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ABSTRACT This experiment was carried out to report
some data such as survival rate, tetraploid production
efficiency, and agronomic characteristics of offspring from
the induced tetraploid by the colchicine treatment in rye.
The colchicine was soaked with 0.05%, 12 hours in dark
condition and at two growth stages (green seed and 2nd
leaf stage) in diploid ryes. Flow cytometry (FC) was
proved to be efficient and rapid tool for screening ploidy
levels in rye, showing around 40 to 60 in DNA amount
(DAP1) corresponding to diploid and 80 to 110 tetraploid.
There were 18.5% of survival rate at green seed treatment
and 78% at 2nd leaf stage in average of two rye cultivars,
Gogu and Jogreen, but in reverse 50.9% and 1.1% in the
ratio of tetraploid to total tillers among the plants survived,
respectively, resulting in 9.42% of tetraploid production
rate in green seed treatment and 0.86% at 2nd leaf stage,
respectively. In green seed treatment, there were 33% of
survival rate in Gogu, 4% in Jogreen in 1st year, but 56%
in Gogu, 21% in Jogreen and 49% in Charmgreen, respectively.
The rate of tetraploid to total spikes among survived was
53.7% in Gogu, 32.4% in Jogreen, and 50.9% in average
in Ist year, and 64.1% in Gogu, 51.5% in Jogreen, 60%
in Charmgreen, and 60.5% in average in 2nd year. In green
seed treatment, tetraploid production rate (survival rate X
tetraploid ratio x 100) was 17.7% in Gogu and 1.3% in
Jogreen and 9.42% in average in 1st year, and 35.9% in
Gogu, 10.8% in Jogreen, 29.4% in Charmgreen, and 25.4%
in average of three diploid rye cultivars. By the colchicine

treatment with 0.05% for 12 hours in Gogu and Jogreen,
35 tetraploid plants were obtained and they produced 2,673
seeds with 148 spikes. There were 3.3-4.4 in the number
of spikes per plant, 15.6-18.3 in grain number per spike,
and 37.6 g in Gogu and 46.8 g in Jogreen in the
1,000-grain weight.
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Seedlings (7 days) after Tillering stage after Discrimination of Pollen grains of

L o S : Grains from tetraploids
colchicine treatment colchicine treatment tetraploid tiller tetraploid P

Fig. 1. Colchicine induced tetraploid plants, its pollen grains, and seeds.
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Fig. 2. Flow cytometric histograms of diploid and tetraploid of rye (Secale cereale L). Left: diploid rye cultivar Gogu with
2n=2X=14, RR. Right: tetraploid rye cultivar Dooroo with 2n=4X=28, RRRR. Gogu: 50, 52, 48, 48, Duroo: 98, 100, 91, 88.
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Table 1. Colchicine treatment effect in the basis of relative DNA amount per nucleus by the Flow cytometry (FC) from the
tillers of diploid rye cultivar ‘Gogu’ treated with 0.05% colchicine in the both green seed and 2nd leaf stage.

No. of tiller

No. of tiller

Plant no. = I 4N 2N (N+aN)  Dlantno. o 4N 2N (ON+4N)
1 6 3 3 0 23 7 5 4 Q)
2 4 1 3 (1) 24 5 1 4 (1)
3 14 14 0 0 25 8 4 4 3)
4 10 7 3 ) 26 8 4 4 3)
5 1 6 5 (1) 27 1 1 10 (1)
6 4 2 2 (1) 28 5 1 4 (1)
7 4 4 0 @) 29 7 3 4 (5)
8 9 9 0 &) 30 1 4 7 3)
9 4 4 0 (1) 31 1 0 1 0
1 6 6 0 0 32 1 0 1 0
12 15 14 1 3) 33 12 4 8 )
14 7 7 0 0 34 8 0 8 0
15 4 4 0 0 35 1 0 1 0
16 3 0 3 @) 36 7 0 7 0
17 5 2 3 3) 37 6 0 6 0
18 9 2 7 (4) 40 14 7 7 3)
19 13 5 8 (1) 41 12 0 12 @)

20 2 2 0 0 42 2 0 2 0

21 6 3 3 ) 43 2 0 2 0

2 9 4 5 (1) Sum 275 133 142 54
(48.4%)  (51.6%)

Note : Diploid check cultivar Gogu 50, 52, 48, 48, tetraploid check cultivar Duroo :

98, 100, 91, 88. The plant with DNA

amount about 40 to 60 be assumed to be putative diploid (2N), 80 to 110 putative tetraploid (4N) in the table. (2N+4N) means
diploid tiller with both more diploid and less tetraploid cell in the same leaf, or tetraploid tiller with both more tetraploid and
less diploid cell in the same leaf. Plant number 1-35 treated in the green seed and 36-43 in the 2nd leaf growth stage.
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Table 2. Colchicine treatment effect in the basis of relative DNA amount per nucleus by the Flow cytometry (FC) from the

tillers of diploid rye cultivar

‘Jogreen’ treated with 0.05% colchicine in the both green seed and 2nd leaf stage.

