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CHAPTER 2

B IOLOGICAL C LASSIFICATION

Since the dawn of civilisation, there have been many attempts to classify
living organisms. It was done instinctively not using criteria that were
scientific but borne out of a need to use organisms for our own use - for
food, shelter and clothing. Aristotle was the earliest to attempt a more
scientific basis for classification. He used simple morphological characters
to classify plants into trees, shrubs and herbs. He also divided animals
into two groups, those which had red blood and those that did not.

In Linnaeus' time a Two Kingdom system of classification with
Plantae and Animalia kingdoms was developed that included all
plants and animals respectively. This system did not distinguish between
the eukaryotes and prokaryotes, unicellular and multicellular organisms
and photosynthetic (green algae) and non-photosynthetic (fungi)
organisms. Classification of organisms into plants and animals was easily
done and was easy to understand, but, a large number of organisms
did not fall into either category. Hence the two kingdom classification
used for a long time was found inadequate. Besides, gross morphology
a need was also felt for including other characteristics like cell structure,
nature of wall, mode of nutrition, habitat, methods of reproduction,
evolutionary relationships, etc. Classification systems for the living
organisms have hence. undergone several changes over the time.
Though plant and animal kingdoms have been a constant under all
different systems, the understanding of what groups/organisms be
included under these kingdoms have been changing; the number and
nature of other kingdoms have also been understood differently by
different scientists over the time.

KEY CONCEPTS

* Biological classification began as an instinctive need for survival (food, shelter, clothing).
 Aristotle was the first to attempt a scientific classification.

 Linnaeus’ Two-Kingdom system classified organisms into Plantae and Animalia.

 Early systems did not distinguish between eukaryotes & prokaryotes or unicellular &
multicellular organisms.

» Classification systems changed over time with better understanding of organisms.

IMPORTANT EXPLANATIONS

* Aristotle classified plants by morphology (trees, shrubs, herbs).

» Animals were grouped by habitat — air, water, land.

« Two-kingdom classification included all plants in Plantae and all animals in Animalia.
* Many organisms did not fit into these two groups, making the system inadequate.

o Later classifications considered cell structure, nutrition, reproduction, habitat, and
evolutionary relationships.

EXAMPLES (concept understanding).

» Green algae were grouped with plants due to photosynthesis.
* Fungi were grouped with plants earlier despite being non-photosynthetic.

DEFINITIONS / TERMS

* Biological Classification — grouping organisms based on similarities and differences.
* Morphological Characters — physical features used for classification.

» Two-Kingdom Classification — system dividing organisms into Plantae and Animalia.

MEMORY TRIGGERS (quick revision keywords)
* Aristotle » morphology & habitat

 Linnaeus - two kingdoms

» No prokaryote/eukaryote separation

» System evolved with new criteria



TABLE 2.1 Characteristics of the Five Kingdoms

Five Kingdoms
Characters

Monera Protista Fungi Plantae

Cell type Prokaryotic Eukaryotic  Eukaryotic Eukaryotic

Cell wall Noncellulosic Present in Present Present
(Polysaccharide some with chitin (cellulose)

+ amino acid)

Nuclear Absent Present Present Present

membrane

Body Cellular Cellular Multiceullar/ Tissue/

organisation loose tissue organ
Autotrophic
(chemosyn-

Mode of

nutrition

thetic) and  Parasitic) thetic)
Hetero-
trophic

photosynthetic)
and Hetero-
trophic (sapro-
phytic/para-
sitic)

R.H. Whittaker (1969) proposed a Five Kingdom Classification. The
kingdoms defined by him were named Monera, Protista, Fungi, Plantae
and Animalia. The main criteria for classification used by him include cell
structure, body organisation, mode of nutrition, reproduction and
phylogenetic relationships. Table 2.1 gives a comparative account of different
characteristics of the five kingdoms.

The three-domain system has also been proposed that divides the Kingdom
Monera into two domains, leaving the remaining eukaryotic kingdoms in the
third domain and thereby a six kingdom classification. You will learn about
this system in detail in higher classes.

Let us look at this five kingdom classification to understand the issues
and considerations that influenced the classification system. Earlier
classification systems included bacteria, blue green algae, lungi. mosses,
ferns, gymnosperms and the angiosperms under ‘Plants’. The character
that unified this whole kingdom was that all the organisms included had a
cell wall in their cells. This placed together groups which widely differed in
other characteristics. It brought together the prokaryotic bacteria and the
blue green u.l_gae. (cyanobacteria) with other groups which were eukaryotic.
It also grouped together the unicellular organisms and the multicellular
ones, say, for example, Chlamydomonas and Spirogyra were placed together
under algae. The classification did not differentiate between the heterotrophic
group - fungi. and the autotrophic green plants, though they also showed
a characteristic difference in their walls composition - the fungi had chitin

Animalia
Eukaryotic

KEY CONCEPTS

* R.H. Whittaker (1969) proposed the Five Kingdom Classification.

* Five kingdoms: Monera, Protista, Fungi, Plantae, Animalia.

» Classification based on cell structure, body organisation, nutrition, reproduction, phylogeny.
* Earlier systems grouped very different organisms together, creating confusion.

IMPORTANT EXPLANATIONS

Autotrophic Heterotrophic  Autotrophic
thetic and (Photosyn-  (Saprophytic/ (Photosyn-

* Monera - only prokaryotic kingdom with no nuclear membrane.
* Protista, Fungi, Plantae, Animalia » eukaryotic kingdoms.
« Earlier plant kingdom included bacteria, cyanobacteria, algae, fungi, because all had cell walls.

RESIIVERYE « This caused grouping of unicellular & multicellular and prokaryotic & eukaryotic organisms

organ system

together.

eterotrophic g o . . . .
:IH‘G roop z_if Example: Chlamydomonas (unicellular) and Spirogyra (multicellular) were placed together earlier.

SEVEAMENE « Fungi differ from plants by chitin cell wall and heterotrophic nutrition.

