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ABSTRACT 
 

This study was conducted at the farm of Sakha Agriculture Research Station during 2011 and 2012 growing seasons using 

nine parents and 36 hybrid combinations to study the relationship between genetic distances of parental genotypes and heterosis. 

The genetic distance of parental genotypes was determined by using functional genes markers related to yield traits. The 

correlation between genetic distance of parental genotypes and heterosis values was detected by determining 36 hybrids 

performance. The results indicated that the genetic distance was significant and positive correlated with grain yield/plant for mid-

parent and standard heterosis estimates of r=0.46* and r=0.35*, respectively. While the parental genetic distance was not 

significant correlated with heterosis for some other traits among them: number of productive panicles/plant, 1000-grain weight, 

fertility percentage% and number of grains/panicle. Thus, the correlation coefficients was not sufficient enough among the 

parental genotypes for these traits and was not suitable to use molecular potentiality for heterosis prediction.                                                          
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INTRODUCTION 
 

Rice is one of the  most important food crops in the world and it’s consider as the food source for more than 

one third of world's population (Singh and Singh, 2008). Ram et al., (2007) suggested that in order to meet the 

demand for food in the future cause to the expectation of increased population of the world, there is an urgent need 

for increasing rice production. Development of hybrids through the exploitation of heterosis is considered as one of 

the greatest breakthroughs in plant breeding to increase its production. How to predict the hybrids performances and 

to select convenient parents have been interesting for rice breeders. The genetic variations among the parental 

genotypes are the first reason for heterosis. Thus, breeders studied the genetic variation among parental genotypes 

and their relationship extensively with the prediction of the heterotic performances of F1 hybrids. Moreover, 

restrictions of traditional breeding methods depending on parental genetic differences relationships, geographic 

origin and morphological traits (Hinze et al, 2003) made a difficult task for heterosis prediction. The progress of 

methodology for molecular markers enhances the tools for heterosis prediction, which increases the rice breeding 

efficiency. Sun et al, (2000) found that heterosis from the better-parent was highly correlated with indica-japonica 

differences of parental genotypes at level of DNA rather than the morphology, suggesting that the techniques of 

molecular markers are a good predictor for heterosis than morphological characters. In fact, to use molecular 

markers for determining the genetic variations among parental genotypes and their relationship with heterosis 

prediction have been critically discussed with inconsistent results in rice. Cai et al, 2005; Zhao et al, 2009; Zhang 

Tao et al (2010) and with other studies reported that genetic distances which determined through molecular markers 

were high and positive correlated with heterosis prediction. While,  Zhang et al, 2006 and Liao et al (1998) found 

that there was no correlation between genetic distance which determined by molecular markers and F1 heterosis 

estimates, indicating that the genetic distance is not a suitable predictor for heterosis. The genetic distance might be 

utilize for heterosis prediction when the particular heterozygosity among parental genotypes was high correlated 

with performance of hybrids (Zhang et al 1995). However, the relationship could be affected by the genetic 

variation among parents and the difficult of genetic mechanisms controlling heterosis. In previous studies, the 

genetic differentiations among parental genotypes were detected with non-specific molecular markers. These genetic 

differences which were associated with molecular markers at random loci would be the reason of inconsistent results 

of determining the correlation between parental genetic distance and heterosis. In fact, heterosis is generally  caused 

by yield and its traits, which would be suitable  to determine the relationship between the genetic variations among 

the parental genotypes and heterosis for yield by the genetic distance which detected through whole rice genome. 

Therefore, it would be more reliable to determine the parental genotypes differences based on molecular markers for 

functional genes of yield. Recently, differents genomic tools such molecular markers related with heterotic gene 

blocks, ESTs and heterosis- related gene databases give good opportunities for understanding the molecular basis of 

heterosis and to improve methodologies for a reliable heterosis prediction (Rajendrakumar et al, 2015).  

In this study, Nine rice parental genotypes and 36 combinations were utilized. Twenty functional genes 

markers were adopted to study the relationship between marker locus heterozygosity and F1 hybrid combinations 

performance for yield and its traits.  

