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Abstract Experiments on the absorption of pigments by the gametophytes of Polytri-

chum commune HEDW. and Pogonatum co月tortum(BRID.) LESQ. in which each tissue within 

their stems was dyed with different colors， led to the following three methods of dying 

being adopted 

1) Aniline blue-Eosin-Methyl green-method 

2) Janus green-Eosin-Methyl green-method. 

3) Gentian violet-Congo red ・Eosin-Methy 1 green -method. 

By these methods， the cell walls of the epidermis were dyed brown-red by eosin and 

methyl green， the cell walls of the cortex were dyed blue-green by methyl green， and the 

chloroplast of the cortex were dyed red by eosin. The cytoplasm of th巴leptomewasdyed 

red by eosin. The cell walls of the hadrome were dyed violet by the respective solutions 

of aniline blue and eosin， Janus green and eosin， and gentian viol巴tand Congo red. 

The relationship among gametophytes of the Musci was investigated according to 

the color adopted by each tissue， those showing similar dying properties being considered 

to be homologous tissues.. 

Introduction 

The inner structure of the gametophyte in Musci， especially in mosses of the family 

Polytrichaceae， contains specialized conducting tissue which is necessary in land plants. 

H豆BANT(1977) has made an analysis of the inner structure of the stem in the Polytri-

chaceae and compared it with the stems of vascular plants. Also， TRACHTENBERG and 

ZAMSKI (1978) have given details of the hadrome and the leptome of the stem as a result of 

physiological experiments carried out on the gametophyte in the Polytrichaceae. It is not 
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easy to understand the inner structure of the stem in the Polytrichaceae. It therefore 

seemed worthwhile to investigate whether each tissue of the stem in Musci is capable of 

being dyed with different colors， through the absorption of piments by the gametophyte. 

We carried out a series of initial investigations using Congo red， J anus green， eosin， 

methyl green， eosin blue， methyl blue， fuchsin， gentian violet， thionin and aniline blue， 

containing over thirty pigments， in which various combinations of stains were used to 

produce different colors， and the results obtained indicated the si.Iitability of the following 

three methods : 

1) Aniline blue-Eosin-Methyl green-method 

2) Jauns green-Eosin・Methylgreen-method 

3) Gentian violet-Congo red-Eosin-Methyl green-method 

Using these methods it was shown that in vascular plants the cytoplasm of the phloem 

is dyed red by eosin， and that the cell walls of xylem vessels are dyed violet by the 

respective combinations of J anus green and eosin， aniline blue and eosin， and Congo red and 

gentian violet (Figs 1， 2). 

In conformity with these results， the inner structures of stems of menbers of the 

Polytrichaceae were investigated. 

Fig. 1(x60) and Fig. 2(x200) : In the stem of Lyco戸odiumclavatum L.， the cell walls of xylem vessels are 
dyed violet with solution of aniline blue and eosin，1 and the cytoplasm of the phloem are dyed 
red by eosin solution. 
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Materials and Methods 

The materials used for this research were specimens of Polytrichum commune HEDW. and 

Pogonatum contortum (BRID.) LESQ. of the Polytrichaceae seem to be the most differentiat-

ed of all the Musci. 

Observations were conducted after subjecting the specimens to the following staining 

procedures. 

Aniline blue.Eosin-Methyl green Method 

(1) Polytrichum commune HEDW. 

a) A solution of aniline blue and eosin was absorbed into the gametophyte for forty-

eight hours. 

b) After washing， a solution of eosin was absorbed for a further forty-eight hours. 

c) After washing again， a solution of methyl green was absorbed into the specimen， 

again forty-eight hours. After washing cross-sections of the moss about 15μin 

thickness were cut with a cryo-microtome and mounted in gum arabic. 

(2) Pogonatum contortum (BRID.) LESQ. 

a) A solution of aniline blue and eosin was absorbed into the gametophyte for 

thirty-two hours. 

b) After washing， a solution of eosin was absorbed for a further forty hours. 

c) After washing again， a solution of methyl green was absorbed into the specimen 

for thirty-two hours. After washing， cross-section of the moss about 15μin 

thickness were cut with a cryo-microtome and mounted in gum arabic. 

