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by morphological characters, isozyme analysis
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Abstract — Morphological, electrophoretic and SEM analyses are used to assess the
differences between C. gymnopitys A. Braun and C. hydropitys Reichenbach. A comparative
study of the twelve isozymes through polyacrylamide gel electrophoresis supports the
findings of the morphological studies which had demonstrated that the two taxa investigated
are distinct. The SEM study of the oospore wall ornamentation of the two species also shows
distinct variations in the ornamentation pattern. The present study has provided evidence for
the establishment of C. gymnopitys and C. hydropitys as two distinct species.

Chara gymnopitys / Chara hydropitys | isozyme / oospore wall ornamentation

Résumé — Différentiation entre Chara gymnopitys A. Braun et Chara hydropitys Reich.
a laide des caracteres morphologiques, de ’analyse des isozymes, et de ’ornementation de
la paroi de oospore. En vue d’évaluer les différences entre C. gymnopitys A. Braun et
C. hydropitys Reichenbach, leurs morphologies, comprenant les données du microscope
électronique a balayage (SEM), ont été confrontées aux données de 1’électrophorese. L’étude
électrophorétique comparée de douze isozymes, a partir de gel polyacrylamide, est en accord
avec les données morphologiques, lesquelles vont dans le sens de la distinction des deux taxa
considérés. De plus, 'ornementation de la paroi de ’oospore, observée au SEM, montre aussi
de nettes différences entre les deux especes. La présente étude rétablit la distinction de
C. gymnopitys et de C. hydropitys.

Chara gymnopitys / Chara hydropitys | isozyme / ornementation de la paroi de ’oospore

INTRODUCTION

The genus Chara L. is cosmopolitan in distribution and comprises about
116 species (Wood, 1952), occurring in a wide range of habitats. Morphological
characters such as cortication of the axes and branchlets, rows of stipulodes and
spine cells, amongst others, have been commonly employed in the delineation of
species, though it is known they are variable. Wood & Imahori (1965) merged
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many species and reduced the number from 116 to 19. Many charophytologists
strongly disapproved of these taxonomic realignments based on developmental
morphology (Sundaralingam, 1963, 1966; Bharathan, 1987; Bharathan &
Sundaralingam, 1984a), cytology (Bharati & Chennaveeriah, 1980; Ray &
Chatterjee, 1988; Khan & Sarma, 1967; Sarma & Ramjee, 1971; Tindall & Sawa,
1964), reproductive isolation-hybridization (Proctor et al, 1967; Proctor, 1971;
Bharathan & Sundaralingam, 1984b) and numerical studies (McGuire, 1971).

Wood & Imahori (1965) included C. gymnopitys A.Br. and C. hydropitys
Reich as synonym or variety of the species Chara fibrosa Agardh, respectively
(C. gymnopitys = C. fibrosa var. fibrosa Ag. ex Bruz. em. R.D.Wood, and
C. hydropitys = C. fibrosa var. hydropitys (Reich.) R.D.Wood em. R.D.Wood).
However, a lack of reference on Indian material of C. gymnopitys and
C. hydropitys makes unclear whether the two mentioned species should be
considered within C. fibrosa. Zaneveld (1940) retained the name C. hydropitys in
his “Malaysian Charophytes”, and Sundaralingam (1959) also described the
material collected from the same Indian localities visited for this study as
C. gymnopitys and C. hydropitys. Proctor (1971); Grant & Proctor (1980) and
John et al. (1990) also referred to these two species as C. gymnopitys and
C. hydropitys. Taking into account the above considerations the original names
C. gymnopitys, as used by Braun, and C. hydropitys, as referred to by
Reichenbach are retained.

In most water bodies in and around Chennai (Madras), Tamil Nadu,
India, these two species, C. gymnopitys and C. hydropitys occur together in
association with C. zeylanica Klein ex Willd. Though both C. gymnopitys and
C. hydropitys appear similar in stature and have black oospores, a careful
examination reveals differences in the morphological features. Chara hydropitys is
particularly interesting as it may form a “bridge” between subsections Agardhia
and Willdenowia of Wood & Imahori (1965), as postulated by Proctor (1980).

In the present investigation, the variability of morphological features,
differences in proteins and isozymes (analysed using electrophoresis), and
characteristics of the oospore wall ornamentation studied with the Scanning
Electron Microscopy (SEM), are used to determine the validity of C. hydropitys
and C. gymnopitys as separate entities.

MATERIALS AND METHODS

The materials required for the present study were collected from six rain-
fed fresh water lakes (seasonal) around Chennai (Madras), India (Tab. 1). Entire
plants were collected, washed thoroughly and each collection was assigned a
number. The two species C. gymnopitys and C. hydropitys were grown in the
biphasic medium (Imahori & Iwasa, 1965; Forsberg, 1965, Proctor et al., 1967,
Bharathan & Sundaralingam, 1984 and Krishnan & Bharathan, 2001, 2004). The
cultures were maintained in an aseptic environment. OQospores for SEM studies
were collected from 30-40 days old culture, maintained in the laboratory and
prepared for SEM, adopting the method of John & Moore (1987).

