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CYANOBACTERIA
Cyanobacteria Definition and Introduction:
Cyanobacteria are prokaryotic oxygenic phototrophs that contain a green pigment called chlorophyll and
a blue photosynthetic pigment called phycobilins. Prokaryotic means they don't have a membrane-bound
nucleus, mitochondria or other type of membrane-bound organelle (like true algae do). A phototroph is
an organism that uses energy from the sun to synthesize organic compounds for food.
They have the distinction of being the oldest K& s, more than 3.5 billion years old and are still
around; they are one of the largest and most infiportant gr@ups of bacteria,on earth.
These are the only organj aBke to perform @xygenic piibtosynthesis glar®gg also fix nitrogen.
Many Proterozoic oilg#fEposits ar§attributedo the activiye of cyangacteria. ™y are also important
providers of nitrogen Yertilizer in tNe®€Ultivation of rice and DEme The cyanofcteria have also been

of the presenc

hot springs (50-60°
red sea is name

tremendously importan®in shaping the cou gol n and ecological ciggnge throughout earth's

%umerou cyanobacteria during the

The oti#er great contributio

makgffood for themse@

late PM8§grozoic, or

eukaryote Nglls, . T@event ighknown as

a

Because th@y are/Bhptos e- &1 algde

re commonly blue gree

1. Cyam@bacte er qlgae-are the ost succ‘:‘&\ﬁﬂ,ﬁf{otro ic Hanis [ o
gaugedgpom th
cyag#bacteria k
trichome filaments es, homo = Ufdifferggfiated, e.g., Oscillatoria)
and heterocystous (#/differentiated; %ﬁ% ostoc). Spir@lina has a spirally coiled
filament. Colonies@evelop in sgge cases, €.g
bound organelles. CBivall g& made up ofmicrofibril§ and is diff&ntiatge®to four (4) layers. The
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B-carotene and different xanthophylls like myxoxanthin and myxoxanthophyll are also present.
Membrane bound chromatophore are absent. Pigments are found embedded in thylakoids.
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pigment which absorb light of short waveTengtn 470 to 600 /mm). In addition, other pigments like
5. Both vegetative and reproductive cells are non-flagellate. Locomotion is generally absent, but when
occurs, it is of gliding or jerky type.
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6. In trichomes of Cyanobacteria heterocysts are also present which help in fixation of free nitrogen.
Cell wall is much thicker in comparison with the other cells of the trichome.

7. In some forms thick-walled akinetes are also found which help them to survive in unfavorable

conditions.

The reserve foods are cyanophycean starch and cyanophycean granules (protein).

9. Reproduction takes place by vegetative and asexual methods. Vegetative reproduction takes place by
cell division, fragmentation etc. Asexual re akes place by endospores, exospores, akinetes,
nannospores etc.

10. Sexual reproduction igg
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Species of some mempers like Analgagpa grow as endophytes indagllus of Antfgceros (Bryophyta) and
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Species of Nostoc, ScytOMega g&loeocapsa, @ind Chroocg@ccus grow big#fCally with different fungi
and form lichen. Some memD®€rs like Nostoc,§JAnabaenafetc. can fix atn¥ospheric nitrogen and increase
soil fertility.
Along with other organisms, they are found as saprophyte and parasites.

THALLUS ORGANIZATION IN CYANOPHYCEAE:

Plants of this group show much variation in their thallus organization.

The thallus may be of unicellular or colonial forms:

1. Unicellular Form:
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In unicellular form, the cells may be oval or spherical. Common members are Gloeocapsa (Fig. 3.23A),
Chroococcus and Synechococcus.

2. Colonial Form:
In most of the members the cells after division remain attached by their cell wall or remain together in a
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Fig. 3.23 : A few members of Cyanophyceae showing thallus organization : A. Gloeocapsa sp., B. Microcystis sp.,
C. Eucapsis alpina; D. Oscillatoria sp., E. Microcoleus sp., F. Rivularia poliotis, G. Gloeotrichia pisum, H.
Nostoc sp., |. Anabaena sp., J. Mastigocladus limilosus, and K. Scytonema sp.

common gelatinous matrix, called a colony.
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The colonies may be of two types:

a. Non- filamentous, and

b. Filamentous.

a. Non-Filamentous Type:

The cells of this type divide either alternately or in three planes, thereby they form spherical
(Gomphosphaera, Coelosphaerum), cubical (Eucapsis alpine, Fig. 3.23C), squarish (Merismopedia) or
irregular (Microcystis, Fig. 3.23B) colony.
b. Filamentous Type:
By the repeated cell divigj one plane, gingle row @ cells are fogfiMgy, known as trichome. e.g.,
Oscillatoria (Fig. 3.2348%, SpiruliNg, Arthospifia etc. The tfichome whghf coveretNgy mucilaginous sheath
is called a filament. §he filamenWgae@® Contain single triCTTSmagg(Oscillatorig§f Lyngbya) or several
trichomes (Hydrocoleu§y Microcoleus, Fig. 3.23
The trichomes may be 8nbranched sﬁ Yn ), ched (Masggocladus limilosus, Fig.
3.23J) ang falsely brang#ed (Sc . 3.23K and Toly b 4%
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d
present on the cell whicjffact as passa CBHE{(‘ y the cell. Ggemically the cell wall of
eubacteria and cyanobgCteria are mygh similar.
3. Plasma Membra
The cell wall is followetgy a hifayer membr@ne called glasma mem§ane gigfasma lemma. It is 70A°
thick, selectively permeabl®@nd maintain §physiologial integrity O e cell. Plasma membrane
sometimes invaginates locally and fuses with te photosylithetic lamellae (thylakoids) to form a structure
called lamellosomes (Fig.4.32). The plasma membrane encloses cytoplasm and the other inclusions.
4. Cytoplasm:
Cytoplasm is distinguished into the two regions, the outer peripheral region which is called the
chromoplasm and the central colourless region called centroplasm.
(i) Chromoplasm:
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The chromoplasm contains the flattened vesicular structures called photosynthetic lamellae or thylakoids
(Fig.4.32). Thylakoids may be peripheral, parallel or central. Besides photosynthesis, thylakoids have the
capacity of photophosphorylation, Hill reaction and respiration. Depending upon physiological
conditions they are arranged accordingly.

Several photosynthetic pigments such as chlorophyll a, chlorophyll ¢, xanthophyll’s, and carotenoids are
present inside the lamellae. On its upper surface phycobilisomes (biliproteins) of about 40 nm diameter
are anchored by a protein.

Phycobilisomes comprises of three pigmentsf§ Phycocya@in-C, allophycocyanin and Phycoerythrin-C.
These three pigments harngs®€ TRt in the sequénce: Phyc@erythrin—PhCoayanin—Allophycocyanin—
Chlorophylls.
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boundary. The ends of vacuoles are conical (Fig. 4.32). The protein boundary is impermeable to water
and freely permeable to gases. Under pressure they get collapsed, and therefore, lose refractivity.

The function of gas vesicles is to maintain buoyancy so that the cell can remain at certain depth of water
where they can get sufficient light, oxygen and nutrients. Floating and sinking phenomenon is a key
feature found in free floating cyanobacteria. Through this mechanism they can escape from harmful effect
of bright light.

(i) Carboxysomes:
Carboxysomes are the polyhedral bodies contg@ining 1, 5-@bulose bi-phosphate carboxylase (Rubisco).
(iv) Phosphate Bodies:
These are the sphericg€tructuresormed as alfesult of thalaggregatiogfof high ™glecular weight linear
polyphosphates. Thes&subcellular Ons are also called MewmgfOmatin grangfles or volutin
granules and serve as pRpsphate stores and are o ed during periods of phogphate starvation. These
structures develop mostIfin those ¢ ﬁosphate rich#environment.

(v) Phycqbilisomes:
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4.34 . 4.34 : Phycobilisomes ottached to the lameliar membrane (A): orrangement of
' - . . phycobiiiproteins in a phycobilisome attached to lamellar membrane

PhycQpiliproteins incl (B); oows show the direction of transter of energy (diogrammatic)
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(a) A rechgigffient PI oerﬁ iCMS

(b) A blue pigment Phy8gcyani orbs light strongly and

(c) Allophycocyanin whith absorbs m&

The pigments in phygbbilisomes are arrang a way that Allophy@ocyanin is attached to
photosynthetic lamellgF membranegATmlygacyanin is sugune® By the molecO§es of Phycocyanin and
the latter by Phycoerylg.
Phycoerythrin and phycocy3ag absorb shortdk (high enefigy) waveleng®yg#® light and transfer energy to
allophycocyanin. Allophycocyanin is closelyf@linked to #le reaction centre chlorophyll. Thus energy is
transferred from allophycocyanin to chlorophytfaPreserice of phycobilisomes makes the cyanobacterial
growth possible at the region of lowest light intensities.

(vi) DNA Matrix:

Like other prokaryotes the cyanobacteria also contain naked DNA fibrils dispersed in the centroplasm.
DNA material lacks nucleoplasm, and like E. coli contains a histone like protein that binds with DNA.
The total number of genomes is yet not known but in Agmenellum 2 to 3 genomes have been reported.
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However, base composition of DNA in different cyanobacteria varies, for example in chroococcales (35-
71 moles percent G + C), Oscillatoriales (40- 67 moles percent G + C), Pleurocapsales (39-47 moles
percent G + C) and heterocystous forms (38- 47 moles percent G + C). The molecular weight ranges from
2.2 x 10° to 7.4 x 10° Daltons.

(vii) Ribosomes:

These are the sites of protein synthesis. Cyanobacterian ribosomes occur freely in the cytoplasm and

are identical to those of bacteria in being 70S g
(viii) Glycogen or a-granules;

Glycogen or a-granules arggfe§jtes for storage of excessgphotosynthetig’o®agucts. The latter is used as

energy source in darkge®S or wheRyCO. suppll is limiting

(ix) Plasmids:
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closed circular DNAs an@their genet W &m function isgiot yet known.
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REPRORUCTIO ANOPHYCEAE:

anophycglie) reploee

p of

—+

The blue green algae
tion is absent.

The vegetative reproductionperforms throu@h fission gSynechococcuS¥, fragmentation (Oscillatoria,
Cylindrospermum muscicola), hormogonia f@mation (scillatoria, Nostoc), hormospores (Westiella
lanosa), planococci and Palmelloid stage.

During asexual reproduction various types of asexual spores are formed. These are akinetes (Anabaena
sphaerica, Gloeotrichia natans, Calothrix fusca), endospores (Dermocarpa), exospores (Chamaesiphon)
and nannocyte (Microcystis) (Fig. 3.27).

Specialized structures such as akinetes, hormogonia, hormocysts and spores, are partly involved in the
process of reproduction.
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So far as the sexual reproduction in its true sense is concerned, it is absent in them and the requirements
of sexuality are considered to be met by some alternative pathways referred to as parasexual-pathways.
1. Akinetes:

The members of Stigonemataceae, Rivulariaceae and Nostocaceae are capable to develop the vegetative
cells into spherical perennating structures called akinetes (dormant structures) in adverse condition or
spores such as Nostoc, Rivularia, Gloeotrichia, etc. (Fig. 4.35A).

During unfavourable conditions, the vegetativg=e geeg mulate much food, enlarge and become thick
walled. These are formed singly or in chains. ARinetes pos§ess cyanophyc an granules hence these appear
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After liberation each endospore germinates into a new plant, for example Dermocapsa. When the size of
endospores is smaller but larger in number, they are called Nano spores or nanocysts. Some of the
cyanobacteria (e.g. Chamaesiphon) reproduce by budding exogenously. The spores produced through
this method are called exospores.

Sheath

Hormospore

Akinete

Heterocyst

Heterocyst Heterocys!

Vegetative

Nannocy'es
Exospore cells

'Fig. 3.27 : Vegetative and asexual reproduction in Cyanophyceae : A. Cell division (Synechococcus sp.).
B. Fragmentation of filament (Cylindrospermum muscicola), C. Hormospore {'Vestiella lanosa), D. Akinete
(Gloeotrichia natans). E Endospore (Dermocarpa prasina), F. Evaspore (Chamaesiphon incrustans),
G. Akinete (Anabaena sp.) and H. Nannocyles (Aphanothece)

ore f@Aation the pa

m no venlargement of t
Parasex§git oba ! @
The knowledge of cyar@gacteri 16s is relatively new aﬂs oneergg?by Kumar in 1962 who
Atﬂ
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However, the mechanisms of genetic recombination in cyanobacteria are thought to be the same as those
in bacteria. VEGETATIVE CELLS HETEROCYST AKINETE

Heterocysts:
Heterocysts are the modified vegetative cells
(Fig.4.35A-B). Depending on nitrogen concentration
in the environment, hetero- cyst formation

During  differentiation  seyeral —morphgjogical, mg&mouscon
physiological, biocheppd THICK WALL

e CYANOPHYCIN CYTOPLASM DEVOID
modifications take pl PLUG OF PHOTOSYSTEM II

FIG. 6,.12. Trichome of Anabasna possessing heterocys! and
akinete.

Fig. 4.35 : Diagrams ot a Gioeotrichia (A). Nostoc (B) and Osciliatoria (C).

ECON IMPORw CYANOBRETERIA:
The Cyanophycean members show both benef¥e rmful activities.

Beneficial Activities:

1. Cyanobacteria are one of the early colonizers of bare and barren areas and generate such conditions
that favour the growth of other organisms even in the most hostile environment.

2. They are good food source for several aquatic animals. Moreover, the cyanobacteria are now-the-
days exploited as food for animals including humans. Spirulina, a filamentous cyanobacterium, is
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now incorporated in food supplement as well as animal feed through ‘single cell protein’ manufacture
because of its high protein content (upto 70%).

3. Some Indian dishes, for instance, like ‘puri’ ‘idli’ and ‘sandwich’ prepared by supplementing 5-10%
S. fusiformis have been found to be palatable. In parts of Rajasthan Anabaena and Spirulina are
collected from Sambar lake and used as fodder and manure. Nostoc commune is boiled and used as
soup in China.

4. About twenty two (22) filamentous mem|gens=e
Anabinopsis, Calothrix, Scytonema etc.flcan fix
compounds. These cog@Oigds are furthgf absorbed
increase yield.

5. All the above memgbers have Nejes®Cyst. But certain nor-meiggdcystous megibers like Plectonema

boryanum are able 1§ fix atmospheric nitro naeroblc condltlon
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Anabaena

CLASSIFICATION

Kingdom: Bacteria
Division: Cyanobacteria
Class: Cyanophyceae
Order: Nostocales
Family: Nostocaceae
Genus: Anabaena

Total 110 species arqgsfl the wRgld. About @5 species
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colodgation to the wal%)ome e terrestrial. So

symbioMgin the ro@ C s@dae)

Anabaena s fo types of \‘er. Th’e of four gahera of c no&eria tRat produce
neurotoxilF. Thesegtoxills are harmful to local wildlife, as well as farm animal andﬁs. Pr@duction of

iotic relationshigs. seanaw H
N T L L\
- O paEmEnl
] [ ] wiu ) /4 J .

as 1 entom § s 0 form‘(&@eg/mlon Somerimes jthacannes
difficult tapdiffereqi Nchomes of Nostoc and Anabaena. There is nly, diff@ence. The
filaments o Nost a colony. It is absent i a. Tgchomes are
unbranched®unifo ices are attenuatedg/The ent @f Anabaena

consistggd¥ string of beaded . i in tha trichome. Mgterocysts
are @f’same shape as inari . hey may be clajnate
or irr@yular. Filaments o@sing ys hy@ige and watery gelagffnous.
Coloni®&of Agaif®8ga are %than @

Structure of cells: Theglls ar or barrel or subc Ii&?ﬁ\ped. ey are rarely cylindrical
and never discoid. Cellghave typica ﬁ 'i/;e majority oRthe cells of a colony are
similar in size. A num€r of gas vacyoles are found more particulagly in planktoRic species Its cells have
following componen
I. Each cell has outer ceMaggall. ghis wall con§ists of thredflayers. The Wner 1g#®€r is thin cellular
layer, median is pectic layer aNd outer is mucl@lage layer.
2. The cytoplasm is homogenous or granulatdilLhe nelpheral part is called chromoplasm. It contains
pigment. Hence it is colored. The central colourless part of protoplasm contains nucleus like material
called central body or chromatin granules.

3.Heterocysts are of same shape as of vegetative cell.
4. Golgi bodies, endoplasmic reticulum and mitochondria are absent in their cells.
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REPRODUCTION

Anabaena reproduces only asexually by means of Hormogones, Akinetes and Heterocysts. Heterocysts
and Akinetes are present in mature filaments.

Hormogonia (Hormogones):- Common method of reproduction. Heterocysts are the point at which the
filament breaks into hormogones. Hormogones may also formed by the breaking of filament or decay of
filament at some other points. The hormogongs remain fotile (gliding movement) and at a later stage
they escape from the colon fevelop into n@wv long filagnents.

