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1- Quantitative Trait Loci
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1- Simple Sequence Repeat (SSR) Primers
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Figure 1. Frequently distribution of grain appearance c‘uality traits in Rice for recombinant inbred lines from two population IR x Ali kazemi
(ALIR)(up) and Saleh x Ali kazemi (ALSA)(down). A, Ali kazemi; S, Saleh; IR, IR67017-180-2-1-2. The average of parental lines are indicated by

oAb ey lp olalen; sla)SSUE VY (e
5 S S el e (Fo) S
Lo calle wlaiwl 3y (oo)Slis sadosali
Sl oLt e 3] ey Azt e 5] 300 gl
Stugy 4B Ags Caa (SR LSLE AY) Siks
905l VY05 Coman b (Siogey 4l 15 o3litd
o gl VOIOA gt ol L | 0 55 5
At Ygano (¥ JS) o gy olsaless, sla Sl
SSR o)lgales, ,Slis YO+ 3l a5 Gaios S o bl o
Yo 9 VY olaw L eolawl uiJ.Jls ‘_;K.m.\& uy,:.: dl))
o Gl (St 48 S s 5 Ad ool adla/ly

arrows.

Y s 50,5005 b Glas oo ool (St colpd
90y 2 ab (oo bl Job  Swed Cuwl o &l
Ioisme g ite (—+/¥0™ ) ALSA 5 (—+/Y0™) Cunes
9y &b KB L ab Job  (Ser a5 Jbyd g
5 cate (/AYT) ALSA 4 (+/$Y™) ALIR Cunes
b JSs g ab oy o (Stused 0gdledy g b xe
(=+/AY**) ALSA 5 (—+/YA™) ALIR Cures ¢ ya
ol 0 QTL obadds zls L oS dg b jxe 5 (aio
(") e ¢ 15 .cuily cadlye Olaw cpl gl uios
P> 9 Jol Jlo ) 1y &ils oye b il Job (o (Sten
bl JS5 s b b Jobo i (Sianad 5 3 sino st
Jogie 5 e (V) o3 s (-IF™) gl Jlo
53,5 )5S
P A S Cums g b oy o Sawed 0gMedy
st (10R°%) py3 5 (~+¥0%) Jg s 3 a5
b cilles 3dd pl gls b aS W )3 pMel jlo jxe g
Slacuws payp psbiteds (1) Sl opgil b


http://dx.doi.org/10.52547/jcb.12.35.161
http://jcb.sanru.ac.ir/article-1-1106-en.html

[ Downloaded from jcb.sanru.ac.ir on 2026-06-21 ]

[ DOI: 10.52547/jch.12.35.161 |

VSO WA 5l YD ojladds /em3jlg Jlo [ el); HlalS Mol asliiags,

! 2 3 ! 5 6
4.7—f-rM2770 | . -
=1 3] RMA4853 4 5.4 RM3796
36 T Rwsiee 105 rnss | ekerd 07 - RMEIL 10.7 - Roaser
20.2 —RMS5302 255 RM3294 21.5 —rmz7e7 21,1 [ RM2585
25.4 —{—rnzes S | E—.
31 T e 41.5 [ RMs#3L 36.4 R4ty 35
42 1—H ruse09 @RGLI gRGWI gRGSHT GSGHS-gSGSHS 51.3—HRuMsa0
49.3— - RM5955 506 —Hrnsaio :
57.3— - RMS699  gSGLI-gSCIWI-gSGSh3 dRGW_,’G N | I 61.6—H—RM3330
68.7 [ RM1164 | .
72 RM6540 3.2 —H-ra7sm
8 —I~rMs638 25.2 1 rRMssso 80.5 RM3505
95.2 94, —[~ RM6425 | 91.9 — 1 RMB230
22— RM4726 99 — RMS626 102.55— | RMS5030 qSGLS%Si:g—:—%?%
114.3 [ RM3648 111193.29‘“1?1‘/1340
120.4—4—RM135 2 RMs814
- RM103
107.6——RM3475 126.4 RMS303 128.8 —U-RM124 12390
137. 511 rRM112
147.5—rm8231 g
1307 |- Rammras 28I ERMSILS
164.1 — " RM5310
12
8 9 1_0 11 o
? | | 13.3 [ rRms288
96 —Hrus100 12.8 T rui23s 13.3 —{1—RMS6646 10.3—f-RM18.1
’ 21,8 RM4455 19.8— " RM1124
25,4 RML243 27.1 —1 rRMs428 29.2—H raao1
35,7 RM8263 36 — | RM7038 35,91~ RM4915
42.9 7T Ru6208 45,3—RM3701 48.2—H—ruio01
50— moste 57.8 —H- rarro27 50.7 —[[ rMS66 55 —~ERM178
60.8 I~ RM7424 64,2 —H-RM7303 65.37 RM5195
68.2 | rRM1553
Fh AR,
70.8 1 RM1042 ' 0.2 758 rM732
. 4 2—H-RM1341 —H_
RGW T qRGSHT 80.7 RM195 821U RM288 g;; 3___&320
89,8t~ RM634 96 —QRM5474 . U -
109. — 1 rM447
128, —g-rM281

