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1% 12 24

64.97µm
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(1mm
2
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Abstract 

The Acacia confusa Merr. seeds collected from Tainan Chia Shian Work Station of 

Forest Bureau were used for the study. Different concentrations of colchicine and 

different time were dealed with in the experimant. It was expected to find a best way to 

induce the polyploidy of Acacia confusa. 

The seeds of Acacia confuse were first soaked in hot water at 100 . Then let them 

cool down for 24 hours. The seeds were put into colchicine of mass percentage by 0%, 

0.01%, 0.05%, 0.1%, 1%, 2% and 4% for 12 and 24 hours. The germination rate and the 

ratio of the swollen roots of each treatment were recored. The result indicated that the 

seeds soaked in mass percentage by 1% for 12 to 24 hour, was the best concentration to 

induce polyploidy of Acacia confusa. Polyploidy was proved by counting the 

chromosome numbers from the tissue of swollen roots, and analysis of the cells took 

from roots and phyllodes by flow cytometer. It was confirmed that the germinating 

seeds with swollen roots are the polyploidy of Acacia confusa. The stoma and guard 

cells of polyploids are different from diploids by size and number by unit area. The 

average size of stoma and guard cells from polyploids was larger than those from 

diploids by 64.97µm
2
. The average number of stoma from poliploids were 131¸ and 

those from diploid were 53.4. 
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However, the polyploids induced by colchicine grew slowly and were easily killed by 

microbe caused by the restrant of meristem. Besides, the analysis cells of roots and 

phyllodes by flow cytometer showed that most of polyploidy seedlings were mixoploid. 

It is possible that most of polyploidy cells would be replaced by diploidy cells. 

Therefore, it is important to find a way to make the polyploidy more stable and improve 

survival in the future, such as tissue culture or use colchicine to treat the callus of 

culture. 

 

Keyword Acacia confusa, induced polyploidd, colchicine, chromosome, flow 

cytometer, guard cell 
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Acacia confuse Merr. Mimosaceae Acacia

Taiwan 

Acacia 1989

1989 1994 21200

1.46% 1338000

0.46% 1995

1989  

 

tannin

1989

flavonoids polyphenols

10%~20%

DPPH 1,1-Diphenyl-2- picrylhydrazyl

2009  
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transgenic

2001

genetically modified crops, GMC

GMC

1998 Pusztai GMC

2003 GMC

2003

GMC

 

 

diploid

haploid polyploid

autopolyploid

allopolyploid
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1999  

 

Muntzing, 1936; Stebbins, 1940, 

1942; 1999

repeated DNA

DNA (Burleigh et al. 

and , 2009) (Burleigh et al., 2009) RFLPs 

(Morikawa and Nishihara, 2009)

 

 

43% 58%

47% Grant, 1981

Sequoia

Metasequoia Saylor and Simons, 1971  

 

Burleigh et al., 2009; Morikawa and Nishihara, 2009; Wood et al., 2009  
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colchicine

 

 

 

 

Kiellander, 1950; 1999

Cryptomeria japonica (L. f.) D. Don

Chiba, 1951

 

 

 

 

 

Osborn, et al., 2003
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2000

Morus alba Saliva 

miltiorrhiza 2000 2003

Dioscorea zingiberensis  

2005 1999

Chiba, 1951  

 

 

 

 

20 1988 20 30

2005

Populus spp.

Betula sp. Alnus sp. Leucaena leucocephala

Cryptomeria japonica Acacea magium Chiba, 1951; 

1999; 2000  

 

 

1995  
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1.  

2.  

3.  

 

podophyllin IAA N2O acenaphthene oryzalin Blakeskey 

et al., 2002; 1995

 

Blakeskey et 

al., 2002  

6 8

 

 

 

x
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1.

1995 Osborn, 2003

2004

Chiba, 1951   

 

2.  

(1)

1995

particle  

(2) flow cytometer

3cs Givan, 2001; Shapiro, 1995; 

Darzynkiewicz et al, 1994; Ormerod, 2000  

a. fluidics  

 

b. optics  

c. electronics
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cell cycle M mitosis

D division DNA Raven, etc., 1999

8-hydroxyquiniline Cycloheximide

Chung et al, 2010 Carnoy’s 

solution Carnoy’s solution I acetic acid

95% ethanol 1:3 Carnoy’s solution II

95% choloroform 6:3:1 Smith, 1947

Carnoy’s solution

DNA 2-24

Smith, 1947; 1996  

 

Hoyer’s solution Baker 1922

50cc 30g 200g 20cc

Hoyer’s solution
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1.  

 

(1)

24

24

94% 1974

1976  

(2)

1974 1976  

(3) 1.84 10-20

30

1974  

 

 

 

 

0.67
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6~8mm 5~10cm

1989 1994  

 

18m 1m 1

 

 

 

1.  
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2 3 7~9  

 

 

2.  

