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| FZ=ws | D-02

Purpose&
Contents

The main purpose of this study is to develop a research infrastructure for
genomics-assisted breeding and industrialized agriculture to make
preparations for the stable production of rice, protecting against continued
climate change experienced on the Earth. The whole genome re-sequencing
data are analyzed to find genetic markers related to useful agricultural
traits, such as pre-harvest sprouting (PHS) and submergence resistance
from major rice sources. The genes are then used in genome-wide
association study (GWAS), and the new genes found are introduced into
elite lines by marker assisted back-crossing.

Results

1. Genetic resource screening and selection
() A total of 31 PHS resistant accessions and 17 submergence resistant
accessions were identified by the evaluation of genetic resources and
selection of useful resources
(2) High-throughput genome re-sequencing with 150 rice accessions
2. Large-scale discovery of genes useful for immature / immune system
from the high-throughput genome re-sequencing data
() GWAS from 150 resequencing accessions with linear mixed model
(2) Genomics-assisted analysis for large-scale gene identification
-A total of 4 PHS resistant candidate genes and 3 submergence
resistant candidate genes were identified by GWAS
-A total of 35 functional nucleotide polymorphism (FNP) were detected
by candidate gene haplotyping
(3) A total of 8 sets of fragrance markers were developed and a patent
application was submitted for them
3. Developing the infrastructure for breeding and commercializing superb
resistant varieties in PHS and submergence
(1) Continuing commercialization as succession of our previous I[PET
projects
(2) A total of 43 cross combination related in PHS and submergence
developed and back-crossed as part of the standardization of useful
intermediate breeding rice for the development of a high level of
value-added to the rice
(3) An investigation into the agricultural characteristics and yield stability
of breeding lines
(4) Development of local brand prototypes of new varieties and mass




production system ($1,000 million in estimated sales from 6,000 tons
of ’ Jinsang’ rice)

1. Economic and industrial aspects

(1) Promoting the wusage of PHS and submergence resistant genetic
resources, and increasing farm income via the development of high
added value products

(2) Establishment of a stable rice supply and demand system through
close cooperation between farmers, farming/agricultural association
corporations, and the National Agricultural Cooperative Federation

(3) The Expansion of stable income sources for farmers by utilizing PHS
and submergence resistant resources

(4) Creation of additional value-added, and the expansion of employment

Expected .
o through the development of a new brand of rice
Contribution )
2. Technical aspects
(1) Securing Korean original alleles using gene target molecular markers
(2) GWAS assisted marker development used as the first step towards
establishing a scientific and systematic genome-based breeding system
in rice breeding
(3) Providing experiential knowledge for molecular breeding and applied
biotechnology especially genomics-assisted breeding in disaster
resistance
(4) Providing experiential knowledge to the breeding of other plants, such
as horticultural crops
_ Pre-harvest Genome
Climate _ . Submergence i
Keywords Abiotic stress | sprouting(PHS) assisted
change tolerance
tolerance breeding
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BN HTA MBSO D EI R S8 0D R e A TAlE alold| RHe| g
NBI JJ.!?IIWT-“-'U cHea #FF0ic) S5l SA0E Tawe ASAM 5 FD el 90l GRS BE RS EOHED S0 NS =
HCHITBN S S Slals oM AN IS EY) ¥ 2 SaHEAOITE M fgo) WETOID W & W0l WM O TN S TINEE BE B R L0N PRI DY AVEN SEEERR SN 89 W
FotbAaE HEs RESE 10 U A5 SE0lF W 108 oy SgdaE WY M JF0IC), T wUSiSs 2REGY I JiOSEN LNSEISD VB
FUBHHE Y@ ADUILTHEN WA KB P2 SABAW AR 2 U BALEN T P, se 2UE W 2 oe " A 2ol %
G e B Saior T101 N 5 HES WL ST A5 B X ARRS G Ay WSS SPURTTIEEE AUE "N THED T SESE D OCAG TMED 26 SWMs 2k
T s, o cigel G Tuwe DHOE GPA RUEE UM B S %0 ATW SENADL aUaS Boo A
A ohsn § ¢ 4 ol 0% Jimc 3 wES
ETTIREES eNI0| DA o #8 ¥ID QO HE DuEy e § 1250 cette &
§ Trin mool Ty=s BUSE S SFJpD7eNE SRUEHUE BEA 857 BN BT O
[91418] 21 sunisundog kel UHE AT T SPEs BHE ROT| HY =EnNGD meo
Z46( 8 & www, newsbrite,nat R KT U8 G5, > B T T

a8 7 A4 94Z2 A4, AeANd AS AA 5 TR /A

AL 718 (774 A)
O g2, 2016 $+=5533], “Quiescence Vs Elongation Strategy for Direct Seedling
Approach in Korean Rice Core Set”
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H2E =L 7Ise g

ECC D-04

A1E =S 7l a4
L =He 7e/id 4%

7k 71% ¥3 g&S A% oA Y #E AT ¥F
O Foles 59 39 F24& Hojmgr] wjio ol AP
12l §-F&E %7} H QS (Zhang et al, 2014)
10 @ PNASol| AlAlE AFoA dE Group2 Japonica(Nipponbare) ¢} Indica(Kasalath)
©]-8-3F map based cloninge.2 ol A {32l Sdrd (Seed dormancy 4H)E &
AAA THo| AF Sdrde] 7Ee FHS =St FH O F dolE JAF
(Sugimoto et al., 2010)
O sgope}l FAFH gk EAMAYSS o 7kA] BMEstA HsxA] Fkoem =
of o} FAE FH3] A8l o we FAAE %‘&1‘3}&1 oF 3+ (Lee et al., 2017)
O Magwa $(2016)-& association mapping 2 TRl Holel HHH
16709 FAAHE Bisd+
O SublA= H4AFA(flood resistance)ol] #Hst= FHAZA Indica 2 Aus AEE
(Ecotype)e] W =t Ant ¥AE S 20061 SublATrX4X}7} FAEHEA Xu et al,
2006) flood resistanceol] ™3 ZF {4 o] 7143} Hda, 1 A3 20108 F4 1)
7F Azer e, /A=Al I8

wZ e A o] A SublA 74k mega SublA is an ethylene-response-fact?r-like gene that
confers submergence tolerance to rice

variety7b EAIEI S (Neeraja €t al,  matsns, e i no o bt st s e
2007;  Septiningsih et al., 2009
Iftekharuddaula et al.,, 2011; Ismail et
al., 2013)

O 2010l PNASol| 2323 Sdr4<} 20063
of “Nature®]” o] ®r3xH SublA ©]9
of o}A7tA W FRAHA B SFol

M

=5F9 AA

O

FH i S &4

ftlo r[o
of
ol
ol
£
)
O
&
R

3 7 WK O 1 I3 7 101
Duration of submergence and recovery (days)

1% 8 NatureA|o] AlAE A4 A3 A=A

aRdoE B89 F Uk FHHU A
F AR R B g FRA
A5 249

AR SublA A+ A+

rlr

. Ble] FAHAAEA
O Next generation sequencing NGS)&= #H < st F-34 A4S 7= 5333 540
#HHE R {FAAE AEshe d AHEE 12, haplotype mapell 719Hg GWASE
2o kst A EA g 2@ JHx IR 41271 918 A (Huang et al., 2010)
O "= Zdst ¥ F12d AFES FANZATAE ALE WFoE ko, AA 82
A A A 41309 W SARLS Miste] 44,100 SNP arrayE o] 831
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genotypinge AAIEA, 347 FHHHE FHS AR, 413719 W {FHALL 5
o] Aggos FE=SS Michael et al. 2009)

O 20143 =A w24 (RRI, International Rice Research Institute, BGI(Beijin Genome
Institute), CAS (China Academy of Science)®] ALAIEOZ HAANA F=HA <
3000388 FAAY 2 FFY FAA AEHS dEIAS

O HZ GWASZIRE fAA A7 TF YFE =g £38F F7HERE olyzt
transcriptome, proteome, metabolome #AjolA] Hdojx|= dlEFe] A L OAEA
zZyzho] s 9 e FAYPOE Sty

GWAS 'E‘/}j, o] _’.":83 6‘]—04 O] EJ-:[LEi O]—‘é‘_— ']QI‘%:]_ % z: (a)  Flavone-Cglycosides | ¢ Nias_os acos0004s8
Aol wd 9 AEA Wl Bese & o5
AAE EFo g AR A|=% “Towr 2 3 4 506 7 8 910 1 Hle
L . &) s ’o._su?;gozeszaa pso«sgazagééq o=
O I 9= d& s730l8std+ 4 SaitofARe} e
s family protein ! §z
YanoutAtel B ATEE 17592 ¥ A9 PEL .
NIAS Os acd05000408 NIAS Os_ac0B000458 NIAS Os ac06000518 et —— ==
. ey = e ey e e
% EH}\Q]-_Q_E ﬂaVOIle—C gIYCOSIde% —l—‘]_—‘?}_‘?_]_- mSMPositiunlgfgmmnsu;nej;?hp) 1080 GenADtypesoFSNF
NIAS Os_ac06000458
metabolome 7]8F GWASEA-& =3)3}9] 1L,

