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ABSTRACT 
 

Low efficiencies of embryoid induction and green plant regeneration have 
limited the application of anther culture in breeding programs. However, this study was 
conducted to determine the inheritance of ability to embryoid induction and 
subsequently plant regeneration in Egyptian wheat anther culture. Eleven genotypes 
derived from a 3 x 2 line x tester mating system of five wheat cultivars adapted to 
Egyptian conditions were evaluated over two different media for their responding 
anthers, embryoid induction, green plant, albino plant and total plant regeneration 
ability. 

Highly significant difference among genotypes and genotypes x medium 
interaction were observed for all studied traits. Most of genotypes gave a better 
response to anther culture on P2-induction medium than on MN6 induction medium. 
Giza 164 cultivar was, generally, the best one for responding anthers and 
regeneration ability, especially in the ratio of green plants. Also, it showed higher 
general combining ability effect for the ratio of anther response, embryoid induction 
and green plant regeneration. Similar modes of inheritance were observed for these 
traits, combining ability analysis demonstrated the predominance of dominance gene 
effects in the genetic control of studied traits. Therefore, most of crosses exhibited 
desirable significant heterosis for the ratio of anther response and regeneration ability, 
especially when the averages of the hybrids were compared to their mid-parents 
values. 

In general, the present results confirm the fact of the dominating effects of 
genetic factors in the expression of anther response and plant regeneration ability. 
Thus the transfer of anther culture responsiveness to non-responsive breeding 
materials appear easier than testing numerous culture conditions when there is a 
possibility that each genotype might require its own specific medium.  

        

INTRODUCTION 
 

Doubled haploid plants have many uses in genetic studies and plant 
breeding. With recent progress in culture techniques, embryoid and/or calli 
induction from anthers and plant regeneration from the calli have been greatly 
improved by manipulation of growth conditions of the donor plants (Guzman 
and Zapata, 2000), the media composition (Navarro-Alvarez et al., 1994; 
Ildiko and Bedo, 1997; Zheng and Konzak, 1999) the development stage of 
microspors and the culture conditions (Dhia and Liang, 1990). Although, the 
low yield of regenerated plants, which are mostly albinos have limited 
practical use of dihaploids in cereal crop improvement, new wheat varieties 
have been produced by the use of anther culture technique such as “Florin” in 
France (De Buyser et al., 1987); in China “Jinghua 1” (Hu, 1986) and “764” 
(Hu et al., 1988); in Hungary “Gk Deibab” (Pauk et al., 1995).  

It was recognized from the beginning of in vitro tissue culture studies 
that responses are affected by the genotype of the plant. For wheat, marked 
effects of genotype on anther culture response have been observed (Abou-
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Ghalia et al., 1997 and Anapiiaev, 2000). It has also been demonstrated that 
overall wheat haploid plant production from anther culture is controlled by at 
least three different and independently inherited traits (Agache et al., 1988): 
embryoid induction rate, embryoid regeneration ability and the ratio of green 
to albino plants (Henry and De Buyser 1985). 

Furthermore, genotype and genotype x environmental conditions 
interaction effects have been reported (Lazar et al., 1990; Abd El-Maksoud 
and Bedo, 1993; Dogramaci-Atuntpe et al., 2001). However, studies of the 
inheritance of responsiveness to anther culture are difficult because of the 
large amount of uncontrollable and environmentally induced variations 
(Ockendon and Sutherland, 1987).  For embryo formation and plant 
regeneration in wheat anther culture, it has been shown that nuclear genes 
are mainly involved, resulting in both additive and non-additive genetic 
variation, with the additive effects predominating (Deaton  et al., 1987; Abd 
El-Maksoud, 1997).  

The aim of this work is to provide information about the genetic control 
involved in androgenetic abilities on different media composition and their 
inheritance in order to predict the possibility of increasing the yield of haploid 
production via anther culture by genetic improvement in Egyptian wheat.    

   

MATERIALS AND METHODS 
 

Plant Materials: 
In this investigation five wheat varieties adapted to the Egyptian 

conditions were used. These varieties were Giza 164 (1), Gemmieza 3 (2), 
Sakha 69 (3), Gemmieza 7 (4) and Sids 1 (5). During the growing season 
1999/2000, the five varieties were sown and at the flowering time, the first 
two varieties were crossed as male parents (pollinators) to the other three 
varieties (female parents) in order to produce six top crosses. The crosses 
yielded 6 F1 hybrids as following: Sakha 69/Giza 164 (3 x 1), Gemmieza 
7/Giza 164 (4 x 1), Sids 1/Giza 164 (5 x 1), Sakha 69/Gemmieza 3 (3 x 2), 
Gemmieza7/Gemmieza 3 (4 x 2) and Sids 1/Gemmieza 3 (5 x 2). In addition, 
the five varieties were self pollinated to increase seeds from each one. 

