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(Miscanthus sinensis) (M.

sinensis var. formosanus) (M.

floridulus) (M. sinensis var.

glaber) (M. flavidus)

(M. condensatus) (M. trans-

morrisonensis) ( 1975)

( ) 

(Lee, 1995)

(

, 1985,1986,1988,1989; Hsu  and

Chou, 1992)

(Breckle, 1991; Levitt,

1972; Paliouris and Hutchinson, 1991;

Symenonides et al., 1985; Wu et al.,

1996) 

(Wu et al., 1975) 

(Chou, 1989; Chou and Chang,

1988; Chou and Lee, 1991) 

(Chou and Chang, 1990; Chou and

Ueng, 1991) 
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(Lee, 1995)

(species)

(M. flridulus) (M. condensatus)

(M. sinensis)

(M. sinen-

sis var. glaber)

(M. sinensis var. formosanum) 

(M. sinensis var. transmorrisonensis)

(variety complex) 

(Chou and Ueng, 1991)

DNA

B r a d s h o w

Billings Mooney (1968) 

Matumura (1983) Mauseth

(1988) Numata Ueki

( ) 

(Tinplant) 

(Greef et al., 1997)

WWW

Wim Huismon

C4 (M. giganteus)

Bullard (1996) 

(

) 

(Chou and Chung, 1974; Chou et al.,

1987, Chou and Chang, 1988; Chou and

Chang, 1990; Chou et al., 1991; Chou

and Lee,1991)

(M. floridulus) 
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20

C4

(M. transmorrisonensis) (Chou, 1989;

Chou and Chang, 1988)

(Chou and

Lee, 1991)

(diversity)

(stability) (homogeneity)

(productivity)

(resistance to the invasion of

foreign species) 

(subclimax vege-

tation)

(Chou, 1993 )

(1995) 

( ) 

1. 

( )

(nuclear) DNA

DNA

(Miscanthus) 

DNA DNA

(Doyle and Doyle, 1988)

(PCR) 

(PAUP, MEGA ) 
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( ) 

(

) C3 C4

2. (

)

(isoelectric

focusing, IEF) 

(high performance liquid chromato-gra-

phy, HPLC) (Chen,

1991)

3. 

( )

(Futuyma,

1986; Hartl, 1981)

(isozyme) 

DNA (random amplified polymorphic

DNA, RAPD) 

(gene flow)

(isolation by distance) 

(M. sinensis

var. transmorrisonensis)

( )

4. 

( )

Chou et al.,

(1996) 

(trichome)

(papillae) 

5. 

( )

(Chou

et al., 1996)

(M. sinensis complex) 

(M. sinensis var. sinensis) 

(M. sinensis var. transmorrisonensis) 

(M. sinensis

var. formosana) (M.

sinensis var. glaber) 

(gene flow)
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(Otte and Endler, 1989)

(Avise, 1994) 

1. 

DNA

(internal transcripted spacer region)

(Chou et al., 1996)

( )

Bootstrap

(Chou et

al., 1998)

DNA

RAPD (

)

Sinensis01

Sinensis02

Glaber13

Glaber18

Formosanus01

Formosanus02

Formosanus03

Glaber97

Condensatus01

Condensatus02

Condensatus03

Condensatus04

trans06

Trans07

Trans02

Trans03

Trans04

Trans01

Floridulus03

Floridulus02

Floridulus01
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RAPD

DNA (rDNA)

(inter-

genic spacer, IGS) (Chiang et al., 1999;

Chou et al., 1998,1999) 

A

B 17S 25S

DNA

1782

2212

I (polymerase I) 

(NTS, nontranscribed spacer)

(clasdistic

analyses) 

(crossing over) 

(conversion) 

( ) 

(heterogeneity)

(60%

Lee, 1995) 

(Chou, et al., 1986)

(Chou and Lee, 1991) 

( )



1168

(

)

(1975) ( ) 739-

740

(1985) 

18: 143-157

(1986 ) 

19: 87-97

(1988) 

21: 37-52

(1989) 

22: 21-37

Avise, J. C. (1994). Molecular markers, natural

history, and evolution. New Yor, NY:

Chapman & Hall.

