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Abstract

The root system architecture and the related traits are
important factors for moisture uptake from deep soils.
Information on QTLs controlling rice root system
architecture was collected from the related papers and
databases. A genome-wide meta-analysis was
conducted on the QTLs using data from 28 independent
QTL mapping studies in 38 different rice populations.
Among the 312 QTL regions that were mapped on the
reference genetic map, 84 and 228 QTL regions were
identified under normal moisture conditions and
drought stress, respectively. After projection and
displaying the QTLs on the reference consensus map,
the meta-QTL analysis was performed using
BioMercator software version 4.2. A total of 69
significant MQTLs regions were detected on the 12 rice
chromosomes. The identified meta-QTL regions
included 5-32 initial QTLs and reflecting multiple
QTLs for 3-5 traits associated with root architecture.
After evaluating the confidence intervals and the
number of initial QTLs for each meta-QTL region, 23
meta-QTL regions were selected as the most important
ones and the genes located in the MQTL regions were
identified. WRKY, ARF, IAA, EXPA, WOX, HOX,
YUCCA, RHL and NAC were among the important
candidate genes involved in rice root system
architecture, which were located in the MQTL regions.
Interestingly, 60 MQTLs were co-located with SNP
peak positions reported in rice genome-wide
association studies (GWAS) for root morphological
traits. The promising candidate genes and MQTLSs can
be used for genetic engineering and MQTL-assisted
breeding of root traits to improve yield potential,
stability and efficiency in water deficit environments
for rice.

Keywords: Candidate genes, Drought stress, MQTL
regions, Root morphological traits, GWAS.

E-mail: shobbar@abrii.ac.ir, sdezhsetan@uma.ac.ir

S Cushy il gl O b ks Slis s oakyy i GBI
L e GWQTL « by e Sledbl . bijls (6305 Cuarl Goos LS
L glaesls oL 5 Ve 5l @ Gldey e LT L
o3l L LQTL ool (65, p55 JS low 3 BAHIEARRR L;UTCQ
il Comer YA 53 QTL LLOKG L asdllas YA (slacsls 3l
o S5 A (g5, S QTL 4L ™Y 0be 51l el
5 by @ole Bt 5s oo s QTL 4l YYA 5 AE s S 13
i gy b QTLIGD 5l ey Loy sdd globs S A0
i el BioMercator i3l 5 s .S, « L QTL Te o il 5
@ e S VY oy Jsgre MQTL 4t 19 sl § e 52
s oadst QTL ¥y G o lls MQTL _~ly was lts
ST B e Cdo gy b oaw gl sdeze gLQTL s Sae
&z adsl GLQTL slaws 5 Slaabsl ol b s 5 51 oy i ae
MQTL 15 o Sper Olseas 40U YW MQTL 135 51 S a
Sk plubs LMQTL nl essiome s @35 sl 5 S
15 03 S G At e ST 3 s IS Gla0S e
ARF WRKY (cleosl sl 51 saos a0 0l 5 e Lails 51,5 MQTL
55 o,z NAC ; RHL .YUCCA HOX WOX EXPA JAA
Sldlas 3 es 5,18 GSNPeass L MQTL 1 oKL
Er oo sy e Slie gl GWAS) e55 5 bl
Wl e MQTL ~15 5 isudel Come o) il Sl sen
il 350 s LMQTL e (0150 5 S5 e 812
S a2 oS b el glakae 53 LI 5 solal o Slee

L, 515 eslizl

lio MQTL _~15 b lad) ( Sit i3 1 6ols” (slaojly
55 JS Pl ladlas calyy

obodd Bl o sl Loz Jgtus (B diuy s *



Kinandang o3, 5 Jl Jolbs Cured oy
IR64 5 (Suid 4 Joxio g ros 4dy)) Patang
a4 ol g (Al Lol )
4l 5 QTL bl 5l oolizl b 5 ((Suis
' 1, (Deeper Rootingl) Drol sb 4 wee (5
o gl S Sl 1) 29 5,5 adu, 4l 5
S5 ol ol Jsl b &8 15,8 oS Yoy Lo
3850 IR64 8, & Kinandang Patong o8, ;|
ol ady) 4 cani |y (b glaads) 4l Kad
Mg S (SOS b e laady; 5 il
bulpd 53 g deyje 3 asu)ly @iy o Sles S
Sogbos 292 3poledipe Yoy bawgie (Si25 i
oy i il aoys Yo dgas B a5 Sloe oS
(VAAA) o )Sen ¢ lgsuss (Uga et al., 2013)
pb 4 QTL <o WY pojgesys il soik 595
5 adyy Job SIS L &S 208 e pUPL
s Gamuyao g bie yewd ol SLK
9 93,5 (Shy o b 0F ul (VIY) ollSes
S 3 o5 ol Jsl L sl YPSTOLL I ol
IR64 ,l5.dss o Kasalath pb 4 08 au)lg
Sits g ol Lty Gl et cely
e g (S35 5 Jsb SR i,
anl K (Y10) ohlSen 5 Li s (glady,
b4y adyy Job g cubus oaus Jms QTL
sy Jole K S A0S olulis 1) gRTI
S o 5, 1, OSbHLH120 sb 4 "bHLH
s 4 Jood sbadld (pee Sl S
2 adyy Olie L)l @y lpa sbaby )
Lo el (S8 25 5 gy Jloy Ll
5 B3l o ol b lasye lio g lalS s 4y,
9 uT CJL.A Cudgdone ’LY u.‘a.’l).w 2 u5.Ua.a Ay
WYl caenl 31yl demg plde blee Lls

2. Phosphorus-Starvation Tolerance 1
3. Helix-Loop-Helix

o

400

Srnte 3l S (Oryza sativa L) zp
IS S g cwl e ple Y g
Py @p 28es g ady Sl Jelge oS

Py gee ol Sle My Sl ax
L)""“’ dJM.QA ARIAR JL.u (1LY 2D 0 uL.w Ltbo.))ﬁ).g
WU cos e cutS BB b pe; i oy B+ 5
(Singhal et al., 2016) x,5 » )8 i i
55 s Lol Jolss 51 (RSA) (sl s
5 2l g Ol Slus a4 dogr b ool bl p3 wi,
by u_i.o aes u.b..}u Lg\.muiu}' C;J)S‘l
Gk 3l sy s il (iloaiae (lalS
sl w350y S gy (Se8j el
Cuol odds adlis ely; OV qame Mg iul3dl
& Adyy kg (gwped Sy cel wxd &S
hs olie s O Gla oy S Gilises oY
I s el Gl s @p e )Y
& G )] Ay 08 Bos 4 2095 b eler Cumen
b3 bl ey pae dpply S oSS
Uga et al., 2015; Bishopp ) cuwl gy ,» Mo
(& Lynch, 2015; Guseman et al., 2017
Jsb g ol ady; Jsb g a3, lie e
"j ol ufb/u.mf 9 d.g.sl)' Ay y ol
Gl 0)byd (3asite b hylyS eSSk e
5 SAsbALy) (ol adyy L3y ol RSA
Sl Gl 5 ol plxl @ ol
L b)) o (55 sleased 5 155 o) S
(Uga et al., 2015) wlo>yS' yasin |, RSA

1. Root system architecture



av QTL 56Tk 51 o3l b gy sy s il b Laiyo (so555 coolSils oy 1S 5 by

CLQTL & cul oals lis oo ol dwolis Jg
s cbboe ) chao Sl Slate
oslezwl b .(Chen et al., 2013) cul oas (535
Oldlas 51 5y acgeme jl ol slaodly
hsy e gl 3 QTL (e
o sl e b lgiee | QTL sl
S8 a4 adly QTL 5.8 Cusdge ¢ dlaxs
dols Jials b Mg crizmen (bl pls
h @l sl s b (55 slapSe il el
pleal dlgy gy o lgisa bl ams 33l
Oms g g ddllas S > calisee il 1 aosl
cod LQTL 5 by o Spde e
w3 sl s > (Goffinet & Gerber, 2000)
b ki lio adles ly 3k by,
Gl odd odlaiwl e Ady, wlidcow,
»oab aSlee oy QTL ik adlas s
Ty 2 adyy Olaw (Swamy et al., 2011) gy
Courtise et al., 2009 Daryani et al., 2022; )
v,y olas (Mirdar Mansuri et al., 2019;
Darzi-Ramandi et al., ) b pa8 > ady,
{Prince et al., 2015) Lguw > aiy, wlas (2017
Zhangetal., ) o > cuwj pe slo i & Jooo
(Guo et al., 2018) <> > ady, Slaw 4 (2016
e SR ] oy ) cal ord ()l3S
el adyy Clie (Suis 15 byl we
Py SUS (g g Ay > iy Jobo ST
3 e o)y bl 4 i b5 (S loj
5 Nall OsPID WOX11 DRO1 dak>
Aoy (Buy Olao S0 Cas &5 w5 OsIAZL
Li') 3395 dly 350 Al oo (oo Laulpd & Jood 9

[(etal., 2017

5 &e3S «(5ygld)S Jolis Limgh opl Clual

1. Confidence interval

4> b (Sharma et al., 2011) Wil o Jl3)55
JSKdo ) Slae o) slbSuss Sl @
oy (o3bj glos b asyze Ll g nplej
Ol & 508 g 2lop slaplil 4 Cos s
>¢>9 b .(Manschadi et al., 2008) cuwl ous
@dyy By Clae (S@i SRS » S
QTL sl boe jl oolatwl b slacd iy
=h sbaS p» wae lacs) byre sy
S e i sl 00d ol il
dSore Sy )y Slao oaS S sLQTL (4l
S s 5 3 Slee Gl 5 ity e
{Steele et al., 2007) g caliseo pB)l 13 g0
Burton ) <, (Arifuzzaman et al., 2014) &
Maccaferri et al., ) pg,95 5 5 (et al., 2015
P Ay e Gl g jelCuddse (2016
&b i bices Clio ple uiles (ol
b bsye 55 cbolle bl cplply b e
ly ol e (ol s U Wlgh o diiyy Claw
QTL cllas a8 KaS adyy Slaw dqg
i b adny b lasye lagy (Sep oimalis
IS ol ol & Lo o)) bS5 Shee
oS (ol 3,Shos s 3 ) Slaos Jlats] 2
SaMS b Ko (Steele et al., 2007) col
ookl b oS cliv eSS clag
shb Wy e Gl sadiie e
bad Sladlas cpl &S opl ol sl  slacydgis
US o bl 1y Wly 9 3 ond S8 sl I
0aiSdgame Jole pegy .(Chen et al., 2013)
3 el eslatl b s QTL Slolis (ly
55 sbAdE zedy p Gli (38 Jb
&S oyl pow (Chen et al, 2013) wsb
oz b o QTL L Lo lallas 31 (5l
Oldllas oyl da STl oids ploul alisee laxs
Lelsily oaiS S sla e Slolid & auiles



5 p9isesyS 55y QTL Cusbge QTL o Lol
wQTL (4l )JL:TLA gl il Coazes dlaa
Ok.uojo] dJ..olé 5\5 d))l}c ).) .Jj)y u.d)}.w.) ).) mej
A ookl dold we sis 5 @Yo ;o QTL
5 89 & dg bosds gl QTL 2 (gl dop

23,5 25l 05 by bl 2 e 0l

for F» and BCCI :i )
(R?xN)
for DH linesc) =287 (v)
(R*xN)
for RILs and NILsC| = 163 (¥)
(R*xN)

QTL 2 (dlyp liseb! alold Cl g 5gid uilylg
Sl ) daly adle (Bgestle soly polul
g BC ¢ F2 clacyses lisebl dlols duloe
by il .ol o &1yl (VAAY) Darvasi & Soller
(Guo et al., 2006) DH (sl Y curex (glp ¥
NILS 5 RILS (sbyy¥ Cuses lp ¥ abay 4

3,5 oslazl (Visscher & Goddard, 2004)

&0 g ddids o]

Voo¥ opl (Swow add | adlas opl o
oolitwl x> pe adds ylgicas (McCouch, 2002)
e & SSR S5 VPRY el adis (ol 05
bugie b ()50 8le WATY Job L 0 VY
OB 90 8l V¥ ply jglme [SOLES 95 (0 alols
huBye @y Al QL Ly Al e
alols 5 ud plosl (BBly5 add (g9) LQTL saoxe
035 3,91 QTL jo el

LQTL ;Ui
@y A8 g9 BQTL obcwsdse 5|
2 sp QTL (bads 4 a2y b ik
BioMercator  li8le 5 5 eolatwl b pgjaeg,S
s>« (Arcade et al., 2004) V4.2

