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Table 1. Means, standard error and range of trapgarents and RILs derived from Hashemi/Nematsros

(Sl £ o laslil olaisl) cppadlg S yigl SN Ower slpY Coxes

Parents (Means+SE) RILs
O Jo Coond edla aiels GiSTas - Jilas)  peSilis & o Jslial ol

Trait Year Nemat Hashemi Rang (Max-Min) MeanzSE

) 2009 27.67 +0.20 18.40 +0.12 12.4 (28.4-16) 22.98 +0.29
(22,9) 5ekeal o)l

AC (%) 2010 27.37+0.35 20.33+0.36 11.7 (28.7-17) 23.98+0.18
2011 27.5+0.26 19.52+0.33 10 (27.5-17.5) 23.82+0.15
b s sy 2009 70 4.47 +0.07 3.4 (7-3.6) 5.61 +0.09
o1 2010 7+0 4.43 +0.10 3.8 (7-3.2) 5.72 +0.08

2011  7+0 4.30+ 0.1z 3.4 (-3.6) 5.86:+ 0.0¢
S Sl 2009 3448+6.4 2695+27 151.5(367.7-225.2) 306.4 + 2.68
PKV 2010 332.1+4.4 2754+28 230 (361.3-13.3) 277.8+3.92
RVU 2011 3395+3.2 277.9+21  184.9 (368.9-184) 275.4 +2.81
s i 2009 310.2+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 316.4+3.2 180.5+29 . 184.5 (337.9-153.4) 234.8 +2.97
. 2009 431.1+58 321.842.9 = 230.8(485.8-255) 360.7 + 4.02
CPV 2010 428.9+6.0 3258+29 ~ 311.4(491.2-180.1) 362.8 + 5.30
RVU 2011 443.1+51 317.1+4.4  250.9 (472.8-221.1) 363.1+4.01
i S0 2009 34.7+35  78.7%48 110 (125-15) 49.1 +1.96
BDV 2010 30.2+25  823+16 94.3 (103.3-9) 40.1 +1.83
RVU 2011 232+23 = 97.3+34 90.8 (101.3-10.5) 40.7 + 1.44
S S 2009 86.2+3  52.3+26  182.8 (164.7-(-18)) 54.1 + 3.07
SBV 2010 1028+4  50.3+20  231.3(214-(-17.1)) 84.9 +3.81
RVU 2011 103.5+3.9 39.11+2.48 210 (200.7 —(-9.9)) 87.6 +2.92
ki ploi 2009 120.9+3.7 131.1+3.9 153.3 (196.6-43) 103.3 +2.93
csv 2010 126.9+24 1327+25 250.8 (271.8-21) 124.8 + 3.90
RVU 2011 126.6+3.3 136.4+3.4  202.8(256.6-53.8) 128.3 +2.96
) o 2009 6.32+0.11 6.0+0.07 1.13 (7-5.87) 6.64 + 0.03
< “‘;Eﬁ';;l; ljt:")"“" 2010 6.26+0.09 6.02 +0.07 1.37 (7-5.63) 6.53 +0.03
2011 6.30+0.09 5.98+0.05 1.27 (7-5.73) 6.47 +0.02
j 2009 75.1+1.03 85.2+0.12 16.5 (90.1-73.6) 81.7 +0.29
Gz 2222 o010 7644099 83.1+16 24.3 (93.2-69) 82.63 + 0.40
PT(C) 2011 76.2+0.99 82.6+0.55 17.8 (90.1-72.4) 82.1+0.32

Sopm SBV ( Satiuns K5 ,9,8 BDV ( Sacus Jlas> HPV ( Soiwe 35T PKV as 05Y5 o)l a0 GT sbal yle ACH
“AC, Amylose content; GT, Gelatinization tempretuRKYV, Peak viscosity; HPV, Hot past viscosity; BDBreak down

viscosity; SBV, Set back viscosity; CSV, Consistenisgasity; PKT, Peak viscosity time; PT, Pastingpenature; RVU, Rapid
viscosity unit.
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Figure 1. Frequency distributions of cooking antingequality traits of RILs. H and N are Hashemi aemat, respectiviey.
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Table 1. Estimation of additive effect and additive xenvironment interaction effect of main-effect QTL in evaluated traits with QTL-NETWORK software
in RILs populatin for three years