Samples from 28-30 days old culture were removed before the sex organs
appeared and were subjected to biochemical analyses (1 g fresh weight sample
was used for each enzyme and protein). After the estimation of protein by the
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Table 2. List of enzymes studied and staining schedule followed

Abbreviation & Enzyme

Enzyme Number (IUBNC 1984) Staining Schedule
Acid phosphatase (ACP-3.132) Soltis ez al. (1983)
Alkaline phosphatase (AKP-3.1.3.1) Reddy & Stahmann (1972)
Catalase (CAT-1.11.1.6) Woodbury ez al. (1971)
Esterase (EST-3.1.1-) Reddy & Stahmann (1972)
Glucose-6-phosphate dehydrogenase (G-6-PDH-1.1.1.49) Cheney (1985)
Glutamate dehydrogenase (GDH-14.1.2) Cheney (1985)
Hexokinase (HEX -2.7.1.1) Soltis et al. (1983)
Lactate dehydrogenase (LDH - 1.1.1.27) Rice & Crowden (1987)
Malate dehydrogenase (MDH - 1.1.1.37) Cheney (1985)
Peroxidase (PER - 1.11.1.7) Reddy & Stahmann (1972)
Phosphoglucoisomerase (PGI-5.3.1.9) Soltis et al. (1983)
Phosphoglucomutase (PGM -2.7.5.1) Soltis ez al. (1983)

Lowry et al. (1951) method, Sodium Dodecyl Sulphate (SDS) polyacrylamide gel
electrophoresis (Laemmli, 1970) was carried out to separate and calculate the
molecular weight of each protein subunit. The gel was then stained using modified
Blum’s silver staining method, described by Nesterenko et al. (1994). Replicate
tests were run to ensure reproducibility.

Polyacrylamide gel electrophoresis (Davis, 1964) was performed for the
study of isozyme banding pattern of twelve enzymes (Tab. 2). Protein
supernatants (75 pl) were applied to 10% polyacrylamide gel. Electrophoresis was
performed at 4 °C until reproducible banding patterns were obtained for all the
enzyme systems examined. Relative mobility (Rm.) values were calculated as the
ratio of distance migrated by the band in relation to the marker bromophenol blue
dye front. The intensities of the bands on the gels were visually graded and
zymograms were drawn. Each stained enzyme band was considered for
comparison.

RESULTS

Morphological observations

The morphological features of field and culture specimens of
C. gymnopitys are presented in Table 1. Materials collected from different
locations show minor variations in the height of the plant, the thickness of the
axis, the length of the spine cells and branchlets, the diameter of the antheridia
and the length and width of the oogonia. These minor variations may have been
influenced by environmental conditions. However, the distinguishing characters
such as diplostichous cortex, ecorticate branchlets, haplostephanous nature of
stipulodes, number of stipulodes per branchlet, well-developed solitary spine cells,
remained the same for the isolates (Figs 1-6).
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Figs 1-12. 1-6. Chara gymnopitys. 1. Field specimen. 2. Culture specimen. 3. A portion of the plant
enlarged to show main axis, stipulodes, ecorticate branchlets, large bract cells and gametangia.
4. Mature axial internode with diplostichous cortex. 5. Main axis enlarged to show well-
developed haplostephanous stipulodes and ecorticate fertile branchlets. 6. Fertile branchlet node
with conjoined gametangia. 7-12 — Chara hydropitys. 7. Axial node showing irregular
diplostephanous stipulodes. (polarisation). 8. Field specimen. 9. An enlarged portion of the
cultured plant showing long internodes and branchlets with gametangia. 10. Axial node with
stipulodes and branchlets with gametangia. 11. A portion of the plant enlarged to show
cortication of axis and branchlets. 12. Cortication (triplostichous) of the mature axis. All scales =
100 pm.

Abbreviations: a- antheridia; ax-axis; bl-branchlet; br-bract; c-corticate; e-ecorticate; g-gametangium;
in-internode; ma-main axis; o-oogonium; sp-spine cell; st-stipulode.
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Table 1 depicts the morphological features of isolates of C. hydropitys
collected from the different locations and of the culture material. The
diplostichous/triplostichous cortex with primary series prominent, partially
corticate branchlets, number of stipulodes per branchlet, and rudimentary spine
cells are the stable characteristic features in all the isolates (Figs 8-12). Variations
are seen only in the length and the width of the vegetative and reproductive
parts. These variations may, again, be due to environmental influence. The
present observation on the variation in axis cortication — diplo/triplostephanous
condition — is in conformity with observations made by Sundaralingam (1966)
and Proctor (1980).