Akinetes (Arthrospgfes) formagion:-_Addhetes (restiliggsporesyare formc@y during unfavorable
conditions. Akinetes alg long, thick' Wiled cells or spores with at&ge amount offfeserved food material
that help in reproductior@Their wall is two yrs ick. They have granyffar protoplasm. Akinetes
are capable of forming fllame & ry conditiogs. They are present away

from the pajerocyst o % rent spggies. The Alginetes get
rmog Oy’

separatgfl fro
ot long and arygene intercalary and Ygrely
> velop
e is single

Heteocysts:- They
terminaMJ hese are
with the inf®r wal

walled cells ‘n

polar nodu 3
Heterocysg are i i iM% ni i reports of heterocyst
Qoroakiaatinio anoﬂvel ping into a new filament. During germlnatlon |ts cont@nts @je g ~S*"Ve
i ut either uptures Of/iﬁl]DlV(all 0 byﬁjual dlssolutlo
3 a new tricRomhe. qEEERL
\||IIIIII 2
Nitrogen Wixati Afabaena Saer

During ti of onmental nitrogen,

e cell out of every tg v@ﬁer tiate into a
ith fixed nitrogen g ret or th@products of

heterocyst g#etero theg supply neighbor:

photogysfhesis. Sucl*tro fixing cell perform photg nthﬁ This sepMgtion of
funcqons is essential” The nitrOyen fixing € e terocysts i rogen It is unstable p the
preserge of oxygen. Nitr ses aregept |so|ateq[f_om oxygen reforev(eroc sts have dey€loped
element§yto _gadntag a lo Mithin the he d ng hg buids three

additional” Tayers outsi¥g the C These layers prevent th OXYQ# |nt0 the cefl. It gives
heterocyst its Charactegtic enlar M m ue to thes§ adaptations, the rate of
oxygen diffusion into #eterocysts is 100 of vegetative celf§. One layer creates an
envelope polysacchargiie layer. T agen is fixed in thisee88y restricted velope. To lower the
amount of oxygen witlfgthe cellf’the presendg of photosystem 11 is eNgninated
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Scytonema

CLASSIFICATION FALSE BRANCHES i,

Kingdom: Bacteria 4 "

Division: Cyanobacteria

Class: Cyanophyceae

Order: Nostocales

Family: Nostocaceae

Genus: Scytonema

Scytonema (Scyto, L

Thread):

The genus is usually 2 TREDOE
|| SHEATH HETEROCYST

forming
contains fal

ching. The brigiihes arise eithe

e ation o lary cell.
Its in stf@ag press plie
outside. FdFther gr in the bre

of these branches may subsequently proceed to addi
qnt sheath, somxﬁes the false,bimeh'\ng §

ba 3ubsequent growth of tvy{ﬁﬂﬁ\\pn efiher :
s

P ' \
T '\and \ithee il;ﬂcal
Fim=hyaline red. The Sheitlsare ho

intefgalary and are borne singly or in twos or threes. Th
size as veg&ative . Aginetes are rare.  _Lam

DEAD CELL REGION

A filament showing false banch

A filament showing geminate branch
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CLASSIFICATION

Kingdom:  Bacteria } e
Division: Cyanobacteria ) @S0 1 N
Class: Cyanophyceae (] ‘c‘%;o )
Order: Nostocales N/ %
Family: Oscillatoriaceae (] ! \
Genus: Spirulina ? 5 7 ‘
Occurrence: % " NECRIDIA )
Introduction: (} i %
Only 8 species of Spgfllina havybeen disg@vered Q = . 2
S0 -

and some well-known pecies are 3
S. subsalsa, S. subtilisirNg, S. platen5|s
S. fenneri, S. versicolg

hey Fig. 3: Life cycle of Spirulina.
- - = ' - - -
(planktog aund ipgfresh wﬂﬂpoo che ay Jﬂ@ bracR§gh watgg#f8g in salts.
Generg@l characters:
gfe. Its trlchome. multicellular IRg coi!@a more or less rgular

ina major

1. 1i#fs fllamentous bl een a

fa

2. The ce ofth @cale ucture eNermifialdicell wi#th is round
in shapg¥ The ha atypical&anoba i mucllage sheath.
3. Occasi@nall ; nd makifng the multicellular S the cross

r and pectigac

mucopoly 2
ipheral p(dﬁﬁ
cuola\imlslﬂuol

\\\"
Reprodugtion: “-’/
No sexuaWrepr

formation

i. Fragg tation:g
d¥eloping intoe*/

mogonia (Horm
horfyogongss®&form
trichoffies.
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Algae: Definition, Characteristics and Structure
Introduction to Algae:
The term algae (Latin — seaweeds) was first introduced by Linnaeus in 1753, meaning the Hepaticeae.
The algae comprise of a large heterogeneous assemblage of plants which are diverse in habitat, size,
organisation, physiology, biochemistry, and reproduction.
It is an important group of Thallophyta (Gr. Thallos — a sprout; phyton — a plant), the primitive and
simplest division of the plant kingdom. The stematic study of algae is called Phycology

of thalli starting from
own food)

Characters of Algae
1. Occurrence:

They are r habitats
like mo
Some
On
Type Habitat Example

1 Freshwater In ponds, rivers. lakes efc. Spirogyra, Ulothrix, Zygnema, Clacophora

2. Benthic in mud Chara, Nitella

3. Marine in sea waturs Red algae & Brown aigae (Sea weeds or kelps)

4. Terrestrial on moist soil, stores Nostoc Vaucheria, Fritscheiella, Botrydium

5. Thermophytic | in hot springs or in high Oscillatoria, Phormidium, Haplosiphon,

temperature 70-80° C Scytonema, Synechococcus etc.

6. Lithophytic on rocks Rivularia, Parasiola

7. Halophytic in saline water Stephanoptera, Dunaliella, Enteromorpha

8. Cryophytic In show or ice Chamydomonas nivalis in red snow, C. yellowstonesis in

green snow and Scotiella nivalis in black snow.

7. Cryptophytic | oll surface Nostoc

8. Epiphytic on plants Microspora, Oedogonium

S. Endophytic inside plants Anabaena Inside coralloid root of Cycas

10. Epizoic on animals Cladophora on snalil

11. Endozoic inside anirhals Zoochorella in hydra

12. Parasitic Obtain food from host Cephaleuros caused red rust of tea

13. Symbiotic Mutually beneficial Nostoc, Anabaena etc., in Lichen, BGA, inside protozoa

relanonshlp (cyanallae)

The alg pl tem : i & size.
nicellular forms, Ilke C
like Volvox colony, Spir ﬁ%ﬁ fo
kelps or seaweeds. In fi

like) and lamina or bl
3. Mucilage:
The whole algae body is
4. Mechanical Tissue:
Algal lack mechanical tissue as buoyancy h
being torn.

5. Vascular Tissue:

As they live in aquatic medium, no vascular tissues required for water conduction. In some large brown
algae (Kelps) trumpet hyphae (food conducting tubes) similar to sieve tubes of phloem found that carry
food from lamina to the hold fast.

6. Algal plastids:

RANJITH KUMAR H T, ASSISTANT PROFESSOR, DEPARTMENT OF BOTANY BGS
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In algae, plastids are without grana & called as rhodoplasts in red algae, phaeoplasts in brown algae &
chloroplasts in green algae.

7. Algal pigments:

In algae three classes of photosynthetic pigments found i.e. chlorophylls (5 types), carotenoids (6 types
of Carotenes & 20 types of Xanthophylls) & phycobilins (3 types). Chlorophyll-a and B-carotene in all
the algal groups.

8. Food reserves:

Food reserves vary from group to group, e.g.
starch (red algae), Cyanopj BGA), para
9. Vegetative reprodgétion:
It occurs through fragigentation, fiSgk
Nostoc) etc.
10. Asexual reproductid: &l

It occurs by zoosporegfaplan s@ nospores autosp
endospqys, amigetegfBic.

11. Septal Repro ction:

It is e most advance@ s
ametes to fo diplgfC

tarch (gr@n algae), lamiparin (brown algae), Floridean
lon (in Edlenoids) etc

€.g. diatoms, desmi® pers (e.g. C

Qﬁgores arpospores, exospores,
. of specialized haploigcells
Qs pl uring germing#on of

late@gametes, as

' he I
my. §ome algae

S & ir fusfpn process

ra), hormogonia (e.g.

called
zygote ang
The haploid§game,
produced @y m

(Spirogyrs

/l‘ l\\

aring or en the growin e algal thall
roduces two t fes/then it is ¢ d monoe in dioecious @
sterothallic species fUling GameRas hall
pecies ; 3 t U =17/ _

pascoromthe si n
in algae:

(a) Isoga G
It involves fe fus :
gameteggfe called isogame

g typesmwrep

ally similar but psio@ally @fstinct. Such
cells called ga#fietangia. Isogamegs may be

etes which are
s and produce

plang@ametes (e.g. UIBOrix, mydomon rogyr

(b) Agisogamy: Q

It invo¥es the fusion o wame ' " g yanme Es. The
smaller FlameteN than

the larger female ame% e
Chlamydomonas ~ bra A \7\ .//' T f; '\ /__,,,\\
Aphanochaete, Phyllogfum dimorphum, SN MA\,ROUAME'EK
Enteromorpha igestinalis : ;’;“OLEA‘;L YA T . 3
Pandorina shows inCignt ang@ogamy /,'”‘" Ay /
where fusion takes place bet™g#h a small Vel |\ 1’
and a large gamete. ' 3 ] ey ‘,_“)'
(c) Oogamy: % R <57 \ JanETe »:4/
It is the highest evolved type of sexual ISOGAMETES R c
rep_roductlon. Oogamy mvol\_/es the Figure ;, Different type s or sexual reproduction A, isogamy, B
fusion between a smaller motile male Anisogamy and C, Oogamy

gamete and a larger non-motile female
gamete. The antheridum (male sex
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organ) produces motile male gametes called antherozoid or spermatozoid while oogonium (female sex
organ) produces non motile female gamete called egg or oospheree. Eg. Oedogonium,Vaucheria,
Chlamydomonas coccifera etc.
12. Life cycle:
Among the sexually reproducing algae, at least 5 main types of life cycle can be seen. These are—
haplontic, diplontic, haplo-haplontic (diphasic haplontic), haplo-haplo-haplontic (triphasic haplontic)
and diplodiplontic (triphasic diplontic).

OR

\ AN

Characteristics of Algae

« Body is a relatively simple unicellular or multi cellular thallus, not differentiated into roots, stems and
leaves.

« Unicellular thallus may be non motile, rhizopodial or coccoid.

« Multicellular thallus may be colonial, palmelloid, dendroid, filametous siphonous and so on.

« Algae cells exhibit three levels of organization, namely prokaryotic (eg: Myxophyceae),
mesokaryotic (eg: Dinophyceae) and eukaryotic {other groups).

« Cells are covered by a rigid cellulose cell wall.

« Cells contain plastids and three classes of pigments, namely chirophyli(a, b, cd, and e),
caroteneoids (alpha, beta, gamma and the theta carotenes, lycopene, leutin, flvicine, fucoxanthin,
violaxanthin, astaxanthin, zeaxanthin, myxoxanthin), and phycobilins or biliproteins(phycocyanin,
phycoerythrin, allophycocyanin).

« The reserve food includes mostly starch and oils (in Chlorophyceae starch; in Xanthophyceae and
Bacillariophyceae chrysolaminarin and oils; in Phaeophyceae laminarin, mannitol and oils, in
Rhodophyceae floridean starch and galactan; in Cyanophyceae cyanophycean satarch)

« Absence of conducting (vascular) and mechanical tissues; the entire thallus is formed of only
parenchyma cells.

« Presence of holdfast, stipe and lamina. Holdfast is for attachment, stipe forms the axis, and lamina
serves as the leaf like photosynthetic part.

« Algae flagella have typical 9+2 pattern of arrangement of microtubules.

« Reproduction occurs by vegetative, asexual and sexual methods

« Vegetative reproduction is by fragmentation, hormogonia, akinetes etc.

« Asexual reproduction is by motile zoospores, or by non motile apalnospores, autospores,
hypnospores, exospores, endospores, carpsospores etc. Spores are produced in sporangia.

» Sexual reproduction may be isogamous, anisogamous or oocgamous. Oogamous species possess
antheridia and oogonia.

« Sex organs are usually unicellular and non jacketed; multicellular sex organs are rare and in them
each cell is fertile without a jacket of sterile cells.

« Embryo is not formed after gametic fusion.

= In most genera the only diploid stage in the life cycle is the zygote, which immediately undergoes
meiosis.

« Sporophytic and gametophytic generations, which present in the life cycle, are independent. So,
there is no alga with a sporophyte parasitic on gametophyte.

RANJITH KUMAR H T, ASSISTANT PROFESSOR, DEPARTMENT OF BOTANY BGS
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OUTLINES OF CLASSIFICATION (FRITSCH- 1945)

Algae possess diverse characters in their pigments, nature of reserve food, nature of cilia etc.
According to these morphological and physiological differences they are classified by many people.
Fritsch (1935,1945) classified the whole of the algae into eleven classes on the basis of type of pigments,
nature of reserve food material, number and point of insertion of flagella of motile cells, presence or
absence of organized nucleus in the cell, mode of reproduction etc. They are Chlorophyceae,
Xanthophyceae, Chrysophyceae, Bacillariophj§iCeag, CTy@tophyceae, Dinophyceae, Chloromonadineae,
Euglenophyceae, Phaeophycege, Rhodophycele and MyRophyceae (Cyagophyceae). The classification
is published in his book t##€d ‘“Nge Structure @nd Reproddiction of Alggf’.

1. Class: Chlorophy@ae (Grass @reen Adgée)
e Occurrence: M@t forms are ¥fesh water and a few are martHe.

Pigments: Chieffigments are chl pN[T‘d wd carotenoids (yellgiv pigments)

Reserve food: Sig#ch

g e: UgdCellular, i filame wall Qgnsists Qg
renol0Safe com Ot Qa0 ella.
Reproduction: uatreprggiiction range 3

xample: Chl omqyEs, Volvox, Ch
2. Class’N§anthoph e (e =
ost P are-fred
lo i

ellulose.

e Occufrenc

lular motjle to simple filam
piedes-pverlappin

entous. Cell wall.rich i pemaiag
heir edges & cell :
their edgﬂﬂ“&e S av@jo Very unequ

flagella [ =T
e Reproduction: yS ié&!ﬁ%;s.'l 2
impldBbtr ? Chloroglea®hfdrothegium ke,

3. Class: @hrys cede (Golden Brown Algae) @
e Ocd rreng%os orms occur in cold fr ter but a few are maring'
e Piggents: Qphores are brown@olored. Phycochrygin se& as chef accessory
pioments.
Reserve food:/Fat and | in. § é *
Structure: Plants nicellgr motile'to l?_[hnched filamegi®Us. FI are unequal attg#hed at
ont eg@®Rlls co contd®mage or two parie rmoat
o R®Production’gexua tion s i
e Example: Chrom@ina, Co mﬁ hrysosph&ra etc.,
4. Class: Bacillariophyfeae (Diatoms- n Algae)
e Occurrence: Ingall kind of fgavater, sea, soil and terresi@l habitats.
e Pigments: Chflaggatophorgf’are yellOWllor golden blBWn. NatuRg of accessg
definite.
e Reserve food: Fat and volutin.
e Structure: All the members are unicell ial. Cell wall is partly composed of silica and
partly of pectic substances. It consists of two halves and each has two or more pieces. Cell wall
is richly ornamental.
e Reproduction: Forms are diploid. Sexual reproduction is special type, occurs by fusion of
protoplasts of the ordinary individuals.
e Example: Pinnularia, Cyclotella, Isthmia, Eunotia, Navicula etc.,
5. Class: Cryptophyceae (Cyclomonads-nearly Brown)
RANJITH KUMAR H T, ASSISTANT PROFESSOR, DEPARTMENT OF BOTANY BGS
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e Occurrence: Both in marine and fresh water

e Pigments: Chromatophores show diverse pigmentation. It may be some shades of brown.
Chromatophores are usually parietal.

e Reserve food: Solid carbohydrates or in some cases starch.
e Structure: Represented by motile cells and most advanced forms are coccoid, flagella are slightly
unequal.

e Reproduction: Isogamous in the report@1Cases.
e Example: Cryptomongg Chroomonas,fHillea, senfgia, Phaeoplaxgletragonidium etc.,

6. Class: Dinophyceae e ARae)
e Occurrence: P@gnts occur Videly 35888 water plankiags, A e may be frg
e Pigments: Stardg and oil.

e Reserve food: omaophores own_, etc., and congdin a number of special
pigments. @Méyw& b
areu motlle 0 brapchag ﬂlamen@

o Beigue: plag
eprodu Sex 7 not vagliefinite.
Example: DinoflageMate @€rati atium etc.,

: Chloromo

e (OWgurrence; g

e Pigngents: aj phor right n %xan ophyll.
° :  Oi k

[ ] ) 4 o

e p ints are mot‘e flagellate W|th two aImost equal flagellg

water forms.