. TL &zdae Toal
QTL L Q ] -
Trait e gla Sl 7 2 3 e
QTL e (CM) Addetive RE, AFE, AE, AE; R,
Markers interval Parent
name QTL position effect (AA)
skl e
gACBa RMS589-RM190 132 -1.18 2644 -0.97 0.55 043 814 H i
Amylose content
(AC) .
qACEb RM314-RM253 76.7 -0.66 15.01 - - - 335 H il
=Y ol a2
i gGT6  RM4128-RM402 99 8 -0.76 5327 - - - 012 H _aile
Gelatinization
tempreture (GT)
Fo 5 &
o Sl gPKV6a RM586-RM589 7.8 -15.22 147 11.83 -0.94 - 592 H i
Peak viscosity
(PEV) L
gPKV6b RMI1340-RM3183 141 947 391 - - - 0.24 N e
Fis B
Hot past viscosity GHPVS ~ RMS586-RMS89 6.8 1653 2354 631 6.75 - 292 H il
(HPV)
Jas T 5
i S qCPVoa RMI190-W2R 178 -1431 432 1124 -7.06 - 24 H il
Coll paste
viscosity (CPV) cppsh  RM402-RM6836 102 19.55 981  -5.05 923 - 1.65 N onss
i m Ted
T ot gBDVoa RM314-RM253 767 4.05 10.59 334 - - 077 N Za
Breakdown
viscosity (BDV)  pppsh  RM253-RM276 84.4 348 10.22 - - - 0.09 N onss
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Table 2 continuad Y Jaoa adls!

r%..\.r.lhw La

Setback viscosity  ¢SBVoa RM4128-RM402 998 924 7.16 - - - 123 N Coesi
(SBV)
(55 S plo qCSVéa RM589-RM190 142 6.41 442 - - - 117 N Caoss
Consistency
viscosity (CSV) s cswen RM4128-RM402 988 1431 1363 - - - 1.02 N Coass
£ b b gPKTS RM267-RM289 857 0069 248 - - - 0.26 N ez
Time to peak gPKT6a RM190-W2R 148  -0097 1129 - - - 0.82 H ol
iscosity (PKT :
viscosity (PKT) qPKT6b RM276-RM2615 912 -0.14 20.13 - - - 029 H o5l
I JEP P gPTI RM1287-RM129 320 -0.89 5.38 - - - 0.98 H ooola
Pasting PTG RM276-RM2615 o1 -0.80 3.50 095 065 - 320 H sl

temperature (PT)

.mr,r._Fr.rqr._%r::tku_r.r.b_m_rupmi}mw:pm_nrnr_k.r_n_m_F@.Bbf@.m\ﬂr.f...hr?tWmﬁw.%vrq%rm_bc._oﬁ%ﬁr_,hfth_.wr.r.vxrm.woﬁbr.xm%b?r.r.r_u_%

ske! QTL oszms g8 wlly aally cloimma by 20038 Llize 31 Laosgd ol dims¥ g o R, cpgr s poo e sl
QTL position: position of QTL based on centiMorgan from the beginning of each chromosome. R?a: The percentages of the phenotypic variations explained by additive effect.
AE,, AE, and AE;: Additive effect=xvear 1, 2and 3 respectivley. R2_: The percentages of the phenotvpic variations explained by additive=environment interaction effect.

Parent: parent increasing the main-effect QTL.
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axly APV Jlieds |, Cdo ol ceans Wy gl T
€55 5l ao o YY) 55 ol pl assls il IRVU
Leax g5l bliie 31 ols iy |, o oisid
GBS ol @l (V Jooz) wis Jlosme Jlo o 5
Slaios s b Stz S5l Cho opas
oLee 9 o 5 (Baoet al., 2002 ., Ken 5 oL
5 ags905,5 635, QTL S, &5 (Liu et al., 2011
b b Jswcails ciyllas s, Byme Cao cpl Slp
SShe can QTL a5 dame 5l Ko Sp
Syl 53,85 Lol 7 pg5909,5 (53, 1) (S
Bao et al., 2003; Wang et al., 2007; ) cusls
S Xz iSlas> cas slp (Zhanget al., 2008
) 7 lopgises,S (59, bl S s QTL Sz
Sl ells LQTL ol 51 b go a8 ws Sllis A 5 (U
2 baemX s3] Jlite 515 aing: 55 ol (il
OhSes 5 S35V Jguz) aid b gme Jlo g
&les! BT L LLQTL 55 (Zhanget al., 2010

