&
sequences 7|2 E 3t opAiH Zhe] Wl H-HA A
T ZRES 25# T Oryza Map Alignment Project
(OMAP) £ 2}ralaith o]& T genus o tis] %
sh, g, fAAY FE, A, o35, A
o 2 g MEFH ZE dde A
closed experimental system= -3}
st k. Bk AMlEslE A+ X
A BT 1) 10719 O FAAEE HEsE 1
el opAu el e ofia b AuiHe] 10X
genome coverageE 7HA= BAC #ho]lBH.#E] A2}, 2)
A ZrE 1271¢) BAC 2ol Belg]ell th gl fingerprinting
3 BAC end sequence (BES) HloJElH|o] 2 &9, 3)

Table 3. The summary of OMAP resources

it

o N

e 4 =
BN lm
W to

u rfr do N
oMLl

A ZHE fingerprinting H©|E}E ©
5_59,] %FL]Z] = x]—x—] 1:'_1 11—1351
sequence 22 align, 4) B4 @7]/‘1&’
9] Oryza €
o2 29K 4 glrk o] LBEAELE 2004 9ol Al
HAom, Aw

SE= OMAPS] 71314183} AAE o
29 A5 el AFA B Bk

Iﬁd 1279
S0 G 1, 3, 1080 A4 (reconstruction)

IV. The first outcome of OMAP and the
Oryza research

OMAP 152 HufHA S FolA B A&
9] 71534 FAZ W7 A% A HA GAE 107H
o] 2 §4A48 L NE3E= 12719 Oryza 5
BAC #io|Belg| & A&t <k 100971 £ %%%
grsgoem I B4R $eAEes BHAES
(Ammiraju et al 2006). 12 5¢] zho|E ]9 4]
DNA (insert) 7] 123 Kb oA} 161 Kb2 B2 3}
3, N2 DNA Q9 &S H 04% - 4.1% = HZ
Stk W] RELP vHA 1271 (1 PFA/G A AN E o)
43} hybridization 2 AlZ 2to]2.212]2] randomness
ZAZH AT} (Table 3). 3+ 7+
ol B2 2]9] 0.1X%lgenome coverage®l 3l Gt

Slgenome coverage=

Material BAC library® BAC end seguencing Fingerprinting
Proj . Average Avg length Total
oject Genome type Accession  No. of insert size New genome No. of Qquank after trim sequenced Genome No. of contigs . No. of
clones (Kb) size submissions (in Genbank) length coverage singletons
(in Genbank)

O. nivara AA W0106 55,296 161 448 106,124 665 bp ~71 Mb 16% 340* 2,356
O. rufipogon AA 105491 64,512 134 439 70,982 704 bp ~50 Mb 1% 327 1,305,
O. glaberrima AA 96717 55,296 130 357 66,821 590 bp ~ 39 Mb 1% 167 2,098
O. punctata BB 105690 36,864 142 425 68,384 710 bp ~ 49 Mb 1% 210" 1482
O. officinalis cC 100896 92,160 141 651 103,251 717 bp ~74 Mb 1% 310* 2,052
O. minuta BBCC 101141 129,024 125 1,124 169,651 559 bp ~ 95 Mb 8% 3,962 9,576
O. alta CCDD 105143 92,160 133 1,008 128,732 586 bp ~75Mb 7% 2,492 3,111
O. australiensis EE 100882 92,160 153 965 128,599 676 bp ~ 87 Mb 9% 1,409 2,183
O. brachyantha FF 101232 36,864 131 362 67,364 672 bp ~45 Mb 13% 225 1,805
O. granulata GG 102118 73,728 134 882 138,171 674 bp ~983 Mb 1% 2,358 3,032
O. ridleyi HHJJ 100821 129,024 127 1283 204,729 632 bp ~129 Mb 10% 1,250 1.810
O. coarctata HHKK 104502 147,456 123 ND 195,285 661 bp ~128 Mb ND (>10%) 2,190 5,169

