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Emami M. P., N. Mohebalipour,  A. A.  Ebadi, H. Nourafcan,  J.  Ajali (2020). QTL 

mapping of some morphological traits of rice in a RILS population derived from 

Hashemi and modified Nemat varieties hybrid - Genetika, Vol 52, No.3, 1087-1106. 

In this study, QTLs controlling traits related to crop and grain yield were mapped using 

140 recombinant inbred lines (F9 and F10) along with 4 control genotypes in anaugment 

experiment based on a randomized complete block design in 2consecutive years. 

Population linkage map was consisted of 170 SSR3 / 2132 centimorgan (cM) markers 

of rice genome, and mean distance between adjacent markers was equal to 12.47 

centimorgan (cM). Composite Interval Mapping analysis was done for studying number 

of days to flowering in the first year, a QTL was identified on chromosome 3 and in the 

second year, three QTLs were identified on chromosomes 2, 3, and 7, which were 

common on chromosome 3 in both years. Regarding plant height in the first and second 
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years, a QTL was mapped on chromosome 1, which was similar in both years. In terms 

of number of tillers in the first year, four QTLs were identified on chromosomes 4 and 

12 and in the second year two QTLs were identified on chromosomes 11 and 12, and 

regarding panicle length in the first year, one QTL was identified on chromosome 6 and 

in the second year two QTLs were identified on chromosomes 2 and 4, and in terms of 

flag leaf length in the first year, two QTLs were identified on chromosomes 6 and 7 and 

in the second year two QTLs were identified on chromosome 7.With respect to flag leaf 

width in the first year, two QTLs were identified on chromosomes 1and 3, and in the 

second year, one QTL was identified on chromosome 11, and in relation to Panicle 

exertion in the first year, three QTLs were identified on chromosomes 1, 2, and 8, and 

in the second year, two QTLs were identified on chromosomes 1 and 2.In regard to 

yield in the first year, one QTL was identified on chromosome 2 and in the second year, 

two QTLs were identified on chromosome 2. Also, clusters of genes were identified by 

Interval Mapping in the population with respect to different traits on chromosomes 1 

(two cases) and 12 (one case). 

Keywords: Oryza sativa L., Quantitative trait locus, molecular markers, 

composite Interval Mapping. 

 

INTRODUCTION 

Rice is one of the most important cereals in the world, making a major contribution to 

human nutrition worldwide and also in our country. Rice directly provides food to more than 3 

billion people or half of the world's population, mostly living in Asian and developing countries. 

Regarding relatively small rice genome compared to other cereals, this plant has been used as a 

model plant for monocot plants in many biological and basic studies (LIU et al, 2008). 

Quantitative traits are traits that are generally measurable and countable and their 

phenotypic value can be expressed in numbers and figures. Such traits exhibit a continuous 

phenotypic distribution among individuals within a population, making it difficult to separate 

them into completely distinct groups. Genetically, such traits are controlled by multiple loci 

(polygons) with minor effect, such that manifestation of final phenotype is the result of the 

effects of genes, environment, and interactions of genes and environment, etc. Since these traits 

have a continuous distribution, they do not provide information, and therefore a large number of 

population individuals should be studied. Inheritance basis of the genes controlling quantitative 

traits is similar to the genes controlling qualitative traits and their distribution from parents to 

offspring is similar in both cases. Therefore, Mendelian laws are basis of quantitative genetics, 

but because of continuous phenotypic distribution of quantitative traits, Mendelian ratios are not 

detectable and Mendelian decomposition methods cannot be used for their study (RABIEI and 

SABOURI, 2008). 

Using genetic markers is one of the most important methods of Quantitative Trait Loci 

tracking (QTLs). QTL mapping is one of the methods used in the last two decades to study 

quantitative traits genetically (COLLARD and MACKILL, 2008). With identifying quantitative traits 

controlling genomic regions (QTLs) and determining contribution of each of these regions to 

observed variation in population, efficiency of breeding programs is enhanced and population 

breeding can be more confidently done (RABIEI and SABOURI, 2008). Therefore, in order to 
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improve quantitative traits of major crops such as rice, it is best to first determine the gene or 

gene loci controlling these traits using molecular markers and then using them in conventional 

breeding programs selected by molecular markers for breeding high-yielding cultivars and 

desired quantitative traits (RABIEI and SABOURI, 2008). Until now, several studies have been 

conducted on mapping QTLs controlling important quantitative and qualitative traits in rice. 