EXAMPLES (concept understanding)

« Chlamydomonas and Spirogyra — grouped together earlier despite different organisation.
» Cyanobacteria — earlier grouped with plants due to cell wall.

DEFINITIONS / TERMS

* Five Kingdom Classification — system dividing organisms into five major groups based on multiple
criteria.
* Phylogenetic relationships — evolutionary relationships among organisms.

FIGURES / DIAGRAMS

» Table 2.1 — compares characteristics of the five kingdoms (cell type, cell wall, nuclear membrane,
organisation, nutrition).

MEMORY TRIGGERS (quick revision keywords)

» Whittaker 1969

* 5 kingdoms

* Criteria: cell + nutrition + organisation + phylogeny
* Fungi - chitin wall

* Monera - prokaryote



in their walls while the green plants had a cellulosic cell wall. When such (S @e{0]\\ (643 34 I

characteristics were considered, the fungi were placed in a separate

_ N o _ : * Fungi were separated from plants due to chitin cell wall and heterotrophic nutrition.

kingdom - Kingdom Fungi. All prokaryolic organisms were grouped ) )
together under Kingdom Monera and the unicellular eukaryotic organisms [ All pro kaFYOteS - I\/Ionera, unicellular eUkaryOteS - Protista.
B b Sl * Classification systems continue to change with new knowledge and evolutionary understanding.
Chlamydomonas, Chlorella (earlier placed in Algae within Plants and both L Baciaris e he ol mrERErs 6 [Clres o MiemE = andl are §ae Trest AR | e rea e
having cell walls) with Paramoecium and Amoeba (which were earlier placed y g g .
in the animal kingdom which lack cell wall). It has put together organisms
which, in earlier classifications, were placed in different kingdoms. This IMPORTANT EXPLANATIONS
happened because the criteria for classification changed. This kind of i ) ) :
T e T P R L e e Earlier, organisms like Chlamydomonas and Chlorella were grouped with plants due to cell walls.
understanding of characteristics and evolulionary relationships. Over lime, [EsETEToot-Yollilag R 1aTo W Va0 = o E R =182 grou ped with animals because they lack cell walls.
an atlempl has bee ade o evolve a classification syst hich reflects . . . . . ) . .
LAl < [\ 0 Clern classification considers morphological, physiological, reproductive, and phylogenetic
but is also phylogenetic, ie., is based on evolutionary relationships. traits.

i i e sl + Bacteria live in extreme habitats like hot springs, deserts, snow, and deep oceans.

Protista and Fungi of the Whittaker system of classification. The Kingdoms

Plantae and Animalia, commonly referred to as plant and animal * Many bacteria live on or inside other organisms as paraSiteS'

kingdoms, respectively, will be dealt separately in chapters 3 and 4.

not only the morphological, physiological and reproductive similarities,

2 1 Kmvepom MONERA EXAMPLES (concept understanding)
_ v _ » Chlamydomonas, Chlorella — moved to Protista in new classification.
Bacteria are the sole members of the Kingdom Monera. They are the mosi . . . .
abundant micro-organisms. Bacteria occur almost everywhere. Hundreds y Amoeba, Paramecium — unicellular organisms lacklng cell wall.
of bacteria are present ina handful of soil. They also live in extreme habitals R eig=100l=RaG 10111l o (oA N=1a - B VI & VA =RV a1 =RV Qrganisms can live.

such as hot springs. deserts, snow and deep oceans where very lew other

life forms can survive. Many of them live in or on other organisms as

parasiles. DEFINITIONS / TERMS

e e bl - Kingdom Monera — kingdom containing all prokaryotic organisms (bacteria).

spherical Coecus (pl.: cocei). the rod-shaped Bacillus (pl.: bacilli]. the ! . . .. . . . .
 Parasites — organisms living on or inside a host and deriving nutrition from it.

comma-shaped Vibrium (pl.: vibrio) and the spiral Spirillum (pl.: spirilla)
(Figure 2.1).

FIGURES / DIAGRAMS
 Fig 2.1 — shows different shapes of bacteria (Coccus, Bacillus, Vibrio, Spirillum).

Spore

MEMORY TRIGGERS (quick revision keywords)
* Fungi - chitin wall
* Prokaryote » Monera
Vikein * Unicellular eukaryote - Protista
Figure 2.1 Bacteria of different shapes * Bacteria » abundant & extreme habitats
» Shapes: cocci, bacilli, vibrio, spirillum

Bacilli



Though the bacterial structure is very simple, they are very complex
in behaviour. Compared to many other organisms, bacteria as a group
show the most extensive metabolic diversity. Some of the bacteria are
autotrophic, i.e.. they synthesise their own food rom inorganic substrates.
They may be photosynthetic autotrophic or chemosynthetic autotrophic.
The vast majority of bacteria are heterotrophs, i.e.. they depend on other
organisms or on dead organic matter for food.

2.1.1 Archaebacteria

These bacteria are special since they live in some of the most harsh habitats
such as extreme salty areas (halophiles), hot springs (thermoacidophiles)
arnd marshy areas (methanogens). Archaebacteria differ from other bacteria
in having a dilferent cell wall structure and this feature is responsible for
their survival in extreme conditions. Methanogens are present in the gut
of several ruminant animals such as cows and buffaloes and they are
responsible for the production of methane (biogas) from the dung of these
animals.

2.1.2 Eubacteria

There are thousands of different eubacteria or true
bacteria’. They are characterised by the presence of a
rigid cell wall, and il motile, a flagellum. The
cyanobacteria [also referred to as blue-green algae)
have chlorophyll a similar to green plants and are
photosynthetic autotrophs (Figure 2.2). The
cyancbacteria are unicellular, colonial or ilamentous,
freshwalter /marine or terrestrial algae. The colonies
are generally surrounded by gelatinous sheath. They
often form blooms in polluted water bodies. Some of
these organisms can [ix atmospheric nitrogen in
specialised cells called heteroeysts, e.g.. Nostocand
Anabaena. Chemosynthetic autotrophic bacteria
oxidise various inorganic substances such as
nitrates, nitrites and ammonia and use the released
energy lor their ATP production. They play a great role

in recycling nutrients like nitrogen, phosphorous,
iron and sulphur.

