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MODULE INTRODUCTION

Course has five module .Under this theme we have covered the following
topics:

Contents:
Module 01:Bacteria,cyanobacteria,viruses and mycoplasma
Module 02:Fungi and Lichen
Module 03: Algae
Module 04: Bryophytes
Module 05: Pteridophytes

These themes of the Book discuss about Plant diversity, also known as
phytodiversity, refers to the variety of plant species, genetic variations
within those species, and the ecosystems in which they are found.It
encompasses the abundance, variety, and variability of plants in a given
area. This book is designed to help you think about the topic of the
particular Modules. We suggest you do all the activities in the Modules,
even those which youfind relatively easy. This will reinforce your earlier
learning.
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OBJECTIVES TO PLANT

DIVERSITY

- To define and describe the nature, characteristics, and
classification of bacteria, cyanobacteria, viruses, and
mycoplasma.

- To understand the morphology, ultrastructure, and modes of
nutrition of bacteria, cyanobacteria, viruses, and mycoplasma.

- To explain the various modes of reproduction in these
microorganisms.

- To analyze the life cycles of viruses and mycoplasma.

- To assess the economic importance of bacteria, cyanobacteria,
viruses, and mycoplasma in agriculture, medicine, and industry.
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Unit 1.1 General Account of Bacteria

Bacteria are among the oldest and most common living beings on Earth
and had emerged around 3.5 billion years ago. These tiny, mostly
unicellular organisms make up the domain Bacteria, one of the three
domains of life next to Archaea and Yolk. Bacteria: These are
considered prokaryotes due to their lack of membrane-bound
organelles, as well as the lack of a true nucleus. Their genetic material,
mostly one circular chromosome of double-stranded DNA, is
uncoupled from other cellular machinery and free-floating in the
cytoplasm in an area sometimes referred to as the nucleoid. This basic
cell organization is what sets bacteria apart from eukaryotes, which
have their DNA enclosed within a nuclear envelope. Heavily revised
taxonomic classification of bacteria throughout scientific history.
Bacteria were initially classified within the kingdom Monera along
with archaea, but genetic, biochemical, and structural differences
between archaea and bacteria ultimately led to the three-domain system
of classification proposed by Carl Woese in 1977. Cropping up under
microbiology, bacteriology is the branch of science that is devoted to
the study of bacteria, their attributes, behaviors, interactions as well as
their effects on other organisms and the environments they inhabit.

The word “bacteria” comes from the Greek “bakterion,” which means
“small staff” or “rod,” a nod to the shape of many bacterial species
viewed in early microscopes.

Antoni van Leeuwenhoek first described these “animalcules” in 1676,
but it wasn’t until the late 19th century that their role in disease and
ecological processes became well understood through the
groundbreaking research of scientists such as Louis Pasteur and Robert
Koch. Bacteria show incredible diversity and adaptability, colonizing
nearly every environment on the planet, ranging from boiling hot
springs and acidic lakes to frozen tundra, deep ocean vents and even
radioactive waste. Others evolved to thrive in extreme environments,
displaying incredible metabolic plasticity and resilience. The size of
bacterial cells varies widely but generally falls between 0.5 and 5
micrometers in length, though some species can grow much larger in
size. This microscopic scale around a tenth the length of most
eukaryotic cells enables bacteria to live in overwhelming numbers, with
estimates placing the number of bacterial cells in our planet at around
5%10730, a significant fraction of the biomass

1.1.1 Nature and Characteristic Features

e Prokaryotic, unicellular life forms Bacteria are single-celled
organisms that lack a membrane-bound nucleus or
organelles, placing them in the prokaryotic domain (not plants
or animals)
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Microscopic size, high abundance They are typically 0.5-
5 pm in length (some as tiny as ~0.3 um, others up to several
millimeters) and are among the most abundant organisms on
Earth—with estimated population sizes around 10°° cells

Ancient and ubiquitous Bacteria appeared around 4 billion
years ago, long preceding complex life, and thrive in nearly
every terrestrial and aquatic habitat, from human bodies and
soils to hot springs and deep-sea vents

Cell Envelope

o Composed of a plasma membrane and usually a cell
wall, the latter made of peptidoglycan—a feature
unique to bacteria

o Gram-positive bacteria feature a thick peptidoglycan
layer; Gram-negative bacteria have a thin layer plus an
outer membrane (with lipopolysaccharides)

Capsule (optional) Some bacteria produce a polysaccharide
or protein capsule on the outside, aiding in protection,
adherence, and pathogenicity

Nucleoid & Genetic Material DNA resides as a single
circular chromosome in the cytoplasm (the nucleoid), often
accompanied by plasmids carrying accessory genes, such as
antibiotic resistance factors

Ribosomes & Cytoplasm Bacteria contain 70S ribosomes for
protein synthesis and may house various storage granules (e.g.
glycogen, sulfur, polyphosphates)

Cytoskeleton
A simple cytoskeletal framework helps with cell shape,
division, and internal organization, including actin- and tubulin-
like proteins .

Motility Structures

o Flagella: whip-like projections that enable swimming
and swarming via rotational movement

o Pili/Fimbriae: thin hair-like structures used for
attachment, twitching motility, biofilm formation, or
conjugation

Endospore Formation Certain Gram-positive genera (e.g.
Bacillus, Clostridium) can form highly resistant endospores to
survive extreme stresses like heat, desiccation, or chemical
exposure .
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1.1.2 Morphology, Ultrastructure and Mode of Nutrition
Morphology

Bacteria show huge diversity in their morphology even though they are
photocells and represented by a comparatively simple cellular
organization. The three largest categories for bacterial shapes could be
identified as cocci (spherical), bacilli (rod) and spirilla (spiral or
curved). Cocci, which measure 0.5-2 im in diameter, may be found as
single cells (micrococci), pairs (diplococci), chains (streptococci), or
bunches of grapes (staphylococci). Bacilli, or rod-shaped bacteria, can
vary widely in length, generally around 1-10 micrometers long, from
short, plump rods to long filaments. These bacilli may exist as single
cells, cling to each other (diplobacilli), or form a chain (streptobacilli).
Spiral bacteria have three categories, which are the slightly curved
vibrios, the rigid wirly shaped spirilla, and the flexible corkscrew-
shaped spirochetes that have rare internal flagella referred to as axial
filaments that allow for that corkscrew movement. Apart from these
simple shapes, bacteria display an impressive morphological diversity.
Certain Species Ploymorphism The ability to take multiple forms
depending on environmental conditions or growth phase. Others create
filamentous structures, branching patterns, or flat square-shaped cells.
Stalked bacteria (genera Caulobacter and Hyphomicrobium) and star-
shaped bacteria (genus Stella) show additional morphological
specialization. Some bacteria construct multicellular structures like
filamentous cyanobacteria that can undergo specialization of cells
producing tubes or myxobacteria that can swarm into complex fruiting
bodies to undergo sporulation. Similarly, the size of bacteria ranges
quite a bit. Common bacterial sizes range from

0.5 to 5 micrometers, with some species straying far outside the box.
Mycoplasmas,

cell wall-less and with diameters of only 0.2-0.3 micrometers, are
among the smallest free-living organisms. At the other extreme, some
of the largest known bacteria, such as Thiomargaritanamibiensis, can
grow to diameters of 750 micrometers — visible to the unaided eye.
These exceptions defy conventional measures of bacterial size and
underscore the remarkable adaptability and diversity found within this
kingdom of life
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Fig. 1.1 Morphology of Bacteria

1.1.3 Ultrastructure

The ultrastructure refers to the fine, detailed internal and external
structures of a bacterial cell, typically observed under an electron
microscope. Bacteria are prokaryotic, meaning they lack a nucleus and
membrane-bound organelles.

1.1.3.1 External Structures
Capsule / Slime Layer (Glycocalyx)

e Outer viscous covering made of polysaccharides or
polypeptides.

e Functions:
o Protects from desiccation, phagocytosis, and antibiotics.
o Helps in adherence to surfaces (biofilm formation).
Flagella (if present)
o Long whip-like appendages used for motility.
e Composed of flagellin (a protein).

e Arrangements:
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e Anchored by a basal body in the membrane and cell wall.
Fimbriae and Pili
e Fimbriae: Short, numerous, used for attachment.

o Pili (sex pili): Longer, involved in conjugation (DNA transfer).

1.1.3.2 Cell Envelope
Cell Wall
e Rigid structure made of peptidoglycan (murein).
e Provides shape and osmotic protection.
o Types:
o Gram-positive: Thick peptidoglycan, teichoic acids.

o Gram-negative: Thin peptidoglycan, outer membrane
with lipopolysaccharides (LPS).

Plasma Membrane
o Phospholipid bilayer with embedded proteins.
e Functions:
o Regulates transport,
o Site of respiration and ATP synthesis (no mitochondria),

o Contains enzymes and mesosomes.

1.1.3.3 Cytoplasmic Structures
Nucleoid

e Irregular region containing the bacterial chromosome
(circular, double-stranded DNA).

e Not surrounded by a nuclear membrane.

6
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Plasmids
e Small, circular extra-chromosomal DNA.
e Often carry antibiotic resistance genes.
e Can be transferred between bacteria.
Ribosomes
e 708 type (smaller than eukaryotic 80S).
e Composed of rRNA and proteins.
o Site of protein synthesis.
Inclusion Bodies / Granules
e Storage of nutrients:
o Glycogen granules,
o Polyphosphate granules,
o Sulfur granules,
o Gas vacuoles in aquatic bacteria.
Mesosomes (artifact or real?)
e Inward folding of the plasma membrane.

o Believed to be involved in DNA replication, respiration, and
cell wall formation (though possibly a fixation artifact).

1.1.4 Special Structures (in some species)
Endospores

o Dormant, resistant structures in some bacteria (e.g., Bacillus,
Clostridium).

o Can withstand heat, UV, chemicals, desiccation.

o Germinate into vegetative cells when conditions improve.

7
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Fig. 1.2 Ultrastructure of Bacteria
1.1.5 Mode of Nutrition

Nutritional strategies of bacteria are highly diversified, and these
organisms can use almost any tryable energy source on Earth. This
metabolic flexibility has enabled bacteria to thrive in ecosystems as
diverse as hydrothermal vents and glacial ice, intestinal tracts and
radioactive waste sites. Bacteria can be classified bytheir nutritional
modes according to their source of energy (phototrophic or
chemotrophic) and their source of carbon (autotrophic or
heterotrophic), resulting in four broad categories of bacterial nutritional
modes: photoautotrophs, photoheterotrophs, chemoautotrophs, and
chemoheterotrophs. Light energy is harnessed and carbon dioxide is
utilized as carbon source for photo- autotrophic bacteria. The other
photoautotrophs are dominated by cyanobacteria, which are oxygenic
and photosynthesize just like plants utilizing water as a donor of
electrons and releasing oxygen as a waste product. Their main
photosynthetic pigments are chlorophyll a (green) and phycobilins
(red) and they are arranged in pigment-protein complexes called
thylakoids (membranes inside the cell). Anoxygenic photosynthesis of
green sulfur bacteria and purple sulfur bacteria uses alternative electron
donors like hydrogen sulfide or elemental sulfur instead of water and
therefore does not release oxygen. In contrast, these bacteria contain
bacteriochlorophylls, which reside in special structures such as

8
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chlorosomes (in green sulphur bacteria) or intracytoplasmic
membranes (in purple bacteria).

Thermotrophic bacteria derive heat as their energy source from host
organisms or other thermal sources, whereas photoautotrophic bacteria
acquire energy through the absorption of sunlight. Purple nonsulfur
bacteria are a good example of this type of feeding. They live
photoheterotrophically in anoxic circumstances and use organic
molecules as carbon sources and electron suppliers. These bacteria
have an amazing ability to change how they get their energy. They can
switch  between photoautotrophic, chemoheterotrophic, and
chemoautotrophic metabolism depending on the conditions in their
environment. Chemolithoautotrophic bacteria, also known as
chemoautotrophs, get their energy from breaking down inorganic
materials and use carbon dioxide as their source of carbon. This type
of food lets bacteria live in places where there is no light or organic
matter.  The bacteria need the energy created when they change
ammonia into nitrite and then nitrite into nitrate to keep their
metabolism going. Sulfur oxidizers, like Thiobacillus, get their energy
from things like thiosulfate, hydrogen sulfide, or elemental sulfur.
Changing ferrous iron into ferric iron: This is how iron-oxidizing
bacteria, such Acidithiobacillus ferrooxidans, get their energy.
Hydrogen-oxidizing bacteria use molecular hydrogen as a source of
energy. Chemo litho autotrophs are important parts of global
biogeochemical cycles. They often come from hydrothermal vents on
the ocean floor, which can have huge ecosystems that don't depend on
solar energy.

The majority of recognized bacterial species are chemoheterotrophs,
deriving energy and carbon from organic molecules. These bacteria can
break down a wide range of organic materials, therefore they can break
down almost all naturally occurring organic compounds and many
manmade ones. Some bacteria are saprophytes, which means they
break down dead organic matter. This is important for the nutrient cycle
in ecosystems. Parasitic and pathogenic microorganisms extract
nutrition from living hosts, resulting in disease. Some examples of
symbiotic chemoheterotrophs are nitrogen-fixing organisms that live
with leguminous plants and the gut microbiota that help mammals
digest food and absorb nutrients. Chemoheterotrophic bacteria use
multiple strategies to make energy depending on what electron
acceptors are available. Aerobic bacteria can use molecular oxygen as
the last electron acceptor in aerobic respiration, which makes a lot of
energy through oxidative phosphorylation. Facultative anaerobes
transition to aerobic respiration when they can find oxygen. When they
can't get oxygen, they can also use other methods. Obligate anaerobes,
however, cannot tolerate oxygen and instead use anaerobic respiration,
which means they use other electron acceptors such iron (III)

9
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compounds, sulfate, nitrate, and carbon dioxide. Many bacteria use
fermentation when there are no outside electron acceptors. This process
combines an internal oxidation-reduction reaction with the oxidation of
one organic chemical and the reduction of another. Fermentation is less
efficient than respiration when it comes to producing energy, although
it does help obtain energy back in severely anaerobic circumstances.
Bacteria employ many ways to move nutrients around. For instance,
tiny molecules that don't have a charge can penetrate the neighboring
membrane by passive diffusion, which means they follow
concentration gradients without requiring any energy. Facilitated
diffusion uses unique carrier proteins to help some molecules move
faster down their concentration gradients. In active transport systems,
something is moved along its concentration gradient using energy,
usually ATP. Group translocation, which is common in the
phosphotransferase system of many bacteria, lets substrates move
across the membrane while also being chemically changed. Getting
iron normally needs certain processes, such as making siderophores,
which are tiny molecules that bind to iron very strongly and are taken
up by the cell through unique receptors.

1.1.6 Reproduction: Vegetative, Asexual and Sexual Normally,
bacteria can reproduce via asexual methods. Bacteria reproduce
vegetatively by budding, fragmentation and binary fission. As there is
no gamete formation in bacteria, the sexual reproduction is absent or
not well recognized. Even though, bacteria exchange their genetic
material by different genetic recombination methods, which are
included under sexual reproduction.

1.1.6.1 Vegetative Reproduction
a) Budding

In budding, a protuberance (bud) develops at one end of the cell.
Bacterial chromosome replicates and forms two copies of the genome.
The bud receives one copy of the genome along with some amount of
the cytoplasm. This bud grows and become a daughter cell. Finally, this
daughter cell detaches from the mother cell and matures into new
bacterial cell. e.g., Rhodomicrobium vannielii.

b) Fragmentation

Under unfavorable conditions, protoplasm of the bacterial cell
undergoes compartmentalization. Before fragmentation, the bacterial
genome replicates repeatedly so that each fragment receives its own
genome. The bacterial cell breaks into small fragmentation forming
small bodies. These are called gonidia. Under favorable conditions,
each gonidium grows into a new bacterium.

10
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¢) Binary fission

It is the most important method of reproduction in bacteria. Under
favorable conditions, bacterial cell divides into two doughter cells by a
transverse wall. During binary fission, bacterial cell elongates. During
elongation, bacterial genome replicates and forms two daughter
chromosomes. A transverse wall is formed between separating
daughter chromosomes and forms two daughter cells. Thus, each
daughter cell receives a copy of genome. The daughter cells attain
maturity within 20-30 minutes. Under favorable conditions, mature
bacterial cell divides once in every 20-30 minutes.

1.1.6.2 Asexual Reproduction
It takes place by conidia, cyst, endospore

a) Conidia Formation Conidia are small, spherical and spore like
structures. These are designed in filamentous bacteria like
Streptomyces. Conidia are molded at the landfill of filament.
These are present in the form of chain. These are formed by a
transverse septum at the apex of the filament.

b) Cyst Formation

Cysts are formed during adverse environmental conditions. These are
resting structure formed by deposition of additional wall layers around
existing bacterial cell wall.

¢) Endospore Formation

These are resting spores formed within the cells during unfavorable
environmental conditions. During endospore formation, protoplast
becomes concentrated around the genome. Cell secretes thick, hard
wall around it. Remaining part of the bacterial cell outside the thick
wall degenerates. Endospores are very resistant to extreme physical
condition. Only one endospore is formed per bacterial cell.

1.1.6.3 Sexual reproduction

Bacteria primarily reproduce asexually through binary fission;
however, they also engage in genetic recombination processes—often
termed "parasexual" reproduction—that introduce genetic diversity
without the formation of gametes or zygotes. These mechanisms
include transformation, transduction, and conjugation.

Transformation involves the uptake of free DNA fragments from the
environment by a competent bacterial cell. This DNA, often released
from lysed bacteria, can integrate into the recipient's genome, leading
to genetic variation. This process is significant in the spread of traits
like antibiotic resistance among bacterial populations.

11
MATS Centre for Distance and Online Education, MATS University

Qfmn'rsg;

==

UNIVERSITY

ready for life

INTRODUCTION

TO PLANT
DIVERSITY



"\

W
mars

ready for life......

Restriction enzyme

INTRODUCTION Gene to be transferred
TO PLANT
DIVERSITY Plasmid of cell

Plasmid of
bacterial cell

N© 9
® Enzyme DNA ligase o>

Gene from
bacterial cell

Fig. 1.3 Mechanism of transformation

Transduction is mediated by bacteriophages—viruses that infect
bacteria. During the phage replication cycle, fragments of the host
bacterial DNA can be mistakenly packaged into new phage particles.
When these phages infect other bacteria, they introduce this DNA into
the new host, facilitating genetic exchange .
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Conjugation requires direct cell-to-cell contact. A donor bacterium
possessing a fertility plasmid (F-plasmid) forms a pilus—a bridge-like
structure—that connects to a recipient cell. Through this pilus, a copy
of the plasmid DNA is transferred, which may carry genes beneficial
for survival, such as those conferring antibiotic resistance. This method
was first observed in Escherichia coli and is a primary means of
horizontal gene transfer among bacteria .

Pil
e Bacterium
Q1 ‘
Mobile plasmid Chromosome
Donor Recipient

© o[ ©

2)
<© Y \‘\
& O
3 Relswsoife  Trinsierosoms 4
New donor New donor
000 O
4 @

Fig. 1.5 Mechanism of Bacterial Conjugation
1.1.7 Economic Importance

Bacteria play important roles in different fields such as agriculture,
industry etc. Some of them are mentioned below:

1.1.7.1 Role in agriculture

a) Scavenging Role: Saprophytic bacteria obtain food from
organic remains such as animal excreta, fallen leaves, meat
etc. They decompose these substances by action of digestive
enzymes aerobically or anaerobically (known as
fermentation). Thus they help in sanitation of nature,
therefore also known as scavengers. e.g. Pseudomonas

b) Nitrification: Rhizobium bacteria, living in root
nodules of leguminous plant symbiotically, helps
in fixing atmospheric nitrogen.

14
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d)

Similarly, Nitrosomanas and Nitrococcus convert
ammonium salt to nitrites. Nitrites are further
changed to nitrates by Nitrobacter and Nitrocystis.
It enables plants to uptake nitrogen.

Production of Organic Manure: As stated
above, saprophytic bacteria help in breaking of
complex organic substance to simpler forms.
Thus, in this process, they help to convert farm
refuse, dung and other wastes to manure.

Preparation of Ensilage: Ensilage is preserved
cattle fodder prepared by packing fresh chopped
fodder sprinkled with molasses. Fermentation
activity of bacteria produces lactic acid that acts
as preservative in ensilage.

Production of fuel: Bacteria, while converting
animal dung and other organic wastes to manure,
help in production of fuel. Gober gas plant is an
example of this process.

Disposal of sewage: Bacteria help in disposal of
sewage by decomposing it and thus, help in
environmental sanitation.

1.1.7.2 Role in industry

a)

b)

d)

Dairy Industry: Bacteria such as Streptococcus
lactis convert milk sugar lactose into lactic acid
that coagulates casein (milk protein). Then, milk
is converted into curd, yoghurt, cheese etc needed
for the industry.

Production of  Organic Compounds:
Fermentation (breakdown of carbohydrate in
absence of oxygen) process of various bacteria
produces organic compounds like lactic acid (by
Lactobacillus), acetic acid (by Acetobacter
aceti), acetone (by Clostridium acetabutylicum)
etc.

Fibre Retting: The action of some bacteria like
Clostridium, Pseudomonas etc. help in fibre
retting i.e. separation of stem and leaf fibre of
plants from other softer tissue.

Curing: The leaves of tea and tobacco, beans of
coffee and coca are cured off their bitterness with

the help of action of certain bacteria such as

15
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Bacillus megatherium.

e) Production of Antibiotics: Number of anti-
bacterial and anti-fungal antibiotics such as
Hamycin, Polymyxin, Trichomycin etc are
obtained  from mycelia bacteria  (like
Streptomyces). Similarly, Bacillus is used for
production of antibiotics such as Bacitracin,
Gramicidin etc.

f) Production of Vitamins: Different kinds of
vitamins are produced from bacteria like
Riboflavin from Clostridium butylicum, Vitamin
B12 from Bacillus megatherium and Vitamin K
and B-complex from Escherichia coli.

Summary:

Bacteria are unicellular, prokaryotic microorganisms belonging to
the kingdom Monera. They are microscopic and lack a true nucleus
and membrane-bound organelles. Bacteria show a variety of shapes,
including coccus (spherical), bacillus (rod-shaped), spirillum

(spiral), and vibrio (comma-shaped).

The bacterial cell wall is mainly made of peptidoglycan and
provides structural support. Some bacteria possess capsules for
protection, flagella for movement, and pili/fimbriae for attachment

and genetic exchange.

Bacteria reproduce asexually by binary fission, but genetic variation
occurs via conjugation, transformation, and transduction. They
can be Gram-positive or Gram-negative, based on the composition

of their cell walls.

Bacteria are ecologically and economically important. They
decompose organic matter, fix atmospheric nitrogen, produce
antibiotics, enzymes, vitamins, and fermented foods. Some are
pathogenic, causing diseases like tuberculosis, cholera, and anthrax.

16
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Multiple Choice Question (MCQ):

1.

Bacteria are classified under which kingdom?
A) Protista

B) Fungi

C) Monera

D) Plantae

Answer: C) Monera

The cell wall of most bacteria is made up of:
A) Cellulose

B) Chitin

C) Peptidoglycan

D) Pectin

Answer: C) Peptidoglycan

Which structure helps bacteria in movement?
A) Pili

B) Flagella

C) Fimbriae

D) Capsule

Answer: B) Flagella

The shape of Bacillus bacteria is:

A) Spherical

B) Rod-shaped

C) Spiral

D) Comma-shaped

Answer: B) Rod-shaped

Which type of reproduction is common in bacteria?
A) Binary fission

B) Budding

C) Fragmentation

D) Spore formation

Answer: A) Binary fission

17
MATS Centre for Distance and Online Education, MATS University

/\A./\

|

UNIVERSITY
ready for life

INTRODUCTION
TO PLANT
DIVERSITY



{
\‘l UNIVERSITY |/,

INTRODUCTION
TO PLANT
DIVERSITY

Short Answer Questions

Define bacteria and mention their general characteristics.
Name the four common shapes of bacteria with one example
each.

Write the composition of the bacterial cell wall.

What are plasmids? Mention their significance.

Write a note on Gram staining and its importance.

Long Answer Questions

Describe the structure of a bacterial cell with a labelled
diagram.

Explain the modes of reproduction in bacteria.

Discuss the economic importance of bacteria (beneficial and
harmful roles).

Write a detailed account of bacterial classification.

Describe bacterial genetic recombination (conjugation,

transformation, transduction).

18
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Unit 1.2
Cyanobacteria

Cyanobacteria are photosynthetic prokaryotes, also called
blue-green algae. They are among the earliest organisms on Earth
(~3.5 billion years old) and contributed to the oxygenation of Earth’s
atmosphere. They share features of both bacteria (prokaryotic
structure) and algae (photosynthesis).

1.2.1 General Characteristics of Cyanobacteria
1. Prokaryotic nature

o Cells lack a true nucleus and membrane-bound
organelles.

o DNA is present in a nucleoid region.
2. Photosynthetic organisms

o Perform oxygenic photosynthesis (release oxygen as a
byproduct).

3. Thallus organization

o Thallus may be unicellular (Chroococcus), colonial
(Gloeocapsa), or filamentous (Nostoc, Oscillatoria).

4. Cell wall and structure

o Cell wall similar to Gram-negative bacteria (with
peptidoglycan).

o Thylakoids (photosynthetic lamellae) are freely
arranged in the cytoplasm.

5. Reproduction
o Only asexual reproduction by:
» Binary fission (in unicellular forms),
» Fragmentation (hormogonia in filaments),
= Akinetes (thick-walled resting spores).
o No sexual reproduction.
6. Specialized cells in some forms

o Heterocysts for nitrogen fixation (e.g., Anabaena,
Nostoc).

o Akinetes as resting structures.
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7. Nutrition

o Mostly photoautotrophic, some can fix atmospheric
nitrogen.

8. Habitat

o Widely distributed: freshwater, marine, terrestrial, hot
springs, symbiotic in lichens, cycads, and Azolla.

9. Economic importance

o Beneficial as biofertilizers and food (e.g., Spirulina).

o Can also cause harmful algal blooms releasing toxins.
1.2.2 Morphology of Cyanobacteria

General Form

o Thallus is simple, non-vascular, and prokaryotic.

o Occur as unicellular, colonial, or filamentous forms.
2. Unicellular Types

o Solitary or in groups.

o Surrounded by mucilaginous sheath.
Examples: Chroococcus, Gloeocapsa.

3. Colonial Types

o Many cells embedded in a common gelatinous matrix

forming colonies.
Examples: Microcystis  (colonial bloom-forming
species).

4. Filamentous Types

o Cells joined end-to-end forming wunbranched or
branched filaments.

o Filaments may be:
= Homocystous: all cells alike (Oscillatoria).

= Heterocystous: with specialized cells (Nostoc,
Anabaena).

o Some filaments form false branching (outgrowth after
breakage).

20
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5. Mucilaginous Sheath

o Many cyanobacteria have a gelatinous sheath around
cells or filaments.

o Helps in protection and preventing desiccation.
Ultrastructure of Cyanobacteria

A cyanobacterial cell shows prokaryotic organization but with
adaptations for photosynthesis:

1. Cell Envelope
e Cell wall:

o Gram-negative type: multilayered (plasma membrane,
peptidoglycan layer, outer membrane).

o Provides shape and protection.
e Mucilage (sheath):
o Outside cell wall, often colored (yellow, brown, bluish).
2. Plasma Membrane
e Lies beneath the cell wall.
o Regulates entry and exit of substances.
3. Cytoplasm
Differentiated into two regions:
A. Centroplasm (Central region)
o Contains nucleoid (DNA in circular loops) — no true nucleus.
e Contains ribosomes (70S type) for protein synthesis.
B. Chromoplasm (Peripheral region)
o Contains pigments and photosynthetic structures.
o Photosynthetic lamellae (thylakoids):
o Flattened membrane sacs scattered in cytoplasm.

o Contain chlorophyll-a, carotenoids, and
phycobiliproteins (phycocyanin, phycoerythrin).

o Site of light reactions of photosynthesis.
4. Inclusion Bodies

e Cyanophycean starch (glycogen): Storage product.
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o Polyphosphate granules: Reserve of phosphate.

e Gas vacuoles (in some species): Provide buoyancy to float in
water.

5. Specialized Cells (in filamentous forms)
Heterocysts:
o Large, thick-walled cells.
o Sites of nitrogen fixation (enzyme nitrogenase).

o Lack oxygen-evolving photosystem to protect
nitrogenase.

AKkinetes:

o Resting spores with thick walls.

o Formed under unfavorable conditions; germinate when
favorable.

Mucilagnous sheath

- Cell wall

ol Plasma membrane
. Gas Vacuoles

. Centroplasm

~ Circular DNA

L2 oil droplets

Pigment granules
Thylakoid membrane

Protein crystals

Chromoplasm

Fig. 1.6 Ultrastructure of Cyanobacteria

1.2.3 Reproduction
1.2.3.1 Vegetative Reproduction
cells of cyanobacteria multiply directly to form new individuals.
a) Binary Fission (in unicellular forms)
e Seen in unicellular cyanobacteria (Chroococcus, Gloeocapsa).

e The parent cell divides by mitosis-like binary fission into two
daughter cells.
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o Each cell grows and divides repeatedly.
b) Fragmentation (in filamentous forms)

e Filamentous forms like Oscillatoria break into small
fragments called hormogonia.

o Each fragment contains a few cells.

e Hormogonia separate from the parent filament, glide out of the
sheath, and grow into new filaments.

Reproduction by Hormogonia

o Hormogonia: short pieces of filaments (few cells long) that
detach.

e They are often motile (gliding movement).
e Function as propagules — develop into new filaments.
e Common in Nostoc, Scytonema.

Reproduction by Akinetes

e AkKkinetes: thick-walled, enlarged resting cells formed from
vegetative cells in some filamentous cyanobacteria (Anabaena,
Nostoc).

e Rich in food material, survive adverse conditions (dryness, low
temperature).

e On return of favorable conditions — germinate into new
filaments.

Reproduction by Endospores (in some forms)

o Certain genera (e.g., Cyanosarcina) produce endospores inside
mother cells.

o After release, endospores germinate to form new individuals.

1.2.4 Economic Importance
1.2.4.1 Beneficial roles

1. Nitrogen fixation: N2-fixation is the characteristic feature
of many cyanobacteria and this function is performed by
heterocysts present in them. Aulosira, Nostoc, Anabaena, etc. are
some such cyanobacteria that are now regularly inoculated in the
rice fields for nitrogen supply. This saves consumption of
nitrogen fertilizers.
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2. Food supplement: 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 now incorporated in food
supplement as well as animal feed through ‘single cell protein’
manufacture because of its high protein content (upto 70%).

3. Soil binding: N2-fixing cyanobacteria (e.g., Nostoc,
Anabaena) are often used for reclamation of ‘user’ soils. They
produce acidic chemicals for counteracting alkalinity of the soil
and they supply nitrogen compounds which are generally
deficient in these soils.

4. Oxygen production: Major primary producers in aquatic
ecosystems.

1.2.4.2 Harmful roles

1. Algal blooms: Some species (e.g., Microcystis,
Anabaena) cause eutrophication and release toxins
harmful to fish and humans.

2. Toxicity: Certain cyanobacteria such as Microcystis
aeruginosa (= Anacystis cyanea), Anabaena flos-aquae
and Aphanizomenon flos-aquae produce toxins harmful
to most aquatic animals. These toxins may prove equally
harmful to humans drinking or bathing in such water.