WANG et al. (2011) in a study using 150 recombinant lines identified QTLs for panicle (on 

chromosome 3), plant height (on chromosomes 1, 2, 3, and 12), flag leaf length (on 

chromosomes 2, 5 and 12), flag leaf width (on chromosomes 1, 4, 7 and 8), and 1000-grain 

weight (on chromosomes 5, 8 and 10). Most of QTLs identified in this study were major and 

accounted for a high percentage of variation for these traits. TAO et al. (2016) using 128 

Chromosome Segment Substitution Lines (CSSLs) and related cross-test population from cross 

between two parental 9311 and Nipponbare evaluated mechanism of heterosis in these 

populations and mapped major QTLs for four traits of plant height, number of spikelets per 

plant, 1000-grain weight, and grain yield per plant. In test cross population, plant height, panicle 

length, 1000-grainweight, and grain yield per plant showed relative dominance, indicating that 

dominance plays a major role in heterosis for these traits. Based on two-dimensional maps of the 

two populations of CSSLs and TCs, 62 QTLs and 97 Heterotic Loci (HLs) were identified using 

multiple regression analysis, some of which were clustered together. QTLs and heterotic loci 

identified for grain yield-related traits provide useful information for developing hybrid rice 

varieties and helping to discover genetic basis of rice heterosis. ZHU et al. (2016) using a 

recombinant inbred line population, related test cross population, and mid-parent heterosis 

dataset mapped 39 QTLs for six traits related to grain yield. Among these, three QTLs were 

common in all three populations and ten QTLs were common in both RIL (Recombinant Inbred 

Line Population) and test cross populations. Gene function increased for QTL 17, dominance for 

QTL 12 and over dominance for QTL 10. They showed that dominance and over dominance are 

the most important heterosis factors in rice, with cumulative effects of yield components playing 

an important role. 

One of the major objectives of rice breeding programs is increasing yield per unit area. 

Considering this important quantitative trait and its control by several genes and environmental 

factors influencing it, its genetic study is very difficult. If appropriate methods could be used to 

determine number of genes, genomic loci, and their contribution to controlling phenotypic 

variation of grain yield, then single-gene traits can be modified. QTL analysis methods are new 

and appropriate approaches to achieve this objective, and can be used well in future breeding 

programs. In this study, Iranian varieties were used to identify these gene loci of a recombinant 

line population in order to be able to identify markers correlating with them, so as to be used in 

breeding programs after confirming their correlation in complementary studies. 

   

MATERIAL AND METHODS 

Plant materials used in this study included F9and F10 populations of rice derived from 

crossing of local variety Hashemi as a maternal parent with improved variety Nemat as paternal 

parent. Crossing was carried out at the Rice Research Institute of Iran, and the resulting 

population was expanded to F8 generation at this institute. Field evaluations were carried out over 

2 years on 140 derived F9 recombinant inbred lines with 4 varieties namely Khazar, Ali Kazemi, 
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Nemat, and Hashemi as control in an augment experiment on a randomized complete block 

design. some morphological traits were measured including plant height, flag leaf length, flag 

leaf width, tiller number, grain yield, number of days from sowing to 50% flowering, panicle 

length, Panicle exertion rate, conversion weight, head rice yield (HRY), and milling yield. 

Finally, means of data was used for analysis in each year. 

DNA was extracted from leaf samples by MURRAY and THOMPSON (1980) method for 

performing molecular analysis. Polymerase chain reaction was performed using BiometraT-

Gradient in a volume of 10 µl for each reaction. Thermal cycle included 4 min initial 

denaturation at 94°C, followed by36 cycles of 30 sec denaturation at 94°C, 45 sec of primers’ 

binding at 55°C (this temperature in the pair of different primers varied between 50°C and 70°C 

depending on length and ratio of G and C bases to A and T bases), 45 sec of expansion at 72°C 

and finally 5 min of final expansion at 72°C. The resulting samples were kept at-20°C for 

Electrophoresis. However, to remove microsatellite-like strips and prevent non-specific binding 

of primers, the first 10 rounds of thermal cycle were planned at a reduced temperature according 

to the method proposed by DON et al. (1991). PCR products were loaded onto 10% 

polyacrylamide gel, and then were stained with ethidiumbromide, and images were taken using 

GEL DOC. 

Among 500 microsatellite markers tested on parents, about 176 scoring polymorphic 

markers were found. These polymorphic markers were located on different chromosomes and 

their number varied from 4 to 26 different chromosomes. After determining genotype of 140 

recombinant lines (similar to Nemat parent A and Hashemi parent B for all markers), Chi-Square 

test was used for 1:1 differentiation ratio. Genotypic data matrix was used for marker linkage 

mapping by Mapmaker / EXP software 3.0 (LINCOLN et al., 1992) and QTL Ici Mapping 

software (WANG, 2009; LI et al., 2008). Linkage map was drawn with LOD equivalent of 3, 

maximum cohort distance of 40 centimorgan (cM) and Cosambi function. For statistical analysis 

including assessment of correlation between traits, analysis of variance etc., SAS software 

ver.9.0 was used. QTL Ici Mapping software (WANG, 2009; LI et al., 2008) was used for QTL 

analysis, using ICIM composite interval mapping method for analyzing QTL. Genome scrolling 

rate was equal to 0.5 cM and 1000-permutation value was determined with alpha value of 0.05 

(Type I Error = 0.05) for each trait to estimate LOD threshold value. Using software critical 

value (threshold) of LOD was determined for each trait. 