Billings, W. D. and Mooney, H. A. (1968)

ÒThe ecology of artic and alpine plants.Ó

Biol. Rev. 43: 481-529.

Breckle, S. W. (1991) ÒGrowth under stress:

heavy metals. In: Y. Waisel, U. Kafkafi &

A. Eshel (Eds.)Ó Plant Roots - The

Hidden Half, (Chap. 17, pp. 351-372).

New York, NY: Marcel Dekker Inc.

Bullard, M. J. (1996) The agronomy of

Miscanthus Landwards. 12-15p.

Chen, S. H. (1991) ÒComparative study of

pollen proteins of rice by isoelectric

focusing and high-performance liquid

chromatography.Ó Cereal Chem. 68: 91-

94.

Chiang, Y. C., Chou, C. H. and Chiang, T. Y.

(1999) ÒrDNA IGS of Miscanthus trans-

morrisonensis.Ó Plant Mol. Biol. 39: 189-

191 

Chou, C. H. (1989) ÒMolecular plant ecology:

a population study of Miscanthu floridu-

lus.Ó In: Proc. of Symposium on

Molecular Plant Biology, Academia

Sinica Monograph Series. 8:103-113.

Taipei, Taiwan, Institute of Botany.

Chou, C. H. and Chang, F. C. (1988) ÒPopula-

tion study of Miscanthus II. Ecoytpic

variation of M. floridulus and M. trans-

morrisonensis as affected by altitude in

Nantou, Taiwan.Ó Bot. Bull. Academia

Sinica. 29: 301-314.

Chou, C. H. and Chang, F. C. (1990) ÒPopula-

tion study of Miscanthus floridulus III.

Population variation of M. floridulus in

Green and Orchid islets of Taiwan.Ó Bot.

Bull. Academia Sinica. 31: 223-233.

Chou, C. H. and Chung, Y. T. (1974) ÒThe

allelopathic potential of Miscanthus

floridulus.Ó Bot. Bull. Academia Sinica.

15: 14-27.

Chou, C. H. and Lee, S. C. (1991) An ecologi-

cal study on Miscanthus in Yangmingshan

National Park. Taipei, Taiwan:  Yangmi-

ngshan National Park. 

Chou, C. H. and Ueng, J. J. (1991) ÒPhyloge-

netic relationship among speciies of

Miscanthus populations in Taiwan.Ó Bot.

Bull. Academia Sinica. 33: 63-73.

Chou, C. H., Chiang, Y. C. and Chiang, T. Y.

(1998) ÒSequence Announcement: rDNA

IGS of Miscanthus sinensis var. glaber.Ó

Plant Mol. Biol.. (in press)

Chou, C. H., Chiang, Y. C. and Chiang, T. Y.

(1999) ÒIntraspecific and within-individ-

ual length heterogeneity of the rDNA-IGS

in Miscanthus sinensis var. glaber

(Poaceae): sequence comparison and phy-

logenetic analysis indicate natural

hybridization.Ó Genome. (in press) 

Chou, C. H., Chiang, Y. C. and Chiang, T. Y.

(1999) ÒA hypothesis of obligatory



?
?
?
?
?
?

?@@? ?
?@@? ?
?@@? ?
?@@? ?
?@@?f?O2@@@@@6X ?

O2@@@@@@@@@@@@@@@@@@@@@) ?
?@@@@@@@@@@@@@@@@? ?
I@M?h?@@?f?W26X? ?

@@g?@@?fO&@@1? ?
@@eO2@@@@@@@@@@@@@@5? ?
@@@@@@@@@@@?f?@@@H? ?
@@@?f?@@?f?@@5 ?
@@@?f?@@?f?@@H ?
@@@?eO2@@@@@@@@?@@? ?
@@@@@@@@@@@?fJ@@? ?
@@@?f?@@?f7@@? ?
@@@?f?@@?f@@@L ?
@@@??O2@@@@@@@@@@@@@ ?
@@@@@@@@@@@@0Me@@X? ?
3@@?f?@@?f3@)X ?
N@5?f?@@?fV'@)K? ?
?(Y?f?@@?f?V@@@@ ?

