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f& (Oryzasatival.) ¥ At £ &g (v RS VARG E &4 2
FEFFFC2 A BRI R AT (crop wild relatives) £ 3 je
RAMAAZfFA 3 Z 2 - o AFT I B BB A fE o L Al i Y
#- 0. nivara & F1R 1 AA 23 2 - 7 4 4% O. officinalis 2 F148 0 AC %3 > 12
L fE e il B4 pe 2K FF (restriction site-associated DNA sequencing,
RAD-seq) £ = 2 A & » & * lllumina-Hiseq 2500 =t & A e 2 /A T 5 % = 2B
ts> 11 Stacks 2 TASSEL = & 425" i& (7 8 - #x H ik 5 3]42 (SNP, single nucleotide
polymorphism) ¥z o AA 3 & & (7 3,428 B4k @5 ) 10%F £ 5 % A4
AFRIE 4t A v 2 157 B HE £ R A 5| (Simple sequence repeat, SSR)
AR S EE S £ 1 2,480 B A a2 % E 1743.3CM 2 i 4 Bl > ¥

5 € % B e_iz;% (multiple interval mapping, MIM) » #4 A A B # 4k - 2 §
BB S AR PR R 2 P A R B Mk e iR ok A 1R (quantitative
trait loci, QTL) = > > = 2 =3 178 B QTL > T35 L A|f2f# & 5 12.1% (4>
2.21%3% 35.7%z ) -AC *%3# & {7 4,601 4% & 5 -] *+ 10%=2 & 3 % Al4£2 SNP
AFRE s H - &S iRRw ETF % (single marker regression) =_i 54 i QTL >
Tiock 44128 A 5 10.3% (4> 0.2%3% 52.4%z2 ) e+ € ~ F foddic s i
BB BB R U R R R SR P Rk B2 52
FAEE AT A fREEE A ?‘)[%%;7 7 QTL #8iT =¥ 5 40 M A Flos &

THERA DRI HQTL T ik~ HEF -

BiaE3F : A&F (Oryzasativa L) ~ 7 2 1T 548 ~ "L fe» i 4% pk 2 5 Hjw
S )
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Abstract

Rice (Oryza sativa L.) is one of the most important staple food crop in the world.
Breeding strategies for rice nowadays often lead to problems such as narrow genetic
background and genetic vulnerability. Using crop wild relatives (CWR) as crossing
parents is viewed as one solution to these problems. In this study, two populations of
introgression lines, AA and AC, which were generated using O. nivara and O.
officinalis as donor parents, respectively, were used. Restriction site-associated DNA
sequencing (RAD-seq) libraries were constructed and sequenced using IHlumina-Hiseq
2500. Stacks and TASSEL were used for single nucleotide polymorphism (SNP)
calling. In AA population, 3,428 SNPs with missing rate less than 10% were
discovered. Along with 157 simple sequence repeat (SSR) markers from previous
study, after marker filtering, we used a total of 2,489 markers to construct a linkage
map spanning 1,743.3 cM. Multiple interval mapping (MIM) was used for mapping
quantitative trait loci (QTL) for agronomic traits, yield-related traits and resistance to
different pests and diseases. One hundred and seventy-eight QTL, each explained on
average 12.1% phenotypic variance (ranging from 2.21 to 35.7%), were identified in
AA population. In AC population, 4,601 SNPs with missing rate less than r 10% were
discovered and analyzed using single marker regression. Fifty-four QTL, each
explained on average 10.3% phenotypic variance (ranging from 0.2% to 52.4%), were
identified. Favorable alleles from wild rice were found for several traits such as
thousand grain weight, panicle weight, blast resistance and brown plant hopper
resistance, etc. Some QTL were confirmed through previous studies, while others
have not been reported yet, which may serve as targets for further studies.

Keywords: rice (Oryza sativa L.), crop wild relatives, restriction site-associated DNA

sequencing (RAD-seq), quantitative trait loci (QTL)
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PORERLF B R RBGM T MO 2ok UYL 5 fRD ¥ hiE

)

PREGEHF BT RYT e v npfdEz - (Dempewolf et al. 2014) - 5 #
T4 44 (crop wild relatives) 5 1547 30t % cnl¥ 4 8 2 MG B RRIT2 o fb 0 4
FIERAL G {222 FE R R 2 @Bt d 3 3 4 a0 7
PRI T BITL R IR ARARLB AL AR BGE 2 -
(Brozynska et al. 2016) » & ¥ ¥ ivd hd & 4 F k& F e £ (Hajjar and
Hodgkin 2007) - e A 22 % & fif2 2 7 MAr (S 7 L E FlEp > 7 B2
Foo T SR FRE A E S N R R o

AT AL e v AF KRR BS &5 d Vavilov &4 (Vavilov
1926) > Maxted fr Kelly % « (2009) f 3 >3 %+ 50,000—60,000 f# i¥4» 2 H 95
A% BP0 10,739 B AR Hecdme % 25 B 42 §et (Maxted
and Kell 2009) - Tanksley and McCouch (1997) 3% 4 & #&:5% B & L 713 Bl 3 o
EE A R A AT 0 BRI L R B S AT A TS T s
Foo R 100 KR FEYFATHBAL B B F 2R BT
R ReF ehp T pF o afﬁ doaligat 2 4mE & G fufkah Vitis rupestris ~ Vitis
berlandieri f- Vitis riparia = B2 2 75 fd €2 § § /F)2 ¥ (Prescott-Allen and
Prescott-Allen 1987) o f.%5 4 i f&i& * > i%4 7 fAcnik]|F ¢ > AZ3F 80% * %k 3
PR SRR T 2 A F 2 it (Hajjar and Hodgkin 2007) » 4ok fednd e & 1
:/I;‘ai (rice grassy stunt virus, RGSV) #ui & #]z2_ # ~ (Brar and Khush 1997) ; #
iod P54 A E O~ A7 40 B :}a;ﬁafg %] (Rick and Chetelat 1995); /|- % 4% e q‘;ir T

# (wheat streak mosaic virus, WSMV) z_#<}+ 3 ~ (Hoisington et al. 1999) ; #+%
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4505 (mosaic virus) £ w1 o (bacterial wilt) 2 F o o i AR 2
24l ehA 2 40% (Nweke 2004) % 9 % g * 2 6] - 1335 CWR % =
(http://www.cwrdiversity.orgl) st > B3 e § AZiE 25 fEiF4c A D AEFA
ATHBHEE BT RWZFATVE ORE BLY FF v pFE
WE R TRmh ek o

1oL PO A T BT 2 AT B R B 2 S e 5 et £ 1

—a»

#AL G TR eI A e A F R b - B EAERORE T v E 3 RE g
e LR B E R ERE AR (Henry 2014) » Fpt > @ % B 4 174
AR AFTERTFs BB 2L PE 0B 2 < ¢ Hordeum spontaneum
¢S £ L 2 BB 4k A F1E  (quantitative trait loci, QTL) 3 4 4%
Bffic s omt 2 14 (Nazetal 2014);:F * #7 4 - & Triticum dicoccoides it # =
Hick 2 83 2 a= 1 (Nevo and Chen 2010) ; 3= ¥ # 4% Oryza officinalis
Oryza rufipogon @t 5 4p B 44 » i (7403 £ ~ 3 F 3R 4 N & LA iy
(Feng et al. 2012) ; {¥ 4 fa+ & 2 A FM e A & 2 o B T 2 A% (Qi et al.
2014) > HsdoH B~ 2 ~ FEE 2Rt S 3 MM~ (Brozynska et al.

2016) -

BN VAL E

#&4 (Oryzasatival.) A& AP B ER g it - > 7 5 LWeE R AR

e F REBH 0 50 FIBF GREBGSIPPT RS HTEPFFENF A
T B FABESA P a2 Fugantd i (Taietal 2014) - £ 8 2 kf&sf o
THRECINBALIBTAPIE A H- L ae AR LA et 2
BERFC2EBBEBHEEIRNE RELARSEZERF FRE T KR

(Dempewolf et al. 2014) -
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BoFEHTF 24 B ¢ £ 2 BEBFE—— LW PB4 (Oryza sativa) %
L4432 4% (Oryzaglaberrima) — —fe 22 B A fd - £33/ 5 AALJ e &
1284 ¢ 1 2n=2x=24) B2 ¥ &7 % ¢ e s 2 AA-BB-CC-BBCC -
CCDD -~ EE ~ FF ~ GG ~ HHJ ~ HHKK % 10 f&#g3] (Sanchez et al. 2013) - 27 2
FRERARARBIRE NFREF AR VA FIRAPF 2222 H1
TR P BB R R TR E G JIRE AT T EMR 5 -
¥ % # @ F R (Henry and Nevo 2014)- T £ @ § 3 5 #-0% 4 f53 Bl ~ £33 o
Fr iz b+ o Ao RIRASRN AT L TR AT 2 45 B E D o EoR (rice
blast, BL) % v ¥ 15 (bacterial blight, BB) % 7 %] (Brar and Khush 1997) - &
WA AP ER AP ERZ P A EH R AN E L
AA # ¢ 18 O. rufipogon = FRMEF R LA E 2 A EH > & F2 QTL
(McCouch et al. 2007; Moncada et al. 2001; Septiningsih et al. 2003) ; AA % ¢ 48 ‘e
O. longistaminata ¥t v # 4% 2 +#utt (lkedaetal. 1990) ; BB % 4 #2 = O. punctata
ot #umt & 2_ 44 (Sanchez et al. 2013) ; BBCC % ¢ %8 % O. minuta 4% &
(brown plant hopper, BPH) z_#w}+ (Brar et al. 1996) ; CCDD % ¢ %2 = O. latifolia
1 BPH ~ BB 22+ % (Multani et al. 2003) -

O. nivara E #3145k 5 AA LG e > A3t % - BATE - SRS 4R
LR A S el B4 f5fEe - o Ling % 4 (1970) &3 6,723 B £
SRR R ik & N A [}iiq- )\ [}iﬁff_)i » 5 B3t O, nivara (- B
&k L #id 2 uik (Lingetal 1970) > 73 1974 & 2 # f00 % - #4794 5 ke
ki s 4 2 548 (Khush and Ling 1974) - g+ #b > ¥ 5 #7 3 41 * O. nivara &
Ry fese sz = %~ & (introgression line, IL) > ;ﬁ AR R AR e L (8 e
B2 75 WinE 4 (2009) #-O.nivara £ & 432455 ¢ 655 27 §
w2 > 4] * SSR (single sequence repeat) #f B4 = BF 4 e 0 ko S R
WORASE 12 154 ¢ MBS FL TR 2 81 A F) (Win et al. 2009) ; Miura % 4

3
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(2008) 4 * & 4% 325 4% Koshihikari 22 O. nivara & = 2. $ » 487477 o K4
F2iELd WA F T & BROKALFERT 2R 8 8 % 19 9rhbd1(t) A F] (Miura
etal. 2008) ; Cheema % 4 (2008) *t 4 4% O. sativa cv PR114 ¢2 O. nivara 3 <
P TN R e iS4 BE R 2 bue ﬁ%;;:}?aikfﬂ (Cheema et al. 2008) -

WRGHEAFA > AR L I MERRRIEART I F e fAS

g

FFT AR >AEITC 2% (Bouharmont 1961) > e i d iR fcE AU K ¢ 7
3|22 fE tk o Jena and Khush (1984) iz dkfe = F I KA F 2L itk > i€ IF
AL E- AL TR FEE . R EEHRJI* - O. officinalis = CC %
FRE RO LRSALE MET LR RA SR F A2 A Fynd L4 2
W E “,$ Tk s AA S d BT 4 fach s AR T A fese R ,%g,u W
»Hig gt 5 e ae 0. officinalis #5048 80 ~ 0 Edep ~ B8R~ RiepE
Fult 2 F] (Huang et al. 2001; Jena and Khush 1990; Lakshmanan and Velusamy
1991; Tan et al. 2004) - Jena and Khush (1990) = #4 £ > O. officinalis ¥ » x & %

R BE L AT IS Y A% 3% 42 % 12544 1

[l

-

T
Ap B 2_ 3k AL F] (Hirabayashi et al. 1998; Huang et al. 2001) - A 224 5 8 +
Ishimaru % % (2010) 41* O. officinalis #%F B ® 7= (early-morning flowering,
EMF) #ri o dpt ok 3 0 37 0 4432 4% Koshihikari> § 24 B o % 378 32-36 C
@2 7 &M% (Ishimaru et al. 2010) ; Liu & + (2015) R|4% & O. officinalis %

> kB a2 £ IR 2 f% (Liuetal. 2015) -
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ZBUELFREORES B

BoAw P pL T A 2 (Sanger et al. 1977) x AL G 4& % 0 2 K % (chain
termination) » 12 % & f* i@ 45 £ Jiu (polymerase chain reaction, PCR) % f# » 41 *
s F PP H AL (dideoxynucleotides, ddNTPs) Sg4 @ ik & Ji » 17 7 b & &
7 DNA P B> "5 ET AES% 2 H DNA B oo iTE R'gF =2 X 2R

(next-generation sequencing, NGS) =p-i# 3 B > it b PF 2 5 #icp § i DNA 2. 3

I~

HELFHIIAES o LEFRFPN BT A ETATH O KRB LR W2 648

38 2 » 40 B H e reduced representation libraries (RRL, Van Tassell et al.

&)
o

2008) ~ restriction site-associated DNA sequencing (RAD-seq, Baird et al. 2008) ~
double-digest restriction site-associated DNA sequencing (dd-RAD, Peterson et al.
2012)~genotyping-by-sequencing (GBS, Elshire et al. 2011) ﬂF’K*ﬁ L penigERE $Ed o
BLAFRL I UG e T 2 AT S B2 FRTA S BIRE g R
FAFEEF RS AT, BT R AT R AR ARG 2 s+ HR3E e
A RREFEATE G B By P ¢4 #r§T 24 (Eganetal. 2012)
BV AL R RS PR E e 4 P b AT fA2 7 & (Edwards and Batley
2010) -

frer k2l F A% 7 AR ADIHEE > B P PR A TFIT L A2 B A T
FIFEFRRr R T2 BRI BERSF VT RFREREAR L EHER
FEAR T EFRIZAFIMAAZ AP EFTZ B ORFFE EF ARG
| fE AT T 4 oo Baird % 4 (2008) #% #1 RAD-seq st % #- DNA 4 = 5 fis
risd& Y 75 1545 (Barcode) gk o & 3 DNA R S 35— 45 ik > R
B SES RA > EP300-700 bp 2. B Ak P Y A3 &S (Y adaptor) o
d % PCRyBHPFEZ A A 5% 5 Y MBI 2 A7) @A/ FRILE o

A EBRA SRR B AT RERFFR S A3~ 47 (Baird etal.
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2008) - Peterson % A % 2012 & pF4-4f 0t = £ 78 22 > L B E U] EE FE AL T
AT R R > — 5 yElag AP S 2 rare cutter ; ¥ - L kg RS 2
common cutter > ;’gé H e Ud|prie s o A TR 2 45 22 R &2 RAD-seq 4p +t e
HE o PRAEFIRC > LAFEARAEA RO ENEFLT RZAH R
(Peterson et al. 2012) - Elshire % + (2011) # ! 0 GBS » R 2_A T4 v adL (s #
ER B A EH 0 B 27 PCR (Elshire et al. 2011) ; Poland % < (2012) 44t
GBS it 7 ig 3t » 5B 7 I " UF|f7 22 & 5 A FIMAF 32 & (Poland et al. 2012) -