P9y 3l ol b @y glapoises S g9y (slady,
wilise Oldlae 3439 b sl o QTL 3JUlks
By Slao ¢l QTL 5Ulke 2g) (55 K,
oo olod aallas pl o il o VooV Jle
A5 Syglaen YoV B Yooy Jlo jl ady, QTL
ouiS JyiS QTL I was cleMbl gols &S
LSL“OS aslllao Oi‘ 3 Oored Lol TR P Ay
W gl MQTL sl (dluals
855 plonl Il glagyj oSles g (bl stun
Slasel BB dwslis Jupws ;3 Slg o Juols gols
adlloe @iy 0 Hlaidyee Slaw b gy QTL
ORped 5 Ay (J5u) Slio 3 Fe sba] ael>
9 oMLs,L»L.w u?u.uo LSLQ’U) ‘jAB.) J?m d‘.u)[u.&}

D9 &ly $5e byl 5 ,Slee o yiw

lﬁvﬁg) 9 .b'g.o
Olho uiS J S LQTL wleMb! g,9laes
Jwe Ol 1 aidy

YoYe BYeo) Jlo jlodd ptitto & Vlis (gqocius
adyy piagw il Clio b lasye GLQTL
(SIS g Sugk) Jloy bl cod gip
P Br ady By clie b ke QTL
(SSR o, Slis I eolaiwl L) caliseo (slacunes
logas b iy cho & das Lad gl sl
el (S5 5 g ey Sl Lalyd > 4
sy s (RL) ay Jobo (RN) w33
lo @ adyy Job cuws (RV) ady; o (RT)
sity K o (RFW) 4y gy (RSR)
s Colue g (RGR) iy 45 ey (RDW)
p Mol i8S 15 oy 3y90 (RSA) aiy)
Ol Cdo £95 pojgessS ojled dlex 51 QTL
Aol LOD o (R) (g by o



2 QTL 56Tk 51 o3l b gy sy s il b Laiyo (so555 coolSils oy 1S 5 by

Syt stirsdst K5 4 BQTL 5o 5l
MQTL (bl alols 5 QL °Sy ahais o
byl Cogiae paew 45 GBQTL uixen 5,5 )5
oo & 09yt w0y F+ J MQTL e3gicno )3

A 03l e MQTL

MQTL (15 slagy o lwbind

MQTL (slp 3 485 )15 by alulids (ol
Wk 55y dbgrye LS Sy wad plulil
Temnykh et ) suis jasuio odd edlawl (S35
http://archive.gramene.org/ ) (al., 2001
b scusdse s (Markers/microsat/
Oryza sativa gy pgi5 53y 5)LS slo, Sl
NS e Japonica group (IRGSP-1.0)
5l eolawl L (Kawahara et al., 2013)
MQTL jo 5,8 sl ,Slis (S jub slacandge
Biomart s, 0 (S5d aope 4k (g9,
https://plants.ensembl.org/biomart/ )
L olelis Cocie slays (Martview/

(GO-Analysis)  owlui swmd U]
5hooolawl U MQTL sl > 39350 (slays
s p we  AgriGO 20 KL

(systemsbiology.cau.edu.cn/agriGOv2/)
ey bl 2 7(SEA) Uil 5 4309 I3l bawsgs
Shgne ghaw lgsa P<fo0 (i) byl
Obgy jedlisl b Vyid 88> el (i) g (o)l
Sl 9o el bawgs o Slpidy walais
0903 cpdiz DN Gligen e S
(J5s0 sl Sles (gloog)S ;> atly

B gl Joko clinl g anj slaan] )

5. Peak

6. Singular enrichment analysis
7. Fisher’s

8- Benjamini-Yekutieli

cwl  Meta  QTL  aly  (slapn X
Sosnowski et al., 2012; Veyrieras et al., )
9y LQTL slw & asg L .ab pbsl (2007
5 o3latl jIUlke Cilies (B9 93 51 dmpgigeg S
Vool g8 adgl GQTL sl a8 o)y 4o
g odd dloidy ey il ooliel b 5Tk g
sl ,a gly s pbol Goffinet 5 Gerber
;l ealazwl L BioMercator v4.2 158l s MQTL
Sl Giol)l cp 5 eie F 5 ¥ ¥ O cla Jse
35 a3 el @i S ], LQTL
Sl ey 5l edlitwl b gyl xe paw oS
olel sline Sy g D9800 e T e
bl pasie |y Jao oy ST g5
Ohily 2958 Llemie lp s)lme ST Jlas
o Gl Jho cnyoslhe e ly
3 Sl AlC Hlade o S (glyls &S 20 i35
3 e poigesyS oy LQTL sl &' (63)l0
o Veyrieras (olade gy 29 QTL V-
93 ey cplowlly ab edlawl (YeoV) o Ker
do e 13 e e plonl QTL blke cas b ye
L pojsessS o g9y oddisyglaer SQTL Jd
Ngbiso (sAades IBley 4o P0ke (slajiell
» o9l GLMQTL (Se55 cusbge 9 Sl g
AIC AIC des jl Jto LinF slojbre ol
S Ml jlae (AIC3 5 AICC) sdpusuas
Jolos b Jae 395 o0 3)5l s TAWE jLae 4 "(BIC)
Jols oS 5950 sl 0ad 390 (slayline plio
MQTL aig Jdo loicas jlzo & 5l Jlae ¥ o
o O] alols ¢ gas als e il odd sl
sadobsl augy Jio bl p MQTL j» Cusdge

1. Gaussian distribution

2. Maximum likelihood

3. Bayesian information criterion
4. Approximate weight of evidence



S Jols 25 FVFF g sl gye Gyl YY
ol s eoalatwl  SleMb C')‘m‘ dlﬁ
P g Y YA U FS lond obais slacures
Singh et al., 2012; ) 54y yuxite cilisee (gla Jus
oigy adles ol ,> (Catolos et al., 2017
Slas | gy QTL 4l VIV Lolol bk
K3gr ok sl adgl QTL ¥YY 5l &5 RSA
AY cpga QTL 4l YV le I b plox]
@ slaio QTL anb (1oyd YY) YYA 4 (102 YY)
S3) 350 (S 5 5 gy Jle Ll
(Curex V) F2sbacumos Joli pols aslllas ()
el tag SoonY (Sumex 0) 5 W
£) sadciclae Wdghla (Cures VF) TS iy
(Camox #) "Ghonl i 5 05 S nY 5 (Curer
sLQTL (isly 5 iy oS (V Jgi2) 29
b Ui @ pojgessS odjls> oy Adsl
@ by add GLQTL  Jlghd cpjute
Spgises)S & bge ol yeS 9 (N= TA)
553 (1= YY) C5 4 (n= 0) C12 (n=¥) C10
Ol ks ol Ll QTL(Y Jois)
2 gt @y slapgigegsS 59y ddny ot
@y adgl LQTL sliw 505 e cale,
colus gy 40l ¥ 5l RSA cliv jl S o
Slas ¢l QTL (1oys VOIY) ¥4 41 s 4
JS8) cadls J8 (ada) SS9 50js) adey 0js
(R?) gt ilfly o (¥ Jgio sl ¥
L sop YV B Y omd”]@;- <WLQTL
15 LOD o505 ¢ (il ¥ JS5) sum 3 VWIS Silio
pxio OIY lawgio jlde b YVY U Y/V odgie

e aed wibyly Cand (o ¥ SS) g

2. Recombinant inbred lines
3. Near isogenic line

MQTL (o155 pam 5
el GbMQTL 5 QTL (2ly (S8j Cusbye
Nley 5l odiiel b gy peigesS WV (sgy okd
uwlo.: sly sOﬂ‘ » 09)4:— W POV MapChart
» goplot2 (S35 ai jl dbgipe slojloges

A oolatwl R lasre

Sy pei5 JS b, Slalllae SleMb! du o
sl ot lis sBMQTL U aiy, wliw

lis | Lasye (GWAS) o JS bl cldlas
G e 9 Soglesr @ > by (Sejglsbse
Sy dais 4 (Daryani et al., 2022) cé5 3
lolid (sly ady) Slao by Lag e SNP (la Sl
Sy S8 ey MQTL (g b Sligen
s, Slis (+/ - 25 Kb) Sy alas odgxe 4> lg
o3 oo 4y g b ady) Sl | Layo SNP
Oryza sativa Japonica ) zo p a> e po3; 5 )|
Meidig (sl N gl (group, IRGSP-1.0
2 J8 25l slagi npimke Sl (LSS Cunpd
2 &l slogys STidl | adyy s Gl
o ¥ 5 S olueb] dols L MQTL sy
S Sbcudoe > cdy 4 & by 5 ()
Qb L adey il olaw b by SNP
A oolau]

oI ]

S9y Mol LQTL L&S1y 9 Auogs sbde,bl

Tr SRey 99,5
a3y ooy (slaoll 9 Ylie j3 dgn g0 (sl 5 )l5S
&y9laes sl (http://qtaro.abr.affrc.go.jp)
1 @ RSA il | Lo ye cbQTL cleMbl
AR emop D9 (St g Susk) Jboy kaulyd
ol a5 o adlllas YA 3lass () Jgas) w3 3

1. Genome Wide Association Study



V) QTL 5JUTe 31 o3lil b g8y Ay v T b oo cosi5 colols yess 20ylSad o Sl

Olis dop Vel ity RE ol fuos 0Y)

plhe YU g b QTL (ot Y JS2) 3l
L (RDW) aiy, Kid ()jg Cabo 4 bgsye R?
Liang et al., ) sp 0oy FF/Y gd bl

(2013 QTL AR &5 Jbsjd cidly ol aopd Vel S

70~

60-

a1
o
|

Number of QTLs

N
o
|

10-

B
o
|

w
o
|

13

25

C1

15

15

Cc2

C3

12

29

C4

Slyp QTL asl VWY 5l &S o by ol
90 RSA clic plas Jlai I lag] (saas,
Al VOV ol ggemme o 85 18 sdlatl
R? ;olie QTL asb ¥IY I (ao) ¥4) QTL

7 [ INormal
|:|Water deficit

62

__
ois

c7 C9 Cl0 cl1 c12
Chromosome

S G g gk bulyd )3 mp lapgises)S 59y adgl LQTL wjgi .V S

30-

Value

20-

PVE

LOD

RSA- A) Mre<o
w RsR- [ ] [CIRr2=10
g e 8] o |
gRGR- D I
2
2 ROW - | 19 | 14 |
o
E
= r- | 1] & |
(]
T ore- | 44 I
RV- | ¥ | 3 |
0 10 20 30 40 50 60 70

Number of QTLs

2oy b LQTL slass (@l .ady, 5, Slio gy QTL obolKe adllas YA §l oadigyslzas sl sls QTLEAMLLY S5
fady Job (RL tadsy oo RV aly) a5y, Glio S8 4 (R2<10 3RZ210) duoyd Ve 51y 5 5iaS dgid wibylg
S (RSR tay 559 FRW taty sluws (RN ety 1) s poo :RGR tay, Sits o9 :RDW taty ) caslies :RT

p3lie 5 (R?) (igid puilyly oolie 28y gy e 3 g () s conluas RSA 5 2Bl & 4y Jgb
o.\.«.‘&d”i@? «sQTL 5 LOD



g5 9 QTL blus cpyiie b MQTL (ol
SlopsisesyS 59y adyy it Slao I s
o) lis dg: g¥ly g g5 o C7 o C4 C3
o b bsye QTL _olg 45 sb olis aslliae
@ g Cuild 299 MQTL asl ¥V o ady) oo
15 ainy Job @lio b b e cbQTL i Jlos
asl Y8 ady cwebus MQTL asb YY
MQTL asb ¥ 5 adu, 5, cae pw MQTL
5 ois MQTL asli ¥V s ay) K23 o
Al Ve aduy ol MQTL 4l VY jd ads,
MQTL anb ¥ 15 4isy gdaw crlune MQTL
MQTL 4l £ > a8lo & adyy Jsb cond g
Olizebl adlols (Y Jouo o ¥ JS5) 35 osnlie
WIS b +/AY §) ans plulis <MQTL (CI)
Cuwddy G550l OAY (1:Slo b (5 90 5L
I FSesS iy YIVY (Sile by & il

391 4g) SBQTL lisabl alols 5 Sile

2 &l sy owlnd gd Jooxi g 4320
A y Oloo g1y [X W) u.luw MQTL >y
sl slp (GO) of el s il g 4300
L iy MQTL asb £ » é§|5 om@bm
sl p pyiete b plml dds) i i)l
ClaSy Sl clannlp Jols Jd>
6L°J“-")B -y dLmoMWJa.u €C)59 yid s
Wland  Splie  (mgyy gy Ol
Sdalie ol o RNA Sdgbie glassl
P x5y ok lipl cpp ol Wde g S
319 Bpgigny w9 Jolw dtwn @ds; Slaw
Clled 0g)S 4 lgs oo JeSdge sl Slos oy nte
Jodl 4 Jlal g e wjelSs 4 Sl

