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[ANTPY eolins o5 ' 1 mmol
o 55T 04 GregSes )3 @590 ) Jgog,Sn V¢
Forward primer 10 pmol (60 ngr per pl)
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Table 2. Primer combinations used in AFLP methothis research

EcoRI Primers Msel Primers S ’\"
Polymorphism

Primer DNA Sequence Primer DNA Sequence

E060 GACTGCGTACCAATTCAAG M140 GATGAGTCCTGAGTAAAAC Polymorph JSaa
E060 GACTGCGTACCAATTCAAG M150 GATGAGTCCTGAGTAAAGA Polymorph jSisass
E060 GACTGCGTACCAATTCAAG M160 GATGAGTCCTGAGTAAAGT Polymorph JSaas
E060 GACTGCGTACCAATTCAAG M180 GATGAGTCCTGAGTAAAAT Polymorph jSsass
E060 GACTGCGTACCAATTCAAG M190 GATGAGTCCTGAGTAAACG Polymorph JSaas
EO70 GACTGCGTACCAATTCAAT M140 GATGAGTCCTGAGTAAAAC Polymorph jSsass
EO070 GACTGCGTACCAATTCAAT M150 GATGAGTCCTGAGTAAAGA Polymorph jSsass
EO70 GACTGCGTACCAATTCAAT M160 GATGAGTCCTGAGTAAAGT Polymorph JSaas
EO070 GACTGCGTACCAATTCAAT M180 GATGAGTCCTGAGTAAAAT Polymorph jSisass
EO70 GACTGCGTACCAATTCAAT M190 GATGAGTCCTGAGTAAACG Polymorph JSaas
E080 GACTGCGTACCAATTCACG M140 GATGAGTCCTGAGTAAAAC Polymorph jSsass
E080 GACTGCGTACCAATTCACG M150 GATGAGTCCTGAGTAAAGA Polymorph JSsas
E080 GACTGCGTACCAATTCACG M160 GATGAGTCCTGAGTAAAGT Polymorph JSsas
E080 GACTGCGTACCAATTCACG M180 GATGAGTCCTGAGTAAAAT Polymorph jSsass
E080 GACTGCGTACCAATTCACG M190 GATGAGTCCTGAGTAAACG Polymorph JSaas
E090 GACTGCGTACCAATTCACT M140 GATGAGTCCTGAGTAAAAC Polymorph jSisass
E090 GACTGCGTACCAATTCACT M150 GATGAGTCCTGAGTAAAGA Polymorph JSaas
E090 GACTGCGTACCAATTCACT M160 GATGAGTCCTGAGTAAAGT Polymorph JSsas
E090 GACTGCGTACCAATTCACT M180 GATGAGTCCTGAGTAAAAT Polymorph jSsass
E090 GACTGCGTACCAATTCACT M190 GATGAGTCCTGAGTAAACG Polymorph JSaas
E100 GACTGCGTACCAATTCAGT M140 GATGAGTCCTGAGTAAAAC Polymorph jSsass
E100 GACTGCGTACCAATTCAGT M150 GATGAGTCCTGAGTAAAGA Polymorph JSsa
E100 GACTGCGTACCAATTCAGT M160 GATGAGTCCTGAGTAAAGT Polymorph jSsass
E100 GACTGCGTACCAATTCAGT M180 GATGAGTCCTGAGTAAAAT Polymorph jSsass
E100 GACTGCGTACCAATTCAGT M190 GATGAGTCCTGAGTAAACG Polymorph JSsas
E110 GACTGCGTACCAATTCATC M140 GATGAGTCCTGAGTAAAAC Monomorph JSucss
E110 GACTGCGTACCAATTCATC M150 GATGAGTCCTGAGTAAAGA Monomorph S,
E110 GACTGCGTACCAATTCATC M160 GATGAGTCCTGAGTAAAGT Monomorph JSacs
E110 GACTGCGTACCAATTCATC M180 GATGAGTCCTGAGTAAAAT Monomorph S,
E110 GACTGCGTACCAATTCATC M190 GATGAGTCCTGAGTAAACG Monomorph S,
E120 GACTGCGTACCAATTCATT M140 GATGAGTCCTGAGTAAAAC Monomorph JSas
E120 GACTGCGTACCAATTCATT M150 GATGAGTCCTGAGTAAAGA Monomorph S,
E120 GACTGCGTACCAATTCATT M160 GATGAGTCCTGAGTAAAGT Monomorph JSacs
E120 GACTGCGTACCAATTCATT M180 GATGAGTCCTGAGTAAAAT Monomorph JS.S,
E120 GACTGCGTACCAATTCATT M190 GATGAGTCCTGAGTAAACG Monomorph JSas
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Table 3. Traits means for parents and recombimdoned lines population