It is interesting to note, that few plants from the isolates ch12 and ch14
from Mudichur, have one or two incompletely formed lower stipulodes in addition
to the regular upper whorl of stipulodes (Fig. 7). In all the plants, the lowermost
segment and upper one or two segments are ecorticate, as reported by Zaneveld
(1940); Sundaralingam (1959); Pal et al. (1962) and Wood & Imahori (1965). The
specimens of C. gymmnopitys and C. hydropitys from cultures did not show
differences when compared with the field materials (Tab. 1), though, an increase
in the height, the axis thickness and the size of the sex organs was observed.

SEM study of oospores

In the present investigation, in addition to the measurements of the
oospore length, the width and the number of striae, ultrastructural study of the
oospore wall ornamentation by SEM has clearly helped in the identification of the
two taxa. The terminology used by John & Moore (1987) and John et al. (1990) is
adopted to describe the oospore wall ornamentation.

In C. gymnopitys, the fossa presents a finely granulated surface at a 3,000
magnification (Fig. 14). When viewed under a 15,000 magnification, these small
granules appear to be fused to give a scabrous surface. Small elevations are seen
on the surface at regular intervals and some of them have minute pores in the
centre (Fig. 16). The fossa width is about 48 pum (Fig. 13). There are 7-8 striae
(Fig. 13) with delicate ribbon-like projections with a smooth surface (Fig. 15).

The ornamentation on the fossa surface of C. hydropitys when viewed
under a 3,000 magnification is densely verrucate (Fig. 18). These verrucae have
irregular walls and many of them show central pores (Fig. 20). This ornamentation
extends to the ridges for a short distance. The fossa width is about 28 um (Fig. 17).
Oospores have 8-14 striae (Fig. 17). The surface of the ridges forming the striae
is irregular (Fig. 19).

Protein profile

The distinct protein bands obtained in an electrophoretic support media
are classified based on the extent of migration. A combination of electrophoretic
separation and staining of proteins enabled to compare and analyze the variations
in proteins of the different species. As it is generally accepted that the protein
variation detected by electrophoresis reflects genetic variation, the two species of
Chara have been subjected to protein analysis by SDS-PAGE method (Fig. 21).

The scanning of the gel by the densitometer revealed polypeptides of low
and high molecular weights in both species. In C. gymmnopitys, 22 bands with
approximate molecular mass of 10727 to 189611 daltons are observed and
C. hydropitys reveals 21 polypeptides with molecular mass of 10789-
189240 daltons.



Differentiation of Chara gymnopitys A. Br. and C. hydropitys Reich. 481

2
e

s ®Q
©

an
.

0

60

Figs. 13-20. 13. Scanning electron micrograph of oospore of C. gymnopitys. Figs 14-16. Oospore
wall of C. gymnopitys under SEM. 14. Portion of an oospore with finely granulate surface with
one of the striae. 15. Smooth, delicate ribbon-like projection from one of the striae. 16. Fossa wall
consisting of fused granules presenting scabrous surface. Small elevations with minute pores in
the centre seen at regular intervals. 17. Scanning electron micrograph of oospore of C. hydropitys.
Figs. 18-20. Oospore wall of C. hydropitys under SEM. 18. Portion of an oospore showing densely
verrucate surface and a few striae. 19. The irregular surface of the ridge forming the striae. Note
the wall ornamentation extending onto the ridge. 20. Fossa wall showing verrucae with irregular
wall and central pores. Scales: 14, 18 =2 um; 15, 16, 19,20 = 0.5 pm.
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Table 3. Data on the molecular weights of polypeptides (Daltons)
in C.gymnopitys and C. hydropitys

Cg Ch
189611 189240
135078 -
126780 -
118650 -
108323 107886

- 99523
93409 -

- 86168
80179 81577
71655 72278
62040 62040
56412 -
52491 -

- 48422

- 442824
39920 -
36299 37145

- 34563

21- Protein
M Cg Ch

-

Fig. 21. Diagrammatic representation of gel
stained for protein found in C. gymnopitys
and C. hydropitys.

Cg Ch
- 32911
- 30889
- 29668
- 28495
26976 -
25910 -
- 24671
23155 -
20433 -
21360 -
19090 -
- 18335
16768 -
- 16012
- 14899
- 14435
11696 -
10727 10789

Though there are common
polypeptide bands (of approximate
molecular mass of 189, 108, 80, 72, 62,
36,10 KDa ) shared by the two species,
the protein profile also reveals distinct
differences between the two species
(Tab. 3). It can be noticed that the
bands seen in C. gymnopitys are
different from those seen in
C. hydropitys.

Isozyme analysis

The two species investigated
reveal positive results for the twelve
enzymes, viz. Acid phosphatase (ACP),
Alkaline phosphatase (AKP), Catalase
(CAT), Esterase (EST), Glucose-6-
phosphate dehydrogenase (G-6-PDH),
Glutamate dehydrogenase (GDH),
Hexokinase (HEX), Lactate dehydro-
genase (LDH), Malate dehydrogenase
(MDH), Peroxidase (PER), Phospho-
glucoisomerase (PGI) and Phospho-
glucomutase (PGM).