No. of tiller

No. of tiller

Plant no. Plant no.
Total 4N 2N (2N+4N) Total 4N 2N (2N+4N)

1 15 3 12 3) 13 3 0 3 0
2 12 6 6 @)) 14 3 0 3 0
3 7 3 4 €)) 15 5 0 5 0
4 3 0 3 0 16 1 0 1 0
5 2 0 2 2 17 4 0 4 @)
6 3 0 3 @)) 18 3 0 3 0
7 2 0 2 2 19 1 0 1 @)
8 4 0 4 2 20 3 0 3 2)
9 4 0 4 0 21 3 0 3 2)
11 5 4 1 2) Sum 88 16 72 22
12 5 0 5 ) (18.2%) (81.8%)

Note : Diploid check variety Gogu 50, 52, 48, 48, tetraploid check variety Duroo : 98, 100, 91, 88. The plant with DNA amount
about 40 to 60 be assumed to be putative diploid(2N), 80 to 110 putative tetraploid (4N) in the table. (2N+4N) means diploid
tiller with both more diploid and less tetraploid cell in the same leaf, or tetraploid tiller with both more tetraploid and less
diploid cell in the same leaf. Plant number 1-4 treated in the green seed and 5-21 in the 2nd leaf growth stage.

(A)

®)

© D) (E)

Fig. 3. Metaphase chromosomes in the root tips of the rye seeds from the colchicine induced tetraploid individuals. (A) The
diploid check cultivar ‘Gogu’ with 2n=2X=14, (B) The tetrploid check cultivar ‘Dooroo’ with 2n=4X=28 and (C), (D),
and (E), the colchicine induced individual with 24, 26, and 28 chromosomes, respectively.
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Table 3. Number of survival, tetraploid, diploid, and mixoploid plants obtained by the 0.05% colchicine treatment at two growing

stages of two diploid rye cultivars in 2011.

No. of No. of survival plant Tetraploid
Cultivar Growth stage seed . . . o Tetraploid/ total production
treated treated Total Tetraploid ~ Mixoploid" Diploid ptiller efficiency (%)
Green seed 100 33 8 21 4 131/244 (53.7) 17.7
Gogu 2nd leaf stage 100 78 0 0 78 0/42 (0) 0
Sum 200 111 (55.5)° 8 4 21 (10.5) 82 (41) 131/286 (46.0) 255
Green seed 100 4 0 3 1 12/37 (32.4) 1.30
Jogreen  2nd leaf stage 100 78 0 1 77 1/53 (1.9) 1.48
Sum 200 82 (41) 0 (0) 4 (2) 78 (39) 13/90 (14.4) 5.90
Green seed 200 37 (18.5) 8 (4) 24 (12) 5 (2.5) 143/281 (50.9) 9.42
2nd leaf stage 200 156 (78) 0 (0) 1 (0.5) 155 (77.5) 1/95 (1.1) 0.86
Total 400 193 (48.3) 8 (2) 25 (6.25) 160 (40.0) 144/376 (38.3) 18.5

1)Mixoploids : Plants with diploid and tetraploid tillers in the same plant. &t

) stand for percentage.
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Table 4. Number of survival, tetraploid, diploid, and mixoploid plants obtained by the 0.05% colchicine treatment at green seed

stage of three diploid rye cultivars in 2012.

No. of survival plant Tetraploid

Cultivar No. of seeds Tetraploid/ production
treated . . .10 L etraploi :
Total Tetraploid Mixoploid Diploid total tiller efficiency (%)

Gogu 100 56 25 22 9 116/181 (64.1) 359
Jogreen 100 21 8 11 2 34/66 (51.5) 10.8
Charmgreen 100 49 19 26 4 78/130 (60.0) 294
Sum 300 126 (42) 52 (17.3) 59 (19.7) 15 (5) 228/377 (60.5) 25.4
YMixoploids : Plants with diploid and tetraploid tillers in the same plant. *( ) stand for percentage.

Table 5. Number of plants, spikes per plant, number of grains per spike, and 1,000-grain weight of colchicine induced tetraploid

in rye.

Diploid cultivars Tetraploid plant No. of tetraploid . No. of total . . 1,000-grain
treated induced spike Spikes per plant grains Grains per spike weight (g)
Gogu 31 135 4.4 2,470 18.3 37.6
Jogreen 4 13 33 203 15.6 46.8
Sum 35 148 2,673 - -
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Table 6. Frequency in spikes per plant of colchicine induced tetraploid in rye.

No. of spikes per plant

Diploid cultivars treated Total tetraploid plant

1~3 4~6 7~9 14 Other

Gogu 31 (100) 12 (38.7)" 12 (38.7) 4 (12.9) 2 (6.5) 1 (3.2)
Jogreen 4 (100) 2 (50) 1 (25) 0 0 1 (25)
Sum 35 (100) 14 (40) 13 (37.1) 4 (11.4) 2 (5.7) 2 (5.7)

( ) stand for percentage.
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