Janus green-Eosin-Methyl green Method 

Polytrichum commune HEnw. 

a) A solution of J anus green and eosin was absorbed into the gametophyte for 

forty-eight hours. 

b) After washing， a solution of eosin was absorbed for a further forty-eight hours. 

c) After washing again， a solution of methyl green was absorbed into the specimen 

for forty-eight hours. After washing， cross-sections of the moss about 15μm 

thickness were cut with a cryo-microtome and mounted in gum arabic. 

Gentian violet-Congo red-Eosin-Methyl green Method 

Polytrichum commune HEDW. 

a) A solution of gentian violet and Congo red was absorbed into the gametophyte for 

thirty-two hours. 

b) After washing， a solution of eosin was absorbed for a further forty hours. 

c) After washing again， a solution of methyl green was absorbed into the specimen 

for thirty-two hours. After washing， cross-sections of the moss about 15μin 

thickness were cut with a cryo-microtome and mounted iIl gum arabic. 
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Results and Discu自sion

The order of absorption of pigments occurred in the same manner for the two species 

examined， but the period of absorption of pigments varied with species. Although these 

stems differed according to species， their homologous tissues showed identical staining 

properties， i. e.， 

(1) The cell walls of the epidermis were dyed red by eosin solution.. 

(2) The cell walls of the cortex were dyed blue-green by methyl green solution and 

chloroplasts were dyed red by the eosin solution. 

(3) The cytoplasm of the leptome were dyed red by the eosin solution. 

(4) The cell walls of the hadrome were dyed violet by the respectivεsolutions of 

aniline blue and eosin， Congo red and gentian violet， and J anus green and eosIn. 
The cell walls of the hadrome in the stems of Polytrichaceae are therefore dyed with 

solutions of aniline blue and eosin， J anus green and eosin， and Congo red and gentian violet固
The cell walls of xylem vessels in the stem of Lycopodium are also dyed violet by in the 

same solutions. The cytoplasm of the leptome in the stems of Polytrichaceae are dyed red 

by eosin solution and it is interesting that the cytoplasm of the phloem in the stem of 

Lycopodium is also dyed red with eosin. 

It may be that the leptome in Polytrichaceae and the phloem in vascular plants are 

homologous tissues， and that the hadrome in Polytrichaceae and the xylem in vascular 

plants are also homologous， as stated by H立BANT(1977) and TRACHTENBERG and ZAMSKI 

(1978). 

Further experiments on absorption and dying are currently in progress with the aim of 

investigating the relationship among the gametophytes of Musci 

Referrences 

FREY， W. (1974) Bau und Entstehung der Zentralstrangverzweigung bei Laubmoosen. N ov且Hedwigia25・

211回233.

FRYE， T. C. (1946) Pogonatum convolu抑制 (HEDW.)P. BEAUV. Bryologist 4宮:36-40. 

一一一一一(1948)Pogonatum semiPellucidum. Bryologist 51 : 248-250. 

H立BANT，C. (1966) Differenciation des tissus conducteurs dans la tige feuillee. De Polytrichum juniperinum 

WILLD. C. R. Acad. Sc. Parisお2: 2585-2588 

一一一一一(1967)Structure et differenciation des tissus conduct巴ursdars le gametophyte des Polytrichum. 

N at. Monspeliensia， Bot. 18: 293-298. 

一一一一一(1969)Histologie vegetale-N ouvelles observations sur le leptome de la tige feuillee des Pol)φrz-

chum. C. R. Acad. Sc. Paris 269 : 2530-2533 

一一一一一(1970)A new look at the conducting tissues of mosses (bryopsida). Their structure， distribution 

and significance. Phytomorphology 20 : 390-410. 

一一一一一(1974)Studies on the development of the conducting tissue-systεm in the gametophytes of some 

Polytrichales. II. Development and structure at maturity of the hydroids of the central 

strand. ]oum. Hattori Bot. Lab. 38・565-607.



あIstematicStudies on the Conducting Tissue 01 the GametoPhyte仇 Musci 51 

一一一一一(1975)The phloem (leptome) of Bryophytes. Phloem transport : N ew Y ork 211.215. 