Heterotrophic bacteria are most abundant in
nature. The majority are important decomposers.
Many of them have a significant impact on human

KEY CONCEPTS

» Bacteria have simple structure but complex behaviour.

* They show maximum metabolic diversity among organisms.

* Nutrition types: autotrophic (photosynthetic/chemosynthetic) and heterotrophic.

IMPORTANT EXPLANATIONS
» Autotrophic bacteria synthesize food from inorganic substances.
» Heterotrophic bacteria depend on other organisms or dead organic matter.

Archaebacteria

 Live in extreme habitats like salty areas, hot springs, marshy places.

« Have different cell wall structure enabling survival in harsh conditions.
 Methanogens live in ruminant guts and produce methane (biogas).

Eubacteria

* Known as true bacteria with rigid cell wall; motile forms have flagellum.

» Cyanobacteria (blue-green algae) are photosynthetic autotrophs.

* They may be unicellular, colonial, or filamentous.

 Colonies often have gelatinous sheath and form blooms in polluted water.
« Some have heterocysts for nitrogen fixation (e.g., Nostoc, Anabaena).

Mkt - Chemosynthetic bacteria oxidize inorganic substances for energy and help in nutrient

recycling.
» Heterotrophic bacteria act as decomposers and are useful in curd making, antibiotics,
nitrogen fixation.

Figure 2.2 A [lamentous blue-green

affairs. They are helpful in making curd from milk, algae — Nostoc

production of antibiotics, fixing nitrogen in legume




EXAMPLES (concept understanding)
Though the bacterial structure is very simple, they are very complex e Methan Ogens — prOd uce methane in cattle gut

in behaviour. Compared to many other organisms, bacteria as a group

show the most extensive metabolic diversity. Some of the bacteria are y NOStOC; Anabaena — nitrogen_ﬁXing CyanObaCteria°
autotrophic, i.e.. they synthesise their own food rom inorganic substrates. o Blue_green algae bloo ms — occur in pOlluted water bOdieS

They may be photosynthetic autotrophic or chemosynthetic autotrophic.

The vast majority of bacteria are heterotrophs, i.e.. they depend on other
organisms or on dead organic matter for food.

DEFINITIONS / TERMS
» Autotrophic bacteria — bacteria that prepare their own food from inorganic materials.
These bacteria are special since they live in some of the most harsh habitats . . . _ .
such as extreme salty areas (halophiles), hot springs (thermoacidophiles) * H eterOtrOp hic bacteria — bacteria obtaini ng {eleleRigelpNe rgan IC Sources.
arnd marshy areas (methanogens). Archaebacteria differ from other bacteria e Hetero CySt — g peCi alised ce l.l. fo rn itroge N flxatl on.
in having a dilferent cell wall structure and this feature is responsible for

their survival in extreme conditions. Methanogens are present in the gut e M ethaﬂ Ogens — arChae baCte ria p rOd u Ci ng methane gas,

of several ruminant animals such as cows and buffaloes and they are

2.1.1 Archaebacteria

responsible for the production of methane (biogas) from the dung of these

Andnaks, FIGURES / DIAGRAMS
* Fig 2.2 — filamentous cyanobacterium Nostoc showing heterocyst and mucilaginous
sheath.

2.1.2 Eubacteria

There are thousands of different eubacteria or true
bacteria’. They are characterised by the presence of a
rigid cell wall, and il motile, a flagellum. The . A .
cyanobacteria [also referred to as blue-green algae) M EMORY TRIGGERS (gUle revision keyWO I'dS)_
have chlorophvll a similar to green plants and are . . . .

v A « Metabolic diversity - bacteria

photosynthetic autotrophs (Figure 2.2). The

cyancbacteria are unicellular, colonial or ilamentous, e Archaea - extreme habitats
freshwater /marine or terrestrial algae. The colonies R

are generally surrounded by gelatinous sheath. They | e M et h an Oge ns - b | OgaS
often form blooms in polluted water bodies. Some of e e . Cyan 0 baCte ri a- p h Otosy nth et| C

these organisms can fix atmospheric nitrogen in s —— Mucilagenous

specialised cells called heterocysts, e.g., Nostoc and e Hetero Cyst - N itroge N fixation
Anabaena. Chemosynthetic autotrophic bacteria Skl

oxidise various inorganic substances such as . Decomposers - heterotrophic bacteria

nitrates, nitrites and ammonia and use the released

energy lor their ATP production. They play a great role
in recycling nutrients like nitrogen, phosphorous,
iron and sulphur.

Heterotrophic bacteria are most abundant in
nature. The majority are important decomposers.
_"u'l_:-_J]I].-' of them have a _:-ii_L[n'Lt:ir.':-Jn[ impact t_m human Figure 2.2 A filamentous blue-green
affairs. They are helpful in making curd from milk, algae — Nostoc

production of antibiotics, fixing nitrogen in legume




KEY CONCEPTS
Cell rools, ele. Some are pathogens causing damage ° BaCte r'|a re p rOd uce ma| N ly by b| nary f|SS|O n.

membrane o i -
o human beings, crops. [arm animals and pets.

Cholera, typhoid. tetanus, citrus canker are well ¢ SO me baCte rl a fO ms pO res | N u nfaVO u rab l.e con d |t| ons.
known diseases caused by different bacteria. . e
Bacteria reproduce m;.m,;_.’ by Sl - |y coplasma are the smallest living cells and lack a cell wall.
2.3). Sometimes, under unfavourable conditions, ° K| ngd om P rot|sta | N Clu d es all S| ngle_ce lled eu karyotes
they produce spores. They also reproduce by a

R reter N « Protists act as a link between plants, animals, and fungi.

primitive type of DNA transfer from one bacterium

Lo the other.

