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A study on the induction of polyploidy in red-fleshed apple ‘ Hongcuitian’

MA Rongqun, ZHANG Ruifen, SONG Zhengxu, WAN Shuwei, SHA Guangli’, GE Hongjuan
(Qingdao Academy of Agricultural Sciences, Qingdao 266100, Shandong, China)

Abstract: [Objective] The method of polyploid induction of red-fleshed apple was established by in vi-
tro regeneration combined with polyploidy induction on the basis of tissue culture of red-fleshed apple
“Hongcuitian’. The expected goals were: (1) to obtain the bigger red- fleshed apple by chromosome
doubling; (2) to select the new triploid apple by crossing the new tetraploid apple with the new diploid
apple; (3) to evaluate the adaptability of apple rootstocks based on the characteristics and stress resis-
tance of the polyploid plants. [Methods]The new shoots of ‘Hongcuitian” were used as the explantlet,
disinfection treatment, bud induction and subculture protocols were established. The stem segments
were shaking cultured in 250 mg - L' colchicine solution for 12, 24 or 48 h. The explants were then
transferred to regeneration medium (MS + 6-BA 0.5 mg- L' + NAA 0.05 mg - L"). The leaf explants
were precultured in 200 mg- L', 250 mg- L', 350 mg- L' or 500 mg - L' colchicine solution for 4 days
and then transferred to the most suitable medium for regeneration, which was screened from MS medi-
um supplemented with different concentrations of TDZ. All the regenerated plants were tested for ploi-
dy by flow cytometry. The plant height, leaf length and leaf width of the diploid ‘Hongcuitian” and the
tetraploid ‘Hongcuitian’ were measured and the changes of leaf edge sawtooth and leaf color were ob-
served at 55d seedling age. [Results] Plant regeneration was affected by hormone types and concentra-
tions in the medium. The effect of MS medium with different concentrations of TDZ on adventitious
bud regeneration was different. MS+TDZ 2.0 mg-L'+NAA 0.1 mg-L" had the best induction effect on

the leaves. The average regeneration frequency of adventitious buds was 76.47%, which was significant-
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ly higher than that of the other two mediums. The average number of regenerated buds was 5.3. The ad-
ventitious buds could further develop into seedlings by transferring them into the medium of MS+6-BA
0.1 mg-L'+NAA 0.05 mg- L. Polyploidy induction of stem segments showed that the survival rate of
stem segments decreased with the extension of shaking culture time, indicating that long-term colchi-
cine immersion accelerated the destruction of cells and caused tissue death. The results of ploidy deter-
mination showed some mixed ploidy, but no tetraploidy was detected. Polyploidy was induced from
leaves at room temperature with colchicine at concentrations up to 500 mg- L. Under this high concen-
tration leaf explants turned brown on the second day. Under the other three concentrations, the regener-
ated plants were identified as mixed and tetraploid. Therefore, 200-350 mg - L' colchicine was suitable
for chromosome doubling of regenerated plants from the leaves. It was also found that the proportion of
mixed-ploidy plants decreased from 31.85% to 5% with the increase of subculture times, and diploidy
of plants was restored after the stem regeneration. The tetraploid plants could not be obtained by stem
regeneration, but stable tetraploid plants could be obtained by leaf regeneration induced by colchicine
solution. The yield of tetraploid plants measured in two trials (2018-10 and 2019-06) was close to 20%.
The characters of diploid and tetraploid plants at 55 days seedling age were determined, the height of
tetraploid plant was 7.4 cm, which was 30% lower than that of the control; the leaf widths of tetraploid
and diploid plants were similar, but the leaf length of tetraploid plants was shorter, which caused the
leaf shape index to reduce from 2.05 to 1.42, and leave color changed from light green to dark green.
[ Conclusion] The method of chromosome doubling by leaf induction was more appliable than by stem
induction, and chromosome doubling caused significant changes in plant height, leaf length, leaf color
and leaf edge compared with the control diploidy plants.

Key words: Red-fleshed apple; Leaf regeneration; Polyploid; Ploidy identification
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F1 FREBEFENHATEFHENI
Table 1 Effects of different media on adventitious bud

regeneration from leaves

R2 MKUFRENM FBEERE BKESHFIE
Table 2 Effect of colchicine concentration on polyploidy

induction of regenerated plants from leaves

FEFFEHE LN

ik ALY
Frequency of Number of .

Culture .. Callus formation

medium adventitious bud regenerated rate/%
regeneration/% buds ’

TO 46.56 ¢ 251¢ 100.00

T® 61.11b 345b 100.00

™ 76.47 a 530a 100.00

U R PR R NS T RERTE 0.05 KPR RE.
Note: Small letters indicate significant difference at p << 0.05.
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Table 3 The results of polyploid induction of regenerated plants from stem segments and leaves

Wil 0 VISR WE SR R AR VU ftkg RIS E  REEEKRSE DR S
I\)leasurément date Processing Total number  Mixoploid Tetrapoid Undoubled Ratio of mixoploid  Ratio of tetraploid
object of plants plants number  number plant number  plants/% plants/%
2017-10-15—17 ENEY 135 43 0 92 31.85 0.00
Stem segments
2018-07-10—13 E N2 195 23 0 172 11.79 0.00
Stem segments
2018-10-22—24 Loy 160 17 31 112 10.63 19.38
Leaves
=B 40 2 0 38 5.00 0.00
Stem segments
2019-06-18—22  HfjT 151 11 29 111 7.28 19.21

Leaves
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A. adventitious buds of leaf regeneration after 55 days of inoculation; B. Some of the adventitious buds developed into seedlings; C. Relative con-
tent of nuclear DNA in diploid cells; D. Relative content of nuclear DNA in tetraploid cells; E. Relative content of nuclear DNA in mixed ploidy cells
of diploid and tetraploid; F. Chromosome count of diploid Hongcuitian; G. Chromosome count of tetraploid Hongcuitian; H. Hongcuitian diploid
(left) and tetraploid (right) plantlets transplanted in vitro; 1. direct comparison of diploid (left) and tetraploid (right) leaves.
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Fig. 1 Polyploid induction and identification of ‘Hongcuitian’
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Table 4 Comparison of traits between diploid and tetraploid plants at seedling age of 55 days
4 Ploid BibkEE KR oA R R i
" Plant height/cm  Leaf length/cm  Leaf width/cm Blade index Leaf margin Leaf colour
{4k Diploid 10.15B 7.48 B 3.65 2.05 HWHEYT Shallow serration 4 Light green
VY fi544 Tetraploid 7.51 A 5.15A 3.63 1.42 IRHE VT Deep serration IR%E Dark green

W R P R R FRERORTE 0.01 ZKFZE A
Note: Capital letters indicate significant difference at p << 0.01.
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