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II. Variation in chromosome number of plants
regenerated from stem segments in vitro
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Summary

Two plant populations from callus originated from internodal stem segments of Chrys-
anthemum morifolium cvs. “Kayd-no-sakura” (2n==54) and ‘“Matsu-no-yuki” (2n=>56)
were studied on differences in somatic chromosome number in root tip cells of top cuttings.

In each population, variation in chromosome number was observed not only among
plants but also in the roots and/or cells of a plant. In the plant with the variation be-
tween cells, there were detected a large part of cells having a principal chromosome num-
ber along with some variant cells in which one to two chromosomes were lost or added
to the main chromosome constitution.

The main chromosome numbers of the plants regenerated {rom “Kayd-no-sakura’ varied
between 51 and 54. Out of the 34 regenerated plants, 16 were lower in the chromosome
numbers than the parental plant, and the remains had 54 chromosomes. The variation
in number within and/or between roots was found in all the 27 except 7 plants with uniform
chromosome number. Fragments and large chromosomes with secondary constriction
were frequently observed in their cells.

Variation in chromosome number of the plants produced from “Matsu-no-yuki”
was similar to that of the plants from “Kayd-no-sakura™; the main chromosome number
of the plants had a range of 2n=54-56, and the rate of the plants with lower chromosome
number than the parental plant were 70%,. The plants originated from the same inter-
nodal stem showed different chromosome number each other.

Some changes in the phenotypes such as flower color, inflorescence size, floret shape and
plant height were observed among the plants regenerated from ‘“Kayd-no-sakura®, but
these changes were rarely observed among the regenerates from “Matsu-no-yuki®.
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Table 1.  Chromosome numbers of mitotic cells in root tips of parental plants of Chrysanthemum
morifolium cv. “Kayd-no-sakura” and “Matsu-no-yuki”.
Distribution of cells
Cultivar Plant no.  No. of cutting No. of root  No. of cell  chromosome number
54 56 57
Kayo-no-sakura 1 7 20 447 447
2 3 9 164 164
Matsu-no-yuki 1 5 25 520 505 15
2 3 14 248 248
3 3 14 350 350
4 3 12 493 493
Table 2. Variation of chromosome number within individual plant regenerated from stem
segments of Chrysanthemum morifolium cv. “Kayd-no-sakura®.
Distribution of cells
Plant Cutting Root  No. of
no. no. no. cell Chromosome number
50 51 52 53 54
B4 1 1 34 1 33
2 50 50
3 74 72 2
4 98 22 6
5 40 35, 5(+1)
2 1 27 27
2 26 1(+1£) 24, 1(+1)
3 12 12
4 11 11
5 16 16
3 1 30 5, 22(+1), 1(+42f) 2
2 20 3, 16(41), 1(+2f)
3 14 4(+50) 8 2
4 22 12 10
D-12 1 1 21 21
2 14 13, 1(+f)
3 29 28, 1(+1£)
4 10 10
5 4 4
2 1 27 26, 1(+1)
2 14 14
3 12 12
4 2 2
5 4 4
3 1 7 7
2 9 9
3 17 1(+4f4sc) 16
4 11 11
5 23 22, 1(+1)

{: Fragment chromosome.

sc: Large chromosome with secondary constriction.
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Table 3. Variation in chromosome number within a plant regenerated from a stem segment
of Chrysanthemum morifolium cv. “Matsu-no~-yuki”.

Distribution of cells

Plant no. Cutting no. Root no. No. of cell Chromosome number
53 54 55 56
M-1 1 1 19 11, 8(+1)
2 14 14(-+1)
3 22 3, 17(+1) 2
4 26 26
1 10 8(-f-+sc) 2(--2f)
1 23 1(-+2f) 21(--1) 1
2 46 2, 44(+f)
3 24 14, 10(+f)
4 21 21(+1)
5 28 28(+1)

f: Fragment chromosome. sc: Large chromosome with secondary constriction.




Table 4. Chromosome numbers of mitotic cells in root tips of regenerated plants from stem segments of Chrysanthemum morifolium cv. “Kayd-no-~

sakura”.
Distribution of cells
Plant no.  No. of cutting No. of root  No. of cell Chromosome number
50 51 52 53 54 55
A-1 2 8 126 126
2 3 10 109 15 93, 1(-+f1)
3 3 13 221 178 43
4 2 9 81 1(+f) 79, 1(+2f)
B- 1 3 15 242 17, 2(+-1) 223
2 3 13 264 264
3 2 8 253 252, 1{+1)
4 3 14 404 1, 1(+46), 4(+sc) 330, 44(+F), 2(-+2f) 22
5 3 15 257 32, 1(-+1) 222, 2(+1)
6 2 8 168 25, 2(+f) 140, 1(+1)
7 3 15 322 320 2
8 3 14 265 6, 1(+1) 257, 1(+f)
C-1 3 14 265 2, 1(+1) 262
2 3 15 244 239,2(+1) 3
D- 1 3 12 132 2(+4sc) 2,1(+1) 127
2 3 12 257 (1) 252, 1(+f)
3 3 11 228 7 221
4 3 13 413 2(-+sc) 401, 10(+1)
5 3 12 208 206, 1(41) 1
6 3 14 293 2(+sc) 2, 2(+1) 287
7 3 11 187 4({+sc) 178 5
8 3 12 242 239, 1(41), 2(+2f)
9 3 14 137 2(+1) 135
10 3 11 258 2(+1), 3(+sc) 252, 1(+f)
11 3 14 205 205
12 3 16 209 1(4-f+sc) 40, 1(4-f) 164, 3(-+1f)
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f: Fragment chromosome.