 

RESULTS AND DISCUSSION 

Results obtained from simple variance analysis in each year for Hashemi and Nemat 

varieties’ cross population are presented in Tables 1 and 2. Results of simple variance analysis 

for each year revealed that varieties showed significant differences in different traits including 

morphological, phonological traits and those determining apparent qualitative traits which 

indicated that genetic variation could be existed for each traits among population genotypes. 

According to the first year results presented in Table 1, control varieties differed in most of the 

traits (except for flag leaf length and panicle length) and according to the second year results 

presented in Table 2, control varieties also differed in most of the traits (except flag leaf length 

and panicle length). Results showed that climate changes from one year to another had more 

effect on some traits, and in some traits sustainability was maintained in two environments. 
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Phenotypic correlation coefficients between different traits were calculated for each 

year (separately) the results are presented in Tables 3 and 4. Results of the first year showed that 

based on correlation coefficients, grain yield had a positive significant correlation with number 

of panicles. 

 

Table 3.  Correlation coefficients of evaluated traits of 1st year 

ns: non-significant, * and ** are significant at 5 and 1% of probability levels, respectively. 

 

 
 

Table 4. Correlation coefficients of evaluated traits of 2st year 

ns: non-significant, * and ** are significant at 5 and 1% of probability levels, respectively. 

 

 
Heading 

Date 

Plant 

Height 

Number 

of 

Panicles 

Panicle 

length 

Flag leaf 

length 

Flag leaf 

Width 

Leaf 

Exertion 

Y(g/1.

5m2) 

Y(kg/

ha) 

Milling 

ratio 

Healthy 

seed 

weight 

Seed-

milling 

yield % 

Days  to  

flowering 
1            

Plant Height .136 1           

Number of 

Panicles 
-.246** -.256** 1          

Panicle 

length 
.220** .446** -.309** 1         

Flag leaf 

length 
.125 .201* -.034 .473** 1        

Flag leaf 

Width 
.376** .208* -.187* .096 .058 1       

Panicle 

Exertion 
-.162* .429** .122 .032 .244** -.056 1      

Y(g/1.5m2) -.085 .012 .257** -.132 -.076 .029 .081 1     

Y(kg/ha) -.085 .012 .257** -.132 -.076 .029 .081 1.000** 1    

Milling ratio -.067 -.237** .114 -.322** -.178* .048 .082 .118 .118 1   

HRY .234** -.064 -.025 .102 -.046 .036 -.044 -.047 -.047 .180* 1  

Milling yield 

% 
.245** -.022 -.042 .160 -.013 .025 -.052 -.066 -.066 .022 .987** 1 

 
Heading 

Date 

Plant 

Height 

Number 

of 

Panicles 

Panicle 

length 

Flag leaf 

length 

Flag leaf 

Width 

Leaf 

Exertion 

Y(g/1.

5m2) 

Y(kg/

ha) 

Milling 

ratio 

Healthy 

seed 

weight 

Seed- 

milling 

yield % 

Days  to  

flowering 
1            

Plant Height .093 1           

Number of 

Panicles 
-.096 -.190* 1          

Panicle 

length 
.015 .420** -.122 1         

Flag leaf 

length 
.084 .101 .040 .072 1        

Flag leaf 

Width 
.314** .256** -.190* .067 -.025 1       

Leaf 

Exertion 
-.085 .411** .010 -.061 .140 .023 1      

Y(g/1.5m2) -.141 .080 .307** .058 .018 .003 .086 1     

Y(kg/ha) -.141 .080 .307** .058 .018 .003 .086 1.000** 1    

Milling ratio -.030 -.068 -.158 -.038 .023 -.076 .036 -.122 -.122 1   

Healthy seed 

weight   
-.111 -.020 -.116 -.062 -.231** -.023 -.003 -.146 -.146 .535** 1  

Seed-milling 

yield % 
-.118 -.001 -.084 -.057 -.261** -.004 -.011 -.124 -.124 .282** .961** 1 
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As shown in Tables 3 and 4, panicle length was also positively and significantly 

correlated with flowering date and plant height. Results also showed that, flag leaf length had a 

positive and significant correlation with plant height and panicle length. According to results of 

the second year, yield was positively and significantly correlated with number of panicles. Also, 

panicle length was positively and significantly correlated with plant height, and leaf width was 

positively and significantly correlated with flowering date and plant height. RAHIM SOROUSH et 

al. (2004) reported that grain yield was positively and significantly correlated with some traits 

such as number of panicles per plant, number of grains per panicle and days to 50% flowering 

,and was negatively and insignificantly correlated with traits such as plant and stem height. 

