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Mapping quantitative trait loci for plant height, heading time, growth duration
and grain yield in two advanced back cross populationsof rice
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Parentg,.J, Hashemi/IR67418-110-322 Hashemi/Neda
P Slis L il ¥ oS wl> oS wals

Plant characteristics Year Hashemi IR67418-110-322 Neda Average Range LSD e Average Range LSD g.oe

.y 2009 138.5 95.3 110.8 115.9917.68 58.33-147.0 4.23 21.1123.3 85.0-158.0 6.11

Plant Height (cm) 2010/ 135.6 94.9 109.7 114.5916.95 57.64- 148.5 3.87 19.1121.3 89.3-155.2 5.18

Mean,SL. 13705 95.1 11025  115.3:16.95 57.82-147.2  3.12 15.4:1233  86.6-157.0  4.11

2009 89.1 112.0 105.3 16.04105.9 86.1-136.0 4.12 10.1°A99.95 89.1-129 3.65

D:“;s‘“;“;" S;L:Ie;;f;g 2010 93.98 117.65 103.22  18.98109.1  89.3-140.0 4.92 17.98106.0 79.31-132  4.16

Mean,SL. 9154 114.83 10426  10.298107.5  88.1-138.5 3.65 9.12:103.0  81.4-150.2  3.15

2009 119.1 142.3 135.2 26.18:137.2 116-169 7.03 16.05131.1 118-151 6.26

Grow:i;;i;;ﬁ; (Day) 2010 123.2 148.8 137.33 29.36:139.1 118-169 8.29 23.14:134.3 110-156 7.68

Mean St 121.15 145.55 136.265  18.31%#138.2  118.5-168.5 5.12 13.1%132.7 112.3-152.0 5.02

2009 3.98 9.26 8.65 4.52:2.03 1.02-9.65 1.32 4.09t1.64 1.01-8.81 0.99

Graind;eéljc?::g.hé) 2010/ 4.01 931 8.75 4.62t2.14 1.23-9.75 1.24 4.21£1.34 1.32-8.98 1.02

Mean ,SiL. 3.99 9.28 8.70 4,59:1.98 1.01-9.77 1.23 4,12+:1.48 1.00-8.99 1.01

Yva
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Table 2. QTLs for plant characteristics in Hash#R@i7418-110-322 rice population (2009 and 2010)

S Slis Jl 550

asl ols Sl

p3532055 g SR
Plant characteristics Year QTLA Chromosome Marker interval Sit(CM) A R%% LOD
ph7-1 7 RM7338-RM21734 131.5 2.27 9.8 2.66
ph7-2 7 RM6420-RM234 396.6 -5.49 18.7 3.01
2009 ph8 8 RM6421-RM515 169.8 6.03 37.0 3.71
] ph12 12 RM19-RM27782 39.0 -3.62 11.0 2.54
Plan:ﬁ;:;‘t om) Ph5-1 5 RM161-RM274 239.2 3.67 56  3.01
ph7-1 7 RM7338-RM21734 1245 2.31 11.3 4.44
2010 ph7-2 7 RM6420-RM234 398.8 -4.13 19.2 4.9
Ph7-3 7 RM7564-RM6420 305.3 -6.86 8.2 3.05
ph8 8 RM6421-RM515 165.8 541 35.6 5.32
ht6-1 6 RM50-RM2523 113.3 6.17 28.8 8.19
ht6-2 6 RM2523-RM3183 179.1 -5.81 19.7 7.61
2009 ht7 7 RM7338-RM21734 117.5 2.63 6.3 4.27
ht8-1 8 RM6421-RM515 163.8 -4.28 13.1 6.61
I;;:S;;;)bl;:ajt;i)ng ht8-2 8 RM515-RM1109B 262 -3.16 7.7 5.78
ht6-1 6 RM50-RM2523 114.3 9.60 24.6 9.98
2010 ht6-2 6 RM2523-RM3183 182.1 -8.21 20.7 8.53
ht8-1 8 RM6421-RM515 1659 -6.78 14.6 7.56
ht8-2 8 RM515-RM1109B 260.2 -5.82 10.4 7.30
gp6-1 6 RM50-RM2523 122.3 4.49 30.7 7.98
gp6-2 6 RM2523-RM3183 179.1 4.69 18.2 6.89
2009 ap7 7 RM7564-RM6420 118.5 -5.65 10.2 6.5
Ly oyen dsb gp8 8 RM6421-RM515 167.8 -2.33 8.8 5.8
Growth duration (day) gp2 2 RM5390-RM13606 68.31 -4.89 20.6 7.62
gp3 3 RM3716-RM15303 1 -5.05 18.5 7.31
2010 gp6 6 RM50-RM2523 125.7 1.74 24.9 8.52
gp7-1 7 RM21734-RM7564 257.3 -5.06 12.5 7.01
gp7-2 7 RM8015-RM7338 60 -1.97 14.3 7.22
y4 4 RM3337-RM7051 83.9 1.61 12.96 2.96
y6 6 RM2523-RM3183 211.1 0.81 9.89 2.89
als > Shas 2009 y7-1 7 RM7338-RM21734 24.6 0.78 8.60 2.86
y7-2 7 RM7564-RM6420 304.3 1.98 15.57 3.1
Grain yield (kg.hd) y8 8 RM1109B-RM7356 335.4 -2.31 18.50 4.1
y2 2 RM5390-RM13606 84 -0.95 15.58 3.35
2010 y6 6 RM2523-RM3183 121.4 1.38 16.6 3.60
y7 7 RM7564-RM6420 303.4 2.37 23.5 4.20