In the growing season 2000/2001, the six F1 hybrids and their five 
parental varieties were grown under field conditions. Thirty spikes from each 
entries were collected at the mid to late uninucleate microspore stages for 
anther culture procedure. The optimal microspore stage was determined 
based on the spike and anther morphology. Suitable tillers could be 
recognized by morphological traits, which are correlated to the stage of 
microspore development, when the upper part of the spike is half way up the 
flag leaf sheath. At this time, the microspores are approximately in the mid to 
late uninucleate stage of development, which is the preferred stage for anther 
inoculation. To verify the developmental stage of microspore, one or two 
anthers from each spike were squashed in a drop of acetocarmine on a glass 
slide for a microscopic test. 
 

Anther culture procedure: 
The collected spikes from each entry were removed from the flag leaf 

sheath and sterilized. Sterilization was carried out under sterile condition in 
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0.1% HgCl2 solution for 10 minutes and rinsed three times with sterile 
distilled water. 

The induction media used in this study were Potato 2-medium (P2-
medium) according to Ouyang (1986) and modified N6 medium (MN6-
medium) recognized by Chu et al. (1990). The regeneration media were 
those recommended by Zhuang and Jia (1983), 190-2 medium for embryoids 
transferred from P2-medium and MN6 regeneration medium for the 
embryoids transferred from the MN6 induction media. Therefore, the first and 
second protocols symbolized by M1 and M2, respectively.  

The experiment was designed as a randomized complete block with 
eleven genotypes, five replications and two media. In each replicate, the 
anthers of six spikes were distributed equally over four 10cm Petri dishes, 
each two with a different embryoid induction medium. Thus, each Petri dish 
containing about 80-110 anthers was considered as experimental unit. The 

dishes were sealed with parafilm and incubated in darkness at 282Cº for 42 
days. After that period, the total number of anther responded and the total 
number of embryoids and/or calli were recorded. The embryoids were 
transferred to regeneration media (P2-medium was replaced by 190-2 
regeneration medium, while MN6 induction medium was replaced by MN6 
regeneration medium) for shoot and root development. The cultures were 
placed in controlled incubators with 16 hours white fluorescent illumination at 

252Cº for four weeks, then the total number of green plants and total 
numbers of albino plants were scored. Meanwhile, the data were recorded on 
each replicate for the following traits: 1- Responding anthers, as ratio of the 
number of anthers which responded (producing at least one embryoid or 
callus) to the total number of anther cultured., 2- Embryoid induction, as ratio 
of the number of embryoids and/or calli originated from the responding 
anthers to the total number of anther responded (responding anthers usually 
produce more than one embryoid and/or callus)., 3- Green plants frequency, 
the number of green plants divided by the total number of embryoids 
transferred to regeneration medium., 4- Albino plants frequency, the number 
of albino plants divided by the total number of embryoids transferred to 
regeneration medium., 5- Total plants, total regenerated plants (green and 
albino) divided by the total number of embryoids transferred to regeneration 
medium. 

 

Statistical analysis: 
In order to normalize the distribution of the percentage data which fall 

between 0.00 to 1.00, the data were transformed by using the arcsine x½ 
function prior to statistical analysis for all studied traits except for embryoid 
induction percentage, which generally exceeded one. 

Analysis of variance was done for single and combined data over the 
two media according to Steel and Torrie (1980), and Kempthorne (1957) 
procedure was further followed to estimate combining ability and type of gene 
effects. To calculate additive genetic variance and dominance genetic 
variance, the coefficients of inbreeding for maternal and paternal varieties 
were considered equal to one.  
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The heterosis values were determined as a relative deviation of F1 
hybrids mean than their mid-parents and better parent. 
The heritability estimates were determined from the combined data over two 
media according to the following equations: 
 h2

b = σ2A + σ2D/ σ2A + σ2D + σ2Axm/M + σ2Dxm/M + σ2e 
 h2

n = σ2A/ σ2A + σ2D + σ2Axm/M + σ2Dxm/M + σ2e 
where, σ2e : is the error variance divided by the number of replication; and M 
is the number of media. 
Dominance degree (D.d) was estimated as root squares of the ratio of 
dominance variance to additive variance (σ2D/ σ2A) ½. 

 

RESULTS AND DISCUSSION 
 

The results of the analysis of variance for all studied traits at two media 
and its combined analysis are presented in Table 1. Highly significant 
differences were existed among entries for all studied traits, indicating a large 
amount of variability in the response to anther culture and regeneration 
ability. Therefore, parents and crosses mean squares exhibited highly 
significant differences with respect to all studied traits at each media and their 
combined analysis. Parent Vs. crosses mean squares as an indication to 
average heterosis overall crosses were found to be highly significant for all 
studied traits except ratio of albino plants at each media and their combined. 