1% 9 Flavone-C-glycoside £33 7]
ik GWASZ 3} (£*]: Matusda et al
2014)

89 metabolite2] ¥ZWstel A== 32371
©] associated regiong F74332 (Matsuda
et al., 2014)

2. U9 d7EE vn H Fe AT Eof

7 71FWs T B He] SuolAS AYH AT Ba o
O #4A Are Z7ke 2@ 74
A2 BFH Y3 FAA YR
7h Qe HelAE dom =y
g o 21 5A o% GWASY
Tol Mme] gl AT ARpgAel

2| Wa AT Lo}

9e
O 53 sitol R slek 7153 7
S Aol ok s FuArele
FAA YRE @AWl BEY 5
AE GWASHTE 271 &l & 93 10 201 - 9) A7 5% 24¢ 53 /15 o
& S B we] GWASINE kol RS AT AT
O FF A== 715ustel HA% gg nop
o= uEy] HAsiA el Bl
WERHT 2o AdAGY BH A% Frob 9As 87
O EF & #F24 T2 F o8 3 WA o] =Yk AAV} A48 ool 2
& Qe Azd Aol 27
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3% 74 UE ¥ #3

FEWES D-05

Ad d89H 2 s
L B ol A 2334

7t BAAE F AL

O A4 QBN Y F 2944 = AYE, =UZEE, 248 So] 38 AAF

s Y

133" & U SAEFST 1M4AES ATAERE AREF o FFddtay APdxAd 1

1o ook ANAYE EEAMRT o] HE 3025emE oldshgom A
Pt ¥EER ERANDL 8] AMSAL

g ,|"|'1.i__". Bl }
4 .l} ! !lr: | 8
=" = - : = / ";,_' ﬁ-{} ﬂ( r,_ “ |J

a9 11 Awpae] 2 ASEAb

U ool A 238d EEVe A E
O ol £HY ZALE el /M3 & 45" W o2k Eof 4N IAG & Eg o]
of EAME 23 25 S8 & F oS &Pl 27CoA TUE By o) Y
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PHS phenoty pings
4153DAF panicles 27°C for 7 days

lmmersed i
water for 4 h

PHS (%) = 100 x total germanated sceds per panicle
total filled prams per panicle

a9 12 ol 299 H4A

. FHA(Dormancy Index; DD, ro}A| 4=(Germination index; GD), ABA ®E-g-ZA}

O & F 459 5% T2 50715 HAEHA00xI5mm)gtel F5A o &elFi
12X 2 3Bz A 27T 7?4_7J, 13C oA 14 B3 475 %4_64 T3, F8 F Fo
2 Strand et al.(1965)9] WHES =7 HIAIA 13¢3 27l 77y Wolsk AES ALt
A o 2ol FHATE 74]’;}%‘

Dormancy index(DD = (2 x D13 + D27)/3,
D13% D27¢ Z7F R 3 13U¥} 27 Fof wolabx] ke EA9] ul&9l

O Germination at day 7(D7), germination at day 14(D14), Germination index(GD)

- 79 F HoHDNS}t 149 F WolDlA)E2 WMEEE ALFE(TolF A A A F #4x100).
ol & 1497kA] wjd Zhzhe] FAko] tigk GIE Reddy et al.(1985)2] W oz ohs
7 Zro] AL

= (14n;+13ny+---+1n14)/14N,
1¥ 2¢9 wol®El FA+= nl, n2, n3, 42 FAEAL, AA FA £F 1UNOZE
FEA SR =

O ABA Hh& A}

- & 50 E 4RtE o2 HEYA90x1omm)etel & FFA el &

ABA(A 1w} AwWZ) 10ml §HS AHElste] 27CollA 149 v Hold H ok AY
o] B (14) o Hot&S ALHS

2t B Eo] A A3 A3 vin
O 2017d FAAEE 418 o2 st AREst o FFudtn Az 30x25cm

DA 13 18 clgANSe] ABALE A8, BAAL 41839 B4o1E 72 15
RE 99 18R F5717t 2% o] AolB BUY(LY 14). We| Féo] 5477
exol = FFS WE WL sl B4 F YT /1S HAUT AVLES

O B Eo] Y-S o] &3 ool AdS sl F4temrt 12002 o 23 371¢]
o] 2+ AH. 60x20x5cm Z}2E] AAlo] @R HWE 2784747 o)ilo] A A7 B
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% 16 ol ATAS A

O meRo]l W3t Q3RS AP Aze] Wl 5ol BYX 5 4F. WolA5(GDE
W% B4 F A AR EAOSA, 1983)0] 42 g

2. B ALAYAE 2289

7L SAAE R A
O ACHZH e 2a F4 %Z‘jiﬂ A& AY 29489 FAE ARGste] FA o}
(T2 &% F 10 Wi, 25C) F 253 2o A5A1A 344 29% <
O AgdAFolA =l AHF B o= =AFAA Fotel] I3 AFA
AEERAZ] W2l Sl A 8= Al Sl I SA4FTEGE I 1
Ah AsH S==dsel H7te] FAeE =
O HAsAZE NE A FALES AAStaL TopEo] 80% o3l A< shdlsta 43

o A8

O AZ=A3A 7]W@n vitro) /é & FYo] & AAFAE 425 T HEHYHANA
25C 10 B9t do} A7l & 103%. 3‘?_} o2 15ml FH &7 HFAA 257

vl 9K(25°C, light/dark, 12hr/12hr) 3}

n&L
_L4
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a8 17 AFAZE 71 AA. a. @Yo =2 AH F
ZF A7, b, 71 doHAs § 109, 25C), co d Aozt
10cmo)’d == FEAA Ho 253 vl (25T, light/dark,
12hr/12hr)

O 10Y %<k dol A7l A2 ZelrE AATEC BESI 25-27C 9 Bof 25 Fot

<

O 18 AR = A AL ol F 104 | F
g XEo ¥ () FE el "ol =0l 1253t A4
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O Z3ld= 1 Line 5 1-2 59 °]2} 20 &
A& T BE)

7t Fmel R AFAGH FAAY BEE ALE AT AAA A8H
D W FRAA AR Aol LA
O #251 ABA A9 20439 FHA A8

O 571 bulkZ sampling ¢ AL T3] Y AL TAE o] &3t HF

1+ 1207 F 205 U] 1 Linee &

JAAER FE FAE R HER F
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R MR MY 8N 8y 29

1 [P01]

G 19 EWazcesEn,
Re-sequencing TV 155 10002 5g) M
Sonpling W 00 WA BN M2 Fooowns ?.&kx 2000 - 8 s
NS FAEnE " dhg=16 (OOH(BNE W) MUNESE N

RWE-C00- 15 WHTE (4] = BAG-001-A
e T . THY & R - bnile
[T ey Bl P (R o PG~ OO « -

| O TR Feg, VAR

| B P B, RV

R Lt | 3N Lo B 408 0P
) HE s YR
- AEreOp N1 £
8215 1i0gre O0f 240 Hl‘i-].

+ mrem SREN NG BY

09 20 FAAARY A FA BE ALAFD AW, B A D AUFYE

(2) ¥ FHA A& B
Heol A Ass(whole genome)o] Wik FHAARAES FPstFom, HAA
(chromosome) Z+zkell tgh T 9 7|th& A (single nucleotide polymorphism, SNP) %
Insertion, Deletion %<& H23t
b FAA AEA BEES B,
O ANEg HEY 0 AP@EHAA 15 1202 Aujd dS A
genomic DNAZS DNeasy® Plant Mini Kit(QIAGEN)S o] &3}
@ g-DNA A% : =95 g-DNA =5+ H2 30ng/ul7F IA &
@ DNA QC(Quality Control)
— Fluorescence &% =7 : Quant-iT BR assay kit (Q32850, Invitrogen)e] ZZEZ
of we} A|BE 343 & Qubit machine(Invitrogen)2 ©] &3l ds_DNAQ F =
s 34
— UV 5% =4 . Tecan F200(Tecan, Switzerland) &0 & AF&3te] OD =4
— 719 % 0.7% agarose geloll Fluorescence 7]<=DNA 30ng loadingste] k<l
— Trinean Xpose(Trinean, Belgium) : Xpose #H|E ©o]&3le ds_ DNA &%=, ODH,
Sample impurityS =%
@ Sequencing : library construction®#-& A * HiSeq 2500(llumina)S- ©]-&3}o] short
read sequence A4k
® Data mapping % assembly : BWA, samtools, snpEffs<] BioTools ©]&3}
Mapping, Sequencing Depth % Coverage &<l, Variant CallingS 3} fastqd 2] 2]
RawData 4= AT

(W) A AEA A7E o] &3 NP % InfDel G &l

D Data Analysis : A% fastqgd 2o Y& o] 83t Data calling ¥ annotationS
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T3y

