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Abstract

Quantitative trait loci (QTL) mapping were carried out for
10 rice cooking and eating quality traits, by using a 144
recombinant inbred lines derived from cross between Hashemi
and Neamat varieties with microsatellite markers. The ten
traits included amylose content (AC), gelatinization
temperature (GT), and 8 parameters from the viscosity profile.
A total of 23 QTLs were detected for the 10 traits, with at least
one QTL and as many as 4 QTLs for each individual trait. At
least one QTL for each trait detected on chromosome 6.
Several QTL clusters were observed for multiple quality traits.
Especially, one QTL cluster near the Alk locus on
chromosome 6 includes four QTLs: ¢GT6, gFV6b, gCSV6 and
qSBV6, which control GT, final viscosity (FV), consistency
viscosity (CSV) and setback viscosity (SBV), respectively.
Most of them were major QTLs. Another important QTL
cluster was located at Wx locus on chromosome 6 includes 3
QTLs: gAC6, gMV6a and gBDV6, which control AC, MV
(minimum viscosity) and breakdown viscosity (BDV),
respectively. Moreover, these QTLs were major QTLs. Our
results showed some of cooking and eating quality controlled
by tow region on chromosome 6, region of Wx locus and
region of Alk locus. Markers linked to these two genes can be

used as marker assisted selection in breeding programmes.

Keywords: Amylose content, rice viscosity profile,
microsatellite marker, QTL mapping

E-mail: ebady al@yahoo.com

b
by S 4 by e Sdoo V0 613 (QTL) (o8 (slaf L0
3 ol il s S 8 Y FF leslinal b iy ST
3550 Do A3 il o)l pale sy KL Loy ool obla 035 53 S
St 5 OB (Y Sl a3 sk T Ol ol G 091 53 (g2
e VY Sn paame 53 oy p 4l cults Sdinr Covjas
f Sl 5 QTL o s 51 )y 3550 Cadoo Vo 6l QTLs
635 QTL & Jolam s a6l ks plulis Cio 2 61, QTL
b 2dlS” ul 5l ST o8 G5 b8 pikr s gLl # 55y S
23 55 7 O Lot i Glulis 55 S e SRS 1) o
QTL [z Jobs % 5ms8 6 IST 35Kk (o5
wr s Slie e S sy @SBV 5 qCSV6 qFV6b qGTO)
IS 1y S S5 3 18 (26 (S 0 5Y5 Ol ~
23 K5 e 55 IS S tin g 1685 BQTL ol Il S’ e
qACE) QTL Y Jolss 5 sls 5137 p55509,5 635 STy S50
S N Pl sl Ol Slio 5 5 S (BDVE 5 gMV6a
A S5 55 BQTL ) S S o S8 1) Sty Sms 5 5
5y LobS 4 by e Dlio Sl (S 6 5l 0L G ) el s
IS8 p55m9,8 635 AT 5 (oS5 05 4l 93 baw g g S5
lapsisns S 2l g5y shdr 1 $Sa S GWQTL omen 345
A gLl () 3,50 Dlis gl

Sl iy walts S kel O 1G0T Sloilg
S 05 @l{blﬁx o)l galess )

LSJL.J‘ )..51 ulc Jﬁiwﬁ LRVWEPY *



WA (o] 9 50k pow ojlod pgd Jlo (21)) QLS (5)ldcumj (cingly - (sols dloxe 5

$ pgisnssS sy (Alk locus) oIS o5 buogs
(Umemoto et al. 2002; He et 39 0 J S
S x> al 2006; Sabouri ef al. 2012)
slag; & Slosde ol p ouiie | K3 (S
e Gy on R FlSes 5 SISHR
M e Cho ol S5 Bpjgeg)S
(Sabouri 2009; Li ef al. 2011; Liu et al.
2011)

R S AR INVEY ST MK VESLI B PREN
Wb o piSogliel g jokual Jolid oS cunl ond
Oluogad  plpls (Jiang et al. 2004)
Aoy oK lwy & iy dwldl | Siiwe
(Rapid Visco Analyzer) YLl ¢Sy
sloygSl 5l (o plyisar i 290 5 pSojll
L2225 o0 Cguime gp COY CuhsS 2alS (e
ly )] o8 Judo 4 5l 5 Ut el 4 a2y
IO IS S 5900 RRCH WEYVEY Se] IR W 231 KY
B S 5 COy S s Sy Slooguas
(Bao and Xia. cuwl a8l s ce s
Sl opdize 3l Lam sdde 4 .1999)
03 by oy 4 4l (Ske logas
IS ST o5 Loy S0 Sy 9 oSl
(Wang et al. 2007; Traore et al. 3¢5 0
s & X 20115 Teng et al. 2012)
Oluogas cpl a8 o LS cpidse j1 Sy S
S9) 2 ER FIS)h 9 SSess (o) bwy
(Liu et 89 oo JyuS gy slopgjsessS nlo
al. 2011; Li et al. 2011)

P S Slao piie el s bl
9 0392 (o5 Clao s> gy Slygd 9 SOy CudS
S HSess 9 F1S)5 b il ool bawgs
g Slaw pl g el gy cplply Led o
Slao ol oais 38 ooy b (f (9,5 paseide
Gl g ol bulyd ) g Slal @y wedp)s 5
sl Cor S G Gl 2 Gl

