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Topic-1 

Ultra structure of Bacteriophage 

 

 

 

Like all viruses, phages are simple organisms that consist of a core of genetic material (nucleic 

acid) surrounded by a protein capsid.  There are three basic structural forms of phage: an 

icosahedral (20-sided) head with a tail, an icosahedral head without a tail, and a filamentous 

form 

All viruses contain nucleic acid, either DNA or RNA (but not both), and a protein coat, which 

encases the nucleic acid. Some viruses are also enclosed by an envelope of fat and protein 

molecules. In its infective form, outside the cell, a virus particle is called a virion. Each virion 

contains at least one unique protein synthesized by specific genes in its nucleic acid. Viroids 

(meaning "viruslike") are disease-causing organisms that contain only nucleic acid and have no 



structural proteins. Other viruslike particles called prions are composed primarily of a protein 

tightly integrated with a small nucleic acid molecule. 

Viruses are generally classified by the organisms they infect, animals, plants, or bacteria. Since 

viruses cannot penetrate plant cell walls, virtually all plant viruses are transmitted by insects or 

other organisms that feed on plants. Certain bacterial viruses, such as the T4 bacteriophage, 

have evolved an elaborate process of infection. The virus has a "tail" which it attaches to the 

bacterium surface by means of proteinaceous "pins." The tail contracts and the tail plug 

penetrates the cell wall and underlying membrane, injecting the viral nucleic acids into the cell. 

Viruses are further classified into families and genera based on three structural considerations: 

 1) the type and size of their nucleic acid,  

2) the size and shape of the capsid, and  

3) whether they have a lipid envelope surrounding the nucleocapsid (the capsid enclosed 

nucleic acid). 

The nature of viruses wasn't understood until the twentieth century, but their effects had been 

observed for centuries. British physician Edward Jenner even discovered the principle of 

inoculation in the late eighteenth century, after he observed that people who contracted the 

mild cowpox disease were generally immune to the deadlier smallpox disease. By the late 

nineteenth century, scientists knew that some agent was causing a disease of tobacco plants, 

but would not grow on an artificial medium (like bacteria) and was too small to be seen through 

a light microscope. Advances in live cell culture and microscopy in the twentieth century 

eventually allowed scientists to identify viruses. Advances in genetics dramatically improved the 

identification process. 

Structure of Bacteriophage 

Bateriophage T-2 is the best studied phage which shows following characteristics: 

1. It has a head and a tail. 

2. The head is 650A
0
 in breadth and 950A

o
 in length. 

3. The tail also has a length of 950A
O
. 

4.The Head 

a) The head has 20 faces hence called as Icosahedral. 

b) Each face is a Pentagon. 



c) Each pentagon is made up of 100 protein units called as capsid protein. 

5. The tail is also made up of Protein 

6. The tail is covered by a protein sheath. 

7. At the junction of Head and the tail a collar is found which is again made up of protein. 

8.The tail terminates in a basal plate associated to which two structures are found known as: 

a) Spike 6 in numbers biggest structure in Bacteriophage and 

b) six peg like structure which helps the virus in establishing contact to the host. 

9. Inside the capsid genomic DNA can be found which is double stranded and linear..  

Capsid - The capsid is the protein shell that encloses the nucleic acid; with its enclosed nucleic 

acid, it is called the nucleocapsid. This shell is composed of protein organized in subunits known 

as capsomers. They are closely associated with the nucleic acid and reflect its configuration, 

either a rod-shaped helix or a polygon-shaped sphere. The capsid has three functions:  

1) it protects the nucleic acid from digestion by enzymes,  

2) contains special sites on its surface that allow the virion to attach to a host cell, and 

 3) provides proteins that enable the virion to penetrate the host cell membrane and, in some 

cases, to inject the infectious nucleic acid into the cell's cytoplasm.  

Envelope - Many types of virus have a glycoprotein envelope surrounding the nucleocapsid. The 

envelope is composed of two lipid layers interspersed with protein molecules (lipoprotein 

bilayer) and may contain material from the membrane of a host cell as well as that of viral origin. 

The virus obtains the lipid molecules from the cell membrane during the viral budding process. 

However, the virus replaces the proteins in the cell membrane with its own proteins, creating a 

hybrid structure of cell-derived lipids and virus-derived proteins. Many viruses also develop 

spikes made of glycoprotein on their envelopes that help them to attach to specific cell surfaces. 

Nucleic Acid - Just as in cells, the nucleic acid of each virus encodes the genetic information for 

the synthesis of all proteins. While the double-stranded DNA is responsible for this in 

prokaryotic and eukaryotic cells, only a few groups of viruses use DNA. Most viruses maintain 

all their genetic information with the single-stranded RNA. There are two types of RNA-based 

viruses. In most, the genomic RNA is termed a plus strand because it acts as messenger RNA for 

direct synthesis (translation) of viral protein. A few, however, have negative strands of RNA. In 

these cases, the virion has an enzyme, called RNA-dependent RNA polymerase (transcriptase), 

which must first catalyze the production of complementary messenger RNA from the virion 

genomic RNA before viral protein synthesis can occu 



Topic -2 

Ultrastructure of TMV 

 

 

 

1 TMV is a rod virus longer than broad.( Length=300 A0 and Breadth=180 A0) 

2 It is made up of Nucleoprotein.  

3 Each unit of protein is known as capsomere and together known as capsid protein. 

4 Each capsomere is made up of 158 amino acid. 

5 The nucleic component of virus is single stranded RNA. 

6 The virus has 2130 capsomeres , distributed in 123 turns. 

7. Each turn has 161/3 Capsomere. 

8 The central core of virus is hollow 

9 Single stranded RNA is embedded in Capsomere. 

10 TMV was the first virus to be crystallized by Stanley. 



11. Apart from coiled capsomeres single stranded RNA is also coiled. 

12.RNA consists of 6500 nucleotides. 

TMV is a simple rod-shaped helical virus consisting of centrally located single- stranded RNA 

(5.6%) enveloped by a protein coat (94.4%). The rod is considered to be 3,000 Å in length and 

about 180 Å in diameter. The protein coat is technically called 'capsid'. TMV is made up of a 

piece of nucleic acid (ribonucleic acid; RNA) and a surrounding protein coat. The complete virus 

is a submicroscopic, rigid, rod-shaped particle. Once inside the plant cell, the protein coat falls 

away and nucleic acid portion directs the plant cell to produce more virus nucleic acid and virus 

protein, disrupting the normal activity of the cell. TMV can multiply only inside a living cell but 

it can survive in a dormant state in dead tissue, retaining its ability to infect growing plants for 

years after the infected plant part died. Most other viruses die when the plant tissue dies. 