olao 9 e S5 e oS Fg sy t-value
Traits Anbarboo Spidroud Recombinant lines

iy Shaad 1694.5200+3.5244 632.0000+3.6012 1066.3015+36.4077 210.867*
Number of roots

(o siilo) oy, Job 1894.5600+17.7978 947.8400+4.0550 1373.5035+86.7957 51.864°
Root length (cm)

Fals 0 ) a8 slaats) Sl 837.7600+36.5080 383.9000+0.9372 516.4833+25.6448  12.428*
The number of roots less than 5 cm

Faglo VB P o sloaty, slas 414.9000+2.5515 125.6000+0.2753 293.6778+11.7416  112.73%*
The number of roots between 6 and 7 cm

Faglo Ve UA o sloaty, slas 183.500040.3120  65.6500+0.2835 120.9969+55225  279.517*
The number of roots between 8 and 20 cm

Fagla T BT G slaaly, olus 90.2000+1.0301  21.3000£0.1792 61.0097+2.3852 65.899°
The number of roots between 21 and 30 cm

Fal TSl i slaass, slass 13.8400+0.007 4.8990+0.1704  10.5378+.4991 47.605*
The number of roots above 30 cm

(#5) 8l 05 62.0166+0.6522  40.6640+0.2986 53.9147+3.5973 29.766°
Stem weight (g)

(p5) s> 0l 44.0115+0.3445  15.4192+40.006 33.6326+3.4460 81.422°
Panicle weight

g Slasd 13.1500+0.1781  25.2350+0.4014 18.9010+2.4744 27.52F*
Panicle number

(e o Blo) 2y o 247.300045.7656 78.9600+0.3275 178.8042+12.7414  29.150°
Roots volume (cR)

() a2, # 03 05.057042.2517  19.054040.009  51.5630+4.2196 34.125°
Roots fresh weight (g)

Ly SE2 O 22.418040.2087  7.5861+0.002  15.3632+.8689 70.355*
Root dry weight (g)

kol a9z o p alsslai 122.4600+0.5056  61.740040.1437 94.7654+5.1249 115.526°
Number of grains per panicle

ol abgs o adgl azadgSolass

panicle

(£ 2 & 039 33.7500£0.3089  17.1500+0.007  26.3701+.3006 52.288°
Grain weight (g)

oL )] (el 142.2200+2.3604  111.7500+0.7500 125.5582+14.8054  12.303*
Plant height (cm)

(£ o8 035 81.5000+1.2618  36.6000£0.4129 54.5155+3.1530 33.819°
Straw weight (g)

(etile) ads> Job 35.210042.4323  21.5400+0.4405 24.6604+1.5555 5.530"

Panicle length (cm)

(Courtoiset al., 2003) ,Se2 § 55,55 .033,S
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ReMABIST 1534
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=L 185,00
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RMESD1 (-8
EOFD-M1G0-7 e,y
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QLIS Ay 5 039 2 (S o Lamd I AIYYD g O/AAY
Iy 09290 (srisid Olyuss 5l o ,0 YY o YT ailiilys o
oo plubid GLQTL (5l Grizres vl 4295
s wwpo L QDWRD-2a iy, Sz 55 iy
SES Gjy Sk (oigd el (b weyo VY
s QDWRD-12 ;5 ¢, e olly sla T .csls |, ais,
3 WD Ady, Sad o9 sels el QDWRD-9
Sl Gl ) ads, S b9 090 Wy &S Jl>
as a9y, (Nguyen and Buu, 201Q) 4 .5
5o aimdls Sis b bl e gbQTL LboKe ol
) gl ada, SaS (59 sl QTL