Summary:

Cyanobacteria, also called blue-green algae, are prokaryotic,
photosynthetic microorganisms that contain chlorophyll a and
phycobilins (phycocyanin and phycoerythrin). They are among the
earliest oxygen-producing organisms on Earth and played a key role
in the evolution of aerobic life. Cyanobacteria are mostly aquatic,
though some are terrestrial. They show unicellular, colonial, or
filamentous forms. Filaments may have heterocysts for nitrogen
fixation and akinetes as resting spores. Their cell wall is
peptidoglycan-based, similar to bacteria. Cyanobacteria reproduce
asexually by binary fission, fragmentation, or hormogonia. Some
species can form symbiotic associations with fungi, plants, and protists

(e.g., Nostoc with Azolla).
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1. Cyanobacteria are classified under which group?
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A) Eukaryotes TO PLANT
B) Prokaryotes DIVERSITY
C) Fungi
D) Protists

Answer: B) Prokaryotes
2. Cyanobacteria perform which type of photosynthesis?
A) Anoxygenic
B) Oxygenic
C) Chemoautotrophic
D) None
Answer: B) Oxygenic
3. Nitrogen fixation in cyanobacteria occurs in specialized cells
called:
A) Akinetes
B) Heterocysts
C) Trichomes
D) Spores
Answer: B) Heterocysts
4. The cell wall of cyanobacteria contains:
A) Cellulose
B) Chitin
C) Peptidoglycan
D) Lignin
Answer: C) Peptidoglycan
5. Reproduction in cyanobacteria is primarily:
A) Sexual
B) Asexual
C) Both sexual and asexual
D) None

Answer: B) Asexual
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Short Answer Questions

1. Define cyanobacteria and mention their key characteristics.

INTRODUCTION 2. Name two specialized cells in cyanobacteria and their
TO PLANT functi
DIVERSITY unctions.

3. Mention three ecological or economic importance of
cyanobacteria.
4. Describe the types of reproduction in cyanobacteria.

5. Give two examples of filamentous cyanobacteria.

Long Answer Questions

1. Write a detailed account of cyanobacteria, including structure,
reproduction, and ecology.

2. Explain the role of cyanobacteria in nitrogen fixation and
primary production.

3. Describe the different forms of cyanobacteria: unicellular,
colonial, and filamentous.

4. Discuss the economic and biotechnological applications of
cyanobacteria.

5. Write an essay on the evolutionary significance of
cyanobacteria in the development of oxygen in Earth’s

atmosphere.
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Unit 1.3
Virus
1.3.1 Virus: Definition of Virus

Viruses are no longer considered the simplest form of life. Viruses are
a unique group of infectious agents whose distinctiveness resides in
their simple, acellular organization and pattern of reproduction.

Viruses are simple, acellular entities consisting of one or more
molecules of either DNA or RNA enclosed in a coat of protein (and
sometimes, in additional, substances such as lipids and carbohydrates).
They can reproduce only within living cells and are obligately
intracellular parasites. In simple words, we can say that these are simple
obligate parasites comprising of nucleic acid (DNA or RNA) and
protein coat.

Despite their simplicity in comparison to cellular organisms, viruses are
extremely important and deserve close attention. The study of viruses
has contributed significantly to the discipline of molecular biology.
Although in ancients times, people did not understand the nature of
their illnesses, they were acquainted with diseases, (such as rabies),
which are now known to be viral in origin.

1.3.2 Nature and General Characteristics of Viruses: Viruses are
distinct from other microorganisms. These include:

Acellular Nature

Viruses are unique biological entities that do not possess a cellular
structure; hence, they are not classified as living organisms such as
bacteria, fungus, or protozoa. Viuses don't have important organelles
like ribosomes, mitochondria, and a nucleus, which cells do. Viral
particles are made up of DNA or RNA inside a protective protein
sheath. They live outside of a host cell. Because they are acellular,
viruses can't do things that cells do on their own, including make
energy, break down food, or make proteins. Because they are made up
of cells, they are often seen as the line between living and non-living
things. Outside of a host, viruses are not alive and do not move. When
they find a suitable host cell, they take over its metabolic machinery to
make copies of themselves and spread. Their acellular nature is further
demonstrated by the requirement for a host cell for replication.

The traditional biological classification of living things do not fit with
viruses anyway, because they cannot reproduce or grow independently.
Their structure is quite simple, but their contributions to their host can
be substantial, causing conditions from the common cold, to diseases
as severe as HIV/AIDS and COVID-19.
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Fig.1.7 Morphology of of Viruses
Genetic Material

Viruses have a lot of unique traits, and one of the most important is that
their genetic material can be DNA or RNA, but not both. This is a big
difference from cellular organisms, which always have DNA as their
genetic material. Viruses are classified as DNA viruses or RNA viruses
depending on the type of genetic material they possess. DNA viruses
like the herpes simplex virus use host cell machinery to duplicate their
DNA, while RNA viruses like HIV and influenza use reverse
transcriptase. The genetic code of a virus has the information it needs
to reproduce and infect. It might be linear or circular, single-stranded
or double-stranded, and its size can change a lot. RNA viruses, like the
coronavirus that causes Covid-19, can mutate quickly and easily
because they don't have proofreading systems when they copy their
genomes. Viruses change their genetic material quickly, which lets
them adapt to various hosts and environments. This can sometimes lead
to the emergence of new strains and possible pandemics. As a result,
the genetic material of a virus has a big effect on how it spreads, how
bad the infection is, and how well vaccines and antiviral drugs work
against it.

Protein Coat (Capsid)
The nucleic acid core is enclosed by a protective protein sheath called

the capsid. Each capsid consists of several identical protein subunits,
known as capsomeres. The proteins may be of single or several types.
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The number of proteins and the arrangement of capsomeres are
characteristic feature of viruses and thus can be useful in their
identification and classification. The capsomeres may be in the form of
pentamer or hexamer.

In some complex forms (e.g., influenza and herpes virus) the capsid is
covered by an envelope. It usually consists of some combination of
lipids, protein and carbohydrates. Envelope of many viruses has
projections called spikes, responsible for attachment with host.

Host Specificity

Viruses exhibit remarkable host selectivity, infecting just particular cell
types within specific organisms. This particular interaction was formed
between the viral surface protein and the receptors present on the host
cell membrane. For example, the human immune deficiency virus
(HIV) infects individuals by specifically targeting CD4+ T cells, which
become infected when HIV surface proteins bind to the CD4 receptor.
The tobacco mosaic virus is known to infect only certain plant species,
while bacteriophages are specific to particular bacteria. The high level
of selectivity arises from the necessity for accurate molecular
recognition prior to a virus's ability to penetrate a cell and initiate
infection. Certain viruses exhibit a restricted host range, infecting only
a single species, whereas others, such as the rabies virus, are capable of
infecting multiple species, including mammals. Host specificity is a
fundamental concept in virology, influencing interspecies transmission
of disease, the design of vaccines, and the development of antiviral
preventative measures. Some viruses can move from one species to
another, which is called zoonotic transmission. This has caused big
outbreaks, such the development of SARS-CoV-2, which caused the
COVID-19 pandemic. This specificity highlights the importance of
investigating viral evolution and host-virus interactions for managing
infectious diseases.

Obligate Parasites

Viruses are obligate intracellular parasites, meaning that they cannot
reproduce or perform any of the processes of life without infecting a
host cell. Whereas bacteria can reproduce independently, within an
appropriate environment, viruses entirely depend on a living host to
reproduce. The virus then seizes a host cell’s cellular machinery—
ribosomes, enzymes, and nucleotides—to replicate its genomic
information and generate new viral particles—once it takes
appropriation of the appropriate cell types. This parasitic dependence
on host is why viruses are often thought to be at the fringes of the living
and non-living worlds. Without a host, viruses are dormant and
impotent, lacking the ability to perform any biological tasks. This
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feature enables them to be extremely effective pathogens and allows
them to spread rapidly throughout a population. Viruses being obligate
parasites must also give rise to problems when it comes to medical
treatment, as the various components of the virus are embedded into the
host cell, making it difficult to target for eradication. Antiviral drugs
and vaccines operate by hindering viral replication with limited impacts
to the host. Some viruses, like some latent herpesviruses, can spend
years in a dormant state in host cells until conditions are right to
reactivate. - Viral parasitism is not just a curious evolutionary system
but teaches us about infectious diseases and measures which can be
implemented to curb its spread.

Lack of Metabolism

One of the major things that set viruses apart from the living is the fact
that they are, as a group, notoriously metabolically inert. Viruses lack
enzymes and cellular machinery for running essential metabolic
processes like respiration, energy production or even protein synthesis,
unlike bacteria, fungi and other microorganisms. They do not eat, they
do not make ATP, they do not perform any biochemical reaction
independently. The next question is therefore, how are viruses, which
cannot reproduce without a host, considered alive, and if they are alive
at all, in what sense? Rather than doing metabolism, viruses are in
nature like flying bricks, but come alive when entering a host cell. Once
inside, they hijack the host’s metabolic machinery to churn out viral
components, which are then assembled into new viruses. Due to their
complete dependence on living organisms for replication and all
biological activity, viruses have evolved to be completely intracellular
parasites. The lack of metabolism also renders viruses immune to
antibiotics, which inhibit bacterial metabolic pathways. Instead,
antiviral medications have to act at particular points in stages of viral
replication in order to work. This inability to carry out independent
metabolic functions sets viruses apart even from the most basic forms
of cellular life, placing them in an intermediate position between life
and non-life

Small Size

Viruses are the smallest infectious agents known, with sizes ranging
from 20 to 300 nanometers. That makes them far smaller than bacteria,
which typically range from

0.2 to 5 micrometers. Viruses, size that’s too small to be seen with a
normal light microscope, detect only by electron microscope. At their
small size, they are able to penetrate host cells relatively easy; hence
infection and replication are facilitated. Even though they have a
compact structure, viruses possess all the genetic information required
to take over a host cell’s machinery and reproduce. Some of the tiniest
viruses, like parvoviruses, carry just a handful of genes, while bigger
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viruses, including the poxviruses, boast a more sophisticated genome.
Viruses are verysmall and therefore can easily travel through airborne,
waterborne, or contact transmission, which also contributes to the
spread. This is the reason viral infections spread easily and are difficult
to control. Viral size can be significant when developing diagnostic
tests and therapeutic measures. Researchers are further studying how
they operate into details under the microscope to inform future antiviral
diagnostics and vaccines.

Crystallization Ability

The most remarkable feature of viruses is their capacity to be
crystallized and still infective. This property was first demonstrated
with the tobacco mosaic virus (TMV), which was crystallized by
Wendell Stanleyin 1935. Different from living cells, which lose
viability in a crystalline state, the viruses can be preserved in a
crystalline state for a long time with no loss of functionality whatsoever.
Their simple structure, made up only of genetic material covered by a
protein coat, gives them this extraordinary ability. Under certain
environmental conditions, viral particles are able to self-organize into
tightly ordered, crystalline aggregates, rendering them stable and
resistant to degradation. For viruses in particular, crystallization has
made a huge impact on virology, enabling scientists to study their
structures at high resolution using techniques like X- ray
crystallography. This has improved knowledge of viral assembly,
replication, and interaction with host cells. Moreover, virus
crystallization has practical importance in vaccine development, which
requires stable preparations of viruses stored long-term. But that
property is also a problem because viral particles that are stored can
remain infectious for a long time, and so proper handling and storage
becomes very important in virology labs and med research institutions.

Reproduction

Unlike bacteria or other living organisms, viruses do not replicate by
splitting the cell. Rather, they can only replicate within a host cell
through different mechanisms depending on their genetic makeup. The
viral replication cycle is composed of five stages: attachment,
penetration, replication, assembly, and release. The first phase is
attachment mediated by receptors on the host cell membrane binding to
viral surface proteins. The virus then fuses the membrane with the cell
or endocytoses or shoots in its genetic material. Once in, the viral
genome commandeers the machinery of the host cell to make new viral
bits, which are then put together to form complete viral particles. For
lytic viruses like bacteriophages, the host cell eventually ruptures,
releasing many new viruses to infect other cells. Some viruses, such as
herpesviruses, undergo a lysogenic cycle, in which the viral genome is
integrated into the host’s DNA, mostly remaining a dormant presence
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in the cell until conditions are favorable for reactivation. While DNA
and RNA viruses reproduce differently, most RNA viruses replicate
with error- prone processes, making them subject to many mutations
per generation. This rapid replication and mutation make viral
infections difficult to treat because new strains can arise quickly,
possibly causing vaccines and antiviral medications to be less effective.

Mutability

From their adaptation, evolution and ability to avoid the immune
defenses of the host, viruses have extremely high mutation rates. This
is especially true for RNA wviruses, like flu and human
immunodeficiency virus (HIV), which do not have the DNA-like
proofreading ability possessed by DNA-using organisms. This explains
the relatively high frequency of errors in viral genome replication,
resulting in genetic diversity. These mutations can also have direct
effects, such as changes in virulence, resistance to antiviral drugs, or
host range. One good example of that is the flu virus, when that changes
so much that a new vaccines have to be given out each year. Likewise,
the rise of drug-resistant strains of HIV has made treatment strategies
more complex. Some mutations are harmful to the virus, whereas others
are beneficial, granting it the ability to elude detection by the immune
system or to infect new species. [SARS- CoV-2 virus responsible for
COVID-19 pandemic evolved through mutations and recombination
events] Viral mutability is also key to the development of effective
vaccines, antiviral therapies, and public health strategies. Ongoing
surveillance and studyof viral evolution have never been more
important in the fight against viral diseases and the prevention of future
pandemics.

1.3.3 Types, Morphology, and Ultrastructure of Viruses

Viruses are classified based on various criteria such as type of genetic
material, host organism, and mode of replication.

Viruses can be classified based on their genetic material into DNA and
RNA viruses.

DNA viruses contain deoxyribonucleic acid (DNA) as their genetic
material and use host cell machinery to replicate. Examples include
Herpesvirus, responsible for infections like herpes simplex, and
Adenovirus, which causes respiratory illnesses. These viruses are
generally more stable and mutate at a lower rate than RNA viruses. In
contrast, RNA viruses have ribonucleic acid (RNA) as their genetic
material. They often mutate rapidly, leading to high adaptability and
resistance to treatments. Examples include the Influenza virus, which
causes seasonal flu, and HIV (Human Immunodeficiency Virus),
responsible for AIDS. Due to their high mutation rates, RNA viruses
are more challenging to control through vaccines and antiviral drugs.
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Viruses can also be classified based on their host range. Animal viruses
infect animals and humans, causing diseases like rabies (caused by the
Rabies virus) and measles (caused by the Measles virus). Plant viruses
infect plants, causing severe agricultural losses. Examples include
Tobacco Mosaic Virus (TMV), which affects tobacco plants, and
Cauliflower Mosaic Virus, which infects cruciferous vegetables.
Bacteriophages are viruses that infect bacteria. An example is the T4
phage, which specifically targets and infects Escherichia coli (E. coli)
bacteria. These bacteriophages are widely used in research and
biotechnology.

Capsomere alycopmdn/

of capsid

HELICAL POLYHEDRAL SPHERICAL COMPLEX

Tobacco

Mosaic Virus Adenovirus Influenza Virus Bacteriophage

Fig 1.8 Types of Virus

Morphologically, viruses are categorized into different shapes. Helical
viruses, like Tobacco Mosaic Virus (TMV), have a rod-like structure
with RNA wound inside a protein helix. Icosahedral viruses, such as
Adenovirus, have a spherical shape with 20 triangular faces, providing
structural stability. Complex viruses, like Bacteriophages, have
intricate structures combining helical and icosahedral features,
including tails and fibers for host attachment. Enveloped viruses, such
as Influenza virus and HIV, possess an outer lipid membrane derived
from the host cell. This envelope helps them evade the immune system
and facilitates entry into host cells, making them particularly
challenging to treat.

1.3.3.1 Ultrastructure of Viruses

Viruses are acellular entities, so their ultrastructure is simpler than that
of cells. Under an electron microscope, the following components can
be observed:
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1. Core (Nucleic Acid)

¢ Genetic Material:

o DNA or RNA (never both in a single virus).

INTRODUCTION
TO PLANT o Can be single-stranded (ss) or double-stranded (ds),
DIVERSITY linear or circular.

o Functions as the blueprint for replication and production of
viral proteins.

2. Capsid

o Definition: A protective protein coat surrounding the nucleic
acid.

e Composed of capsomeres (protein subunits).
o Helps in attachment to host cells in some cases.
Shapes of capsids:

o Helical: Capsomeres arranged in a spiral (e.g., Tobacco Mosaic
Virus).

e Icosahedral (Cubic): Symmetrical 20-faced structure (e.g.,
Adenovirus, Poliovirus).

e Complex: Combination of structures, such as head-tail in
bacteriophages (e.g., T4 phage).

3. Envelope (in Enveloped Viruses)

e Definition: A lipid bilayer surrounding the capsid in some
viruses.

e Derived from host cell membranes during viral budding.

e Contains viral glycoproteins (spikes) used for:
Attachment to host receptors, Fusion with host membranes,
Evasion of host immune response.

o Examples: Influenza virus, HIV.
4. Tegument or Matrix (in some viruses)

e A protein layer between the capsid and envelope.

e Found in Herpesviruses and others.

e Provides structural support and contains regulatory proteins.
5. Enzymes (in some viruses)

o Certain viruses carry enzymes necessary for replication because
host cells lack them:
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o Reverse transcriptase: in retroviruses (HIV) to convert
RNA — DNA.

o RNA-dependent RNA polymerase: in many RNA
viruses for replication.

o Lysozyme-like enzymes: in bacteriophages to penetrate
bacterial cell walls.

influenza virus

Fig. 1.9 Ultrastructure of Viruses
1.3.4 Life Cycle of Viruses

The viral replication cycle differs with each type of virus. Nonetheless,
the basic steps are as follows:

Attachment

Attachment is the first step in the viral replication cycle, in which the
virus attaches itself to specific receptors on the host cell surface. This
interaction is highly specific; viruses can only infect cells with the right
receptors. As viruses attach to the surfaces of the host cells they have
complementary surfaces receptors (like viral surface proteins,
glycoproteins, capsid proteins) and with this they attach to the host cell
membrane surface. The binding triggers rearrangement of the viral
structure, thus readying the virus for entry into the host cell. This
interaction is specific, and determines the host range and tissue tropism,
which means that viruses can only infect cells of certain types, or cells
in a specific species. In the case of the influenza virus, it binds to sialic
acid receptors on respiratory epithelial cells, or the HIV virus, it binds
to CD4 receptors on immune cells. Without the right receptor, the virus
cannot bind with and enter the cell. Thus, attachment is animportant
factor in virus infectivity and pathogenesis. Antiviral approaches,
including receptor-blocking therapeutics and neutralizing antibodies,
target viral attachment to prevent infection at its initial step. After
binding, the virus enters his next step — penetration.
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Penetration

Following attachment, the virus must gain entry into the host cell to
initiate infection. This process, referred to as penetration, occurs via
one of two principal mechanisms: direct fusion, or endocytosis. The
direct fusion of the viral envelope to the host cell membrane, which
allows the genome to be released into the cytoplasm, occurs for some
enveloped viruses like HIV and influenza. On the other hand, non-
enveloped viruses, such as norovirus, or some enveloped viruses will
enter the host cell using a different process called endocytosis, in which
the host cell completely engulfs the virus within a vesicle called an
endosome.

Uncoating

Uncoating is when the viral genome is released from the protective
capsid or envelope inside the host cytoplasm. This is a crucial step,
because genetic material needs to be accessible for replication and
transcription. Each type of virus has a different uncoating mechanism.
Some viruses, HIV for instance, use host cell enzymes to degrade their
capsid, while others, such as influenza, depend on endosomal pH
changes to initiate disassembly of their capsid. For poliovirus, for
example, uncoating is mediated through the creation of pores in the host
membrane to deliver the virion RNA directly into the cytoplasm.
Uncoating is an important step in viral replication, and if this process is
not complete and/or occurs too late, the cascade of events needed for
infection will not occur. Some antiviral strategies target the uncoating
step aiming to prevent the virus from releasing its genome. For
example, amantadine and related drugs block the M2 ion channel of
influenza viruses to inhibit the pH changes needed to drive capsid
disassembly. The virus can then proceed into the next phase of its life
cycle-replication— once the viral genome has been successfully
released and the virus commandeers the host’s cellular machinery to
create versions of its genetic material.

Replication

The viral life cycle is critically dependent on the replication step,
where the viral nucleic acid genome is replicated by the host cell’s
molecular machinery. This cycle must occur for the virus to replicate
and establish infection in the host organism.

Protein Synthesis

While synthesizing protein, viruses hijack their host cell’s molecular
machinery to make the proteins they need to assemble new viral
particles. Description: This hijacking, is critical for viral replication
process and continuation of this cycle of infection. The production of
viral proteins relies heavily on transcription and translation — the two
processes that host cells generally employ to synthesize their own
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proteins. Viruses have evolved to hijack these cellular pathways for
their own agenda, and use the organism’s ribosomes, tRNAs and
transport machineries to express their own genetic material. Here the
production of viral proteins may differ, depending upon whether the
initiated virus is DNA or RNA, yet, the target is the same: transcribing
of viral proteins that will assist in forming newer viral particles.

Assembly

Viral assembly is the stage in the viral life cycle wherein newly
synthesized viral components assemble into complete virions.
Requiring a high degree of coordination, this process guarantees that
the viral genome is properly encapsulated within a protective capsid,
often along with extra structural and accessory proteins to promote
stability and infectivity. The location of assembly differs depending on
the type of virus. The bulk of assembly of DNA viruses, such as
herpesviruses, happens in the nucleus, where the replicated viral
genome is encapsidated. In contrast, RNA viruses such as
coronaviruses and influenza viruses generally assemble in the
cytoplasm.

Release

The last step in the viral life cycle is called release, where newly
assembled viral particles exit host cell, and infect new cells. Viruses use
different mechanisms to get out, depending on what they look like. For
example, non-enveloped viruses, like poliovirus, usually trigger the
process of cell lysis, causing the host cell to burst, and liberating virions
into the extracellular milieu. This frequently causes considerable
damage to host cells and inflammation. Enveloped viruses, including
influenza and HIV, instead use a process known as budding. During the
budding process, the virus takes its lipid envelope from the cell
mediated membrane of the host and is released slowly without lysing
the host cell right away. Coronaviruses, for instance, are released by the
process of exocytosis, where vesicles carry virions to the cell surface.
The amount of viral release influences the dissemination and intensity
of infection. Some antiviral drugs like the neuraminidase inhibitors (for
instance, oseltamivir for influenza)
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Fig. 1.10 Life cycle of viruses
1.3.5 Economic Importance of Viruses

Viruses have both harmful and beneficial effects on humans, plants,
animals, and industry. They influence agriculture, medicine,
biotechnology, and ecology.

A. Beneficial Roles of Viruses
1. Biological Control (Phage Therapy & Pest Control)

o Bacteriophages kill harmful bacteria in industries (e.g., in food
processing) and are being explored as alternatives to antibiotics.

2. Research Tools

e Viruses are used in molecular biology and genetic
engineering:

o Vectors for gene transfer (e.g., Adenoviruses,
Retroviruses).

o Discovery of enzymes like reverse transcriptase (used
in biotechnology and PCR).

3. Vaccine Production
e Live or inactivated viruses are used to produce vaccines:

o Smallpox vaccine (vaccinia virus),
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o

o

o

Measles, Mumps, Rubella (MMR),
Polio (OPV and IPV),

Recent mRNA vaccines based on viral research.

4. Oncolytic Viruses (Medical Applications)

e Some viruses are engineered to infect and destroy cancer cells
selectively.

5. Ecological Balance

e Viruses help control microbial populations in oceans and soil,
maintaining ecological balance.

B. Harmful Roles of Viruses

1. Human Diseases

e Cause major diseases: Influenza, HIV/AIDS, COVID-19,
Hepatitis, Dengue, Measles, Rabies.

e Lead

to loss of productivity, medical costs, and economic

burden on healthcare systems.

2. Plant Diseases

e Viral infections in crops lead to severe agricultural losses:

o

@)

o

o

Tobacco Mosaic Virus (TMV),
Rice Tungro Virus,
Leaf Curl Virus in tomato,

Citrus Tristeza Virus.

o These reduce yield and quality, leading to export restrictions
and economic loss.

3. Animal Diseases

o Affect livestock and poultry industries:

o

o

o

o

Foot-and-mouth disease (FMD) in cattle,
Rinderpest in cattle,
Avian influenza in poultry,

Swine fever in pigs.

4. Industrial Losses
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e Viral contamination in fermentation industries (e.g.,
bacteriophages attacking Lactobacillus in dairy plants) leads to
reduced production of yogurt, cheese, etc.

In biotechnologist, viruses are being powerful tools for molecular
biology work. Viral enzymes like reverse transcriptase are integral to
processes like polymerase chain reaction, or PCR, found in applications
ranging from DNA amplification in genetic research to forensics and
medical diagnostics. Viruses notorious ability to inject genetic material
into host cells has ultimately also been exploited for genetic
engineering and drug development. Viral vectors are widely used in
research laboratories for gene functional studies, therapeutic
developments, and generation of genetically modified organisms. In
addition to ecological balance, viruses are used in pest control. For
instance, baculoviruses are utilized as biological control agents to
regulate insect populations in agriculture. These viruses kill insect pests
but not beneficial insects, humans, or the environment. Baculoviruses
are very specific and, unlike chemical pesticides, do not form resistance
to pesticides. Due to their ability to control pest populations, a
parasitoid wasp can be a valuable tool in integrated pest management
programs, reducing the need for chemical pesticides and contributing
to sustainable agriculture. And viruses have been critical to scientific
advance. Their contributions to the fields of genetics, immunology, and
cellular mechanisms of fundamental biological processes have been
invaluable. Viruses were the key to figuring out that DNA is the genetic
material of life and launched molecular biology. Research in virology
has driven advances in vaccines, antiviral drugs and immune therapies.
In addition, viruses have served as model systems in the study of
cancer, neurodegenerative diseases and autoimmune disorders. They
are good tools for medical and biological research because they can
manipulate cellular processes. In summary, viruses are unusual
biological entities that live at the cusp of life and were non-life.
Although they are best known for the diseases and economic losses they
can inflict, they play an important role in medicine, biotechnology and
science. It lays the ground for the development of effective therapy,
vaccines, and cutting-edge applications in biotechnologies, because to
understand viruses and their actions in living organisms is crucial. As
we progress in our understanding of viruses and their dual roles in
nature, the capacity to wield their destructive potential as well as their
creative force will be increasingly important for the health of the planet
and its inhabitants.

Summary:
Viruses are obligate intracellular parasites, meaning they can

reproduce only inside living cells.They lack cellular structure, do not
have cytoplasm, ribosomes, or mitochondria.The genome is made of
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DNA or RNA, but not both.The capsid is a protein coat that protects
the wviral genome; some viruses have an additional lipid
envelope.Viruses infect specific host cells due to host-cell receptor
recognition.Replication occurs through the lytic or lysogenic cycle
(for bacteriophages) and productive or latent cycles in animal
viruses.Viruses cause many diseases in plants, animals, and humans
(e.g., influenza, HIV, COVID-19, tobacco mosaic virus).They are non-
living outside the host but exhibit living characteristics inside.Vaccine
development is crucial for prevention.

Multiple Choice Question (MCQs):

1. Viruses can reproduce only:
a) Outside a host cell
b) Inside a host cell
c¢) In water
d) On glass surfaces
Answer: b
2. The protein coat of a virus is called:
a) Capsid
b) Nucleoid
c) Cell wall
d) Envelope
Answer: a
3. Which of the following viruses has RNA as its genetic
material?
a) Adenovirus
b) Tobacco mosaic virus (TMV)
c) Herpesvirus
d) Bacteriophage A
Answer: b
4. Obligate intracellular parasites are:
a) Bacteria
b) Fungi
c¢) Viruses
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Answer: ¢

5. The lipid covering present in some viruses is called:

INTRODUCTION ) Membran
TO PLANT 8) iethbrane
DIVERSITY b) Envelope
c) Capsule
d) Peptidoglycan
Answer: b

Short Answer Questions

1. Define a virus.
Differentiate between lytic and lysogenic cycles.

Name any two RNA viruses.

i

Explain why viruses are considered non-living outside the
host.

5. What is a viral capsid, and what is its function?

Long Answer Questions

1. Describe the structure of a typical virus with a labeled
diagram.

2. Explain the replication of viruses in host cells, highlighting the
lytic and lysogenic cycles.

3. Discuss the economic and medical importance of viruses.

4. Compare RNA viruses and DNA viruses in terms of structure

and replication.
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Unit 1.4
General account of Mycoplasma

Mycoplasma is an unusual group of bacteria that belong to the class
Mollicutes. Acellular and pleomorphic, these microbes are among the
smallest and simplest known self-replicating life forms. Mycoplasmas
are common in nature, existing in manyhosts, including humans,
animals, and plants. Most of them are pathogenic but a few can be
present as a commensals. Their minute size, flexibility, and parasitic
lifestyle represent an important aspect in medicine and
agriculture.Ageneral characterization, morphology, ultrastructure,
nutrition, life cycle, and economic importance of mycoplasmas
provides a broad overview of their significance in the ecosystem and
their interactions with living organisms.

1.4.1 Definition

Mycoplasmas are the smallest, simplest self-replicating prokaryotes.
Also called PPLO (Pleuro-Pneumonia Like Organisms). Unique
feature: Lack a cell wall, hence highly pleomorphic.

1.4.2 Morphology and Ultrastructure
1.4.2.1 Morphology

< Mycoplasma vary in shapes. These may be entire, spherical,
ploymorphic or irregular filamentous in form. The filament may be
branched or unbranched.

Entire colon S
1 Spherica! form

LS. of a colony growng _ R
on agar surlace Polymorphic forms meg a'o;;me ous

Fig. 1.11 Morphology of Mycoplasma
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1.4.2.2 Cell structure

< In mycoplasma, the cells are small varying from 300 nm to 800 nm
in diameter.

« Rigid cell wall is absent. Cells are surrounded by a triple layered
lipo-proteinaceous unit membrane. It is about 10 nm thick. Unit
membrane encloses the cytoplasm.

< Within the cytoplasm RNA (ribosomes) and DNA are present. The
ribosomes are 14 nm in diameter and 70 S type.

+ DNA is double stranded helix. It can be distinguished from bacterial
DNA by its low guanine and cytosine content.

+ The DNA is up to four percent and RNA is about eight percent and
it is less than half that usually occurs in other protoplasm’s.

¢ The guanine and cytosine (G and C) contents in DNA range from
23-46 percent.

+ In some species e.g., M. gallisepticum some polar bodies protrude
out from one or the other end of the cell. % These are called bleb and
are considered to be the site of enzymatic activities and attachment
during infection.