Inconsistent with results of the present study, MOUMENI (1995) reported an insignificant 

correlation between 1000-grain weight and yield. Also, negative correlation of leaf width with 

tiller number (-0.23) has been shown tocertainly reduce its effect on yield to a great extent. 

These results show complexity of pattern of relationships between traits influencingyield. AGAHI 

et al. (2012), and BALUCHZEHI and KIANI (2013) also reported a significant positive correlation 

between traits of grain yield and number of grains per panicle, 1000 -grain weight and flag leaf 

width, grain yield, and tiller number, as confirmed in the study by AMINPANAH and SHARIFI 

(2013). 

 

Table 5. Descriptive statistics 

 

Trait 

Number Range Minimum Maximum Mean 
Standard 

Deviation 
variance Skewness Kortsis 

Statistic Statistic Statistic Statistic Statistic Std. Error Statistic Statistic Statistic 
Std. 

Error 
Statistic 

Std. 

Error 

Days  to  

flowering 
148 32.75 78.25 111.00 97.8902 .54544 6.63551 44.030 -.366 .199 -.089 .396 

Plant 

Height 
148 86.25 87.00 173.25 127.5836 1.49204 18.15147 329.476 -.031 .199 -.457 .396 

Number of 

tiller 
148 15.25 8.75 24.00 13.9966 .21159 2.57407 6.626 .505 .199 .476 .396 

Panicle 

length 
148 19.15 18.08 37.23 29.6417 .26243 3.19254 10.192 -.197 .199 .586 .396 

Flag leaf 

length 
148 31.68 21.45 53.13 31.4676 .42919 5.22131 27.262 .804 .199 1.510 .396 

Flag leaf 

Width 
148 .60 .80 1.40 1.0297 .00893 .10861 .012 .345 .199 .810 .396 

Panicle 

exertion 
148 24.68 -5.55 19.13 3.6187 .34491 4.19599 17.606 .602 .199 1.173 .396 

Y(g/1.5m2) 148 1062.00 259.00 1321.00 729.1014 18.41906 224.07754 50210.745 .296 .199 -.337 .396 

Y(kg/ha) 148 7080.00 1726.67 8806.67 4860.6757 122.79374 1493.85028 2231588.672 .296 .199 -.337 .396 

Milling 

ratio 
148 22.71 90.44 113.15 103.6626 .32296 3.92904 15.437 -.198 .199 .365 .396 

Healthy 

seed 

weight 

148 68.74 21.68 90.42 58.7572 1.14296 13.90466 193.340 -.123 .199 -.280 .396 

Seed-

milling 

yield % 

148 63.41 21.10 84.51 56.6702 1.07993 13.13796 172.606 -.222 .199 -.375 .396 
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Results of Skewness and Kurtosis tests performed on the RILs populations are shown 

in Table 5. According to results of Student-T-test illustrated in the Table, there is no Skewness 

and Kurtosis for all traits, indicating data normality and a complete continuous phenotypic 

distribution. Also frequency distribution of phenotypic values for studied traits under both 

normal and drought stress conditions in F9 population showed that distribution of these traits was 

continuous, therefore more than one gene was involved in controlling these traits, which is 

consistent with the reports by LARKIN et al. (2003), CHEN et al. (2008), SABOURI et al. (2009). 

Some lines were more or less valuable compared to their parents, indicating a transgressive 

separation for all traits in population. Since the traits are quantitative and are controlled by more 

than one gene, mapping the genes controlling these traits requires studying distribution in these 

populations and quantitative analyses. Therefore, it is possible to analyze QTL for different traits 

in population. Frequency distribution of population lines of RILs studied with respect to each of 

the traits was studied, and it was observed that distribution was continuous and normal for all 

traits. Frequency distribution of lines based on the two-year mean of studied traits studied is 

shown in Figure (1-2). Consistency and subordination of this distribution to normal distribution 

indicated that the traits were quantitative and that several genes were involved in controlling 

these traits. Of course, many reports indicated these quantitative traits including the studies by 

HE et al. (1999), and SABOURI et al. (2012). 

Because both F9 and F10 are pure generations, expected genotype ratios for SSR markers 

(1:1) were tested before preparing linkage map. Chi-Square test 
2 was performed for 

microsatellite markers to investigate genotypic frequency deviation of markers from expected 

frequency, and results showed that except for 6 markers, genotypic frequencies were in good 

agreement with expected frequency; therefore they can be used to prepare QTLs linkage map 

and analysis. Therefore, a total of 170 microsatellite markers were used to prepare linkage map 

and identify QTLs of the traits in studiedF9and F10 lines. After determining genotype of 140 

RILs, genotype matrix was used to prepare the markers ‘linkage map. It covered 2132.3 cM of 

rice genome with a mean of 12.47 centimorgan (cM) between each pair of markers (Figure 3). 