.(\‘ JSW;) 3)5 oLl .\09:159;9»)

1. Gene Ontology

U i wle saisuws wQTL LIk
T by i (it
QTL ¥IY ;I MQTL 4l 52 slis ggemms
&, S il L RSA clis gy als
B poiessS ol 5l S 5 MQTL
MQTL oy (¥ Jots & JS5) 50 olules
103 AD plisabl b AIC ppolie oy 5208 Lol
Shai L aS jasuie g8y lapgjsessS Ao (s,
MQTL & b o 5l pojgegsS o > WMQTL
P939295 s MQTL ALY pgj9e9)5 sl i sy
QTL sloosls 15,8 ol MQTL Y L -
P Ep sbpgigeg)S der &S 3l L e pledl
2y L ady, dilee oo Sun S
by GLQTL (sol> baid V- pojgeq)s & J>
» adgl GQTL sl e (RV) ady)y oo b
aslb YF » QTL 4 ;I MQTL asb ,»
&ls MQTL7-3 4ol ;5 QTL ¥¥ b MQTL
TR (S5 Glaebl alols bV pgieeg)S (s
ol 3 Sile ) MQTL _slgs ples 5 olisabl
S MQTL ) 4 ceniio 6QTL el
[ Jpie) MQTL 4 ¥+ Sozb Jolsd 55
Pl ol & ab oyl b Ko Kl S
me P95 >l olesa Gl 1) MQTL
By solail 5 2506 slay; Cbsl cas
P by Gy Clie dee lp KL » e
258 4wy

shl MQTL4-7 4 MQTL7-3  »lg
bapgigessS s9) &y adgl QTL slaws oy it
Adg QTL asli V0 oYY L ey C4 4 C7
S GIMQTL (sl a4 conitin diiyy Slas dlaws
Cho gy b MQTL asl V0 5 ady, cdo

O rede g yxio MQTL 4l can )0 ady,



y-Y QTL 5JU1ke 31 ookl b gup ity wiaw Lol b bdye 0955 (slaolSols oy 10, Ken 5 by

Chr.1 Chr.2 Chr.3 Chr.4
RM7585
RM6464 RM6800 TELS RM537
Ge RM7622 RMos40 RM335
—o RM1282 RM7451 [Avisyes RM2416
- 5 RM3145 RM2770 4 Jaives RM8212
RM6340 RM6225 RMoass RM6487
— 10 RM6515 | ] RMS5529 Ve RM3471
o RM3740 RMad0s Moo Hw SV
- RMG873 RM6067 5 RM7279
2 e |l e/ e
RM3195 RM7200
— 25 RMm7241 | | I} RM6230 } jaiviesed RM5688
- %0 RM3174 RM1347 Rvoaas RM6314
RM5443 RM6233 jAtveness RM3643
35 RM1201 RM2514 AVESTES RM1359
o RM5800 v RmsToe | v
- s RM6685 { RMvesss | [J+ RM5944 RM6997
RM1151 RM1358
RM1284 RM3337
— 50 RM6466 RM1106 RM7a0e RM3524
o RMB046 R308 Ve Avszsa i |
RM3627 RM3178 AV RMG540
— 60 RM1287 RM6611 Rvass RM2848
- 65 RM8094 RM4499 RMG959 RM1136
= RM493 + RM2634 RM?2835 RM3735
RM140 RMB252 RM1018
— 75 RMB115 RM6023 RM7403 RM5320
— 50 RM7075 RM3688 RM6881 RM31
ey RMS5638 RMG056 RMG283 RMG089
= RMiesse RMS430 RM2346 i mios i |
— %0 —{— RMmes80 RM3874 RM3646 Riaa’
= o5 I— Rmses3 RMS5804 RM6266 RM3276
RM7056 RM106 } RMG425 RM1100
— 100 t RM3730 | RMS5626 RM6255 {
105 RM5919 RM72 v + i
- [ RM3475 ¢ RM6366 4 RM605
e Rhes? f Rireses vt fh
— 115 [ TrRm7318 RMS631 RM3844 RM1113
=120 I\ Rrmsa97 1497 RM2614 RM7410
N Trm7419 RM3685 RM1350 RM3399 |
125 TN RM5084 RM6295 RM3856 RM3332
130 N Rmi152 v | RMms525 RMoa73
- 35 RM3411 RM3857 RM2393 RMSS59
RM3632 b RM8255 RM3199
— 140 RM5501 RM3302 RM3867
=145 RM5389 RMS607 RM6090
RM5448 M5300 RM6084
— 150 RMS5421 RMS612
— 155 RM6504 RM5804 RM3684
= 160 RM6292 H RM3542 RM5665
RMS529 RM3650 RM3585
— 165 RMB048 RM3850 RM3586
=170 || Rme0ag } RM6312
175 L1 |rme1a1
RM6407
— 180 —— rRmes31
Chr.5 Chr.6 Chr.8
RM2344
RM1182 RM8107 RMS5911
RM4838 RM8109 AM2650
—o RM5693 RIM8060 Rz
= RM6209 RMS07S ||| RM3309
RM2010 ruston ||, firviered
— 10 RM5796 RM3805 RMB8005
—15 RM73021 RM6536 RMa00s
RM2585 RM4608 Rmsoss T
—20 RM405 rm21z6 || || Jitviasd
—25 RM6053 RM4173 RMiaazs
20 RMS5874 RMS5981 jivisiad
RM3853 RM7023 RMo0%9
—35 RM3328 RM3125 RMsaz2 | |
— 40 RMS5994 RMg240 RM1111
e Fies R it mak
50 fivizso RM3183 RMoaso
. RM6082 RMS5745 RM3214
RM3381 RM7179 firviered
— 60 RM6645 RM7193 i Ve }
=65 RM3838 RM3187 | RM7027
RM598 RM3827 RM4815
—70 RM6024 RM4447 I jvessad
75 RM3969 RM1340 jirviseed
— 80 RMS211 RMm7STe RIM8264
RM3695 RM7434 RM1109
—85 RM4674 RMS5957 t RM3450
= 50 RM3351 RM6071 RM5637
RM3800 RMS371 1 RMioe
95 RM6954 RM3567 RMas62
— 100 RMS5642 RM6395 v
= 105 RM6054 RM11 javedised
RM3870 RM5988 RMS353
110 e RM7243 Mo
— 115 RM5970 RM1370
b RM7081 RM6926 H | eos”
120 RM3486 RM6224 RM3754
125 RM3616 RM3343 RMaoge
=130 RM6200 RMS5814 RM6845
RM3170 RMS5463 RM3496
—135 RM7423 RM494 RM4153
=140 RM1054 RM477
= s RM3068
— 150
155
— 160
— 165
—170
—175
— 180
Chr.9 Chr.10 Chr.11 Chr.12
RMS5095 RM3717
RM7492 RM3668 RM3483
° RMA4413 RM6370 RM1240 RM8214
RM2855 {1 RMS271 RM7567 RM6288
s Sheers el ez
10 RM7545 RM6085 RMm247
1s RM7390 RM7217 RM1124 RM3472
RM3912 RM2125 RM5599 RM491
20 RM1896 RM6E646 RMA4504 RM7619
2 RNise Shesis v v
RM6475 RM8138 RM116 RM7119
30 RM7039 RM2887 RM6894 RM7003
35 RM6E839 RM3311 RM3103
40 RM5122 RMA4455 RM3701 RM2935
RM3700 RM1083 RM6115 RM2529
a5 RM7424 RM596 RM4862 RM1261
oy Rhraes Ve Vi Rvazes
RM7175 + RM4915 RM6091 RM5341
55 RM4692 RM5304 RM6272 RM1986
60 RM2190 + RM184 RM7303 RM309
65 RM1553 RM2433 H RM6869
RM5661 RM1375 RM457 RM4589
70 RM3164 RM3470 RM5349
75 RM242 RM5620 RM2110 RM1103
RM6251 RM1873 RM4601 RM5609
80 RM6460 { RM6150 RM5997 RM6410
85 RM5403 RM5629 RM6965 RM3226
%0 RM3808 j RM6469 RM6440 RM6265
RM6570 RM8202 RMA4069A RMa552
95 RM288 RM6691 RM4069 RMm17
100 RM6643 RMS5352 RM7240 RM6037
RME971 RMA484 RM7654-2 RM1227
105 RM2144 RM5666 RM7654
110 RM1026 RM3123 RM6293
115 RM205 RM6016 RM6094
M591 RM2136
120 RM2863 Sh10
125 590
130
135
140
145
150
155
160
165
170
175
180

slopgiseg)S 59y slds) wius ST L ladye laio (gl o0l plolid bMQTL alsl cloQTL cosbse ¥ S
b lasye SQTL S0k bapgjges,s LS 53 (s3508 bsks s MQTL (o5 enimdLis pgigesys (5, i (slas) a
bl psisegsS G Caams )3 gl CumBse 5 Cunl) a3 (J5SUse sl S (pien Bl oo a3 3)50 MQTL 4ol
Ll 045 00l uLi‘d Qlf)}oujjl.w



V¥

Ty 2> Ay e Gl b Laye By Olao gy 0adsyslzer GQTL Y Jsun

Curox £95 Sl g aJgl GQTL sl Cazes ojlul Curas oyl ale
RIL SSRs 6 480 IR64-21 x Dular Catolos et al., (2017)
RIL RFLP, SSRs 43 142 IAC 165 x C039 Courtois et al., (2003)
NIL SSRs 6 120 Zhenshan 97 x IRAT109 Ding et al., (2011)
RIL SSRs 9 168 Bala x Azucena Emrich et al., (2008)
BCiF4 SSRs 6 106 Akihikari x IRAT109 Horii et al., (2006)
RILs Fg SSRs 20 98 ‘Yumenohatamochi x Otomemochi lkeda et al., (2007)
F2 SSRs 4 155 Nipponbare x CSSL47 Niones et al., (2015)
DH AFLP, RFLP, SSRs 2 220 CT9993 x IR62266 Kamoshita et al., (2002)
BCsFs3 SSRs 1 116 IRAT109 x Yuefu,IL392/ Yuefu Li et al., (2015)
BCsFs SSRs 89 441 IR64-21 x Dular Lietal., (2006)
BCsFs SSRs 30 430 IRAT109 x Yuefu Lietal., (2011)
RIL, BCF1 SSRs 49 226 Xiegingzao B/Zhonghui 9308 Liang et al., (2013)
DH AFLP, RFLP, SSRs 41 154 CT9993 x IR62266 Nguyen et al., (2004)
HIF-NIL RFLP, SSRs 8 161 Taichung 65 x IRGC 104038 Obara et al., (2011)
RILs Fe RFLP, SSRs 8 205 Bala x Azucena Price et al., (2002)
RIL SSRs 114 120 IRAT109 x Yuefu Qu et al., (2008)
RIL SSRs 17 206 HKR47 x MAS26, MASARB25 x Pusa Basmati 1460 Sandhu et al., (2013)
DH, NIL, RIL SSRs 2 46 CT9993 x IR68766,IR66366 x IR66876,CT9993 x IR68566 Singh et al., (2012)
RIL SSRs 19 140 IR64 x INRC10192 Srividya et al., (2011)
NIL SSRs 12 120 Kalinga Il x Azucena Steele et al., (2007)
NIL SSRs 5 100 CT9993 x IR20 Suji et al., (2012)
BC2F3 SSRs 1 96 IR64 x 9 Kinandang Uga et al.,(2010)
NIL SNP ,SSR 3 121 IR64 x Kinandang Patong Ugaet al., (2015)
DH SSRs 4 260 IR64 x Azucena Venuprasad et al., (2002)
RIL SSRs 33 240 Zhenshan97 x Minghui63 Xu et al., (2004)
RIL SSRs 79 240 Zhenshan97 x IRAT109 Yue et al., (2005)
DH SSRs 16 109 IR64 x Azucena, IR1552iA x ucen, Balal x Azucena Zheng et al., (2006)
RIL SNP, SSRs 7 128 128 CSSLs x Nipponbare Zhou et al., (2016)
sty i £93809,S JS slaws Loy Dslass
1 2 3 4 5 6 7 8 9 10 11 12 QTL QTL MQTL
(REW) adyy yoyje 1 7 - 2 - 2 1 1 1 - 1 - 16 5.1 11
(RDW) adyy Sis 55 3 5 2 2 1 3 2 3 2 - - - 33 10.6 21
(RGR) auiyy Ay ce s 2 2 6 4 - 1 6 3 1 - 7 1 33 10.6 22
(RL) adyy Jsb 8 3 4 8 3 5 17 4 6 - 3 - 61 19.6 32
(RN) auiyyols 1 2 2 5 - - 2 3 - - - 22 7.1 10
(RSA) ety o cols - - - - - - 7 - - - - - 7 2.2 2
(RSR) délw & aiyy Jobo s 5 - - - - 1 - 2 - - - - 8 2.6 6
(RT) ady) colrs 8 7 5 8 6 4 3 11 1 1 60 19.2 26
(RV) aiy o> 10 4 8 12 4 3 15 5 3 2 3 3 72 23.1 42
QTLs Js shs 38 30 27 41 13 21 69 23 27 3 15 5 312 - -
QTLs sop 122 96 87 131 42 67 221 74 87 10 48 16 - - -
MQTLS® JS shws 8 9 7 7 4 7 7 6 6 1 5 2 69 - -
MQTLs (%) vo,» 11.6 13.0 101 10.1 58 101 101 87 87 14 72 29 - - -

o b gLy MQTL sliss (0 ¢p55509,5 o 55 oddyasuie cMQTL S shiss (@

e (RGR yy Sis 159 RDW ity )j'u}5 RFW 8l 4 adyy Job s (RSR ity o> RV iy colses RT iy Job :RL iy slis (RN