(Courtois et al., 2003) |, Ko 5 gi,5S
gyl sl 0 5 ¥ Y ) lapgises S 55, QTL Sz
el )| gl oad lolis QTL a5 wogas b, i
S 5H@PHD-D adlbae (nl )3 ) pg5905,5 555 ok
o955 aslllas )3 eads olo) QTL L Sl ol
sl cdlls (Courtoiset al., 2003) ) SKea
(Sabouriet al., 2012) -,Ken 5 5 30 uimed
P F 939095 S, B el ln QTL Sy sslys
a8 gluls RM162-RM461 sle Silis alols
solizwl L (Babuet al., 2003) 1,500 ¢ ool puizmen
o3, B Jols dislas asshle b coax
sl» IR62266-42-6-2 .8, 5 CT9993-5-10-1-M
s L wbQTL «Sis Lyls cov ol lis)
050,85 QLuld Vg ¥V ) (slapg;geg S

a ale i glp ead ool LQTL o
Wl (39 siols cel gopie JT 4T jo a5 QSWD-12
I, a8l 59 dgy0mmw oly PT QTL ads o wi
\WWYIFFD Sl a4 cudly QSWD-6 4 ols 3l
5 QSWD-23 QTL 40 .aas oljél 1) a8le o359 p,5
Lo STy eads olels QTL 2 51 QSWD-4

03 JAS slr ead pbole SLQTL (e
& aiidly GSWD-4 5 GSWD-2 sQTL iy
) ades 0j9 (g Sl jlae)s T g VA oS
addllas jo aiad ool Laseis S5l S5 g anled a gl
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S a4 dulad axg |, Oloss 51 oYL as s
5 woye YA . LOD=¥/vs0 L QRNDB8T20-1a
LOD=¥/\aY | GRNDB8T20-1bs 55 uils,ls
QLS azgi |y e bl 5l a0 VAIY cudlss
slaws (glp oo eols Lakis QTL aw ;o o I
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Table 4. Analysis of variance of root and shootraberistics in the studied recombinant inbreddipepulation