Lipoprotein
membrane
(3 layers)

Metabolites

Ribosomes

DNA

Soluble RNA

Fig. 1.12 Ultrastructure of Mycoplasma
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1.4.3 Mode of Nutrition

As Molecular Parasites or Saprophyte, depending on environment and
resources. Mycoplasmas, they are obligate parasites, meaning that they
cannot produce the necessary amino acids, nucleotides, and lipids
required for both their growth and reproduction due to their narrow
genome, and thus, they rely on their host cells. Because none of these
materials have been useful to them, they have become highly dependent
on their environment, relying on nutrients from their hosts to survive.
Many mycoplasmas are obligate parasites, especially pathogenic
species that induce diseases in humans, animals, and plants. They
cannot produce important metabolic components and need to piggy
back on the metabolic pathways of the host to harvest the needed
biomolecules directly from the host cells. A notable feature of their
biology is their reliance on host metabolites that inform their survival,
pathogenic potential, and adaptation. Mycoplasmas have adopted
highly specialized strategies for nutrient acquisition in their host cells.
The small size of their genome also means that they lack genes
responsible for many biosynthetic pathways, which explains their
inability to synthesize essential biomolecules on their own. Rather, they
depend on the transport proteins that are located in their plasma
membrane to help them absorb crucial nutrients like amino acids, fatty
acids, sterols and nucleotides. Such a transport system achieves high
efficacies, enabling mycoplasmas to persist from within nutrient-poor
environments by scavenging the corresponding metabolites directly
from their host. For instance, because mycoplasmas are unable to
synthesize sterols, they rely on host-derived sterols for membrane
integrity. This host dependence for sterols is unique to bacteria, since
other prokaryotic organisms can either produce their own sterols or lack
them altogether. Some mycoplasmas also have a saprophytic mode of
nutrition, surviving on decaying organic matter, in addition to their
parasitic nutrition. In these instances, they draw petrochemical
nutrients from decaying organic matter, including amino acids,
peptides, and carbohydrates. Needing a host to live, this mode of
nutrition is not as common as parasitism, as it’s also known that, most
mycoplasmas and their descendants, are adapted to a host-dependent
lifestyle. In saprophytic conditions, they also depend on available
nutrients from other organisms as they do not have their own
biosynthetic pathways to colonize independently. This nutritional
deficiency resolves their reliance on hosts and/or organic substrates
where pre condensed molecules are plentiful.

Mycoplasmas rely mainly on glycolysis and fermentation to generate
energy, having lost both a functional tricarboxylic acid (TCA) cycle and
an electron transport chain. Glycolysis is the primary metabolic
pathway they use to produce adenosine triphosphate (ATP),
decomposing glucose to harness energy. Fermentation acts as an
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alternative pathway to recycle NADH back to NAD+—necessary for
glycolysis to progress— due to their limited metabolic capabilities.
Mycoplasma species have additional metabolic variants and can also
use arginine or urea as energy source. For instance, ATP can also be
generated by species like Mycoplasma hominis through arginine
metabolism or energy can also be produced by cells species like
Ureaplasma urealyticum due to urea hydrolysis. Using pathways aside
from glycolysis, they have an increased appetite for survival in nutrient-
deficient environments, such as those found within host organisms,
where certain metabolites may be more readily available than glucose.
Absorption of nutrients in mycoplasmas is a tightly controlled event
and requires ro;nych specific transport proteins. These are operating in
active transport or coupled systems of facilitated diffusion for the
import of required cells. Mycoplasmas have a small genome size and
thus limited enzymatic repertoire which forces them to competently
scavenge nutrients in the environment. Amino acids, nucleotides, and
lipids are building blocks of macromolecules needed for growth and
replication and the needed transport systems are key to survival.
Indeed, the amino acid transport is well expanded in mycoplasmas
since they are unable to synthesize most amino acids from scratch.
Instead, they hijack the metabolic resources of their host and take up
free amino acids by means of specialized permeases. Mycoplasmas live
parasitically and this has important consequences for their ability to
cause disease. Infections can be caused by many different species of
bacteria that have the characteristic to attach to their host cells and
utilize their nutrients, leading to diseases in both humans and animals.
For instance, the bacterial pathogen Mycoplasma pneumoniae, a
respiratory tract infecting human pathogen, binds to epithelial cells and
alters regular cellular functions. By anchoring to host tissues,
mycoplasmas not only acquire a steady source of nutrients, but also
escape detection by the immune system, enabling persistent infections.
They are difficult to treat because they depend on host-derived
metabolites, and antibiotics inhibiting cell wall synthesis (e.g., beta-
lactams) can neither access nor disrupt the bacteria, as the bacteria do
not form a cell wall. Instead, treatment strategies often prioritize
antibiotics that target protein synthesis or DNA replication, limiting
their ability to take up and use vital micronutrients.

1.4.4 Life Cycle of Mycoplasma

Mycoplasmas are a unique group of bacteria that have a distinct life
cycle as a result of their very simple cell structure and parasitism. It
starts with a bacterial cell attachment to a suitable host. As
mycoplasmas have no independent means for deriving nutrients and
perform all their metabolic functions solely within the host, this process
of attachment is essential for survival and pathogenesis. This
attachment is mediated by specific surface proteins called adhesins that
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recognize and bind to specific receptors on the surfaces of host. cells.
These adhesins facilitate close association of mycoplasmas with their
host, common targets of which are epithelial cells in respiratory,
urogenital, or joint tissues. After attachment, mycoplasmas use
heterogeneous mechanisms to escape the host immune system to permit
sustained colonization and persistence within a hostile environment.
Antigenic variation is one of the major strategies used by mycoplasmas
to escape immune detection. A common way this can happen is that
mycoplasmas undergo frequent mutations of their surface proteins
during this process to escape detection and be effectively dealt with by
the host’s immune system. Such dynamic surface protein expression
enables them to survive within distinct host environments and evade
immune-mediated killing. In addition, mycoplasmas use molecular
mimicry by expressing surface molecules that resemble those of the
host cell. This mimicry fools the immune system into recognizing
mycoplasma cells as self, and thus avoids a violent immune reaction.
These immune evasion mechanisms are important factors determining
their pathogenicity and capability of chronic infection.

When mycoplasmas have successfully colonized its host, they will
grow and divide asexually by binary fission. Mycoplasmas, in contrast
with bacteria that possess rigid cell walls, indeed do not have a
peptidoglycan layer and thus exhibit great flexibility while separating
daughter cells. Their simplest genome is duplicated, and instead of the
cytokinesis the cells make, the cytoplasmic membrane invaginates
unevenly, forming 2 daughter cells. As they lack a firm cell wall, the
formation of new cells based on this division process can result in
irregular shapes and cell types, commonly seen as pleomorphic or
filamentous ones during microscopy. This morphological plasticity
additionally contributes to their adaptation and colonization within the
host. Mycoplasmas have developed an important survival strategy in
the form of biofilms, simple but organized communities of bacterial
cells embedded in a protective extracellular matrix that shields them
from harmful environmental factors. They increase their resistance to
environmental stress, immune response and antibiotic treatment.
Mycoplasma cells communicating and coordinating their activities are
organized into biofilms and as such, promote host tissues for persistent
colonization. In the case of persistent infections, the establishment of
biofilms is especially beneficial to the organism due to the sheltering
microenvironment in which mycoplasmas are protected from
detrimental factors such as antibiotic treatment and host immune
defenses. This defense is partial explanation for the resistance of
mycoplasma infections to cure, and their high level of chronocity in
colon pathology.
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Fig.1.13 Life cycle of Mycoplasma
Mycoplasma: Economic Importance

Mycoplasmas play a major role in human health, veterinary medicine,
and agriculture and have economic consequences in a broad number of
disciplines. In humans, Mycoplasma pneumoniae is a leading cause of
atypical pneumonia and other species (e.g., Mycoplasma genitalium
and Mycoplasma hominis) are linked to urogenital infections. These
infections are difficult to treat with standard antibiotics, making them a
growing burden on health systems. Myoplasmas are also seen in
veterinary medicine, causing livestock diseases like contagious bovine
pleuropneumonia (CBPP) in cattle and chronic respiratory disease
(CRD) in poultry. Reduced productivity, raised veterinary
expenditures, and trade limitations due to these infections cause heavy
financial damages. In agriculture, theyinfect plants and cause diseases
like aster yellows and citrus stubborn disease. Nicknamed
phytoplasmas, these mycoplasmas are plant pathogens that can disrupt
flowering and other processes in plants and decrease crop yields.
Mycoplasma plant diseases are economically burdensome due to
significant management efforts like vector control and the use of
resistant crop varieties.

On the other hand, mycoplasmas, which do have an adverse effect on
human personality and history, also possess potential biotechnological
and scientific research applications. Their minimalist genome makes
them a perfect candidate for synthetic biology research, in which
scientists hope to engineer artificial life forms with tailored
functionality. Importantly, studies on mycoplasmas have revealed
important details about fundamental biological processes, such as gene
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regulation, membrane biophysics, and host-pathogen interactions. In
summary, mycoplasmas are a unique group of bacteria with structural,
physiological, and pathogenic properties that interest researchers and
clinicians alike. They are biologically and economically significant
owing to their lack of cell wall, dependence on host-derived nutrients,
and ability to infect humans, animals, and plants. Although they pose
challenges for disease control and agricultural productivity, ongoing
research constantly discovers new approaches to the control of
mycoplasma-associated infections and harnessing mycoplasma for
biotechnological applications. I hope to experience them noticing me
as the studying of mycoplasma will lead to the future of treatments, not
just in medicine but also in agricultural practices, and make significant
contributions in the realm of microbial genetics and synthetic biology.

Summary

Bacteria: Unicellular prokaryotes found everywhere; they lack a
nucleus, reproduce by binary fission, and can be both helpful (e.g.,
nitrogen fixation) and harmful (disease-causing).

Cyanobacteria: Also called blue-green algae, these are photosynthetic
prokaryotes that produce oxygen and can fix nitrogen; important in
aquatic ecosystems and agriculture.

Viruses: Non-living infectious agents made of DNA or RNA inside a
protein coat; can only reproduce inside living host cells and cause many
diseases.

Mycoplasma: Smallest prokaryotes without a cell wall, making them
highly flexible and antibiotic-resistant; some cause respiratory and
urogenital infections.

Multiple-Choice Questions (MCQs)

1. Which of the following is not a characteristic feature of
bacteria?

a) Prokaryotic nature
b) Presence of membrane-bound organelles
¢) Ability to reproduce by binary fission
d) Cell wall composed of peptidoglycan
Answer- b
2. What is the main mode of reproduction in bacteria?
a) Binary fission

b) Budding
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¢) Spore formation
d) Conjugation

Answer- a

3. Cyanobacteria are also known as:
a) Blue-green algae
b) Green algae
¢) Protozoa
d) Fungi

Answer- a

4. Which structure is absent in viruses?
a) Nucleic acid
b)Ribosome
¢) Protein coat
d) Capsid
Answer- b

5. What is the primary mode of
cyanobacteria?

a) Parasitic
b) Autotrophic
c) Saprophytic
d) Heterotrophic
Answer-b
6. The genetic material of viruses can be:
a) Only DNA
b) Only RNA

c) Both DNA or RNA

d) Proteins and carbohydrates

Answer- ¢

7. Mycoplasma is unique among prokaryotes because it:
a) Lacks a cell wall

b) Has a nucleus
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a) Nitrogen fixation
b) Disease causation
c) Antibiotic production
d) All of the above
Answer- d

9. Which of the following structures is found in bacterial cells?
a) Mitochondria
b) Golgi apparatus
c) Plasmids
d) Endoplasmic reticulum

Answer- ¢

10. The lytic cycle and lysogenic cycle are associated with:
a) Bacteria
b) Mycoplasma
c) Viruses
d) Cyanobacteria.
Answer- ¢

Short Answer Type Questions

1. Define bacteria and mention their general characteristics.

Describe the ultrastructure of a bacterial cell.
What are the different modes of nutrition in bacteria?
Explain the economic importance of cyanobacteria.
What are the differences between a virus and a bacterium?
What is the role of viruses in human diseases?

Describe the morphology of mycoplasma.

Sl A T o B

What is the significance of nitrogen-fixing bacteria?
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9. Explain the different types of viral reproduction cycles.

10. How does mycoplasma differ from other prokaryotes?

Long Answer Type Questions

1. Describe the morphology, structure, and modes of reproduction in
bacteria.

2. Explain the economic importance of bacteria with suitable
examples.

3. Discuss the ultrastructure, mode of nutrition, and reproduction of
cyanobacteria.

4. Explain thestructure and classification ofviruses based on their
genetic material.

5. Describe the life cycle of a virus with the lytic and lysogenic cycle.

6. Discuss the major characteristics, reproduction, and economic
importance of mycoplasma.

7. Differentiate between bacteria, cyanobacteria, viruses, and
mycoplasma based on their structure and reproduction.

8. Explain how bacteria contribute to various industries such as
agriculture, medicine, and food production.

9. Describe the role of cyanobacteria in environmental sustainability.

10. Discuss in detail the role of viruses in biotechnology and genetic
engineering.
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MODULE -2 FUNGI AND LICHENS
Objective:

-To describe the general characteristics, classification, and cell structure
of different fungal groups: Mastigomycotina, Zygomycotina,
Ascomycotina, Basidiomycotina, and Deuteromycotina.

-To understand the mode of nutrition and reproduction in various fungal
groups.

-To study the life cycles of Phytophthora, Mucor, Saccharomyces,
Puccinia, and Colletotrichum.

-To analyze the economic importance of fungi in industry, agriculture,
and medicine.

-To gain a comprehensive understanding of lichens, including their
classification, cell structure, and ecological importance.
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Unit 2.1 Fungi
2.1.1 Mastigomycotina — Phytophthora

Mastigomycotina is a subdivision of fungi composed mainly of lower
fungi commonly referred to as water molds. They have motile flagellate
spores and thrive in moist habitats. These fungi are mostly found in
aquatic or semi-aquatic environments and are important decomposers
of organic materials. Parasitic, some species cause severe plant
diseases. Mastigomycotina are characterized by coenocytic mycelium:
cells that lack septa apart from reproductive structures. For example,
these fungi build their internal cell walls out of cellulose and glucans
rather than chitin, which is what true fungi use. They can then
reproduce sexually or asexually a sexual reproduction cycle produces
zoospores with one or two flagella for movement. Leptolegnia
(Cochliobolus, Leptolegnia) Allomycete as a informally alternative
name of Leptolegnia Order LeptolegnialesClass Mastigomycetes
(subphylum of phylum Chytridiomycota). Mastigomycotina contains a
large number of significant plant pathogens, particularly those in the
genera Phytophthora, Pythium, and Saprolegnia. These fungi induce
many destructive plant illnesses such as root rot, damping-off, and late
blight which result in tremendous agricultural loss globally.

General Characteristics of Mastigomycotina

1. Thallus Structure : Thallus is coenocytic (non-septate) and
filamentous, sometimes unicellular. Grows as hyphae without
cross walls.

2. Habitat: Mostly aquatic, living in freshwater or moist soils.
Many are saprophytes, some parasitic on plants, algae, or
animals.

3. Cell Wall Composition: Cell wall contains cellulose (unlike
higher fungi with chitin). Sometimes mixed with glucans.

4. Mode of Nutrition: Eukaryotic, heterotrophic organisms.
Absorptive nutrition: secrete enzymes, then absorb soluble
products. Saprophytic on decaying matter or parasitic on hosts.

5. Reproduction: Asexual: By zoospores which are motile with one
or two flagella (whiplash or tinsel type)., Zoospores are produced
inside zoosporangia., Some also produce aplanospores
(non-motile).

Sexual: Often isogamous, anisogamous, or oogamous.,Formation of
oospores (thick-walled resting spores).

6. Flagellation: A diagnostic feature: motile spores with flagella
(biflagellate in most). Adapted for movement in water films.

Mastigomycotina— Classification.
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These fungi generally have cellulose cell walls,
coenocytic thalli, and produce motile zoospores with flagella.

Main Classes under Mastigomycotina
1. Chytridiomycetes (Primitive, mostly aquatic fungi)
e Thallus: Unicellular or simple filamentous.

e Reproduction: By zoospores with a single posterior whiplash
flagellum.

o Examples: Chytridium, Synchytrium (wart disease in potato).

2. Hyphochytridiomycetes(Aquatic fungi with anterior tinsel
flagellum)

e Thallus: Simple, coenocytic.

e Reproduction: Zoospores with a single anterior tinsel-type
flagellum.

o Examples: Hyphochytrium.

3. Oomycetes(Water moulds, many are plant pathogens)
e Thallus: Coenocytic, filamentous.
e Reproduction:

o Asexual: Zoospores with two flagella (one tinsel, one
whiplash).

o Sexual: Oogamous, forming thick-walled oospores.
o Examples:
o Phytophthora infestans (late blight of potato),
o Albugo candida (white rust of crucifers),
o Saprolegnia (aquatic, on fish),
o Pythium (damping-off disease).
Mastigomycotina Cell Structure

Mastigomycotina are lower fungi (aquatic or semi-aquatic) with motile
stages in their life cycle. Their cell structure shows primitive fungal
features with some unique traits.

1. Thallus

o Coenocyticl(aseptate):
Hyphae lack cross-walls — multinucleate cytoplasm.

e Some species may be unicellular (e.g., chytrids).
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2. Cell Wall

Composition: Mainly cellulose (instead of chitin as in higher
fungi).

Provides shape and protection but is flexible enough for
zoospore release.

3. Plasma Membrane

Lies just beneath the cell wall.
Regulates exchange of materials.

Involved in secretion of digestive enzymes for absorptive
nutrition.

4. Cytoplasm

Multinucleate (coenocytic): Many nuclei dispersed in
common cytoplasm.

Contains mitochondria, ribosomes (80S type like all fungi),
endoplasmic reticulum, and other typical eukaryotic organelles.

5. Storage Products

Starch-like compounds or glycogen stored as inclusion bodies.

6. Motile Cells (Zoospores) A distinctive feature of Mastigomycotina:

Produced in zoosporangia.
Zoospores have:

o A nucleus, mitochondria, and functional flagella for
swimming.

7. Sexual Structures

Oogonia (female gametangia) and antheridia (male
gametangia) in oogamous species (e.g., Oomycetes).

Fusion forms a thick-walled oospore

Mode of Nutrition

Based on these nutritional modes, we categorize fungi

broadly into saprophytic and parasitic fungi. These modes of assisting
fungi with energy acquisition and their (balanced) ecologies are vital.

Saprophytic Nutrition

Most fungi are saprophytic, feeding on dead or decaying organic
material. Saprophytic nutrition is important for nutrient cycling in
ecosystems. These fungi secrete the most diverse array of exoenzymes
to their surroundings, allowing them to decompose macromolecules
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such as cellulose, lignin, and proteins into mono and oligopeptides,
amino acids, glucose, and fatty acids. Fungal hyphae, the filamentous
elements component of the fungus mycelium, then absorb these
nutrients. Common saprophytic fungi includeAspergillus, Penicillium,
and Rhizopus. They are present in a wide range of environments
including soil, decayed vegetable matter, animal remains, and even in
food products. Recycling nutrients also makes fungi invaluable to the
natural cycle of decomposition and nutrient exchange where essential
elements such as carbon, nitrogen, and phosphorus are released back
into the soil. Saprophytic fungi are responsible for decomposition,
which is a process that would not occur if saprophytic fungi did not
exist; this ensures that organic matter does not pile up and disrupt
nutrient cycles, along with ensuring the soil maintains fertility.

Trichoderma is one such saprophytic fungi that liberates enzymes from
organic matter and is used to produce industrial enzymes (cellulases)
for biofuel production, thus exemplifying saprophytic fungi. Another
exemplar here is Agaricus bisporus, or the common mushroom, which
proliferates by decomposing organic material in composted soil.

Parasitic fungi,

on the other hand, draw their sustenance from a living host, as opposed
to saprophytic fungi, which feed off decaying organic material. These
fungi infiltrate plants, animals and even humans, sucking nutrients
straight from their cells. For example, parasitic fungi are responsible
for some of the most devastating diseases and economic losses on the
agricultural front. Instead, they contain structures called haustoria that
enter the host cells and siphon off nutrients — without its death at least
immediately. An infamous parasitic fungus is Phytophthora infestans,
which caused the Irish potato famine in the 19th century. This fungus
infects potato plants, where it causes late blight — a destructive disease
that results in widespread crop failures. The infection starts when
fungal spores settle down on potato leaves, germinate, and produce
haustoria to suck nutrients.As the disease spreads, it causes rapid
degeneration of the plant which leads to catastrophic crop loss.Another
famous example is Puccinia graminis, the agent of wheat rust. The
fungal pathogen is spread by airborne spores and consumes wheat
plants, producing rust- colored pustules on leaves and stems. The
infection can sabotage the plant, stunting photosynthesis, which can
mean reduced crop yields. In the same way, Ustilago maydis, the corn
smut fungus, infects maize plants and produces large, tumor-like
cytoplasmic plants packed with spores. This infection in agriculture is
destructive; however, the infected corn, called huitlacoche, is a delicacy
in some cultures, such as Mexico.
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Importance for Economy and Environment

Saprophytic and parasitic fungi have significant ecological and
economic consequences. Saprophytic fungi decomposes dead and
decaying plants, animals and organic matter which returns nutrients
into the ecosystem Saprophytic fungi playa vital role in nutrient cycling
and making nutrients available to metazoa. They also have a crucial
role in soil development and are intimately associated with plant
growth, frequently forming mutualistic symbioses with root tissues —
including mycorrhizal fungi that augment nutrient acquisition. On the
other hand, parasitic fungi can devastate agriculture and human health.
Fungal diseases in crops lead to enormous economic losses,
compromising food production and increasing production costs. Fungal
infections in crops often need to be controlled by fungicides; however,
overuse of these chemicals could result in environmental contamination
and the emergence of resistant fungal strains. Despite the potential for
destruction of many parasitic fungi, some have been found to be useful.
An example of pathology in fungi is Beauveria bassiana, an insect-
pathogenic fungus, which is used as a biological control agent against
insect pests in agriculture. On the other hand, some parasitic fungi are
utilized in medicine, including Cordyceps sinensis, known for its
immune-boosting and anti-inflammatory benefits in traditional
medicine.

Mastigomycotina— reproduction
Mastigomycotina can reproduce asexually as well as sexually:

Asexual reproduction is one of the most generally used forms of cultiv
follows their way of life in organisms like fungi, various plant species,
etc. Which permits rapid multiplication and dispersalwithout gametesor
fertilization.Asexual reproduction mainly occurs through the
development of sporangia containing zoospores. Zoospores are
flagellated motile spores that swim through water. This movement
allows them to spread to new environments and encounter susceptible
host plants or suitable substrates for development. Once in a suitable
environment, zoospores encyst (lose motility) and germinate. Hyphae
are filamentous structures that make up the vegetative body of fungi
and some protist. They keep on growing and expanding with hyphae,
forming new sporangia andcontinuing a cycle of asexual reproduction.
Environmental conditions like moisture, nutrient levels and
temperature play a huge role in the mechanism of asexual reproduction.
Under favorable conditions, sporangia may germinate directly to give
rise to new hyphal growth or they may release zoospores that disperse
and form new colonies. Such plasticity allows organisms to fill
ecological niches, readily occupying new habitats when the
opportunityarises, with considerablyless competition. In addition, as
genetic recombination is not part of asexual reproduction Offspring are
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genetically identical to the parent, potentially stabilizing the inheritance
of beneficial traits. Yet this homogeneity puts populations at risk:
without genetic variability to build on, animals maybecome more
vulnerable to keiophagological changes and pathogens.

Unlike asexual reproduction, sexual reproduction brings genetic
variability, which is vital for the long-term survival and adaptability of
species. In many fungi and protists, sexual reproduction occurs through
a specialized form of fertilization called oogamous reproduction in
which both a distinct male and a distinct female reproductive structure
contribute to the process. In male gametes, it ellaborate into antheridia,
the male organ of reproduction (it can create motile or immotile male
gametes) while the female organ is called oogonium that produces non-
motile egg. Oosperms (a diploid zygotes), theyresult from fertilization
which is the transfer of genetic material from an antheridium towards
the oogonia. Oospores can survive conditions that are not favorable to
growth, including drought, extreme temperatures, and nutrient
deprivation. Theycan survive a long time in this dormant state and this
resistance helps them remain dormant until more favourable conditions
arise, at which point new hyphae emerge from the spores. This
resilience to withstand extreme environments is a remarkable asset,
allowing the species to survive through varying ecological states.
Genetic recombination during sexual reproduction offers a second
mechanism for adaptation as populations evolve

to meet environmental challenges and become more resistant to
diseases and other threats.

Reproduction can occur in two ways: there is asexual reproduction,
where single

organisms can create copies of themselves, and there is sexual
reproduction, where related or unrelated organisms can mix genetic
material. A sexual reproduction allows for rapid population growth and
spread to new areas, and sexual reproduction

introduces helpful genetic diversity that can make the descendants well-
suited for the environment and ensure evolutionary success over time.
The balance between these two reproductive strategiesis conditioned
by ecological cuesand pressures. Asexual reproduction is usually
favored in stable environmentswith abundant resources, due to the
efficiency and rapidity of the process. But when threats arise, such as
disease outbreaks, climate fluctuationsor habitat changes, sexual
reproduction is beneficial, producing genetically diverse offspring that
are more likely to survive. In general, the interactions among asexual
and sexual reproduction balanced out, therefore helping theorganismsto
grow in different environments and fluctuation. Utilizing the best of
both worlds allows a species not only to maintain stable populations
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able to react to environmental pressures, but also to ensure the long-
term survival of the species itself over generations.

Life Cycle of Phytophthora

The life cycle of the notorious Mastigomycotina genus, Phytophthora,
is a complex biphasic process, which can be asexual or sexual.

The life cycles of fungi with both asexual and sexual reproductive
phases are tightly regulated and enhanced their survival in varied
ecological environments. The asexual cycle is usually the dominant
reproductive strategy, resulting in fast spread and high infection rates
while the sexual cycle is associated with genetic diversity and long-
term survival via a resistant spore.

The fungus can spend time in an asexual phase, producing sporangia—
special structures in which biflagellate zoospores are produced and
released. These zoospores are motile and need a moist environmental
condition to swim freely. After being released, they swim towards their
host plant, propelled by flagella, continuously searching for appropriate
entry points. Upon arriving on the surface of the plant, the zoospores
lose their flagella and encyst, developing a protective casing around
themselves that helps with survival and germination. Once encysted,
the spores then germinate, forming germ tubes that penetrate the plant
tissue. This invasion is the initial step of the infection process and
manifests as disease symptoms. In the diseased plant we see spots on
leaves, plant stem rot, plant wilting, etc. Disease severityis determined
by environmental conditions, host susceptibility, and virulence of the
fungal strain. Since this asexual reproduction has no genetic
recombination, the resulting spores are genetically identical to the
parent fungus, enabling a quick, widespread infection when the
conditions are right.

In fact, the sexual phase occurs in adverse environmental conditions,
like low nutrient availability, dryness, or elevated temperatures, that
render asexual reproduction less effective. Oogonia (female) and
antheridia (male) — during this stage, the fungus forms specialized
reproductive structures. These structures are fertilized and develop into
thick-walled oospores. Oospores are highly resistant to adverse
conditions and can remain viable in soil, plant debris, or infected plant
material for years. Extreme resistance allows them to serve as essential
survival means for fungus. When conditions are more suitable,
oospores germinate and form new sporangia which start the asexual
cycle anew. As a means of survival, the fungus switches from sexual
reproduction to a dormant mutation in response to adverse conditions,
surviving this wayuntil conditions allow it to multiply again and spread.

The asexual stage allows for explosion-bursting of infection and
colonization, but the sexual stage ensures genetic variability and long-
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term survival. This two-pronged approach allows fungi to survive in a
variety of ecosystems, helping make them some of the most successful
plant pathogens.
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Fig. 2.1 Life Cycle of Phytophthora
2.1.2 Fungi: Zygomycotina — Mucor

The subphylum Zygomycotina represents a fascinating group of fungi
characterized by unique morphological and reproductive features. This
comprehensive exploration delves into the intricate world of
Zygomycotina, with a special focus on the genus Mucor, illuminating
its biological significance, structural complexity, and ecological
relevance.

General Characteristics of Zygomycotina

Zygomycotina is a distinctive subphylum of fungi that occupies a
significant position in the fungal kingdom. These organisms are
predominantly terrestrial and exhibit remarkable adaptability across
various environmental contexts. Characterized by their unique
reproductive mechanisms and cellular structures, Zygomycotina
represent an evolutionarily significant group of microorganisms that
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bridge fundamental ecological processes. The primarydistinguishing
features of Zygomycotina include their ability to reproduce through
specialized reproductive structures and their widespread distribution in
diverse ecosystems. These fungi are primarily found in soil
environments, decaying organic matter, and as symbiotic or parasitic
organisms in various biological systems. Their metabolic versatility
and reproductive strategies make them crucial components of
decomposition processes and nutrient cycling in ecological networks.

Classification of Zygomycotina

The taxonomic frameworkof Zygomycotina is complex and
multifaceted, encompassing several key genera and species.
Traditionally classified based on their reproductive

morphologyand cellular characteristics, these fungi are subdivided into
multiple orders and families. The primary classification criteria
include:

Reproductive Structures: The formation of distinctive sexual and
asexual reproductive structures.

Cellular Morphology: Unique cell wall composition and hyphal
characteristics

Metabolic Capabilities: Diverse nutritional modes and enzymatic
capacities

Ecological Adaptations: Capacity to thrive in various environmental
conditions

Within this subphylum, the genus Mucor represents a prominent and
extensivelystudied group, characterized byits distinctive reproductive
and metabolic capabilities. Mucor species are widely distributed across
terrestrial and aquatic environments, demonstrating remarkable
adaptability and ecological significance.

Cell Structure

The cellular architecture of Zygomycotina, particularly in Mucor
species, represents a sophisticated biological design that enables their
survival and proliferation. These fungi possess a complex cellular
organization characterized by several remarkable features:

Hyphal Composition

Zygomycotina fungi are composed of multinucleate, coenocytic
hyphae - elongated tubular structures that form an intricate network
called mycelium. These hyphae lack cross-walls (septa) in most
regions, creating continuous cytoplasmic channels that facilitate rapid
nutrient transportation and metabolic exchange.
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Cell Wall Characteristics

The cell wall of Zygomycotina is primarilycomposed of chitin and
chitosan, providing structural integrity and protection. This unique
composition differentiates them from other fungal groups and
contributes to their resilience in diverse environmental conditions. The
cell wall’s molecular structure enables efficient interaction with
surrounding substrates and provides mechanical strength.

Sporangium

Sporangiospores

Columnella

Aerial hyphae /
sporangiophore

Prostrate hyphae

Sub-terranean hyphae

Fig. 2.2 cell structure of mucor

Cellular Organelles

Zygomycotina cells contain standard eukaryotic organelles, including
mitochondria, endoplasmic reticulum, and nuclei. The presence of
multiple nuclei within a single cytoplasmic compartment represents a
distinctive feature of these fungi, enabling rapid genetic recombination
and metabolic flexibility.

Mode of Nutrition

Nutritional strategies in Zygomycotina, exemplified by Mucor species,
demonstrate remarkable metabolic versatility. These organisms employ
several sophisticated nutritional approaches:

Saprophytic Nutrition

Mucor fungi are predominantly saprophytic, playing a crucial role in
decomposition processes. They secrete extracellular enzymes that
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break down complex organic molecules, transforming dead organic
matter into simpler compounds. This nutritional mode enables them to
extract essential nutrients from various substrates, including plant
material, animal remains, and organic waste.

Absorptive Heterotrophy

These fungi exhibit absorptive heterotrophic nutrition, wherein they
absorb dissolved nutrients directly through their hyphal walls.
Specialized enzymatic systems allow them to digest and assimilate
nutrients from surrounding environments, making them highly efficient
decomposers and nutrient recyclers.

Symbiotic Relationships

Some Zygomycotina species form symbiotic associations with other
organisms, facilitating nutrient exchange and metabolic cooperation.
These relationships demonstrate their ecological adaptability and
importance in maintaining complex biological interactions.

Reproduction

Reproduction in Zygomycotina represents a sophisticated biological
process characterized by both sexual and asexual mechanisms:

Asexual Reproduction

Asexual reproduction occurs through spore formation, specifically
sporangiospores. In Mucor, specialized structures called sporangia
develop aerial hyphae that produce and release numerous non-motile
spores. These spores can rapidly disperse and germinate under
favorable conditions, enabling quick population expansion.

Sexual Reproduction

Sexual reproduction involves the formation of zygospores through the
fusion of compatible sexual structures called gametangia. This process,
known as conjugation, allows genetic recombination and increases
genetic diversity within Zygomycotina populations. The zygospores
are thick-walled, resistant structures capable of surviving unfavorable
environmental conditions.

