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Association among estimated chromosome numbers and agronomic characteristics of
regenerated mutant lines derived from acute gamma-irradiated calli in sugarcane
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Fig. 1. Growth habit of clonal lines of sugarcane
regenerated from leaf-induced calli irradiated
with acute gamma rays. From right to left:
Original variety, Ni 1 (1 pot), 0Gy (3), 50Gy (3),
100Gy (3), 200Gy (3), 300Gy (3), and 500Gy(1).
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Fig. 2. Average estimated chromosome number of
clonal lines of sugarcane regenerated from
leaf-induced calli irradiated with acute
gamma rays.
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ML RSO L EIFEDER Dose No. of clones | Cane yield (kg/a) Ratio Brix (%) Sugar yield (kg/a)

Satd 3 ok Ni 1 (Or) 1 680.0 100 14,55 98. 94

Table 1. Variation of n"IaJOI‘ characteristics 0 Gy 1 585, 5 56 1392 7712
of clonal lines of sugarcane | 50 Gy 26 508.9 75 13.66 69.53

encrated £ leaf- 100Gy 23 509. 2 75 14,79 75.32

regenerated from leafinduced | 507y 22 1826 7 15.60 75.30

calli irradiated with gamma | 300Gy 8 370.5 54 14,53 53,84

rays. 500Gy 1 303.0 15 14.55 44.09
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Table 2. Coefficient of correlations between estimated chromosome number and agronomic characters in
clonal lines of sugarcane regenerated from leaf-induced calli irradiated with gamma rays.
3 g ot FRBERREL
® H Character Correlation (1)
HER G AR - IER Est. chromosome no. vs. Leaf length +0. 555%*
” D HEE " vs. Leaf width 40, 589**
” CERIER ” vs. Millable stalk length 0. 552%*
” CER ” vs. Stalk diameter +0. 443**
” BB (iE ¢ v vs. No. of nodes -0, 210*
” L EREE ” vs. Millabl stalk yiel +0. 541**
” L bEE ’ vs. Sugar content —0.395**
” D PR ” vs. Sugar yield +0.396**

) Remarks : A% (0 = 111) , HEKYE Significance:

* 5%, ** 1%

Association among estimated chromosome numbers and agronomic characteristics of
regenerated mutant lines derived from acute gamma-irradiated calli in sugarcane

In vradiation breeding using in vitro
culture, irradiation method often remarka-
bly changes the characteristics of regener-
ated plants and lines. Hence, an effective
method should be established based on an
investigation of the association between
irradiation method and characteristics of the
regenerated lines. The association of irradia-
tion dose and agronomic characteristics has
been analyzed in the regenerated mutant
lines derived from acutely irradiated calli in
sugarcane. Nuclear DNA content has closely
associated with chromosome number, and is
considered as a measure to analyze change of
chromosome due to irradiation damage in
the lines.

Method: Using the sugarcane variety, Ni 1,
calli induced from rolled leaves growing at a
nearby point were exposed to acute gamma
rays ranging from 50 to 500 Gy in terms of
total dose for 20 hours. Soon after irradia-
tion, the calli were transferred to new media,
and regenerated plants were then estab-
lished and transplanted in a field nursery.
The yield and quality characteristics of 111
clonal lines from each regenerated plant
were Investigated and compared to the
original omnes. The relative nuclear DNA
content of each line was measured on a leaf
sample of a line mixed with one of the
control, in which the chromosome number
was known (Variety: Badila, 2n = 80) using
flow cytometry (Partec). Furthermore, the
estimated chromosome number of each line
was calculated based on the ratio of nuclear
DNA content to the control.

Results: A sugarcane cultivar is essentially
highly polyploidy, aneuploidy and chromo-
some mozaicism, in which different chromo-
some numbers appear in each somatic cell.
Therefore, the exact chromosome number of
a cultivar is hard to count. The chromosome
number of the original variety, Ni 1, is
estimated to be about 2n = 116. There is no
difference in the estimated chromosome
number between the original and the 0 Gy
groups; however, the estimated chromosome
number of the irradiated groups was

evidently decreased as the irradiation doses
rose (Table 1).

A significant negative correlation was
found between the irradiation dose and the
estimated chromosome mnumber in the
regenerated lines, and the vregression
analysis between each characteristic showed
that 3.3 chromosomes were lost at every 100
Gy in terms of the total dose of acute
irradiation. At 500 Gy irradiation, which is a
critical dosage for survival, 16 chromosomes
of 116 were lost in the regenerated plants.

The growth of regenerated plants was
retarded as the irradiation dose rose (Fig. 1).
Highly positive correlations were found
between the estimated chromosome number
and the size of the leaf and stalk and yield of
the stalk, while a negative correlation was
detected between the estimated chromosome
number and sugar content (Table 1).
Eventually, regenerated lines decreased in
chromosome as a result of acute irradiation
and were also generally retarded in biomass
production.

On the other hand, the range of variability
of agronomic characteristics was narrow in 0
Gy, wide in 50 and 100 Gy, moderate in 200
Gy, and narrowly shifted to a lower level in
300 Gy and over. More vigorous lines than
the original appeared in 50 to 200 Gy,
showing that appropriate irradiation re-
sulted partly in increased variability in the
mutant lines.

In conclusion, optimum irradiation should
reduce radiation damage, decrease any loss
in chromosome, and enlarge variability in
the yield, sugar content, and morphology of
mutant lines; mutants with high yield and
high quality could then be induced with a
high probability.
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