Figure 2.3 A dividing bacterium The Mycoplasma are organisms that IM PO RTANT EXP LANATIONS

completely lack a cell wall. They are the smallest

living -.r:ll'- ]'L].Ir.il'l-.!.'[l .':LT.]-L!I can survive without oxygen. Many mycoplasma e Bacte r‘|a may ShOW pr| m|t|Ve sexu al reprod UC'UOn th r‘ough DNA transfe I
i * Many bacteria are pathogens causing diseases in humans, animals, and plants.
2.2 HEmanou Prorpey * Protists are mainly aquatic and have membrane-bound organelles.
.-‘lnl_l single-celled enkaryvoles are ]_'-Iu_r.::.'r_i under Protista, but the boundaries ° Locomo'uon |n pro‘US‘tS occurs V|a flageua or C|l|a

of this kingdom are not well defined. What may be ‘a photosynthetic

protistan’ to one biologist may be ‘a plant” to another. In this book we o PI’OtIStS reprOdUCe asexually and Sexua“.y (Cel.l. fUSIOﬂ aﬂd Zngte fOl’matIOﬂ)

include Chrysophytes, Dinoflagellates, Euglenoids, Slime moulds and

Protozoans under Protista. Members of Protista are primarily aquatie.

This kingdom forms a link with the others dealing with plants, animals Ch rysophytes

and hungi. Being eukaryotes, the protistan cell body contains a well defined

nucleus and other membrane-bound organelles. Some have flagella or ° I N Clu d e d |at0 ms an d gO l_d en algae (d es m|d S) .
cilia. Protists reproduce asexually and sexually by ¢ wis involving . . .
TR - 0L Nd in freshwater and marine habitats as plankton.
2.2.1 Chrysophytes » Diatom cell walls are silica-impregnated and form two overlapping halves.
This group includes diatoms and golden algae [desmids). They are found e ACCUMU lated d e pOSltS fO m d |atO Maceous earth, u Sed | N po |.|S h | ng an d
in fresh water as well as in marine environmenits. They are microscopic . .
and Moat passively in water currents (plankton). Most of them are ﬂ lt ration.
photosynthetic. In diatoms the cell walls form two thin overlapping shells, e Ni i 1
which [it together as in a soap box. The walls are embedded with silica D Iato ms are maJ or p rOd UCErs In oceans.
and thus the walls are indestruetible. Thus, diatoms have left behind
large amount of cell wall deposits in their habitat; this accumulation over .
billions of years is referred to as ‘diatomaceous earth’. Being gritty this EXAM PLES (Conce pt U nderStand l ng)
s0il is used in polishing, fltration of oils and syrups. Diatoms are the o ChOlel’a typh0|d tetanus CItI’US can kel’ . bacterlal d |Seases
) ) ) °

chiel ‘producers’ in the oceans.
» Diatoms — planktonic producers with silica walls.




Cell weall

Cell
membrane

rools, ele. Some are pathogens causing damage
o human beings, crops. [arm animals and pets.
Cholera, typhoid. tetanus, citrus canker are well
known diseases caused by dilferent bacteria.

Bacteria reproduce mainly by fission (Figure
2.3). Sometimes, under unfavourable conditions,
they produce spores. They also reproduce by a
sort of sexual reproduction by adopting a
primitive type of DNA transfer from one bacterium
o the other.

Figure 2.3 A dividing bacterium The Mycoplasma are organisms that

completely lack a cell wall. They are the smallest
living cells known and can survive without oxvgen. Many myeoplasma

are pathogenic in animals and plants.

2.2 EKincpoMm ProTisTA

All single-celled eukarvotes are placed under Protista, but the boundaries
of this kingdom are not well defined. What may be ‘a photosynthetic
protistan’ to one biologist may be ‘a plant” to another. In this book we
include Chrysophytes, Dinoflagellates, Euglenoids, Slime moulds and
Protozoans under Protista. Members of Protista are primarily aquatie.
This kingdom forms a link with the others dealing with plants, animals
and hungi. Being eukaryotes, the protistan cell body contains a well defined
nucleus and other membrane-bound organelles. Some have flagella or
cilia. Protists reproduce asexually and sexually by a process involving
cell usion and zygote lormation.

2.2.1 Chrysophytes

This group includes diatoms and golden algae (desmids). They are found
in fresh water as well as in marine environmenits. They are microscopic
and foat passively in water currents (plankton). Most of them are

photosynthetic. In diatoms the cell walls form two thin overlapping shells,

which [it together as in a soap box. The walls are embedded with silica
and thus the walls are indestructible. Thus, diatoms have left behind
large amount of cell wall deposits in their habitat; this accumulation over
billions of years is referred to as ‘diatomaceous earth’. Being gritty this
s0il is used in polishing, fltration of oils and syrups. Diatoms are the
chiel ‘producers’ in the oceans.

DEFINITIONS / TERMS

 Binary fission — division of one cell into two identical cells.
 Protista — kingdom of unicellular eukaryotic organisms.

* Diatomaceous earth — deposit formed from diatom cell walls.
 Mycoplasma — smallest living cells without cell wall.

FIGURES / DIAGRAMS

* Fig 2.3 — shows a dividing bacterial cell with cell wall, membrane, and DNA.

MEMORY TRIGGERS (quick revision keywords)

 Binary fission - bacteria

» Spores - adverse conditions
Mycoplasma - no cell wall
Protista » unicellular eukaryotes
Diatoms - silica walls
Diatomaceous earth - filtration



These organisms are mostly marine and photosynthetic.
They appear yellow, green, brown., blue or red depending
on the main pigments present in their cells. The cell wall
has stifl cellulose plates on the outer surface. Most of
them have two Nagella; one lies longitudinally and the
other transversely in a furrow between the wall plates.
Very often, red dinoflagellates (Example: Gonyalax)
undergo such rapid multiplication that they make the
sea appear red (red tides). Toxins released by such large
numbers may even Kill other marine animals such as
fishes.

