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Table 1. Means, standard error and range of traits in parents and RILs derived from Hashemi/Nemat cross

6aPJ%7*)Le7E3A/+JKBF72MJca/dJb!C

RILs

J6a>f'=IJ9 '>+!B&'JZ!�BQ'±678+!72$

Parents (Means±SE)

!�BQ'ZJ9 '>+!B&'±678+!72

Mean±SE

Iy-'>?J��E'>?3J$9KS2'

Rang (Max-Min)

R)Q!C

Hashemi

%)*+

Nemat

.!&

Year

%Dx�

Trait
*

22.98 ± 0.2912.4 (28.4-16)18.40 ± 0.1227.67 ± 0.202009
,/;72MJN'O72I>x 9$

AC (%)
23.98 ± 0.1811.7 (28.7-17)20.33 ± 0.3627.37 ± 0.352010

23.82 ± 0.1510 (27.5-17.5)19.52 ± 0.3327.5 ± 0.262011

5.61 ± 0.093.4 (7-3.6)4.47 ± 0.077 ± 02009PTJU '3?JKL 9N>QJRS7A

GT
5.72 ± 0.083.8 (7-3.2)4.43 ± 0.107 ± 02010

5.86 ± 0.083.4 (7-3.6)4.30 ± 0.127 ± 02011

306.4 ± 2.68151.5 (367.7-225.2)269.5 ± 2.7344.8 ± 6.42009Rj>S�mpJ3�E'>?

PKV

RVU

277.8 ± 3.92230 (361.3-13.3)275.4 ± 2.8332.1 ± 4.42010

275.4 ± 2.81184.9 (368.9-184)277.9 ± 2.1339.5 ± 3.22011

257.4 ± 2.52133.9 (327.5-193.7)190.8 ± 5.3310.2 ± 4.72009Rj>S�mpJy-'>?

HPV

RVU

237.7 ± 3.86218.2 (328.8-110.6)193.1 ± 3.9301.2 ± 3.62010

234.8 ± 2.97184.5 (337.9-153.4)180.5 ± 2.9316.4 ± 3.22011

360.7 ± 4.02230.8 (485.8-255)321.8 ± 2.9431.1 ± 5.82009Ra!o+JRj>S�mp

CPV

RVU

362.8 ± 5.30311.4 (491.2-180.1)325.8 ± 2.9428.9 ± 6.02010

363.1 ± 4.01250.9 (472.8-221.1)317.1 ± 4.4443.1 ± 5.12011

49.1 ± 1.96110 (125-15)78.7 ± 4.834.7 ± 3.52009Rj>S�mpJR8BFa =3r

BDV

RVU

40.1 ± 1.8394.3 (103.3-9)82.3 ± 1.630.2 ± 2.52010

40.7 ± 1.4490.8 (101.3-10.5)97.3 ± 3.423.2 ± 2.32011

54.1 ± 3.07182.8 (164.7-(-18))52.3 ± 2.686.2 ± 32009j>S�mpJb=3m4R

SBV

RVU

84.9 ± 3.81231.3 (214-(-17.1))50.3 ± 2.0102.8 ± 42010
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124.8 ± 3.90250.8 (271.8-21)132.7 ± 2.5126.9 ± 2.42010

128.3 ± 2.96202.8 (256.6-53.8)136.4 ± 3.4126.6 ± 3.32011

6.64 ± 0.031.13 (7-5.87)6.0 ± 0.076.32 ± 0.112009
!AJN!2,JU>2Rj>S�mpJ3�E'>?

PKT (Minute)
6.53 ± 0.031.37 (7-5.63)6.02 ± 0.076.26 ± 0.092010

6.47 ± 0.021.27 (7-5.73)5.98 ± 0.056.30 ± 0.092011

81.7 ± 0.2916.5 (90.1-73.6)85.2 ± 0.1275.1 ± 1.032009
Rj>S�mpJU '3?JKL 9

PT (˚C)
82.63 ± 0.4024.3 (93.2-69)83.1 ± 1.676.4 ± 0.992010

82.1 ± 0.3217.8 (90.1-72.4)82.6 ± 0.5576.2 ± 0.992011

�
ACJ (,/;72MJN'O72GTJ (N>QJRS7APTJU '3?JKL 9PKVJ (Rj>S�mpJ3�E'>?HPVJ (Rj>S�mpJy-'>?BDVJ (Rj>S�mpJR8BFa =3rSBVJb=3m4

J(Rj>S�mpCSVJ(Rj>S�mpJ#'/-PKTJ(Rj>S�mpJ3�E'>?J!AJN!2,JU>2PTJ(Rj>S�mpJU '3?JKL 9RVURj>S�mpJ%<3&J>?'=J`
*AC, Amylose content; GT, Gelatinization tempreture; PKV, Peak viscosity; HPV, Hot past viscosity; BDV, Break down

viscosity; SBV, Set back viscosity; CSV, Consistency viscosity; PKT, Peak viscosity time; PT, Pasting temperature; RVU, Rapid

viscosity unit.
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Figure 1. Frequency distributions of cooking and eating quality traits of RILs. H and N are Hashemi and Nemat, respectivley.
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*1_9�3$*<H1USc-:e#$]<9c[10Sc[$,F3#"%&0

