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Table 1. Analysis of variance for rice important@gmic traits in two RIL populations in TonkabamdaRasht

regions
Mean squares in Ali Kazemi/IR population
Tonekabon region Rasht region
Source of variations df Plant Headinh Panicle Plant Headinh Panicle

Grain yield Grain yield

height date length height date length

Treatment 133 374.9° 73.26° 6.25° 2054739 482.9° 49.26° 4.73° 734680
Among lines 128 276.2° 42.37° 557" 1951700 398.2° 31.47° 3.70° 551166
Among controls 4 1628 112.7° 25.64" 5355191 1875° 170.1" 17.14" 5092831
Control vs treatment 1 7987  3871" 15.37 2.36" 5798 1841" 85.44" 6844423

Block 4 1.26™  2.90™ 2.64"™ 7919™ 4.46™ 0.16"™ 0.44™ 3694.00"
Error 16 5.06 2.48 1.12 123685 351 221 0.89 17243.4
CV (%) - 1.96 1.99 3.60 2.43 157 180 342 3.29

Table 1. Continued.

dalol -V Jgum

Mean squares in Ali Kazemi/IR population

Tonekabon region Rasht region
Source of variations df Plant Headinh Panicle Grain vield Plant Headinh Panicle Grain vield
height date length y height date length Y

Treatment 117 342.6° 86.1" 5.98° 8553289 359.2° 59.48 3.25° 6974746
Among lines 112 298.17 49.77 5.30" 6958469 288.9° 42.60° 258" 4902066
Among controls 4  1639" 112.7° 25.64" 53551919 1875° 170.r" 17.1" 5092832
Control vs treatment 1 146 4044 252 6873709 2159° 1507 23" 6351055

Block 4 1.26% 29%  2.64% 7919% 446 0.16° 0.44% 36946°
Error 16 5.06 2.48 1.12 123699 3.51 2.21 0.89 172436
CV (%) - 1.74 1.99 3.48 2.49 1.50 1.78 3.33 3.28

Table 2. Means + standard deviation (SD) and rafigaportant agronomic traits in parents and tvee ri
populations in two studied regions

Parents IRA population SA population
Trait IR Saleh  Alikazemi Range Means + SD Range Means + SD
Plant height 114.8 117.1 154.1 93.6-163.8  125.9+16.7 81.5+170.2  114.3%17.5
Heading date 92.8 83.0 88.3 66.0-93.5 79.0+6.9 66.0197.5 78.915.9
Panicle length27.1  32.6 29.9 24.2-33.1 29.3+1.8 23.4+33.7 28.2+1.9

Grain yield 5471 4960.5 3069.5 2513-5979 4199+739 239446866 4256+992
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Table 3. Additive (A) and additive x environmentHpinteraction effects of QTLs detected for ricecampmic
traits measured in two RIL populations under twgioas

Trait QTL Marker interval P?Csl\%on Parent A R?a AE; AE; R%e
Alikazemi/IR RIL population
gPH2  RM3355-RM5303 120.4 A 4.9 19.6 - - -
Plant height gPH5 RM5410-RM1237 60.5 IR -3.6 116 - - -
gPH6  RM7551-RM8239 75.6 A 5.2 215 1.02 -1.3 11
Heading date gHD6 RM5814-RM103 120.8 IR 14 277 - - -
gPL7  RM5100-RM1243 22.3 A 2.6 8.7 - - -
Panicle length qPL10  RMA4455-RM4915 37.8 IR -13.5 126 0.24 -0.15 211
gPL12 RM5101-RM5195 49.5 A 189 19.9 - - -
gGY3-1 RM2791-RM3441 30.0 A -487.5 21.3 - - -
gGY3-2 RM5955-RM1164 60.3 A -291.1 16.6 - - -
Grainyield 9GY4  RM6431-RM6540 70.2 A -207.1 145 11.12 -10.30 5.80
gGY6  RM7551-RM8239 75.8 IR 1829 15.6 - - -
qGY8 RM195-RM447 108.5 A -338.4 185 - - -
Alikazemi/Saleh RIL population
Plant height gPH5 RM421-RM178 102.5 S -3.76  17.6 - - -
gHD1 RM8235-RM5310 155.7 A -2.60 22.23 - - -
Heading gHD3  RM3441-RM5955 35.6 A -1.26 18.14 - - -
gHD6 RM7551-RM8239 78.6 A -1.39 11.12 - - -
Panicle length gPL7  RM1243-RM8263 26.4 S -7.43 16.7 0.38 -0.29 1.23
qGY1 RM5302-RM283 20.2 S 217.11 245 - - -
Grainyield gGY3  RM1164-RM6425 74.2 A -167.3 18.12 - - -
qGY6 RM5814-RM103 120.3 S 50.95 10.13 -14.21 121 321
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Table 4. Epistasis effect (AA) and epistasis x emvinent interaction (AAE) of detected QTLs in twh_Ropulations for rice important agronomic traitswo environments