Acid phosphatase banding
pattern is very complicated as they
show many bands of varying intensities
(Fig. 22). Chara gymnopitys and
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Figs 22-27. Diagrammatic representation of gels stained for enzymes found in C. gymnopitys
(Cg) and C. hydropitys (Ch). 22. Acid phosphatase. 23. Alkaline phosphatase. 24. Catalase.
25. Esterase. 26. Glucose-6-phosphate dehydrogenase. 27. Glutamate dehydrogenase.

C. hydropitys show similarity by recording bands at Rm. 0.11, 0.19 and 0.38, but
distinct differences are seen between the two. The bands at Rm. 0.28, 0.42, 0.45,
0.68 and 0.72 are shown only by C. hydropitys and not by C. gymnopitys.

The enzyme alkaline phosphatase has low electrophoretic mobility,
thereby revealing high molecular weight and/or low net ionic charges (Fig. 23). At
Rm. 0.07 both the species reveal a band. C. gymnopitys records another band
at Rm. 0.15 and both the bands recorded in C. gymnopitys are more intense when
compared with the single band recorded in C. hydropitys.

Electrophoretic profile of catalase show restricted number of bands — 2 to
3. In C. gymnopitys, there are 3 bands recorded at Rm. 0.13, 0.46 and 0.73, while
C. hydropitys shows only two bands at Rm. 0.13 and 0.46 (Fig. 24).

The esterase banding pattern is very complex. Both C. gymnopitys and
C. hydropitys show slow as well as fast migrating bands. More number of bands
are seen in C. hydropitys — at Rm. 0.15, 0.19, 0.4, 0.47, 0.57, 0.64, 0.74 and 0.83
— when compared with C. gymnopitys. C. gymnopitys shows bands at Rm. 0.08,
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0.11, 0.17, 0.77 and 0.87, which are not seen in C. hydropitys. Both have a common
band at Rm. 0.96 (Fig. 25).

The glucose-6-phosphate dehydrogenase banding pattern shows homoge-
neity between the two species by displaying common bands at Rm. 0.14, 0.42, 0.61,
and 0.68. C. hydropitys differs from C. gymnopitys because of the presence of
additional bands at Rm. 0.25, 0.29, 0.54, 0.64 and 0.75 (Fig. 26).

In C. gymnopitys, four bands of Rm. 0.21, 0.26, 0.44 and 0.81 of glutamate
dehydrogenase are observed, whereas C. hydropitys reveals six bands at Rm. 0.11,
0.26, 0.31, 0.44, 0.74 & 0.90. These differences in the banding pattern and Rm.
values contribute to the delineation of the two species (Fig. 27).

Hexokinase banding pattern shows slow and fast migrating bands in both
the species and common bands at Rm. 0.11 & 0.3. The banding pattern (Fig. 28)
exhibits a distinct difference between C. gymmnopitys and C. hydropitys of
C. fibrosa complex of Wood (1962). C. hydropitys, by having bands at Rm. 0.16,
0.53 and 0.61, differs from C. gymnopitys, which displays bands at Rm. 0.47, 0.57
and 0.63 (not recorded by the former).

28-HEX 29-LDH 30-MDH
Cy Ch Ch Cg ch Cy
- - 0.08
0.1 _ Jon 0.14 s s mas | 0,14
— 0.16 -
g%; —_— —-— | 0.24
. —_— ——
b . — |03 g3s — — | 0.38 - 0.3
e 0.44
047 | o ] . —
— 053 057 o w—— e— ] 057 06 ] — — | 0.6
0.57 =] 0.58 —— — | .58
0.63 — 061 0.62
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Figs 28-33. Diagrammatic representation of gels stained for enzymes found in C. gymnopitys (Cg)
and C. hydropitys (Ch). 28. Hexokinase. 29. Lactate dehydrogenase. 30. Malate dehydrogenase.
31. Peroxidase. 32. Phosphoglucoisomerase. 33. Phosphoglucomutase.
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In lactate dehydrogenase, in addition to the five major bands, lightly
stained minor bands are recorded. Occurrence of minor bands are common among
animals and some plants, as mentioned by Wilkinson (1970). C. gymnopitys and
C. hydropitys are identical in having five bands at Rm. 0.24, 0.27, 0.38, 0.53 and 0.58.
C. hydropitys records a major band at Rm. 0.46, not seen in C. gymnopitys, which
shows a minor band at Rm. 0.62 — lacking in C. hydropitys (Fig. 29).

While five bands of malate dehydrogenase are seen in C. gymnopitys,
C. hydropitys records only three bands. C. gymnopitys varies from C. hydropitys
in having bands at Rm. 0.08, 0.36 & 0.46, while C. hydropitys has a band at
Rm. 0.44, which is not seen in C. gymnopitys. But both have a common band at
Rm. 0.14 and 0.6 (Fig. 30).

Intense peroxidase activity is noticed in both the specimens. The enzyme
shows low electrophoretic mobility, indicating high molecular weight and/or low
net ionic charge. Of the total number of 3 slow migrating bands, two bands at Rm.
0.07 and 0.21 are common to both. The band at Rm. 0.11 is unique only to
C. hydropitys (Fig. 31).