A: The bold QTLs were observed in both years

el ods 5,158 (Yang etal., 2006
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Table3. QTLs for plant characteristics in Hashemi /Nede& population (2009 and 2010)

Ecada
S Sl Ju 5o p355055 il sl Sl Sit AR
Plant characteristics Year QTL Chromosome Marker interval (cM) A R?% LOD
ph2 2 RM13380-M13863  57.9 3.23 15.6 35
2009 ph5 5 RM274-RM31 297.1 2.21 10.3 3.2
65 plis) ph7 7 RM234-RM1364 401.2 -8.61 41.5 7.5
Plant height (cm) Ph1 1 RM9-RM2318 128.9 -1.04 8.0 4.5
2010 Ph5 5 RM274-RM31 296.1 3.24 12.5 5
Ph7 7 RM234-RM1364 400.3 -10.20 43.2 8.2
htl 1 RM9-RM2318 129.3 -4.11 14.2 4.30
PrEs B VI o009 g 4 RM16937-RM3337 2128  -3.13 103 421
Days to 50% heading
ht5 5 RM274-RM31 262.9 -5.15 17.3 5.12
2010 ht5-1 5 RM173-RM274 220.1 -3.0 12.5 5.30
ht5-2 5 RM274-RM31 262.9 -4.12 13,6 5.90
ht6 6 RM217-RM225 10.9 7.12 28.6 7.00
ht8 8 RM27181-RM6075  205.6 5.02 20.3 6.20
gp 4 4 RM16937-RM3337 214.1 -1.98 5.1 4.61
2009 ap s 5 RM274-RM31 263.1 -2.21 8.2 4.81
gpé 6 RM217-RM225 11.2 6.13 20.1 6.10
002 I ap? 7 RM20938-RM21236  10.1 -3.98 16.2 520
Growth duration (day)
gpé 6 RM217-RM225 12.2 7.02 26.2 6.81
2010 ap7 7 RM20938-RM21236  10.6 -4.13 17.3 5.50
gp8 8 RM27181-RM6075  139.2 5.02 19.2 6.52
y2 2 RM452-RM13380 5.01 0.68 8.10 3.8
2009 y3 3 RM231-RM5761 46.4 0.98 14.51 3.9
6l > Sles y7 7 RM214-RM234 200.3 -1.32 16.3 4.2
Grain yield (kg.h&) y8 8 RM2718-RM6075  191.4 2.21 20.5 5
y4 4 RM16937-RM3337 435 1.02 11.8 41
2010 y7 7 RM214-RM234 201.8 -1.99 18.2 45
y8 8 RM2718-RM6075 192.4 2.66 21.32 5

A: The bold QTLs were observed in both years
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Table 4 Pleiotropic or linked QTLs detected for plant @eeristics contributing in Hashemi/IR-22 and