@ Filtering ©A : mapping 2 calling® fastq Y9 A Z(accuracy) el
sequencing®l] ©]-8-%¥ adaptor, Low quality readsE #|A3%. Cutadapt, sickle toole]-&
£l

@ Mapping 2 Sorting @A : ReadE Genomeol] Eol= I4. BWA, Bowtie, GMAP
tool o] &3}t

@ Remove Duplication ©A : 2 sequence?] read’} F&-= o] mapping=o] AL 7
F AAE k= ©A. Samtoolso] &

® Variant Calling @4 : Mapping Z23& 3415} SNP(Single Nucleotide Polymorphism)
doS = 2] Variant £F+E SNP, Insertion(+22F 4+9)), Deletion(-+32F A<&)
<. Samtools, GATK tool ©]-&

® Variant Annotation @A : Variantoll tidt F7} AR 3. Q7AES VCFREA o] A}
&3k Reference®] Variantgd 27} ojof g

@ Ho FAA d7]44d<l IRGSP 1.0(nternational Rice Genome Sequencing Project)®}
Hlnlste] ZF @A oAl e arIgdL 8 4T

BA7E SEelAS AH W $4 B YRS AT AN 75
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A NS B LAY AlEel
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B ET ol s8] tiste] dETd FedHAdd A&EAAA At AAF
(2017 05.19., =HAA Al°kE 5,000,000)

WM EAN Yo golay

THAEIE799 9
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- A3 23 14, A4 84 (BE 8] 800% =3 2A)
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;| zewa e Bas 1,969
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_ =u] | SCI | A
A A . RS
=i A A < T | 714
= Vol.(No)
T |+ &
Genome-wide Association Feifei Xu J Agric
Mapping of Polyphenol Jinsong Bao Food
2016 | PPTE OF FOWPACE 8 2o =] | SCl | 50%
Contents and Antioxidant Tae-Sung Kim Chem
Capacity in Whole-Grain Rice | Yong-Jin Park 64(22)
Genome-wide association o
, , Feifei Xu
study of eating and cooking ) BMC
e Jinsong Bao .
2016 | qualities in different , Genomics | =< | SCI | 50%
. . Qiang He
subpopulations of rice (Oryza ) 17(D)
. Yong-Jin Park
sativa L.)
Genetic variation architecture
of mitochondrial genome Wei Tong Scientific
2017 | reveals the differentiation in Qiang He reports =2 | SCI | 50%
Korean landrace and weedy Yong-Jin Park 7
rice
Kyu-Won Kim
Aye Aye
: iy Y . Y Plant
Genome wide association Khaing )
. . Biotechn
study on the germination Wei Tong olo
£33 | ability at low temperature and | Win Htet Oo ] &Y | =2 |SCI | 50%
ourna
preharvest sprouting Myeonghyun )
. L . (Revison
resistance in rice Min =)
Sang-Ho Chu °
Yong-Jin Park
Kyu-Won Kim )
SUBMERGENCE 1 (SUBD) . Rice
. L Win Htet Oo )
T3 | gene diversity in (Revison | =r¢] |[SCI | 50%
Jung-Rye Nam
KRICE_CORE . =)
Yong-Jin Park

(Free Phenol) @dol| #HAst= F7Ho FAAHAE

AEL FAAE ARE FEAR F99
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(D Quiescence Vs Elongation strategy to develop Anaerobic Rice in Korean Rice Heuristic
Set (2016 ¥H=5F3t3])
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CRPEE:

@ Tolerance of anaerobic conditions caused by flooding during direct seeding and
germinated seedling (International Conference of the Genetics Society of Korea 2016)

O ® el @ A5F2dolA Hstst Do} & RF S S A9, W) A5 B
Fd 2AE S Tl A Ad A 2 #E §H1A2 58

@ Genome-wide association study and gene sets analysis for understanding candidate genes
involved in salt tolerance at the rice seedling stage (PAG ASIA 2017)
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1 #3284 AN 9 F=/5244 Assembly F3
7k fAA AN
O FAAAENES Ys) A7IAE B9 29470 ¥ AYel 5° -3 Wgko =z AJakd
read= 7z} position B2 HFZA o7 3104 40 o)A+l quality scoreE Holw, HA
quality score®] HWzEe 36914 39 ZH=Z wj$ F353 F=FY. AAFHoE EL
sequence qualityE Hol:= Ao g Fuky. =3k GC content HI&9 HWZES 3900 A
43 ZAH 2 A theoretical distributions vl & 2 ZASHE ASZ B

g ,-j':- N\
- - = _..,-;//. .
base sequence quality sequence quality scores sequence GC content

% 29 W 294719 57 - 37 W FAA AEA EdE

O A FAAAEAS A8 G7IAE £459 29471 ¥ #Ade] 3° - 5° HEFea A4
H reade= 7+ position M2 HFA g 3104 40 o]4+e] quality scoreS Ho]H,
A quality score®] HHWghe 3404 38 ZHE ¢ $53 £ AAFHOE =&
sequence qualityE Holx Aoz ks, =3 GC content B]-&9] W ke 3904
43 &* 2 4] theoretical distributionS Bl & 2 ZASHE o2 HY
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base sequence quality sequence quality scores sequence GC content

719 30 W 2941 e] 30 - 5 W FHA AAEA EEH

O 4 AFE vR o=, FRIREZTY FAAANEA A3 Astd a3 2+
72 S 2 Sequence readw= 42,501,3157f¢]™, Mapping rate= 96.41%= YEG. =
Mean depth= 9.83Xo]H, FH29 2] Mean depthi= 9.38X, total SNP/InDel2] 7§
£ 1,153,554Z UEME
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39 ¥ FAAAEY Az A

Accession Sequence read Mapping Mean M?;m éirel;e)th Total
No. q rate(%) depth & SNP/InDels
region
1,153,554
294 42,501,315 96.41 9.83X 9.38X
(115,355,359)

U ZzFAA 9 ths] Assembly F3

O Hi-seq 2500 (llumina) ARIE ©]-&, A5+ A thsl A Aol s 22 Ht
9X o]/l coverage® W 294740 s} @rIAE AEHE T

O A3 AFelA 7} reference™d Sold<l FHA FLo EA 7Fsido]l TAHAY]
ol genetic comprehensiveness& Htislalz] & FAA ARA F I
referenceol] thal] AssemblyE F3

O H& 9 714 3845 183t o NGS7]IHE genotyping ¥ (GBS(Genotyping
by sequencing)®-2 Chip) ¥ = &82 + A&

O =3 7} FF/AAE 7Rt g2 FxHo] &SNP 2 InDel) 578 3sta DB3} 3+

O Y7t FEFAAG3-1D FHA AL =4 2943 mappingste] A5
InDel 2 SNP alleles £1x3}

Oz 5744 48 4 Hol (SNP ¥ InDeD) 4 % DB3}

® 10 97 FEFAA 93-119
mapping 2 3}

Chromosome Indel SNPs

Chr01 183,540 1,861,176

Chr02 146,864 1,558,560

| Chr03 144,673 1,591,159
EEEEEEREER Chr04 128,239 1,553,570

| I Chr05 115,174 1,366,119

Chr06 130,204 1,451,550

Chr07 117,931 1,333,765

Mol el ol d . Chr08 123,691 1,461,954
Chr09 91,287 1,040,058

Chr10 91,124 1,047,373

=0 A0 i Chrll 108,534 1,176,380

9 31 EFfrRAe 2 GaAE SNP Chri2 104,201 1.117.817
2 InDel 54 1,381,261 16,559,481

DD

B o} XA

7t ¥ kol A A 238

O fFAxY 2944 5 missing datags A, 2878e W A F, 133F9 A
(HS), 154% 2] = SAFKB ol tha F2ol AE FAG As}, F Hooa =1
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# 11 5o} Aol AR Aol ANPT Aole] AvE 54
HS D7 D14 DI Gl ABA KB D7 D14 DI Gl ABA
D14 0921 ** D14 .802 **

<.001 <.001
DI -0.793 **-0.708 ** DI -.884 ** - 655 **
<.001 <.001 <.001 <.001
GI 0.982 ** 0.944 ** -0.804 ** GI 968 ** 892 ** - 873 **
<.001 <.001 <.001 <.001 <.001 <.001
ABA  0.719 ** 0.744 ** -0.660 ** 0.718 ** ABA 801 ** 856 ** -.692 ** 858 **
<.001 <.001 <.001 <.001 <.001 <.001 <.001 <.001
PHS  0.802 ** 0.755 ** -0.635 ** 0.799 ** 0.669 **  PHS 720 ** 621 ** -670 ** 724 ** 625 **
<.001 <.001 <.001 <.001 <.001 <.001 <.001 <.001 <.001 <.001

EE3

highly significant at 0.01 level. PHS: preharvest sprouting; D7: germination at 7 day; D14
germination at 14" day of germination test; DI: dormancy index at harvest; ABA
germination with ABA treatment; GI: germination index