FERERFHELSTT RERESEY BT A @ HRA 70042 (pipeline)
4= TASSEL 3.0 GBS Pipeline (Bradbury et al. 2007) ~ TASSEL 5.0 GBSv2 Pipeline
(Glaubitz et al. 2014) £ Stacks (Catchen et al. 2013; Catchen et al. 2011) % - i &
HRTIFR S CREBLGRERF -V HE ST AN TATHA A HF
HOEEE 2 5 AR e A TR A R H g0 Pk A dringe st o B 4 IGST
(IBIS Genotyping-by-Sequencing Tool) (Sonah et al. 2013) - UNEAK (Universal
Network Enabled Analysiss Kit) (Lu et al. 2013) 12 2 Fast-GBS (Torkamaneh et al.
2017) & S fhinAe » v iRPRE ¥ H2F FEHEBGE LTI E o

RS EY IE R S A TRy 5 Barbazuk & 4 (2007) i
Roche/454 = 5 = K 3 5K 2. EST (expressed sequence tag) I B I - &35 41
7,000 B SNPs > Sz A 23 ¢ TRIFRF KA 2 A F 0 g L 2ad s
Fi* 3t 28 A FIMR (¥ 2 2 7 (Barbazuk et al. 2007) o H & =t & 3
W2 * 4o i A 5.89 Gb ¢ Koshihikari & 714 3 67,051 SNPs » 41 #* 2 %3]
# haplotype blocks HTe* 2 47 k4% & FFb% - cdzih 2 32 /2 (Yamamoto et al.
2010) ; #3F GBS = 2 4+ 176 B kfs2 M A~ £ 2 p 2 k87447 22 2 & SSR
Pt 5% >z i 4B (Spindel etal. 2013); 41 * RAD-seq %5 ¥ & 45 4 sr
# 2 QTL (Chen et al. 2014) ; 41* RAD-seq there = « & 3 % & i & Bl ¥

(Zhou etal. 2015) %:F 5 ApMF~ F S & o
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AFELAIF A 0TS el ko 2 RAD-seq &7 % B AFA LA T
ISR PR R o EH A R F AR R R - RS Fop Pk
ZApm A RARM 2 AFIR O WF A B R 2 5l R OT KT A

HRE o
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Fox o oHBEESE
—

AET R E R

B % % (recombinant inbred lines, RILS) % ¥f 4 f&3 » %
s (introgression lines, ILs) & Frcfx h ¥ & #rfe(vA7 L £ h3 & P 8 L opad

LW AFEMA Y R p R ASL A 7 97 (International Rice Research Institute,

IRRI) o AFT 5 #7% 2@ %3 o & ff if 4o
1. 852T034/ TNG71RILS (AA %) :

AA ¥ 2 #* & 852T034 > 4 £33 4% 5 B 67 55 (Tainung 67, TNG67) 2 h &
5§k & endy A H i 27 4 4% Oryzanivara (IRGC. acc. 102165) 2% {8 £ 5 -
Zw 2 BCiFn feeO.nivara 3 AALd fe > - #4 S5 3~ fi+ @ = o
AE S S PubB e ¥ BA (2 2010)- £ 12 852T034 #2 & B 71 55 (Tainung
71, TNG71) &7 » »v Fot R 4:E 1 168 BH K - 57 P p 2 - I JiOF &
P REREARER TG P A RF L HE 35 R TP 0 3 Fyo

== 199 i RILs (B]- ) °
2. TNG67/O. officinalis ILs (AC *3%¥) :

AC%HA MR A*E R2 CC4J e &2 84 £ 0. officinalis (IRGC.

acc. 100896) 5 < 422 32 4% TNGO7 3£ 17322 #1187 o 5 7 FLJRTE % A fAlE > i3

W a3 & 18 TNGET 817 = S % - Jis R ERF 5 i ﬁ?fﬁ’ h
ROgR b R F R R S TR ks B R SR 35 fRig A T -

¢ 5 3 BCoFusx 134 & ILs (g] )
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RES KA R

AA EHEPBRA IR T ETFE L 2%~ (3 0 2010) > 2% > 2008 #
hd Y BGERFI Rk E R TSR REF I E R A ARAL P TR
A2 HRE Mg o FHRIES0XIE A > £ E4F v BPE IR GRG0 e
et #54a s 10 2 2 30 X% & 28 N:P0s: KoO=80:50:40 =7 o & 4%
FREEFN T o 22 % (INGER, 1996) = @@ i>2 gzt 74 4 - AC
EFRT 20142 2015 £ 3 - B BEE TR A Ao T 2005 EH A B T R (N
174 kg/ha) & 37 5 (N : 48 kg/ha) @ 8% % md2 > M4E3 AC & 430§ e T
AR femET A o WA RNEBRS AT E /T AR 0 FRE S HIVE
B & 2537 &7 10 RE A48 > (THREE28x16 =& o #73h B4k 4k

WERFEI L - o
= -ELDNAFE2EE

DNA % 2~4* DNeasy Plant Mini Kit (Cat. No. 69106, QIAGEN, Hilden,
Germany) o ‘K F&E 54 K FTERSL 1S 33T -80°C skdh o FEBm T 7 MK
0.059 £ % ¥ afs s r 2 mL AcB A cE P > der - AT #F R TIIT S
(SH-100, KURABO, Osaka, Japan) » & 3 #&:# & 3§ 150 #) % # * & o P~ D4k 3k

$4v >~ 600 pL Buffer AP1 2 4 uL 100 mg/mL RNaseA> + T # &R £323 (& § *%
65°C-kipt 10 ~ 45 > H 4% 23 3= #3535 o 4~ 195 pL Buffer P3 »
Mg Tkt 5 A4S 14000 rpm Hre 5 448 0 Pt ik 2 QlAshredder
spin column # 12 14000 rpm 2t 2 A 48> BBk s T & 2 R HEHS T st 1.5 mL
P B g o0 4~ 750 L Buffer AWL {572 3 o B po975 iR AR A B =T 4 »
DNeasy Mini spin column @ r2 8000 rpm g 1 2 4ats#e i T R aik » R8T ¢

a2 500 pL Buffer AW2 12 8000 rpm &g~ 1 4 48 ~ 14000 rpm &< 2 4~ 48 % jix
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B o K-t K ocolumn f& 5 T AT 1.5 mL e 3t ¢ 0 460 UL Buffer AE j1
»~ column iz 1 DNA » # % 5 & 452 8000 rpm s 1 A48 > ¥ JEE P 2.
DNA % -

ISR AT R 2 DNA JRR - ¥ Fpifinik i@ DNA Jkiga 20
ng/uL 0+ o BE R AEEE2 DNA B3R 0 4o~ B8H 05 8 6 M ¢ phds
(CH3COONHa) s » £ 4c » DNA £ ¢ Bdeif {oi3 ik 3884 2.5 & 0 95%IFp {8
Ric3o3 > L E T RES PP 12 16000 xg Hre 30 44802 B FR S
4v » 500 puL 95%;Fp# % - 11 16000 xg df~s 5 4 45 K,% PR R T &
H % 5% e » w33t 20 uL Buffer AE - 2 Nanodrop (ND-1000, Thermo Fisher
Scientific Inc., MA, USA) #k & 4~ fm > 17 1%3 "5 %% (in 0.5x Tris-borate EDTA
[TBE] Burffer) # ¢l DNA &% - & (5% Picogreen dsDNA Assay Kit (Cat.

No.P7589, Thermo Fisher) i& {7 DNA #rx 2 & -
v ~ RAD-seq 2 /F B @ &%

~ RAD-seq Z_& E %l #% 4 * Chen et al. (2014) *t:c 22 =/ R H & 2 - &
AP 0 (SR A ABHE- o &> &B 1 g DNA > @ * 20 units 241
fi= Pstl-HF (Cat. No. R3140S, New England Biolabs, Ipswich, MA, USA) - 12 1x
CutSmart® Buffer (Cat. No. B7204S, New England Biolabs, Ipswich, MA, USA) &2

S EACKEEE BF A 50 UL 2 37°C i & BRI A F o 11 80°C

’

20 4~ 453 K,f P FE s S T 2R "R o4& F 40 » 2 4L 100 nM barcoded P1 adapter
0.5 pL 2000 unit/uL T4 DNA ligase (Cat. No. M0202T, New England Biolabs,
Ipswich, MA, USA) ~ 0.6 pL 100 mM riboATP (Cat. No. E6011, Promega, Madison,
WI,USA) % > B - k5% F WA 5 60uL > >+ 20°C F B 1) pF > 37 65°C
™20 AsEMEREpREIZE  HFREYARLFTARKT E (Bioruptor
Sonication System UCD-200, Diagenode, Seraing, Belgium) #- DNA m4z 3 A 2T
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T 1kh TR R LR F RSP (30014 5d) ULiR 2305 54 %3 6 3
05 mL e § Mfie &4 BHe i 5 7 04— S BT 21 A4 i * 0.5%3
5% (in0.5x TBE) & {FA4=# F B+ [ 2]w] > FF KRB REREFLS

RARFIEE YRR 2 (5%6 % DNAR & i @ * MinElute PCR Purification
Kit (Cat. No. 28004, QIAGEN, Venlo, Netherland) &5 DNA > 12 40 L elution
buffer (10 mM Tris-Cl, pH8.5) ;3 91 DNA - % E &% ¢ * BluePippin System (Sage
science, Beverly, MA, USA) » § Fl3x = & & 200 bp ] 500 bp & A& ¥ 5 £ > e »
DNA 3% %84 0.8 & v Agencourtd AMPure® XP system (Cat. No. A63881,
Beckman Coulter, Brea CA, USA) 1 23kt E* DNA % it > 102 1%3f 79 % (in 0.5
x TBE) # i8] DNA % i~ | o =% # 1 pug 2 DNA # 5@ * Quick Blunting Kit
(Cat. No. E1201, New England Biolabs, Ipswich, MA, USA) #-4z 3 A 22 4 b
BB 3R = gL 1 enT g o 1240 % 2 1.8x Agencourt® AMPure® XP system
BAIR ks ib DNA 3% 184~ 5 uL 10x NEBuffer2 (Cat. No. B7002S, New
England Biolabs, Ipswich, MA, USA) ~ 1 uL 10 mM dATP %2 3 uL Klenow exo™ (Cat.
No. M0212, New England Biolabs, Ipswich, MA, USA) » *+ 37°C ¥ J& 30 4 4&fs i@
H A ARAFr 0 {840 » 5ul 10x NEBuffer2~1 pL 10 uM P2 adapter~0.5 pL
100 mM riboATP ~ % 0.5 pL 2,000 unit/pL T4 DNA ligase » % ** PCR % B :& {7 F

& 20°C 3] pF s £ 5 Agencourt® AMPure® XP system i it 15 2 52 RAD library
template- 4 ¥i& (7 B HrE R R EFv R4 W F BB+ H r = & 2. RAD template
% & 50 ng > 4r » 50 puL Phusion® High-Fidelity PCR Kit (Cat. No. B7204S, New
England Biolabs, Ipswich, MA, USA) # NEBNext® Ultra™ Q5 Master Mix (Cat.
No. M0544S, New England Biolabs, Ipswich, MA, USA) %2 4 uL 10 mM Solexa
primer mix (primer sequences : Solexa forward primer 5-AAT GAT ACG GCG ACC
ACC GA-3'; Solexa reverse primer 5-CAA GCA GAA GAC GGC ATA CGA-3)) »

PCR ¥ &% 98°C30#;:98°C104)>66"C304,72°C30#) >+ 18cycles; 72
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‘Ch 424 PCRE2ERLISAHEF>4°C ¥ -PCR %= = {& 12 Agencourt®d AMPure®
XP system @it M ALY o TAENREZEP A FEF AT TP w0
[llumina-HiSeq 2500 =x &' % & < % L 5 (lllumina Inc., San Diego, CA, USA) »

i# 17 single-read 100 bp sequencing z_& ¥ # -

% - RAD-seq FLA 472 AFAFHER

A=t RAD-seq 7 #% 5 - 12 Stacks (Catchen et al. 2013; Catchen et al. 2011) =
A5 B % KA L V1.37 (2016/02/24) > A 5 ¢ sv 4t B 7| (Pstacks) £ 4 v
%+ B 7| (Ustacks) = fdeJd@42 5 > - fe & @ * FastQC (Andrews 2010) - Bowtie2
(Langmead and Salzberg 2012)~SAMtools (Li et al. 2009) R (R Core Team 2017) %
PR e 47 o Lt local s FERERAI . LI AR T REF KPR
i (7Y (¢ FF2U > 41505 HPDL385p ~ CPU 5 AMD Opteron 6348 x2 - #F
Ficfhte 128 GB) - ",ﬁ; 7 Stacks ¢t > A7 i@ * TASSEL 3.0 GBS Pipeline
(Bradbury et al. 2007) £ TASSEL 5.0 GBSv2 Pipeline (Glaubitz et al. 2014) :& {7 &~
Fiod Fhe e r A4 F RS k2 ¢ p2U RIRE R F A3 %k T fasto
A 7. *%@J % Variant Call Format (VCF) #% % 45\ 18 £ *% local =3 B2) /i &

EEGEGEHI o 1 E # Y R A HHIB AT -
1. Pstacks (& v %4 & 7))
EREZREBEFAL LHELE I TR

B L1 Stacks 2. process_radtags 4 4 0 #-F — 1B lane e TR ik PR 1S
AT A = #r,itﬁal ~ & @],,mﬁ;}\ % .gzfastq > B 7% § & w2 0EAG % fs s
B R R £ AR U R T AL R P AR
% {6095 bp i E § v i (sliding windows) &7 R G &R EE R T o 4
THRELZFOLBAEALEREF - & Zo3@ B & F 3 (phred quality score :

12

doi:10.6342/NTU201800044



= -logl0 (P) P % %A 435%) % 5 200 & 10 bp 2 T35% A 57 % K 20

PIF 3 M3 B o 4P B Sdicik PR2% Stacks @ * 3P 3K 2 (iér 1) B AR % A 1S
FELREHAETEMAREER lane itk g fHEE BRSARAEE )

o IS B b RS A R T R AR S

4 Rice Genome Annotation Project (http://riceplantbiology.msu.edu/) ™ §*-k £
%% B 7] MSU7 (equivalent to IRGSP-1.0, ssp. japonica, cv p # & )> 4| * Bowtie2

V2.2.7 (2016/02/12) +* $t#k » 2 %% R 7] - 5 & 1 bowtie2-build #-#7 FAES

\\\?’;r

51
R 7| F L4 5 Rice_MSU7 2 fasta %% B 7|4 % > t end-to-end +* ¥4 7 >
Bowtie2 p £ 2. --very sensitive ic;% it (7 M FE 2 vt $o & F @ * SAMtools & i >
et k3 2 R 55~ BAM (binary SAM) File » £ iz ik MAPQ (Mapping quality,
MAPQ = -logl0(P), P & % +* $45385) EX%r3% R 7] =% > MAPQ 4% < % 71 3%3
FAEE- M 7 2N ST RN MR > FELR - B SREE

5B A E R AJE a2 BAM fh% T it 7 stacks 425 2 15 5 AT -

Pstacks #-% th k1t 2 24 A7lpl =B 2 R ARG AFIL > AL FTHA
R EE o VAL % ¢ CIGAR code > 38 3 Insertion € #-3& » %‘ﬁiﬂd“$ fs4 + N

FRT EzpaEg s gL > @7 Deletion Pl ki + N P EREL LT A

N

o RGAF R ZFE R SHE - PR ROREFRTSESR T

“3\\-’
i)-
\\\..