 

 

 

 



The replication of tobacco mosaic virus (TMV) 

 RNA involves synthesis of a negative-strand RNA using the genomic positive-strand RNA as a 

template, followed by the synthesis of positive-strand RNA on the negative-strand RNA 

templates. Intermediates of replication isolated from infected cells include completely double-

stranded RNA (replicative form) and partly double-stranded and partly single-stranded RNA 

(replicative intermediate), but it is not known whether these structures are double-stranded or 

largely single-stranded in vivo. The synthesis of negative strands ceases before that of positive 

strands, and positive and negative strands may be synthesized by two different polymerases. The 

genomic-length negative strand also serves as a template for the synthesis of subgenomic 

mRNAs for the virus movement and coat proteins. TMV replicase complexes are located on the 

endoplasmic reticulum in close association with the cytoskeleton in cytoplasmic bodies called 

viroplasms, which mature to produce `X bodies'. Viroplasms are sites of both RNA replication 

and protein synthesis, and may provide compartments in which the various stages of the virus 

mutiplication cycle (protein synthesis, RNA replication, virus movement, encapsidation) are 

localized and coordinated.  

 

 

 

 

 

 

 

 

 

 

                                                           

 

 

 

            



Topic-3 

Role of Bacteria in Industries 

 

Bacteria, and other microbes such as microalgae and fungi, have historically been exploited in a 

number of human activities, but more recently industrial biotechnology has lead to a 

breakthrough in larger scale applications such as: 

•    materials processing 

•    energy production 

•    waste processing and bioremediation 

•    corrosion resistance 

•    production of drugs 

•    manufacture of polymers 

Microbes in Industrial Products 

These microbes play a crucial role in the fermentation process to obtain a number of products. 

The two common products obtained by fermentation process through industrial processes are 

fermented beverages, malted cereals, broths, fruit juices, antibiotics, etc. 

Bacteria in production of Beverages 

Yeasts are the widely used microorganism for the production of beverages like beer, brandy, 

rum, wine, whiskey, etc. Yeasts are single-celled, eukaryotic, microorganisms of the Kingdom 

Fungi. In these industrial process, the species of yeasts, Saccharomyces cerevisiae, generally 

called as the Brewer’s Yeasts are used for fermenting fruit juices and malted cereals to produce 

ethanol. Once after the fermentation, these beverages are distilled to produce both Alcoholic and 

non-alcoholic beverages including whiskey, brandy, rum, etc. 

Food Production 

Fermented Dairy Products: 

Fermented milk is produced by inoculating pasteurised milk with specific culture of 

microorganisms. The different fermented dairy products include yoghurt and cheese. 

Bacteria is used in Yoghurt Making:Yoghurt is a dairy product which is produced by the 

bacterial fermentation of milk. Most commonly, cow’s milk is used, though it can be made from 



any kind of milk. It can be prepared from a variety of milk including whole, skimmed, dried, 

evaporated or semi-skimmed milk. 

Bacteria and Fungi are used in Cheese Making: 

Cheese is prepared by inoculating milk with a starter culture containing specific 

microorganisms. Cheese is a solid food made from the milk of various animals, most commonly 

cows. Milk from goat, sheep, reindeer and water buffalo may also be used. There are several 

types of cheese. 

Bacteria in Organic acids production 

Microbes are also used for the industrial production of certain organic acids. Citric acid was the 

first discovered organic acids from microbial fermentation of lemon – a citrus fruits. Organic 

acids are also produced directly from glucose. Aspergillus Niger, Acetobacter acute and 

Lactobacillus are few examples of microbes used for the industrial production of organic acids. 

 Bacteria in Enzymes production 

Enzymes are naturally occurring, biological catalysts that are mainly used to control certain 

biochemical reactions in the living system. Enzymes have a wide range of applications in the 

production of both medical and non-medical field. Apart from the plants and animals, enzymes 

are also obtained from certain microbes and are referred to as the microbial enzymes. 

Microorganisms are majorly used for the production of industrial enzymes through the safe gene 

transfer methods. The first industrially produced microbial enzymes were obtained from the 

fungal amylase in the year 1896 and were used to cure indigestion and several other digestive 

disorders. 

Bacteria in Antibiotic production 

Antibiotics are chemical substances produced by certain microbes which functions either by 

killing or retarding the growth of harmful microbes without affecting the host cells. Penicillin 

was the first antibiotic to be discovered by Alexander Fleming in the year 1928 from the fungus 

Penicilliumnotatum. There are many other antibiotics produced by microorganisms, including 

Streptomycin, and other antibiotics used to treat a number of bacterial infections. 

Bacteria in Vitamins production 

Vitamins are organic compounds which are capable of performing many life-sustaining functions 

inside our body. They are essential micronutrients which are required in small quantities for the 

body’s metabolism. As our body cannot be synthesized these vitamins, they need to be supplied 

through the diet. Apart from plants and animals sources, microbes are also capable of 

synthesizing the vitamins. There are few groups of microbes living in the digestive tracts of both 

humans and other animals which are collectively called as the gut microbiota. These microbes 



are involved in synthesizing vitamin K. Other examples of microbial vitamins include ascorbic 

acid, beta-carotene, biotin, ergosterol, folic acid, vitamin b12, Thiamine, pantothenic acid, 

riboflavin, and pyridoxine. 

Some other role 

USE FUL ROLE 

1 Lab- Used as test system in study of Microbial Genetics and Basic Genetics 

2 Food Productions 

a) Bacteria, molds and yeast are the most important microorganisms that cause food spoilage and 

also find the maximum exploitation in production of food and food products. 

b) Different strains of bacteria and fungus are used for fermentation of dairy products for 

production of a wide variety of cultured milk products. Both bacteria and fungi are used in these 

cheese production processes. 

c) Lactic acid bacteria are used for coagulation of milk that can be processed to yield a wide 

variety of cheeses, including soft unripen, soft ripened, semisoft, hard, and very hard types. 

d) Microorganisms such as Lactobacillus and Bifidobacterium are used as in food and health 

industry. 

e) Spirulina, a cyanobacterium, also is a popular food source sold in specialty stores. 

f) Mushrooms (Agaricus bisporus) are one of the most important fungi used as a food source. 

