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

(eSiloo £ il bl oyl

S g wuel Glag> GlacnY Cunex

Parents (Means+SE) RILs
OIS Ju Cood ol aiwls (ESTas - Jilas)  uSiles & o sl olocl
Trait” Year Nemat Hashemi Rang (Max-Min) Mean+SE
) 2009 27.67+0.20 18.40+0.12 12.4 (28.4-16) 22.98 +0.29
(22,9) jskeal Gl5ee
AC (%) 2010 27.37+0.35 20.33+0.36 11.7 (28.7-17) 23.98 +0.18
2011 27.5+026 19.52+0.33 10 (27.5-17.5) 23.82+0.15
e s e 2009 720 4.47+0.07 3.4 (7-3.6) 5.61 +0.09
o e éT”’ - 2010 7+0 4.43 £0.10 3.8 (7-3.2) 5.72 +0.08
2011 7+0 430+0.12 3.4 (7-3.6) 5.86 = 0.08
S g5l 2009 3448 +64  269.5+2.7 151.5 (367.7-225.2) 306.4 £ 2.68
PKV 2010 332.1+44 2754+28 230 (361.3-13.3) 277.8 +3.92
RVU 2011 3395+32 277.9+2.1 184.9 (368.9-184) 275.4 +2.81
Sair e 2009 3102+4.7  190.8+53 133.9 (327.5-193.7) 257.4+2.52
HPV 2010 301.2+3.6 193.1+39  218.2(328.8-110.6) 237.7+3.86
RVU 2011 3164+32 1805429  184.5(337.9-153.4) 234.8 +2.97
S S 2009 431.1+58  321.8+29 230.8 (485.8-255) 360.7 + 4.02
CPV 2010 4289+6.0 325829  311.4(491.2-180.1) 362.8 £5.30
RVU 2011 443.1+5.1 317.1+44 250.9 (472.8-221.1) 363.1 £4.01
S St 2009 34.7+3.5 78.7+438 110 (125-15) 49.1+1.96
BDV 2010  302+2.5 82316 94.3 (103.3-9) 40.1+1.83
RVU 2011 232+23 97.3+3.4 90.8 (101.3-10.5) 40.7 + 1.44
Sz Sy 2009 86.2+3 523+£2.6 182.8 (164.7-(-18)) 54.1+3.07
SBV 2010 1028 £4 503 £2.0 231.3 (214-(-17.1)) 84.9 +3.81
RVU 2011 103.5+3.9 39.11+248 210 (200.7 —(-9.9)) 87.6 +2.92
Sz ol 2009 1209+3.7 131.1+39 153.3 (196.6-43) 103.3 +2.93
CSV 2010 1269+24 132725 250.8 (271.8-21) 124.8 + 3.90
RVU 2011 126.6+33 136434 202.8 (256.6-53.8) 128.3 £2.96
2009 632011  6.0=0.07 1.13 (7-5.87) 6.64 = 0.03
S¥z S b pley Sus
PKT (Mintts) 2010 626+0.09  6.02 £0.07 1.37 (7-5.63) 6.53 +0.03
2011 630009  5.98+0.05 1.27 (7-5.73) 6.47 £0.02
PR 2009 75.1+1.03  85.2£0.12 16.5 (90.1-73.6) 81.7 +0.29
ot (jc) & 2010 764099  83.1x1.6 24.3 (93.2-69) 82.63 = 0.40
2011 762+099  82.6+0.55 17.8 (90.1-72.4) 82.1+0.32

Sorw SBV ( Farwz S5 3,8 BDV ( Saics B> HPV ( Saicz #Slas PKV (as o5Y5 &> 4z 0 GT el l5ee AC*
oS Mz gy 0>l RVU ( Saiiz &)l > a2 0 PT ( Socis 2510 b loy aw PKT  Saeis 6153 CSV ( Socs
*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.