%3

400

S olS (Oryza sativa L.) ¢ly; g0y

Beve dga> 5l g Adlico disal)S 03lgls 4y (3laie
Srae pis bug 218 g glyed Gio Jl
Lid pope 3l e ol gl dle pl D05
d9i alligy (nBgn 9 3Pl e VB 5 Al e
Al ol 4 dly Ld pye 5l 85 3)Le Y/0
N o V5 G5l 5l o VY IS jebas &
5 (IRRL 1997) 15 o cywali |y 53,0 sy
&3P 5ol Hlde ol glatulis glie
g CSy Oluogad A8 el 1) gl @)
wlis Chogad dlugy I jsba @ STy
2556 (p ke wwlds (plply 23,5 (o0 (s
il gp Wb Shed oy Cou ClhS s
2o Gape Yo @y ah awls
S e 355 e i o5 o plaiulis
(Gelatinization Temperature)  yub su5Yj
(Amylose Content) (AC) jsbel /550 (GT)
Al dwlds  Stiwe 4 by las o J; clale
2 48 M gy s (Lol Sluogad | gy
Wl foe gop Al Sl 9 oy cudS )
5ol onie 4 (Bao and Xia. 1999)
oiste 3 G olsied el Glie el
@r Shed 9 S CulsS 228 ead slaygiSE
$oy (Wx locus) _wSly o5 JsiS cos bues
(Tan et al. 1999; Bao et wib o & pgjges,S
ol & s yaal 2000; Aluko et al. 2004)
) sskel Olie @ borye £95 (ol aloBar 0
oo Sl (b IS (red 4 S o5 42
2o s o F S sb) ol
By b Cho ol Gln wx sbesisessS
(Liu et al. 2011; Sabouri 2009; e ,S
st | (g5l oduic 4y Zhang et al. 2008)
IR N plesa oMY Ol aep
@r Shs 5 Sy CudS  fhe sbayesl



) g GOy CatS 0SS oS gl oblKe 1)K g ole

b s s o)l glacay, Bis L

Coy CutS & by Olas U wiad by oy
3 o D98 (65 03l )l )3z aild Syes
oboy 2oy W o4 Sgild Cusb (29595
b o L;Swy Shle o&Kwd ]a.wy Uy <03
ClSen b 4l dug b @p b Slogd @
Slostd @r s I @lan aY e Jobs
b s awshy, a8kl oSibe oK lawy
CutS Slas (6,S05lul 208 and Mbw zip
plsl ol 5l Jeols 3] g s g ol g9y <5
Tuliano gy 5l kel (e e sl

A oolatwl (g ytegidy Sl o&iwd L (1971)
b9y J oMY @l aeyd el
Coa o odlawl (1958) Little et al.
FeS Y Shime b bhije clogad 5010l
UD Ol olKiws I odliznl b a5 sbw g6y )
S a8Lsl 5l o g g 0ddyl e Voo ds g
olKiwd (o318 wlgul J31> p yado O ) e YO
(RVA-3D Model YUl oSiny A,
1,8 Newport Scientific, Sydney Australia)
b diges (St Oluogad (5,505l .05 ool
Doyl g aidd VY Gl oSy gled asliy
Allahgholipour ef al. bwg oad 0> uses
dwlds  Stiws Slogad A5 pbxl (2006)
ie i 9516 i gy 53,0 (slodige
e pie i) Saes e
33,5 ol v adgl gl ;3 PKV ¥ Saivee
e Johs 4 Stwe olise Lo ailecol b
2980 G MV T Sty Jlis 5 s 00 355
00 B Oyl dyd Gials g diges (3w b
5 S0 Vb G & (oo 0)lgy 35 b

2. Peak viscosity
3. Minimum Viscosity = hot past viscosity

B o8y 9 SN I ol sl jtob oS g
O oyews U oolaiwl (Cuand jd ouila) Syl
Golel ol Clao oS S 5 slaglSe
Sy Sluogad g MBSV Oyl a2y
slooi b dican o, SLE L 5 S5l gy il
slasby o ol cos Wl cls oyl

UL A TWRK GIRARE IC VR EES BIG VI

b gy 9 3Mg0

asual Jiogs Y VFE 5l Gdss cpl
o5y 90 (AW | Jols FI0 Jus RILS' oS yig
5 o0l Y el o0 o0litl Ceand g casble
298 gy Oliiod o 53 9 ) ST S b
il dwdyge 9 oghe Sty e
ald (lpied (GBI e g )55 05) 93 9 Cuasd g
b B (OSS aw b sals plgica o3, ¥)
iolesl asyze 3 WAe elys e > wieS]
9 s Al ol ujd Voo Sibyh
@ LS o oblydy 5l g joy Vo b plosl glanty
dges (e ) SLE Jl J8 ad Jiiie (Lol oy
2 bl opled )5 uSeh b
ASaep plelpy g (Blad ©j0n Sl
roye ¥ inlojl soly o Colus b asuis
090> 9 O yraBle YO Aol b (20 ¥ 5 120 V)
P ey oy Ve enjby b Sdbew

8,8 plol ddlaio By Billas lgs Bl

1. Recombinant Inbred Lines



WA (o] 9 50k pow ojlod pgd Jlo (21)) QLS (5)ldcumj (cingly - (sols dloxe al

T3 A ol 4 C 5 G ol s 5 b
1 by dls po 456 ¥ (9 yuiiie Vo C 0 C
2 2lsl b 4d85 0 coles jd 909 YW C sled
b a5 cladiges b5 g0 VY C (glod
35 55 Y C gld )3 58Sl plox
5 olglogy ad lajly Bis jslatedy aul
R RNISCSE SUEENER W[5 PSRN
b il gl wjgon (Sl e ol
A gpyaelby (1991) Don et al. oo,
e sl LSlok J5 5 2 PCR e puams
S35y Wlogy poral b L g 505 (5,151
WA g )by uSe Sl 5 o b
Jg 45) ojlenley, Sl dee dlaw
buwg oxddly)l Jg olol 5 byl (olayesly
Temnykh et al. 4 (2002) McCouch et al.
STS " Silis & g (v o ymsd (2000)
Ayres et al. j ol Jg « W2R ,5li)
=Sy 0F b dtaren )L S lgiea (1997)
d98 ecnlly 59y oMb Cand (32 ol S
Sy olyonay o)lsalegy, Sl VW) LSilis WA
oy oL mojlel BB ISsns (STS Soles
sbpigesS 9y » JSSae gl ol
Soy p bl ol g a8 Galise
Dy Gglite dae YF U Y 5l Calisee (slapgjaey,S
alie b ) coS 59 YV Cis el dm
e B el Wy alie Sl g A cuass Wl
S ogeil 3l fud 4B o e Silis el
U5 g o odlatwl V a0V 5,80 Cund sl oSl
Copd Camd il 1 o)loalogy) sl SLis
g SIS A aws p» oplple WS e
s oslimwl Sl WY 51 QTL ayje

