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Part 1: Biodiversity II 

Kingdom: Fungi 

General Characteristics: 

• They belong to Eukaryota. They are multicellular with no vascular 

system. 

• Mycology: is the science of studying Fungi. (Mykes: Fungi, logos: 

science). 

• They reproduce by binary fission, asexually by spores or sexually. 

• They don’t have chlorophyll thus they can’t make their own food 

like plants do, but they can make most of their nutrients from 

carbohydrates. They have the ability to synthesis vitamins i.e. 

yeast. 

• They live saprophytically, parasitically or symbiotically with 

Cyanogreens i.e. Lichens. 

• They consist of mycelia, mostly branched filaments, where their 

cell walls are made up of cellulose,  cutin or both. 

• They can be cultivated on synthesized media in the lab. 

• They are non-motile although some sex organs are motile. 

• Their reserve food materials are glycogen and oils. 

• They can grow under 0 to 35 ⁰ C. Their optimum temperature 

varies from  20 - 30  ⁰C. 

• They grow under slightly acidic habitat 

• Light is necessary for spore germination. Sporangiophores are 

positively phototropic. 

• The Thallus is made of Hyphae, where a group of hyphae are know 

as Mycelia. 

• Hyphae are either septated or non-septated. Each cell has one or 

more nuclei. Cytoplasm contains vacuoles and oil droplets. 
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Reproduction Of Fungi: 
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Rhizopus nigricans 
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Asexual reproduction: 

1- The tip of the sporangiophore becomes swollen, forming a sporangium in which a 

part of the protoplasm containing nuclei and food flows and accumulates at the 

periphery of the sporangium.  

2- The inner area of the sporangium is poor in cytoplasm and nuclei.  

3- A dome-shaped layer of vacuoles appears between the inner and outer zones.  

4- Such vacuoles enlarge and fuse. A wall is then formed separating the outer fertile 

zone from the inner sterile materials known as the columella.  

5- The many nuclei in the fertile zone forms collects a small mass of cytoplasm around 

each of them, form a wall and become transformed into uninucleated spores. 

6- When the sporangia become mature, their walls rupture and the spores become free. 

7- The remnant of the ruptured sporangial wall is known as the collar. 

8- Each spore on germination gives rise to a new hypha. 

 

1. Sexual reproduction: 

 It takes place either between the tips of two hyphae or between two neighbouring 

hyphae. The two fusing hyphae may be either originating from a single spore, i.e. from 

one and the same mycelium, or they originate from two sexually different spores. 

Rhizopus species belonging to the first type are called homothallic, while those 

performing the second type of reproduction are called heterothallic. As example of the 

heterothallic forms is Rhizopus nigricans.  

 

In case of heterothallic forms, the two different spores give two sexually different 

mycelial strains, one of them is called a negative (-) strain and the other is a positive (+) 

one (some- times called-minus or plus strains). Fusion takes place between gametangia 

of different strains. When the mycelia of two opposite strains come near each other, 

lateral lobes are developed. These are the progametangia which are darker than the 

remaining mycelium due to the thickening of the protoplasm. The apical portion is 

separated by a cross-wall to form the gametangia.  

 

These are equivalent in function to the antheridium and oogonium in other plants. Each 

gametangium contains a multinucleated gamete. When the gametangia come in contact 

with each other, the cell wall between them dissolves, and their nuclei fuse to gamete. 

form diploid nuclei. Unfused nuclei disintegrate. The multi-nucleated zygote enlarges to 

form a zygospore. This is fixed in its place by the remaining parts of the lateral lobes 

called suspensors. The zygospore attains a thick sculptured black wall and remains 

inactive for a period of time.  
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By the return of favourable conditions, the zygospore germinates to give a tube which 

ends with a sporangium. Meanwhile the diploid nuclei of the zygospore divide many 

divisions, the first of which is meiotic. This reduction division results in the segregation 

of genes for sex, and accordingly half of the produced nuclei carry the -ve sex character 

while the other half carry the + ve sex one.  