2.2.3 Euglenoids

Majority of them are fresh water organisms found in
stagnant water. Instead of a cell wall, they have a protein
rich layer called pellicle which makes their body Nexible.
They have two lNagella, a short and a long one. Though
they are photosynithetic in the presence of sunlight, when
deprived of sunlight they behave like heterotrophs by
predating on other smaller organisms. Interestingly, the
pigments ol euglenocids are identical to those present in
higher plants. Example: Euglena (Figure 2.4hb).

2.2.4 Slime Moulds

Slime moulds are saprophytic protists. The body moves
along decaying twigs and leaves engulling organic
material. Under suitable conditions, they form an
aggregation called plasmodium which may grow and
spread over several leet. During unfavourable conditions,
the plasmodium differentiates and forms ruiting bodies
bearing spores at their tips. The spores possess true walls.
They are extremely resistant and survive for many vears,
even under adverse conditions. The spores are dispersed
by air currents.

2.2.5 Protozoans

All protozoans are heterotrophs and live as predators or
parasites. They are believed to be primitive relatives of
animals. There are four major groups of prolozoans.

Amoeboid protozoans: These organisms live in fresh
waler, sea water or moist soil. They move and capture

KEY CONCEPTS

» Dinoflagellates are mostly marine and photosynthetic.

» Euglenoids show both plant-like and animal-like nutrition.

 Slime moulds are saprophytic protists forming plasmodium.

* Protozoans are heterotrophic and considered primitive relatives of animals.

IMPORTANT EXPLANATIONS

Dinoflagellates

o Cell wall has stiff cellulose plates.

Figure 2.4 (a) Dinoflagellates
(b Euglena
ic] Slime morild
id) Paramoecitim

» Possess two flagella (one longitudinal, one transverse).
» Rapid multiplication causes red tides (e.g., Gonyaulax).
» Toxins released can kill marine animals.

Euglenoids

» Mostly freshwater organisms.

 Lack cell wall; have protein pellicle for flexibility.

» Have two flagella (one short, one long).

» Photosynthetic in sunlight but heterotrophic in absence of light.
» Pigments are similar to higher plants.

Slime Moulds

* Move along decaying matter and engulf organic material.

* Form plasmodium that spreads over large area.

» Under unfavourable conditions form fruiting bodies with spores.
» Spores are resistant and dispersed by air.



il e ol il

These organisms are mostly marine and photosynthetic.

They appear yellow, green, brown., blue or red depending
on the main pigments present in their cells. The cell wall
has stifl cellulose plates on the outer surface. Most of
them have two Nagella; one lies longitudinally and the
other transversely in a furrow between the wall plates.
Very often, red dinoflagellates (Example: Gonyalax)
undergo such rapid multiplication that they make the
sea appear red (red tides). Toxins released by such large
numbers may even Kill other marine animals such as
fishes.

.2.3 Euglenoids

Majority of them are fresh water organisms found in
stagnant water. Instead of a cell wall, they have a protein
rich layer called pellicle which makes their body Nexible.
They have two lNagella, a short and a long one. Though
they are photosynithetic in the presence of sunlight, when
deprived of sunlight they behave like heterotrophs by
predating on other smaller organisms. Interestingly, the
pigments ol euglenocids are identical to those present in
higher plants. Example: Euglena (Figure 2.4hb).

2.2.4 Slime Moulds

Slime moulds are saprophytic protists. The body moves
along decaying twigs and leaves engulling organic
material. Under suitable conditions, they form an
aggregation called plasmodium which may grow and
spread over several leet. During unfavourable conditions,
the plasmodium differentiates and forms ruiting bodies
bearing spores at their tips. The spores possess true walls.
They are extremely resistant and survive for many vears,
even under adverse conditions. The spores are dispersed
by air currents.

2.2.5 Protozoans

All protozoans are heterotrophs and live as predators or

parasites. They are believed to be primitive relatives of
animals. There are four major groups of prolozoans.

Amoeboid protozoans: These organisms live in fresh
waler, sea water or moist soil. They move and capture
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Figure 2.4 (a) Dinoflagellates
(b Euglena
ic] Slime morild
id) Paramoecitim

Protozoans

 All are heterotrophs, living as predators or parasites.
« Amoeboid protozoans live in freshwater, seawater, or moist soil.

EXAMPLES (concept understanding)

» Gonyaulax — causes red tides.
* Euglena — mixotrophic protist.
 Slime mould plasmodium — spreading feeding stage.

DEFINITIONS / TERMS

* Pellicle — flexible protein layer replacing cell wall in euglenoids.
» Plasmodium — multinucleate mass formed by slime moulds.
» Red tide — discoloration of sea due to dinoflagellate bloom.

} IGURES / DIAGRAMS

 Fig 2.4 — shows Dinoflagellate, Euglena, Slime mould, and Paramecium.

MEMORY TRIGGERS (quick revision keywords)

» Dinoflagellates - red tide

» Euglena - pellicle & mixotrophic

* Slime mould » plasmodium & spores
* Protozoa - heterotrophic



their prey by putting out pseudopodia (false feet) as in Amoeba. Marine
forms have silica shells on their surface. Some of them such as Enlamoehba
are parasites.

Flagellated protozoans: The members of this group are either free-living
or parasitic. They have lagella. The parasitic forms cause diaseases such
as sleeping sickness. Example: Trypanosomi.

Cilicted protozoans: These are aquatic, actively moving organisms because
of the presence of thousands of cilia. They have a eavity (gullet) that opens
to the outside of the cell surface. The coordinated movement of rows of
cilia causes the water laden with food to be steered into the gullet. Example:
Paramoecium (Figure 2_4d).