/Illl‘\\
/AEEBRR
pamman

Occurrem
Pigments:
Rogerve

Strlicture til8 se off canal like
invayinatio thé ) ent niicleus.
Reggdductidn. Se ion i i Atis ig type:

ample: Eu ,
Rss: Phaeophyc€ae (Bro

o \Occurrence; Mos ine. L v

e Rigmest cNha, C, i > @

o R&erve food: Nganni Mammarm and fats. ‘6

e Structure: The plghts may Mm grenchym pus forms. Several plants
attain giant sizeffexternal and inter

e Reproductiong6exual reprgf®ekign ranges isogamousg@®Rgamous. M&ile gametes have two

laterally attaciegiflagellgg/aried typds of alternation of genefgtion.
e Example: Ectocarp®egdergassum, Di@yota, Lamfiharia, Fucus 8
10. Class: Rhodophyceae (Red algae)
e Occurrence: Few forms are fresh wate ™8 are marine.
e Pigments: Chromatophores are res blue containing pigments like red phycoerythrin and blue
phycocyanin, Chla,d, carotenes.
¢ Reserve food: Floridean starch.

e Structure: Simple filamentous to attaining considerable complexity of structure. Motile structures
are not known.
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e Reproduction: Sexual reproduction is advanced oogamous type. The male organ produces non
motile gametes and the female organ has a long receptive neck. After sexual reproduction special
spores (carpospores) are produced.

e Example: Batrachospermum, Polysiphonia, Porphyra, Gelidium, Gracillaria etc.,

11. Class: Myxophyceae (Cyanophyceae or Blue green algae)

e Occurrence: Found in sea and fresh water.

e Pigments: Chlorophyll, carotenes, xan dhd phycocyain and phycoerythrin. The ratio of
last two pigments exhilits colour varia

branching, verfjrudimentar cleus, no proper chrom ores, the pifotosynthetic pigments
i i pughout the per m &o motile stages.
. eisnos ‘ﬁr q
° c . j w )

A fossﬂ gro
akin to hi &:

FTA RS
/71 LA

AEE BB

TTLLLLL
wauamey/
\\\Il'l/

W
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RANGE OF THALLUS STRUCTURE IN ALGAE

Algae are chlorophyll bearing autotrophic thallophytes, bounded by a cell wall. Algae represent the most
diverse kingdom in form and structure with both prokaryotic and
eukaryotic members.

Following is the summary chart showing the diversity in algal
thallus organization.

Algal thallus organization can be broadl
Unicellular and multicellular
1. Unicellular

a) Non motile unicel
out all essential functi

into

a is absent. Example —

» (R AT T IF IR

in size and shape. The ®: Unicellular non-motile algae. A. Spirulina, and
B. Chlorella

Chlorella, Synechococcls. |
b) Motlle unlcellular A sn@%MXge&fo 8
al,

or sometimes el
le — Chlamydo

t‘ a Rhizopod
Daughter Cytoplasmic i i
coeggbca strands @D @ Envelop
A B
Gelatinous e s g5
matrix Fig. 3.1 : Unicellular motile algae : A. Chrysamoeba.
== 8 ./l B. Phacotus, and C. Chlamydomonas
A ulticelINY&R Colony iff forMEd by D
Processes.__ of individual cells.
"V’°“°'° on motile colony I
Nucleus /
possess flage
Fig. 3.3: Colonial algae : A. Volvox, B. Pandorina.  \/olvQy (
C. Scenedesmus, and D. Hydrodictyon Alh :
c) Palmelloid or a S Tiere g il Bbedded in a common
mucilaginous matrix : ; i ikgg€Oenobium. All cells are

independent and fulfils all fulf€tion of an indiWidual. , Chlorosaccus, Palmella.
d) Dendroid forms: treelike The plant bodyfappea ‘tree like’ under microscope. Mucilage often
seen at the base. Example — Ecballocyctis, Dinobryon, Chrysodendron.

e) Filamentous: Cells arranged one upon the other in a definite sequence or uniseriate row forming
filament. Filaments may be branched or unbranched.

e 1. Unbranched filaments: Cells arranged one above the other without any branching points. Example
— Spirogyra, Zygnema (free floating), Nostoc, Anabaena, Spirulina, Ulothrix, Oedogonium (attached to

the substratum by a basal specialized cell).
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! ..mmm
’ Shl-mh k

o — Hgterocy sl

A

Fig 3.4+ Aggregated form : A, Tetraspora, B. Tetraspora, Fig. 3.5 : Filamentous type : A. Spirogyra, B. Cladophora
{portion of a colony in T.S.), C. Chrysodendron and C. Scytonema

and D. Chrysidiastrum
Internodal cel

association of
Example —Scytopgma..
é{eterotricm ( rent, trichou

home or i : more than on
ﬁﬁla&g nt

c

secondary
projecting
analdia,

Fig. 3.6 : Branched filament showing heterotrichous
habit : A. Ectocarpus, B. Drapamaldiopsis,
and C. Coleochaete

onium, Drapmldiop \

Example —
ae, Ectocar,

Stig
g) S
septati
called
lacking usual septa
Vaucheria, Botrydium,

systems
e thallus
€ main

“(Fritsch,1935) Plant body consist of a
pseudoparenchymatous axis and all others
branches Example: Batrachospermum, Dumontia.
b) Multiaxial forms: Main axis made up of association
of many pseudoparenchymatous threads, appearing aS  Fig.38: Siphonaceous algae : A. Vaucheria, and
more than one axes. Example: Polysiphonia, Chondrus. B. Botrydium
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1) Parenchymatous forms: In some algae, cell

division and associated septation in all planes lead

to the formation of a parenchymatous body. Such

algae are foliose and flat Example: Chara,

Dictyota, Laminaris, Fucus, Macrocysytis Some

algae like Microcystis even possess sieve tube like
s ctures similar to higher plants.

Leaf-like
expansion

A

Fig. 3.7 : Pseudoparenchymatous habit : A. Batrachos-
permum, B. Balrachospermum (portion of the
plant body), and C. Polysiphonia

A

& \ &
Fig. 3.9 : Parenchymalous algae : A. Ulva, B. Sargas-

Y N sum, and C. Laminaria

Range of thallus structure in Algae I
I

1. Unicellular | ‘ 2.Multicellular

B n;:rll;n::tile | b) Motile colony
Pediastrum Volvox |
1.a) Motile 1.b) Non motile _ . .
Chlamydomonas Chlorella c) Amorphous d) Dendroid
colony {1 colony
Microcystis Dinobryon |
- r 1
e) Filamentous f) Heterotrichous
] o Chara
el. Unbranched . |
Ulothrix g) Siphonous
Vaucheria
e 2. Simple [ I
_— branched h) Psuedoparenchymatous
Cladophora | Monostroma
e 3. Pseudobranched i) Parenchymatous
— Ulva

Scytonema
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PIGMENTATION IN ALGAE

Algae show great diversity in pigmentation. Green, red, yellow & blue are found in marine and freshwater algae.
Different groups of algae have different and specific pigment composition. Pigments found in specialized plastids
called chromophores. Distribution pattern of pigments has great taxonomic significance. Classification proposed
by Fritsch is primarily based on algal pigmentation. All major algal groups have at least one characteristic pigment
in their cells.

Pigments in algae belong to 3 magor categories baged on their @hysical and chegical properties:

1. Chlorophylls 2 g#fotenoidS. Phycobiliné

1. Chlorophylls:
Chlorophylls are fat $gluble green pigments. They are chlorines which absorb bly§ region and reflect green
light. Chlorophylls are spon3|ble for t M other higher gfants

Seven different type chlorqu rted in alg )ﬁ

1. Chlorophyll-a (C..:H,,0.N ,Mg)
2. Chlorophyll-b (C..H,,0.,N ,Mg) G
3. Chlorophyll-c1 (C,H,,0.N,Mg) %
4. Chlorophyll-c2 (C,H,,0,N ,Mg) D (@
5. Chlorophyll-d (C;,H,,0,N,Mg) | PN\ $
6. Chlorophyll-e(C.,H,,0,N ,Mg)
7. Chlorophyll-f(C..H,,0,N ,Mg) A RS G
o VI L\ H
DIStI’IbUtIOﬁ gal groupgy g m W MR\
Chlorophyll-8¥ pumm ::" 2
hlorophyll-b,; waue
17
Chloroghyll- L =
Chlorofyll-d [y
ChloropRyll-e : a

Chlorogg¥lI-f : ) atolites.
2. Cggfftenoids: /TI
@ rotenoids are f i un‘lose associgi#n with rophylls. They potect
chigrophylls from ph Qhemically ce}[menmds are t rpenoi arotenoids are prgent in
almQgt all aiee® Joups. oids w ONONE ri itami activigS&ll carotghfoids are
strongw@Ttioxidants? ¢
Two types of carotenolils are foﬂ%ﬁjBCarote i‘)‘(ﬂg
A. Carotenes: i.
Carotenes are ygllow colouregppigments. They are unsaturatedafat soluble h¥drocarbons. They do not
contain oxygeng hey absorbgflue and"8mggn light and gL yellQg and red ligll. Examples: a-carotene,
B- carotene and lyCegene.
B. Xanthophylis:
Xanthophylls are also called as carotelos. @ hey are olygen derivatives of carotenes. Example: lutein and
zeaxanthin (both are responsible for the colour of egg yolKk).
3. Phycobilins:
Phycobilins are water soluble pigments. Phycobilins are always bonded with some water soluble proteins
called Phycobiliproteins. They are blue and red in colour. They are present in Cyanophyceae and Red algae.
Phycobilins are usually found in organisms living in deep water for the efficient absorption of light. All
phycobilins are strongly fluorescent. They emit orange or red light after fluorescence.
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Two classes of phycobilins are present in algae. A. Phycocyanins B. Phycoerythrins.

A. Phycocyanin:
Phycocyanin are blue coloured pigments. They absorb green, yellow and red light and transmit blue colour.
Phycocyanins are the principal pigment of blue green algae.

B. Phycoerythrin:
Phycoerythrin are red coloured pigments. They absorb blue green, green and yellow light and transmit red

light. Phycoerythrin present abundantly in MRhodophyceae (Red algae).
Distribution pattern of different pigments in different algal groups

Chlorophyceae (Green algae)  Chl-a, Chl-b, B-carotene, Xanthophylls

Xanthophyceae Chl-a, B-carotene, Xanthophylls

Bacillariophyceae Chl-a, Chl-c, B-carotene

Chl-a, Chl-c1, Chl-c2, Fucoxanthin, 3-
carotene, Xanthophylls
Chl-a, Chl-d, B-carotene, Phycoerythrin

Phaeophyceae (brown algae)

Rhodophyceae (red algae)

and phycocyanin
Chl-a, B-carotene, Phycocyanin,
Myppapyeeds phycoerythrin

* *

C, &
%, g
%aparLs®
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Pigments

Algae from various phyla show striking differences of colour, which ofien affords a quick guide to
preliminary classification of an alga. As the colour frequently varies with change in environmental
conditions, an accurate classification depends on the chemical analyses of photosynthetic
pigments. No other group of plants exhibits such remarkable variations and intricate organization
of photosynthetic pigments as algae. In algae, there are three kinds of photosynthetic pigments:
Chlorophylls, carotenoids and phycobilins, of which chlorophylls and carotenoids are lipid
derivatives and fat soluble, whereas phycobilins (biloproteins) are tetraphyrrolic compounds
joined to globulin proteins and are water soluble. According to Prescott (1969), in all, there occur
five kinds of chlorophylls, twenty kinds of xanthophylls, five kinds of carotenes and seven kinds
of phycobilins in algae. Phycobilins may be blue or red. The prefix ‘phyco’ in phycobili denotes
the presence of these pigments in algae only. The classified presence of various kinds of pigments
in algae 1s shown in Table 1.2. Carotenoids impart various colours, such as red, orange, yellow,
green, brown etc.

N ~Y A A N ¥° &
Chlorophylls: Chlorophylls extracted from different algae exhibit different spectral
properties. On this basis, five different chlorophylls have been recognized. They have been
termed chlorophylls a, b, ¢, d and e. Chlorophyll @ 1s present in all algae. It is the primary
photosynthetic pigment directly involved in the Photosystem I (light reaction). It is also found
in all photosynthetic organisms except bacteria. Chlorophyll b, the other chlorophyll of higher
plants, is found in Euglenophyta and Chlorophyta and in no other algal phyla. Chlorophyll ¢, the
most widespread of other chlorophylls, occurs largely in algae of native habitats, e g . members
of Bacillariophyceae, Pyrrophyta, Cryptophyta, Phaeophyceae and Chrysophyta. Chlorophyll d
appears to be present only in Rhodophyta. Chlorophyll e has been reported in only two genera,
namely, Tribonema bombycinum and Vaucheria hamata (in zoospores) of Xanthophyceae.

Carotenoids Carotenoids are of two kinds: Carotenes and Xanthophylls. Carotenes are linear
(alicyclic), unsaturated (oxygen-free) hydrocarbons (1soprene units), whereas xanthophylls are
oxygenated derivatives of carotenes. -carotene, present in most algae (except cryptophyceae),
i1s replaced by carotene in caulerpales of chlorophyta, in the cryptophyta and to a lesser extent
in Rhodophyta. In the charophyta, p-carotene i1s replaced by two carotenes: lycopene and
y-carotene, characteristic of photosynthetic bacteria. C-carotene occurs in chlorophyta. Another
carotene, e-carotene, characteristic of Bacillariophyceae, has also been reported in some
members of Cryptophyta, Bacillariophyceae, Phaeophyceae and Cyanophyta. Among more
than 20 types of different xanthophylls known, many are unique to various algal groups. Thus,
they serve important diagnostic features to particular algal phyla, e.g.. (1) peridinin 1s found
only in Pyrrophyta, (i1) myxoxanthin, myoxanthophyll, oscilloxanthin and flaracene are found
only in Cyanophyta, (iii) taraxanthin in Rhodophyta and (iv) antheraxanthin in Euglenophyta.
Many xanthophylls (lutein, violaxanthin and neoxanthin) common in higher plants, are found
in chlorophyta. Fucoxanthin is the main xanthophyll pigment of Phaeophyceae and diatoms.
Carotenes are the accessory pigments involved in harvesting light in photosynthesis.
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Phycobilins (Bioloproteins). These water soluble complexes of protein and bile pigments are
of two kinds: phycocyanin and phycoerythrin. They are found (1) in Cyanophyta in which they
are of the C-type (phycocyanin) and are blue, and (ii) in Rhodophyta of R-type (phycoerythrin)
and are red. In Cyptophyta, they are of the third type. These accessory pigments function for
harvesting light in photosynthesis. The light absorbed by them is transferred to chlorophyll a.

There occurs variation in the proportion of one kind of pigment to the other, e.g., cells
of Chlorophyta and Euglenophyta appear green because of an excess of chlorophylls over
carotenoids but yellow-brown colour of groups, such as Bacillariophyceae, Chrysophyta,
Pyrophyta, Cryptophyta and Phaeophyceae and the yellow-green colour of Xanthophyceae
reflect an excess of carotenoids compared with chlorophylls and the colour of Cyanophyta
(blue-green) and Rhodophyta (red) are due to an excess of appropriate phycobilins. Since the
proportion of one type of pigment to the other also varies considerably with change in the
environmental conditions, it is difficult to justify its use as a taxonomic feature.

Y 4 .Y 7 & N o \

Distribution pattern of different pigments in different algal groups

Chlorophyceae (Green algae)  Chl-a, Chl-b, B-carotene, Xanthophylls

Xanthophyceae Chl-a, B-carotene, Xanthophylls

Bacillariophyceae Chl-a, Chl-c, B-carotene

Chl-a, Chl-c1, Chl-c2, Fucoxanthin, 3-
carotene, Xanthophylls

Chl-a, Chl-d, B-carotene, Phycoerythrin
and phycocyanin

Chl-a, B-carotene, Phycocyanin,
phycoerythrin

V4 \"7

Phaeophyceae (brown algae)
Rhodophyceae (red algae)

Myxophyceae
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REPRODUCTION IN ALGAE

In algae, reproduction takes place by all the three means, i.e., the vegetative, asexual and sexual.

Vegetative Reproduction

This, the most common method of reproduction in algae, involves all those processes of
propagation in which without any obvious changes in the protoplast, i.e., without involving
rejuvenation of the protoplast, portions of the plant body may separate to give rise to full
individuals.
Various methods of vegetative reproduction are:

1. Fragmentation: In fragmentation, common in many filamentous algae belonging to
Cyanophyta and Chlorophyta (e.g., Ulothrix, Oedogonium, Spirogyra, and Zygnema), the
parent plant breaks up into small segments (fragments) which are capable to develop into new
individuals. The fragmentation may be due to mechanical pressure, dissolution of transverse
walls or differences in turgor pressure between adjoining cells of the filament.

2. Hormogonia: It is a characteristic method of reproduction in filamentous forms of
Cyanophyta. Under unfavourable conditions, the trichome breaks into short motile segments,
the hormogonia (e.g., Nostoc, Ocillatoria and Cylindrospermum) due to the formation of
intercalary heterocysts, specialized separation discs or due to death and decay of intercalary
cells.

- ~ . s Tn o o ——— —— -

3. Fission, or Cell Division: In fission (lh:? ;implest method of pm[;agatinn common in
unicellular algae), the plant divides by the formation of a deep constriction on the sides of the
cell, divides mitotically and forms two daughter cells, each growing independently. e.g., in
diatoms, desmids, Chlamydomonas, and Euglena. Longitudinal fission usually begins at the
anterior end and progresses downwards.

4. Formation of Adventitious Branches: Some large thalloid forms of algae develop
adventitious branches which when detach from the parent thallus, develop into new plants
(e.g. Dictvota). On the internodes of Chara or stolon of Cladophora glomerata, adventitious
branches like protonema are formed.

5. Tubers: Due to the storage of food materials, some tuber-like structures are formed on
the rhizoids and lower nodes of Chara. When detached from the parent plant, they produce
independent plants. Similar structures also occur in Cladophora.