The highest number of markers was on chromosomes 1 and 6 (26 and 23 markers, 

respectively) and the lowest number of markers was on chromosomes 4 and 12 (5 and 6markers, 

respectively). The highest marker distance was on chromosome 4 (26.6 cm) betweenRM1359 

and RM5687 markers. The lowest marker distance was also found on chromosome 6 (1.1 cm) 

between RM225 and RM584 markers. FUYING et al. (2019) and XIAOLING WANG (2018) 

prepared a linkage map in different populations of rice varieties having significant differences in 

map length and marker distance with results obtained in this study, attributing to the use of 

different populations, type of markers used, number of mapping population individuals, and 

number of markers used in this study. 

QTLs were estimated for different traits using Composite Interval Mapping method (a 

combination of Interval Mapping and linear regression emphasizing detection of QTLs with a 

maximum LOD between two markers) and using QTL ICI Mapping software (WANG et al. 2007) 

separately in each of the two years of experiment. LOD threshold value was chosen based 

on1000-permutation milling yield. Also, scrolling rate on chromosomes was equal to 

1centimorgan (cM) testingcohesion between the markers and possible QTLs controlling for each 
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of the traits. QTLs identified for each trait are presented separately for each year in Tables 6 and 

7. 

 

 

Figure 1. Phenotypic distribution of RILs based studied traits of 1st year 

 

 

 

 
year stFigure 2. Phenotypic distribution of RILs based studied traits of 2 
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Fig 3. Linkage map of choromosomes and QTLs related to studied traits in the RIL population from the 

hashemi/nemat cros 

 

 

In terms of day to flowering in the first year, one QTL was identified on chromosome 

3 and in the second year, three QTLs were identified on chromosomes 2, 3, and 7 (Table 6). QTL 

was common on chromosome 3 for both years. The highest percentage of phenotypic variation 

cover in the second year belonged to hdg3 gene loci accounting for 30.25% of phenotypic 

variation. Overall, QTLs identified in this population covered 28.44% in the first year and 

89.18% in the second year from day to flowering phenotypic variation. RABIEI et al. (2013) 

mapped two QTLs on chromosomes 1 and 6 for day to 50% flowering. YU et al. (2002) mapped 

quantitative traits and identified epistasis interactions for plant height and flowering date during 

2 years. 
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Table 6. Information of identified QTLs by using ICIM method for studied traits in two year 

 

 

Table 7. Information of identified QTLs by using ICIM method for studied traits in two years 

 

 

In terms of flowering date in the first year, five QTLs were mapped on chromosomes 3, 

6 and 7 (three cases) controlling 53% of total phenotypic variation. In the second year, six QTLs 

were mapped on chromosomes 3, 6, 7 (three cases) and 11 controlling 63% of total phenotypic 

variation. THOMSON et al. (2003) mapped eleven QTLs for days to flowering on chromosomes 1 

(two cases), 2, 3 (four cases), 4 (two cases), 7 and 10. Also RABIEI et al. (2013) mapped 2 QTLs 

on chromosomes 1 and 6. 

Year Traits QTL Markers 
Chorom

osome 
LOD 

(cM )
position 

Additive 

effects 
2R 

2016 

Days  to  flowering 

hdg3 RM5626-RM60 3 4.42 135.7 2.39 28.44 

2017 
hdg2 RM112-RM213 2 3.12 70.1 2.14 29.29 

hdg3 RM16-RM5626 3 4.46 114.9 2.22 30.25 

hdg7 RM10-RM7564 7 3.09 116.8 -2.08 29.64 

2016 
Plant Height 

Ht1 RM8235-RM486 1 11.37 181.5 -10.42 84.57 

2017 Ht1 RM5720-RM134 1 12.89 177.5 -10.59 89.01 

2016 

Number of tiller 

Nt4 RM5743-RM1359 4 2.95 37.91 -0.71 14.77 
 Nt12 RM7619-RM7003 12 12.86 177.5 -0.91 4.64 

2017 Nt11 RM206-RM1341 11 2.66 53.4 -0.71 4.55 
 Nt12 RM7619-RM7003 12 2.76 4.50 -0.70 4.65 

2016 

Panicle Length 

P.l6 RM217-RM224 6 2.5 39.4 -0.83 7.84 

2017 
P.l2 RM6318-RM7245 2 3.42 174.2 -0.80 5.42 
P.l4 RM252-RM5473 4 3.43 15.4 -1.14 5.23 

2016 
Flag leaf length 

L.l RM202-RM4862 11 2.5 85.5 1.39 22.34 

2017 - - - - - - - 

2016 
Flag leaf width 

L.w1 RM6141-RM259 1 2.67 70.8 0.03 8.9 
L.w3 RM6232-RM5955 3 2.7 80.6 0.29 19.1 

2017 L.w11 RM7443-RM5997 11 3.27 30.3 0.32 7.4 

2016 

Panicle exertion 

Ext1 RM8235-RM486 1 3.17 190 -1.29 11.7 
Ext2 RM424-RM279 2 2.66 229.4 -1.22 10.1 
Ext8 RM42-RM331 8 3.90 30.6 -1.53 20.9 