Diverse phosphoglucoisomerase enzyme system is observed in the
present study (Fig. 32). C. gymnopitys and C. hydropitys display bands of varying
mobility, thereby proving that each one is distinct. The bands at Rm. 0.34, 0.43,
0.6 and 0.67 shown by C. gymnopitys are not seen in C. hydropitys, which displays
bands at Rm. 0.27, 0.44 and 0.55.

The differences in the number of phosphoglucomutase bands and the
corresponding Rm. values recorded in C. gymnopitys and C. hydropitys contribute
to the delineation of the two species (Fig. 33). In C. gymnopitys, no band is seen
near the cathode end, whereas in C. hydropitys, three bands at Rm. 0.16, 0.24 and
0.28 are recorded. The most anodal band at Rm. 0.81 shown by C. gymnopitys is
not recorded in C. hydropitys.

DISCUSSION

Morphological features

C. gymnopitys is found throughout the post North East Monsoon season
(October-March), as long as water is available, while C. hydropitys, which has
been considered as a variety of C. fibrosa by Wood & Imahori (1965) and as a
distinct species by Zaneveld (1940); Sundaralingam (1959) and Pal et al. (1962), is
found in the early period of the season. As has been pointed out by Zaneveld
(1940), this species grows in the shallow regions of the lakes and disappears when
water recedes during the middle of the season.

According to Wood & Imahori (1965), plasticity in ecological expression
demands careful scrutiny while making a taxonomic decision, as it is difficult to
know which of the “phenotypes” are environmentally induced and which are
genetically controlled. In the present investigation, the field materials of both the
species when in culture showed luxuriant growth, but retained the distinguishing
features like axis and branchlet cortication, nature of spine cells, etc. In
C. hydropitys, variation in the axis cortication is noticed from triplostichous to
diplostichous, the diplostichous condition being more common, whereas in
C. gymnopitys, only the diplostichous cortex is present. The spine cells are well
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developed in C. gymnopitys, whereas they are rudimentary in C. hydropitys.
C. gymnopitys exhibits completely ecorticate branchlets, but in C. hydropitys, 2 to
3 corticate internodal segments are seen, and the lowermost and terminal one or
two segments are ecorticate. Wood & Imahori (1965) did not give much
importance to cortication of the branchlets in the delineation of C. gymnopitys
and C. hydropitys. But in the present study, the partial cortication of the
branchlets is a stable feature of C. hydropitys, in contrast to the complete
ecortication of the branchlets of C. gymmnopitys, as also indicated by Zaneveld
(1940) and Sundaralingam (1959).

The development of the cell of the basal node of the branchlet shows a
different mode in the ecorticate branchlets of C. gymnopitys from that of the
partially corticate branchlets of C. hydropitys (Sundaralingam, 1966) which, again,
supports the separation of the two taxa.

Though haplostephanous condition of stipulodes is noted, occasionally in
a few specimens of C. hydropitys, an incompletely formed lower row — one or
two lower stipulodes — has been observed. Proctor (1980), noting a similar
condition in C. hydropitys, drew a comparison between C. zeylanica and
C. hydropitys and suggested that the two species might form an intermediate link
between subsections Agardhia and Willdenowia of Wood.

SEM study of oospores

In recent times, the application of SEM in studying the oospore wall
ornamentation has helped in resolving charophyte taxonomy. Caceres (1975);
John & Moore (1987), Caceres & Garcia (1989); John et al. (1990), Haas (1994);
Casanova (1991, 1997); Mandal er al. (1995); Mandal & Ray (1999) and Ray
(2004) have shown that the characteristic features of the oospore can be used for
identification, preparation of key and differentiation of the various species of
charophytes.

In field conditions and under light microscope, there are not many visible
differences in oospore colour and number of convolutions, though the oospore
size is seen to be smaller in C. hydropitys. However, when viewed under SEM, the
acid-cleaned oospores provided us with different surface characteristics of
taxonomic importance. The two species, C. gymnopitys and C. hydropitys, which
had been reduced to infraspecific levels by Wood & Imahori (1965), show distinct
differences in wall ornamentation features, which help demarcate the two as
different species. While in C. gymnopitys, the smaller granules on the oospore wall
fuse to form a scabrous surface, in C. hydropitys, the ornamentation is
significantly different, showing verrucae with irregular wall and central pores.
Besides, the surface of the ridge in C. gymnopitys is smooth with a ribbon-like
projection, whereas in C. hydropitys, the ridge is irregular. The differences in the
ornamental pattern of the oospore of each species remained consistent across
materials collected from the same and different water bodies. Céceres (1975) has
commented that the oospores provided surface features for distinguishing taxa
and these features are more stable than those associated with the vegetative
thallus. As pointed out by Casanova (1997) and Ray (2004), the variation in
oospore wall structure can be taken as an indication of genetic differences
between taxa. Apart from vegetative features, oospore wall characters can also be
accorded an important place in the delineation of species, especially when there
is a doubt regarding the validity of closely assigned species.
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Based on the differences in the oospore wall ornamentation that have
been analyzed in the present study, it is suggested that C. gymnopitys and
C. hydropitys should be treated as two different species. Differences in oospore
wall ornamentation have already been used to delineate species in the past (e.g.
John & Moore (1990)).