Alcoholic beverages as beer are produced by fermentation of cereals and grains using different 

strains of yeasts. 

3) Industrial importance 

                 a)  Retting of Fiber 

                 b)   Processing of Tea and Tobacco 

                 c) Production of Various antibiotics 

                 d) Production of Industrial enzymes- Amylase, Lipase, Protease 

                e) Production of Microbial Insecticides. 

                f) Production of various Amino acids 

                 g) Production of various vitamins 



                                                         

Topic-4 

Bacterial cell 

 

ULTRA STRUCTURE OF BACTERIAL CELL 

 

 

 

 

 

 

Characteristics 

a. Bacterial cell is Prokaryotic uninucleate structure( micron in size). 

b. Bounded by a cell wall. 

c. There is a typical plasma membrane below the cell wall. 

d. Inside the cytoplasm ,the cytoplasmic inclusion consists of: 

1. A nucleus not bounded by a nuclear membrane called as Incipient nucleus. 



2. A covalently closed circular DNA(DS) called as Plasmid –usually many copies. 

3. The nuclear DNA is also circular ,double stranded and represents the main genome. They form 

a diffused dense area due to their long length. 

4. Dense ribosome can be noticed which covers the entire cytoplasmic bodies. 

e. Structures associated to Plasma membrane: 

1. Flagella-concerned with locomotion of Bacteria, is made up of Flagellin protein. Their 

structure differs in Gram+ and Gram – Bacteria. Fundamentally it has three component known as 

Basal body,hook and filament. The basal body in Gram- Bacteria has M,S ,P and L ring but in 

Gram positive Bacteria it has M and S ring only. 

2.Yet another structure associated to Plasma membrane is called as Pili which is concerned with 

reproduction in Bacteria(Conjugation). 

F.  Cell wall 

 The Bacterial cell wall is distinctly different in Bacteria on the basis of they are classified as 

Gram+ and Gram- kind. The Gram+ Bacteria has a cell wall made up of Murein along with 

teichoic acid which has affinity to crystal violet hence called as Gram+. Major part of the cell 

wall of Gram + Bacteria is Murein also called as Peptidoglycan. The basic structure of which has 

been shown below: 

 

        

 

 

                                                                                

   

                

 

 

 

 

N-acetyl muramic acid N-acetyl glucosamine 
B,1,4 linkage 

Glycan Strand 

DALANINE 

lALANINE 

DAP 

Glutamic acid 



The bacterial cell wall is made up of two strands The Glycan strand is made up of N-acetyl 

glucosamine( NAG)  and N-acetyl muramic acid( NAM) connected by B 1,4 linkage. The 

peptidyl strand has chain  of four amino acids known as D-Alanine,L-Alanine, Diaminopimellic 

acid(DAP) and Glutamic acid.In Gram – Bacteria besides murein layer there is an outer covering 

of Lipid having two types of fraction hence called as Lipoprotein (LP) and 

Lipopolysaccharide(LPR). 

 

 

                   Cell wall of Gram positive and Gram Negative Bacteria 

 

 

 

 



 

  

                                  Bacterial Flagella 

 

Bacterial thylakoid ; Aabout 5% of Bacterial population is autotrophic in nature. To perform 

photosynthesis they keep grana molecule in the thylakoid. 

Bacterial Ribosome; Bacterial ribosome is typical prokaryotic ribosome 70s type. 

 

 

 

 

 

 

                                                       

 

 

 

 

 



                                                       

Topic-5 

Genetic Recombination 

 

Genetic Recombination in Bacteria 

This is a process of reproduction in Bacteria which is considered equivalent to Sexual 

reproduction. In sexual reproduction complete male gamete fuses with rhe complete of the 

female nucleus to form a Zygote which is Diploid(2n). In case of Bacteria only a part of the male 

gamete( Donor) fuses with complete female gamete( Recipient) to form Merozygote or 

Merodiploid.There are three methods of Genetic recombination as described below: 

1. Conjugation:In this process, the exchange of genetic material takes place through a 

conjugation tube between the two cells of bacteria. The process was first postulated by Joshua 

Lederberg and Edward Tatum (1946) in Escherichia coli. They were awarded the Nobel Prize in 

1958 for their work on bacterial genetics. Later on, it has also been demonstrated in Salmonella, 

Vibrio and Pseudomonas. 

2.Transformation:It is a kind of genetic recombination where only the carrier of genes, i.e., the 

DNA molecules of donor cell, pass into the recipient cell through the liquid medium: 

It was described by Frederick Griffith (1928), an English bacteriologist. He had done his 

experiment with laboratory mice and two types of Diplococcus pneumoniae, the pneumonia 

causing organism. One type has rough (R) non-capsulated cells and another one with smooth (S) 

capsulated cells. The R-type is non-pathogenic, while the S-type is pathogenic. 

3. Transduction:It is a special method of genetic recombination where genetic material is 

transferred from the donor to the recipient cell through a non- replicating bacteriophage — 

temperate bacteriophage. This was discovered by Joshua Leaderberg and Nortor Zinder (1952) 

during their research with Salmonella typhimurium. 

Type of Genetic Recombination Discovered by Donor/Male Recipient/Female

 Product 

Conjugation Lederberg 
&Tatum 

F+  F-  F+ 

Transformation Charles Griffith Prototroph 
Naked DNA 

Auxotroph 
Live Bacterium 

Protrophic Live 
Bacterium 

Transduction Lederberg 
&Zinder 

Virus Live Bacterium Large number of 
viral Progeny 

     



  

 

                                                      Conjugation 

 

 

 

 

                  

                                          Lederberg and Tatum Experiment 

Two Bacterial strains Auxotroph for certain characters marked as A and B were allowed to mate 

to obtain Protrophic cells 

Auxotroph= Deficient in certain Gene product (Represented by minus) 

Prototroph = Able to synthesize Gene product ( Represented by Plus). 



Met=methionine, bio=biotin, leu=leucine, thr=threonine and thi=thiamine 

MM= Minimal media. Minimum nutrient needed for growth and development of Microbe. 

 

 

              

 

 

  

Both Main Genome and Plasmid DNA is double stranded, During Conjugation one copy of the 

Plasmid is transferred from Donor to the Recipient. Soon single stranded DNA in Donor and the 

recipient cell becomes double stranded due to autocatalytic nature of DNA. 

 

 

                          



  Conjugation between Hfr and F- 

 

 

 

 

Jacob and Wollman conducted famous experiment known as interrupted mating experiment. 