 

Since these nuclei are the units which form the spores, then it is expected that 50% of the 

produced spores, give on growth, a mycelium of the -ve strain and the other 50% give a 

mycelium of the + ve strain.  

 

In case of homothallic species of Rhizopus (R. sexualis), the same steps of fertilization 

occur except that the fusing hyphae are not sexually differentiated and the zygospore 

gives on germination, a sporangium containing one type of spores. 
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1. Vegetative reproduction: 

From the vegetative point of view yeasts are divided into 3 types according to the 

method of division namely, budding, fission, and budding-fission yeasts.  

 

A. Budding: A lateral outgrowth or a bud is formed. The mother nucleus divides 

mitotically into two and the new bud receives one of them. The bud enlarges and 

becomes separated from the mother cell by a constriction at its base. Re-budding 

may occur either from the mother cell or the bud, resulting in chains or clusters of 

buds producing what is known as Pseudomycelium. 

 

B. Fission: It occurs in a way similar to that found in bacteria. The cell elongates, the 

nucleus divides mitotically into two and a transverse wall or septum is formed in 

the middle, dividing the mother cell into two unincleated daughter cells which 

become separated. Schizosccharomyces octosporus reproduces by this method.  

 

C. Budding-fission : A bud is produced in the usual way, but it becomes separated 

by fission instead of constriction (e.g. Saccharomycodes).  
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2. Sexual reproduction. By ascospore formation. Vegetative yeast cells are either 

haploid or diploid according to their origin. The steps of reproduction vary in both of 

them. 

 

A. Sexual Reproduction In Haploid Cells (Homothallic): 

Two yeast cells (from one parent) come in contact and unite by means of a 

tube produced to allow the passage of cytoplasm and nuclei between the 

conjugating cells. The nuclei fuse after the fusion of cytoplasm to give a single 

diploid nucleus and a zygote is formed. The zygote nucleus divides two or 
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three divisions, the first of which is reductional to give 4 or 8 haploid nuclei. 

Each haploid nucleus surrounds itself with cytoplasm, food reserve and wall 

forming an ascospore. The latter, when released, grows to give a new haploid 

vegetative yeast cell. 

B. Sexual Reproduction In Diploid Cells (Heterothallic): 

A normal diploid cell divides usually into 4 ascospores; the first division is 

meiotic and the ascospores are thus haploid. The produced spores are sexually 

distinct, i.e. half of them is male and the other is female (+ ve and - ve strains). 

Fusion between spores may take place inside the ascus, before the release of 

the ascospores, resulting in the formation of n diploid vegetative cells. If the 

spores become released from mother cell before fusion, they grow to give male 

and female haploid vegetative cells, which are smaller in size than the 

vegetative diploid cells. Two haploid vegetative cells of opposite sex may fuse 

to form a new normal diploid vegetative cell which can reproduce again either 

sexually or asexually by budding. Sometimes fusion between spores of the 

same sex may occur resulting in an abnormal diploid cell which reproduces 

only budding. 
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The apothecia of Peziza are sessile or shortly stalked cup-shaped structures regular in form and 

large in size varying from 2 cm. to several inches in diameter. In P. vesiculosa the apothecium 

is of pale fawn colour but P. aurantia has brilliant orange apothecium. 

1. Asexual Reproduction:  

It takes place by the formation of conidia and chlamydospores. The conidia are exogenously 

formed spores. They are abstricted from the tips of conidiophores. Each conidium 

germinates to form a new mycelium.  

The chlamydospores are thick-walled resting cells. They are intercalary in position. They 

may be formed singly or in series within the cells of the hyphae. Under suitable conditions 

each chlamydospore germinates and gives rise to a new mycelium.  