5555 G Sy pSla o sl
ol QTL S, ki Sz Jila> o sl
QTL (nl wd lolids 7 pg5909,5 (59, (o281 5T L
RM586- Sl g0 Jobu> ,5 QHPVE sl
g cuils 13 (STly o5 oKl 4 ooy RMS89
Wy sl T a5 gysb ay g e aldl il o]l
axls VEIOY Jade & Cbo ol il cel il
owbls 5las s YYOF 55 oKl cpl was RVU
laorex cildl bl Slasls plgnl) chs o8
i S nl pgstdle,e 5 BIVY) cote Jol Jlo o
3 ae,e YAY Bl 31 plog jlo cxe g (<FIVD)
ol eV Jgaz) ol idgy | (odgrd i)l
2 el B che pl S 0 STy o ol
JAS @ 5 Cdio ol 8590 50 (8 Sl 5l golaas
Bao et al., ) coul oo ledl Sy o5 lawg
.2003; Wang et al., 2007; Zhang et al., 2008
Slehls QTL g0 Lhis Sos Jlhs cis gly
g2 &5 ol oLl B 5 Y slapgjses,S 55, 5k
Sy Wogs hol oiulsdl 51 lls LQTL ol 5l
Sl (Jlo ey Lasegilanl Bl
Zhanget al., 2007,) ., Kep 9 S35 (¥ Jgo)
Bl o sl ol JBTL LLQTL 5.5 (2010

Jr5sS pgaz o L8 Sla)lis Ll s (Y Jsox)
Olyis 4 GIIT 05 ol (585 @y 55 o ol (S5
Y5 Sl Az S8 e el (egiges S 4l
S5 QTL K ol LT el g ol ous o Ls us
IS se9i905S 4l nl o Cae Gl ln S
Umemotoet al., 2002; Wang et al., ) wleo,s
Fol> agh mli a5 (2007; Sabouret al., 2012
b liios 5l (S 50wl cusls cllae Ll b 5
$9y oMb (G5Y5 Ol 4z Cdo sl QTL zee
Las (Sabouri, 2009 el saii (5,155 # pg3509,5
Ol arys slr bl Sl Gl G5 o o
A5 e 9ol SlplS e &5 sivg pad (Y]
5 baemexgilncyl Blie il 5 aunil 2ol Lol
OhlSer 5 gl (Y Jgaz) aid o pme Jlo
lopsisessS g5y QTL oz (Sunet al., 2006
|, ad5g i ) gl (6 3timsl Sl sl a8 Calises
Zhanget ) o,Ken 5 S35 .000,5 (5,155 5 ololis
JrsS e oleas! 1L QTL o 55 al., 2008
5 el oS )L ol G5 Ol ez e che
Sl L, QTL 5 (Lou et al., 2009 . Sen
69y O GV Oyl Az Cho gl gl
3,5 By bl g it slapgieess,S
<LQTL ;5 Kwon et al., 201 o 5es 5 59
Syly azye Cho JS gz gole! Sl
3,8 )l e (Y
9y kol QTL g0 Sainr 2l caio ol
3 e 0 YAIPY sgemme o a5 ol Slulils £ pgj5e9,S
LOQTL ol 5l (S sy idg |) o oodgid 455
RM586-RM589 Silis 50 o ,» GPKVBA ol 4
O il Sl csls B (STy 0 ool 4 Soo3)
y cho ol Gl edla ally Gl 5 05 it
5 oKal ol isls ial33l RVU asly YOIYY luion,
Sl b 1) Cho el ge 5l woye VFIY
15 s OVAY) cote gl Jlo 5o bagmax oigl53l i
bl Jl g o gme 9 (Y e pgs Jlo
Iy Cho oigd g0 31 o, BAY lasrex oiolsdl
Gy, oad gluls Ko Lol QTL ol aig
RM1340- Silas g0 oy QPKVED slas # 595405,
g O Cuie o il S cwls )8 RM3183
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Ul as e 4 RILS Conan o QTLNETWORK 55 L o5, 51,55
Table 3. Estimation of epistatic QTLs, additivexaddetive effect (AA) and epistaticxenvironment or additivexaddetivexenvirenment effect (AAF) for evaluated traits
with QTL-NETWORK in RILs population for three vears

VYAY /gl o)lod [pgms Jlo [ Sligis

e Qru,  sUmelnElm sl gp sbesluEeefe 0 44 R, AAE, AAE:  AAE, R
Trait Markers interval QTL Markers interval QTL
H Al
. gAC2 RM213-RMI1358 845 gdAC7a BRM6223-RM5055 8 = -0.76 5.61 - - - -
T ALY H Al
(AC) gACs RMI164-BM440 28.5 gAC7h  RMSB0O06-RM214 494 = -0.57 569 - - - -
e RM5423
s JRL3- 275 - 35 22 - - 72 _ _ _ _
ssooNs  GGTI D 1ag 275 gGT6h RM6836-RM5371 122 Neww 024 318
(GT)