#oo LR EAY AP EJZ 5,2 = B AR S ¢ tags.tsv ~ .snps.tsv ~ .alleles.tsv - tags.tsv
R 4FF BATFIE L AT L% snps.tsv & a3t B PR R 2 )3 S % s alleles.tsv

Bl g3 F i & A%k ¥ rhaplotypes &2 H 45 & o

13
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FBERAFTLAATIRP & HEHE S22 AT

Stacks %< 425¢ cstacks ¥ 45 Mtk A R A FIR L E 2P £ F AT
;; % ;—ij\gé‘.iiﬁg , E]lJ]j;.ij\ ?#J—L&f_ B ﬁfﬁ:“’ %ﬂ@_ B %LL‘%L'&;%&%#&;’%*%&
EF P A ARHBAFZ R TR EAFIA HFR Y w4250 sstacks o v E R
R BIIERAR ST AT D o 7 A TS A A FIA T R

% .matches.tsv °
¢ * Stacks # BEifg;t

Stacks #z3% ¢ ehp mifzst ref_map.pl ¥ - R FEEHH o TR R E
MySQL database % & - ;ﬁﬂ FEFHTEPHP R, A G AL E » 7K LA 4 1~ SNP
T AT - FHEFEREIHGEELE T ERENRET T TREY o8
HB-F R oy SH W ST o 472358 7 41 % export_sql.pl> % B haplotype
£ 5 genotype fstd A AT SR 0 VAR B 2 A4 0 T B

& 45 £ genotypes £ populations #; ! 7 F & 2 4% -
2. Ustacks (%423 B 51)

Bd RS2 B AT A4 B3 (process_radtags, o Pstacks ¥ 2%) & 0 1
Ustacks B~ Pstacks :& {7 B 7| AT & 2 L A A FIL TR 7 LB 57 B 7w
o i BB LEAZFE I F- BA2ZHFBFHESI A e iFY » NN
W2 B B (AR 2) o EF S EFILHL A TNGT71 ~ TNG67 ~ O. officinalis ~ O
nivara i > & i # F] & P 4% (cstacks) ; AA E# 2 AC %5 H L & B|1945 0 #E =
>%#2 A ¥4 (sstacks) » 14 VCF ﬁg? (#F, . populations) 15 A 7 o B (s

2 SNP 3 {4 erif 2 S w kB4 B 72 1% SNP 2 =% o

14
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3. GBS Pipeline

TASSEL GBS Pipeline %% 3 — B = Fif5 &2 "Uf|fe > =2 /R 7| » T 8-4

S5 64bp (3 2 45 0EAR AL 0 o GIFE BB ) 0 3T 4 Y B ElRE (N)

PEPe o m B3 % - BIAFIpEr & RS (common adapter) BFR|A-H £
,. fs 14 Wvﬁ 4 (A) 42 64 bp T H#ApFF A & E 5 - B tag (FastgToTagCount
Plugin) ; =¥ %5 Bl ¥ 7 7 4238 = B3 A 0 tag & & (MergeMultipleTag
CountPlugin) » 12 *% ™ T_R 4% 3% - 12 Burrows-Wheeler Alignment (Li and Durbin
2009) A8 E 2 A4z 2k o Btag BV HI KRS T RS 0 I
TASSEL ¥ 3% P~z .topm (SAMconverterPlugin) » I 2 Ju4p B 71 3 A e & 08 25 &8
tag 4 3L N # B R 507 7 2 tag (FastqTOTBTPIugin) » d 1 f #-m f b ffrusd =

s A FA TR (TagsToSNPByAlignmentPlugin) » 12 VCF ﬁ*} FhE B

4. GBSv2 Pipeline

BT R R ALk i% R & 55 (GBSSeqToTagDBPlugin)» 3% A 45355 4 < & 5 0.01
((-mNQS=20) - 3 - PERERUFIEFAT > BPERBEEETER YR LS

90 bp (-kmerLength, -minKmerL = 90-:& ¥ 5 kmerLength + Barcode < Read length)

-

MR = A BRI g SR B - AT AT R Y MR
(c=3) 43 ET  BFHEPN DA fastq 4% A ;\;ﬁg’?] i
(TagExportToFastgPlugin) {512 Bowtie2 & -k £& %4 B 7|8 74 #0838 K 5

very sensetive > i K-t 4 {5 A5 2 2 sam #h 3 > T E Y Of B

(SAMToGBSdbPlugin) » FHLERN B A G L LA Rk IR 18 > 7 E
BeaE el f A2 SNP A 714 (DiscoverySNPCallerPluginV2) » %]

T

‘4% F & (coverage) ~ T A FA& (read depth) ~ #:54%%. - MAF (Minor allele

15
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frequency) ~ heterozygosity % #4p B A& F13] T 4L (SNPQualityProfilerPlugin) o & s

1 VCF @J 118 4 47 (ProductionSNPCallerPluginV2) -

#- Stacks (Pstacks / Ustacks) ~ TASSEL (GBS / GBSv2) = i pipeline 2 VCF
Ho#i » TASSEL 7)1 4 6 & 3t~ v2 Hapmap 5585 5 o 12 p (75 B 2 R 425
ﬁé—@&;ﬁﬁﬁrﬁfﬁﬁﬁ& A-B-H> 2w ikprA2ZFTEELEA S kp A
2k FseRE RT3 v callrate=0.9 ~ MAF=0.1 ~ heterozygosity =<0.05
BEFEHE 2 BREI A F R AR AR T T L 2 A F HRET LR
BHARDFBAFR S PRBAFI L SN S 2 AHRFPEFRFAPRED -
F1* R/\VennDiagram (Chen and Boutros 2011) # &4t s w i pipeline 22 SNP £ & »

1w B opipeline Tz F AT E S B % ¥ L FA FAHL o
AN T4 b S

*~# 7 41* R/IASMap (Taylor et al. 2015) % R/qtl (Broman et al. 2003) & =
ARG o @ 4 BIRH 2 2442 4 Taylor (2006) % Broman (2012) A i i3
3L o Kf TR TR 2 R > AAEFE Y 4o~ 3 (2010) @ * e 157 B
SSR Ffl o FI#EGE 5 A p L BB HFLEKLAAE o F Bt SNP

- FEREEY L EBR IR @ ES ) B n g T H - (findDupM
arkers, exactonly = F)» 2 4 L & 3 & BREF A F1 A 4p 2 & =95% 2 1 48
(comparegeno) » A F1 A 4p i BAF R FH - o 27 FFHA LA T & BT E
»2 B ARE TR FEFWARE A s FREe = TR R Y
R/ASMap 2. mstmap 45 £ i {74 + il » Fie T =~ I H FK 5 02 2

B e %2 palue % 5 1x1070 0 4o A 2 *%%]H%é RS R G A
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ZfRFApERER - BHFEPN S FRRLT R H- R AR

MapChart2.3 (Voorrips 2002) ‘g ®l: 4y Bl 2 2 2 3 2 B3 48 -

€ RERATFIEA T

\\\?{Ir

Eg:]
flb

\\@

AFET A RIQH B 2 g R AT E > MK TR 7 p
Broman and Sen (2009) - 4%+ 7 F %3 2 (ki * H - o F 5w ﬁrﬁ (single
marker regression, Kearsey and Hyne 1994) & % € % R =_i=;2 (multiple interval
mapping, MIM, Kao et al. 1999) {7447 o H - & 5 ek jF2 R | * £
1,000 =x (permutation, Churchill and Doerge 1994) #7{82_# < LOD @2 & % » iU
a=0.05 4%« MIM 1B 2 F ot jF & E 2R A F A0 B 2 e R A1 > B
+ QTL #& 5 10 (max.qtl =10) » ~= & * = ;% 5 Haley-Knott (method = “hk”) >
LOD penalties fd & £:p]3# 1,000 =% 78 B~ ¢ = 0.05 #7118 (scantwo, method = “hk”,
n.perm = 1000) ; ¥ ** MIM B ik = 9732 2 £ p:isin ¥ 420 (8 - 5% 165
% ~4,080SNP ~ & * L B~ F R4 K °P P PIREZE B ) FpriAp
i@ 10 Bk R EK @=0.05%772 LOD TE e 2 977 k2 i
A F R o BH - Pkt 2 ft3 QTL B o~ - ARSI (makeqtl) » £ A7+

EATFIER2Z =¥ (refineqtl) 2 s (fitgtl) » # 2 LOD-1 A2 _95% 1 ¥ % ¥ o

17

doi:10.6342/NTU201800044



IR -5

— TR

AT RF AAZE AC A B*%3H > AASFEERA d8dpkp 2 (2010) >
et AL FAE o T 5 AC EHE S e S TNG67 »t 2014 2 2015 2 {45k T~
1TES (2 ~4&=2)o

1. 2EMIERZAR

i 2L TNG67 H k2 £ (GWP) @5 (27.8Q) & M7 (32.7Q) AuT T %
X ACEHTH0E (A-) LB Adl T Ti5% 2380 b v 44390 i
oI T A E T30 5 20600 B r e 40Q0 KRR A F TIRE T A LR
+ (t-test, p-value < 0.01) » B $xT 353 40 ) 3.2 g - # thiodic (SP) WA » fihie W
TNG67 f fied@ T it 7 % > $ex 535 1600 4 (22) FHEFLARER
LA o BT 43% B M4z 1,000 s M EJT 2 G 22% (R ) 0 %57
Jad2 T ioge e i 1,050 o 10T m R T ok B 5 852 k0 B dﬁF’“ MEALR
(t-test, p-value < 0.01) » B ¥ g I2 T 357 fi 1597 g2 5 41 %) 200 o &3 iﬁ'z E2E N R
RERAEL > B2 h 37 iEH 2506k 0 B M 336k 4p 4 2,170 4
P g2 2 e BB 5 1,862 4 0 B 5 395k 0 B AR5 1,467 ko AT F
(FER) = & » #hir 3 TNG6B7 &8 5 AJZ T 9 & 5 78.4% i AL p| % 90.8%
(=) A FREFMIR AT (R=) &3 92T TogF 55 87.3%
T o d8 T30 R 5 L 89.8% 0 Rl TR E B F A R (t-test, p-value >
0.05) - #it 3 TNG67 2.+ & (TGW) fB % (20.99) & 5 (22.1Q) AJLT
WEANERE T (D) FEHEY A H BN R AIE s FRE R 2209 7] 30
g2 (¥ 75%) f@ kgL T L3n3 26.8 9> M AJEA| S 27.9 9> % K 1 t-test
& 950 kBT mAE¥ £ 8 (p-value > 0.05) - & iz dic (SPP) 284 - fhie 3
TNG67 »+ 3 57 22 (487 g2 4w 5 143 % 123 5k > % * 30253 ¢ 95% 17 + 2. B
HWO(E D) BSR4 2T 16347 ¥ bt HE B LET N
100 #rt b oo BT dR T T 32% 97.8 0 MM R L 89.6 0 Ml e dT ¥ B
foke ez B 5SEEE  (t-test, p-value < 0.05) - #ie 3 TNG67 = thfidic (PN) T 35X
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5121348 (2 2)0 KREEH AP 20 51582 B (%) 95%) 0 fi 57 AT

25 108 48 0 M RJZR] 5 9.4 fB 0 W9kl R $1F phfhlic2 BN AR (t-test,
p-value < 0.01) -

2. A2 &R

e B TNG67 2 8 (PL) &% (19.9 cm) 2 9 (18.9 cm) AL % v
MR E T (£ 2) FRMAE A3 15—24cm 2 o Ag W AST T T3 205
cm> M i g2 T 5 195 emo d Rl iR $ R L 2 By ¥ £ & (p-value <0.001) -
BE (PW) 34 > Hhie M TNG67 o 0 Al yr e g2 't 5 269(# - ) fAE
BEHPNREARARS A /TR 10-3407 F > AT IET I 2400
MR T T 395 23 90 A FRERF LR (ttest, p-value > 0.05) - F i
(PD) = & - #hie B TNG67 f % & (457 £J® o 6] 4 7.2 ffc 6.5 4 » ERE 5
A RPN 2—6 f (%7 88% ~ 57 9106) » B AT AL T3aE N4 L 484
ML L 464 (R2) A F M ERFLE (ttest, p-value >0.05) -

3. MORF AR AT

R RILT o HHAE (GWP) & § & I 4p M el 5 &t dic (SP,
0.77, p-value < 0.001) £ = tifadic (PN, 0.71, p-value<0.001) # & 2 £+ & #
% (Blw); # thidic (SP) & & thjadkc (PN, 0.72, p-value < 0.001) % # fi i #c
(SPP, 0.73,p-value <0.001) & % & i 4phf = it i (SPP) 2 F kB R E B A L&
t B (PD, 0.96, p-value < 0.001) - @ * 4 ¢ (TGW) £ & i # (SP, -0.51,
p-value < 0.001) ~ # f 4 #c (SPP, -0.55, p-value < 0.001) ~ %4 % & (PD, -0.52,
p-value < 0.001) & f ApM 2 %%+ 7 AR B 4 iR T g F g T
FovVasAR e tREalEFaM R T (0, p-value =0.984) - H s i
M E S RE (PW) 2H A E (GWP, 0.54, p-value < 0.001) ~ # fi 44 (SPP,
0.62, p-value <0.001) %2 ¥ % & (PD, 0.53, p-value <0.001) -

T R IR 2 ke Ap B o BERRARE T B T ST AR I 0 doF BB (SP) & H
A £ (GWP, 0.78, p-value < 0.001) ~ # txft#ic (PN, 0.73, p-value <0.001) ~ & 48
$ % (SPP, 0.63, p-value <0.001) ~ ¥ % & (PD, 0.64, p-value <0.001) £ 3¢ I
BEDTAPM > F Ak (SPP) ¥k A2 B 5B R4 (PD,0.91, p-value <
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0.001) o 2 %> % 57 i5v AJR 2 ik 4 1 H kA £ (GWP, 0.33, p-value = 0.006)
2% fafhdc (PN, 031, p-value =0.009) & & ¢ > Hapw T ¥ T F AR EAM (B
) e
4. pATHREER

MH;Z > 2014 # - w2 2015 & - ) (T4 AC RF 2L P & A TR o
hoEFE B 2014 & % - ¥ (£F 52%<hip M HeRoRE (BL) M7 B Fupit (Fup %
R=1, BT ~ 4 2) HETIOFURMLR L 30 B A RE L HEH RO
T h2015F5-HirAspE THERF LT 59 86%mll%%“'#mfgﬁ%m’f 3
TR G BEF AR (ttest, p-value <0.001) > @ #hik A TNGE7 g + &Rl d &
A TR o BB (BPH) #ubta = > 2014 £ 5 - v T A mE 495
WEG M arEE S B 2 T AR 5762 2B (¢ ) Ti55
T8NBMEE R F BEIEFE PR AR & RS Hix 2 TNG67
L A LAY 5T 2 (B ~ 2 =)o

i EfeR (BB) 2wkl ¥ A EEA R R RIE RS T AR S AT -
XF-llSii’:ﬂJIisﬁif‘i)i BT g 2T L 97Cm AFTAEJET L 115cm B M
TR EARR < 3T e g2 (t-test, p-value < 0.05); & XF-89b 2 spsa & B R4 B &
7.6 % 83cm § 7T Gl HHR g AR R 2 B AEF (t-test, p-value = 0.4) (%
Z) o St (SB) B3N F rUpIE R UERE AL F S AR (W)

B EJET T35tk E 5 102 cm iiasf}%rxiv‘i B 5 675cm~ g X5 67.0% ;
e B g® TR A ] 5 94.3eme47.6cCcm % 51.6% (£ =)V U B R A HE Ak

N

<k

FELE B s B %M FE 5 BT AJLA 0 e ST (ttest, pvalue < 0.001) -t 7]
AT R B Aea - A0 8% AR T omzEE R AT A0 4% 4 Pl g S s A
AT ) 16% AR IR b s R R Lk e