He noticed that when plasmid DNA integrates into main genome it mediates conjugation many 

times more than normal conjugation hence called as High frequency recombination. 

    Conjugation between F prime ( F”) and F- 

 Plasmid DNA integrates in the main genome this gives rise to Hfr strain. The association 

between main genome and Plasmid DNA is quite fragile; this association dissociates to free the 

plasmid DNA from its association with the main genome. Some times during this dissociation a 

part of the main genome is also carried over by Plasmid DNA and this Plasmid DNA is called as F 

prime. Conjugation between F prime and F- is called as SEX DUCTION. 



                         

 

       This F prime when conjugates with F- gives rise to F prime 

           

                                           Conjugation of Fprime with F- 

                            

 

 

 

 

 

 

 

 

 

 



                                                  Transduction 

Transduction is the process by which DNA is transferred from one bacterium to another by a 

virus. ... Transduction does not require physical contact between the cell donating the DNA and 

the cell receiving the DNA (which occurs in conjugation), and it is DNAase resistant 

(transformation is susceptible to DNAase 

 

 

  

 

                    Transduction can be studied under two headings such as  

1 Generalized transduction –  In which the viral DNA may integrates anywhere in the host 

Bacterial Genome. 

2 Specialized transduction-  In this viral DNA integrates at a specific sequence of Genes                            

 



 

 

LYSOGENY = When viral DNA integrates with the host genome( Bacterial DNA) and continue to 

remain integrated for generations , this condition is called as Lysogeny. 

LYTIC= The lytic cycle is named for the process of lysis, which occurs when a virus has infected a 

cell, replicated new virus particles, and bursts through the cell membrane. ... In this cycle, the 

viral DNA or RNA is expressed by the host organism's cellular mechanisms 

 

 

 

 

 

 

 

 

 

 



 

Topic-6 

Rust disease 

 

Life cycle: 

The life cycle of rust is completed on two host plants in India and hence the name is 

Heteroecious rust(Autoecious if completed on one host Plasmopara viticola-Rust of Linseed). 

The life cycle is completed in following stages. 

Stage 0: Pycnium bearing spermatia and receptive hyphae- On Barberry 

Stage I: Aecium bearing aeciospores,- On Barberry 

Stage II: Uredinium bearing urediniospores.- On Wheat( Source of Primary infection) 

Stage III: Telium bearing teleospores- On Wheat( Source of Secondary infection 

Stage IV: Basidiospores- On soil. 

 Most of the stage of the life cycle is spent as dikaryotic ycelium like  Uredo stage, Teleuto stage, 

Aecial stage.Monokaryotic stage is noticed in Basidial stage and in Pycnial stage. 

Sexuality in Rust 

While Basidiospores and pycnium producing spermatia and receptive hyphae are uninucleate, it 

was Craigie (1927) who discovered that Pycnium is the gametic stage bearing sex cells which are 

self-sterile.It is the stage where plasmogamy and dikaryotisation take place when spermatia and 

receptive hyphae of the compatible mating type come in contact.  

Onset of Disease 

Aeciospore travelling through air coming from the secondary host is the main cause of Primary 

infection as they form the Primary inoculum. After infection they give rise to Uredosori which 

contains bicelled uredospore having binucleate condition. Large number of uredospores formed 

act as Primary inoculum and is the main cause of endemic spread of infection . 

                  



                    

    

As the host matures the uredosori turns into teletosori. The teleutosori contains two celled 

teleutospore each containing two nuclei(Dikaryon). 

 

                

 



Germination of teleutospore 

Two nuclei in each cell of the teleutospore fuse to complete dikaryotization .A diploid nuclei is 

thus created and this is the stage of sexual reproduction in rust fungi.After fusion meiotic 

division occurs immediately giving rise to four nuclei.Two of plus type and two of minus type. 

All the four nuclei is transferred to a mycelial structure emerging from each teletospore and is 

called as Promycelium or Baidium. Septation occurs in basidium each unit containing one 

nucleus.  The haploid nucleus from each promycelium cell migrates into this developing spore 

cell through its respective sterigma. Thus, at the tip of each sterigma, a minute spore is formed. 

This spore is called basidiospore . Each cell of promycelium produces a single basidiospore. 

Thus, from a single cell of teleutospore four haploid, unicellular, uninucleate basidiospores are 

formed. Two, out of the four telutospore basidiospores are of ‘+’ strain and the other two of 

strain. 

 

 

                 

 

 



Stages on Barberry Plant: 

The basidiospores, which fall over the upper surface of barberry leaf start germinating soon. 

They germinate by giving out a germ tube which penetrates through the epidermis. 

 

Spermogonial or Pycnidial Stage: 

This stage is also known as Pycnial or spermatial stage. After about four days of the infection, 

the haplomycelium collects and forms dense mats both beneath the upper and lower epidermis. 

The mycelial mats beneath the upper epidermis are known as primordium of spermogonium 

while the mats beneath the lower epidermis are known as primordium of aecidium or 

protoaecidium.In 7 to 10 days after infection, each primordium of spermogonia matures into a 

small flask shaped structure called spermogonium or pvcnidium. The pycnidia appear as minute 

yellowish specks on the upper surface of the leaf . 

Its wall consists of three kinds of hyphae: 

(i) Periphysis: The ostiole is surrounded at the fringe by the long, delicate, sterile hyphae known 

as periphysis. They develop near the ostiole from the spermogonial wall and project from the 

ostiole. 

(ii) Flexuous or Receptive Hyphae: They also arise from the lateral wall of the spermogonium. 

They are slender, delicate, cylindrical, septate, simple, branched or un-branched with blunt ends. 

They are present amidst periphysis and sometimes it is difficult to distinguish between the two. 

(iii) Spermatiophores or Pycnidiophores: These are slender, short, vertical, uninucleate hyphae 

which arise form the base of the spermogcnium . Each spermatiophore (or sporophore) produces 

several small uninucleate spermatia or pycnidiospores at its tip by abstraction method  

The spermatia are unicellular, small, oval to spherical, hyaline and smooth walled structures. The 

spermatia fill the spermogonial cavity and are exuded from the ostiole in a droplet of nectar, 

which is a thick, sticky, sweet liquid. 