SIS ALB 45 o S sloedls il

9. Simple Tagged Site
10. Quantitative Trait Loci

Si59 dsbise b FV Gl (S
Jolas 5 Sle oyl I BDV 7 Saie
SBV " Suiz (59 o Mol Cawdty (Shivuz
s ) Gl Sty Ogl b |
5 CSV T St plod el canday St
Job (S Pl g ol (St gl
oly elely sl oyl eled b e
Job &S Sloj e ad ¢ RVU ° Saipe
(St 25105 5l g (s b 5
9 PeT ;‘_jm s U by ol 1S s
dob (oo el 1) Stwe Sl & Sl
A o PaT ¥ Saiue slod olgicas
S b Sr slsss 5| DNA gl sl
4 gymo (1980) Murray and Thompson
Sloyess; isSly 285 plsl CTAB * s,
Jie Biometra oSy 1 ool b jlee b
2 sly ideSe Vo w9 T-Gradient
s Sl ) DNA J Ypl Jols 2T,
49y 5 g 4, oS5l ) -/opl (& ng/ul
VYL (UM sl Jsbre clile L) e
(mM cbl L) dNTPs JI clajly Ll
OU/ul cdale b) el &S mpl </VFul
Bl g (d-mM clale L) o ey IS </¥ADL
¥idols )l 2 )8 pll g V0 X
Y5 e AFC > algl (oiloaniyly aids
lodpy ilwandyuly 4l Yo ©jpon 45
los o oSl Jlail dlsye ik Y& AF C
& Aty Giliseo ol ST iy 4 Loy ol ) 00 C

. Final Viscosity = cool past viscosity
. Break Down Viscosity

. Set Back Viscosity

. Consistency Viscosity

. Rapid Viscosity Unit

. Time to Peak Viscosity

. Pasting Temperature

. Cetyltrimethyl Ammonium Bromide

01N DN AW~



Y g GOy CatS 0SS oS gl oblKe 1)K g ole

Glp & cwl S5 @ e uimed Gl ol
Olao I plS 2 (igid (slaosly 4yl (el
Fehs 3@ J3I ) dged aw 59y 2
PSS e 6 She g a8 pSejlul Y
A5 oolatwl QTL 4 50
re Sl olien @y ually (5:0ke anlie
Sl ol jendy oS g oY 5Sike dag
Vodgdr g2 eep 090 Clio edgie 5 e
s Jods 0 &S jebled sl sad ool LS
9 ap g Slao (sled )3 35800 odalle
plple Sy (g)bgre OS] KuSS L Wl
by slayi obole (sl sdsobal cures
Ol Adliee Galie (oyp 390 Clao 4
B Cwl bl Gl YL cwen p Clas el
5 Shme plod (St (SiSujd olis
P Sle pl (GShe & Saiws Oyl a0
b ol 4l bl o cunns 5l YL adla o8,
lyuss Agy o5 (2010) Allahgholipour ef al.

skl (liae olyeddy atwlis S Cluogas
g o pByl ) sV )l a2y g
Db callas Wlosly HlE wyp dy50 ondz Mol
Juobbis iSihe aeal o B oS g slagnY
O ooy 090 Slao (lei > lly 9 oy
Cuzror  Glao g 4 2 L b
dod ;& dod o odblin Sye slaopV
sy 593l ey 4 s oYl Sy lio
SSE g2y Sole & i S b
Olyss dl bl o Clao der (gl jolxie
Iols S is sy Cuma  clis
@i ey 9 Clae cpl dgy Sl
Ui B sl opl &S cuily Lmdi Slalyd
ol S g Slie cpl S8 0 o
Cillhe L8 oli)s cdel b opl a8 5)b wlin
(Sabouri, 2009; Sabouri et al. 2012; >,

syl 5l el L SIS
(Lincoln ef al. 1992) Mapmaker/EXP 3.0
(Wang. 2009; Li et al. QTLIciMapping
Jolee LOD b (6580 aiiis .o oalawl 2008)
olisS w9 Yo M Swge alold Sl ¥
Jed ) bl Gaaps cor b ey
Jops g obily s Wlho o (Suwen
G35 gy b edlawl SAS ver.9.0 liéls s
(Wang. QTLIciMapping ,l338ls, ;1 QTL
ool g0 &S b edlazwl 2009; Li et al. 2008)
Do o odlaiwl QTL o by 1 ,l58le 5
cax ICIM ' ,513 Sy gldols  gbass
A Bgaile 0 pgl ey oy
@lil LOD Jlsde 3y5lp clp 9 b 43S
o[+ oo W Jaie L Permutation 1000
10,5 cyund Cio ya (gly (Type I Error=-/-a)
() Gl Jlie cho o gy iy

5,5 oy |, LOD
&::35@1:6

i gd s b, s
On Slao kS Luilyly aes ol mls
LSl o 5y sme OS] &S 5l s lasals
P8 ) ajlass o OS] &S i yo sl 395
don sl (Bad o Jolis 3 1y cpilly &5 sals
o3> i osld) 24 I xe wyp 350 Slas
@ bgye laodly gl 4 (il cnlply (w502
ols )l (5 She duglie D95 oS g oY
plsl (S5 ygeil b wsdoe Jold 5 |y ol o5
2 oy e gbgxe MBI S &S ws
Ol awolie (ol g (g )50 Clao (oolo
oy i YV Jos o pdlly ke (gly laas

1. Inclusive Composite Interval Mapping



WA (o] 9 50k pow ojlod pgd Jlo (21)) QLS (5)ldcumj (cingly - (sols dloxe al

ol e (Shne Gopy g (Sdimr plsd
(Sl Pl b (Stwe pSle (Stes
5 Cute 2l (Shimg 9 S (S50
Moiginn g (e (Shie Oyl a2 b gl e
SV M gloj Gde ((Shir el b Iy
ol 3 royf (S Gy 9