Reproductive Strategies

The dual reproductive mechanisms provide Zygomycotinawith
remarkable adaptability. Asexual reproduction enables rapid population
growth, while sexual reproduction ensures genetic variation and long-
term evolutionary potential.
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Life Cycle of Mucor

The life cycle of Mucor represents a complex and dynamic biological
process involving multiple stages:

Spore Germination

The cycle begins with spore germination under appropriate
environmental conditions. Mucor spores absorb moisture and nutrients,
triggering metabolic activation and hyphal emergence.

Mycelium Development

Germinated spores develop into vegetative mycelium, an intricate
network of branching hyphae. This stage involves rapid growth and
nutrient absorption, establishing the fungal colony’s foundation.

Reproductive Phase

As the mycelium matures, specialized reproductive structures develop.
Sporangia form on aerial hyphae, producing and releasing numerous
asexual spores.

Simultaneously, sexual reproduction can occur through conjugation
between compatible gametangia.

Resting and Survival

Zygospores formed during sexual reproduction serve as resilient resting
structures, enabling survival during adverse environmental conditions.
These structures can remain dormant for extended periods, reactivating
when suitable conditions emerge.

Germ spores

Fig. 2.3 life cycle of mucor
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Economic Importance

Mucor and related Zygomycotina possess significant economic and
industrial relevance:

Biotechnological Applications

1. Enzyme Production: Mucor species are valuable sources of industrial
enzymes used in various manufacturing processes.

2. Fermentation Technologies: These fungi play crucial roles in food
fermentation, particularly in producing traditional dairy and
agricultural products.

Agricultural Significance

Mucor fungi contribute to soil fertility through decomposition
processes and can form beneficial associations with plant roots,
enhancing nutrient cycling and plant growth.

Pharmaceutical and Medical Implications

Some Mucor species demonstrate potential in pharmaceutical research,
producing bioactive compounds with therapeutic properties.
Additionally, they serve as model organisms in microbiological studies.

Potential Challenges

While economically valuable, certain Mucor species can cause food
spoilage and pose potential health risks, particularly in
immunocompromised individuals.

Zygomycotina, exemplified by the genus Mucor, represents a
fascinating and ecologically significant group of fungi. Their unique
cellular structures, reproductive strategies, and metabolic capabilities
underscore their importance in biological systems. Continued research
into these organisms promises deeper insights into fungal evolution,
ecological interactions, and potential biotechnological applications.

Fungi: Ascomycotina — Saccharomyces

Fungi are a key group of organisms with important roles in ecosystems
and human enterprises. Based on characteristics, reproductive methods,
and genetic relationships, theyare divided into different
subdivisions.Ascomycotina is one of the most significant subclasses as
it includes fungi that reproduce via asci and ascospores formation.
Saccharomyces nova was also a species that was classified on the basis
of its link to ascomycetous yeasts.

Broadly Features of Ascomycotina

Ascomycotina, or sac fungi, is perhaps one of the largest fungi groups
with members both unicellular and multicellular. These fungi are
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recognized by the creation of sexual spores known as ascospores, which
are held in a sac-like structure termed the ascus. Members of this group
generallyhave septate hyphae and show diverse morphological forms
from yeasts to complex cup-fungi. Common in a wide varietyof
habitats, fungi can be found in soil, decaying organic matter, aquatic
environments, and in symbiotic relationships with plants and animals.
They are a large group of fungi with a unique feature that is able to
reproduce asexually and sexually. Reproduction can be asexual via
budding, fission, or conidia production; or sexual via ascus and
ascospores formation. These fungi have a haploid-dominant life cycle,
in which plasmogamy, karyogamy, and meiosis take place in the ascus.
Many ascomycetes are saprotrophs— breaking down organic matter—
and others establish mutualistic relationships, including lichens or
mycorrhizal partnerships with plant roots. Some species are known to
be pathogenic and responsible for diseases in plants, animals and
humans.

Ascomycotina—classification

Within the subdivision Ascomycotina, classes have been assigned
according to features of structures and reproduction. The primary
classes include:

Hemiascomycetes

Hemiascomycetes today is a group of Ascomycetes which are mostly
yeasts, unicellular organisms that divide by budding (or fission).
Hemiascomycetes have no well developed ascocarp, the fruiting body
associated with many other Ascomycetes. Instead, they usually produce
naked asci (sac-like structures housing ascospores). The group includes
important genera like Saccharomyces and Candida with a significant
industrial and medical impact. One of the most famous species in this
group is Saccharomyces cerevisiae. This makes it an ideal dosage for
baking, brewing and winemaking, where it ferment sugars to ethanol
and carbon dioxide. Because of its simple genome and ease of
manipulation, this species has also become a model organism in
molecular and genetic research. Unlike, Candida species are
opportunistic pathogenic fungi like Candida albicans that infect
immunocompromised individuals. Their effects are positive as well as
negative in humans, making them a vital object of studies in
microbiology and biotechnology. Hemiascomycetes reproduce
asexually. A new yeast cell is formed by the process of budding, where
a small outgrowth from the parent cell detaches from the progenitor cell
to produce a new organism. They can produce sexually by forming asci
each containing ascospores for dispersal. Other yeasts, such as those
capable of fermenting sugar or tolerating salt conditions, show that
yeasts can live in many ecological niches. Hemiascomycetes also
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remain an area of active studyin the biological sciences due to their
simplicity and industrial applications.

Plectomycetes

An example of one such group is the Plectomycetes which are
Ascomycetes characterized by the production of cleistothecia, closed
fruiting bodies that contain asci. This distinguishes them from other
Ascomycetes with fully or partially open ascocarps. The asci inside the
cleistothecia are in irregular arrangements, and their spores prove
released when the fruiting body breaks. This group comprises
significant genera like Aspergillus and Penicillium, both of which have
a substantial economic and medical importance. Aspergillus species
have been known to produce a wide variety of enzymes as well as
secondary metabolites, such as aflatoxins, which are considered to be
very potent mycotoxins that damage flora and fauna. Certain species,
including Aspergillus niger, are used in industrial fermentation for the
production of citric acid, which is a widely used food preservative.
Others, like Aspergillus flavus, are particularly worrisome as they can
contaminate food products with aflatoxins, posing significant health
dangers. Penicillium species, too, are significant, with Penicillium
chrysogenum, the original producer of the antibiotic penicillin, being
perhaps the most important one. Which led to the groundbreaking
discovery of penicillin - the first antibiotic that made medicine a whole
lot easier. Other kinds of Penicillium are used to make foods, such as
Penicillium roqueforti in blue cheese and Penicillium camemberti in
Camembert cheese. They are considered important sources of bioactive
compounds used in the pharmaceutical and food industries.
Plectomycetes can reproduce sexually and asexually (via conidia: aerial
spores). They thrive in many ecosystems; from soil, food to rotting
biomass.

Pyrenomycetes

Pyrenomycetes is a class of Ascomycetes, differentiated by their
possession of perithecia, or flask-shaped fruiting bodies with a small
mouth (or ostiole) from which spores are discharged. The asci are
orderly arranged in the perithecia, and their spores are discharged.
Notable genera in this group are Neurospora and Sordaria, both
popular in genetics and evolution research. Neurospora crassa is a
widely used model organism in genetics and molecular biology. It
played a key role in the discovery of the famous one-gene-one-enzyme
hypothesis which established the basis of modern molecular genetics.
This fast-growing fungus produces copious amounts of ascospores and
is well suited for laboratory experiments. Sordaria fimicola —closely
related to this group of fungi, and commonly used to demonstrate
genetic recombination in the classroom here, where the occurrence of
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crossing-over is readily seen in asci. Pyrenomycetes grow in numerous
different environments such as decaying wood, soil, or plant debris.
Saprophytic members of this group are responsible for breaking down
organic matter and returning nutrients to the ecosystem (i.e., nutrient
cycling). Most are harmless, but some can be pathogenic, parasitizing
plants and leading to diseases like cankers and blights. Pyrenomycetes
can reproduce sexually through ascomata and asexually through
conidia, allowing them the flexibility of methods for reproduction.

Discomycetes

A common class of Ascomycetes is the Discomycetes, which are
characterised by open, cup-shaped fruiting bodies called apothecia.
This unique characteristic enables their ascospores to be easily
discharged into the surrounding environment. Some common examples
include Morchella (morels) and Peziza, which are known for their
distinct  morphological  characteristics, sexual reproduction,
flavor/texture, and role in ecosystems.

Loculoascomycetes

Loculoascomycetes constitute a group of Ascomycetes that develop
bitunicate asci inside locules in a stroma. These fungi have a distinctive
double-walled ascus that allows them to release spores for a much
longer time. Theyalso include manyimportant plant pathogens (which
make them interesting and important in agriculture and ecology).
Loculoascomycetes includes plant pathogens like the apple scab
pathogen Venturia inaequalis and the blackleg disease pathogen
(Leptosphaeria maculans) affecting canola. For a comprehensive
understanding of fungi, it is important to recognize their complex life
cycles, which include both sexual and asexual stages, providing these
pathogens with the ability to effectively adapt to and persist in plant
hosts. Loculoascomycetes or members of the loculoascomycetes are
usually isolated from soil, plant debris, or living plant tissues. Their
capacity to infect plants and withstand natural harshness made it one of
the biggest threats to agro products. Studies on this group cover topics
such as disease prevention and control strategies, including new
fungicides and genetic resistance in crops. Loculoascomycetes play an
important role in the advancement of plant pathology and agricultural
sustainability. Saccharomyces is a genus of fungi in the class
Hemiascomycetes and belongs to one of the most studied fungal genera
as being one of the main actors in fermentation and biotechnology.

Cell Structure

Saccharomyces (yeast) is a single-celled fungus with a relatively simple
structure. It has a eukaryotic cell organization with membranous
organelles and a plasma membrane formed by a bilayer of lipids
organized together with proteins, and a rigid cell wall composed mainly
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by glucans and mannoproteins. The wall provides strength and
protection, and controls interactions with the outside world.
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Fig. 2.4 Cell Structure

Mode of Nutrition

Saccharomyces is a heterotroph, meaning that it requires organic
compounds to grow. It uses fermentable sugars as its main source of
energy, including glucose, fructose, and maltose. Sugars are
metabolized through glycolysis, and subsequently via aerobic
respiration or anaerobic fermentation if oxygen is lacking.

Under aerobic conditions, Saccharomyces oxidativelyphosphorylates
in mitochondria and generates large amounts of ATP via the
tricarboxylic acid cycle (TCA) and electron transport chain. Under
aerobic conditions, it uses glucose as a source for growth, and is then
converted to acetyl-CoA, which enters the citric acid cycle. Using its
ability for fermentation, it is used in fermenting in brewing, baking, and
production of bioethanol.

Saccharomyces also needs nitrogen (especially ammonium, or amino
acids) and phosphorus, sulfur, and other trace elements, such as
magnesium, zinc, and iron. Specific transporters existing in the plasma
membrane help in the uptake of these nutrients.
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Reproduction

Saccharomyces can reproduce both asexually and sexually, giving it the
ability to adapt to changing environments.

Saccharomyces Asexual Reproduction

Yeast (Saccharomyces) reproduce primarily asexually by budding.
Under suitable environmental conditions, this mechanism promotes
rapid population growth. Budding is initiated bythe formation of a
small outgrowth or bud on the surface of a parent cell. This initial
protrusion gradually expands as the cytoplasm and organelles condense
into the forming bud. During the budding process, the parent cell’s
nucleus undergoes mitosis, and one of the daughter nuclei migrates into
the buddingstructure. This process guarantees that the newly formed
cell is identical in genetic material to its parent cell. Eventually, the bud
grows to an adequate size, breaks off, and becomes a new, independent
daughter cell. The yeast typically reproduces asexually, by budding;
this is a fast and efficient approach that enables yeast to reproduce
exponentially provided the temperature, pH and availability of nutrients
have all reached suitable levels.

Budding is not necessarily the same for all Saccharomyces species.
While some species in this division, the Chaeotrocyte, form a bud at
one end of the parent cell (unipolar budding), others displaybipolar or
random budding. Genetic and environmental factors contribute to
variation in budding behavior. Budding scars left on a parent cell are
also indicative of a reproductive event and can be used as a marker to
assess the replicative age of yeast cells. Budding is very efficient, but it
has its limitations. Parent cells can onlyundergo a limited number of
budding cyclesbefore senescence—ultimatelycellular aging and
death—sets 1in.

In addition to budding, some strains of Saccharomyces reproduce
asexuallyvia binary fission. This is how bacteria reproduce by the
binary fission process where the parent cell divides evenly into two
equal-sized daughter cells. In contrast to budding, where the daughter
cell stays attached to the mother until it is fully matured, binary fission
occurs with equal partitioning of cytoplasmic and nuclear constituents
followed by separation. Finally, binary fission is significantly rarer in
Saccharomyces, where it is used as an alternative reproductive strategy
under specific environmental conditions. This versatility, along with the
mechanisms of both budding and binary fission, aid in the evolution
and sustainability of yeast in various ecological niches.

Sexual Reproduction in Saccharomyces
Saccharomyces can switch to sexual reproduction under nutrient

deprivation or environmental stress to increase the chance of remaining
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alive with diversity. The life cycle of both types is complex and
involves both haploid and diploid phases.

Saccharomyces has two mating types (4 and a) that are haploid cells
and can form sexually after fusion. When cells of opposite mating types
meet, they undergo plasmogamy, where the cytoplasms of each cell
fuse. Uptake of haploids results in a diploid zygote, which can then
follow a few different developmental paths according to environmental
cues. In Saccharomyces sexual reproduction is subject to a highly
intricate network of genetic and molecular regulatory systems. The
identity of a yeast cell as either an 4 or a mating type depends on the
mating-type genes. These genes code for transcription factors that
control the expression of mating-type specific proteins that allow the
cells to identify and fuse to similar partners. Moreover, aspects of the
environment, for example pheromone gradients, influence mating by
promoting recognition and/or signalling ofcells to one anotherduringthe
matingprocess. Signal transduction pathways are activated upon
mating, leading to the cellular events required for fusion and zygote
development.

Particularly the switch between ascomycetous asexual and sexual
reproduction in Saccharomyces is one of the most extreme examples,
providing a model for uncovering general biological principles like cell
cycle control, molecular pathways of genetic recombination or stress
response.

Life Cycle of Saccharomyces

The life cycle of Saccharomyces consists of both haploid and diploid
stages, enabling it to proliferate in various environments. In the
presence of sufficiently concentrated nutrients, haploid cells propagate
via budding. They mate under stressful conditions to become diploid.
Diploid cells continue on the mitotic division pathway or undergo
meiosis to create haploid spores
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Fig. 2.5 Life Cycle of Saccharomyces
Economic Importance

They are used extensively in industry as fermenters. It is essential in
the making of bread, alcohol, bioethanol, and biopharmaceuticals. The
yeast ferments sugars to create carbon dioxide, as in baking, which
leavens the dough. In the world of brewing and winemaking, it also
converts sugars into ethanol and aromatic compounds, affecting the
taste and quality of the beverages.

In addition to its role in fermentation, Saccharomyces is a model
organism for genetics and molecular biology, aiding in the
understanding of cellular processes and biotechnological applications.
It is used in recombinant DNA technology to produce insulin, vaccines,
and other pharmaceuticals. In addition, Saccharomyces is used in
probiotic supplements to support gut health and in biofuel production
in renewable energy applications.

As a final note, Saccharomyces in Ascomycotina is an important group
of fungi with both biological and industrial significance. It has
treasured in numerous standards and business applications because of
the diverse congregation of reproduction strategies, carnal flexibility,
and genetic tractability.
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Fungi: Basidiomycotina — Puccinia

Basidiomycotina is an intriguing ¢ a major part of fungi, notable with
high structural ¢ reproductive complexity. These organisms also
possess unique reproductive structures called basidia, which are the
primary means of sexual spore production. Basidiomycotina, a large
and prominent group within the great fungal kingdom, consists of key
fungal members of diverse and essential ecosystems.

The group includes a myriad of familiar and economically important
organisms, including mushrooms, puftballs, bracket fungi, rusts, and
smuts. Because of this, they are extremely diverse morphologically,
with forms that are microscopic and parasitic, while others are large,
complex fruiting bodies that are easily found in forest ecosystems. This
group of fungi shows significant versatility, with representatives found
in terrestrial, aquatic and aerial environments across a range of climatic
zones.

The classification of Basidiomycotina is complex and multi-level.
There are 3 major classes: Hymenomycetes, Gasteromycetes, and
Uredinomycetes, which are defined bydifferent morphological and
reproductive characteristics. Most common, best known mushroom-
forming fungi are Hymenomycetes and the puffballs and earthstars are
placed in Gasteromycetes. Plant diseases with significant economic and
ecological impact are caused by the group of fungi known as
ureidomycetes, which includes the genus Puccinia, a taxon associated
with economically important crop diseases.

Factors such as spore morphology, reproductive strategies, mycelial
characteristics, and genetic relationships are used in the classification
system. Recent advances in molecular techniques have greatly
improved knowledge of phylogenetic relationships in this subphylum,
with the molecular data uncovering evolutionary patterns not detected
using traditional morpho-ogical approaches.

Cell Structure

Basidiomycotina fungi are characterized by complex cell walls, mainly
consisting of chitin and glucans, and complex cellular architectures.
There, hyphae are generally septate, with perforated septa that permit
cytoplasmic streaming and intercellular communication. The cellular
membranes are highly dynamic and semipermeable, enabling effective
nutrient uptake and metabolism.

Basidiomycotina have very well-developed cellular organelles. Nuclei
have complex genetic processes through sexual reproduction and
mitochondria have essential roles in energy metabolism. The presence
of recent evolutionary developments, such as dolipore septa in some
groups, attests to the sophistication of these organisms.

74
MATS Centre for Distance and Online Education, MATS University



Mode of Nutrition

Nutritional strategies in Basidiomycotina are primarily heterotrophic,
with three distinctive modes of nutrient acquisition: saprophytic,
pathogenic, and mutualistic. Fungi live as saprophytes, decomposing
organic matter, and are important in nutrient cycling in ecosystems.
Parasitic species actively obtain nutrients from the living hosts they
exploit, which can have important economic and ecological
consequences.

Examples of Basidiomycotina that enter into mutualistic associations
with plants. Such interactions may include complex nutrient swaps that
are mutually beneficial to both the fungal organism and its associate,
illustrating the adaptability of these organisms.

Reproduction

Both asexual and sexual strategies are employed in reproduction by the
Basidiomycotina, but it is through sexual reproduction that these fungi
are best known. Basidia are specialized structures responsible for
producing basidiospores through meiotic processes and are a hallmark
of sexual reproduction. This specialized reproductive process enables
genetic mixing and evolutionary adaptation.

The sexual life cycle commonly consists of fusion of compatible
haploid mycelia, progressing through nuclear migration to ultimately
anaerobic dikaryotic mycelia. This process generates genetically
heterogeneous populations with the potential for responding to
environmental stress through increased genetic variance.

Life Cycle of Puccinia

One of the most complex and economically important life cycles
among the Basidiomycotina is that of the rust fungi, the genus Puccinia.
These obligate plant parasites have a complex heteroecious life cycle
involving alternate hosts and several stages of spores. The cycle usually
involves five different types of spores which are pycniospores,
aeciospores, urediniospores, teliospores and basidiospores.

Their life cycle starts when basidiospores infect a primary host and
subsequently progress through stages of spore production and host
colonization. They use this complex reproductive strategyto adapt and
thrive in diverse environmental conditions, rendering Puccinia species
prominent plant pathogens.
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Fig. 2.6 Life Cycle of Puccinia
Economic Importance

Puccinia and other Basidiomycotina fungi have great economic impact.
Many species are considerable crop diseases and lead to extensive
agricultural losses. A classic case of a destructive plant pathogen that
can obliterate entire grain crops is wheat rust caused by Puccinia
graminis.

Other species of Basidiomycotina provide valuable ecosystem services.
They hydrate the soil and play vital roles in decomposition, soil fertility,
and nutrient cycling in ecosystems. Specific mushroom-producing
species hold culinary and medicinal significance, underscoring the
economic importance of this fungal subphylum.
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Fungi: Deuteromycotina Colletotrichum
General Characteristics of Deuteromycotina

A diverse group of fungi known bythe complete lack of a sexual
reproductive function. In fungal taxonomy this group represents an
important interface, comprising many species for which reproductive
classifications are not applicable.

These fungi are also ecologically diverse, inhabiting a wide range of
environments and fulfilling a variety of ecological roles. They are
diverse and have a global distribution, highlighting their importance in
ecosystems everywhere they exist. In spite of the past difficulties with
classification, molecular techniques have gradually resolved their
evolutionary relationships and breeding systems.

Classification of Deuteromycotina

The basis for classification within Deuteromycotina has traditionally
been traits of asexual reproduction, particularly in the formation and
morphology of the conidia. Many current taxonomic analyses now
utilize molecular genetic data that enable a finer resolution of
biogeographic relationships and possible reproduction via sexual and
asexual reproduction.

The fundamental divisions include Blastomycetes, Hyphomycetes, and
Coelomycetes and are defined by the various methods and
characteristics of conidial production. This system serves as a reflection
of the intricacy and variation found within this fungal clade.

Cell Structure

Deuteromycotina fungi possess complex cellular architectures similar
to the other fungal groups. Grainy to significantly curved and their
replacement is primarily chitin and glucans. Food transport and cell
communication occur quickly along septate hyphae.

Cellular organelles are functionally highly specialized. This cellular
adaptability is responsible for the ecological success and survival of
Deuteromycotina in a variety of environments.

Mode of Nutrition

Nutritional modes in Deuteromycotina are mainly heterotrophic,
including saprophytic, parasitic and mutualistic. Saprophytic species
are important for breaking down organic material, and parasitic forms
are often in dynamic interaction with host organisms.

Shoe-string fungi: Manyspecies of Deuteromycotina
displayextraordinarynutritional plasticity, changing their metabolic
pathways according to the different environmental conditions. This
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dietary flexibility allows them to live and thrive in a wide range of
ecological settings.

Reproduction

Deuteromycotina primarily reproduce asexually through conidial
production. They are specialized dissipative reproductive structures
that can spread and germinate under suitable conditions. It
demonstrates the potential adaptability of these fungi.

According to a controversial view, many Deuteromycotina species
potentially can reproduce sexually, but that reproductive mode has not
yet been observed, and such species have traditionally been classified
as asexual on the basis of existing knowledge.

Life Cycle of Colletotrichum

Colletotrichum is the most important genera of plant pathogenic fungi
under Deuteromycotina. Such organisms exhibit intricate life cycles
with various methods for infection and distinct reproductive apparatus.
Formation of appressoria and subsequent penetration into the host
tissue are unique aspects of their pathogenic mechanism.

Asexual reproduction occurs at several stages throughout the life cycle,
including conidial production and dispersal. Fruits/vegetables are
econmically imnportant owing to the destroyation capability of
Colletotrichum species.

conidial germination

..
()
conidia " , G D L_ L

penetration and biotrophic
colonization of host lissue

conidia necrotrophic stage and
/ symptoms development

"K’lt;'!‘ﬁ

acervulus

overwintering mycelium
or sclerotia in crop debris,

mummies, and buds acervull developed

within lesions
Fig. 2.7 Life Cycle of Colletotrichum
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Economic Importance

Colletotrichum belongs to the group of fungi classified under INTRODUCTION
Deuteromycotina which have wide economic significance. Some TO PLANT
species act as plant pathogens and are responsible for important crop DIVERSITY

diseases. At the same time, some of these species can play a beneficial
role in agriculture, e.g., as biological control agents and potential
sources for novel enzymes and metabolites.

The effect on the economy isn’t limited to agriculture, but also has
pharmaceutical, industrial and ecological implications. Grasping the
complex relationships of these fungi offers valuable insights into
sustainable ecosystem management.

Summary:

Fungi are eukaryotic, non-photosynthetic organisms that can be
unicellular (yeasts) or multicellular (molds, mushrooms).They
have cell walls made of chitin, unlike plants which have
cellulose.Nutrition is heterotrophic, primarily saprophytic, some
parasitic, and a few mutualistic (e.g., mycorrhizae).Fungi reproduce
asexually (by spores, budding, fragmentation) and sexually (by
gametes, spores like zygospores, ascospores, basidiospores).Fungi
play an important role in decomposition, antibiotic production, food
industry (yeast, cheese, mushrooms), and diseases (pathogenic fungi
in humans, plants, and animals).They show hyphal growth in
multicellular fungi; some hyphae are coenocytic (without septa) and

others septate.

Multiple Choice Question(MCQs):

1. Fungal cell walls are made of:
a) Cellulose
b) Chitin
c¢) Peptidoglycan
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d) Lignin

Answer: b

Which of the following is a unicellular fungus?
a) Penicillium

b) Saccharomyces

c) Agaricus

d) Rhizopus

Answer: b

Mycorrhizae are an example of:

a) Parasitic fungi

b) Saprophytic fungi

¢) Mutualistic fungi

d) Pathogenic fungi

Answer: C

Sexual spores of Basidiomycota are called:
a) Zygospores

b) Ascospores

¢) Basidiospores

d) Conidia

Answer: C

Fungi that cause diseases in humans are called:
a) Saprophytes

b) Pathogenic fungi

¢) Symbionts

d) Mycorrhizae

Answer: b

Short Answer Questions

Define fungi and give two examples.

Differentiate between sexual and asexual reproduction in
fungi.

What is a hypha? Differentiate between septate and coenocytic

hyphae.
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1. Describe the structure, reproduction, and economic importance
of fungi with examples.

2. Explain the classification of fungi into major groups with
distinguishing features.

3. Discuss the role of fungi in medicine, industry, and ecology.

4. Compare yeast and mold in terms of structure and
reproduction.

5. Explain the life cycle of Rhizopus or Saccharomyces with a

labeled diagram.
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Unit 2.2 Lichens

Lichens are remarkable examples of symbiotic associations that
involve fungi and photosynthetic partners, most often including algae
or cyanobacteria. It is an excellent example of mutualism: a class of
symbiotic interactions in which the parties involved provide collective
benefits to one another and survive in a collaborative way.

The fungal part, called the mycobiont, serves as a structural base and
also helps in the absorption of nutrients, while the photosynthetic
partner, termed the photobiont, produces organic compounds via
photosynthesis. This advanced teamwork allows lichens to thrive in
remarkably austere conditions.

General Characteristics

Lichens are highly adaptable; they have been found to inhabit every
locale on Earth, from Arctic tundras to tropical rainforests. These
resilient organisms are an excellent bio-indicator of environmental
conditions due to their extreme tolerance to temperature, radiation, and
limited moisture.

Based on morphology, lichens show three main growth forms: crustose
(crust-like), foliose (leaf-like), and fruticose (shrub-like). Both forms
are effective adaptation strategies, indicative of the interaction
dynamics between the fungal and the photosynthetic partners.

Classification of Lichens

As arule, lichen classification is based on the taxonomic position of the
fungus within the lichen. These can generally be categorized into lichen
formed by the majority of Ascomycota and a lesser group sharing
association with Basidiomycota. Using modern molecular techniques
we are still uncovering more of the lichen phylogenetic tree.

Classification takes into account the fungal taxonomy, photobiont
diversity, chemical composition, and ecological distribution. Our
holistic approach offers valuable insights into evolutionary tempo and
adaptive strategies in lichen lineages.

——
——————
=

a. fungal hyphae —

Fig.2.8 Cell Structure of Lichens
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Lichens have a unique cellular structure due to the relationship between
the fungal and photosynthetic partners. The fungal partner produces a
complex external meshwork known as the thallus, which encases
photosynthetic cells. This architecture allows for rapid nutrient transfer
and offers protective barriers. Cellular interactions that govern
complexities of metabolic communications exist here, where the fungal
component shapes a microenvironment that promotes survival of
photosynthetic partners. Such specialized structures, such as hyphal
networks, display advanced biological organization.

) (b) (c)

UPPER CORTEX
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General interal structure of fichen thallus: a foliose, b fruticose and c crustose lichen

Fig 2.9 structure of lichens
Economic Importance

Lichens are important in global ecosystems and human industries. They
are involved in primary succession, soil formation, and Synthesis of
nitrogen in the atmosphere. Moreover, lichens are effective
bioindicators of environmental pollution and climate change. There are
economic applications in traditional medicine, dye production, and
even potential pharmaceutical research. Certain species of lichen also
synthesize some unique secondary metabolites that may have medical
and industrial uses, emphasizing their wider economic importance.

Summary

Lichens: Lichens are symbiotic associations between a fungus (usually
an ascomycete) and a photosynthetic partner (algae or cyanobacteria).
The fungus provides structure and protection, while the algae or
cyanobacteria perform photosynthesis. Lichens are important
bioindicators of air quality and help in soil formation on rocks.
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- Multiple-Choice Questions (MCQs)

1. Which of the following belongs to the group

life

Mastigomycotina?
INTRODUCTION a) Saccharomyces
TO PLANT b) Phytophthora
DIVERSITY ¢) Mucor
d) Puccinia
Answer- b

2. The characteristic feature of Zygomycotina fungi is:
a) Presence of motile spores
b) Formation of zygospores
¢) Presence of basidia
d) Production of asci
Answer- b

3. Saccharomyces is commonly known as:
a) Bread mold
b) Baker’s yeast
¢) Rust fungus
d) Water mold
Answer- b

4. Puccinia, a member of Basidiomycotina, is responsible for:
a) Leaf spot disease
b) Rust disease
¢) Smut disease
d) Ergot disease
Answer- b

5. The mode of reproduction in Mucor is mainly:
a) Asexual by conidia
b) Asexual by sporangiospores
c) Sexual by ascus formation
d) Sexual by basidia formation
Answer- b

6. Deuteromycotina is also known as:
a) Sac fungi
b) Fungi imperfecti
c) Water molds
d) Club fungi
Answer- b

7. Which of the following fungi plays an important role in
fermentation?

a) Phytophthora

b) Saccharomyces

¢) Puccinia
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d) Colletotrichum
Answer- b s,

8. Lichens are a symbiotic association of fungi with:

a) Cyanobacteria INTRODUCTION
b) Algae TO PLANT
c) Botha&b DIVERSITY
d) None of the above
Answer- ¢

9. The economic importance of Colletotrichum includes:
a) Antibiotic production
b) Causing anthracnose disease
c) Biodegradation
d) Nitrogen fixation
Answer- b

10. The reproductive structure in Basidiomycotina is called:
a) Basidium
b) Ascocarp
¢) Conidium
d) Sporangium
Answer- a

Short Answer Type Questions

1. Define Mastigomycotina and mention their general
characteristics.

N

What is the life cycle of Phytophthora?

Describe the economic importance of Zygomycotina.
How does Mucor reproduce?

What are the general characteristics of Ascomycotina?

How does Puccinia affect crop plants?

NS v kW

What is Deuteromycotina, and why is it called Fungi
Imperfecti?

8. Describe the cell structure of lichens.
9. Explain the classification of lichens.

10. What is the role of Saccharomyces in industry?
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Long Answer Type Questions

1.

Describe the classification, cell structure, and reproduction of
Mastigomycotina with reference to Phytophthora.

2. Explain the life cycle of Mucor and its economic importance.

3. Discuss the characteristics, reproduction, and industrial
significance of Saccharomyces.

4. Describe the classification and life cycle of Puccinia and explain
its impact on agriculture.

5. Explain the mode of nutrition and reproduction of
Deuteromycotina, focusing on Colletotrichum.

6. Describe in detail the structure, classification, and economic
importance of lichens.

7. Differentiate between Ascomycotina, Basidiomycotina, and
Deuteromycotina based on their reproductive structures.

8. Discuss the significance of fungi in agriculture, medicine, and
biotechnology.

9. Explain the role of fungi in decomposition and nutrient cycling
in ecosystems.

10. Write an account on fungal diseases in plants and their economic
impact.
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MODULE -3 ALGAE
OBJECTIVES

To define and classify different classes of algae:
Chlorophyceae, = Xanthophyceae, = Phaeophyceae, and
Rhodophyceae.