  

MATERIALS  AND  METHODS 
 

Nine local and introduced rice (Oryza sativa L.) genotypes namely; Giza171, Sakha101, Giza177, Giza178, 
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Giza182, IR25571-31-1, IR65598-112-2, IR65600-27-1-2-2 and IR65564-44-5-1, and 36 hybrids obtained from the 

above mentioned parental genotypes, were utilized in this study. The origin, pedigree and type of the parental lines 

are shown in Table 1. 

 

Table 1: Origin, Pedigree and type of the studied nine rice genotypes. 

Type Origin and Pedigree Genotype No. 

Japonica 
Egypt 

(Nahda/Calady40) 
Giza 171 1 

Japonica 
Egypt 

(Giza176/Milyang79) 
Sakha101 2 

Japonica 
Egypt 

(Giza171/Yomji No.1//Pi No.4) 
Giza177 3 

Indica/Japonica 
Egypt 

(Giza175/Milyang 49) 
Giza178 4 

Indica 
Egypt 

(Giza181/IR39422-161-1-3//Giza181) 
Giza182 5 

Indica 
IRRI 

(IR9124-209-2-2/IR2307-247-2-2-3) 
IR25571-31-1 6 

Tropical-japonica 
IRRI 

(Shen-nung-89-366/Genijah Wangkal) (B 4667) 
IR65598-112-2 7 

Tropical-japonica 
IRRI 

(Shen-nung-89-366/Ketan Lumbu) (B 4687) 
IR65600-27-1-2-2 8 

Tropical-japonica 
IRRI 

(Shen-nung-89-366/Gundil Kuning) 
IR65564-44-5-1 9 

 

Field Experiments: 

The present investigation was carried out at Research Farm of Agriculture Research Station, Sakha, Kafr El-

Sheikh, Egypt, during 2011 and 2012 summer seasons and at the Genetic Engineering and Biotechnology Research 

Institute, Minufiya University, Sadat City, Egypt. The nine parental genotypes were grown in three successive 

sowing dates with two weeks interval to synchronize the flowering times. A partial diallel crosses was carried out 

among them (without reciprocals) that was made to produce 36 hybrids. Crossing techniques were done using the 

method of Jodon (1938) as modified by Butany (1961).  A total of 36 F1 crosses were obtained and seeds were 

separately harvested for each cross. Seedlings of the parental genotypes as well as  their hybrid combinations were 

transplanted to a 3-row plot with a plant spacing of 20×20 cm. The experimental design was a randomized complete 

blocks design (RCBD) with three replications were used. Data of number of grains per panicle, number of 

productive panicles per plant, 1000-grain weight, spikelets fertility % and grain yield per plant were recorded. 

Molecular markers analysis: 

DNA was extracted from each genotype using CTAB (Cetyl-tetramethyl ammonium bromide) method 

according to Murray and Thompson (1980) at 21 days age. Twenty SSR markers related to yield traits located on 

nine chromosomes were detected to investigate the nine parental genotypes for polymorphism. This was done on the 

basis of published rice microsatellite framework map as presented in Table 2. The SSR analysis was performed 

according to the protocol of Ravi et al. (2003).  
 

Table 2: Features of  polymorphic SSR primers used in the current study. 