 

 

3.  
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6~8mm 4 5 5

5

 

 

 

4.  
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5 7~8 6  

 

 

5.  

 

 

6.  
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1989

7  

 

 

7.  

 

26 Atchison, 1948

2n=26

2n=52 2n=102 Federov 1969  

 

Acacia mangium
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1.  

1997 10

4

2010 10 2011 4

 100 24 80%  

 

 

1.  

1/100 -A Antiseptol

5 70% 30

100 24

 

 

2.  

colchicine; Sigma 95%

4% 2% 1% 0.1% 0.05% 0.01%

0% 12

24 5

20±1

28µE/m
2
s 16 20
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40 160-205  

 

3.  

5mm

3-4mm

 

(1)  

10 11 12 3

5-10 0.5-1cm 8-hydroxyquiniline 20ppm

Cycloheximide 290ppm 1:1 4 3-4

Carnoy’s solution 1-24

Carnoy’s solution 70% -20

 

0.1cm

Sharma, 1982 10

OLYMPUS BX41

 

 

(2)  

peel peel OLYMPUS 

BX41  
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(3)  

 

a.  

0.5mL Extraction Buffer

tube 1.0mL RNAnase

37 15 0.5mL 10μL 51  PI stock solution 4

1  

PI stock solution BD FACScan 

337452 Rev. A SSC 458 FL2 448

 

b.  

4cm
2

0.5mL 

Extraction Buffer

tube

1.0mL RNAnase 37 15 0.5mL 10μL

51  PI stock solution 4 1  

PI stock solution BD FACScan 

337452 Rev. A FL2 457
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4.  

(1)  

Murashige and Skoog Medium(MS Medium)

1N NaOH HCl pH 5.7±0.01

0.08% (American Bacteriological Agar; Pronadisa)

20mL 121 1.05kg/cm
2

20

2  

 

(2)  

100 -A 5 70% 30  3%

Sodium Hypochlorite Solution; 5

MS 28µE/m
2
s

16 22 20  

 

5.  

(1) (2)

(3) (4) (5)

peel

(6) (7) SAS

 

 

(1)Student t-test 
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n  

 

(2)  

1  

 

1. 1976  

    F  

 r-1 SSB MSB Fb 

 k-1 SST MST Ft 

 (r-1)(k-1) SSE MSE  

 rk-1 SSTot   

 

r k Yi Yj

Y

F-test
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(3)LSD  

F-test

 

 

 

 

8 0.5cm

0.3cm 8

3cm 0.1cm

9  

 

 

8.  
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9.  

 

 

2 0% 0.01% 0.05% 0.1% 1% 2% 4%

12 36.59% 35.58% 31.90% 29.85%

29.70% 32.67% 16.56% 0% 0.01% 0.05% 0.1% 1% 2% 4% 24

40.31% 45.73% 35.63% 34.65% 37.62%

28.57% 24.84%

2% 12 24 10  
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2.  

 

   

12Hr 24Hr 12Hr 24Hr 12Hr 24Hr 

0% 75 79 205 196 36.59% 40.31% 

0.01% 58 75 163 164 35.58% 45.73% 

0.05% 52 57 163 160 31.90% 35.63% 

0.10% 60 70 201 202 29.85% 34.65% 

1% 60 76 202 202 29.70% 37.62% 

2% 66 58 202 203 32.67% 28.57% 

4% 27 40 163 161 16.56% 24.84% 

 

 

10.  

 

10%

15%

20%

25%

30%

35%

40%

45%

50%

0% 0.01% 0.05% 0.10% 1% 2% 4%
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0% 0.01% 0.05% 0.1% 1% 2% 4% 12

0% 3.68%

14.72% 19.9% 22.77% 21.29% 13.5%

0% 10.34% 46.15% 66.67% 76.67% 65.15% 81.48% 3 0%

0.01% 0.05% 0.1% 1% 2% 4% 24

0% 5.49% 17.5% 15.84% 25.74% 17.73%

16.77% 0% 12% 49.12% 45.71%

68.42% 62.07% 67.50% 4

12 24 1 %

11

12 24

2%

 12  
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3.  

 

   

12Hr 24Hr 12Hr 24Hr 12Hr 24Hr 

0% 0 0 205 196 0.00% 0.00% 

0.01% 6 9 163 164 3.68% 5.49% 

0.05% 24 28 163 160 14.72% 17.50% 

0.10% 40 32 201 202 19.90% 15.84% 

1% 46 52 202 202 22.77% 25.74% 

2% 43 36 202 203 21.29% 17.73% 

4% 22 27 163 161 13.50% 16.77% 

 

4.  