Mean square ol ,e Sk
sleaiy) slaw sleasy; slows
yoS laiy ) slaws o glediy, slass o loady ) olaws by .
Ol yurts 2olie 15 ax o . . . o . BT O * 5 e
Sourc::f sariation ~ )df N Ay s ate) Jsb Fogi B ot V87 a1 B A 2o sl o sl Bl 039
Roots Number  Roots Length  1he number of The number of The number of Stem weight 5> 039
g roots less than 5 roots between 6roots between g The number of The number of g Panicle weight
cm and 7 cm and 20 cm  foots between roots above
21 and 30 cm 30 cm
Replication ) s 2 6622.451 3989.013 305.005 13080.995 10.235 1083.560 2.648 444,080 776.895
Lines oY 95 1140925.987 6548674.624 570875.547 118938.048 26417.827 4899.627 195.529" 11242.011 10309.077
Error Uas 190 6112.059 2932.024 660.034 369.005 58.631 13.714 10.591 3.904 Y.304
(22)9) Syt 2 7.331 3.942 4.974 6.541 6.328 6.070 30.883 3.664 5.405
CV (%)
™: Significance at 1% probability level oy Sy Jlio | mhaw o lo sxe **
Table 4. Continued aolsl ¥ Jgus
Mean square ol e p:Sles
o35 ke ST amis et s , o - ol ola A ezansela B
SmR e GRS abes ol Al e Ay S o)y Adey S ) Ll aigs shol a5 5 s oL glis o5 &3 g Job
Source of variation  df Panicle Roots  Roots fresh  Root dry ¥ Primary no. of Grain weight Plant height Straw Panicle
Number Volume weight weight No. of gr_allns PEr " spikeiet per 9 9 weigh length
panicie main panicle
Replication | s 2 78.470" 3117.033 131.604 68.321" 360.935 425.339 84.107 3286.935 3709.639 166.730°
Lines Y 95 5318.559 141099.745 15486.437 654.552" 22792.699 276.959 47.818 190516.592 8481.929 1964.845
Error U 190 3.350 41.291 1.156 0.478 25.933 4.730 14.502 66.044 44.796 68.386
(““”)Ci')(j;‘; w2 9.684 3.593 2.086 4502 5.373 21.066 14.441 6.472 12.277 33.534
0
™ Significance at 1% probability level.
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Table 5. Identified QTLs for related traits to r@otd shoot under drought stress conditions
, T e el Sl P Cesdye T s
Trait QT - ) ki cerk PO LOD (sl Additive  Coefficient of
anking marker . Position (cM)  effect | determination
loats, Jsb qRLD-3 %150'%"5090'\"160 3 2824 26 092,934 127
Roots Length ¢RI D-4 E060M160-3-RM1359 4  3.085 16 1369.06 13.8
a5 slhat, s GRNDL5-1  E110M140-9-RM8231 1 2.055 178 -21.088 9.4
ol O GRNDL5-3 % E110 3 2547 216 29.449 11.5
The number of
roots less than 5 qRNDLs-g ~ EOTCMISOHEOOOMIAL g 5 153 0 -25.846 9.8
cm
P o slaads, S GRNDB6T7-2 EO70M14°’%'3M 2 2574 114 29.559 11.6
LY G 13
P E120M150-2-E090-M160-
The mumber of GRNDBET7-3 5 3 2378 26 -55.264 10.8
roogf]ge;"grene” 6 GRNDB6T7-4  E0BOM160-3-RM1359 4 3834 24 37.85 16.8
A i slaais, sl ORNDBBT20-1a RMB097E060M140-6 1 4.265 126 2.98 185
Sagils Yo b
The number of gRNDBST20-1b  RM128E070M160-6 1 4192 136 2.637 18.2
roots between 8
and 20 cm
m sloade, olas GRNDB21T30-3 7'5120'\"150'23' E090M160- 4.089 26 -16.716 17.8
Fole T BYY 0oNDB21T30-4  E060M160-3-RM1359 2.037 16 15.991 9.3
The number of
roots between 21gRNDB21T30-8 ~ -0V o0 RELOMISE 4 5508 g 25.008 10.5
and 30 cm ==
e sloaiy, S5 BNDAZ0-2 E°70M14°'fgm 2395 110 -20.89 10.9
el T3l GRNDA30-6 E090M150-10-RM5085 2.07 2 -1.046 9.5
The number of
roots above 30 qRNDA30-8 —OUMIACHELIOMISE g 5043 sa -279.096 9.3
cm -
QRND-11  RM134LE100M150-15 11 2.077 38 2321.539 9.5
qRND-2a Eolim‘EM 2 6569 108 163.983 27
gRND-2b EO70M14°’%'3M 2 4.227 112 216.263 18.4
e o gRND-4a E060M140-3-RM1359 4 9.494 18 308.964 36.6
~) -O-
Roots number ~ GRND-4p  FO7OMISOELIGMLAD 596 68 1101106  13.2
gRND-6a E120M160-9-RM276 6 2432 38 440.203 11
GRND-6b RM276 E120M160-3 6 2514 44 98.989 11.4
GRND-7 RM420-RM5720 7 2071 68 81.016 9.5
GRND-9 %140'%' BOSOMISO- g 5973 100 -200.846 13.3
gRVD-1 RM128E070M160-6 1 3.142 136 33.714 14
qRVD-10 %,\m E060 10 262 8 -56.337 11.8
e p RvD-12 ~ EOBOMIBOOEOSOMIOO 5 5 49, 62 -55.651 15.4
Roots volume 5
gRVD-2 EO70M14°’%'3M 5.701 108 42.963 23.9
gRVD-3 E070M160-3-RM218 3 2.909 52 -31.183 13
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Table 5. Continued