Marker Name Chro. No. F. primer sequences R. primer sequences Functional gene 

RM 5 1 TGCAACTTCTAGCTGCTCGA GCATCCGATCTTGATGGG Yld 1 .1 

RM 246 1 GAGCTCCATCAGCCATTCAG CTGAGTGCTGCTGCGACT Pss 1.1 

RM 302 1 TCATGTCATCTACCATCACAC ATGGAGAAGATGGAATACTTGC Gw 1.1 

RM 472 1 CCATGGCCTGAGAGAGAGAG AGCTAAATGGCCATACGGTG Gp l1.1 

RM 145 2 CCGGTAGGCGCCCTGCAGTTTC CAAGGACCCCATCCTCGGCGTC GW 2 

RM 213 2 ATCTGTTTGCAGGGGACAAG AGGTCTAGACGATGTCGTGA Gp l2.1 

RM 263 2 CCCAGGCTAGCTCATGAACC GCTACGTTTGAGCTACCACG Ftg -1 

RM 411 3 ACACCAACTCTTGCCTGCAT TGAAGCAAAAACATGGCTAGG Gs 3 

RM 571 3 GGAGGTGAAAGCGAATCATG CCTGCTGCTCTTTCATCAGC Gw 3.2 

RM 252 4 TTCGCTGACGTGATAGGTTG ATGACTTGATCCCGAGAACG Qpn 4.4 

RM 17 5 TGCCCTGTTATTTTCTTCTCTC GGTGATCCTTTCCCATTTCA qSW 5 

RM 26 5 GAGTCGACGAGCGGCAGA CTGCGAGCGACGGTAACA qGW -5 

RM 289 5 TTCCATGGCACACAAGCC CTGTGCACGAACTTCCAAAG qGW 5 

RM 70 7 GTGGACTTCATTTCAACTCG GATGTATAAGATAGTCCC Ghd 7 

RM 201 9 CTCGTTTATTACCTACAGTACC CTACCTCCTTTCTAGACCGATA Gw 9 

RM 205 9 CTGGTTCTGTATGGGAGCAG CTGGCCCTTCACGTTTCAGTG Gw 9.2 

RM 228 10 CTGGCCATTAGTCCTTGG GCTTGCGGCTCTGCTTAC gw1 0b 

RM 20 11 ATCTTGTCCCTGCAGGTCAT GAAACAGAGGCACATTTCATTG gw1 1.1 

RM 202 11 CAGATTGGAGATGAAGTCCTCC CCAGCAAGCATGTCAATGTA Ppl 1.1 

RM 206 11 CCCATGCGTTTAACTATTCT CGTTCCATCGATCCGTATGG qGW-11-1 
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PCR amplifications  were  performed  in  a  20  µl  reaction  volume:  each  reaction  contained  1.0  µl 

template  DNA;  0.10µl  Taq  polymerase,  4µl  of  5X  buffer,  1µl  of  10mM  of  each  of  the  four (dNTPs), 1.0µl of 

10 mM forward and reverse primers. The volume was brought up to 20 µl by autoclaved double distilled H2O. 

The amplification protocol of 5 min at 94 °C, 35 cycles, was performed with 40 sec at 94°C; 40 sec at lower 

annealing temperature of the primer about 50 up to 68 °C;   1min at 72 °C, and a final extension step of 10 min 

at 72 °C. 

Statistical  analysis: 

The amplified  SSR  DNA bands  representing different alleles  were scored  as  different genotypes.  For  each  

marker,  allelic  bands  were  scored  as  base  pairs  reference  on  the  100kb DNA ladder in scoring the bands. 

Then, base pairs fragments were converted into the binary encoded allelic data to subject the multivariate 

analyses. The  ratios  of  shared  DNA  bands  and  genetic  distance  were estimated  from the allele binary 

formatted dataset using Nei and  Li’s coefficient  (Nei and  Li 1979). Genetic distance was calculated as follows: 

GDn  = 1-[ 2N11/ ( 2N11  + N10  + N01)]  where,  N ( 1,1)  is the number of loci having bands present in both 

genotypes. N ( 1,-)  is the number of loci having a band present in the first genotype. 