O AdABeIA F 72 25 tMsts AxUste ATstE B
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sprouting; D7: germination at 7" day; D14: germination at 14" day of
germination test; DI: dormancy index at harvest; ABA: germination with ABA
treatment; GI: germination index
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% 14 5ol

3FA

A SNPe] fraizt 29

<]
Chr  Position P.value maf R’ FDR_ Loci Description
(IRGSP 1) P

4 27417082 1.31E-06  0.12 0.34 0.12 0s04g0547800  Conserved hypothetical
protein

4 27411586 1.87E-06  0.12 034 0.12 05040547600  OSERF94,
Pathogenesis-related
transcriptional factor and ERF
dqmain containing protein

4 27434553 3.28E-06 0.11 033 0.12 0s04g0548100  Similar to OSIGBa0106P14.3
p;otgin

4 27469463 5.25E-06 0.12 032 0.12 0s04g0548500  Similar to OSIGBa0106P14.6
protein

4 23151628 6.77E-06 026 032 0.12 05040463700  Similar to ADL064Wp

4 27343950 6.99E-06  0.12 032 0.12 0s04g0546100  Similar to
O_SIGBaOlOlC23.10 protein

4 27355095 7.15E-06  0.11 032 0.12 05040546300  Similar to GMPK2=PROTEIN
kinase

4 27428565  9.52E-06  0.12 0.31 0.12 05040548000  Protein of unknown function
DUF862, eukaryotic domain
containing protein o

4 27475119 1.20E-05 0.11 031 0.12 05040548700  OsHox17, Homeodomain-like
containing protein

4 27376228 1.87E-05  0.11 030 0.12 05040546800  OsERFI, OsERF93,
Pathogenesis-related
transcriptional factor and ERF
dpmain containing protein

5 4857033 2.12E-06 0.13  0.30 0.11 0s05g0180600  Similar to
Phosphatidylinositol 3-kinase,
root isoform. (PI3- kinase)
(PtdIns-3-kinase) (PI3K)
(SPI3K-5) _

5 4897368 343E-06 0.11 029 0.11 0s05g0181300  Conserved hypothetical
protein

5 4824632 4.04E-06 0.15 029 0.11 0s05g0180300  Leucine-rich repeat, plant
specific containing protein

8 24307050 9.38E-07  0.06 0.32 035 050820492000 ~ OsOPTY, Oligopeptide
transporter 9, Similar to
Glutathione transporter

8 19070073 3.68E-06 038 030 0.35 050820399900  Hypothetical protein

8 19035703 4.69E-06 0.13 030 035 050820399050  Similar to OSIGBa0096F13.8
protein ) )

9 10309518 3.32E-06 0.11 031 023 05090338200  BTB/POZ-like domain
containing protein )

9 16461202 7.55E-06 0.15 030 0.23 0s09g0442700 ~ OsDDMla, Decrease in DNA
Methylation la o

9 16449779 7.90E-06 0.16 0.30 0.23 0s09g0442400  t-snare domain containing
pyotpin )

10 15778155 8.47E-07 0.09 0.33 038 0Os10g0439333 Similar to BTB/POZ domain
C(_)ntfiining protein

10 14829875 2.40E-06  0.06 0.31 038 0s10g0420800  Similar to cDNA
clone:JO13149A17, full insert
sequence

10 16198705 535E-06 0.06 030 0.38 0s10g0447100  Similar to

Ubiquitin-conjugating enzyme

_49_




E2-21 kDa 2 (EC 6.3.2.19)
(Ubiquitin- protein ligase 5)

(Ubiquitin carrier protein 5)

10 2966728 6.69E-06 0.30 0.38 0Os10g0149400  Similar to proline-rich protein
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(3) WolA 4 (Germination index, GI)

315 7 EoDN9k foldk SNPe] #3 Ak 39

Chr  Position Pvalue maf R? FDR_ Loci gene description
(IRGSP 1) P

2 23718409 331E-06 0.12 032 0.51 0s02g060540 C2 calcium-dependent membrane

0 targeting domain containing
protein

2 24962731 6.80E-06 0.11 031 0.51 0s02g062590  Conserved hypothetical protein
0

4 23312125 9.00E-07 0.12 040 0.15 05042046610 Similar to Cell division protein
0 FtsH-like protein

4 23161200  2.67E-06 0.15 038 0.15 0Os04g046390 Conserved hypothetical protein
0

4 23314148 450E-06 0.17 037 0.15 0s04g046660 Agmatine deiminase domain
0 containing protein

4 27411586 6.22E-06 0.12 037 0.15 0Os04g054760 Pathogenesis-related
0 transcriptional factor and ERF

domain containing protein

4 23158671 7.62E-06 0.14 037 0.15 0s04g046380 Pentatricopeptide repeat domain
0 containing protein

4 27343950 9.33E-06 0.12 036 0.15 0s04g054610 Similar to OSIGBa0101C23.10
0 protein

10 15259171 8.86E-06 0.27 0.28 0.68 0s10g042890 Similar to BTB/POZ domain
0 containing protein
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FAA 2, 3,7, 8 W AAAFS] SNPe 4 W
2ol folaltA = kAT o] SNPE Gl 71°4E¥ T den, 45 FHA= PHS &

d AR o]l dHA

(

N

ol o
=]

(e -
dl 204 0s02g0548700 % OsMLO8 #¢] SNP+=

o]Joj o
)\}]\)\}\n

SECRE PR RN PR e R

AAA 29] AMY1A, LEA 3 W 441A). &4
ET GlgF frol & @™ol AUS.

3 W FAA A OsERF9 3]2] SNP2} 0s03g06429002] genic region (Hydrolase -f
Ab S fApo] Glet #HEe] e ACE W AHS(aE 44)

_53_




3 16 Significant associated signals of D14

Chr Position  P.value maf R’ FDR_ Loci Description
(IRGSP 1) P

1 33239512 8.31E-07 026 049 038 0s01g0784450  Hypothetical protein
GDSL esterase/lipase protein

2 23660959 2.40E-07 0.11 0.46 0.05 05020604000 38, Similar to
alpha-L-fucosidase 2
C2 calcium-dependent

2 23718409 3.63E-07 0.12 045 0.05 0s02g0605400 ~ membrane targeting domain
containing protein
Similar to Ankyrin-kinase

2 23883851 8.83E-07 0.13 0.44 0.05 05020608500 .
protein (Fragment)

3 8579868  5.25E-08 0.10 046 0.03 0s03g0262150  Hypothetical gene

3 16195169 2.38E-07 0.07 0.44 0.06 05030399532 Similar to
phosphatidylinositol-4-phosp
hate 5-kinase family protein

3 8637253 1.23E-06 0.10 042 022 050320263000  OsERF9, Ethylene response
factor 9, Similar to
TINY-like protein

3 16253745 2.68E-06 0.07 040 0.25 0s03g0400700  OsLEA11

4 23158671 1.06E-07 0.14 0.51 <0.01  0Os04g0463800  Pentatricopeptide repeat
domain containing protein

4 23161194 1.28E-07 0.14 0.51 <0.01  0s04g0463900  Conserved hypothetical
protein

4 23312125 1.38E-07 0.12 051 <0.01  Os04g0466600  Agmatine deiminase domain
containing protein

4 27338986 1.86E-07 0.11 0.51 <0.01  Os04g0545700  Transferase family protein

4 27376228 1.86E-07 0.11 0.51 <0.01  0s04g0546800  OsERF93, OsERFI,
Pathogenesis-related
transcriptional factor and
ERF domain containing
protein

4 23149116 3.01E-07 0.15 0.50 <0.01  0s04g0463700  Similar to ADL064Wp

4 23145837 3.01E-07 0.15 0.50 <0.01  Os04g0463600 ~ Myb/SANT-like domain
domain containing protein

4 27504304 3.11E-07 0.09 050 <0.01  0s04g0549600  OsDjA6, Heat shock protein
Dnal family protein

4 23140984 3.63E-07 0.16 0.50 <0.01  0s04g0463500  OASBI, anthranilate
synthase beta subunit 1,
Anthranilate synthase beta 1
subunit

4 27436094 3.68E-07 0.11 0.50 <0.01  Os04g0548100  Similar to
OSIGBa0106P14.3 protein

4 27343950 3.88E-07 0.12 0.50 <0.01  0s04g0546100  Similar to
OSIGBa0101C23.10 protein