aalol -0 Jgo

, t il Casdyn Mooy s o,
e S
Position (cM) effect determination
qRVD-4a %‘ 4 8493 18 82.289 335
qRVD-4b %3; 4 2197 110 -57.608 10
qRVD-4c E%?%’_“&lli%%' 4 2517 114 -51.308 114
gps  EXOMMES 5 2786 12 42,963 12.4
qRVD-6a %21%"9' 6 3772 38 150.283 16.6
qRVD-6b RM@ZO 3.793 44 33.357 16.6
GRVD-7 RM420RM5720 7 2721 68 25.663 12.2
gRD9  EZOMIATY 2.292 100 -49.501 10.4
GFRWD-10 EE%%%'\,\"All%%%' 10 2.613 60 42.423 11.8
qFRWD-12 %ﬁgﬁ 12 2.737 62 43531 12.3
gFRWD-2 58;8:\\44%;8:%_3 2 5.884 108 38.145 24.6
v, s,  GFRADS ELDVE2E 3 2003 174 -26.04 9.6
Roots fresh weight qrrwD-4 Eog('i/ll\ggge- 4 8375 20 57.773 33.1
qFRWD-6a %51&05'” 6 2588 2 42.692 11.7
gFRWD-6p  ELEONLE0S 6 2186 38 102.058 10
gFRWD-g ELZOMIEDEOS0 9 5218 100 42,682 10.1
GDWRD-10 EE%%%'\,\"All%%%' 10 247 60 19.599 11.2
qDWRD-12 %ﬁgﬁ 12 2819 62 -20.935 12.6
gDWRD-2a 58;8:\\44%;8:%_3 2 5.836 108 18.03 24.4
ai, ik oy GPWRD-2D 58;8:\\44%;8:%_3 2 4.395 112 25.46 19
Root dry weight  spWRD-4a Eogc'i/lnggg-s- 4 7.749 24 17.604 31
qDWRD-4b Eﬂ%“&ﬁ%%’ 4 3055 68 29.262 13.6
gowrD-6 SN0 6  3.155 38 57.507 14
gDWRD-9 Eéggm%jgﬁ 9 2.493 100 -21.399 11.3
S lis) qPHD-1 El&gg‘% 1 2227 104 -19.787 10.1
Plant height  gpHp-3 %@3 3 2662 198 -34.649 12
gowp-12  SOOMISRS 12 2805 62 53.387 12,6
qSWD-2a Eg;g,\'\ﬁggj'g 2 5564 108 45139 23.4
s, qSAD-2b Eg;g,\'\ﬁggj'g 2 4.047 114 31.865 17.6
Stemweight  qgpD-4 Eow-& 4 8.184 24 46.019 225
4S\D-6 %21%’{" 6 2732 38 37.465 12.3
qS\D-8 EEllzl%'\,\/jlll%%llll 8 o082 68 92.776 10.4
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Table 5. Continued aalol =0 Jgo
. T .
. T o Coxdg0 sl 381531 S o
. L,u 6L"° Las . O e e
Trai QT - ’ i )&k t ”();ﬁ; LOD (5 5a5ls)  Additive  Coefficient of
anKing marker ' Position (cM)  effectl | determination
gQPWD-1 E100M140-7-RM3520 1 2.563 104 -13.579 11.6
E090M150-8-E090
gPWD-10 MI%0.5 10 2.991 60 21.459 13.4
E070M140-1-E070
gPWD-2 M15013 2 7.33 106 20.797 29.6
45> Ois. gpwp-3 ~ E110MI160-2EL10 3 2186 198 -20.28 10
Panicle weight M150-6
gPWD-4 E060M160-3-RM1359 4  11.257 16 49.282 41.7
gPWD-6 RM276E120M160-3 6 3.549 44 13.458 15.7
qPWD-7 RM420-RM5720 7 2.44 68 10.141 11
E120M140-9- E090
gPWD-9 M140-14 9 2.468 100 -21.324 11.2
E080M150-15-E080
gPND-10 M1%016 10 2.05 100 -11.051 9.4
E080M160-9-E080
gPND-12 M160.5 12 2.886 62 -11.767 12.9
E070M140-1-E070
g oo gPND-2a MLE0.13 2 6.054 106 10.647 25.2
Panicle number  pND-2p Eomwgg_ i'gm 2 3.367 112 12.537 14.9
gPND-4 EO8)-M160-3-RM1359 4 6.369 16 21.735 26.3
gPND-6  RM276-E120M160-3 6 3.745 42 6.264 16.5
E120M140-9- E090
gPND-9 M120-14 9 2.559 100 -12.042 11.6
qoAD-12 ~ EO9OML409-E09G ., 55 100 2131 11.4
m140-9
o5 e gSWD-2 Eomwgg_ i'gm 2 2676 104 7.289 12
Straw weight qSWD-4 RM252RM5472 4 3.395 38 -21.949 15
E080M150-14-E070
qSWD-7 N120.8 7 2.273 106 -6.544 10.3
gQPL-1 E090M1608-RMB144 1 2.085 88 1.328 95
aigs o gPL-10 RM7545RM6646 10 2.246 20 -1.523 10.2
Panicle length i EO8)-M140-4-E080
gPL-5 M140.6 5 2.039 92 2.594 9.3
ol dlig> o als slaws
~ FGPD- E110M140-13-E080
panicle
E110M140-13-E08C
s g qGWD-12 ML50.E 12 2.633 26 0.613 11.9
Grain weight .- E070M140-10-E100 .
qGWD-7 M150-10 7 2.088 2 1.09 9.5
sy araisislas  GPSPD-2 RM427-E100M140-2 2 2.422 212 -1.208 11
kel ady> E120M140-9- E090
Primary spikelets per qPSPD-9 M140-14 9 5793 98 -3.368 24.3