6. Budding: In some algae (e.g., Protosiphon) bud-like structures are formed due to the
proliferation of vesicles which eventually get separated from the parent plant by the formation
of septum. These buds have the capacity to develop into new plants.

7. Secondary Protonema: Some thread-like vegetative structures develop in Chara, which
help in reproduction.

8. Amylum Stars: Some special star-shaped starch-filled bodies are reported in Chara, which

give rise to a new plant.
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9. Bulbils: Usually, some bud-like structures develop on the rhizoids of Chara, which are
called bulbils. Each bulbil is capable of developing into a new plant.

AR

/1 LA
Fig. 3.16 : Vegelative reproduction in algae : A, Cell L R L\
! division (Synechococcus sp.) B, Fragmen- T LLL
tation of filament (Cylindrospermum sp.) | T7]
C. Stem bulbil (Chars sp.) and D. Amylum waum

star (Chara sp.)

v

2
a
=
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*
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Asexual Reproduction

Asexual reproduction involves rejuvenation of the protoplasts. Asexually formed higher
specialized reproductive bodies (the spores and other similar structures), are either naked or
are provided with a newly formed wall of their own. These are capable of multiplying directly,
without fusing with other cells. In general, asexual reproduction is a process by which the
protoplast undergoes obvious changes to form various kinds of motile and non-motile spores
that are released from the algal cell. These spores germinate without fusing and form new
individuals. Asexual reproduction is uniparental and takes place in a variety of ways.

1. Zoospores: Most groups (except Cyanophyta and Rhodophyta) produce motile umcells,
the zoospores. They are commonly found in most of the forms belonging to Chlorophyta
(Chlamydomonas, Ulothrix, Oedogonium, Pediastrium, Vaucheria) and a few of Phaeophyceae
(Ectocarpus). In Ectocarpus, the zoopore bears two laterally placed unequal flagella of which
one 1s whip-lash and the other is tinsel. In Ulothrix, the zoopores are quadriflagellated in
macrozoopores and biflagellated in microzoopores and in Oedogonium and Vaucheria they are
multiflagellates. Multiflagellated zoospores may again be of two kinds: (1) flagella distributed
throughout the entire body and (2) flagella arranged in a ring surrounding a beak-like projection.
Synzoospore (compound zoospore) 1s a multinucleate multiflagellated zoospore found 1n
Vaucheria. Zoospore is equipped with one or more flagella (uni-bi-quadri- or multiflagellate)
and commonly contains a chromatophore, a nucleus and an eyespot. Zoospores are formed
during favourable condition and resemble the adult form except for size. They are formed
either in specialized structures, the zoosporangia or directly within the vegetative cell and are
liberated by the breaking of the cell wall. After swimming around in water, resting, settling and

shedding, the flagella (zoospore) gives rise to an adult plant.
" e w e &g = 5
2. Aplanospores: Aplanospores are non-flagellated, non-motile and thin-walled spores in

semiaquatic algae and some aquatic algae (e.g., Ulothrix, Microspora). They are formed during
unfavourable conditions by the failure of the development of flagella during the formation of
zoospores. Each cell may form a single aplanospore or its protoplast divides within a cell and
forms many aplanospores.

3. Hypnospores: During prolonged period of dessication, aplanospores of some green algae
(pediastrum and Sphaerella) store abundant food reserve, secrete thick walls around them and
develop into hypnospores. Under favourable conditions, they germinate and grow into new
individuals or their protoplast may form zoospores. In Chlamydomonas nivales the walls of
hypnospores become red due to the pigments heamatochrome, causing to call it red snow. In
Vaucheria, the hypnospores divide into many small cysts.

4. Akinetes In some filamentous algae (Cladophora and Pithophora) the entire protoplast of
the vegetative cell stores abundant food reserve, rounds off, grows in size due to deposition of
thick cell wall and develops into akinete. Unlike aplanospore, akinetes always acquire additional
wall layers around their protoplast which are fused with the parent wall. Akinetes are highly
resistant against unfavourable conditions. Among other factors, availability of carbohydrate

RANJITH KUMAR H T, ASSISTANT PROFESSOR, DEPARTMENT OF BOTANY BGS
SCIENCE ACADEMY & RESEARCH CENTRE




Page |33

.....

Central
vacuole

Chromatophore

Fig. 3.17 : Asexual spores in algae : A, Biflagellate microzoospore, and B. Quadrifiagellate microzoospore
of Uothrix sp., C. Mulliflagaliate zoospore of Oedogonium sp., D. Synzoospore of Vaucheria sp.,

E Anlannansrae al [ nthnven £ Tat ml Pal en R Avingta of Rlasntrichizen H Fyae.

and light are mainly responsible for their formation. In blue green algae, they are formed next
to a heterocyst or at the end of a trichome, rarely they are intercalary in position. On the return
of favourable conditions, the akinete develops into a new filament.

5. Endospores In some unicellular blue green algae (e.g., Dermocarpa pacifica) the cell
becomes somewhat enlarged and its protoplast divides successively in three planes to form four
to many more or less spherical, non-flagellate, thin-wall and internally produced endospores
which develop into new individuals.

6. Exospore In some unicellular blue green algae the cell wall ruptures apically and the
protoplast thus exposed (e.g., Chamaesiphon) cuts thin-walled non-flagellate spherical spores,
the exospores, which on liberation germinates into a new individual.

7. Nannospores (Nannocytes) In Gloeocapsa and Microcystis, due to a very fast rate of cell
division, the mimature of parent cells are formed. They remain smaller to vegetative cells and
germinate in sifu to develop a new colony.

8. Palmella Stage This phase is attained in comparatively drier conditions. The individuals
divide and redivide into innumerable daughter cells and remain embedded in the gelatinous
matrix. On return of favourable conditions this matrix dissolves, and the cells develop into new
individuals, e.g., Chlamydomonas, and Ulothrix.

9. Autospores Autospores are structurally similar to the parent but smaller 1n size. They are
non-motile spores which develop within a cell by successive divisions of protoplasts followed
by wall formation. They are liberated by the dissolution of parental cell wall and give nse to
new individuals, e.g., Chlorella.
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10. Cysts Cysts are hypnospore-like bodies formed in coenocytic algae, e.g., Botrydium.
Cysts developed inside rhizoids are called rhizocysts. Sometimes, a cyst further divides to form
several microcysts.

11. Daughter colonies The coenobial green algae, such as Volvox, Hydrodictyon, Padiastrum,
reproduce asexually by developing the daughter colonies.

Besides, a variety of motile and non-motile spores, such as Carpospores, Neutral spores,
Monospores, Paraspores, Statospores, Tetraspores, Heterospores, and Microspores, are
formed as asexual reproductive bodies in algae.

Sexual Reproduction

The sexual reproduction starts after considerable accumulation of food material and when the
climax of vegetative activity is over. It takes place by the formation of gametes, which fuse to
form zygotes. On the basis of the structure and physiological behaviour of sex organs and their
complexity, the following types of sexual reproduction are reported in different algal groups.

‘ 1. Isogamy ‘

It takes place by the fusion of two morphological and physiologically similar motile gametes.
Such gametes are called isogametes, which are indistinguishable into plus and minus strains.
Isogamy is found in Ulothrix, Chlamydomonas eugametos, etc.

2. H;teruga:‘ny -
The fusion of dissimilar gametes is called heterogamy, which is of two types:

(a) Anisogamy: Fusing gametes either differ in size or in physiological behaviour.
(1) Morphological anisogamy: In this type of amisogamy fusion takes place between
two morphologically distinct gametes. The male or microgametes are smaller and
more active, whereas the female or macrogametes are larger and sluggish, e.g.,
Chlamydomonas braunii and Pandorina.
(11) Physiological anisogamy: In some algae, though gametes are morphologically similar
‘ but show physiological variation with plus (+) and minus (-) strains, e.g., Spirogyra,
Zygnema, and Ectocarpus.

(b) OQogamy: This is the most advanced type of sexual reproduction in which male gamete
(antherozoid) develops within antheridium and female gamete (egg) 1s formed within
oogonium. In this process, antherozoid fuses with the egg to form a zygote. This fusion may
be of primitive type (as in Cylindrocapsa), or advanced type (as in Qedogonium, Vaucheria,
Chara, and Polysiphonia).

3. Conjugation (Aplanogamy)

It takes place by the fusion of two aplanogametes (i.c., non-flagellated amoeboid gametes).
They are morphologically similar but differ physiologically, e.g., members of Conjugales.

4. Parthenogenesis

In this process the female gamete converts itself into zygote directly without fusing with the
male gamete. The resultant is called zygospore or parthenospore and the phenomenon is
known as parthenogenesis. This is seen in Spirogyra, and Oedogonium.
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Fig."3.18 : Types of sexual reproduction in algae : A. Isogamy in Chlamydomonas sp., B. Anisogamy in Ectocar
sp. C. Physiolegical anisogamy in Spirogyra sp., and D. Oogamy in Chlamydomonas sp.
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4. Parthenogenesis

In this process the female gamete converts itself into zygote directly without fusing with the
male gamete. The resultant is called zygospore or parthenospore and the phenomenon is
known as parthenogenesis. This is seen in Spirogyra, and Oedogonium.

5. Autogamy

In this phenomenon, the two gametes of the same mother cell fuse to form a diploid nucleus.
This process is known in many diatoms and in colourless dinoflagellate.

6. Hologamy

In some unicellular forms the vegetative cells of different strains (+) and (—) behave as male and
female gametes, respectively, and fuse to form zygote, e.g., in Chlamydomonas, Dunaliella.

Sexual reproduction in algae accomplishes when the conditions are unfavourable. Thus,
this i1s also a means of perennation because it 1s followed by the formation of thick walled
Zvgote or zZygospore.

LIFE CYCLE PATTERNS IN ALGAE

Cytologically, the following five different types of life cycle patterns are observed among algae.

1. Haplontic: This is the most primitive type of life cycle pattern in which an alternation
takes place between dominant gametophytic generation (i.e., the haploid vegetative plant
body) with an insignificant sporophytic generation (i.e., the diploid zygote), e.g., in
Chlamydomonas, Ulothrix, and Chara.

2. Diplontic: This type of life cycle pattern is just the opposite of haplontic type in which the
main body 1s a sporophyte and meiosis occurs at the time of gamete formation. The zygote
either directly or through diploid zoospores germinates to develop the sporophyte, e.g., in
Ficus, Codium, and Bryopsis.

Diplontic

& <
"\\ P ’
O
=
Haploid Zygole zygote Gameles
meiospores
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Figure 1.22 Life cycle patterns in algae

3. Haplodiplontic: In this pattern both gametophytic as well as sporophytic generations are
free living, which alternate with each other at regular intervals. Thus, haplodiplontic life
cycle is dimorphic, which can be of the following two types:

(a) Isomorphic: The gametophytic and sporophytic plants are morphologically identical,
e.g., Ulvales, Cladophorales, and Ectocarpales.

4. Haplobiontic: This type of life cycle is characterized by an alternation of two or more
successive haploid generations with diploid zygote. It is found in primitive red algae, e.g.,
Nemalion.

th

Diplobiontic: This is also known as diplohaplontic, or diplo-diplo-haplontic, life
cycle which 1s found in higher red algae, e.g., Polysiphonia. 1t is triphasic and involves
an alternative of two diploid (2n), or sporophytic generations (carposporophyte and
tetrasporophyte) with one haploid (n), or gametophytic generation.

\/\_'\/
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Economic Importance Of Algae
Industrial Utilization of Algae:

Many commercial products are extracted from different alga and used as basic raw material in certain
commercial industries. These include:

Source of alginates: Ce m, Lessonia are used for

alginates extraction

Agar-agar: Many red al§ge are used as the Maxna ial for extraction of gel-like non-nitrogenous
extract. This material is painly uw f ob ture medj@@. Some of the important

Agar sougsgs are - Gelgdlium, terocladia, Gigartinaj ium, Ciygdrus, etc.

Agar @#used extensivelyinwdici g#thiefly as laf@live, since |
bulkgith the absorpti@ watg

4 atin,
e, in the preparatio
The

y pgoducts. eof a
utifized annually.

//ii’?;\‘\
Aor meat aﬂﬁhmﬁnpic
pemman
waumey/

g fabric, WaREproofingpapFand cl
shaving sqg@s, and Wand lo®gns.

tanning indust*gar impe tmanufacture 0

electry lamps, a lubrica raphieg ; n wire.

CarrageeNen. A muclgge ex J’ rom Chondrus crispus and i i of a few
polysaccharides which “@re use wﬂi‘fiﬁib ther manufacture, in

(¢]

making ric
needs in thd

pharmaceutical manufag

Algae as source of
Phaeophyceae, like La
prepare iodine. Phyllophora 18

is mainlyge®Btnded agd® Algae belonging to
sed to prepardiodine in Russia.

Algae as source of funori and funorin: Gloeopeltis furcata, Chondrus, Iridaea, and Gratilaupia have been
identified as important sources of sizing agents funori and funorin.

Algae as source of diatomite: Diatom walls are constantly being deposited in fresh water and marine
sediments. This in turn deposits a high content of silicon dioxide which ultimately facilitates formation
of diatomite. This diatomite is used industrially for filtration processes, refining industries, brewing
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industries and manufacture of dynamite. Because diatomaceous earth is inert chemically and has unusual
physical properties, it has become an important and valuable material in industry. It makes an excellent
filtering agent, which is widely used to remove colouring matters from products as diverse as petrol and
sugar.

As a poor conductor of heat it is used in soundproofing. It is used in the manufacture of paints and
varnishes, of phonograph records, and as a filler for battery boxes. Because of its hardness, it is used as
an abrasive in scouring and polishing powders

Industrial utilization of segE&s in Europe fad its pringipal early dgyfMgment in the production of
‘kelp’, a name that ogg#fhally ref&ged to the &h, rich in $da and pogffsh, derig, from burning marine
plants. Kelp productiofywas begun Sg es in the seventecTthmaggftury by Frenfh peasants and spread
to other parts of North-West Europe.

Drift-weeds were first usgd, but cutti VEMXH& Lﬂnarla and Sgcorhiza in North Britain
as of majQr importancg @
But Fucys afMtgscogfyllum A Qe are @ thaliayod Chefa§y he kelp

ash frogh these plaffts was ybo gt Dy early
alum@During the e|g gearly nlnetee
enorme quantltles , were handle

Kelp extraagcontai A iodi bout 2& per cent,
of the dry w, ght orlde cies % r mag, especially
in the Orie also S or dome imals sheefd and cattle.

Algae | @
Jsed as Fo seanaw

ome Kinds ofm g ‘t ; lﬁ( lowd Alariayesoll Shfa %are fafou food of goats
di 3
fo

ows, and shee tlvelylﬂrwsgres 3 lo e for particulg
amaspcciall Wia, Aé@ wi; etc. §peciesyre used asfae
for cattle. Seamss
th&wee diet. Such
My to ghgest it than

ufactur®of soap, g¥gss and
me considerabl®, and

The milk dbes n ve
animals, tha have

?se
those notg# habituate
The gigfftage of grai

withhe use of seawee

d on algae, show bgter

ptation
ance,

rld War | led con*able experi
foodN§Qr cows an rses:"Stock- feed fagtOries were established in

Norwa Denmarlgand ny, a arious meH:lods of treg ng seaweeds to gheal or
powder We[s®Ve|ORned.

The favodrable resultsWganim ry in Europe led to the i ﬁl proceg#ng of the gréat Pacific-
Coast kelp (Macrocystisgffor anim n eﬂ s have be® operating in the United
States for several decadfs, providing suppm poultry, cattle an§ hogs.

The high mineral andgvitamin G cg

other animal rations.
Algae is Used as FeEnfzers:

paigl Of kelp meal has madgs®gsible its usdin various poultry and

Blue-green algae are treated as bio-fertiliz€ Olden days. Nostoc, Oscillatoria, Scytonema,
Spirulina, etc. are used as fertilizers to rice fields. All these algae fix the atmospheric nitrogen.

Cultivation of Spirulina is gaining importance as feed for fish, poultry and cattle.
In India, Turbinaria is used around palm tree while as sea weeds are used as compost.
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The water-holding capacity of fragments of the algae in the soil proved effective. These provided valuable
small reservoirs of water in close contact with the roots of the cultivated plants.

Furthermore, the bulky organic substances decay slowly in the soil and form humus. Again yield of paddy
is increased substancially when paddy field is inoculated with nitrogen fixing blue-green algae. Some of
them are: Tolypothrix tenius, Aulosira fertilissima, Anabaena oryzae, Anabaenopsis arnoldii, Calothrix
confervicola, Nostoc commune, and Cylindrospermum bengalense.

Our country has more number of alkaline soils@r sterile s@§ls. Blue-green algae like Nostoc, Oscillatoria,
Scytonema, Spirulina are W modify thesf soils in toffertile soils. BECqge they fixed nitrogen in to
soil. Nearly they fixeg ogen per Jear.

Due to their mucilagino®s sheath, they are able t nt soil erosion by binding

a%sgﬁ"g
usad ] eir high iodine Ggntent.

sﬁvhi le
certain bacteri

%‘yown antibjoti

e soil particles firmly.

Algae j

Browglalgae mainly
The 4ain alga used f

The extract®f Cor.
diseases.

lidiim are used for treatment of kidney, bladder and lung disea: aminaria

10 of wound dueyto its gentle sy;lﬁﬁprope y.
nllll“
aris, whlﬁmI-!He gr

m, \\“gg; havg al

propertles St 2

Acetabularig maj i i adder problems.