1Ad>PB+%(SP#*1'\%("#g70JK470B*>PB(+%SP#*

]*SNx�)+%()O\KbQTL#<2+W$<2),$K0)X%Y51

Table 4. QTL clusters for evaluated traits

ZJK0*<[

Chromosome

$*%�0)+%(<_A%TA

Marker interval

)X%Y5

Traits

SP#*LY5)RSc(,)u3#gH#

Parent increased the trait

6RM586-RM589)1USc-:e)<�[#Sj(PKV) ! "#$%&'( )*+$,(HPV)"-./0(H)"-./0 !(H)

6RM589-RM190 123456 7+845(AC) ! "#$%&'( 9+2*(CSV)./0"-(H):-;< !(N)

6RM190-W2R
"#$%&'( =>?+$, 7/51(PKT) !"@/A< "#$%&'(

(CPV)
"-./0(H)"-./0 !(H)

6RM314-RM253 123456 7+845(AC) ! "#$%&'( "BCD@EF=G(BDV)"-./0(H):-;< !(N)

6RM4128-RM402
7$. "%4HIJ KE+=, LMEN(GT) !OP "#$%&'( QFE

(SBV) ! "#$%&'( 9+2*(CSV)

"-./0(H):-;< !(N) !

:-;<(N)

6RM276-RM2615
 "#$%&'( =>?+$, 7/51(PKV) ! KE+=, LMEN

"#$%&'((PT)
"-./0(H)"-./0 !(H)



RS7+E/T-0 F QN/&U V7/T5"W/@QTLQ/0"3X+FY4H/C'4P+F=Z+)W/[C5 /A<6/W\4]5EN^<=W

:-;<7+845"BCD@EF=G"#$%&'(+E_@+8G+$<N+N `

7/T5"<Ja4WFN=B</b<RM4128-RM402c LCd24P

 /We/B@/M7Ja4f/Tf6 gLd:hXLMENKE+=,"%4HIJ

!7$.OPQFE"#$%&'(F9+2*"#$%&'(+Ei=C%?

"5=?N)f6Q/0$f+F"-./0LMENKE+=,"%4HIJ7$.F

)f6Q/0$f+F<:-;K/hX9+2*"#$%&'(FOPQFE

"#$%&'(+E_@+8G+$<N+N `7/T5"<Ja4WFN=B</b<

RM276-RM2615FN:hXK$57/51/H=>?+$,

"#$%&'(FLMENKE+=,"#$%&'(+Ei=C%?"5=?N `

ENa@+7/T5"<J)f6Q/0$f+F"-./0=0FN:hXK$5

7/51/H=>?+$,"#$%&'(FLMENKE+=,"#$%&'(+E

_@+8G+$<N+N `ENj3k+K/[4[]H"3&*L.2lQ/0QTL

QFE9F125F=?m/X2nlENFNe/B@/M7J"'?+FF

a4f/Tf6Q+=Wi=C%?K/hX:4h4?:DPFo+E2l^<=W

"@/d/%.F"G=;5e$.$<+cBao et al., 1999; Bao et

al., 2003; Wang et al., 2007; Zhang et al.,

2008; Li et al., 2012g`"%;5 LW LM2H /W =Z+ 7$b< E+N

 j3k+ EN i/dQTL e$. "@/d/%. =Z+ pE8W "3X+ Q/0

 a@+ EN "dE=W NE25 q3CD5 K/hX Q+=W 1+ 7/b< _0FrP

 a@+ QE+$@/PQTL"5 F LC.+N /0 LW Q=Cb4W N/-CU+ /W 7+2H

s4*N "dE=W7/T58@E F =H a@+ "W/@QTL /H :l+N=P /0

=B</b< $4t/H 1+ $;W 7+2CW a@+ /W LC'&-0 Q/0QTL 1+ /0

76/0L5/<=W EN ",uX+ Q/0 EN =B</b< Y-? LW v/DC<+

 Q/0 a@I F 9/*E+ o+E2l F :DP :4h4? N2&AW :AM

N=? eN/hCd+ $@$M`
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Abstract

Amylose content (AC), gelatinazation temperature (GT) and viscosity profile (from the rapid visco

analazer curve) are primary indices for evaluating eating and cooking qualities of rice grain. The main

objective of this research was to characterize the genetic parameters including main-effect quantitative

trait loci (QTLs), epistatic QTLs and QTL-by-environment interactions (QEs) that are involved in the

control of these traits. The experimental data were collected from a recombinant inbred lines (RILs)

population derived from a cross between two Iranian varieties, Hashemi and Nemat during three years

(2009-2011). A genetic linkage map consisting of 171 microsatellite markers was constructed and

QTL analysis performed using QTLNETWORK 1.2 resolved the genetic components into main-effect

QTLs, epistatic QTLs and QEs. The analysis detected a total of 18 main-effect QTLs for the ten traits,

most of them were on chromosome 6. QEs interaction were significant in seven main-effect QTLs and

R
2
ae ranged from 0.09 to 8.14% for each trait. Seventeen digenic interactions involving 34 loci were

detected for the ten traits, and two pairs of epistatic QTLs were involved in QEs. Six QTL clusters

were detected on chromosome 6 that three of them corresponding to the Wx locus and one of them

corresponding to the Alk locus. Results of current research showed that some of cooking and eating

quality traits are controlled by two regions on chromosome 6, Wx and Alk loci regions. The markers

linked to these two genes can be used for marker assisted selection in breeding programmes.

Keywords: Amylose content, Epistatic QTL, Main-effect QTL, Microsatellite marker, Rice starch

viscosity
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