§ Sl (SBuyg b (Siwe ol
P9 P g ite daly (Siiwe @l 4
SV Sl oloj Gae 5 2l Sder b
Blasalaly Ll o)y b xe g cute dlayl,
Sl o 9 Sl plgd b (Shis
Cangd > Gize

9 Oloj e Cduo dw b (St (S50 9,8
Slms Gopm 5 Shma Ojlp ap
Sl Pl by D g (ile (Ssen
b ol (St )b b e 5 Cute (Siuen
Pgine g Cuto (Siumod (Sdipes Sopm 9 plod
S Oyl g gl cle by
b Slm plgd 05l Jbdne 5 (e (Siuuon
5 e Naed (Shime Sl ol e

55 WSul olsyiF & us » Liu et al. 2011)

5 okl (i Jio Clao (B (35S 5l
(Tan et al. )b s oY) oyl 4
.1999)
2 op g Slho fp (Ssed o pd
P &S ebilen Cwl ok e Gl Y Jods
L jskel (e Cho o 35800 odalie Joio
s dwlil Stwe 4 bapw Ol ol
&35 3929 (6 dre (Sused (2lod (Sime
Sl a0 b jebiel liee o (Samed (4l
g S e gl Gde (Stime el
Slao b (Jy jhine g cute (Sams g9
Sl Syl dnd g Shwe (Si5ujg8
o b b Yy Oyl de gy cwl e
Bl e dwlis Siwe  Clogas
O Gy Oyl ey g Gl e Slas L
Sl e Loy cue Stwe She

auol ingd cuS g5 o pY Cuxes g cpilly )3 75 ail STygd 5 Cou CuiS Slio 4 bgye pilie =) Joi

Lro Blysul £ . 5lo) )
) 2ol T Sle) el

sl Jigd S 55 gla Y Curer

e PN Cans e Gl oo Sole 63545x0
(1o &) jobol lje  20.3320.62C  27.37+0.60 A 2398 £2.18 17-28.7
oSS Syl ey 443£0.17C 7£0A 6.12+0.99 32-7
RVU Sipus 1)y s p) Sties s 2754249C  332.1+7.6 A 277.8 £47.1 131.3-361.3
RVU (Ssivs 35ly cans ) Sz S 193.1£67C 3019462 A 237.7 £ 46.4 110.6 —328.8
RVU (Stus 5l s p) Shius Sujep 823+27A  302+44C 40.1+21.9 9-103.3
RVU (Stims 0oly canss p) olis Shsws  3258+£5.1C 4289+ 103A 362.8 + 63.6 180.1 —491.2
RVU Sipus 15ly canss p) St pld 132744 A 1269+42B 124.8 £46.8 21-2718
RVU (Stis 3oly canss p) (Shiwe gy 503+£35C 102869 A 84.9 +45.7 -17.1t0 214
(4155 cans ) Sdisws Sl by ore 6.02+0.13B 6.26+0.16 A 6.53+0.36 5.63 -7
(15 oo 42 3) St Syl aas 831+£27A  764+1.7C 82.62+4.8 69-93.2

L) (S5 9eil bdoyd B Jles] gaw )3 )b dme GMS vi b glite by (sl (sla ko

Sl Sopm b g Cute (Stuod [ Sdiue
OF e D) JDb Sxe g e Siuwed

Pigne g Cute (Stason Stz oy L
Oyl e b Saiwes Slis by @ae )b



50 g GOy CatS 0SS oS gl oblKe 1)K g ole

(Wang sl o ciglaie Slas 1 (6,500 slaw oy
Eao90 pl et al. 2007; Zhang et al. 2008)
ol exSoilul g acumes Peciglite 4 d g b
5 Jgore syl Oglise olsp 9 Gl Ly )5 e

NI T RY

9 Cute (Slind> (Gopmy 9 (SAmd Oyl a )

Slas o ( Sused 4 baye zuls Dy b dxe

O Ja.glg) 61).3 J.Jlob)f )lf RILs Lgl.mc,g,mq- g9
Lilgy &lp g oW () 2y90 Slaw jI (S p

Ty b Sl g oy cursS @ by Slao (r (gwpm (Stuwed cops =V Jodo

LN . _ . . _ . Oley ©de )
i Ol N ST Jola Suyed St pld .
< , Oyl _ _ _ _ )..5|J~> U)IP
jgel T St Siee SNy el S _
O Y Sl (S
C’ I ok
2 33
NS
St Sl 0217 2017
St Sl 0417 0.04™ 0.88"
S Si50y0% 0407 -0.447 024" 025"
sl S 002 20257 071" 0.69” 0.02"
S pl 0437 20397 0.09™  -0.04™ 0.28" 0.68"
;S| ybj o P P sk P P
Hh S 31 0.50 0.06® 034 -0.57 012" -0.52
(S N
Shs o)l s 0177 028" 0437 0277 0317 -0.18°  0.03™ 043"
St s 0247 2018 -0.03™  0.08™ 022" 0.69" 0877 -024" 0.8

B me el 9 0 paws 3 )5 dme o )d S e jd 5 dae FF K s

Gllis W 58 E D ¥ N lapgigassS 5o
skeel (i o (sl () USG5 ¥ ) 10,5
23)5 2lelid £ 9 0 glapjges)S g9, QTL o
4295 b gACG pba 7 o)led pjgeg)S (59) QTL
QTL @ Cami g uibylg 51 2o YV
Jaoy VIV &S 0 pigeg)S (g9 oddplulid
Sy Pl s 28 o agi |y st L)l
Joda) sasly sute iulidl 31 QTL 40y g
onF peieeyS 9y Bl S, QTL (N JSb 4 Y
o) & e 3 RMS589-RM190 [ Silis o0
o &S L b W uSly o) ol anl
e WX 55 ol 5 RMI90 SSLL
» [(Ayres et al. 1997) 5> se59 oYU
Cho gogad ) eddplxl Glidss I o)k
anl bwg caw opl & sadpMel jokol e
(Tan et al. 1999; >4i 0 JyiS Sl o5