2. Sexual Reproduction: 
The sexual apparatus is wholly lacking in Peziza vesiculosa. This does not prevent the 

development of a fructification which is aerial and relatively a short-lived structure. The 

sexual process does take place. It is extremely simplified and consists in the association of 
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two purely vegetative nuclei in a pair. The adult mycelium consists of a tangled mass of 

hyphae. Certain vegetative cells in the center of the tangled hyphal mass have been seen to 

possess nuclei which become associated in pairs. 
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These pairs of nuclei are called the dikaryons. The dikaryotic condition is brought about 

either by autogamous pairing or by somatogamous copulation between the vegetative cells 

of the adjacent hyphae of the tangled hyphal mass. The cells with the dikaryons give rise to 

the ascogenous hyphae which become multicellular by cross walls. Their cells are 

binucleate. The terminal binucleate cell of each ascogenous-hypha functions as an ascus 

mother cell.  

The two nuclei of the ascus mother cell fuse to form the synkaryon. The young ascus with 

the synkayon represents the transitory diplophase .The synkaryon undergoes three 

successive divisions. Of these the first and the second constitute meiosis. This results in the 

formation of eight haploid nuclei which become organised into ascospores. The mature 

ascus is an elongated, cylindrical cell. The ascus wall is lined by a thin layer of cytoplasm 

(epiplasm) which encloses a central vacuole filled with sap. In the vacuole lie the oval 

ascospores.  

The erect asci lie side by side lining the cavity of the cup-shaped apothecium. The asci near 

the margin of the cup bend towards the source of light being positively phototropic. 

Interspersed between the asci are the Sterile hyphae called paraphyses. The rest of the 

apothecium consists of densely interwoven, branched hyphae forming a 

pseudoparenchymatous tissue which supports the hymenium. 
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Puccinia graminis is an obligate parasite which infects many cereals and grasses. Of the 

infected cereals, wheat, oat rye, and barley can be mentioned. Rust diseases are very serious 

since they cause heavy losses in crops. Puccinia graminis tritici is the fungus which infects 

Triticum or wheat. The parasitic life cycle of the fungus extends through two hosts namely 

wheat and Berberis vulgaris. of hosts. This phenomenon is called alternation of hosts. 

Life cycle: 

1. Early in the growing season (early summer), the infected wheat plants show orange-red 

patches, streaks or spots on their stems and leaves. These are the uredosori. Each ure- 

dosorus contains a number of uredospores which are ovoid or biscuit-like, unicellular, and 

binucleated. It has an outer thick spiny wall, an inner thin wall and 4 germ pores on the 
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equator. The uredosorus increases in size, accordingly the epidermis is ruptured, and the 

uredospores can be dispersed by wind. They can infect other wheat plants in the same 

season. The uredospore can penetrate the host through a stoma by means of the germ tube 

which appears from one of the germ pores.  
2. At the end of the season the intercellular mycelium of the fungus, gives rise, instead of 

uredospores, to another kind of spores known as teliospores or teleutospores (winter spores). 

They are produced in a dark brown sorus known as the teleutosorus. The teleutospore is 

bicellular and stalked with a pointed upper end. It has an outer thick smooth brown wall and 

an inner thin wall. The germ pores here are only two, one for each cell. The upper cell has its 

pore apically and the lower one has it pore laterally. The teleutospore differs from the 

uredospore in the fact that the former is bicellular. 
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Each cell is at first binucleated, then the two nuclei, later on, become fused into one 

diploid nueleus. Teleutospores fall on the ground and remain inactive in soil for a 

period of time. On the return of favourable conditions (early spring) they begin 

germination. Each cell gives rise to a germ tube called basidium. The nucleus of each 

cell dívides two successive divisions the first of which is reductional to give 4 haploid 

nuclei. These arrange themselves in the basidium and separating walls are formed 

leading to the development of 4 uninucleated cells. Each cell develops a sterigma 

which dilates into a basidiospore to which the nucleus migrates. Meiotic division 

preceding the formation of basidiospores results in segregation of sex in such spores, 

ie. two spores are sexually different from the other two. In other words, two +ve 

mycelial strain, while the spores give, on germination, a remaining spores give a -ve 

mycelial strain. 
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3. The basidiospores infect the second host known as Berberis vulgaris. Infection results 

in the formation of uninucleated mycelium which grows intracellularly. Such growth 

leads to the appearance, on the upper surface of Berberis leaf, of flask- shaped 

structures called pycnidia. Each pycnidium contains three types of hyphae:  
a) Pycnidial hyphae, which are fertile filaments, each of which carries a chain of spores 

called pyeniospores or-spermatia.  

b) Receptive or flexuous hyphae.  

c) Paraplryses or sterile hyphae. 
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All these hyphae and pycniospores in one pycnidium are either of the positive or 

negative strain according to the type of the infecting basidiospore.  