20

doi:10.6342/NTU201800044



= ~RAD-seq R FH A T8 L R

1 ®ERA LT

A= A & @ * Illumina Hiseq 2500 st &' e 2 /T 5 £ 8 @ lane » 3 &
%wE 873 % Tk B lane E X 1.09 @ A 0 & iF lane b PF 4L 41 3] 45
BT o ARM TR 2 397F o AR A 2 FER N SNP et G £ B
Foof RUPIEEr R PR R R AR A S LR R SRR 2 BRI B
fsoriz 2@ B ' ¥ 5 GBSv2 pipeline 47 77.3%75 7| T4 5§ § 5 GBS
pipeline 2. 94.2% (% =)o & # &3 & T35 5 2,136,1227 & % 3 & #ctk & 5 R542
2. 3,702,858 ~ " 3 /& #ctk 5 5 R551(2,461) (B~ a) - AL M+ 1 16 Bk &
HARR 0 TeE s Y AR L laneb ey e 70 TR G 7024 BEA T
R L AR Rl AR e T OB A DT OUFIRR Y A S A
fz B85 % 1575 P1-46 (GTCAC) 2 ~ B~ T 35r § 10,764 B3 A % £ 5
i * 548 P1-22 (CCCCA) 5T 323 B #ic i 3,176,313 » < »: #4351 49% »
Bor TR A SRR 35 i 16 B FI LA IFA P L2 R ARPIE AT

2. EOAEAPZ AR

d A TNGTL 2 F B 3 A5 AA ¥R * M= 4 &L H
Mtk L k2 TNG71 B 7|34 » i@ * Stacks i& {7 SNP calling » &4 + 3%
#c® kg o Pstacks A4 ' % § 105,424 & SNPs (Catalog) - # ¢ 36,271 & SNPs
hEF Y B G %Al (34.1%) 5 Ustacks 3 A 7 ¥ ¥ 42,892 i SNPs (Catalog)
¢ 18,150 i SNPs &3¢ £ 5 5 A1E (42.3%) (% 1 )5 F 5 & éE i (call
rate=0.9, MAF=0.1, heterozygosity =0.05) > Pstacks 4~ 3,376 B » + &35 (3.2%)

Ustacks 4™ 1,698 & ~ &+ &35 (4.0%) -

. AC *%25 ¢ » 445 SNP #ic & % 5 A = Pstacks > GBSv2 > GBS > Ustacks (#
I b); Pstacks M4 @ 5 # % £3190,192 i SNPs > H &% ¢ 25 % ;‘_L'Jt]“i%"%'v,ft"ﬁ
2.8% (5,392):GBSv2 7 =t % 7791,353 i SNPs>*:# ¢ Z 5 5 | ]é‘.—‘g EH P 77.3%
(70,800) ; GBS pipeline B ¥ 5| 49,332 & SNPs » 69% (34,016) %3¢ £ 4 4|

5 Ustacks 24 F¥ 8228 ¥ J£ 19 20,542 & SNPs » iz B i& 92% (20,541) 2. SNP &
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FEEY T AN - Sip e &% (call rate=0.9, MAF=0.1, heterozygosity =0.05)
it 2 & B2 A+ HRisEcE 5 GBSv2 (16,607) > GBS (9,995) > Ustacks
(2,834) > Pstacks (190) -
= g W

AA =¥ 2 3 4 Bl 0 12 Pstacks 2 Ustacks 3 f 2. 3,428 i & 57 2 4F 2 &
382 2008 & F £ L Arig * 2 157 i SSR A + #3& > & 3,585 B 4 + 3%
EFA BB F S QEHEL L EAFATIAL L TR (R 2 LA S E
AorEAFVE) 2 BAEAR 2R =95%2 BAEIS 0 R L H e iR et ARiS o
Bofsr 163 BAEE 2,489 B A F kiR @4 B X A2 38 B E 0 BL
% 17433cM > & F HEEF B~ FIE 5 194cM > T35/ E 5 1.52cM e d * 3 A
852T034 % O.nivara ¥ O.sativaf2 ¥ w2 - X{6 A 24 2§ » & » o F &Y
I LE - ELI R >R AR L PR B - 5L R
@ﬁ;&'%ﬁﬁzﬁ%? 252 @ > H P UK 8iFhd My SBREFET (A7) A F
skt 3 F 5 % LiFR M5 569 B A Rt i FM 23% &> F 5 % 3k A

s> n g 15 A FHERIEEE F(0.6%) ©

AT Z R RHF SRR BRI o RGBT 22 A
FHES R EPERF SRR RA - RO 5 12 AW kAL
MY HRAFEETFRAFER O % 4591011 7%% 4§+
MR LimE > EABELZS 11iEL S M 249 5Mbp-

AC%E#HR v FAr3 22 0E £ 17,846 B &7 2452 & F 38 < 304
X p >t GBSv2 2 GBS & i pipeline » i &% 4 f’a‘m@ AT 22 F R
LH M AT 69 BAE 4601 B A F A B TR A F 4B L 1o o
BOORFTWASEATFRERE Y > AT APE A IR AR
(1,036 7 1 & FAHE A 4d)o ki1 EAAL CCATFIME wpr2 7 HABH T >
A AC SHASHAG R > a Y HEA T2 3 S FHEERAPH 2 A5
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g~ #&E R A F A

AL AAEHEAF 6B B 3L BH RN F2 QTL, & 178
BQTL ™ % 1754 ¢ 48+ 2 50 % QTL & 5 - ToQTL*t £ A28 & 5 12.1% >
HAH K 2.2—357% (4 —% L)

AC %#H L F pEREZ P prpls 2 AI8T x4 34 Bk gare &
B9 HHAF o Rl ¥ 2 QTL 4T Mk & =3 54 & QTL>
Lok p QTL #2412 @A 5 103% 0 » # # R 02-524% (¢ +- —% =
)o
1. 48P EAB

Ji

AA 53¢ > B pdict M2 QTL A% 4% 1-2-4-8-9-101%¢
(2-) 2R fhp FR i 4 #F A 58-191%2 FF > & # (£ iz
4BQTLE %% 2% 1% 10 4 MErF QTLE~E AL - ¥ 42
%10 iE4 ¢ M R AP B L QTL sk p 852T034 > H 4k ¢ 41} it 3
P 2 QTL 2ok k p TNG71- 224k % § M2 QTL x>t % 1478
FASHYE () KIREBHEF S LFERIHEFL 2 QTL Y 21
35.7% & & H (FAR A @A 13 L l4p M QTL. 47 2 QTL & A jaff &
i3t 49—216%F » % 42 5 7TiERd WM 2 1B ks 2 QTL»cfp % A
852T034 -
2. AEWMIRK

ARHARFHRY IR ECRT I PR L ERAE F Rl
SRR BEE R E Y CAAERR G LR B HERAE 2 F G B2 QTL
AC## 13 TPl Hik 4 £ 2 % thfalic) M2 QTL -

AAEHBE T T M2 QTL P30 % 2 2 5 554 1 > &A% Rz
BRREK122—-201%2 F (2 -)  2¢ - Hirg =38 2L WA B4
2. QTL 4% & % 7 repulsions »c i A &) % p TNG71 2 852T034- & f2§# 15.5%
2 201%:heh £ AR R o - B IENE 5EL I M Tz QTL Pla o7 &
2 35% Haeflyk p TNGTL1-AC %% &8 % A2 ¥ = Fler 2% 54 M2 QTL
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PANE2Z S TIEL I o AR ERAER A Y S 196%% 6.5% (- )
AT FH A2 A ADTRE kg TNG67 5 i A2 pl g % =349 B 2 QTL -

AfrFpE 2 QTL A AAEZ? 23 % 147 1254 ¢ 4 » 298
FRERBFERATO0-147% (X)) 27 AP ITF TPl d 44172 4
2 QTL @ gpirY 41432 QTL 22 F A FA > — # iFe @ 4% 1.3
3 @ i % 3R repulsion 22 QTL > & 2§ 7.0%% 14.3%*t £ A% R ¥ Hrg s 9 5
+099g%-139g:> $ 454 ¢ W7 @ F €M 42 QTL Tk % p 852T034 - AC
HE Y P =P 4B QTL 3% 34854 1 » 2B BER 416
—25.9%%F (2 +t-) H¢ 2 iy 3 2 inF % 30k 27.68—28.52 Mbp
StiTz. QTL & 2 3@ A &+ 2 QTL > Mrwer giv g v iz & & w2 15.3%%
25.9% > Hig FpE 42 QTL 2w %k p O. officinalis -

AA e ik Bt M2 4B QTL B =305 1 3-7-8 1544 4+ »
Hoob £ A R AR £ 8.0-15.9% (% = ) - B TR =% 3RS 4 2 QTL
Hep QTL 7 - #iF2 QTLefaffAz A b~ ¥ 5 ¥ 8154 ¢ 4+ 2 QTL (15.9%) -
H e s B ®k fp TNG7L 2 # 3 % QTL »c/ipl % f 852T034- @ AC
FEH TP 3B QTL =38 3494 # » b 2|2 AmAE 43 37—
307% (3 +- ) BB g2y 3 452 QTL IR % 34 ik d #8F >
i fEFRACIE 30%2 A A KB > 3 BA 4 ks QTL k% ko TNG67 -

AA S E Bt M2 43 QTL @i % 238 1254 4 48 7
2 REARR A0 81-12.0% (%) AP iF@ L =P E42 QTL %7 % 3
G RE > Hapd d B F R 42 QTL »s¥ok p 852T034 -

AC %3 7 hp et M2 5B QTL =it % 231154 4 48+ » #h &
A2 MARR A 3T7-273% (2L - ) 2 sl ALY T A% 32 5 11
EA M 2D QTL A B9 AUT 2P| 1 B> % 214 & 4 2 QTL -
% % 3944 A1 27.81 Mbp AL QTL »cfi % o TNGET7 * » H ki 8 & prsedic
W4z QTL »cf s % p O. officinalis -

24

doi:10.6342/NTU201800044



3.0 RIVAEM ALK

AA e prgh EF B2 11 B QTLAF 4% 1.2 51154 ¢ 81 (%
N aPirE iz QTL Rt adpin - - HirgEx - PHird g izd 3B
QTL - $+f8 L 2 * £ 2\ f3fF4E R 5 8.1-14.0% % 7 @ 4# 1213 % 53 %
w2 QTL % A Focfis k p 852T034 ¢ » H & ie MR E H 4c 2. QTL % i 2 Fo iy
wkp TNGTL- AC%#e & F M2 113 QTLA# 25 2-3-4-5-8-9
10~12 6% ¢ a8 > HAABRAT )P T% (F-2) A F ey 1254
¢ 48 0.69 Mbp + (6.8%)° & fiA&S ¥ T =3 H ¢ 9 i QTL > 57 g2 % % =7
$ 3R M2 QTL; B AJ2p| 5 25 % 10754 4 % 2 QTL- % 4~
891012 4 ¢ R RARE A 42 QTL /i & kp TNG67 » Hep% 2+
3-5iE4 ¢ g2 QTL»c k% f O. officinalis -

AA 5B EApRi2 6 B QTL A # 4% 2358114 ¢ 44+ » ¢
AR A T6—122% (£ ~)o B » a ity Ldsp oz
QTL # % cheh £ 412 A (12.2% ~ 11.2%) » # M EH 4e2 % A Foofy & f
TNG71> # s 4e% 352 % 11 54 ¢ #8+ 2 QTL »c/i B % p »* 852T034 -« AC
EPE D3 BEME G M2 QTL 2% 3910784 4§81 > b A AR
RS % 3iEA S A 2 QTL 4 31.2%  #402 % QTL % )3 10% (& + ) -
e BRI E 4 20 % 10054 4 48 20.71—21.18 Mbp 2 QTL > # 48
42 QTL»cf s %k f TNG67 -

AAHB E R 2RpM2 OB QTL A #3% 13458 11154 7 %8
P OoMBEFERBRRSE NS 13559-193% (% ) B BTy ”ﬁ'”‘il:t'!—’f—fl’?'é‘f”?v

el 4 1.3+ 85 114 1 #sig2 QTL > 2 L 43 114 + 2 QTL §
L2 bR AfERN 4 > AP EA WL 155%% 19.3% - EAEA 2 0 % 3-5-11
EAE M RERBAM A E ATk A 852T034 0 A K 14854
R 2 S ATk f TNGT1-AC %% 4d AT % £ 25— # QTL
Pt E 3HEA S M 27.72—2814 Mbp (2L =) A A REA A 50% 0 H
ATk p TNG67 o
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4. B MRk
AA =Y B a2 QTLA %% 12457810 11154 ¢
B (R4) EFzZ QTLHR 5 /s %Y &% > £4 20 B QTL > + & 4|42
B4 R 3.0-155%2 F > * A g f’rﬁs“;rs*ﬁ T2 QTL ¢ f2ud
#13:53+72-85-10.1+11.4 % et ip i - e QTL»efkd 5 > % 12
$ 4G s Rp f%f}:i{,ig%ciiéil’iﬁ?]ii@iﬁ % p 852T034: % 2 2 % 10 if
X4 ¥ 3 repulsions &% H TxEr 2 s fe Ko BT 2 QTL A #2051~
2341011 124 ¢ A1 (34) & fEFR 4 %0 @43 13,22
#2112 v A &4 QTL A Hapfaffa 4 554 5%+ 3 Hivdpk 2 QTL
®HEGH 10311212335 3 BAFHP o f 0 EE X LY H 13 2 22 1
i #5 QTL 2 repulsion JiL % #t » % 341011 i54 ¢ #8+ '+ 5 kp 852T034
2 s o AR PR B B2 B s 2 QTL B A F B
WEA o % 178 110E% I M 5 T QTL(%4) 2 ¥ » A B iraix
AP QTL % 5 @483 13112114 A ul i £ 2 0 4L 2 i d 4 48
2. QTL - b &3 fafa 4 - P a2 @4% 1.3+ QTL &+ (26.1%) >
HAp 43 3.2—12.8%2 FF o

5. RATIEAR

WihE a2 AARHE A A- B ivE 2= QTL - # (F0] 25
3B QTL A= % 1%~ 5 4i5fc¥ 10154 ¢ W (FL) 2o 4438
B %10.3—159%z2 - % 1ix4 & #8+ ' MR :?5%5_)2*—:1 QTL»x g k p 852T034 »
435405 10754 4 B 2 QTL e Bl % p TNG71-AC %% % =55 % QTL >
FAH L ANT QLI MY (L 2) A EEA A 44— 146%F > v B
% 2015 23 & iF@ 2 =F|4phl 2 QTL> @ 2014 #a HirE £452 QTL - %
4i5%d YR E BAZRE M2 QTL»cfs %k g O. officinalis # 4 QTL »cjis % p
TNG67 -

HRERRIAULD 3 0 A AACEES I ITE LT 4B F LiE2 ¥ 4
EAG Y2 QTL(2 1) % 454 W 3 2EA 5 527%2 QTL H 4=
F A AANEAA Y A ACE 10% 0 @ fERBE AR E K2 QTL »efsy kp A4
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852T034 - AC %3¢ £ T i3] 5 Berfefipm M2 QTL 3% 15478 i%
Ad Ry > B R YRRAFRK 02-279%F (A1) - sPRd* aEH
L QUL RiES] > = 65 Rins|H 4 547 mE 2 QL #oekkp O,
officinalis » &~ # 72§ 12 5 844 M1 € R LR K2 QTL%
% p 0. officinalis » -

$970 F R 2 L0 46 XF115 ok 2 QTL i £ 3 3 @ QTL 3t %
1 A~5 64 41 » o £ AR R 14.8—30.4%2 B (4L 2)> & 4857 Ly
BT R REIAEL QTL 39 AJ2T LR TIE 4 GRS WL ek R
2. QTL»cjis %  O. officinalis> ¥ # & & QTL »c /iR & p TNG67- 4 1 .| /& F89b
2 AR PR mF 10 BApB QTL A% 2% 2-4-5-6-8-11-12 %% ¢
B A REARR Y [ T% (A L) AMBASLT LS 42 B 5L R
dfAek 2 QTL &30 % 48 11 12 i 4 ¢ A R poek &% K2 QTL »cfk
% p O. officinalis -

