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Abstract
Introduction
The endosperm (3n) is the food source for the embryo, which has received two polar nuclei from
the maternal parent 2n and one sperm cell from the paternal parent 1n. Traditionally, triploid
plants are created by crossing between tetraploid plants and diploid plants. To carry out this
method, it is necessary to create tetraploid lines, and it is possible to double the chromosomes of
diploid species by using substances that inhibit the formation of the division spindle. The
advantage of endosperm culture over the traditional method is that the production of triploid
plants in endosperm culture is done in a single step, and the time required to generate a triploid
plant is less than in the traditional method. Increasing the level of ploidy of the nucleus can affect
the plant's physiological and biochemical processes as well as altering the rate of photosynthesis,
respiration, activity of genes, enzymes, and expression of isoenzymes compared with diploid
types. They will have a new phenotype and can surpass the range of traits of their diploid
ancestors such as increasing biomass and changing the quality and concentration of plant active
ingredients, increasing resistance to drought stress, and resistance to pests. Therefore, the chance
of their selection will increase.
Materials and methods
Immature seeds were collected in late May, about 35 to 45 days after pollination, and mature
seeds were harvested after fully ripening approximately in late July, and disinfection using a
stereomicroscope with 60 times magnification under a laminar hood. The endosperm tissue was
separated from the seed coat and embryo. In this study, mature and immature endosperm tissues
of the mooseer plant were cultured onto hormonal compounds for callus induction in dark
conditions for three months. In further experiments, the effects of sucrose were investigated at
two levels of 30 and 50 gl and the combination of BAP and NAA treatments on mooseer
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production. The flow cytometry method and chromosome counting were used to determine the
ploidy levels of regenerated plants.

Results

In this study, the treatment of 1 mg L1 of NAA and 1 mg L of BAP indicated the highest
percentage of callus formation in both mature and immature tissues of mooseer endosperm.
Seedlings produced in the treatment of 0.5 mg L1 of NAA and 3 mg L1 of BAP in culture
medium with 50 g of sucrose caused the production of bulblet with greater length and diameter.
The present study identified the cytogenetic properties, chromosome counts, and stomatal sizes of
triploid plants regenerated from both mature and immature endosperm tissue of mooseer, using
flow cytometry. A total of 12 triploid seedlings were obtained from mature tissue, while 8
seedlings were obtained from immature tissue.

Conclusion

Traditionally, triploids are produced by hybridization between induced superior tetraploids and
diploids, but endosperm culture is a one-step protocol. In this study, according to the sexual and
asexual propagation (propagation through daughter bulbs) of mooseer, the modification and
production of the triploid plants in mooseer allow the propagation of this plant through daughter
bulbs. Generally, triploid plants were successfully produced through the endosperm culture
method.

Keywords: Bulblet, Chromosome, Flow cytometry, Mooseer, Ploidy, Seed.
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Figure 1. Callus production from mature endosperm tissue after about 3 months in dark conditions
(left), transfer callus to light condition in MS medium without plant growth regulator PGR (right)
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Table 1. Analysis of variance the effect of plant growth regulators on callus percent and the number
of primary shoots and primary bulbs in two types of endosperm tissue.

Mean of squares

S.0.vV df Percentage of Number of primary Number of
callusing shoots primary bulblet
Endosperm tissue 1 5633.628™ 5130.141* 64.00*"
PGR 7 4091.581* 2561.337* 208.563*"
Endosperm tissue x PGR 7 685.016™" 413.819™ 20.00*
Error 48 300.812 185.734 9.240
CV (%) 13.12 9.37 14.28

Respectively, ns, *, ** indicate non-significance and significance at the probability level of 5% and 1%

Table 2. Effect of different PGR combination on callus formation and number of primary shoot and
bulblet derived from mature and immature endosperm tissue

Type of PGR treatment Callus percent ~ Number of primary Number of
tissue shoots primary bulblet
-1 - -1
1.5 mglt 2,4- D+ 0.5 mgl't BAP 0.00 ¢ 0.00° 0.00¢
-1 - -1
2 mglt 2,4- D+ 1 mgl't BAP 8.33bc 4. 75¢ 1.00%
-1 - -1
1.5 mgl? 2,4- D+ 0.5 mgl-t KIN 0.00 ¢ 0.00 f 0.00¢
-1 - -1
Immature 2 mglt 2,4- D+ 1 mglt KIN 16.66b¢ 10.00def 2.50bc
endosperm
0.5 mglt NAA+ 0.5 mglt BAP 20.83bc 14.000%f 4.50bcd
-1 -1
1 mglt NAA+ 1 mgl BAP 62.49 4 43.75bc 18 758
0.5 mglt NAA+ 0.5 mglt KIN 62.49 2 12 50def 3.00¢
-1 1
1 mgl't NAA+ 1 mglt KIN 16,665 9 500kt 3,00
1.5 mgl? 2,4- D+ 0.5 mglt BAP 8.33bc 4,956 1 250
-1 - -1
2mglt 2,4- D+ 1 mgl! BAP 16,665 14 250t 3 250
-1 - -1
1.5 mgl? 2,4- D+ 0.5 mgl-t KIN 29 16be 26,00k 5 750
Mature 2 mg/l 2,4- D+ 1 mg/l KIN b bed b
endosperm 37.49 31.25b 6.00¢bc
-1 -1
0.5 mgl't NAA+ 0.5 mgl BAP 33.33b 29.00bed 5. 75bc
-1 -1
1 mglt NAA+ 1 mglt BAP 8762 2 76,258 15 258
0.5 mglt NAA+ 0.5 mgl KIN 12.490c 8. 750t 2 50
-1 1
1 mgl't NAA+ 1 mglt KIN 70.83 2 48.00b 9.00b

Mean followed by similar letters in each column, are not significantly different at the 5% level of
probability.
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Table 3. Analysis of the variance bulblet diameter and length under the PGR

Mean of squares

S.0VvV df Bulblet diameter Bulblet length
PGR 7 134.469™ 166.962""
Error 24 1.884 4.375

CV (%) 10.9 7.87

Respectively, ", *, ** indicate non-significance and significance at the probability

level of 5% and 1%
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Figure 5. Chromosome number of plants regenerated from endosperm culture. a) Diploid plants

(2n=2x=16). b) Triploid plants (3n=3x=24)
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Figure 6. Flow cytometry histogram in plants regenerated from mooseer endosperm tissue a)
standard plant (Allium cepa cv. Alice) (Blue curve) and mooseer diploid plant (Red curve), b)
standard plant (Blue curve) and mooseer triploid plant (Red curve).
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