QTLs ol 5 (owighj o

Cud 1 ool g Gyl I eslaiwl b
A S Sy sl gy S VY
AL pl W05 ey ) SSLE pl (5
b @ pes 3l OB )seisile VO D> (o510
Sl iy e o (B ee il VY S5ke b
Sy SOl Sl cp i () JSS) ol b
9y UL A (S 9 F gV (slapgigeg)S
S9y p2 2)SLE Gl 00 WY 5 ¥ (slapigeq,S
oxeily) At |y puslio s 3ol (380 s
Temnykh 4 (2002) McCouch et al. lawg
&S cwl S 4 pY adlcalb (2000) ef al.
ol o Gatsg cpl o sadedlatl e, SSlis
WD 03U ul?w] A5 PRS-

Eoodro jd oy CutS Olaw QTL 450 b
2w )90 Coo Ve d‘)‘? L;’) oK,gL‘} YY oloss



WA (o] 9 50k pow ojlod pgd Jlo (21)) QLS (5)ldcumj (cingly - (sols dloxe 55

pB)l aile) (8l s Sakeel 5 YL LS jobiol 2> 9
>l gedge cnl &5 sl 8 (ST
Al pS ol b SQTL sluliess ly
QTL & b Vi oyl doys can ly
SUS 9 w7 opsisesS oy Sl Sop
750N &S s olls RM4128-RM402
sl 9350 agi |y Cho cnl (g (bl
27 p9isessS il anl ol g cae Gl I
erse o) ) Al Alk IST 55 e
S8 s b adE ol awlie L
(cwl Wl B 56 (2000) Temnykh et al.
S5 S pegad > B ol Gl
Olgear oIS 55 oSils 8 @ 5 cao
Ol deyy JiS (el (e9jge9)S 4l
S Jolie o] 2l 5l o1 o)l3l Y5

buwg & adss o > JAluko er al. 2004)
Fy cures &S g9y 2 (2012) Sabourt et al.
o bl G ye )3 dg)dw o8y (B 5l Jobs
RM589- Sl o5 e Gds QTL Ky e
5 wlolis kel e o gy RMI190
Oiee 500 (B &S L gp g 0dd (Byme
a2 (2011) Liu et al. 4(2009) Sabouri L
sokeal (i Cdo (dlp £ pgjgesS g9y QTL
Eplie B ol @l b oS 60,5 lulis
sy odsolulis 1 SaeS QTL .cuils
OO B cnl 20 5k sl Gl O piges,S
Sl poise9S (il 9y M8 Cliis > g end
oply .l oais (555 QTL ekel i cbo
YU jolel (elyls (SO Gaios cpl > oadeslatul
Lsgio jobol (gl (6,505 5 (jaleel 7YV L casi)
P ket b () Jg2) 25 (johel 77+ oila)

RILS Cuzon > gy Slysd 5 Con ConsS Slas gl oad olols wQTL -Y Jsus

i QTL  roims S SLITOD  LOD ol ooblyiop
ol o qAC6 6 RMS89-RMI90 280 437 0.9 1321
gAC5 5 RM6645-RM163 285 0.89 7.69

G ol e qGT6E 6 RMA4I28-RM402 308 2727  0.79 65.12
Siws gSls gPKV6a 6 RMSS6-RMSS9 303 1296 2744  33.64
gPKV6b 6 RMA402-RM6836 531 -17.54 140

gPKV5 5 RM6645-RMI163 373 41686 1274

Siws Bs  gMV6a 6 RMSS9-RMIS0 282 189 3346 5212
gMV6b 6 RMA402-RM6836 329 -12.10 685

gMV9 9 RM219-RM257 289 10.73 5.86

S S qFV6a 6 RM190-W2R 204 460 2201 11.67
gFV6b 6 RM4128-RM402 844 3061  22.64

Siws SSuss  gBDV6 6 RMSS9-RMIS0 278 459 78 12.65
gBDV2 2 %@%2535' 323 8.63 10.23

gBDVII 11 RMI8I2-RM286 286 7.82 9.85

Siwsds  qCSV6 6 RMAI28-RM402  2.68 688 2084  19.95
gCSV2 2 RMI66-RM266 289 10.24 9.64

Sies sspw  qSBV6 6 RM4I28-RM402 298 421  -1636 1270
gSBVII 11 RM286-RMISI 345 1386 1087

s Sl ooy ore gPeT6a 6 RM190-W2R 274 597 012 11.94
gPeT6h 6 RM276-RM2615 865  0.16 19.34

gPeTI 1 RMS235-RM486 283 -0.08 541

gPeT2 2 RM2I3-RMI358 333 -0.10 8.05

Siws Olp 4y qPaT6 6 RM253-RM276 293 536 194 17.36




Y
Chrl Chr2 Chr3
0.0 RAIS1 0.0 RA234 0.0
a
131 RMI166 o
—a T RAizZo6 7173
5% RML3i5 -

|/ ROM23
212.7—H
2148 RM1287
2214 RM129
Chr7
0.0 RAM6223
ROMS055
11.6—H
14.6 RAMM481
1717
RMS5711
30.7 RMS263
|/ RMB006
41.6—H s
HHAY oo
H— RyIs42
49.0H~_
53_2—-\ RMS481
59.7—-\ Ry2
RM7338
732 RMIL
8561 |~ RM336
89.3 RM10
93.4—H
™ Rar7s64
106.8 ROMS05
118.F ROM1364
127.0 RM5720
142.8 ROM134
150.5 RMS01

g CSy CutS 008 S L;o{ sloy; u”l’u&-" o)) Ken 9 gobe

136.9 RM263  137.3H
1422 R3422
_RM5380
150.3 150.3—H— Rrars20
i56.5 RM424
170.9 RM279
180.0 RM3340
Chrs8 Chro
0.0 RMS485 0.0 RAM278
78 RM7356
1a—H_
RM223 RM215
17.7-H
203}
RM42 337 RMI553
34.5 RM331 331 RAL2144
I 2
45.6 RM6208 + RAL288
57.6 RM3572
62.1 RAM219
70.9 Rysass (@MV2
78.1 RM257
83.1 RMI1959
94.1 RM205
96.3 RMT2
107.4 RM3331
1136 RM316
117.1 RMI1235
129.7 RM$845
138.0 RM264