Sporozoans: This includes diverse organisms that have an infectious
spore-like stage in their life cyele. The most notorious is Plasmodium
(malarial parasite) which causes malaria, a disease which has a staggering
effect on human population,

2.3 EKmncpoum Funeai

The lungi constitute a unique kingdom of heterotrophic organisms. They
show a greal diversity in morphology and habitat. You must have seen
Iungi on a moist bread and rotten fruits. The common mushroom you eal
and toadstools are also lungi. White spots seen on mustard leaves are due
Lo a parasitic lungus. Some unicellular lungi, e g, veast are used to make
bread and beer. Other fungi cause diseases in plants and animals; wheat
rust-causing Puccinia is an important example. Some are the source of
antibiotics, e.g.. Penicillium Fungi are cosmopaolitan and occur in air, water,
soil and on animals and plants. They prefer to grow in warm and humid
places. Have you ever wondered why we keep food in the refrigerator ? Yes,
it is to prevent food rom going bad due to bacterial or lungal infections.
With the exception of yeasts which are unicellular, Tungi are
filamentous. Their bodies consist of long, slender thread-like structures
called hyphae. The network of hyphae is known as myeelium. Some hyphae
are continuous tubes filled with multinucleated eytoplasm - these are
called coenocytic hyphae. Others have seplae or cross walls in their

hyphae. The cell walls of ungi are composed of chitin and polysaccharides.
Most fungi are heterotrophic and absorb soluble organic matter from
dead substrates and hence are called saprophytes. Those that depend
on living plants and animals are called parasites. They can also live as
symbionts - in association with algae as lichens and with roots of higher
plants as mycorrhiza.
Reproduction in lungi can take place by vegetative means -

[ragmentation, fssion and budding. Asexual reproduction is by spores

KEY CONCEPTS

» Protozoans are divided into amoeboid, flagellated, ciliated, and sporozoans.
» Kingdom Fungi includes heterotrophic organisms with diverse forms and
habitats.

» Most fungi are filamentous with hyphae forming mycelium.

* Fungi reproduce by vegetative, asexual, and sexual methods.

IMPORTANT EXPLANATIONS

Protozoans

« Amoeboid protozoans move using pseudopodia; marine forms may have silica
shells.

 Flagellated protozoans have flagella and may be parasitic causing diseases.

» Ciliated protozoans move by cilia and have a gullet for feeding.

» Sporozoans produce infectious spores; often disease-causing.

Kingdom Fungi

e Found in air, water, soil, plants, and animals; prefer warm and humid places.
« Body consists of hyphae; network forms mycelium.

* Hyphae may be coenocytic (multinucleate) or septate.

 Cell wall composed of chitin and polysaccharides.

» Saprophytes feed on dead matter; parasites feed on living hosts.

* Fungi form lichens with algae and mycorrhiza with plant roots.
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called conidia or sporangiospores or goospores, and sexual reproduction

is by oospores, ascospores and basidiospores. The various spores are

produced in distinet structures called fruiting bodies. The sexual cvele

involves the following  three steps:
()
called plasmogamy.
(il Fusion oftwonuclei called karyogamy.
(i) Meiosis in zygote resulting in haploid spores.
When a fungus reproduces sexually, two haploid
hyphae of compatible mating types come together and
fuse. In some fungi the fusion of two haploid cells
immediately results in diploid cells (2n). However., in other
fungi [ascomycetes and basidiomycetes), an intervening
dikaryotic stage (n + n. i.e.. two nuclei per cell) occurs;

Fusion of protoplasms between two motile or non-motile gametes

such a condition is called a dikaryon and the phase is | I

called dikaryophase of lungus. Later. the parental nuclel  §
fuse and the cells become diploid. The fungi form fruiting | i

bodies in which reduction division occurs, leading to
formation of haploid spores.

The morphology of the mycelium, mode of spore
formation and fruiting bodies form the basis for the
division of the kingdom into various classes,

2.3.1

Phyvcomycetes

Members of phycomycetes are found in aquatic habitats
and on decaying wood in moist and damp places or as
obligate parasites on plants. The mycellum is aseptate
and coenocytic. Asexual reproduction takes place by
znospores (motile) or by aplanospores (non-motile). These
spores are endogenously produced in sporangium. A
Zygospore is formed by fusion of two gametes. These
gametes are similar in morphology (isogamous) or
dissimilar (anisogamous or cogamotis). Some common
examples are Mucor (Figure 2.5a). Rhizopus (the bread
mould mentioned earlier) and Afbugo (the parasitic fung
on mustard).

2.3 Asrcom yCceles

Commonly known as sac-fungl, the ascomycetes are mostly
multicellular e.g., Ferdcilliirm, or rarely unicellular, e g, veast
(Saccharomyees). They are saprophytic, decomposers,
parasitic or coprophilous (growing on dung). Myecelium

Figure 2.5 Fungi (a) Muwcor
(b) Aspergillus (c) Agaricus

KEY CONCEPTS

* Fungi reproduce by asexual spores and sexual spores.

» Sexual reproduction involves plasmogamy - karyogamy - meiosis.

« Some fungi show dikaryotic stage (n + n) before diploid formation.

* Fungi classification is based on mycelium structure, spore formation, and
fruiting bodies.

MPORTANT EXPLANATIONS

Sexual Reproduction in Fungi

* Plasmogamy — fusion of cytoplasm of two gametes.
« Karyogamy — fusion of nuclei.

» Meiosis — produces haploid spores.

» I[n ascomycetes and basidiomycetes, a dikaryophase occurs before fusion.

Phycomycetes

e Found in aquatic habitats, moist soil, or decaying matter.

* Mycelium is aseptate and coenocytic.

» Asexual reproduction by zoospores (motile) or aplanospores (non-motile).
» Sexual reproduction by isogamous or anisogamous gametes.

Ascomycetes

* Known as sac fungi.

* Mostly multicellular; some unicellular (yeast).