Media, entries x media, parents x media and crosses x media mean 
squares exhibited highly significant difference for all studied traits. This might 
indicate that the behavior of these genotypes would differ from medium to 
another with respect to their responding to anther culture and regeneration 
ability. In addition, the interactions of parent Vs. crosses x media were 
significant for all studied traits except ratio of green plants, indicated that the 
test of potential parents for the expression of heterosis would be necessarily 
conducting over different environmental conditions. While, in the case of the 
ratio of green plants, the average heterosis overall crosses was stable on the 
different studied media. 

Further partitioning of crosses mean squares i.e. line x tester analysis 
indicated that the difference due to both females and males were highly 
significant for all studied traits except due to males for ratio of embryoid 
induction at first medium (P2-medium) and combined as well as the ratio of 
albino plants at two media and combined. This reveals that greater diversity 
existed among male and female parents, especially in their ability to anther 
culture and green plants regeneration. At the same time, female x male 
interactions were significant for all studied traits except ratio of embryoid 
induction in the two media as well as the combined data, indicating that 
female parents differed in their order of performance in crosses with each of 
the male parents. Furthermore, highly significant mean square interactions of 
female x media, male x media and female x male x media were detected for 
all attributes except female x male x media and male x media for the ratio of 
embryoid induction and albino plants, respectively. These interactions with 
media might be caused mainly through different ranking of genotypes 
(females, males and top-crosses) from medium to another. 
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Mean performance of the five parents and their 6 F1 hybrids for all 
studied traits were determined over each media and from their combined data 
and the obtained results are shown in Table 2. Significant differences were 
observed among genotype means for most of studied traits. In addition, the 
means showed that most of studied entries gave a better response on P2-
induction medium, which replaced by 190-2 regeneration medium (M1) than 
on MN6 induction and regeneration media (M2). Of the five parental lines, the 
greatest mean frequencies of responding anthers, embryoid induction, green 
plants and total regenerated plants were observed in the variety Giza 164 (1) 
at each media as well as the combined data, and the mean values were 6.44, 
3.64, 26.22 and 44.94 from the combined data, respectively, indicating that 
this variety was the best one for responding anthers and regeneration ability. 
This supports previous report that Giza 164 highly responded to anther 
culture (Abd El-Maksoud, 1997 and Abou-Ghalia et al., 1997). However, the 
inferior variety for anther culture on the two media was Sids 1 (5), which 
exhibited the lowest mean values for frequencies of anther responded, 
embryoid induction and green plants, with means of 0.73, 1.47 and 8.75 from 
the combined data, respectively. Regarding albino plant frequency, the best 
one for this phenomenon was Gemmieza 3 (2), which showed the lowest 
frequency of albino plants (7.01 from combined data), but it has also the 
lowest values of total regenerated plants. Also, the results showed that, the 
greatest overall values for responding anthers, green plants and total 
regenerated plants frequencies were recorded in the combination between 
Sids 1 x Giza 164 (5 x 1) with the means of 10.35, 26.15 and 45.25 from the 
combined data, respectively. Although, the cross Gemmieza 7 x Giza 164 (3 
x 1) was the best for embryoid induction frequency, it ranked as the second 
one for responding anthers, green plants and total regenerated plants 
frequencies. This makes it possible to use varieties with a low frequency of 
haploid plant induction of microspore origin for anther culture purpose 
through crossing it with a high responded varieties, for instance by crossing 
Sids 1 (low response) with Giza 164 (high response).  

In general, the overall means of crosses exceeded their mid-parents 
for all studied traits. Furthermore, some crosses, such as Sids 1 x Giza 164 
(5 x 1) and Sids 1 x Gemmeiza 3 (5 x 2) showed superiority over their better 
parents with respect to frequency of anther responded and plant 
regeneration. This fact could be confirmed by the estimated amount of 
heterosis over mid-parents and better parent from the data at two media in 
addition to the combined data, which presented in the Tables 3 and 4, 
respectively. 

The obtained results showed that most of studied crosses exhibited 
different heterotic values with different media, this may be due to the 
difference in the performance of the genotypes with different media. 
Therefore, it could be more precise to concentrate on the results derived from 
the combined data. All studied hybrids showed significant positive heterosis 
relative to their mid-parents over two media for the frequency of anther 
responded and embryoid induction, with heterotic values ranged from 11.31% 
(4 x 1) to 235.29% (5 x 2) and from 13.39% (4 x 1) to 75.19% (5 x 2), 
respectively.  
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However, the crosses Sakha 69/Giza 164 (3 x 1) and Gemmieza 7/Giza 164 
(4 x 1) exhibited desirable negative heterotic values relative to mid-parents 
for frequency of albino plants, while the hybrids remain showing undesirable 
positive values.  