4 27419999 4.35E-07 0.12 050 <0.01  0s04g0547800  Conserved hypothetical
protein

4 27355095 4.36E-07 0.1 0.50 <0.01  0s04g0546300  Similar to

GMPK2=PROTEIN kinase
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10

10

10

11
11

23307330

27411586

27364256
27425045

27476609

27468525

23328400

23766756

24307050

19975505

20162852

20359185

25839462
24833377

4.54E-07

5.26E-07

5.90E-07
5.90E-07

5.90E-07

5.90E-07

8.63E-07

1.98E-07

8.00E-08

4.05E-07

5.46E-07

1.41E-06

3.01E-07
4.48E-07

0.18

0.12

0.11
0.11

0.11

0.11

0.16

0.11

0.06

0.47

0.28

0.07

0.07
0.06

0.50

0.49

0.49
0.49

0.49

0.49

0.49

0.50

0.44

0.41

0.41

0.39

0.45
0.45

<0.01

<0.01

<0.01
<0.01

<0.01

<0.01

<0.01

0.06

0.04

0.07

0.07

0.07

0.13
0.13

0s04g0466100

0s04g0547600

0s04g0546500
0s04g0547900

0s04g0548700

050420548500

0s04g0466700

0s07g0585200

050820492000

0Os10g0516900

0Os10g0521100

0s10g0523900

Os11g0648800

Os11g0631900

Similar to Cell division

protein FtsH-like protein
OSERF94,

Pathogenesis-related
transcriptional factor and
ERF domain containing

protein
Similar to Oleosin

Anti-sense to fibroblast
growth factor protein GFG

family protein
OsHox17,

Homeodomain-like

containing protein
Similar to

OSIGBa0106P14.6 protein
Armadillo-type fold domain

containing protein
Bifunctional inhibitor/plant

lipid transfer protein/seed
storage domain containing

protein.
0sOPT9,0ligopeptide

transporter 9, Similar to

Glutathione transporter
Conserved hypothetical

protein
OsADF10, Similar to

Actin-depolymerizing factor

6 (ADF-6)
Ethylene response factor 18,

OsERF18, Similar to AP2

domain containing protein
Hypothetical conserved gene

Domain of unknown
function DUF591 domain

containing protein
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Chr Position  P.value maf R’ FDR_ Loci Description
(IRGSP 1) P

2 23718409  1.28E-06 0.12 0.39 0.29 05020605400  C2 calcium-dependent
membrane targeting domain

containing protein
2 24962731 2.21E-06 0.11 038 0.29 05020625900  Conserved hypothetical

protein
2 23660959  3.03E-06 0.11 038 0.29 050220604000  GDSL esterase/lipase protein

38, Similar to

alpha-L-fucosidase 2
2 20600386  9.17E-06 026 036 0.29 0s02g0548900  Similar to threonine

endopeptidase
3 24366451 1.52E-06 0.28 036 042 050320636800  OsNekl, LSTK-1-like kinase

3 8579868 1.55E-06 0.10 036 0.42 0s03g0262150  Hypothetical gene

3 16195169  6.24E-06  0.07 033 0.73 05030399532 Similar to
phosphatidylinositol-
4-phosphate 5-kinase family

protein
3 8637253 1.00E-05 0.10 0.33 0.73 05030263000  OsERF9, ETHYLENE

RESPONSE FACTOR 9,
Similar to TINY-like

protein
4 23312125 2.93E-07 0.12 045 0.04 0s04g0466100  Similar to Cell division

protein FtsH-like protein
4 23161194  6.05E-07 0.14 044 0.04 05040463900  Conserved hypothetical
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23314148

23158671

23150000

23145837

23140984

20415688

27504304

16055933

23328400

27343950

27363309
27472577

27338986
27376228

27411586

27434553

20409009

23336418

27417082

16103506

27355095

23766756

1.33E-06

1.36E-06

1.85E-06
1.85E-06

2.05E-06

2.31E-06

2.32E-06

2.55E-06

3.81E-06

3.93E-06

5.46E-06
6.03E-06

6.03E-06
6.03E-06

6.70E-06

7.17E-06

7.99E-06

8.30E-06

9.36E-06

9.66E-06

9.93E-06

4.51E-06

0.17

0.14

0.15
0.15

0.16

0.25

0.09

0.21

0.16

0.12

0.12
0.11

0.11
0.11

0.12

0.11

0.26

0.16

0.12

0.23

0.11

0.11

0.43

0.43

0.43
0.43

0.43

0.42

0.42

0.42

0.42

0.42

0.41
0.41

0.41
0.41

0.41

0.41

0.41

0.41

0.41

0.41

0.41

0.42

0.04

0.04

0.04
0.04

0.04

0.04

0.04

0.04

0.04

0.04

0.04
0.04

0.04
0.04

0.04

0.04

0.04

0.04

0.04

0.04

0.04

0.43

0s04g0466600

0s04g0463800

0s04g0463700

050420463600

0s04g0463500

0s04g0413200

0s04g0549600

050420340300

0s04g0466700

0s04g0546100

0s04g0546500

0s04g0548500

0s04g0545700

0s04g0546800

0s04g0547600

0s04g0548100

0s04g0413000

0s04g0467100

050420547800

0s04g0340800

0s04g0546300

0s07g0585200

protein
Agmatine deiminase domain

containing protein
Pentatricopeptide repeat

domain containing protein
Similar to ADL064Wp

Myb/SANT-like domain

domain containing protein
OASBI, anthranilate

synthase beta subunit 1,
Anthranilate synthase beta 1

subunit
OsINV4, Similar to Cell

wall invertase (EC 3.2.1.26)
OsDjA6, Heat shock protein

Dnal family protein
Terpenoid synthase domain

containing protein
Armadillo-type fold domain

containing protein
Similar to

0OSIGBa0101C23.10 protein
Similar to Oleosin

Similar to

OSIGBa0106P14.6 protein
Transferase family protein

Pathogenesis-related
transcriptional factor and
ERF domain containing

protein
ERF1, ERF93,

Pathogenesis-related
transcriptional factor and
ERF domain containing

protein.
Similar to

OSIGBa0106P14.3 protein
Similar to

OSIGBa0134P10.6 protein
Similar to

OSIGBa0115M15.9 protein
Conserved hypothetical

protein
Conserved hypothetical

protein
Similar to

GMPK2=PROTEIN kinase
Bifunctional inhibitor/plant

lipid transfer protein/seed
storage domain containing

protein.
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8 24307050  5.26E-07 0.06 0.36 0.26 05080492000  OsOPT9, Oligopeptide
transporter 9, Similar to

Glutathione transporter
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Chemasme

% 46 ABA ®EE GWAS #2409 o3t Manhattan plot. 3 =9} A3
TR FARE HFol FAIG, FEorAEA FHAe 200kb oyl 9l

SNPE Aoz el

18 FHAFDD A3 SNPe| FH A} 24

It

Chr.  Position  P.value maf R° FDR P Loci Description

(IRGSP 1)

1 12162206  6.48E-06 0.23 0.27 0.67 0s01g0319400 Protein of unknown function
DUF247, plant domain
containing protein

1 41595949  8.33E-06 0.13 0.26 0.67 0s01g0946500  Similar to Glucan endo-1,
3-beta-glucosidase GV (EC
3.2.1.39) ((1->3)-beta-glucan
endohydrolase GV)
((1->3)-beta-glucanase
isoenzyme GV) (Beta-1,3-
endoglucanase GV)

1 7239225 9.43E-06 021 026 0.67 0s01g0230700 Hypothetical conserved gene

1 41561683  9.54E-06 0.09 0.26 0.67 0s01g0945300 Amino acid/polyamine
transporter 1 family protein;
Amino acid/polyamine
transporter | family proyein

1 19522783  9.64E-06 0.33 0.26 0.67 0Os01g0536501 Disease resistance protein
domain containing protein

3 21433071  4.93E-06 0.05 0.22 1.00 0s03g0582550 Hypothetical protein

3 31708820  6.04E-06 024 0.22 1.00 0s03g0765500 Hypothetical conserved gene

4 19929099  4.92E-06 0.40 0.26 0.99 0s04g0402200 Similar to RNA binding
protein Rp120

6 25688242  6.35E-06 0.07 0.26 0.88 0s06g0633800 Amino acid transporter,
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7
7

28371493 8.77E-07

28375499  7.71E-06

0.11
0.11

0.28 0.463
0.24 1.000

0s07g0671100
0s07g0671200

transmembrane domain
containing protein.