 

   

12Hr 24Hr 12Hr 24Hr 12Hr 24Hr 

0% 0 0 75 79 0.00% 0.00% 

0.01% 6 9 58 75 10.34% 12.00% 

0.05% 24 28 52 57 46.15% 49.12% 

0.10% 40 32 60 70 66.67% 45.71% 

1% 46 52 60 76 76.67% 68.42% 

2% 43 36 66 58 65.15% 62.07% 

4% 22 27 27 40 81.48% 67.50% 
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11.  

 

 
12.  

 

 

student t-test

0.00%

5.00%

10.00%

15.00%

20.00%

25.00%

30.00%

0% 0.01% 0.05% 0.10% 1% 2% 4%

 

 

12  

24  

0.00%

10.00%

20.00%

30.00%

40.00%

50.00%

60.00%

70.00%

80.00%

90.00%

0% 0.01% 0.05% 0.10% 1% 2% 4%

 

 

12  

24  
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24 12

5

7 t -0.565

6 7

t 1.756  

 

5. Student t-test (t=-0.565) 

 

24Hr 12Hr 24Hr 12Hr 

  

0% 0.00% 0.00% 0 0 

0.01% 3.68% 5.49% 11.0597928 13.55080794 

0.05% 14.72% 17.50% 22.56098575 24.72920402 

0.10% 19.90% 15.84% 26.49336942 23.45289907 

1% 22.77% 25.74% 28.50133908 30.48721777 

2% 21.29% 17.73% 27.47819204 24.90216863 

4% 13.50% 16.77% 21.55680729 24.17418195 
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       6. Student t-test (t= 1.756) 

 

24Hr 12Hr 24Hr 12Hr 

  

0% 0.00% 0.00% 0 0 

0.01% 10.34% 12.00% 18.75721866 20.26790512 

0.05% 46.15% 49.12% 42.79193545 44.49578003 

0.10% 66.67% 45.71% 54.73764703 42.53899375 

1% 76.67% 68.42% 61.1177464 55.80849866 

2% 65.15% 62.07% 53.81895054 51.98460254 

4% 81.48% 67.50% 64.51032165 55.24366863 

 

12 7 CT 11689.8 SST 3263.4

SSB 1159.4 SSE 4096.8 MST 543.9 MSB 231.9 MSE

136.6 F 3.983 24

8 CT 18595.0 SST 4820.2 SSB 436.6 SSE 3246.0

MST 803.4 MSB 87.3 MSE 108.2 F 7.425

LSD(0.5) 12

0.01% 0.01% 1%

7 24

0.01% 1% 2% 4%

8  
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7. 12 F-test (LSD(0.05)=11.03) 

 0% 0.01% 0.05% 0.10% 1% 2% 4%  

1 0 0 18.43495 26.56505 36.27120 30.00000 22.78650 134.1 

2 0 24.80451 36.45121 0 32.83473 32.83473 19.46109 146.4 

3 0 0 20.70481 52.23876 37.76125 37.76125 0 148.5 

4 0 0 26.56505 0 0 0 15.00145 41.6 

5 0 12.92096 22.78650 12.92096 12.92096 18.43495 23.42149 103.4 

6 0 9.09743 12.92096 24.7292 31.62816 30.00000 18.43495 126.8 

 0.0 46.8 137.9 116.5 151.4 149.0 99.1 700.7 

 0.0
c 

7.8
bc 

23.0
ba 

19.4
ba 

25.2
a 

24.8
a 

16.5
a 

 

 

8. 24 F-test (LSD(0.05)=9.82) 

 0% 0.01% 0.05% 0.10% 1% 2% 4%  

1 0.00000 12.92097 22.78650 18.43495 42.13042 0.00000 33.21092 129.5 

2 0.00000 26.56506 28.11020 35.24414 35.24414 39.23153 19.46109 183.9 

3 0.00000 0.00000 37.76125 30.00001 41.78470 35.24414 0.00000 144.8 

4 0.00000 0.00000 39.23153 31.11253 41.14961 31.11253 21.38861 164.0 

5 0.00000 11.53696 24.65372 16.42994 16.42994 20.70482 24.12046 113.9 

6 0.00000 22.54481 14.05772 14.05772 35.24414 28.99728 32.83474 147.7 

 0.0 73.6 166.6 145.3 212.0 155.3 131.0 883.7 

 0.0
d 

12.3
c 

27.8
bc 

24.2
abc 

35.3
ab 

25.9
ab 

21.8
a 

 

 

 

3 10 11 12
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8-hydroxyquiniline Cycloheximide Carnoy’s solution

3

 

30 40 52 

13 10 20 26 14  

  



30 
 

 

13. 47  
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14. 24  

 

  

1.  

200 400 800

400

800 15

200 400 200

16  

  



32 
 

 

15.  



33 
 

 

16.  
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2.  