N (-,1)  is the number of loci having a band present in the second genotype. The parental genotypes  were clustered 

based on the genetic distances using Numerical Taxonomy and Multivariate Analysis system, (NTSYS -pc 2.1;  

Rolhf, 2000). Polymorphic information content (PIC) values were calculated for each marker based on the allelic 

frequency detected in the genotypes studied using this formula. 

n 

PICi = 1 -   Pij 

j 1 

where, Pij  is the frequency of the jth  allele for ith  marker and summation extends over n alleles. Polymorphic 

loci were defined as those whose most frequent allele had a frequency of less than0.95. Mid-parent heterosis % 

= (F1– X )/ X ×100. Where F1 is the mean for each hybrid combination. Standard heterosis or heterosis over the 

check variety (Sakha101)%=(F1–CK)/CK×100 

 

RESULTS 

 

Analysis of SSR markers: 

Twenty SSR markers were u s e d  a n d  s h o we d  polymorphic as well as produced 61  alleles. Maximum number  

of  alleles  per  locus  was  five,  found  in  RM 206 and its ranged from 2 to 5 with an average of 3.05 as presented in 

figures 1, 2 and 3 and Table 3. The PIC ranged from 0.346 (RM302 and RM411) to 0.765 (RM206) with an average 

of 0.54, indicating the presence of genetic variations among the parents. 

 
Figure 1.  Genomic  amplification  using  primers  specific  to  RM206  showed  5  alleles  in  all  genotypes.  M  is  

100bp  ladder,  rice  parental lines  from  left  to  right  are:  1)Giza171, 2)Sakha101,   3)Giza177,   4) Giza178,   

5)Giza182,   6)IR25751-31-1,   7)IR65598-112-2, 8)IR65600-27-1-2 and 9) IR65564-44-5-1. 
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Figure 2.  Genomic  amplification  using  primers  specific  to  RM228  showed  4  alleles  in  all  genotypes.  M  is  

100bp  ladder,  rice  parental lines  from  left  to  right  are:  1)Giza171, 2)Sakha101,   3)Giza177,   4) Giza178,   

5)Giza182,   6)IR25751-31-1,   7)IR65598-112-2, 8)IR65600-27-1-2 and 9) IR65564-44-5-1. 

 

 
Figure 3.  Genomic  amplification  using  primers  specific  to  RM302 showed  2  alleles  in  all  genotypes.  M  is  

50bp  ladder,  rice  parental lines  from  left  to  right  are:  1)Giza171, 2)Sakha101,   3)Giza177,   4) Giza178,   

5)Giza182,   6)IR25751-31-1,   7)IR65598-112-2, 8)IR65600-27-1-2 and 9) IR65564-44-5-1. 

 

 

Table 3. DNA profiles of SSR markers polymorphism of the nine parental genotypes.  

PIC No. of alleles Marker name Chromsome No. No. 

0.617 4 RM 5 1 1 

0.667 3 RM 246 1 2 

0.346 2 RM 302 1 3 

0.593 3 RM 472 1 4 

0.568 3 RM 145 2 5 

0.568 3 RM 213 2 6 

0.370 3 RM 263 2 7 

0.346 2 RM 411 3 8 

0.370 3 RM 571 3 9 

0.494 3 RM 252 4 10 

0.494 3 RM 17 5 11 

0.568 3 RM 26 5 12 

0.494 3 RM 289 5 13 
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0.667 4 RM 70 7 14 

0.444 2 RM 201 9 15 

0.667 3 RM 205 9 16 

0.667 4 RM 228 10 17 

0.444 2 RM 20 11 18 

0.642 3 RM 202 11 19 

0.765 5 RM 206 11 20 

 61alleles 20 loci 9 chromosomes Total 

0.54 3.05   Average 

 

The genetic distance among the nine parental genotypes ranged from 0.113 to 0.724, with an average of 0.49 as 

presented in Table 4, indicating moderately high variation among the parents. The genetic distance showed a 

maximum of 0.724 between Giza171 and IR25571-31-1, and a minimum of 0.113 between Giza171 and Giza177. 

The genetic distance between Indica genotypes including Giza178, Giza182 and  IR25571-31-1 and the other 

genotypes was high of 0.71, and Tropical-japonica genotypes showed moderately genetic diversity of 0.64. The 

relatively large genetic distance between Japonica genotypes and Indica genotypes and similarly  between Indica 

genotypes and Tropical-japonica genotypes confirmed that the parental genotypes were genetically variable, and 

would yield significant heterosis in some combinations. 

