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Chromosome Pairing Set and the Presence of Unreduced Gametes Explain the Possible Origin of
Polyploid Progenies from the Diploids ‘Tosa- Buntan’ X ‘Suisho- Buntan’ Pummelo

Xiaoling Yang*, Akira Kitajima** and Kojiro Hasegawa
Faculty of Agriculture, Kochi University, Nankoku, Kochi 783-8502

Summary

To clarify why polyploids were generated from the cross of the diploids ‘Tosa-Buntan’ and ‘Suisho
-Buntan’ pummelo (Citrus grandis [L.]Osb.), the chromosome compositions of their di-, tri~, and
tetraploid progenies, based on CMA staining, and their chromosome parings were observed.

1. Thirteen kinds of chromosome composition were manifested by 38 diploid seedlings indicating
that the chromosome compositions of seedlings are highly variable.

2. Among the 13 kinds of diploid chromosome composition, the number of chromosome varied 1 to
3 in chromosome type— A, O to 1 in type—-B, 3 to 5 in type—C, 2 to 4 in type-D, and 8 to 10 in type-
E. The number of chromosome type— A varied 1 to 2 among the chromosome compositions with
chromosome type-B. From these results, the paring set of the chromosome type in ‘Tosa-Buntan’
was estimated as AB+CC+CC+CD+DE+EE+EE+EE+EE or AB+CC+CC+DD+ CE+EE+EE+EE+EE.

3. Among six triploid seedlings, three kinds of chromosome composition exist which suggested that
they resulted from unreduced female gamete at the first or second meiotic division, or unreduced male
gamete at the second meiotic division.

4. Among three tetraploid seedlings, two kinds of chromosome composition exist. Because the
chromosome compositions had two type - B chromosomes and an even number of chromosome of any
other type, they probably resulted from the combination of an unreduced female with unreduced male
gametes at the second meiotic division.

These results showed that the triploid seedlings from diploid ‘Tosa-Buntan’ X ‘Suisho-Buntan’
crossing also originated from an unreduced male gamete as well as from an unreduced female gamete.
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Fig. 1.

Photographs of chromosome from diploid, triploid and

tetraploid hybrid seedling between ‘Tosa—Buntan’ and
‘Suisho- Buntan’ pummelo. A and B: 2n=2X=18, C and D:
2n=3X=27, E and F: 2n=4X=36. A, C and E are Giemsa
staining and B, D and F are CMA staining.
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Diploid seedling (2n=18) 2A+IB+3C+4D+8E
Triploid seedling (2n=27) 2A+1B+7C+4D+13E
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Tetraploid seedling (2n=36) 4A+2B+6C+6D+18E

Fig. 2. Schematic representations of chromosome according to
the position of CMA positive (CMA(+))bands derived from
the seedlings shown in Fig. 1. The black marks ( Il )
indicate CMA(+) regions. Chromosome type— A has two
terminal CMA(+) regions and a proximal one. Type - B has
one terminal CMA(+) region and a proximal one. Type—-C
has two terminal CMA(+) regions. Type-D has one
terminal CMA(+) region. Type - E has no CMA(+) region.
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Table 1. Chromosome composotion based on CMA banding
pattern of diploid seedlings from ‘Tosa—Buntan’ X

‘Suisho - Buntan’ pummelo.

No. of
seedling

Chromosome

Parent and progeny composition”

1A+1B+5C+2D+9E
3A+3C+3D+9E

‘Tosa- Buntan™
. ‘Suisho- Buntan™

2A+1B+4C+3D+8E
1A+1B+4C+3D+9E
2A+1B+3C+4D+8E
2A+1B+4C+2D+9E
1A+1B+5C+2D+9E
1A+1B+4C+4D+8E
1A+1B+5C+3C+8E
2A+1B+3C+3D+9E
2A+4C+2D+10E
2A+1B+3C+2D+10E
2A+5C+3D+8E
3A+4C+2D+9E
3A+3C+3D+9E

Diploid seedling

— e = NN NN WL NN

* See Fig. 2.

¥ ‘Tosa-Buntan’ and ‘Suisho- Buntan’ are seed parent and
pollen parent, respectively. Their chromosome compositions
are based on Befu et. al. (2000, 2001).
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Table 2. Expected and actual values in each type of chromosome number among diploid seedlings from ‘Tosa— Buntan’ X

‘Suisho - Buntan’ pummelo.

Chromosome number of parents’

Range of chromosome number in diploid seedlings

T f
ypeo i “‘Suisho- Whole seedlings Seedlings with type - B chromosome
chromosome ‘Tosa - Buntan’ ,
Buntan Expected* Practical Expected" Practical

A 1 3 1-3 1-3 1-2 1-2

B 1 0 0-1 0-1 - -

C 5 3 3-5 3-5 3-4 3-5

D 2 3 2-3 2-4 1-3 2-4

E 9 9 8-10 8-10 8-9 8-10
% See Fig. 2.

¥ See Table 1.

* Values based on the assumption of paring in even number of same type chromosome.

¥ Values in the case of paring with type— B chromosome.
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Table3. Possible chromosome composittion of ‘Tosa-Buntan’ gamete based on the estimated

chromosome paring.

Estimated chromosome paring

AB+CC+CC+CD+DE+EE+EE+EE+EE  AB+CC+CC+DD+DE+EE+EE+EE+EE

Chromosome 1A+3C+1D+4E 1A+3C+1D+4E
composition” of 1A+3C+5E
gamete 1A+2C+2D+4E
1A+2C+1D+5E 1A+2C+1D+5E
1B+3C+1D+4E 1B+3C+1D+4E
1B+3C+5E
1B+2C+2D+4E
1B+2C+1D+5E 1B+2C+1D+5E
? See Fig. 2.

Tabled. Chromosome composition of triploid and tetraploid seedlings from ‘Tosa-Buntan’ X ‘Suisho-Buntan’ pummelo and
possible gametic chromosome composition of the parents.

Chromosome

Chromosome some No. of Possible chromosome composition of gamete Unreduced Unreduced
number (2n) composition seedling gamete’ division”
of seedling “Tosa- Buntan’ ‘Suisho - Buntan’
27 2A+1B+7C+3D+14E 3 1A+1B+5C+2D+9E 1A+2C+1D+5E F 1
1B+3C+1D+4E 2 (1A+2C+1D+5E) M I
27 2A+1B+7C+4D+13E 2 1A+1B+5C+2D+9E 1A+2C+2D+4E F I
1B+3C+5E 2 (1A+2C+2D+4E) M I
27 2A+2B+6C+3D+14E 1 2 (1B+2C+1D+5E) 2A+2C+1D+4E F I
36 2A+2B+8C+4D+20E 2 2 (1B+2C+1D+5E) 2 (1A+2C+1D+SE) F-M I
2 (1B+3C+5E) 2 (1A+1C+2D+5E) F-M I
36 4A+2B+6C+6D+18E 1 2 (1B+2C+1D+5E) 2 (2A+1C+2D+4E) F-M I
2 (1B+2C+2D+4E) 2 (2A+1C+1D+5E) F-M I
“ See Fig. 2.

Y F: female, M : male, F+ M : female and male.

* 1 : Unreduced first meiotic division, II : Unreduced second meiotic division.
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2l A X development after 4x X 2x and 4x X 4x crosses in citrus.
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