?O2@@@@@@@@@@@@@@@ ?
'@@@@@@@@@@@@0M?e@@X?e@@ ?
V4@@@0M?he@@1?e@@ ?

@@@? ?
@@@@@@@@@@@@@6X? ?

?O2@@@@@@@@@@@@@@@@@@@@@@@@@)? ?
?@@@@@@@@@@@@@@@@@0Mf@@@? ?
I40Mf?I'@@?h@@@? ?

N@@Lh@@@? ?
?3@)X?g@@@? ?
?N@@1?g@@@? ?
@@@?g@@@? ?
3@5?g@@@? ?
V+Y?e@Ke@@5? ?

3@6X@@H? ?
V'@@@@ ?
?V'@@@ ?
N@@@ ?
?@@@ ?

?
?
?
?
?
?
?
?
?

?
?
?
?
?
?

@@g?O26X? ?
@@fO2@@@@1?hfO2@6X? ?
@@@@@@@@@@@@@=g?O2@@@@@@@)? ?
@@@0M?e?W@@V'@@@@@@@@@@@0M? ?
@@g?7@@?V40M??W@@ ?
@@g?@@5g?7@@ ?
@@e?O26X@@Hg?@@5 ?
@@@@@@@@@@@?e?)X??@@He?W26X? ?
@@@0M?e?@@?e?@)K?@@?eO&@@)? ?
@@g?@@?e?@@@@@@@@@@@@@H? ?
@@gJ@@?e?@@@@0M?e?@@@ ?
@@f?O&@@Le?@@?g?@@@ ?
@@@@@@@@@@@@e?@@?g?@@@ ?
@@@@@0M?g?@@?eO26K?@@@ ?
3@hf?@@@@@@@@@@@@5 ?
V'hf?@@?g?@@H ?

O2@@@@?@@?g?@@? ?
O2@@@@@@@@@0M??@@?e?O)X?@@? ?

?'@@@@@@@0Y@@?g?@@@@@@@@)?@@? ?
?V40M?f?@@?g?@@@@0M?e?@@? ?

?@@?g?@@?g?@@? ?
@@e?@@?g?@@?gJ@@? ?
@@L??@@??O2@6K?@@?e?O@?&@@? ?
@@1??@@@@@@@@@@@@@@@@@@@@@@? ?

?J@@5??@@?g?@@@@Xe?I'@@? ?
?7@@H??@@?g?@@X@1fV4@? ?
?@@5e?@@?hB@@@e'6X? ?
J@@?e?@@?h?@@5eV')X ?
7@@)K??@@?hJ@(Ye?N@)K? ?
@@V4@@@@@?g?W&(Y?f3@@6X? ?

?J@5eI4@@@?gW&(YgV'@@1? ?
?7@HfI4@@6Kf7(Y?g?V'@@? ?
J@5?gI4@@6Ke@HheN@@? ?

?W&(Y?hI4@@@@@?he?@@? ?
?7@Hhf?I4@@? ?
J@5? ?I'@6K ?

?W&(Y? V4@@6K ?
?&0Y I4@@@6K? ?

I4@@@@@@@@@@@@@@ ?
I4@@@@@@@@@0M? ?
I4@@0M ?

?
?
?
?
?
?
?
?
?

?
?
?
?

?)X? ?
?@)X ?
?@@1 ?
?@@@g@? ?
?@@@g@Lg?W26X? ?
?@@@g@)K?fO&@@1? ?
?@@@g@@@@@@@@@@@@5? ?
?@@@g@@@@0Me?W@@H? ?
?@@@W2@@@?@@g?7@@ ?

?O2@@@@@@@@@@?@@g?@@5 ?
@@@@@@@@g@@g?@@H ?

?@@@g@@gJ@@? ?
?@@@g@@e)Xe7@@? ?
?@@@eO2@@@@e3)X?@@5? ?
?@@@@@@@@@@@eV')X@@H? ?