Regarding green and total regenerated plants frequency, 5 out of six 
crosses exhibited positive heterosis relative to mid-parents. These values 
were highly significant and ranged from 10.65% (4 x 2) to 49.56% (5 x 1) for 
green plant frequency, but it was insignificant in two crosses (3 x1) and (4 x 
2) for total plants frequency. The highest heterotic effect for total plant 
regeneration was observed in the cross Sids 1/Gemmieza 3 (5 x 2) with value 
45.70% followed by the cross Sids 1/Giza 164 (5 x 1) with value of 31.47%. 
On the other hand, significant positive values of heterosis relative to better 
parent, which would be of interest were found in the following crosses, Sids 
1/Giza 164 (5 x 1), Sakha 69/Gemmieza 3 (3 x 2), Gemmieza 7/Gemmieza 3 
(4 x 2) and Sids 1/Gemmieza 3 (5 x 2) for frequency of anther responded, 
with heterotic values ranged from 60.57% to 148.16%. While, the crosses 
which involved Gemmieza 3 (2) as one of their parents exhibited highly 
significant positive heterosis for the frequency of embryoid induction. 
Concerning plant regeneration ability, the cross (5 x 2) showed highly 
significant positive heterosis relative to better parent for green and total plant 
regeneration, but it also showed undesirable positive heterotic effect for the 
frequency of albino plants. The positive heterosis relative to better parents 
indicates that the dominant genes controlling these characters are more 
frequent in these crosses. These results were in agreement with the results 
obtained by Lazar et al. 1984; Tuvesson et al. 1989; and Abd El-Maksoud, 
1997. Thus, these results confirmed that heterosis for frequency of anther 
responded (while is only present when the anther donor plants are 
heterozygous) is mainly influenced by the anther wall genotype, but not by 
the genotype of the pollen. This suggests that the frequency of anther 
responded as well as embryoid induction in wheat may be controlled by 
genes in the diploid anther wall tissue, as recognized in petunia (Raquin, 
1982).  

Estimates of general combining ability effects of the five parents for all 
studied traits from the combined analysis are given in Table 5. Positive or 
negative estimates would indicate that a given inbred is much better or much 
poorer than the average of the group involved with it in line x tester crossing. 
Among the female parental lines, Sids 1 (5) appeared to be the best 
combiner for the frequency of anther responded and regeneration ability, but 
it was the inferior for albino plant regeneration, which showed undesirable 
highly significant positive GCA effect value. Although, Sakha 69 appeared to 
be the best combiner among the female parents for embryoid induction, it 
ranked as the second one for plant regeneration ability. On the other hand, 
the best combiner over all studied varieties was Giza 164 (1), which exhibited 
highly significant positive values for the frequency of anther responded, green 
plants and total plants in addition to desirable insignificant value for the 
frequency of albino plant. Therefore, it could be mentioned that the best 
combiner for regeneration ability among this group is Giza 164.Thus, the best 
general combiner varieties posses favorable genes for improving hybrids and 
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could be utilized in a traditional breeding program for improving the ability to 
anther culture response as well as plant regeneration.  
 

Table 5: General combining ability effects for each female and male 
parents for all studied traits from the combined data over 
both two media 

 
Anther 

responded 
Embryoid ind. 

Green 
plants 

Albino 
plants 

Total 
Plants 

Females 

3 -0.49 0.138 1.183* -0.480 1.002 

4 -1.35** -0.187 -2.840** -1.539* -5.195** 

5 1.84** 0.049 1.657* 2.019** 4.194** 

S.E (gi) 0.206 0.077 0.367 0.424 0.650 

Male 

1 1.57** 0.071 4.566** 0.083 5.500** 

2 -1.57** -0.071 -4.566** -0.083 -5.500** 

S.E (gj) 0.163 0.094 0.300 0.346 0.531 

*,** denote significant at 0.05 and 0.01 levels of probability, respectively. 
Note: The percentages data were transformed by arcsin x½ prior to statistical analysis for 
all traits except embryoid induction percentage. 

 

Specific combining ability effects of the top-crosses for the studied traits from 
the combined analysis are presented in Table 6. The highest desirable 
positive SCA effects were detected in the crosses, Sids 1/Giza 164 (5 x 1) 
and Gemmieza 7/Gemmieza 3 (4 x 2) with respect to the frequency of anther 
responded, green plants and total plants. Also, these crosses formed the best 
combination for decreases the frequency of albino plants, which exhibited the 
highest desirable negative SCA effect values. Although, the crosses Sakha 
69/Giza 164 (3 x 1) and Sids 1/Gemmieza 3 (5 x 2) were the best 
combinations for the frequency of embryoid induction (number of embryoid 
per anther responded), they were the inferior for anther response and 
regeneration ability. From this results, it is worth-noting that parents 
possessing good GCA effect may not exhibit a good SCA effect, but the best 
SCA effect was obtained from crosses between parents with good x good 
GCA or poor x good GCA effect. This suggests the varieties with low 
response to anther culture process, could be used for anther culture purpose 
by crossing it with high responded varieties. 