To study the morphological and anatomical structures of
selected algae species, including Volvox, Oedogonium,
Vaucheria, Ectocarpus, Sargassum, and Polysiphonia.

To understand the various modes of nutrition and reproduction
in different algae groups.

To examine the life cycles of selected algae species.

To evaluate the economic importance of algae in food, industry,
and environmental sustainability.
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Unit 3.1
Algae: Chlorophyceae — Volvox

Vision of a oddball genus of green alga from the class of Chlorophyceae
that displays considerable structural complexity: Volvox. These
multicellular organisms are included in a higher division Chlorophyta,
presenting complex multicellular organization filling a gap between
unicellular and more developed multicellular living organisms. Volvox
is systematically nestled within the green algae lineage, presenting a
powerful system to interrogate evolutionary transitions in cellular
complexity and cooperative behavior.

3.1.1 General Characteristics

The unique characteristic that sets Volvox apart from other green algae
is its formation of spherical colonies that contain manyindividual cells
arranged in an orderly, complex geometric pattern. Their colonies
typically consist hundreds to thousands of biflagellate somatic cells
interconnected by cytoplasmic bridges, forming a single cohesive and
dynamically integrated living system. These colonies are astonishingly
symmetrical, the cells filling the spherical surface evenly, promoting an
almost perfect sphere shape that aids in movement and environmental
engagement. Volvox colonies are among the most captivating
spectacles of biological engineering, with their external morphology on
display for the world to see. And in this transparent, gelatinous matrix
surrounding the cells, light can penetrate extraordinarily, and this also
lends structural integrity to the whole colonial organism. This matrix
performs numerous key functions, such as mechanical stabilization,
enabling inter-cell communication, and overall structural coherence of
the composite colonial apparatus.

3.1.2 Phylogenetic context and classification

Domain Eukaryota
Kingdom Plantae
Phylum Chlorophyta
Class Chlorophyceae
Order Chlamydomonodales
Family Volvocaceae
Genus Volvox
88
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Fig. 3.1 Cell Structure of volvox

3.1.4 Volvox Life Cycle

Volvox exhibits asexual and sexual reproduction as well as notable
reproductive plasticity. Asexually, new colonies bud off a parent colony
to form daughter colonies. Internal fertilization leads to specialized
reproductive cells (gonidia), which eventually break through the outer
membrane of the parent colonyto release fully formed, miniature
daughter colonies.

In sexual reproduction, male and female gametes develop in the same,
or in different colonies. Madreporite of male colonies are smaller
motile spermatogenic structures, female colonies produce larger
stationary oogonia. Resting spores (also called zygospores) of certain
groups are formed through fertilization, the fusing of male and female
gametes, and survive unfavorable environmental conditions in densely-
walled structures.

An image of the lifecycle of Volvox is shown above, indicating a
number of stages including the formation of the initial zygote,
developing colonies, and the resultant diplobiont colonies which
expand into more mature forms. Each stage includes a well-ordered set
of divisions, differentiations and organizational changes. It illustrates
the extremelycomplex interplay between genetic destinyand
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Fig. 3.2 Life Cycle of Volvox
3.1.5 Economic and Ecological Importance

Although Volvox may seem the domain of academia, its ecological and
potential economic implications are significant. As primary producers
in many aquatic systems, these colonial algae are important for nutrient
cycling, and form critical components of intricate food webs. Their
photosynthetic abilities account for a large percentage of global carbon
fixation and oxygen production.

In addition, Volvox is an important evolutionary model organism for
many fields of science. Developmental biologists investigate its cellular
differentiation mechanisms, evolutionary biologists scrutinise the
emergence of multicellularityand ecologists explore its interactions
with its environment. They could have biotechnological applications
like biofuels, eco-monitoring and understanding fundamental
principles of cellular cooperation.

Summary:

Algae are photosynthetic organisms that can be unicellular or
multicellular, mostly aquatic, and range from simple microscopic
forms to large seaweeds. They contain chlorophyll a along with
accessory pigments such as chlorophyll b, ¢, carotenoids, or
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phycobilins. Their cell walls are mainly made of cellulose, and some,
like diatoms, have silica walls. Algae reproduce asexually through
binary fission, fragmentation, or spores, and sexually via isogamy,
anisogamy, or oogamy. They are ecologically important for oxygen
production, food chains, and soil fertility, and economically valuable
for agar, alginates, carrageenan, fertilizers, and biofuel production.
Major groups include Chlorophyta (green algae), Phaeophyta
(brown algae), Rhodophyta (red algae), Bacillariophyta (diatoms),
and cyanobacteria.

Multiple Choice Question(MCQs):

1. The main pigment in green algae is:
a) Chlorophyll a
b) Phycoerythrin
¢) Fucoxanthin
d) Carotene
Answer: a
2. Which algae is used to produce agar?
a) Laminaria
b) Gelidium
c¢) Chlorella
d) Spirogyra
Answer: b
3. Cyanobacteria are classified as:
a) Algae
b) Fungi
c) Bacteria
d) Protozoa
Answer: ¢
4. Reproduction in Spirogyra is by:
a) Binary fission
b) Conjugation
c¢) Budding
d) Fragmentation

Answer: b
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5. Brown algae store food as:

a) Starch
b) Glycogen
INTRODUCTION ) Laminari
TO PLANT ¢) Laminarin
DIVERSITY d) Glucose

Answer: ¢

Short Answer Questions

1. Define algae and give two examples.

2. Differentiate between green, red, and brown algae based on
pigments and storage products.

3. What is the economic importance of algae?

4. Explain asexual reproduction in algae.

5. Name two unicellular and two multicellular algae.
Long Answer Questions

1. Describe the structure, reproduction, and economic importance
of green algae.

2. Explain the classification of algae into major groups with
distinguishing features.

3. Discuss the ecological and industrial importance of algae.

4. Compare cyanobacteria and eukaryotic algae in terms of
structure and function.

5. Explain the life cycle of Spirogyra with a labeled diagram.
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Unit 3.2
Algae: Chlorophyceae — Oedogonium

The genus Oedogonium which belongs to Chlorophyceae class of green
algal divisions possesses interesting morphological and reproductive
features. Oedogonium, in contrast, appears as filamentous green alga,
displaying a distinction developmental plan in the context of the overall
diversity of the algae. Situated in the green algae lineage, the genus
Oedogonium provides unique information concerning filamentous
growth modes and reproductive strategies.

3.2.1 General Features and Morphological Characteristics

How Oedogonium differs from the other genera listed above is that it
has an unbranched, linear filament, or thallus structure, which is a
single row of cells joined end-to-end. These filaments can differ
considerably in length, comprising short through to lengthy, complex
adherent networks spanning whole centimeters. Each filament is a
complete biological entity, which can grow and reproduce on its own.

Oedogonium has a very specific arrangement for its cells that are in a
linear fashion, and they are held together by intercellular junctions.
These linkages allow for the transfer of nutrients, metabolic
coordination, and potential reproductive interactions. Cellular
arrangement is homogeneous unlike the spherical pattern found in
Volvox, indicating a diversity of structural organization in different
genera of algae.

3.2.1.1 Cell Structure and Organizational There are two basic types
of cells

Oedogonium cells are structurally surprisingly complex. These include
a large and centrally located nucleus with many chloroplasts during the
cell cytosol. These are discoid or plate-like organelles where
photosynthesis occurs and have a significant energy-producing role.
This cellular arrangement is complemented by individualised cap cells
at the film-ham base, as well as distinct reproductive environment cells.

This cell wall is mainly made up of cellulose in Oedogonium, giving it
its strength and rigidity. Adjacent cells communicate through
intercellular communications via specialized pit connections, allowing
the sharing of nutrients. This cellular architecture is emblematic of a
fine-tuned equilibrium between structural robustness and metabolic
plasticity.
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3.2.1.2Type of Nutrition and Metabolic Strategies

Oedogonium uses phototrophic nutrition, that is, it possesses
chloroplasts for the purpose of photosynthesis; like Volvox. It has a
high densityof chlorophyll that captures light, allowing it to perform
photosynthesis, and fix carbon to meet its metabolic needs. Because the
filamentous structure has manycells, all of which perform
photosynthesis at the same time, photosynthesis is maximally efficient.

Nutrient acquisition represents both photosynthetic carbon fixation and
possible uptake osmotrophy of dissolved organic matter from the
aquatic environment. Such metabolic versatility enables Oedogonium
to proliferate in a wide range of freshwater.

3.2.1.3 Life Cycle and Reproductive Potential

Reproduction in Oedogonium (sexual and asexual) is not only very
flexible, but is very conservative at the phylum level, if not the genus
level. Asexual reproduction can also occur via fragmentation in which
filaments spontaneously break into smaller portions that then grow into
the independant filament. This allows for rapid population growth and
genetic diversity.

One of the fascinating aspects of Oedogonium and their sexual
reproduction are their reproductive strategies. It should be noted that
oogamous reproduction occurs when the male and female reproductive
structures develop on the same filament or on different filaments. But
the male parts produce small and motile spermatozoids, while the
female parts create larger and stationary oogonia. Fertilization, In it,
male and female gametes combine as the gametes fuse, a zygote is
formed.
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The life cycle consists of several developmental phases, starting from
zygote to visualisation of filamentous forms. Each stage is a
choreographed series of cellular divisions, differentiations, and
organizational transformations that nature had coded in the algae
genome.
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Fig.3.4 life cycle

Summary:

Oedogonium is a filamentous green alga belonging to the class
Chlorophyceae. It is freshwater, unbranched, and grows attached
or free-floating. Its thallus is uniseriate, multinucleate, and
filamentous, composed of cylindrical cells with a cell wall made of
cellulose. Oedogonium exhibits vegetative, asexual, and sexual
reproduction. Vegetative reproduction occurs by fragmentation.
Asexual reproduction occurs through zoospores, which are biflagellate
and motile. Sexual reproduction is oogamous, involving
large non-motile egg (oogonium) and small motile sperm
(antherozoid). Fertilization results in a zygote, which develops into a
new filament. Oedogonium has chlorophyll a and b and stores food

as starch.

Multiple Choice Question(MCQs):

1. Oedogonium reproduces sexually by:
a) [sogamy
b) Oogamy
c¢) Binary fission
d) Conjugation
Answer: b
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The storage product in Oedogonium is:
a) Glycogen

b) Laminarin

¢) Starch

d) Oil

Answer: c

. Asexual reproduction in Oedogonium occurs by:

a) Budding

b) Zoospores

c) Fragmentation only

d) Conjugation

Answer: b

The filament of Oedogonium is:
a) Branched

b) Unbranched

c¢) Coenocytic

d) Heterotrichous

Answer: b

Chlorophyll pigments present in Oedogonium are:
a) Chlorophyll a only

b) Chlorophyll a and b

c¢) Chlorophyll a and ¢

d) Chlorophyll b only

Answer: b

Short Answer Questions

M

Describe the habitat and thallus structure of Oedogonium.
Explain asexual reproduction in Oedogonium.

What is oogamy? Illustrate with Oedogonium.

Name the storage product in Oedogonium.

Give two ecological significances of Oedogonium.

Long Answer Questions

1.

2.

Describe the structure, vegetative, asexual, and sexual
reproduction of Oedogonium with diagrams.

Explain the life cycle of Oedogonium emphasizing the
oogamous sexual reproduction.

Discuss the ecological and biological importance of
filamentous green algae like Oedogonium.

Compare Oedogonium with Spirogyra in terms of structure
and reproduction.

Explain the role of chlorophyll and other pigments in
photosynthesis in Oedogonium.
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Unit 3.3
Algae: Xanthophyceae — Vaucheria

Algae represent a vast and exciting world of biological, compositional
complexity with many interesting lineages contributing in great ways
to global ecosystems. Of these wonderful groups, the Xanthophyceae,
particularly the genus Vaucheria, hold a special and fascinating place in
the taxonomy of photosynthetic organisms. These golden-brown algae,
notable for their unique coloration and structural variety, has fascinated
scientists and biologists for centuries, revealing deep understanding of
evolutionary adaptation and ecological association.

3.3.1 General Features and Morphological Characteristics

The characteristics of Vaucheria set it apart from other algal genera and
share a unique set of morphological and physiological traits. They are
distinct from most other types of algae by their multinucleate, tubular,
and coenocytic thalli, which comprise a unique structural
specialization. That is, its body (thallus) is long, branched, and
sometimes connected, and there are no internal cross-walls, resulting in
a quite continuous cytoplasmic environment, allowing efficient transfer
of materials and metabolic processes. Vaucheria has a specialized
vegetative structure, which is adapted for a wide variety of places of
living. Vaucheria is highly adaptable, inhabiting moist soils and
freshwater habitats as well as marine substrates. Flora filamentous
therefore, morphology which perfectly adapted for searching organism
and colonization, across their growth and develop colony in the form
of branched complex system highly dense structure, it can also playable
a core role in the microhabitat rich microbial community.
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Fig.3.5 cell structure of vaucheria

3.3.2 Phylogenetic context and classification
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Kingdom Chromista
Division Xanthophyta
Class Xanthophyceae
Order Vaucheriales
Family Vauchericeae
Genus Vaucheria

3.3.3 Life Cycle Dynamics: Spores to End-Stage Organisms

The Vaucheria life cycle is a complex biological process involving a
series of developmental stages and advanced genetic systems, creating
a dynamic and intriguing pathway of maturation and metamorphosis.
Upon successful fertilization, the zygote undergoes a series of
metabolic and structural transformations to form a dormant resting
spore that can survive under adverse environmental conditions.

These resting spores germinate in good conditions, giving rise to a new
generation of Vaucheria organisms. Germination is the initial stage of
growth, leading to the distinction of a principal filament that steadily
matures into a thallus by repeated extension and branching. This
complex life cycle illustrates the extraordinaryadaptabilityand
resilience of the genus, which allows these organisms to survive and
thrive in a range of ecological settings Vaucheria requires a range of
environmental factors for its development, such as temperature, light,
nutrients concentration and substrate. These organisms are incredibly
phenotypically plastic, fine-tuning their growth and reproductive
strategies based on external input. Such versatility is a testament to their
evolutionarysuccess and ecological importance.

98
MATS Centre for Distance and Online Education, MATS University



%3,
ASEXUAE CYCLE gfg:;m <

Antherozold \
Fertilizing

Young Filament Coenocyte ovum (2n)

£l 2" SEXUAL CYCLE (B

5
1SS
Qospore {(2n)

Oospore (2n)
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3.3.4 Economic and Ecological Importance

Though Vaucheria may not be one of the more commercially
recognized algal genera, their contributions to the ecosystem are
extensive and varied. These organisms serve as primary producers in
aquatic and terrestrial ecosystems, forming the base of many food webs
and playing a critical role in global carbon sequestration processes.

In agriculture, Vaucheria function as an bioindicator of soil and water
quality based on their presence and population dynamics. Certain plant
species could be effective in bioremediation, used to absorb excess
nitrogen and phosphorus and reduce environmental pollution. Their
adaptability in various substrates makes them excellent organisms for
studies of ecology and biomonitoring.

Dubrios and Aratjo (2017) found that there are other scientific studies
directly related to biotechnological potential in Vaucheria. For example,
this unique familyof plants is also being studied for its potential use in
biofuel production, which uses its rapid photosynthetic docility and fast
growth rates as a focus. In particular, organisms with atypical
metabolism and genetics offer excellent opportunities for sustaining
energy research and bioengineering efforts.
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Summary:

Vaucheria is a filamentous yellow-green alga belonging to the class
Xanthophyceae. It is mostly freshwater, attached or free-floating,
and shows coenocytic (aseptate) tubular filaments. The thallus is
multinucleate, unbranched or sparsely branched, with cell walls
composed of cellulose and pectose. Vaucheria reproduces
vegetatively, asexually, and sexually. Vegetative reproduction occurs
by fragmentation. Asexual reproduction is by zoospores, which are
biflagellate, heterokont (one long, one short flagellum), and motile.
Sexual reproduction is oogamous, involving a large non-motile egg
(oogonium) and small motile sperm (antherozoid). Fertilization
forms a zygotic oospore, which develops into a new filament.
Vaucheria contains chlorophyll a and ¢ and stores food as oil rather
than starch, which is a distinguishing feature from green algae. It plays
an ecological role in freshwater ecosystems and is of interest in algal
research and ecology studies.

Multiple Choice Question(MCQs):

1. Vaucheria belongs to which class of algae?
a) Chlorophyceae
b) Phaeophyceae
¢) Xanthophyceae
d) Rhodophyceae
Answer: ¢
2. The storage product in Vaucheria is:
a) Starch
b) Oil
¢) Glycogen
d) Laminarin
Answer: b
3. Vaucheria reproduces sexually by:
a) [sogamy
b) Anisogamy
c¢) Oogamy
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b) Coenocytic (aseptate)
¢) Branched with nodes
d) Pseudoseptate
Answer: b
5. Zoospores of Vaucheria have:
a) Two identical flagella
b) No flagella
c¢) Two heterokont flagella (one long, one short)
d) Four flagella

Answer: ¢

Short Answer Questions

Describe the thallus structure of Vaucheria.
Explain asexual reproduction in Vaucheria.

What is oogamy? Illustrate using Vaucheria.

b=

Name the storage product in Vaucheria and how it differs from

green algae.

Long Answer Questions

1. Describe the structure, vegetative, asexual, and sexual
reproduction of Vaucheria with labeled diagrams.

2. Explain the life cycle of Vaucheria emphasizing oogamous
reproduction.

3. Compare Vaucheria and Oedogonium in terms of structure,
reproduction, and storage products.

4. Discuss the ecological significance of filamentous

Xanthophyceae.
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Unit 3.4

Algae: Phaeophyceae — Ectocarpus

Ectocarpus is a exceptional genus of filamentous brown algae and a
member of the broad and diverse family of marine organisms. The algae
of Phaeophyceae division are among the most distinguished of the
algae, with structural complexity and details which has immensely
fascinated marine biologists, botanists and other researchers.
Ectocarpus species are mostly found in marine environments and show
an incredible ability to adapt to multiple coastal and oceanic habitats,
from rockyintertidal to subtidal regions across multiple locations
around the globe. And the genus is an important ecological model to
study the evolution of brown algae based on high-throughput
sequencing of all core evolutionary processes and cellular processes,
including those related to reproduction, which provides scientists with
a glimpse of the evolution of marine photosynthetic organisms and their
evolutionary perfection degree.

Ectocarpus is also particularly well-known as a taxon that dwells at the
transition between filamentous and macroalgal lineages within the
brown algae. These include some of the earliest significant marine
photosynthetic organisms, occupying a key Celtic Evolutionary space,
offering researchers valuable insight into evolutionary pathways of
marine photosynthetic organisms. Mi-series species have demonstrated
adaptability by colonizing polar seas, but biogeographic data of deep
sea species can challenge its notion of species diversity. Belonging to
the genus Ectocarpus, the genus contains many different species,
displaying slight but important differences in morphological traits,
cellular features, and reproductive strategies, thereby making it an
exciting topic to study scientifically.

3.4.1 General Features of Ectocarpus

Ectocarpus species are morphologically filamentous, with delicate,
branched, intertwined threads forming a complex filamentous network
in many marine habitats. They are generally reiteratively structured,
meaning that they have the ability to form repeated units in a chain-like
formation, which gives them a unique ability to move easily with the
tides and currents of the ocean environment that other organisms cannot
withstand. Their unique brown coloration, due to the mercury pigments
fucoxanthin make up and give rise to their ecological niche, has
distinguished them from the other groups of algae. Such coloration not
only gives them aesthetic uniqueness but also vitalizes their ability to
absorb light as well as their photosynthetic performance.

Compared with other simpler algae, Ectocarpus has a complex cellular
organization. Filaments are made up of multiple linear sequences of
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cells, and each cell can contain multiple nuclei, with a remarkable
degree of cellular autonomy. This multinucleate cell structure facilitates
complex metabolic activities, enhancing their potential for adaptive
capacity in extreme marine habitats. The cell walls are mainly made up
of cellulose and alginic acid, which allows for structural integrity but
also for enough flexibility to adapt to the changing conditions of the
sea. The advanced cellular architecture of these organisms is
highlighted byspecialized organelles, including peripheral thylakoid
membranes within chloroplasts and unique mitochondrial forms.
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Fig. 3.6 Ectocarpus cell structure
3.4.2 Reproductive Mechanisms

The reproductive pathways of Ectocarpus are diverse and interesting,
displaying great potential for genetic variation and adaptability. These
organisms exhibit the ability to engage in both sexual and asexual
reproductive  methods, making them highly evolutionarily
flexible.Asexual reproduction is mainlyby means of fragmentation (i.e.,
thrusting individual filament segments can grow into whole
organisms), which allows for rapid population growth when
environmental conditions are favourable. This leads to rapid
colonization of novel marine environments, thus providing an effective
means of genetic dispersal.

Ectocarpus undergoes complex cell interactions and genetic
recombination events during sexual reproduction. This organism shows
an isomorphic alternation of generation, in which both gametophyte
and sporophyte generation looks similar morphology, which is unique
evolutionary strategy. Sexual reproduction involves the evolution of
specialized reproductive structures capable of producing gametes
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through meiosis, thereby promoting genetic diversity and adaptive
evolutionary response. This highlights the reproductive plasticity of
these marine life byincluding male and female reproductive structures
in the same or different individuals.

3.4.3 Life Cycle

Thus, the life cycle of Ectocarpus represents a high-level biological
system with complex generations and genetic plasticity. The
isomorphic  alternation of generations is one of the
keyevolutionaryadaptations in which the life cycle contains two distinct
generations,

i.e. gametophyte and sporophyte, which are morphologicallysimilar
while performing different reproductive roles. Such an alternation of
generations allows for genetic recombination, maintenance of genetic
diversity and of adaptive potential across different environmental
contexts. This capability to shift between reproductive cycles is an
ingenious example of evolutionary responsivity, ensuring the long-term
endurance of the genus.

Each stage of the life cycle is characterized by distinct cellular and
genetic alterations that improve survival and reproductive potential.
Gametophyte generations are focused on both singular reproduction as,
while sporophyte stages are focused on genetic recombination and
expansion of the species. While these transitions are driven by complex
genetic signalling, environmental responsiveness and differentiation
processes at the molecular level. The role of environmental factors like
temperature, light condition, nutrient concentration and salinity on the
timing and duration of various developmental stages is one of the best
examples of the species-specific plasticity of life cycles, and highlights
the complex interaction between genetic preprogramming and
environmental conditions.

104
MATS Centre for Distance and Online Education, MATS University



Fig.3.7 Life Cycle of Ectocarpus

3.4.4 Importance of Economy and Capitalism

As primary producers, ectocarpus species are essential components of
intricate marine food webs. They produce large volumes of organic
matter and oxygen through photosynthesis, sustaining a variety of
marine life forms while playing a role in global biogeochemical cycles.
As a key component of coastal and marine ecosystems, they offer vital
habitat and food resources for myriads of marine organisms from
minute invertebrate animals to small crustaceans and diverse fish
species. They play a vital role in the ecosystem, influence
environmental parameters, and preserve biodiversity.

The economic potential of Ectocarpus and its close brown algal
relatives has generated a growing interest in a range of sectors. From
biotechnological research to pharmaceuticals, agricultural supplements
and sustainable biomaterial production, their potential applications are
virtually limitless. These organisms possess unique cellular
compositions and metabolic capabilities, presenting excellent
opportunities for new products, such as biofuels, nutritional
supplements, and high-tech biomaterials. Research investigating their
molecularly and cellularly regulated systems bring forth innovative
applications, thus placing Ectocarpus at the intersection between
ecological relevance and technological development.
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Summary:

Ectocarpus is a filamentous brown alga belonging to the class
Phaeophyceae, commonly found in marine habitats attached to rocks
or other substrates. Its thallus is filamentous, branched, and
multicellular, with cell walls composed of cellulose and alginates.
Ectocarpus contains chlorophyll a and c, along with fucoxanthin,
which gives it a brown color. The storage product is laminarin, a
polysaccharide. Reproduction occurs vegetatively, asexually, and
sexually. Vegetative reproduction occurs by fragmentation, asexual
reproduction by plano-zoospores with two unequal flagella, and
sexual reproduction is oogamous, involving a large non-motile egg and
small motile sperm. Ectocarpus exhibits an alternation of generations,
with sporophytic and gametophytic phases. Ecologically, it
contributes to marine food chains and is significant in the study of
brown algae life cycles.

Multiple Choice Question(MCQs):

1. Ectocarpus belongs to which class of algae?
a) Chlorophyceae
b) Xanthophyceae
c) Phaeophyceae
d) Rhodophyceae
Answer: ¢
2. The storage product in Ectocarpus is:
a) Starch
b) Laminarin
¢) Oil
d) Glycogen
Answer: b
3. Ectocarpus reproduces sexually by:
a) [sogamy
b) Anisogamy
¢) Oogamy
d) Binary fission

Answer: ¢
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5. Which pigment gives Ectocarpus its brown color?
a) Chlorophyll b
b) Phycoerythrin
¢) Fucoxanthin
d) Carotene

Answer: ¢

Short Answer Questions

1. Describe the thallus structure of Ectocarpus.
Explain asexual reproduction in Ectocarpus.
What is oogamy? Give an example from Ectocarpus.

Name the storage product and pigments of Ectocarpus.

A

Mention any two ecological roles of Ectocarpus.

Long Answer Questions

1. Describe the structure, vegetative, asexual, and sexual
reproduction of Ectocarpus with a diagram.

2. Explain the alternation of generations in Ectocarpus.

3. Compare Ectocarpus with Vaucheria in terms of habitat,
reproduction, and storage products.

4. Discuss the ecological and economic importance of
filamentous brown algae.

5. Explain the role of heterokont zoospores in the life cycle of

Ectocarpus.
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Unit 3.5

Algae: Phaeophyceae — Sargassum

Whether it is the expanding array of liverworts, or even a single species
of fresh water weed, in the macro realm of the plant world, you need to
drop into the  highlystructured  orderlymanifestation  of
Phaeophyceac.Among this intriguing assemblage, Sargassum
represents a primary and defining aspect of brown macroalgae, yet with
decidedly different ecological and biological properties that set it apart
from all other plant-like marine life forms.

Phylum Phaeophyceae, or brown algae, are a complex and evolutionary
advanced group of multicellular marine organisms adept at residing in
a varietyof aquatic habitats from temperate to tropical coastal
adequacies. These organisms play a pivotal role in marine systems,
because they are not only passive residers, they have participated in
complex ecological interactivities and biogeochemical cycling. As one
of the most notable examples in this division, sargassum exemplifies
the incredible adaptability and structure of brown algae.

Receptacies

Leal-like expansions

Axilary branches

Latoral branch

Latoral branch

Fig. 3.8 Sargassum cell structure

3.5.1 Disease Control Measures Guidelines for Sargassum and
Phaeophyceae

As diverse members of the brown algae (e.g. the Sargassum species),
these organisms have a wide range of biological and physiological traits
compared to other marine organisms. The most important characteristic
of the browns is the brown or olive- green colour that comes from the
predominance of the photosynthetic pigment fucoxanthin, which masks
the green chlorophyll found in other photosynthetic organisms. This
specialized colouration not only gives these algae a unique visual

characteristics, but also allows them to power their processes with
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maximal efficiency in terms of energy production and disposal — with
respect to the different levels of available light above and below the
water, together with the wavelengths of that light.

3.5.2 Taxonomic and Phylogenetic Perspectives

Kingdom Plantae
Phylum Phaeophyta
Class Phaeophyceae
Order Fucales
Family Sargassaceae
Genus Sargassum

3.5.3 Reproductive Strategies: Complexity and Diversity

Reproduction in Sargassum 1is an intriguing example of the
complexities of reproductive biology in marine botanicals. The
majorityof species have an isomorphic diplontic life cycle with a main
diploid sporophyte and a less notable haploid gamete. This reproductive
strategy is key to genetic diversity and population resilience.

In algae, the structure involved in sexual reproduction is called
conceptacle (the structure where sex organs embed in the algae thallus).
This reproductive anatomical system consists of male and female
reproductive structures that produce gametes and hormones, and in the
case of the female, also provides a site for fertilization. Most Sargassum
species are monoecious, where single organisms develop both male and
female reproductive structures, increasing the effectiveness of
reproduction.

Within the conceptacles, specialized reproductive cells, known as
reproductive mother cells (RMCs), are formed. These undergomeiotic
divisions, resulting in haploid gametes, which are then expelled into the
marine environment. Fertilization is external, and the male and female
gametes fuse to form a diploid zygote. It then grows into a new
sporophyte generation.

Certain species of Sargassum are also quite competent at vegetative
reproduction, meaning they can reproduce asexually when sections of
their body detach from a main branch, or they can form specialized
reproductive structures. This second reproductive strategy offers
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another way for the genera to both expand its populations and gene
pools, which contributes to the evolutionary success of the group.

3.5.4 Life Cycle Dynamics

Sargassum species’ life cycle is an advanced
evolutionarystrategymaximizing genetic variability and population
persistence. The diploid sporophyte generation is predominant,
morphologically complex, and long-lived, whereas the haploid
gametophyte stage is relatively short-lived and inconspicuous.

During developmental stages, dynamic morphogenetic processes
reshape primitive zygotes into their mature, highly organized algal
states. This transformation includes various developmental stages, each
marked by distinct cellular differentiation and organization. In
conclusion, the plasticity that the different species of Sargassum present
has allowed them to generate such complex morphological structures.

Life cycle progression is strongly affected by environmental factors,
including temperature, light availability, nutrient concentration, and
water chemistry. Such factors external to Sargassum dictate sexually-
related cues (e.g. reproductive timing and gamete production) and
downstream population dynamics, demonstrating the complex nature
of Sargassum to its surrounding marine habitat.

All such factors are economically and ecologically significant.

Sargassum is of great economic and ecological importance in several
areas. These algae are among the most important habitat and nursery
ground for many marine species in marine ecosystems, providing
attention, food, and spawning site for fish, invertebrates, and
microorganisms. The three-dimensional complexity of Sargassum
forests supports incredible biodiversity and plays a key role in marine
ecosystem functioning.

Sargassum having various uses in different sectors of economics. These
algae find their use in agriculture as organic fertilizers supplying the
soil with important nutrients and improving its structure. There is
growing interest from pharmaceuticals and nutraceuticals industries
due to increasing interest in its bioactive compounds with potential
therapeutic utility and properties including antioxidants, anti-
inflammatories, and new chemical intermediates for pharmaceuticals.

This completely natural process works by using Sargassum and other
types of brown algae, which have already been used by the food
industry for nutritional supplementation and culinary applications for
many years. These marine organisms are rich in minerals, vitamins, and
unique biochemical compounds that can potentially address global
nutritional needs. Sargassum-derived culinary ingredients have been
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used for centuries in traditional Asian cuisines, most notably Japan and
China, due to their nutritional and gustatory properties.

Recent studies undertaken to further investigate Sargassum capacity in
bioremediation and carbon sequestration, have highlighted these
organisms as possible partners for tackling global environmental
problems. Their ability to absorb excess nutrients and atmospheric
carbon dioxide opens up exciting prospects for developing sustainable
environmental management strategies.

Fragmentation

VEGETATIVE
REPRODUCTION

Sargassum
plant body
n
Female (2n)
conceptacle
Male .
conceptacle Germination
Oogonium of zygote
Antheridium SEXUAL
REPRODUCTION
Zygote
Antherozoid 2n)

Egg(n)
(n)

Fentilisation

Fig. 3.9 Graphical diagram of Life Cycle of sargassum

Summary :

The broader class of:Sargassum and the broader Phaeophyceae division
act as a fascinating proof of the complexity, advance, and evolution of
the adaptability of marine botanical organisms. These creatures are a
testament to the complex relationship between biological form,
ecological role, and environmental interaction.