Amino acid transporter,
transmembrane domain

containing protein.
Hypothetical conserved gene

Pentatricopeptide repeat

domain containing protein

3E 19 ABA ®vH&A

A SNPO] FAA 9]

Chr Position P.value maf R’ FDR_ P Loci Description
(IRGSP 1)
1 11594896 549E-06 042 047 0.89 0s01g0309100  Similar to anther-specific
protein SF18
2 18300243 1.66E-06 037 045 092 05020511400  Glucose/ribitol dehydrogenase
family protein
10 15778155 6.28E-06  0.09 0.38 0.57 0s10g0439600  Similar to RNA-binding

region containing protein 2
(Coactivator of activating
protein-1 and estrogen
receptors) (Transcription

coactivator CAPER).
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1% 48 ABA WFE EAjof thdlk AA A2A 2] QQ-plots

gt 49 QAAo) = F1R§A=-2) haplotype Wo] £4
O #d fFAAE F Y% #8AE PHS, D7, D14 ¥ GIgh 22 4 714 B4 #dc]
gleo] BIE AL, o] Az = AMA 4He SAHA 5 7/ (GMPK2 = PROTEIN

kinase, OsERF1, OsERF94, 0s04g0548100, 0s04g0548500 % OSIGBa0101C23.10)7}
haplotype #4-& 93l A8 =+

(1) GMPK2=PROTEIN kinase (0s04g0546300)
O GMPK2 ko] thdl haplotype ¥o] £41& 3 3 Ay}, od&
7} EA8ka, 7719 haplotypeo]l #HEE A5 (I 49a)
O 9% 2 RJEE K9 EdWolE 2t Al 1 haplotype T1F2 FEolol] AFAS B
A=
O H2~H6 152 Ade2 I+ 9
A2 ot Frde
Ae ALdstaie dede By
O oL Fool W3yt Sle 6708 A 5 3hel HA (917, 1211 51 1848)=
YERHGbp A o= Qg SFEN 71 1 70, AdlA G

by
e

JEZo| ®lo]

2L OL_E_%OH/H H ]% ZHA AL AR ey ol A
o H7 189 10749 A F 7

[0p]
o

nonsynonymous mutation:
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http://rapdb.dna.affrc.go.jp/viewer/gbrowse_details/irgsp1?name=Os04g0546300;feature_id=2517941

2ol Wslz Qg Ao ZEao ol ¥l U Cola TZ <3 EF oA o)A
FAl oz Wsh. 917 $AA 9 3bp AHe SFEH oin =it ©ee] F7HE
AE. T ol Aol 9bpel AAS BYewH, 3 A ZFEW o
A7F Zagoy o] Ade ot IS HAe. FAFSHAL 840 B 1848090 A
HolE Zl= E & F 7R Ade Fdold IS vEhd. T2E=E Hl
haplotype 15| ol A&Ad 2 9179 Aol A 3bp AU SRl g AL AL
2 F4%

(2) OsERF1 (0s04g0546800)
O OserF1 #F3A#e] Y FollA 6712] haplotype &< W=+ F 67018 SNPeF 271
o] InDele] #ZE A (Z1H49 b)
O 571e] Edrol7t d& B2 YAAT, e dlx EAdWo|Y. C7F TR X
= 83 91x¢] SNP= Egedox] wWE LY i«l ofm 4t WS FLEH L, 175
x| A 6bprt AYLEHE Bt InDel2 270 =4l = .
Edolel JERA] st EUROIE 7AE Hl OFS FEo -34S 1

J_f-_
Ae

O He-H5 I%& 189 A9g Asstae Fuo 244 Bye. Wolzt gl He 1
e B AL ASGLE ot 4FYL BAS

(3) OsERF94 (0s04g0547600)

O GWAS &EAollAd OsERF947F “hotel Fof3k o]l AR o] FHAY
haplotypeoll A 1377] F2 2 F Al 7}A haplotype Z1E%ro] A IS (1 490)

O Hl %% H2 254 Edielrt #2500y ORF FH 02 HE 1877bp 91X
= AR 99 1EE Add EdHols Hl OFANAR dZEHAS

O H3 O2F& Sddort glon dF AdEs AQsta A 1522 IAFHAS
o] A& OsERF94¢] Z=RE Fo] vl hol A dFs v F U=

oJu] 3

i

(4) OSIGBa0106P14.3 protein (0s04g0548100)
O 0SIGBa0106P14.3 wuld o] haplotype Z&FNIA oA 7i<] haplotype Z1&©] &2 3]
on (7Y 49d) R WAl haplotype 1F o] ol AP 1Fo W BF

2 7 A%E. o AFAAT &2 SNP sd®ol7t sty i E. T2y o] =dH

d 34

o]+ synonymous mutation®.Z o] FH Ao AF IS s Ay, i =
FHoZHE Hy] "ozl 209 bp (274347139 Als AXDe] fXAA 4 bp Aol
BAHUL. obnks o] 4 bp 44 EdAwo] WEo] HI 1§ el AP 2
e Ao F4H. T FaAe haplotype Mol A IA 2, kol Aol =
2733 Aol gl A TFe &3ke ol9H Aol 2N

_63_



http://rapdb.dna.affrc.go.jp/viewer/gbrowse_details/irgsp1?name=Os04g0546800;feature_id=2517944
http://rapdb.dna.affrc.go.jp/viewer/gbrowse_details/irgsp1?name=Os04g0547600;feature_id=2517946

GMPK2

(a) 0S04L054E300-01
r 3891 bp
=
position® | 27354079| 27354082 | 27354504 | 37354B0A] 97354758 | 27354745 | 27455030 37355095 37355667] 27 356086] 27356132 z:'asamw
260 263 685 | 880 917 96 | 111 | 1078 | 1e4s | 2067 | 2313 | 2512
REF T 0 A A |cAccascas] O A G C A A A c
ALT G i G G -9 CAG G A T T T G G level _[PHS%] total|
HL G 1 G A 0 3 G A [ A T A G | Resistant [134 | 16
H2 G 1 G A 0 0 G G = A T G C_|susceptible| 768 | 10
3 T 0 A A -9 0 A 5 T A A A € |susceptible| 983 | 1
He T 0 A A 0 0 A G T A A A T |susceptible| 600 | 1 |
HS T 0 A G 0 0 A G c A A A T [susceptible[ 969 | 1
e T 0 A A 0 0 A G < T A A C_[susceptible[894 [ 1 |
HT T 0 A A 0 0 A G c A A A € [susceptible] 795 [ 107
AA change Pro>Pro -3Gln +1GIn | Ser>Gly | Ala>Ala | Thralle Pro>Pro 137
(b) OsERT1
0504t0546800-01
. = 1532bp
position* 727371331 27371529 4
1529 1327 339 318 309 175 83 19
REF. 0 G G € G 0 c A
ALT. A C C i C GGCGGC T T level PHS% | total
H1 0 c G C G 6 i A resistance | 134 16
H2 6] c G C G g4 i A susceptible] 768 10
H3 0 G [ T [ 0 C A susceptible] 96.8 i
H4 1 G G C G €] C A susceptible| 982 1
H5 0 G G C G 0 c il susceptible] 846 ¥
HE 0 G G C G 0 € A susceptible| 794 108
AA change Pro=Pro | Gly>Gly | LeusLeu | (Gh)2 |Thr=Met 137
OsERF94
c 0s04£0547600-01
© - z 1399bp
S
Position* 27409520 71] 27410248 | 27410258
445 535 1263 1273
REF G G G G C G 0
ALT A C A A A A T level PHS % | total
H1 A C A A C A 0 Resistance | 1341 | 16
H2 G & A A A G 1 susceptible| 76.79 | 10
H3 G G G G & G 0 susceptible [ 79.78 111
A.A change Pro>Pro | Val>Val | Ala=Thr | Ser>Tyr 137
OSIGBa0106P14.3
@ 0s04t0548100-01
< W — | 3206bp

position* | 27431444 27432039| 27432249| 27432257 27432276 27432316 | 27432611 | 27432768 | ZTA34S 2743@553 27434592 | 27434593 [
3178 2584 2374 2366 2347 2307 2012 1855 31 30

REF G C C T C G C C ( C A € 0
ALT A G T C A A T T T G G G TATC level average | total
Hl A G T T C G i} T T G G G 4 L 134 16
H2 A G T T C A C LI C C G C 0 usceptible] 79.7 12
H3 G C C C C G C C C C A C 0 ptib 719 4
H4 G C C T A G C C C G A C 0 susceptible] 87.7 2
HS5 G C C T C G C C C C A c 0 usceptible] 797 103

AA change Ser>Ser 137

8 49 13789 ;AR GA 479 FxA (@) GMPK2 (b) OsERF1
(c) OsERF94, (d) OSIGBa0106P14.3 protein gene?] haplotype ]

(5) OSIGBa0101C23.10 (Os04g0546100)
O PHS #&d| st GWAS &4 A= = A4
o] ool FofsiAl AHdHo Yee Ho & 01 Az Aol7k 1917 bpelw <
o] shpito R & Fo 18742 Wolet JIEZC 4749 We|7} 2 FAdAtelA
(19 50). =@AE, AT 13779. 7491 BEE Aol A 27346568 ~ 27346569

A A 4™l 228k 0SIGBa0101C23.10
[e)
ar

i rk)
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9} 27346571 ~ 273465732] 9 X](27346570 A 2])ell 4] heterozygous alleleS X 3=

O & AdoA o] AE &<lstr] Al 158- e =W S48 FE= F7Hste o] &
Az}l haplotype ®olE& ZAMSE 23 Aol BE Ao A heterozygous alleleE X
A28 51. ol#3d o]F HFA(heterozygous allele)e] A& A3t 37 ol A
heteroduplex @4o] Y & Jdom HEg 53 HIAA =dWHol= 2958 F 16
Aol Ark g, 22y o] 168 5 53] H79 & k¢ Hokol &3t A&
Ebt

0£04t0546100-01 0OSIGBa0101C23.10

/
!