 
Table 6: Specific combining ability effects  for each cross  from the data 

combined over the two media for all studied traits 
 Anther 

responded 
Embryoid 

ind. 
Green 
plants 

Albino 
plants 

Total 
Plants 

3 x 1 -0.483 0.138 0.018 -0.144 0.081 

4 x 1 -1.234** -0.012 -2.436** 0.860 -2.108* 

5 x 1 1.717** -0.126 2.418** -0.716 2.026* 

3 x 2 0.483 -0.138 -0.018 0.144 -0.081 

4 x 2 1.234** 0.012 2.436** -0.860 2.108* 

5 x 2 -1.717** 0.126 -2.418** 0.716 -2.026* 

S.E (sij) 0.292 0.133 0.519 0.560 0.919 
*,** denote significant at 0.05 and 0.01 levels of probability, respectively. 
Note: The percentages data were transformed by arcsin x½ prior to statistical analysis for 
all traits except embryoid induction percentage. 
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The additive (σ 2A), dominance (σ 2D), additive x media (σ 2Axm) and 
dominance x media (σ 2Dxm) variances in addition to heritability in broad (h2

b) 
and narrow (h2

n) sense as well as dominance degree ratio (D.d) were 
estimated from the combined analysis for all studied traits and the obtained 
results are shown in Table 7. The results revealed that the magnitude of both 
additive and non-additive (including dominance) genetic variances were 
positive for all studied traits, indicating to the contribution of both components 
in the inheritance of these traits. However, the magnitude values of 
dominance genetic variance were larger than the corresponding values of 
additive genetic variance for responding anthers, embryoid induction, green 
plants and albino plants, suggests the predominance of dominance gene 
effects in the inheritance of these traits. While, additive genetic variance was 
larger than those of dominance genetic variance for total plant regeneration 
and this indicated the predominance of additive gene action in the genetic 
control of this trait. This fact could be emphasized by dominance degree ratio, 
which were more than one for all studied traits except total plant regeneration 
with ratio less than one, revealing the importance of over dominance in the 
expression of these traits. While, in the case of total plant regeneration, 
partial dominance is important and the additive gene action plays a major role 
in the inheritance of this trait. These results may explain the absence of 
heterosis relative to better parent in most of crosses in the case of the 
frequency of total regenerated plants, and the presence of heterosis over 
better parent in most of crosses in other traits. These findings are in 
agreement with the results previously reported for in vitro androgenesis of 
triticale (Charmet and Bernard, 1984), rice (Quimio and Zapata, 1990, 
Shigeru et al., 1998) and wheat (Lazar et al., 1984; Deaton et al., 1987; Zhou 
and Konzak, 1992). 

Furthermore, the results also showed that the variances due to additive 
x media interactions were negative for regeneration ability (green, albino and 
total plants), while the dominance x media interactions were positive for these 
traits. The magnitudes of variance of dominance x media interactions were 
positive and larger than those of additive x media interaction for the 
frequency of anther responded. These findings indicate that the additive 
effects are more stable over different media (environmental conditions) than 
dominance effects with respect these traits.  

High heritability value in broad sense with low ones in narrow sense 
were detected for the frequency of anther responded and green plants due to 
the major role of dominance gene effects in the inheritance of these traits. 
Broad sense heritability value was moderate and close to narrow sense 
heritability for the frequency of total plant regenerated, exploring the major 
role of additive gene effects in addition to ecological factors in the expression 
of this trait. However, in the case of frequency of embryoid induction and 
albino plants, both broad and narrow sense heritabilities were low and the 
values of heritability in broad sense were higher than those of narrow sense 
heritability. This suggests that these traits are highly influenced by ecological 
factors (media composition and culture conditions) and emphasize the major 
role of dominance gene effects in their expression. 
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Table 7: Genetic parameters for all studied traits from the data 
combined over two media 

 Anther 
responded 

Embryoid 
ind. 

Green 
plants 

Albino 
plants 

Total 
plants 

σ 2A 2.22 0.01 21.8 1.82 47.0 

σ 2D 9.32 0.05 23.3 2.19 16.3 

σ 2A x m 0.08 0.08 -0.40 -11.06 -9.26 

σ 2D x m 7.25 0.03 12.73 86.8 120.5 

h2
b 0.75 0.46 0.87 0.08 0.51 

h2
n 0.14 0.08 0.42 0.04 0.38 

D.d 2.05 2.24 1.04 1.09 0.59 

 
From the results of this investigation in addition to the previously 

reported results dealing with the effect of culture conditions, it could be 
concluded that there are two principal ways of improving anther culture 
response, namely the adjustment of culture conditions and the genetic 
improvement of anther donor plants. Because of the dominating effects of 
genetic factors, which were demonstrated above, the latter way is (at the 
present time) more useful for practical application. The transfer of anther 
culture responsiveness to non-responsive breeding material appears to be 
easier than testing numerous culture conditions when there is a possibility 
that each genotype might require its own specific medium. 
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التحكم الوراثى فى القدرة على إنتاج أشباه الأجنة وانبثاق النباتات من 
 زراعة 