A5 gm0 .(Y' qu) Ll Slgren dudy
SNP S o oWisred slacusdse > a6y o5
Caul S izdly 5,5 WMQTL o (+/-25 kb)
0 3yl SNP oy codbge > T 5 A
Loy gl Giagh ) (Y Jgas) i8S )18
325 MQTL § SNP Sy slacusdge , 15> o
3500 glayi lgeay wizily H1,8 g0 ol 43
L 5 A ol (P Jgde) Bud a3 jas > s

Adyy pdaw Colue (RSA @iy A3,

4 by Olhe L BMQTL _ovaw,lisl

GWAS
SLMQTL e (Red B Sligen
gl SNPy slllke b edd olulis
L Lsye GWAS s, 5l edlil b onsslolis
Al ey dg2g 7 pif > iy HlELo lin
w0l glols MQTL asl £ dlaw jl oS cuwl
1 sa55)5 SNP olSls YY) L MQTL 5-
SIPiee Clae ly wp GWAS ol



Oen 5 by

L

Th basye (cog3) sloo

‘)

¥

| oalaiwl b

j

€< 70 sv plog erei e e ;e NS < (7 e @ e (79 sv plog § v o e qjee gre 6 (0 <€ € g B NG e

QTL JbTke

ARIA

LVN ‘8¥I0NATMOD 49y T E89VINY-L6ZONY  Z99Z9TE-VSISPLT ST €9 LT € TFILOW
009528062050 .655PSE N ‘Mad € 0SBENY-OT6SINY ¥EZ0SKSE-GE080LYE 281 8’8 98Tz SUIIOW
00922062050 6T2SITE L¥829.0€ ‘8090TTOE 14°'Ma ‘A S /SBEINY-E0SSINY  LZv60ZTE-L0LLS86T 90€ €S TT0ET 2 SY1L0W
Trd 13950 €5690v.2 '986/5T/ '9255EE92 MQY "Hod ‘M ‘A 9 TZZNY-GEETAY  000029.2-90059992 0z's 79¢ 62211 ¢ 10N

95506652 ‘T6STSSSE ‘85659252 ‘9vESTZST
gevdy ‘6S9VSTST ‘OPL0VSC '6LT866YC ‘9E088LYT ‘082T9I6T RN T OELEWY-LTIONY 99609292-LL298LYC vST 8y 86201 Z  “Y1LOW
00525062050 6TSY2EZZ ‘THOOY0CT ‘BLSL6YVTT '698TLOTE MY ‘AY Z  9S09NY-CSZ8NY  S08YEVZZ-00005L0C 197 L9 TR I A T
006215062050 TO9EY60Z ‘TTZSSP0C ‘€TTT896T ‘#T100288T JE T YE9TINY-YYBINY  E€6G0250C-ETV6ITST T Axas 8559 ¢ "UILOW
T7SANI ‘BYVI ‘2 TH1D ZEIVN ‘TNVH 627vETOT ‘9€8T926 NY ‘LY HOY 'MAY'Mad 9 8SETINY-88ZLNY  99.V8TOT-€0.2€06 58 e SOvr oz SUILON
052202062050 THTH-NSATSO ‘ZHO ‘€2AVY ‘vevdX3 ‘EevdXxa 61,8915 ‘TTO0TLS ‘€22TL8Y

‘22vdX3a ‘YIVdX3 ‘ETvdX3 ‘ZTVIONA ‘€2vdX3a ‘1959025 ‘087081 ‘Z8Y Ty T Z  LYZINY-TELENY  Zv086./S-6T6.01F 15T 699 952 A TTe!
A ‘MY Z  GCZINY-0LLZNY  E/ETTIT-956508 8r'T 66T 629 z  TIOW
£9NVSSO ‘055T0606T0SO ‘SSOVSO 8E0STY0Y'29.92501 ‘T822066€ 2875526 T4 AY oY 6  BCSINY-LZ8INY  LE0VI90V-0LTLETEE 15 89t TE6ST T STILOW

T2£9687€ TSHO68YE
0006T80BT0SO ‘00898061050 ‘68.8/EVE'S6/VIEEE TYAYNY USHMAY 8 ¥B0BINM-C00BINY  vEVSEBYE-BETEBZES Ge's 95°€ 82T T FFILOW
€5857992 14 "dsy € TOVSINY-GLYEWNY /8r00692-9v8SE092 855 T 8,601 T  “F1LON
6/8L19v '/S6E0LET'L9T869ET 1 T BYETINYVECONY S9V290GZ-00697SEC 00 LS 70T T STILOWN

66TTESHT ‘TITTHSYT
002858067050 ‘006T2£06T0SO ‘65N '087959€T'LTT082ZT ‘TZ0ETTZT ¥v62TITT AY LY AY € GLOLNY-ZTVENY 9YBTOTST-¥6699STT ore S0'L 28y T TILOWN
2E€9€6/ ' TT2VEGL ' LVETESL T LAY S 8  Z2Z8INY-86GENY  TETO068-006.VEL oTy S6'S 1977 T STILOWN

T396dADS0 ‘PWIINA €E8TThY ‘VBELTYY MaY ‘AY Z  SITTINY-0ZTINY  289995G-TLTLIEY 05T 651 06 T CFILOW

0eval ¥68v62T 134 'Mad ‘AY v OV/ENY-OVEINY  22T008Z-269E5CT 97 ge 6T0T T "TILOW

LTVN ‘8¥20NATMOD HOd 7 €89VINY-L6ZINY  Z9929TE-YSISHLT ST €9 LT R TTe T
009528062050 L6ESHSE NY ‘MY € 0SBENY-9TESINY ¥EZOSYSE-GEOBOLYE 8T 988 98T ¢ CUILOW
009+22062050 6T2G9TE 'L¥829.L0€ ‘8090TTOE L4'MAY'AY G LGBENY-E0SSINY  L2v60ZTE-L0L.586C 90 €5 TI0ET 2 *Y1L0W

Trd 13950 €5690v. '986.STLZ ‘9255692 MY HOH ‘MY ‘A 9 TZZINY-GBETINY - 000029.2-90059992 0z 29t 62211 ¢ “F1L0W
95506652 ‘TBSTSSST 8S65925C '9vE8T2ST
gevdy '659YSTST ‘OvvL0VST ‘618661 ‘98088LYT ‘082T967C Tz OELENY-LT9ONY 99609292-LL298LKT ST a4 86201 ¢ °“ILOW
00525062050 6TGZEZZ ‘THOOV02Z ‘8LSL6VTT '698TLOTE MY4'AY T 9S09NM-ZGZ8INY  S08VEVZZ-00005L02 1971 L9 8 A TTe!]
006.15062050 T09EY60C ‘TTZSSY0Z ‘ETTTB96T ‘YT00Z88T MY T PEITINYYYBINY  €6502502Z-ETYBITST T en 8559 z  "Y1LOW
TYSEN! ‘6YVI ‘T THTD ‘ZEOVN ‘TVH 62VVETOT ‘9881926 NY LH HOY ‘MAY'MES 9 8SETINY-88ZLINY  99LV8TOT-E0.2€06 8 174 SOy oz FPILOW
052202062050 THT-NSATSO ‘'ZHO ‘s2avy

‘¥2vdX3a ‘gevdx3a 61.89/G ‘TTO0TLS ‘€22TL8Y
‘22vdX3a ‘YIVdX3 ‘ETvdX3 ‘ZTVIONA ‘€evdXa ‘1959025 ‘087081 ‘Z8Y TTHY Tz LYZINY-TELENY  Zv086./S-6T6.01Y 15T 699 952 z  IOW
Ad'MEd T SZZONM-0LLZNY  ELETTIT-956508 8r'T 66T 629 z  TIOW
£4NVSSO ‘055T0606T0SO ‘SSOVSO 8E0STYOY '29.92501 ‘T82Z066€ ‘2873268 THAYYOY 6 62GINY-L289NY  L€0¥990Y-0LTL6TEE 157 89 TE65T T STILOW

T2£9687E ‘TSr068YE

0006T806T0SO ‘008982061050 '68L8LEVE 'SBLYIEEE TAAY NG USHMAY 8 7808INY-Z00BINY  VEVSE8YE-BETESZEE G€'S 95°€ 82T T STIIOW
£585799C 14°dSd € TOVSINY-SLVENY  /8700692-9v8SE09C 856 vLT 8,60T T  °TILOW
618119 '/S6801€Z 'L9Z869€Z T4 T GYETINY-VEEINY  S9v/90G2-00697SEC 00 LS 00T T STILOW
00858067050 ‘006T2€06T0SO ‘650N 66TTESHT ‘TOTZYSYT ‘08Y9SIET LTT082CT ‘T2OETTZT Pr6eTTTT AdLI'AY € SLOLINYTTVENY  9v8TOTST-76699GTT o1z S0L 289 T "TILOW
2E€9€6L TT2EL'LVETERL THLEAY MY 8 ZZeBINY-86SENY  TETO068-906LYEL ory S6'S 977 T STILOW

T396dA0S0 ‘PWOONA €E8T2YY ‘VBELTYY MAd‘AY T STTTINY-OZIONY  28999SS-TLTLTEY 05T 651 06 T 0N

0eval ¥68v62T 14°4Sd 'MAA ‘A ¥ OPLEINY-OVEQNY  22T0082-269ES2T 9 g€ 6T0T T FMIOW

=0 s s s110 s (da) fchaitel’l (o) (Wo) 1LON
&2 dNS - oz ) - ., STeekled

(09 o < pesf e AT AT g0 qe (@) AT TR clor St &<

A R e 1L0MT s smre emm € (R et Cpre o K2 € o (D gy grre o e fp e s o A< (7 1101



Vo5

Sy9ldlun (ole dle

j oS

5@))1} Jl.w ‘LFCl) )

£9° )

L.l ‘

) MY (2

(A0-VVA) V¥ ol

4= 7 sv plog ey emPewre €6c me NG < (77 o @ e (T e plog ¢ (o e qee gve 6<be (0 < 65 e B NG e