oY Caman 39 )3 @ 6ol oS ot (35 SlalSe b 5 0)lyalefy) JSuiz (5l S (Siuvgey 485 -V S5
s ALSA 5 ALIR Cuzen b b e QTL sy jlis iy @ 5l an S g R .S g alls
Figure 2. Molecular linkage map of SSR markers and position of the QTLs of three trait of rice appearance
quality in two RIL populations. R and S after q indicate the QTL of IRA and SA populations, respectively
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Table 1. Analysis of variance for grain appearance quality traits in two RIL populations in Tonkabon and Rasht regions
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Table 2. Means + standard deviation (SD) and range of grain appearance quality traits in parents and two rice populatlons in two studied regions
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Table 3. Phenotypic correlation coefficients between graln appearance quallty traits in populatlon IR/Ali Kazemi (top of dlameter) and Saleh/Al Kazeml (down of dlameter) in two

studied regions
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Table 4. Additive (A) and additive x environment (AE) interaction effects of QTLs detected for rice grain appearance quality traits measured in two RIL populations under two regions

. QTL
CaoTrait QTL Marker interval Pc()siti;)n Parent A RZ%, AE; AE, RZ%e
cM
Alikazemi/IR RIL population

aly Jobo qGL3 RM3441-RM5955 456 AL -0.20 20.4
(yo o) qGL4 RM8218-RM3417 15.8 IR 1.10 25.2

qGW?7 RM1048-RM6344 85.5 IR -0.20 11.8
&l oy qGW5 RM5410-RM1237 67.5 AL 0.10 9.5
(s2eidse) qGW3 RM3441-RM5955 495 AL 0.25 10.8
o S5 qGSh3 RM3441-RM5955 455 AL -0.70 10.8

qGSh7 RM1048-RM6344 85.5 IR 0.85 11.2

Alikazemi/Saleh RIL population
by Jobo 4GL3 RM5955-RM1164 65.3 AL -0.90 20.1
(s2eidse) qGL5 RM421-RM178 103.2 SA 1.01 18.4 03 0.2 25
als joye RM5955-RM1164 64.9 AL 0.15 8.5
. qGW3

(s2eidse)

qGW5 RM3419-RM5410 50.5 SA -0.20 9.7
s S5 qGSh3 RM5955-RM1164 65.4 AL -0.65 10.5

gGShs RM3419-RM5410 50.4 SA 0.80 12.8
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Table 5. Comparison of M-QTLSs for rice appearance quality traits between two RIL populations in two environments

ALIR population ALSA population
Trait Chr QTL Marker interval Positive allele” QTL Marker interval Positive allele”
&l Jgbo 3 qGL3 RM3441-RM5955 AL qGL3 RM5955-RM1164 AL
&l oy 3 qGW3 RM3441-RM5955 AL qGW3 RM5955-RM1164 AL
&l oy 5 qGW5 RM5410-RM1237 AL qGW5 RM3419-RM5410 SA
aly S5 3 qGSh3 RM3441-RM5955 AL qGSh3 RM5955-RM1164 AL

[ Downloaded from jcb.sanru.ac.ir on 2026-06-21 ]

[ DOI: 10.52547/jcb.12.35.161 ]

pai9e 5,5 Chrals JS5 1GSN @l 5,6 W (ls Jsb OL wbigd e 36 gl 5 IR «obEle Wly | adgs i gl oS ol @

Kooy joc2 A €477 M7 <Eifea 1o g7 47 pudl


http://dx.doi.org/10.52547/jcb.12.35.161
http://jcb.sanru.ac.ir/article-1-1106-en.html

[ Downloaded from jcb.sanru.ac.ir on 2026-06-21 ]

[ DOI: 10.52547/jch.12.35.161 |

VY-

e (P T e i
b eoposh 30 cod j8 chn 9 (pl & 05 g
can pgigag)S 59y » QTL asg ol 35 sl s
s RM437-RM289 (sla S5l oy 5> & pojse9sS 9
Om > Cdb pojees)S 59y (BT o gI7) QTL oo
5 m oS 53,8 bolKe RMABL-RMI2 cla Silis
b cov cglize Ml L]y &l Goye y Jsb ciuo
GBRL-4) QTL 4w () oKen 5 llgd ok 8
4 S5 ke pojeesyS w9y (ABRSH-4 5 qBRW-4
Cio dw S 5 a5 83,5 3,5 RM16937 5k
P oadh il slegd ab S5 g oy o Job
YA Jolis (i Jud) RIL Cumes S$ (g5y (slaslllas
<% g (Chuan7) Kounl anly o (B 1 Jools (Y
o &S )5 5155 (Nanyangzhan) Ksel5 au,l
5 RMI6 (sl )S5Lis o (295l Lol S LQTL
@l Job Cho aw (59) 3 4w pojgesyS s9) RM3204
5 ey il Wl @y Cund g Al Gy 4 Job Cuns
o) s wilyly 5l asyd YAIY 4 YO P e
(V+) 2903 4 g5 1y Clas