Trait QTL; Marker interval  QTL position Parent QTL; Marker interval QTL position Parent  AA R%a AAE1 AAE> R?aae
Alikazemi/IR RIL population
gPH1 RM8235-RM5310 153.4 A gPH6 RM7551-RM8239 75.6 A 4.97 3.4 - - -
gPH2 RM3355-RM5303 120.4 A gPH7-1 RM5100-RM1243 22.0 A 1.2 1.9 - - -
Plant heigh gPH3 RM1332-RM2791 11.80 IR gPH5-1 RM421-RM178 103.5 IR 2.6 2.1 - - -
gPH4-1  RM6540-RM6589 73.20 IR gPH4-2 RM5030-RM3648 112.8 A -2.7 6.4 1.22 -1.09 1.21
gPH4-2 RM5030-RM3648 112.8 A gPH5-2 RM421-RM178 103.5 IR -3.6 4.1 - - -
gHD2-1 RM2770-RM3294 25.0 A gHD7-1  RM2878-RM1048 53.1 IR 1.4 2.4 - - -
Heading date gHD2-2 RM3355-RM5303 96.6 IR gHD4 RM6589-RM5030 95.4 IR -2.7 3.9 0.21 -0.13 1.31
gHD2-1 RM2770-RM3294 25.0 IR gHD7-2  RM1048-RM6344 75.9 IR -0.8 1.2 - - -
gPL7 RM5100-RM1243 12.2 IR gPL10 RM4455-RM4915 27.8 IR 4.1 3.4 - - -
Panicle length gPL7 RM5100-RM1243 12.2 IR gPL12 RM5101-RM5195 55.4 A -2.9 1.9 - - -
gPL10 RM4455-RM4915 27.8 IR gPL12 RM5101-RM5195 55.4 A -3.95 2.1 - - -
qGY3-2 RM2791-RM3441 30.0 IR gqGY3-3 RM5955-RM1164 65.3 A -261.0 8.4 - - -
qGY3-2 RM2791-RM3441 30.0 IR qGY8 RM195-RM447 108.5 IR 263.9 7.9 - - -
Grainyield qGY3-3 RM5955-RM1164 65.3 IR qGY4 RM6431-RM6540 58.2 IR 141.1 4.1 - - -
gqGY3-3 RM5955-RM1164 65.3 IR qGY6 RM7551-RM8239 90.8 IR 175.6 5.4 - - -
qGY2 RM3294-RM5699 255 A qGY4 RM6431-RM6540 58.2 IR -390.0 1.2 - - -
gqGY3-1 RM4853-RM1332 8.5 IR qGY4 RM6431-RM6540 58.2 IR 193.6 6.1 - - -
Alikazemi/Saleh RIL population
gPH2-1 RM3294-RM5699 26.5 A gPH4-1  RM6431-RM6540 70.2 A 4.93 2.3 - - -
gPH2-2 RM5699-RM7426 55.3 A gPH3-1 RM4853-RM1332 7.00 A 7.24 7.2 - - -
gPH2-3 RM3355-RM5303 120.4 A gPH3-2 RM2791-RM3441 31.0 S -5.85 6.1 - - -
Plant height gPH3-3 RM6425-RM5626 98.9 S gPH4-2 RM3648-RM124 121.5 S 12.26 9.2 - - -
gPH5-1 RM3505-RM421 90.2 S gPH7-1 RM8263-RM2878 61.5 A -4.04 2.2 1.34 -2.11 1.23
gPH5-2 RM421-RM178 103.5 S gPH7-2 RM1243-RM8263 254 A -3.96 1.8 - - -
gHD1-4 RM8235-RM5310 160.4 S gHD10  RM4455-RM4915 21.8 S 0.87 1.7 - - -
Heading gHD1-1 RM3148-RM5302 11.12 S gHD5-2 RM3505-RM421 85.1 A -1.58 2.3 - - -
gHD1-2 RM283-RM5638 45.6 S gHD1-4 RM8235-RM5310 155.4 S 1.57 2.1 - - -
gHD1-3 RM5638-RM3475 101.6 A gHD1-4 RM8235-RM5310 155.4 S -2.26 29 - - -
gHD3 RM4853-RM1332 8.1 A gHD5-1 RM1237-RM3505 79.6 A 2.73 3.2 0.31 -0.28 1.21
gqGY1-1 RM5302-RM283 20.2 S qGY3 RM5955-RM1164 60.0 A -135.7 6.3 - - -
Grain yield gqGY1-1 RM5302-RM283 20.2 S gGY6-2 RM5814-RM103 120.8 S 34.56 1.1 - - -
qGY1-2 RM3475-RM8231 145.2 S gGY5-1 RM5410-RM1237 60.1 A -102.09 4.2 - - -
qGY1-3 RM8235-RM5310 155.5 S gGY5-2 RM3505-RM421 100.1 A -284.37 8.2 -9.23 8.4 2.21
gqGY6-1 RM4128-RM549 20.5 S gGY6-2 RM5814-RM103 120.3 S 205.46 7.8 - - -