Protein and isozyme analysis

The delineation of species of freshwater algae is mainly based on
morphological variations. As Soudek Jr. & Robinson (1983) pointed out,
morphological characters by themselves may be insufficient in distinguishing
species. Biochemical analyses are often resorted to whenever controversies arise
regarding the validity of any taxon in order to clarify and provide additional
evidence for correct delineation of the taxa in question. As morphological
characters are the end products of chemical pathways that are under the control
of genes, it is necessary to analyze proteins and enzymes, which are the primary
products of the genes. The technique of electrophoresis of proteins has become a
powerful tool in studying genetic variation directly at the molecular level. Any
change in the genetic constitution, i.e., any modification in the DNA nucleotide,
will result in a change in the amino acid composition, which in turn will alter the
net charge of the proteins and enzymes. This will affect the mobility of the
enzymes in the charge field and can thus be detected. Proteins and isozyme
patterns have served as an adjunct to morphological studies to resolve systematic
controversies at the generic and specific levels.

As Shannon (1968) pointed out, more than hundred enzymes exist in
multiple forms and each organism possesses a distinct enzyme composition. An
analysis of these multiple forms has proved to be useful and is extensively applied
in algal taxonomy.

Isozyme analysis had already been utilized to resolve taxonomic
controversy. Gemayel (1988) had shown that the readings of the zymograms for
PGM, PGI, IDH, MDH, EST, GOT and PAC reveal a clear interspecific
differentiation between C. globularis Thuill., em. R.D. Wood and C. aspera Deth.
ex Willd., which were classified by Wood & Imahori (1965) as a single species.
Working on the green alga Caulerpa Lamour. Ballment et al. (1996) emphasized
on the utility of consistent phenotypic pattern differences in discriminating the
taxa. They are able to separate a cryptic taxon among the population of
C. serrulata (Forssk.) J. Ag. based on the occurrence of fixed differences at many
loci for seven of ten enzymes studied. Sosa & Lindstrom (1999), while reviewing
the isozymes in macroalgae, had commented that isozymes are particularly useful
as taxonomic characters because they are relatively easily observed, provide
reliable data and have the power to discriminate among taxa.

Grant & Proctor (1980) made a detailed study of Phophoglucoisomerase
(PGI) isozyme in Chara species (including C. hydropitys), and found the enzyme
to be polymorphic. Each species was found to have more than five locations of
enzyme activities. Apart from the number, the bands differed in their mobility
also. Diverse PGI enzyme system is observed in the present study too.
C. gymnopitys and C. hydropitys display bands of varying mobility, which
contributes to differentiating them into two different species. Grant & Proctor
(1980) had recorded five bands in C. hydropitys, whereas in the present
investigation, only three bands are seen. The differences in the number of bands
may be attributed to the different separating media and buffers used. Thomas &
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Delcarpio (1971) have shown that the number of sites of reactions and the
position of these sites for each enzyme were different for starch and
polyacrylamide. Grant & Proctor (1980) had attributed the PGI enzyme diversity
to polyploidization, resulting in functional gene duplication. They suggested
Phosphoglucomutase (PGM) to be monomorphic in the species of Chara, except
in one group of individuals of the Chara globularis complex. The present study
shows PGM to be polymorphic in contrast to monomorphic, as suggested by
Grant & Proctor (1980). Khan & Sarma (1984) had commented that enzymatic
versatility due to functional gene duplication via polyploidy allowed greater
ecological tolerance to develop, contributing to evolutionary significance.

In the present investigation, the protein profile of C. gymnopitys and
C. hydropitys, show several variable bands (Tab. 3) and reveal only seven
common bands. Although they show similarity by recording some common bands
for Acid phosphatase, Alkaline phosphatase, Catalase, Esterase, Glucose-6-
phosphate dehydrogenase, Glutamate dehydrogenase, Hexokinase, Lactate
dehydrogenase, Malate dehydrogenase and Peroxidase, the number of sites of
reaction and the positions of these sites for each enzyme are different. The
differences found in the electrophoretic analyses indicate that C. gymnopitys and
C. hydropity are separate species.

CONCLUSION

The present study reports for the first time SEM analyses of the oospore
wall ornamentation of C. gymnopitys and C. hydropitys from India, and the first
detailed report on the isozymes of the twelve enzyme systems present within the
two species.

This investigation shows, as was discussed by other authors, that
morphological differences of plants, oospore wall ornamentation, and isozyme
analysis are important to discriminate species of charophytes. The differences
found between C. gymnopitys and C. hydropitys using different techniques, justify
therefore their separation as two different species.