 المتوك للأقماح المصرية
 ممدوح محمد عبد المقصود

 مصر. -جامعة المنصورة –كلية الزراعة  -قسم الوراثة
 

ها عة وما يتبلكفاءة المنخفضة لعديد من التراكيب الوراثية فى معدل إنتاج أشباه الأجننظراً ل
أجريننء هنن ه فقنند  مننن إنتنناج نباتنناء خضننراء يتنند مننن إ ننتخدا  ىرارننة المتننو. فننى بننرام  التربيننة 

ج أشنباه الدرا ة بهدف تتديد ال لو. الوراثى للقدرة رلى الإ تجابة لىرارنة المتنو. منن خننل إنتنا
  ا نتخدأفقند تن  يتبعها من إنتاج النباتاء فى الأقمنا  المرنرية  ومنن أجنل هن ا ال نر   الأجنة وما

ً وراث أتد رشر تركيبأ ناتجة  شملء خم ة آباء من أرناف القمح المررية بالإضافة الى  تة هجن يا

 كشاف(   x  )  نلة2 × 3من نظا  التىاوج 

ارننة لىر ةقابلينالقيمنء هن ه التراكينب الوراثينة رلنى بيمتننين م ن يتين مختلفتنين  منن تين  و
فاء كاننء الرنلن ل. لنى نباتناء وإرتها رلنى التكشنف رلنى إنتناج أشنباه الأجننة وقند ةقندرالالمتو. و

عندل مالمدرو ة تشنمل  معندل إ نتجابة المتنو. لإنتناج أشنباه أجننةأ معندل أشنباه الأجننة لكنل متن.أ 
دل نىررنة ومعنالنباتاء الخضراء لأشباه الأجنة المنىررةأ معدل النباتاء الألبيننو لأشنباه الأجننة الم

 منىررة النباتاء الكلية لأشباه الأجنة ال
  رليها فيما يلىأه  النتام  المتترل ويمكن إيجاى 

يضنا أظهرء إختباراء المعنوية أن هننا. إخنتنف رنالى المعنوينة بنين التراكينب الوراثينة وأ
 تداخل التراكيب الوراثية مع البيماء و ل. فى كل الرفاء المدرو ة 
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رلنى  نهنام P2  لنى البيمنة الم  ينةكانء معظن  التراكينب الوراثينة أكثنر إ نتجابة لىرارنة المتنو. ر
   MN6البيمة الم  ية 

أنننأ أكثننر الأرننناف الم ننتخدمة قنندرة رلننى إنتنناج أشننباه أجنننة  164الرنننف جيننىة أظهننر 
هر ه ا وقدرتها رلى التكشف الى نباتاء كاملة وكان معظمها نباتاء خضراء  بالإضافة الى  ل. أظ

 آلف له ه الرفاء عامة رلى التالقدرة الأكثر قيمة للالرنف أنأ 
تماثنل مومن تتليل القدرة العامة رلى التآلف تبين أن ه ه الرفاء ينتتك  فيهنا نظنا  وراثنى 

د الرنتيح ي ود بأ تأثير الفعل الجينى ال يادى ول ل. كانء تقديراء معامل ال يادة تىيند رنن الواتن
المضنيف  الفعل الجينىمن  كلمعدل النباتاء الكلية الناتجة التى كان رفة فى كل الرفاء فيما ردا 

 الفعل المضيف  لأ دور فعال فى إظهارها مع ىيادة وال يادى 
أظهننرء الهجننن قننوة هجننين مر وبننة  فننى كننل الرننفاء خارننة رننندما قننورن متو نن  الهجننن 

 بمتو   آبامها 
 راثية فنىويمكن أن ن تخلص من  ل. أن ه ه النتام  تؤكد الدور الفعال ال ى تلعبأ العوامل الو

أجننة  ر ه ه الرفاء ول ل. يمكنن تت نين القندرة رلنى الإ نتجابة لىرارنة المتنو. وإنتناج أشنباهتعبي
وقنندرتها رلننى التكشننف الننى نباتنناء خضننراء رننن  ريننف نقلهننا مننن الأرننناف الأرلننى إ ننتجابة الننى 

ارنة الأرناف ضعيفة الإ تجابةأ وه ا يكون أ هل بكثينر منن معالجنة البيمنة الم  ينة وظنروف الىر
 عمل خارة وأنأ ثبء من الدرا اء ال نابقة أن كنل تركينب وراثنى قند يتتناج النى ظنروفداخل الم

 متددة تختلف رن الآخر لكى يمكنأ إنتاج نباتاء أتادية 
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Table 1: Analysis of variance for all studied traits at single medium and their combined data over two media 
Note: The percentages data were transformed by arcsin x½   prior to statistical analysis for all traits except embryoid induction percentage. 