Ulva i i % promotlng suj# anc*/lany algatwguch as
Phofgidi ) i Mrea [ oftl in rice” It has also been s@en to
increa§g protein coptent :

In Japan $Pirogyra is ¥ ure of lens paper, smtable?@aimg ofgfptical insiM¥Ments.

B]A;w‘a‘kforheat indUged illness.

The gentle swelling of r|ed Lamm kg, Stipes upon exposure to gaaisture make Mem surgical tool in the
opening of wounds.&gi
expansion of the cervix.
Agar early became useful for

omach disorddis and as ajflaxative, and w& once employed as a dietetic.
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TOXIC ALGAE

Algal bloom:

Fish poisoning — Toxicity

An algal bloom or marine bloom or water bloom is a rapid increase in the population of algae in an aquatic
system.

Algal blooms may occur in freshwater as well gsmarige epvironments.

Typically only one or a fewabhytoplankton gpecies are ifivolved and somg blooms may be recognized by
discoloration of the watggesuRing from the hiigh density gii pigmented cg

Although there is
concentrations of hu

o officially Ncogm®®0 threshold level "migge #8n be considfred to be blooming at
reds to thousands of cells per milliliter, depending on the cagfative species.

Algal bloom concentrg@ons may r

Cologf oB%ged 3 green,;@

B@dht green blooms ay% oc

Ti¥gg are a result e-grgfn al which awLeri
Some alg bIo*a resu@xcess i p° itrogef) into waters
and hig rcons atigffs of these r‘rientsi ) reen @lants.

With more fMavai hble, th Cle A i n the water.
Pomene dis§flled o
This red Itsin@ad .

Algal bigems m so D&of concern as somé: lgae produce neurotgins.
Algiffe high cell c

o1*nratio S, these toxins g ha\)*Vere biologicmpacts
ogwildlife.
Alg&l bloogs®Bgpose ' A, oduce@nsar Bitgn calleggHarmful
Algal\B#0Oms, or F§Bs. 0

appy1s®

Some algae can be hgrmful to humggs. A few species produce toxingghat may be c@acentrated

in shellfish and finf€h, which argfthere0V*remglered unsafe gm®81Sono&for human sumption.

The dinoflagellates (cTRgDingPhyceae) are tlie most notoous producefQof toy#s. Paralytic shellfish
poisoning is caused by the M8@rotoxin saxitox@ih or any of @t least 12 relate®€0mpounds, often produced by
the dinoflagellates Alexandrium tamarense anfl Gymnodiflum catenatum. Diarrheic shellfish poisoning is
caused by okadaic acids that are produced by several kinds of algae, especially species

of Dinophysis. Neurotoxic shellfish poisoning, caused by toxins produced in Gymnodinium breve, is
notorious for fish kills and shellfish poisoning along the coast of Florida in the United States. When the red
tide blooms are blown to shore, wind-sprayed toxic cells can cause health problems for humans and other
animals that breathe the air.

As mog€ alga

RANJITH KUMAR H T, ASSISTANT PROFESSOR, DEPARTMENT OF BOTANY BGS
SCIENCE ACADEMY & RESEARCH CENTRE



https://www.britannica.com/science/species-taxon
https://www.britannica.com/animal/shellfish-animal
https://www.merriam-webster.com/dictionary/consumption
https://www.britannica.com/science/dinoflagellate
https://www.merriam-webster.com/dictionary/notorious
https://www.britannica.com/science/paralytic-shellfish-poisoning
https://www.britannica.com/science/shellfish-poisoning
https://www.britannica.com/science/shellfish-poisoning
https://www.britannica.com/science/saxitoxin
https://www.merriam-webster.com/dictionary/compounds
https://www.britannica.com/science/Gymnodinium-breve
https://www.britannica.com/science/Gymnodinium-breve
https://www.britannica.com/science/red-tide
https://www.britannica.com/science/red-tide

Page |42

* Not all shellfish poisons are produced by dinoflagellates. Amnesic shellfish poisoning is caused by domoic
acid produced by diatoms (class Bacillariophyceae), such as Nitzschia pungens and N. pseudodelicatissima.
Symptoms of this poisoning in humans progress from abdominal cramps to vomiting to memory loss to
disorientation and finally to death.

« Ciguatera is a disease of humans caused by consumption of tropical fish that have fed on the
alga Gambierdiscus or Ostreopsis. Unlike many other algal toxins, ciguatoxin and maitotoxin are
concentrated in finfish rather than shellfish. La¥els as lowfgs one part per billion in fish can be sufficient to
cause human intoxication.

» Several algae prodyg®toxins letNgl to fish. Pilimnesium pafyum (class BymnesiopMygeae) has caused
massive die-offs in fl@nds where fIS§ ultured, and Chrysocrre a polylepis @lass
Prymnesiophyceae) h@ caused major fish kills e coasts of the Scandinavig#f countries. Other algae,
such as Heterosigma (G Vtyo&clﬁgochophy eae), are suspected fish

ass Raphido
killersas well.
> can cal'Sefiman dy by digge#® attacking huma es, although the freqligee is
theg oroplast—lac&éreen alga, Prowgtheca Cagaresult in waterloggé

2. Protothecosis, cause €
88ions, in which th@%oge #rows. Protothec isms may eventuMly spréadéte the lymph glangd$
s 0

bcutaneo ns is als e responsible foRulcerafvg,dermatitis jg
Bimi ns in cattl eQby chlofoplast-gari

&

* Some g alih high concentrations of arsenic and when eaten may cause @rseniggloi
a, f@r example, gontains sufficient irsenic to be usgdsasia.rat pois
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Occurrence: The genus Chlamydomonas CHLAMYDOMONAS
(Gr.  Chlamys, mantle; monas, single gystemaTIC POSITION

organism) includes about 400 species, found Class : Chlorophyceae
almost  everywhere  (i.e.,,  ubiquitous). Order  : Volvocales
Commonly they are found in fresh water of Sub-order : Chlamydomonadineae
lakes, ponds, tanks etc., but they are also Femily: :  Chiamydomonadacese

available in brackish water (C. halophila), Ghs ¢ CApDsomoNE:

saline water (C. ehrenbergij ow (C. nivalgs) and
some are also air borne

: . Flageium
The snow of arctic andglpine zones W&Comes red due

to the presence of C. nfgalis which accu Mﬂg
red pigment haematochggme. Buw‘ﬁ Apical papila
|
e

i L B\ Basal nule
mountainffagge of yeow park Basal gra

: sto Contract'c vacuole
becomg yello green
populgtion of C. yellowgtonénsis.

velopa Ejois
IndianNgpecies: @am

e

grandistigmp, C. e q
Plant Body: It i lar and m‘le (Fig‘ -
The cells fare ugudll herical, oval or oblong in

BDe but other '

re also availa

pwards the po

adagglde g o o
The lengthfof the@lv dia@er.

The cell walis thi 0 @com bnent of cell
nded by nWgilaginous

wall is glf€oprotein. 1g so Cysti 0
pectigfayer formed b tose: *
geab mefﬁbra;ﬂ.gr.plésma ranei' wsent hich surroghds the

_ O
The protoplast containgthe fo”ﬁ%ABALLBe

Cell wail

Outer cytoplasm

yd = Volulin granu'e
Nucleus Chleropiasl

Innor -
cylcplasm

- Starch
e renoic
eyre Sheath

Fig. 3.41 : Chlamydomonas : A vegetative cell
waumEy

Inner M the cell wall, se
protopla§.
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a. Chloroplasts: It occupies the lower broader part. It
is generally of cup-shaped and parietal (Fig. 3.40).

. i : -sh
(However, the chlorop!ast is var_lable in shape, su_ch as c::b,ip?f,:d
H-shaped in C. biciliata; parietal in C. mucicola;
reticulate in C. reticulata and stellate in C. arachne). H-shaped

chloroplast

Chloroplast has single pyrenoid with a starc

The number is also variable and it may be iwo (C.
debaryana) to many (Cg#ffjaR§ae). Sometinles they
may be numerous andgfistributed Weegularlygiside the Parictal
chloroplast (C. sphgnidgla). chioroplast
b. Eye-Spot: Toward? the anter MYe -
chloroplagt. at one to oval,
photoregfptiVeagggayf the stlg eyes
The sgot consists of a c
pignntosa and a bic
Blepharoplast
c. NucleQSgThe n m‘@ied i Comrachie
cups and is gt pro ticgh natu
‘ % Rhzzoplast
d. Other nclua: I@includes miKeéchond R. — Centrosome
asialesmedntradtie vaglioles etc. —— Nucieus
—— Chioroplast

. Flagella: Twﬁ Pyrenoid
pwards the an

adagth The f
the cell orfpigge

The flagel§m ori plastusitiiated towards the antgffior g (Figlf 3.42). The
flagella cqge® out thFOugh i n the outer w ‘all

Fig. 3.42: Cnlamydomonas showing neuromotor appa-

In e species i

appargtus (F|g 3.42) |s§§j to . j Fegsm
neuro appe 1™ Apical popilia
granules, ¢ blephar@glasts.

by a fibre, called paf@desmos: iy
blepharoplast is connegfed to the centr 1 o

the nucleus by a threag the rhizoplgeigddany fine oo
fibrils connect the cefMggsome wil the nuCIE@IUS.  \uun

granule
The E.M. studies have not C8ffirmed about®he  goygi %WM‘
neuromotor apparatus: apparatus chioroplas
Pyrencid Pmmynmn:ic
. - lameliae
f. Contractile Vacuoles: Two contractile  cywplasm \ g . G
vacuoles are present just below the blepharoplast.  Statch Piates N ":W % el

Possibly they regulate the water content of the — Gelatinous sheath ——=
cell, by discharging more water at times. Fig. 3.43 : Chiamydomonas. Cell structure as observed
under electron microscope
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Structure as observed under E.M.: Roberts et al (1972), Hills (1973) and Hills et al. (1973) have studied
in detail the structure of Chlamydomonas under Electron Microscope (E.M.) (Fig. 3.43).

The cell wall is multilayered (7 layered) and it consists of proteins. Cellulose is absent. Cell membrane
like normal eukaryotic cell is lipoprotein in nature. The flagellum remains attached to the basal granule,
the blepharoplast and shows typical 9 + 2 fibrillar arrangement. The chloroplast is cup-shaped (C.
eugametos) and surrounded by double-layered g ane.

It bears a number of band-sefgd photosynth@tic lamella§, the thylakoig®aare lipoprotein in nature and
remain dispersed in thegfanular Watrix, the stfoma. The gfiana-like bog#es are Tagged by the aggregation
of about 3-7 thylakoid§, The chlorofig X contains riDOS®magg, ghcrotubules grystal-like bodies etc.

The cytoplasm contain rycleus, mitocho im i p;&tus E.R, ribosomeggetc. The nucleus always
lies in the cytoplasm, prg#ent in th ast: R

The eyegSpot teggiglfof 2-3 row: i graqn:sy d eac\ongg®ases about
75nmgh diameter. It remai be at one si the chloro

L (=

Reprowyction : both asexu

' @du

sexually.

Asexual R@production: gt takes pld@e com

the zoospgre fo iongBut some alSo reproduce by
planospores, h sp@fes, palmella stage & rarely by

VNZOOSPOTes. N ‘ 7
Zoosporesm}u :

[ ¢
. 6O
Smmiiigaontal (mitl :
3.44). At tfje sta

cell withdrgws it
tile vacuold§ dis r
withdray#® from the gell
undeg@oes repeated gitu
angle§yto one another an

€:°
up to 6AunNits, 6
Each unit of protoplaSgsecre around and
oles. The &KM
wall.

develops contractile va
rupturing or gelatinisagfon of the mother
time of liberations th@y develop feirTealla. These
flagellated daughter u are cgfled zoospor@s. After
liberation they behave as neWndividuals andicapable

of developing new crop of zoospores after 24 fou Fig. 3.44 . Chlamydomonas : (A-E) Sequential stages of

. zoospore formation
2. Aplanospores: These are formed during

unfavourable conditions. Following the same procedure like zoospore-formation, they develop 2-16
daughter protoplasts. Each one secretes, thin wall around, itself. These thin walled non-motile spores are
called aplanospores. During favourable conditions aplanospore comes out of the mother cell and develops
a new cell directly or its protoplast divides to form more zoospores.
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3. Hypnospores: These are formed during severe drought. The hypnospores are developed like
aplanospores, but the wall becomes much thicker than aplanospores. During favourable condition they
germinate like aplanospores i.e., either directly or by the formation of zoospores through more divisions
of protoplasts.

4. Palmella Stage: During zoospore formation, suddenly if the environmental condition becomes
unfavourable, the parent wall gets gelatinised. @ ly the daughter protoplasts also get gelatinised

and undergo divisions. The entire structure befomes enlaiged much morg. This stage looks like another

green alga Palmella of Tejg®poRgles and callg@l this stagefgs Palmella s 1. 3.45).

During favourable corgitions, the (Nii4ae®®S develop into
individual zoospore. Pnella stage is very common in C.

Kleinii and C. braunii. EMY &
5. Synzo#Smgre: ThgfMmultin w i

ZOOSPOyEs are calfdrsynzo S. T
formgdl in artificial culiure¥ The
into 2Nuyclei, those d
SYyNzZooSpougs.

Sexual Regirodu

- Itgakes placeg@uring d
deficiencygof ni compound®in the g

gganmpsend | reqliently through anisogamy and
ogamy.

. Isogamy: Mmity f theSpedeiarevisogamous, In
niSamiy0C SeXualm unibn takést i
morpholog@icall ti

(D

@)
J

s

a

Fig. 3.45 : Chiamydomonas : Palmaila-stage

edium. It t\hes plac&er?go_mmo\y through

In some spegies th
gametes (bgfogamydor ge
gameig#” The uniti me

sam&yplant (e.g., C.de
from Wifferent plants a

reinhardy agee®. m¥ WUSii# ' | '
I Fig. 3.46 : Chlamydamonas moswusi : (A-D) Stages
During union the flagelfp are fo red by . SHOWIG 180gamotis $exui feproccion
agglutin (not found on @e flagella of vé Aﬁﬂi) ) "l

chemical substance (pgbtein) whichgaglps in the recognition of gagagtes of oppoSiie mating type.

all and bifla8gllate ggfctures (Fig. 3.46A).

In most, the gametes arcwgicellgfar, uninuclegte, very s

During sexual union isogametes (+ and -) confg very clogg to each other. The wall at the point of contact
dissolves resulting in the formation of diploid e #a8e|late zygote through plasmogamy followed by
karyogamy (Fig. 3.46B-D).
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2. Anisogamy: It is the union between two gametes
(male and female) of different sizes (Fig. 3.47A, B).
The larger one is called macrogamete (female)
produced only 2 or 4 in the female gametangium. The
smaller one is called microgamete (male) produced 8
or 16 in the male gametangium.

The microgametes are
macrogametes. The micr

Fusing gamelos - D
C

Fig. 3.48 : Chlamydomonas coccifera : A-D. Stages of

oogamous sexual reproduction

&y

._ Young Zygote
O~
-

oomou. a i aploid cells are liberated.
During fiberation they develop flagella and behave like
& wdi

Germinating 2ygole

Fig. 349 : Chlamydomonas . A-C Stages ol germina.
lion of zygote
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A [

Z00spores
Hypnospores
p Palmella stage
£
B
) ASEXUAL
2 CYCLE
c Rupltured
£ wall
W Chiamydomonas
w h:v ocage:vnm__u
S
m Parent Cell
T Gametes ()
E  (lso, Aniso
<  Or Helero)
m SEXUAL SEXUAL
2 CYCLE CYCLE
m
3 Union Meiosis
/ - \
(2n)
2. u.mo . oa&ﬂ —SQ‘%—C On n:sagﬂ Fig. 3.51 : Diagrammatic lifo cycle of Chiamydamonas
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Occurrence: HYDROD'CTYON

Hydrodictyon, a non-motile

coenobium is macroscopic. Due t0 Class : Chlorophyceac
its net like plant body, it is known (rder Chlorococcales
as ‘water net’. It has 5 species. Only .o, Hydrodictyaceae
2 species are reported from India i.e., Cénias : Rydvodletyon

H. reticulatum and H. indicum. H.
reticulatum is cosmopolitgg
These are found betwggf spring 2R rainy seaion in slow funning wa

still water of ponds, pQols and lake Bcnerally floats on e of
the water but may also % on the bottom. Very o e to profuse growth,
the nets assume big size §d cover th rﬁﬁv é

Thallus Structure: 'R

A matug’ cOBaghiugf consisté o ollo
closedgét both the” ends (%e 1).
maxyhum size is gener,
60 cnTN§he mature n@)en
thousand Salls.
These cells gre joi uctutgs are called
meshes. Bg€h m i angfe of the net
or mesh mget th

N .—i -~
nd 1 ol (==L o R e
o Fig. 1. Hydrodictyon. A

coenobium.