200 400

200 400

17

200 18  
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17.  
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18.  

 

 

1.  
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19 20

222.30μm2

160.32μm2
9  

Student t-test

105145.49 856.64

t-test t 9.676 19 t(.01/2,19)=2.861 9.676>2.861

 

 

2.  

(1mm X 1mm) 53.4

131 10  

Student t-test

182268.8 2925.1

t-test t 6.254 19 t(.01/2,19)=2.861

6.254>2.861  
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19.  



39 
 

 

20.  
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9. (μm2
)(t=9.676***) 

    

1 165.82 184.64 18.82 

2 142.98 221.48 78.50 

3 148.37 204.10 55.73 

4 160.27 224.87 64.60 

5 166.59 206.88 40.29 

6 163.36 216.54 53.18 

7 161.46 222.27 60.81 

8 145.40 286.72 141.32 

9 145.72 206.13 60.41 

10 179.69 300.92 121.23 

11 107.24 154.55 47.31 

12 198.43 257.93 59.50 

13 155.60 198.55 42.95 

14 142.16 181.53 39.37 

15 224.29 314.39 90.11 

16 167.17 186.53 19.36 

17 150.05 229.22 79.17 

18 159.94 130.07 29.87 

19 140.32 257.09 116.77 

20 181.53 261.67 80.14 

 160.32 222.30 64.97 
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10. 1mm X 1mm (t=6.254***) 

    

1 191.1 67.5 123.7  

2 157.4 78.7 78.7  

3 281.1 56.2 224.9  

4 168.6 67.5 101.2  

5 281.1 67.5 213.6  

6 78.7 56.2 22.5  

7 123.7 56.2 67.5  

8 123.7 33.7 89.9  

9 112.4 67.5 45.0  

10 89.9 33.7 56.2  

11 78.7 67.5 11.2  

12 101.2 78.7 22.5  

13 78.7 56.2 22.5  

14 89.9 45.0 45.0  

15 78.7 22.5 56.2  

16 123.7 45.0 78.7  

17 134.9 22.5 112.4  

18 112.4 56.2 56.2  

19 112.4 56.2 56.2  

20 101.2 33.7 67.5  

 131.0 53.4 77.6  
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3.  

(1)  

21

0.5cm

3cm

10cm 20cm

22

6 1.64%  

 

21.  
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22.  

 

(2)  

160 7 11

8.75% 13.75%

23

24 25  



44 
 

 

23.  

 

 

24.  
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25.  

 

 

 

Blakesley 2002 500mg/L 1000mg/L 2000mg/L

3000mg/L 50 75 100 150

50%-70% oryzalin

0.1% 0.5% 1% 2% 12 24

0.01% 0.05% 4% 0.5%
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78.4% Blakesley

Acacia mangium

Blakesley

48

24  

 

 

1999

2005

Dioscorea zingiberensis

2005 Morus alba
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Saliva miltiorrhiza 2000

2003

 

 

 

1996

24

1996

12 10 11 12

3 11 12 3

26

10 27

10
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26. 100X100  

 

 

27. 10 100X100  
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28

30min

Hoyer’s solution

Hoyer’s solution  

 

 

28. 100X100  

 

 

0.72:1 2.45:1 Chiba 1951
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2011 Lolium 

perenne 200

100

200 400 200

 

 

  

 

 

2004

 

Blakesley, et al.,  2002 2004

2005
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24 1%

12 24
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A -- 3g Fuchsine Basic*1( ) / 100ml 70%

B -- 10ml A + 90ml 5% phenol*2

C -- 45ml B + 6ml *3 + 6ml 37 *4  

D ( )-- 10ml C + 90ml 45% + 1g
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MS MEDIUM (Murashige and Skoog MEDIUM)

Macronutrients Stock(g/L) Stock No. Working Solution(mg/L)

KNO3

NH4NO3

CaCl2-2H2O

95

82.5

22

MS6-1 20 50

MgSO4-7H2O 37 MS6-2 10 100

KH2PO4 17 MS6-3 10 100

Micronutrients

FeSO4-7H2O

Na2-EDTA

3.73

2.78
MS6-4 10 100

CoCl2-6H2O

CuSO4-5H2O

H3BO3

MnSO4-4H2O

(MnSO4*4H2O)

KI

Na2MoO4-2H2O

ZnSO4-7H2O

0.0025

0.0025

0.62

2.23

(1.69)

0.083

0.025

0.86

MS6-5 10 100

Organic

Pyridoxine-HCl

Nicotinic acid

Thiamin HCl

Glycine

0.05

0.05

0.01

0.2

MS6-6 10 100

My-inositol

Sucrose

pH

agar

0.1(g/L)

30(g/L)

5.7

8(g/L)

Na2EDTA: 

C10H14N2Na2O8*

2H2O