According to Craigie (1927) and Butler (1927) the spermatia function as male cell while 

receptive or flexuous hyphe represent the female sex organs . The spermatia may be ‘+’ or in 

their sexual nature depend r.g upon the mycelium, produced by the basidiospores ‘+’ or ‘-‘. The 

insects are attracted by this necter. The spermatia are dispersed from one spermogonium to 

another spermogonium on the same leaf – this necter leaf to another leaf. As a result, the ‘-‘ 

spermatia are transferred to ‘+’ receptive hyphae and are transferred to receptive hyphae. Now 

the spermatization takes place. The spermatia of strain come in contact with the tip of the 

receptive hyphae of opposite strain. The intervening wall at the one stain of contact between 

these two dissolves and the spermatium nucleus passes downwards through septal pores and 



form a bi-nucleate cell. This pair of nuclei of opposite strains is called a dikaryon and this 

process is called dikaryotization. 

 

 

 

Aecial or Aecidial Stage: 

The haplomycelium forms the primordium of aecidium or protoaecidium beneath the lower 

epidermis. The further development of protoaecidium into aecidium takes place only after the 

dikaryotization. 

The spermatial nucleus (male nucleus) by mitotic division forms a second male nucleus, which 

moves to the next cell, through septal perforation. In this way the male nuclei produced by 

successive mitotic divisions pass down and all the cells of primary mycelium are dikaryotized. 

The dikaryotic basal cells of the protoaecidium arrange themselves vertically beneath the lower 

epidermis and are called as sporophores. Each bi-nucleate basal cell then cuts off a chain of bi-

nucleate cells in basipetal succession on the side towards the lower epidermis of the host. 

 

These cells are the aecidiospore mother cells . These cells further divide transversely to form a 

large cell and a small cell. The large cell develops into aecidiospore while the small cell remains 

sterile and is known as disjunctor or intercalary cell. The latter dissolves and sets free the 



aeciospores.With the development of the aeciospores some of the bassal cells lying at the 

periphery of protoaecidium mature into a one-celled thick protective layer called peridium. 

 

 

 

This entire structure is cup shaped and is known as aecium. The developing aeciospores rupture 

the peridium by exerting a pressure on it. Thus, the aeciospores are liberated. They are 

unicellular, polyhedral, thin walled, bi-nucleate and orange yellow coloured. 

The aeciospores are disseminated by wind. They are capable of immediate germination but 

cannot infect barberry plants. Falling on suitable host i.e., what leaf they germinate by producing 

a germ tube or primary hyphae. 

The further development of the germ tube is similar as described in the uredinal stage and 

ultimately the dikaryotic mycelium is produced. This is the mycelium which produces the 

uredospore’s and later the teleutospores on wheat. In this way, the life cycle of Puccinia graminis 

is completed. 

 

 

 



Topic-7 

Wart disease of Potato 

 

Symptoms of Wart Disease: 

The symptoms of the disease appear only on underground parts except roots of the plant i.e. 

tubers, buds of stems, and stolons. These are characterised by warty, tuberous and dirty 

Cauliflower like outgrowths on infected parts.The warty outgrowths vary in size from small 

protuberances to large intricately branched systems. Early in the growing season they are green 

or greenish-white in colour if exposed to light but are cream coloured or black on underground 

parts.On the tubers, mostly the warts are larger than the tuber itself covering the whole tuber. In 

advanced stages, the warts become dark black in colour and may sometimes be attacked by 

saprophytic fungi.The wart usually consists of distorted proliferated branched structures grown 

together into a mass of hypertrophied tissue . 

                  

The primary infection of the young potato crops available in the field takes place through the 

germination of resting spores present in the soil into Zoospores.These zoospores after swimming 

for a while land on the underground shoot parts, withdraw their flagella and enter the host cells 

where they settle down at the bottom of the host cells.Each of the neighbouring cells start 

dividing repeatedly followed by swelling, ultimately resulting in the formation of wart. There 

warts are the main Symptoms and contain the material for secondary infection. The sporangia 

contained in the warts produce zoospores upon disintegration of the hosts.These zoospores are 



responsible for secondary infection. If environmental conditions are favourable, the zoospores 

are formed repeatedly and secondary infections may take place as well causing serious damage 

to the potato crop. 

Disease Cycle of Wart Disease of Potato 

S. endobioticum is an obligate, holocarpic, endobiotic parasite. It is long-cycled chytrid which 

does not produce hyphae but a thallus comprised of sporangia. Two forms of sporangia exist, so-

called summer and winter sporangia (resting spores), which contain 200-300 motile zoospores. 

The summer or swarm stage results from host infection by haploid zoospores in which a sorus of 

one to nine sporangia form, and the winter or resting stage results from infection by conjugated 

(diploid) biflagellated zoospores. Both sporangial types germinate to release pear-shaped (1.5-

2.2 µm diam.) zoospores. Motility is by means of posterior flagella. The resting (meio-)sporangia 

are golden brown, ridged and spheroidal (ca 35-80 µm diam).When the weather conditions 

become unfavourable and the crop season approaches towards the end, the zoospores function as 

planogametes, fuse and produce resting sporangia. While the crop is harvested, the resting 

sporangia remain buried in the soil and perennate waiting for the favourable conditions to return 

back. 

 

 

 

 



Control Measures of Wart Disease:  

It is very difficult to control the disease once it has been introduced in the field. 

However, some of the control measures practised are listed below: 

(i) Entry of diseased material into healthy areas should be prevented. 

(ii) The diseased potato tubers should be discarded. 

(iii) Soil treatment may control the disease to a large extent. These include steam sterilisation 

and application of mercuric chloride—copper sulphate and 5 percent formaline. But these are 

very costly. 

(iv) Cultivation of disease resistant varieties continuously for 8-10 years is the only effective 

control measure. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Topic-8 

White Rust of Crucifers 

 

SYMPTOMS 

White rust affects every known cruciferous crop. However, this disease is most common on 

radishes, horseradish, mustard and turnips. Symptoms manifest as chlorotic or necrotic spots on 

upper leaf surfaces. Later pustules form on abaxial leaf surfaces, small stems and floral parts. 

Pustules rupture the host epidermis and expose a white, chalky dust of sporangia in small, zonate 

areas. Occasionally affected portions of leaves are swollen and distorted. On radishes, A. candida 

causes clubroot-like swellings on the roots. On flower stalks, distorted stems and flowers result 

in a staghead appearance. 

Symptoms. White rust produces small white pustules on the undersides of affected leaves. The 

pustules may enlarge and grow together to form larger, irregularly shaped lesions filled with the 

white spores. The upper surface of affected leaves shows a distinct mosaic pattern. Sometimes 

the disease results in clublike swellings on roots. 