Sargassum species have continued to intrigue researchers and challenge
our understanding of marine life, from their unique cellular architecture
to their intricate reproductive strategies, their important ecological roles
to their developing economic potential. From oceanic depths to remote
mountain interiors, the adaptability of these amazing creatures defines
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the new paradigm of science at its best at the intersection of society and
environmental change.

With its investigation of Sargassum only at the outset, the continuing
studies about it will ultimately lead not only into the fields of marine
botanical science, but also into deeper inquiries into biological
adaptation, ecosystem interrelationships, and the complex system that
supports our planet’s incredible biological diversity.

Multiple Choice Question(MCQs):

1. Sargassum belongs to which class of algae?
a) Chlorophyceae
b) Xanthophyceae
c) Phaeophyceae
d) Rhodophyceae
Answer: C
2. The storage product in Sargassum is:
a) Starch
b) Laminarin
¢) Oil
d) Glycogen
Answer: b
3. Sargassum reproduces sexually by:
a) [sogamy
b) Anisogamy
c¢) Oogamy
d) Binary fission
Answer: C
4. What is the function of pneumatocysts in Sargassum?
a) Reproduction
b) Buoyancy
c) Photosynthesis
d) Protection
Answer: b
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d) Carotene

Answer: ¢

Short Answer Questions

Describe the thallus structure of Sargassum.
Explain asexual reproduction in Sargassum.
What is oogamy? [llustrate with Sargassum.

Name the storage product and pigments of Sargassum.

A o e

Mention two ecological and economic roles of Sargassum.

Long Answer Questions

1. Describe the structure, vegetative, asexual, and sexual
reproduction of Sargassum with labeled diagram.

2. Explain the ecological significance of Sargassum in marine
ecosystems.

3. Compare Sargassum and Ectocarpus in terms of structure,
reproduction, and habitat.

4. Discuss the economic importance of Sargassum, especially in
industry.

5. Explain the role of air bladders (pneumatocysts) in floating

brown algae.
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Unit 3.6
Algae: Rhodophyceae — Polysiphonia

The diversity of algae encompasses a range of biological wonders, one
of which is the class Rhodophyceae (red algae). This class encompasses
multiple genera, yet Polysiphonia broadens the understanding of
representative red algae, captivating with its complex morphological,
physiological, andecological traits.An extensive and detailed study of
Polysiphonia — its definition, general features, taxonomy, cell
structure, nutrition, reproduction, life cycle and economic importance.

Definitional Perspectives

In the truest sense of Polysiphonia, this is a species of advanced marine
red algae with a complex branched structure and advanced cellular
organization. The name Polyphysomatus itself has Greek roots with
“poly” meaning many and “siphon” describing a tubular structure,
referring to the genus’ basal morphological plan. Most of the these are
salt water organisms, but a few species have shown considerable
adaptability to brackish conditions, a testament to their evolutionary
plasticity and resilience.

3.6.1 General Characteristics: Morphological & Structural
Features

More than 630 species have been described in the genus, yet few are
highly studied, and there is a just as high variety of morphological
features of Polysiphonia in the mind of red algae. These organisms
often appear as thin, repeatedly branched filamentous structures, and
can be found in complex, feathery colonies attached to a variety of
marine substrates. Depending on their microalgae, theyvaryin color
from dark purplish- red to more dull reddish-brown, an expression of
the unique profile of pigments expressed including phycoerythrin,
which conceals underlying chlorophyll. What is especially remarkable
about Polysiphonia is the complexity of its architecture. These thallus
is composed of many parallel longitudinal filaments that divides into
segments; those filaments are integrated within a common outer
pericentral cell layer, producing a complex multiaxial structure with a
distinct architecture. This architectural feature allows for greater
structural stability and is particularly advantageous for the distribution
of nutrients throughout the organism. Branching is usually ramified,
highly ordered, usually alternating, maximizing the surface area and the
interaction with the environment.
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Polysiphonia shows one of the highest degrees of cellular complexity
reached by any marine algal group. In contrast to more primitive algal
forms, the cells of the multiaxial Polysiphonia are organized in a
highlyordered manner, with central cells and pericentral cells arranged
in well-defined, coordinated patterns. The majority of their cell walls is
composed of complex polysaccharides (cellulose and pectin) that offer
structural rigidity to the cell wall but possess enough flexibility that
allows them to support changes of environment.

The variety of pigments in Polysiphonia cells is extraordinary, and the
manner in which they associate with each other is even more
remarkable. In addition to the almost ubiquitous chlorophyll a, these
organisms store large amounts of accessory pigments, including
phycoerythrin and phycocyanin. Reasoning in this regard, these
pigments impart reddish coloration, as well as enhancing the light
absorption across different parts of the light spectrum,
especiallyformarine life in regions wherethe light penetration is
relatively low.

Polysiphonia species show advanced selective permeability in the
cellular membrane, allowing for complex nutrient exchange

115
MATS Centre for Distance and Online Education, MATS University

S 4
I

ars)

UNIVERSITY

ready for life.

INTRODUCTION
TO PLANT
DIVERSITY



INTRODUCTION
TO PLANT
DIVERSITY

mechanisms. Membrane transport allows the controlled passage of
essential ions, organic molecules, and metabolic precursors mediated
by specialized transporters and channel mechanisms. This membrane
architecture is a vital evolutionary adaptation that allows these
organisms to colonize and prosper in diverse marine
microenvironments.

3.6.2 Phylogenetic context and classification

Kingdom Plantae

Phylum Rhodophyta
Class Florideophyceae
Order Ceramiales
Family Rhodomelaceae
Genus Polysiphonia

3.6.3 Reproductive Strategies

The sexual cycle of Polysiphonia exemplifies botanical elaboration, the
complexity of the alternation of generations, which cannot be
appropriately described by a linear model of reproduction. The triphasic
cycle progresses through three distinct, specialized morphological
generations, which  progress 1into one another through
highlycoordinated genetic and environmental signalling.

The first generation that is common to all land plants, called the
haploide gametophytic generation, is a sexual generation as it produces
haploid gametes (male and female gametes). These organisms produce
gametes via meiotic processes, with the potential for genetic crossover.
The second carposporophytic generation arises after fertilization and is
the diploid generation enclosed in the female gametophyte tissue.

It’s a one of the outstanding evolutionary adaption, ensuring genetic
continuity by producing tetraspores mitotically from the
tetrasporophytic generation. Such spores can germinate on their own,
giving rise to new thalli and further adding to the remarkable
reproductive flexibility of the genus. The transition from one phase to
the other is seamless, indicating sophisticated genetic regulatory
mechanisms that had evolved over tens of millions of years.
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3.6.4 Life Cycle

Red algae are haplo-diplonts with a complicated life cycle that often
involves three phases. Characteristical for Red algae is that no motile
stage occurs during the entire life cycle. The spores and gametes are
transported by the water in a passive manner. In the sexual reproduction
only oogamy is observed. oogamy is a type of anisogamy (unegual
gamets) in whch the egg cell is large and non-motile, in contrast to the
sperms. In red algae the egg cell develops in a female gametangium,
called carpogonium. It is here that fertilization occurs. The sperms are
produced in a own spermatangium (male gametangium), but lack an
own motility apparatus.

117
MATS Centre for Distance and Online Education, MATS University

S 4
i

ars)

UNIVERSITY

ready for life.

INTRODUCTION
TO PLANT
DIVERSITY



="

W\ . * y)
\ ./
\\\ tetrasporangium tetraspore ) male
X ? gametophyte
UNIVERSITY |/, / 1 3
ready for life... Ny
meiosis = }
\ s o sterile
INTRODUCTION E branch
TO PLANT Eervaiia g :
DIVERSITY gametophyte V| -
tetrasporophyte
(;‘/carpospore

cystocarp

G aTR
/ cross section of
2 spermatangium

spermatium

carpogonium

carposporophyte sterile cells

Fig. 3.12 Life Cycle of polysiphonia

3.6.5 The Economic and Ecological Importance

Polysiphonia species are of great interest not just in the context of their
intrinsic biology, but because of their important contributions to marine
ecosystem processes and significant economic potential. These
organisms serve as important primaryproducers, acting as building
blocks in marine food webs and aiding in global carbon sequestration
systems. As atmospheric carbon dioxide is fixed and oxygen is
produced through their photosynthetic mechanisms, they serve as an
important planetary governance modality (if you will) in terms of
amount of oxygen produced.

Polysiphonia: A potential resource in aquaculture and marine
biotechnology Some species are grown for their nutritional value, since
they have notable amounts of proteins, vitamins, minerals, and
bioactive components. The pharmaceutical and nutraceutical sectors
are both increasingly investigating these algae as potential sources of
novel medicinal compounds, antioxidants and therapeutic targets.

Polysiphonia 1s thus increasinglyused asabioindicatororganism
inaquaticenvironmental monitoring programs, capitalizing on their
sensitivity to environmental perturbations. With their cellular structures
and metabolic processes, they are highly sensitive to changes in water
chemistry, pollution levels, and climate variations, therefore make
excellent indicators of marine ecosystem health.

Polysiphonia is not just a taxonomic convenience, but a storyof
biological complexity, evolutionary ingenuity and ecological
adaptability. This genus serves as a striking example of the amazing
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diversity and resilience seen in marine algal systems, from its complex
cellular architecture to its advanced reproductive strategies.

The investigation of Polysiphonia by biologists is far from over, and as
exemplified by this new work, it is uncovering ever richer scales of
biological complexity. Newer techniques such as molecular methods
and advanced imaging technologies are likely to provide further
insights into these fascinating organisms in the years to come. As
environmental conditions at a global scale change, understanding such
phenotypic plasticity in marine organisms becomes essential for
understanding wider ecological processes and for finding possible
biological solutions to environmental problems.

Whereas a potent model for uncovering basic biological phenomena of
adaptation, reproduction, and ecological interaction, Polysiphonia has
brought researchers and marine biologists to the cutting edge — with
future exploration and discovery just beyond a majority of Polysiphonia
accomplishments. The genus also typifies the complexities,
interdependencies, and recursiveness of life that you find within marine
system.

Summary

Algae are simple, autotrophic, aquatic organisms that perform
photosynthesis. They can be unicellular (like Chlamydomonas) or
multicellular (like Ulva or seaweeds). Algae are found in freshwater,
marine, and moist terrestrial environments. They contain chlorophyll
and other pigments (like carotenoids and phycobilins), and are
classified into groups such as green algae (Chlorophyceae), brown
algae (Phaeophyceae), and red algae (Rhodophyceae). Algae are
important as primary producers in aquatic ecosystems and are used in
food, fertilizers, and biofuel production.

Multiple-Choice Questions (MCQs)

1. Which class of algae does Volvox belong to?

a) Xanthophyceae

b) Phaeophyceae

c) Chlorophyceae

d) Rhodophyceae

Answer- ¢

2. Oedogonium reproduces by which of the following methods?

a) Fragmentation

b) Asexual and sexual reproduction
¢) Only asexual reproduction

d) Only sexual reproduction
Answer- b
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3.

a)
b)
©)
d)

Vaucheria is a member of which class of algae?

Chlorophyceae
Xanthophyceae
Phaeophyceae

Rhodophyceae

Answer- a

4.

a)
b)
©)
d)

Which brown alga is commonly known for its role in marine
ecosystems?

Volvox

Polysiphonia

Sargassum

Oedogonium

Answer- ¢

S.

a)
b)
©)
d)

The major pigment found in Phaeophyceae (brown algae) is:

Chlorophyll a and b
Fucoxanthin
Phycocyanin
Phycoerythrin

Answer- b

a)
b)
©)
d)

Which of the following algae is a filamentous member of
Chlorophyceae?

Oedogonium
Sargassum
Polysiphonia
Ectocarpus

Answer- a

7.

Which of the following algae is used for carrageenan
extraction?

a) Volvox

b) Oedogonium

¢) Sargassum

d)Polysiphonia
Answer- d

8.

The characteristic feature of Rhodophyceae (red algae) is:

a) Presence of flagella Storage of food as floridean starch
b) Presence of chlorophyll b
c) Cell walls made of cellulose only
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a) Volvox
b) Ectocarpus
c¢) Oedogonium
d) Vaucheria
Answer- b

10. What type of reproduction is commonly seen in Volvox?

a) Binary fission
b) Asexual and sexual reproduction
c) Budding
d) Only fragmentation
Answer- b

Short Answer Type Questions
1. Define Chlorophyceae and list its characteristics.
. Describe the life cycle of Volvox.
. What is the economic importance of Oedogonium?

How does Vaucheria reproduce?

2
3
4
5. List the general characteristics of Phacophyceae.
6. What is the cell structure of Sargassum?

7. How does Ectocarpus obtain its nutrients?

8. What is the mode of nutrition in Polysiphonia?
9

Explain the classification of Xanthophyceae.
10. What are the commercial applications of red algae.

Long Answer Type Questions

1. Describe the classification, structure, reproduction, and
economic importance of Volvox.

2. Explain the life cycle of Oedogonium, highlighting its asexual
and sexual reproduction.
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3. Describe the characteristics, classification, and economic
significance of Vaucheria.

4. Explain the mode of nutrition and life cycle of Ectocarpus.

5. Discuss the role of Sargassum in marine ecosystems and its
economic importance.

6. Describe the general characteristics, classification, and
reproductive cycle of Polysiphonia.

7. Differentiate between Chlorophyceae, Phaeophyceae, and
Rhodophyceae based on morphology, pigments, and
reproduction.

8. Discuss the industrial applications of algae in food, cosmetics,
and pharmaceuticals.

9. Explain the ecological significance of brown and red algae in
maintaining marine biodiversity.

10. Describe the importance of algal biofertilizers and their role in
sustainable agriculture.
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MODULE 4
BRYOPHYTA

4.0 OBJECTIVES

To explain the general characteristics, classification, and
vegetative structures of different bryophyte groups
(Hepaticopsida, Anthocerotopsida, Bryopsida).

To study the reproductive structures and life cycles of Riccia,
Marchantia, Anthoceros, and Funaria.

To compare and contrast different bryophyte groups in terms of
morphology, reproduction, and life cycle.

To understand the role of bryophytes in ecology, soil
conservation, and their economic significance.

To examine the evolutionary significance of bryophytes as the
first land plants.
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Unit 4.1
Bryophyta: Hepaticopsida (e.g. Riccia)

Riccia is a small, thalloid liverwort commonly found in moist soil,
damp rocks, or shady places.It forms green, prostrate, dichotomously
branched thalli., The thallus is flat and ribbon-like, with a distinct
midrib.

4.1.1 General Characteristics and Morphological characters

General information about Hepaticopsida, represented by the Riccia
genus, Indicate that they have a range of distinct morphological and
physiological characteristics that differentiate them from other plant
groups. They have instead evolved simplified structures that serve
parallel purposes, the ingenuity of which speaks to the resourcefulness
of evolution.

Riccia and other hepatic bryophytes have simple thalluses, which
represent a distinctly different arrangement of plant parts from a
vascular plant. The thallus which is widely recognized for its flattened,
often green, ribbon-like or rosette-like structure also allows for
maximum surface area and for optimally absorbtion of water, and
nutrient, directly through its epidermal cells. This morphological
strategy mirrors their evolutionary lineage and adaptation to resource-
poor environments, representing a sophisticated survival mechanism
that emerged long before the establishment of complex vascular
systems.

The Riccia thallus usually has a dichotomous branching on the outside,
forming a web pattern that maximizes photosynthetic efficiency and
reduces energy expenditure. The thallus is dorsiventral, with upper and
lower surfaces being clearly differentiated. The dorsal side is typically
green and photosynthetically active, while the ventral side features
unique structures such as rhizoids that soul the organism as well as
promote the uptake of nutrients, serving the role of roots primitive than
found in the many evolved groups of plants.

4.1.1.1 Classification
o Division: Bryophyta
e Class: Hepaticopsida (Liverworts)
e Order: Marchantiales
o Family: Ricciaceae

¢« Genus: Riccia
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4.1.2 Morphology and Anatomical Arrangement of Vegetative
Structures

Riccia’s vegetative structure is a marvel of evolutionary adaptation and
an example of a complex molecular mechanism that has a simpler
organizational strategy. The thallus consists of several layers of cells,
each with different physiological functions. The topmost layer usually
comprises large transparent cells allowing light to permeate for
maximum efficiency, while layers underneath have cells rich in
chloroplasts that drive the majority of metabolic processes.

4.1.3 Microscopic Study of Riccia: Microscopic examination of
Riccia shows a complex

cellular arrangement in the Riccia thallus. The epidermis consists of a
single layer of cells with distinct roles in gas exchange and water
regulation. Immadicleate, a collection of photosynthesizing tissues
apted, with careful organization to maximize absorption of the light,
sun-charged on the outer cell. Mesophyll cells contain intercellular air
spaces that aid the exchange of gases, serving as a compensatory
mechanism for more complex plant groups that possess vascular and
stomatal systems.

Another interesting adaptation is the root-like structures that are located
on the ventral surface of the thallus called cyhoids. These unicellular or
multicellular filamentous structures help to hold the organism to
substrates and to absorb water and nutrients. Rhizoids are
insufficientlyvariegated internally to be considered roots, but
theyperform similar jobs in terms of distribution in an environment, a
solution for life on exactly the same land taken by these very basal land
plants

Ventral
Scales

Mid Dorsal
Groove

Rhizoids

Thallus lobe
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Fig. 4.1 Morphology and Anatomical Arrangement of Vegetative
Structures of Riccia

4.1.4 Reproductive

Riccia employs both asexual and sexual reproduction strategies,
constituting a complex process that contributes to the diversity and
evolution of the species. Asexual reproduction mainly happens through
thallus fragmentation, wherein sections of the parent thallus grow to
become independent organisms. This mechanism enables rapid
population expansion in favorable environmental conditions and is an
efficient colonization strategy.

In sexual reproduction, Riccia forms specialized reproductive
structures, showcasing the elaborate life cycles of bryophytes. Many
species of Riccia are monoecious, meaning that both male reproductive
structures (antheridia) and female reproductive structures (archegonia)
are produced on the same thallus.Antheridia produce flagellate
spermatozoids, with two flagellae, which have the ability to swim in
water films to reach and fertilize egg cells inside archegonia.

For fertilization to occur, certain environmental conditions are
necessary, especially the availability of water that allows movement of
sperm and gametes to fuse. After successful fertilization, a diploid
zygote is formed, beginningthe sporophyte generation. The sporophyte
is embedded within the maternal gametophyte tissue, showcasing the
complex dependence seen in bryophyte reproductive systems.

4.1.5 Life Cycle

Riccia was an organism that follows the alternation of generations in
bryophytes, where it continuously generates both haploid
gametophytes and diploid sporophytes. The dominant generation is the
haploid gametophyte, shown as the familiar thalloid structure, which
can produce gametes via mitotic divisions. This is in stark contrast with
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vascular plants in which the sporophyte generation is generally
dominant.

Riccia forms reproductive organs, also known as gametophytes, during
the gametophyte phase and forms structures that will produce gametes
through meiosis. Under suitable environmental conditions,
spermatozoids swim to and fertilize egg cells to produce a diploid
zygote. This zygote quickly divides to become a small short-lived
sporophyte generation, which is nutritionally dependent on the
maternal gametophyte for the remainder of the its lifespan.

Riccia is extremely simplified as compared to all the more advanced
plants with some of their characteristics being absent. It primarily
comprises a structure known as a capsule that contains spores and is
released upon maturity. Spores are the chief means by which species
disperse their genes and propagate. These spores can germinate to
produce a new generation of gametophytes, and thus, a new life cycle
is established if they land on the right substrate.

Riccia shows unique features and evolutionary strategies among other
bryophyte groups. Riccia has many fundamental features with members
of the mosses and the hornworts, like the dominance of gametophyte
generation, the necessity of water for sexual reproduction, and the lack
of true vascular tissues. Riccia, however, stands out in its thalloid
morphology and reproductive adaptations.

Unlike plants classified as mosses, which have leaf-shaped structures
and a higher level of vegetative organization, Riccia retains a more
primitive, flattened structure. Hornworts, another group of bryophytes,
exhibit similar reproductive mechanisms, but vary in their sporophyte
morphology and cellular organization. These comparative perspectives
will  beimportant in documentingthe tremendousdiversityand
evolutionary innovation that has occurred in the bryophyte lineage.

The placement of Riccia within the larger tree of bryophytes provides
important insights into bryophyteevolution. The nature of its
anatomyand reproduction reflects transitional forms between aqua-
based algal ancestors and higher plant lineages that have been
established on land, making it a window into the progressive
adaptations that allowed for the successful colonization of this
environment by the plants.
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4.1.6 Economic and Ecological Significance

Small as they are, Riccia and other hepatic bryophytes are important
ecological players well beyond their physical base. Primary colonizers
of a diversity of substrates, fungi playa critical role in soil formation,
erosion prevention, and the creation of microhabitats suitable for the
development of more complex ecological communities. They are
exceptional indicators of the health of the environment and the
condition of ecosystems because they can thrive in a variety of
conditions.

Riccia and its potential use in soil and horticultural applications In some
areas of agriculture, including horticulture, Riccia species may offer
potential uses for soil management and soil restoration. They are also
used for erosion control, particularly on degraded or unstable sites,
because of their ability to form a thick mat and hold moisture in the
soil. Several species also demonstrate exceptional tolerance towards
pollutants, making them excellent candidates for biomonitoringto
assess environmental contamination.
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Summary:

Riccia is a thalloid liverwort belonging to the class Hepaticopsida of
Bryophyta. It is small, green, and primarily terrestrial, growing on
moist soil or rocks. The thallus is dorsiventral, ribbon-like,
dichotomously branched, and lacks true roots, stems, and leaves.
Rhizoids (unicellular or multicellular) anchor it to the substrate. Riccia
shows alternation of generations, with a dominant gametophytic
stage and a dependent sporophytic stage. Reproduction occurs
vegetatively through fragmentation, asexually by spores, and sexually
by oogamous gametes, with male antheridia producing sperm and
female archegonia producing eggs. Fertilization produces a
sporophyte, which remains attached to the gametophyte and bears
spores for dispersal. Riccia contains chlorophyll a and b, stores food
as starch, and contributes to soil fertility and ecosystem stabilization
in moist habitats.

Multiple Choice Question(MCQs):

1. Riccia belongs to which class of Bryophyta?
a) Bryopsida
b) Hepaticopsida
c¢) Anthocerotopsida
d) Pteridopsida
Answer: b
2. The dominant stage in Riccia is:
a) Sporophyte
b) Gametophyte
c) Zygote
d) Embryo
Answer: b
3. Reproduction in Riccia is:
a) Only sexual
b) Only asexual

c) Vegetative, asexual, and sexual
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d) Binary fission

Answer: C

Riccia produces which type of gametes?
a) Isogamous

b) Anisogamous

¢) Oogamous

d) Conjugative

Answer: ¢

Food in Riccia is stored as:
a) Oil

b) Starch

¢) Glycogen

d) Protein

Answer: b

Short Answer Questions

A o e

Describe the thallus structure of Riccia.
Explain vegetative reproduction in Riccia.
What is oogamy? Illustrate with Riccia.
Describe the sporophyte of Riccia.

Mention two ecological roles of Riccia.

Long Answer Questions

Describe the structure, vegetative, asexual, and sexual
reproduction of Riccia with a labeled diagram.

Explain the life cycle of Riccia, highlighting alternation of
generations.

Compare Riccia and Marchantia in terms of thallus structure
and reproduction.

Discuss the ecological and biological importance of
liverworts.

Explain how Riccia contributes to soil fertility and moisture
retention in its habitat.

130
MATS Centre for Distance and Online Education, MATS University



Unit 4.2
Bryophyta: Hepaticopsida (e.g Marchantia)

Bryophytes have garnered the interest of both plants and ecology, as
they are a remarkable world of plant life that serves to interconnect the
sea algae with the earthen the body vascular plants. Among this variety,
the Hepaticopsida, more significantly known as liverworts, are a
fascinating class of non-vascular plants that have thrived in a range of
terrestrial and semi-aquatic habitats. Of all the hepatic bryophytes,
Marchantia is the archetypal genus and thus an ideal reflection of the
anatomy, ecology and evolution of the class.

4.2.1 General Features Characteristics

Liverworts (division Hepaticopsida) are characterized by unique
morphological and anatomical characters that distinguish them from
other plant groups. These tiny (mostly green) plants prefer humid,
shadowyhabitats, including tropical rain forests and shaded wooded
areas even on the arctic tundra. Their name “liverwort” derives from
the mistaken belief that their lobed thalli look like the human liver, and
it was commonly used in medieval herbalism to cure liver-related
diseases.

Hepaticopsida possesses a relatively simple but complex structure
morphologically. They do not have true roots, stems, and leaves, unlike
vascular plants. Instead, they have a flat, ribbon-shaped or lobed
thallus, which contact with the substrate through some structures
named rhizoids. These rhizoids are thin, lacy filaments that hold the
plant in place and help it to absorb water and nutrients. Although the
thallus is usually dorsiventral, with an upper and lower surface
(havingdifferent physiological functions).

External to the thallus is often segmented into differing zones with the
photosynthetic tissue usually forming on the upper surface. These
tissues possess chloroplasts that promote photosynthesis, which means
that the plant has the capacity to produce its own dietary needs. The
underside is generally covered in rhizoids and other structures to
anchors and absorb water. This special anatomical feature enables
hepaticopsida to thrive in conditions where water and nutrients are
scarce.
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Fig. 4.3 A External morphology of Marchantia thallus
Fig. 4.4 B Internal morphology of Marchantia thallus

4.2.2 Classification

Hepaticopsida is a class within bryophytes with unique taxonomic and
evolutionary characteristics. Hepaticopsida is a complex class whose
classification has been greatly revised thanks to the advances in
molecular phylogenetic studies; Current classifications are more
accurate than before. Traditionally, these classes had been classified
into several orders, with Marchantiales composed of many of the best-
known and better- studied members.

Their systematic classification usually follows this hierarchy: [Domain]
Eukaryota ’[Kingdom] Plantae  [Division] Bryophyta [Class]
Hepaticopsida ’! [Order]

Marchantiales ’ [Family] Marchantiaceae’ [Genus] Marchantia. In this
taxonomic paradigm, scientists are able to identify and study the
evolutionaryrelationship as well as the distinguishing features of these
magnificent creatures.

One genus in the Marchantiales order, Marchantia, has become the go-
to model organism for liverwort biology. Because of their
comparatively simple structure and relative ease of cultivation, species
such as Marchantia polymorpha have been studied extensively. These
species are highly adaptable and valuable models for studying essential
plant biological mechanisms.
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4.2.3 Reproduction

The biology of Marchantia and other hepaticopsida is complex,
particularly concerning the reproduction, which involves sexual
reproduction through gametes, as well as asexual reproduction through
fragmentation and cell division. They have a haplodiplontic life cycle,
with the haploid gametophyte stage temporary (male and female
gametophytes) alternating with the diploid sporophyte stage, which is
represented in the plant we commonly see.

Asexual reproduction is mainly by fragmentation and gemmae
(specialized asexual reproductive structures). These are small,
multicellular propagules developed in specialized cup-like structures
on the surface of the thallus. When the cups fill with water, the gemmae
are splashed out and can grow into new individual plants,
demonstrating a form of efficient vegetative reproduction.

The sex organs of Bryophytes are separate structures and the male
organs are antheridiophores while the female organs are
archegoniophores. These structures are usually elevated on stalks above
the thallus, increasing the chances of successful fertilization. Male
antheridiophores, on the other hand, produce numerous biflagellated
spermatozoids, whilst the female archegoniophores contain egg cells
housed in specialized archegonia.

These spermatozoids swim through a thin film of water and swim
towards and fertilize the egg cells. This process only happens at a
specific combination of environmental conditions, usually involving
the presence of moisture and close proximity of male and female
reproductive structures. The diploid sporophyte that develops from this
fertilized egg is attached to and derives nutrition from the maternal
gametophyte.

Fig. 4.5 Reproductive structure of marchantia

Meiosis within the sporophyte, which is a short-lived structure, gives
rise to haploid spores. The spores disperse and germinate into new
haploid gametophytes in favorable conditions, completing the
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complexity of the hepaticopsida life cycle. This abstract reproductive
strategy is an example of evolutionary complexity among these vastly
simple organisms.

4.2.4 Life Cycle

The marchantia life cycle shows this fundamental bryophyte
property—alternation of generations. This shows two generations —
the haploid gametophyte that is photosynthetic and dominant, and a
relatively short-lived diploid sporophyte. The haploid stage is the main
part of the plant, supplying food and the main green photosynthetic
part.

Communicating both gametophyte and sporophyte phases, the
bryophyte life cycle begins after appropriate conditions cause the
germination of haploid spores. The prostrate thallus that eventually
grows from the germinating spores continues to spread and produces
rhizoids that anchor the plant to the substrate. In response, the
gametophyte retains the egg or egg and sperm until they can be
fertilized and nurtured during initial growth stages.

Male and female reproductive structures form on separate or sometimes
on the same thalli. Antheridiophores, are male gametophytes which
create spermatozoids, whereas archegoniophores are female
gametophytes housing eggs. The egg cells are fertilized by
spermatozoids swimming through a film of water, resulting in a diploid
zygote.

The zygote develops into a dependent sporophyte generation that is
attached to the maternal gametophyte, and the sporophyte generation is
short-lived. This sporophyte undergoes meiosis to make haploid spores
within special structures, which are then released into the environment.
In appropriate conditions, these spores will germinate to form a new
gametophyte generation, continuing the cycle.

Such a complex life cycle is an important evolutionary adaptation,
enabling hepaticopsida to thrive in varying environmental conditions
through effective reproduction and dispersal. The adoption of
alternation of generations, with haploid (gametophyte) and diploid
(sporophyte) stages, can ensure genetic diversity and plasticity,
essential for successful colonization of land.
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4.2.5 Economic Importance

Hepaticopsida are little, unassuming creatures that have important roles
in many areas of life and science. They are very small, but are
incredibly significant in terms of ecosystem presence, scientific studies
and also biotechnology.

In ecological systems, liverworts are commonly primary colonizers in
many terrestrial habitats. Theyare keyin the formation of soil, breaking
down rock and also establishing initial substrate conditions for other
plant species. They are also critical indicators of ecosystem health and
environmental shifts because of their ability to flourish in harsh
habitats.

Summary:

Marchantia is a thalloid liverwort belonging to the class
Hepaticopsida of Bryophyta, commonly found on moist seil, rocks,
or shady habitats. The thallus is dorsiventral, dichotomously
branched, ribbon-like, and lobed, with a distinct upper dorsal
surface (bearing chlorophyll) and a ventral surface with rhizoids for
anchorage. Marchantia reproduces vegetatively, asexually, and
sexually. Vegetative reproduction occurs via gemmae present in
gemma cups, which are dispersed by rain. Asexual reproduction occurs
through fragmentation, and sexual reproduction is oogamous, with
male antheridia producing sperm and female archegonia producing
eggs. Fertilization produces a sporophyte, which grows attached to the
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gametophyte and bears spores. Marchantia contains chlorophyll a and
b, stores food as starch, and plays an ecological role in soil formation,
moisture retention, and as pioneer vegetation.