RAT241

Chri0

0.0

451

53.9

63.8

3.1

76.2—

91.0

109.0

24.2=1

Chré
—— RMS508
— R3S86
- [ RISE3
g e h > RM190
gBDVS JAIAN
- / S WIR

I
aPKVsh
aldVah
gMVeh RAMA138
RMS27
RMI41
Chril Chri2
RM171 0.0 RMS5474 0.0 RMS19
2
RMS271 150 RaI7443 127 RM1337
Rl 73 RM5997 27.7 RM7003
350 RM206
RM333 N
489 RM1341 108 ROM7619
RM228
RM202
RAM258 64.7—]
67.7 RM4863
RM311
RM2887 80.2 RM5599
RMS201
94.8 RM1812
gBDV1
RAMS620, 112 . RA2E6
gSBVI11
1201 RM181

o Sy Slao Gl 0aS plolid SLQTL ol jondy g5 slopgiges)S 53, o)lgalo) (sloSolis (5S4 asds -V S5



WA (o] 9 50k pow ojlod pgd Jlo (21)) QLS (5)ldcumj (cingly - (sols dloxe FA

Al g J1S)5 (aigd (lly 70V 4y
429 b gMV6b play (6,500 9 Cute (]38l
Sl 5 SIS s ey Z5IA
55 asb s SIS, QTL oy ite il
wle wp o ol oplply il 5 STy
Cawl Sy o5 8l Cod  Sdmes Slis Caw
@ g8 Cio il 390 > B Clids el
(Bao il o o3l Sy o5 bawgs 5] S
et al. 2003; Wang et al. 2007; Zhang et
&% psigenS 3y $Sass QTL al. 2008)
356 42d ) igd (bl L0/ L
s9) Solite 55 B 3 Ll ppdizee plo bawg
(Liu et cusl oad (215 9 (olwlid & pgjgeg,S
QTL 5 ol St o gy al. 2011)
qFEV6b o qFV6a sl pbas 5 pojsesyS )
Sl 9 o) Sly 0F 4l e
esd sulyls VY aag | RM190-W2R
RM4128- ,Silis 9 ) T 55 4l 55
b Lubyly ZYVE asg L (RMA402
g Cuto (iol38l B gl Jol &8 as olelis
ol Gl g e Gl S Gl (a9
0B oIS g Sty 0F 90 gm0 Cod o
o ol 3y 2 IS 05 8 Al S s
oo ol &8 Ml oo (Sl 05 5|y Sl pens
sl 336 300 3 b Slilhs b Ly
(Wang et al. 2007; Zhang et al. 2008)
ol o Sttar (SiSypp o (sl
dw D W] o Conddy  Saiws Sl ¢ Sl
L cwiya W 5 ¥ & slapgisesyS ) QTL
e5d wibyly 5l oy AN 9 VY AYIY ang
OB 37 pojgegsS 59y QTL 08 olulis
391 i a8 51 sl g cadls 5 STy
5 (1999) Bao et al. dos | cpiize 51 S0
53, QTL & 55 (2007) Wang et al.

(He et al. 1999; ilesyS iyli5 c095909,5
Umemoto et al. 2002; Wang et al. 2007;

325 ol b 3udaie a5 Sabouri et al. 2012)
g B olidos (S adl il e pols
(Sabouri. 2009) cusl snis 15,355 5 pgjeeg,S
S Oplie 3 pl ol b oS
lolid O pojses)S (59) QTL 4 9 & pgjgeg,S
555 ol I 2oy 541 ggacna 85 135
sl 3L gPKYV6a play (o & pojgesyS
cusly ), RM586-RMS89 (S5l 95 oy Cae
S0 A1 S igd puibly LYVIE a2y Loy
VS 0 oS psbplen (N S 5 Y Jga)
o5 ol 4 Soop anl ol ded 0 sdalin
o5 ol ol WU saias lis o5 abb o STy
ol @l Ao (Shme yShe Chdo ) p
b Sse She Chv jogpad ) G0
Liu et al. 4 (2002) Bao et al. <laiss
sly # psisessS 9y 2 QTL S, &5 (2011)
Sl cho glp QTL o i jl s (S0
D355 olulid 7 pgiges)S g9y Sk
(Bao et al. 2003; Wang et al. cusly & plio
$1Sss8 QTL 2007; Zhang et al. 2008)
by ZOVIV 5 B pgisnsyS 55y ord plulis
o S S oS e dng ]y Cho (g
JrS 1y B pojges)S 9y FlSess QTL S
(Liu et g 00 1)l S Sl can
.al. 2011; Wang et al. 2007)
5 (6 93) & slopgignssS s9) QTL aw oluws
L gMV6a pba; o F pojges)S 55 QTL



A g GOy CatS 0SS oS gl oblKe 1)K g ole

S 5 2l (Sdws 4 by QTL L gSBV6
o Jypa> 4 a2g L oS cul w85 5 ol
2 e sl e ol (Svwe jl cés
Wang et al. 4 (2002) Bao et al. oliass
&y quS.” 05 o ,» QTL & 55 (2007)
Geiod cpl i b oS g 0l o) cas oyl
oy o3 ool $1SasS QTL .ty casllas
Lol Budod pl 53 5k sl 6l VY posses)S
e bwy Stiwe Sl U by Cie 0
» &S (69) £ oV Aislapiges,S (55, QTL
B35 o ag ) g ully ZYTIY ggeme
oy o glwlis QTL ¢ I oed 0 Jyus
0) S qPeTba pbay (o & pojgesyS
&5 9 s bl ANV aagi b ST
33> by RM276-RM2615 Silis 95 oy
osb)ly NUY ang b oSIT o5 a0 Sonp
Cute (ol Bl 31 gl 93,0 g ainitly )15 54
S &S (2007) Wang et al. wls b & .oy
@y RM276 Silis 4 S5 5155 QTL
ol calle Wog 03y 55 Caw oyl
QTL S ;5 (2008) Zhang et al.  pioon
H3)S Gl che il Sln B opeises)S o)
@ b 3 Y peiges)S 59y oddalulis QTL
QTL _Js .cusls cilas (2008) Zhang ef al.
ol 20k sl ln Y peieessS gy e alulis
) Cho glp b SIS g alulid Gdos
5 p93929,5 59 QTL S ks (St @)l
RM253-RM276 ,Silis 45 oy qPaT6 play
Cho ol ased wibyly 5l WY asgl
(2007) Wang et al. s b &8 15,5 slols
RM276 ,Silts & Su55 55y QTL s &
sy casllas Wdg 03,8 y)l35 Cao oyl (gl
S2) B poisesyS 95 (5) (FF yMS O Mg
b plelid (55 M ¥) F oy (55 S