Disease Cycle: 

The primary infection occurs due to oospores perennating in the soil or due to mycelium 

perennating on perennial hosts. These serve as primary inoculum when the environmental 

conditions are favourable. Oospores germinate in presence of water to form a vesicle in which a 

large number of zoospores are formed. These zoospores swim in a film of water and land on the 

suitable host, germinate by germ tubes, enter the host and establish infection. The mycelium in 

the host is intercellular with globose haustoria.Soon the mycelium after absorbing nutrients and 

food materials from the host, accumulates below the lower epidermis. Conidiophores, which are 

clavate, and formed at the tip of hyphae, begin to produce conidiosporangia in basipetal 

succession. The pressure of these breaks open the lower epidermis and white rust symptoms 

become apparent on the leaves. 

White Rust of Crucifers-Disease Cycle 

The conidiosporangia produced during early phase of the growing season cause secondary 

infection in the host. These are blown away by wind or any other agency, land on the host 

surface and germinate to form zoospores.The zoospores germinate by formation of germ tubes 

which enter the host and cause secondary infection. If the conditions are favourable, this is 

repeated.When the conditions become unfavourable or during the later phase of the growing 

season, the fungus begins sexual reproduction producing oospores. These oospores, being thick-

walled, can withstand the unfavourable conditions. During harvesting of the crop, the diseased 



hypertrophied portions of the plant are generally left in the field where they perennate waiting 

for the favourable conditions to return back. 

                        

 

Control Measures of White Rust Disease: 

The disease may be controlled by the following methods: 

(i) Clean cultivation and destruction of weed should be practised. 

(ii) Crop rotation will avoid the soil borne primary inoculum. 

(iii) Spraying with 0.8 percent Bordeaux mixture or Dithane M-45 (0.2%) may be undertaken to 

check the spread of the disease. 

(iv) Disease resistant varieties be preferred. 

(v) . The strategy for white rust control involves reducing the pathogen population in the field. 

This may be accomplished through procedures such as rotation out of cruciferous crops, fall 

plowing, and good weed control. Protective fungicides are available for use on only a few crops. 

White rust-resistant varieties are not available. 



Topic-9 

Cell wall Degrading Fungal enzyme 

 

When a fungus encounters a potential host, the cell wall is an important barrier that plants use to 

limit pathogen attack . Plant cell walls are heterogeneous structures, composed of 

polysaccharides, proteins, and aromatic polymers. The composition and structure of the cell wall 

differ significantly among plant lineages, but nevertheless they share basic principles: all contain 

cellulose microfibrils embedded in a matrix of pectin, hemicellulose, lignin, and structural 

proteins , although differences occur in the relative amounts of these compounds in different 

groups of plants. For example, type I cell walls found in noncommelinoid monocots and dicots 

are generally rich in xyloglucan and pectin. In contrast, type II cell walls of commelinoid 

monocots contain glucuronoarabinoxylan as the major noncellulosic polysaccharide. In addition 

to the physical complexity of the plant cell wall, its structure changes as the plant grows and 

develops. In both monocot and dicot species, during the maturation of the cell wall from a 

primary to secondary wall, the amount of xyloglucan, pectin, and structural proteins decreases, 

whereas the amount of xylan and lignin increases . 

 

To overcome the barrier of the plant cell wall, phytopathogenic fungi produce enzymes, which 

focus on the deconstruction of cellulose, xylan, and pectin, that are capable of degrading cell 

wall polymers [cell wall–degrading enzymes (CWDEs)]. These enzymes are particularly 

important for phytopathogenic fungi that do not have specialized penetration structures. In 

addition, all phytopathogenic fungi require these enzymes during late stages of invasion . For 

example, many plant-pathogenic fungi actively kill and degrade plant tissue to utilize the 

liberated mono- and oligosaccharides for growth and reproduction.  

ENZYMES INVOLVED IN PLANT CELL WALL DEGRADATION 

The complexity of the plant cell wall is mirrored by a diverse arsenal of CWDEs produced by 

fungi . Each type of enzyme that can degrade structural polysaccharides is represented in 

multiple families that share sequence and structural similarities. Enzymes that are capable of 

hydrolytically cleaving glycosidic bonds in oligo- or polysaccharides (including cellulose and 

hemicellulose) are generally summarized under the term glycoside hydrolases (GHs).  

Cellulose-Degrading Enzymes 

The canonical view of hydrolysis of cellulose involves the action of two types of cellulases in an 

exo/endosynergy, followed by a β-glucosidase that hydrolyzes the soluble cellodextrin oligomers 

to glucose.: Cellulases have evolved overlapping modes of action ranging from totally random 



endoglucanases through processive endoglucanases to strictly exoacting, highly processive 

cellobiohydrolases . The exact role of individual enzymes with different degrees of processivity 

and endoactivity in cellulose degradation is not known.  

Hemicellulose-Degrading Enzymes 

Hemicellulose is a term used to describe the noncellulosic polysaccharides of the plant cell wall 

that comprise xyloglucans, xylans, and galactomannans. Although the linkage and sugars in the 

core chains are different between these major polysaccharides, the side-chain substituents often 

comprise the same sugar and the same linkage, and therefore the same enzymes are involved in 

their cleavage.  

Endo-1,4-β-xylanases (1,4-β-d-xylan xylanohydrolase; EC 3.2.1.8) cleave the glycosidic bonds 

in the xylan backbone.. These enzymes also attack decorated forms of xylan  but tolerate only a 

low number of unsubstituted consecutive β-1,4-xylopyranosyl units in the main chain. Some 

fungi also possess an additional GH family with xylanase activity, GH30.  

Pectin-Degrading Enzymes 

The main chain of pectin is composed of so-called hairy and smooth regions, the former 

receiving its name from its significantly sized side chains. Polygalacturonidases comprise endo- 

and exoacting enzymes, both of which are accommodated in family GH28.They are best studied 

in the saprophytic fungi Aspergillus niger and Rhizopus oryzae (because enzymes from these two 

fungi are used in the food and feed industry) but also in some phytopathogenic fungi.  

Pectin depolymerizing enzymes in saprophytic and plant-pathogenic fungia 

The polysaccharide lyases  cleave uronic acid–containing polysaccharide chains via a β-

elimination mechanism to generate an unsaturated hexenuronic acid residue and a new reducing 

end... Enzymes attacking these structures are termed pectin lyase and pectate lyase, respectively, 

with the latter being calcium ion dependent for activity.  