*,** denote significant at 0.05 and 0.01 levels of probability, respectively.  

 
 
 
 
 

S.O.V 
d.f Anther responded Embryoid induction Green plants Albino plants Total plants 

S. C. M1 M2 Comb M1 M2 Comb M1 M2 Comb M1 M2 Comb M1 M2 Comb. 

Media(m) - 1 - - 127.79** - - 8.99** - - 351.49** - - 7.55* - - 596.57** 

R./m. 4 8 0.57 0.29 0.44 0.06 0.01 0.04 4.01* 0.66 2.34 4.04 3.66* 3.85* 2.92 3.39 3.16 

Entries(E) 10 10 47.73** 47.35** 79.35** 5.19** 1.45** 5.36** 273.2** 143.8** 391.7** 78.32** 78.7** 97.22** 543.16** 349.17** 756.85** 

Parents(P) 4 4 56.50** 8.93** 54.49** 5.10** 2.04** 6.57** 326.9** 182.1** 481.2** 98.96** 124.2** 203.20** 707.01** 457.15** 1089.7** 

P.VS.C 1 1 182.39** 58.57** 223.83** 27.6** 3.38** 25.2** 142.7** 118.6** 260.7** 3.97 4.79 0.02 260.35** 78.14** 311.88** 

Crosses(C) 5 5 13.78** 75.85** 70.35** 0.78** 0.59** 0.43** 256.2** 118.2** 346.1** 76.68** 56.97** 31.88** 468.63** 316.99** 579.57** 

Females(F) 2 2 19.98** 45.40** 54.73** 1.45** 0.76** 0.56** 98.1** 50.1** 122.1** 56.26** 46.33** 66.77** 420.37** 232.47** 455.82** 

Males (M) 1 1 17.88** 168.79** 148.27** 0.14 1.32** 0.30 813.5** 461.9** 1250.7** 0.15 1.68 0.41 1153.9** 690.72** 1815.11** 

F x M 2 2 5.53* 59.83** 47.02** 0.42 0.05 0.35 135.7** 14.59** 117.8** 135.4** 95.25** 12.72** 174.25** 214.64** 85.55** 

E. x m. - 10 - - 15.73** - - 1.28** - - 25.30** - - 59.74** - - 135.47** 

P x m - 4 - - 10.95** - - 0.57** - - 27.63** - - 19.97** - - 74.47** 

P.VS.Cxm. - 1 - - 17.12** - - 5.83** - - 0.55 - - 8.74* - - 26.61* 

C x m. - 5 - - 19.28** - - 0.94** - - 28.39** - - 101.77** - - 206.05** 

F x m. - 2 - - 10.65** - - 1.65** - - 26.13** - - 35.81** - - 197.02** 

M x m. - 1 - - 38.40** - - 1.16** - - 24.70** - - 1.42 - - 29.55** 

Fx M x m. - 2 - - 18.35** - - 0.12 - - 32.49** - - 217.90** - - 303.34** 

Error 40 80 0.73 0.12 0.42 0.14 0.04 0.09 1.53 1.17 1.35 2.34 1.25 1.80 5.21 3.24 4.23 
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Table 2: The mean performances of all entries at each medium and their combined data for all studied traits 

Entries. 
Anther  responded Embryoid ind. Green plants Albino plants Total plants 

M1 M2 Comb. M1 M2 Comb. M1 M2 Comb. M1 M2 Comb M1 M2 Comb. 

1 8.86 4.03 6.44 4.01 3.26 3.64 29.23 23.21 26.22 14.36 16.26 15.31 47.5 42.4 44.94 

2 2.18 0.86 1.52 2.46 2.34 2.40 10.95 9.67 10.31 8.17 5.86 7.01 19.4 15.7 17.53 

3 2.35 1.58 1.97 1.96 2.42 2.19 18.43 10.49 14.46 19.77 18.67 19.22 40.3 29.1 34.68 

4 0.93 1.27 1.10 2.05 1.82 1.94 12.71 12.01 12.36 17.1 14.94 16.02 30.9 29.1 30.02 

5 0.66 0.79 0.73 1.31 1.62 1.47 9.33 8.17 8.75 12.36 16.50 14.43 22.1 26.0 24.04 

3 x 1 7.94 3.68 5.81 3.95 3.32 3.63 27.40 19.15 23.28 18.91 8.75 13.83 51.7 28.6 40.21 

4 x 1 5.06 3.35 4.20 3.28 3.04 3.16 17.22 16.38 16.80 13.07 14.48 13.78 31.5 32.2 31.82 

5 x 1 9.28 11.42 10.35 3.92 2.64 3.28 29.09 23.21 26.15 12.48 19.03 15.76 44.6 46.1 45.35 

3 x 2 5.99 1.27 3.63 3.63 2.8 3.22 16.33 11.89 14.11 12.83 15.07 13.95 30.3 27.8 29.05 