 

Table 4: Genetic distance among the nine parental genotypes.  

IR65564-

44-5-1 

IR65600-

27-1-2-2 

IR65598-

112-2 

IR25571-

31-1 

Giza182 Giza178 Giza177 Sakha101 Giza 

171   

        1 Giza 171 

       1 0.188 Sakha101 

      1 0.1712 0.1128 Giza177 

     1 0.6926 0.7043 0.7207 Giza178 

    1 0.3398 0.6965 0.6887 0.7121 Giza182 

   1 0.332 0.3475 0.7043 0.6887 0.7237 IR25571-

31-1 

  1 0.6459 0.6537 0.6459 0.3891 0.4202 0.4163 IR65598-

112-2  

 1 0.1795 0.6226 0.6537 0.6615 0.3502 0.3696 0.3696 IR65600-

27-1-2-2 

1 

0.1784 0.214 0.5914 0.642 0.642 0.3813 0.3969 0.4008 IR65564-

44-5-1 

 

 The nine parental genotypes were clearly clustered into two major categories at the genetic distance of 0.71. The 

first category consisted of japonica and tropical-japonica genotypes were clustered together at level of 0.35 genetic 

differences. While, the second category comprised Indica genotypes as presented in Figure 4. The results of genetic 

distance for the parental genotypes were agree essentially with their genetic base. Furthermore, the results indicate 

that SSR markers of functional gene provides a useful tool for germplasm characterization and genetic diversity. 

Similar findings were reported by Zhao et al, 2002; Zhang, 2007 and Zhang Tao et al 2010. 
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Figure 4. Adendrogram showing the cluster analysis for nine rice genotypes. 

 

Estimates of heterosis over mid-parent and standard heterosis: 

The mid-parent heterosis and standard heterosis values for the yield and its traits in the hybrid combinations are 

presented in Table 5. 

Table 5. Mid-parent and standard-heterosis values of yield and its traits. 

Standard-heterosis Mid-Parent  Trait 

no. of hybrids 

with positive  

and negative 

heterosis 

values 

 

 

average 

(%) 

 

 

range 

(%) 

no. of 

hybrids with 

positive  and 

negative 

heterosis 

values  

 

 

average 

(%) 

 

 

range 

(%)  

24 (12) 10.10 -1.38    39.64 30 (6) 25.18 9.04     40.35 Grain 

yield/plant 

13 (23) -2.82 -28.01     

25.7 

15 (21) -2.38 -20.89    

17.23 

Spikelets 

fertility % 

16 (20) -9.37 -34.22    

13.69 

24 (12) 12.76 -5.81    54.86 No. of  

productive 

panicles/plant 

33 (3) 48.01 22.48    

87.26 

28 (8) 22.26 5.11    52.12 No. of 

grains/panicle 

16 (20) 3.33 -14.96    

12.09 

33 (3) 10.57 0.83     13.93 1000-grain 

weight 

 

 

Estimates of mid-parent  heterosis:  

The Mid-parent heterosis values for number of grains/panicle varied from -5.11% to 52.12% and followed by grain 

yield per plant (9.04% to 40.35%) whereas that for spikelets fertility% varied from -5.04% to 24.58%. Maximum 

number combinations with positive heterosis values was apparent for 1000-grain weight among all the five yield 

traits, where 33 hybrid combinations showing positive heterosis, followed by grain yield per plant which was 

apparent in 30 hybrid combinations.  

 

Estimates of standard- heterosis:  

Standard-heterosis values for no. of grains/panicle which varied from 22.48% to 87.26%. An average of 48.01%, 

and 33  hybrids had more number of grains per panicle than Sakha 101 which was used as the control; in the same 

trend standard heterosis values for grain yield per plant ranged from -1.38% to 39.64%. An average of 10.10%, and 

apparent in 24 combinations showing higher grain yield per plant than Sakha101. The performance of some 
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combinations for spikelets fertility%, 1000-grain weight and no. of productive panicles/plant were good and 

positive. These findings indicating that these particular combinations would be of great value in applications.  

