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Abstract o>

Rice grain quality is a complex characteristic that can be
divided into milling quality, appearance quality, cooking
quality, and nutritional quality. Most studies on rice grain
quality show the importance of chromosomes number one
and six in the genetic control of various traits in rice. In the
present study, the validation of 35 microsatellite markers
linked to grain quality characteristics which all located on
two chromosomes one and six, was performed in 144
recombinant inbred lines of Fio population resulted from
the cross between Sepidrood (an Iranian improved cultivar
with inferior quality) and Gharib (an Iranian local cultivar
with good quality). The results of regression analysis
showed that 25 markers were linked to different
quantitative and qualitative traits, and explained from 16 to
39% of the variance of different traits, but the markers
RM253, RM246, RM190, RM104, RM314, RM3827 and
RM7434 had stronger linkage. Construction of the linkage
map of 35 microsatellite markers in the studied population
showed that the map length was 236.5 cM and the average
distance between adjacent markers was 6.95 cM. QTL
analysis by the composite interval mapping method
showed that 40 QTLs controlled the measured traits in the
studied population and the phenotypic variance controlled
by the identified QTLs ranged from 7.57 to 37.41% for
milling quality and head rice percentage, respectively.
Based on this analysis, 23 markers were closer to the
QTLs controlling the studied traits in this research. Of
these, some markers were linked to several different traits.
In total, the results of regression analysis and QTL analysis
showed that the markers RM253, RM246, RM340,
RM243, RM4128, RM314, RM3827, RM7434, RM104
and RM190 were the informative markers linked to grain
quality characteristics, which can be used in marker-
assisted selection programs in the future.
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Parents

Triats Gharib Sepidroud (%Vfl%e) Recombinant inbred lines

m + S¢ m + Sy to m ¥ S, Range
PW (mm) 2.95+0.05 2.25+0.05 11.31 2.69+0.01 2.17-3.47
PL (mm) 9.15+0.01 10.05+0.05 -17.657 9.07+0.046 8.25-12
PS (mm) 3.21+0.06 4.90+0.09 -15.05™ 3.64+0.29 1.34-4.91
TPBR (gr) 84.6+0.3 75.4+0.2 25.52" 79.76+0.27 65.54-106
MY (%) 74.9+0.1 60+0.99 14.82™ 59+0.01 29-71
HRP (%) 45.41+0.39 52.35+0.05 -17.65™ 84.91+0.52 45.54-97.16
BRP (%) 18.15+0.06 23.35+0.15 -32.89” 15.08+0.58 2.84-54.46
GL (mm) 6.33+0.015 7.51+0.005 -73.99” 6.95+0.052 5.55-10.90
GW (mm) 2.49+0.005 1.86+0.01 55.91™ 2.25+0.01 1.79-2.90
LAC (mm) 8.20+0.1 10.05+0.05 -16.54™ 10.61+0.053 8.02-13.20
GS (mm) 2.55+0.0001 4.06+0.002 -528.79™ 3.12.04 2.02-5.45
EL (mm) 1.29+0.02 1.34+0.007 -2.19™ 1.54+0.009 1.1-1.94
GT 3.85+0.05 7.1+0.1 -29.06™ 5.46+0.06 3.20-7
AC (%) 20.12+0.02 26.95+0.05 -130.09™ 23.53+0.13 17.90-27.80
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PW PL PS TPBR MY HRP BRP GL GW LAC GS EL GT AC
PW 1
PL 0.113 1
PS 0.87 0.977 1
TPBR 0.095 -020" -0.207" 1
MY -0.050 -0012 -0011 -0.110 1
HRP -0.007 0058 0058 -0045 040 1
BRP 0.038 -0060 -0061 0037 009 -092™ 1
GL -0.112 -0065 -0061 0113 0096 -0032 0041 1
GW 0.6377" 0119 0.102 0020 -0058 0015 -0013 -0.23" 1
LAC -0.113 -0001 0003 -0036 -0.040 0008 0011 0.152 -0.082 1
GS -038™ -0097 -0086 0063 0112 -0048 0.050 0854~ -068" 0.149 1
EL 0.090 0053 0051 -026" -0129 0069 -0039 -065™ 0130 0058 -054™ 1
GT -0034 0117 0119 -0085 -0002 0168 -0171" -0091 -0039 -0054 -0.038 0034 1
AC -0149 -0014 -0010 0134 -0.028 0042 -0031 0.102 0048 -0070 0058 -0.138 0445~ 1
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AC GT EL GS LAC Gw GL

Cluster 1 Mean 23.06785 5.263028 1.573066 2.814645 10.39113 2331479 6.612746
Deviation from total mean -0.50788  -0.21351  0.029579  -0.26479  -0.20884  0.096958  -0.28164

Cluster 2 Mean 2405653 5.678667 1.515486  3.330113  10.79767  2.142733 7.161
Deviation from total mean 0.480797  0.202126 -0.028 0.250673  0.197701  -0.09179  0.266616