一一一一一(1977)The conducting tis倒的 ofBryophytes. Cramer. Vaduz 22-77. 

HORMANN， H. (1963) Beitrag zur Anatomie von Pogonatum baldωini (MUELL.) PAR. Nova Hedwigia 5・

279-282. 

KA WAI， 1. and K. IKEDA (1970) Systematic studies on the conducting tissue of the gametophyte in Musci. (1) 

On the affinity regarding the conducting tissue of some species of the Polytrichaceae. Sci. Rep. 

Kanazawa Univ. 15: 71-98. 

LoRENTZ， P. G. (1867) Studien zur vergleichenden Anatomie der Laubmoose 11. Flora 50: 529-540， 545-558. 

MESSMER， L. W. and T. C. FRYE (1947) The Polytrichum juniPerinum group betw巴enSouth America and the 

United States. Bryologist 50 : 259・268.

OSADA， and A. NOGUCHI (1962) Pogonatum in.βexum (LINDB.) PAR. and its al1ies. ]ourn. ]ap. Bot. 37 : 
361.365. 

(1965) ]apanese Polytrichaceae 1. Introduction and the genus Pogonatum. ]ourn. Hattori Bot. 

Lab. 28: 171・201.

一一一一一(1966)]apanese Polytrichaceae 11. The genera Polytrichum， Oligotrichum， Bartramiopsi・'sand 

Atrichum， and phytogeography. ]ourn. Hattori Bot. Lab. 29: 1-52. 

SCHEIRER， D. C. (1972) Anatomical studies in the Polytrichaceae. 1. The gametophor of Dendroligotri-

chum dendγ'oides (HEDW.) BROTH. Bryologist 75 : 305-314. 

一一一一一(1973)Hydrolysed walls in the water-conducting cells of Dendroli許tri・chum(Bryophyta). Histo-

chemistry and ultrastructure. Planta 115 : 37-46. 

一一一---{1975)Anatomical studies in the Polytrichaceae. 11. Histochemical observations on thickened 

lateral walls of Hydroids of Dendroligotrichum. Bryologist 78 : 113働123.

一一一一一(1976)Some fine structural observations on the rhizome of Dendroligotri・chum(Bryophyta). 

Protoplasm 89 : 323-337. 

TANSLEY， A. G. (1901) Notes on the conducting tissue-system in Bryophyta. Annales Bot. 1155: 1-38 

TRACHTENBERG， S. and E. ZAMSKI (1978) Conduction of ionic solutes and assimilates in the leptom of 

Polytrichum juniPerinum WILLD. ]ourn. Exp. Bot. 29: 719-727. 

ZAMSKI， E. and S. TRACHTENBERG (1976) Water movement through hydroids of a moss gametophyte. Israel 

]ourn. Bot. 25 : 168-173. 



52 1. KAWAI， S. YOSHITAKE and M. YAMAZAKI 

Plate 1. Cross sections of the stem 

Fig. la， 2a and 3a : Polytrichum commune HEDW. 
Fig. 1b， 2b and 3b: Pogonatum co托tortum(BRID.) LESQ 
1) A solution of aniline blue and eosin was absorbed into the gametophyte for forty-eight (Fig. 1a) 

and thirty-two hours (Fig. 1b) 

2) After washing， a solution of eosin was absorbed for a further forty-eight (Fig. 2a) forty hours 

(Fig. 2b). 
3) After washing again， a solution of methyl green was absorbed for forty-eight (Fig. 3a) and thirty 

two hours (Fig. 3b). 
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Plate II. Cross sections of the stem in Polytrichum commuηe HEDW. 
1) A solution of Janus green and eosin was absorbed into the gametophyte for forty-eight hours 
(Fig.1) 

2) A solution of Congo red and gentian violet was absorbed into the gametophyte for thirty-two 

hours (Fig. 4) 

3) After washing， a solution of eosin was absorbed for forty-eight hours (Fig. 2 and Fig. 5). 

4) After washing again， a solution of methyl green was absorb巴dfor forty-eight hours (Fig. 3 and 

Fig. 6). 