Sl gPEV6a RM586-BM589 78 gPKTV6b BMI1340-RM3183 141 N 5.27 1.61 - - - -

(PKV) gPEVéc BMI190-W2R 148 gPKVS BM223-RM42 13.2 N e 8.47 5.07 - - - -

H -l
qHPV6  RMA424-RM279 204  gHPV5 RM598-RM2585 139 -113 355 - - - -

e gCPV3  RM5626-RM60 122 gCPVs RM223-RM42 13.2 -10.42 2.63 - - - -

gBDV5 RMS598-RM2585 145  gBDVFI0 RME201-RM5620 115 N 489 3.79 - - - -

\al
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Table 3 continued ¥ Jade adal
gSBV5a  RM289RM305 93 gSBVSH  RM6208RM3572 53 Coaxi 638 5.36 51 44 - 18
mwr...‘ gSBV5h  RM31RMS98 127 gSBV6h  RMS527-RMI141 170 coani 12.94 8.4 - - - -
g ST
(SBV)  ¢SBVSa RMT336RM223 91 ¢SBVIlb  RM206-RMI1342 40 H .l -869 5.53 - - - -
gSBVIla RMI341.RM202 62 gSBVIIc RMISI2.RM286 109 Cosi 853 457 - - -
alss gCSVila RM206-RMI1341 40 gCSVilc RMS5399-RMI812 92 H _.il -866 2.99 - - - -
£,
rﬂmmmw gCSVIlb RMI341.RM202 63 ¢CSVIId RMISI2ZRM286 114 Ceani 1373 3.57 - - - -
_|._.r...rd.
]
S gPKTI  RMB3520RMI04 133 gPKTI0  RM258-RM3I1I 78 H _odls 009 3.8 - - - -
& e
PET)
PER gPTI  RMI287-RMI29 320  gPT6 RM276-RM2615 91 Ncws 039 216 - - - -
.Uu_hnu.
Sai.>  gPTS  RM3331-RMI235 124  ¢PTI2  RMT7003-RM7619 39 Noww 104 5.77 06 05 146
®T)

el ol 3 AA G olfule o g9 o8 QTLY 55 o855 o coally cola IT sadly cpajaes o colal 51 a0 il alold o oo 35 80e Comlioe : QTL cnfe d olfale o 35 U8 (QTLI

e

Sl ey sus sale 28as £t R o g moo o sl el o b oilis! LB 5l oo ey -AAES s AAE, AAE, gl ol baer sucsools 2dey pors s Rl o 2l po onliih gilo]

Lol g5l s
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: additive=additive effect. R2aa: The
percentages of the phenotypic variations explained by additivexadditive effect. AAF;, AAE; and AAFE;: Additivexadditive effect in vear 1, 2 and 3 respectiviey. R2. The
percentages of the phenotypic variationf explained by additivexadditivexenvironment interaction effect.
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1 slls QTL g0 Lusé al., 2002; Liu et al., 2011
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Table 4. QTL clusters for evaluated traits
Cudo oaind ol 81 ol lio sglee sl Sl P99
Parent increased the trait Traits Marker interval Chromosome
(H) oisle (H) oilo (HPV) Sz Blo> (PKV) Sas Sl RM586-RM589 6
(N) coxs (H) oisla (CSV) Soiz plgd (AC) j5keal yl5me RM589-RM190 6
(H) gotle (H) otls Ty (PRT) Fonr ool gy g0.w2R 6
(CPV)
(N) coxs (H) oisln (BDV) Soinz Ky 3,8 {AC) jekeol oyl e RM314-RM253 6
(N) Ceoni (H) oilo Sotnz 5950 {GT) o V5 &> azyo
= o P ST e TS RMA4128-RM402 6
(N) Ceoxs (CSV) (Sawz plsé (SBV)
Syl a0 (PKV) | Saies Slos by
(H) ol (H) obla a2 APKV) (Famg 51 0l RM276-RM2615 6