« Can be saprophytic, decomposers, parasitic, or coprophilous.
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is branched and septate. The asexual spores are conidia produced
exogenously on the special mycelium called conidiophores. Conidia on
germination produce mycelium. Sexual spores are called ascospores
which are produced endogenously in sac like asci (singular ascus). These
asci are arranged in different types of fruiting bodies called ascocarps.
Some examples are Aspengilfus (Figure 2.5h), Claviceps and Nevwrospora.
Neurospora s used extensively in biochemical and genetic work. Many

members like morels and truffles are edible and are considered delicacies.

2.3.3 Basidiomycetes

Commonly known forms of basidiomycetes are mushrooms, bracket
hung or pufiballs. They grow in soil. on logs and tree stumps and in
living plant bodies as parasites, e.g., msts and smuts. The mycelium is
branched and septate. The asexmal spores are generally not found. but
vegetative reproduction by fragmentation is common. The sex organs
are absent, but plasmogamy is brought about by fusion of two vegetative
or somatic cells of different strains or genotypes. The resultant structure
is dikarvotic which ultimately gives rise to basidium. Karyogamy and
meiosis take place in the basidium producing four basidiospores. The
basidiospores are exogenously produced on the basidium (pl.: basidia).
The basidia are arranged in fruiting bodies called basidiocarps. Some
common members are Agaricus (mushroom) (Figure 2.5¢), Ustilago (smuat)

and Puccinda [rust lungus).

2.3.4 Deuteromycetes

Commonly known as imperfect fungi because only the asexual or
vegetative phases of these fungi are known. When the sexual forms of
these fungi were discovered they were moved into classes they rightly
belong to. Itis also possible that the asexual and vegetative stage have
been given one name (and placed under deuteromycetes) and the sexual
stage another (and placed under another class). Later when the linkages
were established, the fungi were correctly identified and moved out of

deuteromycetes. Once perfect (sexual) stages of members of

dueteromycetes were discovered, they were often moved to ascomycetes
and basidiomycetes. The deuteromycetes reproduce only by asexual spores
known as conidia. The mycelium is septate and branched. Some members
are saprophytes or parasites while a large number of them are
decomposers of litter and help in mineral cycling. Some examples are
Alternaria, Colletotrichum and Trichoderma.

KEY CONCEPTS

« Ascomycetes produce conidia (asexual spores) and ascospores (sexual
spores).

» Basidiomycetes include mushrooms and reproduce mainly by
basidiospores.

» Deuteromycetes are called imperfect fungi because only asexual stage is
known.

IMPORTANT EXPLANATIONS

Ascomycetes

* Mycelium is branched and septate.

» Conidia are produced exogenously on conidiophores.

« Ascospores form inside ascus and are arranged in ascocarps.
* Some are important in biochemical and genetic studies.
 Edible forms include morels and truffles.

Basidiomycetes

 Include mushrooms, bracket fungi, puffballs.

« Grow on soil, logs, tree stumps, or as parasites.

* Mycelium is septate and branched.

» Asexual spores usually absent; vegetative reproduction by fragmentation.
« Sexual reproduction involves plasmogamy - dikaryotic stage - karyogamy
- meiosis.

» Basidiospores produced on basidium in basidiocarps.



is branched and septate. The asexual spores are conidia produced
exogenously on the special mycelium called conidiophores. Conidia on
germination produce mycelium. Sexual spores are called ascospores
which are produced endogenously in sac like asci (singular ascus). These
asci are arranged in different types of fruiting bodies called ascocarps.
Some examples are Aspengilfus (Figure 2.5h), Claviceps and Nevwrospora.
Neurospora s used extensively in biochemical and genetic work. Many

members like morels and truffles are edible and are considered delicacies.

2.3.3 Basidiomycetes

Commonly known forms of basidiomycetes are mushrooms, bracket
hung or pufiballs. They grow in soil. on logs and tree stumps and in
living plant bodies as parasites, e.g., msts and smuts. The mycelium is
branched and septate. The asexmal spores are generally not found. but
vegetative reproduction by fragmentation is common. The sex organs
are absent, but plasmogamy is brought about by fusion of two vegetative
or somatic cells of different strains or genotypes. The resultant structure
is dikarvotic which ultimately gives rise to basidium. Karyogamy and
meiosis take place in the basidium producing four basidiospores. The
basidiospores are exogenously produced on the basidium (pl.: basidia).
The basidia are arranged in fruiting bodies called basidiocarps. Some
common members are Agaricus (mushroom) (Figure 2.5¢), Ustilago (smuat)

and Puccinda [rust lungus).

2.3.4 Deuteromycetes

Commonly known as imperfect fungi because only the asexual or
vegetative phases of these fungi are known. When the sexual forms of
these fungi were discovered they were moved into classes they rightly
belong to. Itis also possible that the asexual and vegetative stage have
been given one name (and placed under deuteromycetes) and the sexual
stage another (and placed under another class). Later when the linkages
were established, the fungi were correctly identified and moved out of
deuteromycetes. Once perfect (sexual) stages of members of
dueteromycetes were discovered, they were often moved to ascomycetes
and basidiomycetes. The deuteromycetes reproduce only by asexual spores
known as conidia. The mycelium is septate and branched. Some members
are saprophytes or parasites while a large number of them are
decomposers of litter and help in mineral cycling. Some examples are
Alternaria, Colletotrichum and Trchoderma.

Deuteromycetes

» Only asexual reproduction by conidia known.

* When sexual stage discovered, fungi are reclassified to other groups.

* Mycelium is septate and branched.

* Many are saprophytes or parasites and help in decomposition and mineral
cycling.

EXAMPLES (concept understanding)

» Aspergillus, Claviceps, Neurospora — ascomycetes.

« Agaricus — mushroom (basidiomycete).

 Ustilago, Puccinia — basidiomycetes (plant pathogens).
 Alternaria, Colletotrichum, Trichoderma — deuteromycetes.

DEFINITIONS / TERMS

» Conidia — asexual spores formed externally.