(V) o)led Jgi 3 Slao g)ladl @ihe 4 by jo Clorpdgs
sl 500 5l Jols glaog )5 51 S o IS Sk 51 Cilyol 5 (uSko F Jgie ol

PW PL PS TPBR MY HRP BRP
Cluster 1 Mean 2831908 9.409014  3.33633  0.788799  0.59358 0.8389 0.168728
Deviation from total mean 0.137556  -0.31705 -0.32071  -0.00848  -0.01431  -0.02144  0.024465
Cluster 2 Mean 2564133  10.0262  3.960642  0.80531  0.621445 0.880632 0.121103
Deviation from total mean -0.13022  0.300138 0.303604  0.00803  0.013551  0.020294  -0.02316
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. Factors
Triats 1 > 3
Paddy width -0.3176 -0.1318 0.3221
Paddy length 0.3512 -0.05337 -0.1761
Paddy shape 0.4264 0.06524 -0.3314
Brown rice percentage 0.06626 0.09282 0.3381
Milling yield -0.05336 0.5217 0.1244
Head rice percentage -0.06664 0.5705 -0.02804
Broken rice percentage 0.06664 -0.5705 0.022801
White grain length 0.3925 0.008814 0.3926
White grain width -0.3431 -0.05076 0.2014
Grain length after cooking 0.1622 -0.01426 -0.1717
White grain shape 0.4623 0.0227 0.1953
Elongation -0.2464 -0.04094 -0.5634
Gelatinization temperature 0.006034 0.1655 -0.2096
Amylose content 0.0714 0.1068 0.01744
Eigen value 3.72405 2.73572 1.69364
Variance (%) 41.6 34.54 12.097
Cumulative variance (%) 41.6 76.14 88.237

hzde

I‘W TN R g AT i HWTTW lTImTIn

Rt

2

1A

| 'r'T |'I|
iy

=
s

504

” I maros
I 402
oz

I II | -

e

P

I l wesor

9 58 alus g 51 oslazwl b Dﬂ}bLo}g.) Lng)ijLi‘J sl » asllao dy90 u.oS);y w]wp Lng‘_')g.Y ‘_;J.;.gowf Y wa“:
UPGMA s,




(FY=20) We o gl ez giew by pile ojloud o Jlo e o5 (ol ()glidicunsj (ols aloe of

Olyis & (pwyp 390 Claw ST ks Y
Oyl a2y dawgle jelel b slagn Yoyl
wih ol il wls oo g lawgie Y3
S wep 9 Vb s o)k (Slpl S S pae
slhe i il s 45 5y g ] 28 3,5
& b g 65k lagilefl a5 Ol
A5 AnlgE (Byme yoliS

ojlgalefyy UL YO (Gga)S) Jelod g 4525
Sl jglie & Al Ui o b by
Jyd 5> @l g 1 plool ise T (sla Silits
b maw alol  cwl ons @l £
JSLE YO 51,5l Y0 sl P<+/+0 5 P</+
bl » ab a8 ol bQTL L dag,e
S90Sy sadle lp Vb e o ps g
SBQTL ogis ool 25 cadliae 3,50 i
St s LS i b Sl ol b gy
oMol elacumas glgl  awi Wl b
ol 2 (bl s @l oS (B
buwg odd an g Glaw Ol & o Ll adllas
9 Zhou g YA)) (godgime b, Slis
Cao W) om Gbls) 4ps (YY) o)iSes
g 3l pbl 1y gy ;0 SSR L VAY b ey
ool bSLES bey cddany Ol Ol
0l Ui cpiomed W00,ST 45155 YV/OA B Y/
s (St S s ] e b Slis
v Js2)

9 o (Folie sauly ol sl &5 (SSR)
S S) S L B3 o yE g 39,0 g
Of.'\”9 u_e)'t Jols Fio dlm&gﬁf) Cume> 43
85 L8 edlatel j90 (dg)dpe 5 cmS
93 }1 9».0.7!." ) O{l ).) OJwA ?w" )L:.:.C‘ dlh)i;l.w.;
YO) b pgigegyS g (LI V+) SO pgigeg,S
Loy F1o s 48] Jaboas 1 bl ;5L
o5 ol omsls e 5 ol (255 j50) Ll
ads ags 8 b dop AAYY 4
lp sl 290 (S lacaws (Siwge
sbalgls Bl gy olateds (izren
sl 3yg0 Slglyd 5o jlaaless ) (ol )SOLES 5953
Pl )KLt (gl (X2) 55l (S5 (0] e
aS by i mls Ad o (S aS jslailen A
slhd b o calhe s sla ol
Oyl el 500
2B b eg a4 el 48l Job mls
Orzed 9 byaes Jilse 4jo0 il asel Cunday
b 1y (S5 a5 5 Julh 3 Jols ol
slodly el p (gladesd wiod aos A8
ool Glases aios 3l ol asen b aS
4 a5 b o lds (Ghls () 3)90 slo Sl
5 5y 5l Jols golis g Wog)S o Jolsh
O‘?su"’ odbdwlxe Olaw u.ai’l.a.a B
f\V cﬂ\c cﬂY cAA ‘F& ‘&F caA cYIA LSLDDL})’YJ).};.{‘