2017 Ext1 RM8235-RM486 1 4.44 184.0 -1.51 20.30 
 Ext2 RM424-RM279 2 2.79 229.9 -1.27 12.17 

2016 

Grain Yield 

Y2 RM5390-RM424 2 3.87 214.7 78.45 38.45 

2017 Y2a RM1358-RM6842 2 3.13 106.6 67.71 31.83 
 Y2b RM5390-RM424 2 5.18 214.7 82.46 62.53 

year Traits QTL Markers 
Choromos

ome 
LOD 

(cM )
position 

Additive 

effects 
2R 

2016 

 

milling ratio 

Vtab1l RM1287-RM129 1 3.21 365.9 -1.21 12.9 

 Vtabl3 RM156-RM16 3 2.58 102.8 -1.11 9.9 
 Vtab1l4 RM541-RM252 4 3.19 5.0 1.2 11.1 
 Vtab1l6 RM586-RM190 6 2.83 9.7 1.13 11 

2017 
Vtabl3 RM156-RM16 3 4.42 103.1 1.7 6.5 

Vtab1l6 RM586-RM190 6 2.63 10.3 3.24 9.9 

2016 

HRY 

vaznsalm1 RM315-RM6141 1 5.1 44.7 -5.33 30.26 
 Vaznsalm6 RM527-RM141 6 4.18 199.2 4.76 25.50 
 Vaznsalm12 RM7619-RM7003 12 3.86 0.5 4.71 29.77 

2017 Vaznsalm12 RM7619-RM7003 12 4.64 1.2 5.53 26.61 

2016 
Seed-

milling 

yield % 

%tabdil1 RM315-RM6141 1 4.39 44.7 -4.85 39.11 
 %tabdil3 RM7000-RM232 3 2.77 66.3 4.28 20.10 
 %tabdil11 RM4826-RM5599 11 2.73 101.5 3.73 15.84 

2017 %tabdil1 RM315-RM6141 1 3.36 42.4 -3.36 28.41 
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In terms of plant height in this population, a QTL was mapped on chromosome 1 in 

both years (Table 6). The gene loci identified on chromosome 1 showed 84.57% of phenotypic 

variation of plant height in the first year and 89.01% in the second year in this population. The 

effect of this QTL was found to be 10.42 cM in the first year and 10.59 cM in the second year 

(Table 6). HITTALMANI et al. (2003), LIN et al. (2011), YAN et al. (2011), and SHAO-QING et al. 

(2013) also mapped QTLs on chromosomes 2, 7, and 8. This trait has been found to be 

influenced by both qualitative genes (such as photoperiod control genes) and quantitative genes 

with unspecified yield, as well as by environmental conditions such as day length and 

temperature, so it can be said that difference in results obtained for the gene loci controlling 

these traits as well as mode of action of these genes can also be originated from mentioned 

environmental factors. 

In terms of number of tillers in the first year, four QTLs were identified on 

chromosomes 4 and 12, and in the second year two QTLs were identified on chromosomes 11 

and 12 (Table 6). QTL on chromosome 12 was common at a distance of RM7619-RM7003 in 

both years. The effects of these QTLs on this trait ranged from 0.7 to 0.91. Overall, QTLs 

identified in this population accounted for 19.41% in the first year and 9.2% in the second year 

for phenotypic variation of tiller number. The highest percentage of phenotypic variation cover 

in the first year belonged toNt4 with 14.77% and in the second year belonged toNt12 with 

4.65%.GONG et al. (2001) stated that quantitative traits are highly influenced by environment. 

In terms of panicle length in the first year, one QTL on chromosome 6 and in the second 

year, two QTLs were identified on chromosomes 2 and 4 (Table 6). The effects of these QTLs 

ranged from -0.83 to -1.14 and covered 5.23 to 7.84% of phenotypic variation for panicle length 

in this population. The highest percentage of phenotypic variation cover belonged to P.16 gene 

loci accounting for 7.84% of phenotypic variation in the first year. Total QTLs identified in this 

population covered 7.84% in the first year and 10.65% in the second year of phenotypic variation 

for panicle length. XIAOBO et al. (2007) identified a number of recombinant BC3F4 inbreeding 

lines. They identified seven gene loci for yield-related traits such as 1000-grain weight, number 

of grains per panicle, and panicle length. MEI et al. (2005) studied QTLs influencing seven crop-

related quantitative traits and identified a total of 7 M-QTLs for panicle length. RABIEI et al. 

(2013) mapped three QTLs on chromosomes 3, 6 and 7. 