ROLE OF CELL WALL–DEGRADING ENZYMES IN PLANT PATHOGENESIS 

A number of studies have been conducted in which the transcriptional responses of fungi grown 

in planta or in media intended to mimic the plant environment have been assessed. These studies 

revealed an upregulation of genes encoding secreted proteins, including effectors, which 

modulate the intracellular host environment and genes encoding CWDEs. For example, when the 

causative agent of corn smut disease, Ustilago maydis, is grown in an Arabidopsis thaliana 

infection model, genes for the degradation of cellulose, including an endoglucanase, and for the 

degradation of hemicellulose, including an arabinofuranosidase and a xylanase, are upregulated . 

In the rice blast fungus Magnaporthe oryzae, genes encoding cellulases, hemicellulases, and 

pectate lyases increase in expression level during infection, relative to a minimal media control . 



 

The observation that phytopathogenic fungi have an expanded arsenal of CWDEs and express 

genes encoding CWDEs during plant infection challenges the hypothesis that they are not 

virulence factors. However, whether individual CWDEs indeed fulfill this role has yet to be 

demonstrated for most plant pathogens. Early studies using strains deleted for various CWDE-

encoding genes failed to establish a clear role for any particular enzyme as a key pathogenicity 

factor . However, owing to the redundancy of function provided by another enzyme or suite of 

enzymes common in CWDEs, these findings are not necessarily an argument against the action 

of CWDEs as virulence factors. Recent examples indicating a positive correlation between 

certain CWDEs and virulence include studies of the necrotroph pathogen B. cinerea, the wilt 

pathogen V. dahliae, and the blotch fungus Mycosphaerella graminicola, among others  

The role of PGs as virulence determinants appears to be rather specific for the type of disease 

rather than the taxonomy of the fungus. Isshiki et al. 6 compared the effect of PGs in A. citri, the 

cause of Alternaria black rot, and Alternaria alternata rough lemon pathotype, the cause of 

Alternaria brown spot. These two species are morphologically indistinguishable pathogens of 

citrus, yet A. citri causes rot by macerating tissues, whereas A. alternata causes necrotic spots by 

producing a host-selective toxin. Although the PGs produced by these two fungi have similar 

biochemical properties, and the genes are highly similar, an A. citri strain carrying a PG 

knockout was reduced in its ability to cause black rot symptoms on citrus as well as in the 

maceration of potato tissue, whereas similar mutants in A. alternata were unchanged in 

pathogenicity. 

 

 

 

 

 

 

 

 

 

 

 



 

Topic-10 

Development of megaspore in Angiosperm 

 

Megasporogenesis 

During megasporogenesis, the diploid megaspore mother cell undergoes meiosis and gives rise 

to four haploid nuclei. Angiosperms exhibit three main patterns of megasporogenesis, referred to 

as monosporic, bisporic, and tetrasporic. These three patterns are summarized in Figure given 

below. The three types differ mainly in whether cell plate formation occurs after these divisions, 

thus determining the number of meiotic products that contribute to the formation of the mature 

female gametophyte.  

In the monosporic pattern, both meiotic divisions are accompanied by cell plate formation, 

resulting in four one-nucleate megaspores. Subsequently, three megaspores, generally the 

micropylar-most megaspores, undergo cell death. 

Monosporic megasporogenesis can be of two types: 

a)  Monospric Polygonum 

b) Monosporic Oenothera  

In the bisporic pattern, cell plates form after meiosis I but not meiosis II. The result is two two-

nucleate megaspores, one of which degenerates. 

Bisporic Megasporogenesis can be of the following types: 

a) Bisporic Allium type 

In the tetrasporic pattern, cell plates fail to form after both meiotic divisions, resulting in one 

four-nucleate megaspore. Thus, these three patterns give rise to a single functional megaspore 

that contains one (monosporic), two (bisporic), or four (tetrasporic) meiotic nuclei. The 

monosporic pattern is the most common form and is represented within the Polygonum pattern 

(Maheshwari, 1950; Willemse and van Went, 1984; Haig, 1990; Huang and Russell, 1992). 

Tetrasporic megasporogenesis are of the following types: 

a)  Adoxa type 

b)  Pepromia type 



c) Penaea type 

d) Drusa type 

e) Fritillaria type 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 



Topic-11 

Development of Embryo sac in Angiosperm 

 

Monosporic, Normal or Polygonum Type 

It is commonly found in plant. It is commonly called normal type. However, it was first clearly 

described in Polygonum. Therefore, it is also called as Polygonum type. 

This embryo sac has four well-defined megaspores. One of which gives rise to the embryo sac. 

The functional megaspore enlarges. Its nucleus divides. A large vacuole is formed between the 

nuclei. Thus the daughter nuclei move to the micropylar and chalazal poles of the embryo sac. 

Each nucleus divides twice. Thus four nuclei are formed at each pole. One nucleus from each 

pole migrates to the centre of the embryo sac. The two nuclei fuse to form a diploid secondary 

nucleus. Three nuclei at micropylar end are surrounded by membranes. They form egg apparatus. 

The central cell enlarged arid become egg cell. The other two cells becomes synergid. Thus 

embryo sac is formed containing 8-nucleoli and later 7-celled during its development. 

Bisporic or Allium Type 

This type of embryo sac is found in Allium. It is found in many monocot and dicot families. Two 

dyad cells are formed during first meiotic division duri-j. megasporogenesis. One of two dyad 

cell is abiyied The    of the surviving dyad cell towards the chalazal end &lies to ft TM two 

haploid nuclei. These are called megaspore nuclei. These nuclei move towards opposite ends. 

These nuclei divide tw ice to form eight nuclei. One nucleus from each pole migrates to the 

centre of the embryo sac. Three nuclei at the upker end produce egg apparatus. The nuclei 

present at lower end form antipodal cells. In this way 8- nucleate bisporic embryo sac develops. 

Tetrasporie Type 

In this type of embryo sac wall is not formed after the meiotic nuclear division. All four haploid 

megapsore nuclei take part in the formation of the embryo sac. The resultant embryo sac• may be 

8- nuceleate or 16-nucleate. Thus it has two types: 

a)     Plunrnbago Type (8-Nucleate): In this case, the megaspore nuclei arrange themselves in a 

cross-like manner. One lies at the micropylar ends and the other lies at the chalazal end. The 

other two are present at each side of the embryo sac. Each nucleus divides once. Thus pairs of 

four nuclei are formed. One nucleus from each pair migrates to the centre. They fuse to form 

tetraploid secondary nucleus. The nucleus at micropylar and form the egg cell. The rest three 

nuclei degenerate. There are no antipodal cells and synergids.  



b)     Fritillaria Type (8-Nucleate): This type of embryo sac occurs in a large number of genera. 