HOTPLE R U TR AR R 5 ok R x100 HEHRE R 0 FlE #
PR Rt REEHAARZ QTL & o i 87 B plgde™ » 25 3
A Y |2 BARMZ QTL> A+ 5 32 £ 11544 M1 (AL2) 7
A AR HATE 10%- 2 ¢ > % 1A 4 M w2 QTL hgrsE A2 X
SO AR Y S APM 0 B R R BARRE K2tk p TNGE7 @ % 3 F4 4 A
Fi g opARA E Mz QTL »ofsRl % p O. officinalis » & & T 55R HARA % 145
6% o
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R SR
—~ BATRA AR

g m 7 > Stacks (Pstacks/Ustacks) £2 TASSEL (GBS / GBSv2) i B & ]
FEFIZE ST SNP 22 585 1 e o AFERT RALHEABAER > EOREY
2 8B E R d LR EE S BB 45 0 Stacks - 95 bp 2 B B~ GBSV2 B B4
;5 90bp~GBS 7 © % F 64 bp 2 % £ o lllumina T A T 5 4 F1T 51
e T a5 %‘r Fz2 fiwoStacks H* FEE v EFREINSTEE - PHR
P EE G ERY 0 GBSV2 RIE- fRRF BRI ATFRFETER
PERNREFE R T AFETE AR gAY R - B
A EEERES RIS B #H,!rt o fpfiz. T GBS A7 AR R 2 P B E
BAEF2Ea g s2F Rk 2y FREA PR EAFRPRIEERT T &
2. SNP > 25 5 A1 A3+ E3E7 7 GBSV2 e48% » &% 1 515 i 22 & F 1Rk

Bl 7 3 GBSV2 e760% (% 1 b) e

. SNP 2|7 > m »Stacks 2 2 AN LEFH G3afpis » L8272 %HD
SNP )% % 3 FIR AR+ La £ F B B BN AR 32 A5
RlEZAET BHMIAFRN MAZ22 RAATRPEH] € {422
TASSEL R #-#73 BB B — A2t 415 £ A4 7B A T &> 5190 3 A F pF
Wl REIBFRLESY TAFRARNCEF 2 B blickim] AC %#H

h

PR ARDIEBEE S RALEREF LR (B0 2461 D& F 3,702,858
BFRE) (B ) » AC %¥d BRI EREw IS IpAd T 4e
O. officinalis 3& » * FiE A FIRE2 1L ) > 4 F BRIPNHE BIER 3 BF i &
Stacks % it (F3a apps > g F G WA fe A FI R B2 A S $ Stacks
(Pstacks/Ustacks) & {8 2. & + t&:58cE > »* TASSEL (GBS / GBSV2) » F]}*t & & 2
BifRZ 5 BB %Hme L3 VT PE 7 b A aod BE ko

AR EEEARY B AGENAEEN L FABL AT A EH
® % 14 Pstacks & iE {8 £ R G Bk o AACEF A =0 1 Pstacks 22 4 & i A F] A P
rpE2c ~ TNG67 ~ TNG71 2 O.nivara> @ *#F PN 5 A 4338 A 852T034 p ¥
AR PE O Gl Fo® A S A TFIAAE R AL E > T AF L
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FAIM 2 A F RIS EFE Y B 5 A2 A F 438 AC *%EFE 1 TNG67 £ O,
officinalis & > £ AF|E P &> AR ELYIA T A p 23 BCoFwis o
TR AFRS S SN PR B RIS E AT S SR S P bl
R F] e

T FREREE A & 12 call rate=0.9 - MAF=0.1 ~ heterozygosity <0.05 =
—*‘Ff T 58, 43 f EFRNE S A A F RS 2 B 4 call ratezO.Q—"Ff =k
5 do i AA ¥ Pstacks ji A+ 3 36,271 B 7 % Al4E2 SNP - 9,684 1 (28%)
call rate=0.9~19,883 # (55%) MAF=0.1~29,995 i (83%) heterozygosity =0.05 ;
Ustacks 742+ 7 18,150 i 3 % 4|42z SNP-5,015 (28%) i call rate=0.9~11,182
® (62%) MAF=0.1 ~ 13,735 # (76%) heterozygosity=0.05 - AC *% % 4 T /i 42
2 RERAER S S 0 v A callrate=0.9 i k2 A F sk F > MAF=0.1 & 2 >

heterozygosity =<0.05 & > -

gt

BBRL oA EzZ A F s A HEAA EHAE AC BH o H T
pipeline ¥ @ 4 Li{F 2 %4 Mg (Bl+- ~B-+-=) AAFH2Z &~ F{kiEd
B B¢ A 852T034 + O.nivara$®s » 2. =% » &% 1-5-6~7-8~9~111i%
IRy LA 852T034 F2W A fafE » PERREEG FAMZ RE T s
O. nivara ¥ TNG67 = JF'{ Fa A, wg TNG71 3 7 A4 & & TNG67 &
TNG71 23 53| -AC*%¥FHEF 3|2 A FEEA T LIEL I MY 545
T2 mE 0B FE % TiELIMG 563 B SNP > &0 5% 2054 MG 279 B
SNP -

— B RHE PR R
AT AAEHE # % 2480 B A F RS @A R (B4) ¢ 3 A=54
$52. 2,348 1 SNP 27 L5 47 7 2 141 1 SSR A F 3% o 1t k0 2 (2008) SSR
PR EHE A SSRASNP 2 H 2 Bl (Bl =) P AR AL E A g 4 A T
TR e E R AR T R} SSRAF 2 A d B> ¥ &% 68911~
2 ERIHIBFREG FAMPZPE S ZZRAFRAS FERIELHE oA AX
SSR+SNP z_:# 4% Bl 2% 7 2 157 f SSR A F ik 7id = 2 if 4h Bzl Ap vt - B 43
PO EGRBCE W e i TIOTIRSE]  do ¥ LiES M 2 @ TR IR
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102cM 5/ 2 % 056 CM i § — B A + fRib-@ 43¥ 1.3 7 § 392 A + 38 ("%
Brd) P IRRE L 5 13Mbpo ma s FEE R AT S 238 CcM o A2 3E - 4K 4 B
WTmE R 2 KFT 35024 Mbp 5 1cM (Wuetal. 2003) 4pt32%E 1 3% § 5 4p
oS 4 Gl 43 229 4 356 A F 135X 6 12 Mbp il 453 £ A 45 179.8
CM> 1 2 3@ 43537 5 278 I 4 + R385 ik 23 Mbp- s 3 & & 5 244.85¢cM -
TR RFEAFREETF - AT PR EF L TN E TR A A 2 R Ap AR

B AREIERH e -
=T EE § RS

A= AA 535 852T034 27 TNG71 f22f5 5 i p 2 » 2 AC%EHEA S w
VE GRSk G AR A S B R VLR LA R A TR

AR e 9umEsmIte- HP7 47 T

I ¥R EARS

kAo AP %J%ﬁ‘B%ﬁﬁ‘%ﬁﬂiﬂ%%@’ﬁ%%ﬁﬁag@
RS ER S AR SRR AL TEYRE IR LANE (Pem
2009) > FpeEfifEd R ER AR Y L SA o AAEFEY > B AP Bk M2
QTL A # &% 12489 10 54 ¢ Mt (2-)> $-Hhrfaf@As L 2
QTL =% 1154 4 4 » &2 A 77 T =52 =% 31—37 Mbp (Cai 1998) #p:iT
AL B AR 32 Mbp A B B RS K et R 41E R d 4 1213
Mbp i > #t =% 22 Thomson & 4 2 O. rufipogon 2 2 2. v 2 #4512 QTL i~
¥ 4p & (Thomson et al. 2003) - 15 O. nivara ¥ #33F % (4 kz2 QTL ¥ O
rufipogon = 4pfe =¥ > @ 4R 5 & 5 BRI % (Lietal 2006) > #1148
Bl R it F O.nivara B 58440 p B2 QTL H & =3 40% 854 ¢ R 2>
2. QTL & Choi & 4 # =2 % 3§63 ¥] EHD3 4p £ 3 Mbp (Choi et al. 2014) % -
kAEs d B o) Xk JLF) sdl (Sasaki et al. 2002) f# 4w k2 BP AT F
A AR ABZ AR 0 H AR JUF RS R A AR R B AARHE SRS
FMz QTL == % 1478 ix2¢ 8 (#-) BERI¥EEALY 1
RS REE R 2 QTL ¥ j#fF 35.7% 5 $ % > 2 & B (T30 AL 43 1.3 LTl 4p

BQTL» oA sdl ATz =% Edp o — #2048 8L 4 M 2 QTL *
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AATE R R R ALR L PR 230 2627 Mbp bt 2t AR P e QTL =B
#BF\? ’;JPE'.I?'J? gzpﬁfﬁﬁiljjppﬁ%ﬂgg:ﬁzgzgo

ERrREY e RRERAE CRT I fodic F AR F ok
X R e P ENA L B F RS 2R - E AT AR Rl - o
AT AARR Y 23 Tl e Bk A 2 F il M2 QTL: AC %Y
7y PR ERAE A R B2 QTL
RAFGETNUFIRFTISEIFAZ PR AAEFELT I3 M2 QTL
Sisdd g8 > - Hira =35 21524 RS Bipass QTL ¢
#£F & % 1R repulsion > HFERELACM (&) PEBHFEE S 7477 Mbp
2_ B oZhang & A S aed {184k AR o 4 22 35 %] HEIL0 (Zhang et al. 2015)>
Dong % 4 4 B 527 o2 2 ¥l 2—10 Mbp 2 & (Dong et al. 2000) - &
R EAIDERNFTRE-HFY cAAEFH - B Iv 8 ACHH A 9w dly T
SAF X T M2 QTL AT R4 A AT Rk p 2 RE M7

il {é_i‘_f#r«hﬁéi— P F R R IRE SRR R AT A P
X AAEFEY AdrtikE2 QTL 223t % 147121544 48 » 29 &
ey P 4172 2 QTL> % 4 i QTL =i=5]2 W%_gpvl%] 7 Shang
S5 4V 0 ngg@;u:f_ﬁ B2 <~ % (Shangetal. 2016): % 7 i34 ¢ 48+ 2 QTL
3t NI & A8 e B2 583K z_ cl7(t) & Flae (Ni et al. 2014) : AC =7 B %

“ 3% 348 ik R 0 A RIH ST Y § L% 3 ik 27.6—28.5 Mbp
st 2. QTL > 22 Septiningsih & 4 12 IR64 2 O. rufipogon #7i& * 2 %% # ¢ 35 7| &2
# €73 M2 QTL =% £ 4 (Septiningsih et al. 2003) -

3. AR M LR

BE SR ASAR TN 32 124 - Khush #% 3] 48 200—250 #-#k 5 i (Khush
2000); Khan % 4 #2015 #4 # 1% 3 ¢ 3£ 7] ¢ 4548 K &0 F 7 215 3 60 cm
PR FMEREToE T 59 ikt T 2w 270—300 f2 & (Khan etal.
2015) c A MERBR AL FREEZ RT IR M (Ble) fp7 0 28T
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R L EETHIRE P FRRAS B FE R R R

PR TrEFEF X IR T P FL B BARK > SR L R BER S
AA 53¢ 4 M fbdicz. QTL £ % 238 12 15% 4 4+ (£ ) &

PRI EtR 30E LS M 2 28 Mbp e & A F I fREcy B2 FCL
A F1i= % 4p:7 (Minakuchi etal. 2010)- % 8 i¥4 ¢ %8 + 2. QTL ¥ WFP A F]i= ¥
BT 5 P %%ﬁ&égu;‘ FEE L EEZ Ak A5 ¥ (Jiao et al. 2010;
Wang et al. 2015) ; #8& 2. QTL %/ # iF¢ % § 2 =3t % 1 5 11154 4 45+
(B )%k 8 1LiFR S MEs A mgd S RATX Tirs QTL ik 548 2
b B QTL v B ERE 2 AF& QTL =¥ 4pi7 (Hittalmani et al. 2003;
Nguyen et al. 2015; Thomson etal. 2003) ; &2 48 &€ A F L B R Ap M & 3 H F% 3
P2 QTL =30 % 8154 4 #8F 26—27TMbp v % B T 25 DB Hip M 12
LFAET B B AT QTL =3t 23 Mbp v 5 Sui % 4 % 1 F
£~k k 7 4R (Suietal 2016) > E{FiE- H AT 23tk o

P

AC %3¢ it F = 9Bpk =8 P 28k F M2 QTL (2L 2)>
PR RS F ot F 12054 4 1) 069 Mbp e 3% © &4 FIERE AP M 2
e vzgk’a;mﬁfﬂfwﬁgj 23Mbp Fez. QTLRIE Sui 2 g2 >384
(Suietal. 2016) - % 10 54 ¢ 4+ 20—21Mbp 5 @ # v % § T =Tl &R E A M

M

QTL 2 i § » #83T> Shi % 4 2 ged @474 M2 L FINMD3 =% (Shietal.
2014) ; A ARE B MER TR L TP 2% 3£ 4 ¢ 48 27—28 Mbp 2 QTL >
R EfRA £ APk 2 A 2t 27 Mbp e (Karmakar et al. 2016) -
4. P An AR

AEHIORARM LR 8RR R R PR G BALER
ARz A FARF R 4o % 35S 4 MW Ak R 2 GS3 A 7 (Fanetal. 2006) > % 5
LG R Ak E 2 GW5 A F] (Lietal. 2011) ¥ 2r ik A2 A F|2 2 §
FRERRRS VY AM cAAEEY T % 62 % 9L 110
EL R PG L REER AR QTL 2 B T B iR AR
@ o =Pz, QTL 5225 4 é}}?&ﬁ?]i%fﬂé T2, QTL ApiT > 4o £ 30 % 7
24 R %i=2 QTL £ GL7 =% 4p £ # 7 1 Mbp (Wang et al. 2015b) » # 4| & 8
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E4d R w2 QTL 22 GWB =% 4pi7 (Wang et al. 2012) » # %>+ % 1115 4
R+ 7=z QTL ¥ Malik & 4 3 £ 2~ ),;Je = % 4p17 (Malik et al. 2016) -

5. pATHREEIR

ABHRE BT 277 1960 & < ¢ g B 4eig {7 (Athwal et al.
1971) > = 4 = 3 A6 32 B A 7] (Renetal. 2016) - #5577 AA 5% ¢ # R 4h
Tty B2 QTL =% 141074 ¢ 48 > @ 4¥ 41 + 2 QTL =3
$4ix% ¢4 10-165Mbp 2 FF > @ % w x4 d 4 > ¢ 3 6 B BPH #l:
4 F3F 4 > 4~ w5 Bph6 (Qiu et al. 2010) ~ Bph12 (Yang et al. 2002) ~ Bph15 (Yang et
al. 2004) ~ Bph17 (Sun et al. 2005) ~ Bph20(t) (Rahman et al. 2009) rz 2 Bph27
(Huang etal. 2013) » & & =t & % $.ApiT ¥ 3 Bph20 - Rypd Lo Bt TIog g
TR M- BE s sk p TNGTL. ¥ — B = i 443 101 2 QTL> %+
GERATE 10554 4 M 24—42Mbp 2 B > 25 Yang # 4 3t 2011 & A5
4 nbph21(t) 2 # 8¢ (Yang et al. 2011) » #* QTL i T ¥R A2/ ¥ 44 % §
TNG71e ¥ e AP g% 154 ¢ M =ah QTL f2fa An A Ay P » 25 &
WHE LiFEAd W4 BPH & futt2 QTL 3 &> ¥4 5 O. nivara # it i3 &2
PO AT c AC%¥Y 7 F IR M2 QTL =23 % 1479 x4} > %
9k d #+ & 4y Bph(t) & (Takital996) @ % 1 %2 % 7 x4 #+ p o &
WA R L M2 AT L -