Hashemi /Neda rice populations

0335035 ol Sl S Sl Comez s R%%
Chromosome Flank Marker Plant characteristics Population Range of R%
Loy b o y300 U
6 RM50 SRR ABR Hashemi/IR-22 28.8-30.7
Days to 50% heading, Growth duration
Slas Ay 0,93 by o ;300 U
6 RM2523 : ISR B Hashemi/IR-22 2.89-20.7
Days to 50% heading, Growth duration, Yield
,Q»cn.& o Y W,
7 RM6420 e Hashemi/lR-22 3.1-19.2
Plant height, Growth duration, Yield
,Q»cn.& o Y W,
7 RM7338 SRRl Hashemi/lR-22 2.66-14.3
Plant height, Growth duration, Yield
Liyoe (RS A Lo y30 Uhey W,
8 RMS515 R ' Hashemi/IR-22 8.8-37.0
Plant height, Days to 50% heading, Growth duration
ad o y30 g,y w0 W,
1 RM9 ST B gE Hashemi/Neda 10.2-18.7
Plant height, Days to 50% heading
;,QL;:;AL.’ (A ah g0 )
4 RM16937 prrig s Hashemi/Neda 4.1-10.3
Days to 50% heading,, Growth duration, Yield
Liye (A Ad g Lo y30 By e sl
5 RM247 R ' Hashemi/Neda 8.2-17.3
Plant height, Days to 50% heading, Growth duration
Liyoe (A Ad g Loy U
6 RM217 SR BB R Hashemi/Neda 20.1-28.6
Days to 50% heading,, Growth duration
,§Ls= @ W,
7 RM234 TSl Hashemi/Neda 4.2-8.2
Plant height, Yield
L yoey95¢ by o y300 U
8 RM27181 QA T e Hashemi/Neda 19.2-20.3

Days to 50% heading,, Growth duration
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Table 5. Estimated additive (A) and additive x eoriment (AE) interaction effects of QTLs for plant
characteristics in Hashemi/IR-22 and Hashemi /Namapopulations (2009 and 2010)

o
P Slis 5
Plant characteristics QTL

ail sl Sl
Marker interval

Sl 50

Sit (cM) A? AE,"  AES RA%W RALE

Hashemi/IR-22 BILs population

G5 i ph7 RM6420-RM234 390.1 -3.86 - - 17.67 -

Plant height ph8 RM6421-RM515 160.4 4.98 - - 33.16 -

A b Aoy 00 b, ht6 RM50-RM2523 112.6 -7.79 - - 2.38 -

Days to 50% heading ht8 RM515-RM1109B 259.8 -4.21 - - 1.07 -
Aiyoys b gp6 RM50-RM2523 120 467 -0.23 0.37 0.06 0.03
Growth duration (day) gp8 RM6421-RM515 163 -3.35 -0.35 042 0.07 0.04

a5 Shos y6 RM2523-RM3183 208.2 990 - - 5.98 -

y7 RM7564-RM6420 300.3 1068 - - 8.07 -

Grain yield (kg.hd)

y8 RM1109B-RM7356

330.4 -2370 365 -217  10.26 1.02

Hashemi/Neda BILs population

&y tL&J)\ ) ) ) ) )
Plant height ph7 RM234-RM1364 401.2 4.23 12.51
psabsdsys0 by,  htB RM274-RM31 262.7  -5.02 - - 3.21 -
Days to 50% heading  ht6 RM217-RM225 11.5 -8.64 -1.20 0.69 4.08 1.04
Ly ey db
; RM217-RM22 11.2 . -0. 12 14 .
Growth duration (day) 9p6 5 6.08 030 0 0 0.03
; y3 RM231-RM5761 50.3 0.625 0.421 -0.375 2.83 0.19
S y7 RM214-RM234 198.8 -0.803 - - 9.12 -
Grain yield (kg.hd)
y8 RM2718-RM6075 190.2 1.140 - - 12.98 -

g oddosls iy g5 1@ S g oddosls iy ¢ 55 1 Y Jasa b (53 Blize S1IC O Lo b (53 Jlize 31D CQTL ol 31 51ia

e L (31 Jlise

a: additive effect of the QTL, b: additive and epviment interaction in E1, c: additive and enviremtinteraction in E2, d:
percentage of phenotypic variation explained byitaddeffect of the QTL. e: percentage of phenatypériation explained

by additive and environment interaction.
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Table 6. Estimated epitasis (AA) and epitasis xremvnent interaction (AAE) effects of QTLs for ptasharacteristics (2009 and 2010)

R
P Sl 5 el sl Sl Sy o5 oS el sl Sl Sl o
Plant characteristics QTL Marker interval Sit(cM) QT Marker interval Sit (cM) AA;® R%2 AAE;;° AAE ;" R%ad
Hashemi/IR-22 BILs population
LY CL&.T)I
plant height
ph2 RM27-RM5390 3.2 ph?7 RM7338-RM21734 62.2 8.53 0.15 - - -
Plant height
3 d g 306
ot e Lesa B B 2 ht1 RM8101-R10402 12.2 ht4 RM303-RM131 113 356 091  -0.88 1.2 0.06