5 Selias! 5 Lol sLQTL Lb Ko 2], S0n 5 sole

0 oo ULl Jlats il

s s e W RITS copes 2 QTLNETWORK. lylas L i dyee ki sad bl P 2aOQTL o JaseeX _tuldl ,  _tolal sl i o
J . 3 B 5t ol I Y R ¥ < -y O e i gl T 'y

o =N

AT

i
e

Table 1. Estimation of additive effect and additive<environment interaction effect of main-effect QTL in evaluated traits with QTL-NETWORK software
in RILs populatin for three years

" TL cenias Podl =
QTL i 8 Q = il 3
Trait L.uruunn \rvn_rﬂ._rb S ¥ 2 Lr__\-
QTL Scdicsis (€M) Addetive Rh AR AE;  AE; RZ,
Markers interval Parent
name QTL position effect (AA)
Acocloss conteyg | 2ACHG RM589-RM190 132 118 2644 097 0.55 0.43 8.14 H adla
ylose conten
(AC) :
gACGb RM314-RM253 76.7 -0.66 15.01 - - - 335 H_asle
=Yl e
Y gGT6 RM4128-RM402 99 8 0.76 53.27 - - - 0.12 H aila
Gelatinization
tempreture (GT)
Fyn &
Tz SN pRV6a RMS86.RMS89 7.8 1522 147 11.83 994 - 592 H o2l
Peak viscosity
(PKV) .
gPKV6b  RM1340-RM3183 141 947 391 - - - 0.24 N s
.hWL[l;..l..r f_.m_Lhr
Hot past viscosity gHPV6 ~ RMS86-RMS89 6.8 -16.53 2354 631 -6.75 - 292 H ozl
(HPV)
s
S =2 oppsa RM190-W2R 178 -14.31 432 1124 -7.06 = 24 H 3l
Coll paste
viscosity (CPV)  ocpvsb  RM402-RM6836 102 19.55 981  -505 9.23 = 165 N conss
TS LT &
o V%% gBDV6a  RM314-RM253 76.7 4.05 1059 334 - - 0.77 N oasi
Breakdown
viscosity (BDV)  npysh  RM253-RM276 844 3.48 1022 - - - 0.09 N Gonsi
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Setback viscosity  ¢SBY6a RM4128-RM402 99.8 9.24 7.16 - . 2 1.23 )
(SBV)
» a a
e L gCsVoa RM589-RM190 1422 6.41 442 - - - 1.17 . JOR
Consistency
viscosity (CSV)  oswob RM4128-RM402 98 8 1431 13.63 - . - 1.02 N s
e qPKT5 RM267-RM289 857 0069 248 . . - 0.26 Wi
WY gPKT6a RM190-W2R 148  -0.097 11.29 - - - 0.82 H _ila
-1 1t HuHﬁ.H. 3
viscosity PKD)  opxrob RM276-RM2615 912  -0.14 20.13 - - - 0.29 H _oila
Syl Ay gPTI RM1287-RM129 320 -0.89 5.38 - - - 0.98 H oila
Pasting gPT6 RM276-RM2615 91 -0.80 3.50 095 065 - 3.20 B ki

temperature (PT)

who Jlo b aalll iz 1 wodgay AEs o AEy AB; o 2ol 31 byl sd b dgd posi G b pyer R2 pggennsd o cdhacd ol ol sn  Silo alold o s (08 1 Coallys QTL coalyn

ket QTL sacas 28wy cally clasea by 2 lo8 Llive 31 Loy sa b dses? ot et R vy pan sl
QTL position: position of QTL based on centiMorgan from the beginning of each chromosome. R?a: The percentages of the phenotvpic variations explained by additive effect.
AE,, AE, and AE;: Additive effect=<vear 1, 2and 3 respectivlev. R2_.. The percentages of the phenotvpic varations explained bv additivexenvironment interaction effect.

Parent: parent increasing the main-effect QTL.
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@ Ly sl e w85 (S cho ol
Sl cae QTL &5 daxe I Ko Sp
S plie (53,85 (plulid 7 pg5909,5 (59, | (Sdinx
Bao et al., 2003; Wang et al., 2007; ) cuslo
S Nz iSla> Cao gl (Zhang et al., 2008
) 7 slopgises,S 59, il S sLls QTL bz
Sl ells WQTL oyl 51 b go a8 ws ololis A 5 (U
3 X ] Wlite 1 5 gy 55 ol (Sl
OSer 5 G5 (T Jguz) s o Jlo
5t 6T L LWQTL 35 (Zhang ef al., 2010)