05T+220680s0
“THAAsO ‘€€8€220680S0 ‘99.£22008050

46290090 80fA * 952/89'8-dNS '2995839'8-dNS ‘Z0T8T29'8-dNS ‘22605198

SISO ‘059902068050 ‘009902068050 -dNS'400280090 801d ‘426980090 801Q 966772 '8-dNS ‘9€6v22L 8 T4 "Usd ‘Mad €  6CYINY-LSOLNY  OET6LEB-0666V8S 90€ 9T 866Gy 8  F1LON
055202008050 'SHHS ‘0vOVN ‘TZdAD ‘Zevaxg  aNS ‘T286€€L'8-dNS ‘0T8E0808 ‘ZEB9SGL 8-dNS ‘¥58205.'8-dNS ‘Z/T66v.8
-dNS '895T9v2'8-dNS * 90T8E0808 ‘220¥20808 ‘TE0TS0808 ‘9EST/8508
T NY USH HOd'MAY S 80Z9INY-ZEVSINY  §5228.5-¥902LEY 06'€ 16C 9T 8 IO
¢ETND €6¢5052080 '209182208 T4 14 'Mad € 890SINY-BTOBNY  ETITSTE-SSIEITC 909 SET §50c 8 FILOW
AYUOY'MAE ‘M 'Ad 9 STLZING-0S99NY  ¥1886582-LL172S.C awe 91’9 T80T L “U1LOW
TYBTZINY ‘92EINY M ‘A ¢ VECNY-OVOLNY  LSTOCYSC-LT08S6EC 8T €6'€ v068 L *1LOW
0026£5062050 'S1Ad 6.£50TZC L0S '6/0992T2 1d°'May v SSYINY-9Z8ENY  €208622C-798VSL0C 66€ S61 2oL L FILOW
ISVH LE9EVEZ.0 ‘B6YB8T6TLO
P . . . ‘8759216120 '282GZT6TL0 ‘TES8068T L0S ‘ETL0006TLO VS T AL N 'Mad 6  VOVEINY-LSCBINY 8LEES00C-¢Ccc098T S0'S 144 9v'99 L A0
6.0s 6,0s! =
8N TTOVOG7ORL0S0 " 00ES6TORL050 WIDIVH ‘8E09868T.0 '620v/8T L0S ‘ZTTE098TLO ‘BYSICTETL
€OVN ‘vZwVI ‘TTTVN VSY T ALY 'NI'MAY Z€  STOBINY-ZZ9SINY  0L959T8-L6TETYI Ge'L 180 IOy L TALOW
000722002050 ‘TINDV '00£29T00/050 ‘02uY EVVO0EL LdNS 1985989 AY LY YOO 0T  9008INY-T8ECINY  GEEBTLL-OVETSYC Ty 144 vLve L “O1LOW
£€02T089'2-dNS ‘859281S £bas®
£50/@s0 'TEEX004s0 ‘LTHAA0 9T09TET ™ T 06VSINY-S6CNY  8202E€TC-0000TY 00 68 SOT L TALON
TMdS TEV9LTOE '0262700E90 ‘€88TO090NE T AL LY NaY L E9VGINY-TOVINY  66TOLYOE-6.98656C Tece 66'C l0ZZT 9 10N
28T899YC ‘€662657290
00€779069050 '60/85972'9-dNS “8v/.26572'9-dNS ‘Z/7085Z 9dNS ‘T086/57¢'9-dNS * USH DY ¢ TLESINY-LSBSINY  GEBCYYSC-c00SSSe 097 8Ly T€6 9  *TILON
'98TLLG¥Z'9-dNS '6829.572'9-dNS
VTE9TLTZ 'STES8ITZ 90S 'L28TL9T290 '99TIZ60C 90S ‘€L62666T0 . . - -
6905t - - s
00T¥950090s0 Gy TT/6T90 ‘THISSIYZ 9-dNS ISRuRs] ¢ LZBEINY-6LTLINY EVVOS6TC-878TBEGT 6Tt LZTT vwyL 9 ST1LOW
#-6TdAD T-02dAD V.4V P = ; ! . ¥ ~ . . .
'YHd ‘52962069050 ‘002962069050 88.T8E8090 '9696560T 90S 'T63E0.0T90 'GLT80TOTI0 ‘€¥TBOTOTI0 T NAY ¢ V9SINY-SZZ8NY  08729LTT-TZ80CE6 wT €L9 Ge8s 9 TUILOW
9TvdX3 19N ‘000202069050 €12/S1S '/SE6YIV ‘YSTTO TVI09.S'ESTINY s ¢ OCTCINY-809VINY  ¢ITLTES-TIS6EVY 9sT 66 9%z 9 SUILOW
AL ¢ 9ESONY-CTTBNY  G80CC8E-0TSV.TC wT LLe S9TT 9 110N
062X00450 ‘22vVI ‘TZwVI ‘02vv1 ‘0ETIND 050/86T ‘2295702090 1 ‘M v 8TCSINY-88SNY  690S99€C-¢ryTTOT L6 cLe 128 9 ILON
002085005050 L00ETS82S0 ‘ZvT966.250 ‘8208882 T AL LY NaY 9 PSOTINY-ES9LINY  9.0L006¢-Lc€C0CLe 801 L9€ 8rSIT S "S1LON
290VN ‘96d93¥3/2dY en | . ~clos . ) g . . . .
PTTIND ‘DBXOMETYVI TZOASO 'STHY LTT90L¥C SOS '88798L¥2S '€ITTILGC § T NAY ¢ 9BVEINY-BTTINY E€TL0LLSC-658EETEC 15T 686 Wl S 10N
96TEY902S0 7/¥8900250
052025085050 *HINd ‘00988€065050 ‘2119886150 '5850088150'01862¢2Z'S-dNS '8962.122'S-dNS AL €  00BENY-¥SVSINY  C000TETC-SLV8SLLT 98T 80T €L S “ILON
'9/€8502Z'S-dNS ‘77521022'S-dNS 6999T8T2'S-dNS ‘9v0r.S8T SS
ALY T SYECNMVIESNY  ¥hZS80C-L2eseiT 158 e €T 5 TILON
T LY AN NY 0 8T [SOINM-BYOENY  2GLOT6EE-09VOVEEE 865 91 21 A A TTe ]
005290B5050'001729085050 2VESLTE '289T99TE '9EEETYIE " ; y ' ;
090£2900b050'00SBTA0BV S0 'CZE006TE TISOHLTE TN L € GSCONY-BVINY  0BEEE0ZE-9vZ20608 8ee e 80t v TION
! E2EVE9820 ‘SSVBE08ZHO 'E5090962 AN MO M - ' ' - ?
006585007050 ‘85 13950 0ZS0SHEE SOBbETER ‘SRTTLTER OTZLNY MO HOY M A TT LTENSTYPINY  895E9962-05802082 08y 14 4/ S A TTe
7XOM 6820620 ‘T62962¢C NS Ly T SBLENY/SLSNY  €96CCChe-70TSeyTe 00 2001 789 v STILOW
000vT70Br0S0 ‘0S6ETHOBY0S0 ZTHA0 £92LT502 ‘836870210 ‘0SEVBE0CH0 SIHAL HOH ‘A S LGEINMBSETANY  YYETSZTCYOCTHOOZ 4 e [£85 v TLON
0599TT0B7050 ‘00991700050 V88/86 ‘881986 ‘72BET6T '9LCENY A T YTVSINY-GBSINY 68.1202-5986TC T €69 sey v TILOW
| 2598962 . \ . ’
2LTX00=50 '00686900E050 Y0GGERZ ‘GTZ0T08ZE-dNS ™ T GIGENM-9BLVINY  GZ6Z6TOE-E87983.C o't €16 C1rA S s ITe )
- - S 9€-
VOSUTHSZ '8SZYTYSE PTOLLTLZ 1y T YYBENMGIVONY  ZEVB6TLC-0SIETENE [ et 9T € 110N
8Y5.6822 ‘8609902 ‘0LYYTS2Z ‘989L6VEL L "HOd ‘A v OWONMYIBSNY  L6EVZIEC-6288612C £59 9 S606 € T1LON
w g g - iz
6da0 - ™ T 6YZLNMGS6SNY  £S980TET-88SYSTIT 00 96 S € "IN
| ; } 1659660 £0Id ‘0E88086080 . - : . - -
00162062050 ‘00588200800 00678200E050 ‘0TS GJETETI080 06/STZOTE ‘U6088660 €0 A T YRZTNM-O9LENM  S6ETBSOT-OLT2069 102 26 v € 110N
EXNY 2NV ‘2XV1 AYNY O HOYMAY €T Z6EENMBYBINY  82880BE-E99892E 0e8 8L1 6891 € 10N
Lol . . o Lerer i (i o - ¢ e SO 519 - o _ . p (o) o W) s TLON
_ﬁw%«mmé. M2 e 11095 s sve FAEE oL ey q (A0 o) Comp of KT om0 ey rvo a2 &y T a2 TEON <




by

) :ol)&aﬁ 9 d

L

» 295 slee

Tl s

‘)

)'lo)"‘ ]b@y“-w)wu“

$<77 7 sv plog eyor e €6c me NG < (77 o @ e (TS e plog ¢ o e qee gve 6<be (0 < 65 oy B NG e

16/2000T
‘7y20v66 ‘6706088T ‘EETYEERT ‘€6TLL6LT ‘856979LT ‘TZEELOIT

- N%M%%wwo%m%owmﬁuom@%x . ‘812851 GOBSS9ST TIOTZENT CIOTPIET TOcEZET OTGEEZEL MDY 7 SGTSNRFOVZENY  ZOBGTZGT-LLTHe06 1 LTT 265 71 “HILOW
GT2L812T Z89VE9CT 'SEESBTT OvBTSHTT 'TE8Y9Z0T ‘SOv/TTOT
'OT6EEZET ‘/E87EE8T T82.6.T ‘00T08LLT '229/00LT ‘95126591
8ZTND ‘62514 ‘TIVIINA 687588Y '8502.6€ '6E0LVEE AYLY € COTEWNMTONNY  OCEEOL-LLLTRSE v 05T 860y a1 TTILOW
, o S0/T80VZ ‘626039€C 'S6EOVIEZEL
oy LGOI QOSTSODTTEO o) TOOH RO '6BeVEzZ 9BLEZET SSBTLIEL SVZBLSEE L4'MYS 7 S9GONM-OTTZAY OET8VZrz-0570226T 891 %9 506 I STILOW
9VT6TChE '96L9ETEL ‘LEBEL6CE TI69SECE T69SETT
E6T0TSZC 8ST00YCE VISSTBTE 'S92L96TZ ‘2960812
TIVSO ‘0025870BTTSO ‘0025.70BTTSO 'G/806907 '6TTSVOZ 0/5/020C ‘9ZE0T66T ‘6908TZ6T ‘SOBZT68T T MOU'AY S JSHNM-GOSLINY  ZZ686E0Z-CZ89689T ore ge  IL T TTILON
"YpLTOTST '2LLEY8LT '02ZTTTLT ‘2E9659T TSL2S6LT ‘B08T9NaT
0052080BTTSO ‘OTSENA ‘SZOVN '62TOVN ‘SZTOVN ‘ZZTOWN 126.966 '96650EYT '2008SCCT ‘BSEVVETT oY b Z/ZOWH-STIOWY  £/900v9T-05/S008 we 65y Qs TT STILON
250VLSSO GE960BE * 8STE/SG 'STE/SS ‘88/2/25 ‘000SESE '6665C8E Y T THhINY-66SSINY  TT22009-996808 000 €5 sgec TT FTILOW
99985TOBTTSO ‘00985 T0BTTSO “LTOVN ‘STedvd 01,8882 TAY € SB0OWN-OVCTAY  BYSI0E-BSLYOYT a5v €25 oI TL FTILOW
1642000T V20766 ‘G06088T ‘SETYEEST ‘S6T.L6.T
. '8560V9LT 'TZEEL09T '87/T28ST '608959ST YTOTZENT ET0THLET
0058082150 ToCECET , ] . . . . -
008087067150 ‘0069052150 ‘6ETOWN ‘¥24v L2ddD 'OT6EEZET 'STZLELCT ‘Z89VE9CT 'SEESETT ‘OVETSYTT 'TESYOZ0T NGUOH T SOTSNROVCEN  C0BBTZ6T-L/Tr606 <1 L 265 T “TILOW
'89PLTIOT
‘OT6EEZET LE82EE8T ‘T8CLU6LT 00T0BLLT ‘Z29L09LT ‘9512659
BEINO 644D THYO0NK 687588V ‘850268 '6E0LY8E AYLY € SOTSNMTOMNY  OZESOVL-L//T8SE v 06T 860y o1 IO
00ETZ0BTTSO '0058T90BTTSO ‘9N ‘TO0HTHASO G0LTB0Z ‘62609962 'S6E0VIEZET BEVEZE '98LITER ‘SSBTLTER . ) ) . . . o
‘81204 50 ‘00r0650BTTSO 00/ T850BTTSO ‘0050850BTTSO 6261522 'v26TZHE 96LOETEZ ‘LEBEL6TL 260562z Teeoseee Lo M T SO6INMOTIZINY OETYehe-Oarlcebl 891 %9 8506 T TTUON
£6T0TSCZ ‘8ST0ChCE YI8ST6TZ 'S92/96T2 ‘T9608TC
TINVS0 ‘00258r0BTTSO ‘00252508 TSO 'S/806907 ‘66TTBY0C 0/EL0207 ‘9CC0T66T ‘6808TZ6T SOBZT6BT T UOU'AY  §  JSYINM-EOELWY  ZZ686E0Z-E7896E9T ore gt oL T TTILOW
"YpLTOTST '22L8V8LT '02ZTTTLT ‘28963591 ‘TGLZS6LT ‘608T9VT
0052080BTTSO ‘OTSENA ‘SZOVN '62TOVN ‘SZTOVN ‘ZZTOWN 1261966 '966S0YT '008SCCT ‘BSEVVETT oY b Z/ZOWN-STTOWY  £/900v9T-05/S008 we 65v oSS TT STILOW
250VLSSO GE9B0BE " BSTELSS ‘SSTELSS B8/2L2S ‘000SEEE '66ESTEE oy T TOVINN66SSAY  TTLL009-996808 000 €S Sge TL ZTILOW
99985T0BTTSO ‘00985 T0BTTS0 “LTOVN ‘STzdvd oL/88¢ TAY £ SB00NM-OVZTNY  BYSZOE-8S/YavT a5Y £25 OTr 1T "TILOW
o ers” et _ s1L0 EEs (da) 2 F1LON (o) (o) ceoktsd 110N
(9 o oo FdNS s Sy (@ ao £ S0 g [T RO AT [Ty Cov - Hoin ’ &<