Mture: g cell wall
‘ ——— chloroplast
IS
3 ‘a f nuclei
o et S
alg protemlasm. pyrenoids

and is made up
protoplasni§ Whe
uninucleate® but

becomeggfliltinucleate fcoen ic). Fig. 2 (A—C). Hydrodictyon. Vegetative structure.
Cells#€Ontain reticulaté®€hloro t with . A. A part of the net; B. Hexagonal mesh; C. A cell.

many§pyrenoids (Fig. i .

typicaltructure gree « i y0S0 e alsqgrgesent. Agithe cell
matures,\g@eftral vayole a mes ;‘)eeru@

It is of 3 types: Vegetg@#ive, asexual and sexua'B'A'l‘J‘J

Vegetative Reprodugtion:

It takes place by fragriegtation.gZoenobium @reaks up irfio small picQes callgg
capability to grow into new'Sg§onies. It may ¢ due to waler currents a
Asexual Reproduction:
It takes place by the formation of auto colonfeS™eraaagnter colonies (Fig. 3 A-G). These colonies are
formed by the biflagellate, uninucleate zoospores. Under favourable conditions each coenocytic cell
behaves as zoosporangium. Its nuclei undergo mitotic divisions to form a large number of nuclei (7000-
20000).

Protoplasm gets segmented into as many segments as there are nuclei. Each segment gets surrounded by
small amount of cytoplasm, a limiting membrane and develops two whiplash type equal flagella and

Reproduction:

agments. Which have
ovement of aquatic animals.
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represents biflagellate zoospore (Fig. 3 A-C). In
Hydrodictyon a peculiar phenomenon is observed.

protoplast
—. thowing fission

The zoospores thus formed are never liberated Hageiium
outside the parent cell. G
They remain motile within the restricted region /6
i.e., within the cell. After swimming inside the 200spore” e

cell, they ultimately withdraw their flagella
get themselves arranged ipto characteriftic
hexagonal or pentagonal fagfORo form a newghet
(Fig. 3 D, E). This neggnet is caled auto coldny
or daughter colony (Fi§ 3 F, G).

The auto colonies are Nperated by disintegrﬁ‘

Iator
arrangement
of zoospores

of the parent cell wall. ;
the daughter colony is fg#ed. Furt of the

coenobi agtirel due to i
size andf not the nufnber of
Sexy#ll Reproduction;
It is ¥gQgamous.

coenobiuMygan fu
biflagellate lame
of the prot@plas

zoosporesg(Fig.
0 armper
oospores. T ar ividually

rough a hole {{ffxhe Barent nd swim
eely in water.

early arrangement
of zoospores

€ outer wall
loyer —

inner wall layer —4

autocolony
(young ne1) ez

Fig. 3 (A—G). Hydrodictyon. Asexual repro(t;lucﬁon. (A,
B). Zoospores formation. C. A zoospore; (D, E).

‘ Arrangement of biflagellated zoospores into a net;

%'| F. Formation of new net (autocolony) within parent cell.

G. A autocolony in the parent cell.

%
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The gametes are uninucleate and biflagellate. Hydrodictyon is monoecious. The gametes from the same
or different coenobia after liberation fuse to form
quadriflagellate zygotes (Fig. 4C). Soon they lose their
flagella and settle down. The immobilised zygote
enlarges in size, becomes spherical and develops thick
wall to form zygospore. First it is green but it becomes
sgse of the development of a red pigment
haematocirome.

Germinadlon of zygosp#t
Zygospordl is capablg” to tidewgver the low winter
temperature. A gnset of the sgfing season, its diploid
ﬁs undergoes zygotic meig#ls to form four, haploid

C

Ie& biflagellate gonogOospores or meiospores
j. % osporgywall bursts, and the
i he sugundige®Vaer. After
i i e meioSPores comeygo rest.
i e and form the§thick
edrons or pgffeders
on stage.
digdes and re-
orms@the second
generation of zoospores (Fig. e zo@spores are
also uninucleate angd_are.anterio ellate®
Th all of the# down and th
Z0 res eme a ig. 4 J). Thes

d A wim wesiclg for e time.
Ay rawm J v g e form ofangl 8 Hydr, d|c . It isgaeeion®
or juvenil@colo i water by the dlssolutlon of the vesicle. row size and

produce neyy coe m Yhere the cell numbert
If a gamete¥fails tQgftise, Y develops into a

which, ggslrn, produc‘ Fo

lof the species is store
arthenogeneticall
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Oedogonium-

Systematic position

Kingdom -  Plantae Apical caps

Division- Chlorophyta

Class- Chlorophyceae

Order - Oedogoniales

Family - Oedogoniaceae /I—— Reticulate chloroplast

Genus - Oedogoniug 0 Cell wall

Occurrer!ce. Oet_jogo_n Gr. 0cRgs, swellingll gonos, Bo B 1
reproductive bodies) isgn exclusive gsiPaler alga. : .
Out of about 400 species ore than 200 have been reported g Cap cell 4 &
from India. They are very §ommon in pool Caps {‘
etc. The filamentous planig#ody may, ith the X q
stone, wofNigaves of quatlc q all br = Sl .
dead plght remai water ' % Nocleus Nucleus —t

holdfg#t. Some species like ter
IndidigSpecies: Oed
elegans, Onaerolatu

Pyrenoid

Basal! holdfast

Reticulate —{fF12
chloroplast DR

Plant Body:# he th
and filamen#fous.
of each

Flattened disc

Fig. 3.72 : Oedogonium sp. : A. Single vegetative fila-
ment with holdfast and apical cell, B. Single

vegetative cell
, disc-tike,
f fi tot

‘ \\\Il'l/
' Wards the basal end it expands ©¥orm sim

iddle cells.

. B gll: It i
cell is long} grad
finger-shapdsl stru .

and called hdddfast.

Itilobed or
substratum

cell is generally colourlessgwhich performs the functio

2. Api ell: Itis th*rnos ell of the filam usually rounde owa*pical side amgggreen in
colodf v <7
3. Mid8le Cells: Adhthe c etwee | and apual cells ar

Thee e longer than thegforeadth

as cap or@pical cap (Fig. 3.72A). The
e number of c@ll divisions in that cell.

i.e., rectag sha

Towards the upper end of $@me cells

cell with cap is called cap€ell. The Mﬁ_&i’ 1&1

Cell Structure: The ifitercalary celS artshagger than their Reg arlare cylindrigal in outline. The cells
are surrounded by thicReagd rigi cell wall (Rig. 3.72B).fhe cell wal\is diffg®ntiated into 3 layers an
outer chitin, middle pectin aM#innermost cellulosic. Jus@interior to theN#&ll, cell membrane is present,
which encloses the protoplast. The protoplastfgonsists ol cytoplasm, chloroplast and nucleus. The cells
contain many small or single large vacuoles situated in the centre and remain filled with cell sap. The
cytoplasm lies between the cell membrane and vacuole. The Chloroplast is single, large and reticulate,
which remains embedded in the cytoplasm. It extends from one end of the cell to the other end. Many
pyrenoids are present. Cells are uninucleate and nucleus is generally present in the centre of the cell
within the cytoplasm or it may be eccentric.
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Reproduction:
This reproduces by all the three means: vegetative, asexual and sexual.
Vegetative Reproduction takes place by fragmentation and akinete formation:

1. Fragmentation: It takes place by accidental breakage of the filament, dying off of intercalary cells or
by the formation of intercalary sporangia. The re capable of developing into new filaments.

2. Akinete: During unfavoyaig iti i last of a cell es a thick-walled, reddish-
brown, round or ovalg he akinete. fThe akinetdlgerminateggfuring urable condition and

It;|‘u
4l
Iy

Flg. 4. Oedogonium. Chain of akinetes

Zoosporangium

rupturing of {f€Jout
. On coming out

of G ASEXUAL CYCLE

antherozoides are
antheridium (Fig. 3

: Oedogonium sp. Asexual reproduction : A-E. Successive stages of zoospore formation, F. Single zoospore,
and G. Germination of Zoospore )

female gametes differ both mM&phologically a‘d physiolfically. N
Only one egg is produced in each oogonium a erozoides in each antheridium. Another motile

structure, the androspore, is produced singly in each androsporangium.
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__Cap cel J

4= Antheridium
- mother cell

antheridia

antheridia

o
Fig. 3.75 . Oedogonium sp. : A-E. Successive stages of development of antherozoids
. —~MAW ©o _

istribut@n of Sex Organ:

thasizes®®T We male
filaMment the sp&cies of
are divided int@ two
crandrous and

Qogonium
mother cell

(horllothallic or
typ€ (e.g., O.

Fig. 3.76 : Oedogonium sp. : A-D. Successive stages of development of ovum sum &gd O. hirnii)

"N ogonia arcNggrne on
the Sme filament (Fia.g : ‘ 4
ii. Diodgious typ®heter 1). 1A"this t ., O. ;us, Q diacungand O.
aquaticu e antheNgia an ja are borne ifferent fj (Fig.830).
2. Nannandrous Type: ABALLB
The nannandrous spegfes are alwaysgigecious (heterothallic) Lgssgntheridia arfl oogonia are borne on
different filaments. s type tp# antheridiggdevelop on g very smalyfilamentg@Pmed as dwarf male or
nannandrium. In nannandre pe initially @ndrosporafigia are devetgpg#®In series on normal sized

filament. The androspore form singly within adrosporafigium.

Liberating from androsporangium, the androspores swim freely in water. The androspore germinates on
the oogonial wall (O. ciliatum) or on supporting cell (O. concatenatum) and forms dwarf male filament.
Towards the apical region, the dwarf male filament cuts off small cells as the antheridial mother cells.
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Each antheridium produces two antherozoides. The androspores, antherozoids and zoospores are
morphologically alike but differ in their sizes (Table 3.1). The androspores are smaller than zoospores
(produced asexually) but larger than antherozoides.

Table 3.1 : Some differences betwen zoospore, androspore and antherozoids

Characteristics Zoospore Androspore Antherozoids
1. Formed in all species in nannandrous species all species
Morphological spherical, uninucleate like zoospore like zoospore
structure and multiflagellate
3. Size largest one intermediate one smallest one
4. Formed in ZOOSporangium androsporangium antheridium
5. Number per cell one one two
6. Further activity develop new plant develop into dwarf male  fertilise the egg
Theyfare of two type@
i. Gynam osporou@y Z ia and gg#onia are
borne on thg¥fsame, e

a?O. iyahgarii) the

Q
=

he structure an ssz belonging to
<

CIU TS eciom ioué AN i \\ .

ii. Idioan osp@l pe:
andeosaeidingia @mg oogbnia are borne on different filaments (Fig. 3.82).

] ;\;\‘\
. 4 70
3 Species: A I;Il T

exual Repro

a. Antheriglium: cell of the vegetative filament may function as ant Mothe ell (Fig.
3.75). It divigles tr into an upper sm idium and a lower er cellf The sister
cell thengsfdergoes repeateCgransverse divisi an uniseriate royof about 2-40 ré8§gngular
uningéfeate antheridi *

. Each nucleus &
anther hus

omes
herqfoids are

The antherozoids are ugfcellular, uninu B!Ag‘ﬁléh yellowish inggolour. The liberation of

antherozoid is similar #b zoospore fgiged during asexual proces

The n8gleus of the anth un es mitotidhiv,ision an
surroun®gd _Ly#SonTecyto nd me '
developed from each agheridi

b. Oogonium: Any capiegll of g€ vegetativeffilament may function a8§oogops other cell (Fig. 3.76).
It divides transversely into afpper oogoniurll and a lowgr supporting or suffultory. The lower cell
may again undergoes similar divisions in repefited sequefice to form two or more oogonia with a lower
supporting cell.

With maturity the oogonium becomes globose, which contains single egg. A receptive spot is present at
one side of the egg. Before fertilisation a transverse slit or pore develops on the oogonial wall through
which the antherozoids take the entry.

Sexual Reproduction in Nannandrous Species:
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The structure and development of androsporangium, antheridium and oogonium are similar in all the
species either belonging to Gynandrosporous or Idioandrosporous type. They differ only in the position
of androsporangium.

a. Androsporangium: The mode of development of androsporangia is alike with the antheridial
development in macrandrous species. The androsporangia are larger than the antheridia of macrandrous
type. The nucleus of androsporangium does ngtmghie d the entire protoplast metamorphoses into a
single androspore.

es are larger than the
m. During liberation
s free to swim in water

The androspores are
antherozoids. The an
each androspore remai
(Fig. 3.77A, B).

in a mucilage envelop for few minutes and then beco

 S——
(0D 1

Sutfultory cell or

ung cell
Andro- Supporung

sporangia

(LX)
o)

A B c

Anthendia

Antherozoids

Anthendium

Vegetauve cell 7

Dwarl male
filamenis

Basal cell

E

Fig. 3.77 : Oedogonium sp. Development of dwarf male : A-B. Developr_nent ol androspore, C. Attachment of
androspore on suffultory cell, D-E. Development of dwarl male and formation of antherozoid, and

F. Formation of cospore after fertilisation
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b. Germination of Androspore and Formation of Antherozoids: After swimming for some time, it
gets attached either on oogonial wall or on supporting cell (Fig. 3.77C). Then a wall develops around the
androspore. The androspore elongates and cuts off a few flat cells at its apex to form the antheridia (Fig.
3.77D). The nucleus of each antheridium divides mitotically to form two nuclei.

Each nucleus with some cytoplasm metamorphoses into single antherozoid. Thus two antherozoids are
formed in each antheridium (Fig. 3. 77E) Th jds are liberated in a similar way as found in
macrandrous speC|es The ant i in contact with receptive pore

Fertilisation: Antheroz |ds are attracted ical stimulus. Normally
ises the egg, resulting in

Antherozoid

{

&

filament

Fig. 3.78 . Oedogonium sp. : A. A stage before fertilization, B. Oospore in oogonium, C. Liberation of cospore from
oogonium, D-E. Stages of zoospore formation, F. Liberation of zoospore. and G Young filament develops
after germination of zoomeiospore.

r ' '
Oosp&e: The zygote du@ urth velopment_[p_tracts itself the o |aI s 2-3
layered . 3.7 nerally

ater o ome ted.
undergoe of re Wes brown in colour. ‘6
Germination of Oospgfe: The oosp "uhurable cond®jon (Fig. 3.78C-G). The

nucleus undergoes mej@sis and formg.4 hapI0|d daughter nucle| The nuclei acc§nulate some cytoplasm
uring liberation they

Initially they remain inside a delicate vesicle disintegrates and the zoospores get free into
the environment. After swimming for some ti hey withdraw their flagella and germinate into
new haploid Oedogonium filament like zoospore in asexual reproduction. The nature of zoomeiospore
development varies in monoecious and dioecious Species.

In monoecious species all the zoomeiospores develop into similar Oedogonium filament.
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In dioecious species out of 4 zoomeiospores, 2 develop into male and other 2 develop into female
Oedogonium filaments.

Life Cycle of Oedogonium: Fig. 3.79-3.82 depict life cycle of Oedogonium.

/osrngium

®

i

liberation

A{:.A:‘ \ /- K‘/Zoosporet

(m) Q
T Oaiphre
Zoospore Zcospore ( n)

i oo |
S\

S

Ve T

Qospore (n) formation
(2n) \ Me:losis (n)

3 Helzus
&5 Ar;::::’o!z‘g:‘d P SEXUAL CYCLE Oospore 0
(m) «ﬁ (2") g
y Antherozoid
SEXUAL CYCLE Zootore (n) N ‘
formation - ‘
(m

1

ASEXUAL CYCLE

Zoospore Ovum Zoospore

b / gen(nlnulon } (n) germination
oospore 4 n
< ? & ) f Oogonium y ()
N \Q S ) ] ) . (n)
LY A i D) Zoospores l
Al P (n)
_,/ ¥ \ ‘{@ ’ —ﬂhefldi: Rere
; Zoospores i3 \ ~ (n) ‘ !
(4 (n L - § /
Zoospore . o e
germination : hed Zoospore germination Filament Filament Zoosporangium
Unﬁhl::‘:n: n cell Zoosporanglum cell
ASEXUAL CYCLE } ASEXUAL CYCLE
Fig. 3.79 : Life cycle of macrandrous monoecious species of Oedogonium @
-
Zoospore Zoospore Zoospore Zoospore
germination liberation llberlnon

Fig. 3.80 : Life cycle of macrandrous dioecious species of Oedogonium

amEy
‘\:\II'l/

AN 'I/

RANJITH KUMAR H T, ASSISTANT PROFESSOR, DEPARTMENT OF BOTANY BGS
SCIENCE ACADEMY & RESEARCH CENTRE



http://cdn.biologydiscussion.com/wp-content/uploads/2016/08/clip_image020-24.jpg
http://cdn.biologydiscussion.com/wp-content/uploads/2016/08/clip_image022-21.jpg

(n) Oospore G
(@n) Zoospore STARS
\ s B
- /A EBRRN
T LLL z
BN -ovum ' UL 'l,,l
&) - SEXUAL CYCLE Zoo(s:)o,as \\\\\“ s H
Dwarf male @
filament !
L4 &
', Oogonium
< Zoospore .
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Class : Chlorophyceae

Order : Charales

Family $ Characeae

Genus : Chara

Occurrence of Chara: o |
Node

Chara is represented by about 188
species, out of which 30 specie ';‘ unlimfted
are found in India. It is comup®
known as “stonewort”ghe plant

body of Chara is encrigted with Primary laieral

3 q (shoot of limited Descending cortical
caIC|u_m and magnesium d b_onajte oiowh) e e
especially on the plants grofing in Asceciang cortical

heavy water. filaments

Rhizoids ~ffl Node
Thus he pm® be AR
A
strengifened and caked

A Fig. 3.91 : Chara sp. : A. External morphology, B. Shoot (branch) of limited growth or primary lateral, C-D. Appen-
stonéWorts. General |y t W 1 dages on node (C. Haplostephanous and D. Diplostephanous type)
fresh wateg.of ponds, S,

4
etc. in submemed co r sc.%agr S in brackish

water.
t body, generally
ly about 1 meter), It is differentigigaiinto rhizod an in ax g. 3.9

—+

0
Plant Body of C :C
S a neight o ut

HARRWN
) NS AEEmAN
.Rhizoid:The%oid are t te, multicedular, uniseri&t@ wﬁed. isaa)ngated branche
Stmmaiiiig haVving ue pta.T - Wthe ba\sk\‘ Blant bogly or, peripherales
of lower ndiles of aiflaxis. ~Saws

B. Main AxR&: Itis
and nodes.

@)1 odes: Gener:*l conswys of two typé of-cell Kial cell or inter
i. AxialCell: It consists of ongat ntral cyli,nd’r_[fgl peII‘(Fig. 3. V

ii. CortiCQle®s: TheRg are e but muc ] eter thanﬁﬁl and gflsheatMegho@Corticated
as a layer on the outer suUf§gce of axi ig. 3.94). They origin e nodegffter originating from the

node, 50% of the cortical gélls grow up ﬂ i a nd the rest §0% grow downward as the
descending filaments (Figf 3.91 B). BCKB

The ascending filamen@cover the er halfed descending™taments QQver the upg®r half of the axial cell.
Cortication is not common Magll th# species.