Table 5.
yuki®.

sc: Large chromosome with secondary constriction.

Chromosome numbers of mitotic cells in root tips of regencrated plants from stem segments of Chrpsanthemum morifolium cv. “Matsu-no-

Parental plant

Regenerated plant

Distribution of cells

Chromosome number

Plant no.  Shoot no. Segment no. Prlfg_lt clii)t'is; I\i?)‘o?f Ncoe.nof 3 ” e P
1 2 2 M- 1 3 10 233 14(+1) 26, 1(+2f), 8(+f+sc) 28, 105(41), 2(+2f) 5, 44(+1)
2 1 2 M- 2 3 12 273 H{4-2£), 1(+sc) 268, 3(+f)
3 M- 3 3 14 438 2(+41), 5(+4sc) 412, 5(+41), 2(+sc) 11 1
3 M- 4 3 15 470 469, 1(+1)
4 M-5 3 12 329 1(+1) 327, 1(+f1)
3 2 1 M- 6 3 15 403 401, 1(+4f), 1(+sc)
2 M- 7 3 15 482 482
4 2 3 M- 8 3 15 510 1{+1) 499, 1(+1)
2 M- 9 3 15 371 4, 1(+1§) 292, 23(+1) 51
3 M-10 3 16 282 279 3

f: Fragment chromosome.

sc: Large chromosome with secondary constriction.
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Table 6. Frequency of abnormal mitotic divisions in root tips of parental plant cv. “Kays-no-
sakura”.

Cutting No. of No. of cells at anaphase No. of cells at telophase

no. root With bridges With laggards Total ~ With bridges With laggards Total
1-1 3 3 2 96 7 7 174
2 3 4 3 98 2 5 179

3 4 9 5 192 0 6 125

4 3 4 4 86 3 1 70

5 5 1 3 91 1 2 67

6 3 1 0 18 1 0 42

7 3 5 0 92 6 3 98

8 5 2 1 156 0 1 107

9 4 3 2 138 3 2 91
10 5 1 0 102 6 1 207
Total 38 33 20 1069 29 28 1160

Table 7. Frequency of abnormal mitotic divisions in root tips of regencrated plants from cv.
“Kayo-no-sakura’.

No. of cells at anaphase No. of cells at telophase

Plant no. No. of root
With bridges With laggards Total =~ With bridges With laggards Total

A-3 3 3 0 229 7 4 456
A4 3 3 3 106 2 3 166
B-1 3 0 2 58 8 4 218
B-2 5 0 1 65 4 7 224
Total 14 6 6 456 21 18 1067
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Fig. 1. Chromosomes in a root tip cell of parental plant cv. “Kayd-no-sakura”. 2n==54. xca. 1700.
Fig. 2-5. Chromosomes in a root tip cell of regenerated plants from “Kayd-no-sakura”. xca. 1700.
Fig. 2. A-I plant, 2n=53. Fig. 3. B-7 plant, 2n=52.. Fig. 4. B-2 plant, 2n=>51. Fig. 5. D-8
plant, 2n=54--2f. Arrow marks indicate fragments. ‘ )
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4 Matsu-noyuki’. .

Fig. 7-10. Chromo: root tip cell of regenerated plants from “Matsu-no-yuki”. xca. 1700,

Fig. 7. M-6 plant, 2n=55. Fig. 8. M-6 plant, 2n=>55-+sc. An arrow mark indicates a large
chromosome with secondary constriction. Fig. 9. M-3 plant, 2n=>54. Fig. 10. M-5 plant,
2n=56-+f. An arrow mark indicates a fragment.
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Fig. 11-14.  Abnormal mitotic division in parental plant cv. “Kayd-no-sakura”. xca. 1700. Fig. 11.
Chromosome bridges at late anaphase. Fig. 12. A lagging chromosome at late anaphase.
Fig. 13. A chromosome bridge at telophase. Fig. 14. Micronuclei at resting stage.
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Fig. 15. Inflorescence of “Kayd-no-sakura”.

Fig. 16-18. Inflorescence of regenerated plants from *“kayé-no-sakura”. Fig. 16. B-2 with yellow
tubular florets. Fig. 17. C-2 with white flat florets. Fig. 18. B-4 with different inflores-
cences. Left: normal, right : pink tubular florets.