QTL JbTke

AR

(% <6 & R e 1009 s smrve e Lo (R e G < KR € e (D19 gemen# v o e fp e o™ o €< (77 710



RN TR u;’:..’"])\ Slao d]ﬁ olf)yuﬁlw 39 »;MQTL u’_>|93 5 SNP &» alags ;o A)Ucl} ‘_;Lmdj ¥ J5Jq

(RAPID) o5 55 ol 05 dhros bp) oy stel (b o sl GWAS g P339
0s0890203350 Conserved hypothetical protein 6006493 6007052 Mai et al. 2020 8
0s08g0206600 Similar to AICARFT/IMPCHase bienzyme family protein 6218688 6224037 Wang et al. 2018 8
0s0890206650 Hypothetical protein 6218749 6223799 Wang et al. 2018 8
0s0890220600 OsVIL4 Fibronectin, type 111 domain containing protein 7339066 7348077 Wang et al. 2018 8
050890223766 Similar to H0702G05.10 protein 7495162 7500893 Wang et al. 2018 8
0s0890223833 Similar to H0702G05.10 protein 7501641 7510161 Wang et al. 2019 8
0s0890224100 OsDPK1  Similar to Serine/thronine protein kinase-like protein 7553773 7558719 Wang et al. 2020 8
0s08g0224150 Hypothetical protein 7554714 7558408 Wang et al. 2021 8

Ay i i)yl Olas gl B850 s 93 i MQTL _sle 9 SNP Sy alads 13 3300 (glays F Jgdo aoldl

(RAPID) o5 55 el 5 oy (bp) SNP 5, csdye P-value Clio MQTL ¢ slogen
050890203350 Conserved hypothetical protein 6006794 0.00047458 Root length MQTLss
0s08g0206600 Similar to AICARFT/IMPCHase bienzyme family protein 6219098 0.00000375 Root length MQTLes
0s08g0206650 Hypothetical protein 6218102 0.00000375 Root length MQTLes
050890220600  OsVIL4 Fibronectin, type 111 domain containing protein 7339871 0.00000804  Root number MQTLss
0s0890223766 Similar to H0702G05.10 protein 7499172 0.00000555  Root length MQTLss
050890223833 Similar to H0702G05.10 protein 7507854 0.00000126 Root length MQTLss
0s08g0224100  OsDPK1  Similar to Serine/thronine protein kinase-like protein 7556832 0.00000158 Root length MQTLes
050890224150 Hypothetical protein 7556832 0.00000158 Root length MQTLss
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Adyy pieww il (Maccaferri et al., 2016)
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o b S MQTL sy ool o)l  Siis
2 ol g (S oy Ul Sl Ay Cho
ool g0 e eolatwl (MAS) [Slis p ive i 5
Slao gl QTL b o anllas YA slass ¢ g
o3l b (gugb) g (Suid (A5 Ll > gy A
5 bt 4 i oS w5 plesl QTL bk ;)
Er e (lapgisegS g9 MQTL 4ol
o) > il 30 Stugy 4285 S Jdo 3,5

MQTL4-7 MQTL7-3 lasl & MQTL
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ol 15l LS o JluSiis bad Ll
)l sy plals (Say el Sl
g sl Lol o S, (ko dge 5 ) S silia
S olS adyy Jldlo ool Bua ol 4 s (sl
Lobet et ) 1tbo SeMol oy Jlonl cin
oS S loQTL bls)l ccpiomen (al., 2013
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V-4 QTL 5JUTe 51 ookl b 26y duiny wimams inlyl b by o935 (slaolSoly puend 1)y Ko 5 5U o

SloBsy 5 S 4 dily lojliS B
2 olS ook S cp el S g cadSans
JUEST > (oten (R oS Wit (LS (sla gl
Shao et al., ) L)b pedS L Ldpe slaply
ol g39allS slays adlles cpl > (2008
,» CML30 MQTL5.3 ;5 CML14 Lels o
CML28 . MQTL8.1,> CML32 MQTL1.6
CbjlS gy oy Nde MQTLLIZ
CDPK9  CDPK4 oS & aiy
LCDPK22 LCDPK19 LCDPK17.CDPK12
>y » wwspa CDPK27 4 CDPK29
MQTL42  MQTL34  MQTL2.1
. MQTL9.4 MQTL7.3 MQTL7.1
L sas olels MQTL12.2 4 MQTLI12.1
MQTL L3 (sl b)liS 1 a5 (cladlla 4 dn g
SGS o 4 g et Ojge ady) Cliv
w3y MQTL  slg o 8ludl ol 6l
s CDPK17 CDPK12 LCDPK4 (sla s
Sodly e S yite (il glay; CDPK 19
5 39 poin Sl b Jlg g 4lls) MQTL
Daryani et al., ) aasl il oo eadas
adlae pl )3 GWAS Slalas (wyp b (2022
S o (Lbgser slacusdse > CDPKLT7 5

<l 5,5 LMQTL 4 (+/-25 kb) SNP

pawly sroasad JWG! sl
&8lg MQTLY7.3 anl adllas oyl mls yolwl 5
o3lgls 5l gas Sy okl )3 C7 pgjges)S 59,
1 THAKLA 5 o6 a0 muly oams Jlas! clays
HAKY7 o & odlgls cpl 5l 6,5 o5 «hyls

2. Calcium-dependent protein kinase
3. Calcineurin B-Like proteins
4. High-affinity Potassium (K*) Transporter 14

sl MQTL7-2 4 MQTL3-2 MQTL4-5
Vo 5l LQTL slaw &8 W QTL Jlghd oy ki
zo U dw oS S g 39 puaie QTL 4l ¥Y U
S oh i ol Wog ddyy itk cas
{8,908k +/AY) MQTL7-3 MQTL
MQTL7-4 (8,50 5k V/Y0) MQTLS-1
VYY) MQTL1-6 ()90 ke V/5Y)
(0890 8k VYA) MQTL3-2 5 (5550 ke
Oladllas (gl &5 059y Jlisebsl Juolgd oy yiaS™ (6]l
P adyy o oaiS i oy hole 38
Sy 039 1> &y (gl i s (6308 2oy
b)) i g B0 asie Limgh ol > MQTL
el 4 adl a8 S B Ly d)ee

A5 algd o)Ll byl oy yiege

N9 sely (Sl )l Jolgs -3
joy b leoSon ely emms il glag
e )3 oad Jie ply )3 loosge & AS o0
4 i Sloyply Lol (gillel, 5 Jobo LI
o JWasl sla 5 slodlgls oy are | ol
ol Gl BMQTL 3 sasolulis el

pandS” gWoniad JWS! sy 3
Sy iyl 3 olS (6Bl wigS s el alais
Slosply Sy b b ye (claylSgile cobo
clle S8 G Gy Cunl qpundS 4 dtuly
sleply JEs! ) Joho 31 pundS 2595 5951 9
Shao et ) cul oads Sl pg5u alS o is
MadedslS ol ol (al, 2008

1. Calmodulin



slgsd y3 45 3,8 o,lil WAK & g e jls
5 (Li et al., 2009) x5, *slgawdly Lid Jobo
Py N (SE IS Jed cage
o> MQTL (ol > clize slapgjgey S
5 INBSA4L INBS10 (cla5 (¥ Jsis) Slons
SNP S i ligsed (slocusise ;5 SHRS
NBSA4L . .cuils )5 WMQTL o (+/-25kb)

sl 5,5 SNP Ky dlais o lads

w99y Jolgs =Y
@ by adlas (ol 3 gy Jelge (et
0f 25l NAC (55 0dlgils @ (5 oo aitay wlio
i &5 5,8 o)lsl MQTL11.2 ;5 NACS
5o S () wiee sl 53 e el
2 55 0l pl Gyl sage 4 i 4wl
ol (¥ Jss) was olebs MQTL slg
O30l L ol yen didyy Hlad ili8l cely OSNACSH
b oady) jlb (lpl WS o Sl kb
Joo5 5 g Jgame 5303 Yo b Yo a5
.(Jeong et al., 2013) cwl bls)l » Sis «
2 oo szl 3 NAC odlgls (slayj
S o8l (loctl it po JSUES (i 9 5 900
sladdy) g gl lpd S5 o Joho mandi S
P Oezmen g b 38y eS| Sluyply (ol
A 3550 (G} g S SRS 4 Gl
.(Jeong et al., 2013)

s s b MQTLAS 4l wdlas oyl
My sy iy y pe> Slao b 18,0 QTL asl
93 dlaws L MQTLS.3 4l g didyy cuobes ¢ ady
Jib 5 iy e lio 0155 )28 QTL apl
55, WOXIC 5 "WOX4 (claj sl s b ad,

Joia) S)b e (i Ay dewgl 9 M) Claw

2. Plasmolysis
3. WUSCHEL-related Homeobox 7

»» AtKUP/HAK/KT sl ies o bl e
2y ol by oy Jlnl S gl
oAbl ) baes 9 3)35 o il LSS clansl s
Cowl Jho iy oaiiS gla)lb by 5 Jobo 5k
o) 3l 65 o5 (Gierth & Maser, 2007)
42U C6 pgj909)S" 59y HAKIO ol & o3lgils
13 C8 pgjse9,S ,» HAK12 5 s MQTL6.3
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oSt @i o) Jsl g S paly Ol o
.(Gierth & Maser, 2007) sl o ady
S 93 985 [ o 085 S S0
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«olate dioly dw Jold ¢ wimd o S5 2l
el 13 anely 4 o Jsh 25 LRR aely
gz S (895 [ el Su g
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ol ;> (Shiu and Bleecker, 2001) )l
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Sl sloginye dnngi 2 & 035 ololis
DeYoung et al., ) scws g ddlo 5 ady,
SHlsS ply JWl b ok (nl (yionen (2006
adlas )3 )y S (290 ady) Job GRall
2 S 08y | e oS Gl Sl
'WRLCK 55 cleodlgls o3> MQTL s
NS s | oo oS (Y o) L0y
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1. Receptor for Activated C Kinase



A QTL 5JUTe 51 ookl b 26y duiny wimams inlyl b by o935 (slaolSoly puend 1)y Ko 5 5U o

O e gl 4 (iSTy g gy &
Ay 4 g5 edlgls ol (Woo et al., 2007) )l
Foe okiaS bl JSis g ol adyy @
OF g9y IAA YL ol coiren a—
ol » (Woo et al., 2007) s)b & puS]
(MQTLL2) YUCCA4 (lay; «ingh
YUCCAS8 (MQTL2.2) YUCCA12
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(¥ Jois) a5 slolis MQTL g3

A3y oyl L5 MQTLY-3 5 &5 OSWRKY76
Ol g S S @ 2 |y (Sl el
labaoe 4 Jood (Alj8l g ady) Ay cage 35l
(Yamamoto et al., 2018) s5u5 0 Siid 4 y5i

5o Jolgs -Y
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S S ady) s GRlEl g ady) ad sk
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gloanlp JS & s Johs Gnddany
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3. Reassembly

Iy @e Sis 4 Jess WOX 55 edlgls (Y
Zhao et ) ams e (aljl ddy) i drwg 320
¥ Jsis) (al., 2015
g M)y ilisee Jolye wlal )5 (oo GBS (S
QWST & Caol 0l lis Sldllas )b HlalS g
ST 4 Sl el 5 oolil b syl b ol
» ARF olgls glasl 48 e adis '(ARF)
ulS Gt ST &y oSy sbags gy s
ST s &5 ol (Ellis et al., 2005) s,
bl Sgdioe gytgy mlal il b Gl L
(AUX/IAA) 38; 355 el ;5 AUXRE igige
sedie Lo ARF odgls wsig) Jolos 4 S
(Ellis et al., 2005; Wang & Estelle, 2014)
ol 38 Sl (alS  ARF oy oy
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ARF1 59, Jeles (Yamauchi et al., 2019)
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1. Auxin Response Factors
2. Yucca of monooxygenase
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asl 0 39350 slays (ZhIMing et al., 2011)
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(¥ Jsis) wisss EXPA24 4 EXPA23 EXPA22
EXPA16 EXPB11 EXPB14 (cla s} « pmicmad
CaySl (¥ Jos) 505 slubs 5 EXPA32
Sl 48 C2 poiges,S 5o (55 odlgls oyl slacl
O gk )3 C2 poigegsS duy oo b & el pl
» MQTLI21 anb a8 ) bl i ady,
OF 9 My e g Adyy Cubis Clao 0k)S
'OSRHLL o (¥ Js&s) 59 RHL e
ddy) oddS (sba)b Ad) g (oS ISD euS JyuS
QTL il sll L (Ding et al., 2009) <.l
Slic jl ol JuS 3 (e9ige9)S (Ply S
e Lo 3 5555 3,5 paseie Al il
P e ERE P fhe o8 @p ek, QTL
wld cos o ol aledbl § cwl Sl
ol @y ady 903 9 A5y 2 e sl b
)5l e

55l o oS ady 13y 05 oy
o) 53 (Inukai et al., 2005) s "CRL
M-) CRL1a (M-QTL1.8) CRL2 il
(M-QTL3.1) CRL1 (QTL2.8
OsCRL5 (M-QTL3.6) CRL4/OsGNOM1
CRL4 4 (M-QTL7.4) CRL6 (M-QTL7.1)
5 CRLE 5 o w5 cdly (M-QTL12.2)
(+1-25 kb) SNP Sy iy ligad (lacsdse
S 3o &) aales il E WMQTL
28y 3 St (@IS ypne B2)b 5 CRL 6
(Wang et al., 2016) 5,l> & (sl )5 ady,

9 Pisre MQTL a4l £ ¢ yingsy ool
Olizebl alold oS 503 Slolid 7 2 pgjgeg)S WY
e §) 5SasS TV xSile s o

1. Hal2-like protein
2. Crown rootless



Wy QL 50UTLo 51 oalisl b gy Ay insms i)l b Lo cosi (coolSols s 20)ySas o Sl

REFERENCES

Arcade, A., Labourdette, A., Falque, M.,
Mangin, B., Chardon, F., Charcosset,
A., & Joets, J. (2004). BioMercator:
integrating genetic maps and QTL
towards discovery of candidate genes.
Bioinformatics, 20(14), 2324-2326.