» Ascus — sac-like structure producing ascospores.

» Basidium — structure producing basidiospores.

« Imperfect fungi — fungi with no known sexual stage.

FIGURES / DIAGRAMS

* No new figure introduced on this page (references Fig 2.5 already shown).

MEMORY TRIGGERS (quick revision keywords)

» Ascomycetes - conidia + ascus

« Basidiomycetes - basidium + mushroom
» Deuteromycetes » imperfect fungi

* Fragmentation - basidiomycetes

« Conidia » asexual spores



2.4 KincDoM PLANTAE

Kingdom Plantae includes all eukaryotic chlorophyll-containing
organisms commonly called plants. A few members are partially
heterotrophic such as the insectivorous plants or parasites. Bladderwort
and Venus fly trap are examples of insectivorous plants and Cuscntals a
parasite. The plant cells have an eukaryotic structure with prominent
chloroplasts and cell wall mainly made of cellulose. You will study the
eukaryvotic cell structure in detail in Chapter 8. Plantae includes algae,
bryophytes, pteridophytes. gymnosperms and angiosperms.

Life cycle of plants has two distinet phases - the diploid sporophytic
and the haploid gametophytic - that alternate with each other The lengths
of the haploid and diploid phases. and whether these phases are free-
living or dependent on others, vary among different groups in plants.
This phenomenon is called alternation of generations. You will study
further details of this kingdom in Chapter 3.

KincDOM ANIMALIA

This kingdom is characterised by heterotrophic eukaryotic organisms
that are multicellular and their cells lack cell walls. They directly or
indirectly depend on plants for food. They digest their food in an internal
cavity and store food reserves as glycogen or fat. Their mode of nutrition
is holozoic - by ingestion of food. They follow a definite growth pattern
and grow into adults that have a definite shape and size. Higher forms
show elaborate sensory and neuromotor mechanism. Most of them are

capable of locomotion.

The sexual reproduction is by copulation of male and fermale followed
by embryvological development. Salient features of various phyla are
described in Chapter 4.

VIRUSES, VIROIDS, PRIONS AND LICHENS
In the five kingdom classification of Whittaker there is no mention of ichens
and some acellular organisms like viruses, viroids and prions. These are
briefly introduced here.

All of us who have suffered the ill effects of common cold or ‘flu’ know
what effects viruses can have on us, even if we do not associate it with our
condition. Viruses did not find a place in classification since they are not
considered truly ‘living'. if we understand living as those organisms that
have a cell structure. The viruses are non-cellular organisms that are
characterised by having an inert crystalline struicture outside the living cell.

KEY CONCEPTS

» Kingdom Plantae includes eukaryotic, chlorophyll-containing organisms.

» Plants show alternation of generations (sporophytic and gametophytic phases).

» Kingdom Animalia includes multicellular heterotrophic eukaryotes with no cell wall.
* VViruses, viroids, prions and lichens are not included in Whittaker’s five-kingdom
system.

IMPORTANT EXPLANATIONS

Kingdom Plantae

* Mostly autotrophic, but some are partially heterotrophic (insectivorous or
parasitic).

 Cells have cellulose cell wall and typical eukaryotic structure.

 Includes algae, bryophytes, pteridophytes, gymnosperms, angiosperms.

o Life cycle alternates between diploid sporophyte and haploid gametophyte phases.

Kingdom Animalia

« Organisms are holozoic — ingest and digest food internally.

» Food stored as glycogen or fat.

« Show locomotion, definite body form, and advanced sensory and neuromotor
systems.

* Reproduction mainly sexual with embryological development.

Viruses, Viroids, Prions & Lichens

* Not included in five-kingdom classification.
« VViruses are non-cellular and show inert crystalline form outside host.
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2.6 VIiROIDS, Prions aND LICHENS
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condition. Viruses did not find a place in classification since they are not
considered truly ‘living'. if we understand living as those organisms that
have a cell structure. The viruses are non-cellular organisms that are
characterised by having an inert crystalline struicture outside the living cell.




KEY CONCEPTS

* VViruses replicate only inside host cells using host machinery.

* They are obligate intracellular parasites and inert outside host.
 VViruses contain either RNA or DNA (never both) with a protein coat.
» Bacteriophages infect bacteria and usually contain DNA.

* \VViroids, prions, and lichens are distinct biological entities.

IMPORTANT EXPLANATIONS

Viruses

e Term virus means poison; discovered by Dmitri Ivanowsky.

 M.W. Beijerinck called infectious fluid Contagium vivum fluidum.

« W.M. Stanley showed viruses can be crystallised.

o \/irus structure: nucleic acid + protein capsid; capsomeres arranged in helical or
polyhedral form.

» Cause diseases in plants, animals, and humans.

Brotascicsd CLass Fcanos

Viroids

* Discovered by T.0. Diener (1971).

« Consist of low molecular weight RNA without protein coat.

» Cause diseases like potato spindle tuber disease.

Prions

» Infectious agents made of abnormal protein only (no nucleic acid).

» Cause neurodegenerative diseases (e.g., bovine spongiform encephalopathy).




EXAMPLES (concept understanding)

» Tobacco Mosaic Virus (TMV) — plant virus.

» Bacteriophage — virus infecting bacteria.

» Potato spindle tuber disease — caused by viroid.

DEFINITIONS / TERMS

« Capsid — protein coat of virus.

« Capsomeres — protein subunits of capsid.

» Obligate parasite — organism dependent on host for replication.
* Phycobiont — algal partner in lichen.

* Mycobiont — fungal partner in lichen.

FIGURES / DIAGRAMS
 Fig 2.6 — shows Tobacco Mosaic Virus (TMV) and bacteriophage structure.

MEMORY TRIGGERS (quick revision keywords)
e |  VVirus » DNA or RNA + capsid

e ST Dl i i e » Obligate intracellular

 VViroid » naked RNA

* Prion - protein infectious

 Lichen - algae + fungus

 Pollution indicator
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