Days to 50% heading

Lo Jsb gpl RM8101-R10402 14.2 gp4 RM303-RM131 111.1 3.09 151 - - -
Growth duration (day)

ap? RM7564-RM6420 110 gpll RM26675-RM19 21.2 -6.65  3.00 - - -
yl RM10442-RM246 117.9 y7 RM6420-RM234 144.3 964  1.60 - - -
als s Shes y2-1 RM5390-RM13606 35.9 y5-1 RM161-RM274 280.8 295 110 10 -20 0.93
Grain yield (kg.hd) y2-1 RM5390-RM13606 35.9 y5-2 RM18265-RM18677 139 1984  2.81 - - -
y2-2 RM6-RM14076 187.8 y4 RM7051-RM303 775 932 130 - - -
Hashemi/Neda BILs population
Sag) phi RM9-RM2318 128.2 ph7 RM234-RM1364 390.1 6.23  0.13 . - -
Plant height
(2 4hE ke B0 B S ht4 RM16937-RM3337 212.8 ht6 RM217-RM225 11.4 261 201  -0.63 -0.56 0.98

Days to 50% heading

Ly oyss Jsb gp7 RM20938-RM21236 10.1 gp3 RM200-RM14152 215.3 3.46 1.12 - - -
Growth duration (day)

ap7 RM20938-RM21236 10.1 gp8 RM27181-RM6075 139.4 429 290  -1.02 0.93 1.95
) v3 RM231-RM21234 472 v8 RM2718-RM6075 1903  -0.87  1.10 - - -

Grain"’i;’(d*(‘k‘ ) v4 RM16937-RM3337 45.3 y8 RM2718-RM6075 190.3 098 230 003 -0.04 1.05
Y g yl RM246-RM486 132.7 y7 RM214-RM234 2002 0355  0.98 - - -

Lorn b (5kg) Jlize 51 Lo 5 0 03ls 2 g 55 1€ Y Lamma b (53lkmyl filisa 31 WO Loe b k! Jlize 51 IC (g5 kl Jaw g o a3ls [ii g @::b‘QTL S (6 3D sl 31 55 ol 31 folize 1@
a: additive by additive epitasis effect of the paQTLs. b: percentage of phenotypic variation expld by epitasis effect. c: epitasis effect andrenment interaction in E1. d: epitasis
effect and environment interaction in E2. e: petage of phenotypic variation explained by epitasid environments interaction
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Mapping quantitativetrait loci for plant height, heading time, growth
duration and grain yield in two advanced back cross populations of rice

Hosseini Chaleshtari, M.}, S. Houshmand?, Sh. Mohammadi®, A. Tarang*, M.
K hoddambashi® and H. Rahim Soroush?

ABSTRACT
Hosseini Chaleshtari, M., S. Houshmand, Sh. Mohammadi, A. Tarang, M. Khoddambashi and H. Rahim Soroush.
2012. Mapping quantitative trait loci for plant heightedding time, growth duration and grain yield in tadvanced back

cross populations of ricéranian Journal of Crop Sciences. 14(3): 235-249. (In Persian).

Two BGF, populations of rice, Hashemi/IR67418-110-3222 (tidmsi/IR-22) and Hashemi/Neda, Hashemi
was as recurrent parent, were studied during tvaosy€009 and 2010) for QTLs detection for planghe days
to 50% heading, growth duration and yield. The wflepistasis and QTL-environment interaction ogsthtraits
was also studied. Hashemi/IR-22 and Hashemi/Neuss lwere tested with 61 and 65 polymorph SSR primer
pairs, respectively, which were distributed oncilfomosomes. The total genetic maps lengths of ¢iaghRr-
22 and Hashemi/Neda were 1103.45cM and 1260.53edpectively. Four to five QTLs were detected fazthea
trait in Hashmi/IR-22 population with at least t@I'Ls repeated for each trait during two years. €h@3Ls
explained 5.6% to 37% of the traits phenotypic atioh. In Hashemi/Neda population three to four @Tlere
detected for each trait, with at least one QTL adpe for each trait during two years. These QTlLslared
5.1% to 43.2% of the traits phenotypic variatiomori detected QTLs, only a plant height QTL flanked
RM234 marker on chromosome 7 and a yield QTL flanky RM3337 and were the same in the two
populations. This indicated the important role efhgtic background effect on controlling these drdit each
population there were QTLs that simultaneously céfé two or more of the studied traits, e. g. plagight,
days to 50% heading, growth duration and yield,citguggested pleiotropic or linkage gene effectgtfese
traits. Two QTLs on chromosomes 6 and 8 for grodthation and QTL on chromosome 8 for yield in
Hashemi/IR-22 population and one QTL on chromosénier days to 50% heading and growth duration and
one QTL on chromosome 3 for yield in Hashemi/Neawsed interaction with environment. Also in each

population a pair of QTLs was recognized with digaint epistatic effect.

Key words. Chromosome, Epistasis, Pleiotropic, Rice and QTLs
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