Arifuzzaman, M., Sayed, M.A.,
Muzammil, S., Pillen, K., Schumann,
H., Naz, A. A., & Léon, J. (2014).
Detection and validation of novel QTL
for shoot and root traits in barley
(Hordeum vulgare L.). Molecular
Breeding, 34(3), 1373-1387.

Bishopp, A., & Lynch, J. P. (2015). The
hidden half of crop yields. Nature
Plants, 1(8), 1-2.

Burton, A. L., Johnson, J., Foerster, J.,
Hanlon, M. T., Kaeppler, S. M,
Lynch, J. P., & Brown, K. M. (2015).
QTL mapping and phenotypic
variation of root anatomical traits in
maize (Zea mays L.). Theoretical and
Applied Genetics, 128(1), 93-106.

Chen, H. C., Song, J., Williams, C. M.,
Shuford, C. M., Liu, J., Wang, J. P.,... &
Chiang, V.L. (2013). Monolignol
pathway 4-coumaric acid: Coenzyme a
ligases in populus. trichocarpa: Novel
specificity, metabolic regulation, and
simulation of coenzyme a ligation
fluxes. Plant Physiology, 161(3), 1501-
1516.

Cho, H. T., & Cosgrove, D. J. (2002).
Regulation of root hair initiation and
expansin gene expression in
Arabidopsis. The Plant Cell, 14(12),
3237-3253.

Catolos, M., Sandhu, N., Dixit, S.,
Shamsudin, N. A., Naredo, M. E.,
McNally, K.L.,... & Kumar, A. (2017).
Genetic loci governing grain yield and
root development under variable rice
cultivation conditions. Frontiers in
Plant Science, 8, 1763.

Courtois, B., Shen, L., Petalcorin, W.,
Carandang, S., Mauleon, R., & Li, Z.
(2003). Locating QTLs controlling
constitutive root traits in the rice

population IAC 165xC039. Euphytica,
134(3), 335-345.

Courtois, B., Ahmadi, N., Khowaja, F.,
Price, A. H., Rami, J. F., Frouin, J.,...
& Ruiz, M. (2009). Rice root genetic
architecture: meta-analysis from a
drought QTL database. Rice, 2(2),
115-128.

Darvasi, A., & Soller, M. (1997). A
simple method to calculate resolving
power and confidence interval of QTL
map location. Behavior Genetics,
27(2), 125-132.

Daryani, P., Darzi Ramandi, H., Dezhsetan,
S., Mirdar Mansuri, R., Hosseini
Salekdeh, G., & Shobbar, Z. S. (2022).
Pinpointing genomic regions associated
with root system architecture in rice
through an integrative meta-analysis
approach. Theoretical and Applied
Genetics, 135(1), 81-106.

Darzi-Ramandi, H., Shariati J, V., Tavakol,
E., Najafi-Zarini, H., Bilgrami, S. S., &
Razavi, K. (2017). Detection of
consensus genomic regions associated
with root architecture of bread wheat on
groups 2 and 3 chromosomes using
QTL meta-analysis. Australian Journal
of Crop Science, 11(7), 777-785.

DeYoung, B. J., Bickle, K. L., Schrage,
K. J., Muskett, P., Patel, K., & Clark,
S. E. (2006). The CLAVATA -related
BAM1, BAM2 and BAMS3 receptor
kinase-like proteins are required for
meristem function in Arabidopsis. The
Plant Journal, 45(1), 1-16.

Ding, W., Yu, Z., Tong, Y., Huang, W.,
Chen, H., & Wu, P. (2009). A
transcription factor with a bHLH
domain regulates root hair development
in rice. Cell research,19(11),1309-1311.

Ding, X., Li, X., & Xiong, L. (2011).
Evaluation of near-isogenic lines for
drought resistance QTL and fine
mapping of a locus affecting flag leaf
width, spikelet number, and root
volume in rice. Theoretical and
Applied Genetics, 123(5), 815-826.



Ellis, C.M., Nagpal, P., Young, J.C,
Hagen, G., Guilfoyle, T.J., Reed, &
J.W. (2005) Auxin response factorl and
auxin  response  factor2  regulate
senescence and floral organ abscission
in Arabidopsis thaliana.
Development.,132, 4563-4574.

Emrich, K., Price, A., & Piepho, H.P.
(2008) Assessing the importance of
genotypexenvironment interaction for
root traits in rice using a mapping
population I1l: QTL analysis by mixed
models. Euphytica. 161(1), 229-240.

Gamuyao, R., Chin, J. H., Pariasca-Tanaka,
J., Pesaresi, P., Catausan, S., Dalid, C.,...
& Heuer, S. (2012). The protein kinase
Pstoll from traditional rice confers
tolerance of phosphorus deficiency.
Nature, 488(7412), 535-539.

Gierth, M., & Maser, P. (2007).
Potassium transporters in plants—
involvement in K+  acquisition,
redistribution and homeostasis. FEBS
Letters, 581(12), 2348-2356.

Goffinet, B., & Gerber, S. (2000).
Quantitative trait loci: a meta-analysis.
Genetics, 155(1), 463-473.

Guo, B., Sleper, D. A., Lu, P., Shannon,
J. G., Nguyen, H. T., & Arelli, P. R.
(2006). QTLs Associated with
Resistance to Soybean Cyst Nematode
in Soybean Meta-Analysis of QTL
Locations-Retraction. Crop Science,
46(1), 202-202.

Guo, J., Chen, L., Li, Y., Shi, Y., Song,
Y., Zhang, D.,.. & Li, C. (2018).
Meta-QTL analysis and identification
of candidate genes related to root traits
in maize. Euphytica, 214(12), 1-15.

Guseman, J. M., Webb, K., Srinivasan,
C., & Dardick, C. (2017). DRO 1
influences root system architecture in
Arabidopsis and Prunus species. The
Plant Journal, 89(6), 1093-1105.

Horii, H., Nemoto, K., Miyamoto, N., &
Harada, J. (2006). Quantitative trait
loci for adventitious and lateral roots
in rice. Plant Breeding, 125(2), 198-
200.

Ikeda, H., Kamoshita, A., & Manabe, T.
(2007). Genetic analysis of rooting
ability of transplanted rice (Oryza
sativa L.) under different water
conditions. Journal of experimental
botany, 58(2), 309-318.

Inukai, Y., Sakamoto, T., Ueguchi-Tanaka,
M., Shibata, Y., Gomi, K., Umemura,
l.,... & Matsuoka, M. (2005). Crown
rootless1, which is essential for crown
root formation in rice, is a target of an
AUXIN RESPONSE FACTOR in
auxin signaling. The Plant Cell, 17(5),
1387-1396.

Jeong, J. S., Kim, Y. S., Redillas, M. C.,
Jang, G., Jung, H., Bang, S. W.,... &
Kim, JK. (2013). OsNAC5
overexpression enlarges root diameter
in rice plants leading to enhanced
drought tolerance and increased grain
yield in the field. Plant Biotechnology
Journal, 11(1), 101-114.

Kamoshita, A., Zhang, J., Siopongco, J.
D. L. C., Sarkarung, S., Nguyen, H.
T., & Wade, L. J. (2002). Effects of
phenotyping environment on
identification of quantitative trait loci
for rice root morphology under
anaerobic conditions. Crop Science,
42(1), 255-265.

Kawahara, Y., de la Bastide, M., Hamilton,
J. P., Kanamori, H., McCombie, W. R.,
Ouyang, S.,... & Matsumoto, T. (2013).
Improvement of the Oryza sativa
Nipponbare reference genome using
next generation sequence and optical
map data. Rice, 6(1), 1-10.

Khowaja, F. S., Norton, G. J., Courtois,
B., & Price, A. H. (2009). Improved
resolution in the position of drought-
related QTLs in a single mapping
population of rice by meta-analysis.
BMC Genomics, 10(1), 1-14.

Li, J., Zhu, S., Song, X., Shen, Y., Chen, H.,
Yu, J.,... & Deng, X. W. (2006). A rice
glutamate receptor—like gene is critical
for the division and survival of individual
cells in the root apical meristem. The
Plant Cell, 18(2), 340-349.



Mo QTL 5JUTe 51 ookl b 26y duiny wimams inlyl b by o935 (slaolSoly puend 1)y Ko 5 5U o

Li, H., Zhou, S. Y., Zhao, W. S,, Su, S.
C., & Peng, Y. L. (2009). A novel
wall-associated receptor-like protein
kinase  gene, OsWAK1, plays
important roles in rice blast disease
resistance. Plant Molecular Biology,
69(3), 337-346.

Li, J., Wang, D., Xie, Y., Zhang, H., Hu, G.,
Li, J.,... & Li,Z. (2011). Development of
upland rice introgression lines and
identification of QTLs for basal root
thickness under different water regimes.
Journal of Genetics and Genomics,
38(11), 547-556.

Li, W. T., Liu, C., Liu, Y. X., Pu, Z. E.,
Dai, S. F., Wang, J. R.,... & Wei, Y.
M. (2013). Meta-analysis of QTL
associated with tolerance to abiotic
stresses in barley. Euphytica, 189(1),
31-49.

Li, J., Han, Y., Liu, L., Chen, Y., Du, Y.,
Zhang, J.,... & Zhao, Q. (2015). qRT9,
a quantitative trait locus controlling
root thickness and root length in
upland rice. Journal of Experimental
Botany, 66(9), 2723-2732.

Li, X, Guo, Z, Lv, Y., Cen, X,, Ding, X,,
Wu, H.,... & Xiong, L. (2017). Genetic
control of the root system in rice under
normal and drought stress conditions by
genome-wide association study. PLoS
Genetics, 13(7), €1006889.

Liang, Y. S., Zhan, X. D., Wang, H. M.,
Gao, Z. Q., chuan Lin, Z., Chen, D.
B.,... & Cheng, S. H. (2013). Locating
QTLs controlling several adult root
traits in an elite Chinese hybrid rice.
Gene, 526(2), 331-335.

Lobet, G., Draye, X., & Périlleux, C.
(2013). An online database for plant
image analysis software tools. Plant
Methods, 9(1), 1-8.

Maccaferri, M., El-Feki, W., Nazemi, G.,
Salvi, S., Cane, M. A., Colalongo, M.
C.,.. & Tuberosa, R. (2016).
Prioritizing quantitative trait loci for
root system architecture in tetraploid
wheat. Journal of Experimental
Botany, 67(4), 1161-1178.

Manschadi, A. M., Hammer, G. L.,
Christopher, J. T., & Devaoil, P.
(2008).  Genotypic  variation in
seedling root architectural traits and
implications for drought adaptation in
wheat (Triticum aestivum L.). Plant
and soil, 303(1), 115-129.

Mirdar Mansuri, R., Shobbar, Z. S.,
Babaeian Jelodar, N., Ghaffari, M. R,
Nematzadeh, G. A., & Asari, S.
(2019). Dissecting molecular
mechanisms underlying salt tolerance
in rice: a comparative transcriptional
profiling of the contrasting genotypes.
Rice, 12(1), 1-13.

Mao, S.L., Wei, Y. M., Cao, W., Lan, X. J.,
Yu, M., Chen, Z. M.,... & Zheng, Y. L.
(2010). Confirmation of the relationship
between plant height and Fusarium head
blight resistance in wheat (Triticum
aestivum L.) by QTL meta-analysis.
Euphytica, 174(3), 343-356.