Acknowledgement. The author is deeply indebted to Dr S. Bharathan for his able
guidance and valuable suggestions. Heartfelt thanks are due to Prof. V.S. Sundaralingam
for his critical comments. The author is grateful to Dr Sr. Annamma Philip fm.m. — the
Principal, Stella Maris College, Chennai, India — for providing the use of the department
laboratory.

REFERENCES

BALLMENT E., PRICE I. & BENZIE J., 1996 — Techniques for enzyme electrophoretic analysis of
the green alga, Caulerpa. AIMS Report 25: 1-57.

BHARATHAN S. & SUNDARALINGAM V.., 1984a — Developmental morphology of
Lamprothamnium papulosum (Wallr.) J.Groves and Lamprothamnium succinctum (A.Br.)
R.D.Wood. Journal of Indian botanical society 63: 97-107.

BHARATHAN S. & SUNDARALINGAM V.S, 1984b — Taxonomic validity of Chara
vandalurensis Sund. Phykos 23: 15-20.

BHARATHAN S., 1987 — The basal node of the branchlet in the taxonomy of Chareae. Journal of
Indian botanical society 66: 346-349.



Differentiation of Chara gymnopitys A. Br. and C. hydropitys Reich. 489

BHARATI S.G. & CHENNAVEERAIAH M.S., 1980 — Cytotaxonomical studies on Chara zeylanica
complex. /n: Desikachary T.V. & Raja Rao V.N., Taxonomy of algae. Madras, University
3 of Madras, pp. 553-564.
CACERES EJ., 1975 — Novedades Carologicas Argentinas 1., Una nueva especie de Nitella y tres
) adiciones al genero para la flora Argentina Kurtziana 8: 105-125.

CACERES EJ. & GARCIA A., 1989 — Nitella hyalina (DC) Ag. (Characeae, Charophyta) in
Argentina. Nova Hedwigia 48: 111-117.

CASANOVA M.T., 1991 — An SEM study of developmental variation in oospore wall ornamentation
of three Nitella species (Charophyta) in Australia. Phycologia 30: 237-242.

CASANOVA M.T., 1997 — Oospore variation in three species of Chara (Charales, Chlorophyta).
Phycologia 36: 274-280.

CHENEY D.P., 1985 — Electrophoresis. /n: Littler M.M. and Littler D.S., Handbook of phycological
methods. Ecological field methods: Macroalgae. Cambridge, Cambridge University Press,
pp. 87-119.

DAVIS BJ., 1964 — Disc electrophoresis II. Method and application to human serum proteins.
Annals of the New York academy of sciences 121: 404-427.

FORSBERG C,, 1965 — Nutritional studies of Chara in axenic cultures. Physiologia plantarum 18:
275-290.

GEMAYEL P., 1988 — Approach of biochemical systematics in the Charophyta. Cryptogamie,
Algologie 9: 73-82.

GRANT M.C. & PROCTOR V.W., 1980 — Electrophoretic analysis of genetic variation in the
Charophyta I. Gene duplication via polyploidy. Phycologia 16: 109-115.

HASS J.N,, 1994 — First identification key for Charophyta oospores from central Europe. European
journal of phycology 29: 227-235.

IMAHORI K. & IWASA K., 1965 — Pure culture and chemical regulation of the growth of
Charophytes. Phycologia 4: 127-134.

JOHN D.M. & MOORE J.A., 1987 — An SEM study of some Nitella species (Charales, Chlorophyta)
with description of wall ornamentation and an assessment of its taxonomic importance.
Phycologia 26: 334-355.

JOHN D.M., MOORE J.A. & GREEN D.R., 1990 — Preliminary observations on the structure and
ornamentation of the oosporangial wall in Chara (Charales, Chlorophyta). British
phycological journal 25: 1-24.

KHAN M. & SARMA Y.S.RK., 1967 — Studies on cytotaxonomy of Indian Charophyta I: Chara.
Phykos 6: 36-47.

KHAN M. & SARMA Y.S.RK, 1984 — Cytogeography and cytosystematics of Charophyta. In:
Irvine D.E.G. & John D.M., Systematics of the green algae. London, Academic Press
London, pp. 303-330.

KRISHNAN U. & BHARATHAN S., 2001 — Influence of Arthropods on morphogenetic features
of Charophytes. Journal of Indian botanical society 80: 275-276.

KRISHNAN U. & BHARATHAN S., 2004 — HPLC Analysis of Amino Acids in six species of Chara
and its significance in taxonomy. Indian hydrobiology 7 (1 & 2): 94-104.

LAEMMLI UK., 1970 — Cleavage of structural proteins during the assembly of the head of
bacteriophage T,4. Nature 227: 680-685.

LOWRY O.H., ROSENBROUGH NJ., FARR AL. & RANDALL R.J., 1951 — Protein
measurement with folin phenol reagent. Journal of biological chemistry 193: 265-275.

MANDAL D.K., RAY S. & MUKHERJEE A., 1995 — Scanning Electron Microscopic study of
compound oospore wall ornamentations in some taxa under Nitella furcata complex
(Charophyta) from India. Phytomorphology 45: 39-45.