e 92 0 L7 pgiges)S 9y 5 sla NS

03,5 IS Sl 0F (e > che ol sl
9y QTL g el 1 K> (S Ll
(Bao 15,55 ool caw ol sln 7 p9jse9,S
SIS QTL et al. 2002; Liu et al. 2011)
o 8 Sllllas 3V pojgeg)S g9y o alulid
QTL Js (Liu et al. 2011) >g o5 iliS
Ol Gln VY piges)S (g9 oad plwlid lSasS
5 @l Sy Oold I & (Saiee plsd
Kl 90wyl dgus 0 Juols  (Saiws J8le
AU 9> om 7 paisesyS 9y e oS S
g b oI 55 Soop RM4128-RMA02
5 e il g e elly Y
by JTAIP 4 LY pgises)S 555 6,50
Olais )3 d9d g0 JyHS 388 ool 0 (g
Gy IS o3 b 3 H1SasS (QTL L
(Bao et al. 2002; cuwl odis (jo)l5 caw oy
Gios opl s L« Wang et al. 2007)
S, (2007) Wang ef al. )l .ol il
0f 4l » che il @l i 1S, QTL
i My J5 el o lp STy 0f 4l
Glidos )3 ¥ poiges)S g9y ordalulis QTL
(Liu et al. 2011) >¢ o yo)li5 50 L8
9 SHms plgd o > dilen (Shiwe (59
Joagh clic e (St (S8
Oon Ml Gl & cwl Ssiie Gluogas
Py Jolbs (Suinua S g 2l (Sies
7 pigessS 9r S QTL 9 36 Cdo ool ol
o Sosp RMA128-RMA02 Silis g5 om
Ay agd by J IV 4z b IS
4295 L V) pojgenyS (s9) 63N 9 she (ol
Cuto (li8 STL (s ouibly 517N/
plas 7 pojgeg)S 59y Cabo (nl sl oad plolis



WA (o] 9 50k pow ojlod pgd Jlo (21)) QLS (5)ldcumj (cingly - (sols dloxe v

ol 5,35 35 (2008) Zhang et al. 4 (2007)
05 O 93 3 (5 sl edS (18,5 )15 g
ey oS lio S5 U5 o 5 S
bug 39 opl o Ll @ ab She
(Wang et al. 2007; Zhang et al. 2008; Li

5yl 5ivd gl avgr b cplplu et al. 2012)
Slae (SuB) JpS 3)90 )3 2990 ©lsyl3S el
I g @n ab Shdg cou cudS L sy

5 =Sl G O 9 L i o sla Sl
S a4 bl Sl cladly WK

9fcls)‘g§|)9>9mmawu4(>);)§,u
2,8 ookl was gla Y

REFERENCES

Allahgholipour M, Ali AJ, Alinia F,
Nagamine T, Kojima Y (2006)
Relationship  between rice grain
amylose and pasting properties for
breeding better quality rice varieties.
Plant Breeding, 125:357-362.

Allahgholipour M, Rabiei B, Ebadi AA,
Hosseini M, Yekta M (2010) Starch
viscosity properties: New criteria for
assessment of cooking quality of rice
(Oryza sativa L.) cultivatrs. Iranian
Journal of Crop Sciences, 12:140-151
(In Persian)

Aluko G, Martinez C, Tohme J, Castano
C, Bergman C, Oard JH (2004) QTL
mapping of grain quality traits from
the interspecific cross Oryza sativa x
O. glaberrima. Theor. Appl. Genet.,
109:630-639.

Ayres NM, Mclung AM, Larkin PD,
Bligh HFJ, Jones CA, Park WD
(1997) Microsatellites and single
nucleotid polymorphism differentiate
apparent amylose classes in an
extended pedigree of US rice
germplasm. Theor. Appl. Genet.,
94:773-781.

o & S5 b g wmdly 8 IS g Sy 35
» &ly G5 S (N JS) Wvg S5 e 9
Olas 4 by LQTL Jols uSly 5 oK
SS9 5 Ste Jlo gl e
SNmod gl Cho dw pl & de (S
YL (Suen ol 5 (Y Joi2) 9392 365 2V
ol S55 JaS dba wls clae gl o
Aol Syt (5 ol S bawg Clio

sQTL Jols I 05 (Sovp o @dly (55
oY Gyl as g Sl 4 baye
O 9 (Sdm Sopm 9 plod (old (Shuws
adl e vy b bre  (Swwer 35 Slaw oyl
9 Sly 35 e 9 (F) e S oyl
Wang et al. (2003) Bao et al. buwg WS

Bao JS, Xia YW (1999) Genetic control
of paste viscosity characteristics in
indica rice (Oryza sativa L.). Theor.
Appl. Genet., 98:1120-1124.

Bao JS, He P, Xia YW, Chen Y, Zhu LH
(1999) Starch RVA profile parameters
of rice are mainly controlled by Wx
gene. Chinese Science Bulletin,
44:2047-2051.

Bao JS, Zheng XW, Xia YW, He P, Shu
QY, Lu X, Chen Y, Zhu LH (2000)
QTL mapping for the paste viscosity
characteristics in rice (Oryza sativa
L.). Theor. Appl. Genet., 100:280-284.

Bao JS, Sun M, Corke H (2002) Analysis
of genetic behaviour of some starch
properties in indica rice Oryza sativa
L.: thermal properties gel texture
swelling volume. Theor. Appl. Genet.,
104: 408—-413.