In this case, Three out of four megaspore nuclei are arranged in 3 + 1 fashion. Three nuclei 

migrate to the chalazal end. The remaining nucleus comes at the micropylar pole. The micropylar 

nucleus divides to form two haploid nuclei. The three chalazal nuclei fuse. The fusion nucleus 

‘divides to form two triploid nuclei. Now the embryo sac contains four nuclei, two haploid 

micropylar nuclei and two triploid chalazal nuclei. Later each nucleus divides. Thus they 

produce four haploid nuclei at micropylar end and four triploid nuclei at chalazal end. One 

nucleus from each pole migrates to the centre. These fuse to forms a tetraploid secondary 

nucleus. The nuclei at micropylar end form egg apparatus. The nucleus at the chalazal end gives 

rise to antipodal cells. 

c)      Pen.tea Type (16 Nucleate): In this case, 16 nuclei are arranged in quarters. One is present 

at each end of the embryo-sac and two are present at the sides. Three nuclei of each quarter 

become cells. The fourth nuclei of each quarter moves towards the center and act as polar 

nucleus. Therefore, there are four triads and four polar nuclei. One cell of the micropylar triad is 

the egg. It is the only functional cell. 

d)     Drusa Type (16 Nucleate): In this case, one megaspore nucleus moves towards the 

micropylar. The remaining three megaspore nuclei move towards chalazal end. Each nucleus 

divides twice. Thus four nuclei are produced at micropylar end and twelve at chalazal end. One 

nucleus from each migrates towards the centre of the embryo sac. They fuse to form secondary 

nucleus. The three nuclei at micropylar end form egg apparatus. The eleven nuclei at chalazal 

end form antipodal cells. 

e)     Adoxa Type (8-Nucleate): The four haploid megaspore nuclei present in the cytoplasm 

undergo a mitotic division. They produce eight nuclei. These nuclei are arranged in typical 

manner. Three of them come at the micropylar end. Three comes at the chalazal end. And two 

come in the centre (fusion nucleus). Thus normal 8.nucleate seven celled embryo sac is formed.  

0 Paperoma tye (16 Nucleate): In this case, each of four megaspores nuclei divides twice. They 

form 16 nuclei. These are uniformly distributed at the periphery of the embryo sac. Two nuclei at 

micropylar end form an egg and a Synergid. Eight of them fuse to form secondary nucleus. The 

remaining three stay at the periphery of the embryo sac. 

 



 

 

 

 

 

 



Topic-12 

Double Fertilization in Angiosperm 

 

Unambiguous proof of the actual fusion of the male and female gametes embodied in 

fertilization in angiosperms is traced to a monographic publication of Strasburger (1884). This 

work was mostly devoted to the nuclear cytology of pollen grains and pollen tubes of plants 

belonging to a wide range of families and to the fate of male gametes delivered by pollen tubes 

in the embryo sacs of Gloxinia hybrida (Gesneriaceae), Himantoglossum hircinum, Orchis 

latifolia (Orchidaceae), and Monotropa hypopitys (Monotropaceae). The most complete, 

illustrated details were provided on M. hypopitys in which it was shown that one of the two male 

gametes conveyed by the pollen tube fused with the nucleus of the egg. At that time the male 

gametes were known as the generative nuclei and it was also uncertain whether these gametes 

were true cells in their own right or just naked nuclei. However, the observation that a male 

gamete fused with the egg in the act of fertilization was contrary to a previous puzzling finding 

that this event was orchestrated by the diffusion of cytoplasmic contents of the pollen tube 

(Maheshwari, 1950). Although Strasburger's work identified the embryo as the resulting product 

of fertilization, understanding of the fate of the second male gamete discharged by the pollen 

tube and the source of origin of the endosperm (albumen) remained as major hurdles in gaining a 

complete insight into the dynamics of fertilization in angiosperms. 

The breakthrough occurred when Nawaschin (1898, 1899) in Russia showed that in ovules of 

Lilium martagon and Fritillaria tenella (Liliaceae), both male gametes from the pollen tube 

penetrated the embryo sac; whereas one of them fused with the nucleus of the egg cell, the other 

fused with the polar fusion nucleus (at that time known as the definitive nucleus) floating in the 

central cell, initiating a second fertilization event. The results of this work were orally presented 

on August 24, 1898 to the botanical section of the ‘Naturforscherversammlung’ held in Kiew and 

were published as an abstract in the following year (Nawaschin, 1899); the full paper, 

communicated for publication on September 30, 1898, appeared within a few months after the 

meeting (Nawaschin, 1898). Thus, reverant credit is due to Nawaschin for the discovery of the 

two fusion events during fertilization in flowering plants  

The Process of Double Fertilization 

Double fertilization is a major characteristic of flowering plants. In this process, two male 

gametes fuse with one female gamete wherein one male gamete fertilizes the egg to form a 

zygote, whereas the other fuses with two polar nuclei to form an endosperm.An ovary contains at 

least one ovule. Inside an ovule, cells divide to produce an egg and two other cells called polar 

nuclei. These three cells are haploid, which means they have one set of chromosomes, and is 

designated by n. Most cells in angiosperms are diploid, or have two sets of chromosomes. In 



diploid (2n) cells, one set of chromosomes comes from the male parent and the other set comes 

from the female parent.In addition to eggs and polar nuclei, sperm cells from a pollen grain are 

also haploid. Once the pollen tube reaches the micropyle, or the opening of an ovule, it releases 

two haploid sperm cells into the ovule. One sperm cell will fuse with the egg, resulting in a 

diploid zygote. The other sperm cell will fuse with the two polar nuclei, creating a triploid (3n) 

structure that will grow rapidly into the endosperm.: A pollen tube releases two sperm cells into 

an unfertilized ovule. 2: Double fertilization occurs when one sperm cell fuses with the egg to 

produce a zygote, and the other sperm cell fuses with the two polar nuclei to make the 

endosperm. 3: After double fertilization, a seed and fruit develop. 

 

 

 

 

 

 

 

 

 

 