Total/Avg 1,004,544 136 1,448,093 654 bp ~ 937 Mb 1%

*BAC libraries, high density filters can be ordered form the AGI BAC/EST Resource center (www.genome.arizona.edu)

* highly manually edited (HME)
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Differential and specific expansion
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Figure 2. Distribution of Atlantys elements in the Oryza species.

survey sequences A &ate] 127) E7F9] repeat ¥
FHY VL ARE dREHAT o g AP A
AE A3l flow cytometry & ©]-8-319 1259 A& =
71E NS4 stlem zh gtojH 2] ¢ 10X genome
coverage °l 33 FEE9 end sequencing #
fingerprinting S e &t3ith. 71 A3 AA °F 140%F
71 2] OMAP BESE GenBankell 55313 (AA] <F
937 Mbell 3§3) 127)) F4 vlal EYAEE 2, &
31 Oryza genus®] W2l 57213 8ol & 2 3} resource
SH3IY S Kim H er al, in preparation). 5.
OMAP | °]el= www.omap.orgoll TE o] 037, &
Table 30| 8.9F%]o] qlth o]} 2+ OMAP tojet=
Ak Ak 71&0) o3 TER g A9 dlolg

BEEY 2248 7=t} BES A2 384-well &4

My Rkl

ST A2
? Korea Genome Organization

9] 116 ¥+ (BigDye 0.54l reaction) ©. 2 7 &8
Az 2L 9% fingerprinting & HUh L824

HICF (High Information Content Fingerprinting Luo ef
al, 2003) WEZ o)&-3tAth AAH EYAEE A
= 7

¥ 2 845 Bt gL 12

TE2 7= A

contig T= HWT

F AN, singleton®] - O. minutas A &) 3H5L
A fingerprints®] 5% W= 23k AAdE
S8 A% (Phase 1 map)®}, BES H|°JEl= SyMap
(Synteny Mapping and Analysis Program) 43 E o]
(Cari Soderlund, in preparationyS ©]-2-3) reference A
E (IRGSP #|35)°ll align©] ¥, align ®|©]€}<} FPC
LXEY IS 71%5& ©l&3l phase 1 map2> HME
(Heavily Manually Edited) map 2 % editing®) =™, &
A 5% (Table 3)¢] HME map°] 24 = ATk

p=H
=

[

pu.
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Table 4. OMAP cross combinations in Arizona Genomics Institute (AGI)

AA X AA

BB x BB
CCxCC

BBCC x BBCC

CCDD x CCDD
GG x GG
HHJJ x HHJJ
HHKK x HHKK

EE x EE

Reciprocal crossess of 9311(Indica) x Nipponbare {Japonica)
Nipponbare x (O. glaberrima, O. glumaepatula, O. nivara, O. barthii, O. meridionalis, O. longistaminata, O. ru
9311 x (O. glaberrima, O. glumaepatula, O. nivara, O. barthii, O. meridionalis, O. longistaminata, O. rufipogoi
O. punctata (IRGC 105690) x O. punctata ( Acc from Africa)
O. officinalis (IRGC 100896) x O. officinalis (Acc from Asia)

. officinalis (IRGC 100896) x O. eichingeri (Acc from Africa)

. eichingeri (Acc from Africa) x O. eichingeri (Acc from Asia)

. minuta (IRGC 101141) x O. malaphuzaensis (Acc from India)

. minuta (IRGC 101141) x O. punctata (Acc from Africa)

. minuta (IRGC 101141) x O. minuta (Acc. from Asia)

. alta (IRGC105143) x O. latifolia (Acc from South America)

. granulata (IRGC 102118) x O. meyeriana (Acc from Asia)

. granulata (lJRGC 102118) x O. neocaledonica (Acc from New Caledonia)
. ridleyi (IRGC 100821) x O. longiglumis (Acc from Africa)

. ridleyi (IRGC 100821) x O. ridleyi (Acc from Asia)
. coarctata (IRGC 104502) x O. schechteri (Acc from Indonesia)