W2@@@@@@@@@@@@@?e@@e?N@@@@ ?
&@@@@@@XfW@@?e@@f3@@5 ?

@1f7@@?e@@fV40Y ?
@@L?e@@5?e@@h?W-X ?
3@1?e@@H?e@@hO&@)X? ?
N@@??J@5f@@e?O2@@@@@@@,? ?
?@@??7@Yf@@?@@@@@@0Y@@(Y? ?
?@@??@@@@@@@@@hJ@@H ?

O2@@@@@@@@@0M?@@h7@@? ?
@@@@@@@@@?g@@@@@?f@@5? ?

?@@?g@@?@@Le?J@@H? ?
?@@?g@@?3@)X??7@5 ?
?@@??O2@6X@@?V'@1??@@H ?
?@@@@@@@@@@@eV'@??@@? ?

?@@@@@@@@@@@0Mf@@e?N@@@@5? ?
?@@@@0M??@@?g@@f3@@@H? ?

?@@?g@@fN@@@ ?
?@@?g@@fJ@@@L? ?
?@@?g@@e?W&@@@)X ?
?@@?g@@e?7@(?'@)X? ?
?@@?g@@eJ@(Y?N@@1? ?
?@@?g@@?W&@H?e3@@L ?
J@@?g@@?7@5fV'@)K? ?
7@@?g@@?@(Yf?N@@@6K? ?
@@@?g@@@(Y?g3@@@@@@@ ?
3@@?g@@(YhV4@0M? ?
N@@?g@@H? ?
?@@?g@@ ?

@@ ?
?
?
?
?
?
?
?
?

?
?
?
?

)X ?
)Xg@)X? ?
3)X?f@@1? ?

?/K?heN@)Xe?J@@5? ?
?N@6X?h?3@1e?7@(Y? ?
3@)Xh?N@5eJ@(Y ?
V'@)X?h@Y?O&@Y?O2@@@@@? ?
?N@@1?h@@@@@@@@@@@0M? ?
3@@?eO2@@@@@@@@ ?
V4@??@@@@@(M?@@5 ?

?@eJ@(Ye?O2@6X ?
W-X?e?@)?&@Y?O2@@@@@) ?

?O&@)Xe?@@@@@@@@@0Y@@@H ?
O2@@@@@,e?@@@0Mg@@@? ?

'@@@@@@@@@(Ye?@@?fO26X@@5? ?
V4@0M??W@(Y?e?@@W2@@@@@@@@@H? ?

W&(Yf?@@@@0M?f@@ ?
7@g?@@?fO@K?@@ ?
3@)Xf?@@W2@@@@@@@@@ ?
N@@1f?@@@@0M?e?W@@ ?
?@@5f?@@?gO&@@L? ?
J@@Hf?@@??O2@@@@@@@@? ?

?O&@@?f?@@@@@@@@0M? ?
?O2@@@@@@?f?@@? ?
@@@@@@@@@@@@@@@@@? ?

?I4@@@@@@6K? ?
?I4@@@@@@@@@@6?2@@@@@@ ?

@@@@@@@@@@@@0M ?
@@@??I4@@0M? ?
@@@? ?
@@@??O2@@@@@ ?

O2@@@@@@@@@@@@@@@@@@ ?
?'@@@@@@@@@@@@@@@@@@@@ ?
?V4@@0M??I'@X?g@@ ?

N@)Xg@@ ?
?3@)X?f@@ ?
?N@@1?f@@L? ?
3@@?f@@1? ?
N@@?'6X?@@@? ?
?@@?V')X@@@? ?

?V'@@@5? ?
N@@@H? ?
?3@@ ?
?V4@ ?

?
?
?
?
?
?
?
?

1169

apomixis in Miscanthus sinensis var. con-

densatus indicated by RAPD fingerprint-

ing.Ó Molecular Ecology. (submit)

Chou, C. H., Hwang, S. Y. and Chang, F. C.