Depending on the presence or absence of cortex, We species @ Chara are divided into two types: Corticate (e.g.,
C. fragilis, C, zeylanica, C. hatei etc) and Ecortica o, corallina, C. suc- cinata, C. wallichii, C. braunii
etc.).

(if) Node: The node consists of two cells surrounded by 6-20 peripheral cells (Fig. 3.91 C, D). Three types of
appendages are developed from each node.

These are:
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1. Branches of unlimited growth,
2. Branches of limited growth, and
3. Stipulodes.

1. Branches (Shoots) of Unlimited Growth: They are also called axillary branches or long laterals (Fig. 3.91 A)
and are developed from the older nodes. These bragches are also differentiated into nodes and internodes like the
main axis. Each node bears branchlets like the maif§ axis.

2. Branches (Shoots) of Ligsftedgrowth: Theyjare also call@d primary lateggéls, ®ggnchlets or leaves (Fig. 3.91
B). About 6-16 branchlgg develop inYhorls argugd the node ofggain axis ggbranch of tRlmited growth. It is also
divided into 5-15 nodes\gnd internodeS®ach node develops some ular, hair-liké secondary laterals. Sex
organs are developed on 8

er nodes of each bram
3. Stipulodes: These are ellular W e ogfro&) f branc™gts i.e., branches of limited
cont

growth. TAEYgber ofgfipufode, ode ma numbe lets Wigh is callgg®gistipulate
(C. nud . tomeMw&a, C. baltga):

7 C. brourt™&. coral if d iIs called bistipula

Depafld mg on the arran

t of gibulodes species anous (i.e., stipuigs are
arrangethgg smgle row ,C orows)eg @delica-
tula (Fig. 3

™ e
a: /he nodal c are s se and g nuI@ﬁopla N and many
discoid chl opla |t pyrenoids. aII vacuoles may be present in the cytoplas@.

Cell Structgre of
e internodal ¢ I are i arge central va le, many nu%m\‘many coﬁ:oroplasts I
is dif§erdhte LT doplasm sho

ytoplasm. The ‘{3 into oute oplasm al}/.rimm“plas
reaming move Apicai cal
?vi

shaped ap aI C cell und¥rgoes repeated
transverse dyision a row of three cells (Ei

Apical cel Nodaal initial

Intenodal Initial

3.92A-B). T8 uppe ins as apical cell, mi
biconcaygghe forms h da ' A Contrsi tats
for e internodal i |n ¥
) Paripheral celis

The n®gal cell undergoes ted Vi ﬁ Apical coll
and ultirngtelyds o cent ([~ ® Y} Nodal inital
20 periph®fal cells. BENches grovvth are [ © 1 imemodal initial
developed from the periph@ral cells

B
row. The internodal initig§’does not divide ﬁ SR

a82: Ch . L AC. f
elongates much more # form long gagernode (Fig. ® ol o i M
3.92).
Reproduction in Chara: It répngfflces by both v@etative andisexual meanVﬁlreproduction is absent.

Vegetative Reproduction:
The vegetative reproduction takes place by the formation of following structures:

1. Bulbils: These are small oval or spherical bodies developed on stem or root nodes. Bulbils are formed on root
of C. aspera and stem of C. baltica. After detachment, they germinate and develop new plants (Fig. 3.93A, B).
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2. Amorphous Bulbils: These are small cells developed
and aggregated at the node, called amorphous bulbils. They
are found in C. fragilis, C. baltica etc. On being detached
from the mother plant, they germinate and develop into new
plants (Fig. 3.93C).

Stem bubil

3. Amylum Stars: These are multicellular aggregations of
cells, looking like stars and the cells are densely fijlled wi
amylum starch; thus they are caldgd amylum stars.g@ he

amylum stars are developegs®t the Ngdal cells of tlie basal

region e.g., C. stelliger&(Fig. 3.93D)
Str
i

4. Secondary Protonema@ These are thread like

developed from primary pr@tonema or fr
the rhizoid, New plants gg&also devw
secondangprofeggma

Fig. 383 : Chara sp. : A. Stem bulbil, B. Root bulbil,

i C. Amo hous bulhil,
SexugdReproduction: It e rphous bull, and D, Amylum star
e. The male sex is Cantral
i i eylindrical cell
sphericalNg led g Secondary
female sex Ofigan is e ogfess gree N\ lemis T 1) fo,"m'
\ A &
called the nygule o

of the brar& of limited growth % ') A‘

They devel®p on
rmingled with secondary Iatirals. Corona S Sn amat

e, ary lat
ucule is always'i
3, 3.94).

hasingfthe speci e
and femalegsex o
are heterothllic o i 0.,
Structure of atur@obu '

in shapegfl yellow to
consyts of eight curve tes, sit
which€gre the shield cells. O

globule (Fighgol ool NONZETR

Globuis NS

Fig. 3.94 : Chara sp. : A portion of the branch ol limited
growth showing attachment of nucule, glo-
From th&innaee® Nhe ea bule and secondary laterals at the node

rod shaped structure is d8 pReach manygfium one or Bre globose
cells developed are called |mary caprtul@’ i i ops two orgnore secondary capitula.
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Finally each secondary capitulum
develops 2-4 long antheridial-
brmary filaments (Fig. 3.95H, 1). Each
capitulum cel antheridial filament has 25-250
D £ Podicel F cells and each cell i.e., antheridium
(Fig. 3.95J, K) forms a biflagellate,
coiled and uninucleate antherozoid
(Fig. 3.95L). Thus a globule can
as much as 20,000 to

Shield celis

Manubrial
call

Antheridial 32

Antheridial 3
mather cell } % Q
D5 4 4

Initial

Antheridial
filaments

Secondary
capitulum cells

Primary.

/ caphulum cells 9§

Manubrium Py cell

Flagella of Chara is oyal with a

Antherozoid A . is also

Fig. 3.05 : Chara sp. Development of globule. A-F. Stages In the developmont of globule, G. Mature globule,
H. Globule in longltudinal section, 1. A shield celis with manubrium, primary and secondary capitulum cells

and spermatogenous filamenty 'Y Stomes e I An vonin

. : Oogonial mother celis
pecies. 1y ¢

&ter@l

g op (Fl B
.96H). The enti
ructure is cove ro
e base by five mlly
1S Be cells pt
at the apex@where Oogonial

) mad of

R

it —Tube cell

N

showsSimilarity with the ‘

neck ce§ of F
Fig. 3.86 : Chara sp. Development of nucute : A-G. Stages in the developmant of nucule, and H. LS. of Mature nucule
~

he lower o . which forms the stalk.

transverse division (1-1) to forn™2 cells, of which P is the pedicel &

The upper one is the antheridial mother cell. The & Bother cell, then undergoes two vertical divisions
right angle to each other (2-2, 3-3) followed by one transverse division (4-4), thus an octant (8 celled stage) is
formed.

Each cell of the octant stage then undergoes periclinal division (5-5) to form outer 8 and inner 8 cells. Either the
outer or the inner cells then undergo another periclinal division (6-6), thus forming 3 layers of 8 cells each (Fig.
3.95B-F).
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The outer 8 cells form the 8 shield cells, the middle 8 cells form the manubrium and the inner 8 cells form
primary capitula. The primary capitula further divide and form two or more secondary capitula (Fig. 3.95H, I).

Each secondary capitulum further divides and forms 2-4 antheridial filaments consisting of 25 to 250 anthridial
cells or antheridia, formed by repeated mitotic divisions. The protoplast of each antheridium metamorphoses into
single biflagellate and coiled antherozoid (Fig. 3.95J, K, L).

loped from the peripheral nodal cell of the
s two transverse divisions thus forming a 3 celled

and forms lower s
|on of t
epasited | the ovu
g#¥iCies transv into uppeMaggall ce @ corona cells whiciform a
er five cells for % (Fig. 3.96F, G)\[he
eo

Development of nucule (Fig. 3.96). The oogonial i g
primary laterals (Fig. 3.96A). The oogonial initial §e

cell and upper egg (Fig.
&.cgg develops the

ggogonium and th
direction outsid8 ium, giving prg

e cells just below the corona get separated slightly and for
0zoifls get entry rough these slltf&g 3.96H). Quitof

the egg. Qﬁﬁw

' maEmEn

umsy
‘\:“III/

v
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Germination: Protonemal Initial

During germination the nucleus Hampeor e

of oospore migrates towards the
upper region (Fig. 3.97B). The
nucleus then undergoes meiotic
division to form 4 haploid nuclei
(Fig. 3.97C). The oospore then
divides into two unequal cells g
which the upper lenticularg

Haplold nuclal

Dagenerating £,
nuclel

(3)

Basal
cell

D E

Protonemal

contains one nucleus arf lower Intemode flament
large basal cell contains §aree ! Node

i (Fi i Internode ——:
nuclei (Fig. 3.97D). The n¥clei Proionemal.odl ‘ Nede —
of the basal cell gradually e
degeneratg Rhizoidal cell Primary

The lengfcular cell projects OL?»

by rugturing the oospore @all
and dWges mitotically,
oblique loMyitudinal t

form a largergproto
and a small ghizoi
3.97E). Boflh the i

Bifectio Fig. 3.97 : Chara sp. : A-H, Succesive stages in oospote germination
: . V71 1 AN m)
he protonemal | is@lifferentiatgd ‘@‘r' nodes and nodes anq{ m theswpper pgt of lant body,
hereas the rhizoidlal iniflal foraTs TRIZBCSHig. 3.97F, @, H). Secon‘“tlﬁ"nay evezrom the lower
i S waum
o bef

RANJITH KUMAR H T, ASSISTANT PROFESSOR, DEPARTMENT OF BOTANY BGS
SCIENCE ACADEMY & RESEARCH CENTRE




Page | 68

Life Cycle of Chara: Fig. 3.98 depicts the life cycle of Chara.

PRepp——
pr——— D
_ Secondayy T
i protonema
\AAA)
: I ' > ;; Asoxusl ﬁ
>3o.v70cm bulbil raproduction
VEGETATIVE
REPRODUCTION
Charn
| \ pRant’v
\
Soxual %
teproduction
Nucule
n
?jiv; / @
Anthords n.l.
Globule| Sﬂw%o._o: Very <oc:o 5.~oa
@ ™ A mna EQo:oBm
E
Rhizoidal
_, maa n..o.o:mBB initial
ag_ovawi Ovwum
_.oa.oc_Q 8__ (n) e - o
ao<o_83o2 ».
Antheridial 3 =+ Four haploid _
) filaments g nuclei
R ) N~ !
N<coa r Fertilization _
>:§o=9m_ (2n)
filament cells
(n) > \
Antherozoid Fertilisation Oo“..oa -

(n)

. Fig. 13. Chara, Graphic lite Cycle
Fig. 3.98 : Life cycle of Chara sp.
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Sargassum

Classification:

Class : Phaeophyceae
Order : Fucales
Family : Sargassaceae
Genus : Sargassum

Occurrence: The genus Sargassum (Spanl
weed) is represented by
species are found in |
and tropical region
hemispheres. It is ver
Australia etc.

tenerrium, §S. i, #. i : . \,
christifoli . [lum, S. cinereum and S. plagiophyllum. ﬁ
Receptacles

Leaf-like expansions

ifl
Axillary branches rec nd branche

al HFlg

ha is di erentlated
in asal Moldfast and
amijexpa ed Ieafy,

Fig. 3.116 : Sargassum sp. A. Portion of a branch with leat-fike expansions, air-bladders and receptacles, B. Portion of e main
the main axis showing arrangement of branches, leaf-like expansions and receptacles, and C. Lower part isis gen eral |y of 10 to

of main axis with lateral branch and air bladder ; )
‘quﬂk A>T 50 cm in length. It is
rical structyre. The main ears many primary later@ls arranged spirally in a

J

Lateral branch

o]

erect, flattened or cyli
phyllotaxy of 2/5.
Due to its unlimited g

laterals (long shoots) bear , S or leaves
The leaves are flat, simple structures with dis@inct midriland dentate, serrate or entire margins, with an
acute apex.

Sometimes, the leaves growing towards sunlight show many dots on both the surfaces. These dots are
the ostioles i.e., openings of the sterile conceptactes. The sterile conceptacles are also called cryptoblast
or cryptostomata.
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On the main axis as well as on the primary laterals, the secondary laterals i.e., the leaves are replaced by
many spherical, hollow bodies, called air bladders. The air bladders help to float them in water (Fig.
3.116).

The axils of leaves develop long much branched flattened or cylindrical structures called receptacles. The
receptacle bears many fertile flask-shaped structures, the conceptacles. The conceptacles bear sex organs.
Internal Structure: meristoderm

Axis: It is generally of circular in outline and (jisheremtratgd into cortex  medulie
three regions: outer meristoderm, middle cort@x and inn@most
medulla (Fig. 3.117A).
The meristoderm is rgg®e up of §yagle layer ®f closely picked
cells. The cells are m&istema- tic Yge®tUre. The cells conta

chromatophores and p&form photosynthesis. This_layer can
store food material. ﬁ & oa
The cortey is situated g€kt to m and occupies maj

part of (e 3 t
cells gFfpolygonal™Shape,

cellsglre smaller in siz
this 129 also stores
The medMg i.e., thewiwne

helps in conlucti

Leaf: Itf is

differentigied

= UuUtC 0

nd inner meﬂ

xis  (Fig. B)

edulla is round and
yelgl e rem.

surfaces of the |

many steril@ conc
cryptostomdia or ¢

@ . oo st
uter Iayer Fig.40. Sargassum.TS. axis’

walledﬁong&c%l’his laygpossibly
e

Y.
Hd H
8

 E & 5 [/r paraphysis

sterile
conceptacle

Fig. 41. Sargassum.T.S. ‘leaf".

(Fig. 3.14D). X i

Thegg#are flask-shape, sterile unb%edﬁwents, the par ysesﬁeloped from ase.
The pRraphyses protrude the opén\' g ‘[Les it on the oyt side gife ostiole. The cellgof the
wall haye man : R T~

Air Blachle meristoderm
Internally it is almost Mgke wi is. but without coke
medulla (Fig. 3.117C). Fhe central Ml

by a large hollow cavitfffilled with gir and gases: bladder well
to the cavity, cortex igfpresent; wih comsigls of a few

layers and thinner cel ap axisgnd finally it@nds with
a single layered outer meriStog€rm.

Thus the thallus shows division of labour al@ng with
differentiation of tissues. It serves the fu
anchorage, photosynthesis, storage, conduction and
support.

Reproduction in Sargassum:

It reproduces by both vegetative and sexual means.
Asexual reproduction is absent.

Fig.42. Sargassum. T.S. through air bladder.
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seiics 1. Vegetative Reproduction:
. l It takes place by fragmentation. Due to death and decay of
= paraphyses the older part, the younger region gets separated. The

o

O

5’2 A G separated region grows and finally develops into a new
e O\ conceptacie individual like the mother. The free floating members like
ggg ‘ S. hystrix and S. natans, multiply only by this method.
_"n a L basal meristem production: It is of oogamous type and takes

union of antherozoid and egg, developed in

developed on receptaclegyf The conceptales with
idia or oogonia are cafled male or female
ac us but a few species are

ly pWifferent

Tongue cells

Fig. 43. Sargassum. V.S. young conceplacle.

a

ﬂi I687Plapis are monoe
dioeciousgln monoecig#S plant @maeand female se% re gen
.concepifCIeSngg, cg ceptaclé i : F
DevelgPment of Concept i
concgptacle are almosW'
activitygf basal cell

sterile cd tacletb
paraphyses gout i
antheridia gor o
regions.
DU smos elopa
n the receptaswlar

nctions as co

mg cel

shaped.
The surrougding
rapidly and® push to
receptagh®” The con
mito@€ division and bliq
elond®ted tongue cell an er _ . 3.
The toRgue cellgigngat radu isappears. The

divisionRgesfrm theWgasal eri.e., of the ¢
are developed from thiSNgner Im ‘e
T.S. Receptacular Bragth: .B ‘JB
1. Receptacle containsghany flask-shaped ferti cMﬁc es.