Gl Yo o) Cures 50 ail a8 Glaw b g e olanle sy sla Sl olulid cas pl8 & pl8 oS ) 4500 & Jod>

B S Yo
Triat Informative markers Probability level R?
Amylose Content RM431, RM190, RM314, RM340, RM217 0.002 0.23

Gelatinization Temperature RM30, RM2615 0.031 0.26
Paddy width RM204, RM265, RM527 0.0105 0.29
Paddy length RM253, RM587, RM104, RM508 0.045 0.35
Paddy Shape RM586, RM314 0.001 0.31
Milling Yield RM246, RM508, RM225, RM253, RM204 0.019 0.39
White Grain Length RM104, RM276, RM431 0.0033 0.11
White Grain Width RM527, RM4608, RM6836 0.012 0.18
White Grain Shape RM3827, RM586, RM253, RM549, RM3330 0.001 0.16
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Vag;necscﬁxgl?ll_ned Agf?gé\t/e LOD  QTL position Marker interval Chromosome QTL Triat
18.16 2.56 4.11 148.1 RM330-RM3827 6 qpwe6-1 PW
13.71 0.37 3.68 138.6 RM6836-RM527 6 qpwe6-2
8.75 -0.46 2.69 37.1 RM190-RM587 6 qpl6-1 PL
19.23 1.44 4.31 84.4 RM4128-RM253 6 qpl6-2
13.37 0.26 3.81 75.12 RM314-RM2615 6 qps6-1 PS
8.95 1.74 2.97 97.18 RM217-RM402 6 qps6-2
12.23 11.37 2.83 63.1 RM225-RM584 6 gbrp6-1 BRP
29.63 0.76 5.59 43.36 RM9-RM246 1 qmyl-1
9.63 -0.44 3.09 27.25 RM190-RM587 6 qmy6-1
7.57 2.21 2.81 37.87 RM587-RM4608 6 qmy6-2 MY
13.41 0.38 3.75 63.45 RM225-RM584 6 qmy6-3
12.38 0.69 3.25 74.44 RM2615-RM314 6 qmy6-4
9.54 0.14 261 15.93 RM220- RM243 1 ghrpl-1
14.56 -0.47 3.57 38.12 RM587-RM4608 6 ghrp6-1 HRP
13.69 0.68 3.13 70.22 RM584-RM2615 6 ghrp6-2
3741 1.74 111 154.88 RM3330-RM3827 6 ghrp6-3

(V) oslesd Jga 5 o (g)laidl WMo 4 bgyjo Slxusss

Syo lalold b S hgy 50 il 4 Glao b diwsy o)lgalessy sla S5lis Y Jads ol

Variance explained by each QTL Additive effect LOD QTL position  Markerinterval CH QTL  Triat
21.53 0.33 4 17.8 RM220-RM243 1 qgw6-1
17.67 0.69 3.74 5.25 RM3-RM508 6 qgwe-2
8.73 0.39 2.71 42.3 RM4608-RM587 6  qgw6-1 cwW
10.21 0.38 291 75.82 RM4128-RM314 6 ggwe-2
9.23 -1.23 2.8 140.66 RM527-RM6836 6 ggwb-1
10.24 0.43 2.73 21.2 RM586-RM190 6 glac6-2
14.56 0.28 3.8 3.32 RM190-RM587 6 glac6-1 LAC
13.77 0.71 3.69 83.1 RM4128-RM253 6 glacl-1
23.91 0.47 5 70.8 RM431-RM104 1 qgs6-1
8.67 -0.61 2.52 35.3 RM190-RM587 6  qgs6-2 Gs
24.15 1.76 54 75.6 RM314-RM4128 6  Qgs6-3
27.13 1.72 6.3 156.3 RM3330-RM3827 6  qgs6-4
25.33 0.27 5.61 158.43 RM7434-RM30 6 Qgsl-1
11.45 143 2.85 74.4 RM584-RM2615 6 gel6-1
1457 -0.48 3.99 125.3 RM276-RM549 6 gel6-2 EL
9.73 0.84 2.7 156.43 RM3330-RM3827 6  @el6-3
15.73 0.39 4.61 125.63 RM549-RM6836 6  qgtl-1 GT
8.73 -1.26 2.76 161.3 RM7434-RM30 6 qgt6-1
10.25 -0.47 2.81 66.24 RM265-RM431 1 gac6-1 AC
14.33 0.68 3.68 130.2 RM6836-RM527 6  gac6-2
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