In terms of flag leaf length, only one QTL was identified in the first year on 

chromosome 11, explaining 22% of phenotypic variation for this trait. In terms of flag leaf 

length, SABOURI et al. (2009) identified 2 QTL son chromosomes 2 and 4, BING et al. (2006) 

identified QTLs on chromosomes 2, 3, 4, 5, 6 and 7, Mei (2003) identified QTLs on 

chromosomes 2, 3, and 5, and YUE et al. (2006) identified a QTL on chromosome 4. Apparently, 

flag leaf length-related gene loci have been reported predominantly on chromosomes 2 and 4, 

which are different from results of the present study. Of course, lack of identification of more 

QTLs for this trait was due to partial difference in the two parents leading to lack of detection of 

minor QTLs. 

In terms of flag leaf width in this population, two QTLs were identified on 

chromosomes 1 and 3, and one QTL was identified on chromosome 11 in the second year (Table 

6). The effects of these QTLs ranged from 0.03 to 0.32 cm accounting for 7.4-19.1% of 

phenotypic variation in this population. The highest percentage of phenotypic variation cover in 
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the first year belonged to LW3 gene loci with 19.1% and in the second year belonged to LW1 

gene loci with 7.4%. The gene loci identified in this population covered 28 and 7.4% of 

phenotypic variation for flag leaf width, respectively in the first and second years. MEI (2003) 

also identified QTLs on chromosomes 1, 4, and 8, and YUE et al. (2006) identified two QTLs on 

chromosomes 3 and 4 for flag leaf width. 

In terms of Panicle exertion, in the first year three QTLs were identified on 

chromosomes 1, 2, and 8 and in the second year, two QTLs were identified on chromosomes 1 

and 2 (Table 6). QTL identified on chromosome 2 at a distance of RM424-RM279 markers was 

common in both years and the effects of these QTL sin this trait ranged from 1.22 to 1.53 

accounting for 10.1-20.30% of phenotypic variation for this trait in population. The highest 

percentage of phenotypic variation cover was observed in Ext8 gene locus with 20.9% in the 

first year and in Ext1 locus with 20.2%in the second year. Overall, QTLs identified in this 

population covered 42.07 and 34.47%of phenotypic variation for Panicle exertion, respectively 

in the first and second years. HITTALMANI et al. (2002) identified molecular mapping of gene 

loci of quantitative traits for plant growth, yield, and yield-related traits at three different 

locations. In this study, 2 QTLs were mapped for Panicle exertion. LEE et al. (2005) identified 

five QTLs for Panicle exertion. 

In terms of yield in the first year, one QTL was identified on chromosome 2 and in the 

second year, two QTLs were identified on chromosome 2 (Table 6). The effects of these QTLs 

ranged from 67.71 to 82.46 (t / ha) accounting for 31.83-62.53% of phenotypic variation in yield 

in this population. The highest percentage of phenotypic variation cover in the second year 

belonged to Y2b gene loci accounting for 62.53% of phenotypic variation. Overall, identified 

QTLs in this population covered 38.45 and 95.36% of phenotypic variation for grain yield, 

respectively in the first year and second years. Previous studies reported presence of gene locus 

controlling yield on chromosome 3 (GUO et al., 2007), chromosome 7 (LIU et al., 2008; ZHOU et 

al., 2009), and chromosome 8 (LIU et al., 2008, FU et al., 2010). As shown, few QTLs have been 

mapped for this trait. RABIEI et al. (2013) mapped two QTLs on chromosomes 3 and 6. 

AHMADIZADEH et al. (2017) identified a QTL on chromosome 8. YUE et al. (2015) identified two 

QTLs on chromosomes 1 and 9. Because QTLs obtained in this study account for a high 

percentage of phenotypic variation in controlling yield trait so, they can be considered as 

effective QTLs. TAN et al. (2008) and THOMSON et al. (2003) believed that QTLs controlling for 

grain yield traits are distributed on chromosomes 1, 2, 3, 6, 7, 8 and 9. Overall, differences 

observed in mentioned studies can be attributed to various reasons including yield trait which is 

expected to be biologically complex, and since in different studies QTLs of this trait have been 

mapped on different chromosomes, it can be concluded that the genes controlling grain yield in 

all environments are equally expressed and may not be expressed and detectable in one 

environment but may not have the same effect on the other, consequently becoming not 

detectable. Also, they can be attributed to a difference in populations with different genetic 

backgrounds that each has its own characteristics subsequently resulting in presenting different 

results. 

In terms of milling ratio in the first year, four QTLs were identified on chromosomes 1, 

3, 4, and 6 and in the second year, two QTLs were identified on chromosomes 3 and 6 (Table 7). 

The effects of these QTLs ranged from -1.21 to 3.24 accounting for 6.5-12.9% of phenotypic 
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variation of milling ratio in this population. The highest percentage of phenotypic variation cover 

in the second year belonged to Vtab11 gene loci, accounting for 12.9% of phenotypic variation. 

Overall, QTLs identified in this population covered 44.9 and 16.4% of phenotypic variation for 

milling ratio, respectively in the first and second years. FUYING et al. (2019) identified a QTL on 

chromosome 1. 