. coarctata (IRGC 104502) x O. schechteri (Acc from Papua New Guinea)

o
o}
o
o}
o)
o
O. alta (IRGC105143) x O. grandiglumis ({ Acc from South America)
o
@)
0)
o}
P
P
0.

australiensis (IRGC 100882) x Annual and Perennial O. australiensis

]2 3k OMAP resource S ©]-23] OMAP 18l 4]

ARt A

g3 2o,

1) Oryza %7} repeats ¥ B 1% i3t
pe
7 AE-S thEakE BESS 7 AE9) 5% =

2 Yehjs

g ol 4

RO

O

=
Fe vlal B

random genomic shotgun Z}o] E.#
Oryza $7+9] F 2 repeat®] T
223517 lth LTR(long terminal

repeat)®] FAMI S o] &3 12709 Foll 2-5H

o2 R FLIE clomenitt TEE 5
(e]

s )

= element, £ = £EE UE 4o

2 ZA3= elementE I OFE  repeat

speciation 2]

g Apske 1 BAg £

71 Aol 3 2 A Atlantys element®] -+
12710 5 E¥350 BB, CC, BBCC, CCDD,
GG FAAEL Fol A A B YO8 &

B

e

= ot
1=

el ol

B 4 QY (Fig. 2). ©lelement=

AT 9] expansion®] WS Holm,

F-5-2] 739 expansion®] speciation H.U} A=

Ao 7 velgt) o] A= o B2 /72 Oy
o] T2 repeat elementE F7F, ZU 9] F50lA
A5 e g% gujg o Fojrh

2) £719] variation 9% 127 2] BES ¢} reference

3)

4)

5)

A&742] alignment B ©]EFE ©]23] SSR, SNP
n}# 70 g, INDEL, rearrangement Index # 2}
22 Oryza® F74e] Alol& FAA S +34
FEAM Wlee A7t 38 Foln, BE
] ©]E}<= Gramene (www.gramene.org) ©ll deposit
= Agolth

A& i e £7F vlA: reference A5l align

d RFe] BUAEES T8 4Fe] R £F
ol miA R B FXF Holg AEd F 7 =7

2]
of Hol7t A g FE%
O 2 DNA 759
gl thd A7 Aok

AspHor 223 A4t locus®] F7F v
57 2E el A7t 7 Beol # Adhl-Adh2
locus ¢} ] T3£% 2 domesticated A+
Hd1 (Heading date 1 Yano et al, 2000) locus,
7F 327 HolE Ho)&E locus, centromere 8
F7IX G Woldl 7128 Oryza 9 X3}
A= ZEFolnt

Mapping Population 7} %! map based cloning:
2= Lol o] OMAP 7M1 & Hslr| 98t v
O 2 Oryza F7%, % W2l mapping population
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é

o] 7H= 7 gtk Table 1914 EAA % &
AGIM & 9719 ThHE =
7r9) wel7F AEE AT, 1259 FAA AR
e EE FEYE HolE Bole AS<S ol
23 F-& FHA-E map based cloning & 7 &
olt}l. ojul OMAPL.ZE <l&f o|v] AdH 12%
9} E2) A % =map based cloning®] A 22 7]
T2 T Aol o2 A% A= Onyza® A
of glo] & & XA HLL 75 &

Zolt}.

N

FAANEE 2 FE

V. Oryza |79 ™
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lo,
=
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genusE 9] WL A
o2 #go] rhEsitha
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A2 2 9y A g AEshy, JsetH 2w
1 F870] vl gol H7HATE Oryzad i 9] H
FAA Aol B4 Qa0 9AE 718 Al A"
:,L%s} OMAP ZE2AEF Oryza A+ ¥
© AEY AAZN 7227, 7154 A
°ﬂ NEL S ojE Aolth
OMAP 12%¢] ¢ BAC 2to]H.2} 2|9}, BES
dlolelu] o], B2 E 9] A Fho] o]o] F7ke] Wl
EA L, Oryza 7] rearrangement index, ZH5 &
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