By the help of insects, the -ve strain receptive hyphae receive the +ve strain 

pycniospores and vice versa. Fusion takes place between the pycniospore and a 

terminal cell in the receptive hyphae, the nucleus of the former being transferred to the 

latter, resulting in the formation of a binucleated cell. This process is known as 

spermatization and its repetition results in the formation of binucleated mycelium 

which ramifies between the host cells towards the lower surface of Berberis leaf of 

aecidial cups. Each cup is sur- rounded with a wall of sterile hyphae called peridium. 

At the base of the cup there is a layer of elongated cells called stalk cells. Each 

binucleated stalk cell divides to give a chain of cells, some of which are small called 

intercalary cells and the others are larger known as aecidiospores or aeciospores. Both 

types of cells alternate one with the other in the chain, and also both of them are 

binucleated. The aecidia cups open on the lower epidermal surface of the leaf. At 

maturity the intercalary cells disintegrate and the aecidiospores become free to be 

dispersed by wind and begin a new infection to wheat plants in its early season of 

growth. 
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Life cycle: 

The basidiospores, after dissemination from gills, germinate in the soil to give 

uninucleated hyphae. These hyphae (primary mycelium) are sexually differentiated. 

Hayphae of opposite surains conjugate to form binucleated cells. It is these cells that 

form the secondary mycelium which develops into the fruit body or sporophore. 

Accordingly, the formed basidia on gills are at first binucleated. These two nuclei, (one 

plus and the other minus) fuse in the basidium to form a diploid nucleus. Meiosis 

follows producing 4 haploid nuclei. Meanwhile the basidium developes 4 lobes into 

which the new haploid nuclei migrate. 
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These uninucleated lobes, form the basidiospores carried on short sterigmata. Meiosis 

of the diploid nuçleus results in segregation of sex characters, thus two basidiospores 

give, on germination, hyphae a the +ve strain while the two other spores give hyphae 

of the 

-ve strain. The basidiospores are shed from the basidium when they are ripe and a new 

life cycle starts.  
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The life cycle of Agaricus (heterothallic) can be represented in the following: 
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Reproduction: 

1. Vegetative: Detached portions of the plant body can grow into a new thallus.  

2. Soredia: Small bud-like out- growths called soredia may appear on the upper surface of the 

thallus. A soredium consists of one or more algal cells enclosed by few hyphae. It develops 

into a new thallus when carried by wind and falls on a suitable substratum. 

3. Fungal spores: The fungal partner produces its characteristic spores (ascospores or 

basidiospores) which become shed from the lichen thallus to give a new one if it germinates in 

the neighbourhood of a proper alga. 
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Economic Importance Of Lichens: 

1. They can change soil structure of arid soils by increasing its fertility as it helps in the 

accumulation of organic matter to the soil. 

2. It contains dyes that is used in tanning and dying textile fabrics i.e. Orchil. 

3.  It can be used as food for animal and man. 

4.  It is used in the production of some antibiotics. 

5. Fermentation and brewing of organic matter. 

6. It causes several diseases to plants, animals and man. 

7. It is used in the dairy and baking industry. 

8. It is used as food. i.e. Mushroom. 

9. In the pharmaceutical industry: as antibiotics and vitamins. 

10. It plays an important role in Genetics, Biochemistry, Genetic Engineering because of its 

fast growth and reproduction. 
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Algae 
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Sexual reproduction: 

It is a case of advanced oogamous condition. Thallus may be monoecious or dioecious 

depending on species. The carpogonia (female sex organs) are borne terminally on small 

branches of the thallus. The carpogonium at its upper end is prolonged into a trichogyne which 

shrivels away after fertilization.  