4 x 2 5.16 1.89 3.53 3.52 2.56 3.04 14.48 10.60 12.54 11.30 12.48 11.89 26.5 23.6 25.04 

5 x 2  6.49 1.05 3.77 4.40 2.38 3.39 11.66 12.71 12.18 20.75 13.30 17.02 33.8 26.8 30.29 

LSD 0.05 
        0.01 

1.09 0.43 0.81 0.47 0.26 0.37 1.58 1.38 1.44 1.95 1.43 1.66 2.92 2.30 2.55 

1.46 0.58 1.06 0.63 0.35 0.49 2.11 1.84 1.89 2.61 1.91 2.19 3.90 3.07 3.35 
Note: The percentages data were transformed by arcsin x½ prior to statistical analysis for all traits except embryoid induction percentage. 
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Table 3: Estimates of heterosis relative to mid-parents (M.P)  for all studied traits at each medium and their 
combined data 

 Anther  responded Embryoid ind. Green plants Albino plants Total plants 

 M1 M2 Comb. M1 M2 Comb. M1 M2 Comb. M1 M2 Comb M1 M2 Comb. 

3 x 1 41.53** 31.57** 38.24** 31.97** 16.90** 24.63** 14.99** 13.67** 14.44** 10.78* -49.91** -19.90** 17.89** -19.75** 1.00 

4 x 1 3.22 26.26** 11.31* 8.12 19.69** 13.39** -17.88** -6.97* -12.90** -16.92** -7.17 -12.07** -19.69** -10.06** -15.07** 

5 x 1 94.92** 373.86** 188.68** 47.37** 8.20 28.63** 50.88** 47.94** 49.56** -6.57 16.20** 5.97* 28.28** 34.68** 31.47** 

3 x 2 165.22** -6.32 108.85** 64.25** 17.65** 40.09** 11.16* 17.96** 13.93** -8.13 22.94** 6.39* 1.44 24.35** 11.24** 

4 x 2 233.03** 76.64** 169.16** 55.75** 23.08** 39.77** 22.40** -2.18 10.65** -10.50 19.96** 3.26 5.25 5.37 5.35 

5 x 2 357.04** 28.54 235.29** 132.80** 20.20** 75.19** 14.97* 42.49** 27.85** 102.2** 18.96** 58.81** 63.07** 28.40** 45.70** 

LSD  0.05 0.95 0.38 0.70 0.41 0.23 0.32 1.37 1.19 1.25 1.69 1.24 1.44 2.53 1.99 2.21 

         0.01 1.27 0.50 0.92 0.55 0.30 0.42 1.83 1.60 1.64 2.26 1.66 1.89 3.38 2.66 2.90 

*,** denote significant at 0.05 and 0.01 levels of probability, respectively. 
Note: The percentages data were transformed by arcsin x½ prior to statistical analysis for all traits except embryoid induction percentage. 

 
Table 4: Estimates of heterosis relative to better parent (B.P) for all studied traits at each medium and their combined data 

 Anther  responded Embryoid ind. Green plants Albino plants Total plants 

 M1 M2 Comb. M1 M2 Comb. M1 M2 Comb. M1 M2 Comb M1 M2 Comb. 

3 x 1 -10.36 -8.59 -9.81** -1.60 1.84 -0.06 -6.25* -17.48** -11.22** -4.35 -53.13** -28.04** 8.97** -32.36** -10.53** 

4 x 1 -42.91** -16.97** -34.80** -18.3** -6.75 -13.12** -41.09** -29.42** -35.92** -23.58** -10.93* -14.01** -33.67** -24.20** -29.19** 

5 x 1 4.72 183.37** 60.57** -2.24 -19.02** -9.77** -0.48 0.01 -0.26 -13.08 15.36** 2.89 -5.99 8.59** 0.90 

3 x 2 155.06** -19.37 84.94** 47.56** 15.70** 33.96** -11.39* 13.35* -2.39 -35.08** -19.27** -27.40** -24.85** -4.34 -16.25** 

4 x 2 136.79** 48.82** 131.97** 43.09** 9.40 26.67** 13.93* -11.71* 1.47 -33.89** -16.49** -25.78** -14.35** -18.96** -16.60** 

5 x 2 197.71** 22.56 148.16** 78.86** 1.71 41.25** 6.47 31.44** 18.12** 67.86** -19.39** 17.97** 53.18** 2.91 26.01** 

LSD  0.05 1.09 0.43 0.81 0.47 0.26 0.37 1.58 1.38 1.44 1.95 1.43 1.66 2.92 2.30 2.55 

        0.01 1.46 0.58 1.06 0.63 0.35 0.49 2.11 1.84 1.89 2.61 1.91 1.89 3.90 3.07 3.35 

*,** denote significant at 0.05 and 0.01 levels of probability, respectively. 
Note: The percentages data were transformed by arcsin x½ prior to statistical analysis for all traits except embryoid induction percentage. 
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