T [BTETSTETSTETETE S R R A TR R S

E | 188 iz = g 2l8|8|5(8|8

8 E_ | E & é ‘§_F e | & % §_i Sl || 2|53

= B 6ol = i e sl Ml M ol el Il el e il el el il

REF [T [T]e]le|T]le]Tlclela|T]e]la]TlofT]lelc]c]T]c]eG

ALT | C | C|A|A[ClAlTC Tl A]T]|6G|A|T|AJAJATALIT [A]G|T][A Jevel _|PHS%] total
HLT JeJclale Alelir]a]es G |0 T 1A AlG | c |G |Susceptblef821] 1
HZ |€ |[Cc A ]G AEliE] © G G |4 T A A |G | C |G |Susceptible| 713 | 2
B3 | € [ic [TAT] 6 ASlite| © G G | d A A |G| C |G |Susceptible] 997 | 2
He Jefclcle c &l c G G |0 Glclcle|c |G [Susceptible]s65] T
H5 G |6 G|lT[cC cltlelolT Glc [c|7[c |6 [Susceptible[o67

HE GlG GlT][cC oS T T G| C [c T [c|c [Susceptble[919

H7 G |G GlTlcllalTlGelAalT Az G | C | C|T1]C|G |Susceptible]87.1
H7 G |G G| T |€ - I G | A I A G| € C T € G| resistance | 14.2
H8 [T [(Tlele|Tle]Tlcllaltlelaltlalrlflelclc]|T]¢c|AT resistance|163] 1
He Jeclc|eclec[TlelelcllalrlelalTlalilfFlc[c]c|G|c |G/ [resistance[03 [ 1
HIo e |Jc e[ [T]le]elc TG Tle[c]c]e]c]ea

Hit e e e e |T]le]e[c]l2 it ]le]clcle]c]e

HI2 e [e|a]ac [T lalelc]l2 it |alr|ale]lc]e

H13 e lelals [T [alelTl[2 i lalJilalelc]e

H1a e lelals [T [alelc][x i AlTlalelc]e

Hi5 [elec]e e [Tle]e€lc][2 I glclclelc]s

Hie J[elcl|ecec|T]le]e|c]la i1 lea]lclc]e]c]e

HI7 e Je s afTlelelcl2 i le]clcl]elc]e

HE [e|Jc[e|e[elelec[2 iflea]clc]elc]e

Hig J[e|Je|e[aes [T ]le]efc]l2 tIile|cfc]e]c]e

H2oo [T [T ]e e [T]e]T[c][2 tT |[e]c]c]T [if]c

H2t [T [T ]ela[Tle]T[c[2 E clclclTlr]e

H22 [T |T1]6e]as|T1]le]T[c][a E cglclelT|cBA

H3 [T [T]els|Tle]lT[c][a il |le|lclc]T]c bR

Ha [T [1]lele|T]le]lT[c][2 Bl |ls|lec]c]T]e]s

H2s [T [T]6le[TlelT[cl[2 1 clclc]Tt]cle

H26 | T[T ]e]a|T]le]T[c]l2 Ali I lesfclc]T]c]e

H7 JeJec|ec e [T]ele|c]IN]N N NNt le]c]c c|la

H28 G c G G T G {3 [ ™ ™ ™ T i ™ L G [ C: G E G

H2e [T lTleleclTlelTcIN]N NINTINTInN][TTelclc]Tlcle

a9 50 295- (AR GH TUS
7 %}¢] Haplotype W o]

o,

)] 0SIGBa0101C23.10 protein

O H7 2FdA = Fdote] ik Zrd 2 APAS EUE F 1502 Ao
A WA H7 25 & 2dWel7t dsd= E7sta GMPK2 = PROTEIN
kinase, OSsERF1, OsREF94 2! 0s04g0548100 & o] I1F &£ F WA H7 1
FoA HI 252 AFAH I5S YEd

2957 & @A 10¥ ko] o] & XA =AW

TA4E UERHAL o] heterozygous tHy A4S B

ol AP BRAS

O

O 17

st

-
o

B2 o} Folo
2729 ThE W9

1l =
o] =
A

o Y dy
El

® 4719 HHAAGMPK2=PROTEIN kinase, OsERF1, OsERF94, 0s04g0548100)<}
OSIGBa0101C23.10¢] A5 Z+&
O GMPK2, OsERF1 % OstERF94elA F 7l¢] haplotype 1&<! H1¥ H29| A&
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5D. Z #AAelA HI1

0s04g05481002] H23 7o) U Ao =
B S|zt gl 47kA faAe)
o

haplotype 159 A2 ol A4S
v}z 9} haplotype ZLEolA ol A& &
O olg|d &A= OSIGBa0101C23.10 Fx#te] d& I3 5% AFL =AWl
O 224 15 2 ol HE e A 15 2394
O O0SIGBa0101C23.103} 4789 HHAA Alolol= & ZHgo] AL F Jow, 9
OSIGBa0101C23.103%} o} AP 91§ o] 47FA] {FxA Atolo] &

o] #AL F U

(7) GMPK2=PROTEIN kinase, OsERF1, OsERF94 and 0Os04g0546100 (OSIGBa0101C23.10) in
the wild rice gene pool

O ofdH e ol AH {FHAY SNPHolE ZAFsHZ] 98] O. rufipogon 533 O.
nivara 58-S E3$3 5082 A< dolHE BGI ¢ AlolEoA thZ=38}e] IRGSP
1°] Nipponbare®] = Al YA A7|2L SNP S8 & F33st o] 5/ FHA<]
9 9922 SNP / InDelsE& ZA} 35+

O GMPK2 +# =} coding gl A, e SNPs / InDels ¢]x]7} &3] O. rufipogon 5wja
RFoA TAEHJASOUH(H 5D AMFTG 7sH o2 Hole= 3bp AU tiE +4
A= BGI Aol Al #2=x] ¢kt 7 tj4l, O. rufipogon & HolA 22 £l 6
bpe] Ado] WA

O 8 A9 47 FZFHLetol= W+ rufipogon FAA & =+ nivara 82 &
o Ao} sLstA YERHTH 51, 52). THlA oFA FAA JF =o oE SNPs /
InDelo] @A TE A H T 137- 4 2= SNPs / InDels 91X 5 A= o] ofAH
o} W3PS, T3 OsERF13} OsERF94°] =W gYoA+= O. rufipogond} O.
nivara 22} Fof @& SNPs / InDele] &A1¢HS ALY 53, 54)

O 84, OsERF12] oA 6bp AU Wi FHA= BGL 7Hdoll A #2H A 4%k
< (19 53). 33, 0OSIGBa0101C23.109] heteroduplex W FAA+= 5089 AU =
45%(18 52, 5594 WAEJE=H, o] heteroduplex FHL ZAHE A FEH
heteroduplex &Aool AF7tA A& & + ks AS UE
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OsERF1
0s04£0546800-01

position* 27371331 |27371529(27372517|27372538/27372547 273712683 |27372773| 27372837,
1529 ey 339 318 309 175 19
REF. 0 G @ G 0
ALT. GGCGGC
H1
H2
H3
H4
H5
H6
nivara/41
nivaraf42
nivara/43
nivara/44
nivara,/45
rufipogon,/46
rufipogon,/47
rufipogon,/48|
rufipogon,/49
rufipogon/50|
*IRGSP 1

a9 53 13789 T BGI okAW 108(0. rufipogon
and O. nivara)®] OsERF1 7 #}2] haplotype ¥ 9]

ca
w

o

oloRlo|lo|o |
[aiinlinlialielalie]
[alinlinlletinlnlie]
e ialial i fal e
[aiinlinkiatialinlie]

I

Qoo QOO (DD |
S e et Tl (el (el e = Bl et

el bbb el o b et o b= Bl el el b b= P

Do ooo| oD

0s04t0547600-01  OSTRE4

Position® | 27409430 7409731 27410248 | 27410259
445 535 746 786 1263 1274
REF G G G (& G 0
ALT C A A A A T
H1 € A A C A 0
H2 L A A A G 1
H3 G G G C G 0
nvara/4l | G
nivara/42 C A A N A 0
nivara/43 C A A C G 0
nivara/44 € A A C G 0
nivara/45 G A A
rufipogon/46 c G G C 0
rufipogon/47 M G G N 0
rufipogon/49 & G G = A 0
rufipogon,/50 N G G C A 0

a9 54 13749 AT BGL okd® 108(0. rufipogon
and O. nivara)®] OsERF94 -5 =} haplotype ¥ o]
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@

a9 57 (@ HAA1A(Quiescence) 14, (b) Foi4AlZH(Elongation) &, (OFH &A%

()

FH 417 (Quiescence VS Elongation) 15

©

o]