QTLi: Gene locus at position i, QFLlGene locus at position j, AA: Epistatic Interacis, R%aa: Diversity explained by epistatic effec&AE1: Epistasis Interaction with Environment 1, BA
Epistasis Interaction with Environment Zae: Diversity explained by epistatic interactiaiih the environment.
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Abstract

To detect main and epista@ILs and their environmental interactions for rice imipat agronomic
traits, 242 recombinant inbred lines (RIL) from t®orice populations derived from crosses between
Alikazemi / IR67017-180-2-1-2 (IRA population) aAd Kakami / Saleh (SA) cultivars were evaluated
in two locations. Results of the present experinséioived that the linkage map of the two populations
using 87 polymorph microsatellite markers (SSR)eced 1356.0 cM of rice genome with an average
distance of 15.58 cM between two markers. A tot@mainQTLs (M-QTLs) and 33 epistatic QTLs
(E-QTLs) were identified with positive and negative efeecFive MQTLs and five EQTLs had a
significant interaction with the environment. EightQTLs and ten E-QTLs with significant effect on
agronomic traits were stable and did not have @mificant interaction with the environment. These
QTLs include two MQTLs and two EQTLs for reducing plant height, three @¥Ls and three EJTLs
for decreasing heading date, anQL and an EQTL for increasing panicle length and two M-QTLs
and four EQTLsto increase grain yield. These m@mLs explained 11.12% (qHD6) and 24.5663Y1)
phenotypic variation, respectively. Therefore, sudeful QTLs can be used for gene pyramiding
programs to improve rice agronomical traits. Furtiere, six linked SSR markers (RM421, RM178,
RM3441, RM5101, RM7551 and RM5302) were identifigth less than 5 cM distance from important
QTLs, suggesting that such SSR markers can beinsedrker-assisted selection to select rice lines
with desirable traits in segregation generations.
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