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Important agronomic genes in Japanese rice cultivars
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This study aims at the identification of rice agronomic genes that
contribute to the breeding of the present Japanese improved cultivars (important agronomic genes)
and adapt to local cultivation (adaptation genes), and the clarification of the rice adaptation to
local areas and climates and breeding history in gene level. We have cultivated and phenotyped a
Japanese rice population composed of 144 cultivars in six locations throughout Japan. The genes
important to agronomic traits and local-adaptation in Japan were identified by genome-wide

association studies using the Japanese rice population and QTL analysis using recombinant inbred
line populations.

QTL



# X C—19, F—-19—1, Z—19, CK—19 (@)

1. WFEBR AR Y H DT 5

B & o FIE DT AN L D8k 2 7oA Z N E T Tz, 20 AL LIBEOITRBEREIZED,
ERMENOERMEAFT RSN, BEOHVWTLL CRES X AHIT 0D, TIOTHEEAX
(Oryza sativa)l3ICREVEYEOEL A HEY) T 2705, BLAE TIIALYEE D K572 i B HUsk C O Fk K5 1T
ICLTE R REIN TV, B ARIEILICE WO, SR OBREIZ@E IS L - R RS A TAch
R OMMBE AR TRIIBMNT THERSILTEI, 1o T R fEL - FHEmEE T H ARED
S AR E BT D IBARAIC [E E LT B AE T (R EE(E 1) & B AR HUIR O BRI IS L7 85 1
(BN BAR ) DT HEEZDID, - T, HEBRFROWNIEISEE FIT—RICEEREIC
by, ZOEETHARARMFEOERLAFE M L BILIZB BT 7 PABREA~D R #HMIC
725, H ARSI I U= 5 SR TR O A O BRI IASNI 25 fFRIChT = I22o0
BRERIS 23 E 2 55 (DZF O EE RSB R TREA TR LT BEREZUR T EEE(2)
BUR O AT EGEL T, LR BB TR OM AT EZRR LU CERMEA LT 2 E#E, £/,
BROBE TRIKS N, R TR O B X5 a0 b c& 5,

2. e B

AWFFEIL, BUED B ARG FEREO B RIC KE<E L7287 (EZEESF) & B RO HUIZ G
L7c8 a1 (EIS B T) 2 REL . B A KRS RO 70 b N U KU ~ D@ IS A B 7L
~OLTIRIIL UK 2R B ET 5, BUE H RS HICHEREE ST DA R in i, S EREE IS 35
JONTHE RSN TET, F MO RBE T ISR I L > TEETHD, TOERAFIHL T,
ZER7% A AKRR SR 2 B RS HCHRES L EROREELZHAEL CHIBPEICBE T 285 7%
HDIAT e, SHITAZHELR FH 24 o 7o AR ARAT OB B AR R ARAT & R G I KV B A 7[R & LI s Y 7
BERATV, HARDOHIKERERE @IS LTSS LB AR TR O EEZ O T 5, ZORE, T
FRAZEEL T, s 1 O/ A TR L2 E CRBJEE OK BN AHETHY, B FENREH
EUFREOD /T p— A BN A REL 72D,

3. WD F ik

AHFFETIL, RO B I ZER T 572012, A AREE 2T 256 T CHEE S5 B AKFG &
BEOINE ., DEVEBOBEEREZADFREL . MiRCH EFEORELET MR A B2 E [E T 5,
KIE T — X2 T- B OBBFIRNT (7 ) DUART Y v — 2 a  fifHT (Genome-wide
association studies: GWAS), R HE/y BEEE R LD BARMENT . H A KRG FE D R L4 B AR 2 iR
B I2kh, BARKRO BRI E CTH /B R T (EEBE 1) 70D QNI R E O Hilk (2 s U= 8 s
T (GBS BIn ) ZFET 5, SHIT, b0 B ERBR 1RO B s 2 U787 G0 Fl Bl 38 0 T RE
PEED, UL EOFERND, Zhnbo BAKFEERICOWTERTS,

(1) BAROFEEROME S EEECIEMT BB L OERBAREL TR SN T D2 Ek7 B A KRR
SRR 144 WA T2, B AROF SRBH CHRIEE SN A K OB O BER Y (BIFE B £k
7E) BEHT D, A AFEO RS ) ARSI R ERD NS DNA 2812 50U B EBE D GWAS
EATUN, A & 72 5 BB AR 1725 QNI N B R T2 R E LT, ARERNITER S B i
BTS2 | AREH TS R SN 725 AL B EEE 7 OB LD, — 7. FiE DR
HiC B ST GV IS B AR T DM & 72D,