Multiple Choice Question(MCQs):

1. Marchantia belongs to which class of Bryophyta?
a) Bryopsida
b) Hepaticopsida
¢) Anthocerotopsida
d) Pteridopsida
Answer: b
2. Vegetative reproduction in Marchantia occurs by:
a) Fragmentation only
b) Gemmae in gemma cups
¢) Spores
d) Binary fission
Answer: b
3. Marchantia produces which type of gametes?
a) [sogamous
b) Anisogamous
c¢) Oogamous
d) Conjugative
Answer: C
4. The dominant stage in Marchantia is:
a) Sporophyte
b) Gametophyte
c) Zygote
d) Embryo
Answer: b
5. Food in Marchantia is stored as:
a) Oil
b) Starch
¢) Glycogen
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Describe the thallus structure of Marchantia.
Explain vegetative reproduction in Marchantia.
What is oogamy? Illustrate with Marchantia.
Describe the sporophyte of Marchantia.

A o e

Mention two ecological roles of Marchantia.

Long Answer Questions

1. Describe the structure, vegetative, asexual, and sexual
reproduction of Marchantia with a labeled diagram.

2. Explain the life cycle of Marchantia, highlighting alternation
of generations.

3. Compare Marchantia and Riccia in terms of thallus structure
and reproduction.

4. Discuss the ecological and biological importance of
liverworts.

5. Explain how Marchantia acts as pioneer vegetation in soil

formation.
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Unit 4.3
Bryophyta: Anthocerotopsida (Anthoceros)

Hornworts, or Anthocerotopsida, are an interesting and unique division
of bryophyte and hold a unique position in the phylogeny of plant life.
Hornworts differ from their bryophyte relatives in several interesting
ways, which makes them an interesting plant to studybotanically or
evolutianarily. These fragile, tiny plants inhabit damp, darkened
environments, from the tropics to temperate locales, contributing
modestly but importantly to ecosystem dynamics and the evolution of
plants.

4.3.1Features General Characteristics

The general features of Anthocerotopsida as a whole are unique and
complicated. Morphologically, they are defined by their relatively
simple, thalloid body structure, which takes the form of a flat, green,
leaf-like expansion growing close to the ground. Unlike the other type
of bryophytes, their thallus is often more homogeneous, less
differentiated; single-cell-thick tissue is generallytransparent andhas
manychloroplasts. A thallus with no clear differentiation of tissues,
making it a basic but effective photosynthetic structure.

Maybe the most remarkable feature of hornworts is a symbiosis with
cyanobacteria (mainly Nostoc species) that is harbored in specialized
mucilage-filled cavities within the thallus. Such cyanobacterial
associations facilitate nitrogen fixation and provide hornworts with a
profound ecological benefit by colonizing nitrogen-poor soils. The
surface of the thallus is typically smooth and often absent of the
complex outer structures seen in mosses and liverworts, giving them a
more streamlined morpho.

In addition to that, this class features a unique type of chloroplast that
contains a pyrenoid, a protein-rich structure involved in carbon
fixation. Chloroplasts that contain such pyrenoids are specific to this
group of plants and are considered an evolutionary intermediary
between prokaryotic and eukaryotic photosynthesis. Chloroplasts are
usually abundant and large, filling most of the thallus cells for effective
photosynthetic activity.

4.3.2 Classification

Anthocerotopsida is the scientific name of a division of plants
commonly known as hornworts. Hornworts have historically been
treated as the third division of bryophytes, although their
evolutionaryaffiliation has been elucidated usingmolecular
phylogenetics. Anthocerotopsida is now widely accepted as a separate
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lineage of bryophytes with around 100-200 species in several genera,
with Anthoceros being the best known and most studied.

There are manygenera in the taxonomic groupAnthocerotopsida,
includingAnthoceros, Phaeoceros and Notothylas, which maydiffer
slightly inmorphological and reproductive features. The most well-
studied genus and, therefore, that in which the division receives its
name, is Anthoceros, the archetypal (typical) hornwort. These genera
are defined based on specifics such as the morphology of thallus, the
structure of sporophytes and mechanisms of reproduction.

Phylogenetic analyses indicate that hornworts could potentially be
among the earliest branching lineages of land plants, placing them in a
key position for studying the aquatic to terrestrial transition in plants.
Researchers have been drawn to their unusual cellular and genomic
features, piquing curiosity about their evolutionary importance and
clues to the transition of other plants to land.

4.3.3 Vegetative Structure

The vegetative body of the Anthocerotopsida is remarkably simple in
structure and function. The thallus is usuallydorsiventral, with distinct
upper and lower surfaces that have different functions. The upper
surface is mostly designated for photosynthesis and gas exchange, the
lower surface aids in attachment to the substrate and the uptake of water
and nutrients.

At the cellular level, the thallus is a single layer of cells that forms a
two-dimensional photosynthetic structure. Each cell is packed with
many large, disc-like chloroplasts bearing distinct pyrenoids which
facilitate both efficient light capture and carbon fixation.

An efficient metabolic process started with adequate gas exchange due
to well- developed intercellular spaces.

Hornworts do not have specialized structures known as stomata in their
epidermis, which is characteristic of more advanced groups. Instead
their gas exchange and water regulation take place by diffusion and
through simple cellular mechanisms. This is a fairly primitive
arrangement and is representative of their evolution and adaptation to
fairlymoist environments.

Root-like structures called rhizoids extends from the lower surface of
the thallus. These slender, hair-like projections hold the plant in place
to a substrate and aid it in absorbing water and nutrients. Hornwort
rhizoids differ from those of most vascular plants, which have more
complex root systems, by being simple, unicellular structures that are
used in basic processes of attachment and absorption.
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Fig. 4.7 Vegetative Structure of Anthoceros

4.3.4 Reproduction

Mechanisms of reproduction in Anthocerotopsida include sexual and
asexual components. (Thispattern is a defining feature of bryophytes
that involves the alternation of generations between a dominant
gametophyte and a unique sporophyte.)

The gametophyte stage then starts with the formation of sex organs
called antheridia (male) and archegonia (female). The antheridia are
generallypenetrated into the thallus and secrete biflagellate, spirally
twisted male gametes also called spermatozoids. Collectively these
(archegonia) are embedded, each containing an egg cell —the lone
ovule waiting to be fertilized. Their reproductive structures are not only
in close proximity, theyare also integrated with each other, founding
adapted in an amphibious, wet, terrestrial conditions.

After that, a (motile) spermatozoid swim through the water film to find
and fertilize the archegonium. After they successfully combine they
form a diploid cell known as a zygote which matures into an elongated
sporophyte that is unique to this group of plants and continues to grow,
attached to and receiving nutrients from, its parental gametophyte. This
sporophyte, commonly looking like a horn-like structure (hence
“hornwort”), is a notable shift from reproductive strategy of other

bryophyte types.

Anthocerotopsida is notable for the continuity of its meristematic
activity with indeterminate sporophyte growth. For mosses and
liverworts, the sporophyte is fleeting, maturing quickly and generating
spores; hornwort sporophytes however can grow and generate spores
throughout their life in the hornwort. This trait extends the lifetime
production of spores thus increasing reproductive capacity.

Inside the sporophyte, meiosis produces haploid spores that are
released when the outer layers of the sporophyte split longitudinally.
The spores are dispersed by wind and can survive in a dormant state
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until adequate germination conditions are reached. After germination,
the spore forms a new thalloid gametophyte, restarting the sexual cycle.

4.3.5 Life Cycle

The general life cycle of theAnthocerotopsida is generally similar to the
basal bryophyte life cycle that has alternation of generations but with
some notable modifications. The haploid gametophyte is the dominant
phase, the main photosynthetic and vegetative read more organism
stage. The mature gametophyte, a free-living and independent
structure, can perform photosynthesis and absorb nutrients.

Also commonlyseen in mushroom lifecycle, this process begins
withspore germination, where a haploid spore undergoes mitotic
divisions to grow into a multicellular thallus. The algal thallus
eventually differentiates into reproductive organs that produce male
and female gametes. There is a stage in the life cycle where antheridia
and archegonia are produced, representing the sexual reproductive
stage and allowing for fertilization, and therefore genetic
recombination.

This forms a diploid zygote, which quickly develops into a sporophyte.
Hornwort sporophytes are also unique among bryophytes because
theyare permanently attached to the gametophyte and, unlike other
bryophyte sporophytes, the hornwort sporophyte continues to grow and
produce spores throughout its life. Such a sporophyte; that is, such a
multicellular diploid phase of their life cycle, represents a major
evolutionary advance, though it does appear to have produced all of
them with a process that just keeps on going, keeping them fertile for a
much longer period of time.

The sporophyte undergoes extensive meiotic division to produce
haploid spores that are released into the surroundings. These spores
may eventually germinate to form new gametophytes, continuing the
cycle of reproduction. This whole process is an advanced survival and
dispersal strategy for these organisms to adopt to life in land
environment.

Anthocerotopsida display shared structures found in other bryophyte
groups but also unique elements specific to the clade. As with the
mosses and liverworts, hornworts have a dominant gametophyte stage,
possess no true vascular tissues, and also require water for sexual
reproduction. Their distinctive features that come in contrast to their
bryophyte relatives are their special chloroplast structure, symbiotic
relationships and their dominant sporophyte.

Hornworts have a more uniform thalloid structure and less tissue
differentiation than mosses. Unlike the usually ephemeral sporophytes
of the mosses, those of cycads are larger and more long-lived. Unlike
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mosses, vascular plants do not have leaf-like structures; instead their
reproductive structures are embedded within their protuberances.

Liverworts have a thalloid body plan and reproductive structures
embedded in the outer surface, similar to hornworts. In contrast,
hornworts have more complex chloroplasts and longer-lived
sporophytes. Hornworts, on the other hand, have a more pronounced
symbiotic relationship with cyanobacteria, a unique ecological
adaptation.

LS. sporogoniumr

sporophyte
(2n)

gametophyte

(n)
independent

Fig. 4.8 Life cycle of Anthoceros

Summary:

Anthoceros is a thalloid hornwort belonging to the class
Anthocerotopsida of Bryophyta, commonly found in moist soil or
damp rocks. Its thallus is dorsiventral, ribbon-like, simple or
branched, with rhizoids on the ventral surface for anchorage. A
distinctive feature of Anthoceros is its sporophyte, which is elongated,
horn-like, and photosynthetic, unlike liverworts. Anthoceros shows
alternation of generations, with a dominant gametophyte and a
persistent, photosynthetic sporophyte. Reproduction occurs
vegetatively by fragmentation, asexually by spores, and sexually by
oogamous gametes, with antheridia producing sperm and
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archegonia producing eggs. The sporophyte develops from the
fertilized egg and produces spores and pseudo-elaters for dispersal.
Anthoceros contains chlorophyll a and b, stores food as starch, and
contributes to soil formation and pioneer colonization in moist
habitats.

Multiple Choice Question(MCQs):

1. Anthoceros belongs to which class of Bryophyta?
a) Bryopsida
b) Hepaticopsida
¢) Anthocerotopsida
d) Pteridopsida
Answer: ¢
2. The sporophyte of Anthoceros is:
a) Non-photosynthetic and short-lived
b) Photosynthetic and elongated
c¢) Independent like a moss
d) Similar to Marchantia
Answer: b
3. Anthoceros reproduces sexually by:
a) [sogamy
b) Anisogamy
c) Oogamy
d) Binary fission
Answer: ¢
4. Spores in Anthoceros are dispersed along with:
a) Gemmae
b) Pseudo-elaters
c¢) Rhizoids
d) Air bladders
Answer: b
5. The dominant generation in Anthoceros is:
a) Sporophyte
b) Gametophyte
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c) Zygote
d) Embryo

Answer: b

Short Answer Questions

A o

Describe the thallus structure of Anthoceros.
Explain vegetative reproduction in Anthoceros.
What is oogamy? Illustrate with Anthoceros.
Describe the sporophyte of Anthoceros.

Mention two ecological roles of Anthoceros.

Long Answer Questions

Describe the structure, vegetative, asexual, and sexual
reproduction of Anthoceros with labeled diagram.

Explain the life cycle of Anthoceros, emphasizing the horn-
like sporophyte.

Compare Anthoceros and Marchantia in terms of sporophyte
structure and reproduction.

Discuss the ecological significance of hornworts in pioneer
habitats.

Explain the role of pseudo-elaters in spore dispersal in

Anthoceros.
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Unit 4.4
Bryophyta: Bryopsida (Funaria)

Moss (Bryopsida) are a fascinating group of non-vascular land plants
that are integral to terrestrial ecosystems globally. These small but
hardy lifeforms can be found in the division Bryophyta, making them
one of the earliest forms of terrestrial vegetation with the ability to
flourish in a wide range of habitats. Mosses, unlike vascular plants, do
not have xylem and phloem, specialized conducting tissues, which lead
to significant differences in their morphology and physiology. The
height of these plants are usually just a few millimeters to several
centimeters tall, and theymainlythrive in moist, shaded places such as
forests, rocky areas, wetlands and even and Arctic and Antarctica
locations.

Bryopsida are bryophytic and thus have a different morphological
structure than vascular plants with a rather simple but very efficient
morphology. The main body of the moss is a green, photosynthetic
gametophyte generation and is capable of independent survival.
Although it is not made up of leaves and stems in the literal sense, the
plant body consists of leaf-like structures arranged along a central stem-
like axis. Rather, they are specialized structures adapted for
photosynthesis, water absorption, and gas exchange. Mosses typically
produce a spongy, mat-like layer on the Earth’s surface, which serves
as insulation against erosion, momentum to hold moisture, and
microhabitats for various small organisms.

Bryopsida exhibits remarkable plasticity under water-limited
conditions and can thrive in a wide range of natural habitats. They are
exceptional poikilohydric organisms, such that their water content is a
direct reflection of ambient environmental conditions. When water is
unavailable, these plants can enter a period of metabolic dormancy,
pausing their physiological processes and resuming as soon as moisture
is available. This distinct adaptation enables mosses to thrive in
conditions other kinds of plants would die in, including desert edges,
alpine zones, and some temporary water.Stop beinga moss. Their
stalked, streamlined, simple cell organization facilitates the diffusion of
water and gases, making up for the lack of highly developed vascular
tissues.

Classification
Kingdom: Plantae
Division: Bryophyta
Class: Bryopsida

Order: Funariales
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Family: Funariaceae

Genus: Funaria

4.4.1 Vegetative Structure

Bryopsida, as seen in Funaria, have a vegetative structure that
inherently points to an advanced yet still simple structural plan for
survival on land. The major vegetative structure, or gametophyte, has
two main parts, the protonema and the leafy shoot. The protonema is
the first juvenile stage of development of a moss; after dispersal of the
spores, green threadlike projections grow out in filamentous structures,
establishing a crucial early phase of growth. I guess it helps to set up
for the initial photosynthetic capacity and doing the groundwork for the
architectural complexity of these mosses to develop later on.

From the green moss spore (the protonema), that leafy growth or
gametophore develops and constitutes the mature vegetative stage of
the moss plant. It usually consists of a central stem or axis-type of
structure known as caulidium, from which many small, overlapping
leaf-like structures known as phyllids arise. These phyllids are
generally one cell thick and have no central vein, unlike the true leaves
of vascular plants. The phyllids form a spiral or ranks around the
caulidium, creating a greater surface area for photosynthesis and
allowing for the exchange of gases and water. Rhizoids are
multicellular or unicellular filamentous structures of the bryophytes
that perform functions similar to roots in vascular plants, and the whole
plant body is attached to the substrate with the help of rhizoids.

Bryopsida is one of nature’s master engineers on a cellular scale. The
cell walls are mainlycellulose andhave large conspicuous chloroplasts
forcarrying out photosynthesis. Because they are small and have
specialized cells with capability of water and nutrient transport by
diffusion and capillary action, they lack specialized conducting tissues.
This cellular organization enables mosses to thrive in environments
with low nutrient availability and variable moisture conditions. This
brings me to the vegetative structure of mosses, which is why they are
adaptive and able to colonize a wide range of environments, from the
open forest floor, many rocky areas and even some physiognomy to
varying levels in the atmosphere, thus contributing to some of the most
wildlife ecosystems and primary succession.
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Fig. 4.9 Morpholofgy of Funaria
4.4.2 Reproduction

Syllogism: Reproduction in Bryopsida is a complex and fascinating
process characterized by an alternation of generations between
gametophyte and sporophyte stages. Mosses, like manyplants,
reproduce sexually, with male and female reproductive structures
formed in special moisture-retaining parts of the moss plant. Male
reproductive structures (antheridia) produce motile, biflagellate
spermatozoids, whereas female reproductive structures (archegonia)
contain a single eggcell. These reproductive leaves are usually found at
the ends of gametophyte branches and are covered by specialized
leaves, known as perigonial and perichaetial leaves, which protect the
gameteer.

A distinctive characteristic of Bryopsida is their dependency on water
for fertilization, which is required for the spermatozoids to swim
through a fine layer of water to reach the egg cell inside the
archegonium. This is a reflection of the evolutionary importance of
moisture dependence for moss sexual reproduction (Moore et al. 2003).
Upon fertilization, the zygote matures into a diploid sporophyte that is
nutritionally dependent on the maternal gametophyte and is attached to
it. The sporophyte has three main parts, the foot (which sinks below the
velum into the gametophyte), the seta (a narrow stalk), and the capsule
(which holds spores).

The meiotic division occurs within the capsule and haploid spores are
formed. They are usually discharged via a mechanism involving the
operculum (a lid-like structure) and the peristome (a specialized tooth-
like structure that helps control the release of spores). The dispersal of
these spores is a vital mechanism for moss reproduction and
distribution, enabling these plants to spread out to new environments
and sustain genetic variation. Both sexually and asexually the
reproductive cycle highlights the underlying brilliance and
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evolutionarygenius of the class, despite it appearing relatively simple
in form.

4.4.3 Life Cycle

Bryopsida exhibits an exceptional life cycle, wherein two generations
namely, the gametophyte and the sporophyte—alternate in an intricate
reproductive process called alternation of generations. The haploid
gametophyte is the dominant generation, characterized by being the
green leafy and photosynthetic vegetative stage of the moss plant. The
process starts with a haploid spore germinating into a filamentous
protonema, before maturing into the leafy gametophore.

Male and female reproductive structures (called antheridia and
archegonia, respectively) are produced from the gametophyte, which
uses mitotic division to create gametes. After fertilization, a diploid
zygote becomes a sporophyte, which is usually short-lived and relies
on the haploid gametophytes for nutrition. The sporophyte as the
diploid multicellular stage undergoesmeiotic division in thecapsule-
based sporangium, yielding haploid spores that can be released to
initiate a new generation. This complex cycle showcases a crucial
evolutionary approach that allows mosses to thrive in a range of
environmental conditions and preserve genetic diversity.

Each developmental station is marked with its unique morphological
features and physiological idiosyncrasies pivotal for survival and
procreation. But the generational handoff is exquisitely complex,
entailing steps of cellular differentiation, hormonal regulation, and
environmental responsiveness. The process reflects complex
evolutionary ways that Bryopsida have adapted to invade land,
successfully colonize land and endure 100 million years of evolution.
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Economic Importance

Bryopsida might appear humble, but their roles have far-reaching
impacts on the world and human activity. Mosses playcrucial roles in
soil development, water retention and maintenance of biodiversity in
ecological systems. They are among the first organisms to colonize bare
rock and initiate soil development in primary succession. And their
dense growth helps to stop soil erosion, stabilize landscapes, and create
microhabitats for a host of small organisms, resulting in ecosystem
resilience and biodiversity.

Bryopsida is an important model system in scientific research,
representing a key group for studying evolution, developmental
biology, and ecological adaptation in land plants. Therefore researchers
use moss species to studybasic biological processes, genetic
mechanisms, and environmental responses. Mosses possess
uncomplicated body structure and have high regeneration ability from
a tiny piece, that attracts people to doingexperimental studies on them
in molecular genetics, physiology, and ecological research.

Mosses have important applications in horticulture, environmental
monitoring, and multiple industries from an economic perspective.
Bryophytes are certain mosses that can be found in every region of the
world, and one species of moss widely used in gardening is sphagnum
moss. Some species of mosses are also studied for medicinal properties
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& bioactive compounds, particularly in the pharmaceutical and
cosmetic industries. Mosses are also good bioindicators of
environmental quality, particularly with regard to air pollution and
heavy metals, which makes them important tools for ecological
assessment and environmental monitoring.

Certain species of moss have astonishing characteristics which have
garnered both scientific and industrial interest. Phytoremediation is a
strategy to utilize bryophytes for absorbing and neutralizing pollutants
present in the environment. This primes their specialized cellular
architectures and biogeochemical pathways to be exploited for novel
systems in bioremediation and bio-mining approaches.

Summary

Bryophyta are non-vascular, small, green land plants that include
mosses, liverworts, and hornworts. They lack true roots, stems, and
leaves but have structures that perform similar functions. Bryophytes
grow in moist and shady environments and absorb water directly
through their surface. They reproduce via spores and have a dominant
gametophyte generation in their life cycle. Bryophytes play a key role
in soil formation, water retention, and preventing erosion.

Multiple-Choice Questions (MCQs)
1. Which class of Bryophyta does Riccia belong to?

a) Anthocerotopsida

b) Hepaticopsida

¢) Bryopsida

d) Sphenopsida
Answer- b

2. Lycopsida What is the dominant phase in the life cycle of
Marchantia?

a) Sporophyte
b)Gametophyte
c)Zygote
d)Embryo
Answer- b

3. Anthoceros is a member of which class of Bryophyta?

a) Hepaticopsida
b) Anthocerotopsida
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¢) Bryopsida
d) Lycopsida
Answer- b

4. Which of the following is a characteristic feature of Funaria?

a) Presence of rhizoids
b) Vascular tissues
¢) Seed production
d) True roots
Answer- a

5. The thallus of Marchantia contains specialized cup-like
structures called:

a) Archegoniophores

b) Gemma cups

¢) Sporophytes

d) Rhizoids
Answer- b

6. Anthoceros differs from Riccia and Marchantia in possessing:

a) Chloroplasts with pyrenoids

b) Non-vascular tissues

¢) Rhizoids

d) Acomplex sporophyte
Answer- d

7. Bryophytes are often referred to as amphibians of the plant
kingdom because:

a) They require water for fertilization

b) They live both on land and in water

¢) They can survive in dry habitats

d) They lack reproductive structures
Answer- a

8. Which of the following has a leaf-like structure instead of a true
leaf?

a) Riccia

b) Marchantia

¢) Funaria

d) Anthoceros
Answer- b

9. What is the primary function of rhizoids in bryophytes?

a) Photosynthesis
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b) Anchorage and absorption

¢) Reproduction

d) Transport of water and nutrients
Answer- b

10. The sporophyte of Funaria consists of three main parts:

a) Rhizoids, capsule, foot

b) Foot, seta, capsule

¢) Antheridium, archegonium, thallus

d) Protonema, gametophyte, antheridium
Answer- b

Short Answer Type Questions

1.

2
3.
4

e

° o =

Define Bryophyta and its general characteristics.
Describe the vegetative structure of Riccia.

What is the mode of reproduction in Marchantia?
Explain the life cycle of Anthoceros.

What are the major differences between Riccia and
Marchantia?

How does Funaria resemble other Bryophytes?
What is the economic importance of Bryophytes?
Explain the role of gemma cups in Marchantia?

What is the function of the sporophyte in Bryophytes?

10. How do Bryophytes contribute to soil formation?

Long Answer Type Questions

1.

Describe the classification, structure, reproduction, and
economic importance of Riccia.

Explain the life cycle of Marchantia with labeled diagrams.

Discuss the general characteristics and reproductive cycle of
Anthoceros.

Describe the economic importance of Bryophytes in
ecosystem functions and human use.

Explain the life cycle of Funaria and compare it with other
Bryophytes.

Differentiate between Hepaticopsida,Anthocerotopsida, and
Bryopsida based on morphology and reproduction.
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10.

Describe the role of water in the reproductive cycle of
Bryophytes.

Discuss the adaptations of Bryophytes that enable them to
survive on land.

Explain the role of Bryophytes in ecological succession.

Compare and contrast the reproductive strategies of
Marchantia and Funaria.

References:

Chopra, R.N., & Kumra, P.K. (2019). Biology of Bryophytes.
New Age International.

Glime, J.M. (2021). Bryophyte Ecology. Michigan
Technological University.

Goffinet, B., & Shaw, A.J. (2022). Bryophyte Biology (3rd
ed.). Cambridge University Press.

. Vanderpoorten, A., & Goftfinet, B. (2019). Introduction to

Bryophytes. Cambridge University Press.

. Parihar, N.S. (2020). An Introduction to Embryophyta:

Bryophytes (Vol. I). Central Book Depot.

153
MATS Centre for Distance and Online Education, MATS University

/\A./\

|

UNIVERSITY
ready for life

INTRODUCTION
TO PLANT
DIVERSITY



{maTs
| UNIVERSITY |/}

INTRODUCTION
TO PLANT
DIVERSITY

MODULE -5 PTERIDOPHYTA
OBJECTIVES

To describe the general characteristics and classification of
different pteridophyte groups (Psilopsida, Lycopsida,
Sphenopsida, Pteropsida).

To study the morphology and anatomy of Rhynia,
Lycopodium, Selaginella, Equisetum, and Marsilea.

To analyze the reproductive structures and life cycles of
selected pteridophytes.

To assess the economic importance of pteridophytes in
medicine, horticulture, and agriculture.

To wunderstand the evolutionary significance of
pteridophytes in the transition from non-vascular to
vascular plants.
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Unit 5.1
Pteridophyta: Psilopsida : Rhynia

Rhynia is an genus of the earliest known vascular extinct land plants.
Discovered in the Rhynie chert (Scotland, Devonian period, ~410
million years ago). Represents the earliest stage in evolution of land
flora, bridging the gap between bryophytes and pteridophytes. Grew
in marshy, wet habitats with abundant silica-rich hot
springs.Preserved excellently in chert deposits, allowing detailed study
of anatomy.

Systematic Position

e Division: Pteridophyta
e Class: Psilophytopsida
e Order: Rhyniales

e Genus: Rhynia

5.1.1 Morphology and Anatomy

Rhynia has very informative morphological and anatomical details
concerning early vascular plant architecture. The plant had two main
structural components, hydrophilic

aerial shoots and hydrophobic underground rhizomes, both performing
separate physiological functions.

Aerial shoots exhibited a consistent growth form and were unbranched,
ranging from 10 to 20 cm. These shoots were green, photosynthesizing,
and covered with a thin cuticle. The epidermis consisted of close-fitting
cells that gave mechanical support and reduced the loss of water.

Within the central axis of the plant was a primitive vascular system
called a protostele. The central conductive strand was made up of
xylem, lleng surrounded by phloem, an early example of vascular tissue
organization. Xylem mainly transported water and minerals, and
phloem transported photosynthetic products.

That meant underground rhizomes — and theyserved important
anchoring and nutrient absorption functions. These horizontal stems
had specialized structures known as rhizoids, which helped with
absorption of water and minerals. These rhizoids are thin, filamentous
structures that burrow into the soil and thus expand the surface area of
the plant for resource uptake.

Aerial shoots had primitive types of stomata unlike those found in
modern plants. Hull cells act like tiny mouth (tens of thousands of little
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mouth) which allows gas exchange and is important in regulating
transpiration and photosynthesis.

|
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branches
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A

Fig. 5.1 Morphology and Anatomy of Rhynia
5.1.2 Reproduction

The reproduction of Rhynia was a crucial step in
evolutionaryhistorycombining aspects of sexual and asexual
reproductive strategies. These archaic vascular plants were in a
transitional stage, and they reproduced through spores.

The sporangia were apical structures borne at the ends of aerial shoots.
These specialized reproductive structures produced homosporous
spores—meaning only one type of spore was formed. Mature sporangia
would release spores that could germinate and grow into independent
generations of gametophytes.

One characteristic of bryophytes and reproduction of early vascular
plants is that their reproductive cycle alternates generations. This would
lead to the production of spores, which would germinate to form small,
independent gametophyte generations that would then produce gametes
via sexual reproduction. Fertilization was achieved by the fusion of
male and female gametes, which developed into a diploid sporophyte
generation. This generation would then produce spores, repeating the
cycle of reproduction. It was a refined reproductive approach that
increased genetic variety and adaptability.

5.1.3 Life Cycle

This life cycle of Rhynia was representative of the generations
complexity seen in early vascular plants. This cycle showed a fine
balance between sexual and asexual methods of reproduction, aiding in
genetic diversity and adaptation to surroundings.
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This summoned the cycle, starting with the germination of spores,
where multiple spores matured into a large gametophyte generation.
These gametophytes that laid and produced separate male and female
reproductive structures, known as antheridia and archegonia.

Male antheridia produced motile, flagellated sperm cells that could
swim through moisture to reach female reproductive structures.
Archegonia, on the other hand, contained the egg cells and offered a
fortified place for fertilization.

Upon zygote fertilization, a diploid sporophyte generation would
develop. This generation referred to the dominant, more visually
apparent portion of the plant’s life cycle. The sporophyte would
eventually make sporangia at its tips, creating spores and restarting the
reproductive cycle.

5.1.4 Economic Importance

Rhynia is an ancient extinct plant form, but it represents something so
much greater than simple historical interest. The genuss serves as an
essential reference for plant evolution and a key to unlocking its
botanical workings. Rhynia has provided considerable insight into
earlyland plants in paleobotanical studies. Investigating these fossil
remains allows scientists to recreate potential environmental conditions
and evolutionary adaptations that enabled plant migration from aquatic
to terrestrial ecosystems.

Rhynia’s anatomy has provided insights into the evolution of vascular
tissues and mechanisms of adaptation in land plants, contributing
significantlyto the field of modern botany. These insights are helpful
across fields from evolutionarybiologyto agricultural science

Summary:

Rhynia is a primitive, extinct vascular plant belonging to the class
Psilopsida of Pteridophyta, known from Devonian period fossils. It
is considered a stem fossil of early land plants and is important in
understanding the evolution of vascular tissue. Rhynia is leafless,
dichotomously branched, and consists of simple aerial stems with
rhizoids at the base for anchorage. It exhibits differentiation of
vascular tissue, with a protostele containing xylem and phloem, but
lacks true leaves, roots, or complex organs. Rhynia reproduces by
spores, which are borne in terminal sporangia, and is homosporous.
Its gametophyte is free-living and photosynthetic. Rhynia is
significant for understanding early vascular plant evolution, origin of
leaves and roots, and adaptation to terrestrial life.
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Multiple Choice Question(MCQs):

. Rhynia belongs to which class of Pteridophyta?

a) Lycopsida

b) Psilopsida

c) Pteropsida

d) Equisetopsida

Answer: b

The vascular tissue in Rhynia is:
a) Protostele

b) Siphonostele

c¢) Eustele

d) None

Answer: a

. Rhynia reproduces by:

a) Seeds

b) Spores

c) Vegetative propagation
d) Gemmae

Answer: b

. Rhynia is:

a) Leafless and dichotomously branched
b) Leafy and unbranched

c¢) Branched with true leaves

d) Tree-like

Answer: a

. Rhynia is important in studying:

a) Flower evolution

b) Evolution of vascular tissue in early land plants
c¢) Bryophyte gametophytes

d) Fungal reproduction

Answer: b
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Describe the general morphology of Rhynia.
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What type of stele is present in Rhynia? TO PLANT
Explain the reproduction of Rhynia. DIVERSITY

Why is Rhynia considered important in plant evolution?

A o

Describe the gametophyte of Rhynia.

Long Answer Questions

1. Describe the structure, morphology, and reproductive features
of Rhynia with diagrams.

2. Explain the life cycle of Rhynia, highlighting the alternation of
generations.

3. Discuss the evolutionary significance of Rhynia in the origin
of vascular plants.

4. Compare Rhynia and Psilotum in terms of structure, vascular
tissue, and reproduction.

5. Explain the role of Rhynia fossils in understanding the

adaptation of plants to terrestrial life.