main panicle

el o 0apiS b QTL 4 5003,k f

3y0 Hlis aSilie el ko saylBl Wly ko 51 T g sl Eurie cendle g s oinls’ ally b 5 T g osilis ite cusdle 1T

T The nearest marker was under lined.

vt Negative signed showed as direntiof allele from decreased parent and positive sigowed as direction of allele frc
increased parent.
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QGWD-1245 o Lo, QTL g0, ails 39 iy
J E110-M140-13-E080-M150-% Xilis alols o
50 QGWD-7 Ll o o als 59 il cel g yuie
E100-M150-10, E070-M140-10la Silis alols
ols alS o5 VA e 4 1y wls 55 99 ydeme T
O 5 (6 gm0 addllas ;5 0l plolid (oS slag e
S9, 4w &ls 59 e (Sabouri et al., 2012)
Gl &S asls 1B (3,90 99) 79 ) lapgises,S
Iy Cio () )0 09750 (oisid 455 5 ao,o V- QTL
2,5 g

5o adsl azaigs olass gy oals SbKe QTL oo
slpsises,S 53, (QPSPD-9 gPSPD-2 Lol asigs
,o LOD=a/vaY L qPSPD-94s suils J1,5 4 4 ¥
E090-M140-14 ; E120-M140-9 slo ,Silis alols
2L, QTL 55y, sasas rals sla P10y 31 5,5
5 Gygmo dsdllae yo ol Jdie 090w ally 5l ends
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Abstract

To identify the genomic regions associated withudid stress tolerance using QTL analysis, §6 F
lines derived from a cross between two varietiepidoud and Anbarboo, were planted at a research
field in Azadshahr region, Golestan Province, Iram,2011. To impose drought stress, irrigation
interval was considered as 20 days from maximuieritilg phase to maturity stage. The linkage map
was constructed using 124 microsatellite markedsz8# AFLP markers at the laboratory of Genetics
and Plant Breeding, Gonbad-e-Kavous University,e&@aln, Iran, which covered 1950.4 cM of the
rice genome with average distance of 5.20 cM betwadjacent markers. In this study, regions of
chromosome 2 at the interval of EO70-M140-1-E070BM13, chromosome 4 at the interval of EO60-
M160-3-RM1359 and chromosome 9 at the interval B2E&M140-9-E090-M140-14 were identified
that controlled several traits under drought stressditions. Co-locating of the QTLs involved in
control of traits can indicates same genetic cdimgp QTL mapping of traits indicated QTLs qRND-
2a, qRND-4a, grRVD-2, qRVD-4a, qFRWD-2, qFRWD-4, gB®+2a, qSWD-2a, qSWD-4, gPWD-
2, gPWD-4, gPND-2a, qPND-4 and gPSPD-9 had a leffget and more than 20% of the explanation
of phenotypic variation, respectively. Considerthgt these genomic regions explained a significant
part of phenotypic variation therefore those hastemptial for application in the breeding programs o
Marker-assisted selection for drought tolerancerafalidation in other environments and populations
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