(PT) Sz

50 s by (giliey! blate Sl glls VY 4 &
Js92) 0g (10 5 =17 S p9d 5 Jol slal
<»LQTL (Zhanget al., 2010 .|,Ken 5 55 (Y
Ol (St Oyl 4z sl bl Sl L
s,
oy Oy She Veoosly QTL adgs s
sy QTL slasss pl oles a5 an olols
O 5P B e (B Jgaz) asls L3 £ pgi9eg,S
o Sep o b STy o oK 50 QTL. (cladig=
S 90 o gl adgs axdls gl S5 o5
1 (oSl o5 oluls | atwge) RM586-RM589
Bl 5 Sl cas 0 (55 OBl casls
ol o sedle Wiy sladll oS o S 1) (Saiwz
Ol s il Gl |y cas 9oy e G5 5%
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OB (Sa ol Cho (e Cooni Wls sl ]
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DS S gl Ser 5 Soner Sk
90 ;@ Ol selila Wlg s T 5 S5 o cpl
7 £93905,5 9y &5 OB e sl Ll cae
soleal lie o 50 RM314-RM253 5L 50 o
OB onl jo A oo JyuS |y (St (K558 5
Wy sladll 5 5ekeel lie ooile Iy sl T (5

az s ~IAY 1y ol s caens Ay sla JT o]
3o, BOIFA (G5 ol cpl sl als of 5 sle
Jlie S1sls gibe 1) Sde (oied ol
QTL wii b J me 0 Lo ol
PSS 9 G siie a3 ST L (QPTE) £ pg5500,5
Ceons Wy s T casls 3 RM276-RM2615
iols mals ol )8 sole 4z o o /AL, Cae ol Gl
) cdo ouigid ouib)ly 5l o) Y10 G5 oSl
P95 9 Jsl b 5o Lo il 31 Jlie ST ols iy
Oz ([P0 5 [AD o pa) ogr o gre g Lo
O 1) s l)ly 5l e 3 VIV Jlite 51 9o ol
(;w Syl a0 G 3590 50 (T Jgaz) wisls
Sl @ e, UGl Goe cas ailes 38
5 Sy esl osd el Swl Sl Saien
65, LWQTL (Wang e al., 2003 . iSes
oS IS che al Gln A s P lapgiges S
oyl owyy b (Zhanget al., 2008 .S 5 S5
o ol sy GQTL gad F2 Comen K 5o b
Zhanget ) Koo 5 55 050,55 5,155 5 oluliss
ol 6l 90 slapgises,S g5, QTL 5o @, 2010
Gls QTL [z slass wo,8 3,155 5 olulid o
Sho Glp WY g A F Y lapgises S 59, il ]
69, cLQTL was Slull Saws o)l a0
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Slopgigas,S 59, QTL 93 o oad lulid (g5l
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Baoet aj., 1999, Bao & ) Qiloauds @)M 9 @L..JL...»
al., 2003; Wang et al., 2007, Zhang €t al.,
Al gais lo sme 4 axg5 L (2008; Li et al., 2012
oats ololis S S5 ol (LQTL kel o Jlo
Sholes Ghghy cnl )0 (o) p 950 Alie Dlao gl
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Abstract

Amylose content (AC), gelatinazation temperatur&)(@nd viscosity profile (from the rapid visco
analazer curve) are primary indices for evaluadiating and cooking qualities of rice grain. Themai
objective of this research was to characterizegthvetic parametersiincluding main-effect quanti¢ati
trait loci (QTLs), epistatic QTLs and QTL-by-envimment interactions (QESs) that are involved in the
control of these traits. The experimental data veeiléected from a recombinant inbred lines (RILS)
population derived from a cross between two Iraniatieties, Hashemi and Nemat during three years
(2009-2011).A genetic linkage map consisting of 171 microsdeelnarkers was constructed and
QTL analysis performed using QTLNETWORK 1.2 resdl¥lee genetic components into main-effect
QTLs, epistatic QTLs and QEs. The analysis deteatedal of 18 main-effect QTLs for the ten traits,
most of them were on chromosome 6. QESs interagtiene significant in seven main-effect QTLs and
R%. ranged from 0.09 to 8.14% for each trait. Seventdigenic interactions involving 34 loci were
detected for the ten traits, and two pairs of efiistQTLs were involved in QEs. Six QTL clusters
were detected on chromosome 6 that three of thenesmonding to th&\x locus and one of them
corresponding to thélk locus. Results of current research showed thatesmintooking and eating
quality traits are controlled by two regions onahosome 6\ andAlk loci regions. The markers
linked to these two genes can be used for marlsistad selection in breeding programmes.

Keywords: Amylose contentEpistatic QTL, Main-effect QTL, Microsatellite mamk Rice starch
viscosity
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