oS Bl S Sl Cho sl
ol QTL S, ki Sz Ja> o sl
QTL (ol ol (ololid 7 pgi505)S (59, ol Sl L
RM586- Silis g0 Jola> o gHPV6 sla
5 il I3 (STy o5 Kl 4 Soo3) RMS89
Uy T a5 (oysb 4 g chie oial3dl 1l
oy VEIOY e & Cdo ol il cel edle
o=byly 5l as e YYIOF 55 Kl ol was RVU
Lo o3l hline 51 ols Lidigy |, o i
e Sl onlpgs Jlo yo g FITY) cote Jol Lo o
S aoys YAY lite 1 ol g s siee 5 (CFIVO)
o eV Joo2) ol g 1) s bl
3 Sl fFe cde gl JpS e (Sly o5 ol
JrsS 4 50 Cio (pl 050 50 L8 Clagsw ) solaws
Bao et al., ) cul sais ;ledl Sy o5 lawg
(2003; Wang et al., 2007; Zhang et al., 2008
Sl ehls QTL g0 lais Sois Jlos cio glp
g2 &S od Ll B 5 ¥ slapgioes S (55, ik
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ais bgre Jo me o ol blas
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=Y5 Sl ez S8 e el (segiee9)S 4l
S, QTL G JBlos Ll cdél § ol oo o Ll o
S 0935085 b nl pe Zae Gl Gl S
Umemoto et al., 2002; Wang et al., ) slos S
yol> ey mls as (2007; Sabouri et al., 2012
S Sladss 5l S e andl el casllhe LT L 5
S9y O Yy Syl ax o Chs gl QTL =2
Oyl a2y lp slanl Sl &) ol g
A5 OB g0 nl 5l plaS e o5 s pad (Y
5 baorex gl blae 1 g asla caoldl Lol
ohler 5 ol (¥ Jooz) ais o gme Jlo gz
Iy g cio ol slp gikan] SISTlls a8 Calixs
Zhang et ) .l Ken 5 55 .030,5 (5)155 5 olulis
JrsS e gt S1L QTL wis 55 (al., 2008
95 o) 3,5 AT Gad V) Ol 4z Cde
L1, oLQTL ;6 Lou et al., 2009) ., Sen
G oM S Sl ar e Cae lp il
53,5 AF g lelid min Gl slapgigess S
Ol Ay She RS Ser bl STl
53,8 S s (Y
$9y ol QTL g0 Soii Sl Cis ¢lp
3o 0 YAIPY ggemme jo a5 ol olulil & sgi504,S
LQTL () 5l S wols Gidg |y Cho owisid g5
RMS586-RM589  Silis g5 oy 0 gPKV6a 6L 4
O il 3l B csls )18 ((wSTy o5 ool 4 Soo3)
&5 ol ol aisls il RVU axls VOIYY jladed,
Pl b 1) Chao oodeid 45 3l as o VTV
5 9 OVVAY) cuie Jgl Jlo o Jaseax oiol3dl blais
Iy Cho oisd g5 51 ao s 0/AY Laswex il
S9y 09D L,;:Lwl.w )i)..) sz"p‘ QTL ols U’“"*’y
5 o Cuie ol sl 51wl 3 RM3183
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Table 3. Estimation of epistatic QTLs, additive~addetive effect {AA) and epistaticenvironment or additive xaddetivexenvironment effect (AAE) for evaluated traits