The nucleus, chromatophores and the reserve food material are located in the lower swollen 

portion of the carpogonium. Antheridia or spermatangia (male sex organs) are single-celled 

spherical structures borne in clusters at the tip of the lateral branches of the thallus. Contents of 

each antheridium become metamorphosed into a non-motile, spherical male gamete or 

spermatium, which is lib The spermatium thus liberated floats in water and is finally carried 

away by water current to come in contact with the trichogyne of the carpogonium.  

The walls dissolve at the point of contact of the spermatium and the trichogyne and the 

contents of the spermatium pass through the open passage and move down the trichogyne into 

the base of the carpogonium where both male and female nuclei fuse together. 
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After fertilization the trichogyne is separated from the carpogonium by a mucilage plug and 

finally shrivels and disappears. The diploid carpogonial nucleus divides meiotically into two 

haploid nuclei.  

 Aerated through a narrow apical slit of the antheridial wall. Simultaneously with the nuclear 

division a lateral protuberance is developed from the carpogonium. One of the two daughter 

nuclei moves into this protuberance, the other remaining in the carpogonium. The protuberance 

is cut off from the carpogonium by a wall and is known as gonimoblast initial. 

Then the daughter nucleus of the carpogonium divides mitotically along with the formation of 

another protuberance on the other side of the carpogonium in which the daughter nucleus 

migrates and ultimately a second gonimoblast initial is produced and like this several 

gonimoblast initials are produced which by repeated divisions form branched or unbranched 

filaments known as gonimoblast filaments. 

The terminal cells of the gonimoblast filaments become enlarged, each one developing into a 

carposporangium, the contents of which become metamorphosed into a single, non-motile 

carpospore. Along with the development of the carposporangium and carpospore numerous 

sterile threads are developed from the cells below the carpogonium which ultimately envelope 

the gonimoblast filaments. These threads are known as the enveloping threads.  

The structure so formed with gonimoblast filaments surrounded by the enveloping threads is 

the cystocarp. The carpospore is liberated from the carposporangium and germinates into a 

heterotrichous filament which morphologically is quite different from the main thallus. 

The heterotrichous filament is known as Chantransia stage or juvenile stage. For long time this 

heterotrichous filament was considered to be a new genus Chantransia.  

But later on it was found that the apical cells of the lower branches of the erect threads develop 

into new Batrachospermum thallus and the so-called Chantransia is nothing but a stage in the 

life cycle of the alga Batrachospermum. Finally, it was linked up in the life cycle of 

Batrachospermum naming as Chantransia stage. 

The life cycle of Batrachospermum consists of two gametophytic phases alternating with one 

sporophytic phase which is, however, confined in the zygotic stage. The early gametophytic 

phase—Chantransia stage, is formed by the germination of the carpospore which is the 

product of post-fertilization stages. The late gametophytic phase, the main Batrachospermum 

alga is developed from the Chantransia stage. 
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Sexual reproduction: 

Sexual reproduction is oogamous. Male reproductive structure is known as antheridium and 

female as archegonium. Funaria is monoecious (having male and female sex organs on the same 

thallus) and autoicous (antheridia and archegonia develop on separate branches of the same 

thallus).  

Sex organs are borne on leafy gametophores in terminal clusters. The main shoot of the leafy 

gametophore bears antheridia and act as male branch. Female branch develops as a lateral 

outgrowth from the base of the male branch and bears archegonia. It grows higher than the male 

branch. Funaria is protandrous (antheridia mature before the archegonia). It ensures the cross 

fertilization. As a result, cross-fertilization occurs. Water is required for fertilisation. During heavy 

rains, antherozoids reach the archegonial neck and swim down to the ventral. Any antherozoid can 

fuse with an egg to form a zygote (2n). Soon after, the zygote secretes a cell wall and develops 

into an oospore. To form an embryo, the oospore divides and redivides. The embryo eventually 

develops into a sporophyte or sporogonium. Thus, the first cell of sporophyte generation is the 

zygote or oospore.  