BfEEURLEAT L Y 0 35 e HIRAZE 102 B AT o ¢ G 27 B
A& FlA g 2 (Xiao etal. 2017) >+ F % B % # ¥~ Fupr A F)2 6]F (Miah et
al. 2013) - AA ¥ £ 2= 4 B QTL 3B XA $ 444 29 -9 iF
T 5| - 242 476 50%2 QTL » H »cfi % f 852T034 » i3+ 39—43 cM 2
Fovgr 3 ERFTAHEF2R#HE 5 11-13Mbp 2 & > =3t Causse ¥ 4
# 4 2_ Pi(t) (Causse et al. 1994) 27 Sallaud % % # % 2_ pi29(t) (Sallaud et al. 2003)
i o om % 1 iES 4 R w2 QTL P2 Chen & + ¥ 4 51pi37 (Chen et al.
2004) 112 Fukuta ¥ 4 35 ¥ Pish =% 4p 17 (Fukuta et al. 2004) - AC ¥ £ <_
55 B fedopFult M2 QTL-H Y 5 12 ¥ 4458 AA S35 2 QTL
=% % F > 'fiT A5 Barman % 4 3 % 2 Pitp(t) (Barman et al. 2004) % Fukuoka
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% A4 2 pi2l # i 37 (Fukuoka and Okuno 2001) - @ % 7 i % 4 %8 “f -
lwata i gt Ao £ Pil7(t) (Iwata 1996) 2. #F » * @ H w jp M A Flis o o % 8 1%
Ad ML TRl QTL Rl © v e s S0 k2 R FIEALRGE » 1 R el
% A O. officinalis » ¥ -4+ QTL it — #H 3 o

BERRAFEAT I S ¢ F <040 B Xa kA2 A Flps & (Busungu et
al.2016) > 2 & ¢ % 402 % 11 iE 4 4 B > &% 2 45 0. officinalis » 7 %
A %"f’ﬁ 6Bv ﬁ%é:)ﬁqi 4 12 #2 Fud (Jenaand Khush 1990) o 4 =t & AC *%

B 0 ;x-%—},%,_,,. f8 XF115 2. QTL =3+ % 154 ¢ 49 7.09 Mbp ~ % 4
A S 4B 338Mbp 2 % 5iE4d 4 205Mbp e AW AT ? 0 % 1iESL
¢ #8 + 5 Chen ¥ A 3 % 2 xa34(t) ** 15.4—15.5 Mbp s (Chenetal. 2011)> % 5
ES o M she 5 Xab 4k i3t 0.33 Mbp . (Blair et al. 2003) > 1z 2 § e+ Xa2l
B FPUpE 2 39 B Xb3 =2t % 5 % 4 ¢ 4 0.6Mbp e (Wang et al. 2006) » & £ &
sE_ P2 QTL 3 Fped @ % 4154 ¢ 4+ Wang & £ 2 £ 2. Xa31(t) (Wang et

[. 2009) 2 2 Bhasin % A 3 % 2. Xa38 (Bhasin et al. 2012) ‘¥ £ &=t 2 =32

QTL =% 4p3F o A=k i 32 | 48 F89b 2. QTL R i=*% 2-4-5-6~8-11
ELS MY > A AR T Y G PR 42 % 50ER 2 QTL ¥ 4 0%
¢ %2 QTL ¥ He % £« % £ 2. xa2 (Heetal. 2006) fE#giaiT » % 5154 ¢ 48
2. QTL =t 1.47 Mbp i > 2250 i 2. Xab = % 4piT

.fsif%é:fgaﬁi% Bopag AHIlasa= 25 Fd2 M4 4 (Eizenga et al.
2002) > 3 i iE A Fl3d R e S fed E i (Jia et al. 2012) > HE - K A1
RFLP & + i T i fap 2 QTL e 3 18 (Lietal 1995) » & 4 @ =i digF
LA T A u itk fe% 122456811754 ¢ 48+ (Cheetal. 2003;
Pan et al. 1999; Pinson et al. 2005; Sharma et al. 2009)- & = & 47 ¥ #7f& {F 2. QTL >

¥ 3154 4 %8+ 27 Mbp ? Karmakar & 4 2~ zgﬁp i+ & (Karmakar et al. 2016)-
T'F-‘}?, dvag £ I OsOxO4 FL F)is 4 it 4e 5 “ffff‘:‘fii—é-fll%ii%]é‘. ;oM ow 11544 %8
3.9Mbpz =% » Bl Xie % 4 (2008) #_i~3F]2 QTL % 4p iz (Xie et al. 2008)
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IR -RHBEAKREY

TEREFIAPEMIDES > AT ERETRARS Y URAAHME 7 AR
A fRER R S A FAL AT 0 F 2 L G o F2 4B o 82005 £ = R4S
A T A (IRGSP 2005) 12 %k » 4p B 3R E i = 27 { AT4ci® 3 -k AR4p b AT
LR A HASIARH LY AT R G A g L nf e e AT
oS P AR o i, 0 RAD-seq &7 % £ A FAI A A w4 fEdE
PEZmE o AP AT I SSR BRI A EEEE 2 A Y G P Hic L o
S R R A E AR B R  ARE B MR 2 Fup A AP B 2 A T
NER R A MRS E e

AXFTEHEEPFFE SR FRE e (1) MRS L] i
WAF A Ao AT PR A S c ACHEAF LB § BRETA
ﬁgﬁﬁ;#u;fa TS o VA T BCoF1fs o Ao 5 I A fEHE O B R

¥ HERATRARTZ B BREFINA T LA 050 (3) A

BE RG22 EY CHAAR R AR PL AT TEHT A f2EY 7
rlflpeiefafer > MNP FIWAFET KB RFRD O AZH L5 7 Al
P2 % s (4) #1222 ER  HN AR 2 e B2 Y A EG Sk
2z SNP %t 4ofm { F 2250 8% TRV G- HA K BREOFRY 2 k2
EA AN ARER S MR B A PREELE - 2 2R AT
1 %% A X7 & O.nivara 2 O. officinalis £ %32 #5 & 4 2 = ¥ U w2 SNP >
FEPEFEAP M LR oFub B feE R d B R IEAT A LEE N G
BAAEAPMMERATIE 2 B F T A T Rl B2 vk o

AREEFLA S ZOFRE LI - XA HEFTLSARATR 4t  F %
F AN RAFET LR P ATGAERY e 2 a2 £ R
oMY EE RIS LR AR TR gR A T AT MY 28
(IR S el AU Ll A L
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o~ REM DL B2
Table 1. Agronomic traits phenotyping and methods

. . . AA AC
Ea-1 .%fﬁ% d B hiz
09-1 09-2 15-1 15-2
& A , . - Iy
(miﬁﬁim) DTH days pASHER ) %Y S0%tEthd AP #K o Vv Vv
rE PH om ARG TANRI BT R FMBR A5 E o F Y Y
(Plant height) BT T o
F dk R s B B Y e y & % oL = 4 y 2L &
4_1‘%#:& sp 4o H 1% ZF e ER RSN N fioo & APz pRE o Y v v v
(No. of spikelet per plant) Tiao
e Hpd SRl gl e o B KM PZ R
s Bt 0 = T ]
(Fertility) FER o iy, v v oV
” ﬁg‘ . TGW g BIE T RE % MRk E AiE L FRE o Vv vV Vv
(1,000-grain weight)
ff RS _ Spp "~ P é Hik? SR 2 A2 Q00 6355 vl v v v
(No. of spikelet per panicle) ERZSUE & 3
i@@i H % 4k ko5 A 3 y RIS RE °
(No. of panicle) PN B FRRBAS e oojilic FTI0WE Bl vV VvV Vv
xA & BIESFRE & AR 3 BRI HBEFI L THR
-E’t%é‘g‘ GWP g RIE ST A w3t ot i Y Vv v
(Grain weight per plant) AR o

09-1: 1%t cropping season in 2009; 09-2: 2" cropping season in 2009; 15-1: 1% cropping season in 2015; 15-2: 2" cropping season in 2015.
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2o REMRALT D & E (F)
Table 1. Agronomic traits phenotyping and methods (Continued)

AA AC
EES 58 o A H
2 A ' X 09-1 092 151 152
F.
(Paniji‘;ength) PL om  REE - Y A4 BFIML PER > PR 3 RITE V. VvV Vv
(Panifé%veight) PW g MBI REDRLE > F R v vV Vv
ke 3 . ~ v ae . .,
(pﬁ{fuiaéhﬁm PD  grainem  RIL S AL gT-gF U RDER - vovov
&) £ T B 5T s
(Flag leaf length) mH om o BRETLAHL S . v
ﬁ']ﬁ% FLW ) %;‘«_;; Yo 4k :?,J.a 5 .H:\By\_l' 5 o vV vV
(Flag leaf width) em Wi n by )
EL SR

2 BARIEE AP R S BB T FEXEFX075 RESKEEH M -
(Flag leaf area) FLA cm AR IR S 2 EEXE R R EE R M \% \Y

(Grijir:r:?eigth) GL mm FoPEgris 0 F R MNB 10 R AEHE R D VR E T RE T 5o \Y/ \Y/
S0l odp o sk o & ok o 1o dp o , kT

(Grain width) GW mm foglgcte o & AP 10 RS R E S N RIE T RE Tis . \Y \Y
A3l Gs . SRR UETAER - VooV

(Grain shape) T

09-1: 1% cropping season in 2009; 09-2: 2" cropping season in 2009; 15-1: 1% cropping season in 2015; 15-2: 2" cropping season in 2015.
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o REBRALZA D ESE (F)
Table 1. Agronomic traits phenotyping and methods (Continued)

(= R #as AA AC
™ % % 3+ (Minolta chlorophyll meter, SPAD 502) *t &3 & EH R & 5tk 2
SPADI Vi ( bny ) EEBSFEMHESKEE 001 90
- =3 #*2 SPAD & -
SPAD2 M ESEF R AL R E S5t - FHE Y 2 SPAD & o 09-1 ~ 09-2
g54 58
SPAD3 MESZIFRPPIESKRE- 2HEF 2 SPAD & o 09-1 ~ 09-2
e SPAD @4 2348 SPAD & » L 437 A M AR EES 2 5 B
SPADA #Aap B2 R RN A HEFE S 5§ 09-1 - 09.2
Y AR R o
FR & 2= M RA b & KT AR » R
RATEN L BPH ﬁ%%ﬁ%wjiza iia;ﬁfﬂﬁ@ e oi # (R); 08-2 -~ 09-1 14-1~14-2
& 2% 0 vuZ_Fu ’ L % & 4T . —_ r;,. =9 N -/ ~ -
(Brown plant hopper) ' ' - 15-1 ~ 15-2

haeB—T2 @459 4 (MR); A3 7141 28 (9) -

09-1: 1% cropping season in 2009; 09-2: 2" cropping season in 2009; 15-1: 1% cropping season in 2015; 15-2: 2" cropping season in 2015.
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2o REMRALT D & E (F)
Table 1. Agronomic traits phenotyping and methods (Continued)

eX S B #HhE AA AC

i Ix B ﬁs,{ei:f,;a 1 (International Rice Blast Nursery, IRBN) = ;2 » 1 p iz Rt 4 1%
fegp ol ie T BL Br0—9 sgef FEIEH2 X RIHOHIIR 2/ Eefipk T 08-2 14-1
(Rice blast) ZEBEE R4cT 10 A HR) ;1-3 332 (R) ;4—5 274 (MR) ;6 3 09-1 15-2

R (MS) ;7-8 58 (S) 19 LiEa (HS)

*“&J;x-#dv N HRFRN T ER R REEL > ARG R ERRTE R R

2. XF-115 2 XF-89b & Fth » & Fthdafb 3 th » #4630 < 15 » #&f82 k£ B 10 15-2

ErALpmL R BTHERETEA A -

BN RF A ED (403) U A Y5 s HienEk (RS-YL R ¥

SBPH bﬁﬂ,ﬁj BHRE) BFAIRMEF S ARBES TR MHETRAING 5 28 Ak 3 4 15-2

RE B2 R 3B A A ARFAEKE R -

Rip e T Al b g o FH (A0%) M £ N5
I

i E R T XF-115
(Bacterial blight, BB)  XF-89b

JEARL B A (RSYL: B %
b <#:57f€7 5’]‘%\ P M HEFR AL IR 5 O A Lk » 34

(Sheath blight, SB) SBAve AT [f;:’ ) T4 :}:%-fé 15-2
R R 35 % G AR BIEA RIS R ARtk T R
T B B 2 £ °
SBPer  Fizpg Eit g (%) = gmmahk AEx100 Hatk® A e 15-2

09-1: 1%t cropping season in 2009; 09-2: 2" cropping season in 2009; 15-1: 1% cropping season in 2015; 15-2: 2" cropping season in 2015.
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£ 52015 # 5 - i AC ¥z LH B4R

Table 2. Summary of AC agronomic traits collected during 1% cropping season in 2015.

Low-level fertilizer High-level fertilizer

Trait TNG67 AC population TNG67 AC population
Mean Mean £ SD Min Max Mean Mean £ SD min Max
GWP 32.7 20.6 + 6.4 7.0 40.0 27.8 23.8+8.1 9.1 44.3
SP 1618.0 852 + 299 395.0 1862.0 1697.0 1051+ 421 337.0 2507.0
FER 90.8 89.8+9.3 48.6 97.4 78.4 87.3+94 53.4 96.3
TGW 22.1 279+ 3.7 18.6 36.0 20.9 26.8 £ 4.2 15.9 37.9
SPP 123.0 89.6 + 19.8 44.4 130.0 143.0 97.8+25.5 42.0 163.0
PN 13.0 9.4+23 4.30 15.3 12.3 10.8+2.8 6.0 17.0
PL 18.9 195+18 15.0 23.1 19.9 205+1.8 15.6 24.2
PW 2.6 2305 1.0 3.2 2.6 24+05 1.1 3.4
PD 6.5 46+1.0 2.3 7.1 7.2 48+1.2 2.2 8.3

GWHP, grain weight (g) per plant; SP, No. of spikelet per plant; FER, fertility (%); TGW, 1,000-grain weight (g);
SPP, No. of spikelet per panicle; PN, No. of panicle; PL, panicle length (cm); PW, panicle weight (g); PD, panicle density
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Table 3. Summary of AC population biotic resistance traits

Traits Year (thei?itgteinotn) Mean + SD

BL 2014-1 No 3.0 + 24%
2015-2 No 59 + 2.6°

BPH 2014-1 No 58 + 14°%
2014-2 No 49 + 14°

2015-1 No 57 + 15°%

2015-2 No 6.2 + 152

BB_XF-115 (cm) 2015-2 Low 9.7 + 352
2015-2 High 11.5 + 4.7°

BB_XF-89b (cm) 2015-2 Low 7.6 + 272
2015-2 High 8.3 + 3.0°

SBPH (cm) 2015-2 Low 943 + 9.1°2
2015-2 High 102 + 11.0°

SBAve (cm) 2015-2 Low 476 + 129°
2015-2 High 67.5 + 129"

SBPer (%) 2015-2 Low 516 + 16.8°
2015-2 High 67.0 + 159"

BL, rice blast (t-test, a = 0.05);

BPH, brown plant hopper (LSD, «=0.05);

BB, bacterial blight (2 race, XF-115 and XF-89b, t-test, « =0.05);

SB, sheath blight (PH, plant height; Ave, spot size; Per, percentage; t-test, & = 0.05)
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Table 4. Analysis of reads using four pipelines

Pipeline Raw reads Good reads * Alignment 2
Pstacks 872,452,735 781,820,779 (89.7%) 97.9%
Ustacks 872,452,735 781,820,779 (89.7%) blastn 3
GBS 873,744,923 822,878,842 (94.2%) 99.9%
GBSv2 873,744,923 675,074,549 (77.3%) 89.6%

1 Complete, identifiable reads (with barcode) from raw reads, numbers in parentheses

indicate the proportion of good reads in raw reads.