(2) ZSHE ST BESE A S T BARFRIT 247D, # P R, BAR CTRLBER SN WA Ias el 2k
AREL LR B AR L Fl 2 22 MEL 7o/ 2 B 5 R 0 RE (Recombinant inbred lines (RILs), 29 #& 7
., BFF 3,567 R MNIE L TWD, TO—iE B AL THE L O BEREEZNEL T
QTL (Quantitative trait locus) f##T 21TV, GWAS O R LT 2,

(B) il 7o~ - B A T 2 BB HI ZARME DRV A T2 L 7= R ST M4 7 (Coalescent simulation &
Multilocus HKA (Hudson-Kreitman-Aguadeé) /&) T, BRI ZARNMEDORAD AR IC L CHE#EE T
2RO EAR A RRET D, BRI K DB DR ELZ T RIS FITZ DZERIEDHIRL . £h



(2L TSR T B ARMEZAERF L TS, A5 AW O SR AR 0 455 S8 AR - D H R0 A &
BIEMNTL . A28 720 ONT MU BR B2 186 b C’D“T%%E@‘éo

4. WFFERCR

(1) BAKFRLFELER 144 SO BEBE E#AFERMINEL ., K MEO 2T ) ARSI ES I, K129
T &I DNA ZRBGNTR o7, BIFE A% B R I W TEROBE RS
7o ABHED GWAS FE R Y — 7 ITERH 12D, IS FIT RS LMD ERNRIR
WX Tz, ZLBEFOBIE T THLIELHERSNTN, TDO— 7T TC2OoDHHR O BEEFEB/In T D
FECH LT, BLED LT E$*mm@%l%thCMASi@ﬁ B AR ORI IA T
B ThHoT-, SHIZZEDOMON _omf%ﬁﬁg&ww%%mbfkm%%ﬁmﬁén4f?&/
DHESL LTS 25, Fo, 3¥E /Wr@:ﬁﬁ@ﬁﬁﬂ’—ﬂﬁ@t . SHIZICT b A TET,

(2) MM Z -7 QTL fENTIZE T, GWAS OfE R LB L2 H5-9 5 QTL F2iig a1
ZRRAECE | HEER T EILEIS BB O RIEN FREIZ > TE,

(3) BB ZRIED PR D 2RI LT R NE R E 12 KD, B AR 1725 QNS S AR 1 IT K 533
T&EI, %c%@@i%%ﬁ‘%ﬁ&&%u”u@@é/f/bﬁaﬂ?—&i@%\ﬁﬁiﬁfﬁ%ﬁHﬂ;&%ﬁ’v_«%ﬁﬁﬁiﬁ%’:ﬁﬂéh
720 A% OFEE L HIBGEIEPEIZIZ DN TBETET,

5. FAedE#am C5F

CdERERm S0 R 7 14)

1. Goda, T., H. Teramura, M. Suehiro, K. Kanamaru, H. Kawaguchi, C. Ogino, A. Kondo, M.
Yamasaki (2016) Natural variation in the glucose content of dilute sulfuric acid—-pretreated rice straw
liquid hydrolysates: implications for bioethanol production. Bioscience, Biotechnology, and Biochemistry
80: 863-869. doi: 10.1080/09168451.2015.1136882

2. Onogi, A., O. Ideta, T. Yoshioka, K. Ebana, M. Yamasaki, H. Iwata (2016) Uncovering a nuisance
influence of phenological traits using a nonlinear structural equation: application to days to heading and
culm length in Asian cultivated rice (Oryza satival..). Plos One 11 (2): e0148609. doi:
10.1371/journal.pone.0148609

3. Yano, K., E. Yamamoto, K. Aya, H. Takeuchi, P. Lo, L. Hu, M. Yamasaki, S. Yoshida, H. Kitano, K.
Hirano, and M. Matsuoka (2016) Genome-wide association study using whole—genome sequencing
rapidly identifies new genes influencing agronomic traits in rice. Nature Genetics 48: 927-934. doi:
10.1038/ng.3596.

4. Okada, S., M. Suehiro, K. Ebana, K. Hori, A. Onogi, H. Iwata and M. Yamasaki (2017) Genetic
dissection of grain traits in Yamadanishiki, an excellent sake—brewing rice cultivar. Theoretical and
Applied Genetics 130: 2567-2585. doi: 10.1007/s00122-017-2977-2.

5. Okada, S., A. Onogi, K. lijima, K. Hori, H. Iwata, W. Yokoyama, M. Suehiro and M. Yamasaki (2018)
Identification of QTLs for rice grain size using a novel set of chromosomal segment substitution lines
derived from Yamadanishiki in the genetic background of Koshihikari. Breeding Science 68: 210-218.
doi: org/10.1270/jsbbs.17112.