6ol oS Slao gy L b bl (2iSany 3 LQTL lubis

QTL sraviys
DK n ey ol (BQTL duglio j Job mls
Ol Camex o o 3 gy alb oplb cuis Clio
90 Jols QTL absd duw goosme ;0 dalllas oyl j3 a5 2D
9 i g dw slapgigeg)S (59) ALIR Cumer (sl adgs
do peipesS g9 ALSA Cumer lp g S
Poiges)S ) QTL adgs 93 (0 Jgiz) w35 (ool
JSb gl ope @l Job Cho aw pp S8 ) aw
93 2 5 Wbl Je Synie Wy 5l ola P pgl)ls b asls
Ol O (Kot lS ) S g pbailen idgy Fge Cupmer
dw cpl o WA (Swed 93y b o)l 5 olas
» gl oaS S GbQTL (St L0 o
Camad jd ddg> Sl 0dgs bagpe QTL ke
aw pajsas)S (s, (GGSh3 s QGW3-2 qGL3) ALIR
Lo Ve/A g Ve IA ¥ osdang Luibyly b cus i
» 4 Sy 5 RM3441-RMBE955 Silis 53 oy
owbyls L (QGSh3 5 qGW3 gGL3) ALSA oz
RMB5955- \Silis g3 oy o> Ve/B 5 AID ¥/
G5y QTL adss pmogw 335 olols RM1164
AU 9> o 3 (AGSNT 5 QCWT) cin pyjga s
cio 9 &y ALIR cyres > RM1048-RM6344
g 5l o T L S 15,5 asuie aily S 5 4l (o,e

S 59 oAl Y Cumex 93 ) 0d plolid @iy s g0l cuiS Slao (6l QTL (laadys —F Joun
Table 6. Clusters of QTL for rice grain appearance quality traits detected in two RIL populations

Range of variance

Trait QTL Chr Marker interval population Positive allele® explained
GL+GW+GSh qGL3+qGW3-2+qGSh3 3 RM3441-RM5955 ALIR AL + AL + AL 10.8-20.4
GW+GSh qGW7+qGSh7 7 RM1048-RM6344 ALIR IR+IR 10.5-11.8
GL+GW+GSh qGL3+qGW3+qGSh3 3 RM5955-RM1164 ALSA AL + AL + AL 8.5-20.1
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Table 7. Interaction effect Epistasis (AA) and epistasis x environment (AAE) of detected QTLs of grain appearance quality traits in two regions for two
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Abstract

Rice grain appearance quality traits (APQ) affect consumer preference and marketing
acceptance and long grain rice has many customers on the international markets.In order to
identify QTLs controlling grain length, width and length to width ratio (shape) and QTL b
environment interactions a study was conducted on two set of recombinant inbred lines ERILS
of two rice populations derived from crosses of Alikazemi / IR67017-180-2-1-2 (ALIR
population) and Alikazemi / Saleh (ALSA) cultivars.The treatments of each RIL population
with five check varieties were evaluated in augmented based on randomized complete block
design with 5 replications in two regions of Rasht and Tonekabon in northern of Iran. Linkage
map of the two populations using 87 polymorph microsatellite markers (SSR) covered 1356.0
cM of rice genome with an average distance of 15.58 cM between two markers. In this study, a
total of 13 main QTLs (M_—QTLS? and 10 pairs of epistatic QTLs (E-QTLs) were identified for
three above mentioned traits, including seven M-QTLs and five pairs of E-QTLs for the ALIR
population and six M-QTLs and five pairs of E-%TLS for the ALSA population. Two QTLs,
qRGL4 (1.1) and qSGL5 (1.01), were increased the grain length with positive additive effect
and the highest justified phenotypic variance of 25.2 and 18.4%, respectively. In this study,
three QTL clusters were identified for APQ traits. Of these, two clusters were identified on
chromosome 3 that was effective in controlling all APQ traits in two populations with alleles
from a common Alikazemi parent. The third %TL cluster was determined on chromosome 7
consisting of gGWY and gGSh7 for %rain width and shape in the ALIR population. Therefore it
could be stated that the QTLs on each cluster were either tightly linked or had pleiotropic effects
with considerable influences in controlling rice APQ traits. A common marker of RM5955 was
found in the ALIR population with a genetic distance of about 3.7 centimeters with QTLs of all
three traits, and could be considered as a linked marker in breeding program. In this study, ten
pairs of E-QTL were identified for three traits including five pairs per population. The epistatic
effects in the ALIR J)qulation were mostly expressed by significant main QTLs (80%), while
they were expressed in the ALSA population more by non-detected main QTLs (60%).The
contribution of explained phenotypic variances of M-QTLs in controlling APQ traits were more
than epistatic QTLs. QTL by environment interactions revealed that ong_/ one main QTL had
significant interaction with environment, while no epistatic QTLs with additive x additive effect
were found to be interacted with environment. The appropriate QTLs and linked markers in this
study can be used in the breeding program to improve the appearance quality of rice grains after
fine-mapping and validation.
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