Bao JS, Corke H, He P, Zhu LH (2003)
Analysis of quantitative trait loci for
starch properties of rice based on an
RIL population. Acta. Botanica.
Sinica, 45:986-994.

Don RH, Cox PT, Wainwright BIJ,
Mattick JS (1991) Touchdown PCR to



\A g GOy CatS 0SS oS gl oblKe 1)K g ole

circumvent spurious priming during
gene amplification. Nucleic Acid
Research, 19:4008-4009.

He P, Li SG, Qian Q, Ma YQ, Li JZ,
Wang WM, Chen Y, Zhu LH (1999)
Genetic analysis of rice grain quality.
Theor. Appl. Genet., 98:502-508.

He Y,Han Y, Jiang L, Xu C, Lu J, Xu M
(2006) Functional analysis of starch-
synthesis genes in determining rice
eating and cooking qualities. Mol
Breeding, 18:277-290.

International Rice Research Institute
(IRRI) (1997) Almanac, 2™ ed.
Manila, Philippines: Int. Rice. Res.
Inst, Los banos, Laguna, Philippines.

Jiang HW, Dian WM, Liu FY, Wu P
(2004)  Molecular  cloning and
expression analysis of three genes
encoding starch synthase Il in rice.
Planta, 218:1062—1070.

Juliano B (1971) A simplified assay for
milled-rice amylase. Cereal Science
Today, 16:334-338.

Li H, Ribaut JM, Li Z, Wang J (2008)
Inclusive composite interval mapping
(ICIM) for digenic epistasis of
quantitative  traits in  biparental
populations. Theor. Appl. Genet.,
116:243-260.

Li J, Zhang W, Wu H, Guo T, Liu X,
Wan X, Jin J, Hanh TTT, Thoa NTN,
Chen M, Liu S, Chen L, Liu X, Wang
J, Zhai H, Wan J (2011) Fine mapping
of stable QTLs related to -eating
quality in rice (Oryza sativa L.) by
CSSLs  harboring small target
chromosomal segments. Breeding
Science, 61:338-346.

Lincoln S, Daly M, Lander E (1992)
Constructing genetics maps with
MAPMAKER/EXP 3.0. Whitehead
Institute Technical Report, Whitehead
Institute, Cambridge

Little RR, Hilder GB, Dawson EH, Elsie
H (1958) Differential effect of dilute
alkali on 25 varieties of milled white
rice. Cereal Chem., 35:111-126.

Liu X, Wan X, Ma X, Wan J (2011)

Dissecting the genetic basis for the
effect of rice chalkiness amylose
content protein content and rapid
viscosity analyzer profile
characteristics on the eating quality of
cooked rice using the chromosome
segment substitution line population
across eight environments. Genome,
54:64-80.

McCouch SR, Teytelman L, Xu YB,
Lobos KB, Clare K, Walton M, Fu B,
Maghirang R, Li ZK, Xing YZ, Zhang
QF, Kono I, Yano M, Fjellstrom R,
DeClerck G, Schneider D, Cartinhour
S, Ware D, Stein L (2002)
Development and mapping of 2240
new SSR markers for rice (Oryza
sativa L.). DNA Res., 9:199-207.

Murray MG, Thompson WF (1980)
Rapid isolation of high molecular
weight plant. DNA Nucleic Acids
Research, 8:4321-4325.

Murray MG, Thompson WF (1980)
Rapid isolation of high molecular
weight plant. DNA Nucl. Acids Res.,
8:4321-4325.

Sabouri H (2009) QTL detection of rice
grain quality traits by microsatellite
markers using an indica rice (Oryza
sativa L.) combination. Journal of
Genetics, 88:81-85.

Sabouri A, Rabiei B, Toorchi M,
Aharizad S, Moumeni A (2012)
Mapping quantitative trait loci (QTL)
associated with cooking quality in rice
(Oryza sativa L.). Australian Journal
of Crop Science, 6:808-814.

Tan YF, Li JX, Yu SB, Xing YZ, Xu CG,
Zhang QF (1999) The three important
traits for cooking and eating quality of
rice grains are controlled by a single
locus in an elite rice hybrid, Shanyou
63. Theor. Appl. Genet., 99:642—-648.

Temnykh S, Park WD, Ayres N,
Cartinhour S, Hauck N, Lipovich L,
Cho YG, Ishii T, McCouch SR (2000)
Mapping and genome organization of
microsatellite sequences in rice (Oryza
sativa L.) Theor. Appl. Genet.,



WA (o] 9 50k pow ojlod pgd Jlo (21)) QLS (5)ldcumj (cingly - (sols dloxe

100:697-712.

Teng B, Zeng R, Wang Y, Liu Z, Zhang
Z, Zhu H, Ding S, Li W, Zhang G
(2012) Detection of allelic variation at
the Wx locus with single-segment
substitution lines in rice (Oryza sativa
L.). Molecular Breeding, 30:583-595.

Traore K, McClung AM, Chen MH, and
Fjellstrom R (2011) Inheritance of
flour paste viscosity is associated with
a rice Waxy gene exon 10 SNP
marker. Cereal Science, 53:37-44.

Umemoto T, Yano M, Satoh H, Shomura
A, Nakamura Y (2002) Mapping of a
gene responsible for the difference in
rice varieties. Theor. Appl. Genet.,
104:1-8.

Wang LQ, Liu WJ, Xu Y, He YQ, Luo
LJ, Xing YZ, Xu CG, Zhang Q (2007)
Genetic basis of 17 traits and viscosity
parameters characterizing the eating
and cooking quality of rice grain.
Theor. Appl. Genet., 115:463-76.

Wang JK (2009) Inclusive composite
interval mapping of quantitative trait
genes. Acta Agro. Sin., 35:239-245.

Zhang QF, Zhang YD, Zhu Z, Zhao L,
Zhao QY, Xu L, Wang CL (2008)
Inheritance  Analysis and QTL
Mapping of Rice Starch Viscosity
(Rapid Visco Analyzer Profile)
Characteristics. Rice Science, 15:186—
194.

vy