with QTL-NETWORK in RILs population for three vears

)l el SQTL 5,47 ,5-7 Jeas

P Qr, | slafls e op  gheglaBlE e 0 Ax ., AAR AAE,  AAE, R
Trait Markers interval QTL Markers interval QTL
H Sl
. i gAC2 RM213-RMI1358 845 g4C7a PRM6223-RMS5055 8 ~ifs -0.76 5.61 - - - -
s3] e
B s
(AC) gACs RMI164-BM440 285 gdC7b BRMS006-RM214 454 e -0.57 5.69 - - - -
. i RM5423
< i el 275 BPMS 27 I s 2 A = i =
has N5 @GTI i 275  ¢GT6b RM6836-RMS371 122 Noww 024 318
(GT)
b gPKT6a RM586-RM589 1.8 gPKTV6b RMI340-RM3183 141 N iens 527 1.61 = = - =
S
(PKV) gqPKVoe RMI190-W2R 148 qPKVE BM223-RM42 13.2 Nows 8.47 5.07 = = = =
s H .-
- ST gHPVs RM424-BM279 204 gHPY> BRM598-RM2585 13% =113 3.55 - - - -
(HPV)
.bl__““tu..r LS H et
catled gCPV3  RMS5626-FM60 122 gCPVE RM223-RM42 13.2 -10.42  2.63 = = - o
(CPV)
g
B gBDFV5 RM598-RM2585 145 gBDFI0 PRM8201-RM5620 115 Nes 489 379 = - = -
(BDV)
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Table 3 continued ¥ g adda!
gSBV3a RM289-RM305 93 gSBVSh  RM6I08-RM3572 33 Noas 638 536 5.1 44 - 18
r“.u_r a_a.. gSBYV3b EM31-RM398 127  ¢gSBV6b RM327-EM141 170 Ceemi 1294 g4 - = - -
Emmmlﬁu. gSBV8a  RM7356-RM223 91 ¢SBVFiib  RM206-RM1342 40 H .ia 869 5.55 = = = =
gSBVIla RMI341-RM202 62 gSBFile RMISI2-RM286 109 Neows 855 457 - - -

plad gCSVila RM206-RM1341 40 gCS5¥Vlie RM3599-RMI1E12 92 H _«ils -B.66 259 = = B =

Nn . - - - -
Emm.mlﬂu gCSVFIIb RMI1341-RM202 63 gCSVI1ld BRMIEB12-RM2E6 114 Ncea 1373 3.57
i ke
. .
gPKTI RM33520-RM104 133 gPKTIO RM258-RM311 78 H .= 009 38 = - - =
L b
s iy
(PET)
Ayl gPTl EMI1287-RM129 320 gPT6 REM276-RM2615 91 N cas 0.59 216 = = = =
.Uu_uh.
F e gPT& RM3331-RM1235 124 gPTi2 RM7003-EM7619 39 N ceasi 1.04 51 -0.6 0.5 146
PT)
e ol 3 AA 5> T, QTL; et G b iy r.mr.vf_.,_: sy mgyong, 5 o sl ol e sl sl v o 38 IS Selain QTL G d el a8 8 s QTLi

.U_lr..._._ulx[.ut_...u_.ufﬁul..rﬁlt” Hﬂuuﬁ ._sT..m_n_..mr,.r._..w_rm_..w\r.__LFrﬂn.,_hLi.uu_(_..._nm.Ia\r.__.dP.hlhf L&Lur.mu m }.}MH:}}MH :lr”L.,_.lr..uu_.M._\t.._._ulwu_ur.r.u.ur,_.ufhb...ﬂu_m\[..” ”mru.mm .n.l..|..h_l.ﬁ.__us._,.l..|u__\...h.._u..ﬂx.._|.|r..|..,_
sl rmn..r_l...ﬂn_ blE.

QTLi: QTL in i loci. QTL position: position of QTL based on centiMorgan from the beginning of each chromosome. QTLj: QTL in j loci. AA: additivexadditive effect. R?aa- The

percentages of the phenotypic variations explained by additivex<additive effect AAF; AAF; and AAF;: Additivexadditive effect in vear 1, 2 and 3 tespectiviey. R The

_ percentages of the phenotypic variationp explained by additivexadditivexenvironment interaction effect.
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Table 4. QTL clusters for evaluated traits
Cao o al 31 Wl las s9bme sl il £3999,5
Parent increased the trait Traits Marker interval ~ Chromosome
(H) oslo (H) oils  (HPV) Suieer Blas> (PKV) Suieez Sla>  RMS86-RMS589 6
(N) Coosi (H) oo (CSV) Sz plsd (AC) ksl e RM589-RM190 6
(H) osls (H) ol @l Foiez APKD) Famz 25 ol RM190-W2R 6
(CPV)
(N) Coosi (H) ol (BDV) _Sairr S0, (AC) j5hol ol5e RM314-RM253 6
e < P O T TT RM4128-RMA02 6
(N) oo (CSV) Saie pls3 (SBV)
Oyl a8 (PKV) Socis iSTas ol
(H) ols (H) oile T T AR b RM276-RM2615 6
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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’,. 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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