 

 

 

Correlation between genetic distance of parental genotypes and heterosis values: 

Correlation analysis between genetic distance of parental genotypes and hybrids performance indicated that the 

genetic distance of parental genotypes was approximately correlated with either mid-parent or standard-heterosis 

values for yield traits as presented in Table 6.  

Table 6. Correlation coefficients between genetic distance of parents and heterosis    values. 

Standard-heterosis Mid-Parent  Trait 

0.35* 0.46* Grain yield/plant 

0.037 0.04 Spikelets fertility % 

-0.374* 0.189- No. of  productive panicles/plant 

0.17 0.05 No. of grains/panicle 

-0.114 0.153- 1000-grain weight 

*, p < 0.05 

Correlation coefficients values between genetic distance of parental genotypes and hybrids heterosis were positive 

for grain yield/plant, spikelets fertility% and  no. of grains/panicle. The results indicated that hybrids heterosis for 

grain yield/plant was positive and significant correlated with genetic distance of parental genotypes ( r=0.46* and 

r=0.35*). The above finding indicates that genetic distance of parental genotypes was only reflected in grain 

yield/plant heterosis values. So, it would be suitable for heterosis prediction using functional gene markers for yield. 

 

DISCUSSION 

Heterosis depends on a particular genetic variation degree and complementary action of parental genes. Generally, 

the larger genetic distance is, the larger heterosis obtained. Causing to its simplicity in use, molecular markers used 

widely to predict heterosis. But, there are  inconsistent views on relationship between the genetic distance based on 

molecular markers and heterosis prediction. Smith et al, 1990 and some other researchers in maize confirmed that 

the genetic distance of parental genotypes associated with molecular markers was proper for heterosis prediction. In 

the same trend, some researchers found similar results in rice heterosis prediction (Zhang et al, 2000; Cai et al, 

2005; Zhao et al, 2009; Zhang Tao et el, 2010). For, Jaikishan I. et al, (2010) studied heterosis prediction for grain 

yield in rice using ‘key’ informative EST-SSR markers. They determined the comparative potential of 25 EST-SSR 

markers and 25 SSR markers to predict heterosis of grain yield in rice by nine CMS lines and 32 restorer lines. The 

coefficient of polymorphic markers among parental genotypes associated with hyper-variable EST and SSR markers 

was correlated with standard heterosis of grain yield. They recommended that the 10 ‘key’ informative EST-SSR 

markers for determining the genetic variations of parents and heterosis prediction. On the other hand, some studies 

such as Zhu et al, 2001 and Zhang et al, 2006 suggested that the genetic distance based on molecular markers would 

not be use as a good predictor for heterosis. And other ones reported that by using molecular markers was difficult 

to predict  heterosis, Zhang et al, (1996) and  Zhao et al, (1999). These inconsistent views are depended on 

inconsistent results that obtained from the correlation between the genetic differences related to molecular markers 

and heterosis, that would be related to the genetic base of genotypes and the difficult of genetic mechanisms 

controlling heterosis. Moreover, the experimental materials differences, designs and type of molecular markers 

caused different results. The genetic variations among parental genotypes have a lot of forms, including many loci 

and traits, although not all loci or traits are associated with yield. So, it was unacceptable that the variation in only 

one locus or trait among parental genotypes would cause heterosis, or all polymorphic loci were related to heterosis 

(Liao et al, 1998). Heterosis exploitation in rice generally manifested in yield, so it is useful and might be more 

reliable using markers associated with yield to analyze the genetic variations and determine the relationship between 

the genetic distance of parental genotypes and heterosis for yield.  