In terms of head rice yield (HRY), three QTLs were identified on chromosomes 1, 6, 

and 12 and in the second year, one QTL was identified on chromosome 12 (Table 7). The 

effects of these QTLs ranged from -5.33 to -5.53 accounting for 25.50-30.26% of phenotypic 

variation of HRY in this population. The highest percentage of phenotypic variation cover in the 

first year belonged to Healthy seed weight gene loci accounting for 30.26% of phenotypic 

variation. Overall, QTLs identified in this population accounted for 85.53 and 26.61% of 

phenotypic variation for HRY, respectively in the first and second years. 

In terms of milling yield, three QTLs were identified on chromosomes 1, 3, and 11 and 

in the second year, a QTL was identified on chromosome 1 (Table 7). The effect of these QTLs 

ranged from 4.28 to 4.85 accounting for15.84-39.11% of phenotypic variation of milling yield 

in this population. The highest percentage of phenotypic variation cover in the first year 

belonged to tabdil1gene loci accounting for 30.26% of phenotypic variation. In total, QTLs 

identified in this population covered 75.05 and 28.41% of phenotypic variation for milling yield, 

respectivelyin the first and second years. FUYING et al. (2019) identified three QTLs on 

chromosomes 1, 6, and 8. 

Study of clusters of genes Identified by Interval Mapping Method: Simultaneous effect 

of a QTL on two or more traits can be due to strong correlation of different gene loci controlling 

these traits or pleiotropic effect of a single gene locus controlling multiple traits simultaneously. 

In rice, presence of QTLs simultaneously influencing different traits has been reported. FAN et al. 

(2006), WAN et al. (2008), TRAORE et al. (2011) and EBADI et al. (2013) identified clusters of 

genes in which a single mechanism controls multiple traits. Gene clusters in population were 

identified for different traits on chromosomes 1 and 12 (Tables g and h). In total, two gene 

clusters were identified on chromosome 1 (two cases) and chromosome 12 (one case). The gene 

locus at adistance of RM8235-RM486 markers on chromosome 1 was found to control plant 

height and Panicle exertion, and percentage of phenotypic variance ranged from 11.7 to 84.57%. 

Also, the gene locus at a distance of RM315-RM6141 markers was found to control HRY and 

milling yield, and percentage of phenotypic variance ranged from 30.26 to 39.11%, and the gene 

locus at adistance of RM7619-RM7003 marker on chromosome 12 was shown to control tiller 

number and HRY, and percentage of phenotypic variance ranged from 4.64 to 29.77%. 
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Izvod 

U ovoj studiji, QTL-ovi koji kontrolišu osobine povezane sa prinosom useva i zrna mapirani su 

korišćenjem 140 rekombinantnih samooplodnih linija (F9 i F10), zajedno sa 4 kontrolna genotipa 

u eksperimentu postovljenom po randomiziranom kompletnom blok dizajnu u dve uzastopne 

godine. Mapa povezanosti populacija sastojala se od 170 markera SSR3 / 2132 centimorgan 

(cM) gena pirinča, a srednja udaljenost između susednih markera bila je 12,47 cM. Analiza 

kompozitnog mapiranja intervala urađena je za broj dana do cvetanja u prvoj godini, 

identifikovan je QTL na hromozomu 3, a druge godine identifikovana su tri QTL na 

hromozomima 2, 3 i 7, koja su bila česta na hromozomu 3 u obe godine. Što se tiče visine biljaka 

u prvoj i drugoj godini, KTL je mapiran na hromozomu 1, što je bilo slično u obe godine. Što se 

tiče broja freza u prvoj godini, identifikovana su četiri KTL-a na hromozomima 4 i 12, a druge 

godine dva QTL-a na hromozomima 11 i 12, a s obzirom na dužinu metlice u prvoj godini, jedan 

QTL je identifikovan na hromozomu 6 i u drugoj godini identifikovana su dva QTL-a na 

hromozomima 2 i 4, a u pogledu dužine lista zastavice u prvoj godini, dva QTL-a su 

identifikovana na hromozomima 6 i 7, a u drugoj godini dva QTL-a su identifikovana na 

hromozomu 7. Što se tiče širine listova zastavice u prvoj godini, identifikovana su dva QTL-a na 

hromozomima 1 i 3, a druge godine jedan QTL na hromozomu 11, a u odnosu na klas u prvoj 

godini identifikovana su tri QTL-a na hromozomima 1, 2 i 8, a druge godine su identifikovana 

dva QTL-a na hromozomima 1 i 2. Što se tiče prinosa u prvoj godini, identifikovan je jedan QTL 

na hromozomu 2, a druge godine dva QTL-a identifikovana su na hromozomu 2. Takođe, 

klasteri gena identifikovani su intervalnim mapiranjem u populaciji s obzirom na različita 

svojstva na hromozomima 1 (dva slučaja) i 12 (jedan slučaj). 
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