159
MATS Centre for Distance and Online Education, MATS University



{maTs
| UNIVERSITY |/}

INTRODUCTION
TO PLANT
DIVERSITY

Unit 5.2
Pteridophyta: Lycopsida - Lycopodium

Another interesting genus from the Pteridophyta division is
Lycopodium, well known to scientists as club moss. Unlike Rhynia,
Lycopodium occurs in the world today, offering botanists living models
to study and analyze. These plants hold a central position in studying
vascular plant evolution and terrestrial plant adaptations.

5.2.1 General Characteristics Features

Lycopodium is more structurally advanced with a more complex body
organization than earlier the plant bodyplan of some simple plant
forms, such as Rhynia.AnzeigeThe overall features of this genus
emphasize important evolutionary steps related to both plant
morphology and physiological adaptations.

The plants usually have specialized, evergreen, and often branching
stems that either grow along the ground or grow erect out of the ground.
The stems are covered in many small scale-like leaves arranged in tight
spirals, giving it a unique intricate architectural look.

The aerial stems of Lycopodium are the epitome of resilience and
adaptability. They can grow in a wide range of ecological settings,
including temperate forest floor to alpine andsubtropical environments.
Such flexibilityshowcases theevolutionarytriumph of the class
Lycopsida.

5.2.2 Classification

Kingdom Plantae
Subkingdom Tracheobionta
Division Lycopodiophyta
Class Lycopodiopsida
Order Lycopodiales
Family Lycopodiaceae
Genus Lycopodium L.

5.2.3 Morphology and Anatomy

Lycopodium are complex plants with specialized structures for
resource acquisition and environmental adaptability, as evidenced by
their morphological and anatomical characteristics.
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It is also worthwhile to mention that the plant body is divided into aerial
and underground parts. The aerial stems are generally green and
photosynthetic with numerous closely spaced overlapping microphylls.
These are small leaves with simple structures and parallel vine, a much
more evolved structure than the previous forms.

In comparison to Rhynia, Lycopodium has a more complex vascular
system. There is a central protostele which is enclosed by the cortex
and epidermis, and the vascular tissues (xylem and phloem) are well
developed to allow for efficient flow of nutrients and water. This
sophisticated vascular system allows for more efficient resource
allocation and facilitates increased plant complexity.

Subterranean stems or rhizomes are important for vegetative
reproduction and reserve storage. They are able to produce adventitious
roots and will eventually produce new aerial shoots; evidence of a
highly developed reproductive strategy.
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Fig. 5.2 Morphology and Anatomy of Lycopodium

5.2.4 Reproduction

The Lycopodium genus is more involved than it mayseem, as its
method of reproduction is not only sexual, but asexual as well. The
reproductive strategy mostly based on spore production and is
characterized by complex alternation of generations.

Sporangia are usually found on strobili or cones (specialized
reproductive structures). These organs, lying at the leaf tip of aerial
stems, bear many sporangia in which homosporous spores are formed.
Unlike the seed plants, however, Lycopodium produces a single type of
spore that can give rise to both male and female generations of
gametophyte.
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The spores develop into small, independent gametophyte generations
that grow below the surface of the soil. These gametophytes produce
male and female sexual organs, allowing sexual reproduction via free-
swimming sperm and domesticated egg cells.

After fertilization, which is the fusion between male and female
gametes, a diploid generation of individual is produced, called a
sporophyte generation. This is the dominant, more visually prominent
phase of the plant’s life cycle, and it eventually produces spores to
begin the reproductive cycle anew.

Fig. 5.3 Reproductive structure of Lycopodium
5.2.5 Life Cycle

Representing the archetypal vascular cryptogam, the life cycle of
Lycopodium (and indeed of all ‘lycopsids’) exemplifies the
complicated generation alternation which characterizes both the
lycopsids and other vascular cryptogams. This cycle shows a fragile
equilibrium between sexual and asexual reproductive approaches,
allowing genetic diversity and adaptation to changing environments.

The cycle starts with spore germination and the production of
individual spores into small independent gametophyte generations.
These ephemeral gametophytes will produce and antheridia and
archegonia, which create male and female reproductive -cells,
respectively.

Sperm cells are produced by male antheridia, which are motile and
flagellated; they swim through moisture toward female reproductive
structures. Archegonia nurture the egg cells and create a protected space
where fertilisation can take place.

The successful fertilization leads to the diploid sporophyte generation,
which is the dominant and more visual part of the plant’s life phase.
This generation eventually forms sporangia, producing spores and
restarting the cycle of reproduction.
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Fig.5.4 life cycle of Lycopodium

5.2.6 Economic Importance

In addition to its botanical value, lycopodium is of considerable
economic and ecological importance. The genus has contributions to a
range of industrial, medicinal, and ecological fields.

Over the years, Lycopodium spores have been used in many different
applications. Their very fine, light quality made them useful in
pharmaceutical production, photography, and even fireworks. They
could also be used as a precision powder in many manufacturing
processes without the need for special treatments, as they are highly
flammable and uniform in size.

Lycopodium serves important functions as part of the forest floor
ecosystem. They also can help with ground cover and soil stabilization,
as well as providing habitat and microenvironments for manysmaller
organisms.Aspecies that benefits the ecosystem, its presence signifies
the health of an ecosystem and can often be used as a bioindicator of
environmental quality in many ecological assessments.

Summary:

Lycopodium, commonly known as club mess, belongs to the class
Lycopsida of Pteridophyta and is a vascular, seedless plant. It is
mostly terrestrial, growing in moist forests. The plant exhibits
dichotomous branching with small, scale-like leaves called
microphylls, each having a single unbranched vein. Lycopodium has a
well-developed vascular system with protostele, true roots, stems,
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and leaves. Reproduction occurs sexually by spores (homosporous),
borne in sporangia located on the upper surface of specialized leaves
called sporophylls, which are aggregated into a strobilus (cone-like
structure). Lycopodium also reproduces vegetatively through
thizomes. Its gametophyte is independent, small, and
photosynthetic, and produces antheridia and archegonia.
Lycopodium is significant for understanding early vascular plant
evolution, ecological contributions to soil stabilization, and some
species are used in medicine and fireworks (spores as flash powder).

Multiple Choice Question(MCQs):

1. Lycopodium belongs to which class of Pteridophyta?
a) Psilopsida
b) Lycopsida
¢) Sphenopsida
d) Pteropsida
Answer: b
2. The leaves of Lycopodium are called:
a) Megaphylls
b) Microphylls
c) Phyllids
d) Scale leaves
Answer: b
3. Lycopodium reproduces sexually by:
a) Seeds
b) Spores
¢) Budding
d) Gemmae
Answer: b
4. Sporangia in Lycopodium are borne on:
a) Stem tips only
b) Specialized leaves called sporophylls
¢) Roots
d) Lateral branches only

Answer: b
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Answer: b

Short Answer Questions

Describe the general morphology of Lycopodium.
What are microphylls?
Explain the formation of strobilus in Lycopodium.

Describe the gametophyte of Lycopodium.

A o e

Mention any two economic uses of Lycopodium.

Long Answer Questions

1. Describe the structure, vegetative, and reproductive features of
Lycopodium with a labeled diagram.

2. Explain the life cycle of Lycopodium, highlighting alternation
of generations.

3. Compare Lycopodium and Rhynia in terms of vascular tissue,
leaves, and reproduction.

4. Discuss the ecological and economic significance of
Lycopodium.

5. Explain how Lycopodium contributes to our understanding of

early vascular plant evolution.
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Unit 5.3
Pteridophyta: Sphenopsida - Selaginella

The division Pteridophyta represents a fascinating group of vascular
plants that occupy a crucial evolutionary position between non-vascular
bryophytes and seed-bearing plants. Within this division, the class
Sphenopsida, particularly the genus Selaginella, demonstrates
remarkable botanical characteristics that highlight the transitional
nature of pteridophytes in plant evolution. Selaginella, commonly
known as spike moss, presents a complex and intriguing botanical
profile that offers profound insights into the structural and reproductive
adaptations of early land plants.

5.3.1 General Characteristics of Selaginella

Selaginella exhibits a unique set of morphological and physiological
features that distinguish it from other plant groups. These plants are
characterized by their small, intricate, and often delicate appearance,
typically growing in moist, shadedenvironments such as forest floors,
rocky terrains, and tropical understories. Their diminutive stature,
usually ranging from a few centimeters to several decimeters in height,
belies their significant evolutionary importance. The plants possess a
highly specialized branching system with distinct microphyllous
leaves, which are small, scale- like structures arranged in a distinctive
pattern along the stem.

The vegetative body of Selaginella is fundamentally different from
other plant groups, featuring a sophisticated infrastructure that includes
true roots, stems, and leaves. These components are more advanced
than those found in bryophytes but less complex than those of seed
plants. The roots, known as rhizophores, emerge from specialized
regions of the stem and serve critical functions in anchoring the plant
and absorbing water and nutrients. The stems are typically
dichotomouslybranched, creating intricate and often symmetrical
growth patterns that reflect the plant’s adaptive strategies.

5.3.2 Classification of Selaginella

Taxonomically, Selaginella occupies a unique position within the plant
kingdom. It belongs to the division Pteridophyta, class Sphenopsida,
and genus Selaginella, representing a distinct lineage of vascular
cryptogams. The genus is remarkablydiverse, comprising
approximately 700 known species distributed across various global
ecosystems, primarily in tropical and subtropical regions. These species
are further categorized based on their morphological variations,
geographical distribution, and specific ecological adaptations.
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5.3.3 Morphology and Anatomy of Selaginella

The morphological complexity of Selaginella is particularly evident in
its structural organization. The plant body consists of a well-
differentiated axis with distinct nodal and internodal regions. Leaves
are typically arranged in four rows, creating a highly organized and
symmetrical appearance. These microphyllous leaves are characterized
by their small size, single unbranched vascular trace, and unique
positioning that maximizes photosynthetic efficiencywhile minimizing
water loss.

Anatomically, Selaginella demonstrates advanced vascular tissue
organization. The primary vascular system includes a central protostele,
where xylem is surrounded by phloem, representing a significant
evolutionaryadvancement over non-vascular plants. This vascular
configuration enables efficient water and nutrient transportation, a
critical adaptation for terrestrial existence. The epidermis is often
covered with a cuticle that helps prevent excessive water loss, another
crucial adaptation for surviving in varied environmental conditions.
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Fig. 5.5 Morphology and Anatomy of Selaginella

5.3.4 Reproduction in Selaginella
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Reproduction in Selaginella is a sophisticated process involving both
asexual and sexual strategies. The plants are heterosporous, meaning
they produce two distinct types of spores: microspores and megaspores.
This characteristic represents a significant evolutionary milestone, as it
introduces a more complex reproductive mechanism compared to
homosporous pteridophytes. Microsporangia and megasporangia are
typically located in specialized structures called strobili, which are
compact, cone-like reproductive structures at the stem tips.

The sexual reproduction process involves the development of male and
female gametophytes within the spores. Microspores germinate to
produce male gametophytes, while megaspores develop into female
gametophytes. Fertilization occurs through motile spermatozoids that
swim through a water film to reach the egg cell. This process highlights
the plant’s continued dependence on water for sexual reproduction, a
remnant of their aquatic ancestry. The resulting zygote develops into a
sporophyte, completing the complex life cycle.

5.3.5 Life Cycle of Selaginella

The life cycle of Selaginella epitomizes the alternation of generations
characteristic of pteridophytes. The dominant phase is the diploid
sporophyte, which produces spores through meiosis. These spores
germinate to form tiny, short-lived gametophytes that produce gametes.
The male and female gametophytes are fundamentally different, with
the male being microscopic and the female being more substantial but
still dependent on the spore for nutrition.

Fertilization results in a zygote that develops into a new sporophyte,
thus completing the cycle. This process represents a critical
evolutionary transition, demonstrating increased complexity and
independence from purely aquatic reproductive strategies. The ability
to produce distinct male and female gametophytes within the same
plant represents a sophisticated reproductive strategy that would later
be refined in seed plants.
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Fig. 5.6 Life Cycle of Selaginella
5.3.6 Economic and Ecological Importance of Selaginella

Despite their small size, Selaginella species play significant ecological
and economic roles. In ecological systems, they contribute to ground
cover, soil stabilization, and provide microhabitats for numerous small
organisms. Some species, known as resurrection plants, possess
extraordinary drought tolerance, making them valuable in studying
plant adaptation mechanisms. In tropical and subtropical ecosystems,
they form important components of undergrowth and contribute to
biodiversity.

Economically, Selaginella has potential applications in pharmacology,
with some species demonstrating medicinal properties. Traditional
medicinal practices in various cultures have utilized these plants for
treatingconditions ranging from inflammationto respiratory disorders.
Additionally, their unique physiological characteristics make them
valuable subjects for botanical and ecological research, offering
insights into plant adaptation, water management, and evolutionary
strategies.

Summary:

Selaginella, commonly called spike meoss, belongs to the class
Sphenopsida of Pteridophyta and is a vascular, seedless plant. It is
mostly terrestrial, growing in moist and shaded habitats. The plant
exhibits dichotomous branching with small, scale-like leaves called
microphylls, each with a single vein. Selaginella is heterosporous,
producing two types of spores: microspores (male) and megaspores
(female), which are borne in strobili (cones) formed by specialized
leaves called sporophylls. The plant has a well-developed protostele

169
MATS Centre for Distance and Online Education, MATS University

INTRODUCTION
TO PLANT
DIVERSITY



o N

V)

tmATS
| UNIVERSITY |/,
ready for life.

life

INTRODUCTION
TO PLANT
DIVERSITY

in its stems and true roots. Its gametophytes are dependent and
develop from spores, with male gametophytes producing antheridia
and female gametophytes producing archegonia. Selaginella
exhibits vegetative reproduction through rhizome fragmentation.
Ecologically, it contributes to soil stabilization, and some species are
used in horticulture and as medicinal plants. Selaginella is also
significant in the study of the evolution of heterospory and seed habit
in vascular plants.

Multiple Choice Question(MCQs )

1. Selaginella belongs to which class of Pteridophyta?
a) Psilopsida
b) Lycopsida
¢) Sphenopsida
d) Pteropsida
Answer: C
2. Selaginella is:
a) Homosporous
b) Heterosporous
c¢) Seed-producing
d) Non-vascular
Answer: b
3. The leaves of Selaginella are called:
a) Megaphylls
b) Microphylls
c) Phyllids
d) Scale leaves
Answer: b
4. Spores in Selaginella are borne on:
a) Stem tips only
b) Roots
c¢) Sporophylls aggregated into strobili
d) Lateral branches

Answer: ¢
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Selaginella contributes to the study of:

a) Flower evolution

b) Evolution of heterospory and seed habit
c¢) Bryophyte gametophytes

d) Fungal life cycle

Answer: b

Short Answer Questions

A o e

Describe the general morphology of Selaginella.
What is heterospory? Explain with Selaginella.
Explain the formation of strobilus in Selaginella.
Describe the gametophytes of Selaginella.

Mention two ecological or economic roles of Selaginella.

Long Answer Questions

1.

Describe the structure, vegetative, and reproductive features of
Selaginella with a labeled diagram.

Explain the life cycle of Selaginella, emphasizing heterospory.
Compare Selaginella and Lycopodium in terms of spore type
and reproduction.

Discuss the ecological and economic importance of
Selaginella.

Explain the significance of Selaginella in the evolution of seed

plants.
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Unit 5.4 Pteridophyta: Pteropsida - Equisetum

Among the Pteridophyta, the class Pteropsida, whose organisms belong
to the genus Equisetum, provides a completely different angle in the
evolution of the plants. Familiar to many as horsetails, Equisetum is a
bizarrely bewitching botanical survivor whose

lineage stretches back to before the dinosaurs, and which has changed
little over millions of years. These plants provide a glimpse into
thebotanical vistas of the prehistoric past, holding on to structural and
reproductive features that have survived through major geological ages.

5.4.1 General Features of Equisetum

They are perhaps best known for their segmented shoots, which give
them a very unique look. The most common habitat places where
theygrow are moist environments like riverbanks, wetlands, and humid
forest areas. They all have an similarly unique physical construction;
hollow stems with distinct vertical striation and whorled branch points
off of node points. The plant can look like a miniature bamboo — or
like a prehistoric botanic leftovers.

Equisetum stems contain a high silica content, which aids in structural
rigidity and herbivory defense. That silica content provides these plants
with a coarse, almost scratchy feel, and they were used in the past as a
natural scouring element. The plants are usually green and
photosynthetic, with reduced or vestigial leaves that become small,
scale-like structures at stem nodes. This minimalist leaf structure is
balanced by the high photosynthetic capacities of the stem.

5.4.2 Classification of Equisetum

Taxonomically, scouring rush is classified as a member of the division
Pteridophyta and class Pteropsida; and the genus Equisetum is the only
remaining member of the order Equisetales. There are around 15 to 20
recognized species, which range through temperate and circumpolar
regions of the Northern Hemisphere. These species fall broadlyinto two
subgenera: Equisetum (fertile and sterile stems indistinguishable) and
Hippochaete (fertile and sterile stems markedly different).

5.4.3 Equisetum Morphology and Anatomy

In particular, thecomplexityof the morphologyof the genus Equisetumis
verynoticeable in the stems. The stems exhibit clear nodes and
internodes, each internode containing a hollow cavity in the center. The
stem surface is usually overlain with a longitudinal series of bumps,
sporting silica deposits embedded in its pale bumpy surface which

create a characteristic and rough texture. Whorled branches protrude

from nodes creating a symmetrical and detailed pattern of growth.
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Physically, the Advanced vascular tissue of Equisetum is so
demonstrated. In the central cylinder are nested vascular tissues, and
there is a large carinal canal surrounded by a second vallecular canal.
This unique vascular configuration allows for efficient transport of
water and nutrients while providing the support structure. The external
layer of the epidermis, often fortified with silica deposits, forms a tough
covering that guards against environmental stresses.
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Fig. 5.7 Equisetum Morphology and Anatomy
5.4.4 Reproduction in Equisetum

Both asexual and sexual reproduction take place with a notable
emphasis on spore generation. The plants are homosporous; they
produce a single type of spore that develops into bisexual
gametophytes. Most of the reproductive structures or strobili are
located at the ends of stems and will contain countless numbers of
sporangiophores arranged spirally. These structures produce spores
with elaters — hygroscopic structures that help disperse the spores.

In sexual reproduction, the spores germinate into small, independent
gametophytes, which generate both male and female reproductive
organs. Adhesive motile spermatozoids that swim in a thin water film
allow for fertilization, indicative of these plants’ evolutionary link to
aquatic habitats. From the fertilized egg develops zygote, which in turn
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grows to form a new sporophyte, completing the complicated life cycle
exhibited by the pteridophytes.

5.4.5 Life Cycle of Equisetum

The life historyof Equisetum exemplifies the alternation of generations
characteristic of pteridophytes. The other phase is the haploid
gametophyte, which produces gametes through mitosis. These spores
develop into tiny, free-living gametophytes that create gametes.
Gametophytes are also transient and dependent on environmental
conditions.

This leads to fertilization, forming a zygote, and developing into a new
sporophyte, completing the full cycle. This reproductive strategy
signifies an important evolutionary shift, which reflects complexity that
is not limited to modality of reproduction such as completely
aquatically-based methods. This opportunism of generating bisexual
gametophytes from one spore generation marks an advanced
reproductive strategy evolutionarily in these land plants.
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Fig.5.8 life cycle of Equisetum

5.4.6 The economy and ecology role of Equisetum

Contrary to their appearance, Equisetum species fulfil important
ecological and economic niches. In ecological systems, it aids to keep
soil from erosion, especially in riparian and wetland environments.
Certain species are key indicators of soil moisture and ecosystem
health. Their extensive root systems help reduce soil erosion, and they
also take up heavy metals, which makes them useful in stabilization and
phytoremediation.

Throughout human history, Equisetum has had many uses. The high
silica content in the stems made them effective as natural scourers for
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cleaning and polishing, hence the common name “scouring rush”.
Certain species have historically been used in traditional medicine
owing to their diuretic and healing properties. Their potential in areas
such as environmental monitoring, soil restoration, and evolutionary
plant biology are being explored by modern research.

Summary:

Equisetum, commonly called horsetail, belongs to the class
Sphenopsida of Pteridophyta and is a vascular, seedless plant. It is
mostly terrestrial, growing in moist soils, riverbanks, and marshy
areas. The plant exhibits dichotomous branching with jointed,
hollow stems and reduced leaves (microphylls) arranged in whorls at
nodes. Equisetum has a well-developed vascular system with
protostele in the stem. Reproduction occurs sexually by spores
(homosporous), borne in strobili (cones) at stem tips on specialized
leaves called sporangiophores. Vegetative reproduction occurs
through underground rhizomes, which allow the plant to spread. The
gametophyte is small, photosynthetic, and free-living, producing
antheridia and archegonia. Equisetum has silica in its cell walls,
giving the plant a rough texture and making it useful as scouring
material. Ecologically, it helps in soil stabilization, and some species
have medicinal value. Equisetum is also significant in studying
vascular plant evolution and adaptation to terrestrial life.

Multiple Choice Question (MCQs):

1. Equisetum belongs to which class of Pteridophyta?
a) Psilopsida
b) Lycopsida
¢) Sphenopsida
d) Pteropsida
Answer: c
2. The stems of Equisetum are:
a) Solid and branched
b) Hollow and jointed
c¢) Leafy and unbranched
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Answer: b

3. Equisetum reproduces sexually by:

INTRODUCTION )S d
TO PLANT a) seeds
DIVERSITY b) Spores
¢) Gemmae
d) Budding
Answer: b

4. Spores in Equisetum are borne in:
a) Stem tips on sporangiophores in strobili
b) Roots
c) Lateral branches
d) Leaves only
Answer: a
5. The rough texture of Equisetum is due to:
a) Lignin
b) Silica in cell walls
c¢) Calcium carbonate
d) Pectin

Answer: b

Short Answer Questions

1. Describe the general morphology of Equisetum.
Explain the structure and function of strobili in Equisetum.
What is the role of silica in Equisetum?

Describe the gametophyte of Equisetum.

A

Mention two ecological and economic roles of Equisetum.

Long Answer Questions

1. Describe the structure, vegetative, and reproductive features of
Equisetum with a labeled diagram.

2. Explain the life cycle of Equisetum, highlighting alternation of
generations.
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Compare Equisetum and Selaginella in terms of stem
structure, spore type, and reproduction.

Discuss the ecological and economic importance of
Equisetum.

Explain the evolutionary significance of Equisetum as a

primitive vascular plant.

177
MATS Centre for Distance and Online Education, MATS University

/m_/\

|

UNIVERSITY

ready for life.

INTRODUCTION
TO PLANT
DIVERSITY



INTRODUCTION
TO PLANT
DIVERSITY

Unit 5.5
Pteridophyta: Pteropsida Marsilea,

Marsilea is a unique genus of aquatic and semi-aquatic ferns that belong
to the Pteridophyta division, specifically the class Pteropsida. Such
unique plants fill a specific ecological role, adapting remarkably well
to many different environmental factors. Marsilea species have
fascinated botanists and evolutionary biologists for decades due to their
unique morphology comprising four-leaflet fronds and their unique
reproductive strategies. They are considered an evolutionary bridge
between land and water, and they share a common ancestry with the
typical terrestrial plants seen today.

5.5.1 Common Characteristics and Morphology

Marsilea first appear in the fossil record in the Mesozic and can be
distinguished from other pteridophytes by their morphology. These
plants are usually close to the ground, with rhizomes that allow them to
lie horizontal to the substrate in the water or on land. The rhizomes are
upright, long and have many adventitious roots to absorb nutrients and
stabilize. These segments of the rhizome can each form a separate plant,
an extraordinary example of vegetative reproduction.

Marsilea lions as their common morphological char-acteristic of their
frond four leaflets in another genus approximately similar and grow to
the extreme morphological type, a signature four leaflets as a clover. It
sprouts new fronds vertically from the rhizome; these are tightly coiled
together initially in the circinate vernation characteristic of ferns,
gradually rhinocerosing themselves out. The leaflets are pretty or small
and relatively delicate, with a fine pinnate venation pattern. Having
leaves arranged in this unique way is beneficial in a number of ways —
each leaf gets more surface area for photosynthesis, as well as
controlling water better, and defending against environmental
challenges.

Marsilea fronds exhibit advanced structural complexity at the root
level. ’! A thin cuticle covers the epidermis and assists in water loss
regulation, as well as providing an impermeable protective barrier for
external environmental stresses. The stomata are located on the adaxial
surface of the leaf and the abaxial surface of the leaf and allow for
efficient gas exchange and transpiration. Root system has better
anchorage and absorption capacity as in addition to primary and
secondary, tertiary branches are present. The parenchyma of chloroplast
in arrangement and structure is differentiated into palisade and spongy
layers, a condition providing maximum photosynthetic efficiency. The
vascular bundles are organized in a compelling manner that allows the
transport of nutrients and water across the entire organism.
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Fig .5.10 a. Anatomy of Marsilea Rhizome
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5.5.2 Taxonomic Group and Classification

Marsilea is placed in the Marsileaceae (Pteridophyta: Pteropsida),
which encompasses one of the most evolutionally distinct families
within this sub-phylum. There are about65-70 recognized species,
found worldwide, most commonly in the tropics and subtropics.
Different species are also classified according to their geographic
distribution, morphological changes and reproductive characteristics.

Marsilea belongs to the following taxonomic classification:Kingdom:
Plantae, Subkingdom: Tracheobionta, Division: Pteridophyta, Class:
Pteropsida, Order: Salviniales, Family: Marsileaceae, Genus: Marsilea
This specific taxonomic placement is consistent with the evolutionary
history of the genus along with its association with additional
pteridophyte lineages. Our understanding of the evolutionary
divergence and genetic relationships between species of Marsilea has
been enhanced by molecular phylogenetic studies, with some providing
insights into complex patterns of speciation and adaptive radiation.

5.5.3 Reproductive and Life Cycle

The reproduction of Marsilea is instructive with respect to the
alternation of generations, a defining feature of the pteridophytes. The
life cycle consists of sexual and asexual reproductive processes, and
has both sporophyte and gametophyte generations. Marsilea differs
from seed plants in that it retains a dominant sporophyte generation and
develops specialized reproductive structures known as sporocarps that
are characteristic of this genus.

Marsilea has bean-shaped sporocarps with rhizome attachment,
containing microspores and megaspores. These structures are
extremely hardy and can stay dormant for long stretches of time,
allowing the species to persist in hostile environmental situations.
Under favourable conditions, sporocarps dehisce, liberating spores that
will germinate into male and female gametophytes in a process of
sporogenesis.

The male gametophytes, which develop from microspores, are
microscopic and produce biflagellate spermatozoids that can swim
through water to the female gametophytes. Megaspores evolve into
more prominent female gametophytes that generate archegonia with
egg cells inside. Fertilization occurs when one of the spermatozoids
successfully swim to and enter the archegonium, and embryonic
development of a new sporophyte generation begins.

This multi-layered and segmented process exemplifies the elaborate
evolutionary adaptations that Marsilea has evolved over time to
maximize gene flow and species longevity. With capability to yield
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resistant sporocarps and retain plural reproduction modalities,
exemplifies the generation’s noteworthilyadaptive potentials. This is
where water is essential, acting as a vehicle for the swimming of sperm
and also the underlying medium for the exchange of genes.
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Fig: Graphical life cycle of Marsilea

Fig. 5.11 life cycle of Marsilea
5.5.4 Economic and Utility Importance

Although Marsilea species are not as commercially significant as some
other plant groups, these plants have important economic and
ecological value. In several agricultural areas, especially in Asia, some
species are eaten as nutritional supplements or ingredients in traditional
medicine. Marsilea quadrifolia, for example, is used in traditional
Ayurvedic and Chinese medicine to treat conditions such as liver
disorders and inflammatoryconditions.

Marsilea plays important roles in agricultural ecosystems. In rice-
cultivated areas, those plants help maintain soil fertility, control
erosion, and provide microhabitats for beneficial organisms. Certain
species also are intentionally raised as green manure, enhancing the soil
structure and nutrient quality. Theyalso fix nitrogen and pest resistant
and are able to grow in water-logged soil hence making them a valuable
sustainable plant.

Ecological restoration initiatives have become increasingly aware of
the potential of Marsilea for rehabilitating disturbed wetlands. Due to
their ability to stabilize substrates, host biodiversity, and handle
conditions that change, these plants are synonymous with ecosystem
recovery efforts. Species of Marsilea have been included among the
primary components of restoration efforts to preserve wetland
biodiversity.
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Summary

Pteridophyta are the first true vascular plants, meaning they have well-
developed xylem and phloem for water and nutrient transport. They
include ferns, horsetails, and club mosses. Pteridophytes have true
roots, stems, and leaves, and reproduce through spores, not seeds. The
dominant generation in their life cycle is the sporophyte. They usually
grow in moist, shady areas and play an important role in plant evolution
as a link between non-vascular and seed plants.

Multiple-Choice Questions (MCQs)
1. Which of the following belongs to Psilopsida?

a) Lycopodium
b) Selaginella
¢) Rhynia
d) Equisetum
Answer- ¢
2. Lycopodium is classified under which group of Pteridophytes?

a) Psilopsida
b) Lycopsida
¢) Sphenopsida
d) Pteropsida
Answer- b
3. Selaginella is an example of which class of Pteridophytes?

a) Psilopsida
b) Lycopsida
¢) Sphenopsida
d) Pteropsida
Answer- b
4. Which of the following is known as the “Horsetail” plant?

a) Rhynia
b) Lycopodium
¢) Equisetum
d) Marsilea
Answer- d
5. Which of the following Pteridophytes is heterosporous?

a) Lycopodium
b) Selaginella
¢) Rhynia
d) Equisetum
Answer- b
6. Which of the following Pteridophytes is heterosporous?
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a) Lycopodium

b) Selaginella

¢) Rhynia

d) Equisetum
Answer- b

7. Which of the following Pteridophytes has a creeping rhizome
and leaves that resemble a clover leaf?

a) Rhynia
b) Marsilea
¢) Selaginella
d) Equisetum
Answer- b

8. Which Pteridophyte shows dichotomous branching and lacks
true roots?

a) Rhynia

b) Lycopodium

¢) Equisetum

d) Marsilea
Answer- a

9. Which of the following has microphyllous leaves?

a) Lycopodium

b) Marsilea

¢) Rhynia

d) Selaginella
Answer- a

10. Equisetum contains silica in its stem, making it useful for:

a) Soil erosion control
b) Scouring and polishing metals
¢) Producing medicine
d) Making textiles
Answer- b

Short Answer Questions
1. Define Pteridophytes and their significance in plant evolution.
2. What are the general characteristics of Rhynia?

3. How does Lycopodium reproduce?
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What is the life cycle of Selaginella?
Explain the economic importance of Equisetum.

How is Marsilea adapted to aquatic habitats?

N bk

Differentiate between homosporous and heterosporous
Pteridophytes.

8. What is the role of sporophylls in Pteridophytes?
9. Describe the anatomy of Equisetum stem.

10. Explain the importance of Pteridophytes in soil conservation.

Long Answer Questions

10.

Discuss the morphology, anatomy, and reproduction of Rhynia.

Explain the classification, life cycle, and economic importance of
Lycopodium.

Describe the structure and reproduction of Selaginella. How is it
different from Lycopodium?

Discuss the life cycle of Equisetum with labeled diagrams.

Explain the adaptations of Marsilea that help it survive in both
terrestrial and aquatic environments.

Compare the reproductive strategies of Selaginella and
Lycopodium.

Explain the role of Pteridophytes in plant evolution and ecosystem
functions.

Describe the anatomy and ecological significance of Equisetum.

Discuss the economic importance of Pteridophytes in medicine and
agriculture.

Differentiate between Psilopsida, Lycopsida, Sphenopsida, and
Pteropsida with example.
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