Rajendrakumar et al, (2015), obtained significant and high correlation coefficients between parental differences and 

heterosis using EST-SSR markers in rice with comparison to genomic SSR markers. Heterosis is supposedly as a 

result of  heterozygosity and then the selection of proper type of markers is very important for determining the 

genetic differences  among the parents. Co-dominant and a single locus marker such as SSRs and SNPs are 

convenient, since they could estimate the heterozygosity based on the parental genotype alleles. This would also 

help to detect specific alleles associated with heterosis of various traits that could improve the breeding of inbred 

rice. Moreover, with the sequencing of crop genomes, these markers could be easily located in the physical map. In 

contrast, the dominant markers are not informative, since they possess information on the allele of only one parent at 

specific locus. Such lack of complete allelic information will be a great setback to improve the parental genotypes 

that  aimed at increasing superior alleles. 

In this investigation, 20 functional gene markers associated with yield traits were selected to determine the genetic 

variations among parental genotypes and to analyze the relationship between the genetic distance of parental 

genotypes and heterosis values. The results indicated  that there was significant and positive correlation between the 
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genetic distance and grain yield per plant, which was consistent with the general speculation. Accordingly the 

obtained results is appropriate to use functional gene markers related to yield for heterosis prediction. In contrast, 

the genetic distance of parental genotypes was not significantly correlated with heterosis for the other yield traits 

where their correlation coefficients were not sufficient in this study, suggesting that the genetic distance based on 

molecular markers might not be suitable to predict heterosis. Other studies confirmed this findings. 

CONCLUSIONS 

This study indicated that for utilizing the functional gene markers associated with yield and its traits in order to 

predict heterosis, selection type of markers and methodologies of heterosis prediction need urgent to be improved. 

The further development of functional genomics and the establishment of rice saturated genetic and physical maps 

are essential for the studies in this area. 
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 العلاقخ ثين قىح الهجين والتجبعذ الىراثي للتراكيت الىراثيخ الأثىيخ 

 ثبستخذام الوعلوبد الجسيئيخ في الأرز

 

يبسر زين العبثذين الرفبعى
1

هحوذ هحوذ شهبة؛ 
1

؛ عورو هحوذ رضب
1

و أيسن هحوىد فبيذ
2

 

ىث السراعيخهركس الجح –هعهذ ثحىث الوحبصيل الحقليخ  -هركس الجحىث والتذريت في الأرز  -  1 

جبهعخ الونىفيخ -هعهذ الهنذسخ الىراثيخ والتكنىلىجيب الحيىيخ-قسن الجيىلىجيب الجسيئيخ -2  

 

ىًبرة  فةٍ اْر   رن رحلُل الوسبفخ الىراثُخ ثُي رسعخ رراكُت وراثُخ أثىَخ ثبسزخذام الوعلوبد الجزَئُخ الوررجطخ ثبلجٌُبد الىظُفُةخ لفةفخ الوحفةىم وه 

أوضةحذ الٌزةب أ أى الوسةبفخ الىراثُةخ  رركُةت وراثةٍ يذَةذن(جي  63رجبط ثُي الوسبفخ الىراثُخ اْثىَخ ورقذَراد قىح الهجُي ثزحلُةل أدا  ورن دراسخ الار

هةي    ل ل هي: قىح الهجُي53,3و5360لّثب  اررجطذ اررجبطب هعٌىَب وهىيجب هع قىح الهجُي لففخ هحفىم الحجىة ل ل ًجبد حُث كبًذ قُن الاررجبط ن

عذد الةذالُبد  هزىسط اْثىَي والفٌف القُبسٍ علً الزررُت  ثٌُوب كبًذ قُن اررجبط الوسبفخ الىراثُخ لّثب  غُر هعٌىٌ للففبد الوحفىلُخ اْخري هثل

الىراثُةخ للزراكُةت اْثىَةخ ل ل ًجبد3 الٌسجخ الوئىَخ للخفىثخ3 و ى اْلف حجخ3 عذد الحجةىة ل ةل دالُةخ  علةً أٌ حةبم فةبى قةُن هعبهةل الاررجةبط للوسةبفخ 

 ثبسزخذام الوعلوبد الجزَئُخ لن رررقٍ إلً دريخ كبفُخ َو ي اسزخذههب كأداح للزٌجؤ ثأحسي اِثب  الزٍ رٌزأ أعلً (جي 

 

 

 