2 Use Bowtie2 or BWA to align the reads on reference genome.

3 Use blastn to identify the location of polymorphic markers on the reference genome

called by Ustacks.
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£ 7 ~SNP a4 4 4

=~ 1

(@) AA population

Table 5. Summary of SNP called using four pipelines

Good markers ?

Polymorphic !
36,271 (34.4%)

3,376 (3.2%)

18,150 (42.3%)

1,698 (4.0%)

Polymorphic !

Good markers ?

5,392 (2.8%)

190 (0.1%)

Pipeline All
Pstacks 105,424
Ustacks 42,892

(b) AC population

Pipeline All
Pstacks 190,192
Ustacks 22,351

GBS 49,332
GBSv2 91,535

20,541 (92.0%)
34,016 (69.0%)
70,800 (77.3%)

2,834 (12.7%)
9,995 (20.3%)
16,607 (18.1%)

! Polymorphic markers (MAF >0), numbers in parentheses indicate the proportion of

good markers among initial all markers.
2 Call rate=0.9, MAF =0.1, heterozygosity < 0.05, numbers in parentheses indicate

the proportion of good markers among initial all markers.
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Table 6. Summary of AA linkage map

Chr No. of No. of Total length  Average interval Max interval

LG Markers (cM) (cM) (cM)

1 3 569 337.24 0.56 12.97
2 3 390 280.79 2.90 19.43
3 3 15 48.11 4.01 10.86
4 2 205 137.73 0.35 15.54
5 3 281 256.32 1.23 16.53
6 4 53 32.27 0.98 7.59
7 2 113 142.38 1.45 13.65
8 5 151 103.77 0.79 13.76
9 3 100 97.00 3.44 9.58
10 3 311 121.18 1.08 13.19
11 4 283 171.20 0.63 15.21
12 3 18 15.30 0.76 4,71
Overall 38 2489 1743.3 0.71 19.43
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B AACEEQTL 4458 % (B3 - #80 #cr 2 B A0 B 2R)

Table 7. QTL mapping results for plant height, days to flowering and yield related

traits in AA population

Trait! LG? Position (cM) LOD Var (%)* Add* Cl (cM)®
DTH1 1.3 52.0 5.27 94 -0.5 48 - 87
8.5 18.0 3.32 5.8 -04 0-43
9.3 56.0 4.18 7.4 -0.4 50 - 58
10.2 6.2 4.27 7.5 -0.7 0-6
DTH2 1.3 223.3 4.37 8.0 -0.8 220 - 228
2.2 34 3.87 7.1 -0.8 1-18
4.1 44.3 9.61 19.1 1.2 29 - 46
10.1 78.0 3.29 6.0 0.7 46 - 85
PH1 1.3 133.3 9.03 14.0 -3.2 132 - 136
4.1 38.6 8.81 13.6 -3.6 33-41
4.1 93.0 8.65 13.3 1.7 92 - 97
7.2 102.0 3.44 4.9 1.9 94 -114
8.5 18.0 13.2 21.6 -2.7 15-21
PH2 1.3 150.0 15.6 35.7 -4.3 147 - 152
TN2 4.1 18.3 3.95 10.6 0.5 4-25
FER1 2.2 127.0 6.33 155 -10.0 125-128
2.2 131.0 8.02 20.1 11.3 129 - 133
FER2 5.3 182.5 4.61 12.2 3.6 45 -189
TGW1 1.3 87.6 4.28 7.0 0.9 84 -89
1.3 94.8 8.20 14.3 -1.3 94 - 96
4.1 18.0 8.42 14.7 -0.6 15-23
7.2 113.0 5.94 10.0 0.5 108 - 118
12.3 9.0 5.32 8.9 0.5 7-10
TGW2 4.1 42.8 5.18 12.6 -0.6 34 -51
7.2 110.0 3.78 9.0 0.5 54 - 125
SPP1 1.2 28.6 3.77 8.0 -4.6 0-32
7.2 16.0 4.81 104 -54 7-35
8.5 28.2 7.08 15.9 6.4 20-36
SPP2 3.3 48.0 3.91 10.5 -6.3 44 - 48

! Trait: 1 means 1% cropping season, 2 means 2" cropping season in 2009

2 Linkage group

3 Percentage of phenotypic variation explained by the locus
4 Additive effect of substituting a “TNG71” allele for a “852T034” allele

®95% confidence interval, defined as the interval of peak LOD-1

DTH, days to heading; PH, plant height (cm); TN, tiller number; FER, fertility (%);

TGW, 1000-grain weight (g); SPP, No. of spikelet per panicle
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NV AAEHE QTL A 475 % (JRITIER)
Table 8. QTL mapping results for panicle-related traits in AA population

Trait! LG? Position (cM)  LOD Var (%)3 Add* Cl (cM)®
PN1 2.2 134.3 5.55 11.7 -0.6 131 - 140
3.3 42.0 3.93 8.1 0.6 31-48
8.5 2.4 4.13 8.6 -0.5 0-36
PN2 12.3 7.2 4.52 12.0 -0.6 7-10
PL1 1.2 2.0 5.71 11.3 -0.43 0-33
1.3 90.0 5.40 10.6 -0.40 81-104
53 226.1 6.94 14.0 0.46 223 - 229
114 18.0 6.23 12.4 0.44 11-19
PL2 1.2 1.0 6.67 10.7 -0.42 0-3
1.3 60.1 7.82 12.7 -0.45 59 - 63
1.3 228.5 6.30 10.0 -0.39 223 - 238
2.2 64.3 5.21 8.1 0.40 63 - 67
5.3 49.0 6.00 9.5 -0.43 42 - 57
5.3 208.0 6.12 9.7 0.40 205 - 218
114 18.2 6.12 9.7 0.39 10 - 26
PW1 2.2 138.7 3.92 7.8 0.11 81-143
8.5 31.1 5.93 12.2 0.14 21-43
114 19.0 5.08 10.3 -0.13 1-24
PW2 3.3 44.0 4.22 9.3 -0.10 38 -48
5.3 197.5 3.51 7.6 0.08 165 - 244
8.5 23.0 5.03 11.2 0.10 0-35
PD1 1.3 100.1 7.69 13.8 0.29 87 - 104
8.5 28.2 6.69 11.9 0.27 20 -43
11.4 18.2 8.52 155 -0.31 17 -19
PD2 1.3 90.5 8.61 13.1 0.32 84 - 105
3.3 36.9 6.99 10.4 -0.09 33-43
4.1 54.8 5.32 1.7 0.25 36 - 64
5.3 44.0 4.17 5.9 -0.25 35-53
8.5 22.5 71.75 11.6 0.30 21 -37
11.4 5.8 12.04 19.3 -0.23 4-10

1 Trait: 1 means 1% cropping season, 2 means 2" cropping season in 2009

2 Linkage group

3 percentage of phenotypic variation explained by the locus

4 Additive effect of substituting a “TNG71” allele for a “852T034” allele

®95% confidence interval, defined as the interval of peak LOD-1

PN, No. of panicle; PL, panicle length (cm); PW, panicle weight (g);

PD, panicle density

46

doi:10.6342/NTU201800044



4 ~AAEH QTL A 475% % (FRFERk)

Table 9. QTL mapping results for grain-related traits in AA population

Trait! LG? Position (cM)  LOD Var (%)3 Add* Cl (cM)®

GL1 1.3 39.0 18.28 155 -0.14 38 -41
1.3 200.4 12.29 9.5 -0.10 198 - 203
2.3 38.0 11.27 8.6 -0.25 37 -39
2.3 44.9 13.47 10.6 0.27 44 - 47
4.1 48.3 5.46 3.8 -0.06 25 - 60
5.3 217.0 9.00 6.6 0.08 215 - 221
7.2 83.9 7.36 5.3 0.07 81-86
8.5 35.6 8.60 6.3 0.08 15-38
10.1 54.0 4.42 3.0 -0.06 43 - 66
114 18.2 12.32 9.5 0.10 10-19

GL2 1.2 19.0 7.08 4.6 0.06 6-20
1.3 5.2 8.51 5.7 -0.09 5-7
1.3 58.0 9.59 6.5 -0.10 54 - 60
1.3 181.1 8.16 5.4 -0.08 176 - 186
5.3 212.6 6.88 45 0.07 205 - 218
7.2 83.9 12.51 8.8 0.07 79 - 84
8.5 7.0 6.53 4.2 0.07 0-32
10.1 72.1 8.38 5.6 -0.77 71-73
10.1 73.4 7.13 4.6 0.70 73-75
11.4 11.3 13.26 9.5 0.10 10-18

GW1 1.3 0.0 7.09 4.1 0.01 0-7
1.3 81.0 5.56 3.2 0.03 80 - 82
1.3 161.0 31.44 26.6 0.45 153 - 163
1.3 162.6 27.57 21.9 -0.42 162 - 164
2.2 20.3 6.36 3.7 0.06 19 - 22
2.2 24.2 27.36 21.7 -0.08 23-25
3.1 0.0 5.02 2.8 -0.03 0-10
10.3 0.7 3.98 2.2 -0.02 0-2
11.2 31.7 21.65 15.7 0.05 31-32
12.3 8.0 6.33 3.6 0.03 5-10

GW?2 1.3 2.0 3.28 3.2 0.02 0-9
13 58.0 5.43 55 0.03 53 - 88
4.1 16.0 441 4.4 -0.03 11-22
10.3 1.0 5.29 5.3 -0.03 0-2
11.2 31.7 10.95 12.0 0.04 31-32
11.4 4.9 4.98 5.0 -0.02 0-19
12.3 10.0 5.13 5.2 0.03 8-10
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Table 9. QTL mapping results for grain-related traits in AA population

Trait! LG? Position (cM)  LOD Var (%)®  Add* Cl (cM)®

GS1 1.3 39.0 18.4 26.1 -0.07 34-41
1.3 199.6 4.5 5.1 -0.03 135 - 206
8.5 42.0 3.5 4.0 0.03 4-43
11.2 4.0 8.5 10.4 -0.04 0-29
11.4 46.0 1.4 9.0 0.04 0-49

GS2 1.2 59.6 3.9 3.2 0.02 55 - 62
1.3 14 8.5 7.3 -0.04 0-7
1.3 54.9 13.7 12.8 -0.05 52 -59
7.2 61.0 6.3 5.3 0.03 54 -84
11.2 6.1 10.6 9.5 -0.04 4-20
11.4 7.5 9.2 8.0 0.04 4-14

! Trait: 1 means 1% cropping season, 2 means 2" cropping season in 2009

2 Linkage group

3 percentage of phenotypic variation explained by the locus
4 Additive effect of substituting a “TNG71” allele for a “852T034” allele

®95% confidence interval, defined as the interval of peak LOD-1

GL, grain length (cm); GGW, grain width (cm); GS, grain shape
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Table 10. QTL mapping results for BPH and BL in AA population

Traitt LG? Position cM) LOD Var (%)® Add* CI(cM)° Peak marker

BPH2 1.3 203.0 7.57 15.9 1.10 185-208 S1 41232475
4.1 37.0 6.83 14.2 -1.04  34-70 S4_13847936
10.1 46.0 5.10 10.3 -091 40-56 S10_3087335
BL1 4.1 26.9 6.99 7.3 047 23-28 S4_6691553
4.1 51.5 8.98 9.6 1.01 48-58 S4_ 14731007

BL2 13 85.8 3.80 5.2 042 68-102 RM265
4.1 41.0 27.11 52.7 133 39-43 S4_11593078

! Trait: 1 means 1% cropping season, 2 means 2" cropping season in 2009
2 Linkage group
3 Percentage of phenotypic variation explained by the locus
4 Additive effect of substituting a “TNG71” allele for a “852T034” allele
®95% confidence interval, defined as the interval of peak LOD-1

BPH, brown plant hopper resistance

BL, rice blast resistance
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Table 11. Single marker regression for yield-related traits in AC population

Trait! Chr Pos (Mbp) LOD PV (%)? Add®
L SP 3 27.81 4.69 27.3 162.1
11 6.53 8.66 15.2 -101.7
H_SP 2 21.99 4.66 3.7 -287.6
3 34.57 6.84 8.1 -334.7
11 25.26 5.42 7.9 -97.2
H FER 2 0.22 5.27 19.6 11.3
7 15.42 4.28 6.5 2.5
L TGW 3 27.68 5.66 15.3 -1.6
4 16.64 4.02 1.6 -0.7
8 26.91 4.23 8.3 -1.1
H TGW 3 28.52 4.15 25.9 -2.0
L SPP 3 27.81 9.46 29.1 11.7
4 20.55 491 3.7 4.8
9 0.75 3.96 13.6 7.4
H_SPP 3 27.81 8.83 30.7 154
4 20.55 3.78 7.1 8.2

LL: low N; H: high N

2 percentage of phenotype variation explained by QTL

3 Additive effect of substituting a “TNG67” allele for an “O. officinalis” allele
SP, No. of spikelet per plant; FER, fertility (%); TGW, 1,000-grain weight (g);
SPP, No. of spikelet perpanicle
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Table 12. Single marker regression for panicle-related traits in AC population

Trait? Chr Pos (Mbp) LOD PV (%)? Add®
L PL 2 7.95 6.21 3.2 -0.55
3 5.18 3.90 2.6 -0.37
3 23.79 6.68 1.7 -0.43
4 13.92 4,50 2.3 0.41
4 20.65 454 0.8 -0.08
5 0.44 5.09 15 -0.41
8 17.44 5.37 0.9 0.45
8 26.99 5.39 1.3 0.21
9 454 5.10 2.8 0.51
12 0.69 5.19 5.6 0.59
H PL 2 7.94 5.00 0.3 -0.14
3 23.80 7.16 3.8 -0.66
4 13.92 6.00 5.9 0.82
4 20.65 5.58 1.2 -0.15
5 0.44 5.92 3.9 -0.64
8 17.44 7.54 2.5 0.88
8 26.99 6.59 3.3 -0.07
9 4.99 6.08 2.5 0.42
10 21.79 6.45 2.2 0.48
12 0.69 6.67 6.8 0.57
L PW 3 26.87 4.34 31.2 0.19
10 20.71 4.47 9.8 0.17
H PW 9 16.47 4.88 7.1 0.15
10 21.18 4,72 9.5 0.22
L PD 3 27.73 10.88 52.4 0.74
H PD 3 28.14 10.15 51.8 0.90

LL: low N; H: high N

2 percentage of phenotype variation explained by QTL

% Additive effect of substituting a “TNG67” allele for an “O. officinalis” allele
PL, panicle length (cm); PW, panicle weight (g); PD, panicle density
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Table 13. Single marker regression results for biotic resistance in AC population

Trait! Chr  Pos (Mbp) LOD PV (%)? Add®
14-1BL 1 9.06 5.08 0.2 0.19
1 22.02 4.46 1.6 -0.70
7 18.47 6.21 5.2 -0.86
8 27.69 5.66 7.5 0.75
15-2BL 4 1.26 4.65 27.9 151
14-1BPH 1 0.03 4.62 13.6 -0.90
9 14.78 4.56 14.6 -0.31
14-2BPH 1 22.02 5.53 4.4 -0.35
4 1.23 4.19 1.7 0.48
7 18.46 5.50 5.1 -0.43
15-2L-XF115 5 20.50 4.44 21.8 -2.15
15-2H-XF115 1 7.09 4.03 394 -1.75
4 33.80 491 14.8 2.35
15-2L-F89b 4 13.92 4.60 2.2 0.62
5 1.47 4.08 7.0 -0.94
5 18.15 4.98 6.1 -1.04
6 1.43 4.43 1.6 -0.55
8 27.05 4.76 4.5 0.72
12 0.66 5.36 2.3 0.17
15-2H-F89b 2 3.14 4.01 3.3 -0.76
4 13.92 3.78 6.2 0.01
4 20.55 4.26 2.9 0.85
4 27.96 5.58 6.1 1.05
5 1.47 3.73 5.7 -0.85
11 10.19 5.31 14 0.56
15-2H-SBAve 11 3.90 5.27 37.0 -8.19
15-2H-SBPer 3 27.73 3.94 13.4 6.07
11 3.90 4.82 154 -7.20

114-1: 1% cropping season in 2014: 14-2: 2" cropping season in 2014:
15-2: 2" cropping season in 2015; L: low N; H: high N
2 percentage of phenotype variation explained by QTL

3 Additive effect of substituting a “TNG67” allele for an “O. officinalis” allele

BL, rice blast resistance; BPH, brown plant hopper resistance;

Ave, spot size infected by SB (cm); Per, length (%) = Ave x100/PH
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1990 2™ crop  TNG67 x O. nivara

|

1991 1% crop F,

l backcross to TNG67
1990 224 crop BC,F,

. phenotypic selection,

; BPH screen

1996 2" crop BC,F;;(852T034) x TNG71

1997 1%t crop F,

] d—

» random selection
158 plants

selfing 6 generations

and BPH screen

<IIIIIIII

2008 24 crop Fyp (199 lines fixed)

Bl- ~ £ fe2 04 f5 O.nivara A7~ & 50 AA EHE 2 4R
Figure 1. The procedure for the establishment of AA introgression lines between
Asian cultivated rice and O. nivara.
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1990 20 crop  TNG67 x O. officinalis

l embryo rescue

1991 1% crop F,
ratoon for 2 years
(4 crops seasons)
backcross to TNG67 and
embryo rescue

1995 1% crop BC,F; x TNG67

1995 2nd crop BC,F,

1996 1% crop BC,F,
. selfing and
: phenotypic selection
v

2015 214 crop BC,F,, (134 lines fixed)

B ~ £ fe2 4 42 0. officinalis &7 # » k 5L AC *##iE = /i fz
Figure 2. The procedure for the establishment of AC introgression lines between

Asian cultivated rice and O. officinalis.
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Figure 3. Distribution of AC population agronomic traits collected during the 1%

cropping season in 2015.