6. Okada, S., M. Sasaki and M. Yamasaki (2018) A novel rice QTL gOPWI1 associated with panicle
weight affects panicle and plant architecture. Rice 11: 53. doi: org/10.1186/s12284-018-0246-x.

7. Yabe S., H. Yoshida, H. Kajiya—Kanegae, M. Yamasaki, H. Iwata, K. Ebana, T. Hayashi and H.
Nakagawa (2018) Description of grain weight distribution leading to genomic selection for grain—filling
characteristics in rice. PLOS One 13 (11): e0207627. doi: org/10.1371/journal.pone.0207627

(Fa%#] (F1381F)
1. AHE. MbOLDONAFV T 747V —B#EEE B T DBEHNT, B ARABHEERFH128EIKE,



(2015)

2. BT, BIETX—AMEWET LV CRABRREICBTLBNERAOHHEE TRTH, HAFET
2EF128HIk2x, (2015)

3. MTNFHAE, GWAS fRHT 2 I\ A R R EBE R R T O B, QAT F2H 129 K%, (2016)
4. ATHIESL, AAIKAE Nested Association Mapping $HIZ LD RIEE OBIMHT, A AT EE
F129mKR2, (2016)

5. MRS, T=s el |2 YRR T Sr& L7l 8 Qe o A o R E DB s QTL DRGE,
AABRSRE129E K%, (2016)

6. IIIRHRL . A AKRR SRR A (o - R OBBMNT, A ABREPRH 129 K%, (2016)
7. FHRIEN  ARXDAAF v AL &E TT 2 AFWETNES ) L TFRIET VARG LTCHILVE
TV BAFRARH129K %, (2016)

8. W, v VFHRI AT AR KD T Ty IRy I AT TV 7 % N BT 7 L OGS
AABRESRE129E K%, (2016)

9. FH W, B ARKEE MO KGR 257/ DUART Y —a fjfr, A ARFHES
2HEE130MHK2x, (2016)

10, REBEREL, B AKAR SRR Z O TORL A O RFAYRCIR & anfE R ZE OB, A A B2 S
#130m K2, (2016)

1. F &S A RO RBRDIEINC BT DR F— I EREE OBBRNT, A R BREPRH
130[F K%, (2016)

12. /MR 2 . BARARFEREZ -V RZISEMERMRIZBIDD QTL OERE. sy - B
WFFEE 5 182 |22, (2016)

13, WIRPRHRD 7/ DU AR T Y 2=t a U AT O TRPUEN 952 L, B 1 1R LM JE R - 5 8[A
o E U CE R EE 2 (2016)

14. Yano, K., Genome-wide association study using whole—genome sequencing rapidly identifies new
influencing agronomic traits in rice. Plant & Animal Genomes XXV Conference, (2017)

15. Yamasaki, M., Genome-wide association study using whole—genome sequencing rapidly identifies
new influencing agronomic traits in rice. 59" Annual Maize Genetics Conference, (2017)

16. JIHHL, A AKFEEE IS T DMK DO RRBEIETEE D7) WU ART Y 2 m— 2 al M
AABRESRE131EIKRSE, (2017)

17, R FRARAN, MEAE LK FCHRES L 7oA RBER O BURIENT, A KB ARH131Ek %, (2017)

18. PN, UAV VT —hE v 7 TREMEN I DRFR IR L2 D7 ) DT AR LR L D FEIE,
AABRESRE131EIKRSE, (2017)

19, REBEREL, HAKRR R I DR E 9 1 ERAE O BLR, AABTEFARH131EIARE,
(2017)

20. RABEJRBE, B B2 B LI B AKTR S HRE B T DR E M DT/ LUAR TR, AT
AR 132 K4z, (2017)

21. WP ROl EEIC LSS Ry 7 PRIOTD DL BRERBRG R, A A B Y255 13208
Rz, (2017)

22. I HE, 27 5 GWAS TR E I LD RA SNP 2 BT 550 ER DI iEL D i,
AABRESRE 132 K%, (2017)

23. [LIRFAC . BEIREE W FE B Z— 2B DA TELTR B DRI, S A A A Z AN —HF5E
55 100 [AIZEFI 2, (2018)

24, FERAEREE . AOKRE SR IC IS T DR B AT ORI )T A2 b D SR Z OfENT . H AR B
FH133EIRE, (2018)