Marone, D., Russo, M. A., Laido, G., De
Vita, P., Papa, R., Blanco, A.,... &
Mastrangelo, A. M. (2013). Genetic
basis of qualitative and quantitative
resistance to powdery mildew in
wheat: from consensus regions to
candidate genes. BMC Genomics,
14(1), 1-17.

McCouch, S. R., Teytelman, L., Xu, Y.,
Lobos, K. B., Clare, K., Walton, M.,...
& Stein, L. (2002). Development and
mapping of 2240 new SSR markers
for rice (Oryza sativa L.). DNA
Research, 9(6), 199-207.

Niones, J. M., Inukai, Y., Suralta, R. R., &
Yamauchi, A. (2015). QTL associated
with lateral root plasticity in response to
soil moisture fluctuation stress in rice.
Plant and Soil, 391(1), 63-75.

Nguyen, T.T.T., Klueva, N., Chamareck,
V., Aarti, A., Magpantay, G., Millena,
A. C. M.,... & Nguyen, H. T. (2004).
Saturation mapping of QTL regions
and identification of  putative
candidate genes for drought tolerance
in rice. Molecular Genetics and
Genomics, 272(1), 35-46.



Obara, M., Takeda, T., Hayakawa, T., &
Yamaya, T. (2011). Mapping
quantitative trait loci controlling root
length in rice seedlings grown with low
or sufficient supply using backcross
recombinant lines derived from a cross
between Oryza sativa L. and Oryza
glaberrima Steud. Soil Science and
Plant Nutrition, 57(1), 80-92.

Price, A. H., Steele, K. A., Moore, B. J.,
& Jones, R. G. W. (2002). Upland rice
grown in soil-filled chambers and
exposed to contrasting water-deficit
regimes: Il. Mapping quantitative trait
loci for root morphology and
distribution. Field Crops Research,
76(1), 25-43.

Prince, S. J., Song, L., Qiu, D,
Maldonado dos Santos, J. V., Chai, C.,
Joshi, T.,... & Nguyen, H. T. (2015).
Genetic variants in root architecture-
related genes in a Glycine soja
accession, a potential resource to
improve cultivated soybean. BMC
Genomics, 16(1), 1-20.

Zhao-ming, Q., Ya-nan, S., Qiong, W.,
Chun-yan, L., Guo-hua, H., & Qing-
shan, C. (2011). A meta-analysis of
seed protein concentration QTL in
soybean. Canadian Journal of Plant
Science, 91(1), 221-230.

Qu, Y., Mu, P., Zhang, H., Chen, C. Y.,
Gao, Y., Tian, Y.,... & Li, Z. (2008).
Mapping QTLs of root morphological
traits at different growth stages in rice.
Genetica, 133(2), 187-200.

Sandhu, N., Torres, R. O., Sta Cruz, M. T.,
Maturan, P. C., Jain, R., Kumar, A., &
Henry, A. (2015). Traits and QTLs for
development of dry direct-seeded
rainfed rice varieties. Journal of
Experimental Botany, 66(1), 225-244.

Shao, H. B., Song, W. Y., & Chu, L. Y.
(2008). Advances of calcium signals
involved in plant anti-drought.
Comptes Rendus Biologies, 331(8),
587-596.

Sharma, S., Xu, S., Ehdaie, B., Hoops, A.,
Close, T. J., Lukaszewski, A. J., &
Waines, J. G. (2011). Dissection of

QTL effects for root traits using a
chromosome arm-specific mapping
population in bread wheat. Theoretical
and Applied Genetics, 122(4), 759-7609.

Singh, S., Pradhan, S. K., Singh, A. K., &
Singh, O.N. (2012). Marker validation
in recombinant inbred lines and
random varieties of rice for drought
tolerance. Australian Journal of Crop
Science, 6(4), 606.

Singhal, P., Jan, A. T., Azam, M., & Haq,
Q. M. R. (2016). Plant abiotic stress: a
prospective strategy of exploiting
promoters as alternative to overcome
the escalating burden. Frontiers in Life
Science, 9(1), 52-63.

Srividya, A., Ramanarao, P. V., Sridhar,
S., Jayaprada, M., Anuradha, G.,
Srilakshmi, B.,... & Vemireddy, L. R.
(2011). Molecular mapping of QTLs
for drought related traits at seedling
stage under PEG induced stress
conditions in rice. American Journal
of Plant Sciences, 2(02), 190.

Shiu, S. H., & Bleecker, A. B. (2001).
Receptor-like kinases from Arabidopsis
form a monophyletic gene family
related to animal receptor Kinases.
Proceedings of the National Academy of
Sciences, 98(19), 10763-10768.

Sosnowski, O., Charcosset, A., & Joets,
J. (2012). BioMercator VV3: an upgrade
of genetic map compilation and
quantitative trait loci meta-analysis
algorithms. Bioinformatics, 28(15),
2082-2083.

Steele, K. A., Virk, D. S., Kumar, R.,
Prasad, S. C., & Witcombe, J. R.
(2007). Field evaluation of upland rice
lines selected for QTLs controlling
root traits. Field Crops Research,
101(2), 180-186.

Suji, K. K., Prince, K. S. J., Mankhar, P. S.,
Kanagaraj, P., Poornima, R., Amutha,
K.,... & Babu, R. C. (2012). Evaluation
of rice (Oryza sativa L.) near iso-genic
lines with root QTLs for plant
production and root traits in rainfed
target populations of environment. Field
Crops Research, 137, 89-96.



WY QTL 5JUTe 51 ookl b 26y duiny wimams inlyl b by o935 (slaolSoly puend 1)y Ko 5 5U o

Swamy, B. P., Vikram, P., Dixit, S.,
Ahmed, H. U., & Kumar, A. (2011).
Meta-analysis of grain yield QTL
identified during agricultural drought
in grasses showed consensus. BMC
Genomics, 12(1), 1-18.

Temnykh, S., DeClerck, G., Lukashova,
A., Lipovich, L., Cartinhour, S., &
McCouch, S. (2001). Computational
and  experimental  analysis  of
microsatellites in rice (Oryza sativa L.):
frequency, length variation, transposon
associations, and genetic marker
potential. Genome Research, 11(8),
1441-1452.

Uga, Y., Okuno, K., & Yano, M. (2010).
Fine mapping of Stal, a quantitative
trait locus determining stele transversal
area, on rice chromosome 9. Molecular
Breeding, 26(3), 533-538.

Uga, Y., Okuno, K., & Yano, M. (2011).
Drol, a major QTL involved in deep
rooting of rice under upland field
conditions. Journal of Experimental
Botany, 62(8), 2485-2494.

Uga, Y., Sugimoto, K., Ogawa, S., Rane,
J., Ishitani, M., Hara, N.,... & Yano,
M. (2013). Control of root system
architecture by DEEPER ROOTING 1
increases rice yield under drought
conditions. Nature Genetics, 45(9),
1097-1102.

Uga, Y., Kitomi, Y., Ishikawa, S., & Yano,
M. (2015). Genetic improvement for
root growth angle to enhance crop
production. Breeding Science, 65(2),
111-119.

Van Ha, C., Le, D.T., Nishiyama, R.,
Watanabe, Y.A.S.U.K.O., Sulieman, S.,
Tran, U. T.,... & Tran, L. S. P. (2013).
The auxin response factor transcription
factor family in soybean: genome-wide
identification and expression analyses
during development and water stress.
DNA Research, 20(5), 511-524.

Venuprasad, R., Shashidhar, H. E.,
Hittalmani, S., & Hemamalini, G. S.
(2002). Tagging quantitative trait loci
associated with grain yield and root

morphological traits in rice (Oryza
sativa L.) under contrasting moisture
regimes. Euphytica, 128(3), 293-300.

Veyrieras, J. B., Goffinet, B. &
Charcosset, A. (2007). MetaQTL: a
package of new computational
methods for the meta-analysis of QTL
mapping experiments. BMC
Bioinformatics, 8(1), 1-16.

Visscher, P. M., & Goddard, M. E. (2004).
Prediction of the confidence interval of
quantitative trait loci location. Behavior
Genetics, 34(4), 477-482.

Wang, R., & Estelle, M. (2014).
Diversity and specificity: auxin
perception and signaling through the
TIR1/AFB pathway. Current Opinion
in Plant Biology, 21, 51-58.

Wang, Y., Xu, J., Deng, D., Ding, H.,
Bian, Y., Yin, Z.,... & Zhao, Y.
(2016). A comprehensive meta-
analysis of plant morphology, vyield,
stay-green, and virus  disease
resistance QTL in maize (Zea mays
L.). Planta, 243(2), 459-471.

Wang, Y., Wang, D., Gan, T., Liu, L.,
Long, W., Wang, Y.... & Wan, J.
(2016). CRL6, a member of the CHD
protein family, is required for crown
root development in rice. Plant
Physiology and Biochemistry, 105,
185-194.

Wissuwa, M., Yano, M., & Ae, N.
(1998). Mapping of QTLs for
phosphorus-deficiency tolerance in
rice (Oryza sativa L.). Theoretical and
Applied Genetics, 97(5), 777-783.

Woo, Y. M., Park, H. J., Su’udi, M.,
Yang, J. I, Park, J. J., Back, K.,... &
An, G. (2007). Constitutively wilted 1,
a member of the rice YUCCA gene
family, is required for maintaining
water homeostasis and an appropriate
root to shoot ratio. Plant Molecular
Biology, 65(1), 125-136.

Wu, W., & Cheng, S. (2014). Root
genetic research, an opportunity and
challenge to rice improvement. Field
Crops Research, 165, 111-124.



Xu, C. G, Li, X. Q., Xue, Y., Huang, Y.
W., Gao, J.,, & Xing, Y. Z. (2004).
Comparison of quantitative trait loci
controlling seedling characteristics at
two seedling stages using rice
recombinant inbred lines. Theoretical
and Applied Genetics, 109(3), 640-647.

Yamamoto, T., Yoshida, Y., Nakajima,
K., Tominaga, M., Gyohda, A,
Suzuki, H.,... & Koshiba, T. (2018).
Expression of RSOsPR10 in rice roots
is antagonistically regulated by
jasmonate/ethylene and salicylic acid
via the activator OSERF87 and the
repressor OSWRKY76, respectively.
Plant Direct, 2(3), e00049.

Yamauchi, T., Tanaka, A., Inahashi, H.,
Nishizawa, N. K., Tsutsumi, N.,
Inukai, Y., & Nakazono, M. (2019).
Fine control of aerenchyma and lateral
root development through AUX/IAA-
and ARF-dependent auxin signaling.
Proceedings of the National Academy
of Sciences, 116(41), 20770-20775.

Yue, B., Xiong, L., Xue, W., Xing, Y.,
Luo, L., & Xu, C. (2005). Genetic
analysis for drought resistance of rice
at reproductive stage in field with
different types of soil. Theoretical and
Applied Genetics, 111(6), 1127-1136.

Zhang, S., Wang, S., Xu, Y., Yu, C,
Shen, C., Qian, Q.,... & Qi, Y. (2015).
The auxin response factor, OSARF 19,
controls rice leaf angles through
positively regulating OsGH 3-5 and
OsBRI 1. Plant, Cell & Environment,

38(4), 638-654.

Zhang, X., Shabala, S., Koutoulis, A.,
Shabala, L., & Zhou, M. (2017). Meta-
analysis of major QTL for abiotic
stress tolerance in barley and
implications for barley breeding.
Planta, 245(2), 283-295.

Zhao, L., Liu, H. J., Zhang, C. X., Wang,
Q. Y., & Li, X. H. (2015). Meta-
analysis of constitutive QTLs for
disease resistance in maize and its
synteny conservation in the rice
genome. Genet. Mol. Res, 14, 961-970.

Zhou, Y., Dong, G., Tao, Y., Chen, C,,
Yang, B., Wu, Y... & Wang, Y.
(2016). Mapping quantitative trait loci
associated with toot traits using
sequencing-based genotyping
chromosome segment  substitution
lines derived from 9311 and
Nipponbare in Rice (Oryza sativa L.).
PLoS One, 11(3), e0151796.

Zheng, B. S., Ling, Y. A. N. G., Chuan-
Zao, M. A. O., Zhang, W. P., & Ping,
W. U. (2006). QTLs and candidate
genes for rice root growth under
flooding and upland conditions. Acta
Genetica Sinica, 33(2), 141-151.

ZhiMing, Y., Bo, K., XiaoWei, H.,
ShaoLei, L., YouHuang, B., WoNa,
D... & Ping, W. (2011). Root
hair-specific expansins modulate root
hair elongation in rice. The Plant
Journal, 66(5), 725-734.