2. Each conceptacle ighn the form g1 d®emsi0pening outsidesew®aingstiole.
3. Cells of conceptacleWwgll are #fled with ma@ny chromat@phores.
4. Wall of the conceptacle giegrise to many nulticellulagfbranched or UNg#nched, hair-like paraphyses.
5. Each conceptacle contains either antheridi§ or oogorfla, and known as male or female conceptacle,
respectively.

T.S. Through Male Conceptacle:
1. In the male conceptacle are present many antheridia (Fig. 3.119H).

2. Each antheridium is a small, ovoid and stalked structure present generally on lower branches of
paraphyses.

3. Many antheridia are present on a paraphysis (Fig. 3.119H).

derggggrepeatedg¥ertical
cle. Th# reprO®uglife organs
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4. Each antheridium contains many antherozoids.
5. Each antherozoid is unicellular, uninucleate and pear- shaped structure, with two laterally attached
flagella.

Antheridium
Antheridium  Branch >

Antheridial initials

Antheridial
Upper cells

Basal cells
of fertile
conceptacle

Fig. 3.119 : Sargassum sp. Development of antheridium : A. Cells of basal fertile layer of conceptacte, B-E. Develop-
ment of antheridium, F. Mature antheridium, G. Single antherozoid, and H. V.S. of male conceptacle show-

ing antheridium along with paraphyses

.S. Through Femalefconc
ure, feflale Bonce the sa 7

opening bylan ost . 3.120
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5. Each oogonium contains a single uninucleate egg (Fig. 3.120F).

Qogonial cell

Degenerating
Exochite nuciei
Mesochite

e

Nucleus R Functional
(2n) "t nucleus
Stalk cell Nuclei (n)

Fig. 3.120 : Sargassum sp. Development of oogonium : A-D. Development of cogonium, E. Vertical section of female
conceptacie showing cogonia and paraphyses inside,-and F. Release of oogonium from conceptacie

,/li'i'\\\\ - -
inates wit any resti
(o B /'

remaiimiiisi but‘&ﬁ‘e%;l:v‘d

eremaining antherozoids
imain side by side

e
ram e

Fig. 3.121 : Sargassumn sp. : A-C. Stages of fertilization, D. Zygote, E-H. Deveicpment of Zygote
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Germination of Zygote:
Just after fertilization the zygote undergoes germination (Fig. 3.121D-H), while the oogonium still
remains attached with the conceptacle. After some time it comes out of the gelatinous wall. After
liberation, the zygote gets attached with any solid substratum.

The zygote then divides transversely and forms lower and upper cell. The lower cell develops into rhizoid
and the upper cell undergoes repeated periclinal and anticlinal divisions, thus forming a thalloid
sporophyte (2n) of Sargassum.
Life Cycle Pattern of Sargassum:

is diploid except the 3§
the haploid (n) stage.

/I‘ TS5
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> —toe- Frogreniaton -
Fragmentation
VEGETATIVE
REPRODUCTION
Sargassum
plant body
Female (2n)
conceptacle
Male .
conceptacle Germinatic
Oogonium « of zygote
F Antheridium  SEXUAL
| REPRODUCTION
MEIOSIS
N Zygote
Antherozoid 2n) /|
O &
Fertilisation .

Fig. 3.122 ; Graphic life cycle of Sargassum sp
Y 4 ,

Fig. 10. Sargassum. Diagrammatic life cycle.
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POLYSIPHONIA Occurrence: The genus
Polysiphonia (Gr. poly — many;

SYSTEMATIC POSITION siphon — tube) has 200 species,
Class : Rhodophyceace about 16 species are from India. They
Sub-class : Florideae grow in marine habitat and are
Order : Ceramiales cosmopolitan in distribution.
Family Rhodomelacene ~ COMmonly found in littoral and

sublittoral zones. In India they are

Genus i Polysiphonia
some species like P.

lithopMytes i.e., onlirocks or st
grow as emy S on Laminaria. as semiparasite on

dian Species: Polysi ig tuticorinensis, P. sertulagloides, P. platicarpa, P.
: Y@St erect sys@ms.
ate System: It b€ m of the prostrate Sgstem
jcellular rhi are g€veloped (Fig. e obed at the and
form defiMig attac rbt isfS (g '® ceol : .
[InP.elon 5 ea, thesostrate sySIoeg TZONgs d%p frogn the lower-
most cells t syglem and b)mgrega ; massivejattachmegt di ig. 3@31C).]

W Y
\ 5{ V2 rect system

Commonly, they gro
urceola, P. terulace
Ascophyllum nodosum.
suotilissima, P. unguifo

the spegy

A= Rhizoid

Attaching disc
Attaching disc
A B Cc

Fig. 3.131 : Polysiphonia sp. : A. Habit of Plant body, B. Lower portion of thalus with attaching disc and some erect
filament developed on it, and C. Lower portion of F. violacea with a massive attaching disc

structures bearing sex organs. The trichoblast@imay devefpp both from main axis and long branches.
The main axis and long branches consist of a mion of many elongated cylindrical cells situated
in vertical row (Fig. 3.132B, C). It is surrounded by 4-20 peripheral siphons. So the plant body is
polysiphonous and named Polysiphonia. Only the central siphon is present at the apical region of both
main axis and the long branches.
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Apical cell

Central siphon
Trichoblast

Fig. 3.132 : Polysiphonia sp. : A. Apical portion of a plant body showing central siphon, pericentral siphon, long branch
and trichoblast, B. T.S. of thallus showing central siphon, surrounded by pericentral cells, and C. T.S. of oid
thallus showing cortical cells in addition to central and pericentral siphons

- S

In most of§he spgaies, pRricentral yphon is covered by 3 layers of cortical cell
and anticlifgl di s Ojthe cells of pericentraksiphen. All cells of the plan’bo
each other ¥y pi ne®ions (cytoplasmi .

ucture: The*m of

monosigg@nous.
i | ns are cylindg ngated. The C8i wall
cellulgsiclayer. The contaips a large central fcuole

due t® periclinal
e conhected with
r trighoblasts are

Celld

is dif¥grentiated into othe [ inner’
which g delimiigegby a ane t re‘eytoplas rese een thgycell wallgend the
central Vegw#Te. Thegll co fCk pyreRQifls.

umber romatom whic
The chromatophores Cqptain Pi chlorophyll a, chl o@ , a gifotene, (3 carotene, r-
phycoerythrin and r-phygocyanin. T & r@j& In position §ig. 3.132A). The central
siphon cells and perig@ntral siphon cells pos peripheral nucleus. §he cytoplasm contains
granules of floridean glarch as foogffe
Growth: The growth Thgs placgfy the domdishaped apigal cell locat®g on thg
apical cell cuts many cells Ofw@wer side by trinsverse digisions which
the lower cells divide vertically to form pericdhtral cells.
Reproduction: it reproduces both asexually affe™sexaany. Sexual reproduction is of oogamous type. In
the life cycle of Polysiphonia three kinds of plants are recognised.
These are:
1. Diploid tetrasporophyte,
2. Haploid gametophyte, and
3. Diploid carposporophyte (Fig. 3.138).

p of central siphon. The
e central siphon. Some of
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1. Diploid Tetrasporophyte:

It develops on direct germination of carpospore (2n = 40), thus the plant is diploid (2n). It is an
independent plant which, instead of developing sex organs develops tetrasporangia. The diploid nucleus
of tetrasporangia undergoes meiosis and develops four (4) haploid (n = 20) tetraspores.

2. Haploid Gametophyte:

It develops on direct germination of tetraspore (n); thus the independent plant is haploid (n). Most of the
species are heterothallic, thus the spermatangi; organ) and carpogonia (female sex organ) are
developed on different plants.
3. Diploid Carposporop :
This stage is diploid (g## and dep®gdent on habloid gamet@phytic plaghs. The
spermatium (developgd inside Shgsatangium) and hapfote
carpogonium) forms difloid (2n) nucleus inside rpogonium.
Further development of diploid n wﬁo c pomephyte. Later geirpospores are formed by
mitotic diyision of cargg®porangi

ucle
L& pospore on direct ation formygliploid tetrasporophyte
plant. é, :

Asex

It tak@S place by hapl
The Clggospores (2
diploid “tgaspor
independengfand
of the thgflus
tetrasporagigia.
§OcS mei
pores are arran
Development
etraspores are
o o cell
functions & tetr

W between haploid (n)
Pmale gamgle (developed inside

ReproduCtion:

initial cell § sma ther pericentral cells '
particular t§r. Th iaRgell divides verti Fig-3:133: Polysiphania sp. : A. Portion of tetrasporophy-
] fliter cells tic plant (2nf with tetraspores, and B. Portion
mner angsou >, 5 _ of tetrasporophytic plant showing develop-
The gfMer cell functiop&directMyinto sporan 0 ment of tetraspores
cell 3 t

d the outer cell fum i and form mgs
more cqyer cel e sp ial mo Il div

t
0
transv
sporang QlgeefT.
The latter undergoes fulNper en
tetrasporangium undergges meiosis &

nd develops i%oﬁﬁg angiugy? The diploid nucleus of
r ospores. THR tetraspores are arranged
tetrahedrally inside theffetrasporangium. BAS.E

The mature tetrasporgs are libers pturing the vyalies Asporangium On germination they
develop gametophytic Palysiphggous plant. BRing heterotfiallic, out oTSQur tetigsPOres, two produce male
and the remaining two prod®egffemale gamet@hytic plans.
Sexual Reproduction:
Sexual reproduction is of oogamous type. Pl are commonly dioecious. The male sex organs i.e.,
spermatangia and female sex organs i.e., carpogonia, are developed on male and female plants,
respectively.

1. Male Reproductive Organ:

It is called spermatangium or antheridium.

into j@atalk gall and uppr tetra-
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— Pericentral
siphon

— Central siphon

Fig. 3.134 . Polysiphonia sp. : Development of male reproductive organ. A. Portion of thallus with antheridial branch,
and B-D. Sequential development of spermatangia

Initia ale trichoﬁleve i 1088.13 It becomes b hed.
In some SPgcies b e ?@ i emaifs) fertile gl the rest
undergo repfated g steril

many iceﬂr arl spherical

The mong8ipho :
spermatangia. spgfmatangium IS a uninucleate structure which produce sin%sper atium, the
| cells, divid

uring devellogunt 3 3 (Fig. 3.@3@), all cals
ericlinally andmn i ahepPKls dn both the sides. Each pefl veral divisio

SHSF3 rgbedies, fhe matangia. Eac

The se atia agephi : g i “narr igal ﬁn thgf wall. The
spermatia &e dis h

2. Female Bgpro ive :

The femg# reproductiye is called carp

The gélfpogonium de* top of 2-5 d égonial filam (Fig.*?,S). The carp@gpnial
filam®&gt develops on thgpfemaleNgichoblast. "The carpogonium i las ped body, with gfbasal
swolleMyegion cg inings an erel ted ne ion, t@igy ¢

During dQuefpmentRf carp initi oblast ing evelgfed ormSegigl siphon,

, initia

a few cells (3-4) belowNe api%e female trichoblastm, en undgfgoes repeated divisions
and forms a female tricjfoblast of 5- @Aéﬂ!tj cells of thef§emale trichoblast divide
vertically and form thrge tiers of pericentral cellS.

Any one of the pericgffitral cells ofghcmegle tier toward
The supporting cell cUBnff a sg#all initial atlits outside, #he procarp
initially undergoes repeated®gfisions and forfns a 4-cellgd branch, the
(branch) (Fig. 3.135B).
The apical cell of the carpogonial filament T8 as carpogonium mother cell. The cell further
develops into a carpogonium. The carpogonium has a swollen basal region containing egg and an
elongated tubular region, the trichogyne (Fig. 3.135C).

At the later stage, the carpogonium develops two initials from the supporting cell, one at the base, the
basal sterile filament initial (Fig. 3.135D) and another at the lateral side, the lateral sterile filament initial.
The lateral sterile initial divides transversely and forms two-celled lateral sterile filament (Fig. 3.135E).

e T axis becorfes the supporting cell.
itial (" 3.135A). The procarp

arp or carpogonial filament
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The carpogonium is ready for fertilisation at this stage. The pericentral cell adjacent to the supporting
cell starts growing to cover the fertilised carpogonium. Later on they form sheath (the protective
covering) around the fruit body, called as pericarp.

G Baarpediin Trichogyne
£

mother cell

Procarp intial

N ')
Waast

Carpogonium Two-celled lateral
sterile filament

banch

Supporting cell
Enveloping thread

_ ”~

The sp&matia j i watet-A tia b@ttac il of the.
receptiveyl uccessfulql com ccessful
spermatium and tricho i

nucleus present at the b
zygote.

0 the nuclei

in length (4-10 celled) by cell division as wellfas elongaton and the basal sterile initial divides to form a
two (2)-celled filament. The auxiliary cell has loid nucleus.

A tubular connection is then developed between the auxiliary cell and carpogonium (Fig. 3.136B). The
carpogonial nucleus (2n) divides mitotically into two nuclei, of which one is transported to the auxiliary
cell and the other one remains in the carpogonium. Thus the auxiliary cell contains one haploid and one
migrated diploid nuclei. The haploid nucleus (n) is degenerated. Gradually the trichogyne shrivels (Fig.
3.136B).
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Diploid Carpogonium Auxiliary
nuclei , Trichogyne cell pgrica -
Carpogonium ; _a
Supporting it Lot Auxll;'ary Gonimoblast initial
cell Carpogonial // Diploid nuclei ¢ Slolold reicieus
branch 2. .
) D;g,:gg?,:;:? x50y, Degenerating
(T Auxiliary branch g 0 carpogonial
cellwitha . AN branch
L haploid nucleus Supporting DR,
Bas:l sterile cell 22 Degeneralting
filament Pericarp : Bahapllol:j r;uc T
Pericentral celis . Axile cell Pen;arp ﬁr;:mse g{ e
A

Apical
cell

Fig. 3.136 : Polysiphonia sp. Post-fertilization changes : A. Fertilised carpogonium, B. Continuity between auxiliary gell
and carpogonium, C. Degeneration of carpogonial filament, D. Formation of carposporophyte, E. Liberation
of carpospore from mature cystocarp, F & G. Germination of carpospore
cefls Avhic/fewme

; tati\ﬂam ts then deyelop from the adjacent vegetativepericentr :
evelop the tot vering. The~diplpiehnucleus of glxiliary cell4Aéh Wﬁs m oticm and forms tw
e

uclei. One of tfiéfh igrabeg el ‘ develope@
S} oni

iarygeell
i . 3886C). In this wa

i€ divigiansefe
gonimobldgt fila . indl cell of the gonimoblast filament nwarpo orangium,
which forng sing 136 .
During this $level r d sacell Of basal and
sterile fij#ments fuse

e haploid
nuclg®(n) of the plac

igh 3.136D).
i *ction.
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The placental cell, gonimoblast filament and carpogonia
are covered by many vegetative filaments and form an Carposporangium
urn-shaped structure, the cystocarp (Fig. 3.136E, 3.137).
The outer covering of cystocarp is called pericarp. The
diploid part of the cystocarp represents the carpo-

sporophyte. Some cells of basal and sterile filament
degenerate.
The carposporangium @#VRlops singlel diploid
carpospore. After libggeing fro e carpogdnium they
Germination of Carpogpore:
Coming in contact with§any solid s M oi(ﬂ
carposporg gets attachggPand then Irst mitotic
3.136G). Both the cells peBTiC divisi
for celled stage. .i Fig. 3.137 : Polysiphonia sp. : A branch bearing cysto-
The TOgger most cel S : s carps
nd
complete tige cyc
Life Cyclgof P
. o of : : i
Dut of 4 tetrasp 0 spores develo
aploid (gametophyti le ts. The mal
(d CLUD iCpI e g" N i i i TNV, S o\ v)9,
Zygote develops“iASide
filament, calpospo ia
the carpgéporophytic ‘age.

along with some cells of carpogonial filamentgsmeeiwe

come out through the §gtiole of cys &0 (Fig. 3.137).

divisiongindTe

functions agapical @ lysiphgsfOus body.

This plant §ody iéplo' i.e. el elo e tetfgspores and
ametophytes a

female gagetes ipsi

plang#Qain.

carpospores are
iploid carpospe
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Thus the life cycle is triphasic and haplo- diplobiontic type (Fig. 3.138).

Polysiphonia plant

; T A - (&) Tetraspore
Carpospore Tetrasporangia “"(':;”} Al 0\\(:)
Tetraspore
! e N/
, ; Msloslsf O
Carposporangia e / f
; S~ - Carpo -
) £ ») spore
‘(\2")
Carposporophyte Tetraspores AR 7 L i
'i? : Malo w;:)tophyto Tk e %o} gametophyte
oq (20) - -
' éz. female s::g:;lr’;:;g:
Germination & gametophyte development
Q’Q male ‘ (2n)
& gametophyt “ “~
Zygote Carpogonia I / :
Z : Spermatangial  Auxiliary cell 2 Branch bearing
,s?“a m} (2n) e {2'“")" ;.mmlum
Sperms \
egg o0
Fig. 3.138 : Graphic life cycle of Polysiphonia sp. s”m“N[ :
(n) |
SEXUAL UNION
Fig. 8. Polysiphonia. Diagrammatic life cycle.
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