25. PRI RARDBRENTB T AEMER ORA BN I CAEFTET V2B AR
H OB, HABREF2H133Rk%, (2018)

26. RAEBE R KAG TR IZ 3T HFIE R IE DR E . B AEY 22 55245M R, (2018)

W



27. Fekih, R., Japanese NAM population and the high—throughput phenotyping for quantifying traits of
interest. 16" International Symposium on Rice Functional Genomics, (2018)

28. WML, HAUKRE 143 SAFEO HEEH T HIE T VO RTA=ZRGE . HAEY 2252460k
2. (2018)

29. VEIGH &, 7 ) BUART Vv —a il 98 (GWAS) D728 O fe il 7 fRHT A M 1L E D XH 23 5
RED A FBEBEIRORT ) LI E RN 32— a e, BAB R H134R KA,
(2018)

30. FHIKST FRIARA ZFE (ABC) & W B EOBAR T RLDAEM R £ 7 VT A= 2 OHETE |
A ARBEERE134E K%, (2018)

31. REBHERIFL, AAKREMHFEDHFET — 2% W mEAX L 2% & B LT- GWAS fif RICHE-S<EBR
By, AARFEFRH 134K 2, (2018)

32. Yabe, S., Island—model genomic selection for long—term improvement in rice breeding. AgMIP,
IRC2018, (2018)

33. Nakagawa, H., Diverse environmental responses of flowering in Japanese rice cultivars revealed
through a phenology model analysis. International Rice Congress: IRC2018, (2018)

34. Yabe, S., Genome-wide association study for panicle structure in Japanese rice varieties. Plant &
Animal Genome XXVII Conference, (2019)

35. REPE R, A ROFEMGE LR H 5340 O B OBARKE R ARHEE . B AEM AR 246 R=
(2019)

36. REEREL AR OGRS M OB FREREORZAENEEZE LIS /Iy 7 TR A
AREMFEH1350K%, (2019)

37. MGARESE ARV K THREELTcA RO IWEBHERE O 7/ LMt B AT FE2H1350K
=, (2019)

38. ALY, GRAS-Di etz F 7o B AR 2 A iR O s Rk, B A
#135mKR2, (2019)

() G 114)
LEREAL (2016) THE# O TR L) B AR 2 A A BRESmER /1 B8E M2
I BEE I TQTL fi#HT ) SRR ISBN978-4-621-30038-1

(P 26 PV PE A )
O HEIREL GE 0ff)
Otz Gt 0ff)

(Zofth)
R— L X—%% http://www2.kobe—u.ac.jp/” yamamasa/index.html

6. BFFTAHLA%
(DAFFE 43403
WFFe oy K4 R JoK
n—-<F K4 :Ryota Kaji
AT IR AT FE R B4 < EISLAFJE BR F B N R 3 - B Bl PE REBATIR S AT JE R bl JR 3 s e & —
R4 AE BRI SE R IBOK R B L —
W4 I —7E
e 2 5 (8 M) 140414809

WHIE5rRE 40 A e AR



o —< K4 :Narifumi Yokogami

FTIE A JERR B4 < [ NEATZE R JE 1k N 36 - R AL PE S BANFR S UFJerkt bR e 2 —

R4 K AR FE SISOK R B v —

W4 BB
F7e 25 (8 #7) 110355307

WFgesy 35 R4 Rl HER
o —< K4 :Hideo Maeda

FIT IR JERR BE 4 - [ SEATTFEBR JE 1 N 26 - 8 PE SE BN
S IRA - VR BR FE R JE RRRG B L —

W4 I N—7E
TFgeE 25 (8 M) 140442751

WFZE B 4 Y
11— <74 : Osamu ldeta

7N
e

BTN R R S —

PTIE A JER BE 4 < [ SEATZEBR JE 1k N 26 - R AL PE EBANFR S P JerEts 18 0 A e B 2 —

R4 K AR FE SISOK R B L —

W4 I N—7F
TFgeE 25 (8 M1) 140414651

WHIEorHRE 40 Rl sy

o —<F 4 : Tomomori Kataoka

P JE M FERE B4 < FEISLATF FEBR JE 15 N\ J 26 2 E S Bl

R4 K AR TR pE IR B Y v —
W4 AL B
F7e 25 (8 #7) 120355308

OWFgEm 1% 72l

GIN
ooy
NN

BHFTEREAE LN PR RN e —

MR LAWFZEIE. FRE O AR LEHTICB W CERTALDOTT, 2070 W50 EfE-<CmF
TERR D NFRENZHOWTT, EOEFHFEICHEASHOTIHRL FOWNFRA BT RASLEF(TIL,

WHEEEANCIF RS ET,