MANDAL D.K. & RAY S., 1999 — Taxonomic significance of Scanning Electron Microscopic study
of oospore wall ornamentations in Charophyceae. Phytomorphology 49: 425-432.

MCGUIRE R.F., 1971 — A numerical taxonomic study of Chara zeylanica and related species.
Ph.D.Thesis, University of Tennessee.

NESTERENKO M. V., TILLEY M. & UPTON S.J., 1994 — A simple modification of Blum’s silver
nitrate method allows for 30 minutes detection of proteins in polyacrylamide gels. Journal
of biochemistry and biophysics methods 28: 239-247.

PAL B.P., KUNDU B.C., SUNDARALINGAM V.S. & VENKATARAMAN G.., 1962 —
Charophyta. New Delhi, ICAR, 128 p.

PROCTOR V.W., CARL DE DONTERBERG C.C., HOTCHKISS A.T. & IMAHORI K., 1967 —
Conspecificity of some Charophytes. Journal of phycology 3: 208-211.

PROCTOR V.W., 1971 — Taxonomic significance of monoecism and dioecism in the genus Chara.
Phycologia 10: 299-305.

PROCTOR V.W., 1980 — Historical biography of Chara (Charophyta): An appraisal of the Braun
Wood Classification plus a falsifiable alternative for future consideration. Journal of
phycology 16: 218-233.



490 U. Krishnan

RAY S. & CHATTERIJEE P., 1988 — Cytotaxonomical study of some members of Chara fibrosa
complex. Cryptogamie, Algologie 9: 65-72.

RAY S., 2004 — Ultrastructural details of oospore wall ornamentation in Chara and Nitella (Charales)
and taxonomic significance of these at specific and sub-specific level — A Review.
Phycology: nature and nurture: 251-261.

REDDY M.N. & STAHMANN M.A., 1972 — Multiple molecular forms of enzymes in pea infected
with Fusarium oxysporium sp. Pisi Race 1. Phytopathologische Zeitschrift 74: 55-68.

RICE E.L. & CROWDEN R.K., 1987 — An improved method for the extraction of electrophoresis
of protein and active enzymes from fucalean macroalgae (Phaeophyta). Phycologia 26:
235-246.

SARMA Y.S.R.K. & RAMIJEE S., 1971 — Significance of chromosome numbers in Charophyta — A
discussion. Caryologia 24: 391-401.

SHANNON L.M., 1968 — Plant isoenzymes. Annual review of plant pysiology 19: 187-210.

SOLTIS D.E., HAUFFLER C.H., DARROW D.C. & GASTONY G.J.,, 1983 — Starch gel
electrophoresis of ferns: a compilation of grinding buffer, gel and electrode buffers and
staining schedules. American fern journal 73: 9-27.

SOSA P.A. & LINDSTROM S.C., 1999 — Review. Isozymes in macroalgae (seaweeds): genetic
differentiation, genetic variability and applications in systematics. European journal of
phycology 34: 427-442.

SOUDEK K. Jr & ROBINSON G.G.C, 1983 — Electrophoretic analysis of the species and
population structure of the diatom Asterionella formosa. Canadian journal of botany 61:
418-433.

SUNDARALINGAM V.S., 1959 — A systematic account of the South Indian Characeae. Proceedings
of the Indian academy of science 49: 7-51.

SUNDARALINGAM V.S., 1960 — Comparative morphology of Charophytes. Proceedings of a
Symposium. Algology, New Delhi: 78-84.

SUNDARALINGAM V.., 1963 — Studies on Indian Charophytes — III. Developmental
morphology of two ecorticate species of Chara Linn. Phykos 2: 1-14.

SUNDARALINGAM V.S, 1966 — Studies on Indian Charophytes — V. Developmental morphology
of two more species of Chara Linn. Phykos 5: 198-215.

THOMAS D.L. & DELCARPIO J.B., 1971 — Electrophoretic analysis of enzymes from three species
of Chlamydomonas. American journal of botany 58: 716-720.

TINDAL D.R. & SAWA T. 1964 — Chromosomes of Characeaec of the Woods Hole
(Massachusettes). American journal of botany 51: 943-949.

WILKINSON J.H., 1970 — Isozymes. London, Chapman and Hall, pp. 134-203.

WOOD R.D., 1952 — The Characeae, 1951. Botanical review 18: 317-353.

WOOD R.D., 1962 — New combinations and taxa in the review of the Characeae. Taxon 11: 7-25.

WOOD R.D. & IMAHORI K., 1964-65 — A revision of the Characeae. Weinheim, J. Cramer, Vol. 1,
903 p., Vol. 2, 680 p.

WOODBURY W., SPENCER A. K. & STAHMANN M.A., 1971 — An improved procedure using
ferricyanide for detecting catalase isozymes. Analytical biochemistry 44: 301-305.

ZANEVELD J.S., 1940 — The Charophyta of Malaysia and adjacent countries. Blumea 4: 1-223.