GWHP, grain weight per plant; SP, spikelet per plant; FER, fertility
L, low N; H, high N
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TGW, 1,000-grain weight; SPP, spikelet per panicle; PN, panicles per plant;

L, low N; H, high N

56

doi:10.6342/NTU201800044



10

Frequency

)

10

Frequency

%)

Frequency

Bl =

L PE
X TNG67
—_| —
T T ! ! |
16 18 20 2 2
panicle length (cm)
L_PW
X TNG67
r T T I ) !
15 20 25 3.0 35
panicle weight (g)
L_PD
X TNG87
_ T
T T 1 ! ! :
p 5 4 6 8 10

“ AC %% 2015 & — B (L E kA T F (F)

Panicle density

Frequency

Frequency

Frequency

10

0

15

10

%)

0 2 4 6 8 10 12

X TNG67
— | —
T T !
20 22 24
panicle length (cm)
H_PW
X TNGET
T T J |
20 25 3.0 35
panicle weight (g)
H_PD
X TNGB7
EET 11
T T ! \
5 4 6 8 10

Panicle density

Figure 3. Distribution of AC population agronomic traits collected during the 1%

cropping season in 2015 (cont.).

PL, panicle length; PW, panicle weight; PD, panicle density

L: low N; H: high N.
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Figure 4. Phenotypic correlation between yield-related traits and grain-related traits in
AC population.

GWHP, grain weight per plant; SP, spikelet per plant; FER, fertility;

TGW, 1,000-grain weight; SPP, spikelet per panicle; PN, panicles per plant;
PL, panicle length; PW, panicle weight; PD, panicle density

L, low N; H, high N
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AC population physical map
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SSR+SNP vs.SSR physical map
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AA population (BPH resistance)
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Figure 14. QTL mapping of brown plant hopper resistant in AA and AC population.

BPH6 (Qiu et al. 2010), BPH12 (Yang et al. 2002), BPH15 (Yang et al. 2004),
BPH17 (Sun et al. 2005), BPH20 (Rahman et al. 2009), bph21(t) (Yang et al. 2011),
BPH27 (Huang et al. 2013)
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A A population (BL resistance)
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Figure 15. QTL mapping of blast resistant in AA and AC population.

Pit (Hayashi et al. 2006), Pish (Fukuta et al. 2004), Pi(t) & Pizh (Causse et al. 1994),
Pikurl (Goto 1988), Pil7(t) (Iwata 1996), Pi21 (Fukuoka and Okuno 2001), Pi24(t)
& Pi29(t) (Sallaud et al. 2003), Pi27(t) (Zhu 2004), Pi33 (Berruyer et al. 2003), Pi36
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e
1. Pstacks 4 45 in42

# stepl process_radtags

process_radtags -p file location -i gzfastq -y gzfastq -o output location —b barcode list -t 95 -c -q -r -s 20 -w 0.1 --inline_null -e pstl
# step2 bowtie alignment

bowtie2-build ./Reference/Rice_ MSU7_C_M.fasta ./Reference/Rice_ MSU7

bowtie2 --very-sensitive -x Reference/Rice_MSU7 -p 2 -U file input -S file output

# step3 sam -> bam

samtools view -@ 2 -bS P1-01.sam -0 P1-01.unsort.bam

# step4 sort bam

samtools sort -@ 2 P1-01.unsort.bam P1-01.sort

## combine2~4

foriinIs *.fq.gz"; do h=%xi%.fq.gzx; bowtie2 --very-sensitive -x Reference/Rice_MSU7 -p 2 -U $xix
2>Alignment_File/bowtie2_$xix_Alignment.log | samtools view -@ 2 -bS - | samtools sort -@ 2 - ./Alignment_File/$xhx.sort; done
# step5 pstacks -> cstacks -> stacks

foriin 'Is *.sort.bam; do pstacks -t bam -f ./$xix -0 ./pstacks/ -p 2; done

cstacks -p 2 -b 1 -0 ./cstacks/ -g -s ./pstacks/(sample)

sstacks -p 2 -b 1 -c ./cstacks/batch_1 -g -0 ./sstacks/ -s ./pstacks/(sample)
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2. Ustacks 4 #5742

# stepl add unique number and ustacks

i=0; for f in "Is *.fq.gz"; do h=%$xf%.fq.gzx; ustacks -t gzfastq -f $xfx -0 input sample sites -i $xix -m 3 -r -d -p 8; let "i+=1"; done &
# step2 cstacks

cstacks-p8-b9-0./-s./TN67-all_P -s./W33-all_P -s./W37-all_P -s./TN71-all_ P &> ./cstacks.log &

# step3 sstacks

sstacks -p 2 -b 1 -c ./cstacks/batch_1 -g -0 ./sstacks/ -s ./ustacks/(sample)

84

doi:10.6342/NTU201800044



3. e B TR

S _ -
Lane Sample name Iibr?tr)yp/))size Relzgé (()l];p) read length (bp) Qg)oolgz:ses Meagcgrueahty :ﬁazgigc(i I:r?hc;];):e%a?os
(PF) (PF) Phix
1 Rice-RAD-PCR_01 427 168,169,628 100 94.7 36.64 30.03 +/-0.92 116,970,451
2 Rice-RAD-PCR_02 430 151,124,042 100 95.28 36.81 34.61 +/- 1.39 98,558,434
3 Rice-RAD-PCR_03 428 168,299 485 100 94.55 36.57 29.61 +/- 0.85 117,828,105
4 Rice-RAD-PCR_04 434 161,544,124 100 94.99 36.72 31.16 +/- 0.82 110,437,298
5 Rice-RAD-PCR_05 430 164,759,252 100 94.86 36.68 31.31+/-0.89 112,553,370
6 Rice-RAD-PCR_06 448 161,759,756 100 94.9 36.69 31.75 +/- 0.75 109,707,107
7 Rice-RAD-PCR_07 462 160,976,799 100 95.07 36.76 32.61 +/-0.72 107,818,250
8 Rice-RAD-PCR_08 457 151,801,758 100 95.12 36.78 34.19 +/- 0.76 99,494,245
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R HETA

LG No. Marker Length (cM) Ave.interval (cM) Max.interval (cM)
1.1 61 27.44 0.46 3.6
1.2 116 71.80 0.62 12.97
1.3 392 238.00 0.61 4.59
2.1 2 5.09 5.09 5.09
2.2 356 179.73 0.51 6.98
2.3 32 95.97 3.1 19.43
3.1 1 0.00 NA NA
3.2 1 0.00 NA NA
3.3 13 48.11 4.01 10.86
4.1 201 137.73 0.69 15.54
4.2 4 0.00 0 0
51 1 0.00 NA NA
5.2 2 11.48 11.48 11.48
5.3 278 244.85 0.88 16.53
6.1 1 0.00 NA NA
6.2 5 8.19 2.05 7.59
6.3 13 3.25 0.27 0.96
6.4 34 20.83 0.63 3.04
7.1 9 13.21 1.65 10.95
7.2 104 129.19 1.25 13.65
8.1 2 13.76 13.76 13.76
8.2 23 8.16 0.37 1.61
8.3 7 9.04 151 3.37
8.4 29 30.10 1.08 6.82
8.5 90 42.71 0.48 3.08
9.1 19 20.64 1.15 5.13
9.2 12 18.57 1.69 9.58
9.3 69 57.79 0.85 6.5
10.1 254 84.60 0.33 7.34
10.2 45 6.22 0.14 0.7
10.3 12 30.36 2.76 13.19
11.1 1 0.00 NA NA
11.2 54 31.74 0.6 2.13
11.3 71 61.11 0.87 15.21
11.4 157 78.35 0.5 3.76
121 6 0.10 0.02 0.1
12.2 5 4.71 1.18 4.71
12.3 7 10.50 1.75 3.24
overall 2489 1743.30 0.71 19.43
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L EEQTL 2% % (AA %#)

() E¥oish
Trait! LG?  Position (cM) LOD Var (%)* Add* Cl (cM)®
FLL1 13 102.7 10.69 24.27 -1.98 100 - 106
9.3 51.2 3.79 7.78 -1.16 48 --54
FLL2 1.3 107.0 15.02 28.21 -2.52 105-111
2.2 0.0 3.46 5.49 -1.22 0-21
4.1 37.3 4.34 6.95 1.24 28 - 59
SLL1 1.3 151.3 12.59 28.90 -2.28 145 - 153
9.1 2.0 6.69 14.08 0.99 0-21
SLL2 13 145.5 10.15 22.42 -2.04 144 - 153
3.3 36.0 5.48 11.30 4.25 34-37
3.3 40.0 3.26 6.51 -3.36 37 - 46
FLW1 4.1 18.3 4.20 11.19 -0.04 5-16
FLW2 3.3 44.0 5.30 11.21 -0.05 39 - 48
4.1 12.0 4.30 8.98 -0.04 6 -55
8.5 31.1 3.88 8.04 0.03 0-36
SLW1 3.3 47.0 3.42 9.20 -0.04 40 - 48
SLW2 1.2 40.0 3.64 6.16 0.03 32-51
13 110.6 5.74 10.01 0.04 106 - 120
2.2 6.3 3.83 6.50 -0.04 0-15
3.3 32.0 10.12 18.84 -0.06 29 - 36
11.4 111 9.34 17.18 -0.05 10-13
FLAL 13 85.8 5.42 12.03 -1.99 68 - 111
9.3 57.0 5.28 11.70 -2.00 51-58
11.3 31.8 3.77 8.17 1.70 26 - 35
FLA2 13 107.8 6.96 14.43 -2.13 104 - 193
6.4 16.4 5.09 10.25 -1.84 7-19
1.3 107.8 6.96 14.43 -2.13 104 - 193
SLA1 13 190.0 4.54 12.04 -1.78 178 - 238
SLA2 13 216.0 4.01 10.71 -1.85 129 - 223
SPAD1 2 41 10.0 4.19 8.57 -0.13 0-28
5.3 238.1 5.92 12.42 -0.14 191 - 245
8.5 8.7 4.05 8.26 0.12 0-14
SPAD2 2 53 31.0 6.11 9.44 -0.24 27 - 43
5.3 178.0 7.35 11.57 -0.50 172 - 182
6.4 16.4 5.85 9.00 0.42 12-21
9.3 43.9 9.40 15.24 0.55 41 - 45
10.3 27.1 7.08 11.10 -0.36 25-29
SPAD4 2 1.3 173.6 6.40 14.84 0.80 156 - 176
2.2 134.3 4.33 9.76 0.66 129 - 161

! Trait: 1 means 1% cropping season, 2 means 2" cropping season in 2009

2 Linkage group

3 Percentage of phenotypic variation explained by the locus

4 Additive effect of substituting a “TNG71” allele for a “852T034” allele

®95% confidence interval, defined as the interval of peak LOD-1
FLL, flag leaf length; SLL, flag-1 leaf length; FLW, flag leaf width; SLL, flag-1 leaf width;
FLA, flag leaf area; SLA, flag-1 leaf area; SPAD, Chlorophyll content
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(b) #B&H 2R

Trait! LG? Position (cM)  LOD Var (%)®  Add* Cl(cM)®

GAl 13 94.8 5.89 3.83 -0.06 92 -98
2.2 63.5 4.93 3.16 -0.13 59 - 89

5.3 178.4 5.49 3.55 0.12 168 - 192

8.5 7.1 8.36 5.63 -0.11 0-9

11.4 23.1 48.80 62.76 1.58 19-29

12.1 0.0 50.65 67.24 1.64 0-0

MW1 2.2 63.5 3.34 5.79 0.91 62 -71
5.3 178.4 7.79 14.41 -1.29 175-182

8.5 5.0 5.50 9.84 1.04 0-18

9.3 8.0 4.66 8.24 1.00 0-23

MMD1 5.3 178.4 6.51 11.29 -5.13 137-182
8.5 5.6 7.24 12.68 5.18 0-11

9.3 12.2 9.74 17.70 3.90 9-15

11.2 15.0 6.18 10.67 3.01 9-29

BP1 13 45.9 33.96 S7.77 3.05 45 - 48
1.3 55.0 32.20 53.23 0.00 53 -56

13 61.7 25.57 38.00 -3.36 61 - 63

MP1 1.3 95.0 3.69 8.45 -0.78 41-101
5.3 186.1 6.69 15.99 1.11 185-203

WT1 1.3 74.1 8.18 18.95 0.17 49 - 80
2.2 0.0 4.33 9.48 0.14 0-3

Amylosel 5.3 244.8 8.22 17.04 -0.14 231-245
7.2 105.9 4.10 8.00 0.09 101-112

114 3.9 3.98 7.76 -0.09 1-35

CP1 8.5 2.4 7.13 14.02 0.13 0-41
11.2 23.7 7.83 15.56 0.14 21-28

11.4 125 8.08 16.12 0.14 9-18

Tranl 2.2 71.0 7.21 14.46 0.92 55-95
3.3 33.0 4.64 8.96 -0.74 27 - 37

9.3 32.0 5.97 11.77 0.84 7-37

1 Trait: 1 means 1% cropping season, 2 means 2" cropping season in 2009
2 Linkage group

3 Percentage of phenotypic variation explained by the locus

* Additive effect of substituting a “TNG71” allele for a “852T034” allele
% 95% confidence interval, defined as the interval of peak LOD-1
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6. AA *E# M & 852T034 2. & F14| KA @

— . nivara
— TNGB7
Heterozygote

30 7
20
10
0 -

Mb23456?8 10 11 12

40 4

89

doi:10.6342/NTU201800044