(1987) ÒPopulation study of Miscanthus

floridulus (Labill) Warb. I. Variation of

peroxidase and esterase in 27 populations

in Taiwan.Ó Bot. Bull. Academia Sinica.

28: 247-281.

Chou, C. H., Lee, Y. F., Chiu, C. Y., Wang, Y.

C. and Hsu, F. H. (1991) ÒPopulation

study of Miscanthus IV. Growth perfor-

mance of M. floridulus and M. transmor-

risonensis and their acclimation to tem-

peratures and water stresses.Ó Bot. Bull.

Academia Sinica. 32: 57-96.

Chou, C. H., Lee, P. S. Chiang, Y. C. and

Chiang, T. Y. (1996) ÒMolecular system-

atics and evolution of Miscanthus sinensis

complex in Taiwan based on sequences of

rDNA ITS region.Ó (unpublished) 

Chou, C. H., Ueng, J. J., Chiang, Y. C. and

Chiang, T. Y. (1998) ÒEvolutionary trend

of Miscanthus taxa in Taiwan.Ó In: C. H.

Chou (ed.) Proc. of the Symposium on

Biodiversity in Western Pacific and Asia.

Taipei, Taiwan (in press)

Doyle, J. J. and Doyle, J. L. (1988) A Òrapid

DNA isolation procedure for small quan-

tities of fresh leaf tissue.Ó Phytochem.

Bull. 19: 11-15.

Futuyma, D. J. (1986) Evolutionary Biology.

Sinauer, Sunderland.

Hartl, D. L. (1981) A Primer of Population

Genetics. Sinauer, Sunderland.

Hsu, F. H. and Chou, C. H. (1992) Inhibition

effects of heavy metals on seed germina-

tion and seedling growth of Miscanthus

species. Bot. Bull. Academia Sinica  33,

335-342.

Greef, J. M., Deuter, M., Jung, C. and

Schondelmaier, J. (1997) ÒGenetic diver-

sity of European Miscanthus species

revealed by AFLP fingerprinting.Ó Genet.

Resour. Crop Evol. 44: 185-195

Lee, S. C. (1995) Taxonomy of Miscanthus

(Poaceae) in Taiwan. Taipei, Taiwan.

Ph.D. Dissertation, Department of

Biology, Taiwan Univerisity.

Levitt, J. (1972) Responses of Plants to

Environmental Stresses. Academic Press.

M. Y. and London.

Matumura, M., Yukimura, T. and Shinoda, S.

(1983) ÒFundamental sudies on artificial

propagation by seeding useful wild grass-

es in Japan. IX. Seed fertility and ger-

minability of the intraspecific two types

of chigaya (alang-alang), Imperata cylin-

dria var. koenigii.Ó J. of Jap. Soc. of

Grassland Sci. 28: 395-404.

Mauseth, J. D. (1988) Plant Anatomy.

Benjamin/Cummings, Menlo Park.Naiola,

B. P. 1981. Growth variation of some

Indonesia alang-alang clones. Processings

of the Eighth Asian-Pacific Weed Science

Society Conference. Indonesia. 291-294.

Otte, O. and Endler, J. A. (eds.) (1989)

Speciation and Its Consequences.

Sinauer. 

Paliouris, G. and Hutchinson, T. S. (1991)

ÒArsenic, cobalt and nickel tolerances in

two population of Silene vulgaris

(Moench) Garcke from Ontario, Canada.Ó

New Phytol. 117: 449-459.

Symenonides, L. T., McNeilly, T. and

Brandshaw, A. D. (1985) ÒA differential

tolerance of three cultivars of Agrostis

capillaria L. to cadmium, copper, lead,

nickel and zinc.Ó New Phytol. 101: 309-

315. 

Wu, L., Brashaw, A. D. and Thurman, D. T.

(1975) ÒThe potential for evolution of

heavy metal tolerance in plants III.Ó

Heredity. 34: 65-187.

Wu, S. J., Ding, L. and Zhu, J. K. (1996)

ÒSOS1, a genetic locus essential for salt

tolerance and potassium acquistion.Ó The

Plant Cell. 8: 617-627. 