Funaria sporogonium is photosynthetic, making it semi-parasitic on gametophore. It is divided 

into three parts: the foot, the seta, and the capsule. The foot is embedded in the female receptacle, 

where it absorbs inorganic nutrients. Seta is a tall stalk with a pear-shaped capsule at the tip.  

The capsule is made up of three parts: the basal apophysis, the central theca, and the terminal 

operculum. Annulus is a ring-like cell that separates the operculum from the Theca. From the 

center to the outside, the middle fertile theca is made up of a sterile columella surrounded by a 

barrel-shaped spore sac, a cylindrical air space with trabeculae, hypodermis, and epidermis. As the 

sporogonium grows, so does the venter, which takes the form of a protective covering called 

calyptra. Later, the calyptra ruptures and remains attached to the capsule like a cap. Calyptrais is 

haploid because it develops from the ventriloquine wall.  

When the capsule dries up, the Operculum is thrown off, revealing the peristome, which is made 

up of two overlapping rings of periostomial teeth. Each peristome ring contains 16 teeth. The teeth 

of the outer ring (exostome) are conspicuous, red, and have thick transverse bands, whereas the 

teeth of the inner ring (endostome) are small, colourless, and soft. Spore dispersal is caused by 

hygroscopic movements (movement caused by moisture content of the atmosphere) of the 

exostome of peristomial teeth. The inner ring of peristomial teeth does not move due to 

hygroscopic forces. 
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Reproduction: 

 

It takes place by the production of spores. The spores are produced in sporangia. A group of 

sporangia forms sori. The sori are marginal but the reflex margins of the pinna form a 

protective membranous structure called false indusium. The development of sporangium is of 

leptosporangiate type. The sorus does not show any definite sequence hence fall under mixed 

type. 

A mature sporangium bears a multicellular stalk and a spherical or elliptical single layered 

structure called capsule. The capsule contains haploid spores. The wall of the capsule is 

differentiated into thick walled annulus and thin walled stomium. On maturity the sporangium 

bursts and spores are released. The spores germinate and undergo repeated division to produce 

a prothallus. The prothallus is flat, green and heart shaped. It is monoecious and represents the 

gametophytic phase. Sex organs called antheridia and archegonia develop on the prothallus. 

Antheridia release multiflagellate antherozoids which swim in water and reach the egg of 

the archegonium to accomplish fertilization.  
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The fertilization results in zygote(2n) and it represents the first cell of sporophytic generation. 

The zygote develops into embryo which further differentiates into sporophyte. Thus Adiantum 

shows alternation of generation. 
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Double Fertilization in Plants 

Angiosperms undergo two fertilization events where a zygote and endosperm are both formed.  

Double Fertilization 

After pollen is deposited on the stigma, it must germinate and grow through the style to reach 

the ovule. The microspores, or the pollen, contain two cells: the pollen tube cell and the 

generative cell. The pollen tube cell grows into a pollen tube through which the generative cell 

travels. The germination of the pollen tube requires water, oxygen, and certain chemical 

signals. As it travels through the style to reach the embryo sac, the pollen tube’s growth is 

supported by the tissues of the style. During this process, if the generative cell has not already 

split into two cells, it now divides to form two sperm cells. The pollen tube is guided by the 

chemicals secreted by the synergids present in the embryo sac; it enters the ovule sac through 

the micropyle. Of the two sperm cells, one sperm fertilizes the egg cell, forming a diploid 

zygote; the other sperm fuses with the two polar nuclei, forming a triploid cell that develops 

into the endosperm. Together, these two fertilization events in angiosperms are known as 

double fertilization. After fertilization is complete, no other sperm can enter. The fertilized 

ovule forms the seed, whereas the tissues of the ovary become the fruit, usually enveloping the 

seed. 
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GRADING  

1. Practical exam: 10 marks 

2. Final written exam: 40 

 

TEACHING HOURS 

1. Lectures: 2 hours 

2. Lab: 2 hours 

 

 