20 44 A Awx
]s“%ngeSt R o ot f R f Leaf
Group Variety Name Ecotype Len é’tﬁ)( 2t Lengthn Ei%) of Root {i%') ot Le
W) (m  cm
HATADANI Indica 0.62 0.61 0.60 0.61
IR38 Indica 0.97 0.85 0.79 0.82
CHIEM CHANK Indica 1.09 1.09 1.09 1.09
Quiescence L hoN oo Indica 113 1.08 1.05 1.07
TCHAMPA Aus 115 1.04 0.98 1.01
RATHAL Admixture  1.24 0.98 0.85 0.91
2 7H B Indica 1.62 1.44 1.35 1.39
LM E ]Tagg}lfl’ce; ate 136 7.93 4.97 6.45
Debzera ]Tagg}gce; ate 1117 6.89 478 5.83
Thok-38 ;ggg}lﬁ’ce; ate 1) 39 6.27 4.26 5.26
Az 53 ;%g}ggate 10.14 6.39 451 5.45
oF-gE-6-2  eTherate o4 6.22 4.25 5.23
Elongation T ¢
3}4-5 ja%?nﬂ')ga € 1011 6.15 4.16 5.16
BRITISH .
HONDURAS Tropical 4403 5.72 3.56 4.64
CREALE japonica
BIKOM Admixture 9.64 5.73 3.77 4.75
216 EES}E?; ate g5y 5.75 3.85 4.80
1%-6 ]Tagg}gce; ate g o9g 5.75 3.99 4.87
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olt)7} AJEl&E <l HATADANI, IR38, CHIEM CHANK, YUNG
AENE 2l TCHAMPA, admixture® Rol:=
AWM T UNETEK

O H2AlH aFdAE
YUEN CHUEN ZIM, 27ZHE#), Aus
RATHALe] Ad@t#Eglen, HAH dFdsde AZU7tEU
#), Debzera, ©@<-38, AF= 3, t+-"E-6-2, 3F3A4-5 diiA=EY7IE]
BRITISH HONDURAS CREALE, BIKOM, %816, m2-60] Asglon, & 17704 <]

A-ARA A0 MBS

B - R - i

e

-

19 58 FUIA ol 2% 0 %ol B

E 19 ojuAgol, Mol A £, Mo £ EFY Aol #A

Aol
Shoot Length Root Length No. of Root

Root Length 0.993** -

No. of Root 0.958** 0.985** -

No. of Leaf 0.983** 0.998** 0.994%**

** Correlation is significant at the 0.01 level (2-tailed).
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5. 3 RI7EN SEelAS ARH W $4 2R AUSE AR AW 73
b @ AN el AS AR S5 W EF /AL AT FURE AT D B 243
CEEDRE)
D el 2 AFAGY FHRE D EE 4
O ol B ALY EAEAE JWoR 43) wEFS AHet AdFaulE
AAST DEAD Fe o muE AN G

£ 20 ol B A44 WY aiEg FHEsE
No. Cross( %Co/mlgi?ation Trait an%?tle %g*lif Flowering time
1 %1% 7 /DULAR N F) | e | p | 08% 0L | 079 269
2 2157 /YUPUL ! @8.01% | (17560 | 08€ 072 | 08 199
3| AsRAAY St | geoim | oy | 08% 072 | 084 079
4| AERrEEY Sk | getim | o | 08% 072 | 084 059
5 T3/DULAR SN | @od0m | oy | 08E 07 | 079 269
6 = oF/DULAR SO | g2 | oy | 08¥ 122 | 079 269
7 = ok/YUPUL ! 65079 | (1756 | 089 1220 | 08 109
8 ok ) Saro} 6507 | a5 | 089 1220 | 089 149
9 | s Fwob | et | oy | 08% 079 | 08% 09%
10 A5 [30LE Fwot | et | oy | 08% 079 | 08% 109
11 REESEE Souro} ©5.01% | (Gobay | 08€ 072 | 08w 119
12 257 [k Soaro} ©5.01% | a5 | 08¥ 072 | 08% 0422
13 TEGHY Saro} 6970% | a5 | 089 132 | 08% 149
14 | BEADDULAR | FHFD) | 03000 | @rp | 8% 012 | 079 269
15 | BEADESN | FEHIN | 630 | op | 08 012 | 089 099
16 | WU-TDULAR | FHFO | gede | (gyp | 08% 052 | 079 269
17 Thok-7/% 9k Saro} @75 | O | 089 052 | 08% 092
18 | shgEfso St | qmm | oy | 08 022 | 08% 09
36 | shgu/dors Sk | ade | o | 08% 022 | 089 109
37 | SYWIDULAR | SoKZOD | o0 | o | 08E 022 | 079 269
38 | or/5Y2555 AR S AL 78cm | 08 091 | 089 019
39 S AT 2 54 S Gosem) | 08% 091 | 079 319
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41
42

& F M A4 S
FEH /U 244 S
/93 H A4 S

92555 AFA S

43 | AsH/e

R
(4.43cm)
R
(5.45¢cm)
R
(4.43cm)

R
(1.78cm)

08¢ 09¢
08¢ 11¢
08¢ 11¢

084 07¢

074 30¢
08¢ 10¢
074 30

084 01

i 23 Fot g AFAYA FFHEE AT F2 o
No. Cross Combination (% / %) Trait
1 /\]E;q///\]zx JESERE! Z=u}o}
2 1) IMAGNOLIA//Z 9+ Z=uko}
3 AN ER[FD2555 /|4 57 2] 2= 4]
4 215 Z1IIMAGNOLIA// 2 &3 2524
5 215 R ZILANICA//2 &2 254
6 = /[ 35 <4 [Dular Z=npo}
7 = ok /35 oF ] [Dular/// 5 9+ Z=to)
8 LF (3 F R Z=1o}
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259 xEFF (@99 7 eddd

] . ) E2h= o] AF e EEl
1: L_—__ = = Z__ A~
Sl =T7] ZHcm) TZHcm) o) A2 ot A2
2015 813 | 77323 | 201+11 | 145+21 | 994+55 | 21.2+01
2016 811 | 77.8+421 | 195409 | 141+15 | 97.3+34 | 21.4=0.10
o 776 19.8 143 98.4 213
W o] A 5
1A= 0.46 2.14 1.98 1.51 0.66
%)
2015 8/23 | 758+15 | 19.7+09 | 148+12 | 1075+48 | 19.9+0.1
2016 821 | 766+17 | 201406 | 144+18 | 1055+38 | 201402
e 76.2 19.9 14.6 106.5 20.0
¥ o] A 5
1A% 0.74 1.42 1.94 1.33 0.71
%)
259t NZEFFGEY)e 3H3d 4
e ik A g | FHA
dol | = [ FA | AZ | o] | = | T4 | A= .
(mm) | mm) | mm) | ¥ | mm) | mm) | mm) | # (%) (kg/10a)
723 | 324 | 224 | 224 | 501 | 290 | 202 | 173 | 773 516
710 | 315 | 215 | 226 | 488 | 281 | 194 | 174 | 771 536
259} JEzEF5E9)e ndEA
Egc A ctlesg [ aumdgd [ enddd [ .,
(1-9) 0-9) >, %) | (@], %) (], %)
1 01 18.2 75 6.4 61
4 01 12.2 6.8 5.9 86
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%28 AT A @3
N2an Aok QA Az ) 20163 ) 20174 2016~20173
Bl () | Dol (B) | Dol we)
WAEEY S EgA YA | 2 300 300 630
73 4= 7} A, b 2o & 500 500 1,830
TeHE A s HRPC Tt X174 1,500 1,800 5,988
Ze5d +71aE #HrAE 500 500 1,969
o F A &g T & A3 4 350 500 1,735
& A 3,150 3,600 12,152
Wh =2 AgAA Aok A3

O 20179 129 A7|= AFA 9} NHEFEE
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Oh AL 8
O 2017'd 37 GAlollA 7008 o] Aatstg o 42T AFE FArmAe oF 149U

¥ 29 “AA25” AAE Az d3

201743 20174
TR | A& At YA AE aviae | aeiame
1| @sdsge 28 | Agsd 3 zew | 50 100
2 HH 3 5ok & 550 1,105
3 | 9= drxdEe | ek 100 200
A 3 700 1.405

" 70 FeFl 2T AF AR

(3) “d%235” A3
b A3t 2%
O 20173 €8 Fe2THAF 7 Alge Adstd AFEE A% A4
AHS skl e 2018\ 200 FRE AH] oA
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(Neeraja et al., 2007; Septiningsih et al., 2009; Iftekharuddaula et al., 2011; Ismail et al.,
2013)
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AEP o2 FEESS (Michael et al., 2009)

20143 = Av A4 (RRI, International Rice Research Institute, BGI(Beijin Genome
Institute), CAS (China Academy of Science)®] LAl OZ ZAAANA =A< 30004
o FrzAd 2 FFe A4 AEAes gESAS

HZ GWASZI®E FHA 97 2 YFE Sdve 313 H7HER olyg
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o W % S TIFPOE Flo] GWAS E2Jo] 435ty o|ZHE olE FHA2
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metabolite®] kA wWste} A= 323709 associated regions FA3-S (Matsuda et
al., 2014)
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